

http://www.pdhcenter.com/
http://www.pdhonline.org/

www.PDHcenter.com PDH Course E344 www.PDHonline.org

Calculating and Measuring Power in Three Phase

Circuits
Joseph E. Fleckenstein

TABLE OF CONTENTS

Sectioni Description Page
1. Introduction S
2. Calculating Power in Single Phase Circuits 6
2A. Single Phase Voltage and Single Phase Current 6
2B. Single Phase Power 8

2C. Kil owatt s, Lumens, BTUO6s and Hor sepddwer

3. Calculating Power in Balanced Three Phase Circulits 14
3A. General 14
3B. Calculating Power in Balanced Three Phase Wye Circuits 18
3B1. General 19

3B2. Calculating Power in Balanced Three Phase Wye Cirelttsistive Loads 20
3B2a. Using Phase Parameters 20
3B2b. Using Line Parameters 20

3B3. Calculating Power in BalandeThree Phase Wye Circuitdnductive or Capacitive Loads 21
3B3a. Using Phase Parameters 21
3B3b. Using Line Parameters 21

3C. Calculating Power in Balanced Delta Three Phase Circuits 21

3C1. General 21

3C2. Calculating Power in Balanced Three Phase Delta CireHtsistive Loads 22
3C2a. Using Phase Parameters 22
3C2b. Using Line Parameters 22

3C3. Calculating Power in Balanced Three Phase Delta Cirtuitductive or Capacitive 23
3C3a. Using Plase Parameters 23
3C3b. Using Line Parameters 23

4. Calculating Power in Unbalanced Three Phase Circuits 23
4A. General 23
4B. Calculating Power in Unbalanced Three Phase Wye Circuits 23

© Joseph E. Fleckenstein Page? of 88




www.PDHcenter.com PDH Course E344 www.PDHonline.org

4B1. Geneal 23
4B2. Calculating Power in Unbalanced Three Phase Wye CircRiesistive Loads 24
4B2a. Using Phase Parameters 24
4B2b. Using Line Parameters 25
4B3. Calculating Power in Unbalanced Three Phase Wye Cirtuitductive or Capacitive Load6
4B3a. Using Phase Parameters 26
4B3b. Using Line Parameters 27
4C. Calculating Power in Unbalanced Three Phase Delta Circuits 29
4C1. General 29
4C2. Calculating Power in Unbalanced Three Phase Delta GircRi¢sistive Loads 29
4C2a. Using Phase Parameters 29
4C2b. Using Line Parameters 30
4C3. Calculating Power in Unbalanced Three Phase Delta Ciriclitductive or Capacitive 30
4C3a. Using Phase Parameters 30
4C3hb. Using Line Parameters 31
4D. Calculating Power in a Three Phase Circuit with Mixed Wye and Delta Loads _ 35
4D1. General 35
4D2. Using Phase Data 36
4D3. Using Line Data 36
5. Measuring Power in a Single Phase Circuit 36
5A. General 36
6. Measuring Power in Three Phase Three Wire Circuits 37
6A. General 38
6B. Using One Single Phase Wattmeter to Measure Power in a Three Phase Three Wire
Circuit 40
6E. Using a Three Phase Wattmeter to Measure Power in a Three Wire Three Phase
Circuit 46
7. Measuring Power in a Three Phase Four Wire Circuit 48
7A. General 48
7B.  Using One Single Phase Wattmeter to Measure Power in a Three Phase Four Wire
Circuit 48
7C. Using Three Single Phase Wattmeters to Measure Power in a Three Phase Four
Wire Circuit 49
7D. Using a Three Phase Wattmeter to Measure Power in a Three Phase Four Wire
Circuit 50
8. Power Analyzers and Power Quality Meters 51

© Joseph E. Fleckenstein Page3 of 88




www.PDHcenter.com PDH Course E344 www.PDHonline.org

9. Summary of Symbols and Equations

9A. Symbols

9B. Equations

10. References

Appendix B

53
53
54
58
Appendix A - Demonstration that Equations 105 is the equivalent of Equation 106 60
- Table of Computed Values of Instantaneous Power for Example 1 62
Appendix C - Demonstration that Total Power of an Unbalanced Delta Circuit is
Equivalent to that of an Assumed Wye Circuit 64
Appendix DT Proof of Two Wattmeter and Three Wattmeter Methods. 70
Appendix E - Table of Typical Three Phase Power Values vs. tfor One Cycle 79
82

Appendix F i Equations for Calculating Currents

© Joseph E. Fleckenstein Pages of 88




www.PDHcenter.com PDH Course E344 www.PDHonline.org

Calculating and Measuring Power in Three Phase
Circuits

1. Introduction

Thegeneration anttansmission of electricity is commordgcomplishedby
means of three phase ciitsuAlthough electrical service to residential
buildings in the USA are exclusively by single phase circuistiecal

service to commercial and industrial users are usbgliyeans othree phase
circuits The distribution of electrical power withihése buildings isostly
accomplished by means thiree phase circuité\nd, all larger motors are
almost exclusively of the three phase tyipeshort, three phase circuits are
the most practical means of dealing with larger amoungeatricalpower.

When planning a new three phase cirdtivery often becomes necesséoy

an engineeto determine the power disecircuits will require Likewise,the
need may arise teterminehe power consumption of an existing
installation Sometimes, thesaluesmay be establishduly calculationOn

the other hand, it sometimes becomes necessary to take measurements in
order to determine the power that is being used by an existing installation

In the case of aaxisting installation, calculations and measuresgothand

in hand If measurements are to be made, a person must first know what
measurements are to be made and, secondly, how are field measurements
converted to actual power valuédsnumber of conditionave a bearing on

the subjectThere are deltaonnected loads and wye connected lp#usre

are three phase three wire circuits and three phase four wire cifadtsof
course, there are balanced loads and unbalanced Tdasispectrum of
possible scenarios can be confusing to a person who naggutarlydeal

with three phase power.

This course treats the subject of three phase power in detail and in a manner
thata readerwell experienced in three phase circuits or otherwidefind
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easy to follow The courseonsidersll of the possibléypes of three phase
circuits- balancegdunbalancegdthree wire, four wirewye and delta circuits
The course is arranged so that power values malgteaemined from
calculations or measurements drain either phase parameters or line
parameters.

Numeraus diagrams and examples are used in the course to explain the
conceptof the course in simple and unambiguously tedmshespirit of
presenting subject matter in easily understood concepts the course avoids the
use of complex variablesnd polar notabn. Rather the more simple method

of vector algebra is used.

2. Calculating Power in Single Phase Circuits

To better understand three phase power, a person would be well advised to
first review and understaritle principles applicable &ingle phase powe

After all, a three phase circuit is essentiallgombination othreeseparate
single phase circuitshich happen to have peaks and vallggparated by a
period of time Following is a brief review of the principles involved in single
phase power

2A. Single Phase Voltage and Single Phase Current

In generalthe instantaneous voltage isiagle phas@C electrical circuit
with respect to timean be expressed by the relationship,

V = (Vpk) sin¥té Equation 101

where,

V' = instantaneous valud woltage (volts) .

