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MODULAR POWER SUPPLY

This invention relates to a modular power supply. A particular application of the
invention relates to uninterruptable power supplies for connection, for example, between a

mains power source and electrical equipment such as a computer apparatus.

10 The power supply equipment, such as uninterruptable power supplies (UPS), are often
used in coupling sensitive electrical apparatus, such as computer equipment, to a mains power
source. An uninterruptable power supply coupled between the mains power sources and a
computer is able to provide a source of power which is not subject to fluctuations in the mains
power source and can provide power in the case of a power outage with respect to the mains

15 source. The power handling capacity of the uninterruptable power source must be matched
to the power consumption of the electrical apparatus connected thereto, which can cause some
difficulty if the clectrical apparatus is upgraded or added to. For example, in a computer
application where an uninterruptable power source is driving a local area network (LAN)
server which requires 1 kilowatt of power, the unimcfruptablc power supply may be chosen

20 to have a capacity of 1,200 va. If the LAN server is upgraded to a model which requires 1.5
kilowatts of power, then the UPS would need to be replaced with one with additional power
handling capability.

In accordance with the present invention there is provided an uninterruptable power
25 supply module for connection between a mains electrical power source and an electrical
apparatus, comprising:
an energy storage device;
a charging means for storing electrical power from the mains power source in the
energy storage device;

30 a power supply means coupled to the mains power source and the energy storage
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in use, to the electrical apparatus from the mains power source or the energy storage device;
and
coupling means adapted to couple the uninterruptable power supply module to at least

one other uninterruptable power supply module in parallel therewith.

In one form of the invention, the coupling means comprises a plug or socket connector,
and wherein a housing is provided with a plurality of reciprocal sockets or plugs with electrical
interconnections therebetween. In this case, the housing is adapted to receive a plurality of
the uninterruptable power supply modules, each module fitting into a respective docking bay
and making connection with its coupling means to a respective socket or plug in the housing,
wherein the modules connected in the housing are in a parallel circuit arrangement. The
housing may include a mains power source input, and connections therefrom to cach of the
sockets or plugs for transmission to modules when connected to the housing. The housing
may also include an electrical power outlet for passing electrical power to the electrical
apparatus, with electrical connections between each of the sockets or plugs in the housing, to
cnable electrical power to pass from the power supply means, via the coupling means, of each
module connected in the housing. In a preferred form of the invention, the housing includes
a bypass circuit adapted to couple the mains power source input to the electrical power output

in the absence of uninterruptable power supply modules comnected to the housing.

In a preferred embodiment of the invention, the uninterruptable power supply modules
are "hot pluggable" with the housing, meaning that a module can be connected or disconnected
from the housing without interrupting the flow of electricity from the mains power source to
a clectrical apparatus coupled to the electrical power output. One of the features which aids"
in achieving this is a form of the coupling means which effects a sequential connection or
disconnection of connections as between the housing and a module when the module is

inserted or removed from the housing. _
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For example, when a power fluctuation in the mains power source is detected by the control

means of a module, that module outputs a control signal indicative of its detection, which is
processed together with control signals from each other module connected in parallel. If the
10 processed signal indicates that a majority of the modules have detected the power fluctuation,
then the control means in all of the modules may act to supply power to the electrical
apparatus from the energy storage devices rather than the mains supply power. In one form
of the invention, the processing of the binary control signals is effected by means of an
impedance network which "averages” the binary control signals from the modules, wherein
15 adecision is made by the control means on the basis of whether the "averaged” output from

the impedance network is greater than or less than a threshold value.

In the construction of an uninterruptable power supply module in accordance with an
embodiment of the invention, it has been found advantageous to employ the use of a "power

20 hybrid" in which electronic components which require dissipation of a substantial amount of
heat are mounted on a ceramic substrate which is provided with laminated metal foil
interconnection tracks. The electronic components which are mounted on the power hybrid

are preferably wire bonded to connection pads on the ceramic substrate, and then covered with

a conformal coating, such as an epoxy resin. With the electronic components mounted on one

25 side of the ceramic substrate, the other side of the ceramic substrate is preferably attached to
a heat sink, such as a metallic plate. For improved space utilisation, a printed circuit board
containing circuit components not requiring substantial heat dissipation is mounted in a facing
relationship to the surface of the ceramic substrate, having electrical connections to the

circuits of the power hybrid by way of wire terminal inserts.
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PCT/ AU96/ 00637 Additional beneficial space utilisation may be achieved by employing relatively flat
transformers in power conversion circuitry of the power supply means. The transformers are
constructed utilising windings which are formed on a printed circuit board or stamped from
a metallic foil material. The flat transformers are utilised, for example, in the conversion of

5 one DC voltage level to another DC voltage level, and operate at approximately between 16

kilohertz and 20 kilohertz and have power ratings in excess of S00 watts.

The invention also provides a method of controlling an uninterruptable power supply,
wherein a plurality of uninterruptable power supplies are coupled in parallel, receiving as input
10 a mains electricity source, coupled, in use to output electrical power to an electrical apparatus,
and including energy storage means, comprising the steps of outputting a control signal from
each of the uninterruptable power supplies connected in parallel, processing the control sigﬁa Is
from each of the uninterruptable power supplies so as to produce a majority control signal, and
controlling each uninterruptable power supply according to the majority control signal.
15
The invention is described in greater detail hereinafter, by way of example only, with
reference to the accompanying drawings, wherein:
Figure 1 is an illustrative view of an embodiment of the invention, showing a housing
containing a plurality of uninterruptable power supply modules;
20 Figure 2 is a schematic block diagram of circuitry for an uninterruptable power supply
module and housing;
Figure 3 is a more detailed schematic block diagram of circuitry for a UPS module;
Figures 4A and 4B are rear and cross sectional views, respectively, of a UPS module;
Figure 5 is a cross sectional view showing a preferred construction of circuitry
25 according to an embodiment of the invention;
Figures 6A, 6B and 6C are cross sectional views illustrating a coupling between a UPS
module and a housing;
Figure 7 illustrates cross sectional views of a connector for connecting a UPS module
to a housing;

30 Figure 8 shows exploded isometric views of components of the connector of Figure 7;
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6 therein. The housing 4 includes a plurality of docking bays which are cach sized to receive
10 a UPS module 6. The UPS 2 is for connection between an electrical apparatus, such as
computer equipment, and a mains electrical power source which may be provided from, for
example, an electrical wall socket. In use, clectrical power is provided to the UPS 2 from the
mains electrical power source, which passes through the UPS modules 6, connected in
parallel, and to the electrical apparatus while the mains electrical power source operates
15 normally. If an interruption, for example, occurs in the supply of electricity at the mains
electrical power source, the UPS modules 6 then act to supply electricity to the electrical
apparatus from energy storage devices, such as batteries, contained within the UPS modules
6. Thus, whilst the mains electrical power source operates normally, the UPS modules 6 also

utilisc an amount of power therefrom to charge the energy storage devices.

A block schematic diagram showing major components of the UPS 2 is illustrated in

Figure 2. The housing 4 is shown having an electrical power input 10 and electrical power
output 12 coupled to internal input and output power busses 14, 16 respectively. A bypass-
circuit 11 couples the input and output power busses 14, 16 and is normally in a state whereby

25 the input and output power busses are not electrically connected through the bypass circuit.
The bypass circuit 11 includes a switch which is operable by the user and/or operated when'

all of the modules 6 in the housing are removed, to effect switching of the bypass circuit 11

to a state wherein the input and output power busses are directly coupled, bypassing the
modules 6. For example, each docking bay may be provided with a sensing switch which is

30 actuated when a UPS module is removed therefrom, with the sensing switches coupled in
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With the UPS module 6 installed in the housing 4, a connection is made from the

5 power input bus 14 to an AC to DC converter 30 in the UPS module 6. The AC/DC converter

10

15

25

30 receives clectricity from the input power bus 14, which is an AC clectrical signal, such as
a 50 hertz 240 voit clectrical signal, and produces a relatively high voltage DC output on line
31. The high voltage line 31 is coupled back to a high voltage bus 18 in the housing 4 by way
of diodes such that power can pass from the bus 18 to the line 31. The connection to high
voltage bus 18 allows high voltage power to be supplied to the module 6 from a battery
module (not shown) for additional backup time. A DC to AC converter 40 is also provided
in the UPS module 6, having the high voltage DC clectricity from line 31 as input, and
producing an output AC electrical signal which is synchronised with the AC electricity on the
input power bus 14. The output of the DC/AC converter 40 is coupled back to the output
power bus 16 in the housing 4. The DC/AC converter 40 is controlled by way of a pulse width
modulation circuit 42 which is operated by a control means 38 in the form of a micro
controller. The micro controller operates under the control of stored instruction codes,
however any suitable processing circuitry can be used for the control means 38, such as a
dedicated custom or semi—custom logic array circuit. Whilst the electricity provided to the
mains electrical power input 10 maintains its signal level, the electrical power passes from the
input power bus 14 through AC/DC converter 30, DC/AC converter 40 and back to the output
power bus 16. This operation takes place in cach of the UPS modules 6 installed in the

housing 4, in a parallel fashion.

