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TRIGGERED

2

PULSED IGNITION
AND METHOD

SYSTEM

DESCRIPTION

TECHNICAL FIELD
The invention relates generally to a system and a method
for generating ignition sparks, including an ignition plug and
an ignition system for use in a gas turbine engine.
BACKGROUND

OF THE ART

There are many machines and environments requiring the
use of electrically-generated
sparks, including gas turbine
engines, to trigger the combustion of a fuel and air mixture.
These sparks are generated by the sudden discharge of electricity between two electrodes at a voltage that is typically of
several thousand volts. The space between the two electrodes
is usually referred to as the ignition spark gap. The electricity
is initially provided to a discharge capacitor. Once the capacitor is charged, the current is very rapidly discharged through
the ignition spark gap, thereby forming a sudden electrical arc
which is referred to as the "spark". This operation is repeated
for as long as the presence of sparks is necessary.
Recent systems include high voltage solid state switching
devices. However, the solid state switching devices tend to be
very expensive and their reliability is generally not as good as
required.
Accordingly, there is a need to provide an improved system
and method for generating ignition sparks.
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Reference is now made to the accompanying figures
depicting aspects of the present invention, in which:
FIG. 1 is a schematic view of a gas turbine engine showing
an example of a possible environment in which the system
and method can be used;
FIG. 2 is a schematic view of an example of a system in
accordance with a possible embodiment; and
FIG. 3 is a schematic view of an alternative embodiment.
DETAILED DESCRIPTION
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SUMMARY OF THE INVENTION
In one aspect, the present invention provides an ignition
system for a gas turbine engine, the system comprising: an
ignition plug having a first and a second electrode adjacent to
each other and defining an ignition spark gap, and a triggered
spark gap having a power inlet terminal, a power outlet terminal and a trigger terminal, the power outlet terminal being
electrically connected to the first electrode; a discharge
capacitor having opposite terminals, one terminal being electrically connected to the power inlet terminal of the trigger
spark gap and the other terminal being electrically connected
to the second electrode; and a trigger device electrically connected to the trigger terminal of the trigger spark gap.
In another aspect, the present invention provides an ignition plug for an ignition system for a gas turbine engine, the
ignition plug comprising: an insulator; a pair of adjacent
spark-generating electrodes located at one end of the insulator; a main electrical circuit inside the insulator and connected in series with the electrodes; a triggered spark gap
mounted in series on the main electrical circuit, the trigger
spark gap having a trigger terminal; and a trigger electrical
circuit having one end connected to the trigger terminal of the
trigger spark gap.
In another aspect, the present invention provides a method
of generating an ignition spark in a gas turbine engine, the
method comprising: charging up a discharge capacitor; and
generating a trigger pulse signal indicative that the capacitor
is to be discharged; sending the trigger pulse signal to a
trigger spark gap provided in an ignition plug to discharge the
capacitor and generate a current; and passing the current
between external electrodes provided on the ignition plug to
generate a spark.
Further details of these and other aspects of the present
invention will be apparent from the detailed description and
figures included below.

