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What Is Power Quality?What Is Power Quality?

POWER QUALITY is the concept of powering and POWER QUALITY is the concept of powering and 
grounding electronic equipment in a manner that is grounding electronic equipment in a manner that is 

suitable to the operation of that equipment and suitable to the operation of that equipment and 
compatible with the premise wiring system and other compatible with the premise wiring system and other 

connected equipment.connected equipment.
Source:  IEEE Std 1100-1999

Typical Immunity of Electronic EquipmentTypical Immunity of Electronic Equipment

Source:  IEEE Std 1100-1999

3%5%2-10%Phase imbalance

3-5%5-10%5-50% THDVoltage distortion 
(from sine wave)

Varies:
200-500 V

Varies:
500-1500 V

Varies:
100-6000 V

Transients, impulsive and 
oscillatory, power lines

+5%+20%, -30%+10%, -15%Swells/sags

+5%+10%. –15%+6%, -13.3%Over and undervoltage

CriticalCriticalNormalNormal

Typical immunity of electronic loadsTypical immunity of electronic loads
Typical range of Typical range of 
power sourcespower sources

Voltage parameter Voltage parameter 
affecting loadsaffecting loads

0.3 Hz/s1.5 Hz/s1.5 Hz/sRate of frequency change

+0.5%+1%+1%Line Frequency

CriticalCriticalNormalNormal

Typical immunity of electronic loadsTypical immunity of electronic loads
Typical range of Typical range of 
power sourcespower sources

Frequency parameter Frequency parameter 
affecting loadsaffecting loads
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ITIC (CBEMA) Curve (1996)ITIC (CBEMA) Curve (1996)

Application to Single-Phase
120-Volt Information Technology 
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Source:  IEEE Std 1100-1999

Sources of Power DisturbancesSources of Power Disturbances

!! External:External:
•• LightningLightning
•• FaultsFaults
•• Utility switching surgesUtility switching surges

"" Voltage RegulationVoltage Regulation
"" Power Factor RegulationPower Factor Regulation
"" Line MaintenanceLine Maintenance

!! Internal:Internal:
•• Mechanical equipment:Mechanical equipment:

chillers, fans, pumpschillers, fans, pumps
•• Adjustable frequency drivesAdjustable frequency drives
•• ElevatorsElevators
•• Shop equipmentShop equipment
•• Lighting fixture ballastLighting fixture ballast
•• Power suppliesPower supplies
•• Laboratory equipmentLaboratory equipment
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Power ConditionersPower Conditioners

The Concept

Power Conditioner

Power Conditioner

The Reality

Frequency Variation

Long-term Interruption

Momentary Interruption

Overvoltage

Undervoltage

Swell

Sag

Voltage Distortion

Notches

Normal
Mode

Common
Mode

Noise

Normal
Mode

Common
Mode

Transient Voltage 
Surge

Power Conditioning Technology
Power 

Quality Condition

Performance of Various Power Conditioning EquipmentPerformance of Various Power Conditioning Equipment
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There is a significant 
variation in power 

conditioning product 
performance.  The indicated 
condition may or may not be 

fully correctable by the 
indicated technology.  

It is reasonable to 
expect that the indicated 

condition will be corrected by 
the indicated power 

conditioning technology.

Source: IEEE Std 1100 -
1999
Source: IEEE Std 1100 -
1999
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Transient Voltage Surge Suppression (TVSS)Transient Voltage Surge Suppression (TVSS)

!! Reduces common and Reduces common and 
normal mode transients and normal mode transients and 
noise from line and load noise from line and load 
side sourcesside sources

!! The use of dedicated circuits The use of dedicated circuits 
improves the transients and improves the transients and 
noise reduction from one noise reduction from one 
piece of lab equipment to piece of lab equipment to 
anotheranother

!! It is critical that the It is critical that the 
impedance between the impedance between the 
protected bus and the TVSS protected bus and the TVSS 
be minimizedbe minimized

!! Generally located within the Generally located within the 
panelboard enclosurepanelboard enclosure

A B C N G

Transient Voltage Surge Suppression (TVSS)Transient Voltage Surge Suppression (TVSS)

DISTURBING

SENSITIVE

Panelboard

Multi-Outlet Circuits

DISTURBING

SENSITIVE

Panelboard

Dedicated Circuits
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Shielded/Isolation TransformersShielded/Isolation Transformers

!! Provides isolation from Provides isolation from 
line side  common mode line side  common mode 
transients and noisetransients and noise

