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Power factor definition

Power factor is the KVA

ratio between the KVAr
“real” power and the o

“apparent” power of an W

electrical system

“Real” power = working power = kW  ®&_
“Apparent” power = Volts x Amps = kVA
“Reactive” power = magnetizing power = KVAR @
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What is a VAR?

« Active power, also called real power, is
measured in Watts or kW and performs Useful
Work

* Electrical equipment like motors and
transformers require reactive power create a
Magnetic Field and allow work to be
performed.

e This reactive power is called volt-amperes-
reactive or VAR'’s

 Reactive power is measured in vars or kvars

 Total apparent power is called volt-amperes
and is measured in VA or kVA

.1°N
EF:1.
Pawering B

. . © 2012 Eaton Corporation. All rights reserved 3
ring Business Worldwide


http://www.fundraw.com/clipart/images/00003437

- Somebody has to pay for capacity and losses

( )
Wasted Capacity <
(VAR’S)
:
> Capacity
Useful Work (kVA)
(Watts) <
‘ J
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Typical Sources of Low Power Factor

« Reactive power is required by many loads to
provide magnetizing current for:
* Motors

Power transformers

Welding machines
Electric arc furnaces

Inductors

Lighting ballasts
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Utility must generate, transmit, and
distribute active AND reactive power

Total
Power
kVa
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If reactive power could come from another
source — utility can reduce

Free'd up capacit
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What are these magical capacitors?

I po—
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What are these magical capacitors?
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What are these magical capacitors?

‘,"_..
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Gas Pressure

=
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What are these magical capacitors?
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Why Consider PFC?

PF correction provides many benefits:

e Primary Benefit:
* Reduced electric utility bill if there is a penalty

e QOther Benefits:

* Increased system capacity (generators, cables, transformers)

 Reduced losses in transformers and cables
e Improved voltage regulation
* Greening the power system
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Where do PF charges appear on a bill?

* EXxplicit
* Power Factor Penalty
* Power Factor Adjustment
* Power Factor Multiplier
* Reactive Demand Charge
e Calculated Demand
 Billed Demand

o E © 2012 Eaton
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Escalation in Electrical Energy Cost

16

Electrical Energy cost
has increased nearly
50% over the last 10
years

The rate of increase
has accelerated in the
past few years

If your penalty is KW
related, such as PF
multiplier applied to KW
Demand, your penalty
amounts will track with
Energy Cost.

E-T-N
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Industrial Electrical Energy Cost by Year
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Source Energy Information Administration
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Typical Uncorrected Power Factor

Industry Percent Uncorrected PF
Brewery 76-80
Cement 80-85
Chemical 65-75
Coal Mine 65-80
Clothing 35-60
Electroplating 65-70
Foundry 75-80
Forge 70-80
Hospital 75-80
Machine manufacturing 60-65
Metal working 65-70
Office building 80-90
Oil-field pumping 40-60
Paint manufacturing 55-65
Plastic 75-80
Stamping 60-70
Steelworks 65-80
Textile 65-75

Source: IEEE Std 141-1993 (IEEE
Red Book)

Low PF typically results from
unloaded or lightly loaded motors

Unloaded motor — PF = .20
Loaded motor —“rated PF” = .85

012 Eaton Corporation. All rights reserved 17
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Example: Improving PF

' Power Factor
e =0.80

125 kVA
100 kW -
125 KVA l g
150 A :
100 kW 75 kvar E
150 A
75 kvar %

100kW

Real power used

; ) ; © 2012 Eaton Corporation. All rights reserved 18
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Example: Improving PF Cont.

103 kVA
100 kW
125 KVA | l 124 A
100 KW 25 kvar
153 A I\
75 kvar |
=50 kvar

E-T-N

ing Business Warldwide

Power Factor

0.80

75 kvar

25 kvar

© 2012 Eaton Corporation. All rights reserv:
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100kW

Real power used

Reactive or unused power
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Cost savings due to increased capacity

e Correcting poor power
factor can significantly
reduce the load on
transformers and
conductors and allow
for facility expansion

 Transformers are rated
by kVA and must be
sized accordingly
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Effect of Location

Resistive
Load
O Moo
Load
T
Place here for line loss

reduction and voltage
iImprovement

—

Place here for utility PF penalty

Place here for utility PF penalty
(utility owned transformer)

or

Place here to reduce losses in
transformer or free capacity

E-T-N
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Power Factor Correction — Lab Testing

18-pulse IVFD, 75HP

Reactors

75 kva /00000 —

isolation m

20 kVAR

‘| Reactor

! “ FON
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Power Factor Correction — No Caps

'

99.98 Hz & ll 13:10 'Q -2x -z

10727705 03:40:14 277V 60Hz 30 WYE DEFAULT

VOLT AMP I:U}tﬁl]lil "‘--.M UDLTAGE HOLD
Added Voltage | Current kw kVA Factor

0.72

15
30
45
60
75
90
105

E-T-N
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Power Factor Correction — 15 kVAR
2635 v [T a I e

kVAR Phase Phase Total Total Power
Added Voltage | Current kW kVA Factor
0 269 121 69 96

0.72
15 268 109 69 84 0.80
30
45
60
75
90
105

E-T-N
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Power Factor Correction — 30 kVAR

mﬁmm

59.98 Hz 0:13:26 A -2x S

10/2770% 03: 411*!!“ 277V 60Hz 38 WYE DEFAULT

VOLT AP CL!P.‘E[JFI "'-H VOLTAGE HGLQ
Added Voltage | Current kw kVA Factor
0 269

0.72
15 268 109 69 84 0.80
30 270 100 70 80 0.87
45
60
75
90
105

E-T-N
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Power Factor Correction — 45 kVAR

"2718v —

99.98H=z 0:13:31 A -2x <F

10727705 03:40:35 277U 60Hz38 WYE DEFAULT

VOLT AMP CURSOR "H UOLTAGE HOLD
Added Voltage | Current kw kVA Factor
0 269

0.72
15 268 109 69 84 0.80
30 270 100 70 80 0.87
45 271 92 70 74 0.94
60
75
90

105

E-T-N
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Power Factor Correction — 60 kVAR

3. Elﬂ Hz 0:13:36 A -2x it

10727705 lH.ﬂIl] 40 277U 60Hz38 WYE DEFAULT

UEILT_ ﬁl‘fIP'. CLIFS DR '”-H UOLTAGE . HOLD
Added Voltage | Current kw kVA Factor
0 269

0.72
15 268 109 69 84 0.80
30 270 100 70 80 0.87
45 271 92 70 74 0.94
60 272 88 70 71 0.98
75
90

