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SYSTEM AND METHOD FOR LOOK AHEAD DETECTION OF
ELECTRICAL PROBLEMS AT A MOTOR OF A VHEICLE

Background

Vehicles, such as automobiles, have had various features automated over the recent past.
These features, such as power seats and power doors (e.g., sliding doors and lift gates), utilize
motors for moving the particular features. While these motors are beneficial in terms of aiding
operators of the vehicles, this additional complexity of electrical systems may also be a
hindrance to the operator, manufacturer, and technicians in terms of reliability and diagnostics,
as the addition of the electrical components may result in short circuits and open circuits, as
understood in the art. Electrical failures in vehicles tend to be problematic in diagnosing and
fixing the failed components and/or wiring. Accordingly, there is a need for preventing electrical
circuits and motors from being damaged due to an electrical problem, such as a short circuit, and

to aid diagnostics for fixing the electrical problems.

Summary

To overcome the problems of electrical problems in electrical systems that drive motors
within vehicles, the principles of the present invention are directed to a system for sensing sﬁort
circuits and open circuits prior to operation of .a motor (i.e., while the motor is 1n a static state),
thereby sparing the electrical system from destructive effects of these electrical problems. In
addition, the principles of the present invention may be utilized to sense a short circuit during
operation of the motor (i.e., while the motor is in a dynamic state). Still yet, the principles of the
present invention provide for detecting an open circuit at the motor. '

More specifically, the principles of the present invention may include a system including
a motor having a first terminal and a second terminal. A test circuit may be connected to the first
and second terminals of the motor and be configured to test whether an electrical problem exists
at the motor. A processor may be in communication with the test circuit and be configured to
determine whether an electrical problem exists at the motor.

An alternative embodiment in accordance with the principles of the present invention
includes a circuit for determining whether an electrical problem exists at a motor having a pair of
terminals. The circuit may include a first voltage divider circuit connected to a first terminal of

the motor via a first conductor. A first test point may be disposed on the first conductor. An
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input line may be connected to the first voltage divider circuit to enable a first supply voltage to
be applied to the first voltage divider circuit and cause a first test voltage to be applied to the first
conductor. The first test voltage may be available at the first test point for measurement if a
short circuit does not exist along the first conductor.

In yet another embodiment, a method for determining if an electrical problem exists in a
motor of a vehicle may be utilized. The method may include applying a bias voltage to the
terminals of the motor to maintain a static operation of the motor. At least one voltage applied to
the terminals may be measured and a determination as to whether a short circuit exists based on
the measured voltage(s). A supply voltage may be applied to one of the terminals and voltages
on the terminals may be measured to determine if an open circuit exists.

. Still yet, the principles of the present invention may include a method for determining 1f
an electrical problem exists at a motor of a vehicle by applying a high voltage to a conductor
connected to a first terminal of the motor. A low voltage may be applied to a conductor
connected to a second terminal of the motor, where the high and low voltages being applied to
the motor cause the motor to be in a dynamic state. Voltage(s) on the conductor(s) connected to
the first-and second terminals of the motor may be measured. A determination may be made to

determine if a short circuit exists based on the measurement of the voltage(s) on the

conductor(s).

Brief Description of the Drawings

FIG. 1 is an illustration of an exemplary vehicle having a lift gate controlled by a motor;

FIG. 2 is a schematic block diagram of an exemplary control system for controlling a

motor of a vehicle;

FIG. 3A is a schematic of an exemplary monitor circuit for monitoring static short

circuits, open circuits, and dynamic short circuits;

FIG. 3B is a schematic of a voltage divider used for an analog-to-digital input of a

microcontroller;
FIGS. 4A and 4B are schematics of exemplary configurations of the monitor circuit for

detecting a short circuit at a motor;

