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57 ABSTRACT 

This application relates to a system of capacitor 
discharge flash lamps which are flashed in sequence 
from a master timer. The invention consists of an ap 
paratus or system for making available at the master 
timer information as to which lamps are flashing and 
which lamps are not flashing without adding wiring to 
the system for this purpose. 

2 Claims, 2 Drawing Figures 
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LAMP FALURE DETECTION SYSTEM 

BACKGROUND OF THE INVENTION 
The airport approach lighting system known as a Se 

quenced Flash Approach Lighting System uses a num 
ber of high intensity flash lamps located on the ex 
tended center-line of a runway at distances of typically 
1000 feet to 3000 feet from the touchdown end of the 
runway, facing up the glide path. In some instances the 
line of lamps extends off the airport property and 
across adjacent fields. 
The lamps are flashed in a repeated rapid sequence, 

the flashing of each lamp being initiated by timing 
pulses from a master timer located usually near the 
touchdown end of the runway. 
Such systems, prior to the present invention, have 

customarily contained arrangements for monitoring the 
flashing of the lamps and initiating an alarm at the mas 
ter timer if a prescribed number of lamps failed to flash. 
However these arrangements provide no information as 
to which lamps are not flashing. It takes a maintenance 
man inordinate amounts of time and travelling to locate 
failed lamps and to isolate troubles. 

SUMMARY OF THE INVENTION 

In the present invention the functioning of each flash 
lamp is sensed by monitoring the surges of recharging 
current that flows into the associated energy storage 
capacitor (storage or energy storage means) each time 
it is discharged by a flash of the lamp. The presence of 
these current surges causes a change in the terminating 
impedance of the line carrying timing pulses from the 
master timer to the power supply of that lamp. At the 
master timer (timing means), the source of timing 
pulses for each lamp is given a sufficiently high impe 
dance that the change in terminating impedance at the 
end of the timing line results in an easily detected 
change in the amplitude of the timing pulses going into 
the timing line. A test circuit (timing pulse scrutinizing 
or examination means) is provided at the master timer 
that can distinguish between the amplitude of timing 
pulses fed to a functioning flash lamp and the different 
amplitude of timing pulses fed to a non-functioning 
flash lamp. Thus the functional status of each flash 
lamp is conveyed back to the master timer via its asso 
ciated timing line and no additional system wiring is 
needed to identify non-functioning and functioning 
flash lamps. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an illustration of the main embodiment of 

this invention; 
FIG. 2 is a diagram of a test circuit which is capable 

of testing and determining which of the lamps of a par 
ticular group are inoperative. 
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PREFERRED EMBODIMENT OF THE INVENTION 
Referring to FIG. 1, a transformer and rectifier appa 

ratus (power means) 10 is shown connected to a charg 
ing capacitor 12 and a resistor (monitoring or detecting 
means) 14. The transformer and rectifier 10 is the 
power source which will ultimately supply energy to the 
high intensity lamp. It will be noted that the trans 
former and rectifier may or may not be physically lo 
cated in the same housing with the lamp. Terminals 16 
and 18 which are shown connected across energy stor 
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age capacitor 12 are connected to the power terminals 
of a high intensity lamp. It will also be noted that termi 
nal 18 is grounded. A sensing circuit (timing circuit im 
pedance altering means) 19 is connected across resis 
tor 14. The sensing circuit consists of a capacitor 20 
and a diode 22 connected directly across resistor 14. 
Capacitor 20 has connected in parallel therewith a 
Zener diode 24, a resistor 26, the base 28 of transistor 
30, a collector 32 of transistor 30 and resistor 34. 
The timing pulse circuit for the particular lamp which 

