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UPS Topology Overview
Typical UPS system block diagram

ATS
Rectifier 

AC/DC

DC 
Energy 
Storage

Genset 

AC

Inverter 

DC/AC

Utility 

AC

Long-term AC alternate source

Short-term DC source

Critical 
AC 
output

“ATS” = 
Automatic AC 
Transfer Switch

540 VDC

480 VAC



• Pros 
– Proven performance
– Excellent dynamic response
– 5 minutes to >1 hr run time
– Acceptable reliability vs cost

• Cons
– Limited life of VRLA; expense of wet cells
– Large footprint and floor loading issues
– Unpredictable performance
– Temperature and cycling issues
– Health and safety issues
– Environmental impact

Batteries
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Flywheels – DC Energy 
Storage



DC Flywheel – One Line

T
em

pe
ra

tu
re

S
en

so
rs

P
os

iti
on

���
���

�

������
��		
���

���	

��	
��������
�����������������

���
���

�

���
��

�������
��

DC Monitoring Motor Generator Controls

�����������������

Flywheel Monitoring

���������
������

DC AC



• Pros
– Compact footprint/high energy density

– Excellent dynamic response

– Low maintenance, no HVAC needs

– Long design life: 20 years

– Much lower own & operate costs

• Cons
– “New” technology

– Higher initial cost than VRLAs

– Short runtime (seconds vs. minutes)

Flywheels



Genset Start Reliability
• IEEE Gold Book (Std 493) Appendix L, Table XII:

• Compiled 6 large studies of genset starting characteristics

– Encompassing 25,000 emergency gensets

– Critical and non-critical sites
• Critical gensets (e.g. hospitals) frequently maintained and routinely tested

• Non-critical gensets are rarely maintained and often never routinely tested

• Results: 99.5% start on first attempt
– First attempt start certainty of critically 

maintained gensets at hospitals and data
centers would predictably have a vastly 
higher than 99.5% dependability
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EPRI Power Quality Study



Eliminate or Parallel Batteries
Battery Parallel
� Adds needed layer of reliability
� Provide transition power to genset
� Flywheel takes virtually every hit

� Extends battery life

� Ability to reduce number of batteries

Flywheel w/o Batteries
� Provide transition power to genset
� Eliminates need for batteries
� Increases critical bus reliability
� Significantly reduces life cycle costs
� Significantly reduces safety issues
� Eliminates environmental issues
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Flywheel Technology Evolution
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– “Low-speed” 7,200 rpm

– More mass means more energy
– Double mass = energy doubled

– Common material
– Common manufacturing

– Heavy (800 lbs)
– Large wheel
– Requires mechanical bearings
– Minor service every 6 months, major 

service every 2-3 years
– High standby power consumption

4/�"���9��� ²:

– “High-speed” 52,000 rpm

– More speed means more energy
– Double rpm = energy quadrupled

– Unique material
– Unique manufacturing required

– Light (50 lbs)
– Compact cylinder
– Full magnetic levitation
– Annual inspection (no downtime), moderate 

service (capacitors) every 6 years
– Very low standby power consumption
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Carbon Fiber vs. Steel



1000 kVA  Footprint Comparison

60 sq ft – Flywheels

Vs.

320 sq ft – Wet Cells



Pentadyne Power Corp.
• Founded carbon flywheel technology in 1993
• Design and manufacture high-speed flywheel systems that provide a highly 

reliable DC energy source for critical power and energy recycling applications
• Originally used in Hybrid Electric Vehicles (HEV)

– Energy captured from regenerative breaking system and used during acceleration 

• Have won numerous product awards
• Strategic distribution alliances

– North America: Emerson Network Power/Liebert and Toshiba

– EMEA/Asia: Socomec, ETI

• A venture funded company based in Chatsworth, California (Los Angeles area)

Ben Rosen



Award-Winning Technology

• 2007 EC&M magazine: Power Conditioning Product of the Year

• 2007 TechTarget's SearchDataCenter.com: “Back-up Product of the Year”

• 2006 World Economic Forum: “Technology Pioneer Award”

• 2006 Consulting-Specifying Engineer: “A Perfect 10”

• 2006 Frost & Sullivan: “Product Innovation Award”

• 2005 Frost & Sullivan: “Technology Innovation Award"

• 2004 Energy Venture Fair: “Most Promising Company”
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