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(57] ABSTRACT

Circuitry is described for isolating a section of a loop
circuit (L) from a bi-directional supply unit (20) in the
event of a short circuit in the section. One or more
circuit elements (21), such as fire detectors, are con-
nected in respective portions of the loop circuit and
between respective pairs of bi-directional isolators
(1,2,34). Each isolator includes switching means
(TR1,TR3) providing low and high impedance paths
for respectively supplying current to said circuit ele-
ments and isolating said circuit elements from the sup-
ply unit (20). Each isolator also includes sensing means
(TR2, D1, DS7) for sensing a short circuit in any one of
the circuit elements (21) whereby the sensing means
causes a change in state of the switching means from the
low to the high impedance path thereby isolating the
circuit elements in the respective section of the loop
from the supply unit. .

10 Claims, 6 Drawing Sheets
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SHORT CIRCUIT FAULT ISOLATION MEANS
FOR ELECTRICAL CIRCUIT ARRANGEMENTS

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

The invention relates to means for improving the
reliability of electrical circuit arrangements by the in-
troduction of means for isolating short circuit faults
from other parts of the said electrical circuit arrange-
ment and more particularly though not exclusively to
electrical circuit arrangements forming part of a fire or
smoke detection system.

The central control unit of a fire detection system
monitoring extensive premises may need to be con-
nected to a large number of fire detectors sited through-
out the premises. In order to identify with some preci-
sion the location of any fire it is state of the art practice
to divide the protected premises into local areas or fire
zones each separately monitored by the control unit. If
many detectors are required to adequately protect the
premises it is usually uneconomic to have as many fire
zones as detectors because of the high cost of wiring
each detector directly to the control unit and the cost of
providing a multiplicity of monitoring circuits. In prac-
tice precision is usually compromised by directly inter-
connecting closely associated detectors to form fewer,
less localised fire zones and connecting each group of
detectors to the control unit as shown schematically in
FIG. 1. The control unit 19 identifies in which zone a
fire has been detected but not which detector 21 has
responded. In such systems the maximum number of
detectors 21 grouped together to form a zone is nor-
mally restricted to about 25 detectors. The interconnec-
tion of a larger number of detectors is not normally
practiced, firstly because the greater area monitored by
a greater number of detectors reduces to an unaccept-
able level the precision with which a fire can be located,
and secondly because the occurrence of a circuit fault,
such as a short circuit, in the wiring interconnecting
detectors can render all the detectors in that zone inop-
erative and place an unacceptably large area at risk
pending repairs, even if the presence of such a fault is
indicated at the control unit 19,

Recent technological developments such as the intro-
duction of microprocessors and improved data trans-
mission techniques, now make it practical to manufac-
ture detectors incorporating circuitry means by which
each detector in a fire detection system can be made
responsive to a uniquely coded address signal that may
with advantage be superimposed on the wiring supply-
ing power from the control unit to the interconnected
detectors. When a particular detector receives its
unique address signal from the control unit the circuitry
means associated with the detector responds by trans-
mitting to the control unit a signal containing informa-
tion about the status of the detector. The control unit
may [be), by reference to its pre-programmed mem-
ory, match the address code of the detector with a
precise identification of the detector’s location. There-
fore, in principle the control unit 20 is able to determine
both the status and the precise location of every ad-
dressable detector 21 in a fire detection system of the
type shown schematically in FIG. 2 without the need to
zone detectors on separate circuits. The elimination of a
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2

multiplicity of zone circuits and a simplification of in-
stallation wiring are apparent potential benefits of using
addressable detectors. In practice the maximum number
of addressable detectors connected on one circuit of this
type is normally restricted to about 25 detectors because
the occurrence of an open or short circuit fault in the
wiring can render some or all of the detectors on the
circuit inoperative and place an unacceptably large area
at risk pending repairs. If detectors are interconnected
on a wiring loop L, then a single open circuit fanit will
not render any of the detectors inoperative. The im-
proved reliability afforded by the use of ring circuit
may in some circumstances permit a marginal increase
in the number of interconnected addressable detectors
but the vulnerability of the circuit to a short circuit fault
remains a major constraining influence.

Thus the problem to be solved is to provide means
whereby circuit elements in a loop circuit can remain in
large part operational in the event of a short circuit.