Vpk = peak value oirnstantaneouxasoltage\/I (volts)

¥ =2 f (radiang

f = frequency (hz)

t = time (sec)

Similarly, instantaneous current can be expressed as,
- : . , .
I =lpksin(¥{+dsp &€ Equation 102
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where,
- .
I = instantaneous value oficent (amps)
ip = peak value oihstantaneousurrenti' (amps)
dsp= angle of lead or angle of lag (radian$xurrent with respect to voltage
in a single phase circuifThe subscripfiSR designatesisingle phase)
for a lagging power factodsp< 0
for a leading power factodgp> 0

The trace of the
voltage and current in
a typical electrical
circuit with a lagging
power factor is shown
in Fig. 1 Ina circuit
that is said to have a
lagging currentt is

the current that lags
voltage

The trae of the

~V(t)
~TI(t)

V(t),I(t)
——

>0

Fig. 1
Laging Power Factor

voltage and current in
a typical electrical -
A ) ol ~V(t)
circuit with a leading | 5 ,
i =
power factor is showr 5 | I(t)
in Fig. 2 il A
Commonly,voltage | T
and current are ['é S
expresseas a '
function of timein Fig_ P,
rms values, Leading Power Factor
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V(1)=V sin (¥t) é Equation 103

(1) =1 sin (vt + dsp € Equation 104

where,

V = rms voltage

| = rms current

(Note: Equations@1 and102 are accurate expressions for instantaneous
voltage and instantaneous current with respect ta figeation 101 can be
used to compute the precise value of voltaige selectedalue of time t)
Likewise, Equatiorl02 will compute the precise value of curratta selected
value of time {). On the other hand Equatioh83 and104, while convenient
for calculating poweand other electrical properties of a cir¢dib not
provide precise values of voltage and current at selected values of time
Equationsl03 and104 are not useth this coursdor calculating
instantaneouslectrical propertie¥

Thecommonly recognizecklationshig between instantaneous valuwggms
voltage ad rms currenére,

V= (]J"\«'E }.VIPK, and

| = (IN2)i'pk

2B. Single Phase Power

Power is defined as the rate of flow of energy with timehe MKS (Meter
Kilogram-Second) system of units, which todaynore commonly called the
S| (Sygeme International) system, the unit of the flow of electrical energy is
called the wattOne unit of @ergyin the Sl systens the joule One joule
flowing for one second is one walth other words, 1 wattecond = 1 joule

Of course, the more commoniged measure of electrical energy is the
kilowatt-hour which would be the energy equivalent of one kilowatt flowing
for one hourThe watt has been the standard unit for the measure of electrical
power and it appears the use will contineadl into theforeseeable future
However, some of the other units of measure associated with the use of
electrical power are changinGommon uses for electrical power have been
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for lighting, to drive electrical motors and for heatiAd of these usages are
being subjetto changes in the units used to describe the particular end use.

Instantaneous power insngle phaseircuit is given bythe expression,

P =V Al (watts)

From Eqiation101],

V o= (Vpk) sin¥t

and from Egation102,

i' = ip sin (¢t + dgp)

Therefore,

P = [(Vpy) sin¥t] [ipk sin (¢t + dsp)], or

P = (Ver(ipK) (sin¥t) [sin (¥t + dsp)]

Since,sin (¥{ + dsp = sin¥l cosdgp+ cos¥is i g d

P = (Vo )(ipw) (sin¥t) [sin ¥t cosdsp+ cos¥t sin dsg

P = (Ve)(ipK) (cosdsp) (sir? ¥t) + (Ve)(ipk) (sindsp (sin¥t) (cos¥t)
€ Equation 105 _

The equation for instantaneous povxE'r) (s oftenpresented in a different
form. Onecommonversion is:

P = [(Vb)(ipK)/2] cosdspi [(Ve)(ip)/2] cos (2¢ t+dsp é  Equation
106

(Referencétl) As demonstrated in Appendix, Equationsl05 and106 are
equivalent equatiorslthougheach isstated in a different form

Example 1
It will be informative to plothe computed values &guation105 for one
complete cyclg¥t = 0°to ¥t = 360) of thevariable¥ tfor a typical
single phasapplicaton. The plot provides a pictorial view of the
instantaneousalue of power as a function of tima the way of
illustration, onsider acasehavingthe following @rameters:
Vims= 480 VAC single phase
Vpk = 4802 = 678.82 VAC
lyms= 10 amps
Ipk = 10/2 = 14.14 amps
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Power Factor = 0, lagging& cosd = 0.7, andd 145.57
Equation105 states,

P = (Ve)(ip)(cosdsp(sin® ¥t) + (V) (ipk)(sin dsp (sin ¥ t)(cos¥t)
Let,

A = (Vp)(ipy) cosd sin™¥t, and

B.= (Vpr)(Ipk) sindsin ¥t cos¥t

P=A+B

A = (480v2) (10v2) (0.7) sif¥t

A = (6720.00

sin’¥t, and Example 1
B =(480+/2) (10
V2) (sini 45.5P)
sin ¥l cos¥l

B = (9600 (i
.7141)sin¥t cos
¥ - | |

0° 90° Q)t 180° 270° 360°

l
]

4000 6000

Function A

The computed values

of Function A and Fig. 3 - Function ‘A’ vs wt
Function Bin this

exampleare contained
in AppendixB. A .

scaledplot of the
values of Function A
isshown in Fig3. A
C{)t 90° 180° 2

Example 1

4000

0

scaledplot of the
values of Function B
Is shown in Fig.4 and
a plot of Function A
plusFunction Bis
shown in Fig5.

70° 360°

Function B

-4000
T

Fig. 4 - Function 'B' vs wt
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It is interestingto
note that in Fig. 5,
which describes
power flow in a
typical single phase |
circuit with a power
factor of 0.D, power
flow has two large
peaks in the positive
direction and two
smaller valleys in the
negative directionThis power flow will becompared below to power flow in
a three phase circuit which, as demonstraedw, is drastically different

Example 1

8000

4000

e | | |
0 Zid t 90 180° 270 360

Function A less Function B

Fig. 5 - (Function A less Function B)) vs wt

According to Equatiod 05, the instantaneous power in a singlaggcircuit
is: P'= (Vpi)(ipi) (cosdsp) (sin? ¥t) + (V) (ipk) (sindsp) (sin¥t) (cos¥t)

Generally speaking the average power is of the most intéesetermine

the average power a single cyclexdfis consideregi.e. from the value of
¥i=0to¥tl=360. To determine average power, the net power over a single
cycle is determined and then divided by the time of one period.

