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(57) Abregé/Abstract:
An uninterruptible power supply (200) provides improved reliability by supplying temporary standby power to a critical load (104)

and startup power to a backup power source (112) from a single energy storage system (230). In the preferred embodiment, a
flywheel energy storage device that produces three-phase AC voltage is used to provide temporary power to a critical load while a
backup power supply, such as a diesel generator set (GENSET) (112), i1s accelerated to full speed. The startup power for the
GENSET Is also provided from the flywheel energy storage device through a circuit that converts the AC voltage at one level to DC
voltage at a lower level (e.g., 12 or 24 volts). Therefore, backup power will be provided from the GENSET unless a catastrophic

fallure occurs in the GENSET Iitself.
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(57) Abstract

An uninterruptible power supply (200) provides improved reliability by supplying temporary standby power to a critical load (104)
and startup power to a backup power source (112) from a single energy storage system (230). In the preferred embodiment, a flywheel
energy storage device that produces three-phase AC voltage is used to provide temporary power 1o a critical load while a backup power
supply, such as a diesel generator set (GENSET) (112), is accelerated to full speed. The startup power for the GENSET is also provided
from the flywheel energy storage device through a circuit that converts the AC voltage at one level to DC voltage at a lower level (e.g., 12
or 24 volts). Therefore, backup power will be provided from the GENSET unless a catastrophic failure occurs in the GENSET itself.
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METHODS AND APPARATUS FOR PROVIDING STARTUP POWER
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5 This invention relates to uninterruptible
power supply (UPS) systems, and more particularly
toward UPS systems that include a standby power
source, such as a standby diesel generator set (1i.e.,
a GENSET) .

10 UPS systems are often installed 1n
environments in which continuous operation 1s
critical, even in the event of a loss of main power.
For example, such systems may be installed 1in
airports, hospitals, processing plants and computer

15 centers. 1In each case, a total loss of power may lead
to catastrophic results (e.g., a loss of power 1in the
middle of surgery may result in the death of the
patient).

In typical UPS systems, circuitry 1s

20 provided that monitors power being supplied from a
main source of power, often via a connectlion to a DC
buss. A bank of batteries, often lead-acid batteries,
is connected to a DC buss that feeds the critical load
to provide temporary power as soon as the voltage on

25 the buss drops below battery voltage. The batteries
are intended to provide temporary power only until a

standby power source, such as the GENSET described

CA 02264614 1999-03-08




PCT/US97/159856
Active Power, Inc.

Qur Ref.: C 1539 PCT

(n

'r.

S

Yy D&
SQUIC2 rece

nacttea

semarztea s
frequantly

Theret
1

ore,
nly

’

Wi .

-

having scme oI the Ieaturss

N

O

CA 02264614 1999-03-08

unzTi
and previding backu
Cne d=2

SIEBERISTR 4

81675 M)

il

Ziciency orf

'-'n
-k e

sad U2S systems 1S art

]
- ——

Vvas - e

b |

rartcer pattery. These le

1"
L

taill

pe

A Congtant ouclpul D

applicaticn 1s Xxnown

z2n objectT oL
an

D3

1
wny | -
- ol ”'..3

CowWer

initial sTartup

improvad msatn

NCHEN

o

1C
- P, PR ey "

.-;Q-J.-. -t W

.
e

(b

S

d

-— e’ A OB e




CA

n

nower f{rom an gnergy storags
the tempcrary vowar TO cthe cri
preferred emocdimeants inclids

devicsas

02264614 1999-03-08

L ticzl

o 2
n2 Dbackur power source ls keing zcceler
C

4

'seell

taz

lozd.

4

flywhea. energy storag

Cemporary power during

ju
[t
- {b
(L

-y o ¥
ST TuUCs co CTne

pDoOWar

T9

Y - a

* 9

t B



WO 98/10503 PCT/US97/15956

backup power source. The flywheel energy storage
device, which is activated by a monitoring circuit
whenever a main power fault is detected, provides
temporary power throughout the entire powerup cycle of

5 the GENSET. While temporary power 1s belng supplied,
additional power is provided from the flywheel device
to the GENSET until the GENSET is operating self-
sufficiently (i.e., running on fuel such as dilesel or
gasoline), which is typically less than thirty

10 seconds. Temporary power is continuously supplied
from the flywheel until the GENSET reaches a
predetermined rotational speed (where the appropriate
level of power can be supplied by tne GENSET).

