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STARTER CONTROLLER FOR STARTER MOTOR

BACKGROUND OF THE INVENTION

[0001] Exemplary embodiments pertain to the art of motor vehicle starter motors and,
more particularly, to a starter controller for a starter motor.

[0002] Starter motors are typically employed to initiate operation of an internal
combustion engine. The starter motor includes an armature operatively connected to a pinion
that is selectively extended into meshing engagement with a ring gear of the internal
combustion engine. The armature is activated causing the pinion to rotate. Rotation of the
pinion is transferred to the ring gear which, when other factors are present, causes the internal
combustion engine to begin operation. Also typically, a solenoid is utilized to activate the
starter motor.

[0003] The solenoid is operatively connected to a switch, such as a key switch, push
button, or the like, that may be engaged when it is desired for the internal combustion engine
to start. The solenoid includes a first or pull-in coil and a second or hold-in coil. Energizing
both coils causes a plunger to move inwardly driving the pinion towards the ring gear and
closes a set of contacts to enable motor operation. The pull-in coil is shorted when the set of
contacts close and the hold-in coil holds the plunger in with a lower current while the pinion
rotates. When the internal combustion engine starts, the pinion is drawn back in and the
armature coasts to a stop. Currents associated with operating the solenoid are parasitic to
motor operation and therefore should be reduced. During motor operation, a number of
revolutions are accumulated for each engine starting event. Reducing the number of

revolutions directly improves operational life of the motor.

BRIEF DESCRIPTION OF THE INVENTION

[0004] Disclosed is a starter motor controller for a starter motor operatively
connected to a single coil solenoid. The starter motor controller includes a first pair of
switches including a first solenoid switch and a second solenoid switch. The first solenoid
switch selectively completes a first electrical circuit for delivering a first electrical current to
the single coil solenoid and the second solenoid switch selectively completes a second
electrical circuit for delivering a second electrical current to the single coil solenoid that is
less than the first electrical current. A second pair of switches includes a first starter motor
switch and a second starter motor switch. The first starter motor switch selectively completes

a first electrical circuit for delivering a first electrical power to the starter motor and the
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second starter motor switch selectively completes a second electrical circuit for delivering a
second electrical power to the starter motor that is greater than the first electrical power.
[0005] Also disclosed is a method of controlling a starter motor operatively connected
to a single coil solenoid including closing a first solenoid switch and a second solenoid
switch of a first pair of switches to activate a solenoid and draw in a solenoid plunger with a
first electrical current engaging a pinion with a ring gear of an internal combustion engine,
opening one of the first and second solenoid switches of the first switch pair to hold in the
solenoid plunger with a second electrical current that is less than the first electrical current,
and closing at least one of a first starter motor switch and a second starter motor switch of a
second switch pair to activate the starter motor at one of a first power and a second power

that is greater than the first power.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The following descriptions should not be considered limiting in any way.
With reference to the accompanying drawings, like elements are numbered alike:

[0007] FIG. 1 depicts a starter motor and single coil solenoid including a starter motor
controller, in accordance with an exemplary embodiment;

[0008] FIG. 2 depicts a schematic diagram of the starter motor controller, in
accordance with an aspect of an exemplary embodiment;

[0009] FIG. 3 depicts a schematic diagram of the starter motor controller showing
solenoid plunger activation, in accordance with an aspect of an exemplary embodiment;

[0010] FIG. 4 depicts a schematic diagram of the starter motor controller showing
solenoid plunger hold in, in accordance with an aspect of an exemplary embodiment;

[0011] FIG. 5 depicts a schematic diagram of the starter motor controller showing
starter motor activation at a first power, in accordance with an aspect of an exemplary
embodiment;

[0012] FIG. 6 depicts a schematic diagram of the starter motor controller showing
starter motor activation at a second, higher power, in accordance with an aspect of an
exemplary embodiment; and

[0013] FIG. 7 depicts a schematic diagram of the starter motor controller showing a
back EMF discharge circuit completion, in accordance with an aspect of an exemplary

embodiment.
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DETAILED DESCRIPTION OF THE INVENTION

[0014] A detailed description of one or more embodiments of the disclosed apparatus
and method are presented herein by way of exemplification and not limitation with reference
to the Figures.

