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Control System for a Child Swing
Field of the Invention

[0001] The present invention generally relates to a child swing that uses a phase control (PC)

subsystem and the amplitude control (AC) subsystem-to control the motion of the swing.
Background of the Invention

[0002] Child swings are commonly used to entertain children (e.g., infants) and children.
Traditionally, a child swing includes a seat which is supported at the distal end of one or
more swing arms. The swing arms are configured to swing so that the seat follows an arcuate

path.

[0003] Various mechanisms (e.g., motors, magnets, efc.) have been proposed to power child
swings so that there is no need for a parent or other user to continuously keep the swing in
motion. In motor driven swings, an electric motor is mechanically coupled to a swing arm

such that a torque output by the motor causes a swinging motion of the swing arm.

[0004] Child swings generally include a user interface that allows a user to select one of a
plurality of swing height (amplitude) settings. In the case of a motor driven swing, the motor
may be provided with a predetermined voltage input that is generated based on the user’s
amplitude selection. The voltage level provided to the motor determines the speed of the
motor and the resulting torque placed on the swing arm, thereby determining the amplitude of

the swing.
Summary of the Invention

[0005] The present invention relates to a control system for a child swing. The control system
comprises two major subsystems, namely a phase control (PC) subsystem and an amplitude

control (AC) subsystem. The phase control subsystem is configured to compare the phase of
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the swing arm to the phase of the drive mechanism. The phase control subsystem is further
configured to generate, based on this comparison, a motor drive signal configured to adjust
the speed of the motor to place the drive mechanism in-phase with the phase of the swing
arm. The amplitude control subsystem is configured to compare an actual (measured)
amplitude of the swing to a pre-set amplitude of the swing. The amplitude control subsystem
is further configured to generate, based on this comparison, an adjustment signal that
represents a desired adjustment or modification to an actual phase of the drive mechanism.
This adjustment signal is then provided to the phase control subsystem for use in generating
the motor drive signal. The phase is maintained during operation to avoid poor control,
noise and thus customer dissatisfaction. It is to be appreciated that the control system
described herein may be used in a number of different swings and can accommodate various
weights and seat positions.

[0006] In one embodiment, the amplitude control subsystem uses a Proportional/Integral (PI)
transfer function is used for amplitude control.

[0007] In one embodiment, a proportional integral derivation (PID) transfer function is used
for amplitude control.

[0008] In one embodiment, the phase control subsystem uses a PI transfer function used for
phase control.

[0009] In one embodiment, a proportional integral derivation (PID) transfer function is used
for phase control.

[0010] In one embodiment, the swing sensor is an encoder configured to output two pulse
trains representative of the actual amplitude of the child swing and representative of the
actual direction of the swing arm.

[0011] In one embodiment, the control system further comprises a startup subsystem

configured to initiate motion of the swing arm before such time that phase sensing is possible
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because the swing arm has not started to move above a selected minimum amplitude. In such
an embodiment, the amplitude control and phase control subsystems may be disabled until
the child swing reaches a predetermined amplitude.

Brief Description of the Drawings

[0012] Figure 1 illustrates a front perspective view of a child swing according to an

embodiment of the present invention;

[0013] Figure 2 illustrates a side view of a portion of a drive mechanism for the child swing

of Figure 1;

[0014] Figure 3 illustrates a top perspective view of the upper portion of the drive mechanism

for the child swing of Figure 1;

[0015] Figure 4 illustrates a side view of a drive-phase sensor used in the child swing of
Figure 1;
[0016] Figure 5 illustrates a flow diagram schematically representing a control system used to

control motion of the child swing of Figure 1;

[0017] Figure 6 illustrates two pulse trains received at the control system from a swing sensor

in accordance with an embodiment of the present invention;

[0018] Figure 7 illustrates a schematic diagram of a Proportional/Integral (PI) control used by
an amplitude control (AC) subsystem in accordance with an embodiment of the present

invention;

[0019] Figure 8 illustrates a schematic diagram of a PI control used by a phase control (PC)

subsystem in accordance with an embodiment of the present invention; and

[0020] Figure 9 is a system block diagram of the child swing of Figure 1.
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[0021] Like reference numerals have been used to identify like elements throughout this

disclosure.

Detailed Description of the Invention

[0022] Child swings are generally manufactured such that for a selected swing amplitude
(height), the motor will receive a fixed voltage that results in a fixed output torque. However,
a child swing operates on the principles of harmonic motion and, as such, the torque
required from the motor to maintain a selected child swing amplitude depends on the weight
and location of a child in the seat, orientation of the seat to the pendulum, and variation in
frictional factors. As a result, under different loading conditions a constant torque applied to

the swing arm may produce varying amplitudes for a selected motor speed.

[0023] In an attempt to produce a consistent motion profile under different loading
conditions, child swings have been developed to include feedback systems that correlate
desired swing amplitude to actual swing amplitude. Conventional feedback systems
generally detect the current amplitude of the swing and compare it to the desired swing
amplitude selected by a user. By comparing the actual swing amplitude with the desired
swing amplitude, a controller will adjust the voltage provided to the motor and thus adjust the

torque exerted on the swing arm.

[0024] Described herein is a control system for a child swing that further improves operation
under various loading conditions. The control system comprises an amplitude control (AC)
subsystem configured to compare an actual (measured or otherwise determined) amplitude of
the swing to a pre-set (selected) amplitude of the swing. The amplitude control subsystem is
further configured to generate an adjustment signal representing a desired adjustment to the
phase of the drive mechanism. This signal may be, in one example, an advanced swing phase

signal in which the actual phase of the swing arm is adjusted or modified based on the
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comparison of the actual amplitude of the swing to the pre-set amplitude. The control system
also comprises a phase control subsystem configured to use the adjustment signal to compare
the phase of the swing arm to the phase of the drive mechanism. The phase control
subsystem is further configured to generate a motor drive signal configured to cause a desired
adjustment to the phase of the drive mechanism. It is to be appreciated that the control
system described herein may be used in a number of different swings and can accommodate

various weights and seat positions.

