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(54) Motor speed enhancement

(57) Embodiments are directed to commanding, by
a controller, a step in connection width a stepper motor,
discharging a current in a coil of the stepper motor by

transferring the current to a capacitor coupled to the coil
responsive to the commanded step, and driving a current
in the coil by using charge stored on the capacitor during
the discharging of the current in the coil.
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Description

BACKGROUND

[0001] In some applications or environments, it may
be desirable to increase the operating speed of a motor.
For example, in connection with a stepper motor, it may
be desirable to increase the operating speed to obtain
better fuel control.
[0002] When a stepper motor is commanded to step,
a current in a polarity changing coil must first be dis-
charged and then driven in the opposite direction. While
the current is discharging, the coil continues to exert force
on a rotor of the motor.

BRIEF SUMMARY

[0003] In some embodiments, a method comprises
commanding, by a controller, a step in connection with
a stepper motor, discharging a current in a coil of the
stepper motor by transferring the current to a capacitor
coupled to the coil responsive to the commanded step,
and driving a current in the coil by using charge stored
on the capacitor during the discharging of the current in
the coil.
[0004] In some embodiments, a circuit comprises a
power source configured to selectively turn-on and turn-
off, a first capacitor that is charged by a discharge current
associated with a coil when the power source turns-off,
and a second capacitor that receives a transfer of charge
from the first capacitor to drive a current in the coil from
the second capacitor when the power source turns-on.
[0005] In some embodiments, a system for enhancing
a speed of a stepper motor comprises a controller con-
figured to command a step of the stepper motor, and a
circuit configured to discharge a current in a coil of the
stepper motor by transferring the current to a capacitor
responsive to the commanded step, and drive a current
in the coil by using charge stored on the capacitor during
the discharging of the current in the coil.
[0006] Other embodiments of the disclosure are de-
scribed below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present disclosure is illustrated by way of
example and not limited in the accompanying figures, in
which:
[0008] FIG. 1 illustrates an exemplary system circuit in
accordance with one or more embodiments of the dis-
closure; and
[0009] FIG. 2 illustrates an exemplary method in ac-
cordance with one or more embodiments of this disclo-
sure.

