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Focus of this Presentation

* Review basic power concepts as they relate to Power
Factor (PF)

« Show how resistive, inductive, and capacitive loads affect
PF

* Give examples of PF calculations for wye and delta
service types
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AC Theory Review — Sine Wave

Sine Wave

T
240

Degrees

21 Radians

360 Degrees

1/60 Sec
16.67 mSec

V =V, Sin(2aft—0)

V=2V,
V.o =120V
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0 =0°
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AC Theory Review - Phase
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Power Triangle

(Sinusoidal Waveforms)

REACTIVE POWER
VARs

ACTIVE POWER >

Watts

If V = Sin(wt) and | = Sin(wt - 8) (the load is linear)
then

Active Power = VICos(B8) Watts
Reactive Power = VISin(@) Volt-Amp Reactive (VAR)
Apparent Power = VI Volt-Amp (VA)

P
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Watt, VAR, and VA

Watt - useful power that does real work
at the load — light a bulb or turn a motor

VAR - non-useful power that is required
to drive the inductance or capacitance of
a power line

VA - the total power in the system; the
vector sum of Watts and VARs

P

POWERMETRIX



Watt, VAR, and VA

ARs = Foam
(Non-Useful)

Vatts = Liquid
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Power Factor Definition:

Power Factor represents the ratio
of active power (Watts) to the
total power (VA) in a system.

It is a representation of the
percentage of useful work being
done.

P
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Power Factor Definition

i
=
g
®)
<
: 0
ACTIVE POWER >
Watts
Power Factor = Active / Apparent Power
= Watts / VA
= Cos(0)

Power Factor can range from 1to 0 P
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Intro to Power Factor
Power — VA

For a 120 Volt service drawing 13 Amps at 0.5 PF (60°)

How much power is being drawn?
Power = 120 x 13 x 0.5 = 780 Watts

How many VA are being drawn?
VA =120 x 13 = 1560 Volt-Amperes

P
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Intro to Power Factor
Power — VA

For a 120 Volt service drawing 13 Amps at 0.866 PF (30°)

How much power is being drawn?
Power = 120 x 13 x 0.866 = 1351 Watts

How many VA are being drawn?
VA =120 x 13 = 1560 Volt-Amperes

-
N

R
j

P

POWERMETRIX



Intro to Power Factor
Power — VA

For a 120 Volt service drawing 13 Amps at 1.0 PF (0°)

How much power is being drawn?
Power =120 x 13 x 1.0 = 1560 Watts

How many VA are being drawn?
VA =120 x 13 = 1560 Volt-Amperes
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Power Factor, Watts, and VA

For our 120V, 13A system

Phase
Angle

780 W 1560 VA
30 0.866 1351 W 1560 VA
0 1.0 1560 W 1560 VA

As PF get closer to 1, the Watt value gets closer to
the VA value! This means more real power is being
consumed!

P
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Resistive Load
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A purely resistive load has ZERO

phase angle P
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Resistive Load

- Irms —

- A f
VA a\ ) Van :
Y \\\ /// \\\ ¥ | %

0w 18\ w f vome 5\ i V =120V
./ \ | = 10A
\¥ 74

®@=0°
Cos 0° =1
Sin0°=0

Active Power (W) =V Icos (8)=120*10*1=1200 W
Reactive Power (VAR) =V Isin (8) =120 *10*0 =0 VAR
Apparent Power (VA) =V |1 =120 * 10 = 1200 VA

PF=W/VA=cos (0)=1

P
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Resistive Load
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A purely resistive load will:

* Only create Watts
* Create NO VARs
« Have a PF =1
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For a resistive load:

Resistive Load

p =vi =2VISin*(at) = VI(1— Cos(2at))

Amplitu
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A resistive load consumes only Watts, so the power will

always be delivered (positive).
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Inductive Load
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A purely inductive load has +90°

phase angle P
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Inductive Load