[0025] It is to be understood that terms such as “left,” “right,” “top,” “bottom,” “front,”

T4 20 ey

side,” “height,” “length,” “width,” “upper,” “lower,” “interior,

kT4 20 ey

“rear, exterior,” “inner,”
“outer,” “forward,” “rearward” and the like as may be used herein, merely describe points or
portions of reference and do not limit the present invention to any particular orientation or

N1

configuration. Further, terms such as “first,” “second,” “third,” etc., merely identify one of a
number of portions, components and/or points of reference as disclosed herein, and do not

limit the present invention to any particular configuration or orientation.

[0026] A control system in accordance with embodiments of the present invention may be
used in a wide variety of swings. Figure 1 is a perspective view of one exemplary child
swing 10. In this illustrative arrangement, child swing 10 comprises a support frame 15, a
swing arm 20, and a seat 25. A drive mechanism 30 and a user interface 35 are disposed in
an upper portion 40 of the support frame 15. In operation, the support frame 15 provides a
stable base that allows the seat 25 to follow an arcuate path generally shown in Figure 1 by

arrow 38.

[0027] Figure 2 is a side view of a portion of the drive mechanism 30 that may be disposed in
upper portion 40. The illustrated portion of drive mechanism 30 includes, among other
elements, a housing 42, a direct current (DC) motor 45, a worm gear 50, a mating gear 55, a

mechanical linkage 60, and a spring bar (spring) 65. Motor 45 is electrically connected to a

-5
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motor drive (not shown in Figure 2) and a controller (also not shown in Figure 2) that
processes user inputs received via user interface 35. User interface 35 allows a user (e.g.,
parent, caregiver, etc.) to select one of a plurality of swing amplitude (also called swing or
seat height) settings. In response to an amplitude setting, the controller causes the motor
drive to provide the motor 45 with a predetermined voltage input. This voltage input causes
the motor 45 to rotate at a predetermined speed and, accordingly, causes worm gear 50 to
correspondingly rotate. The general direction of rotation of worm gear 50 is shown by arrow

70.

[0028] Worm gear 50 includes a series of teeth 52 that mesh with teeth 57 of mating gear 55.
As such, rotation of worm gear 50 in the direction of arrow 70 results in corresponding
rotation of mating gear 55 in the direction shown by arrow 75. The rotation of mating gear
55 causes reciprocal motion of mechanical linkage 60 so as to tension spring 65.  As
described below, spring 65 is coupled to swing arm 20 such that spring-action (tension) of the
spring 65 cause corresponding motion of the swing arm 20. The mechanical components
connecting the motor 45 to the swing arm 20 (i.e., worm gear 50, mating gear 55, mechanical

linkage 60, and spring 65) are collectively referred to as drive components 68.

[0029] In the embodiments described herein, swing arm 20 is considered to have two
“phases” of operation. 'The first phase of swing arm 20 occurs when the swing arm 20 moves
in a first direction (e.g., forward), while the second phase of swing arm 20 occurs when the
swing arm 20 moves in the second, opposite direction (i.e., backward). TFor example, during
the first phase the swing arm 20 swings in a direction to push seat 25 forward. When seat 25
reaches the forward apex, the swing arm 20 reverses to the second phase and, in this example,
moves in a direction so that the seat 25 is forced (or freely moves) rearward. The phase of
swing arm 20 will again reverse when the seat 25 reaches a rear apex. In other words, swing

arm 20 has a reciprocating motion and reverses phase at each apex of seat 25.
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[0030] It is to be appreciated that the motor 45 may have a number of different
configurations. However, in general, motor 45 will include a shaft (axle) 77 that rotates in
response to an input voltage. The rotation of shaft 77 causes the corresponding rotation of
worm gear 50. In the embodiments described herein, the rotation of mating gear 55 (in

response to rotation of worm gear 50) is synchronized with the rotation of the motor 45.

[0031] Motor 45 rotates in a 360 degree circle and, accordingly, the drive mechanism 30 can
be characterized as having two distinct 180 degree rotational “phases” of operation. The first
phase of drive mechanism 30 can be viewed as rotation of shaft 77 from the 0 degree position
with respect to a selected reference direction (such as a vertical direction) to a 180 degree
position with respect to the selected reference direction. Similarly, the second phase of drive
mechanism 30 can be viewed as rotation of shaft 77 from the 180 degree position with
respect to the selected reference direction back to the 0 degree position with respect to the

selected reference direction.

[0032] Figure 3 is a top perspective view of a larger portion of drive mechanism 30. As
shown, drive mechanism 30 further comprises an arm coupling member 85 that includes a
base 90 and an extension arm 95 that extends distally from the base 90. An aperture 100 is
disposed in the distal end of extension arm 95, and the distal end of spring 65 extends through
this aperture 100. As noted above, as mechanical linkage 60 reciprocates in response to the
rotation of the motor 45, the mechanical linkage 60 places tension on spring 65 which in turn
pushes against extension arm 95. Therefore, when the spring 65 is placed under tension, the
spring 65 forces against the edge of aperture 100 so as to impart reciprocal motion on
extension arm 95 in the direction of arrow 80. This reciprocal motion is then transferred
through base 90 to swing arm 20, thereby causing seat 25 to swing back-and-forth in the
general direction of arrow 38 (Figure 1). In other words, the swing arm 20 is forced to move

as a result of the spring-action of spring 65 in response to the rotation of motor 45.
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[0033] As noted above, the actual height of seat 25 (commonly referred to as the swing
amplitude) in response to an input voltage to motor 45 may vary depending on, for example,
different loading conditions (e.g., different sized children, location of a child in the seat, etc.).
In order to produce a consistent motion profile under different loading conditions, child
swing 10 includes a control system that, among other uses, is configured to correlate a
desired amplitude of the swing with the actual amplitude of the swing, as well as to correlate
the phase of the drive mechanism with the phase of the swing arm. In the embodiments
described herein, the control system receives signals from two sensors, namely swing sensor
110 (Figure 3) and drive phase sensor 115 (Figure 4), each of which is described in greater

detail below.