The UPS module 6 also includes an energy storage device in the form of a battery 32.
A charging circuit 34 is coupled to receive clectrical power from the input power bus 14, and
is coupled to the battery 32 by way of a switch 44, such that when a normal signal level is
maintained on the input power bus 14, electrical power is restored in the battery 32 by the

charger 34, if required. A DC to DC voltage level changer circuit 36 is coupled between the

30 battery and the high voltage line 31. The battery 32 may operate, for example, at a level of
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i nput and power output to the individual nodules, providing each of the
nmodul es  another control bus 22. The control signal processing circuitry 24 receives control signals

from the microcontrollers in each UPS module 6 installed in the housing 4 and produces an
10 output control signal on control bus 22 on the basis of the signals received from each module
6. If a majority of the microcontrollers 38 output a signal on control bus 20 indicative of a
mains clectrical power source fluctuation, the resulting signal on bus 22 causes the
microcontroller 38 in each UPS module 6 to control the respective switch 44 so as to
disconnect the battery 32 from charger 34. If a minority of microcontrollers 38 output a power
15 fluctuation signal on bus 20 then the signal resulting on bus 22 indicates to the
microcontrollers that power is not required to be supplied from batteries, and the mains
electrical power source continues to supply the output power bus. Thus, during the mains
electrical power source fluctuation or outage, electrical power is supplied from the battery 32
to the high voltage line 31 by way of the AC/DC voltage converter 36, so as to supply to
20 output power bus 16 through the DC/AC converter 40 in each installed UPS module 6.

Although the uninterruptable power supply 2 illustrated in Figures 1 and 2 comprises .
a housing containing only three UPS modules, a housing accommodating many more UPS
modules, such as 6, 12, 50 or more may be constructed, with all of the UPS modules 6
25 operating in paralle] and the microcontrollers 38 therein operating on a majority rules decision
making process as outlined above. Altematively, a single UPS module 6 can operate in
isolation with being coupled to a housing 4, but instead being coupled directly to the mains

electrical power source as input and the electrical apbaratus as output.

30 A more detailed schematic block diagram of circuitry contained in an uninterruptable
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and hous n%bwcr are shown at the left hand side of the Figure, including line, neutral and earth
connections. The mains power input connections S0 may be derived either from a coupling
to a housing 4, as outlined above, or from a direct connection to a mains electrical power

5 source such as a conventional wall socket. The mains AC electrical power is input via

rectifying diodes to an AC/DC booster 30 which produces a relatively high voltage DC output
of +350 volts, =350 volts on high voltage lines 31. A charger circuit 34 is coupled to receive
electrical power from the mains power input connections, and produces a 12 volt output for
charging the batteries 32. The connection between the charger 34 and batteries 32 is regulated

10 by a switch 44 which is controlled from the microcontroller 38. The batteries 32 are also
coupled to a DC/DC inverter 36 which receives the 12 volt battery voltage as input, and
produces an output compatible with the high voltage DC lines 31. A DC/AC inverter 40 is
also coupled to the high voltage DC lines 31, for producing an AC voltage output compatible
with the mains voltage input received at the input connection 50. The DC/AC inverter 40 is

15 controlled by a pulse width modulation (PWM) control circuit 42 which itself is controlled

from the microcontroller 38.

The microcontroller 38 is of conventional construction, and may comprise, for
example, a microprocessor circuit, input/output circuitry, and non-volatile memory storing
20 instruction codes for controlling the microprocessor circuit. A watchdog circuit 52 is coupled
to the microcontroller 38, and periodically interrogates the microcontroller to determine
continuing normal operation. If the watchdog circuit 52 detects faulty operation of the
microcontroller during an interrogation, then the watchdog circuit 52 acts to reset the
microcontroller 38, or raise an alarm via an alarm circuit 56.
25
The microcontroller circuit 38 receives sense inputs from the mains input power source
at connections 50 by way of a connection semse circuit 68, which provides to the
microcontroller signals indicative of an AC electrical supply present at the connection 50, and
synchronisation signals in accordance with the AC mains electricity. Sense inputs are also

30 provided to the microcontroller from the charger 34, the high voltage DC line 31, the current
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output from the DC/AC inverter 40 by way of a current sense transformer 64, the voltage
output of inverter 40, as well as external control signals through opto-isolator circuits 58. The
microcontroller 38 communicates with circuitry external to the UPS module 6 by way of the
opto—isolators 58. One of the opto-isolators connects to an RS 232 standard communications
5 connection, another opto-isolator provides intermodule communications between other UPS
modules 6 when installed in a housing 4, whilst another opto—isolator provides connection to

a switch and indicator lamp.

Figure 4A shows a rear view of a UPS module 6 in a preferred physical form, and
10 Figure 4B illustrates a rear cross—sectional view of the module 6. The module 6 is contained
in a generally rectangular box casing, the rear of which supports a cooling fan 69, an external
power outlet plug 70, an external power inlet socket 72, and a communications port 74. A
connector opening is also provided, covered by a hinged protective flap 80, which will be
described in greater detail hereinbelow. When the UPS module 6 acts as a stand alone power
15 supply, the external power input socket 72 is coupled to receive mains electricity to supply the
mains electrical input connection 50 (Figure 3), and the external electrical output plug 70 is,
in use, coupled to the electrical apparatus. The communications jack 74 is provided to allow
the microcontroller 38 of the UPS module 6 to communicate via its RS 232 communications
port.
20
When the UPS module 6 is installed in a housing 4, the external plug and socket 70,
72 are not utilised, but connections are made to the circuitry of the UPS module through

connections provided behind the protective flap 80 in the rear of the module.

25 Figure 4B shows a rear cross—sectional view through the UPS module, illustrating the
battery 32, alongside which are mounted a main circuit board 90, a power hybrid device 92
and heat sink plate 94. The construction of these portions of the UPS module 6 are described

in greater detail in connection with Figure 5.

30 The constructional layout of electronic components for an uninterruptable power



Figures 9A, 9B and 9C illustrate a mechanismin the rear of a UPS nodul e
for preventing access to electrical connectors therein;
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10 104 may comprise, for example, an epoxy resin. The barrier structure 106 also provides a

convenient means by which the PCB 90, having circuit components 100 mounted thereon, to
be attached in a facing relationship to the power hybrid 92. The underside of the power hybrid
ceramic substrate is attached to a heat sink plate 94, which may comprise, for example, an
aluminium plate, for dissipating heat generated by the power electronic components 102
15 mounted on the ceramic substrate. A transformer 96 is also shown mounted on the PCB 91,
which is described in greater detail hereinbelow. The method of constructing the circuit

arrangement shown in Figure 5 is described below.

The ceramic substrate 92 is first prepared with copper pads in a conventional form for
20 attaching power electronic components 102, such as integrated circuit dies to the surface of
the ceramic substrate. A copper foil layer is then laminated with adhesive onto the substrate
surface. The copper foil is etched to form copper tracks for carrying power signals between
the electronic components 102. The power electronic dies 102 are then attached to the copper
pads on the surface of the ceramic substrate 92 by soldering so as to attain good thermal
25 transfer between the die 102 and ceramic substrate 92. Then the circuit contacts of the dies
102 are wire bonded to the copper tracks adhered to the substrate surface, in order to complete
the circuit connections for the power electronics mounted on the power hybrid. The surface
mounted components such as current sensing resistors and thermistors are also mounted on
copper pads on the substrate. For example, a thermistor may be mounted on substrate 92 in

30 order to detect an over temperature condition for the substrate.



circuit 11 coupl es the input and output power busses 14, 16 and is nornally
in a state whereby 25 the input and qutput power-busses are net
el&ctrrcally connected through the bypass circuit. The bypass circuit 11
i ncludes a switch which is operable by the user and/or operated when al
of the nodules 6 in the housing are renoved, to effect switching of the
bypass circuiwodiiswsto a state wherein the input and out puPCBAEE$/00635 ses
are directly coupl ed, bypassing the nodul es 6. For exanple, each docking
bay may be provided with a sensing switch which is 30 actuated when a UPS
nmodul e i s renoved therefrom wth the sensing switches coupled in

WO 97/ 14206 -11-

PCT/ AU96/ 00637 - 6-

series, for exanple, the bypass circuit coupled thereto could then be

actuat ed when al {pe ynderside of ceramic substrate 92 is provided with a thin copper layer which is

strongly attached to the substrate surface. This is used in order to attach the substrate 9R2to
the aluminium plate heat sink 94 by soldering. In order to achieve good bond between the thin
copper layer on the underside of the substrate 92 and the aluminium plate 94, the aluminium

5 plate is coated with nickel and tin so as to adhere well with solder.

The barrier structure 106, which is preferably an insulative material, such as a heat
resistive plastics material, is attached to the ceramic substrate 92, surrounding the power
clectronic components 92 mounted thereon. The barrier structure 106 is provided with

10 terminal connectors 98 which comprise wire connectors extending through the barrier structure
106 and having a portion transverse to the plane of the ceramic substrate 92, for making
connection to copper tracks on the ceramic substrate as well as the plated through holes on the
PCB 90, when mounted on the barrier structure. The terminal connectors 98 are attached to
the copper tracks on the power hybrid by reflow soldering. The surface of ceramic substrate

15 92 within the barrier structure 106 is then covered with an epoxy resin, so as to protect the
wire bonded power electronic components mounted thereon. Finally, the PCB 90 having
circuits with components 100 and, for example, a transformer 96 already attached is mounted
on the barrier structure 106 and connections made to the wire connectors 98 by wave
soldering. Ends of the connectors 98 which extend through the barrier structure 106 are bent

20 transverse to the PCB 90 for attachment to parallel PCB 91.