OF THE DRAWINGS
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FIG. 1 illustrates an example of a gas turbine engine 10 of
a type preferably provided for use in subsonic flight, generally comprising in serial flow communication a fan 12
through which ambient air is propelled, a multistage compressor 14 for pressurizing the air, a combustor 16 in which
the compressed air is mixed with fuel and ignited for generating an annular stream of hot combustion gases, and a turbine
section 18 for extracting energy from the combustion gases.
The gas turbine engine 10 is an example of a machine in
which a triggered pulse ignition system and the method can be
used.
FIG. 2 illustrates an example of a trigger pulse ignition
system 20 in accordance with a possible embodiment. This
illustrated system 20 is supplied by a DC power input 22
connected to a corresponding power source. The power input
22 is fed into what is referred to as the igniter exciter box 24.
The box 24 includes a charging unit 26, which unit 26
includes a step-up transformer 28. The primary winding 28a
of the step-up transformer 28 is connected to an inverter 30.
The inverter transforms the DC power from the DC input 22
into AC power. The step-up transformer 28 increases the
voltage from the primary winding 28a to the required voltage
in the secondary winding 28b, which voltage is typically of
several thousand volts. The illustrated charging unit 26 further comprises a rectifier 32 connected to the secondary winding 28b of the step-up transformer 28. The rectifier 32 transforms the AC current into a DC current. The terminals at the
output of the rectifier 32 are connected to corresponding
terminals of a discharge capacitor 34 in which the electrical
energy is stored and then retrieved during each cycle.
The igniter exciter box 24 also comprises a trigger pulse
unit 40. This unit 40 includes a trigger pulse generator 42 that,
in this case, is connected to the inverter 30. The trigger pulse
generator 42 is connected to the primary winding 44a of a
second step-up transformer 44.
The illustrated system 20 further comprises an ignition
plug 50 remotely located from the igniter exciter box 24. The
ignition plug 50 will be used next to an area where the fuel and
air mixture is burned, thus at a location where intense heat is
generated. The igniter exciter box 24 is thus preferably away
from this area and kept at a relatively cooler temperature.
Both are connected together using a three-conductor external
high voltage cable 52, as schematically illustrated.
The ignition plug 50 comprises a body including an insulator 54 and at the end of which a pair of adjacent sparkgenerating electrodes 56, 58 are located. A main electrical
circuit 60 is provided inside the insulator 54. The main electrical circuit 60 has two portions 60a, 60b. The first portion
60a has one end electrically connected to the first electrode
56. The second end of the first portion 60a is connected to the
cable 52. The second portion 60b of the main electrical circuit
60 has a first end connected to the second electrode 58 and a
second end connected to the cable 52. As shown in FIG. 2, a
trigger spark gap 70 is preferably mounted in series inside the

US 7,768,767 B2
3

4

ignition plug 50. This way, it is automatically replaced whenever the ignition plug 50 is replaced. It thus has a lifespan that
is equal or greater than that of the other parts of the ignition
plug 50. A removable connection is provided between the
cable 52 and the main electrical circuit 60 of the ignition plug
50 to facilitate the maintenance.
The triggered spark gap 70 includes a pair of opposite
internal electrodes located within a container containing a
non-radioactive gas that can be ionized. A third internal electrode is adjacent to one of the internal electrodes (trigger
electrode). This third internal electrode is connected to an
outside terminal 72 referred to as the trigger terminal. One
side of the trigger spark gap 70 is a power inlet terminal 74 to
which one of the terminals of the discharge capacitor 34 is
electrically connected, and the opposite side is a power outlet
terminal 76 that is electrically connected to the first ignition
spark gap electrode 56.
In use, in each cycle, the charging unit 26 charges the
discharge capacitor 34 up to its optimal value. The system 20
is designed so that once this optimal value is reached, the
trigger pulse unit 40 generates a high voltage trigger pulse
signal that is sent to the third electrode of the trigger spark gap
70. The trigger pulse signal is generated by the trigger pulse
generator 42 and the second step-up transformer 44. The
secondary winding 44b of the transformer 44 has one side
connected to the trigger terminal 72 via the cable 52 and a
trigger electrical circuit 62 inside the insulator 54. The other
side is connected to the terminal of the discharge capacitor 34
that is opposite the one to which the power inlet terminal 74 of
the trigger spark gap 70 is connected. An alternate arrangement that may be used has the secondary winding 44b of the
second step-up transformer 44 connected between the power
inlet terminal 74 and the trigger electrode of the triggered
spark gap 70. The trigger pulse signal, when sent to the trigger
spark gap 70, loops back to the transformer 44 through the
main electrical circuit 60 or alternatively through the first
portion 60a.
Before the discharge, the two opposite internal electrodes
of the triggered spark gap 70 have a relatively high potential
between them. The trigger pulse in the third electrode ionizes
the gas between the internal electrodes, thereby closing the
circuit between the corresponding terminal of the discharge
capacitor 34 and the first electrode 56 of the ignition spark
gap. The ignition spark gap is designed so that at that instant,
the current is allowed to pass between both of its electrodes
56,58, thereby creating an arc that is referred to as a "spark".
This high intensity spark can be used to ignite the fuel and air
mixture inside the combustor 16 of the gas turbine engine 10.
Since in conventional configurations of discharge type
ignition systems, the voltage transient used to generate the
ignition spark is itself transmitted along the cable between the
ignition box 24 and the ignition plug 50, the voltage rate of
rise at the igniter electrodes is significantly slower than in the
present invention, as a result of the characteristic impedance
of the cable in the former. In the invention, the voltage rate of
rise is very rapid, since there is no voltage transient along the
cable to the igniter gap. The voltage in the cable connected to
the igniter gap is essentially a DC voltage, which is not
necessarily changing as a function of time, when the trigger
pulse is applied to cause gap ionization. This results in an
extremely rapid rate of voltage rise at the actual ignition spark
gap (when the trigger spark gap is ionized). It is known that
the faster the voltage rise occurs across a spark gap, the better
the ionization of the gap, for a given spark gap distance. This
leads to a longer lasting spark gap in service, since the normal
ware of the spark gap of an ignition plug results in the spark
gap distance (between electrodes) increasing until eventually

