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(57) Abrége/Abstract:
A refrigerant gas leak detector for detecting the location of leaks of refrigerant gas such as halogen has a sensing tip with a pair

of electrodes across which a relatively high voltage i1s generated to cause a corona current to pass through the electrodes. The
voltage applied across the electrodes is varied to maintain the corona current through the electrodes at a substantially constant
magnitude. The leak detector includes a gas sensing circuit that detects changes Iin the concentration of refrigerant gas by
sensing the voltage applied to the electrodes. The sensitivity of the gas sensing circuit is automatically varied based on the
concentration of refrigerant gas present. The leak detector includes a signal generating circuit that causes a number of audible
and visual Indications to be generated based on the concentration of refrigerant gas sensed as well as other operating
conditions. The leak detector also has a circuit for detecting the presence of an abnormal operating condition, which Is assumed
to occur when the corona current falls below its substantially constant magnitude.
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REFRIGERANT GAS LEAK DETEC TOR

Abstract of the Disclosure

A refrigerant gas leak detector for detecting the location of leaks of
refrigerant gas such as halogen has a sensing tip with a pair of electrodes across
which a relatively high voltage is generated to cause a corona current to pass
through the electrodes. The voltage applied across the electrodes is varied to

maintain the corona current through the electrodes at a substantially constant
magnitude. The leak detector includes 2 gas sensing circuit that detects changes

in the concentration of refrigerant gas by sensing the voltage applied to the
electrodes. The sensitivity of the gas sensing circuit is automatically varied based
on the concentration of refrigerant gas present. The leak detector includes a
signal generating circuit that causes a number of audible and visual indications to
be generated based on the concentration of refrigerant gas sensed as well as other
operating conditions. The leak detector also has a circuit for detecting the
presence of an abnormal operating condition, which is assumed to occur when the

corona current falls below its substantially constant magnitude.
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REFRIGERANT GAS LEAK DETECTOR

Background of the Invention

The present invention is directed to a refrigerant gas leak detector for
detecting the presence and location of leaks of refrigerant gases such as halogen
used in refrigeration systems.

A refrigerant gas leak detector is disclosed in U.S. Patent No. 3,742,475
to Liebermann. In that detector, a high voltage is applied across a pair of
electrodes disposed in an atmosphere to generate a continuous corona across the
electrodes. The continuous corona causes a corona current to pass across the
electrodes. When exposed to varying concentrations of gaseous impurities such
as halogens, the magnitude of the corona current changes. The Liebermann
detector detects the presence of gaseous impurities based on changes in corona
current magnitude. The detection circuit includes two sensitivity settings for

manually changing the sensitivity of the detector to changes in corona current.
One disadvantage of the Liebermann detector is its limited sensitivity adjustment.
Another. leak detector is disclosed in U.S. Patent No. 4,282.521 to

Liebermann. That detector also senses the concentration of gaseous impurities

by applying a high voltage across a pair of electrodes to generate a continuous

- corona current and by detecting changes in the corona current.

A disadvantage shared by the detectors disclosed in the above patents is
that the voltage applied across the electrodes is set and then changes in the
concentration of gas are detected by sensing changes in corona current. In order
to operate in the continuous corona range, both detectors require that a minimum
corona current be maintained. However, since the presence of halogen
diminishes the amount of corona current generated by a fixed voltage and since
the voltage applied across the electrodes is not controlled or varied, the voltage
applied to the electrodes in the above Liebermann detectors must be set
unnecessarily high to ensure that the corona current will not be extinguished by

an increase in the concentration of halogen gas. The use of an unnecessarily
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large corona current is a disadvantage because it decreases the life of the Sensor
electrodes. The use of a large corona current is also a disadvantage in a portable,
hand-held leak detector which relies on batteries as its source of power since such
a large current wears down the batteries more quickly.

Another halogen gas leak detector is disclosed in U.S. Patent No.
4,488,118 to Jeffers, et al. That detector also operates by applying a high voltage
across a pair of electrodes to generate a continuous corona current and detecting
the presence of halogen gas by sensing changes in the corona current. When the
Jeffers, et al. detector is turned on, the voltage applied to the electrodes is
initially set to a certain value by a relatively complicated digital feedback
mechanism, and thereafter the voltage is held constant and the corona current is

allowed to vary. Although it might allow the use of a voltage that is lower than
that allowed by the Liebermann detectors, the voltage applied by the Jeffers, et
al. detector to the electrodes is still too large since the voltage must be set high

enough to ensure that subsequent changes in halogen concentration will not cause

the corona current to become extinguished, thus resulting in the inoperability of
the detector.

Summary of the Invention

The present invention is directed to a réfrigerant leak detector thai
operates by applying a high voltage across a pair of electrodes so that a corona
current is generated through the electrodes.

In one aspect, the invention is directed to a refrigerant gas leak detector
that causes a substantially constant corona current to be provided across a pair of
electrodes, regardless of changes in concentration of refrigerant gas. The leak
detector has a sensing tip with a pair of electrodes that are spaced apart from one
another and a voltage supply circuit coupled to the electrodes. The voltage
supply circuit generates a high voltage across the electrodes to cause a corona
current to flow through them. The leak detector also includes a voltage control

circuit that controls the voltage applied across the pair of electrodes based on the



10

15

20

235

30

2110326

-3 .

corona current generated through the electrodes so that a substantially constant
corona current is maintained through the electrodes at all times, regardless of the
concentration of refrigerant gas present. The leak detector also includes a gas
sensor circuit that detects changes in the concentration of refrigerant gas present
In the vicinity of said sensing tip. Preferably, the gas sensor circuit detects
changes in gas concentration based upon the magnitude of the voltage applied
across the pair of electrodes.

Because the corona current is controlled to be substantially constant at all
times, regardless of the concentration of refrigerant gas present, this aspect of the
invention allows a lower voltage to be applied across the electrodes to generate
the corona current, thus enhancing the life of the sensing tip of the detector and
conserving battery power.

Also, this aspect of the invention increases the sensitivity of the detector
to changes in concentration of refrigerant gas present. Gas leak detectors that
operate on the corona principle are more sensitive to refrigerant gas at a specific
level of corona current since at such current levels, a given change in gas
concentration generates a larger percentage change in output signal than that
which would be generated at higher corona current levels. Since the corona
current is always controlled to be substantially constant, a relatively low value of
constant corona current can be selected to increase sensitivity without the concern
that the corona current will be extinguished due to an increase in the

concentration of refrigerant gas present.
In another aspect, the invention is directed to a refrigerant gas leak

detector that causes a corona current to be applied across a pair of electrodes.