FIG. 5 is a graph showing measurements made of a static short circuit by the monitor

circuit;
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FIGS. 6A and 6B are schematics of exemplary configurations of the monitor circuit for
detecting a short circuit during dynamic operation of a motor; |
FIG. 7 is a graph of an exemplary signal representative of a dynamic short circuit
detection;
' FIG. 8 is a schematic of an exemplary configuration of the monitor circuit for detecting

an open at a motor;
FIG. 9 is a graph of an exemplary signal for indicating an open load at a motor;

FIG. 10 is a flow chart describing an exemplary process for determining if a static short
circuit exists at a motor;

FIG. 11 is a flow chart describing an exemplary process for determining if an open circuit

exists at the motor;

FIG. 12A and 12B (collectively FIG. 12) is a flow chart illustrating a more detailed

process for determining if a static short circuit and an open circuit exists at the motor;

FIG. 13 is a flow chart describing an exemplary process for determining if a dynamic

short circuit exists at the motor; and

FIG. 14 is a flow chart of a more detailed exemplary process for determining 1f a

dynamic short circuit exists.

Detailed Description

FIG. 1 is an illustration of an exemplary vehicle 100 having a mechanical component,

such as a lift gate 102, controlled by a motor. The vehicle 100 includes a vehicle body 101 and
lift gate 102. The lift gate 102 is configured to be controlled by a motor unit 104 to open and
close. The motor unit 104 may be electromechanical (e.g., motor and gears), hydraulic, or
pneumatic, as understood in the art. A controller unit 106 may be in communication with the
motor unit 104. The controller unit 106 may include a housing to house electronic components

and is separate from the motor unit 104. Alternatively, the controller unit may be incorporated

into a housing of the motor 106.
Although the motor unit 104 and controller unit 106 are shown to be used for controlling

operation of the lift gate 102, it should be understood that the principles of the present invention
apply to any motor that is utilized to control operation of a mechanical device of the vehicle 100.

For example, the motor may be used to control positioning of a seat, steering wheel, mirror,
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antenna, windshield wiper, window, or any other device of the vehicle 100. Still yet, while the
principles of the present invention are being described with regard to a motor vehicle, it should
be understood that these same principles may be applied to motors other than those used on
vehicles. For example, the principles of the present invention may be applied to motors used on
boats, airplanes, buildings (e.g., automatic doors), or any other motor used for controlling
Operatioﬁ of a mechanical device or structure. These principles may be applied to both direct
current (DC) or alternating current (AC) motors, as well as coils where both terminals return to
the microcontroller.

FIG. 2 is a schematic block diagram of an exemplary control system 200 for controlling a
motor of a vehicle. The electronic system 200 includes the control unit 106 that includes a
controller 202, which may composed of one or more processors or microcontrollers. The
controller 202 may execute software 203 for performing the functionality of enabling an operator
or passenger of the vehicle 100 (FIG. 1) to control the motor for operating the lift gate 102, for
example. Although not shown, a switch, such as a push button switch or toggle switch, may be
positioned within the vehicle for the operator to operate to cause the controller to command the
motor to open or close the lift gate 102.

The controller unit 106 may further include monitor circuitry 204 for performing
monitoring operations of the motor and associated circuitry to determine whether an electrical
problem exists at motor 206. The monitor circuitry 204 may be configured to determine whether
a short circuit exists in a static state or dynamic state of the motor 206. Further, the monitor
circuitry 204 may monitor whether an open circuit exists at the motor 206 in a static state. The
static and/or dynamic state testing may be performed in response 1o a user attempting to control a
mechanical component. Alternatively, the testing may be in response to the vehicle being
started. Still yet, the testing may occur at periodic or non-periodic times.

The motor 206 includes a first terminal 208a and a second terminal 208b (collectively
208) for enabling voltages to be applied for controlling speed and direction of the motor 206. A
first conductor 210a and a second conductor 210b (collectively 210) are electrically connected to
the first terminal 208a and second terminal 208b, respectively, and the controlier 202. The
monitor circuitry 204 is also connected to the first conductor 210a and second conductor 210b
for monitoring whether or not an electrical problem exists at the motor 206. In terms of being

““at the motor,” any circuitry or electrical device connected to either of the conductors 210 or
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terminals 208, the conductors 208 and terminals 210 themselves, or the motor 206 itself is

considered to be at the motor.

