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This invention relates to electrica] contiol sys-
tems and more particularly to phase-shift ecir-
cuits which while not limited thersto ave pairtic-
ularly advantageous for controlling gassous dis-
charge tuhes in lamp dimming cireuits.

A primary object of this invention ig to provide
adjustable phase-ghift cireuits capable of pre-
ducing relatively large changes in the bhase angle
of an output voltage while maintaining the mag-
nitude of such voltage relatively constant.

Another object is to provide phase-shift cir-
cuits of the aforementioned character which are
responsive to the magnitude of an A. C. signal
voltage.

Another object is to provide a phase-shift cir-
cuit of the aferementioned character which ig re~
Sponsive only to the A, C, slgnal voltage of great-
est magnitude where more than one such signal
voltage is applied, and

A still further object is to provide a control 5yS-
tem for lamp dimming wherein a phase-shift eip-
cuit of the aforementioned character is utilized
for controlling g gaseous discharge tube in such
& manner that lamp dimming characteristics of
a preferred form are obtained.

Other objects and advantages of the invention
will hereinafter be apparent.

The accompanying drawing illustrates preferred
embodiments of the invention which will now be
described in detail, it being undsrstood that such
embodiments are suscepiible of various modifi-
cations without departing from the scope of the
appended claims.

In the drawings:

Figure 1 is a diagrammatic shewing of g con-
trol system for controliing the illumination in-
tensity of incandescent lamps, and

Fig, 2 is a modified form of the system shown
in Fig. 1.

Referring to Fig. 1, it shows g plurality of in-
candescent lamps 5 connected in parallel to huses
6 and 1.

Bus § is connected to supply line L! of a single
phase alternating current source and pbus 71 is
connected to line L2 of saig source in series with
the primary winding 82 of g transformer 8 hav-
ing a secondary or control winding 8>, Winding
8 of transformer 3 is connected at one end to
the cathode 82 of g gaseous electron discharge
tube 8 and at its other to the anode §® of tube 3.
Tube 9 is provided with s control grid 4° which
is connected to cathode g in series with a re-
sistor {0 and a Secondary winding 142 of a trans-
former {1 which has » primary winding 1%, Con-
trol grid 8¢ is also connected to cathode 82 in
series with a capacitor {2,
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The part of the control system thus far de-
scribed is of known form and it will be appreci-
ated that the intensity of llumination of the
lamps 5 is coniroliable by variation in ths impe-~
dance of winding 8* of transformer 8. The im-
pedance of winding 82 is controlled by variation
in the current flowing in the winding €0 of the
transformer as g funetion of conduction of tube
9 during itg conducting halif cycles. The condue-
tion of tube 8 is controlled by varying the phase
angle of the potential to which primary winding
11 of transformer i1 is subjected. The part of
the control system now to be describeg cotprises
& phase-shift network for supplying and adjust-
ing the phase angle of the voltage applied across
winding 11 of transformer { { .

A transformer (3 has a primary winding 132
connected across lines I and 1.2 and a center~
tapped secondary winding 18 which is connected
at its lower end terminal to line I! and at its
upper end terminal to a bus {4, A voltage divider
{5 has a resistance element {% which is con-
nected at lower end to line 11 and af itg upper
end to bus 14 and i provided with an adjustable
tap [5°. Tap 155 ig connected to line 1! in series
with a half-wave rectifier 18, brimary winding
112 of a transformer 17, which has a secondary
winding 17b, Winding (1b ig connected at one
end to bus {4 and at its other end to center-tap
terminal 3¢ of winding 18b of transformer {2 in
series with secondary winding §7b of transformer
I1. An adjustable resistor {8 and g capacitor {2
are connected in parallel or shunt across see-
ondary winding 1 1b,

The behavior ang operation of the phase-shift
network will now be described.

Let it be assumed that rectifier {§ is omitted
from the circuit and that winding {7= ig directly
connected to tap 150 of voltage divider {3, Fur-
ther, let it be assumed that resistor 18 ang o=
pacitor 19 are omitteg from the eircuit., V¥ith
this assumed cireuit arrangement it will he ap-
barent that when tap 15b ig Dositioned on re-
sistance element {5a at the lower eng of the iat-
ter, winding 72 will be unenergized and conse-
quently no voltage will be induced in winding 7
of transformer 17, Hence, the voltage across
winding b of transtormer {i win be aporoxi-
mately of the same magnitude and in phage with
the voltage across the portion of winding {3b from
center-tap termina]l f3c t0 the upper end therao?,