105

E-T-N
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Power Factor Correction — 75 kVAR

"2733v _ |

99.98Hz 0:13:42 4 -2x -z

10227705 03:40:46 277U 60Hz38 WYE DEFAULT

VOLT AMP CURSOR '-.H UVOLTAGE HOLD
Added Voltage | Current kw kVA Factor
0 269

0.72
15 268 109 69 84 0.80
30 270 100 70 80 0.87
45 271 92 70 74 0.94
60 272 88 70 71 0.98
75 273 87 70 70 0.99
90
105

F:T-N
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Power Factor Correction — 90 kVAR

"2742v " S0a

59.98Hz T 0:13:46 4 -2x =

277V 60Hz38 WYE DEFAULT

10727705 03:40:50
VOLT AMP  CURSOR R UDLTAGE HOLD

MABCLC &Z0O0OM A RUN §

kKVAR
Added
0

15
30
45
60
75
90
105

Phase

Voltage

268
270
271
272
273
274

F:T-N
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Phase Total Total
Current kw kVA
121 69 96

109
100
92
88
87
89

69
70
70
70
70
70

84
80
74
71
70
73

Factor

0.72
0.80
0.87
0.94
0.98
0.99

0.95 (1.05)
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Power Factor Correction — 105 kVAR

mﬂlm

9998 Hz 0:13:51 4 -2x <=

.............................................................

.........................................

.....................................

..........

10727705

VOLT AMP ﬁLlF!Ei[]H VOLTRAGE HﬂL[]
Added Voltage | Current kW kVA Factor
0.72
15 268 109 69 84 0.80
30 270 100 70 80 0.87
45 271 92 70 74 0.94
60 272 88 70 71 0.98
75 273 87 70 70 0.99
90 274 89 70 73 0.95 (1.05)
105 276 95 70 79 0.89 (1.11)
E;T.N © 2012 Eaton Corporation. All rights reserved 30
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Power Factor Correction — No Caps

Fe673v T 2673

EN

[N Y
BN 1
Elvca. - .

Ua fung 2683
Vs funa 2675
Ve funa 67,0
Hz 60.00
Gape 120
Gg.cy 120

10727105 03:46:36
UOL T [
nBC

E-T-N
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AL

277U 60Hz30 WYE  DEFAULT

{\ ,SCOPE

HOLD
RUN §

kVAR Phase Phase Total Total
Added Voltage | Current kw kVA
0 269 121 69 96

15
30
45
60
75
90
105

© 2012 Eaton Corporation. All rights reserved

Factor

0.72
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Power Factor Correction — 15 kVAR

"2692v I'e68Bv ' eb7a v [l

Va euna 2088
Ug fund £68.1
U C fund EE?.B
Hz 60.00
Bapey 120
Bpcy 120
Be.ay 120

10727705 03:46:42 277V 60Hz38 WYE DEFAULT
UOL T e HOLD

"\ ,scoPE
A B C v RUN kVAR Phase Phase Total Total Power
Added Voltage | Current kw kVA Factor

0.72

15 268 109 69 84 0.80
30
45
60
75
90
105

E-T-N
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Power Factor Correction — 30 kVAR

Va funa 270.1
Vs ¢iing £BS 4
Ve cina 268
Hz 60.00
Baper 120
Bpcey 120

277V 60Hz 38 WYE
{\ |SCOPE

10727705 03:46:46

UVOLT Al
ﬂlhla L c

DEFAULT

E-T-N
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kKVAR
Added
0

15
30
45
60
75
90
105

Phase
Voltage

268
270

Phase Total Total
Current kw kVA
121 69 96

109
100

69
70

84
80

Factor

0.72
0.80
0.87
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Power Factor Correction — 45 kVAR

"2704vu 1" 2699 v e

kVAR Phase Phase Total Total Power
Added Voltage | Current kW kVA Factor
0 269 121 69 96

0.72
15 268 109 69 84 0.80
30 270 100 70 80 0.87
45 271 92 70 74 0.94
60
75
90
105
E;T. N © 2012 Eaton Corporation. All rights reserved 34
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Power Factor Correction — 60 kVAR

Va fund 272.1
Ug funa 271.5
V¢ funa 2709
Hz 60.00
o] A-B() 120
Op.cey 120
(o] C-Al%) e

277U 60Hz 36 UYE  DEFAULT

HOLD
RUN

10727205 03:46:56

VoL T I "\, scope

kVAR Phase Phase Total Total Power
Added Voltage | Current kw kVA Factor
0 269 121 69 96

0.72
15 268 109 69 84 0.80
30 270 100 70 80 0.87
45 271 92 70 74 0.94
60 272 88 70 71 0.98
75
90

105

E-T-N
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Power Factor Correction — 75 kVAR

Va fiad BT
Ua g g S
Ve sina 2.3
Hz 60.00
Qa0
Bgcy 120

10727705 03:47:00 E??U 60Hz 38 WYE DEFAULT

U[] |III Ili SCDPE HuLu
ﬁl ‘I.‘I“ B lll."‘ll RUH | kVAR
Added Voltage | Current kw kVA Factor
0 269 121 69 96

0.72
15 268 109 69 84 0.80
30 270 100 70 80 0.87
45 271 92 70 74 0.94
60 272 88 70 71 0.98
75 273 87 70 70 0.99
90
105

E-T-N
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Power Factor Correction — 90 kVAR

"2753v IP2158 v [ 2745 v B

Va rord 2745
Vs suna 274.0
Uc funa 2734
Hz 60.00
Sa.pe 120
Bpcy 120
Bcay 120

10727705 03:47:04 277U 60Hz 38 WYE DEFAULT

UOLT [l i HOLD
: 1 SCOPE :
ﬂ II:‘ B c “\..’ RUH kVAR Ph ase
Added Voltage | Current kw kVA Factor
0 269 121 69 96

0.72
15 268 109 69 84 0.80

30 270 100 70 80 0.87

45 271 92 70 74 0.94

60 272 88 70 71 0.98

75 273 87 70 70 0.99

90 274 89 70 73 0.95(1.05)
105

E-T-N
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Power Factor Correction — 105 kVAR

"276.7v [P 2760 v [ 2754 v Il

Va rund 2783
Vg runa €708
I Ve runa 2053

Hz 60.00
] A-B(®) 120
] B-C(®) 120
2 coa 120

<F

10727705 03:47:08 277U 60Hz38 WYE DEFAULT

VOLT HMCP l"”\l\.'lscan
A B L : kVAR Phase Phase Total Total Power
Added Voltage | Current kw kVA Factor
0 269

0.72
15 268 109 69 84 0.80
30 270 100 70 80 0.87
45 271 92 70 74 0.94
60 272 88 70 71 0.98
75 273 87 70 70 0.99
90 274 89 70 73 0.95(1.05)
105 276 95 70 79  0.89(1.11)

E-T-N
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On-Site PFC -
Demonstration g

Power Factor Demonstration Unit — Designed to show phase
displacement, system capacity increase, and dispel less than
reputable companies claiming 30-40% kW savings from capacitors!

