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[57] ABSTRACT

A circuit and a method for controlling the dimming of
incandescent lights using a pair of antiparallel con-
nected SCRs which are fired at the same frequency as
the frequency of the AC line power to achieve phase
control of the power supplied to the light. Only one
SCR of the pair is utilized in the 0% to 50% brightness
range while both SCRs are utilized in the 51% to 100%
brightness range.

18 Claims, 3 Drawing Sheets

» ®
) | 7
60 4z ¥
PHUSE CONTROL OPO/SOLATOR 7
GENERATOR 40~
3

i
C /A/cm/asgasw
C. LAMP,
J20veHs
AC

AEUTRAL




Sheet 1 of 3 5,004,957

Apr. 2, 1991

U.S. Patent

SHonae/
2V

€
\ IQW,HI HAUVITNTI
2 XOLY70S /040 70UN09 F5ve!
09
¥




Sheet 2 of 3 5,004,957

Apr. 2, 1991

U.S. Patent

Z\

)
/

/

LRALAD LTI
XTNININT Sy OF
L S 2 @ TS5
LU I

)

LA L0 U N7

Ly 7 8 @ 7S

702UN0Y FSbrer
o0

Co

£

XTI T
Wazs 7oV IAVID
LI2dUL1RO IS

\mN

|HIE]

C |A\m.\\

Lrd L0

QUL ATNT D
TN TSV
a2/ 0NN TANG)

(774

4

cs £c

% AUSNZLY) IMULITT TTATT LOLIO ATNGT ITNNNT

ve G

LI2xH9



U.S. Patent Apr. 2, 1991 Sheet 3 of 3 5,004,957

& 34

73
pos DOTOISOLATOR
2 b [ 25
3 L et s
24 BAALER | w0aDERLEYT

> Laup L24D
\éz /A
e\ opy |0 |

| 56 4 AC
1 eyTRAL
AC
/20 vems 4316:"‘
@ w
w0 LT /
_ £ | BEEAKER [ 1 pnpcacaT
NTr "ZZ" LAlUP LOAD
% "z | %
et ’ a” e
yZ
caRoL 3 JOLSOULATOR
CELERATIR ,
Cﬁf/' 38
AT LEVEL %
0 25 50 75 /00

e |20 | Bo | B | Py |




5,004,957

1
DIMMING CONTROL CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to lamp dimming circuits and,
more particularly, to dimming circuits that control the
brightness of lighting equipment while reducing acous-
tic noise generated by the equipment.

2. Description of the Prior Art

Control of lighting intensity is desirable in many ap-
plications, including theater, sound stage, television
lighting and architectural applications. In such applica-
tions it is quite common for there to be a plurality of
lamps at different locations and, in many instances,
banks of such lamps in specified positions. Typically, a
plurality of modules each comprising dimming circuits
are utilized to achieve gradations of light intensity in
each grouping of lighting equipment and thereby obtain
special lighting effects.

Dimming control systems in the past have utilized
silicon controlled rectifiers (SCR), for example, solid
state AC relays utilizing antiparallel connected SCR’s
to achieve dimming control. Such prior art control
circuits have operated on the principal of operating at
firing intervals that are a multiple of the line frequency
typically 120 Hz to thereby achieve control of the
power supplied to the incandescent lamps by control-
ling the portion of each cycle of the power source that
is delivered to the load (phase control). Using phase
control, only a fraction of the power available during
each cycle is supplied to the incandescent lamps to
thereby achieve the ability to dim the output to any
level from no dimming (100% light output) to 100%
dimming (no light output).

