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(57) Abréegée/Abstract:

A fire detection switch for use in a fire detection circuit of a aircraft engine, having: a first resistor and a second resistor disposed In
series between a common terminal and an alarm terminal; and a thermally-sensitive element having a different resistance at low
temperature than at high temperature, the thermally-sensitive element disposed In series with the second resistor and in parallel
with the first resistor.
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ABSTRACT

A fire detection switch for use in a fire detection circuit of a
aircraft engine, having: a first resistor and a second resistor
disposed 1n series between a common terminal and an alarm
terminal; and a thermally-sensitive element having a different
regsistance at low temperature than at high temperature, the
thermally-sensitive element disposed in series with the second

resistor and in parallel with the first resistor.
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FIRE DETECTION FAULT ENHANCEMENT

TECHNICAL FIELD

[0001] The application relates to an improved fire
detection switch that provides an improved ability to
distinguish between a fire condition and a false alarm

caused by, for example, a short circuit.

BACKGROUND OF THE ART

[0002] Conventional fire detection systems in aircraft
engines rely on fire detection switches disposed within
electrical fire detection circuits. In isolation, such
fire detection switches are'circuit components connected to
common and alarm pins conneéted Lo sources of electric
current. Such conventional fire detection switches are
normally open, so thatﬁcurrent does not flow through them
in ‘normal’, or operating, Conditions, but 1s directed
through a path having a resistor. When a fire detection
switch is for example exposed to high temperatures
assoclated with fire, the switch closes to complete the
circuit and bypasses the path with a resistor. However, 1if
a short circuit occurs through, for example, damage to the
switch, a defect in the switch, or other circuit damage,
the same bypassing of the path with a resistor can occur,
and may result in a false alarm of fire. Conventional fire
detection circuits are not capable of distinguishing

between a true fire detection signal and a false signal

caused by a short circuit.
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SUMMARY
[0003] The disclosure herein provides fire detection

circuits, and elements and devices for use 1n fire
detection circuits, of engines, i1ncluding particularly gas
turbine or other aircraft engines. A fire detection
cilrcult 1n accordance with the disclosure can, for example,
include: first and second resistors disposed 1n series
between a common terminal and an alarm terminal; and at
least one thermally-sensitive element having a different
resistance at low temperature than at high temperature, the
at least one thermally-sensitive element disposed in series
with the second resistor and in parallel with the first

resistor.

[0004] In various aspects and embodiments, such fire
detection devices comprise thermistors composed of
electrically resistant materials having higher resistances
at low temperatures than at high temperatures. In the same
or other embodiments, such fire detection devices can
comprise thermally-sensitive switches that change their

state (open or closed) in response to temperature changes.

[0007] Also provided by the disclosure herein are gas
turbine and other engines, including particularly aircraft

engines, equipped with fire detection circuits comprising

such thermally-sensitive elements.

DESCRIPTION OF THE DRAWINGS

(0005] In order that the disclosure may be readily

understood, embodiments of circuits, devices, and elements
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in accordance with the disclosure are 1llustrated by way of

example in the accompanying drawings.

[0006] Figure 1 i1is a partial cross-sectional view of a
prior art gas turbine engine showling the maln components
within the engine and example locations 1n which fire

detection switches may be mounted.

[0007] Figure 2 1s a schematic electric circuit diagram
showing an electric circuit of a conventional (prior art)

fire detection switch i1ncluding an associated resistor.

[0008] Figure 3 1is a schematic electric circuit diagram
showing an embodiment of a portion of a fire detection

circuit 1in accordance with the disclosure herein.

[0009] Figure 4 1s a table which summarizes differences
between the conventional circuit of Fig. 2 and the example
embodiment of Fig. 3, with three possible actual physical

conditions within the engine, the actual state of the fire
detection switch circuit, and the electrical registance to

current passing through the fire detection switch including

the associlated resistors detected by the circuit.