© 2007 Eaton Corporation. All rights reserved.



Power Factor Defined —
IEEE Emerald Book I|EEE Std 1100-2005

* Power Factor (displacement):
* The displacement component of power factor

* The ratio of the active power of the fundamental
wave (in watts) to the apparent power of the
fundamental wave (in volt-amperes)

e Power Factor (total):

* The ratio of the total power input (in watts) to the

kw total volt-ampere input.
pf = - NOTE: This definition includes the effect of harmonic
kva components of currents and voltage and the effect of phase
displacement between current and voltage.

o E © 2012 Eaton
Pawering Bus:

Corporation. All rights reserved
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Power Factor ‘True’ Equation

P;ngf 1
Pftrye = ¢ 5 J’Jfr.ffﬁp  plyist- (16)

1*"!1;111‘41_1:'?11.‘4 I+ (THDf ;‘j[}[})‘

Because displacement power factor pff;;_qp can never be greater than unity, (16) shows that the

true power factor in nonsinusoidal situations has the upper bound

1

J’quw < Pfr.h‘a'r = -, (17)
1+ (THD;/ 100)

Reference: Dr. Mack Grady, University of Texas at Austin, Proc of the EPRI Power Quality Issues & Opportunities
Conference (PQA '93), San Diego, CA, November 1993.
For more info: http://users.ece.utexas.edu/~grady/POWERFAC.pdf

E-T-N
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Two Types of Electrical Loads

* Linear e Non-Linear

P e COMPUTERS
/ INCANDESCENT

LIGHTING

S T ¥ELECTRONIC

o K
INDUCTION VARIABL%:: PR BALLASTS
MOTORS FRE UENEYH
D(I:\?IVES FLUORESCENT &
HID LIGHTING
E-T-N

; ) ; © 2012 Eaton Corporation. All rights reserved
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Linear Loads Draw Power Linearly

Voltage

Electrical voltage and
current “ebbs and flows”
from plus to minus 60
times per second.

Voltage and Current
follow the same rhythm

perfectly in a linear load

F:T-N
- © 2012 Eaton Corporation. All rights reserved

Pawering Business Worldwide
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Non-Linear Loads Draw Power Unevenly

) ) Current
Current is drawn in short

“gulps” or pulses.
guip P + Voltage

Voltage and Current
waveforms are irregular and
don’t match — waveforms
are said to be
“DISTORTED”

NON-LINEAR LOADS

PRODUCE HARMONICS SEC.

Harmonics cause mis-
operation of equipment and
WASTE ENERGY. -

.1°N
EF:1.
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Distortive Power Factor

i
il

10729705 ﬂ 1323 277U 60Hz 38 WVE IE“_
UOLT AMP CURSOR i UOLTAGE HOLD
HAaBCL & Z00M ¥ A RUN

F:T-N
- © 2012 Eaton Corporation. All rights reserved

Pawering Business Worldwide 45



Harmonic Resonance

« Capacitors not only supply reactive power to the loads in an
electrical distribution system they also change the
resonance frequency of the system.

« Capacitors are also a “sink” for harmonic currents present in
a system (series resonance).

* When the resonance frequency of a system with PF
correction capacitors is close to the frequency of a harmonic
current generating load parallel resonance can occur.



Why talk about - Harmonic Resonance

The “Self Correcting”
Problem

- Blown Fuses
- Failed Capacitors

- Damaged Transformer

.1°N
EF:1.
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Parallel Resonance

* The parallel combination of impedance is:
X _ X x(=1)X¢
EQUIVALENT — - .
_ K+EDXe -
« Since XL and XC have opposite signs, the denominator can equal
zero if XL = XC. In reality, the only limiting factor is the difference in

resistance between the capacitor and reactor.

Frequency Scan

100000 7 | [ [ [ [ | [ | | [ | [ |
0|
T | é | [ [ A [ | [ | | [ | [ |
O 1000 | [ [ [N [ | [ | | [ | [ |
/ / <
| 5w
D g [ [ [ [ | [ | | [ ] T
Harmonic Current L R S S R R
XC —~ XL Source L | j | j | j | j | j | j | j | j | j | j | j | ‘
NN Y Y 60 180 300 420 540 660 780 900 1020 1140 1260 1380 1500

Frequency in Hz

Equivalent Parallel Resonant Circuit Frequency Scan for Parallel Resonant Circuit




Parallel Resonance

h = [ MVAC @

MVAR..,. © %,

1000 KVA L tyavamRl

480 V

MIC ANALYSIS (L7 L9-1999 Doanets Tuchuloyies. ln:
=1
Chumel D Setg 11 wemesr  wmermes
) .
i
! 1
| | l
I T
!
I I
1
L
i i T e unrst mpe R OARR, B dr /‘\

VSD



Presenter
Presentation Notes
Above is general example of parallel resonance
capacitor in parallel with transformer is resonant at 5th harmonic
called a “tank circuit”
drive produces 5th and 7th harmonic
excites the tank circuit into resonance


Parallel Resonance — the Problem

Subsequently, harmonic voltage

Increases 125 times!

from around 80 ohms to 10,000 ohms
125 times increase!

Z (impedance) of the circuit increases

At 420Hz (the 7t harmonic) the

960 1020 1140 12601380 1500

780

660

540

420

300

180

60

100,000+

Frequency in Hz

Solution?

Make sure you perform calculation

50

Purchase Power Factor caps with detuned anti-resonance filter

Use capacitor-less solutions (HCU & others)

E-T-N

© 2012 Eaton Corporation. All rights reserved
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Series Resonance

The series combination of impedance is:
X EQUIVALENT — jX LT+ (_ J) Xc

Since XL and XC have opposite signs, the summation can equal zero
If XL = XC. In reality, the only limiting factor is the difference in
resistance between the capacitor and reactor.

Frequency Scan

:
X, Yo w w @ s AR EEEEE
Equivalent Series Resonant Circuit Frequency Scan for Series Resonant Circuit



Expected Harmonics

Source Typical Harmonics*
6 Pulse Drive/Rectifier 5,7,11, 13,17, 19...