DETAILED DESCRIPTION

[0010] In accordance with one or more embodiments

of the disclosure, a recirculating fast discharge circuit for
a coil may be provided. In some embodiments, the coil
may be associated with a motor (e.g., a stepper motor),
a solenoid, etc.
[0011] It is noted that various connections are set forth
between elements in the following description and in the
drawings (the contents of which are included in this dis-
closure by way of reference). It is noted that these con-
nections in general and, unless specified otherwise, may
be direct or indirect and that this specification is not in-
tended to be limiting in this respect. In this regard, a cou-
pling of entities, components, and/or devices may refer
to either a direct connection or an indirect connection.
[0012] FIG. 1 illustrates an exemplary system circuit
100. The circuit 100 may be associated with one or more
applications or environments, such as an aircraft. As de-
scribed further below, the circuit 100 may be used to dis-
charge or dump energy from a coil during a discharge
phase into one or more capacitors. Energy stored in the
capacitor(s) may then be used to drive the coil during a
drive phase.
[0013] As shown in FIG. 1, the circuit 100 may include
a number of components, such as power sources (V1-
V2), diodes (D1-D5), transistors (M1 and Q1), capacitors
(Cl-C2), and resistors (R2 and R3). The power source
V2 may serve as a primary system power source. The
components of the circuit 100 may be coupled to one
another in the manner shown in FIG. 1. As shown, the
capacitor C2 may ordinarily be charged to approximately
the same voltage as provided by the power source V2.
[0014] A resistor R1 and an inductor L1 may be asso-
ciated with one another to form a coil 102 that may be
selectively driven or discharged. The resistor R1 may be
a physical component or just represent the resistance of
the coil 102. The power source V1 may serve as a control
source to selectively turn off or turn on the coil 102 by
turning-on or turning-off (e.g. allowing or disallowing cur-
rent flow through) the transistor M1. For example, the
coil 102 may be turned off during a discharge phase by,
e.g., turning-off the power source V1 (and in turn, turning-
off the transistor M1), where current from the coil 102
may be dumped into the capacitor C1 which is connected
in series with the capacitor C2. In this manner, the energy
associated with the current through the coil 102 may be
stored during the discharge phase. The coil 102 may be
turned on during a drive phase by, e.g., turning-on the
power source V1 (and in turn, turning-on the transistor
M1). During the drive phase, the charge in the capacitor
C1 may be transferred to the capacitor C2, allowing the
energy that was stored during the discharge phase to be
re-circulated, potentially as opposed to drawing from a
power source (e.g., the power source V2).
[0015] As shown in FIG. 1, the diode D4 may be cou-
pled to the power source V2 and the coil 102. The diode
D4 may help to prevent a flow of charge (e.g., current)
from the capacitor C2 to the power source V2.
[0016] During the discharge phase, the transistor M1
may be turned-off (via the power supply V1). Current flow-
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ing through the coil 102 may be "forced" or made to flow
through the diode D2 coupled to the coil 102. A portion
of that current flowing through the diode D2 may flow
through resistors R2 and R3 coupled to the diode D2,
and the remainder of the current flowing through the di-
ode D2 may flow through the diode D5 coupled to the
diode D2. The current flowing through the diode D5 may
be used to charge the capacitor C1 coupled to the diode
D5. The capacitor C1 may charge to a voltage level based
on diode voltage drops associated with the diode D4 and
the diode D3 coupled to the capacitors C1 and C2. Based
on conduction properties/characteristics (e.g., generally
uni-directional conduction) associated with the diodes,
the diode D1 may be coupled to the capacitor C1, and
when arranged as shown in FIG. 1, may be used to store
charge on the capacitor C1.
[0017] During the drive phase, the transistor M1 may
be turned-on via the power supply V1, such that the tran-
sistor M1 may conduct current. The turn-on of the tran-
sistor M1 may cause a low voltage (e.g., a voltage less
than a threshold) to be applied to the base of the transistor
Q1, which may cause the transistor Q1 to turn-on or con-
duct so as to transfer charge from the capacitor C1 to
the capacitor C2 to drive current in the coil 102. In this
manner, charge stored in the capacitor C1 during the
discharge phase may be dumped into the capacitor C2
and used to drive current in the coil 102 during the drive
phase. Thus, the circuit 100 may allow energy to be re-
circulated.
[0018] The resistors R2 and R3 coupled to the transis-
tor Q1 may be used to achieve a particular predetermined
bias condition with respect to the transistor Q1. For ex-
ample, values for the resistors R2 and R3 may be select-
ed so as to turn-off Q1 when C1 charges (during the
discharge phase) and to turn-on Q1 when C1 discharges
(during the drive phase).
[0019] The circuit 100 is illustrative. In some embodi-
ments, one or more of the components or devices shown
may be optional. In some embodiments, one or more
additional devices not shown may be included. In some
embodiments, the components or devices may be organ-
ized or arranged in a manner different from what is shown
in FIG. 1. In some embodiments, different types, styles,
brands, or part numbers may be used for the components
shown. Values for one or more of the components shown
in FIG. 1 may be obtained via techniques known to those
of skill in the art. For example, circuit analysis and/or
simulation (e.g., computer simulation) may be used to
select values for one or more of the components shown
in FIG. 1.
[0020] FIG. 2 illustrates a method in accordance with
one or more embodiments of this disclosure. In some
embodiments, the method may execute in accordance
with one or more systems, components, or devices, such
as those described herein. The method of FIG. 2 may be
used to discharge a coil and/or re-circulate energy. In
some embodiments, the method of FIG. 2 may be used
to increase a speed of a motor (e.g., a stepper motor) to