!! Provides local groundProvides local ground

!! Reduces stray ground Reduces stray ground 
currentscurrents

!! Locate as close to the lab Locate as close to the lab 
as possibleas possible

!! Source of ELF EMISource of ELF EMI

!! Source of acoustic noiseSource of acoustic noise

!! Source of vibrationSource of vibration

0

0 N

0

Shielded/Isolation TransformersShielded/Isolation Transformers

INTERSTITIAL

SERVICE
CORRIDOR

One Floor with Interstitial

SERVICE
CORRIDOR

One Floor

PENTHOUSE

SERVICE
CORRIDOR

Two Floors with Penthouse

SERVICE
CORRIDOR
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Uninterruptible Power Supplies (UPS)Uninterruptible Power Supplies (UPS)

!! Provides short term outage Provides short term outage 
protectionprotection

!! Provides regulated voltage Provides regulated voltage 
and frequency without and frequency without 
interruptioninterruption

!! Provides isolation from line Provides isolation from line 
side transients and noiseside transients and noise

!! Source of EMISource of EMI

!! Source of acoustic noiseSource of acoustic noise

!! Source of vibrationSource of vibration

BATTERY

RECTIFIER INVERTER

STATIC SWITCH

BY-PASS
INPUT

OUTPUT
RECTIFIER

INPUT

Standby GeneratorsStandby Generators

!! Provides long term outage Provides long term outage 
protectionprotection

!! Source of EMISource of EMI

!! Source of acoustic noiseSource of acoustic noise

!! Source of vibrationSource of vibrationGENERATOR SERVICEATS

0 N
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System ConfigurationsSystem Configurations

208Y/120V

208Y/120V

A/C
UNITS

a) WORST

ADP
UNITS

ADP
UNITS

ADP
UNITS

ADP
UNITS

A/C
UNITS

A/C
UNITS

A/C
UNITS

b) FAIR c) BETTER d) BEST

208Y/120V

208Y/120V

480V 480V 480V

480V 480V

480V

208V

120V

480V

208V

120V

Source: IEEE Std 1100 - 1999

A B
C

System ConfigurationsSystem Configurations

ONE shielded/isolation transformer per SUITE
ONE shielded/isolation panelboard per LAB

!! Limited isolation from Limited isolation from 
adjacent labsadjacent labs

!! Limited isolation within the Limited isolation within the 
labslabs

!! Long feeders to some of Long feeders to some of 
the labsthe labs

!! Remote ground from some Remote ground from some 
of the labsof the labs

A/C
UNITS

TRANSFORMER 
LOCATED IN 
ELECTRICAL CLOSET

480V 480V

480V

480V

208Y/
120V

A B

NA NB NC PANELBOARDS 
LOCATED WITHIN OR 
ADJACENT TO LAB
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System ConfigurationsSystem Configurations

ONE shielded/isolation transformer per SUITE
ONE shielded/isolation panelboard per LAB

COMM

ELEC ELEC

COMM

NB

SHIELDED/ISOLATION
TRANSFORMER

DP NCNA

System ConfigurationsSystem Configurations

TWO shielded/isolation transformers per SUITE
TWO shielded/isolation panelboards per LAB

!! Sensitive equipment is Sensitive equipment is 
isolated from disturbing isolated from disturbing 
equipmentequipment

!! Limited isolation from Limited isolation from 
adjacent labsadjacent labs

!! Long feeders to some of the Long feeders to some of the 
labslabs

!! Remote ground to some of Remote ground to some of 
the labsthe labs

PANELBOARDS 
LOCATED WITHIN OR 
ADJACENT TO LAB

480V

480V

TRANSFORMER 
LOCATED IN 
ELECTRICAL 
CLOSET

A/C
UNITS

480V

A B

480V

208Y/
120V

NCNA NB

480V

208Y/
120V

SA SB SC
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System ConfigurationsSystem Configurations

TWO shielded/isolation transformers per SUITE
TWO shielded/isolation panelboards per LAB

COMM

ELEC ELEC

COMM

SHIELDED/ISOLATION
TRANSFORMER

SDP
NA SA

NDP
NB SB NC SC

System ConfigurationsSystem Configurations

ONE shielded/isolation transformers per LAB
ONE shielded/isolation panelboards per LAB

!! Isolation from adjacent labsIsolation from adjacent labs

!! Limited isolation within labLimited isolation within lab

!! Voltage stabilityVoltage stability

!! Local groundLocal ground

!! Higher EFI/EMIHigher EFI/EMI

PANELBOARDS LOCATED 
WITHIN OR ADJACENT TO 
LAB

480V

480V

TRANSFORMER LOCATED ADJACENT 
TO LAB

A/C
UNITS

480V

A B

480V

208Y/
120V

NA NCNB
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System ConfigurationsSystem Configurations

ONE shielded/isolation transformers per LAB
ONE shielded/isolation panelboards per LAB

COMM

ELEC ELEC

COMM

NA NB NC

System ConfigurationsSystem Configurations

TRANSFORMERS LOCATED 
ADJACENT TO LAB

For sensitive equipment - ONE transformer and panel per LAB
For disturbing equipment - ONE transformer per SUITE, ONE panel per LAB

