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[5 7] ' ABSTRACT 

An electrical circuit for coupling ?ashing light equipment to 
the series lighting circuit of an airport runway so as to obtain 
power for the operation of the ?ashing light. The circuit util 
izes a series lighting ferro-resonant autotransformer of suita 
ble power rating and having three windings to provide the 
desired power transfer. 

5 Claiins, 2 Drawing Figures 
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1 
TRANSFORMER-COUPLING CIRCUIT 

BACKGROUND OF THE INVENTION 

In the ?eld of air-portrunway lighting it is common practice 
to operate the runway lights in a series circuit arrangement. 
The current in the series loop is maintained at a constant 
preset value of current by means of a constant current regula 
tor. The output current of the regulator may be varied in order 
to change the intensity of the runway lights connected in the 
series loop. Each light in the series loop is connected to the se 
ries loop by means of a series to series type of isolation or insu 
lating transformer. 
There are two general types of series circuits in use: (a) a 

6.6-ampere current for either medium or high intensity opera 
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tion, with current variations down to 2.8 amperes for intensity ' 
control, and (b) a 20-ampere current for high‘ intensity opera 
tion with current variations down to 8.5 amperes for intensity 
control. 
At times it is desirable, mainly for economic reasons, to 

operate electrical devices which are not normally operable 
from a series circuit, from the series runway circuit. Such 
devices are Condenser Discharge Flashing Lights, Taxiway» 
Guidance Signs, Warning, and Guidance Lights and the like 
normally designed for operation from multiple type 120 and 
240 volt circuits. ' 

A series isolation lighting transformer, when operated with 
a normal lamp load, provides an essentially sinusoidal-output ' 
waveform, because the core does not become saturated. This 
is not true, however, when the series transformer is utilized to 
supply power to another transformer, because the load is no 
longer resistive. Under such operating conditions the series 
transformer core will be saturated, because a higher than nor 
mal voltage will appear across its primary, as a result of induc 
tive effects. The voltage waveform at the secondary will ap 
pear highly distorted, principally because ofa high percentage 
of third and higher order harmonics in the transformer output. 
Such a waveform ordinarily cannot effectively be utilized to 
convey power in a transformer coupled circuit. Furthermore, 
it is customary in the series lighting arrangement to set the pri 
mary (series) current at various regulated values (constant 
current), which results in a substantial variation in amplitude 
of the third harmonic output. 

SUMMARY OF THE INVENTION 

According to the preferred embodiment of the present in- ' 
vention, a circuit is provided between the series isolation 
lighting transformer and the utilization circuit that converts 
the highly distorted waveform into an approximate sinusoidal 
waveform at the desired output voltage and fundamental 
frequency. The coupling circuit serves to regulate the output 
to the utilization circuit as current in the series isolation trans 
former is varied. The coupling circuit may be operated with 
the output short-circuited in order to reduce the series trans 
formed input volt-amperes during periods when the ?ashing 
light unit or similar device is turned off. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the present invention which are believed to 
be novel are set forth with particularity in the appended 
claims. The present invention, both as to its organization and 
manner of operation, together with further objects and ad 
vantages thereof, may best be understood by reference to the 

- following description, taken in connection with the accom 
panying drawings, in which: 

FIG. 1 is a schematic diagram of a circuit according to the 
present invention. 

FIG. 2 is a graph of voltage waveforms helpful in un 
derstanding the circuit of FIG. 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Turning now to the drawings, FIG. 1 shows a ferro-resonant 
type auto-transformer 11 having windings 13, 15 and 17 ar 
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2 
ranged as shown and wound on two sections of what is com- ' 

monly referred to as a cruciform core 19. Winding 13 is a 
center-tapped winding wound on the short center leg of the 
core 19 and electrically connected in series with winding 15, 
which is a center-tapped winding wound on the long center leg 
of the core 19. Winding 17 is a few turns wound over winding 
15 and connected in opposition thereto. 
Capacitor 21 is connected across windings I5 and 17 so as 

to form a ferro-resonant circuit. All of the turns in winding 13 
and one-half of the turns in winding 15 form the primary or 
input circuit, while one-half of the'turns in winding 13, and all 
of the turns in winding 15 opposed by the few turns in winding 
17 form the secondary or output circuit. 
The turns of the windings l3, l5 and 17 are so proportioned 

that ferro-resonance occurs at an input below the lowest pri 
mary current in the series isolation lighting transformer, which 
might be 2.8 amperes in a 6.6-ampere runway circuit. The 
regulating effect is not as pronounced at this low input as it is 
at higher input currents. The section of the core 19 associated 
with winding 13 also becomes partially saturated at the higher 
input current levels which enhances the regulation to a certain 
degree. 

FIG. 2 shows waveform 31, which represents the distorted 
voltage at the secondary of a series isolation lighting trans 
former which ordinarily is used to supply power to another 
transformer. The series transformer core is [saturated because 
a voltage which is higher than normal appears across its prima 
ry as a result of inductive effects. The voltage waveform at the 
secondary is highly distorted because of the high percentage 
of third and higher order harmonics in the transformer output, 
and ordinarily cannot effectively be used to convey power in a 
transformer-coupled circuit. 
Waveform 33 shows the approximate waveform of the volt 

age appearing across the series-connected windings 15 and 17 
which form the ferro-resonant circuit of FIG. 1. 
Waveform 35 shows the approximate waveform of the volt 

age appearing across the section of winding 13 which is con 
nected in series with the output circuit. The output of this 
winding consists mainly of third and fifth order harmonics of 
the fundamental frequency. 
Waveform 37 showsthe approximate waveform of the volt 

age across the output terminals which results from in-phase 
addition of the voltages produced by the various windings. 
While particular embodiments of the present invention have 

> been shown and described, it will be obvious to those skilled in 
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the art that changes and modi?cations may be made without 
departing from this invention in its broader aspects, and that 
the intention is to cover all such changes and modifications as 
fall within the true spirit and scope of this invention. 

Iclaim: 
1. A ferro-resonant transformer of the autotransformer type 

adapted for coupling a series isolation transformer to a utiliza 
tion circuit, comprising: 

a. a first tapped winding, 
b. a second tapped winding connected in series with said 

first winding, 
c. a third winding connected in series with and wound over 

said second winding and connected in opposition thereto, 
d. a capacitor coupled across said second and third windings 

so as to‘ form a ferro-resonant circuit therewith, 
. input terminals coupled to said ?rst winding and the tap 
of said second winding, and 

f. output terminals coupled to the tap of said first winding 
> and to said third winding. 

2. A circuit as de?ned in claim 1 in which said ?rstwinding 
is wound on the short center leg of a cruciform core, and said 
second winding is wound on the long center leg of said cru 
ciform core. . 

3. A circuit as defined in claim 2 in which said third winding 
has only a few turns. 

4. A circuit as defined in claim 3 in which said ?rst and 
second windings are center tapped. 
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5. A circuit as de?ned in claim 4 in which said ?rst, second 
and third windings are so proportioned that ferro-resonance 
occurs at an input below the lowest primary current in said se 
ries isolation lighting transformer. 

* * * Ik * 5 
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