[0015] A starter motor, in accordance with an exemplary embodiment, is indicated
generally at 10 in FIG. 1. Starter motor 10 includes a starter motor housing 12 that supports a
pinion gear 14 and a starter motor armature 17 as shown in FIG. 2. Starter motor armature 17
includes a first terminal 20 and a second terminal 21 connected to a battery 23. More
specifically, first terminal 20 may be electrically connected to a positive terminal 25 of
battery 23 and second terminal 21 may be electrically connected to a negative terminal 26 of
battery 23 and a ground 28. First terminal 20 may take the form of a first brush (not
separately labeled) and second terminal 21 may take the form of a second brush (also not
separately labeled). Starter motor housing 12 may also support a solenoid 30 having a
plunger (not shown) that selectively shifts pinion gear 14 into contact with a ring gear 33 of
an internal combustion engine (also not shown). Solenoid 30, in accordance with an
exemplary embodiment, includes a single coil solenoid 34. Therefore, solenoid 30 takes the
form of a single coil solenoid 34.

[0016] In accordance with an exemplary aspect, starter motor 10 is operatively
connected to a starter motor controller 40 including a microcontroller 44 and a plurality of
switches 47 as shown in FIG. 2. Plurality of switches 47 includes a first switch pair 54, a
second switch pair 56, and a back electromotive force (EMF) discharge switch 58 operatively
connected to microcontroller 44 through a control circuit 61. Plurality of switches 47 may
take the form of metal oxide semiconductor field effect transistor (MOSFET) switches,
magnetic switches, or other controllable members that may selectively interrupt and connect
an electrical circuit. It should be understood that plurality of switches 47 may also take the
form of a combination of the above.

[0017] In accordance with an exemplary aspect, when an engine initiation signal is
received by starter motor controller 40, microcontroller 44 closes first solenoid switch 68 and
second solenoid switch 70 as shown in FIG. 3 causing single coil solenoid 34 to be energized
and the solenoid plunger (not shown) to be drawn inwardly and pinion gear 14 shifted into
engagement with ring gear 33. After a first period of time from initial activation, about 25
milliseconds (ms), first solenoid switch 68 is opened as shown in FIG. 4 causing activation

current to flow through first resistor 72. It is to be understood that the first period of time
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may vary. Activation current may drop from about 40 amps (A) when first and second
solenoid switches (68 and 70) are closed to about 10 A with first solenoid switch 68 open.

[0018] At about the same time first solenoid switch 68 is opened, second starter motor
switch 82 is closed causing motor activation current to pass through second resistor 84 as
shown in FIG. 5. In this configuration, starter motor 10 may be operating at a first electrical
power. In accordance with an exemplary aspect, the first power may be half power with
motor activation current being about 400 amps to about 600 amps. After a second period of
time from initial activation, first starter motor switch 80 may be closed causing starter motor
10 to operate at a second electrical power that is greater than the first power. Of course, it
should be understood that starter motor 10 may simply be activated at the first power in order
to start a warm internal combustion engine. Additionally, starter motor 10 may be activated
at the second power only in order to start a cold internal combustion engine. In accordance
with an exemplary aspect, motor activation current may be about 40 A. In further accordance
with an exemplary aspect, the second period of time may be between about 75 ms and about
175 ms. Of course, it is to be understood that the period of time may vary.

[0019] Once the internal combustion engine has started, first switch pair 54 and
second switch pair 56 are opened disconnecting solenoid 30 and starter motor armature 17
from battery 23 as shown in FIG. 2. At this point, the solenoid plunger begins to retract and
starter motor armature 17 coasts toward a stop. Typically, the internal combustion engine is
started after a third period of time from initial activation, between about 500 ms and about
1000 ms, from initial activation.