The leak detector has gas sensing circuit with a nonlinear sensitivity such that the

- detector is more sensitive to changes in concentration of refrigerant gas at

relatively low refrigerant gas levels and less sensitive to changes in concentration
of refrigerant gas at relatively high refrigerant gas levels. This aspect of the

invention is advantageous because it allows the detector to be responsive to a very

wide range of gas concentrations, thus allowing the gas leak detector to be
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sensitive to very small changes in refrigerant gas at relatively low levels of gas,
while at the same time allowing the detector to detect changes in gas
concentration at relatively high levels of refrigerant gas. |

In a further aspect,' the invention is directed to a refrigerant gas leak
detector that causes a high voltage to be provided across a pair of electrodes to
generate a corona current through the electrodes. The leak detector has a circuit
which detects an abnormal operating condition, such as a sensing tip that has
exceeded its sensing life. When an abnormal operating condition is detected, the
detector generates an indication, such as a flashing light-emitting diode, for
signalling the presence of the abnormal operating condition.

These and other features and advantages of the present invention will be
apparent to those of ordinary skill in the art in view of the detailed description of

the preferred embodiment, which is made with reference to the drawings, a brief

description of which is provided below.

Brief Description of the Drawings

Fig. 1 is a block diagrarn of the preferred embodiment of the invention:

Fig. 2 is a cross-section of the gas sensing tip shown schematically in Fig.
1; ,

Fig. 3 is a circuit diagram of the constant éurrent suppiy circuit shown
schematically in Fig. 1;

Fig. 4 is a circuit diagram of the bad sensor circuit shown schematically
in Fig. 1; |

Fig. 5 is a circuit diagram of the timer and pump driver circuits shown
schematically in Fig. 1;

Fig. 6 is a circuit diagram of the gas sensing circuit shown schematically
in Fig. 1;

Fig. 7 is a circuit diagram of the signal generating circuit shown

schematically in Fig. 1; and
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Fig. 8 is a circuit diagram of a power supply circuit usable in the

preferred embodiment of the invention.

-
Detailed Description of a Lreferred Embodiment

A preferred embodiment of a refﬁgednt éas leak detector 10 for detecting
the presence and location of leaks of refrigerant gases such as halogen is shown
In Fig. 1. The leak detector 10, which is a portable, hand-held detector, has a
gas sensing tip 12 which is operated in the continuous corona range. A constant
current supply circuit 14, which is connected to the sensing tip 12 via a pair of
electrical lines 16, 18, supplies a high variable voltage to the sensing tip 12 such
that the corona current through the tip 12 remains substantially constant at all
times, regardless of the concentration of refrigerant gases present. Preferably,
the voltage applied to the sensing tip 12 is a high negative voltage.

A gas sensing circuit 20 is connected to the sensing tip 12 and senses the
voltage on the line 16 connected to the sensing tip 12. The sensed voltage is
related to the concentration of refrigerant gas present, with higher voltage
magnitudes corresponding to higher concentrations of refrigerant gas. The gas

sensing circuit 20 is coupled to a signal generating circuit 22 via four electrical

lines 24, 26, 28, 30. In response to the signals generated on the four lines 24-30,

 the signal generating circuit 22 generates various signals, such as an alarm signal

or an abnormal condition signal, that cause various audible and/or visual
indications to be generated. When an audible indication is generated, the signal

generating circuit 22 drives an audio speaker 36 via a pair of electrical lines 32,
34,

The leak detector 10 also includes a bad sensor circuit 40 coupled to the
sensing tip 12 via the line 18. At all times during normal operation of the leak
detector 10, a substantially constant corona current of a predetermined magnitude
s generated through the sensing tip 12. However, the leak detector circuitry may
malfunction or the sensing tip 12 may fail, such as due to excessive aging,

causing the sensor current to drop below its predetermined magnitude. In such



10

15

20

25

2110326

-6 -

cases, the bad sensor circuit 40 generates an abnormal condition signal via an
electrical line 42 which is coupled to a timer circuit 44. In response to such
signal, the timer circuit 44 generates a signal on an electrical line 46 coupled to
the signal generating circuit 22 which causes the circuit 22 to generate an
abnormal condition signal indicating the presence of an abnormal operatlng
condition.

The timer circuit 44 is also connected to a pump driver circuit 48 via an
electrical line 50. The pump driver circuit 48 is used to drive a pneumatic pump
52 via a pair of lines 54, 56. The pump 52 draws the atmosphere in the vicinity
of the sensing tip 12 through the tip 12 to facilitate detection of refrigerant gases.

Gas_Sensing Tip

A cross-section of the gas sensing tip 12 is shown in Fig. 2. The sensing
tip 12 has a unitary aluminum housing 100 that tapers from a relatively large
diameter to a relatively small diameter at its end distal from the main housing
(not shown) of the detector 10. A sintered metal filter 102, which allows the
passage of gas therethrough, acts as a flame arrestor to make the sensing tip 12
intrinsically safe, and keeps dirt and other foreign matter out of the sensing tip
12, is provided in a gas inlet bore formed in the distal end of the housing 100.

The housing 100 is connected to a length of flexible metal tubing 104 via
a steel fitting 106 which has a threaded portion which screws into a threaded
Interior bore formed in the proximal end of the housing 100. The metal tubing
104 is connected to the main housing of the detector 10. The tubing 104 houses
a length of tubing 108 such as rubber tubing in which a high voltage wire 110 is
provided. The high voltage wire 110 is electrically connected to a metal rivet
112, which abuts and is electrically connected to a wire electrode 114 anchored
in place by a hollow metal tube 115 having a relatively small inside diameter.
One end of the tube 115 may crimped (not shown) to anchor the wire electrode
114 firmly within the tube 115. The wire electrode 114 may be a Chromel R

type wire commercially available from Hoskins Manufacturing Co.
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A nylon support sleeve 116 has a cylindrical extension with a diameter
slightly larger than the tubing 108 so that the tubing 108, when forced over the
cylindrical extension, is held in place. The cylindrical extension of the sleeve 116
has a central cylindrical bore formed therein to allow the passage of gas
therethrough. The support sleeve 116 has a second internal bore formed therein
which is square and slightly larger than the cylindrical bore formed in the
cylindrical extension. The cylindrical body of the rivet 112 is press fit in place
within the second internal 'square bore formed in the support sleeve 116. Since
the body of the rivet 112 is cylindrical and the bore in which it is provided is
Square, gas may pass through the square bore when the rivet body is provided
therein. The support sleeve 116 has a generally cube-shaped cavity 117 formed
therein to facilitate the passage of gas through the sleeve 116. Without the cavity
[17, the head of the rivet 112 may hinder passage of gas through the square bore
formed in the support sleeve 116 since the head of the rivet 112 1s larger than the
cylindrical rivet body.

The metal tube 115 is provided within a central cylindrical bore formed
in a generally cylindrical electrode support 118. The internal diameter of the
central bore formed in the electrode support 118 decreases at a point to form an .
annular surface that. abuts the end of the tube 115 and retains the tube 115 in
place within the electrode support 118. The support 118 has a plurality of
circular bores 120 provided along its length to allow for the passage of gas
therethrough. The support 118 may include, for example, six circular bores 120
equally spaced about the circumferential periphery of the support 118.