Let T = the time for a single cycle (fromnl = 0°to ¥t = 36(°). The net power
in the period is determined from integratiointhe equation for instantaneous
power (Eq101) with respect td. Let,

P = A(t) + B(t), whereby

A(t) = (Vpr)(ipk) cosd sit¥t, and

B(t) = (Ve (Ipk)sindsin¥t cos¥t

W\(t) = Wp)(ipK) cosd sirfy tdt = (V) (ipk) cosd Wirky tdt

l:é\(t) = (VpK)(Ipk) cosd [t/27 (sin 2¥1)/4¥], evaluated froni= 0 tot=T.
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Theintegralis evaluatedromt = 0 tol = T, (with valuenT 0 occurring at

vt =360)

L;l(t) = [(Vpr)(Ipk) cosdl{[T/2i (sin 2% T/a¥] 1 [0/27 (sin 0Ya¥]}

W(t) = [(Ve)(ipx) cosd] (T/2)

The average value &d\(t) throughout the period:is

P=[(Ve)(ipK) cosd] [T/2] / T =[(Ve)(ipK) cosd] / 2

It will be apparent that the contribution Bft) to the value ofhe integral of
P throughout the perioti= 0 tol = T is B(t) = 0. This isthe case since half
of the function is positiveluring the period under consideratimd half is
negative the net resubbeingthat the totatontribution throughout the period
is zero.

Voltages and currents are commonly used in(nmst mean squaredplues
By definition,

V= Vp/V2 , and

| =ipx V2

And,

P = [(VpK)(IpK) cosd] /2

Substituting rms values for peak values of voltage and current gives:
P=VI cosd é Equation 107

Where,

P = power (watts)

V = potential (rms voltage)

| = current (rms amperage)

cosd = power factor

(The valid range off for a single phase diuit is fromi 90°+ 90°, and the
power factor will always be between 0 and.O)

Equation107 is the commonly recognized equation for calculating power in a

single phase circuit.
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2C. Kilowatts, Lumens,BTUGOSs and Hor sepower

It is fair to say that lageusage othree phaselectrical powecan be
attributed tdighting, electric motors and heating

Electrical lighting, and especially incandescent lighting, has long been defined
by the amount of power to activate the light, i.e. by the watiHge practice

Is changing as more efficient light sourtesebecone available More and

more the various types of lights are being defined by the amount of light
produced rather by the amount of electrical power the light req@resunit
thatseemstobgai ni ng i n acceptance is.the
The incandescent light which remains the most common means of providing
illumination, at around 17 lumens per watt, is one of the least efficient means
of converting electrical energy into ligirhere are of course other popular

units of measure for defining the amount of light a device prodiucesy

event the unit of the electrical power to activate a light will ncestainly

remain thewatto

When describing heat, the BTU (British Thetrdait) has long been used in
the United States and in Commonwealth Counttrethe United States, the
BTU will probably continue is use for the foreseeable future although
overseas the BTU is being replaced byfitedoried as well as other units
Nevetheless, electric resistance heating is mostly classified by its kilowatt
rating.

Another big change occurring in the United States is in the way electrical
motors are definedraditionally the size of a motor has been defined by
fhorsepowen Because oflobalization and increased international trade, the
termfhorsepowadis being replaced by tHevatto In electrical units, 1
horsepower = 746 wattBor example, a 1 kilowatt motor with an efficiency
of 74.6% would require 1 kilowaff,000 wattspf electrical energy to

operate and would produce 1 kilowatt X 0.746 kilowatts of output power
(brake power), or 746 watts of output which would be the equivalent to 1

© Joseph E. Fleckenstein Pagel3of 88
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horsepower of outpuf\ 1 kilowatt motor with an efficiency of 80% would
produce 0.80 X 1 kilvatt of output power or (800/746) = 1.07 HP.

3. Calculating
Power in Balanced

= Vi(t)y o VI(t),
Three Phase Circuits

'V(t) ca

C

3A. General B

By definition, a three
phase circuit consists o
three separate circuits.
A typicaltrace of the
threevoltages with
respect to timevould
besimilar to that
represented in Fig. The phases ammmonlyidentified as Phase A, Phase
B and Phase C and the common sequenceBsCAEach of the phases is
120 from one anothen a time plot

Fig. 6
Three Phase Voltages

There are two basic types of three phase circuits: dedtavgie A typical
delta circuit is shown ifrig. 7 and a typical wye circuit is shown in F@g}.In
a delta circuit, phase
voltage equals line

voltage but phase Conductor A IA °

. —> ]
current is not equal to 3
. < o
Ilr\e cjurr.enIIn awye Conductor C Ie = @
circuit, line current S N \L <
equals phase current 8
but phase voltage is Conductor B I ‘E

not equal to line
voltage So, in order
to perform correct Fig. 7

powercalculations, | Three Phase Circuit with Delta Load
one must make the
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distinction between I

line parameters and | onductor A i a o
_ ©

phase parameters ar S

then apply the ConductorC Ic ¢ d %

appropriate —=" —‘ <

calculation ®

A wye circuit could omdCEion L ~ ' E

bethet.hreewwe o Conductor D (Neutral conductor) !

four-wire type If a —

wye circuit is the Fig. 8

four wire type, a Three Phase wye Circuit-

fourth conductor is :

extended from the
wye neutral point to ground\ three wire wye circuit isbsent conductor
extending from the neutral point to ground

To calculate the power of a three phasgcuit, specific parameters must be
known Voltage must be knowrlso, currents and the leads or lags of
currents with respect to voltages must be kndwrless care is taken to use
the appropriate equation, a correct answer cannot be expected.

When canputing three phase powavhether for a wye circuit or a dalt

circuit, it is particularly important that a person clearly understands the
significance of current lead and current éagwell aghe bearing that lead/lag
has on the determination of powBower factor in a single phase circuit is a
clearly understood conditioMore specifically, pwer factor in a single phase
circuit is the cosine of the angle between current and voléatgading

current with a lead angle of, say, 30° has a powerrfagtaal to the cosine of
30° or 0.866A lagging currenpf 30°would likewise have a power factor of
0.866 In three phase circuits, the matter of power factor is somewhat more
complicated.

A motor with a nameplate that states the motor power factovirsggihe
power factor of the phasds other words, a motor power factor is the cosine
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of the angle between the phase current and the phase voltage whether the
motor is a wye wound motor or a delta wound motdee most common type

of three phase motor tke induction motor which always has a lagging power
factor. Equation 121 in Appendix 12 gives the relationship between phase
lead/lag and line lead/lag fbalancedvye circuits and balanced delta

circuits Equation 121 can be helpful when a person dsé¢o determine line
currents and the associated leaddiathe line currentg order to perform
power calculations

With a wye circuit, line currents and line voltages of an existing installation
can generally be readith easebut phase voltages farthree wire circuit

may be difficult to readn a delta circuit line voltagesyhich are the same as
phase voltages, can be conveniently read but phase currents may be difficult
to read For example, toneasurehe phase currents of a delta wound motor
would require removing the terminal box cover and moving existing
connectionsParticularly with high voltage motors, affort of this type may

be especialljrazardous andndesirable

By definitiona balanced circuit hdme voltages, line currentphase

voltages, phase currerdadthelead/lag of the currenthatareall identical
According to Equatiori07, the power of a single phase circuit is described by
the relationship,

P =VI cosd, where the parameters are the single phase parameters.
It follows then that the power for a balanced three phase circuit is,
P=3Vplpcosdpé (Reference 1)
where,
P = power (watts)
Vp = phase voltagéms)
|p = phase currertms)
cosdp = power faabr of phase
dp = angle of lead or angle of lag (radiarsdegrees(phase current with
respectto hase voltage) (The subscript
for a lagging power factafp< 0
for a leading power factodp > 0