- Irms —

}
/\ /N AC

VAV AW i
AN AN

| / \ \ | / | / \ \ | Inductive Example:
JATN P ATA ) Ve
NN VN e

50 \\// \\// Cos90°=0

eeeeee

Active Power W)=V lcos (8)=120*10*0=0W
Reactive Power (VAR) =V Isin (8) =120 *10 * +1 = +1200 VAR
Apparent Power (VA) =V |1 =120 * 10 = 1200 VA

PF=W/VA=cos(0)=0
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Inductive Load
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A purely inductive load will:

* Only create positive VARs
* Create NO Watts

« Havea PF =0
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Inductive Load

For an inductive load: p=vi=2ViSin(wt)Sin(wt —90) =-VISin(2aot)

Amplitu

200

150

RO RS
AN AN
480 WA A - |

- \\ /\\ NS -
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An inductive load consumes receives and delivers equal
amounts of power, so the net active power (Watts) is ZERO
And the reactive load is 100%!
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Capacitive Load
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A purely capacitive load has -90°

phase angle P
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Capacitive Load

- Irms -

~ }

AVAR VAR =) v C -
JAN NSNS |

P oo \ \ / /\ \ / Inductive Example:
AP N AL VS a0y |
NN .

A

- v\/ | = 10A
\ / \ / | o=90
A\ N\ Cos-90°=0
Sin -90° = -1

eeeeee

Active Power W)=V lcos (8)=120*10*0=0W
Reactive Power (VAR) =V I sin (8) =120 * 10 * -1 =-1200 VAR
Apparent Power (VA) =V |1 =120 * 10 = 1200 VA

PF=W/VA=cos(0)=0

P
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Capacitive Load
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A purely capacitive load will:
* Only create negative VARs
* Create NO Watts
« HaveaPF =0
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For a capacitive load:

AC Theory —

Instantaneous Power

p =Vi =2VISin(awt)Sin(wt +90) =VISin(2at)

Amplitur

Sine Wave
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V =120/2Sin(2ft)

I =96~/2Sin(2ft +90)

P =11520S8in(27f?)

P =0 Watts
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Inductance Vs Capacitance

 More inductance creates more VAR, less W, and lower

PF
« (Capacitance is added to an inductive load to reduce
VAR, raise W, and raise PF

 l|deally, we want all loads to have a PF = 1
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Delivered vs Received Power
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Positive Watts are DELIVERED
from the Utility to the Consumer
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Delivered vs Received Power

Negative Watts are RECEIVEL
the Utility from the Consumer
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Delivered vs Received Power

Positive and Negative VARs flow
iIn both directions

P
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Negative Power Factor?

Meter Vector Diagram

SVc

SVa

The vector diagram
for a renewable site
may have current
vectors 180° out
when the site is
generating power.
Whr, VARhr, and PF
may also be
negative when
generating power.
The sign of PF will
follow Watts

P
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3 Phase, 4-Wire “Y” Service
0° = Unity Power Factor

¥ Vector Graph Selected Site: SHOP

Vector Diagram

dSVaSla

. Three o
Sve PF=  1.000  -0.03°
Voltage ¢ = ®SVbSIb
Phasors SV 119419 119,620
. 120° Apart =
|

e Three Sla SVa PSVcSlc
Sve  119.727  239.94°
g ﬁ rrent pr- 1000 0.0
asors Sb =
SYS
. C\Ilglgtned wtlth S¥b Ive = 1051
@) age a E'(:)'F = ABCI 0
P F - 1 Measurement: Live Test, Sec V/Sec I, Instantaneous

r Reference rShow Wiring r Interval r Sec V/Pril rEnable Ratios r Stop

System PF = Average of A, B, and C phase PF P
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3 Phase, 4-Wire Wye

P
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Service Type
|3-PHASE, 4-WIRE WYE

Typical Meter Form(s): 39S, 16S
Blondel's Theorem Compliant  YES

Van |120 © Van IO
Vbn |120 © Vbn |120
Ven |120 ©Ven |240

la |2-5 Ola |10 PF:0.985
Ib |2»5 ©lb |135 PF:0.966
lc |2~5 Olc IZGO PF:0.940

| Draw Vector Diagram i

lead | Lag |

10737 Lexington Drive, Knoxville, TN 37932-3294, (865) 966 5856 www. rmetrix.com Reset |

System PF = Average of A, B, and C = 0.964
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3 Phase, 3-Wire Delta Service

Common service type for industrial customers. This service has NO

neutral.