A porous plastic washer 122 is provided adjacent the electrode support
118. The washer 122 has a central bore in which the tube 1135 is provided. The
porosity of the washer 122 is sufficient to allow gas to pass therethrough. The
washer 122 keeps dirt and other foreign matter out of the sensing tip 12 during
assembly and acts as an additional flame arrestor for intrinsic safety.

The unitary housing 100 of the sensing tip 12 has a gas flow passage 130
formed therein by three coaxial, cylindrical bores each of which has a different
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diameter. A first bore 132 having the smallest internal diameter is formed closest
to the distal end of the sensing tip 12; a second bore 134 having an intermediate
internal diameter is formed adjacent the first bore 132; and a third bore 136
having the largest internal diameter is formed adjacent the second bore 134. An
annular edge 138 is formed at the intersection of the second and third bores 134,
136, and a second annular edge 140 is formed at the intersection of the first and

second bores 132, 134.

The electrode support 118 abuts an annular surface 121 formed in the
unitary housing 100 adjacent the end of the third bore 136. Since the annular
surface 121 may be preformed within the housing 100 at a predetermined distance
from the edge 138, and since the tip of the electrode 114 can be positioned to
extend a predetermined distance from the electrode support 118, the annular
surface 121 acts as a means for aligning the wire electrode 114 so that the tip of
the electrode 114 is provided at a fixed location with respect to the edge 138.
During assembly of the sensing tip 12, after the electrode 114 is fixed within the
electrode support 118, the electrode 114 is positioned by inserting the support 118
into the tip 12 until it abuts the annular surface 121 As shown in Fig. 2, the tip
of the electrode 114 is positioned so that it is at the approximate horizontal
midpoint of the bore 136.

In operation, a high negative voltage generated by the constant current
supply circuit 14 is provided to the wire electrode 114 via the line 16, the high
voltage wire 110 and the metal rivet 112, and the housing 100 is electrically
connected to the line 18 via the stee] fitting 106 and the flexible metal tubing 104.
Alr is drawn via the pump 52 (shown schematically in Fig. 1) through the
housing 100 via a flow path through the metal filter 102, the flow passage 130,
the bores 120 in the electrode support 118, the porous filter 122, the interior of
the support sleeve 116, and the interior 6f the tubing 108, and the air exits at an
aperture (not shown) formed in the metal tubing 104 proximate its connection to

the main housing of the leak detector 10.
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Due to the large voltage difference between the wire electrode 114 and the
housing 100, a corona is formed and a continuous DC corona current flows from
the housing 100 to the electrode 114. The presence of refrigerant gas in the air

that is passed through the flow passage 130 affects the magnitude of the voltage
necessary to keep the corona current substantially constant; thus, the magnitude

of the voltage is related to the concentration of refrigerant gas.

The annular edge 138, because it provides a well-defined relatively sharp
edge at a well-defined distance from the wire electrode 114, causes a stable
corona to be formed between the electrode 114 and the edge 138, as opposed to
allowing the corona to be formed between the electrode 114 and some other
surface on the interior of the housing 100. As a result of the stable corona, the
corona current is also stable and does not exhibit relatively quick magnitude
changes that are not caused by changes in the concentration of refrigerant gas
present. The provision of the annular edge 138 may increase the life of the
sensing tip 12 and may allow a smaller voltage to be used in the sensing tip 12,
which would also contribute to enhanced sensing tip life. The use of the
relatively narrow bore 132 in the flow passage 130 tends to reduce electric field
effects caused by external objects positioned near the sensing tip 12, thus

preventing the presence of such external objects from substantially affecting the

- corona generated within the sensing tip, and thus the magnitude of the corona

current generated.

Constant Current Supply Circuit

The constant current supply circuit 14, a circuit diagram of which is
shown in Fig. 3, includes two basic parts, a voltage supply circuit 144 and a
voltage control circuit 146 that controls the voltage supplied by the voltage supply
circuit 144 to the sensing tip 12.

Referring to Fig. 3, the voltage supply circuit 144 includes a transformer
150 having a primary winding 150a, a secondary winding 150b and a feedback
winding 150c. A transistor 158 provides relatively small amplitude pulses to the
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primary winding 150a, which induces large amplitude pulses in t‘he secondary
winding 150b. The secondary winding 150b is connected to a voltage tripler
circuit that includes four capacitors 160, 162, 164, 166 and four diodes 168, 170,
172, 174. The voltage tripler circuit rectifies the high voltage pulses generated

by the secondary winding 150b and provides a DC voltage across the lines 16,
18 connected to the sensing tip 12 to generate the corona.

The corona current, which is DC, flows through a current path from a
+2.5 volt source, through a resistor 180, across the electrodes via the lines 16,
18, through a resistor 182, and through the diodes 168, 170, 172, 174 to ground.

The magnitude of the corona current is controlled to be substantially
constant at all times, regardless of the concentration of refrigerant gas present,
by the voltage control circuit 146. The circuit 146 includes an operational
amplifier 200 connected to the feedback winding 150c of the transformer 150 via
a resistor 202 and a capacitor 204. A reference voltage is provided to the
inverting input of the amplifier 200 by its connection to the intersection of a pair
of resistors 206, 208 connected In series between a +2.5 volt reference voltage
and ground. The noninverting input of the amplifier 200 is connected to sense,
through an RC filter circuit comprising a resistor 220 and a capacitor 222, the
magnitude of the voltdge at the junction of the resistors 180 and 220, which
voltage is indicative of the magnitude of the corona current since the corona
current flows through the resistor 180. The time constant of the RC filter circuit
is small so that only relatively instantaneous signal changes are smoothed.

The amplifier 200 is a very high-gain amplifier that generates an output
that is proportional to the difference between the voltage at its noninverting input,

which is representative of the magnitude of the corona current, and the reference
voltage at its inverting input. The amplifier output is provided to drive the base
of the transistor 158. If the voltage representing the corona current is below the
reference voltage at its inverting input, the amplifier 200 increases the base drive
of the transistor 158 through the feedback winding 150c, thus increasing the
magnitude of the pulses in the primary and secondary windings 150a, 150b and
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Increasing the magnitude of the voltage provided to the wire electrode 114 to
maintain the corona current at its predetermined level. Due to the voltage control
circuit 146, the corona current remains smllbstantially constant at all times during

operation of the detector, regardless Of;;qthe concentration of refrigerant gas

Bad Sensor Circuit

Referring to Fig. 4, a circuit diagram of the bad sensor circuit 40 is
shown. The bad sensor circuit 40 can detect a number of abnormal operating
conditions and in response generates an abnormal condition signal. Such
abnormal conditions may include a defective or worn out sensing tip 12, a sensing
tip 12 that is not electrically connected to the leak detector electronics, or a
malfunction of the leak detector electronics. Abnormal conditions are assumed
to occur when the corona current drops below the substantially constant value to
which it should be controlled.