An advantage of this method of construction results from ceramic being used as a _
substrate which provides good clectric insulation and thermal conductivity, whilst being
substantially thermally matched to the electronic dies mounted thercon. An alternative is to

25 use a polyamide or ceramic filled epoxy as an insulative layer between copper foil tracks and
ametal base plate. Polyamide is a low cost material that has the disadvantage of low thermal
conductivity. Epoxy material is more difficult to handle, but provides high thermal
conductivity. The disadvantage of this alternative method is that the copper foil and base plate
might exhibit different thermal expansion characteristics since the materials are different. If

30 the same material is employed for the base plate as for the copper conduction tracks, then the



nodul es 6 were renpved. : Wth the UPS nodule 6 installed in the
housi ng 4, a connecti on—+s—+ade fromthe 5 power input bus 14 to an ACto
DC converter 30 in the UPS nodule 6. The AC/ DC converter 30 receives
electricity fromthe input power bus 14, which is an AC electrical signal,
such as a 50 hertz 240 volt electrical signal, and produ |ver
hi gh vol t age ¥R #28%t on |ine 31. The high voltage Ii neq’g? ?jsgglgdg? | ed
back to a high voltage bus 18 in the housing 4 by way of di odes such

t hat power can pass fromthe bus 18 to the |line 31. The connection to high
10 voltage bus 18 allows high voltage power to be supplied to the nodule 6
froma battery nmodul e (not shown) $#&-additional backup tine. A DCto AC
converter 40 is al so provided in the UPS nodul e 6, having the high
voltage DC electricity fromline 31 as input, and produci ng an out put AC
el ectrical gbsyBfthe ¢bristtiction mslyghehsmcd theliasuipldtc (Heat sﬁk)alcsisttobcthisk enouglh for
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mai ntains its signal level, the electrical power passes fromthe I nput
power bus 1addressedigh AC/ DC conver t er 30, DC/ AC converter 40 and back to the
out put power bus 16. This operation takes place in each of the UPS
nodules 6 installed in the housing 4, in a parallel fashion.

The described construction method also provides the advantage that water metered

10 construction techniques can be employed for the entire circuit. The terminal connectors 98,
for example, provide an L—shaped bend at portion abutting the power hybrid, which enables
re—flow soldering to be employed, whilst straight ends of the terminal connector extend

through plated through holes in the PCBs 90 and 91 to enable wave soldering.

15 Referring to now to Figures 6, 7 and 8, the means by which a UPS module 6 is coupled
to a housing 4 is described. Figures 6A, 6B and 6C are cross scctional illustrations showing
the connection process, wherein a UPS module 6 is installed in a docking bay of the housing
4, and a connector 100 and the UPS module makes electrical connection with a socket 102 in
the housing 4. As mentioned in connection with Figure 4A, a latched flap 80 is provided in

20 the rear of the module 6 in order to shield the connector 100 in the module other than when
a connection is made to the socket 102. As shown in the figures, the flap 80 is swivelled aside
by the socket connector 102 as the module 6 is inserted into the housing 4, whilst the.
connector 100 extends into the socket 102 so as to make electrical connections therebetween.
The socket connector 102 in the housing 4 is coupled to the busses 14, 16, 18, 20 and 22

25 (Figure 2), whilst electrical tracks on the connector 100 in the module are coupled to the
circuit component in the module 6. The connector 100 may comprise, for example, the portion
of a printed circuit board, having conductive tracks formed on one or both sides thercof for

making connection to respective contacts in the socket connector 102.

30 Referring to Figure 7, a cross sectional view of a socket connector 102 is shown in



25 | ‘ The UPS nodule 6 al so includes an energy storage device in the

formof a battgrv 32, A Chargi ng circuit 34 1s Cgup| ed teo—reecetvye————:
el'ectrical power fromthe input power bus 14, and is coupled to the

battery 32 by way of a switch 44, such that when a normal signal level is
mai nt ai ned on the input power bus 14, electrical power is restored in the
battery 32 bywdwsi4206 charger 34, if required. A DC to DC vOlGTRi4j696/08633
changer circuit 36 is coupled between the 30 battery and the high voltage
line 31. The battery 32 nay operate, for exanple, at a | evel of
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hi gh voltage line
various stages of insertion of a connector 100. The connector 102 comprises a plastic case

104 having a base 112 for mounting on a surface in the housing 4. At the end of the casing
104 opposite the base 112 there is provided an aperture 106 for receiving the connector 100

in the lengthwise direction of the socket 102. A slidable element 108 is contained within the

5 casing 104, aligned with the aperture 106, and resiliently urged toward the aperture 106 by
means of a spring (not shown). On each side of the slidable element 108 there are provided
contact elements 110 which are formed so as to be resiliently urged towards the access of the
socket connector 102, and having contact portions at an end thereof approximate the aperture
106. The other ends 114 of the contact elements 110 protrude from the base of the socket

10 connector 102, for making connection to, for example, the busses illustrated diagrammatically

in Figure 2.

Without the connector 100 inserted in the socket 102, the slidable element 108 abuts

adjacent the aperture 106, and separates the contact portions of the contact elements 110. As

15 the connector 100 is inserted lengthwise through the aperturc 106 of the socket 102, the

slidable element 108 is pressed towards the base of the socket, which enables the contact

portions of the contact elements 110 to move toward the connector 100 so as to contact the

surface thereof. The contact elements 110 are thus able to make electrical connection to the

tracks formed on the PCB forming the connector 100, which allows electrical signals to pass

20 from the connector 100 through the ends 114 of the contact elements 110 thus to circuitry in
the housing 4.

Figure 8 illustrates ex;l'odcd isometric views of portions forming the socket connector
102, which shows how a plurality of electrical connections can be made to tracks on a circuit

25 board connector 100 by providing a row of contact elements 110 in slots in the socket

connector 102.

In order to prevent access to the connector 100 inside a UPS module 6 whilst the
module is removed from the housing 4 (such as whilst it operates as a stand alone unit), a

30 latched flap 80 is provided, as shown in more detail in Figure 9. Figure 9A illustrates a rear



31 may ‘be of the order of 350 volts DC. Thus, the charger 34 steps down the
DC-vol tage from -the--high voltage line 31 so as to be conpatible with
battery 32, whilst the AC/ DC voltage converter 36 steps up the DC
voltage fromthe battery. If a power fluctuation occurs in the 5 mains

el ectrical power source supplied to the input power bus 14 K’F}jriiujnéoﬂﬁ ected

by the M WP8TSP¢ ol | er 38, which outputs a control signal on a control
line bus 20 in the housing 4. The control line bus 20 is coupled to
control signal processing circuitry 24 and thence to anot her control

bus 22. The control signal processing circuitry 24 receives control signals
fromthe microcontrollers in each UPSlfodule 6 installed in the housi ng 4
and produces an 10 output control signal on control bus 22 on the basis of
the signals received fromeach nodul e

6. If jorit f th

ni cr ocont r otitwof a3PSomodule 6.hayingthe lagshed Hap ?@)F‘i@?%g%g{c:ﬁ'ﬁg égﬂ"\r é‘?‘B\“a"é“g

i | ect,rical ' . s ' 4s, 22
Causes t he i 28 B Sn B PEiBe Pati 80,13 ol [flin aTinki farEhc iosc P Bl
respective swhbeh id Figate 98 ahd)cnlarlgledi F@?g@,ofhm{me URSUmdpllngQ islf inmtqutigniy:er
34. |If ty of mcraocontr r out put a LJl.ugtuat i
Sl gnal o HessioArepmeisn 120 Ghibs LA oRP B B2 ent with 1 tghes 22
m crocontg Qll:gy ﬁc&gﬁaﬁégﬂ&%raf@ﬁd ffack 8flike 1Ach 122 diRing RRHIOATsH ds@Fumlaich e €S,

and the nains trical “power source continues to supply the output
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module 6 from the housing 4, the connector 100 and socket 102 are arranged so that an earth
connection is made before the active power connections. For example, upon installation of
a module 6 into the housing 4, firstly an earth connection is made between the connector 100
and socket 102. The making of the earth connection is sensed by the micro controller 38 in
15 the module 6, which ensures that the power connections to the circuitry of module 6 arc turned
off, such as by opening power output relay 62 and battery charging relay 44. Instead of
sensing the making of a connection to the earth line, a separate connection may be provided
on the connector 100 and socket 102, for the purposes of indicating to the module 6 that the
power circuits of the module should be turned off. As the connector 100 is further inserted
20 into the socket 102, the active power connections (line and neutral) are made, but because the
power circuits of the module are not activated, no substantial current flows during the
connection to the active terminals so as to avoid sparks or arcing. A final connection is then
made to indicate to the module 6 that the power circuits can be tumed on. During removal of
the module 6 from the housing 4, the sequence described above is reversed, and once again

25 the power circuits of the module are inactive at the time when the active connections are

broken.

One way in which the connections as between the connector 100 and socket 102 can
be sequenced as described above, is to provide the printed circuit board tracks which form
30 contacts on the connector 100 with staggered ends at the edge of the connector 100 which is



25 operating in parallel and the microcontrollers 38 therein operating on a
majority rules decision making. pracess asoutlined above. _Alternatively,

a single UPS nodul e 6 can operate in i solation with being coupled to a
housi ng 4, but instead being coupled directly to the nmains el ectrical
power source as input and the electrical apparatus as output. 30 A
mor e det ai | edwaedvaazusi ¢ bl ock di agram of circuitry contai necPGIAEA6/00637
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supply nmodule 6 is shown in Figure 3. The connections 50 for receiving
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inserted in the socket. An arrangement of this type is itlustrated in the connector 100 shown
in Figﬁre 8. For example, the contact strip indicated by reference numeral 101A may
comprise an earth connection for the module 6, and this contact strip terminates closest the end .
of the connector 100 which is inserted in the aperture 106 of the socket. Thus, as can be
S readily ascertained, contact would be made with contact strip 101A first, then 101B, strips
101C, and finally contact strip 101D, as the connector 100 is inserted in the socket.
Alternatively, the physical edge of the connector 100 which is inserted in the socket may itself
be staggered, such that contact is made with the slidable elements 108 in a staggered fashion
as the connector is inserted. In another alternative, the contact strips on the connector 100
10 may all be of the same length, and the slidable elements 108 constructed so as to have surfaces
at different heights as between the slidable elements for the different contacts, such that the
edge of connector 100 presses against the slidable elements of different surface heights in a

sequential manner as the connector is inserted.