The software 203 executed by the controller 202 may also include software that operates
in conjunction with the monitor circuitry 204. A controller bus 212 may be connected between
the controller 202 and monitor circuitry 204. The controller bus 212 enables communication of
control signals 214 betwéen the controller 202 and the monitor circuitry 204. One or more
control signals 214 may include one or more signals to turn on and off switches controlled within
the controller 202. Additionally, the monitor circuitry 204 may be connected to conductors 215a
and 215b that are used to sense the voltages on the first conductor 210a and second conductor
210b, respectively. It should be understood that the control signals 214 may be digital or analog
in accordance with the monitor circuitry 204. In one embodiment, the controller 202 includes
analog input ports. Alternatively, an analog-to-digital (A/D) conversion device (not shown) may
be utilized in conjunction with the controller 202. Still yet, the monitor circuitry may include an
A/D conversion device to communicate over the controller bus 212.

To power the electrical system 200, including the control unit 106, a battery 216 of the
vehicle may be connected to one or more components of the electrical system 200. In normal
operation, the battery 216 is utilized to power (i.e., enable and disable) the motor 206 as
understood in the art. A bus interface 220 linking the computer 218 with the controller 202 may

be utilized to deliver various signals between the devices. These signals may be analog and/or

digital signals.

FIG. 3A is a schematic of an exemplary monitor circuit for monitoring static short
circuits and dynamic open and short circuits. Consistent with FIG. 2, the monitor circuitry 204 1s
connected to the motor 206 via the conductors 210. A first voltage divider 302 is connected to
the first conductor 210a and second voltage divider 304 is connected to the second conductor
210b. In one embodiment, the first voltage divider 302 contains two resistors R1 and R2,
connected to opposite sides of node 306 on the first conductor 210a. A supply voltage Vsupply
is connected on the opposite side of resistor R1 from the node 306, and ground G is connected on
the opposite side from the node 306 of resistor R2. Similarly, the second voltage divider 304 has
resistors R3 and R4 connected on opposite sides of node 308 where a voltage supply Vsupply 1s
connected to the opposite side of the resistor R3 with respect to the node 308 and ground G 1s

connected at the opposite side of resistor R4 from the node 308. In one embodiment, each of the
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resistors R1-R4 have equivalent resistance values, such that bias voltages applied to each of the
nodes 306 and 308 are equivalent, thereby enabling detection of a difference between the
voltages on the first and second conductors 210 occur during testing by the monitor circuitry
204. '

In determining the voltages on the first and second conductors 210 are during testing, test
points Vtestl and Vtest2 are located at the first conductor 210a and second conductor 210b at
nodes 310 and 312, respectively. These test points may be' “electrically connected” to the
controller 202, where being electrically connected means a direct or indirect connection to the
controller 202, such that the controller 202 is capable of determining voltage levels at nodes 310
and 312.

The monitor circuitry 204 further includes a pair of switches, K1 and K2, and a third
switch Q1. The pair of switches, K1 and K2, may be electromechanical switches connected to
the controller 202 via the controller bus 212 of FIG. 2 (not shown in FIG. 3A). The switches K1
and K2 are configured to apply a supply voltage Vsupply to one or both of the conductors 210,
separately or simultaneously, connect the first and second conductors 210 together by tloating
node 314 by turning off switch Q1, or apply ground to one or both of the conductors 210 by
turning on switch Q1. It should be understood that other configurations and/or other components
may be utilized to perform the same or similar functionality in accordance with the principles of
the present invention.

The configuration of the monitor circuitry enables static and dynamic short testing at the
motor 206 and dynamic open load testing as well, as further described herein. It should be
understood that alternative embodiments of the monitor circuitry 204 may be utilized to perform
the same or functional equivalent testing of the circuitry of the motor. Still yet, alternative
electrical components may be utilized and/or different values of the electrical components may
be used in accordance with the principles of the present invention.