!! Sensitive equipment:Sensitive equipment:
•• Isolated from disturbing equipmentIsolated from disturbing equipment
•• Isolated from adjacent labsIsolated from adjacent labs
•• Local groundLocal ground
•• Source of ELF/EMISource of ELF/EMI

!! Disturbing equipment is isolated Disturbing equipment is isolated 
from sensitive equipmentfrom sensitive equipment

PANELBOARDS LOCATED WITHIN OR 
ADJACENT TO LAB

480V

208Y/
120V

A/C
UNITS

480V 480V

480V

A B

SA SCSB NCNBNA

480V

208Y/120V
TRANSFORMER LOCATED IN 
ELECTRICAL CLOSET
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System ConfigurationsSystem Configurations

For sensitive equipment - ONE transformer and panel per LAB
For disturbing equipment - ONE transformer per SUITE, ONE panel per LAB

COMM

ELEC ELEC

COMM

SHIELDED/ISOLATION
TRANSFORMER

NA SA
NDP

NB SB NC SC

System ConfigurationsSystem Configurations

TWO  transformers per LAB
TWO  panelboards per LAB

!! Sensitive equipment:Sensitive equipment:
•• Isolated from disturbing equipmentIsolated from disturbing equipment
•• Isolation from adjacent labsIsolation from adjacent labs
•• Local groundLocal ground
•• Source of ELF/EMISource of ELF/EMI

!! Disturbing equipmentDisturbing equipment
•• Isolation from adjacent labsIsolation from adjacent labs
•• Local groundLocal ground
•• Source of ELF/EMISource of ELF/EMI

TRANSFORMERS LOCATED 
ADJACENT TO LAB

PANELBOARDS LOCATED WITHIN 
OR ADJACENT TO LAB

208Y/
120V

A/C
UNITS

480V 480V

480V

A B

SA SCSB

480V

NA NB NC
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System ConfigurationsSystem Configurations

TWO  transformers per LAB
TWO  panelboards per LAB

COMM

ELEC ELEC

COMM

NA SA NB SB NC SC

System ConfigurationsSystem Configurations

!! Sensitive equipment is Sensitive equipment is 
individually isolatedindividually isolated

!! Source of power disturbancesSource of power disturbances

!! Source of EMISource of EMI

!! Source of heatSource of heat

!! Source of vibrationSource of vibration

!! Sometimes unaware that the Sometimes unaware that the 
batteries have failedbatteries have failed

!! Maintenance can be an issueMaintenance can be an issue

!! OffOff--line units do not provide line units do not provide 
continuous power conditioningcontinuous power conditioning

A/C
UNITS

480V 480V

480V

A B

SA SCSBNA NB NC
SENSITIVE 

EQUIPMENT

Point-of-use UPS

UPS
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System ConfigurationsSystem Configurations

ONE UPS per SUITE which all labs share

!! Sensitive equipment is isolated Sensitive equipment is isolated 
from UPS inputfrom UPS input

!! Output transformer provides local Output transformer provides local 
groundground

!! Noise, heat, EMI and vibration are Noise, heat, EMI and vibration are 
out of the labout of the lab

!! Equipment on UPS is not isolated Equipment on UPS is not isolated 
from adjacent labsfrom adjacent labs

A/C
UNITS

480V 480V

480V

A B

SA SCSBNA NB NC

UPS

UL

System ConfigurationsSystem Configurations

A/C
UNITS

480V 480V

480V

A B

ONE UPS per SUITE for all sensitive equipment

SA SCSBNA NB NC

UPS

!! Provides regulated Provides regulated 
frequency and voltage to frequency and voltage to 
all sensitive equipmentall sensitive equipment

!! Provides uninterruptible Provides uninterruptible 
power to all sensitive power to all sensitive 
equipmentequipment
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System ConfigurationsSystem Configurations

ONE UPS per SUITE for all sensitive equipment

A/C
UNITS

480V 480V

480V

A B

SA SBNA NB SCNC USUN

UPS

!! Provides regulated frequency and voltage, Provides regulated frequency and voltage, 
and uninterruptible power to selected and uninterruptible power to selected 
sensitive and/or power disturbing equipmentsensitive and/or power disturbing equipment

!! Noise, heat, EMI and vibration are out of the Noise, heat, EMI and vibration are out of the 
lablab

!! Equipment on UPS is not isolated from Equipment on UPS is not isolated from 
adjacent labsadjacent labs

System ConfigurationsSystem Configurations

A/C
UNITS

480V 480V

480V

A B

ONE UPS per SUITE for all sensitive equipment

SA SBNA NB SCNC

!! Generators provide long Generators provide long 
term outage protectionterm outage protection

GUSGUN

UPS

G

UPS

A/C
UNITS
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GroundingGrounding
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