provide better fuel control.
[0021] The method of FIG. 2 may be implemented us-
ing hardware, software, firmware, or any combination
thereof. For example, in some embodiments a controller
may be configured to select whether a circuit operates
in a discharge phase or a drive phase based on a com-
manded step as described below. The controller may in-
clude at least one processor and memory having instruc-
tions stored thereon that, when executed by the at least
one processor, cause the controller to perform one or
more methodological acts. An example controller 104 is
shown in FIG. 1, which may selectively control the power
source V1.
[0022] Turning back to FIG. 2, in block 202, a step may
be commanded. For example, a controller may command
that a stepper motor is to step, which may entail energiz-
ing one or more coils and/or de-energizing one or more
coils of the stepper motor.
[0023] In block 204, a polarity changing coil may be
discharged in response to the step command of block
202. For example, the coil 102 may be commanded to
discharge based on the output level or state of the power
source V1. Shutting-off the power source V1 may result
in current from the coil 102 being dumped into the ca-
pacitor C1 in series with the capacitor C2, thereby pro-
viding for a higher voltage and decreasing a de-energiz-
ing time.
[0024] In block 206, the polarity changing coil (e.g., the
coil 102) may be driven in a direction opposite a direction
associated with the discharge phase of block 204. During
an energizing or drive phase associated with the block
206, charge in the capacitor C1 may be transferred to
the capacitor C2, allowing the energy associated with the
discharge phase of block 204 to be re-circulated during
the drive phase of block 206. The power source V1 may
be turned-on during the drive phase of block 206.
[0025] The blocks or operations shown in FIG. 2 are
illustrative. In some embodiments, some of the opera-
tions (or portions thereof) may be optional. In some em-
bodiments, additional operations not shown may be in-
cluded. In some embodiments, the operations may exe-
cute in an order or sequence different from what is shown.
[0026] Embodiments of the disclosure may be used to
provide a faster discharge time for a coil relative to prior
techniques or solutions. For example, whereas prior
techniques may return current to a source, or dissipate
the associated energy in a resistor or transzorb, embod-
iments of the disclosure may use the current to charge
one or more capacitors. Furthermore, during a drive
phase, charge may be transferred from the capacitor(s)
to allow for a re-circulation of energy, rather than drawing
energy from a power source. The enhanced response
time may be used to increase an operating speed of a
motor.
[0027] In some embodiments various functions or acts
may take place at a given location and/or in connection
with the operation of one or more apparatuses or sys-
tems. In some embodiments, a portion of a given function
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or act may be performed at a first device or location, and
the remainder of the function or act may be performed
at one or more additional devices or locations. Aspects
of the disclosure may be directed to one or more systems,
apparatuses, and methods. In some embodiments, ex-
ecutable instructions may be stored on one or more me-
dia, such as a non-transitory computer readable medium.
The instructions, when executed, may cause an entity to
perform one or more methodological acts.
[0028] Aspects of the disclosure may be tied to partic-
ular machines. For example, in some embodiments a
device or entity, such as a circuit, may function as a re-
verse charge pump to quickly discharge a coil and re-
circulate energy associated therewith.
[0029] Aspects of the disclosure have been described
in terms of illustrative embodiments thereof. Numerous
other embodiments, modifications and variations within
the scope of the appended claims will occur to persons
of ordinary skill in the art from a review of this disclosure.

Claims

1. A method comprising:

commanding, by a controller (104), a step in con-
nection with a stepper motor;
discharging a current in a coil (102) of the step-
per motor by transferring the current to a capac-
itor coupled to the coil responsive to the com-
manded step; and
driving a current in the coil by using charge
stored on the capacitor during the discharging
of the current in the coil.

2. The method of claim 1, wherein the current driven in
the coil is oriented in a direction that is opposite of a
direction of the current that is discharged.

3. The method of claim 1, wherein the capacitor is cou-
pled to a second capacitor that is charged to a volt-
age provided by a power source.

4. The method of claim 3, further comprising:

transferring the charge stored on the capacitor
to the second capacitor when driving the current
in the coil.

5. The method of claim 1, further comprising:

turning-on a power source to drive the current
in the coil; and
turning-off the power source to discharge the
current in the coil.

6. A circuit comprising:

a power source configured to selectively turn-
on and turn-off;
a first capacitor (C1) that is charged by a dis-
charge current associated with a coil (102) when
the power source turns-off; and
a second capacitor (C2) that receives a transfer
of charge from the first capacitor to drive a cur-
rent in the coil from the second capacitor when
the power source turns-on.

7. The circuit of claim 6, further comprising:

a second power source configured to charge the
second capacitor to a voltage as provided by the
second power source.

8. The circuit of claim 6, wherein the coil is associated
with a stepper motor.

9. The circuit of claim 6, wherein the coil is a solenoid.

10. The circuit of claim 6, further comprising:

a controller (104) comprising a processor con-
figured to selectively turn-on and turn-off the
power source.

11. A system for enhancing a speed of a stepper motor
comprising:

a controller (104) configured to command a step
of the stepper motor; and
a circuit (100) configured to:

discharge a current in a coil (102) of the
stepper motor by transferring the current to
a capacitor responsive to the commanded
step; and
drive a current in the coil by using charge
stored on the capacitor during the discharg-
ing of the current in the coil.

12. The system of claim 11, wherein the capacitor is cou-
pled to a second capacitor that is charged to a volt-
age as provided by a power source.

13. The system of claim 12, wherein the circuit is con-
figured to:

transfer the charge stored on the capacitor to
the second capacitor when driving the current
in the coil.

14. The system of claim 11, wherein the controller is con-
figured to turn-on a power source to drive the current
in the coil and turn-off the power source to discharge
the current in the coil.
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