FIG. 3B 1s a schemaﬁc of a voltage divider 316 used for an analog-to-digital input of a
controller, such as a controller 202 (FIG. 2). The voltage divider 316 includes resistors RS and
R6 connected at node 318. The voltage divider 316 may be circuitry used to connect the voltage
test point Vtestl and voltage test point Vtest2 to A/D input port of the controller 202 (FIG. 3A).
A capacitor C1 may also be coupled to the node 318 for decoupling or filtering purposes, as

understood 1n the art.
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Continuing with FIG. 3A, the monitor circuitry 204 may be used to test for short circuits
and open circuits at the motor 206. Short circuit testing 1s divided into two separate test
conditions, static and dynamic. Static testing refers to a look-ahead method (i.e., prior to
activating the motor). Dynamic short circuit testing diagnoses a failure at the motor during
motor operation, and relies on a current, voltage bias resistor network, and motor speed sensing
feedback, where available. Open load detection is also possible during static testing uttlizing the
circuitry shown in FIG. 3A.

The look-ahead, static short circuit testing allows the controller 202 to identity a short
circuit to a supply voltage or ground prior to activation of a drive circuit (€.g., controller 202 of
FIG. 2) and motor 206. As a result, this short circuit testing protects the electrical system 200
from potentially harmful and destructive effects of a short circut.

FIGS. 4A and 4B are schematics of exemplary configurations of the monitor circuitry
204 for detecting a short circuit at a motor. As shown, each of the switches Kl and K2 are off,
thereby electrically connecting the conductors 210a and 210b at node 314. Additionally, the
switch Q1 is opened, which causes the conductors 210a and 210b to float. By floating the

conductors, the voltage dividers 302 and 304 cause the voltage on each of the conductors 210a

and 210b to be at the same voltage level. As discussed previously, if each of the resistors R1,

R2. R3 and R4 are equal, then the voltage level on each of the conductors 210a and 210b are
equal to Vsupply/2. It should be understood, however, that alternative resistor values may be
utilized in accordance with the principles of the present invention. In one embodiment, the
voltage supply Vsupply being delivered to the voltage dividers 302 and 304 may be different. A
voltage threshold may be established for comparison purposes to determine if either of the first
or second conductor 210a or 210b has a short circuit. In the case of the voltage supplies being

different for each voltage divider 302 and 304, the controller 202 may be configured to use the

different voltage supply levels and an appropriate voltage threshold may be calculated. The

voltage threshold may be one or more values (e.g., center value with a range value) stored in a
memory location accessible to the controller 202 and utilized during testing by the software 203
(FIG. 2). For example, a voltage threshold of Vsupply/2 £ 0.5 volts may be utilized. If either of

the conductors 210a or 210b has a short circuit to Vsupply or ground, then a measurement at

Vtest1 or Vtest2 is outside of the threshold and a determination is made that a short circuit at the

motor 206 exists.
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Continuing with FIG. 4A, an exemplary short circuit to Vsupply is shown by dashed-line
402. If the short circuit to Vsupply exists, then the controller 202 determines that Vtest (e.g.,

Vtest] and/or Vtest2) is high and outside the voltage threshold, rather than Vsupply/2 (i.e., the
bias voltage) as shown on FIG. 5.

Referring to FIG. 4B, as shown, the configuration of the switches are the same as those in
FIG. 4A, where the switches K1 and K2 are off and the switch Q1 is open, thereby floating the
conductors 210a and 210b. In this scenario, if a short to ground, represented by the dashed-line
404 exists, the short to ground is detected by the controller 202 as the test points Vtestl and/or
Vtest2, being at a low voltage, are outside the normal or bias voltage threshold. The detection 1s
shown on FIG. 5 at time T1 as the voltage drops to 0 volts from Vsupply/2. In order to prevent
the static short from interfering with normal motor operation, the values of R1-R4 should be high
enough to minimize the flow of current to ground through them. The short circuit can be
determined upon the voltage at Vtestl or Vtest2 crossing either threshold voltage Vthl (short to
ground) or Vth2 (short to Vsupply).