is to be connected between terminals 16 and 18 is 
shown originating at terminal 36. This terminal is con 
nected into the sensing circuit 19 by means of resistor 
38 which is connected to base 28 of transistor 30 as 
well as to emitter 40 of transistor 30. The timing pulse 
input terminal is also connected into the firing circuit 
by means of a resistor 42 which is connected to gate 44 
of thyristor 46 as well as resistor 48 which is connected 
to ground and cathode 50 of thyristor 46. It is also to 
be noted that the end of resistor 48 which is connected 
to cathode 50 of thyristor 46 is also grounded. Before 
explaining in detail the operation of the circuit, a few 
remarks of a general nature may assist in understanding 
the operation. Firstly, the high intensity lamp which is 
to be flashed will generally be of a three terminal na 
ture having two terminals connected between lines 16 
and 18 and a triggering terminal which when energized 
will cause an arc discharge of the lamp. The triggering 
circuit shown in the drawing is of an illustrative nature 
only and many different varieties of triggering circuit 
are possible. However, it is believed that the sensing 
circuit to be described in association with resistor 14 
will function with a wide variety of trigger circuits. 
The circuit operates as follows. Transformer and rec 

tifier 10 supplies energy to energy storage capacitor 12 
to charge the capacitor 12 to some predetermined volt 
age. The capacitor will remain at this voltage until a 
triggering pulse appears on terminal 36 to initiate firing 
of the high intensity lamp. In this instance, the trigger 
ing pulse will flow through resistor 42 to the gate 44 of 
thyristor 46. Thyristor 46 becomes conductive and the 
triggering signal is fed to the triggering terminal of the 
discharge lamp which causes the discharge lamp to be 
come conductive and subsequently discharge capacitor 
12. When capacitor 12 has become sufficiently dis 
charged, the current flow to the lamp ceases and capac 
itor 12 will subsequently be recharged by the trans 
former and rectifier 10. During the recharge periods, 
resistor 14 must carry the recharging current for capac 
itor 12. During these periods, the side of resistor 14 
connected to diode 22 assumes a negative potential as 
does the side of capacitor 20 connected to diode 24. It 
is in this state that capacitor 20 is charged awaiting the 
arrival of a triggering pulse from the master timer at 
terminal 36. When a positive going trigger pulse is pro 
duced at terminal 36, the resultant positive signal on 
the lower end of resistor 38 functions in conjunction 
with the negative potential on the side of capacitor 20 
connected to Zener diode 24 to overcome the blocking 
effect of the Zener diode 24, with the result that cur 
rent flows and shifts the bias on the base 28 of transis 
tor 30 to force transistor 30 to become conductive. At 
this time the timing pulse is able to proceed along two 
paths to be described. The first path is through the 
emitter collector circuitry of transistor 30 through re 
sistor 34 to the grounded portion of terminal 18. The 
other path is through the resistor 42 to the gate of thy 
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ristor 46 and through resistor 48 to ground. As long as 
energy storage capacitor 12 is being repeatedly re 
charged, capacitor 20 remains charged and transistor 
30 conducts during each timing pulse connecting resis 
tor 34 from the timing line to ground. 

If for any reason the high intensity lamp fails to flash, 
capacitor 12 will not be discharged, hence no recharg 
ing operation may occur. In this instance, the voltage 
developed across resistor 14 will be negligible and will 
not be of such magnitude to charge capacitor 20. Thus 
even if a positive potential is produced on the lower 
end of resistor 38, capacitor 20 is not able to assist in 
turning transistor 30 on. In this instance, the triggering 
pulse will be faced with only the impedance of the fir 
ing circuit, that is essentially the series resistance of re 
sistor 42 and the very low resistance from the energized 
gate 44 to cathode 50 of thyristor 46. The impedance 
change will preferably be of the order of from about 1 
to 4, thus the triggering pulse may undergo a detectable 
increase in amplitude, e.g. from about 1 per unit to 1.7 
per unit depending upon the impedance characteristics 
of the master timer. It will be seen now that if the trig 
gering pulses at the master timer are examined by 
maintenance personnel, it will be possible to determine 
from the amplitude of the outgoing pulses which lamps 
in the group are not flashing. A circuit which will con 
veniently show which lamps are not flashing will be 
found in FIG, 2. The master timer 60 is shown having 
a set of terminals 62 through 70 which are connected 
to terminals such as 36 as shown in FIG. 1 of each dis 
charge lamp of the installation. Terminals 62 through 
70 (only a few of the terminals are shown here) will be 
made to be conveniently accessible at the master timer 
for purposes of testing and a test circuit such as the one 
shown in circuit 72 will be subsequently applied to each 
of the terminals 62 through 70 in order to determine 
which if any of the triggering pulses have deviated from 
their normal amplitude. 
Test circuit 72 is shown having a probe 74, a Zener 

