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ally control power to the load element and to the dummy power resistor in response to a variation in the power consumption of the



WO 2017/157477 PCT/EP2016/056060

POWER REGULATION CIRCUIT AND SYSTEM

BACKGROUND

[0001] When controlling a high power load such as a heater element, or array
of elements, power delivery may be adjusted using methods that turn a connection
to the power network off/on.

[0002] Some such methods can produce regulatory issues that make it difficult
to comply with International Electrotechnical Commission (IEC) regulations, such as
rules and regulations relating to flicker, harmonic distortion, conducted emissions,
and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Various features of the present disclosure will be apparent from the
detailed description which follows, taken in conjunction with the accompanying
drawings, which together illustrate certain example features, and wherein:

[0004] Figure 1 is a circuit diagram according to an example;

[0005] Figure 2 shows an illustration of an input alternating current sinewave
according to an example;

[0006] Figure 3 is a flowchart of a method of controlling a power regulation
circuit according to an example; and

[0007] Figure 4 is a schematic illustration of a printing system according to an

example.

DETAILED DESCRIPTION

[0008] In the following description, for purposes of explanation, numerous
specific details of certain examples are set forth. Reference in the specification to
"an example" or similar language means that a particular feature, structure, or
characteristic described in connection with the example is included in at least that

one example, but not necessarily in other examples.
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[0009] Some systems involve switching the power load at alternating current
(AC) zero-crossing levels. Such systems limited in that they introduce a high level
of flicker (i.e. rapid voltage fluctuation) into the power line. Reducing or eliminating
flicker in the power line can often include bulking and/or expensive systems or
hardware. For example some systems involve switching the power load at high
frequency, which is often referred to as “phase control”. Due to the speed of such
systems, they are often complex and expensive. Further, when using such complex
systems, it can be very difficult to meet harmonics and conducted emissions
regulations unless bulky input filters are implemented.

[0010] Certain examples described herein can include additional dummy high
power elements and dedicated algorithms which combine the power switching into
application loads with the dummy load(s). A dummy load, such as a high power
resistor, can consume power in a way that compensates the consumption fall in other
elements. Therefore, the power transitions measured at the product inlet contain low
frequency variations.

[0011] Certain examples comprise a circuit or system that regulates the power
into a high voltage load, keeping the disturbance to the AC system below the
regulatory limits by dumping the excessive power into a dummy load, thus keeping
the input consumption approximately flat.

[0012] Figure 1 is a diagram of a circuit 100 according to an example.
Example circuit 100 is a power regulation circuit. Figure 1 depicts controlling three
example heater (e.g., load) elements. An adaptive algorithm can be implemented to
apply power to each load element depending on its corresponding requirements.
[0013] As shown, circuit 100 can include an input 112 from an alternating
current (AC) power supply. For example, circuit 100 can comprise load elements
104A, 104B, 104C connected to AC power supply input 112. A dummy power
resistor 106 can be connected in parallel with the load elements 104A, 104B, or
104C. Circuit 100 comprises a controller 102 (e.g., a micro-controller) to dynamically

control power to the load elements 104A, 104B, 104C and to the dummy power
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resistor 106 in response to a variation in the power consumption of the load elements
104A, 104B, 104C.

[0014] In the example circuit of Figure 1, the load elements can include the
three load elements 104A, 104B, and 104C; in other examples, there may be more
than three or fewer than three load elements. In some examples, there may be a
single load element.

[0015] According to an example, the load elements 104A, 104B, 104C can be
connected in parallel across positive and negative input terminals of AC power
supply input 112.

[0016] According to an example, in response to a power requirement of the
load elements 104A, 104B, 104C reducing, dynamically controlling the power can
include drawing excess power through dummy power resistor 106.

[0017] In certain examples, the load elements 104A, 104B, 104C are
connected to AC power supply input 112 via first switch elements 108A, 108B, 108C.
In such examples, dummy power resistor 106 is connected to AC power supply input
112 via a second switch element 112. In such examples, controller 102 dynamically
controls power to the load elements 104A, 104B, 104C and to dummy power resistor
106 by switching thefirst 108A, 108B, 108C and second switch elements 110.
[0018] According to an example, the switching comprises varying a period of
time for which load elements 104A, 104B, 104C are connected to AC power supply
input 112 during cycles of AC power supply input 112.

[0019] According to an example, the switching comprises varying a period of
time for which dummy power resistor 106 is connected to AC power supply input 112
during cycles of AC power supply input 112.

[0020] In some examples, the switching comprises reducing the time for which
load elements 104A, 104B, 104C are connected to AC power supply input 112 during
cycles of AC power supply input 112 by a particular period of time, and increasing
the time for which dummy power resistor 106 is connected to AC power supply input

112 during the cycles of AC power supply input 112 by the particular period of time.
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In some examples, the particular period of time matches a half-cycle of AC power
supply input 112.