[00010] Further details of the disclosure and advantages

of the systems disclosed herein will be apparent from the

detalled description included below.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

{00011] Figure 1 shows a partial cross-section through a
gas turbine engine. It will be understood however that

systems and methods according to the disclosure are equally
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applicable to any types of engines having, for example,
combustors and/or turbine sections such as a turbo-shaft, a
turbo-prop, turbojet, or auxiliary power units, or
otherwise susceptible to fire, and particularly those used
in aircraft or other aerospace applications. In the
embodiment shown in Figure 1, air i1ntake into the engine
passes over fan blades 1 1n a fan case 2 and 1s then split
into an outer annular flow through the bypass duct 3 and an
inner flow through the low-pressure axial compressor 4 and
high-pressure centrifugal compressor 5. Compressed air
exits the compressor 5 through a diffuser 6 and is
contalned within a plenum 7 that surrounds the combustor 8.
Fuel 1s supplied to the combustor 8 through fuel tubes 9
which 1s mixed with air from the plenum 7 when sprayed
through nozzles into the combustor 8 as a fuel air mixture
that 1s i1gnited. A portion of the compressed air within
the plenum 7 1s admitted into the combustor 8 through
orifices in the side walls to create a cooling air curtain
along the combustor walls or is used for cooling to
eventually mix with the hot gases from the combustor and
pass over the nozzle guide vane 10 and turbines 11 before

exlting the tail of the engine as exhaust.

[00012] Combustible materials found in typical gas
turbine engines include fuel, lubricating oil, plastic or
rubber seals, and insulation covering electrical wires, for

example which are found in many diverse locations

throughout the engine.

[00013] Fire sensors are usually purchased from Specialty

manufacturers and may be used to detect fires based heat or

temperature conditions, chemical concentrations, particles,
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or optical changes, and may be installed i1n any location(s)
within the engine that are susceptible to or otherwise
suitable for detection of fires. For example, fire
detection switches may be mounted i1n the space 15 between
the outside of the engine and the surrounding nacelle, as
well as 1n a space 16 around the fuel manifold outward of

the combustor 8 and between the bypass duct 3 and plenum 7.

[00014] As will be understood by those skilled in the
relevant arts, once they have been made familiar with this
disclosure, suitable location(s) for installation of fire
detection circuilts in accordance with this disclosure will
depend upon the configuration of a particular engine,
including the location of combustible fluids and other

materials in the engine, the manner in which the engine is

installed, and materials used in the components of the fire
detection system. In the present description, the exact
nature of the fire sensor is not relevant, so long as it
exhibits resistive qualities which vary with temperature
(including, for example, thermistor qualities or the

opening and/or closing of a switch).

[00015] Fire detection systems can detect faults using
resistors in differing circuits to provide a measurable
difference in voltage and/or current across the fire
detection switch to indicate a fault. Many devices use
comparators and logic circuits to detect such voltage
differences and provide signals indicating a fault

assocliated with a fire situation. The present description

and Figures 2-3 do not describe how differing voltage,

current or resistance levels are detected and displavyed,

since such information is well known to those skilled in
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the relevant arts and does not form part of the claimed

invention.

[00016]) Figure 2 shows a prior art fire detection switch
1n which current flows from common terminal 12 to alarm
terminal 13 through the switch when disposed within a fire
detection circuit (not shown). Alarm switch 14 1s normally
open, as shown, and closes (not shown) when exposed to a

fire condition, such as excessive heat.

[00017] As summarized 1in Figure 4, during Normal
operation the prior art fire switch 14 of Fig. 2 is Open
and resistance to current passing from common terminal 12
to alarm terminal 13 is the resistance of resistor R1.
During an actual Fire condition, the normally Open fire
switch 14, which has a relatively low resistance in
comparison to resistor R1l, is Closed, and current is
substantially diverted through the fire switch 14 and
bypasses resistor R1. Of course, since resistor R1 and the
closed fire switch 14 are disposed in a parallel circuit,
depending on the relative value of resistance for R1l, some
minimal current may pass through the resistor R1, and in
reality current passing through the closed fire switch 14

will encounter some nominal resistance also. Since the

resistance of resistor R1 is generally considerably (and
perhaps orders of magnitude) greater than the resistance
through the closed fire switch 14, significant current is

diverted through the closed fire switch 14.

[00018] A disadvantage of the prior art fire detection
circult is revealed when, for example, a Short Circuit

condition exists which includes any damage that results in
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the fire detection circuit being bypassed. Schematically,
for example, a Short Circult condition could be represented
by inserting a conductor (not shown) directly between the
common terminal 12 and the alarm terminal 13. Since
resistor R1 offers resistance to current flow, most current
would bypass the fire detection switch and flow directly
through the path of least resistance, 1.e. directly between

the common terminal 12 and the alarm terminal 13.

[00019] As noted above, 1n the prior art fire detection
switch of Figure 2, there are no means of distinguishing

between a Fire condition and a Short Circuit condition,

since in both cagses resistance between the common terminal
12 and the alarm terminal 13 is very low or zero for most

practical purposes.