Such dimming control circuits are operable and ac-
ceptable for the reason that the human eye integrates
the flicker in light intensity and does not detect the
rapid “on/off” operation of the lamps when operated at
less than full brightness. Prior art SCR control circuits
have been characterized by the use of an inductor in
series circuit relationship between the source of electric
power and the solid state relay. Such circuits, however,
have also been characterized by a relatively high
amount of acoustic output from the filaments of the
lighting devices during their operation. At a minimum
such acoustic noise is annoying, particularly to those in
the vicinity of the lamps and, in some instances, particu-
larly in stage and television lighting situations, the noise
is of a sufficient intensity as to be unacceptable. In addi-
tion, because of the size of the inductance required, such
circuits have also been characterized by substantial
weight, size and bulk.

It is a feature of the present invention that the dim-
ming control circuit according to the invention
achieves substantial reduction in the acoustic output of
the lighting devices, particularly in the lower ranges of
light intensity output, and a physical arrangement that is
smaller and lighter in size.

SUMMARY OF THE INVENTION

The present invention provides a dimming circuit for
controlling lighting devices which includes a pair of
SCR’s connected in antiparallel circuit relation, each
SCR having a control electrode. A phase control signal
generator is connected to the control electrode of each
SCR for switching the SCR on and off. A source of
electric power is connected to the input to the dimming

10

20

[

5

35

40

45

55

65

-2

circuit by inductive means connected in series circuit
relationship between the source of power and the input
electrodes of the antiparallel connected SCR’s. Means
are provided for controlling the output of the signal
generator such that the one or both of the SCR’s are
turned on and off by means of pulses from the generator
operating at line frequency and a predetermined pulse
duration to thereby control the intensity of lighting
provided by the lighting devices and to suppress the
acoustic noise generated by the lighting devices.

The present invention differs from conventional dim-
ming circuits by firing the SCR’s at 60 Hz (the fre-
quency of conventional AC line power) rather than 120
Hz. As a result, there is a significant reduction in the
acoustic noise generated by filaments of, for example,
the incandescent lamps, particularly when they are
operated in a 0 to 50% brightness range. In addition, in
comparison to conventional dimming circuits, the elec-
tromagnetic interference (EMI) and the radio fre-
quency interference (RFI) which is generated by the
incandescent lamps when controlled by the dimming
circuit according to the present invention is also pro-
portionally reduced due to a reduction in the amount of
chenping of the sine wave of the power signal from the
AC line source of power.

By operating the dimming circuit of the present in-
vention by firing the SCR’s at 60 Hz rather than 120 Hz,
a number of significant improvements in dimmer circuit
design can be achieved. In one instance, dimmer circuit
acoustic performance can be achieved which is equal to
or superior to conventional circuit performance while
using a substantially lower rated, smaller and lighter
inductor, one which is on the order of 60% of that
which is used in a conventional prior art dimming cir-
cuit. On the other hand, by operating a conventional
dimming circuit with a conventional or typical prior art
inductor at 60 Hz, very substantial improvement in
acoustic performance, i.e., noise reduction, is obtained.

Thus, operation of a dimming circuit at 60 Hz enables
the circuit designer to select among a number of param-
eters to achieve an optimum result. Reduction in induc-
tance size provides a smaller, lighter and more compact
package while achieving acoustic noise suppression
which is at least equal to a 120 Hz operation using a
conventional size inductance. Retention of a conven-
tional size inductance in a circuit operated at 60 Hz
provides substantially higher noise suppression and, at
the same time, also results in significantly less heat being
generated by the dimming circuitry. A reduction in the
amount of heat generated means a substantial reduction
in the amount of cooling and air conditioning equip-
ment needed in conjunction with the dimming circuitry.

DESCRIPTION OF THE DRAWINGS

In order to better understand the above-described
features and advantages of the invention as well as oth-
ers which will become apparent in the detailed descrip-
tion, the following drawings are provided, wherein:

FIG. 1is a schematic diagram of a preferred embodi-
ment of the present invention.

FIG. 2A is a waveform diagram depicting the power
output waveform of a conventional dimming circuit.