12 Pulse Drive/Rectifier 11, 13, 23, 25...

18 Pulse Drive 17,19, 35, 37...
Switch-Mode Power Supply 3,5,7,9, 11, 13...
Fluorescent Lights 3,5,7,9, 11, 13...

Arcing Devices 2,3,4,5,7...

Transformer Energization 2, 3,4

* Ge es

H = NP+/-1

I.e. 6 Pulse Drive-5,7,11, 13,17, 19,...
o, E:I°N

iness Worldwide
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Presenter
Presentation Notes
Speaker B
Transformer heating - Increased RMS current causes increased lossed: conductor losses, eddy current losses, core losses. For every 10 degrees Celcius rise in temperature, there is a corresponding reduction in the life of that transformer. Discuss K-factor here.
Motor and generator - voltage distortion at the motor terminals cause harmonic flux within motors. Negative sequence harmonics rotate opposite the rotor synchronous frequency causing heating.
NEMA  -  MG1 tells you how to derate the motor for harmonics or will estimate a decrease in life from harmonics.
Neutral heating - Triplen harmonics act like zero sequence components and add arithmetically on the neutral
Nuisance fuse - increased current, especially at higher frequencies
Insulation deterioration - Continuous magnitude voltage peaks due to distortion deteriorating the dielectric strength of the insulation
Electronic Control Malfunctioning - Higher magnitude voltage peaks and premature zero crossings.
Inconsistent meter readings - Phase unbalance and high harmonic voltages and currents.  Revenue energy meters may read incorrect due to harmonics I[ to +/- 20% off. Two court cases due to this in Ontario and CA
Voltage regulator misoperation - voltage distortion affecting the rms magnitude of the voltage may cause regulators to misinterpret the 60 Hz voltage.



Harmonic Resonance - Solutions

1. Change the method of kvar compensation (harmonic
filter, active filter, etc.)

2. Change the size of the capacitor bank to over-
compensate or under-compensate for the required kvar
and live with the ramifications (i.e. overvoltaae or PF

Farallel Resonant Frequencies for Yanous Capocior Sizes
120
350
Eo 200 Lo
8
£ 80 = 250 «250
£ 7
g il = 200 & 200
z S 150 o140
‘5 40+ =
o
.g. g LY » 00
o 204
5 i : ‘ &0 ) ——
g |
2 2 4 56 7 06 1011 1213 1415 1617 1610 20212225 94 %0 9 %1 9% % 1 0 AT ¥ e ' ey e ¥ i
i 0 c
Harmonics o ] 1 15 20
Harmomic Oider

Natural System frequency of oscillation typically at 5th to 13th harmonic

E-T-N
53 s
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What type of PFC solution?

o Capacitors (standard/harmonically hardened)
 Harmonic Filters (Tuned or De-tuned)

« Active Filters

e LV or MV

* Fixed or Switched (contactor or thyristor)

« Active harmonic filter (PF and harmonic control)

CapacitorsisHardened (Capacitors, Harmonic Filters  Active Filters

.1°N
EF:1.
Pawering Business Worldwide
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Capacitor Selection

Capacitor selection issues (besides size)
 Utility penalties

 Installed cost, payback of equipment, and NPV
« Load variability

« Voltage regulation

* Load requirements (Speed of changing PF)
 Harmonic resonance

F:T-N
5 5 Pawering Bus:

iness Worldwide
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Presenter
Presentation Notes
This section of the paper is devoted to discussing factors in selecting a capacitor, other than the initial kvar sizing calculation, which was already discussed early in the paper.  Some of the items in this list will be discussed further later in this paper (some in this section, some, i.e. harmonics, will be discussed in later sections), some won’t.  The utility penalties were touched on briefly earlier in the paper.


Application Example — At the Loac

At a motor

®_,\,5$\,_mw
—_—

Eaton Unipump

Advantages

* Auto-regulating, comes on and off with load

e Capacitor matched with load — reduces concern
of overcorrection

* Relatively small in size — easy to locate, no
additional distribution equipment required

When to Use

« Facility load fluctuates

 Many anticipated changes to plant system and
loads

E-T-N

; ) ; © 2012 Eaton Corporation. All rights reserved
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Y Y Y\

—O
T

Resistive
Load

Motor
Load

57



Application Example — Group of Loads

Resistive
Group of Motors R, 3 E R, ' Load
<:: :>_J\AAAF_IYYY\ Wm_O
—_— 3 E —_— Motor
_O Load
Eaton Unipak -
When to use i
« Facility load is relatively constant — 24/7/365 |
 Few anticipated changes to plant system & @
loads
Considerations
e Possibility of “over-correcting” (leading
power factor, increases current) _
« Qvervoltage can occur if load drops ' J

E-T-N

; ) ) © 2012 Eaton Corporation. All rights reserved 58
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Application Example —
Group of Harmonic Loads

Resistive
—

R, 3 E R, Load
Group of Motors w/ @—'\NW—'W“ '\A/V\r—NWL_O |
harmonics  —— 3 E  —— Harmonic

_O Motor Load

Eaton Unipak Filter

When to use
* Facility load is relatively constant — 24/7/365

 Few anticipated changes to plant system &
loads

« Capacitors protected from harmonics
through the use of a detuned, anti-
resonance filter / reactors

Considerations

e Possibility of “over-correcting” (leading
power factor, increases current)

e Qvervoltage can occur if load drops

© 2012 Eaton Corporation. All rights reserved 59
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Application Example — Variable Load

Resistive
R, 3 E R, _— Load
<: ) —AAAA—TM AN~
— 3 E -_— —@ Motor Load
Variable Load Eaton AutoVAR 300 NS
Advantages

e Single installation

e Load is monitored and brings individual
capacitors in / out as required to meet
power factor target value

 Wall mounted

T EEETELEH |
YRR )

When to use il TR
When load flexibility is required . U ¥
* Facility loads turned off at night
* Future load expected to change

E-T-N
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Application Example — Variable System

Resistive
—

: — 38/_{4 - g Motor Load

Eaton AutoVAR 600

Variable System Advantages ! e lr

« Single installation i

e System is monitored and brings individual <
capacitors in / out as required to meet E g
power factor target value

« Floor mount 1

When to use

* When system flexibility is required

* Facility loads turned off at night

* Future load expected to change r 4

.1°N
EF:1.
oweri
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Application Example — Variable System
with harmonics