© Joseph E. Fleckenstein Pagel6 of 88
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As in a single phase circuit, tamtaneous power of each of the phases of a
three phase is given by Equation 105

Example 2

In above Example 1, the values of instantaneous paseptotted for one
complete cyclen a typical single phase applicatigks will be
demonstrateda plot of three phase powdnroughout the same peribas
a very different appearandéonsider a case having the following
parametersvhich are typicallycharacteristic of a three phase motor
Vims= 480 VAC,threephase

Vpk = 4802 VAC

lyms = 10 anps(phase current)

lpk = 10"'..-"15 amps

Power Factor = 0,7agging

Therefore,
cosd=0.7, and

d 14557
Equation105 states

that for each of the Example 2

three phases | = [—F———r—er——=
PI = Vpklpk cOSd Pas - Psc—, Pca

SinZ’X‘t + Vpklpk Sin
dsiny tcos¥l ...
Equation105

It may be senthat
the power factor is
the same as that

& | |
assumed in Example wt\g'o/ \/éo\/ \z_ig/ 360°

LInthislater Fig. 9 - Three Phase Power vs wt -
examplethe useis a .

8000

Power (watts)
4000

o

threephase motorA

summary of the power computatiooisinstantaneous powss. ¥ { for
Example Zaretabulated in Appendix EA plot of the values gbower for
the assumed parameters for one complete cycle is shown & i
significant to note that thealue oftotal instantaneous power throughout
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the cycleis constantin other words, the sum of the powers of the three
phases igalculated to eexactlya constant valyen this instance
10,080.00watts The computations of Example 1 and Example 2
demonstrate one of the significant differences between a single phase
motor and a three phase motbne power of the single phase motoain
singlecycle has two sharp peaks and two sharp vapeysyclewhereas
the power of thehree phase motor exactlyconstantfor all values of¥ 1

As mentioned, the nameplate on a three phase motor will bear the power
factor which is applicable to the phaserents and phase voltag@se
namepl ate will also state the ful
magnitude of the line currenkhis practiceis seemingly inconsistent, but
nonetheles# has becomstandard practice.

It is usually a good idea ®stablish the sequence of a circuit under
consideration. Knowing the phase sequence is especially important when
dealing with three phase motors. For this purpose a phase sequetece

can come in handy.

The Model PRT200 by Extech Instrument:
IS a noncontact phase sequence meter

© Joseph E. Fleckenstein Pagel8of 88
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3B. Calculating Powerin Balanced Three Phase Wye Circuits

3B1. General

In a balanced three phase wye circuit the phase cuokalisthree phasesre

of the same magnitude as the line curreautsl all three currents are at the

same lead/lag angl&he phase voltages are at a magnitudeisha fixed ratio
of the line voltages

In the typical three phase wye circa# represented fg. 8 the line current
in Conductor A is the current of PhaseDAThe line current in Conductor B
Is the current of Phase B, and the line current in Cdaoctor C is the current
of Phase ED. For a wye circuithe magnitude of the phase voltageea
fixed ratio of the line voltages and aywen by the expression,

V. =(/3)Vpé Equation 109
or,
Vp=[U/({3)] VL
where,
V| =line voltage(rms)
Vp = phase voltagérms)
The leadlag of the line currentis a wye circuit areelated to the ledthg of
the phase currents by tgenerakexpression,
dp=d_ T 30°(Reference: Equation 1Rin Appendix F)
Where,
dp = lead/lag of phase current with respect to phase voltage
d_ = lead/lag of line current with respect to line voltage
More specifically,
dp.a/ap = di.aca T 30°
dp.g/eD = dL-g/ag T 30°
dp.cico=dL-cieci 30°
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3B2. Calculating Powerin Balanced Three Phase Wye Circug-
Resistive Load

3B2a.Using Phase Parameters

According to above Equation 108,

P=3Vplpcosdp

In a resistive circuit the power factor is unity, or dps= 1.0.
Thus,

P=3Vplpé Eqguati on 3B2a

3B2b.Using Line Parameters

From Equatiori09,
P=3Vplpcosdp
From Equatiori(8,
V. =3)Vp or
Vp=[U(H3)] VL
In a balanced wye circuit the magnitude of the line current is equal to the
magnitude of thelpase currenfalthough the lead/lagf the current with
respect to phase voltage is different from the lead/lag of the current with
respect to line voltage
|p = ||_
For a balanced or unbalanced wye cirthut current lead/lag are related by
the expressin:
dp=d_ T 30° é Equation 12
Since coglp = 1.0for resistive loadsdp = 0°
dp=0°=d_ T 30°
d.=+30°
Thus,
The net power for all three phases becomes,
P=3Vplpcosdp=3{[1/(+/3)] V. } | cos(d i 30°)
P=+/3 V| I_cos(d, T 30°=+3 V| |, cos(30°7 30°)
=3V I cos(0°) =v3 VI (1)
P=v3V_I_é Equation 3B2b
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3B3. Calculating Powerin Balanced Three Phase Wye Circuit$
Inductive or Capacitive Loads

3B3a.Using Phase Parameters

From Equatiori09,
P=3Vplpcosdp é Eqguati on 3B3a

3B3b.Using Line Parameters

From Equatiori09,

P=3Vplpcosdp

From Equation 1fp=d, T 30°

Vp=[U(H3)] VL

In a balanced wye circuit the magnitude of the line current is equal to the
magnitude of the phase current.

|p = ||_

P=3Vplpcosdp

From Equation 12

dp = d +30°
P=3[1/(V3)] VL I cos €T 30°)
P=(3)V_I_cos €T 30° é Equation 3B3b

Note: Equation 3B3b can be used for any balanced three phase load whether
the user is wyejelta or a mixThe reasons for thisonditionare explained
below.

3C. Calculating Power in Balanced Delta Three Phase Circuits

3C1. General

In a balanced three phase delta circuit the phase voltages are the same as the
line voltages and the line currsrdre a fixed ratio of the phase currents

In the representation of a typical delta cireniFig. 7 line voltage AB is the
voltage of Phase /. Line voltage BC is the voltage of Phase®, and Line
voltage BC is the voltage of Phase®.
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Sincethephase voltages are of the same magnitude as the line vpltages
V|_ = Vp
Phase currents are related to line currents by the expression,
IL=(3)Ipé Reference 2
As with balanced wye circuits the |k of the line currenti® a balanced
deltacircuit arerelated to the ledthg of the phase currents by the expression,
dp=d_ T 30° (ReferenceEquation 121 of Appendix F.)
dp.a/ap = di.aca T 30°
dr.e/BD = di-p/aB I 30°
dp.c/cp=dL-c/ac T 30°