The bad sensor circuit 40 includes a comparator 240 having an inverting
input connected to a reference voltage generated at the Intersection of a pair of
resistors 242, 244 connected in series between +2.5 volts and ground. The
comparator 240 compares that reference voltage with the voltage at the junction
of the resistors 180 and 220 (Fig. 3), which voltage is representative of the
magnitude of the corona current.

It should be appreciated that if the magnitude of the corona current
decreases, the voltage on the line 18 will Increase, since the resistor 180 (Fig. 3)
through which the corona current flows is connected to +2.5 volts. Therefore,
magnitude of the reference voltage supplied to the comparator 240 is higher than
the reference voltage supplied to the amplifier 200 (Fig. 3) so that the comparator
240 detects when the corona current falls below the value to which it should be
controlled. 1In that case, the voltage on the line 18 would exceed the reference
voltage applied to the inverting input of the comparator 120, and the comparator
240 would generate a relatively high output signal, indicating the presence of an



10

15

20

25

2110326

circuit 44 via the line 42. As described below, the abnormal operating condition

signal ultimat‘ely causes a red light-emitting diode (LED) to be illuminated.

Timer and Pump Driver Circuits

A circuit diagram of the timer and pump driver circuits 44, 48 is shown
in Fig. 5. The timer circuit 44 includes a conventional integrated circuit 260,
such as a well-known 556 circuit, Incorporating two timers. One of the timers,
which is connected as a retriggerable monostable multivibrator, or one shot,

receives the abnormal condition signal generated on the line 42. When that signal

becomes active by having a high value, the one shot generates an output signal
having a high value on a line 262 that lasts a predetermined period of time. That
signal is provided to a diode 264 connected to the line 46. A second diode 266
1s connected between the lines 42 and 46. The two diodes 264, 266 act as an OR
gate, in that if either signal on the two lines 42, 262 has a high value, the signal
on the line 46 also has a high value. When it has a high value, the signal on the
line 46, which is supplied to the signal generating circuit 22, causes a red LED
268 (Fig. 7) to be illuminated.

The integrated circuit 260 contains a second timer that generates a constant
frequency periodic signal for driving the gas pump 52 (Fig. 1) which draws air
through the sensing tip 12. The constant frequency signal is transmitted to a
power amplifier circuit 270 via the line 50. The amplifier circuit 270 may be a
conventional circuit such as a TDA7052. The amplifier circuit 270 is connected

10 @ zener diode circuit 272, which is connected to the pump 52 via the lines 54,
56.

Gas Sensing Circuit

A circuit diagram of the gas sensing circuit 20 is shown in Fig. 6. As

described above, the voltage provided to the sensing tip 12 via the line 16 varies
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with the concentration of refrigerant gas present and 1s indicative of the amount
of such gas present.

Referring to Fig. 6, the gas sensing circuit 20 includes three resistors 300,
302, 304 having very large resistance values connected to detect the voltage on
the line 16 connected to the sensing tip 12. The sensing tip voltage signal is
filtered by an operational amplifier 320 connected as a low pass filter and by an
RC filter circuit including a resistor 322 and a capacitor 324. The sensing tip
voltage signal is provided to a first operational amplifier 330 via a resistor 332
and to a second operational amplifier 338 via a variable filter circuit comprising
a resistor 340, a capacitor 342, a first, normally open switch 344 and a second,
normally closed switch 346 connected in series with the resistor 340

In normal operation, due to its connection to the variable filter circuit, the
operational amplifier 338 acts as a buffer to store a relatively slowly changing
signal, the magnitude of which is indicative of the "background” concentration
of refrigerant gas present. The operational amplifier 330 acts as a buffer to store
a relatively quickly changing signal, the magnitude of which is indicative of the
"instantaneous” concentration of refrigerant gas present, which represents the
relatively quickly changing concentration of the refrigerant gas, which may be
caused by a gas leak.

The time constant of the variable filter circuit varies, depending on the
state of the first and second switches 344, 346. The activation terminal of the
switch 344 is connected to a switch actuator circuit comprising a capacitor 350,
a resistor 352, and a diode 354. Immediately upon power-up of the gas sensing
circuit 20, the voltage at the activation terminal of the switch 344 1s high, which
causes the switch 344 to be in its closed position. In that case, the time constant
of the variable filter circuit is relatively fast since the resistor 340 is effectively
shorted out. A short time after power is provided to the gas sensing circuit 20,
the capacitor 350 becomes charged up, causing the voltage at the activation
terminal of the switch 344 to be low, which causes the switch 344 to change to

its normally open position. In that case, the variable filter circuit has a relatively
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long time constant determined by the resistor 340 and the capacitor 342 (the
switch 346 is normally closed).

The outputs of the amplifiers 330, 338 are provided to an operational
amplifier 370 connected as a difference amplifier that generates a signal
representative of the difference between the background signal generated by the
amplifier 338 and the instantaneous signal generated by the amplifier 330. The
difference signal is provided to an operational amplifier 380 which acts as a
comparator. ‘The noninverting input of the amplifier 380 is connected to a
reference voltage via a resistor 382. The reference voltage is developed across
a pair of resistors 384, 386 and a potentiometer 388 connected In series between
ground and +2.5 volts. When the difference voltage provided to the inverting
input of the amplifier 380 exceeds the reference voltage provided to the
noninverting input, the amplifier 380 generates an alarm signal via the line 24
connected to the signal generating circuit 22. As described below, the alarm

which is in turn connected to the activation terminal of the normally closed switch
346 of the variable filter circuit. When the alarm signal is activated, the switch
394 closes, which causes the normally closed switch 346 to open, thus causing
the time constant of the variable filter circuit to be practically infinite since
neither of switches 344, 346 is closed and thus the voltage on the capacitor 342
does not change.

The outputs of the amplifiers 330, 338 are also provided to an amplifier
400 connected as a differential amplifier that generates a signal which is provided
to the signal generating circuit 22 via the line 26 to generate a ticking sound,
similar to that of a Geiger counter, in which the time between the ticks varies

according to the concentration of refrigerant gas sensed, with relatively short

times between ticks corresponding to relatively high concentrations.
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of the leak detector 10 by adjusting the position of a potentiometer 402 connected
to the amplifier 400.

The output of the amplifier 400 is connected to a diode 410 and a resistor
412. A pair of diodes 420, 422 and a resistor 424 are connected in series
between the line 26 and the junction of the diode 410 and the resistor 412. The
amplifier output signal that appears at the junction of the diode 410 and the
resistor 412, referred to herein as the "junction voltage," varies between about

zero volts and about +4.4 volts. A junction voltage closer to zero volts

corresponds with a relatively large difference between the background and

instantaneous refrigerant gas levels.

The relationship between the Junctlon voltage and the voltage prowded to
the signal generating circuit 22 via the line 26, which controls the rate at whmh
the ticking sound is generated, is nonlinear. That nonlinearity is caused by the
diodes 420, 422.