The invention solves this problem by providing cir-
cuitry for isolating a section of a loop circuit (L) from a
bi-directional supply unit (20) in the event of a short
circuit in said section, characterised in that one or more
circuit elements (21) are connected between bi-direc-
tional isolators (1,2,3,4) in each section of the loop cir-
cuit (L), each of said isolators (1,2,3,4) comprising
switching means (TR1, TR3) providing a low impe-
dance path and a high impedance path, said low impe-
dance path supplying current to said circuit elements
from said supply unit (20) and said high impedance path
isolating said circuit elements from said supply unit (20);
and sensing means (TR2, D1, D7) for sensing a short
circuit in any one of said circuit elements; said switch-
ing means (TR1, TR3) being responsive to said sensing
means (TR2, D1, D7) to cause a change in state from
the low impedance path to the high impedance path in
the event of said short circuit.

In the accompanying schematic drawings:

FIG. 1 illustrates a conventional fire detection sys-
tem;

FIG. 2 illustrates another conventional fire detection
system including addressable fire detectors;

FIG. 3 illustrates an embodiment of the invention,

FIG. 4 illustrates a circuit diagram of one form [or]
of bi-directional isolator according fo the invention, and

FIGS. 5-8 illustrate further respective embodiments
of the invention. ‘

FIG. 3 illustrates an embodiment of the invention in
the form of a control unit 20 connected to & loop circuit
L of detectors in which groups of one or more detectors
21 are separated by devices containing a novel circuit
arrangement as disclosed herein and termed bi-direc-
tional short circuit isolators (1,2,3,4). Each isolator
(1,2,3,4) contains a circuit arrangement (sec FIGS. 4
and § and following description) which normally pro-
vides bi-directional low impedance circuit paths for
both of the supply wiring circuits forming the loop
circuit L such that detectors 21 may receive power and
address signals from either end of the loop L and trans-
mit data signals in either direction to the control unit 20.
The circuit arrangement also contains sensing means
(TR2, D1, D7 of FIG. 4 or 8) for detecting a short
circuit of the Joop circuit wiring on either side of the
circuit arrangement and switching means (TR1 and
TR3 of FIG. 4 or 5) controlled by said sensing means
and arranged to switch from a low impedance path
{through TR1 or TR3) to a high impedance path (TR1
and TR3 biased off) in response to a short circuit fault in
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the loop circuit. If a short circuit occurs in the type of
circuit arrangement shown in FIG. 3, the short circuit
will be detected by sensing means in bi-directional isola-
tors (1,2,3,4) on both sides of the short circuit and the
impedance of [theisolators} the isolators adjacent to
the short circuit fault will switch to a high state thus
isolating the short circuit fault from the detectors 21 and
other isolators located between each high impedance
isolator and the control unit 20. Only those detectors 21
located between the adjacent bi-directional isolators
{e.g. 2 and 3) are rendered inoperative by a short circuit
fault, since the detectors 21 will still receive current (via
isolator 1) which passes through the lines which con-
nect them on one side to unit 20 (i.e. as far as, but not
beyond isolator 2), and (via isolator 4) which passes
through the lines which connect them to the other side
of unit 20 (i.e. as far as, but not beyond isolator 3).

Ideally bi-directional short circuit isolators could,
with advantage, be connected alternately with detec-
tors such that a short circuit fault of the loop wiring or
of a detector renders only one detector inoperative. In
practice this may not always be possible because of
economic considerations and because isolators may
have a low but finite impedance in the low impedance
state which gives rise to a cummulative volt drop
around the loop circuit if a large number of isolators are
used. Embodiments of isolators based on semiconductor
circuits can be expected to provide a volt drop of less
than 0.8 volts in the low impedance state. Thus ten
isolators may produce up to a 7.2 volt drop from the
first isolator to the 10th isolator if a short circuit occurs
between the 10th and 11th isolator in a system fitted
with 11 isolators for example. A system of this type
fitted with modern detectors having a wide operating
voltage range can be expected to accommodate a 7.2
volt drop without any performance degradation. The
maximum number of detectors which may be connected
between isolators will be largely determined by the
maximum tolerable number of detectors than can be
rendered inoperative in the event of a short circuit. By
way of example this number may be approximately 25 if
comparable performance with that of conventional fire
detection systems using non addressable detectors is
used as the criterion. It will therefore be perceived that
a loop system using say 11 bi-directional short circuit
isolators may interconnect approximately 250 address-
able detectors and be no more degraded by a short
circuit fault than a conventional 10 zone system with 25
detectors per zone. The loop system of addressable
detectors also has the advantages that an open circuit
fault will not render any detectors inoperative and that
the location of detectors can be identified with. preci-
sion.

FIG. 4 shows one form of a practical embodiment in
component form of a bi-directional circuit isolator.