15 In the event that all of the UPS modules 6 have been removed from the housing 4 at
the same time, the housing 4 may also be provided with a bypass circuit, which detects the
absence of all modules 6, and directly couples the power in and power out connections 10, 12
so as to ensure that electrical power is still provided to the electrical apparatus connected
thereto. Inthe absence of all of the modules 6, if an interruption occurs in the mains electrical

20 power source then an interruption will similarly occur at the electrical apparatus.

Referring to Figure 11, there is shown a simple circuit for affecting the majority

decision capability of the modules 6 installed in the housing, wherein each microcontroller 38
provides a voltage based control signal (V,,;, Vo, and V ;) on the control bus 20 (Figure 2).

25 The control signals are provided as input to the impedance network 24 shown in Figure 11,
which is provided in the housing 4. The resulting voltage V, at the central node of the
impedance network then represents an averaging of the control signals provided by each of

the modules, to which a threshold determination is applied in order to determine the logic state
output by the majority of the modules 6. The resulting thresholded signal is provided back to

30 the modules 6 on control bus 22 (Figure 2).



power are shown at the left hand side of the Figure, including line,
neutral and earth connections. The mains power input connections 50 may
be derived either froma coupling to a housing 4, as outlined above, or
froma direct connection to a nains electrical power 5 source such as a
conventional wall socket. The mains AC el ectrical power is If6¢$ ldks
rectifying di WY ¥WW6an ACI DC booster 30 which produces a re RP&MS3Ri gh
vol t age DC out put of +350 volts, -350 volts on high voltage I|nes 31. A
charger circuit 34 is coupled to receive el ectrical power fromthe mains
power input connections, and produces a 12 volt output for . charging the
batteries 32. The connection between tH&-—charger 34 and batteries 32 is
regul ated 10 by a switch 44 which is controlled fromthe mcrocontroller
38. The batteries 32 are al so coupled to a DO/ DC i nverter 36 which
receives the 12 irandfautnies 9§ of thiet typeemployerhinta preferred forpr ofthe &P Samodmixt ist
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transformers are employed in, for example, the AC/DC booster 30, DC/AC inverter 40,
charger 34 and DC/DC inverter 36, which are otherwise of generally conventional
construction. The power rating for the transformers is around 700 watts, operating at around
16 to 20 kilohertz.
15
The foregoing detailed description of the invention has been presented by way of
cxample only, and many variations will be apparent to those skilled in the art within the scope

of the invention defined in the appended claims.



25 . The m crocontroller circuit 38 receives sense inputs fromthe
mai NS i nput _power _source at_copnections 50 by way of a conhesti-eh—sense
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CLAIMS:

1. An uninterruptable power supply module for connection between a mains electrical
power source and an electrical apparatus, comprising:
5 an energy storage device;
a charging means for storing electrical power from the mains power source in the
energy storage device; '
a power supply means coupled to the mains power source and the energy storage
device, for supplying clectrical power to the electrical apparatus;

10 a control means for controlling the power supply means to selectively provide power,
in use, to the electrical apparatus from the mains power source or the energy storage device;
and

coupling means adapted to couple the uninterruptable power supply module to at least
one other uninterruptable power supply module in paratlel therewith.

15
2. An uninterruptable power supply module as claimed in claim 1, wherein the coupling
means comprises a plug or socket connector, and wherein a housing is provided with a

plurality of reciprocal sockets or plugs with electrical interconnections therebetween.

20 3. An uninterruptable power supply, comprising a housing having a plurality of docking
bays each adapted to receive an uninterrupted power supply module as claimed in claim 1,
wherein the coupling means of each uninterruptable power supply module comprises a plug
or socket connector and cach docking bay is provided with a reciprocal socket or plug
connector, the docking bay connectors being electrically interconnected in a parallel

25 arrangement.

4. An uninterruptable power supply as claimed in claim 3, including an electrical power
outlet clectrically connected to each of the socket or plug connectors, to enable clectrical

power to pass from the power supply means, via the coupling means, of each module

30 connected in the housing. This Sheet Has Been Re'ilace




—

out put;of inverter 40, as well as external control signalfidJneepHasBeenRe laced
opt'o-i sol ator circuits—58—The m crocontrol |l er 387to

circuitry external to the UPS Whe 0

c

i

One of the opto-isolators connects to an R tandard 5
connection, another opto-isolato mm ﬂ\@é‘ﬁodul e conmuni cations
bet ween ot herW@PEM206  npdul es 6 \u‘“ $ *n a housi ng PAT/AKRE0EH7
anot her opto-isolator provides cornetion to a switch and indicator
| anp. Fi gure 4A shows a rear view of a UP 6.in a
preferred physical form and 10 Figure 4B illustrates al THi§ SHEET Hag ™|
cross-sectional view of the nodul e 67 1¥re nodule 6 is cpntai 'H‘EF‘LAC- |B|§M
general ly rectangul ar box casing, the rear of which supports—a "nnﬁq ng fan
69, an external power outlet plug 70, an external power inlet socket
72, and a Sonmmudinsaintesrptablepoweaisupply as claimethiaslaim 4o pbereinthe Bousingringindesi ded,
covered by_a_hinoed protecti f . e L L1 . be described .in
oreater depriiRRer Riviedip it oro (ol pa el ¥ s R darh Tanti
power 15 sipthk hiousigeandiieieinihe hoostng incipdes abypies cirdilt adapred tPbapld e MARRI Ve
mai ns el ectrical input connection 50

mai ns el ectricity to, supply the . I t
(Figure 3) po‘aﬁﬂs'i/w @Rt‘&%ﬁé? electaical nopver optputoln the,absgncepfjuginterruptable poyeer

coupl ed ts0 ﬁﬂiﬂi;%ﬁ k¢ ERbctePRAhehotsingl N€ comuni cations jack 74 is provided
to allow” ' Prthe macrocon%roﬁqer 38 6f the UPS npdule 6 to communicate via

Its RS 232 conmuni cati ons port. 20 When the UPS nodule 6 is
installed iLn a housi 4 . the external plug, .and.sacket 70, . 72 are not
LT seas But * caR iBtolryiebis o srEP 3 pRitel BRfR 35 whireihsaid soupfiaifas
t Pr oEg h dax|1d3 RoWa $0RRét 0 phig chndedieprocide B cquentin Comneltiba 8PdiSdnhectondf ! ear
of the npdul e.

electrical connections between the module and housing during insertion or removal of the

10 module into or from the respective housing docking bay.

7. An uninterruptable power supply as claimed in claim 1, wherein said coupling means
includes at least one signal line for coupling said control means in use to the control means
of at least one other module, said control means including an alert signal issue means for
15 issuing an alert signal on the at least one control line upon detection of a fluctuation of said
mains electrical power source, a means for receiving a majority alert signal on said at least one
signal line, and means for controlling the power supply means to provide power, in use, to the

electrical apparatus on the basis of said majority alert signal.

20 8. An uninterruptable power supply comprising a housing for receiving a plurality of
uninterruptable power supply modules as claimed in claim 7, including a plurality of electrical
connectors for making connection to the at least one signal line 6f respective modules when _
received in the housing, at least one said module connected to a respective said electrical
connector, and a control signal processing circuit for receiving a binary alert signal from the

25 or cach module received in the housing and issuing said majority alert signal indicative of the

majority binary state of the or each received alert signal.

9. An uninterruptable power supply as claimed in claim 8, wherein said control signal
processing circuit comprises an impedance network for averaging the or each received binary

30 alert signal, and a threshold circuit for producing said majority alert signal from the averaged
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10.  An uninterruptable power supply module as claimed in claim 1, wherein clectronic
components of the charging means and/or power supply means comprise a first group of
5 components requiring relatively large heat dissipation and a second group of components
requiring relatively small heat dissipation, and wherein said first group of components are
mounted on a ceramic substrate and wire bonded to connection pads of metal foil

interconnection tracks laminated onto said substrate.

10 11.  An uninterruptable power supply module as claimed in claim 10, wherein said first
group of components are mounted on a first side of said substrate and covered with a

conformal coating, and a heatsink is mounted to a second side of the substrate opposite said

first side.

15 12.  Anuninterruptable power supply module as claimed in claim 11, wherein said printed
circuit board containing said second group of components is mounted in a facing relationship
to said first side of said substrate, and wherein wire terminal inserts are provided extending

between the printed circuit board and substrate for electrical interconnection therebetween.

20 13.  An uninterruptable power supply module as claimed in claim 1, wherein voltage
conversion circuitry of said power supply means comprises at least one transformer having

windings formed from a printed circuit board or stamped metallic foil.