—
O 3%/‘? — ﬁ@_@ o
Eaton AutoVAR 600 Filter

Advantages

R Single floor mount installation

harmonics _ _ _
e System is monitored and brings -
individual capacitors in / out as | “ u “
required to meet 3 s\‘l\ll
power factor target value twq ;ﬁqj IG i !“
Floor mount Al =Hl\‘|ﬂl{l__ | .“ ggg :
g Bin i B 1AL :
When to use s e
¢ When system flexibility is required T

q -l}-llt=

* Facility loads turned off at night
E_‘[.N « Future load expected to change

© 2012 Eaton Corporation. All rights reserved 62
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Application Example — Rapidly Changing
Load

Resistive
' Load
( :) VY F —@ Rapid
3 E changing
Harmonic
Eaton Fast Transient Free Motor Load
Advantages - [
e Switches at zero-crossing — no transients
 Can correct Power Factor within:
Repidiy changing FTAModel -3to 4 s
load FTE Model — 5 to 20 ms
* Includes detuned, anti-resonance
filtering
When to use

e Rock crushing or other rapidly changing
loads that require power factor correction

E-T-N
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Application Example — Electronic VAR

Injector
Resistive
- Load
: : — 38% - > —@ Rap|_d
changing
_@ Harmonic
Electronic VAR Injector Motor Load
Advantages |
* Power electronics — no capacitors ' "';---
* Provide VARs in non-standard harmonic -
environment
e 2 cycle response
Electronic VAR :
Injector |

When to use

 Most demanding of all electrical
environments (208-480V, 45 to 65 Hz)

.1°N
EF:1.
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Application Example — Medium Voltage at

Motor
—O Motor Load Resistive

Load

3 o]~
@ m 3% MR % Motor Load

Eaton MV _UniVAR & MV

Advantages

* Designed for industrial and commercial
power systems with their own substations

UniVAR XV: 2.4kV to 4.8kV
 UniVAR MV: 6.6kV to 13.8kV

MV at a motor Available from 25 kVAR to 900 kVAR

.1°N
EF:1.
Pawering B

. . © 2012 Eaton Corporation. All rights reserved 65
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Application Example — Medium Voltage
Variable load

Resistive
R Load
2

% M—O Motor Load
O

CAANY

O

Metal-Enclosed MV ... .

Advantages

e Built in detuning, anti-
resonance filtering to protect
the capacitors ,

* Upto 15 MVAR of
compensation :

« Top of Bottom Cable Entry

MV variable load . Up to 12 automatic switched [iese
capacitor/reactor stages

E-T-N
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Power Quality Experience Center and Lab

* Overview of Lab and Capabillities

» Purpose

e To demonstrate and Test PQ
Problems and Solutions

* Power Quality solutions, especially
harmonic solutions, are difficult to
understand

* Demystify solutions — mis-information and confusion regarding PQ and
energy savings

* Equipment (Harmonic Related)

- 18 Pulse Drives » Passive (Fixed) Filters
e HMT's * Passive (Switched) Filters
- Active Filters  Active Rectifier (UPS)

- Broadband Filters * Reactors

* Link:http://www.eaton.com/EatonCom/Markets/Electrical/ServicesSupport/Experi
ence/index.htm — Simply search on Google for Eaton Experience Center

E-T-N
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Eaton Power Factor Correction Tool™ - Resonance

Bus Voltage |E|'rter Guantities in Blue | E ‘T
. N
R

Existing Load 1150|| b B |0uamities in Orange are Calculated |
‘ﬂ 0.89 rr B
s ! = ] - 8 Eaton Corp., 20004
I Target PF w Performance Power Solutions ™"
Required kvar 211 [kvar Step 1: Calculate required capacitance. (| Thiz software program and the displays are copyrighted by,

and contain proprictary and confidential information of,

Step 2: Select a standard capacitor or EaterlEoipention

step Select CapFilter Size 200 i'i"ﬁr et e sl (freliay U e sl This zoftware program and the dizplays are used under

Penalty per Year| § 12,000 for standard sizes) and penalty per year |l ... . Unuthorized distribution, disclosure, or use of the

to calculate return on investment zoftware program andier the dizplays iz strictly prohibited.
Estimated Installed Cost for Estimated Payback [ROI). Eaton Corparation dizelaimz ALL liability in connection with
- he uze of the zof . the dizplays, and
Fixed Cap and Breaker| § 5,000 | 5|Months e e of the seftuars pragram, fhe Sleplays, and sty
. Step 3: | t t dat d calculat o
Switched Cap and Breaker | § 10,000 10|Months E';me:t'::l ;:;::Ita;: :';":;n‘:: ate
Fixed Harmonic Filter and Breaker 11,000 11|lMonth= Sl For more information or assistance in using this tool, please
_ i $ 1 rezonance, kva reduction, and breaker [l coneact the Power Guality Hotline 3t [300) $03-2772 Opticn
Switched Harmonic Filter and Breaker| $ 15,000 15|Months or fuse size 1, Zub-opticon 2.

Actual Total Equipment Cost| $ 6,000 G&|Months

Transformer kVA 1500 \ A 1 A J

Transformer %Z 5.75
Bus Voltage 480

s tep 3 =" 0.95| Actual Corrected PF
Maximum % bus I []_TT?'ol

voeltage rise at this
bus - no load with
the full capacitor

Load Reduction (KVA) with Addition of Selected Capacitor Bank

3251 Amp Breaker or Fuse Size @@ 135% Rating
Amp Typical Breaker or Fuse Size or Setting
i 135% Rating for Selected Capacitor Bank

I =

589 | kvar Estimatexd Parallel Resonant Harmonic Order (Based on Selected Capacitor)

1150 | kW l
~

| Check Harmonics |

Note: Forestimating Rarmonic resoRanice, cieck every STEP of @ multi-step capacitor Dank

F-T-N
- © 2012 Eaton Corporation. All rights reserved
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PFC Tools — PFC Selection Chart
E.-T°N Power Factor

T Correction Guide . ﬁ

[ Medium Voltage ] ‘ Low Voltage

T

!

Unipak

69



PFC Literature — Design it Right Guide

Application Examples

. Effective November 2010 Capacitor banks and
Technical Data SA02607001E Supersedes April 2008 passive harmonic filters

Power factor correction:
a guide for the plant engineer

Technical Data SAD2607001E Power factor correction:
Effective November 2010 a guide for the plant engineer

Locating capacitors on raduced voltags and
multi-speed motors

le T
Start: [
1 Close 67234 0 2
1 1 Transfer: ) e
I Open 67 17378
I Clos= 15 . D R | rer
Line
= ]
¥ |_|

=
!