When power is applied to terminals 31 and 32 transis-
tor TR2 is driven into conduction by virtue of base
drive derived from resistor R1 and bias resistor RS.
Transistor TR2 in turn drives transistor TR1 into con-
duction via diode D4 steering diode D2, resistor R3 and
bias resistor R2 thus effecting a low impedance path
from terminal 31 to terminal 33 via TR1 and diode D3.
Similarly and by virtue of the symmetry of the circuit it
can be shown that a low impedance path can be effected
between terminals 33 and 31 via transistor TR3 and
diode D5 if power is applied to terminals 33 and 34. A
low impedance always exists between terminals 34 and
32
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When the isolator as described above is incorporated
in a loop circuit the transistor TR1 or TR2 associated
with the input terminals receiving the higher supply
voltage will be conductive and provide the low impe-
dance path. The [terminals] terminal receiving the
higher voltage is determined by the proximity of the
isolator to the control unit, the presence or absence of
short or open circuit faults and possibly the voltage
level of any super-imposed data transmission signal.

If a short circuit fault occurs across the loop circuit
wiring connected to terminals 33 and 34 the drive cur-
rent for transistor TR2 base cannot be sourced via R6
nor can it be sourced from terminal 31 via R1 because
the now forward biasing of diode D7 does not provide
sufficient bias voltage to drive transistor TR2 and diode
D4 into conduction. The short circuit fault causes TR2
to switch off which in turn ensures that both TR1 and
TR3 are both switched off thus isolating the short cir-
cuit from that part of the loop circuit connected to
terminals 31 and 32. Similarly and by virtue of the sym-
metry of the circuit it can be shown that a short circuit
across wiring connected to terminals 31 and 32 will be
isolated from that part of the loop circuit connected to
terminals 33 and 34.

Resistor R7 is an optional resistor normally of high
value which may be necessary to improve the switch on
characteristics of the isolator when power is first ap-
plied in circumstances where the detectors connected to
the circuit have a capacitive input or require a higher
quiescent current than can initially be sourced via resis-

tors R1 and R6 in parallel with D7 or R6 and R1 in

parallel with D1 as circumstances dictate.

A further circuit arrangement incorporating short
circuit isolators is shown in FIG. 5. In this arrangement
the isolators are connected in a loop circuit with groups
of detectors spurred off between isolators rather than
being connected to the loop circuit directly. Those
skilled in the art will recognise that this is a particularly
suitable circuit arrangement for multi-storey buildings.

It is recognised that an open circuit in the spur wiring
could render inoperative those detectors furthest from
the loop wiring and beyond the open circuit, but this
will not result in an intolerable situation if the number of
detectors per spur is limited to about 25 as in conven-
tional zone systems.

A further circuit arrangement is shown in FIG. 6.
This arrangement has the advantages of the loop circuit
and the additional advantage that more than one open
circuit fault in the wiring linking detectors does not
render any detectors inoperative unless two or more
open circuits occur on the same spur.

Further circuit arrangements formed by combining
all or parts of circuit arrangements disclosed above and
containing one or more isolators whether bi-directional
or uni-directional are embodiments of the invention.

The short circuit isolators disclosed here may be
constructed in various forms. They may with advantage
be incorporated within control units and within detec-
tors or they may be constructed as separate units which
are wired into circuit arrangements as required.

The embodiment of the invention disclosed by way of
example in FIG. 4 may be implemented in complemen-
tary form semiconductors.

A further embodiment of the invention having appli-
cation with circuits using an alternating electrical sup-
ply is illustrated in schematic form in FIG. 7. In this
figure, a non-polarised bi-directional short circuit isola-
tor 23 (represented by the broken line) comprises two
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polarised bi-directional short circuit isolators 24a, 24b,
interconnected as shown, and connected to a.c. supply
lines 28, 26.

FIG. 8 illustrates an improvement in the circuitry of
FIG. 4 (similar reference [numeral] numerals or let-
ters identify similar components). In FIG. 8, transistors
TR1 and TR3 are VMOS field effect transistors. VMOS
devices have the advantage that their “on state” impe-
dance is very low, typically 5 ohms to 0.3 ohms. This
means that, in most applications, a smaller voltage drop
will be developed across the isolator, thus permitting an
increase in the number of isolators which may be intro-
duced into a circuit. Because VMOS devices conduct
current bi-directionally in the “‘on state™ it is possible to
connect them in series. This has enabled diodes DS and
D3 to be eliminated thus further reducing the voltage
drop across the device.

In accordance with another improvement (shown by
FIG. 8) an LED indicator LED 1 is provided which
illuminates when the short circuit isolator switches to a
high impedance state in response to the presence of a
short circuit. LED 1 is incorporated within a bridge
rectifier circuit, including diodes D9-D12, which pro-
duces a rectified voltage in response to a short circuit on
either side of the isolator. LED 1 is caused to flash
periodically by incorporating it in a oscillator circuit
comprising a conventional programmable unijunction
transistor oscillator and associated components TR4,
R9-R13, C1. By causing LED 1 to flash, the current
required to provide indication when a short circuit is
detected is reduced.