Under the same assumed circuit arrangement
and with tap 15k bositioned at the midpoint of
resistance element | 52, the voltage across wing-
ing {72 will pe equal to abproximately half the
value of the voltage between line 1! ang bus {4,
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or equal to half the voltage across winding 180
of transformer 3. Assuming further that the
windings {7# and {7° of transformer {1 have ap-
proximately the same number of turns and that
the connections to winding 17° are so made that
the voltage across winding {70 is in opposition
to that across winding {3P, then the voltage across
winding #71° will effectively cancel that across
the portion of winding {3 from center-tap 13¢ to
bus {8 so that there will then be zero voltage
across winding {1,

1f tap 15 is then moved to the upper end of
resistance element (52, the voltage across wind-
ing {72 will be equal to twice that from the center
tap (8 to bus 14, and peing in opposition to the
voltage across winding 130 will apply a voltage
across winding 11 equal in magnitude to half
that across winding 13 and in phase opposition
thereto. It will be seen with this assumed cir~
cuit arrangement that in moving tap {8 from
the lower end to the upper end of resistance ele-
ment 52, it is possible to effect an approximately
180° phase shift of the voltage applied across
winding 1{b. However, this assumed circuit ar-
rangement has a defect in that the voltage ap-
plied across winding {iv drops to unacceptably
low magnitudes for control purposes as tap £8P
is positioned on resistance element {52 in the mid-
portions thereof.

Tt has been found that with the circuit of Fig.
1 as actually constituted with rectifier 6 in-
cluded in circuit between tap {80 and winding
172 and with adjustable resistor {8 and capacitor
19 connected in shunt across winding 17b, it is
possible to effect shift in the phase of the voltage
applied across winding 1 v through a wide angu-
lar range without attendant excessive drop in
scalar maghitude of such voltage when tap 15
of voltage divider (3 is moved from one end to
the other of resistance element §52, With proper
selection of the values for adjustable resistor
{8 and capacitor 19, the voltages induced in wind-
ing 18 of transformer i will be of such magni-
tude and phasal relationship as to provide a
wide range of control for the tube 9.

Fig. 2 discloses a circuit which in certain re-~
spects is similar to that shown in Fig. 1 but has
additional refinements, principally in its phase-
shift network, which malkes it particularly de-
sirable for lamp dimming applications. The por-
tions of the circuit of Fig. 2 which are the same
as that of Fig. 1 bear the same reference numerals
and only portions that are different will now he
described in detail.

In the circuit of Fig. 2, the lamps 5 are con-
nected in parallel to buses § and 7 and bus ©
is connected to line I while bus 7 is connected
to a bus 25, which is connected to the overhang-
ing end terminal 262 of an autotransformer 26
in series with winding 82 of transformer 8. Auto-
transformer 2§ is connected through its end
terminal 26 to line L! and through its inter-
mediate terminal 26¢ to line 12 The autotrans-
former 26 is utilized as a booster transformer for
raising the lamp supply voltage above that avail-
able between supply lines L! and 1.2, a sufficient
amount to compensate for the drop through wind-
ing 8@ of transformer 8§ occasioned by the normal
impedance drop and the effect of the voltage drop
across tube 8.

in place of the transformer 13 of the circuit
of Fig. 1 a transformer 27 is used. Transformer
97 is provided with a primary winding 27# con-
nected across lines Lt and I2 and with a sec-
ondary winding 270 having two intermediate tap
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terminals 27¢ and 274, Winding 27b is connected
through its upper end terminal to bus I8 and
through its lower end terminal to line L in series
with primary winding 172 of transformer £7, con-
trol winding 282 of a saturable reactor 28, and
an adjustable resistor 29. Intermediate tap ter-
minal 27¢ of winding 27° is connected to the lower
end terminal of primary winding 272 and inter-
mediate tap terminal 274 is connected to the pointg
common to the conmnection between upper end
terminal of winding 270 and bus {8 in series with
secondary winding {7° of transformer 7, A. C.
windings 28> and 28¢ of reactor 28, primary wind-
ing t1b of transformer i and capacitor 33. Ad-
sustable resistor 18 and capacitor 1§ are con-
neeted in parallel or shunt with winding {710