FIG. 2B is a waveform diagram depicting the power
output waveform of a dimming circuit according to the
present invention.
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FIG. 3A is a schematic diagram of an alternate em-
bodiment of the circuit of the present invention using a
single inductor common to two dimming circuits.
FIG. 3B is a waveform diagram depicting the power
output waveform of the circuit of FIG. 3A.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

As shown in FIG. 1, the dimming circuit 8 of the
present invention comprises a source of conventional,
60 Hz, 120 volt, AC power 10 for providing the power
to lighting devices such as incandescent lamps with
which the dimming circuit of the present invention is
used. The circuit is a series circuit arrangement and, in
the presently preferred embodiment, a power source 10
is connected through circuit breaker 12 to inductor 14.
Inductor 14 is in turn connected to a pair of silicon
controlled rectifiers (SCR) 16, 18, connected in an anti-
paraliel circuit relation SCR 16 includes a gate elec-
trode 19, an anode electrode 20, and a cathode electrode
22. SCR 18 includes a gate electrode 24, an anode elec-
trode 26, and a cathode electrode 28. Cathode electrode
28 is electrically connected to anode electrode 20. Cath-
ode electrode 22 and anode electrode 26 are likewise
connected in electrical circuit relationship, and the
common circuit connection of these two electrodes
forms the output of the dimming circuit which is con-
nected to an electric incandescent lamp load 21. Elec-
trodes 19 and 24 are control electrodes for turning the
SCR on and off when a trigger signal or pulse is trans-
mitted to the control electrode.

A phase control signal generator 30 has its output
connected to gate electrodes 19, 24 of SCR’s 16 and 18
through an opto-isolator 17. The output of generator 30
controls the firing of SCR’s 16 and 18. By providing a
60 Hz output from generator 30 rather than some higher
multiple of line frequency, SCR 16 and SCR 18 are
fired, i.e., turned on and off, not more than once during
each complete cycle of a conventional AC line.

To control dimming of the lamp load, the output of
the signal generator 30 is controlled. In the presently
preferred embodiment, a control module (not shown) is
operated to select a pulse duration (pulse width) from
generator 30 that controls the phase angle of the line
power and corresponds to the amount of power to be
delivered to the lighting devices. The greater the pulse
duration, the more power that is delivered to the light-
ing devices and the higher the intensity of light pro-
duced by the devices. A single pulse is generated during
each full cycle of the power source by control genera-
tor 30 with the width of the pulse varying in accordance
with the amount of dimming selected. The width of the
pulse output from the signal generator 30 is narrow
during high dimming requirements and wider during
low dimming requirements. The width of the pulse
controls the period during which the SCR is turned on
and thereby controls the phase angle and the amount of
electrical energy that is transmitted from the power
source to the lamp load.

The foregoing can be better seen by reference to the
waveform diagrams in FIGS. 2A and 2B. In FIG. 2A,
the output waveform from a conventional 120 Hz phase
control signal generator is shown. A light output level
of zero light, i.e., maximum dimming is shown at 9. At
this setting there is no output from the signal generator.
At an output load of 25% brightness, two pulses 11 are
generated for each full cycle of line power with a pulse
width of the signal generator as shown. At an output
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load of 50% brightness, the width of the two output
pulses 13 from the signal generator are as shown. At this
setting, the width of each pulse is approximately equal
to the width of each half cycle of the line voltage. At
75% output, the pulses 15 are of the width as shown,
and, at 100% output, the output from the generator is
shown at 23. As shown, the output from the signal
generator is steady, not pulsing.

The waveform of the power delivered to the lighting
devices controlled by a conventional 120 Hz dimming
circuit is shown below the pulse forms of the phase
control generator in FIG. 2A.