Figure 12. Autotransformer— Closed Transition

I 6
Note: Connect Capaciton an MOtar SI02 of SIErng contacts (2, 3, 4) I |3
l_ 31 poits A-5-C. ha

Figure 15. Wye Delta Starting
Note: Connact capaciter on m
a1 points A-B-C.

‘side of starting contacts {1, 2. 3

Stan:
Cloze 1-22 — gey’
Secon

Open 56 Line;

Thrd St Start
Contents Clos 788 Close 1-23
Description Page Description Page e
Part one: power factor Part two: harmonics
What is power factor?. . .. ... .. -.....2  Introduction . B 19 Figure 13. Series Resistance Starting
Should | be concerned about What are harmonics? ................. 19 ate: CoPnect capactor on mafr sic of starting centaclar
lowy power factor? . ... ... vooeoe3 WWhat are the consequences
What can | do to improve power factoe?. .. .. ...4  of high harmonic distortion levels? . ... ... .20 Figure 16. Reactor Starting
How much can | save by installing IEEE®519 ... .. . ... il :‘_“:;-"CUADEV}HHW on mitor side of starting contac:
e itors? 3 A = A-BC

pawer capacitors? . ... ......... B How are harmonics ges 1 —
How can | select the right capacitors WWhat do power factor Fo=l
for my specific application needs? . . -9 capacitors have to do s 72 —ih

. " 7 - Seart: Close 1-2-3
How much KVAR do | need: 9 How do | disgnose a potential =i
Where shouid | install capacitors harmonicsrelated problem? ... ... ... .22
in my plant distribution system? ............15  How can hamonics problems be eliminated? . .22
Can capacitors be used “t'“g"‘mei'- 1 What is 2 passive harmonc filter? 77
nonsinusoidal environments; .
\What shout mante N 7 Do | need to perform & system analysis Figure 14. Part-Winding Starting X
What sbout maintenance to comectly apply harmenic fiters? ... .. .. 23 Note: Comsc capactor on malar side of staring concts (1, 2.3
Code requirements for capacitors 17 \What s Eator's aperiance
Useful capacitor formulas 18  in hammanic filtering? 3
55 Worldwide
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PFC Literature — Design it Right Guide

S . . g C I l t
Effective November 2010 Capacitor banks and
Technical Data SA02607001E Supersedas April 2008 p:u;p:im harmonic fiters
P .
ower factor correction:
* Technical Data SA02607001E Power factor correction:
. d f th -| t . Effective Movember 2010 a guide for the plant engineer
g p g Table 3. Suggested Maximum Capacitor Ratings
Numbar of Polos and Nominal Motor Spocd in RPM
— 2 3800 RPM 21200 RPW s1200 RPM
\ 7 N klr High-Eficiency Mumrs and Older Design (Fre 1-Frame- | Motors 0
3 15 M 15 15 15 ) z b1l 25 ] 3 o
I 5 2 u z ] 2 17 3 = 1 z 4 .
75 75 m 75 7z B i5 [ 3 5 £ 3 £
0 3 w 3 I 3 [0 s 7 5 i 75 El
LI 5 [l [ 1 10 5 13 5 8 8 = ] F
FH "'— ] 5 ] s 10 5 12 75 0 9 il 125 ]
I = 5 1 3 10 15 n 0 15 [0 m 15 ]
l_ = 7 8 T ] ] 1 [ i 125 [ 175 ]
| .l. @ [ 8 3 [ w [0 25 = 5 ® = =
0 125 8 0 ] 125 0] 15 1z ] 5 = ]
| [ 15 [ 15 [ 15 1D 175 n 225 5 715 1
l_l l_J 5 175 8 175 [] 175 10 ol 10 2% 14 3 18
L [ 725 8 m 0 = 5 w5 o 35 = 0 0
= 75 & B [ = s = 0 « 5] 0 6
150 30 8 El 0 = 5 ED n B E 5
Contents 0 [ 5 w5 O [ 5 El o £l i W 0
Description Page Description Page = = s 5 T £ 0 o n n ] 5]
T 5 8 = 7 ] 8 ] ] ] [0 i 1z
Part one: power factor Part two: harmonics =0 B0 B B 7 = [ i ] =0 0 & n
What i power factor?. . ... ........ ceeeo.?  Introduction. T .18 o 15 8 ] 2 ] 8 & 9 % ] ] n
Should | be concemed stout What ars harmenics? ... ............ 9 = . S S = L
low power fBCtor? . ... ... cevie-3 VWhat are the consequences 0 - s = £ o g o S 1 ! & 1
N ey “T-Frame” NEMA® “Design B” Mators @
What can | do to improve power factor?. ... ... 4 of high harmonic distortion levels? ... ... .20 2 f " 1 n 15 0 3 7 2 o 3 s
How much can | save by installing IEEE® 519 . . FE .20 3 15 [ 15 E) 7 " 3 = 3 0 0 a3
POWET CAPRGIONS? . ... oo <=5 Lo are harmonics generated? ... T 5 S m — = S = < e n = - -
How can | select the right capacitors WWhat do power factor comection 5 25 " 3 2 4 il s = 5 E] [ a5
for my specific application needs? ............9  capacitors have to do with harmenics?. ... .. .. 22 1o 4 [ 4 18 5 H] 3 i 5 E3 i E]
How much KVAR do | need? 9 How do | disgnose a potential is 5 3 s 8 B ) 75 £l 8 E3 10 E]
Where slanougd 1 !Esh_all capacmar_)s . harmeonics-related proplem? ... ... ... .z : E“ :; 5’5 :: a” :5 "’[ ? :]5 2 :i: i
in my plant distribution system? ............ 15 How can harmenics problems be eliminated? . .22 & : = z
Can capacitors be used in nonlinear, Vihat is & passive ha[pmgn[ filtar? 77 = 3 1 u L ) = = = = = =
nonsinusoidal environments? 17 ¥ passive 0 125 z 15 16 15 19 2 n x = E]
Do I need to perform a system analysis =0 15 [} 175 15 ;0 19 I ] 25 # 3 £l
\ihat sbout mantenance? 7 o comectly apply harmenic filters? . ... ... .73 & 175 0 ) S 25 i = m u 7 ® ]
Code requirements for capacitors 17 \hat is Eaton's experience s £ u = W = G = w 3 7 @ w
Useful capacitor formulas 18  in harmanic filtering? 3 1m 225 1 £ " 3 12 = 16 ] 5 & 1]
15 25 [ = 12 ] 12 0 [ ] 5 0 [0
1= ] w [0 12 - 12 = I E] = B 7
m 3 w E I 51 i ) i 0 = 0 0
= a0 [ ] 0 5 0 ] 3 a0 5] 'm [0
) (5 m i 10 = 1z 0 g ] = 10 T
= 50 3 s 5 m 12 12 13 [ = E] 15
m 15 w o [ [ 12 130 13 [ =) 150 15
= [ [ = [ 120 10 120 12 [ 1 160 15
5 ] 8 m ] 150 12 & iz ] 5] ] 5
5 Wrldwide ® For st thros ghasn, 6 Hi NEMA Chssicasn B Mears 10 i ull o s fctr 2 appraietol 5%
0 EATON CORPORATION wiw satan.com
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PFC Literature — Technical Data —-LV & MV