As the junction voltage decreases from its maximum value of about +4.4
volts to an intermediate voltage between +4.4 volts and zero volts, the diodes
420, 422 slowly begin to turn on. When the diodes 420, 422 are in the process
of turning on, the voltage across each diode varies from between about 0.2 volts
to 0.6 volts, and the voltage across each of the diodes 420, 422 varies nonlinearly
with respect to the current through the each of the diodes 420, 422.

When the junction voltage is below the intermediate value between zero
and +4.4 volts, the diodes 420, 422 are fully turned on, and the voltage across
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each of them remains a constant 0.6 volts, regardless of the value of the junction
voltage. As a result, when the junction voltage is between the intermediate value
and zero volts, the junction voltage varies linearly, and inversely, with respect to
the voltage on the line 26, due to the change in voltage across the resistor 424
resulting from the change in the base current of the transistor 512 (Fig. 7).

From the above description, it should be appreciated that the use of the
diodes 420, 422 causes the gas sensing circuit 22 to have a first sensitivity range,
when the junction voltage is above the intermediate voltage, in which the
sensitivity of the circuit 22 varies with the junction voltage in a nonlinear fashion,
and a second sensitivity range, when the junction voltage is lower than the
intermediate voltage, in which the sensitivity of the circuit 22 is constant.

The use of two sensitivity ranges allows the leak detector to detect very
small changes in the concentration of refrigerant gas when a low concentration
of background refrigerant gas is present, thus allowing the precise location of
small gas leaks to be determined, while at the same time being able to detect the
location of gas leaks when a high concentration of background refrigerant gas is
present. The use of automatically variable sensitivity also negates the need for

the user of the leak detector 10 to manually change sensitivity settings.

- Signal Generating Circuit

A circuit diagram of the signal generating circuit 22 is shown in Fig. 7.
The signal generating circuit 22 generates various audio and visual indications
under a number of different conditions. An audio ticking signal is generated
during normal operation of the leak detector to generate an indication of the
concentration of refrigerant gas present. When an alarm signal is generated on
the line 24, meaning that the difference between the background and instantaneous
refrigerant gas concentrations is greater than a predetermined value, an audio

alarm is generated and the red LED 268 is flashed. When an abnormal condition
1s detected by the bad sensor circuit 40, the red LED 268 is illuminated
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constantly. When a low voltage condition is detected by a power supply circuit
500 as described in detail below, a green LED 502 is flashed.

Referring to Fig. 7, the signal gcﬁ?rating circuit 22 includes an integrated
circuit 510, such as a conventional *556 integrated circuit chip, incorporating two
timers. One of the timers generates a va“ﬁaﬁle‘frequency signal that is used to
drive the audio speaker 36. The frequency of speaker drive signal is controlled
by a transistor 512. The voltage on the line 26 is provided to the base of the
transistor 512 and controls the magnitude of the collector current of the transistor
512, which in turn controls the frequency of the speaker drive signal generated
by the first timer. When the voltage provided to the base of the transistor 512
i1s decreased, the base current and collector current increase, thus increasing the
frequency of the first timer. The speaker drive signal is transmitted to a
conventional driver circuit 520, such as a TDA7052, which drives the speaker 36
via the lines 32, 34, via a pair of resistors 522, 524 and a capacitor 526. An
earphone jack 528 may also be provided.

During normal operation, in the absence of an alarm, the speaker drive
signal is a variable, relatively low frequency signal which causes a ticking sound
to be generated by the speaker 36.

When an alarm signal is generated on the line 24, the other timer

- contained in the integrated circuit 510 is activated and generates a fixed frequency

signal on the line 28. The fixed frequency of the signal is determined by the

values of a resistor 540 and a capacitor 542, and the duty cycle of the signal is

determined by a diode 544 and the value of a resistor 546. The fixed frequency
signal may have a frequency of about two hertz and a duty cycle of about 10
percent.

The fixed frequency signal is transmitted to a switch 550 connected to the
red LED 268 via the line 28 and causes the red LED 268 to flash at the two hertz
frequency of the signal. During an alarm, the alarm signal generated on the line

24 causes the switch 550 to be closed so that fixed frequency signal is provided
to the red LED 268 to make it flash. |
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Referring back to Fig. 6, the fixed frequency signal is also provided via

the line 28 to a series connection of a resistor 560, an open-collector inverter
362, and a resistor 564 of the gas sensing circuit 20. When the voltage on the
line 28 is high, about 10% of the time due to duty cycle of the fixed frequency
signal being about 10%, the open-collector inverter 562 generates a low voltage
on the line 26, regardless of the voltage at the junction of the diode 410 and
resistor 412, causing the base of the transistor 512 (Fig. 7) to be driven hard into
conduction, thus causing the variable frequency signal generated by the first timer
of the integrated circuit 510 to greatly increase. As a result, during an alarm,
when the magnitude of the two hertz fixed frequency signal is high, about 10%
of the time, a relatively high frequency alarm tone is generated instead of the low
frequency ticking sound. Thus, during an alarm, the ticking sound which is
indicative of the refrigerant gas concentration is periodically interrupted for short
intervals by a higher frequency alarm. During the remaining 90% of the time,
the ticking sound continues to be generated.

The user of the leak detector may prevent the high pitched alarm from
Interrupting the ticking sound by pressing a pushbutton 570 connected to ground.
When the pushbutton 570 is depressed, the input of the inverter 562 is grounded,

thus preventing the output of the inverter 562 from generating a low voltage on .

the line 26 to increase the frequency of the first timer, regardless of the

magnitude of the voltage on the line 28.

Referring back to Fig. 7, the signal generating circuit 22 generates an
indication signalling the presence of an abnormal operating condition based on the
abnormal condition signal generated on the line 46. The line 46 is connected to
an inverter 570 connected to the red LED 268. When the voltage on the line 46
is high, indicating the presence of an abnormal condition, the inverter S70 outputs
a low voltage, which causes the red LED 268 to be continuously illuminated,

since the voltage on the line 630 attached to the opposite end of the LED 268 is
normally high.
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The abnormal condition signal also causes the audible ticking sound to be
disabled. Referring to Fig. 6, the line 46 is connected to an inverter 580 which

inverts the voltage of the abnormal condition signal and transmits the inverted
signal to the signal generating circuit 22 via the line 30. The inverted signal on
the line 30, which is connected to the enable pin of the first timer of the
integrated circuit 510, disables the first timer when an abnormal condition is
present, thus preventing the speaker 36 from generating any sound.

The line 46 which transmits the abnormal condition signal is also
connected to the switch 344 of the variable filter circuit. When an abnormal
condition is detected, the signal on the line 46 causes the switch 344 to be closed,
thus reducing the time constant of the variable filter circuit, so that a new
background gas concentration is stored in the buffer amplifier 338.

The background concentration is reset since an abnormal operating
condition typically causes the sensing tip voltage to be artificially high,
representing an large concentration of background refrigerant gas. When normal

operation resumes, the background concentration will have been just reset.