[0034] Figure 4 is a side view of drive-phase sensor system 115 disposed on the opposing
side of housing 42 as motor 45. Drive phase sensor 115 includes a photo-interrupter 120 and
an encoder wheel 125 with a 180 degree slot 130 disposed therein. In this embodiment,
encoder wheel 125 is coupled to gear 55 (Figure 2) so as rotate therewith. That is, as mating
gear 55 rotates in the direction of arrow 75, encoder wheel 125 will also rotate in the same
direction and at the same speed. Because mating gear 55 is synchronized to the phases of
drive mechanism 30, encoder wheel 125 will also be synchronized to the phases of the drive
mechanism. As such, the 180 degree slot 130 enables the photo-interrupter 120 to produce

signals that are used by the control system to determine the phase of the drive mechanism 30.

[0035] More particularly, photo-interrupter 120 includes, in this example, a photo-emitting
device (e.g., Light Emitting Diode (LED), photodiode, etc.) that transmits a beam of light to a
photo-receiving device (e.g., phototransistor). The encoder wheel 125 is positioned between
the photo-emitting device and the photo-receiving device so that the light beam is only
received at the photo-receiving device via the 180 degree slot while the drive mechanism 30

is in a first phase. However, the encoder wheel 125 will block the light beam while the drive
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mechanism 30 is in the second phase. In this way, depending on whether or not the photo-
receiving device detects the light beam, the control system of child swing 10 can determine

the phase of drive mechanism 30.

[0036] Child swing 10 also includes a swing sensor 110 shown in Figure 3. In this
embodiment, swing sensor 110 is an encoder in which a photo-emitting device transmits a
beam of light to two (2) photo-receiving devices via an encoder plate 145. The encoder plate
145 has a plurality of elongate apertures or slots 150 disposed therein, and the encoder plate
145 is coupled to swing arm 20 so as to reciprocate in the direction shown by arrow 155 in
synchronization with the swing arm 20. That is, when swing arm 20 changes direction

(phase) as described above, the encoder plate 145 will also change direction.

[0037] Encoder plate 145 is positioned between the photo-emitting device and the photo-
receiving devices so that the light beam is only received at the photo-receiving devices via
the slots 150. In other words, swing sensor is configured to obtain two series of light pulses
and to output corresponding electrical signals. The slots 150 are sized and spaced so that the
control system can determine, based on the resulting electrical signals, (1) the phase (i.e.,

direction) of swing arm 20 and (2) the amplitude of the swing.

[0038] The swing amplitude is regulated by the speed of motor 45. In order to ensure that
swing arm 20 smoothly follows the desired arcuate path, the swing arm 20 and the drive
mechanism 30 should remain “in-phase.” In other words, the phases of swing arm 20 and
drive mechanism 30 should maintain a desired alignment. If the drive mechanism 30 were
perfectly in phase with the swing arm 20, then the drive mechanism 30 would not be able to
add energy to the system and the swing arm 20 would not swing. For example, with a fixed
lead angle of O degrees (i.e., the motor linkage and swing arm reversing direction
simultaneously), no energy is added to the child swing and the swing arm will not move or, if

already in motion, will eventually stop.
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[0039] In order to add energy to the system, the phase of the drive mechanism 30 is
“advanced” relative to the phase of the swing arm 20. This “advance” means that the phase
of the drive mechanism 30 needs to “lead” the phase of the swing arm 20 by a certain angular
amount. Por example, with a predetermined angle, the swing will increase to maximum
amplitude. The energy added to the swing arm may monotonically increase as the lead angle

increases, in this example, from 0 degrees to the predetermined angle.

[0040] As used herein, the drive mechanism 30 and swing arm 20 are considered to be “in-
phase” when the phase of the drive mechanism 30 leads the phase of the swing arm 20 by the
desired angular amount. Therefore, when “in-phase” the drive mechanism 30 and swing arm
20 will rotate/reciprocate at the same speed and their phase transitions (180 degree points)

will be aligned (subject to the angular advance of the drive mechanism 30).

[0041] A user selects a speed/amplitude setting (e.g., high, medium, low) for the child swing
10 at the user interface 35. This user selection is used to control the speed of the motor 45
and, accordingly, to achieve a desired amplitude. However, child swing 10 operates on the
principles of a harmonic motion, and as such, the torque required from the motor 45 to
maintain a desired child seat amplitude depends on the weight and location of a child in the
seat, orientation of the seat to the pendulum, and variation in frictional factors. As a result,
under different loading conditions a constant torque applied to the swing arm may produce

varying amplitudes for a selected motor speed.

[0042] In accordance with embodiments described herein, the child swing 10 includes a dual-
purpose control system that is configured to (1) ensure that the drive mechanism 30 stays in
phase with the swing arm 20 and (2) ensure that the actual amplitude of the swing matches
the desired amplitude. The dual-purpose control system includes a phase control (PC)
subsystem and an amplitude control (AC) subsystem. 'The phase control subsystem is

primarily configured to keep drive mechanism 30 in phase with the swing arm 20. That is,

-10 -
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the phase control subsystem is configured to maintain a desired lead angle between the phase
of drive mechanism 30 and the phase of swing arm 20, as noted above, or is configured to

adjust the phase angle (lessen or increase) as needed to maintain the phase relationship.