F.T-N

Cutler-Hammer

Low Voltage Power Factor Correction
Capacitor Banks and Harmonic Filters
Technical Data TDO2E07001E

Effective July 2008
Supersedes TDOZE0T001E.
Pages 1- 32, Dated
September 2007

Contents

(Capacitor Cell Chart

UNIPUMP™ Power Factor Comection Capacitors . . ..
UNIPAK™ Product Description/Application Description
UNIPAK Filter — Harmomic Filtering . .
AUTOVAR® 300 Automatic Power Fa(LorCDrrccuon

Capacitor Systems . ..... o 12
AUTOVAR 600 Automatic F‘owtr Facmr berﬂ.'tlon

Capacitor Systems . ..... P ]
AUTOVAR Filter — LV Aul’uma(l[ Harmonlc F|IL|:r R
Transient-Free Static Switching

Power Factor Comection Units . .
Active-Harmonic Filter-Harmonic Ccrmann Llr\lts 25

Mote:

Images contained in this document may be shown with optional
components and features not included as part of the base offering.

Low Voltage Power Factor Correction Capacitor Banks
and Harmonic Filters

Power Factor Correction Capacitors

Eston® introduces Cutler-Hammer® power factor comection capacitor
barks and harmonic filkers. Power factor comection capacitors and
harmonic filters are an essential part of modern electric power
systems. Power factor correction capacitors are the simplest and
mast economical means of increesing the capecity of eny power
system, minimizing energy losses and comecting load power factor.
In addition, power Factor penalties can be reduced and power quality
can be greatly enhanced.

There are several reasons to cormect poor power factor. The first is
to reduce or eliminate & power factor penalty charged by the wtility.
Another reason is that your existing transformer is. or shortly will be.
at full capacity and installing power factor correction capacitors can
be a very cost-effective solution to installing a brand new service.
Depending on the amount of power factor comection (kvar that needs
try be injected into the alectrical systemn to improve the power factor)
and the dynamic nature of the load, a fixed or switched capacitor
bank may be the best sohution. When capacity becomes a problem,
the choice of a solution will be dependent upon the size of the
increase neaded. Like all power quality sclutions, thers are many
factors that need to be considered when determining which

solution will be best to solve your power factor problerm.

Harmaonic Filtering

As the world becomes more dependent on electric and electronic
equipment, the likelihood that the negative impact of harmaonic
distortion increases dramatically. The efficiency and productivity gains
from these increasingly sophisticated pieces of equipment have a
negative side effect...increased harmonic distortion in the power
limes. The difficult thing about harmonic distortion is determining

the cause. Once this has been determined, the solution can be easy.
Passive and active harmonic filering equipment will mitigate specific
harmonic issuss, and comect poor powes factor a5 well

E-T-N

Pawering Business Worldwide

F-T-N

Metal-Enclosed Medium Voltage Power Factor Correction
and Harmonic Filter Systems

Technical Data TDo2607011E Effactive November 2008
Supersades August 2005

Metal-Enclosed Medium Voltage Power Factor
Comection System

Contents Product Description

Medium Voltage Power Factor Correction Eaton's Cutler-Hammer®* metal-enclosed medium voltage capacitors,
Product Description.. . . - | systems and harmaonic filters are designed for indoor or outdoor
Application Jss.rlplrjn commercial, industrial and utility power systems requiring motor start
Banefits. ... .. support, power factor correction, harmonic filtering, | 19 compli-
Univar XV (2 ARV o A8 K ance, and increased system capacity. Fixed motor start capacitors ars
Product Description. - available o assist in mator siarting applications. Engineered designs
Application Zles.npn:n ) are atuallal:llil W|_|I‘|d§ nus|t_ of cfmns ?ncnsccl:':ssnngs :j"hyne ge_cull re-
ments and desired configurations of virtually any installation. Single-
Festures, Bensfis and Functions Stagge and i stage, tied of de tuned Hiter bonks can be suppiisd.
?Dhr'ul Data. Metahenclosed medium voltage capacitor banks are designed for
imensEns . . industrial, commercial and utility powar systams involving mators,
Univar MV [B.6 kW to I 38 le feeder circuits, and transmissicn and distribution lines where power
Product Description. . factor improvement is required.
Application Description

Faatures, Benefits and Fur‘..t\cr‘s
Technical Data .
Dimansions.

Autovar MV (2.4 ¥V 1o 14.4 k)
Product Description 9
Faatures, Benefits and Functions . ... ..

Technical Data .

Specifications. . .

e b e

o bo
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PFC Literature — Customer Survey Sheet

Power factor correction capacitor bank
survey sheet

Date:

Additional information required for a quote
Intent:

{Reduce or sliminste FF penatty, relesse plant transformertable
capecity, assist in vohage reguistion, filter or correct harmanics,
fault ride-through, bus voltage support. or cther

E-T-N

Pawering Business Worldwide

| [ Fertone-ine drawing attached ff not available, & hand sketch of the
distribution system) showing major distriticn levels HV. MV, LV
end distribuion penels and FF sach
|| - Ly distribution level)
-
1 ‘. b ! e = Distribution and wtilization votage (HVAMVILY)
) | - .
| | Adiditional source of generation

' ™ ! [t lea-gen, diesal generators, ete.)
General Total connected load =]
Customer: Tatal demand koad (KVAKNIE]
Customer contact: Lengest motor size [kWhp)
Address: Largast v load P
Ermil: Type of nonlineer kad
Phene: O Adjusteble spsed drives typs
Eston contact: (DC drives, & pulse, 12 pulse, 18 pulse)

O Soft sterters
Freliminary information for budgetary estimate O A fumeses
Nema of wtility* O Welders
Current billed demand” (kWkVA] O urs
Pressnt power factor O UV equipment
llagging) [ DC-DC, AC-DC canverters [ekectrolysis cels, stc ]

Desired power fector” (lapging] [ Others [please daserine)
WA of service transformer WA} Type of production facilty: [cement, chemicl,

Transfarmer primery and
secondary valtages (V]

Impedance of transfarmer
B known) [%2)

Nonlinear loads present /M)

Approximata ratia of nonlinear
koad to total load %!