A la A T
240 ]
l 240
B b C B
C 0 AW i
Source Load 240
Ic Y

*\/oltages normally measured relative to phase B.
*\oltage and current vectors do not align.

Service is provided even when a phase is grounded.

P
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3 Phase, 3-Wire Delta Service
Resistive Loads

Two Voltage
Phasors

60° Apart

Two Current
Phasors

For a
resistive
load one
current
leads by 30°
while the
other lags
by 30°

¥ Vector Graph

Vector Diagram

SVcb
Slc

Selected Site: SHOP

Sla

SV¥ab

dSVabSla
Svab  238.922  0.00°
Sla 1.055  32.74°
PF = 0.839  32.74°
Lag

dSYehSIc
SVcb 237.914 299.48°
Slc 1.033 271.29°
PF = 0.881 -28.19¢°
Lead

SYS

Vsys = 238.418
Isys =  1.044
PF = 0.860

Measurement: Live Test, Sec V/Sec I, Instantaneous

r Reference rShow Wiring r Interval

r Sec V/Pril rEnabIe Ratios r Stop

P
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3 Phase, 3-Wire Delta Service
Understanding the Diagram

A la
Source Load
[¢
C C
Vbc Vca Vcb

B Vab A B Vab A P
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3 Phase, 3-Wire Delta Service
Understanding the Diagram

C Ic
Source b Load

lab
Ica
lac o
la
Icb

P
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3 Phase, 4-Wire Delta Service

Common service type for industrial customers. Provides a residential
like 120/240 service (lighting service) single phase 208 (high side) and
even 3 phase 240 V.

A la A
T 120 T i
N N v 240
== \ =71 &

- - 120 240

C B Ib \1%\ C B I v

Source Load 208 220
IHC M y v v

*\/oltage phasors form a “T” 90° apart
Currents are at 120° spacing

*In 120/120/208 form only the “hot” (208) leg has its voltage and
current vectors aligned.

P
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3 Phase, 4-Wire Delta Service

Three
Voltage
Phasors
90° Apart
Three

Current
Phasors

120° apart

Resistive Load

¥ Vector Graph

Vector Diagram

Selected Site: SHOP

dSYaSla
SVa 120.684 0.00°
Sla 1.013 29.970°
PF = 0.866 29.970
Lag

PdSYbhSIb
SVb 119.439 179.81°
SIb 0.994 149.68°
PF = 0.865 -30.14°
Lead

dSYcSIc
SVc 119.720 269.91°
Slc 1.056 269.97°
PF = 1.000 0.05°
Lag

SYS
Vsys = 119.948
Isys = 1.021
PF = 0.910
ROT = ABC
Measurement: Live Test, Sec V/Sec I, Instantaneous
|' Reference r Show \Wiring r Interval r Sec V/Pril r Enable Ratios r Stop

P
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3 Phase Power Measurement

* We have discussed how to measure and
view power quantities (W, VARs, VA) in a
single phase case.

 How do we combine them in a multi-phase
system?

 Two common approaches:

= Arithmetic
= VVectorial

P
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3 Phase Power Measurement
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VA

3 Phase Power Measurement

* VAR and VA calculations can lead to some
strange results:
= If we define

VA= (Wa+Wa+We) +(0i+0s+0c)

