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[57] ABSTRACT

363/71

A variable voltage power supply in which multiple.
independent, variable voltage direct current power supply
circuits are connected in parallel to a single secondary
transformer winding without simultaneously loading the
transformer secondary. Each power supply circuit is con-
trolled by a logic circuit that gates a power FET which, in
turn, delivers current to a storage capacitor from a full wave
rectifier on the transformer secondary winding. By control-
ling when the FET is “on” in relation to the AC input
waveform, the voltage to which the storage capacitor is
charged can be regulated and simultaneous loading of the
transformer secondary eliminated.

12 Claims, 10 Drawing Sheets
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1
TIME MULTIPLEXED POWER SUPPLY

This application claims priority from U.S. Pat. Ser. No.
60/028.271 filed on Oct. 11, 1996. which is incorporated
herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

REFERENCE TO A MICROFICHE APPENDIX
Not Applicable

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains generally to electrical power sup-
ply circuitry. and more particularly to a method and appa-
ratus for obtaining multiple. independent. variable voltage
power supplies from a single secondary transformer wind-
ing.

2. Description of the Background Art

There exists situations wherein two or more indepen-
dently variable voltage DC power supplies are required; for
example. the operation of multiple direct current devices
such as DC servo motors or DC stepper motors in motion
control and robotic applications. While it is possible to link
together multiple linear power supplies or multiple switch-
ing power supplies under a common confrol system, there
are a number of problems with doing so, including: (i) it is
difficult and expensive to link together, in a coordinated
manner, the control of such power supply combinations; and
(ii) both types of such power supplies require numerous
components that take up a large amount of physical space
and are costly to build. Since physical ransformers are not
ideal devices, an increase in current draw will cause a
lowering of the output voltage on the secondary winding
(and on any other secondaries that may be on the same
transformer). The result is that the power supply output
capacitors may not get the desired amount of current and
voltage (i.e. there is excessive voltage sag on the
transformer), and instabilities can arise as the various
instances attempt to compensate by drawing even more
current on subsequent cycles.

BRIEF SUMMARY OF THE INVENTION

The present invention overcomes such deficiencies by
allowing multiple, independent, variable voltage power sup-
plies to be connected in parallel to a single secondary
transformer winding without simultaneously loading the
transformer secondary. Each voltage supply circuit is con-
trolled by a logic circuit that gates a power FET which, in
turn, delivers current to a storage capacitor from a full wave
rectifier on the transformer secondary winding. By control-
ling when the FET is “on”in relation to the AC waveform,
the voltage to which the storage capacitor is charged can be
regulated. This provides a controllable, variable voltage
supply from the storage capacitor. By coordinating the
timing of the FETs in several of these circuits. they can share
a single transformer secondary winding without adversely
affecting the regulation of the output of the other secondary
voltage circuits. Moreover, the total amperage drawn on the
transformer at a given point in time is substantially reduced.
Consequently, the size of the transformer can be consider-
ably smaller than if all the variable voltage supply circuits
were drawing current simultaneously.
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An object of the invention is to operate multiple, direct
current, variable voltage power supplies independently from
a single transformer secondary winding.

Another object of the invention is to operate multiple,
direct current, variable voltage power supplies indepen-
dently from a single transformer secondary winding without
simultaneously loading the transformer secondary.

Further objects and advantages of the invention will be
brought out in the following portions of the specification,
wherein the detailed description is for the purpose of fully
disclosing preferred embodiments of the invention without
placing limitations thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood by reference
to the following drawings which are for illustrative purposes
only:

FIG. 1 is a diagram of a single variable voltage direct
current power supply in accordance with the present inven-
tion connected to a transformer with a bridge rectifier.

FIG. 2 is a diagram of a plurality of variable voltage direct
current power supplies as shown in FIG. 1 connected in
parallel to the secondary of the transformer and to time
multiplexing circuitry in accordance with the present inven-
tion.

FIG. 3 is a diagram of a zero crossing detector employed
in the present invention.