The waveform at 25 corresponds to zero output from
the lamps, that is, maximum dimming, and, as shown by
waveform 25, no power is delivered to the incandescent
lamps. The waveform at a 25% output level is shown at
27, and as shown therein, under the phase control of the
signal generator, the power in one-quarter of each half
cycle as shown at shaded portion 35 is delivered to the
lamps. At a 50% level of output power, the waveform
is shown at 29 and the amount of power delivered is
shown at 37, equal to one half of each half cycle. At
75% output, the waveform is shown at 31, and, as indi-
cated by the cross hatching (shading) at 39, the amount
of power delivered to the lamps is shown. At 100%
output level from the lamps, 100% of the power in each
cycle is delivered to the incandescent lamps as shown at
56.

In FIG. 2B, the output waveform from the phase
control signal generator is shown. A light output level
of zero light, i.e., maximum dimming is shown at 32. At
this setting there is no output from the signal generator.
At an output load of 25% brightness, the pulse width of
the signal generator is shown at 34. At an output load of
50% brightness, the width of the output pulse from the
signal generator is shown at 36. At this setting, the
width of the pulse is approximately equal to the width
of a half cycle of the line voltage. At 75% output, the
waveform is seen at 38, and, at 100% output, the pulse
from the generator is shown at 40, the output from the
signal generator is steady, not pulsing.

The waveform of the power delivered to the lighting
devices controlled by the dimming circuit according to
the present invention is shown below the pulse forms of
the phase control generator in FIG. 2B.

The waveform at 42 corresponds to zero output from
the lamps, that is, maximum dimming, and, as shown by
waveform 42, no power is delivered to the incandescent
lamps. The waveform at a 25% output level is shown at
44, and as shown therein, under the phase control of the
signal generator, the power in one-quarter of a cycle as
shown at shaded portion 46 is delivered to the lamps. At
a 50% level of output power, the waveform is shown at
48 and the amount of power delivered is shown at 50,
equal to half a cycle. At 75% output, the waveform is
shown at 52, and, as indicated by the cross hatching at
54, the amount of power delivered to the lamps is
shown. At 100% output level from the lamps, 100% of
the power in each cycle is delivered to the incandescent
lamps as shown at 56.

As indicated previously, the dimming circuit of the
present invention achieves substantial reduction in the
amount of acoustic noise generated by the filaments of
a lamp or the lamps in a grouping or bank of lights to
which the dimming circuit is connected. For the phase
controlled AC power signal provided by the circuit of
FIG. 1, the reduction in acoustic noise is primarily
achieved when the lamps are operated in the 0% to
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50% power output levels. Such noise reductions are
highly desirable, both in theatrical/television lighting
and in architectural fixtures applications.

In addition, as indicated, the inductor which is used
with the dimming circuit of present invention is, in one
specific embodiment, reduced 40% in size, weight and
inductance compared to the prior art and, at the same
time, a significant reduction is realized in the amount of
electromagnetic interference (EMI) and radio fre-
quency interference (RFI) generated by the present
dimming circuit in comparison to prior art circuits.

In the presently preferred embodiment of the inven-
tion, control of the dimmer circuit is achieved by use of
a microprocessor in the control module. The firing rate
of the SCR’s of the dimmer circuit is controlled and
thereby the desired output power from the dimming
circuit and the brightness obtained from the incandes-
cent lamps is achieved. The desired brightness output is
transmitted to the microprocessor, and the micro-
processor in turn controls the signal generator and the
width and frequency of the output pulses from the sig-
nal generator.

In the presently preferred embodiment, the phase
control signal generator is connected to the gate elec-
trode of each SCR through an opto-isolator. The opto-
isolator isolates the dimming current and the user from
the high voltage side of the line.

The circuit shown in FIG. 3A illustrates an alternate
embodiment of the circuit of the present invention. In
this embodiment, the circuit comprises a pair of antipar-
allel SCR circuits 60, 66 connected in parallel circuit
relationship with an inductor 58 connected in common
to the input side of the pair of SCR circuits.