3C2. Calculating Powerin Balanced Three Phase Delta Circuits
Resistive Loads

3C2a.Using Phase Parameters

From Equatiori09

P=3Vplpcosdp

Since the power factor in a resistive load is unity,
P=3Vplp €& Equation 3C2a

3C2b.Using Line Parameters

P=3Vplpcosdp

V|_ = Vp

lL=(3)lporlp=[U/H3)] I,

dp=d_ T 30°

dp=0° =d T 30°

d_ = +30°

P=3Vplpcosdp=3V {[1/(¥3)] 1.} cos (d T 30°
P=3V {[1/(3)] 1.} cos #30°71 30°%=P=3V {[1/(v3)] 1.} cos (0°
P=3V{[L/3)]I} =3V I

P=(W3)V I é Equ3Cehi on
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3C3. Calculating Power in Balanced Three Phase Delta Circuits
Inductive or Capacitive

3C3a. Using Phase Parameters

From Equation 109,
P=3Vplpcosdp é Equation 3C3a

3C3hb. Using Line Parameters

P=3Vplpcosdp

IL = ("'..-"IE jl |p

lp=[U(/3)] 1L

Vp: V|_

dp=d_ T 30°

P=3Vplpcosdp= 3V [1/(¥3)] I, cos ¢ T 30°)

P=+v3V| I_cos @_T 30° é Equation 3C3b

4, Calculating Power in Unbalanced Three Phase Circuits

4A. General

Unlike power computations fonaunbalacedwye circuits, the computations
of power for @ unbalancedelta circuis cannot be performed as easilfis

Is in large part due to the fact that in a delta circuit line currents are the
product of two phase currentéthe delta circuit is a balaed circuit, the
computationsre relatively straightforwaredn the other handnbalanced
delta circuits require more attention to detail and more twegall

4B. Calculating Powerin Unbalanced Three Phase Wye Circuits

4B1. General

A viable method to etermine theotal power of an unbalancedbree phase

wye circuitis to treatthe circuit as a combination of three single phase
circuits. The total power then becomes the sum of the three individual power
determinationsThe computations are madspecidly easy since phase
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current is equal to line curreahd phase voltage is a fixed ratio of line
voltage

4B2. Calculating Powerin Unbalanced Three Phase Wye Circuits
Resistive Loads

4B2a.Using Phase Parameters

For Phase AD,

Pa = Vaopla cosdp.ap

For Phase B,

Pg = Vg.plg COSdp.gp

For Phase @,

Pc = Vcoplc cosdp.cp

Where,

Pa = power attributed to phase A

Pg = power attributed to phase B

Pc = power attributed to phase C

I = current in conductor A and phaselA

Ig = current in conductoB and phase 8

I = current in conductor A and phaseDC

dp.ap = lead/lag of current in phase A with respect to voltaggyV
dp.gp = lead/lag of current in phase B with respect to voltagg V
dr.cp = lead/lag of current in phase C with respect to galts p
For resistive loads, cafp.ap = cosdp.gp = c0Sdp.cp = 1.0

Pa =Vaopla

Ps = Vg.plg

Pc=Vcolc

Pr=Pa+Pg+Pc

Pr=Vaopla+ Veplg+ Vcoplc

Since, Vop =Ve.p =Vcp=Vp

Pr=Vp[lat+tlg+ig] € Eq. 4B2a

Example 3
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Consider a wye circuthe equivalent téhat ofFig. 8. Assume the
following conditions:
Voltage: 4863-60

Currents:
Ia=7amp
Ig =11 amp
lc=15amp

Calculate total power.

Pr=Vp[lat+lg+ld]

Vp = 480/+/3 = 277.128 volts

According to Equation 4B2a,

Pr=Vp[la+lg+Ic] =277.128 [7+ 11+ 15] = 9145.228 watts

4B2b.Using Line Parameters

Phase currents equal line currents.

For Phase AD,

Pa = Vpala cosde.a/ap

lpa=1LA= IA

Ve.ap = [V(V3)] Vica

dp.a/ap = di-aca T 30° B

Pa = Vpala cosdp.ap = {[1/(V3 )] Vi.ca} [1a] cos @L-a/ca T 30°)

Pr=Pa+Pg+Pc

The general fornof the applicable equatias,

Pr=VL(1/V3) [l .a cos @iacaT 30%+ I g cos f.gnas i 30°)+
I_.c cos € .cgcl 30°]é Eg. 4B2b

It is noted thatdr resistive load<fp.a = 0°

dp.p =d a1 30°=0°

d .o = +30°

cos (a1 30°) = cos{30°T 30°) = cos 0°=1.0

Poa ={[1/(V3)] Vica} [IA] (1.0)= (V3 Vi calLa

For Phasg D,

Ps = (1V3)Viaels
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For PhasE D,

Pc=(1N3)Vicalic

The net power then is,

Pr=Pa+Ps+Pc

Since,VL__CA =V .AB = VL'-_CA =V, _
Pr=(UN3)VLILa+ (W3 VUL +WV3) V¢
Pr=(N3)V_[lLa+ e+ Ic]

Example 4

Assume the parameters of Exampland calculate total power using line
parameters.
Voltage: 4863-60

Currents:
Ia=7amp
Ig =11 amp
lc=15amp

Calculate ttal power.

In wye circuits phase currents equal line currents.
Pr=Vp[latlg+Ic]

Vp=480/+/3 =277.128 volts

According to Equation 4B2Db,

Pr=Vp[la+lg+ 1] =277.128 [+ 11 + 15 = 9145.228 watts

4B3. Calculating Powerin UnbalancedThree Phase Wye Circuits
Inductive or Capacitive Loads

4B3a.Using Phase Parameters

Pa = Vaopla cosdp.ap

Pg = Vp.plg COSdp.gp

Pc = Vcoplc cosdp.cp

The net power is,

Pr=Pa+Ps+Pc

Pr=Va.pla cosdp.ap + Vg.plg COSUp.gp + Vc.plc COSp.cp
Since,VA_D =Vgp=Vcp=Vp
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Pr=Vp[la cosdp.ap + Ig COSpgp + |c COSUp.cp] é Eq. 4 B3a

Example 5
Assume the following conditions for an unbalanced wye circuit:
Voltage: 4863-60
Currents:
I =8amp, Pk =.60
Ilg =12 amp, PE=.70
lc=16 amp, PE=.80
Calculate total powansing phase parameters
Power factors are descriptive of the lag/lead @gghcurrent with respect
to phase voltagd herefore,
cosdp.ap = 0.60, lagging
cosdp.gp = 0.7, lagging
cosdp.cp = 0.9), lagging
Vp = V|_/"-.."'§
Pr=Vp[la cosde.ap + Ig COSAp.pp + | c COSUp-cp]
Pr=[480~3][(8) (.60) + (12) (.10) + (16) (.8)]
Pr=(277.128) [4.8+ 8.4+ 12.8] = (277128) [26] = 7205.33 watts

4B3b.Using Line Parameters

Pa = Vaplp-a COSUp.AD

Vap = [U(E3)]Vica

lpa = la

dp.a/ap = di-acal 30° B

Pa = Vaplp.a cosdp.ap = [1/(V3 )] Vica Ia €Os €.aca T 30°)
Similarly,

Pg = [1/(V3)] VL ag I cOs @Lp/as i 30°)

Pc=[1/(¥3)] Vi sc Ic cos @i -cecT 30°)
Since,Vi.ca=ViL.a = Viec=VL

Pr=Pa+Pg+Pc

Pr=(UV3) V| [Ia cos €i-aca i 30°)+ Ig cos ¢ gas i 30°)+
Ic cos GL_C/BC.ll 30°)] e Eq. 4B3Db
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Example 6

Assume the same circuit parameters used in above Ex&rfgrla wye
circuit and calculate total circuit power using line parameters.