FIG. 4 is a diagram of a variable voltage power supply
circuit employed in the present invention.

FIG. 5 is a diagram of a cycle sharing counter employed
in the present invention.

FIG. 6 is a diagram of a FET control circuit employed in
the present invention.

FIG. 7A through 7C are diagrams of share logic control
circuitry employed in the power supply shown in FIG. 2.

FIG. 8 shows exemplary waveforms for the cycle sharing
counter shown in FIG. 5.

FIG. 9 shows exemplary waveforms for the outputs of the
FET’s shown in FIG. 2.

FIG. 10 shows an example output waveform showing an
output voltage which is slightly more than one half of the
maximum.

DETAILED DESCRIPTION OF THE
INVENTION

Referring more specifically to the drawings. for illustra-
tive purposes the present invention is embodied in the
apparatus generally shown and described in FIG. 1 through
FIG. 10 where like reference numbers denote like parts. It
will be appreciated that the apparatus may vary as to
configuration and as to details of the parts without departing
from the basic concepts as disclosed herein.

1. Voltage Control.

The output of a full-wave rectified but unfiltered trans-
former secondary winding is a voltage that varies in a
regular pattern between zero volts and the maximum voltage
defined by the ratio of the transformer primary and second-
ary windings and the primary input voltage. If the rectified
transformer secondary voltage is connected to a capacitor at
or near the time the voltage is zero, the capacitor will begin
charging whenever the voltage from the transformer sec-
ondary exceeds the voltage to which the capacitor is cur-
rently charged. If, after this charging has begun. the rectified
voltage is disconnected before reaching its maximum., the
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voltage on the capacitor will be equal to the voltage present
before disconnection. Hence. the voltage at the capacitor
will be less than the maximum possible. Since a load will
tend to discharge the capacitor, repeating the process regu-
larly will keep the capacitor charged to a relatively constant
voltage. In this regard, also note that a full-wave rectifier on
the output of a transformer secondary winding which is not
filtered has the effect of doubling the AC input frequency at
the output. For example. if the frequency of the AC input
signal is 60 Hz. the output will be a 120 Hz wave that varies
from zero to maximum voltage (commonly known as unfil-
tered DC).

Similarly. if the rectified voltage is connected to the
capacitor after the voltage has passed the maximum, but
before it reaches zero, the capacitor will be charged to the
voltage that is present when the connection is made. The
voltage can then be disconnected any time before the voltage
rises above this level. and the capacitor will remain at such
voltage level.

Referring first to FIG. 1, a variable voltage power supply
10 in accordance with the invention is generally shown.
Power supply 10 includes a transformer 12 having a primary
winding 14 and a secondary winding 16, a zero crossing
detector 18. a bridge rectifier 20, an FET 24, an output
capacitor 26. an FET control circuit 28 and a high side driver
circuit 30. FET 24 serves as a switch which controls the
connection and disconnection of the rectified voltage to
capacitor 26. It will be appreciated that a different type of
transistor (e.g. BJT, IGBT, etc.), or another type of semi-
conductor (e.g. GTO thyristor, etc.), or a mechanical or
electronic relay. or other device could alternately be used if
the switching characteristics of such device are suitable. The
combination of FET 24. FET control circuit 28, and high
side driver circuit 30 form a variable voltage supply circuit
32.

Since the cycle time of the AC primary voltage 34 to
transformer 12 is constant for modem distribution systems
(60 Hz in North America and 50 Hz in most other countries),

_there is a fixed relationship between the voltage and time.
Therefore, if the length of time that has elapsed since the
voltage of the transformer secondary 16 was last zero, as
detected by zero crossing detector 18, is known, then the
voltage present at capacitor 26 is known. By accurately
referencing timers to the secondary winding zero voltage
condition through control signals 36, the elapsed time can be
used to accurately control the “on” period of the FET 24, and
thus control the voltage across capacitor 26.