FIGS. 6A and 6B are schematics of exemplary configurations of the monitor circuitry
204 for detecting a short circuit during dynamic operation of a motor. The electrical testing
during the dynamic testing configuration includes testing for short circuits on both the high side
(positive terminal) and the low side (negative or ground terminal) of the motor 206.

Referring to FIG. 6A, the monitor circuitry 204 may be configured by the controller 202
to-test for a short circuit-to-ground on the high side of the motor 206 (i.e., on conductor 210a).

The configuration includes switch K1 being turned on, such that conductor 210a is connected to
Vsupply, switch K2 remains off, and switch Q1 1s closed, such that conductor 210b is connected

to ground through switch Q1. If a short circuit, represented as dashed line 602 occurs on the
high side of the motor 206, the controller 202 is able to measure a low voltage at test point
Vtestl. By isolating the conductors 210a and 210b, by configuring the switches K1 and K2 in
opposite dire;:tions and turning on (i.e., closing) switch QI, the differential voltage across the
motor causes the motor 206 to be in operation. A threshold voltage may be established to enable
the controller 202 to determine that the voltage level on conductor 210a 1s below the threshold.
Referring to FIG. 6B, if a short circuit occurs to Vsupply on the low side of the motor

206, represented by dashed-line 604, then the processor 202 determines that the voltage
measured as test point Vtest2 is bigh.
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FIG. 7 is a graph of an exemplary signal representative of a dynamic short circuit
detection, such as that performed by the configurations of FIGS. 6A and 6B. The graph shows a
graphical representation of the voltage measured at test point Vtestl in the event of a short circuit
to ground during dynamic testing of the motor 202 (FIG. 6A). As shown, when the short circuit
occurs on conductor 210a at time T, upon a switch K1 being switched to Vsupply or switch QI
being turned on, for example, the voltage drops below a system dependent voltage threshold
Vthreshold (not shown in FIG. 7). In one embodiment, and as shown in FIG. 7, the voltage
drops from Vsupply to zero volts. However, 1n the dynamic condition, a short to ground does
not necessarily mean that the voltage drops to zero. Depending on the nature of the short to
ground, the voltage drops to a value below a system dependent Vthreshold, and may be above or
below Vsupply/2 as well as zero volts. This system dependent threshold may be programmed
into the controller depending on the limitations imposed by the system. The occurrence of the
short circuit at time T; may be caused by any number of events after switch K1 is turned on and
voltage Vsupply is applied to the first conductor 210a. For example, the event may be turning on
switch Q1 if a short circuit exists at the motor 206 causing ground to be applied to conductor
210a. For example, the short circuit may exist in the motor itself.

FIG. 8 is a schematic of an exemplary configuration for detecting an open circuit at a
motor. The configuration of the monitor circuitry 204 starts with both K1 and K2 open to bias
the conductors 210a and 210b are biased to Vsupply/2. At time T1, switch K1 is switched on so
that the supply is applied to the conductor 210a and switch K2 remains off. Switch Q1 remains
open. In this scenario, the voltage measured at test points Vtestl and Vtest2 prior to time T1
should be the same. However, after time T1, in the event of an open circuit at the motor, as

shown on the conductor 210a as an open circuit 802, the voltage at Vtestl i1s Vsupply, while the

voltage at Vtest2 is Vsupply/2.
As further explanation of the operation, assuming that switch K1 1s switched to Vsupply,

switch K2 remains off, and switch Q1 is open, due to the low resistance of the motor, the voltage
dropped across the motor is minimal, thereby acting as a short and connecting Vtestl and Vtest2.
If there is no open circuit, then both Vtestl and Vtest2 should read as Vsupply. If there is an
open circuit, then Vtestl and Vtest2 are isolated from each other and Vtestl will read Vsupply

and Viest2 will read Vsupply/2.