As shown in FIG. 3A, inductor 58 is connected to
SCR 64 of SCR circuit 60 which consists of SCR 62
connected in antiparallel relation to SCR 64 and to SCR
68 of SCR circuit 66 which consists of SCR 68 con-
nected in antiparallel relation to SCR 70. A 60 Hz phase
control signal generator 72 is connected through an
opto-isolator 73 to the gate electrodes 74, 76 of the
SCR’s of circuit 60 and, similarly, a 60 Hz phase control
generator 78 is connected through an opto-isolator 75 to
the gate electrodes 80, 82 of the SCR’s of circuit 66. The
output from each circuit 60, 66 is connected through
circuit breakers 84, 86 to their respective loads 88, 90.

In operation, SCR circuit 60, for example, is phase
fired and SCR 64 operates, chopping the negative half
cycle of the sine wave of the input power signal while
SCR 62 acts as a switch which is either on or off. Cur-
rent flow during this half cycle is through inductor 58
to SCR 64 and thereafter through circuit breaker 84 to
lamp load 88. Since SCR 62 is either on or off, no chop-
ping of the sine wave of the input power signal from
SCR 62 is produced and no filtering is required. This
reduces the average current in inductor 58 by 50%.

During the positive half of the cycle of power signal,
circuit 66 operates in a manner similar to circuit 60. In
this instance, SCR 68 is operated chopping the positive
half cycle of the sine wave of the input power signal
while SCR 70 acts as a switch and no chopping occurs.
Current flow during this half cycle is through inductor
58 to SCR 68 and thereafter through circuit breaker 86
to lamp load 90. Since a 50% reduction in the current in
the inductor is produced in each half cycle, the average
current is the same as for a single SCR antiparallel cir-
cuit while enabling the use of an inductor which is
substantially smaller and less costly.
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The waveform diagram in FIG. 3B illustrates the
waveform of the output power for power output levels
of 0% and 100%, that is, full dimming to full brightness.
Intermediate those extremes, the waveforms for the
power output levels for 25% of total power, 50% of
total power and 75% of total power are also shown. For
the 25% power output level, the phase angle is one half
of the positive half cycle. At 50% power, the phase
angle is the full width of the positive half cycle. At 75%
power, the phase angle is the width of the negative half
cycle plus one half of the positive half cycle. At 100%
power, the phase angle is the full width of the entire
cycle.

What is claimed is:

1. A dimming circuit for lighting devices comprising:

a pair of silicon controlled rectifiers (SCR) connected -
in parallel opposed circuit relation, each SCR hav-
ing a control electrode,

a phase control signal generator connected to the
control electrode of each SCR for switching the
SCR on and off,

a source of electric power connected to the input to
the dimming circuit,

inductive means connected in series circuit relation-
ship with the source of power and the pair of
SCR’s, and

means for controlling the signal generator such that
one or both of the SCR’s are turned on and off by
means of pulses from the generator having a fre-
quency of approximately 50-60 Hz and a predeter-
mined pulse duration to control the intensity of the
light provided by the lighting devices and to sup-
press the acoustic noise generated by the lighting
devices.

2. A circuit according to claim 1 wherein the induc-

tive means is an inductor.

3. A circuit according to claim 2 wherein the induc-
tor is a toroidal choke.

4. A circuit according to claim 2 wherein the pulse
frequency from the generator is 60 Hz.

S. A circuit according to claim 2 wherein the pulse
frequency from the generator is 50 Hz.

6. A circuit according to claim 4 wherein only one
SCR of the pair is turned on for a predetermined period
of time when the dimming circuit is operated in the
range of lighting intensity between O to 50% brightness.

7. A circuit according to claim 4 wherein one SCR of
the pair is turned on throughout an entire half cycle and
the other SCR for a predetermined portion of the other
half cycle when the dimming circuit is operated in the
range of lighting intensity between 50% and 100%
brightness.

8. A circuit according to claim 6 wherein an opto-
isolator is coupled in series circuit relationship between
the signal generator and the pair of SCR’s.