14. A method of controlling an uninterruptable power supply, wherein a plurality of
25 uninterruptable power supplies are coupled in parallel, receiving as input a mains clectricity
source, coupled, in use to 6utput clectrical power to an electrical apparatus, and including
energy storage means, comprising the steps of outputting a control signal from each of the
uninterruptable power supplies connected in parallel, processing the control signals from each
of the uninterruptable power supplies 50 as to produce a majority control signal, and

30 controlling each uninterruptable power supply according to the majority control signal.



supply nDduIe is illustrated in cross-section in Figure 5,

principally a_power.

and a heat sink plate 94. An additi onal

transf or mer

96 nounted thereon.
substrate havi ng power el ectronic conponents 102 nounted thereon.

conpri sing

hybrid 92 _a_oainprioted circuit .board—{ReB)—90—
PCB 91 is also shown having a

The power hybrid 92 conprises a ceramc

A barrier

5 structure 1o enmeesunds the power el ectronic conponents nORGW/AUP6HO63The

cerani c substrate

barrier structure 106 al so provides a peripheral

conform

on the ceram c substrate,

The conf or mal

92,
hybrjd2

0 provides a

and provi des a neans for
98 whi ch interconnect the power

hol ding wire term nal s

92, PCB 90 and PCB 91. The

for exanpl e,
conveni ent nmeans by whifch the PCB

to

barrier for
coating 104 over the power electronic conponents 102 once nounted
in order to protect the electronic conponents.

coating 19 104 may conpri se,
barrier structure 106 al
90, having circuit conpongnts 100 nounted thereon,

an epoxy 7 esin.

applying a

The

be att/ached in a

facing relationship tfo thg power hybrid
hybri d ceram c sybstrate is attached
conprise, for exanple, an al um ni um

generated by the po
~substrate.

circuit arrangene

A transfonner
is described in greafer detai

r el ectroni c conpon
96 is al so sho
her ei nbel
t showmn in Figure 5
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pads on the surface of the ceram c substrate 92 by soldering so as to
attain good thernmal 25 transfer hetweepn the die 102 and cer ami-e—subst+ate—
9Z Then the circuit contacts of the dies 102 are wire bonded to the
copper tracks adhered to the substrate surface, in order to conplete

the circuit connections for the power electronics nounted on the power
hybrid. The sypb#tRes mount ed conponents such as current BEWAURG00637
resistors and therm stors are al so nounted on copper pads on the
substrate. For exanple, a therm stor may be nounted on substrate 92 in 30
order to detect an over tenperatureg gondition for the substrate.
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The underside of ceram c substrate 92 is provided with a thin copper |ayer

which is ~ strongly attached to.the substrate surface. Thi
order to attach the substrate 92 to t he al um nium pl ate heat sink 94 by
soldering. In order to achi eve good bond between the thin copper | ayer

on the underside of the substrate 92 and the alum nium plate 94, the
alum nium 5 woatras206 coated with nickel and tin so as to adavAUSREE37 i t h

sol der. The barrier structure 106, which is preferably an
i nsul ative material, such as a heat resistive plastics matgrial, is
attached to the ceramic substrate 93/1Zsurroundi ng thd powerr el ectronic

conponents 92 nounteg

tg%r on. The barrier $8ructuffe=106 i & prgyided with
10 term nal connecTofs

ich conprise w conn rs e%&r& ng through

the barrier structurk rti ongfansve #0 the plane
of the ceram c substg ‘ nnect]i ¥n to er tragks on
the ceramc su ouph hof esj on the™wnPCB
90, when nount et m cbn s 98 are
attached to - orid by | ef bl der i ng.
The surface of cera e dnfr rjot e 106 is
then covered with a c.'at ‘E_ r bnded
power el ectronic¢ co a| B helP havi ng
circuits with cem t rqa r r,96aready
attached is nourt qd g ornf the barrier 1106 cgnhectigns made
to the wire connedqt @ &Jj 98 |by wave $ ifng. Erlds @&f thejconngctors 98
whi ch extend throdgythe Harri%r struct 6 are |bg tyansverse to
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substrate which provides good electric insulation and thermal conductivity,

whilst. being substantially theronlly matched to the el ectronicdies

nounted thereon. An alternative is to 25 use a polyam de or ceramic filled

epoxy as an insulative | ayer between copper foil tracks and a netal base
plate. Polyam de is a | ow cost material that has the di sadvantage of | ow
t her mal cweoRranlogi ty. Epoxy material is nore difficult tRCT/WENEI08§37but
provi des hi gh thernal conductivity. The di sadvantage of this alternative

nmet hod is that the copper foil and ?ﬂge pl ate m ght exhibit different

t hermal expansi on characteristics é e the materials are different. If 30
the same material is enployed for the base plate as for the copper
conduction tracks, then the WO 97/ 14206

PCT/ AU96/ 00637 -12-
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cost . of the construction is higher since the base plate (heat sink) needs
to_be thick enough for structural rigidity The thernmal exparstes————
probl enms nay not be so critical if the circuit conmponent s nounted on the
power hybrid are packaged conmponents such as a T0220 devi ce, but in the
case where bare integrated circuit dies are utilised as in the present

i nstance, andwo»7msz06 bonded to the copper tracks, thernmal POTAIDEB063AN
darmage the circuit conponents, which requires that mechani cal stresses
due to thermal expansion msmatching to be carefully addr essed.

The described construction nmethod al dzprovides t he advantage that water
metered 10 construction techni ques can be enployed for the entire circuit.

The term nal connectors 98, for exanple, provide an L-shaped bend at
portion abutting the power hybrid, which enables re-fl ow soldering to be
enpl oyed, whilst straight ends of the term nal connector extend t hr ough

pl ated through holes in the PCBs 90 and 91 to enabl e wave sol deri ng. 15
Referring to nowto Figures 6, 7 and 8, the neans by which a UPS nodul e 6

is coupled to a housing 4 is described. Figures 6A, 6B and 6C are cross
sectional illusggati ons show ng t he connection process, wherein a UPS
nodule 6 is instaN ed in a docking bay of the housing 4, and a connector

100 and the UPS nodsl e my ket 102 in
t he housing 4. As nentwon i ' i | atched flap 80

is provided in 20 the reayjjfof t no i n order h t he connector
100 in the nodul e other thgn Whe q tpnrlection is n p| t he socket
102. As shown in the figurlés, khellf | 4 [BQ—~ i vel € by the
socket connector 102 as tiH-odulll 6 lilgllilekserted ipto t usi ng 4, whil st
t he. i q
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connector 100 extends into the socket 102 so as to make el ectrical
connecti ons _therebetween. The socket connector 102 in the-housihrg—4—s
coupled to the busses 14, 16, 18, 20 and 22 25 (Figure 2), whil st

el ectrical tracks on the connector 100 in the nodule are coupled to the
circuit conponent in the nodule 6. The connector 100 may conprise, for

exanpl e, thewp® k6 of a printed circuit board, havi nporaudHedssy e
tracks forned on one or both sides thereof for maki ng connection to
respective contacts in the socket cgnn ctor 102. 30 Referring to
Figure 7, a cross sectional view of ocket connector 102 is shown in
WD 97/ 14206 :
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various stages of insertion of a connector 100. The connector 102 conprises

a plastic case 104 having a base 112 for nounting on a surface.in the
housing 4. At the end of the casing 104 opposite the base 112 there is
provi ded an aperture 106 for receiving the connector 100 in the

| engt hwi se direction of the socket 102. A slidable elenent 108 is contai ned
within the wowasiseg 104, aligned with the aperture 106, ai/At®sitaent |y
urged toward the aperture 106 by means of a spring (not shown). On each
side of the slidable elenent 108 there are provided contact el enents
110 which are fornmed so as to be rﬁphtiently urged towards the access of

t he socket connector 102, and having contact portions at an end thereof
approxi mate the aperture 106. The other ends 114 of the contact

el ements 110 protrude fromthe base of the socket 10 connector 102, for
maki ng connection to, for exanple, the busses illustrated di agrammatically
in Figure 2. Wt hout the connector 100 inserted in the socket
102, the slidable elenment 108 abuts adj adgnt the aperture 106, and
separates the contact portions of the contactjje nts 110. As 15 the
connector 100 is inserted | engthw se through [H1&"aperture 106 of the socket
102, the slidable el enent 108 is pressed |fowards the base of the
socket, which enables the contact portiorg of the contact el enents 110
to nove toward the c@innector 100 so as to corfact {jt he surface thereof.
The contact el enents}{110 are thus able to naKe el gctrical connection to the
tracks formed on the}j]PCB form ng the connectdf 10§}, which allows electrical
signals to pass 20 ffjomthe connector 100 thrpugh|ithe ends 114 of the
contact el ements 110jjt hus to<glwnntry in t hejjhousi ng 4.

§ 102




Fi gure 8 Il lustrates exploded isonetric views of portions formng the
socket conpector 102, which shaws bhow a.plurality of electrical—
connections can be made to tracks on a circuit 25 board connector 100 by
providing a row of contact elenents 110 in slots in the socket connect or
102. In order to prevent access to the connector 100 inside a
UPS nodul e 6wen7r1g206t he nodul e is renoved from the housiBRQI/AUNHNSH as
whilst it operates as a stand alone unit), a 30 latched flap 80 is

provi ded, as shown in nore detail in Figure 9. Figure 9A illustrates a rear
WD 97114206 8/12
PCT/ AU96/ 00637 -14-

=3
)
\ v
B O
u.
Vel
— - T
—c_,_.‘-'-“
N
o
—
S ; =
T . :.:.
S PN
[ = . 3 - m
|G \ S
=J 1}
. h 9
(818
o]
[+ ]
ol =




view. of a UPS nodule 6, having the latched flap 80 hinged as indicated at

124, _and having Jatches 122 at_each end of fthe flap 80, to_hold the
flap in a ordinarily |atched cl osed position as shown in Figure 9B and
enl arged Figure 9C, when the UPS nodule 6 is installed in the housi ng