10

15

20

25

30

CA 02663890 2009-03-19

WO 2008/035176 PCT/IB2007/002709
10

FIG. 9 is a graph of an exemplary signal for indicating an open circuit at a motor 200,
thereby causing the motor to appear as an open load. As shown, prior to the open load detection
test, the voltages on the conductors 210a and 210b are at Vsupply/2. However, when switch K1
switches high at time T1, the voltage at voltage test point Vtestl switches high as Vsupply 1s
placed onto conductor 210a and Vtest2 remains at Vsupply/2 because of the open circuit on
conductor 210a. A voltage difference AV of Vsupply and Vsupply/2 is measured between
Vtestl and Vtest2 by a processor, for example, thereby indicating that an open circuit exists.

FIG. 10 is a flow chart describing an exemplary process for determining if a short circuit
exists at a motor 206 prior to turning on or activating the motor. The process starts at step 1002.
At step 1004, a bias voltage is applied to terminals of a motor to maintain the sﬁatic state of the
motor. As long as switch Q1 is open, the motor is in a static state, not operational. Voltages
may be applied to the motor for diagnostics. Voltage(s) are measured at the terminals of the
motor at step 1006. It should be understood that measuring voltage(s) at the terminals may
include measuring test points on one or both conductors connected to the terminals of the motor.
At step 1008, a determination is made if a short circuit exists based on the measured voltage(s).

The process ends at step 1010.

FIG. 11 is a flow chart describing an exemplary process for determining if an open circuit
exists at the motor prior to activating the motor. ‘The process starts at step 1102. Atstep 1104, a
detection circuit is configured to cause the motor to be in a static state. Again, as long as switch
Q1 is open, the motor is in a static state and is not operational. This configuration may include
initially turning both switches K1 and K2 off and opening switch Q1 (FIG. 4A). This
configuration may thereafter include switching switch K1 to apply Vsupply to the conductor
210a (FIG. 8). Voltage(s) are measured on conductors connected to motor terminals at step
1106. At step 1108, a determinatioﬁ is made if an open circuit exists based on the measured
voltage(s). The determination may include determining the difference between the voltages at
the test points Vtestl and Vtest2. The process ends at step 1110.

FIG. 12 is a flow chart illustrating a more detailed process for determining if a short
circuit and/or an open circuit exists at the motor. The process may be implemented in software
executed by .a controller (e.g., software 203 executed by controller 202 of FIG. 2) or be
configured in hardware or otherwise as understood in the art. The process starts at step 1202. At

step 1204, the process waits for activation of electronic system (e.g., a driver toggling a
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mechanical switch) for controlling a motor (e.g., driver’s seat). The process continues at step
1206, whereby the process determines if activation of the motor is requested. If not, the process
continues to wait at step 1204 and repeat through step 1206. Upon determining activation at step
1206 1n response to a request by an operator or passenger of a vehicle, a short circuit static test is
initiated. At step 1208, a request to perform a short circuit detection is made. A determination
as to whether a voltage supply Vsupply for powering monitor circuitry is turned on is performed
at step 1210. If not, then the voltage supply Vsupply is turned on at step 1212. Otherwise, the
process continues at step 1214, where switches K1 and K2 are confirmed to be off and switch Q1
is confirmed to be open to cause conductors connected to the motor to float and be applied a bias

voltage by voltage dividers 302 and 304 (FIG. 3A).
At step 1216, voltages at test points Vtestl and Vtest2 may be read. If either of the

voltages measured at test points Vtest]l or Vtest2 is less than a voltage threshold (e.g., Vsupply/2
+/- 0.5 volts), then a determination is made that there is a short circuit to ground at step 1220. A
short circuit to GND warning message is generated at step 1221 in the form of an audio or visual
indicator, for example. If, at step 1218, it is determined that the voltage level measured at Vtestl
or Vtest2 is not less than the first voltage threshold, then a determination is made at step 1222

whether a voltage level measured at test point Vtestl or Vtest2 is greater than a second voltage

threshold (e.g., Vsupply/2 +/- 0.5 volt). If so, then a determination is made that a voltage level
measured at test point Vtestl or Vtest2 is short circuited to the supply voltage Vsupply at step
1224. A short circuit to Vsupply wamning message may be generated at step 1225. If a short
circuit to ground or Vsupply is determined at either step 1220 or 1224, then the process
continues back at step 1204. If it is determined that neither voltage measured at Vtestl and
Vtest2 1s below or above the first or second voltage thresholds, then it is determined at step 1226

that no short circuit is detected.