[0043] The amplitude control subsystem is configured to influence or “steer” the phase
control subsystem to match, and maintain a match, of the actual swing amplitude with a
desired amplitude set by, for example, a user or auxiliary control system. The AC subsystem
measures the current or actual amplitude (using signals received from the swing sensor 110)
and compares the actual amplitude against the desired or pre-set amplitude. The amplitude
control subsystem then determines if the phase control subsystem needs more or less energy
in the system to try to match the actual amplitude with the desired amplitude. The swing
amplitude will increase when energy is added to the system and will decrease when energy is
removed from the system. Energy is added/removed from the system by
increasing/decreasing the lead angle of the drive mechanism 30 relative to the swing arm 20
(i.e., the angle that the phase control subsystem attempts to maintain). Therefore, the
amplitude control subsystem steers the phase control subsystem such that an offset will be
added or subtracted from the lead angle that the phase control subsystem adjusts in an attempt
to maintain the phase relationship between motor 45 and swing arm 20. The system as a
whole is, in essence, a two control loop system, where the phase control subsystem attempts
to maintain a phase relationship between the drive mechanism 30 and the swing arm 20, and
the amplitude control subsystem influences (i.e., steers) the phase control subsystem to match

the actual amplitude with a desired amplitude.

[0044] Figure 5 is a detailed flow diagram illustrating the operation of the control system 250
of child swing 10. The method of Figure 5 begins at block 255 where the control system 250
receives two pulse trains from swing sensor 110. Figure 6 illustrates one illustrative

combination of pulse trains 260A and 260B.

-11 -
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[0045] At block 255, the control system 250 is configured to use the relative timing of the
pulses in pulse trains 260A and 260B to determine the swing arm phase (i.e., the direction in
which swing arm 20 is moving). More specifically, if the pulse train 260A is leading pulse
train 260B, the control system 250 determines that swing arm 20 is moving in a first
direction. As soon as the control system 250 detects that pulse train 260A is following pulse
train 260B, the control system determines that there has been a change in phase. A swing

phase signal 265 is then provided to block 270.

[0046] The control system 250 is further configured to, at block 255, determine the actual
amplitude of swing arm 20. The control system 250 is configured to determine the swing
amplitude from the number of encoder counts (pulses) that are detected between each
direction change (i.e., how many pulses were counted during when the swing arm 20 was
going right to left or left to right). A swing amplitude signal 275 is then provided to block

280.

[0047] At block 280, the control system 250 compares the actual swing amplitude 275 to a
pre-set swing amplitude 285. Based on the comparison, an adjustment signal 290 is provided
to block 270. In the example of Figure 5, blocks 270 and 280 represent an amplitude control

(AC) subsystem 295.

[0048] The AC subsystem 295 uses a Proportional/Integral (PI) transfer function to generate
the adjustment signal 290. More specifically, based on current and previous determined
differences between the actual and desired swing amplitudes, a PI relationship is derived. As
such, the adjustment signal 290 output by this PI transfer function is a time value, where the
time represents the “advance” (lead) of the drive relative to the swing and is to be increased
or decreased to adjust the phase control of the lead angle, in an attempt to “steer” the phase

control subsystem 300 to cause the actual amplitude to achieve the desired amplitude. In

-12 -
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some embodiments, a proportional integral derivation (PID) transfer function may be used for

these operations.

[0049] Because the amplitude control subsystem 295 uses a PI transfer function, the actual
swing amplitude will increase/decrease in a controlled manner. For example, amplitude
control subsystem 295 may determine that there is a difference between the actual swing
amplitude and the desired swing amplitude while the drive mechanism 30 is leading the
swing arm 20 by an angular amount of 20 degrees. The amplitude control subsystem 295
may further determine that an angular lead of 30 degrees is needed for the actual amplitude to
match the pre-set amplitude. It is undesirable to immediately increase the angular lead to the
desired amount (i.e., to go immediately from 20 degrees to 30 degrees in this example)
because such a rapid increase would disrupt the smooth motion of the swing. As such, the PI
transfer function is configured to output a series of adjustment signals 290 over a period of
time that each effect gradual increases in the angular lead so as to ensure that the seat 25
continues to smoothly follow the arcuate path, even as the angular lead increases. The
proportional aspects of the PI transfer function are configured to generate a decision each
time a comparison is performed in the amplitude control subsystem 295 (i.e., amplitude
control subsystem 295 does not remember prior decisions) and can be viewed as a “coarse”
adjustment. However, the integral aspects of the PI transfer function are configured to build
upon prior decisions (i.e., amplitude control subsystem 295 remembers and uses prior

decisions in this case) and can be viewed as a “fine” adjustment.

[0050] Figure 7 is an example schematic diagram of the PI control executed at block 280.
The error signal (2] 292, shown in FIG. 7, is the difference between the desired amplitude
pulse count and the current maximum amplitude pulse count of the swing arm 20. 'The
proportional control 294 takes the error signal value and multiplies it by a gain (k). Since a

“negative” delay cannot be added to the system, an offset is added to the delay signal so that

-13-
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it would start to delay before approaching the desired amplitude count. Without this offset,
the PI loop would only add delay once the desired amplitude count was reached, and thus

would likely overshoot.

[0051] The integral control 296 integrates the total error over time and is limited, in certain
embodiments, between a high value and a low value and may be set to O if outside the
designated range near the desired amplitude pulse count. Without limits or a band range in
place, the integral could saturate out of range if the swing arm were obstructed and not
allowed to be controlled.

[0052] The new delayed signal, adjustment signal 290, is the sum of the Proportional and
Integral outputs. In certain embodiments, the delay is limited to a maximum delay of a
predetermined value and a minimum of O seconds.

[0053] At block 270, the adjustment signal 290 from the AC subsystem 295 is used to
influence the operation of the phase control subsystem 300. More specifically, the
adjustment signal 290 is used to modify (i.e., advance or delay) the swing phase signal 265
so that the phase control subsystem 300 believes the phase of the drive mechanism 30 is
ahead or behind the phase of the swing arm 20 by the angular amount identified in the
received adjustment signal. In other words, at block 270, the amplitude control subsystem
295 is configured to adjust or modify the actual swing phase and output an advanced swing
phase signal 305 that represents the adjusted swing phase (i.e., the swing phase which has
been advanced or delayed relative to the actual swing phase). This advanced swing phase
signal 305 is then provided to block 310.