the voltage required to ionize the gap exceeds the available
voltage from the ignition unit. In the invention this wear can
be more than in existing system while still providing useful
ignition sparks.
It should be noted that the triggered spark gap may be an
add-on or adaptor unit 100 that is used with a conventional
igniter 102 as an improvement, as shown in FIG. 3. This can
extend the life of the conventional igniter 102. The triggered
spark gap, for example, could be housed inside the adaptor
unit 100 which connects the conventional igniter 102 to the
cable 104.
The above description is meant to be exemplary only, and
one skilled in the art will recognize that changes may be made
to the embodiments described without department from the
scope of the invention disclosed. For example, the charging
unit 26 can be omitted if there is an outside high voltage
source capable of directly charging the capacitor 34. Still
other modifications which fall within the scope of the present
invention will be apparent to those skilled in the art, in light of
a review of this disclosure, and such modifications are
intended to fall within the appended claims.
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The invention claimed is:
1. An ignition system for a gas turbine engine, the system
comprising:
an ignition plug having a first and a second electrode adjacent to each other and defining an ignition spark gap, and
a triggered spark gap inside the ignition plug, the triggered spark gap having a power inlet terminal, a power
outlet terminal and a trigger terminal, the power outlet
terminal being electrically connected to the first: electrode;
a discharge capacitor for discharging current into the ignition spark gap, the discharge capacitor having opposite
terminals, one terminal being electrically connected to
the power inlet terminal of the trigger spark gap and the
other terminal being electrically connected to the second
electrode, the discharge capacitor being located external
to the ignition plug; and
a trigger device electrically connected to the trigger terminal of the trigger spark gap.
2. The ignition system as defined in claim 1, wherein the
ignition plug is remotely located with reference to the trigger
device, the ignition plug being electrically connected to the
discharge capacitor and the trigger device through an external
cable.
3. The ignition system as defined in claim 1, wherein the
cable is removably connected to the ignition plug.
4. The ignition system as defined in claim 1, wherein the
discharge capacitor is electrically connected to a rectifier,
itself connected to a secondary winding of a step-up transformer.
5. The ignition system as defined in claim 4, wherein the
step-up transformer has a primary winding that is electrically
connected to an inverter receiving electrical power from a DC
power input.
6. The ignition system as defined in claim 1, wherein the
trigger device includes a step-up transformer electrically connected to a trigger pulse generator.
7. An ignition plug for an ignition system for a gas turbine
engine, the ignition plug comprising:
an insulator;
a pair of adjacent spark-generating electrodes located at
one end of the insulator;
a main electrical circuit inside the insulator and connected
in series with the electrodes;
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a triggered spark gap mounted in series on the main electrical circuit, the trigger spark gap having a trigger terminal; and
a trigger electrical circuit having one end connected to the
trigger terminal of the trigger spark gap;
wherein the ignition plug does not include a capacitor for
discharging current between the spark-generating electrodes.
8. The ignition plug as defined in claim 7, wherein the main
electrical circuit has two ends, each end defining an external
terminal on the insulator, the trigger electrical circuit comprising another end, opposite the end connected to the trigger
terminal, the other end of the trigger electrical circuit defining
a third external terminal on the insulator.

9. A method of generating an ignition spark in a gas turbine
engine, the method comprising:
charging up a discharge capacitor;
generating a trigger pulse signal indicative that the capacitor is to be discharged;
sending the trigger pulse signal to a trigger spark gap
provided in an ignition plug to discharge the capacitor
and generate a current, the discharge capacitor being
disposed external to the ignition plug; and
passing the current between external electrodes provided
on the ignition plug to generate a spark.
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