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THis" invention belohgs~to that-gereral ‘class =
of devices and methods. of éfficiently ‘regulating
and operating- electric lighting- circuits and: re<:-
lates . particularly —to*~discharge lamp :circuits”
which may include fluorescent tubular lamps-and “5
the like. 'The invention has among its pertinent-
objects the production™of -condenserless- control
and operating space discharge lamps at -4 high -
power- factor; -a circuit-and included- elements
which are simple, durable; and compact-in’stric- -
ture; inexpensive to’' make, manufacture and op- :
erate,; dependable and-efficient in‘use and service; *
and-a combination that -is very satisfactory for:-
use ‘whenever-and: wherever-found applicable.

Other -more -specific’ objects, advantages and-
features of this particular-invention will appear
from--a -careful* perusal-of--the-accompanying
drawings; the subjoined: detailed -description, the -
preamble of -these -specifieations; and'the claims. -
appended hereto. - 20

Below, applicant:describes-one of the:'preferable.
forms-of his invention in order to‘teach the:art
thereof and show how to make and use the same; -
but it is to be understood that-the drawings and
description thereof -arenot- to limit ‘the inven<
tion -in -‘any - sense -whatsoever--except -asthe: -
same-is' limited-by- the prior art.*: Language:ent--: -
ployed -herein-is ‘not-to -be* construed-as giving:+
any unauthorized person or organization -theé -
right to make; use “andyor ‘-sell: thé" invenhtion: 5
herein ‘disclosed. *

In the drawings:-

Figure 1 is & schematic plan:view of ‘an’ elec¢= -
trieal-circuit for starting: and operating: fluores---
cent lamps and similar dighting-devices, -

Figure ‘la is & schematic' plan-viewof -a typical
starter -switch-for fluorescent lamps; ~

Figiire -2 is another-schematic: plan <view -of
another-circuit for starting-and operating space -
discharge-lamps-and the liKe; - 40

Figure 3:is another schematic:plan-view of ‘still -
anothet circuit for starting: and- operating space -
discharge lamps and the like::-

As shown in Figure 1 of the drawings;‘the
preferred. form:of - the: invention, ‘an:autotrans- 45
former-is provided having ‘the: coil means:3. and -~
4 :supplied. . with.-a “suitable. ‘electric - current::
through the:line wires -{-and 2. . The line ‘voltage::
may:be about 115, but .the coil 4 is of :sufficient
turns:to cause a difference in potential between.:
lines 5 and .f of:dbout:155 volts. - By: thistar="
rangement, the current .through lines I and 2 is
about ‘1 amp..and the current through-line 5 is
about.0.84 "amp.... The:line-5 leads to an:aute=: -
transformer:-8 whxch -has-a. ‘center..point T, but:ss>

10°

15

-switch 18-and then thirough~ conductor 19°to o

5 The other-side ‘of ‘the primary-makes connecf,mn:-»si

.starter switch:makes: ‘conneéticr to one’§ide 6

Justlike 247

50"

2
theling 5 is* electncally attached: fo ‘the*eoll- 8 %
at ‘about fivé-to ten~pereent to: one side of' the

center -7 thereof.” Thé grounded’ liné*{ makes:
connection” with' the -autotransformer9 at aboutw\

five-to ten percent off - the ¢enter10; this conneg~

tion-is indicated-at-fi.

A pair ‘of fiuoréscent’ lamps,-or’ any ‘other type-+-
of discharge lamp, are'shown-at“i2-and-#3;and
each one of the lamps has 4 suitable‘eléctrode
14 at-each -end ‘theréof: “ These electrodes are
indicated as of the preheated type; but coldeléc-
trodes  may- be-substituted- therefor bysmaki:
certain -slight- changesito ‘be“heréinafte
plained. ' The -end’ conductors- 8- ana-16 of ¢
autotransformer 9 contviect- w1th one sidé’of theéir
respective ‘lamp- eléctrodes 18- at +the*lowertend
of the lamps 12 and 13, as shown; the other side
of the -lower ‘electrode 14 in lamip 12 corinéets
with a conductor-171; thitough‘a glow:type: starter s

side-of-the top-electrodein-lamp:12: : 'THe: othet
side of thistop electrode connetts with conduét
20-and to one-sidé’of -theprimary-of o shoiteéd
secondary- transformer- or ‘current.-regulator-2 .

with one end’ of the autotransformer<g.’