[00020] Figure 3 shows a fire detection device 300 in
accordance with the disclosure, in which current flows from

common terminal 12 to alarm terminal 13 through the fire

detection device when disposed within a fire detection
circult (not shown). Device 300 comprises first and second
resistors R3 and R2, respectively, which are connected in
series between terminals 12 and 13. Thermally-sensitive
element 14, which exhibits different resistive qualities at
low (e.g., engine operating) temperatures and at higher
temperatures associated with fire conditions, is disposed

in parallel with first resistor R3 and in series with

second resistor R2.

[00021] Thermally-sensitive element 14 can comprise any
one or more devices which exhibit significantly different

electrically resistant qualities at low (e.g., engine
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operating) and high (e.g., fire-related) temperatures.
Such devices can, for example, include thermistors and/or

temperature-sensitive switches. As will be appreciated by

"those skilled in the relevant arts, a wide variety of each

of these types of thermally-sensitive elements 1s now

known, and doubtless others will hereafter be developed.

[00022] Thermistors suitable for use i1n i1mplementing
clrcults 1n accordance with the disclosure include, for
example, various types of conductors, 1including negative
temperature coefficient (NTC) semiconductors, which exhibit
variation 1n resistance 1in response to temperature changes.
NTC thermistors may be manufactured, for example, through
the use of oxides of iron, nickel, manganese, molybdenum,
cobalt, etc. Thermistor elements suitable for use 1n
implementing circuits according to the disclosure are
provided by several manufacturers, including Kidde and

Meggilitt.

[00023] Similarly, a wide variety of temperature-
sensitive switches are known, many of which are
commercilially available i1f forms suitable for implementing

systems according to this disclosure.

[00024] Referring again to Figure 3, it will be seen that
a fire detection device 300 of Figure 3 will exhibit
different resistant qualities, which will be reflected in
different current flows, at different temperatures,

depending upon the precise nature of the thermally-
sensitive element (s) employed at 14. A summary of

possible states is provided in Figure 4.
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[00025] In Figure 4 two broad types of fire detection
detection device 300 are shown. A “normally open fire
switch” - type device 14, as that term 1s used 1in Figure 4,
can 1include one or more temperature-sensitive switches
which are open at relatively low (e.g., operating)
temperatures and closed at relatively high (e.g., fire
condition) temperatures, and/or or one or more thermally-
sensitive materials which have high electrical resistance
at low temperatures and low resistance at high
temperatures. A “normally closed fire switch” - type
device 14, as that term is used in Figure 4, can can
include one or more temperature-sensitive switches which
are closed at relatively low (e.g., operating) temperatures
and open at high (e.g., fire) temperatures, and/or or one
or more thermally-sensitive materials which have low
electrical resistance at such low temperatures and high

resistance at high temperatures.

[00026] A shown 1n Figure 4, and as may be confirmed by
reference to Figure 3, for a “normally open fire switch” -
type device 14, as that term is used in Figure 4, at normal
operating temperatures the total effective resistance of
device 300 1s the value of R2 plus the value of R2. 1In a
fire condition, when thermally-sensitive element is in a
low (or no) resistance state, the effective resistance of
device 300 is R2 only; R3 is effectively bypassed. 1In a
short circuit condition, i.e., when terminals 12 and 13 are
shorted with respect to each other, device 300 provides

minimal or no effective resistance.

[00027] As further shown in Figure 4, and as may be

confirmed by reference to Figure 3, for a “normally closed
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fire switch” - type device 14, as that term is used 1in
Figure 4, at normal operating temperatures the total
effective resistance of device 300 1s the value of R2 only,
as R3 is effectively bypassed. In a fire condition, when
thermally-sensitive element 1s 1in a high resistance state,
the effective resistance of device 300 1s R2 plus R3. 1In a
short circuit condition, 1.e., when terminals 12 and 13 are
shorted with respect to each other, device 300 provides

minimal or no effective resgsistance.

[00028] Thus a circuit designer 1s offered a choice of
operating and fire-condition circuit preferences. The
application describes fire detection devices, 1n three
different physical situations or conditions, as shown 1n
Figure 4, results 1s three different resistance readings.
When systems and methods according to the disclosure are
used, for example a true fire detection event can be
distinguished from a false short circuit event. All three
conditions have three different resistance measurements
that can be detected. A real fire can be distinguished
from a short circult wiring fault, for example by measuring
voltage and/or current through the fire detection switch
and/or the associated fire detection circuit, which will
indicate different resistance measurements for each of the

three diffterent physical situations or conditions.