Voltage: 4863-60

Circuit: wye

Currents:

I =8 amp, Pk = .60, lagging

lg = 12 amp, PE= .70, lagging

lc =16 amp, PE= .80, lagging

Calculate total power using line values.

Power factors are descriptive of the lag/lead of phase current with respect

to phase voltagd herefore,

COSdp_AD =0.80

dp.ap =153.130°

COSdp_BD =0.70

dp.gp = 145.572°

COSdp_CD =0.8

dp.cp =136.869°

According to Equation 4B3b,

Pr=(UV3) V| [la cos €i-aca i 30°)+ Ig cos ¢ gas i 30°)+

Ic cos @L.ciecli 30°)]

dp.a/aD = dL-a/cA I 30°=153.130°

di.aca =153.130% 30° =1 23.130°

dp.g/gp = d| .g/ag | 30° =1 45.572°

di.g/ag =145.572% 30° =] 15.572°

dp.c/cp =i .c/ecT 30° =1 36.869°

di.c/cp=136.869% 30° =1 6.869°

Pr=(UV3) VL [lacos €iacal 30°+ Igcos @ gl 30°)+

B lc cos @L.cici 30°)]
Pr = (1/4/3) (480) [(8) cos23.1309% 30°)+
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(12) cos(15.572°% 30°)+ (16) cos (6.869°1 30°)]
Pr= (1V/3) (480) [(8) (:6)+ (12) (.7)+ (16) (.8)]
Pr = 7205.33 watts
This computed vlue of powers in agreement with the calculation of total
circuit power using phase parameters which confirms the validity of both
methods.

4C. Calculating Power in UnbalancedThree PhaseDelta Circulits

4C1. General

Much as with a wye circuitptal powerin an unbalanced three phakaita
circuit can be determined by treating the circuit as a combination of three
single phase circuitd’he power of each of the three phases is separately
determined and the total of the three becomes the three phase ptweer o
circuit. This method, of course, assumes that the values of the currents and the
respective leadmgs are availablé'he alternate method is to determine
circuit power from the properties of the line currents

4C2. Calculating Powerin UnbalancedThree PhaseDelta Circuits -
Resistive Loads

4C2a.Using Phase Parameters

Pag = Va-slp-ag COSOp.aB, Pac = Ve.clp.ac COSUppc &
Pca = Vc.alpca COSOp.ca

For a circuit with all loadresistive,

COSdp_AB =1.0 COSdp_BC =1.0 &COSdp_CA =1.0

Pag = Vi-aglp.aB

Psc = ViL-sclpBC

Pca = Vi-calpca

Pr=Pag + Pagc* Pca, Or

Pr=ViL.aslp.ag + Visclpsct Vi-calpca
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Since, (.ag = ViL-Bc = Vi-ca = V|,

Pr=Vilpas + Vilpsct+ Vilp.ca=VL[lp.ag + Ipsc * Ipcal
Pr=VL[lpas + IpBc + Ipcal € Eqg. 4C2a

4C2b.Using Line Parameters

Line parameters are identified as,
Voltages: W8, VBc & Vca
Currents:
o T Current in conductor A
Ig T Current in conductor B
Ic T Current in conductor C
Leadlag (currents with respect to line voltages):
d.aca 1 leadlag of line current A with respect to line voltageAC
d.-s/ag T leadlag of line current B with respect to line voltageBA
d.c/sc1 leadlag of line current C with respect to line voltageCB
The applicable equation for circuit power dsiaction of line parameters with
all resistance loads would be the same as that for inductive or capacitive loads
as treated in below Section 4C3b.
Pr=V_ (UV3)[lL.acos €iacal 309+ I g cos (L gasT 30°+
| .c cos @ .cigcl 30°)] é Eq. 4C2b

4C3. Calculating Power in Unbalanced Three Phase Delta Circuits
Inductive or Capacitive

4C3a.Using Phase Parameters

Pag = Va-sla-s COSUp.aR, Pac = Va.clg-c COSUp.c &

Pca = Vcalc.a COsdp.ca

Pr=Pag *+ Pac*+ Pca, or

Pr=Vasglag cosdp.ag + Vp.clg.c COSdpgc+ Ve alca COsdp.ca
Since, \Wg = Vec=Veca=VL=Vp

Pr=Vplag cosdp.ag + Vplg.c COSUp.gc + Vplc.a COSOp.ca
Pr=Vp[lapg coSdp.ag + Ig.c COSHpgc + Ic.a COSOp.ca] € EQ.4C3a
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Example 7

Assume the followinganditions for an unbalanced delta circuit:
Line potential: 4868-60 volts

lap=5 amps @ PF = 100

lpc= 10 amps @ PF = M9agging

lca= 15 amps @ PF = 8eading

Find line currents in conductors A, B and C.
Solution:

dp_AB = COSI._l 1.00=0

dpgc= c0s''0.90=125.84193°

dp.ca =7cos' ' 0.80 = +36.86989°

According to Equation 4C3a,

Pr=Vp[la- COSOp.ag + Ig.c COSUpgc + Ic.A COSUp.cAl
Pr=(480) [(5) (1)+ (10) (.D) + (15) (.8)]

Pt =(480) [5+ 9+ 12] = (480) [26] = 12480 watts

4C3b.Using Line Parameters

Line parameterareidentified as
Voltages: \W.B, VB-ca Vca
Currents:
Ia T Current in conductor A
Ig T Current in conductor B
Ic T Current in conductor C
Leadlag (currents with respect to line voltages):
d_.a/ca T leadlag of line current A with respect to line voltageAC
di-s/aB 1 leadlag of line current B with respect to line voltageBA
d_.ciec 1 leadlag of line current C with respect to line voltageCB
Total circuit power can be determined by assuming that there is a ssgyl
and that user is a wye circuilthis methodis treatecand ceroboratedn
AppendixC.
Pa-D = Vp-aD Ip.a COSOp.a/AD
Vp.ap = (UV3) Vea
lp.a=1LA
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de.a/ap = diacal 30°
Pa-o= (U¥3) Vcal-a cos fl.aca T 30°)
Similarly,
Psp = (]NE) Vag I8 €Os @ -g/as T 30°), and
Pc.o= (UV3) Ve lLc cos €l -cec 30°)
Pr=Pap+ Pgp+ Pcp, or
Pr=(1V3) VcalLa cos (-acal 309+
Ps-p = (1V3) Vag I8 cOS @Lgas T 30°) +
Pco= (1/V3) Vac IL.c cos fl.cecT 30°)
Since .ag =Vi-8c = Vica= VL
Pr=VL (UV3)[lacos @.acaT 30°+ Iz cos @ gasi 30°)+
|c cos dL-C/BCT 30°)] é Eq. 4 C3b

Example 8

Assume the same delta gleavalueshatwere used in above Exampie
Compute the associated line parameters and then compute total power
usingthevaluesof line parameters

Line potential: 4803i 60 volts

lap=5amps @ PF = 100

lpc= 10 amps @ PF = M9agging

lca= 15 amps @°F = 0.8 leading

Find line currents in conductors A, B and C.