[0054] It is to be appreciated that the use of the term “advanced” to describe the swing phase
signal 305 is merely for ease of description, and that the phase signal 305 may actually reflect
an increase in the angular lead, a decrease in the angular lead, or no change to the angular

lead. It is also to be appreciated that the amplitude control subsystem 295 may not be

-14 -



WO 2014/058694 PCT/US2013/063189

executed at every apex of the swing arm 20 (i.e., every half period). For example, the

amplitude control subsystem 295 may be executed once every two swing arm periods.

[0055] At block 315, the control system 250 receives a pulse train 320 from the photo-
interrupter 120 of drive phase sensor 115. The control system 250 is configured to, also at
block 315, use the pulse train 320 to determine the phase of the drive mechanism 30, and to
output a drive phase signal 325 that represents the drive phase. This drive phase signal 325 is

then provided to block 310.

[0056] At block 310, the phase control subsystem 300 is configured to use the advanced
swing phase signal 305 and drive phase signal 325 to compare the phase of swing arm 20 to
the phase of the drive mechanism 30. As noted above, the drive mechanism 30 and swing
arm 20 are in-phase when the phase of the drive mechanism 30 leads the swing arm 20 by a
predetermined amount that is intended to achieve a desired swing amplitude. However, also
as explained above, at block 270 an adjustment was made to the determined phase of the
swing arm 20 such that, at block 310, the phase control subsystem 300 will now believe that
the drive mechanism 30 and the swing arm 20 are not in-phase, and that an adjustment to the
angular lead is needed to place them back into phase. Accordingly, the phase control
subsystem 300 will output a phase comparison signal 330 that represents the phase difference
between drive mechanism 30 and the advanced phase of swing arm 20 as perceived by the
phase control subsystem 300 (i.e., how much the phase control subsystem 300 believes the
drive mechanism 30 and swing arm 20 are out-of-phase as a result of the phase modification

introduced by the amplitude control subsystem 295).

[0057] In certain embodiments described herein, the advanced phase signal 305 and the drive
phase signal 325 may each be pulse trains. When the drive mechanism 30 and swing arm 20
are in-phase, the pulse trains 305 and 325 will be identical. However, when drive mechanism

30 and swing arm 20 are not in-phase, a phase shift will be present. The phase control
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subsystem 300 is configured to detect this phase shift at block 310. The output of the
swing/drive comparison block 310 is a Tristate signal having a value of 0, 1, or -1. In
essence, the comparison results in an output signal with a value of zero when two square
wave signals are the same. The output signal will have a value of 1 or -1 if there is a different

(i.e., out of phase). The value of 1 or -1 indicates which one is ahead of the other.

[0058] The phase comparison signal 330 is provided to block 335 where the phase control
subsystem 300 performs a transfer function designed to influence the drive of motor 45 (i.e.,
speed up or slow down the motor) to align the phases of the drive mechanism 30 and swing
arm 20. The transfer function executed at block 335 uses a PI control to increase/decrease
the speed of motor 45 in a controlled manner. That is, the transfer function is configured to
output a series of signals over a period of time that each gradually change the angular lead so
as to ensure that the seat 25 continues to smoothly follow the arcuate path. The proportional
aspects of the PI transfer function are configured to generate a decision each time a
comparison is performed at block 310 and can be viewed as a “coarse” adjustment.
However, the integral aspects of the PI control are configured to build upon prior decisions
and can be viewed as a “fine” adjustment. The Tristate signal controls the amount of time
that the PI transfer function is applied, and this time is related to the amount of time by which
the drive and delayed swing phase differ, in an attempt to minimize this difference. In some
embodiments, a proportional integral derivation (PID) transfer function may be used for these

operations.

[0059] Figure 8 is an example schematic diagram of the PI control executed at block 335. As
shown, the proportional control 340 takes the Tristate value of -1, 0, or 1 and multiplies it by

a constant k.

[0060] The integral control 345 integrates the total error over time. In certain embodiments,

the result of the integral control may be limited to a maximum value.
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[0061] The phase control subsystem output 350 is then the sum of the proportional and
integral outputs.

[0062] In the embodiments of Figure 5, the speed of motor 45 is regulated by pulse width
modulation (PWM) of a DC power supply. As such, in certain embodiments, the phase
control subsystem output 350 is provided to block 355 for conversion to a PWM motor drive
signal 360. The PWM motor drive signal 360 may then be provided to block 370 and used
to drive the motor 45.

[0063] In certain optional embodiments, the child swing 10 includes a startup subsystem 400
that is configured to maintain a “baseline” specified motor period in lieu of other adjustments
made by the phase control subsystem 300. This optional control may be useful for improving
startup transients through an integral control. At block 405, the startup subsystem 400 is
configured to use the pulse train 320 from drive phase sensor 115 to calculate the speed of the
drive mechanism 30 and to output a drive speed signal 410. At 415, the startup subsystem
400 uses the drive speed signal 410 and a set drive speed 420 to generate a startup motor

signal 425.

[0064] In embodiments that include the startup subsystem 400 configured to match the drive
mechanism speed to the swing arm natural position. More specifically, the startup subsystem
400 may execute a transfer function startup routine to generate motor drive signals that
initiate motion of the child swing. The transfer function may be, for example, a PI transfer
function, a PID transfer function, an integral transfer function, efc. The phase control
subsystem 300 may be inactive until a predetermined swing amplitude is achieved After the
predetermined swing amplitude is reached, the phase control subsystem 300 is activated and
the startup subsystem 400 is deactivated. In another embodiment, the phase control

subsystem 300 and startup subsystem 400 may operate simultaneously, and the phase control
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subsystem output 350 and startup motor signal 425 may be combined before being used to

drive the motor 45.