The voltage divider {5 and rectifisr {§ com-
bination of the circuit of Fig. 1 are replaced by
two such voltage dividers-rectifier combinations
in the circuit of Fig. 2. One voltage divider 3i
has its resistance element 312 connected hetween
line L! and bus (4 and has its adjustable tap 34
connected to the upper end terminal of winding
i72 of transformer {7 in series with g half-wave
rectifier 32. 'The other voltage divider 33 has its
resistance element 38 connected across iine L4
and bus I4 and its adjustable tap 330 connected
to the upper end terminal of winding 172 in series
with a half-wave reetifier 34. When {wo or more
such voltage dividers are connecied as shown
in Fig. 2, the effective signal applied to the phase-
shift network is obtained from the voltage divider
whose adjustable tap is positioned closest to the
upper end of its associated resistance element,
i. e., the highest A. C. signal dominates. Lower
voltage signals from the other voltage dividers
have ho appreciable effect on lamp voltage.

Capacitor 30 improves the transient stability
of the phase-shift network, while saturable reac-
tor 28 widens the range of possible phase-shiit
for a given change in A. C. signal voltage. Ad-
justable resistor 289 permits adjustment of the
effectiveness of saturable reactor 28 since its ad-
justment determines the degree of saturation of
such reactor and hence its impedance for a given
A. C. signal voltage.

With the phase-shift network of Fig. 2, phase-
shift control of the gaseous discharge tube 8 may
be obtained to provide adjustment of the in-
tensity of illumination of lamps, such as the
lamps 5, from blackout to full brilliance. The
utilization of the transfcrmer 27 with its over-
hanging section in its secondary winding 27
between intermediate tap terminal 27¢ and its
lower end terminal provides that the change in
lamp voltage will be substantially directly pro-
portional to the change in magnitude of the A. C.
signal voltage throughout the range of signal
voltage adjustment.

I claim:

1. For supblying and effecting adjustment of
the phase angle of a voltage applied to a control
eircuit, a network cormprising a transformer hav-
ing a primary winding to be supplied irom an
alternating current source and having a sscond-
ary winding with at least cne intermediate tap,
a saturable reactor, a second transformer having
o primary winding in circuit with the secondary
winding of the first mentioned transformer and
the control winding of said reactor and having
a secondary winding in circuit with one inter-
mediate tap of the secondary winding of said
first mentioned transformer and the alternating
current windings of said reactor, a resistor con-
nected in parallel with the secondary winding of
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said second transformer, g plurality of half-wave
rectifiers, and a corresponding numbsr of ad-
justable voltage dividers each of which has a
resistance element connected in parallel with
the secondary winding of said first mentioned
transformer and an adjusting element connected
in series with an associated rectifier to the con-
nection Letween the rFrimary winding of said
second transformer and the control winding of
sald reactor, said network being adjusted in
accordance with the adjusiment of the voltage
divider whoss adjusting element affords the high-
est signal voliage.

2. For supplying and effecting adjustment of
fie phase angle of g voltage applied to a control
cireuit, a network comprising a transformer hay-
ing a primary winding to be supplied from an
alternating current source and having a second-
ary winding with two intermediate taps and an
overhanging section between one of such taps
and cne end terminal thereof, o saturable re-
actor, an adjustable resistor, a second trang-
former having a primary winding in cireuit with
said one end terminal of the secondary winding
of the first mentioned transformer, the control
winding of said reactor and said adjustable re-
sistor and having a secondary winding in cireuit
with the other intermediate tap of the secondary
winding of said first mentioned transformer and
the alternating current windings of said reactor,
& resister and a eapacitor connected in series
and together in parallel with the secondary
winding of said second transformer, g blurality
of half-wave rectifiers, and a corresponding num-
ber of adjustable voltage dividers sach of which
has a resistance element connected in parallel
with the secondary winding of said first men-
tioned transformer ang an adjustable tap con-
nected in series with an associated rectifier to
the connection between the primary winding of
said second transformer and the control wind-
ing of saigd reactor, said network being adjusted
in accordance with the adjustment of the voltage
divider whose tap affords the highest signal volt-
age.

3. In combination, a source of single phase al-
ternating current, an cutput element, and an
adjustable phase-shift network comprising g
transformer having a primary winding con-~
nected to said source and having g secondary
winding with at least one intermediate tap, an
adjustable voltage divider having a resistance
elemenst connected in parallel with the secondary
winding of said transformer, a half-wave recti-
fier, a second transformer having g primary
winding connected to said source and to the
adjusting element of said voltage divider through
said rectifier ang having g secondary winding in
cireuit with one intermediate tap of the second-
ary winding of the first mentioned transformer,
said output element and said resistance element
of said voltage divider and a resistor and a ca-
pacitor connected in serieg and together in par-
allel with the secondary winding of said second
transformer.