Further features of the invention, 1ts

15 nature and various advantages will be more apparent

from the accompanying drawings and the following

detailed description of the preferred embodiments.

. .
- - . -~

» ’
® 20NN ® -

FIG. 1 is a block diagram of a conventional
20 GENSET~-backed battery powered uninterruptible power
supply:

FIG. 2 is a block diagram of a GENSET-backed
uninterruptible power supply constructed in accordance
with the principles of the present invention; and

25 FIG. 3 is a schematic block diagram of a
sample converter circuit that may be used 1in the
uninterruptible power supply of FIG 2 to provide
startup power to the backup source and temporary power

to the critical load from a single energy storage
30 system in accordance with the principles of the

present invention.
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FIG. 1 shows a conventional GENSET-backed
battery powered uninterruptible power supply 100
(UPS 100). UPS 100 is connected between malin power
5 source 102, which may simply be power supplled from a
utility company, and critical load 104. Critical
load 104 represents any one of several different
applications in which a continuous supply of power 1s
critical, such as the aforementioned airport,
10 ~ hospital, etc. UPS 100 provides backup power to
critical load 104 in the event that maln power
source 102 fails.
UPS 100 includes a transfer switch 106, an
AC-to-DC converter 108, a DC-to-AC converter 110, a
15 GENSET 112, a monitoring circuit 114, a temporary
power battery bank 116 and a startup battery 118.
Transfer switch 106 transfers the power supply from
main power source 102 to GENSET 112 after mailn
source 102 fails and GENSET 112 1s providing power at
20 a2 sufficient level. AC-to-DC converter 108 takes the
AC power provided by elther main power source 102 or
GENSET 112 and converts it to DC power. Converter 108
may be a simple rectifier circuit, or it may be any
other conventional circuit that 1s used to convert
25 power from AC to DC as long as the proper power levels
are maintained. This is typically accomplished by
providing DC to DC buss 120 at a level of
approximately 480 volts. The DC power is fed across
DC buss 120 to DC-to-AC converter 110, which converts
30 i+ back to AC power. Converter 110 may be a simple
inverter circuit, or it may be any other conventional

circuit used to convert power I1IoOm DC to AC.
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DC buss 120 is monitored by monlitoring
circuit 114 (while monitoring circuit 114 1s only
shown to receive signals indicative of the status of
DC buss 120, additional “main power failure” 1nput
signals may be received by monitoring the input to AC-
to-DC converter 108 and/or the output from DC-to-AC
converter 110). Once a main power failure has been
detected, monitoring circuit 114 sends signals along
line 124 that may cause backup power to be supplied to
critical load 104 from GENSET 112. Temporary power
battery bank 116 supplies DC power to DC buss 120 as
soon as the voltage on DC buss 120 drops below battery
voltage. Battery bank 116 will continue to supply
power to buss 120 until either the batteries are
drained or until adequate power 1s being supplied to
critical load 104 from another source (i.e., elther

main power source 102 or GENSET 112).
The signal on line 124 triggers GENSET 112

to begin a powerup cycle. GENSET 112, which includes
a startup motor (not shown) similar to an automobile
starter that is driven by startup battery 118, will
powerup normally to provide backup power to critical
load 104 as long as startup battery 118 1s not
defective (unless GENSET 112 has a major fault
itself). The potential problem occurs because

GENSET 112 is relying on startup battery 118 for
startup power. Startup battery 118 may be, for
example, a 24 volt battery that needs somewhat
~onstant maintenance to insure proper operation.
Faults may occur, for example, due tO the corrosive
nature of the terminal connections between battery 118
and GENSET 112, or battery 118 may fall due to
changing environmental conditions (e.g., excessive

heat or cold). Additionally, typical lead-acid

02264614 1999-03-08
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batteries have a limited lifespan (anywhere from three
to eight years, on the average) that, unfortunately,
may expire near the critical moment 1t 1s needed.
FIG. 2 shows a GENSET-backed uninterruptible
5 power supply 200 (UPS 200) that, in accordance wilth
the principles of the present invention, overcomes the
deficiencies of conventional GENSET-backed UPS
systems. UPS 200 includes many of the same components
as UPS 100. For example, transfer switch 106, AC-to-