[00029] Although the above description relates to a

specific preferred embodiment as presently contemplated by
the 1nventor, it will be understood that the invention in

its broad aspect includes mechanical and functional

equlivalents of the elements described herein.
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WE CLAIM:

1. A fire detection device for use in a fire detection circult

of a gas turbine engine, the fire detection device comprising:

5 first registor and a second resistor disposed in series

between a common terminal and an alarm terminal; and

at least one thermally-sensitive element having a different
resistance at low temperature than at hilgh temperature, the at
least one thermally-sensitive element disposed in series with

rhe second resistor and in parallel with the first resistor, the

2t least one thermally-sensitive element being configured tO
cause current to effectively bypass the first resistor depending

on a temperature to which the thermally-sensitive element 1s

exposed.

2 . The fire detection device of claim 1, wherein the at least
one thermally-sensitive element comprises a thermistor having a
higher resistance at low temperature than at high temperature.

pi—

3. The fire detection device of claim 1, wherein the at least

one thermally-sensitive element comprises a temperature-
sensitive switch which is normally open at low temperature, and

normally closed at high temperature.

4 . The fire detection device of claim 1, wherein the at least

one thermally-sensitive element comprilises a temperature-

sensitive switch which is normally closed at low temperature,

and normally open at high temperature.
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5. An aircraft engine comprising at least one fire detection

circuit, the at least one fire detection cilrcult comprising:

4 first resistor and a second resistor disposed in series

between a common terminal and an alarm terminal; and

a2t least one thermally-sensitive element having a different
resistance at low temperature than at high temperature, the at

least one thermally-sensitive element disposed 1n series with

the second resistor and in parallel with the first resistor, the

2t least one thermally-sensitive element Dbeing configured to

cause current to effectively bypass the first resistor depending
on a temperature to which the thermally-sensitive element 1s

exposed.

6 . The engine of claim 5, wherein the at least one thermally-
sensitive element comprises a thermistor having a higher
resistance at low temperature than at high temperature.

—

7 . The engine of claim 5, wherein the at least one thermally-

sensitive element comprises a temperature-sensitive switch which
is normally open at low temperature, and normally closed at high

temperature.

8 . The engine of claim 5, wherein the at least one thermally-
sensitive element comprises a temperature-sensitive switch which
is normally closed at low temperature, and normally open at high

Cemperature.

9. The engine of claim 5, wherein the at least one thermally-
sensitive element of the at least one fire detection circult 1s

located in a portion of the engine susceptible to fire.



16

CA 02716292 2010-10-04




CA 02716292 2010-10-04

b, 2

( PR1oR ART )




CA 02716292 2010-10-04

SOURISTESY TRWTUTK

td + 2d

(pessedig c€¥) ‘ATuo z¥

POULISTEIY TEWTUTN

(passedAg g3) ‘Afuo gy

td + ¢d

2OURISTSOY TRWTUTK

2OURISTSSY TRWTUTH

Td

€T ONVY CT SIYNIWXAL
NEAMLEE dHELOILIT IONVISISHA

FT UD3TMS OITJ pue £¥ ‘zd burssedAg
pue ‘€T ¥ ZT STRUTWID] UIDIMIDC PIJIOYUS Juasxind

uadQ ¥T USITMS SaTJd
‘28 pue gy sx03sTE9X Ybnoxyy HutmolI 3usxan)

PT YDOITMS SITJ POSOTD

PT YUDATIMS °ITJd pu®e €8 ’‘2z¥ burssedAiq
pue ‘€T ¥ ZT STeUTWIOS] UsSMIAIDQ POIIOUS JUaATIIND

Zd IOJSTSax pue
PI UOATMS SITJ POSOTD ybnoxysy burtmoTI Juszand

PT UDATMS 3ITg uxdo

PT YUYOITMS 2ITd pue TH Yo burssedAq
pue ‘€T % ZI STEBUTWID] UIDMIDY PIIIOYS Juaxand

PT UOQTMS DITJ PoOSOTD ybnoxays HUTMOTI Jjusxan)

PT UYO3ITAS ©xTd uadp

LINOYEID HOLIMS NOILOIELIEQ HY¥IJd FHL J0 HIVIS

ITNDALD IIOYS

SXT4q
TBUWION

(PT UOITME 0TS

POSOTD ATTRUWION) HIIATZA QIWRIVID

4TNOITD J3aA0YS

2XTY

TBWION

(PT YO TmMs oxtx uedy

ATTewION ‘€°9I4) TOIAZA AEWIVID

(2

JTNDATD JI0YS

2114

TRWION

"DIL) FADIAZQ LYY ¥WOIUd

NOILIANOD TIVOISXHA







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - abstract drawing