4. In combination, a source of single phase gl-
ternating current, an output element, and an
adjustable phase-shift network comprising a
transformer supplied from said source and having
a8 secondary winding with at least one intermedi-
ate tap connected to one side of said source, a
hali-wave rectifier, an adjustable voltage divider
having a resistance element connected to said
one side of said source in barallel with said sec-
ondary winding of said transformer, a second
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transformer having s primary winding contiected
to said one side of said source and to the ad-
Justing element of said voltage divider through
said rectifier and having g secondary winding
connected at one end to one intermediate tap
of the secondary winding of said first men-
tioned transformer and at its other end to the
connecticn between the resistance clement of
said voltage divider and said secondary winding
of said first mentiocneq transformer in series with
said output device and g resistor and a capacitor
connected in series ang together in parallel
with the sscondary winding of said second
transformer.

5. In combination, a source of single phase
alternating current, an output device, and an
adjustable phase-ghift network comprising g
transformer having a brimary winding connect-~
ed to said source andg having a secondary wind-
ing with at least one intermediate tap, g satur-
able reactor, a second transformer having g
brimary winding in cireuit with the secondary
winding of the first mentioned transformer gnd
the contrel winding of said reactor and having
& secondary winding in cireuit with one inter-
mediate tap of the secondary winding of said
first mentioneg transformer, the alternating cur-
rent windings of said reactor and said output
device, a resistor and a capacitor connected in
series and togetheyr in parallel with the second-
ary winding of said second transformer, a plu-
rality of half-wave rectifiers and g corresponding
number of voltage dividers each of which has o
resistance element connected in parallel with
the secondary winding of said second trans-
former and an adjusting element connected in
series with an associated rectifier to the connec-
tion bhetween the secondary winding of said
second transformer and the control winding of
said reactor, said network being adjusted in ac-
cordance with the adjustment of the voltage di-
vider whose adjusting element affords the high-
est signal voltage.

6. In combination, s source of single phase
alternating current, an output device, and an
adjustable phase-shift network comprising g
transformer having g primary winding connect-
ed to said source ang having a secondary winding
Wwith two intermediate taps and an overhanging
section between one 0f such taps and one end
terminal thereof, a saturable reactor, an ad-
Justable resistor, a capacitor, a second trans-
former having a brimary winding in circuit with
said one end terminal of the secondary winding
of the first mentioned transformer, the control
winding of said reactor and said adjustable re-
sistor and having g, secondary winding in circuit
with the other intermediate tap of the secondary
winding of said first mentioned transformer, the
alternating current windings of said reactor,
said output device and said capacitor, an ad-
Justable resistor and a capacitor connected in
series and together in Dbarallel with the secondary
winding of saig Second transformer, g plurality
of half-wave rectifiers and a corresponding nym-
ber of adjustable voltage dividers each of which
has a resistance element connected in barallel
with the secondary winding of said first men-
tioned transformer and an adjusting element
connected in series with an associated rectifier
to the connection between the primary winding
of said second transformer and fhe control wind-
ing of saig reactor, said network being adjustaple
in accordance with the adjustment of the volt-
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7
age divider whose adjusting element affords the
highest signal voltage.

7. For supplying and effecting adjustment of
the phase angle of a voltage applied to a control
cireuit, a2 network comprising a transformer hav-
ing a primary winding to be supplied from an
alternating current source and having a second-~
ary winding having at least one intermediate
tap, an adjustable voltage divider having its im-
pedance element connected in parallel with the
secondary winding of said transformer, a pair of
impedance devices having different impedance
characteristics with respect to each other con-
nected in series and together in parallel with a
portion of said secondary winding of said trans-
former, half wave rectifying means, a second
transformer having a primary winding in series
cireuit with said rectifying means between the
adjusting element of said voltage divider and the
secondary winding of said first mentioned trans-
former, said second transformer having a
secondary winding connected in parallel with
one of said impedance devices.

8. The combination of claim 7 in which said
impedance device in parallel with the secondary
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g
winding of said second transformer ineludes re-
sistive impedance and the other of said imped-
ance devices includes inductive impedance.

9. The combination of claim 8 in which said
other of said impedance devices comprises a con-
trol element of a control circuit.

10. The combination of claim 8 in which said
other of said impedance devices comprises a
control element of a control circuit and a satur-
able reactor.

WILLIAM H. ELLIOT.
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