Power Ircui

A circuit diagram of the power supply circuit 500 usable in connection
with the preferred embodiment of the invention is shown in Fig. 8. The power
supply circuit ‘500 supplies a voltage of +5 volts to the various circuit

components described above. The detailed connections are not shown for
purposes of simplicity. The power supply circuit 500 also includes a conventional
voltage converter circuit that converts the +5 volts generated by the power supply
circuit to +2.5 volts, which is used by a number of circuit components described
above.

_ The power supply circuit 500 also checks the voltage provided by one or
more batteries contained in the leak detector. The power supply circuit 500
includes a conventional integrated circuit 610, such as a 78540. The power

supply circuit 500 is connected to a power switch 620 for turning the detector
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power on and off and a pair of terminals B+ and B- which are connected to one

or more batteries (not shown). The circuit 610 includes an internal comparator

(not shown) which compares a voltage on a line 622 derived from the voltage
supplied by the batteries to the internal reference voltage. The voltage on the line
622 is generated at the junction of a pair of resistors 624, 626 connected in series
between +35 volts on a line 628 and ground. Since the +35 volt signal on the line
628 is generated by the integrated circuit 610 from the battery voltage, if the
battery voltage sufficiently decreases, so will the +5 volt signal on the line 628.

Consequently, the voltage on the line 622 will also decrease and become smaller

than the internal reference voltage, and a low battery signal will be generated on
a line 630.

The low battery signal has a high value of about +5 volts during normal
operation when the batteries are fully charged and a low value when the battery
power 1s weak. Referring to Fig. 7, during normal operation when the batteries
are fully charged, the low battery signal having a high value is provided on the
line 630 to an inverter 640 coupled to the green LED 502. In that case, the
output of the inverter 640 generates a low voltage which will cause the green
LED 502 to be continuously illuminated to indicate that the leak detector is
operable.

When it changes to a low value, the low battery signal causes the green '

LED 502 to flash at the two hertz rate of oscillation of the second timer in the
integrated circuit 510 (Fig. 7). The low battery signal causes the green LED 502
to flash by inducing the amplifier 380 (Fig. 6), via the line 630 coupled to the
noninverting input of the amplifier 380, to generate an alarm signal on the line
24, regardless of the concentration of refrigerant gas present. The alarm signal
is provided to the circuit 510 via the line 24 and causes the second timer in the
circuit 510 to generate its two hertz constant frequency signal on the line 28. The

oscillating signal on the line 28 is supplied to an inverter 652 connected to the
green LED 502 and causes the green LED to flash.



10

15

20

2110326

-21 -

In the absence of an active low battery signal, the oscillating signal on the
line 28 would cause the red LED 268 to flash via the connection of the line 28

to the mverter 570 coupled to the red LED 268. To prevent the red LED from
tlashing, the active low battery signal having a low voltage is provided to the red
LED 268 via the line 630, which prevents the red LED 268 from being
illuminated due to the low voltage on the line 630.

The active low battery signal on the line 630 also prevents the first timer
in the circuit 510 from being enabled due to the connection of the line 630 to the
a line 650 connected to the first timer. As a result, the first timer is prevented
from generating any driver signal to drive the loudspeaker 36 so that neither a
ticking sound nor an audible alarm is generated.

During normal operation of the leak detector when the low battery signal
s inactive, its high voltage allows the red LED 268 to be illuminated and enables
the timer in the circuit 510 to generate speaker drive signals.

Numerous modifications and alternative embodiments of the invention will
be apparent to those skilled in the art in view of the foregoing description. This
description is to be construed as illustrative only, and is for the purpose of
teaching those skilled in the art the best mode of carrying out the invention. The
details of the structure and method may be varied substantlally without departmg '
from the spirit of the invention, and the exclusive use of all modifications whxch

come within the scope of the appended claims is reserved.



CA 02110326 2001-03-06

-2
WHAT IS CLAIMED IS:

1. A method of detecting the location of a refrigerant gas leak in an atmosphere having
a background concentration of refrigerant gas in which a high voltage is applied to a pair of
electrodes to generate a substantially constant corona current through said electrodes, said

method comprising the steps of:

(a) applying a high voltage to one of said electrodes to generate a corona current

across said pair of electrodes;

(b) continuously adjusting said high voltage applied to said one of said electrodes
based on the magnitude of said corona current, said high voltage being continuously adjusted
so that the magnitude of said corona current remains substantially constant at all times,

regardless of the concentration of refrigerant gas in the vicinity of said pair of electrodes:

(c) detecting the magnitude of said high voltage applied to said one of said of
electrodes:

(d)  based on the magnitude of said high voltage detected during said step (c),
generating a first signal indicative of the background concentration of refrigerant gas present
in the vicinity of said pair of electrodes;

(e) based on the magnitude of the high voltage detected during said step (c),
generating a second signal indicative of the relatively instantaneous concentration of

refrigerant gas present in the vicinity of said pair of electrodes; and

(1) generating a gas concentration signal based on the difference between the

magnitude of said first signal generated during said step (d) and the magnitude of said second
signal generated during said step (e).

2. A method as defined in claim 1 additionally comprising the step of (g) generating an
alarm 1ndication when the difference between the magnitude of said first signal generated

during said step (d) and the magnitude of said second signal generated during said step (e)

1s greater than a predetermined amount.

3. A method as defined in claim | wherein said high voltage applied to said pair of

electrodes during said step (a) is a DC voltage.
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4, A method as defined in claim 1 wherein said high voltage applied to said pair of

electrodes during said step (a) 1s a negative voltage.

5. A refrigerant gas leak detector that causes a substantially constant corona current to
be provided across a pair of electrodes, regardless of changes in concentration of refrigerant

gas, said gas leak detector comprising:

a sensing tip having a pair of electrodes, said electrodes being spaced apart from one

another;

generating means coupled to one of said electrodes for generating a high voltage on
sald one of said electrodes to cause a corona current to flow across said electrodes:

controlling means coupled to said generating means for controlling the voltage
generated by said generating means based on the corona current generated through said pair
of electrodes, said controlling means controlling the voltage generated by said generating
means to maintain a substantially constant corona current through said pair of electrodes,
regardless of the concentration of refrigerant gas present; and

detecting means coupled to one of said electrodes for detecting changes in the
refrigerant gas concentration in the vicinity of said sensing tip and generating a gas
concentration signal relating to the concentration of the refrigerant gas detected, said gas

concentration signal being generated based upon the magnitude of the voltage across said pair

of electrodes by said generating means.

6. A detector as defined in claim 5 wherein said detecting means comprises:

means for generating a first signal indicative of the background concentration of
refrigerant gas present in the vicinity of said sensing tip; and

means for generating a second signal indicative of the relatively instantaneous

concentration of refrigerant gas present in the vicinity of said sensing tip, said refrigerant gas

signal being generated based on said first and second signals.