100

100

120

132

120

132

P
R Vector VA SF’\Q

Arithmetic VA

364

Vector VA

340

Arithmetic VA Sv

\ 4

P
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3 Phase Power Measurement

P Yector Graph BETA TEST - p19.00M/¥17.25M/c#267.23K - Selected Site: ZCOIL

Vector Diagram

Measurement: Live Test, Sec ¥/Sec I, Instantaneous

{ Reference

rCDnnect.View r Interval

[ secvpril

dSVaSlab
SVa 118.410 0.00°
Slab 4.354 331.40°
PF = 0.878 -28.60°
Lead

dSVcSIch
SVc 119.582 239.65°
Slcb 4.386 269.82°
PF = 0.865 30.16°
Lag

SYS

Vsys = 118.996
Isys = 4.370
PF = 0.871 =«
ROT = ABC

Arithmetic Calculation - Form 6 — 4 Wire Y Site
Voltages and Currents Aligned at 0°
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3 Phase Power Measurement

# Vector Graph BETA

Vector Diagram

EESE

pl16.02M/¥16.13M/c#289.54K - Selected Site: ZCOIL

Measurement: Live Test, Sec ¥/Sec I, Instantaneous

r Reference

r Connect.View r

Interval

[ secwril

dSVaSlab
SVa 118.415 0.00°
Slab 4.326 331.34°
PF = 0.877 -28.66°
Lead

dSVcSIch
SVc  119.616 239.74°
Sicb 4.353  269.76°
PF = 0.866  30.02°
Lag

SYS

Vsys = 119.015
Isys = 4.339
PF = 1.000 =
ROT = ABC

Vector Calculation - Form 6 — 4 Wire Y Site
Voltages and Currents Aligned at 0°
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3 Phase Power Measurement

P Yector Graph BETA TEST - p19.00M/¥17.25M/c#267.23K - Selected Site: ZCOIL

Vector Diagram

SVc
Slcb

Slab SVa

Measurement: Live Test, Sec ¥/Sec I, Instantaneous

{ Reference

rCDnnect.View r Interval

[ secvpril

dSVaSlab
SVa 118.410 0.00°
Slab 4.346 1.35¢
PF = 1.000 1.35¢
Lag

dSVcSIch
SVc 119.595 239.68°
Slcb 4.376 299.77°
PF = 0.499 60.09°
Lag

SYS

Vsys = 119.002
Isys = 4.361
PF = 0.749 «
ROT = ABC

Arithmetic Calculation - Form 6 — 4 Wire Y Site
Currents All shifted by 30°
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3 Phase Power Measurement

P Yector Graph BETA TEST - p16.02M/¥16.13M/c#289.54K - Selected Site: ZCOIL

Vector Diagram

SVc
Slcb

Slab SVa

Measurement: Live Test, Sec ¥/Sec I, Instantaneous

{ Reference

rCDnnect.View r Interval

[ secvpril

dSVaSlab
SVa 118.420 0.00°
Slab 4.328 1.34°
PF = 1.000 1.34°
Lag

dSVcSIch
SVc 119.596 239.68°
Slcb 4.355 299.750°
PF = 0.499 60.08°
Lag

SYS

Vsys = 119.008
Isys = 4.341
PF = 0.857 =«
ROT = ABC

Vector Calculation - Form 6 — 4 Wire Y Site
Currents All shifted by 30°
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Displacement and Distortion
Power Factor

Displacement and Distortion PF are used in
systems that are non-linear (contain harmonics)

Displacement PF = cos (0,) where “1” represents
the fundamental frequency (60Hz) ONLY

Distortion PF = 1/v1 + THD?

True PF = Displacement PF * Distortion PF

P
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Total Harmonic Distortion (THD)

THD is a measurement of the ratio of the sum
of the harmonic power to the power of the
fundamental frequency.

V1

THD =

This is an equation for a waveform with 3 harmonics.
V, is the fundamental (60Hz)
V, is the 2"d harmonic (120Hz)

V3 is the 3 harmonic (180Hz)
V, is the 4t fundamental (240Hz) P
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Summary

* Power Factor is the ratio of useful power
(Watts) to total power (VA) in a system

* PF decreases with inductance, and
Increase with capacitance

* An ideal system has a PF = 1, which
represents 100% active, useful power
being delivered to the load

* PF calculations may differ depending on

the metering P
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Questions? Comments?
Want a copy of this
presentation?

Go to

powermetrix.com/presentations/

Thank you for your time!
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