4, a protrusion 120 on the end of the socket connector 102 aligns with the
| at ches 122, woorhumpb presses against an angl ed surface of tpggudiRkedss122

during insertion, so as to unlatch the flap 80 for hinged access to the
interior of the nodul e 6. The ability of the UPS nodules 6 to
be "hot swapped" in and out of the housPAlZ 4 is ai ded by a construction

of the connector 100 and socket 102 which facilitates a sequential 10
connection maki ng process. In order to avoid sparking during insertion or

removal of a UPS nodul e 6 fromthe housing 4, the connector 100 and
socket 102 are arranged so that an earth connection is nmade before the
active power connections. For exanple, upon installation of a nodule 6
into the housing 4, firstly an earth connection is nade between the
connector 100 and socket 102. The nmaking of the ear ction is
sensed by the mcro controller ' res that

t he power connectior® to th of f, such
as by openi ng power dut put ay elay 44. |gtead
of sensi ng t he—rald e ea "SY separ a
connection may be provifded n 102, f t he
pur poses of indicating e s YaxVY Qui ts of Hhe
nodul e shoul d be turned off. [ nserted 20
into the socket 102, the active poywer connections (li eutral) are
made, but because the power ebfcuits of the nodule are not activated, no

substantial current flows during the
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connection to the active termnals so as to avoid sparks or arcing. A final
connection is then made to indicate to the nodule 6 that . the power
circuits can be turned on. During renoval of the nodule 6 fromthe
housi ng 4, the sequence descri bed above is reversed, and once again 25 the
power circuits of the nodule are inactive at the tine when the active

connecti ons awe 97142001 oken. One way in which tpera®edesss ons
as between the connector 100 and socket 102 can be sequenced as

descri bed above, is to provide the r%nted circuit board tracks which form
30 contacts on the connector 100 mﬂBﬁ %taggered ends at the edge of the
connector 100 whi S WO 97/ 14206 .
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inserted in the socket. An arrangement of this type is illustrated in the

c
i ndi cated by reference nuneral

t he connect or
Thus,
strip 101A first,
101D, as the connector

then 101B, strips

igure 8.
101A may
for the nodule 6, and this contact strip term nates closest the end

100 which is inserted in the aperture 106 of the socket.
as can v@®97843éadi | y ascert ai ned,

100 is inserted in the socket.

For exanple the contact strip
conprise an earth connection

of

contact woul d be madgerddeesaant act
101C, and finally contact strip

Al ternatively,

t he physical edge of the connector W62 which is inserted in the socket may

itself be staggered,
el enents 108 in a staggered fashion
anot her alternative,
of t.he same | ength, and the slidable
surfaces at different heights as
different contacts, such that the
the slidable elenments of different s
manner as the connector is inserted.
t he UPS nodul es 6 have been renoved
time, the housing 4 may al so be prov
detects the absence of all nodul
and power out connectionggl0, 1%

is still provided to the&l ectrial

such that contact

the contact stri

is made with the slidable

be
ements 108 constructed so as to have
Pt ween the slidable elenents for the
edge of connector 100 presses agai nst
face heights in a sequenti al

onnector is inserted. In
p 0 may al

e
b

of

byl m%th a bypass circuit, which
‘ S cqpect ed thereto. In the

absence of all of the nmodul es 6, \f
el ectrical 20 power s J

'3? In the event that al
brh t he housing 4 at t he sane
nd di?gctly couples the power in
tgoenspire that electrical power
erruption occurs in the mains
ption will simlarly occur at the

el ectrical apparatus. }\
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Referring to Figure 11,
nmpj ority deci sion CaDabI||tV of

wherein each microcontroller 38

(V[err], V[err], and V[err]) on the control
control signals are provided as input to the inpedance network 24 shown in

25

there is shown a sinple circuit for affecting the

fthe nodules 6 installed in-the housing,

provi des a voltage based contro
bus 20 (Figure 2).

The

Figure 11, wod¥wnbosi s provided in the housing 4. The resuleCTguIsmbésage

Vlerr] at the centra

averagi ng of the control
which a threshold determ nation is
state output by the majorit

node of the

i npedance network then represents an
t he nodul es,

signal s prqzyﬁpd by each of
appl1

signal is provided back to 30/the

-17-

- : 2046~

to

ed in order to deternine the | ogi c

of the nodules 6. The resulting-threshol ded
nodul es 6 contr ol

97

bus 22 (Figure 2).
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1. " An uni nterrupt abl e power supply for receiving nmepcpaiele® r I ry -
R

and suppl yi ng an el ectrical apparatus, conprising a housing _
receive a pl UPERIMEEERFMIBT Nt er rupt abl e 5 power supply @il gsE Taril bafG 197
| east one said uninterruptable power supply nodul e conpri si ng:

an energy storage device; . a charging nmeans for storing

el ectrical power froma source of the mai,ns power in the ener gy storage
devi ce; 10 a power supply neans Eédpled_to t he source of the mains

el ectrical power and the energy storage device, for supplying electrical

he el i cal ’ . | f
Control i ng t he. power supply meaMOPYLAR POWER SERPELS, e el ectri ca
power, i n use, torkheghaehy iifals APPRIALIS pbhBILIR S W hafcRar biSicHRbR Bt the

el ectrical power “or Tromtheé energy storage e;

coupl i ng neapsemitiPictded © Elideiraptable!powes wilpptick fier cohnedtidh! fort eXahmpld) Bekeen a
supply nodul e to said housing when received therein; wher ei n

each of sai dmainsipewer souree and pleetricalprquinneens surly assaignputeroappREAtIshi ch i s
received ip said housing is coupled to operate in parallel with each other
uni nterruptabl e power supply nodul e therein. 20 2. An

ﬁg;ﬂ;er r uggabl e PPHEpowstEpply 3uibtehtTRithia8 uﬁi’n&irﬂbtlible%%?&\ib liefﬂql’%_? lakeften
nprises a plug or” socket connector, anhd wherein the. housing Is
provi ded wi timed ippbeupdihg sensitive efectriealiapparatas, sacicasstomputer ghuipmeat dh aauaips powen
havi ng- oF ect UG- AR ERESHHBEbIe JASHer FUPRLE CPWEh brgieck fF HAPA BOBET Sirces and &
connect i on of, tRie Shh ProbRE G side b pdviét WABMTIs BBt subject to fluctuations in the mains
10 power source and can provide power in the case of a power outage with respect to the mains
source. The power handling capacity of the uninterruptable power source must be maitched
to the power consumption of the electrical apparatus connected thereto, which can cause some -
difficulty if the electrical apparatus is upgraded or added to. For example, in a computer
application where an uninterruptable power source is driving a local area network (LAN)
15 server which requires 1 kilowatt of power, the uninterruptable power supply may be chosen
to have a capacity of 1,200 va. If the LAN server is upgraded to a model which requires 1.5
kilowatts of powef, then the UPS would need to be replaced with one with additional power

handling capability.

20 * In accordance with the present invention there is provided an uninterruptable power
supply for receiving mains electrical power and supplying an electrical apparatus, comprising
a housing adapted to receive a plurality of uninterruptable power supply modules, and at least .
one said uninterruptable power supply module comprising:
an energy storage device;
25 a;qharging means for storing electrical power from a source of the mains power in the
energy storage device; |
a power supply means coupled to the source of the mains electrical power and the
energy storage device, for supplying electrical power to the electrical apparatus;
a control means for controlling the power supply means to selectively provide

30 electrical power, in use, to the electrical apparatus from the source of the mains electrical
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3. An uni nterruptabl e power supply as clainmed in clpgirmi2, the/m '
having a plurality of docki ng bays each adapted to receEI ﬁ|§ AUG

uhi nt er r upt abPEVPHRRTCS BBl y nodul e, each of sai d docKt gtb&/‘i ﬁg 195:
provided with a said reciprocal socket or plug. 30

- 18- 4. An uni nterruptabl e power supply as clained in claim2 or
3, the housing including an el ectrical power outlet for connection to
the el ectrical apparatus and which is eléectrically connected to each of

t he reciprocal sockets or plugs, to enable electrical power to pass from
t he power supply rre &fﬁ each rmdul(ffe connected in the housing, via the
respective c88BFY A rogx SHETBY SIOTASEFFVISdN® connected in the housing.

coupling means adapted to electrically couple the uninterruptable power supply module
to said housing when received therein;
_ "wherein each of said at least one uninterruptable power supply module which is
5 received in said housing is coupled to operate in parallel with each other uninterruptable

power supply module therein.

In one form of the invention, the coupling means comprises a plug or socket

connector, and wherein the housing is provided with a plurality of reciprocal sockets or plugs

10 with electrical interconnections therebetween. In fhis case, the housing is adapted to receive
a plurality of the uninterruptable power supply modules, each module ﬁttihg into a respective
“docking bay and making connection with its coupling means to a respective socket or plug in
the housing, wherein the modules connected in the housing are in a parallel circuit
arrangement. The housing may include a mains power source input, and connections

15 therefrom to each of the sockets or plugs for transmission to modules when connected to the
housing. The housing may also include an electrical power outlet for passing electrical power

to the electrical apparatus, with electrical conneétions between each of the sockets or plugs

in the housing, to enable electrical power to pass from the power supply means, via the
coupling means, of each module connected in the housing. In a preferred form of the

20 invention, the housing includes a bypass circuit adapted to couple the mains power source
input to the electrical power output in the absence of uninterruptable power supply modules

connected to the housing.