7. A detector as defined 1in claim 6 wherein said refrigerant gas concentration signal 1s

generated based on the difference between said first and second signals.
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8. A detector as defined in claim 7 wherein said refrigerant gas concentration signal

comprises an alarm signal, said alarm signal being generated when the difference between said

first and second signals is greater than a reference value.

9. A refrigerant gas leak detector that causes a substantially constant corona current to
be provided across a pair of electrodes, regardless of changes in concentration of refrigerant

gases, said gas leak detector comprising:

a sensing tip having a pair of electrodes, said electrodes being spaced apart from one
another;

a voltage supply circuit coupled to one of said electrodes, said voltage supply circuit
generating a high voltage on said one of said electrodes to cause a corona current to flow
through said electrodes;

a voltage control circuit coupled to said voltage supply circuit, said voltage control
circuit controlling the voltage generated by said voltage supply circuit based on the corona
current generated through said pair of electrodes, said voltage control circuit controlling the
voltage generated by said voltage supply circuit to maintain a substantially constant corona
current through said pair of electrodes, regardless of the concentration of refrigerant gases

present; and

a gas sensing circuit coupled to one of said electrodes for detecting changes in the gas

concentration in the vicinity of said sensing tip.

10. A detector as defined in claim 9 wherein said gas sensing circuit detects said changes

based upon the voltage applied across said pair of electrodes.

1. A detector as defined in claim 9 wherein said high voltage comprises a negative

voltage.

2. A detector as defined in claim 9 wherein said high voltage comprises a DC voltage.
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3. A detector as defined in claim 9 wherein said voltage control circuit cOmprises an
amplifier that controls the corona current to be substantially constant by generating a current

control output signal based upon the difference between the corona current and a

predetermined reference value.

14. A detector as defined in claim 9 wherein said voltage supply circuit comprises a

transformer coupled to a voltage multiplier circuit.

I5. A detector as defined in claim 14 wherein said voltage multiplier circuit comprise a

tripler circuit.

16. A refrigerant gas leak detector that causes a substantially constant corona current to
be provided across a pair of electrodes, regardless of changes in concentration of refrigerant

gases, said gas leak detector comprising:

a sensing tip having a pair of electrodes, said electrodes being spaced apart from one
another;
a voltage supply circuit coupled to one of said electrodes, said voltage supply circuit

generating a high voltage on said one of said electrodes to cause a corona current to flow

through said electrodes;

a voltage control circuit coupled to said voltage supply circuit, said voltage control
circuit controlling the voltage generated by said voltage supply circuit based on the corona
current generated through said pair of electrodes, said voltage control circuit controlling the
voltage generated by said voltage supply circuit to maintain a substantially constant corona
current through said pair of electrodes, regardless of the concentration of refrigerant gases
present; and

a gas sensing circuit coupled to one of said electrodes for detecting changes in the
refrigerant gas concentration in the vicinity of said sensing tip, said gas sensing circuit
generating a gas concentration signal relating to the concentration of refrigerant gas present

In the vicinity of said sensing tip based on a first signal indicative of the background
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concentration of refrigerant gas present in the vicinity of said sensing tip and on a second

signal 1ndicative of the relatively instantaneous concentration of refrigerant gas present in the

vicinity of said sensing tip.

7. A refrigerant gas leak detector for detecting relatively quick changes in the
concentration of refrigerant gas present in an atmosphere having a background concentration
of refrigerant gas present, said leak detector operating by causing a voltage to be applied
across a pair ot electrodes to induce a corona current through said electrodes, said leak

detector having a nonlinear sensitivity, said leak detector comprising:

a sensing tip having a pair of electrodes, said electrodes being spaced apart from one

another:;

a voltage supply circuit coupled to one of said electrodes, said voltage supply circuit
generating a high voltage on said one of said electrodes to cause a corona current to flow
through said electrodes;

a gas sensing circuit coupled to one of said electrodes, said gas sensing circuit
detecting changes in the concentration of refrigerant gas present in the vicinity of said sensing
tip, said gas sensing circuit comprising:

a first circuit that generates a first signal indicative of the background concentration
of refrigerant gas present in the vicinity of said electrodes:

a second circuit that generates a second signal indicative of the relatively instantaneous
concentration of refrigerant gas present in the vicinity of said electrodes:

a difference circuit coupled to said first and second circuits that generates a difference
signal representing the difference in magnitude between said first signal and said second
signal; and

means for generating a gas concentration signal based on said difference signal
generated by said difference circuit, the magnitude of said gas concentration signal being
nonlinearly related to the magnitude of said difference signal so as to provide nonlinear

sensitivity to the concentration of refrigerant gas in the vicinity of said electrodes.
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I8. A refrigerant gas leak detector for detecting changes in the concentration of refrigerant

gas, said leak detector operating by causing a voltage to be applied across a pair of electrodes

to induce a corona current through said electrodes, said leak detector comprising:

a sensing tip having a pair of electrodes, said electrodes being spaced apart from one
another:

a voltage supply circuit coupled to one of said electrodes, said voltage supply circuit
generating a high voltage on said one of said electrodes to cause a corona current to flow
through said electrodes;

a gas sensing circuit coupled to one of said electrodes, said gas sensing circuit
detecting the background gas concentration and the relatively instantaneous gas concentration

In the vicinity of said electrodes, said gas sensing circuit including means for automatically
varying the sensitivity of the leak detector, said means for automatically varying the sensitivity
comprising:

means for generating a difference signal representative of the difference between the
background gas concentration and the relatively instantaneous gas concentration: and

means for generating from said difference signal a gas concentration signal that is

nonlinearly related to said difference signal.

19. A refrigerant gas leak detector that causes a corona current to be applied across a pair
ot electrodes, said leak detector having a nonlinear sensitivity such that said detector is more
sensitive to changes in concentration of refrigerant gas at some refrigerant gas levels and less
sensitive to changes in concentration of refrigerant gas at other refrigerant gas levels, said leak

detector comprising:

a sensing tip having a pair of electrodes, said electrodes being spaced apart from one
another:;
a voltage supply circuit coupled to one of said electrodes, said voltage supply circuit

generating a high voltage on said one of said electrodes to cause a corona current to flow

through said electrodes;
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a gas sensing circuit coupled to one of said electrodes, said gas sensing circuit
detecting the background gas concentration and the relatively instantaneous gas concentration
In the vicinity of said electrodes, said gas sensing circuit being more sensitive to changes in
concentration of refrigerant gas at some refrigerant gas levels and less sensitive to changes in
concentration of refrigerant gas at other refrigerant gas levels, said gas sensing circuit
comprising:

means for generating a difference signal representative of the difference between the
background gas concentration and the relatively instantaneous gas concentration; and

means for generating from said difference signal a gas concentration signal that is

nonlinearly related to said difference signal.

20. A detector as defined in claim 19 wherein said gas sensing circuit COmprises an
amplifier with an output that generates an output signal having a magnitude related to the

concentration of refrigerant gas detected and a pair of diodes coupled to said output of said

amplifier.