10 DC converter 108, DC-to-AC converter 110 and
GENSET 112. The monitoring circuit 1is shown as
monitoring circuit 214 in view of the fact that
different control signals are required in UPS 200
(e.g., the signal on line 222). UPS 200 also includes

15 energy storage system 230, which 1s preferably a
flywheel energy storage system, but may be a bank of
batteries similar to temporary power battery bank 116.
If energy storage system 230 is indeed a bank of
patteries, however, additional circuit modifications

20 (not shown) must be made to step the DC voltage down
ro 24 volts (the battery bank alternative is somewhat
less practical because the additional circuitry may
include another pair of converters to go from DC to AC
and back) .

25 While the reliability of the UPS system 1s
improved in either instance due to the use of a single
source of power for DC buss 120 and for GENSET 112,
the most significant increase 1n reliability 1s
achieved when energy storage system 230 is a flywheel

30 energy storage device. A flywheel energy storage
device provides a more reliable, better monitored

source of power for both the GENSET and the temporary
power requirement because it is a mechanical system,

rather than a chemical system.

CA 02264614 1999-03-08
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UPS 200 normally operates 1in a monitoring
mode, whereby monitoring circuilt 214 monitors DC
buss 120 until the voltage on buss 120 drops below a
predetermined threshold (as described above,

5 monitoring circuit 214 may also be activated by sensor
inputs at either the input to AC-to-DC converter 108,
the output to DC-to-AC converter 110, or both). Once
monitoring circuit 214 detects a failure, a trigger
signal is applied via line 222 that brings energy

10 storage system 230 online to DC buss 120 (to provide
temporary power until GENSET 112 1s up and running).
The trigger signal also directs energy storage
system 230 to provide startup power to GENSET 112,
which is switched on by a trigger signal on line 224.

15 Energy storage system 230 provides startup power to
GENSET 112 until GENSET 112 is running independently
on its external fuel supply (e.g., diesel fuel br
gasoline). Once GENSET 112 is producing power at the
proper level, transfer switch 106 transfers the 1nput

20 power from main power source 102 to GENSET 112 and
energy storage system 230 ceases to provide power to
DC buss 120.

FIG. 3 shows a representative example of a

converter circuit 300 that may be used by energy

25 storage system 230 of FIG. 2 to provide startup power
to GENSET 112 from the same source that supplies
temporary backup power to DC buss 120. Converter
circuit 300 includes flywheel energy storage
device 302, transformers 304, 306 and 308, diode

30 pairs 310, 312, 314, capacitor 316, terminal 318,
diode pairs 320, 322 and 324, and terminals 326.
Flywheel device 302 produces a three-phase AC output
(i.e., phases A, B and C) that is connected across the

primaries of transformers 304, 306 and 308.
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If the three phase output is at 480 volts
AC, for example, transformers 304, 306 and 308 will
have a 19:1 stepdown ratio so that an output voltage
of 24-26 volts is achieved (i.e., 480 volts/1l9 = 25.26
volts). The three phase output of the secondaries of
rransformers 304, 306 and 308 are connected across
diode pairs 310, 312 and 314, which rectify the AC
output into a DC output. The DC signal may be further
refined by the addition of small filter capacitor 316
(shown in a dashed box to 1ndicate that the use of
capacitor 316 is optional). The 24 volt DC output 1s
provided at terminal 318, which may be connected
directly to the starter of the engine that drives
GENSET 112. The three-phase output of flywheel
device 302 is also fed to diode pairs 320, 3272
and 324, which rectify the three-phase output i1nto a
high voltage DC signal that is connected to buss 120
via terminals 326.

Persons skilled in the art will appreciate
that, although FIG. 3 shows one specific configuration
of a converter circuit to produce a 24 volt output
from energy storage system 230, other configurations
may also be used without departing from the spirit of
the present invention. For example, a single three-
phase transformer could be used in place of individual
transformers 304, 306 and 308. Another configuration
may make use of only two outputs from the secondary
and two diode pairs to produce the 24 volt output
signal (but the use of all three phases 1s preferred) .