[0065] Figure 9 is a system block diagram of one embodiment of child swing 10 shown in
FIGs. 1-5. Figure 9 schematically illustrates swing arm 20, drive mechanism 30 comprising
the motor 45 and the drive components 68, user interface 35, swing sensor 110, and drive
phase sensor 115, all of which have been described above. TFigure 9 also illustrates a DC
power supply 480, a motor drive 485, and a dual-purpose control system 490 that may
operate as described above with reference to Figure 5. In this example, dual-purpose control
system 490 comprises a controller 500 that includes a processor 510 and a memory 515.
Memory 515 comprises, among other elements, phase control (PC) logic 520, amplitude

control (AC) logic 525, startup logic 530, and sensing logic 535.

[0066] Memory 515 may comprise read only memory (ROM), random access memory
(RAM), magnetic disk storage media devices, optical storage media devices, flash memory
devices, electrical, optical, or other physical/tangible memory storage devices. The processor
510 is, for example, a microprocessor or microcontroller that executes instructions for the
phase control logic 520, amplitude control logic 525, startup logic 530, and sensing logic 535.
Thus, in general, the memory 515 may comprise one or more tangible (non-transitory)
computer readable storage media (e.g., a memory device) encoded with software comprising
computer executable instructions and when the software is executed (by the processor 510) it
is operable to perform the operations described herein in connection with the phase control
subsystem (through execution of phase control logic 520), the amplitude control subsystem
(through execution of amplitude control logic 525), the startup routine (through execution of
startup logic 530), and generation of drive phase signals and swing amplitude and phase

signals from sensed pulse trains (through execution of sensing logic 535).
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[0067] More specifically, the dual-purpose control system 490 is a software/controller based
implementation where various software modules (phase control logic 520, amplitude control
logic 525, startup logic 530, and sensing logic 535) are executable by processor 510 to
perform the operations described above with reference to Figure 5. It is to be appreciated that
the arrangement shown in Figure 9 is merely illustrative and child swing 10 may include

other combinations of hardware/software components.

[0068] The dual-purpose control system in accordance with embodiments of the present
invention has been described herein with reference a motor-driven child swing. It is to be
appreciated that the control swing may be used in other child swings having different types of

drive systems that have a detectable phase.

[0069] Although the disclosed inventions are illustrated and described herein as embodied in
one or more specific examples, it is nevertheless not intended to be limited to the details
shown, since various modifications and structural changes may be made therein without
departing from the scope of the inventions and within the scope and range of equivalents of
the claims. In addition, various features from one of the embodiments may be incorporated
into another of the embodiments. Accordingly, it is appropriate that the appended claims be
construed broadly and in a manner consistent with the scope of the disclosure as set forth in

the following claims.
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What is claimed is:
1. A child swing, comprising:

a support frame;

a child seat;

at least one swing arm coupling the child seat to the support frame;

a drive mechanism configured to impart torque to the at least one swing arm so that
the child seat moves in an arcuate path;

a swing sensor configured to output one or more electrical signals representative of an
actual amplitude of the child swing and representative of an actual phase or direction of the at
least one swing arm;

a sensor configured to output an electrical signal representative of a phase of the drive
mechanism; and

a control system comprising:

an amplitude control subsystem configured to use the one or more electrical

signals from the swing sensor to compare the actual amplitude of the child swing to a

pre-set amplitude of the child swing to generate an adjustment signal representing a

desired adjustment to the phase of the drive mechanism;

a phase control subsystem configured to use the electrical signal representative
of a phase of the drive mechanism and the adjustment signal to generate a motor drive
signal configured to cause the desired adjustment to the phase of the drive

mechanism.

2. The child swing of claim 1, wherein the amplitude control subsystem uses a

Proportional/Integral (PI) transfer function to generate the adjustment signal.
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3. The child swing of claim 1, wherein the amplitude control subsystem uses a

proportional integral derivation (PID) transfer function to generate the adjustment signal.

4. The child swing of claim 1, wherein the phase control subsystem uses a PI transfer

function to generate the motor drive signal.

5. The child swing of claim 1, wherein the phase control subsystem uses a PID transfer

function to generate the motor drive signal.

6. The child swing of claim 1, wherein the swing sensor is an encoder configured to
output two pulse trains representative of the actual amplitude of the child swing and

representative of the actual phase of the at least one swing arm.

7. The child swing of claim 1, wherein the control system further comprises:
a startup subsystem configured to initiate motion of the at least one swing arm,
wherein the amplitude control subsystem and the phase control subsystems are disabled until

the child swing reaches a predetermined amplitude.

8. The child swing of claim 7, wherein the startup subsystem uses a transfer function to

generate motor drive signals that initiate motion of the child swing.
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9. A control method for a child swing comprising:

comparing an actual amplitude of the child swing to a pre-set amplitude of the child
swing;

generating, based on the comparison, an adjustment signal representing a desired
adjustment to a phase of a drive mechanism of the child swing; and

generating, based on an electrical signal representative of a phase of the drive
mechanism and the adjustment signal, a motor drive signal configured to cause the desired

adjustment to the phase of the drive mechanism.

10. The method of claim 9, wherein generating the adjustment signal comprises:
executing a Proportional/Integral (PI) transfer function to generate an adjustment

signal representing an advance or delay to be applied to the drive mechanism phase.

11. The method of claim 9, wherein generating the adjustment signal comprises:
executing a proportional integral derivation (PID) transfer function to generate the adjustment

signal.

12. The method of claim 9, wherein generating the motor drive signal comprises:
executing a Proportional/Integral (PI) transfer function to generate the motor drive

signal.

13. The method of claim 9, wherein generating the motor drive signal comprises:

executing a PID transfer function to generate the motor drive signal.
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14. The method of claim 9, further comprising:

receiving, from a swing sensor, one or more electrical signals representative of the
actual amplitude of the child swing and representative of an actual phase of at least one swing
arm; and

receiving, from a drive phase sensor, an electrical signal representative of the phase of

the drive mechanism.