In a preferred embodiment of the invention, the uninterruptable power supply modules

25 are "hot pluggable” with the housing, 'meanin'g that a module can be connected or

disconnected from the houéing without interrupting the flow of electricity from the mains
power source to a electrical apparatus coupled to thé electrical power output. One of the

| features which aids in achieving this is a form of the coupling means which effects a

sequential connection or disconnection of connections as between the housing and a module

when the module is inserted or removed from the housing.
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5. ' An uninterruptable power supply as clained i PCEAL 46 IV\A'erOa 1) 3{?%
housi ng i ncl udes a mai ns power input for providing c@ BfAURINGT
ebectrical p&RETMEEEH*fodul e in t he housi ng vi aﬁ eﬁrigéEpcht ive
coupl i ng means, and wherein the housing includes a bypass 10 circuit

adapted to coupl e the source of mains electrical power to the electrical

power out put in the absence of uni nterg upt abl e power supply nodules in
t he housi ng. 6. An uni nterruptabl e power supply as clained in claim
5, wherei'n each said coupling nmeans and housing reciprocal socket or

| f
R o omoate s on of - AdditHa? pBASICRY Shale s EAIRRY he pcthRuei ot GblaTihe Jelotiuely gl
and housi ﬁqnéi&wwm poVRE thiVersitn GRIRNAS M@r sﬂgﬁlg ainet rtraﬁlsfa?ﬂmeare

housi ng . . An uni nterruptable povver suppl In c
wherei n sai dcmstrphte«hguhmagsvmdmgmwhwﬂase formed amta pimted ciyouit bodrd er Samped from

o ! Sy R e 4B 3 e 7 e BB
| ssuing an al,gl P(ﬂ(ﬁ 1698} th Mofer b@?&lgﬁ@?ev%? %ﬂcapefdté‘& #@%&1&5&8%&%&9&6

a fluctuation sal mal ns electric poOwEr’, ~a“means recervi

maj ority al ekilokergald mﬁkﬁah'edzahdItmspomeraﬁnmlexcessloifrseowmﬂ means for
controlling the power supply neans to provide power, in use, to the
electrical apparatus on the basis of said majority alert signal. .

Ml udes B o7 uhP RYEhacit B o PRecs Rl of Pofitotil 4. aﬂr"%@%?%ee@?‘{"%‘#ﬁ?@?
the at |east wheRiPh prandlity bf€niMErruptable power supply modules are coupled in parallel, receiving

as input a mains electricity source, coupled, in use to output electrical power to an electrical

..n_)

apparatus, and including energy storage means, comprising the steps of outputting a control
signal from each of the uninterruptable power supply modules connected in parallel,
processing the control signals from each of the uninterruptable power supplies so as to
produce a majority control signal, and controlling each uninterruptable power Supply module

according to the majority control signal.

The invention further provides a method for providing an uninterruptable power
supply to an electrical apparatus, comprising providing a housing containing a plurality of
individually operable uninterruptable power supply modules, providing a power input in the
housing for connection to a mains electricity, providing a power output in the housing for
‘connection to the electrical apparatus, providing electrical energy storage means in at least
one of the modules, providing parallel power bus connections in the housing for connection
of the power input and power output to the individual modules, providing each of the modules
with a sensing means for sensing a fluctuation in the mains electricity and outputting a
corresponding alert signal, wherein alert signals received from each module are processed in

_the housin-g to produce a majority alert signal which is provided to each module, and wherein
control circuits ih the modules are responsive to control the supply of power to the power
output from either the power.input or the electrical energy storage means on the basis of the

majority alert signal.
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r-’espéctive nodul es when received in the housing, at pepet g yairqilq;r[ﬁjtge7
connected to a rggpsctive said -electrical connector, and a Co |

si gnal proce® PR e it for receiving a 30 binary al erf EgHaE I b AHE 5.
- or each nodule received in the housing and issuing said majority

P:\OPRUCMM C-CLM - C -19 -
alert signal indicative of the majority bigary state of the or each
received alert signal. 9. An uni nterruptabl e power supply as
clainmed in claim8, wherein said control signal processing circuit

Sl ert o gnal . ana TR ERPRERR SR ERRY dBRs se iR EPam AL P PAFSDIS B Wi
signal from tdp&eAdEHANE dccompadyBp ldrevisBs! wherein:
Figure 1 is an illustrative view of an embodiment of the invention, showing a housing
containing a plurality of uninterruptable power supply modules;
5 Figure 2 is a schematic block diagram of circuitry for an uninterruptable power supply
module and housing; _
Figure 3 is a more detailed schematic block diagram of circuitry for a UPS module;
Figures 4A and 4B are rear and cross sectional views, respectively, of a UPS module;
Figure 5 is a cross sectional view showing a preferred construction of circuitry
10 according to an embodiment of the invention;
Figures 6A, 6B and 6C are cross sectional views illustrating a coupling between a UPS
module and a housing;

Figure 7 illustrates cross sectional views of a connector for connecting a UPS module

to a housing;
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10 " An uni nt errupt abl e power supply as clained i npcg.r”%tﬁ]nglﬁ ahgrei 6 317 at
| east one uni nt errupt abl e power supply nodule is constguet & It Dy s
el ectroni c cOFFYAETHE Yt *Yhe 10 chargi ng neans and/ or poweggg'di é’nn@aﬁs"‘\% 1937

conprising a first group of conponents requiring relatively | arge heat
di ssi pation and a second group of conponents requiring relatively snall

heat dissipation, and wherein said first,group of conponents are nounted on
a ceramc substrate and wire bonded to connecti on pads j

i nt erconnection tracks | am nated onto said substrat 1. An
uni nt err upt aEJ& ver supply as clained in claiml10, V\,hzm, ﬂmﬂm}muﬂm
group of Wnts are nounted-on a first side of salde M and
covered with a confornal coating, and a heatsink is nounted to a second
side of the substrate opposite said first side. 20 12. An -

uni nt errupt abl e pdanaminterpyitable powensupply fon redediing inbins\elsetrédah pewedlang supplydng

circuit board contai ni ng sai d second group qof conponents is nounted in a
facing rel at POFISHT @Bpaggt}lg comppplpgla?'@ %ﬁﬁl’%itﬂ regehvet 3 plugality At unipteraipfable

board and. SupRVEERebyadlep ARl Bhe bt s el "€ it

board and s i'cal i nterconne r
An uni nt er r updraptisinggower supply as claimed in claim1, wherein voltage
conversion . circuitry of said power supply nmeans conprises at |east one

transforner havi ngn_ﬂmra)'ﬁtysage devteeired froma printed circuit board or
stanped netallic L%ﬁalr'ging means for storing electrical power from a source of the mains power in the

energy storage device;
10 a power supply means coupled to the source of the mains electrical power and the
energy storage device, for supplying electrical power to the electrical apparatus;

a control means fdr controlling the power supply means to selectively provide
electrical power, in use, to the electrical apparatus from the source of the mains electrical
power or from the energy storage device; and

15 coupling means adapted to electrically couple the uninterruptable power supply module
to said housing when received therein;

wherein each of said at least one uninterruptable power supply module which is
received in said housiﬁg is coupled to operate in parallel with each other uninterruptable
power supply module therein.

20
2. An uninterruptable power supply as claimed in claim 1, wherein the coupling means
comprises a plug or socket connector, and wherein the housing is provided with a plurality
of reciprocal sockets or plugs each adapted to interface with a respective said uninterruptable
power supply module and having electrical interconnections therebetween for the parallel

25 connection of modules when received in the housing.

3. An uninterruptable power supply as claimed in claim 2, the housing having a plurality
of docking bays each adapted to receive a said uninterruptable power supply module, each of
said docking bays being provided with a said reciprocal socket or plug.

30
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4. ' An uninterruptable power supply as clained in AGAY10 Gnd 00 637
said nodule is 30 capabl e of stand-al one operation and inge x 0 16
input adapt € T6 FAH UEE” provide the NECEITED QoBA 193_7_
- 20 - source of mains electrical power for the respective nodule, and

a power output adapted to, I n use, supply electrical power to the

el ectrical apparatus. 15. An unjiqyat erruptabl e po ﬂ“

claimed in claim1l1, wherein each unint erI;kLpt able 5 pov\Hnlmmn ml I“Ican
be individually or collectively inserted and/or renoved frofnsaid s *
housi ng wi t hput ipferr i th of_.poywer .to the.electrical, .
apparatus, | use‘f% umm‘.é?}ugggle poi’ﬁﬁ‘ﬁ’%h%ﬁfrcﬁaﬁ%fﬁ %la%%k?rr 3¢ (B RQpsig ipelyding an
in claim 15 agdrigdlgiwe dufle@fdrQ¥nR@4on to thé! BleBirRAT MifaPdth€ altP WalchSidRIMcYrically
nodul e to be inserted and/or renoved fromthe housing,

connected to each of the reciprocal sockets or plugs, to enable electrical power to pass from

the power supply means of each module connected in the housing, via the respective coupling

5 means, of each module connected in the housing.

5. An uninterruptable power supply as claimed in claim 4, wherein the housing includes
a mains power input for providing said source of mains electrical power to each module in
the housing via the respective coupling means, and wherein the housing includes a bypass
10 circuit adapted to couple the source of mains electrical power to the electrical power output

in the absence of uninterruptable power supply modules in the housing.

6. An uninterruptable power supply as claimed in claim 5, wherein each said coupling
means and housing reciprocal socket or plug connector facilitate predetermined sequential
15 connection or disconnection of a plurality of electrical connections between the module and

housing during insertion or removal of the module into or from the housing .