Solution:

dp_AB = COSI._l 1.00=0

dpgc= cos' ' 0.90=125.84193°

dp.ca =7cos' ' 0.80 = +36.86989°

Next, the associated line parameters are determined.

From Equation 9 and Iiz_/quation-sz (contained in Appendix F)
la ={(Xa)*+(Ya)}"”

di-a = (120°% 3

where,
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Xpa= Tlgpcosdpag =1 (5) cos 055
Ypa= ilapsinde.ag =7lpa(0) =0
Xca =1lca1/2) [(V3) sindp.ca + cOSUp.cal
Xca =1(15)(V/2) [(V3 ) sindp.ca + cOSUp.ca]

=1(7.5) [V3 ) sin (36.86989% cos (36.86989°)]

=7(7.5) [V3) (0.6)+ (0.8)] =i (7.5) [1.039230+ 0.8] =113.794228
Yca=lca(1/2) [(V3) costpcai sindp.cal
Y ca = lca(1/2) [(+/3 ) cos (36.86989°) sin (36.86989°)]

= (7.5) [W3 ) (.80) T (i 0.6)] = 5.892304
Xa =Xpa+ Xca=15+ (i 13.794228) 5 18.794228
YA =Ygt Yca= 0 5802304 = 5.892304
Ia={(Xa)° + (Y )2 2= { (1 18.794229 + (5.892304%} V2

= 19.696250 amps

a-=sin 1 (Ya=1,) = sint [5.892304+ 19.696250] = sin .2991586
|Aisin quadranll
o= sin *.299158 = 162.5929°
di_a = (&7 1209 = (162.59299 1209 = 42.5929°

From Equatlon 3B and Equation4,

lg ={ (XB) +(Ye)} i

d,.g = sin (YB— I5)

where

X =Xap* Xch

Ye=Yapb* Ycb

Xap =lapcosdp.ag = (5) cos 0 =5

Yab = |abSin dP-AB = (5) sin0=0

Xcb =T 1pe(1/2) [(V3 ) sindp.pc i cosdp.ac]
=71 (10) (¥2) [(/3 ) sini25.841939 cosi 25.84193p
=1 (5)[(v3) (1 0.4358898) (.9] =i (5)[(i.754983)i (.9)]
=8.274917

Yeb =lch(1/2) [(*v@_) cosdp.gc + Sin dp.gc]
= (10) (22)[(v3 ) cosi 25.84193% sini 25.84193p
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= (5)[(v/3)(.9) + (1 0.435889) = (5)[1.55884 0.43588%
= 5.61475
Xg=Xap+ Xcp= 5+ (8.274917) = 13.274917
Ye=Yap+ Yep= 0+5.61475 = 5.61475
s ={(Xe)2+ (Yp)D *={(13.27491F + (5.61479% ”*
= 14.413495 amps
d.g=Tsint(Yg+Ig) =sin'! (5.61475 14.41349) = 22.9263°

From Equation % anclj Equation -9,
le={(Xc)*+ (Yo} &
where,
Xbe = lpc (1/2) [(*»"E_) sindp.gc 1 cosdp.pc]
= (10) (42) [(V3 ) sini25.84193% cosi 25.84193°]
= (5) [(V3) (1 0.435889) (0.9)] = (5) [ .754983i 0.9] =7 8.27491
Y e =i lpe(1/2) [(vV3) cosdp.gc + sin dp.ac]
=1(10) (¥2)[(v3 ) cosi 25.84193% sini 25.841939]
=1 (5)[(v/3)(.9) + (i .435889)] =i (5)[1.55884i .435889] =i 5.61478
Xac = lca(L/2)[(V3 ) sindp.ca + cosdp.cal
= (15)(¥2) [(V3 ) sin 36.86989% cos 36.86989°]
= (7.5) [ W3 )(.6) + (.8)] = (7.5) [L..039230+ .8] = 13.794228
Y ac =T lea(U/2) [(V3) cosdp.cat sindp.cal
=7 (15)(¥2)[(~v'3) cos 36.86989F sin 36.86989°]
=1 (7.5)[(v/3)(.8)7 (0.6)] =i (7.5)[1.38564Q 0.6)] = i 5.89230
Xc=Xpe+ Xge=18.27491+ 13.794228 = 559318
Yc=Ype+ Yac=15.61478+ (i 5.89230) =i 11.50708
le={ (X% + (YO} ?={ (5519318 + (i 11.50708%} V2
= 12.762278 amps
d.c= (G 7 240°)
|cis in Quadrant IV

77

(=sin®(Yc+ o) =sin ' (i 11.50708+ 12.76227) = 295.6244°
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di.c= (07 240°)=295.62449 240° = 55.6244°

Summary of calculated values for the delta circuit:

Line Current Lead/lagof line current
A =19.6962506 amps di.a/ca = +42.5929°
g = 14.413495 amps dL.g/aB = +22.9263°
lc =12.762278 amps di.c/c = +55.6244°
According b EquatiodC3b,
Pr= VL (1V3)[IL.a cos tiacai 30°+ 1. cos €i.gapi 30°+
B I..c cos @L.ciecT 30°)]
Pr = (480) (¥v3) [(19.6962506) cos (42.5920%30°) +
(14.413495) cos (22.9268°30°) +
(12.762278 cos (55.6244P 30°]
Pr=(277.12812) [(19.6962506) cos (12.5920°)
(14.413495) cosi 7.0737°+
(12.762278) cos (25.6244°)]
Pr=(277.12812) [19.2224814.30378+ 11.50719]

Pr= (277.12812) [45.0334] = 12480.
Thus, it isseen that the computatiosing line parametesgelds the same
result that was obtained using phase paramagedemonstrated in

Example 7

4D. Calculating Power ina Three Phase Circuit with MixedWye and
Delta Loads

4D1. General

It is common to find @hree phase feeder that serves a mix of both wye and

deltathree phaseircuits. There could also be single phase lo@tten from

any two of the phasedf data is available for all of the users then, obviously,

the total power consumption is the suntta power of all of the user$his

total could be determined from either phase parameters or line paraofieters
the userslt can also be determined if adequate line data is available for the
common feeder.
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4D2. Using PhaseData

For wye loads the power doe determined by one of the applicable equations
presented above for wye loaglsing phase dat&imilarly the individual loads

for delta circuits can be determined with an applicable delta equ&tien

would also be true of single phase loaldse toal power is then the sum of

the individual loads

4D3. UsingLine Data

Above, the various equations are treatedldoth balanced and unbalanced
circuits includingboth wye and delta circuits. If the type of load is known

then the applicable equation miag selected/Vhat if, on the other hand, the
type of load is unknown? Or, what if the load is a mix of wye, delta and single
phasehe answer is relatively simple!