2. Cycle Sharing.

If several instances of the post transformer circuitry in
FIG. 1 are connected in parallel to a single transformer
secondary winding, such as to secondary winding 16. there
will be occasions where two or more of those circuits are
attempting to draw current from the transformer simulta-
neously. Since physical transformers are not ideal devices,
an increase in current draw will cause a lowering of the
output voltage on the secondary winding (and on any other
secondaries that may be on the same transformer). The result
is that the output capacitors may not get the desired amount
of current and voltage (i.e. there is excessive voltage sag on
the transformer). and instabilitics can arise as the various
instances attempt to compensate by drawing even more
current on subsequent cycles (experience has shown that this
is particularly severe in cases of three or more secondary
circuits). To alleviate this instability, the invention employs
a control mechanism which allows each individual variable
voltage supply circuit to draw current on specified cycles so
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that only one power supply circuit is drawing current from
the transformer secondary at any given time.

Referring now to FIG. 2 through FIG. 6. an example of a
variable voltage power supply with secondary winding time
multiplexing in accordance with the invention is shown.
Here, three instances of the post-transformer circuitry of
FIG. 1 are powered by the same secondary winding. Those
skilled in the art will appreciate that systems could similarly
be constructed for any number of instances connected to the
secondary winding.

As shown in FIG. 2, a three-instance time multiplexed
variable voltage power supply in accordance with the inven-
tion includes transformer 12 having primary winding 14 and
secondary winding 16, three bridge rectifiers 20q, 205, 20c,
three variable voltage supply circuits 32a, 32b, 32¢ that are
controlled by control signals 36a, 36b, 36c, respectively, a
cycle sharing counter 38 and zero crossing detector 18. FIG.
3 shows an exemplary schematic diagram for zero crossing
detector 18 using a commercially available HCPL3700 and
common discrete components. FIG. 4 shows a functional
block diagram and partial schematic for a variable voltage
supply circuit 32, FIG. 5 shows a schematic diagram of cycle
sharing counter 38 using conventional D-flip flops and logic
gates, and FIG. 6 shows a schematic diagram of FET control
circuit 28 using conventional registers, down counters and
logic gates. Those skilled in the art will appreciate that the
components (or their finctional equivalents) shown with
symbols, labels and values are conventional, commercially
available components.

Referring to FIG. S, cycle sharing counter 38 endlessly
repeats the output sequence: 00, 01, 11, 00, 01, 11, 00, ... at
count outputs 40a, 40b which are used as inputs 424, 425 for
FET control circuit 28, respectively. Other sequences could
be used with appropriate modification of the cycle sharing
logic. In a system using a different number of independent
supply circuits, another count sequence with the appropriate
number of states would be required (i.e. 0. 1, 0. 1, ... for two
circuits, 000, 001, 011, 110, 100, 000. 001, ... or similar for
five circuits, etc.). Exemplary waveforms for cycle sharing
counter 38 are shown in FIG. 8.

Referring to FIG. 6. each FET control circuit 28 includes
two down counters 444,44b, two reload holding registers
46a, 46b which are supplied with the appropriate count
values from an external source such as a microprocessor (not
shown). and a unique set of share control logic 48. FIG. 7A
through FIG. 7C show three schematics for the share control
logic 484, 48b, 48¢ appropriate to each of the three variable
voltage supply circuits 32a, 32b, 32c¢, respectively. By using
different share control logic circuitry 48, 485, 48¢ for each
instance of variable voltage supply circuitry 32a, 32b, 32¢,
respectively, the “rise timer”, and “fall timer” outputs of the
FET control circuits in the variable voltage supply circuits
are enabled strictly at separate intervals. This guarantees that
only one circuit is drawing current from the transformer at
any time. The result is waveforms such as shown in FIG. 9.

In FIG. 9. the multiple diagonal lines in the waveform are
meant to represent the variable width of the pulse based
upon the respective timer value. Note that, within each
output waveform, the pulses alternate between “rise times”
and “fall times”. Rise times always start at a zero crossing
and end at some variable time later. Fall times always end at
a zero crossing and begin at some variable time earlier.