It will be understood that the foregoing 1S
only illustrative of the principles of the invention,
and that various modifications can be made by those

skilled in the art without departing from the scope

and spirit of the invention.
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3. The uninterruptible power supply of claim 2,

wherein said monitoring circult monitors said output of said

AC-to-DC converter.

4, The uninterruptible power supply of claim 2,

wherein said monitoring circuit monitors said output of said

transfer switch.

5. The uninterruptible power supply of claim 2,

wherein said monitoring circuit monitors said output of said

DC-to-AC converter.

6. The uninterruptible power supply of claim 2,
wherein said energy storage system further includes a first
converter circult coupled to said input of said DC-to-AC
converter circuilt that converts AC power from said at least
one flywheel device to DC at a first level, and a second
converter circult coupled to said startup circuit of said
generator that converts AC power from said at least one

flywheel device to DC at a second level.

7. The uninterruptible power supply of claim 6,

wherein said first level 1s about 480 volts.

8. The uninterruptible power supply of claim 6,

wherein said second level is about 24 volts.

9. The uninterruptible power supply of claim 6,

wherein said second ccnverter circuit comprises:

a stepdown circuit for reducing the ocutput wvoltage
of said at least one flywheel device to approximately said

second level; and

a rectification circuit for rectifying said reduced

output voltage from AC voltage to DC voltage.
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10. The uninterruptible power supply of claim 9,
wherein said stepdown circuit comprises at least one

transformer to provide at least a one-phase output signal.

11. The uninterruptible power supply of claim 10,
wherein said rectification circuit comprises at least two
pair of diodes coupled together to rectify said at least a

one-phase output signal.

12. The uninterruptible power supply of claim 9,
wherein said stepdown circuit comprises three transformers

coupled together to provide a three-phase output signal.

13. The uninterruptible power supply of claim 12,
wherein said rectification circuit comprises three pairs of
diodes coupled together to rectify said three-phase output

signal.

14 . The uninterruptible power supply of claim 9,
wherelin said stepdown circult comprises a three-phase

transformer that provides a three-phase output signal.

15. An energy storage system (230) for use 1in an
uninterruptible power supply (200) which, in the event of a
main power supply failure, provides temporary power to a

critical load (104) until such time as backup power can be

provided to the critical load from a backup engine driven

generator (112) said



CA 02264614 1999-03-08

energy storags svsten (230) including an energy
-

TemMpOrXrary oowar raguirsd by sal
energy storage system delng cnaract

& conversion cilrculT (3C0) for converting
salcd voltage IZrom szid £irst lavel o a seceond lavel
that may e usad £O sTartC a DaCKUD powsr source (112)
at least until szid backup Tower sourca (112) 1is

running independenztly from said second lsvel voltzage.

1€, Tha energy storage sysctam ¢I clzlm 15,
a

L

ge device 1s a flywneal

{1
-
O
v
)
-
i

least until sz2ic backup engine criven gsaaar
1

2oenc2ntly from salc sSTartup nowsar, =z1ic

Ul
Y
(.
3
'3
‘_4 .
'3
)
’ >
)
(1.

anargy storagsa svstam (200) zeling crnaraczTarizad .o

taat:
said Cemporary DCwer 3ng said stzrtuz
ooWer arse pe-ng supplisd Lronl a s.ng anergy

T S

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




CA 02264614 2003-07-21

61009-347
- 13 -

18. The method of claim 17, wherein said energy storage

system includes a flywheel energy storage device.

19. The method of claim 18, wherein said step of

providing temporary power comprises the steps of:
5 producing AC power at a first level;
rectifying said AC power at said first level to DC;
inverting said rectified DC to AC; and
providing saild inverted AC to said critical load.

20. The method of claim 19, wherein said step of

10 providing startup power comprises the steps of:

stepping down said produced AC power from said

first level to a second level;

rectifying said AC power at said second level to

DC; and

15 providing sald stepped down DC to a starter motor

of said backup engine driven generator.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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