diode 76 which is paralleled by a switch 78 to which is 
serially connected a test lamp 80. In some instances 
there may be insufficient power in the timing pulses to 
illuminate a test lamp. It may be necessary under these 
circumstances to amplify the timing pulses to make ob 
servation by the human eye possible. 
To test for the presence of timing pulses on any of the 

terminals 62 through 70, switch 78 is closed and probe 
74 is connected sequentially to each of the terminals 62 
through 70. A flash of the lamp under these conditions 
indicates that triggering pulses are present on each of 
the terminals. This provides an indication as to the con 
dition of master timer 60. 
To determine whether each of the lamps in the sys 

ten is flashing, switch 78 is opened and again the test 
probe 74 is sequentially connected to terminals 62 
through 70. It is by making the Zener diode 76 to have 
a Zener voltage which is marginally greater than the 
amplitude of a triggering pulse required to flash an op 
erative lamp that this circuit is able to distinguish be 
tween the triggering pulses being applied to a flash 
lamp circuit which contains an inoperative lamp and 
one where the lamp is operative. In this instance the 
test lamp will flash when subjected to a triggering pulse 
which is of a level higher than normal. From this test, 
it is possible for maintenance personnel to interrogate 
each terminal of the master timer and immediately de 
termine whether or not a pulse is being produced on 
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4. 
that particular terminal and if the triggering pulse pro 
duced is in fact flashing a high intensity lamp at a loca 
tion remote from the master timer, 

It will be seen that this invention entails the use of no 
more conductors between the master timer and each 
high intensity lamp than would be necessary for normal 
operation of the circuit. This invention therefore may 
be conveniently applied to existing installations or ap 
plied to new installations without the addition of com 
plex circuitry. 

I claim: 
1. Apparatus for the detection of a malfunction in the 

operation of a group of lamps which are arranged to 
flash in a periodic logical repeating sequence compris 
1ng: 
power means for supplying energy to flash each lamp 
of said group, 

energy storage means associated with each lamp for 
storing a predetermined amount of energy for each 
lamp during periods when each lamp is not flash 
ing, 

timing means for producing timing pulses which are 
applied to a trigger circuit associated with each 
lamp, to trigger each lamp into a flashing state dur 
ing which time energy flows from said energy stor 
age means into said lamp, 

detecting means for continuously detecting a transfer 
of energy from said power means to each energy 
storage means, 

timing circuit impedance altering means for altering 
the impedance of said timing circuit from a preset 
value during normal operation of said lamp to a sig 
nificantly different value upon the detection of no 
energy transfer between said power means and said 
energy storage means over a predetermined period 
of time, 

timing pulse scrutinizing means for examining the 
shape of each timing pulse produced by said timing 
means to determine which of any of said timing cir 
cuits have experienced a change in impedance, in 
dicating a malfunction in the operation of a flash 
lamp. 

2. An airport runway approach lighting system 
wherein a series of lamps located in predetermined 
spaced relationship along a runway or extension 
thereof are arranged to be flashed in a repeated logical 
sequence comprising: 
power means for supplying energy to flash said 
lamps, 

storage means associated with each lamp for storing 
energy delivered by said power means during peri 
ods when a respective lamp is not flashing, 

timing means for producing timing pulses which are 
applied to a trigger circuit associated with each. 
lamp in a repeated logical sequence to trigger each 
lamp into a flashing state, said timing means pro 
ducing pulses, the shape of which are dependent 
upon the impedance in each trigger circuit, 

monitoring means for continuously monitoring the 
flow of energy from said power means to said en 
ergy storage means, 

timing circuit impedance altering means for altering 
the impedance of said timing circuit when said 
monitoring means detects no appreciable energy 
flow between said power means and said energy 
storage means for a predetermined length of time, 

timing pulse examination means for examining each 
timing pulse supplied to each trigger circuit of said 
system in order to determine if the impedance of 
each timing circuit has been altered by said timing 
circuit impedance altering means, 
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