15. The method of claim 14, wherein the swing sensor is an encoder and wherein

receiving the one or more electrical signals representative of the actual amplitude of the child

swing and representative of the actual phase of the at least one swing arm comprises:
receiving two pulse trains representative of the actual amplitude of the child swing

and representative of the actual phase of the at least one swing arm.

16. The method of claim 9, further comprising:

executing a transfer function startup routine to generate motor drive signals that

initiate motion of the child swing.
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17. One or more computer readable storage media encoded with software comprising
computer executable instructions and when the software is executed operable to:

compare an actual amplitude of a child swing to a pre-set amplitude of the child
swing;

generate, based on the comparison, an adjustment signal representing a desired
adjustment to a phase of a drive mechanism of the child swing; and

generate, based on an electrical signal representative of a phase of the drive
mechanism and the adjustment signal, a motor drive signal configured to cause the desired

adjustment to the phase of the drive mechanism.

18. The computer readable storage media of claim 17, wherein the instructions operable
to generate the adjustment signal comprise instructions operable to:
execute a Proportional/Integral (PI) transfer function to generate an adjustment signal

representing an advance or delay to be applied to the drive mechanism phase.

19. The computer readable storage media of claim 13, wherein the instructions operable
to generate the adjustment signal comprise instructions operable to:
execute a proportional integral derivation (PID) transfer function to generate the

adjustment signal.

20. The computer readable storage media of claim 17, wherein the instructions operable
to generate the motor drive signal comprise instructions operable to:
execute a Proportional/Integral (PI) transfer function to generate the motor drive

signal.
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21. The method of claim 9, wherein the instructions operable to generate the motor drive
signal comprise instructions operable to:

execute a PID transfer function to generate the motor drive signal.

22. The computer readable storage media of claim 17, further comprising instructions
operable to:

receive, from a swing sensor, one or more electrical signals representative of the
actual amplitude of the child swing and representative of an actual phase of at least one swing
arm; and

receive, from a drive phase sensor, an electrical signal representative of the phase of

the drive mechanism.

23. The computer readable storage media of claim 22, wherein the swing sensor is an
encoder and wherein the instructions operable to receive the one or more electrical signals
representative of the actual amplitude of the child swing and representative of the actual
phase of the at least one swing arm comprise instructions operable to:

receive two pulse trains representative of the actual amplitude of the child swing and

representative of the actual phase of the at least one swing arm.

24. The computer readable storage media of claim 17, further comprising instructions
operable to:
execute a transfer function startup routine to generate motor drive signals that initiate

motion of the child swing.
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25. A controller for a child swing comprising:
a memory; and
a processor configured to:
compare an actual amplitude of the child swing to a pre-set amplitude of the
child swing;
generate, based on the comparison, an adjustment signal representing a
desired adjustment to the phase of a drive mechanism of the child swing; and
generate, based on an electrical signal representative of a phase of the drive
mechanism and the adjustment signal, a motor drive signal configured to cause the

desired adjustment to the phase of the drive mechanism.

26. The controller of claim 25, wherein to generate the adjustment signal the processor is
configured to:
execute a Proportional/Integral (PI) transfer function to generate an adjustment signal

representing an advance or delay to be applied to the drive mechanism phase.

27. The controller of claim 25, wherein to generate the adjustment signal the processor is
configured to:
execute a proportional integral derivation (PID) transfer function to generate the

adjustment signal.

28. The controller of claim 25, wherein to generate the motor drive signal the processor is
configured to:
execute a Proportional/Integral (PI) transfer function to generate the motor drive

signal.
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20. The controller of claim 25, wherein to generate the motor drive signal the processor is
configured to:

execute a PID transfer function to generate the motor drive signal.

30. The controller of claim 25, wherein the processor is further configured to:

receive, from a swing sensor, one or more electrical signals representative of the
actual amplitude of the child swing and representative of an actual phase of at least one swing
arm; and

receive, from a drive phase sensor, an electrical signal representative of the phase of

the drive mechanism.

-7 -



WO 2014/058694 PCT/US2013/063189
1/9

CHILD UPPER USER
SWING PORTION  INTERFACE
10 4 % DRIVE
\ MECHANISM
/30

SUPPORT
FRAME

15

SUPPORT

SUBSTITUTE SHEET (RULE 26)



WO 2014/058694

HOUSING
42

\

S

/@ mE—

PCT/US2013/063189
2/9

WORM
SHAFT  SPRING CEAR

M%OR\‘ @:P 7\7 f65 50 //68
|

0T

H [ \h\\\ L\\X\\um

oY)

@ é MECHANICAL
o | INKAGE
) 60
<> || GEAR
4 J 55

lL\;, ” &875

SPRING \X DRIVE
& MECHANISM

30

FIG.2

SUBSTITUTE SHEET (RULE 26)



COUPLING
85

SUBSTITUTE SHEET (RULE 26)



WO 2014/058694 PCT/US2013/063189
4/9

PLATE
1,
n (
® )
[ € 2 C )
I

180°
SLOT
130

PHOTO-

ENCODER

INTEigEPTER WHEEL
/// 125
DRIVE
PHASE
SENSOR
18 FIG.4

SUBSTITUTE SHEET (RULE 26)