[0021] According to some examples, load elements 104A, 104B, 104C and
first switch elements 108A, 108B, 108C are connected in parallel across the positive
and negative terminals of AC power supply input 112, and dummy power resistor
106 and the second switch element 110 are connected in parallel across the positive
and negative terminals of AC power supply input 112.

[0022] Figure 2 shows an illustration of an input AC sinewave 200 according
to an example.

[0023] According to certain examples, possible distortion to the input AC
sinewave is minimized, in order to meet regulations. For example, if the power
requirements of the load elements are drastically reduced or increased, the transition
can be softened by using the dummy power resistor in order to draw the excess of
power.

[0024] In order to produce lower disturbances to the public power network, it
is desirable to have a soft current consumption that matches (or at least
approximates) the AC sinusoidal waveform. When adding switching mechanisms to
the load, the current consumption observes sharp steps up or down. These steps in
current contain high frequency energy, what is not desirable in terms of regulatory
compliance. According to examples, softening the transitions in the form of
decreasing the slope of these steps, therefore leads to a decrease in high frequency
content.

[0025] According to examples, the period of time for which power is applied to
each element can change and, in some examples, the period of time for which power
is applied to an element matches an entire half-cycle.

[0026] In examples where the requested power is very low, cycles can be
introduced with no transition. In examples, where there are drastic input power
consumption changes, a dummy resistor can be employed in to meet with regulatory

requirements.
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[0027] In the example depicted in Figure 2, in a first half cycle 220 of the AC
sinewave, power during a first portion 202 of first half cycle 220 is applied to a first
load element 1 (for example load element 104A of Figure 1), power during a second
portion 204 of first half cycle 220 is applied to a second load element 2 (for example
load element 104B of Figure 1), power during a third portion 206 of first half cycle
220 is applied to dummy power resistor D (for example dummy power resistor 106
of Figure 1), and power during a fourth portion 208 of first half cycle 220 is applied
to a third load element 3 (for example load element 104C of Figure 1).

[0028] The power consumption of third load element 3 now reduces, so the
power applied to the load elements and the dummy power resistor is dynamically
controlled. Inthe example depicted in Figure 2, the dynamic control results in power
during a first portion 210 of a second half cycle 222 being applied to second load
element 2, power during a second portion 212 of second half cycle 222 being applied
to first load element 1, power during a third portion 214 of second half cycle 222
being applied to dummy power resistor D, and power during a fourth portion 216 of
second half cycle 222 being applied to dummy power resistor D. Dummy power
resistor therefore consumes the excess power not required by third load element 3,
thus keeping the input consumption approximately flat.

[0029] In the examples of Figure 2, the portions 202, 204, 206... etc. are
shown as being of equal time periods. In other examples, any of the portions could
have non-equal time periods. In other examples, the periods and/or timing of any of
the portions could be calculated using an optimized control algorithm.

[0030] Figure 2 gives some examples of dynamic control across portions of
two-half cycles; other examples may involve a different number of portions, a
different number of cycles/half cycles, a different number of load elements, and/or
more than one dummy power resistor.

[0031] Figure 3 is a flowchart of an example method of controlling a power
regulation circuit according to an example. The power regulation circuit may include

example circuit 100 depicted in Figure 1. The power regulation circuit can include
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positive and negative input terminals of an alternating current (AC) power supply

input.
[0032] At block 310, an application load is connected to the AC power supply
input.
[0033] At block 320, a dummy load is connected in parallel with the application
load.
[0034] At block 330, power to the application load and to the dummy load is

dynamically controlled in response to a variation in the power consumption of the
application load. Some examples of such dynamic control are depicted in Figure 2
with corresponding description above. Dynamic control may for example be carried
out by controller 102 of Figure 1 or controller 402 of Figure 4. The controller which
performs the dynamic control can be any combination of hardware and executable
code or an application-specific integrated circuit (ASIC) that can implement the
functionality of the method 300. The controller which performs the dynamic control
may for example be an element in a printing or computing system.

[0035] In certain examples, the application load is connected to the AC power
supply input via a first switch, the dummy load is connected to the AC power supply
input via a second switch, and a controller element dynamically controls power to the
application load and to the dummy load by switching the first and second switches.
[0036] According to an example, the switching comprises varying a period of
time for which the application load is connected to the AC power supply during
frequency cycles of the AC power supply.

[0037] According to an example, the switching comprises varying a period of
time for which the dummy load is connected to the AC power supply during frequency
cycles of the AC power supply.

[0038] Figure 4 is a schematic illustration of a printing system 400 according
to an example.