21. A detector as defined in claim 19 wherein said gas sensing circuit detects said changes

based upon the voltage supplied to said one of said electrodes.

22. A detector as defined in claim 19 wherein said high voltage COMprises a negative
voltage.

23. A detector as defined in claim 19 wherein said high voltage comprises a DC voltage.
24. A method of detecting the location of a refrigerant gas leak in an atmosphere having

a background concentration of refrigerant gas in which a high voltage is applied to a pair of
electrodes to generate a corona current through said electrodes, said method comprising the

steps of:

(a) applying a high voltage to one of said electrodes to generate a corona current

across said pair of electrodes;
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(b) generating a first signal indicative of the background concentration of

refrigerant gas present in the vicinity of said pair of electrodes:

(c) generating a second signal indicative of the relatively 1instantaneous
concentration of refrigerant gas present in the vicinity of said pair of electrodes;

(d) generating a difference signal representing the difference between the
magnitude of said first signal generated during said step (b) and the magnitude of said second
signal generated during said step (c).

(e) generating a gas concentration signal based on said difference signal generated
during said step (d), said gas concentration signal having a first rate of change with respect
to said difference signal when the magnitude of said difference signal 1s within a first
magnitude range, and said gas concentration signal having a second rate of change with
respect to said difference signal when the magnitude of said difference signal is within a

second magnitude range different from said first magnitude range, said first rate of change

being different than said second rate of change.

25.  Arrefrigerant gas leak detector that causes a high voltage to be provided across a pair
of electrodes to generate a corona current through said pair of electrodes, said leak detector
having a circuit that detects an abnormal operating condition, said gas leak detector
comprising:

a sensing tip having a pair of electrodes, said electrodes being spaced apart from one
another;

a voltage supply circuit coupled to one of said electrodes, said voltage supply circuit
generating a high voltage on said one of said electrodes to cause a corona current to flow
through said electrodes;

a detection circuit coupled to said high voltage supply that detects an abnormal
operating condition; and

means coupled to said detection circuit for generating an indication signalling the

presence of said abnormal operating condition.
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26. A leak detector as defined in claim 25 additionally comprising:

gas sensing means coupled to said pair of electrodes for detecting changes in the

concentration of refrigerant gas present in the vicinity of said sensing tip; and

means coupled to said gas sensing means for generating an indication relating to the

concentration of refrigerant gas present.

27. A leak detector as defined in claim 25 wherein said indication for signalling the
presence of said abnormal operating condition comprises a visual indication and wherein said

indication relating to the concentration of refrigerant gas present comprises an audible

indication.

28. A leak detector as defined in claim 27 wherein said visual indication comprises a

flashing light-emitting diode and wherein said audible indication comprises a variable-

frequency ticking sound.

29. A refrigerant gas leak detector that causes a substantially constant corona current to
be provided across a pair of electrodes, regardless of changes in concentration of refrigerant
gases, and generates an abnormal operating condition signal upon the detection of an abnormal

operating condition, said gas leak detector comprising:

a sensing tip having a pair of electrodes, said electrodes being spaced apart from one
another;
a voltage supply circuit coupled to one of said electrodes, said voltage supply circuit

generating a high voltage on said one of said electrodes to cause a corona current to flow

through said electrodes;

a voltage control circuit coupled to said voltage supply circuit, said voltage control
circutt controlling the voltage generated by said voltage supply circuit based on the corona
current generated through said pair of electrodes, said voltage control circuit controlling the

voltage generated by said voltage supply circuit to substantially maintain the corona current

through said pair of electrodes at a predetermined level, regardless of the concentration of

refrigerant gases present; and
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means coupled to one of said electrodes for detecting when the corona current falls

below said predetermined level and generating an abnormal operation condition signal in

response thereto.

30. A refrigerant gas leak detector that causes a substantially constant corona current to
be provided across a pair of electrodes, regardless of changes in concentration of refrigerant

gas, said gas leak detector comprising:

a sensing tip having a pair of electrodes, said electrodes being spaced apart from one
another;

generating means coupled to one of said electrodes for generating a high voltage on
said one of said electrodes to cause a corona current to flow across said electrodes;

controlling means coupled to said generating means for controlling the voltage
generated by said generating means based on the corona current generated through said pair
of electrodes, said controlling means controlling the voltage generated by said generating
means to maintain a substantially constant corona current through said pair of electrodes,
regardless of the concentration of refrigerant gas present; and

detecting means coupled to one of said electrodes for detecting changes in the
refrigerant gas concentration in the vicinity of said sensing tip and generating a gas
concentration signal relating to the concentration of the refrigerant gas detected, said gas
concentration signal being generated based on the magnitude of the voltage across said pair
of electrodes by said generating means, said detecting means comprising:

means for generating a first signal indicative of the background concentration of
refrigerant gas present in the vicinity of said sensing tip comprising an amplifier coupled to
a variable filter circuit; and

means for generating a second signal indicative of the relatively instantaneous
concentration of refrigerant gas present in the vicinity of said sensing tip, said refrigerant gas

signal being generated based on said first and second signals.
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31. A method of detecting the location of a refrigerant gas leak 1n an atmosphere having
a background concentration of refrigerant gas in which a high voltage is applied to a pair of

electrodes to generate a corona current through said electrodes, said method comprising the

steps of:

(a) applying a high voltage to one of said electrodes to generate a corona current

across said pair of electrodes;

(b) generating a first signal indicative of the background concentration of

refrigerant gas present in the vicinity of said pair of electrodes;

(c) generating a second signal indicative of the relatively instantaneous
concentration of refrigerant gas present in the vicinity of said patr of electrodes;

(d) generating a difference signal representing the difference between the
magnitude ot said first signal generated during said step (b) and the magnitude of said second
signal generated during said step (c); and

(e) generating a gas concentration signal based on said difference signal generated
during said step (d), said gas concentration signal having a first rate of change with respect
to said difference signal when the magnitude of said difference signal 1s within a first
magnitude range, and said gas concentration signal having a second rate of change with
respect to said difference signal when the magnitude of said difference signal 1s within a
second magnitude range different from said first magnitude range, said first rate of change

being difterent than said second rate of change and said first rate of change being linear and

said second rate of change being nonlinear.

32. A method of detecting the location of a gas leak in an atmosphere having a gas

concentration in which a high voltage is applied to a pair of electrodes to generate a corona
current through said electrodes, said method comprising the steps of:
(a) applying a high voltage to one of said electrodes to generate a corona current

across said pair of electrodes;

(b) continuously adjusting said high voltage applied to said one of said electrodes
based on the magnitude of said corona current, said high voltage being continuously adjusted

so that the magnitude of said corona current remains substantially constant;

T ARG G TSR I RN ST AT s (M e e e s g




CA 02110326 2001-03-06

- 33 -

(¢) detecting the magnitude of said high voltage applied to said one of said
electrodes;
(d)  based on the magnitude of the high voltage detected during said step (c),

generating a gas concentration signal representative of the gas concentration in said

atmosphere.
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