In accordance with further improvements (shown by
FIG. 8), two zener diodes D13, D14 are provided to
protect the short circuit isolator from high voltage
transients and accidental polarity reversal, and a 10K
ohm resistor R9 is connected to the base of TR2 to give
a degree of control over the threshold voltage of the
short circuit sensing circuitry.

I claim:

1. [Circuitry} A short circuit detection system com-
prising a loop circuit, said loop circuit being connected to a
bi-directional power supply unit, the system further com-
prising circuitry for isolating a section of [a] said loop
circuit from [a bi-directional} said supply unit in the
event of a short circuit in said section, said circuitry
comprising one or more [circuit elements] fire detec-
tors which are operationally dependent on the power sup-
plied by said supply unit, said first detectors being con-
nected between adjacent bi-directional isolating means
in each section of said loop circuit, each of said isolating
means comprising first and second terminal means cou-
pled respectively to sequential sections of the loop cir-
cuit, translator switching means providing a low impe-
dance path and a high impedance path, said low impe-
dance [path] parhs supplying current [to said circuit
elements] continuously to said first detectors from said
supply unit and said high impedance [path] paths iso-
lating said [circuit elements]) fire detectors from said
supply unit; and sensing means for sensing a short cir-
cuit in either one of the sequential sections coupled to
said first and second terminal means; said transistor
switching means being biased by said sensing means to
cause said transistor switching means to provide said
low impedance path in the absence of said short circuit
and to cause a change in state from said low impedance
path to said high impedance path in the event of said
short circuit [so as to isolate the elements in the section
coupled to the other of said first and second terminals

6

from said short circuit], said sensing means being inde-
pendently and simultaneously responsive to a change of
voltage level in a short circuited section of the loop between
adjacent ones of said isolating means, whereby only those of
said isolating means immediately adjacent the short cir-
cuited section autonomously and simultanecusly block the
supply of power to said first detectors therebetween without
preventing other of said isolating means from supplying
current continuously from said supply unit to those of said

10 first detectors which are not isolated.
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2. [Circuitry] The short circuit detection system ac-
cording to claim 1, wherein a plurality of said [circuit
elements] fire detectors is connected in series between
[each pair] adjacent of said bi-directional isolating
means.

3. [Circuitry] The short circuit detection system ac-
cording to claim 1, wherein a plurality of said [circuit
elements] fire detectors is connected in respective spurs
between [each pair] adjacent of said isolating means.

4. [Circuitry} The short circuit detection system ac-
cording to claim 1, wherein a plurality of said [circuit
elements] first detectors is interconnected in respective
loops between [each pair} adjacent of said isolating
means and [each pair] adjacent of said isolating means
[is] are also interconnected.

8. [CircuitryY The short circuit detection system ac-
cording to claim 4 and adapted for the supply of alter-
nating current, wherein each of said isolating means is a
non-polarized [from] form and comprises polarized
isolators connected to respective lines supplying said
alternating current, opposite poles of said isolating
means being interconnected.

6. [Circuitry] The short circuit detection system ac-
cording to claim 1, wherein, in each of said isolating
means, said transistor switching means comprises tran-
sistors connected to respective diodes for conducting
currents in respective forward and reverse directions in
said low impedance path.

7. [Circuitry) The short circuit detection system ac-
cording to claim 6, wherein an impedance is connected
in a shunt path[,] across said transistor switching
means in order to improve the switch-on characteristics
of said isolating means when power is first applied.

8. [ Circuitry] The short circuit detection systems ac-
cording to claim 7, wherein, in each of said isolating
means, said transistor switching means comprises
VMOS devices which conduct currents bi-directionally
in said low impedance path.

9. [Circuitry] The short circuit detection system ac-
cording to claim 8, wherein an oscillating circuit is
connected across a bridge rectifier circuit in order to
operate an indicator intermittently on detecting a short
circuit on either side of said isolating means.

10. [Circuitry]} The short circuit detection system
according to claim 6, wherein said sensing means com-
prises a transistor for biasing said transistors of said
transistor switching means to provide respective low
impedance paths, said transistor of said sensing means
being biased by current derived from respective diode
circuits, which diode circuits become respectively for-
ward[[,] or reverse biased in response to a short circuit
in one of said circuit elements whereby said transistor of
said sensing means is biased into a non-conducting state,
thereby biasing said transistors of said transistor switch-
ing means into a non-conducting state to provide re-
spective high impedance paths.
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