It may be noted that of all the equatiarigpower, those thatlefine power

from line paraneters are identical for both wye and delta circUitee general

form for power as determined from line parameters is that which is defined by
Equation 4B3b or 4C3b which are identical:

Pr=(UV3) V| [Ia cos €i.acal 30°)+ Ig cos ¢ gas i 30°)+
lc cos @L.c/scl 30°)]
The same general rule is applicable to those above equations that use phase

values. Of course, the numerical value of phase potential in a particular circuit
will be different from the numerical value of line potehtia

5. Measuring Powerin a Single PhaseCircuit

5A. General

Power in a single phase circuit is typically measuvegd a wattmeterBy one

means or another,single phase wattmetereasurscurrent, voltage and the
lead or lag of the current with respéathe measured voltagéhe wattmeter

essentially performs the calculation,

P =VI cosdp, where

V = potential (voltage)

| = current(amps)
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dp = phase lead/lag angle between phase current and phase voltage (degrees ¢
radians) (for lagging currerdp < O; for leading currentfp > 0)
In a single phase circuitlp > 1 90°anddp < +90°

4

The Amprobe Model ACB11PQ
clamp-on meter provides a
convenient means to measure sing
phase current, power or power fact
without the need to disconnect a
conductor
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6. Measuring Power in Three Phase Three Wire Circus

6A. General

A customer of three phaselectricalservice will have a permanently
installed three phase wdtour meter that iswned bythe utility and provided
for billing purposesDepenling on the area and utility policies additional
meters may be provided measure and recopbwer factor an¢ébad

A d e maTmalvatt-hour meter integrates watts with time to determine total
energy consumer by the customethin a specific period of timé heuser

will then be billed for energy consumed withivat period of timeAside from
metering conducted by the utilicustomemay have need to conduct
independent meteringf powerfor a variety of purposes. Spot metering may
be done with portablmetersthat are used temporarily and then stoxben
not in use Or, permanently installed meters may be dsedontinuous
monitoring A permanently installed meter could typically be the panel
mounted type.

Temporary measuremerafa three phase the wire circuitmay be
conductedby anyone of several methodghe task can be carried out by
means ofasingle phase watt metefBhis option might be selected if, for
example, a three phase meter is not conveniently availkinee phaseqwer
can be reasuredvith onesingle phas&vattmeter, twaingle phase
wattmeters, thresingle phasavattmetersathree phase wattmetexr,power
quality meterapower analyzeor other instrumentd he selection of meters
and the method/ould depend on several cotidns, including:

a. Types and number of meters on hand.

b. Balanced or unbalanced load

c. Rate of change of load

d. Frequency at which readings are to be made
e. Requiredaccuracy.

If only onesinglephasewattmeter is on hand, there is only an occasional need

for wattage measurements and the loads change slomdgjnglephase
wattmeter camisuallyprovide adequate resulst the other end of the
spectrum where there is a frequent need for measurements and the loads
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change rapidlyathree phase metea powerquality meteror apower
analyzer may be the better selection.

When taking readings of power witlpawermeterit is important to know the
phase sequence of the conducttirthe conductors under consideration
followed a color coding, thaolor codingwould be the first clue of the phase
sequenceHowever, color coding around the world vaffyrequently in the
USA t he s egaangedoevioledyredwmowod i s foll ow
phase circuits 480 VAC conductof3ften black conductors are used angl th
ends taped with colored tap®n the other hand, color coded conductors may
not accurately reflect the true phase sequeborductors at voltages above
480 VAC are not generally color codatthen in doubtthe phassequence
should be checkedith aphase sequenaeeter Phase sequenceeters are
especially helpful to confirm that a three phase motor has been wired
properly. For example, a large motor may require conducteB-@ to be

wired respectively to terminals T12-T3, T2-T3-T1 or T3T1-T2to ersure
proper rotation of the motor. If tlewurcesequence idifferent, as AC-B, the
motor will rotatein reversdlirectionto the intended rotatiohn some cases
motor that is started in a reverse directioay result in significanproperty
damagerd, conceivably, injury to personn&/hen in doubt the sequence
should beconfirmed Thevarious,possible methods of measuring three phase
power withsingle phasenetersare treated below.

If a person understands how single phase meters can be usexktoene

power, it then becomes much easier to understand how a three phase power
meter operates.dwer can also be determined by any means that permits
measuring current, voltage and current lead/lag

It is pertinent to note that for at least the first 1@@rg following the use of
electrical power, power usage was measured by means of meters that
contained coils within the casing of the meRwwer was measured by
electromechanical current and voltage coils located within the casing of the
meter. Today, peer is being measured more and more by digital meters that
measure current with external curre
brought to the meter and power is computed by digital algorithms.

© Joseph E. Fleckenstein Page39 of 88

e C

nt



www.PDHcenter.com PDH Course E344 www.PDHonline.org

6B. Using One Single PhaseWattmeter to Measure Power in alhree
PhaseThree Wire Circuit

A possible procedure toeasurahetotal circuit powerof a balanced tlee
phase three wire
circuit would involve N
the measurement of ' Meter [=
the power obnly one Conductor A a
phaseSince by
definition, all three
phases have equal Conductor C
power consmption,
the total power
consumption is triple
the power
measuremertdf any Fig. 10

one phaseThis Measuring Power of a Delta Circuit
procedure would, of
course, require access to the conductors that carry the phase asnests
as the conductors thdelivervoltage potentials to the phases

Conductor B

A procedure for measuring the phase powerlmdlancedlelta circuit is

shown in Fig10. The phase potentiatd a delta circuiare usually accessible
but the conductors carrying the phase currents may nmirbeniently
accessibleOnly one phase nesdo be measured since, by definition, all three
phases are of equal pow&he total pover consumptiorof the circuit is triple
the power of one phase.

A procedure for measuring the phase power of one phadeatdirzcedvye
circuit is shownn Fig. 11. However, in many instances the measurements
depicted in Fig. 1 may not behysicallypractical. Generally the current of a
wye user may be measured since the phase current is the same as the line
current. However, access to the point where the phasestig et her ( Pqi
in Fig. 11) may rot be readily accessible.

Under some circumstances, a singbetablewattmeter came used to obtain
adequate readings an unbalancethree phase three wire circults
mentioned above, this arrangement would betmal only if the measured
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parameters remain
constant throughout
the period of time Conductor A
during which the
measurements are
made.The
arrangement of Figl2
showsa typical Conductor B
configuration that
could be used to _
determine total power Fig. 11

with a single meter Measuring Power of a Wye Circuit
The meteis first
connected as shown in

Position #1The

current in Conductor

A is measured as well

as voltage €A. A

reading igaken and

the meteis then

moved to Position #2

In positin #2 the

current in Conductor

C is measured as well

as voltage €B. The

two readings are

added to determine

total circuit powerAlternate positiongor measuringotal power would

involve the use oflifferent conductoras explained belowm Section 6CThe
method to use only two wattmeters to measure the total power okegotnaee
three wire circuit 1 s c owhonhasrdiscusseda | |
in more detail below.

Conductor C

c.

© Joseph E. Fleckenstein Page41of 88

ed






























































































