The other-side‘of thelower ‘electrode in Jamips
13 -make§‘connéction - with-the startér -switch 22
through conductor 23, and the other sidé’of thée s

the' top~ electrode “through eonductor :24; - Tha::
other-side of this latter electrode mékes confiscs
tion with‘a current regulator 25 through condu
tor-26; this regulator being & shorted:secondaiy
‘The high-side-of ‘regulator 25 makes
connection with one end of :the autotransfornier:
8, as shown. - Between the' condtictors: 23 - and+24
theére is connected ‘a hightimpedarce lanip:§tart
ingireactor 27; ‘In‘the event it is desired to em-
ploy ‘cold- electrodes -in “placé "6f the? prehedted
ones-shown:at- {4, then the: switchas’ (8 -.and 22
are'dispensed- with:and:in place (of <théswitch
18 there is inserted:a high impedance Jampistar
ing’ reactor- like-21. - THi§ would-netessitate:ins
creasing ‘theé output potentialiof thesautotransss -
former 3—4.--

The secondary volt-ampere rating of theslinesz
step<up - transformer s ‘approximegtely 1155 volts
at 20.840-:ampere,” under “riormal: conditioiis; and
theiline-current at:117 volts is oneampere, - The:
lamp' currents:‘would be-0.41'cach’dnd the ihpit
PIF'90t0795% . It is impoitantito note:that thee
autotransformers connected:to ‘thé*outpiit of thes+
line‘autotransformer -3—4 -are ‘of “spéeial “design
‘and-perform several important functions; to wit s

o
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Coils 8 and 9 may have as much as 10% tap
from the center points 7 and 10, respectively, and
this introduces the desired reactance in a bal-
anced manner; and at no-load during the start-
ing cycle, these autotransformers will approxi-
mately double the line voltage across autotrans-
former coil 3 when the impedance reactor 27 is
active. :

By use of the balancing features of the lamp
autotransformers 8 and 9, the discharge lamps {2
and {3 draw equal currents. This arrangement
eliminates auxiliary lamp reactors and the core
noises and interferences associated with this type
of auxiliary reactor or reactors. Applicant em-
ploys two specially designed current limiting re-
actors 21 and 25 that draw an inphase current
when series connected as shown. These reactors
are small transformers having turn ratios of
three to one and values twenty to one or more.
The secondary of each reactor is short circuited
and its primary in series with ifs respective lamp,
the primary having the greater number of turns
and the smaller wire size. In effect, the current
change is considerably greater in the secondary
short = circuited winding for & corresponding
change in resistance and this may be only a frac-
tion of an ohm for a small change in current in
the primary, thus by the principle of reflected
resistance, the primary resistance may be made
t0 change approximately in direet proportion to
an increase in voltage applied to the primary, and
thus giving a constant current regulation for an
increase or decrease in applied voltage. Current
density increases in the short circuited secondary
of each reactor is the same as reducing the circu-
lar mill per ampere rating of the secondary wind-
ing. .

The transformers 21 and 25 may have 125 turns
of #27 enameled copper wire for the primary and
43 turns of #25 enameled copper wire for the sec~
ondary which is shorfed, thus presenting an ap-
proximately 3 to 1 ratio when the primary cur-
rent is 0.420 amp. and hence the secondary cur-
rent would be 1.26 amps. and the voltage across
the primary would be 25.2 volts, the total resist-
ance by reflection being 60 ohms.
core stack of silicon would be used and have g
size of 34 in. by 34 in. This is an in-phase regu-
lating means.

The out-of-phase lamp regulating coils total
840 turns of #27 enameled copper wire, the 5%
tap being taken at the 440th turn. The silicon
shell type core is % in. by 34 in. The ratios
may vary, however, as the following ratics may
be used when control advantages warrant, to wit:
1.05/1—1.1/1—1.2/1 ete.

The lamp starting reactor 27 has 3266 turns of
#32 enameled copper wire with a D. C. resisiance
of 150 chms, and is wound on & % in. by % in.
silicon steel shell type of core. This reactor has
a very small core and g large number of exciting
ampere turns so that when the lamp running
voltage is established across the coil (108 volts),
the exciting or magnetizing current drops to a
very low value, that is, no load the current is
0.750 ampere and under load the current is 0.045
ampere.

Note, in connection with the lamp. autotrans-
formers 8 and 9, that the greater the distance
from the centers 7 or 10 that the lines § and f,
respectively, are equally shifted in opposite direc-
tions, the greater is the series impedance intro-
dueed in the lamp circuit.

As illustrated in Fig. 2 of the drawings, a simi-
lar autotransformer is employed having the coil

A shell type .
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28 across the feed lines 29 and 30, and the series
coil 31 which has the lead 32. The line 30 con-
nects with one side of g shorted transformer 33
and from the other side of this transformer is
the conductor 34. A pair of lamp autotransform-
ers 85 and 36 having their respective centers at
37 and 38 are provided and their respective taps
to their respective conductors 32 and 34 are at
39 and 40, as shown, and these taps are about 5%
off center, and are indicated by the reference
characters &1 and 42, respectively. The heater
electrode at each end of each fiuorescent lamp
43 and 44 is connected at the ends of the lamp

-autotransformers, as shown, and bridge 95 volts

thereof, each such autotransformer section of coil
being indicated by the common numeral 45. A
starting impedance 486 is connected across or
shunts a pair of electrodes of one of the lamps
as shown.