[0039] Printing system 400 may for example comprise a two-dimensional

printing system or a three-dimensional printing system.
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[0040] In the example of Figure 4, printing system 400 comprises an AC power
supply, 412, a plurality of heating elements 404 connected to the AC power supply,
a dummy load 406 connected in parallel with the plurality of heating elements 404,
a plurality of first switches 408 to connect the plurality of heating elements 404 to AC
power supply 412, and a second switch 410 to connect dummy load 406 to AC power
supply 412. Heating elements 404 may for example comprise fusing elements for
use in fusing processes performed by the printing system.

[0041] In the example of Figure 4, printing system 400 also comprises a
controller 402 (which may for example comprise processors and/or memories) to
dynamically switch the plurality of first switches 408 and the second switch 410 to
control power to the plurality of heating elements 404 and to dummy load 406 in
response to a variation in the power consumption of heating elements in the plurality
404 of heating elements.

[0042] Certain examples make regulatory compliance (for example with
EN61000x international standards) easier using electronics which are not expensive,
whilst enabling a variable power delivery to power loads (for example heater
elements).

[0043] Examples provide relative simplicity and therefore lower cost with
respect to approaches. Having an extra power resistor is cheap since a low cost
technology resistor can be used.

[0044] Examples provide a robust mechanism to meet regulatory
requirements. By levelling the consumption across a part of or the entire AC
waveform, it is easier to generate a constant power consumption profile, whereas
other approaches, such as zero crossing switching or high frequency phase control,
provide lots of distortion to the signal and require bulky filters or other means for
compensating the signal quality.

[0045] The preceding description has been presented to illustrate and
describe examples of the principles described. This description is not intended to be
exhaustive or to limit these principles to any precise form disclosed. Many
modifications and variations are possible in light of the above teaching.
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Claims

1. A power regulation circuit, the circuit comprising:

an input from an alternating current (AC) power supply;

a load element connected to the AC power supply input;

a dummy power resistor connected in parallel with the load element; and

a controller to dynamically control power to the load element and to the
dummy power resistor in response to a variation in the power consumption of the

load element.

2. The circuit of claim 1, wherein the load element is connected in parallel

across positive and negative input terminals of the AC power supply input.

3. The circuit of claim 1, wherein, in response to a power requirement of
the load element reducing, the dynamically controlling the power comprises drawing

excess power through the dummy power resistor.

4. The circuit of claim 1, wherein the load element is connected to the AC
power supply input via a first switch element,

wherein the dummy power resistor is connected to the AC power supply input
via a second switch element,

wherein the controller dynamically controls power to the load element and to

the dummy power resistor by switching the first and second switch elements.

5. The circuit of claim 4, wherein the switching comprises varying a period
of time for which the load element is connected to the AC power supply input during

a cycle of the AC power supply input.
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6. The circuit of claim 4, wherein the switching comprises varying a period
of time for which the dummy power resistor is connected to the AC power supply
input during a cycle of the AC power supply input.

7. The circuit of claim 4, wherein the switching comprises:

reducing the time for which the load element is connected to the AC power
supply input during a cycle of the AC power supply input by a particular period of
time; and

increasing the time for which the dummy power resistor is connected to the
AC power supply input during the cycle of the AC power supply input by the particular
period of time.

8. The circuit of claim 7, wherein the particular period of time matches a
half-cycle of the AC power supply input.

9. The circuit of claim 4, wherein the load element and the first switch
element are connected in parallel across the positive and negative terminals of the
AC power supply input, and

wherein the dummy power resistor and the second switch element are

connected in parallel across the positive and negative terminals of the AC power

supply input.

10. A method of controlling a power regulation circuit, the circuit
comprising:

positive and negative input terminals of an alternating current (AC) power
supply input;

an application load connected to the AC power supply input;

a dummy load connected in parallel with the application load, the method

comprising:
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10

dynamically controlling power to the application load and to the dummy load

in response to a variation in the power consumption of the application load.

11.  The method of claim 10, wherein the application load is connected to
the AC power supply input via a first switch,

wherein the dummy load is connected to the AC power supply input via a
second switch,

wherein the controller element dynamically controls power to the application

load and to the dummy load by switching the first and second switches.

12.  The method of claim 11, wherein the switching comprises varying a
period of time for which the application load is connected to the AC power supply

during frequency cycles of the AC power supply.

13.  The method of claim 11, wherein the switching comprises varying a
period of time for which the dummy load is connected to the AC power supply during

frequency cycles of the AC power supply.

14. A printing system comprising:

an alternating current (AC) power supply;

a plurality of heating elements connected to the AC power supply;

a dummy load connected in parallel with the plurality of heating elements;

a plurality of first switches to connect the plurality of heating elements to the
AC power supply;

and a second switch to connect the dummy load to the AC power supply; and

a controller to dynamically switch the plurality of first switches and the second
switch to control power to the plurality of heating elements and to the dummy load in
response to a variation in the power consumption of heating elements in the plurality

of heating elements.
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15.  The printing system of claim 14, wherein the system comprises a two-

dimensional printing system or a three-dimensional printing system.
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