*IF information s unknewn, pleass provide the following:
[J Rate shest structure

[0 Past 12 menths of billing information atteched if not available,
at least 3 months summer end 3 months winter bills]

Eaton Corporation
Escirical Sectr
1000 Charringion Fa
== P8 16
Urvtos smies
TAC BIG-B8.2772 Iopton 4, then 2]
pic@Esten.zom

©2m1 Exzn Corporanon
I Fights Rassrvae
Printadin USA
} Fublcation Na. SACREOROE /211781

Fowering Busingss Whridwiis am zom

P
sawmill, underground mine, stc]

of emvironment: (dusty, conductive

Type
matellic dust, hazardous, very hot, marine,
chemically raactive, etc.]

Short-circuit capacity of the system on

the primary side (MVAJ
Are there PF capacitors curmently

prasant? (Y/N]

IPreferably colect information an wtity bulk comection cspeciiors for the sl
If yas, KVIAR capacity and vettage RVAR]
tvolts)

Egion 18 3 ragestarad gt
of Esten Corforation.

2 cthar tradamerts we proparty
CF Al repscIv WrerE:

© 2012 Eaton Corporation. All rights reserved
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What to do next?

e Contact Eaton — GSF, Manufacturing
Representative, Technical Resource Center
(TRC) and our website

 \Website:

e Calculators, data sheets, presentations, site surveys

« TRC: 800-809-2772, Option 4, Option 2

* Answered during business hours Eastern Time. Typical
response turnaround 24 hours or less.

.1°N
EF:1.
Pawering Bus:

. . © 2012 Eaton Corporation. All rights reserved
iness Warldwide
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The Hidden Threat

Quick introduction to Surge Protection

EF.-T-N

Powering Business Worldwide
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Voltage Transients (Surge)

Definition

A high rising voltage
condition which lasts 2 ms
or less and can produce
up to 20 kV!

.1°N
EF:1.
Pawering Bus:

; . © 2012 Eaton Corporation. All rights reserved
iness Warldwide
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Presenter
Presentation Notes
Graphic change to only surge


What is the Threat?

3 ¢
EF:1.
Pawering B

ring Business Worldwide

Equipment damage
Insulation breakdown
Premature aging
Process interruption
Data loss

© 2012 Eaton Corporation. All rights reserve

7


Presenter
Presentation Notes
Lights Out Demonstration,
Discuss this being a single strike with a high power transient

Scope: no scope!! Could damage scope!!

Haefely: 06:LITSOUT

Do once without surge.
Replace light bulb.

Repeat with surge.




What are the Causes?

20% External

80% Internal

e Load switching

e Short circuits

« Manufacturing
Equipment

VS Drives

ti

Lightning
Capacitor
switching

Utility load
switching

.1°N
EF:1.
Pawering Business Worldwide
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Presenter
Presentation Notes
Typically try to give away trinket to the first person who says lightning? 
Lightning strikes in the US cost over $2 Billion per year in economic losses (computers, data loss).. And growing!



SPD Design

Design Tips

EF.-T-N

Powering Business Worldwide
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Independent tests confirm better
performance with integrated SPDs

3 [l :
7y I ]
—— e L 2 L

Side Mount Wired Direct Bus

Good let-though Connection Connected
If leads are short. Better than side  Best Protection
mount.

.1°N
EF:1.
Pawering Bus:

. . © 2012 Eaton Corporation. All rights reserved 80
iness Warldwide


Presenter
Presentation Notes
Run demonstration.  Need to make sure someone keeps track of the let through voltages.  Run the bus mounted surge unit first, then the integrated breaker and finally the side mounted unit. 


Performance/Application - Affect of Lead
Length on Let-through Voltage

IEEE C1 (6000V, 3000A) Waveform

900 B 14 AWG| |
010 AWG
800+ 04 AWG

700

600 -

500

400

300

200

Additional Let Through Voltage
(Additional to device Let Through)

100

3 Feet Loose Wire 3 Feet Twisted Wire 1 Foot Twisted Wire

- ) © 2012 Eaton Corporation. All rights reserved
Pawering Bus:

iness Worldwide



Nameplate Data - Peak surge current
rating

 The peak surge current is
a predictor of how long an
SPD will last in a given
environment
* The higher the kA, the
longer the life of the MOVs
e Similar to the tread on a
tire
e The thicker the tread, the
longer the tire will last

.1°N
EF:1.
Pawering Bus:

. . © 2012 Eaton Corporation. All rights reserved
iness Warldwide
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|IEEE Emerald Book facts

Panelboards are available that contain integrally
mounted SPDs that minimize the length of the SPD
conductors, thus optimizing the effectiveness of

the device.

“Why is my SPD Not

PrOteCt'ng Me?” O feet of conduit
| _ ‘

m : :
© 2012 Eaton Corporation. All rights reserved
Pawering Business Worldwide p 9
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Presenter
Presentation Notes
Blurb with let through voltage explained following click.
Possibly include integrated comparrison.


Biggest News In Surge Protection

HLII'QE protection

2014 NEC Article 700.8 %,,
requires surge protection for | I 610
emergency circuits. Eaton has ’

produced Sales Aid NEC surge protection requirement
SA158003EN to describe this for emergency power systems

MNew reqmre'ﬂeﬂmﬂu 2014 Mational Bectnal (ode® Recommendad solution
- [I‘\EC‘ Code change NEC700.8— 51.|rge protection For new construction 3 ppllmﬂm mtegrating surge products into
code change and impact. The — === e
. Tha 2014 Nationz! Electical Code, Aricle 7008, stetes: "A Bsted Estor's SPD serles of sunge protection products provides masamum
SPD) sha be installad In of on all emargency systams SWItthDoaS  surge protection with superior resbilty. For axisting Instaliations,

and panedoards” Tha change reoquires Surge otection 1o be Esfon makes 8 compéete line of products o meet your risk
nstsfied on all eMergancy slactrical squipment ta Imprave the ENDOTUIE NEas

. .
l I redlability of emarngency powear systems. The NEC defines amesgancy
I V I power systems 2= sysiams lagaly requirad to automatically supply
poweer to-designated losds upon |oss of normal power, Pratection

af eMErgancy SYSIEms ks achieved Dy INS1aiing SWQe protection
On pEneiosrls, SwWChDOSTds and ather crtical equipment.

literature fulfillment and the G

af critical emergency sysiems such &s:
« Meadical care tadiiities

1 « Emesgancy igniing paneis
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