[0020] After first switch pair 54 and second switch pair 56 are opened back EMF
discharge switch 58 is closed causing current in starter motor armature 17 to flow to ground.
Current flows due to voltage generated by motor armature 17 which is still rotating when
switch 58 is closed. Peak current flowing through back EMF discharge switch 58 may be as
high as about 1000 A or more. By forming a circuit with ground, a generating torque is
applied to motor armature 17 reducing coast down revolutions and subsequently reducing
wear on starter motor armature 17 and the first and second brushes. After a fourth period of
time from initial activation, between about 700 ms and about 1400 ms, starter motor 10 coast
down is finished and back EMF discharge switch 58 is opened.

[0021] The term “about” is intended to include the degree of error associated with
measurement of the particular quantity based upon the equipment available at the time of
filing the application. For example, “about” can include a range of = 8% or 5%, or 2% of a

given value.
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[0022] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the
singular forms “a”, “an” and “the” are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, element components,
and/or groups thereof.

[0023] While the invention has been described with reference to an exemplary
embodiment or embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope of the

claims.
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CLAIMS
What is claimed is:

1. A starter motor controller for a starter motor operatively connected to a single
coil solenoid, the starter motor controller comprising:

a first pair of switches including a first solenoid switch and a second solenoid switch,
the first solenoid switch selectively completing a first electrical circuit for delivering a first
electrical current to the single coil solenoid and the second solenoid switch selectively
completing a second electrical circuit for delivering a second electrical current to the single
coil solenoid that is less than the first electrical current; and

a second pair of switches including a first starter motor switch and a second starter
motor switch, the first starter motor switch selectively completing a first electrical circuit for
delivering a first electrical power to the starter motor and the second starter motor switch
selectively completing a second electrical circuit for delivering a second electrical power to
the starter motor that is greater than the first electrical power.

2. The starter motor controller according to claim 1, further comprising: a back
EMF discharge switch selectively electrically connecting the starter motor to ground.

3. The starter motor controller according to claim 1, further comprising: a
microcontroller, each of the first pair of switches and the second pair of switches being
operatively coupled to the microcontroller.

4. The starter motor controller according to claim 3, wherein at least one of the
first pair of switches and at least one of the second pair of switches comprises a metal oxide
semiconductor field effect transistor (MOSFET) switch.

5. The starter motor controller according to claim 3, wherein each of the first
pair of switches and the second pair of switches comprises MOSFET switch.

6. The starter motor controller according to claim 3, wherein at least one of the
first pair of switches and at least one of the second pair of switches comprises a magnetic
switch.

7. The starter motor controller according to claim 3, wherein each of the first pair
of switches and the second pair of switches comprises a magnetic switch.

8. A method of controlling a starter motor operatively connected to a single coil
solenoid comprising:

closing a first solenoid switch and a second solenoid switch of a first pair of switches
to activate a solenoid and draw in a solenoid plunger with a first electrical current engaging a

pinion with a ring gear of an internal combustion engine;
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opening one of the first and second solenoid switches of the first switch pair to hold in
the solenoid plunger with a second electrical current that is less than the first electrical
current; and

closing at least one of a first starter motor switch and a second starter motor switch of
a second switch pair to activate the starter motor at one of a first power and a second power
that is greater than the first power.

9. The method of claim 8, wherein the one of the first and second solenoid
switches is opened about 25 milliseconds after the first and second solenoid switches are
closed.

10. The method of claim 8, wherein closing the at least one of the first starter
motor switch and the second starter motor switch includes closing the first starter motor
switch to activate the starter motor at half power.

11 The method of claim 10, further comprising: closing both of the first starter
motor switch and the second starter motor switch to activate the starter motor at full power.

12. The method claim 8, further comprising: initially closing the first starter
motor switch to activate the starter motor at the first power and closing the second starter
motor switch to activate the starter motor at the second power.

13. The method of claim 12, wherein closing the second starter motor switch
includes closing the second starter motor switch between about 75 and about 175
milliseconds after closing the first starter motor switch.

14. The method of claim 8, further comprising: operating the first switch pair and
the second switch pair to interrupt a flow of electrical energy to each of the solenoid and the
starter motor.

15.  The method of claim 14, further comprising: closing a back EMF electrically
connecting the each of a first starter motor terminal and a second starter motor terminal to

ground.
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