The above arrangement of Fig, 2 at a line volf-
age of 118, provides a voltage of 155 across lines
30—32 and a current in line 32 of about 0.8
ampere. The electrode to electrode voltage across
each lamp is 310 which is sufficient to start the
space discharge. The values of the various ele-
ments in this form of the invention is substan-
tially the same as in that of Fig. 1. Note, that
no starter switch is needed in this cireuit.

Figure 3 shows another circuit which is similar
to the basic circuit of Fig. 1, but only one lamp
47 is shown. This lamp has the usual preheated
electrodes 48 and 48, one side of which are con-
neected through the switech 50 which may be the
well known glow switch. The other sides of the
electrodes are connected to the ends of their re-
spective autotransformers 51 and 52, and the
other ends of these fransformers are connected
to opposite ends of the out-of-phase starting and
regulating reactor 54. The center of these auto-
transformers 51 and 82 are indicated at 55 and
56, respectively, and the line taps are indicated
at 87 and 58, respectively; these taps being 5 to
109% off center. .

The tap 57 connects with the line wire §9 and
the other tap with the line wire 60 which has
inserted therein the regulator 6i. To provide
suitable voltage and current, an autotransformer
may be employed across the lines 59 and 606 as in
the other showings.

It is to be noted, that in this instance the lamp
autotransformers 5i and 52 are connected in
series, not staggered, with respect to their voltage
taps, but their primaries are split series connected
through g reactance 54 which gives the lag com-
ponent in the regulating circuit.

It is, of course, understood that various changes
and modifications may be made in the details of
form, style, design, and construction of the whole
or any part of the specifically described embodi-
ment of this invention without departing from
the spirit thereof in that such changes and mod-
ifieations are considered as being within the scope
of the following claims.

I claim:

1. In an electrical circuit for starting and main-
taining space discharge lamps and the like; a
pair of space discharge lamps, each lamp having
an electrode at each end thereof, each electrode
having a pair of end leads which extend exte-
riorly of its respective lamp to preseni a pair of
terminals, each lamp having one electrode ter-
minal connected to one of the terminals of its

ther electrode through an automatic starfer

-switeh; a first autotransformer with end termi-

nals and having an off-center tap, the end ter-
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minals of this transformer having connection
across a pair of other electrode terminals from
different lamps, a second autotransformer having
an off-center tap and having end terminals which
have connection with still other electrodes
through choke coils in parallel which coils have
their secondaries shorted, a main autotrans-
former with a variable intermediate tap and its
ends connected in series with leads extending
from the off-center taps, and feeder conductors
connected across the variable tap and one end
of the main transformer which are adapted to be
connected to a suitable source of electrical cur-
rent.,

2. The electrical circuit recited in claim 1
wherein the off-center taps are from 5 to 10%
off true center coil position.

3. In a circuit for starting and maintaining
space discharge types of lighting units; the cir-
cuit including a main transformer provided with
end ferminals and an intermediate terminal, a
pair of lighting units consisting of first and sec-
ond space discharge lamps, each lamp having an
electrode at each end thereof and each electrode
having a pair of exterior terminals; a first auto-
transformer and a second autotransformer, each
having end terminals and an intermediate off-
center terminal, a pair of choke coils each hav-
ing their secondaries shorted and the primaries
of which are connected in series on opposite sides
of the first autotransformer, the other ends of
these choke coils having connection with one elec-
trode terminal of each lamp, means including a
starter switch connecting the electrode termi-
nals at opposite ends of the first lamp and other
means including a starter switch connecting the
end electrodes of the second lamp, and means
connecting one electrode terminal of each lamp
with the second autotransformer so that the auto-
transformers, choke coils, electrodes and switches
are in series connection, and conductors connect-
ing the off-center terminals with the opposite end
terminals of the main transformer which sup-
plies the electric current.
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4. The circuif recited in claim 3 wherein the
off-center terminals are 5 to 10% off true center
position,

5. In a circuit for starting and maintaining
the illumination of space discharge lamps; the
circuit comprising a main current supply trans-
former with terminals in connection with the
load and having terminals for connection to a
source of electrical energy; first and second space
discharge lamps having end electrodes, an auto-
matic starter means for each lamp, each starter
means having conductors making connection in
series with one side of its respective electrodes,
a first and a second autotransformer each hav-
ing end terminals with ah intermediate terminal
connected therein at an off-center electrical posi-
tion, a pair of reactors in series with the first
autotransformer and connected to opposite ends
thereof, the other ends of the reactors having
connection with electrode terminals of different
lamps, the second autotransformer having its
end terminals connected to the electrode termi-
nals of different lamps so that the autotrans-
formers, reactors, switches and electrodes have a
series connection with each other for starting
purposes until after the lamps have been ener-
gized when the switches are automadtically opened.

6. The circuit recited in claim 5 wherein the
intermediate terminals of the autotransformers
are set as much as 10% from the reactance cen-
ters thereof.

~ WILLARD C. HAIL.
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