WO 2014/058694 PCT/US2013/063189
5/9

]
CONTROL 255 | ACSUBSYSTEM !
SYSTEM  260A A SWING | '
50 DETERMINE SWING | prag INJECT ADVANCE
\ PHASE AND SWING |- (DELAY) FOR AMPLITUDE
E AMPLITUDE 265 CONTROL
2608 7m0~ 1 ADVANGE
2o |ADJUSTMENT
/| AMPLITUDE
2 COMPARE AND ADJUST
PI TRANSFER FUNCTION
(PROPORTIONAL -
INTEGRAL)
_J
SWING MOTION ok '\285
85 1 DESREDAWPLTUDE |
| (USERSELECTED) | | )
i 1| s
ADVANCED SWING | 50
PHASESIGAL | )
(315 A
DETERMINEDRIVE | DRIVE PHASE SIGNAL | [ SWING AND DRIVE
2| MECHANISM PHASE Cos PHASE COMPARISON
0 g 307 3%
o
320 ~405 PHASE LOCK LOOP
____________ CALCULATE DRIVE TRANSFER FUNCTION
i 1 SPEED | PCSUBSYSTE J
| ‘ | M5~ f M0 oy T T
% DRIVE STARTUP | 350
STAR;H;CTTF%ESFER i SPEED SETPONT |-/
68 I 5 | 1 (CONSTANT)
e
- 15
I __[ CONVERSION TO PWM
MOTOR DRIVE SIGNAL MOTOR DRIVE
7 SIGNAL
DRVE D 0 -
MECHANISM | 30 MOTOR | J
oo - DRIVE FIG.5

SUBSTITUTE SHEET (RULE 26)



WO 2014/058694 PCT/US2013/063189
6/9

260A <
2608 <

SUBSTITUTE SHEET (RULE 26)

FIG.6



WO 2014/058694

7/9

DIRpeLAYED, NEW
290

294
296

PCT/US2013/063189

FIG.7

292

ACTUAL COUNT
DESIRED COUNT

SUBSTITUTE SHEET (RULE 26)



WO 2014/058694

8/9

PLL OUTPUT
350

340
345

PCT/US2013/063189

FIG.8

TRISTATE 4 ¢

330 /

SUBSTITUTE SHEET (RULE 26)



PCT/US2013/063189

WO 2014/058694

9/9

69l

\\8

WSINYHOIN
JANA

WYY

FOV4ILINI ¥3SN ATddNS ¥IMOd
\_
i //§
(] A—
// - INILSAS TOMINOD
T\ 350d4Nd- VNG
INYQ
AHONIN d0LON
| U
AT 29019NISN3S 58y
6ES
¥OSN3S
/] 1907 dNLYVLS ISVHd
06 NN
A 21901 (ov) /m:
oze | | | T04INOO 3ANLIdNY
TH 91901(0d)
026 TOHLNOJ 3SYHd
ms\ ¥08S3004d dOSN3S
os\ ONIMS
¥ITIOHINOD
Fo:

| I

oS |

Y0¢

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2013/063189

A. CLASSIFICATION OF SUBJECT MATTER
A47D 13/10(2006.01)i, A47D 13/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A47D 13/10; A63G 9/16; A47C 4/00; A47D 13/00; GOSB 15/00; A47D 9/02; A47D 9/00; A47C 15/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: swing, control, sensor, amplitude, phase and drive

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2010-0151951 Al (GILBERT et al.) 17 June 2010 1-30
See abstract; paragraphs 32,39; claim 1 and figures 1,3.

A US 2003-0181249 Al (MEADE, JAMES P) 25 September 2003 1-30
See abstract; paragraphs 77,94,103; claim 8 and figure 1.

A US 2010-0052387 Al (HOPKE et al.) 04 March 2010 1-30
See abstract; paragraphs 38,58,59,67; claims 1,15 and figures 1,6.

A US 2012-0066833 Al (SCLARE et al.) 22 March 2012 1-30
See abstract; paragraphs 35,36; claims 1,7 and figures 1,6.

A US 7712831 B2 (ABT et al.) 11 May 2010 1-30
See abstract; column 7, lines 27-49; claims 1,4,10 and figures 2a,2b.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
07 January 2014 (07.01.2014) 08 January 2014 (08.01.2014)
Name and mailing address of the [ISA/KR Authorized officer

Korean Intellectual Property Office
N 189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, AHN, Jae Yul
. * 302-701, Republic of Korea
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8525

Form PCT/ISA/210 (second sheet) (July 2009



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/063189
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2010-0151951 Al 17/06/2010 AU 2009-324423 Al 07/07/2011
CA 2746679 Al 17/06/2010
CN 102256513 A 23/11/2011
EP 2369960 A2 05/10/2011
JP 2012-511964 A 31/05/2012
US 2013-102404 Al 25/04/2013
US 8308578 B2 13/11/2012
WO 2010-068945 A2 17/06/2010
WO 2010-068945 A3 18/11/2010
US 2003-0181249 Al 25/09/2003 AT 427682 T 15/04/2009
AU 2002-305760 B2 29/03/2007
CA 2461931 Al 17/04/2003
CA 2461931 C 14/12/2010
CA 2708809 Al 17/04/2003
CA 2708809 C 26/03/2013
DE 60231893 D1 20/05/2009
EP 1435810 Al 14/07/2004
EP 1435810 B1 08/04/2009
US 2003-0069079 Al 10/04/2003
US 6561915 B2 13/05/2003
US 6916249 B2 12/07/2005
WO 03-030691 Al 17/04/2003
US 2010-0052387 Al 04/03/2010 AU 2009-288134 Al 11/03/2010
CA 2736110 Al 11/03/2010
CN 102170810 A 31/08/2011
EP 2341798 Al 13/07/2011
US 2010-0052376 Al 04/03/2010
US 2012-216351 Al 30/08/2012
US 8197005 B2 12/06/2012
US 8239984 B2 14/08/2012
WO 2010-028041 Al 11/03/2010
US 2012-0066833 Al 22/03/2012 WO 2012-037522 Al 22/03/2012
US 7712831 B2 11/05/2010 EP 1870333 A2 26/12/2007
EP 1870333 A3 15/07/2009
EP 1870334 A2 26/12/2007
EP 1870334 A3 29/07/2009
US 2008-0007101 Al 10/01/2008
US 2008-0009958 Al 10/01/2008
US 7647151 B2 12/01/2010

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report
	Page 40 - wo-search-report