FIG. 10 shows an example output waveform showing an
output voltage which is slightly more than one half of the
maximum. The width of the FET_Signal pulses required to
achieve this output is also shown. Wider pulses would
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increase the output voltage (up to the maximum as deter-
mined by the transformer). Narrower pulses would result in
a lower output voltage.

Accordingly. it will be seen that this invention allows for
multiple DC power supplies to be connected to a single
transformer secondary winding without simultaneously
loading the transformer secondary. Although the description
above contains many specificities, these should not be
construed as limiting the scope of the invention but as
merely providing illustrations of some of the presently
preferred embodiments of this invention. Thus the scope of
this invention should be determined by the appended claims
and their legal equivalents.

What is claimed is:

1. A time multiplexed power supply. comprising:

(a) a transformer having a primary and a secondary;

(b) a full wave bridge rectifier without any filter placed
across the secondary of the transformer that creates an
electrical power pulse train with a frequency of twice
the frequency of the primary voltage:

(c¢) a plurality of direct current power supply circuits
having inputs connected in parallel to said full wave
rectified transformer secondary;

(d) means for time multiplexing power flow from said full
wave rectified transformer secondary to said power
supply circuits,

2. Apower supply as recited in claim 1, wherein said time
multiplexing means converts the energy from said full wave
rectified electrical pulse train into multiple, independent,
variable voltage direct current power supplies.

3. Apower supply as recited in claim 1, wherein said time
multiplexing means includes means for sharing full wave
rectified, sinusoidal energy pulses from said transformer
secondary amongst said power supply circuits.

4. A power supply as recited in claim 1, wherein said
power supply circuits are independently variable voltage
direct current power supply circuits.

5. A power supply as recited in claim 1, wherein said
power supply circuits draw current on specified cycles of
said full wave rectified pulse train so that only one said
power supply circuit is drawing current from said trans-
former secondary at any given time.

6. A time multiplexed power supply, comprising:

(a) a transformer having a primary winding and a sec-

ondary winding;

(b) a full wave bridge rectifier without any filter placed
across the secondary of the transformer that creates an
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electrical power pulse train with a frequency of twice
the frequency of the primary voltage:

(c) a plurality of direct current power supply circuits
connected in parallel with said full wave rectified
secondary winding;

(d) means for time multiplexing energization of said
power supply circuits from said secondary winding so
that said power supply circuits share said secondary
winding without simultaneously loading said trans-
former.

7. A power supply as recited in claim 6, wherein said time
multiplexing means converts the energy from said full wave
rectified electrical pulse train into multiple, independent.
variable voltage direct current power supplies.

8. A power supply as recited in claim 6, wherein said time
multiplexing means shares full wave rectified. sinusoidal
energy pulses from said transformer secondary amongst said
power supply circuits.

9. A power supply as recited in claim 6, wherein said
power supply circuits draw current on specified cycles so
that only one said power supply circuit is drawing current
from said transformer secondary at any given time.

10. A power supply as recited in claim 6, wherein said
power supply circuits draw current on specified cycles of
said full wave rectified electrical pulse train so that only one
said power supply circuit is drawing current from said
transformer secondary at any given time.

11. An apparatus for time multiplexing a plurality of
independently variable voltage direct current power supplies
connected in parallel across the secondary of a transformer,
comprising:

(2) control means for allowing each said independently
variable voltage power supply circuit to draw current
on specified cycles so that only one said power supply
circuit is drawing current from said transformer sec-
ondary at any given time;

(b) means for creating a full wave rectified electrical pulse
train from said transformer secondary and converting
the energy from said full wave rectified pulse train into
multiple, independent, variable voltage direct current
POWET sources.

12. A power supply as recited in claim 11, wherein said
time multiplexing means includes means for sharing full
wave rectified, sinusoidal energy pulses from said trans-
former secondary amongst said independently variable volt-
age power supply circuits.