9. A circuit according to claim 7 wherein the lighting
devices are incandescent lamps.

10. A dimming circuit for lighting devices compris-
ing:

at least two parallel silicon controlled rectifiers
(SCR) connected in parallel circuit relationship,
each SCR having a control electrode,

a phase control signal generator connected to the
control electrode of each SCR for switching each
SCR on and off,

a source of electric power connected to the input to
the dimming circuit, said power source having at
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least two phases, each phase being connected to a
respective one of said SCR’s,

inductive means connected in series circuit relation-
ship with the parallel SCR’s between the source of
power and the load of lighting devices, and

means for controlling the signal generator such that
one or more of the SCR’s are turned on and off by
means of pulses from the generator having a fre-
quency of approximately 50-60 Hz and a predeter-
mined pulse duration to control lighting intensity
and suppress acoustic noise generated by the light-
ing devices.

11. A dimming circuit for lighting devices compris-

ing:

a first pair of silicon controlled rectifiers (SCR) con-
nected in parallel opposed circuit relationship, each
SCR having a control electrode,

a source of AC electric power connected to the input
to the dimming circuit for providing power to the
lighting devices,

a second pair of SCR’s connected in parallel opposed
circuit relationship, each SCR having a control
electrode, said second pair being connected in par-
allel circuit relationship with said first pair,

a first phase control signal generator connected to the
control electrode of each SCR of the first pair for
switching one of the SCR’s on and off while hold-
ing the other SCR either on or off during the posi-
tive going portion of each cycle from the power
source,

a second phase control signal generator connected to
the control electrode of each SCR of the second
pair for switching one of the SCR’s on and off
while holding the other SCR either on or off dur-
ing the negative going portion of each cycle from
the power source,

inductive means connected in series circuit relation-
ship with the source of power and a predetermined
one of the SCR’s in each of the first and second
pair, and

means for controlling the signal generator such that
the switchable SCR in the first and second pair is
turned on and off by means of pulses from the
generator having a frequency of approximately 60
Hz and a predetermined pulse duration to control
the intensity of the light provided by the lighting
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devices and to suppress the acoustic noise gener-
ated by them.

12. A method of operating a dimming circuit for
electric lamps comprising the steps of:

(1) supplying electric power to a signal generator,

(2) connecting a source of electric power to be trans-
mitted to the incandescent lamps, through a series
circuit interconnection of a noise control inductor
and a pair of SCR’s connected in antiparallel cir-
cuit relationship, each SCR having a control elec-
trode,

(3) connecting the lamps to the output side of the
series circuit combination of inductor and SCR
pair and the signal generator to the control elec-
trodes of said SCR pair,

(4) controlling the amount of power to be delivered
to the lamps by selectively operating the signal
generator, and

(5) causing one or both of the SCR pair in response to
the signal generator to be selectively turned on and
off at a frequency of approximately 50-60 Hz each
for a predetermined period of time to thereby con-
trol the brightness of the lamps and to suppress
acoustic noise generated by the lamps.

13. The method of claim 12 including the step of
controlling the phase angle of the power supplied the
incandescent lamps by means of the signal generator.

14. The method of claim 13 including the step of
selecting a pulse of a predetermined pulse width to
control the phase angle of the power to the lamps and
thereby control the brightness of the lamps.

15. The method of claim 14 including the step of
transmitting the preselected pulse to each control elec-
trode of the SCR’s.

16. The method of claim 15 including the step of
operating the dimming circuit in the 0% to 50% output
power range to maximize noise suppression by limiting
the pulse width so as to operate only one SCR for a
predetermined period of time.

17. The method of claim 15 including the step of
operating the dimming circuit in the 51% to 100% out-
put power range by increasing the pulse width so as to
operate one SCR for a first predetermined period of
time and the second SCR for a second predetermined
period of time.

18. The method of claim 15 wherein one or both of
the SCR pair are turned on and off at a frequency of 60
Hz.

x *x * * x
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