7. An uninterruptable pbw_er supply as claimed in claim 1, wherein said coupling means
includes at least one signal line for coupling said control means in use to the control means
20 of at least one other module, said control means including an alert signal issue means for
issuing an alert signal on the at least one control line upon detection of a fluctuation of said
mains electrical power, a means for receiving a majority alert signal on said at least one signal
line, and means for controlling the power supply means to provide power, in use, to the
: electricai apparatus on the basis of said majority alert signal.
25 ) .
8. An uninterruptable power supply as claimed in claim 7, wherein the housing includes
a plurality of electrical connectors for making connection to the at least one signal line of
respective modules when received in the housing, at least one said module connected to a
respective said electricﬂ connector, and a control signal processing circuit for receiving a
30 binary alert signal from the or each module received in the housing and issuing said majority
AMENDED SHEET
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. C w4
10 thereby formng and/or breaking its parallel electfT@al ccmn"ec{ Ron we t
any ot her nodules in t he housing, irrespective of MetIEEﬁEéIIQdBrI}c&IAUG 1997
pover is at tHEVMRE“STPT ed to the electrical apparatus fromthe
source of mains electrical power or fromsaid energy storage device(s).

17. An uni nterruptabl e power supply as clained in cl

coupling neans 15 conprises a plug connec{®r haV| ng a S”['IEJ"MHFI"I]"IW

el ectrical contacts, and wherein a socket ovi ded

adapted to rrake electrical connection with the contacts of the plug

connect or mhe e |ve du .8 received.j.n the housing,. the ug
connect or and %@'ﬁg’ﬁm&b HE?JP{I@SI@H”&PW PRII"F Or £A¢h FrRgetV Flg %51‘%&
renoval of the nodul e fromthe housi ng, sequential connection is nmade to

respective ones of the electrical contacts so as to 20 enable the nodule to
be inserted 09. r enAnenhirteruptable powes supply as elajypat invdaiof 8 1 Whersinsaibcatrol signal

h I i.cal I d, h I

et hod of - conRPBRARG GRHHE GaRmRriser Wé&f'w@alc SR ASPypEinG e e pack Teived bingry
f t I
Ceceiving o Lae” aRPd Rt TRY ¥riell Sa B0, Ak SRR e the pysrpee

el ectrical poalent signabn el ectri cal appar atus, and I ncl udi ng energy
storage neans, conprising the steps of outputting a control signal from
each of the uni nt errupt abl e power suppl y nodul es connected in parallel,

process 19, e SOl pirRbRL o HuRBE: Bt Bh 5, ARG BP ISk one
ggﬁ?r III” QI SII glﬁﬁhﬁéﬂ@tz{!ﬂ%’\@bwéﬂ REpply RIS @%ﬂs'tﬂiciw with teltrRicOEdrhpordts of the
10 charging means and/or power supply means comprising a first group of components requiring
relatively large heat dissipation and a second group of components requiring relatively small
heat dissipation, and wherein said first group of components are mounted on a ceramic
substrate and wire bonded to connection pads of metal foil interconnection tracks laminated
onto said substrate.
15
11.  An uninterruptable power supply as claimed in claim 10, wherein said first group of
components are mounted on a first side of said substrate and covered with a conformal

coating, and a heatsink is mounted to a second side of the substrate opposite said first side.

20 12. An unintemlptable power supply as claimed in claim 11, wherein said printed circuit
board containing said second group of components is mounted in a facing relationship to said
first side of said substrate, and wherein wire terminal inserts are provided extending between
the printed circuit board and substrate for electrical interconnection therebetween.

25 13.  An uninterruptable power supply as claimed in claim 1, wherein voltage conversion
circuitry of said power supply means comprises at least one transformer having windings

formed from a printed circuit board or stamped metallic foil.

14.  An uninterruptable power supply as claimed in claim 1, wherein each said module is

30 capable of stand-alone operation and includes a power input adapted to, in use, provide the
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‘51 19. A nethod of controlling an uninterrupt aoratp@ud ﬁ@@y@a% 7
B A&t

claimed in claim16, wherein the control signal of ea | r €
power suppl §CEMSFIESEY-E7bi nary si gnal , and wherein t‘ﬁécgﬁo\'cri@siwn BPY 1997

the control signals conprises averaging the binary | evel—
plurality of control signals and applying a predeterm ned threshold to

produce the majority 5 control signal. ,n_ 20. A memﬁn mm g
an uni nterruptabl e power supply to an e?%ctri cal apparald ”"'nm ' ’mg
provi ding a housing containing a plurality of individually bpefales *
uni nterruptabl e pwer supply nodul es, praoviding a power input in the
housi ng for s%%%’f"glﬂﬁ e{iqgtrgpagggwgr f:dPG the respeetive mpdule, G-O‘i(i) aiPeyer opPkadaptpd ot
in the housj f ' AN par at us, provi di ng

el ectrical E%Fggﬁpﬁg?%gk%%‘g&itﬁ%%@g‘g? ag’ﬁe 3% the nodul es, providing
-paral | el power bus connections in the housing for connection of the

power input_ and power output to ) ) .
15. " Anuninterruptable power supply as claimed in claim 1, wherein each uninterruptable

5 power supply module can be individually or collectively inserted and/or removed from said

housing without interrupting the supply of power to the electrical apparatus, in use.

16.  An uninterruptable power supply as clairhed in claim 15 and adapted to allow each
uninterruptable power supply module to be inserted and/or removed from the housing,
10 thereby forming and/or breaking its parallel electrical connection with any other modules in
the housing, irrespective of whether electrical power is at the time supplied to the electrical

apparatus from the source of mains electrical power or from said energy storage device(s).

17.  An uninterruptable power supply as claimed in claim 1, wherein the coupling means
‘15 comprises a plug connector having a plurality of electrical contacts, and wherein a socket
provided in the housing is adapted to make electrical connection with the contacts of the plug
connector when the respective module is received in the housing, the plug connector and
socket being constructed such that, during insertion or removal of the module from the
housing, sequential connection is made to respective ones of the electrical contacts so as to
20 enable the module to be iﬁserted or removed from the housing irrespective of the source of

the electrical power supplied to the electrical apparatus.

18. A method of controlling an uninterruptable power supply, wherein a plurality of
- uninterruptable power supply modules are coupled in parallel, receiving as input a mains
25 electricity source, coupled, in use to output electrical power to an electrical apparatus, and
including energy storage means, comprising the steps of outputting a control signal from each
- of the uninterruptable power supply modules connected in parallel, processing the control
signals from each of the uninterruptable power supplies so as to produce a majority control
signal, and controlling each uninterruptable power supply module according to the majority

30 control signal.
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't he' i ndi vi dual rodul es, provi ding each of the nodul es wi-tfta sengi i (Jreans '}'

for sensing a fluctuation in.the mains electricity and ut.f.lng a,.
cor r espondi mgresvemdiecsivgmial , wherein alert 15 signal s receiﬁg%r\}(ﬁaﬁeé?ch noo 1997
nodul e are processed in the housing to produce a nmajority alert st+-ghal

which is provided to each nodul e, and wherein control circuits IIHB@L

nmodul es are responsi ve to control th(a2 supply of pﬂm“ Jﬂ“ J
output fromeither the power input or - line el ectri . Ly
means on the basis of the npjority alert signal. 20 21. A net hod as

claimed in claim18, wherein said alert signals are processed by
aver agi ng t H®. al ek tmethorhaf sontvalling lan unintersuptable power seppiy)@s &imed i claim 16,

v . O .
E ponohe e chSoomal SRS Bh Rl i BB Y Blpris a by il
fromsaid 25,9 lrv}f{eﬁ:lid ¥ | dpekkmq}iﬁﬁé W's%nﬂe\&sir&]lpﬁhmv&m&@%mwﬁver of ke

nodul es into o roms _ ousi ng w t fout errupting the supply of
el ectrical phwality éficonsre] signalt land epplyingi apredetpmained threshold to produce the majority

5 control signal.

20. A method for providing an uninterruptable power suppiy to an electrical apparatus,
comprising providing a housing containing a plurality of individually operable uninterruptable
power supply modules, providing a power input in the housing for connection to a mains
10 electricity, providing a power output in the housing for connection to the electrical apparatus,
providing e;lectrical energy storage means in at least one of the modules, providing parallel
power bus connections in the housing for connection of the power iﬁput and power output to
the individual modules, providing each of the .modules with a sensing means for sensing a
fluctuation in the mains electricity and outputting a corresponding alert signal, wherein alert
15 signals received from each module are processed in the housing to produce a majority alert
signal which is provided to each module, and wherein control circuits in the modules are
responsive to control the supply of power to the power output from either the power input or

the electrical energy storage means on the basis of the majority alert signal.

20 21. A method as claimed in claim 18, wherein said alert signals are processed by
averaging the alert signals over the number of modules and applying a threshold thereto to
produce said majority alert signal. '

22. A method as claimed in claim 18, including the insertion into, or removal from said
25 plurality.of uninterruptable power supply modules, one or more modules into or from said

housing without interrupting the supply of electrical power, in use, to the electrical apparatus.
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(54) Tile: MODULAR POWER SUPPLY Y
| (57) Abstract '

A modufar power supply (2) suitable for application as an unin-
termuptable power supply for use with electrical equipment such as com-
puters. A module (6) of the power supply may include a battery (32),
a charging circuit for the battery (34), a power supply circuit coupled to
mains electricity and the battery (30, 36, 40), and a control circuit (38) for
selectively providing power to the electrical equipment (12) by way of the
power supply circuit from either mains electricity (10) or the battery as
source. The module is also provided with a coupling which is adapted to
connect the module in paralle] with at least one other module. A housing
may be provided to receive a plurality of modules, which are connected
together in paralle! by way of plugs and sockets when received in the
housing. The plugs and sockeis and the control circuit may be adapted
to enable "hot-swapping” of the modules from the housing. The modules
may also be interconnected in the housing by way of a control line (20}
which enables communication of the modules for making a majority mles
decision concemning the provision of power from the mains or battery on
the basis of fluctuations in the electrical mains supply.
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