If no short circuit is detected, then the process may continue at step 1228, where a request

to determine if an open circuit exists at the motor is made. At step 1230, the software causes a
processor to configure monitor circuitry to be set up for the open load detection test. This
configuration may include biasing voltages on conductors to the motor to be at Vsupply/2 or
otherwise. In accordance with the monitor circuitry 204 of FIG. 8, switch K1 is turned on,
switch K2 is turned off, and Q1 is opened. Test points Vtestl and Vtest2 may be measured at

step 1232.
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At step 1234, a determination is made as to whether the voltage levels on test points
Vtest] and Vtest 2 are equal. If the voltage levels on test points Vtestl and Vtest2 are not équal,
then the process continues at step 1236, where it is determined that an open circuit exists. A
warning message notifying of an open circuit may be generated at step 1237. The process
continues at step 1204. Alternatively, if the voltage levels on the test points are equal, then it is
determined that no open circuits are detected at step 1238. At step 1240, switch Q1 is turned on
and the motor is driven as requested by the operator or passenger at step 1242.

FIG. 13 1s a flow chart describing an exemplary process for determining if a dynamic
short circuit exists at the motor. The process starts at step 1302. At step 1304, a high voltage is
applied to the first terminal of the motor. The high voltage may be Vsupply or any other voltage
level for use in performing a dynamic short circuit test. The high voltage may be Vsupply or any
other voltage level for use in driving the motor. At step 1306, Q1 1s closed to apply a low
voltage (e.g., ground) may be applied to a second terminal of the motor to drive the motor.
Voltage(s) may be measured on conductors connected to the motor. At step 1310, a
determination i1f a short circuit exists at the motor may be made based on a measurement of

voltage(s) on conductor(s). The process ends at step 1312.

FIG. 14 is a flow chart of a more detailed exemplary process for determining 1f a
dynamic short circuit exists. The dynamic short circuit detection process starts at step 1402. At
step 1404, the process waits for an activation of the motor. At step 1406, the process configures
the monitor circuitry 204. The monitor circuitry 204 may include drive circuitry for driving the
motor. In one embodiment, a controller executing the process configures the switches in the
monitor circuitry 204 according to drive conditions for the motor to be in a dynamic state. Also,
switch K1 may be turned on such that Vsupply is applied to conductor 210a, K2 1s switched oft
and Q1 is closed, so that conductor 210b is applied to ground. This configuration causes the
system to be in a drive or dynamic condition. The motor is in operation at step 1408 in response
to the monitor circuitry 204 being configured in accordance with drive conditions.

At step 1410, the controller 202 (FIG. 2), executing the software 203, performing the
process 1400, may read an analog-to-digital input. In one embodiment, the input is read every 8
milliseconds. At step 1412, a determination is made as to the direction of the motor drive. If the
motor drive is backward, then at step 1414, a determination is made as to whether a voltage at

voltage test point Vtest2 is greater than a voltage threshold Vth2. If the voltage level at Vtest2 1s
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not greater than the voltage threshold Vth2, then a determination is made that there is a short
circuit on the high side of the motor to ground at step 1416. If it is determined at step 1414 that
the voltage level at test point Vtest2 is greater than the voltage threshold Vth2, then the process
continues at step 1418, where a determination is made as to whether the voltage level at test
point Vtestl is less than voltage threshold level Vthl. If not, then a determination is made that a
short circuit to Vsupply is detected at the low side of a motor. If at step 1418 it 1s determined
that the voltage level at the test point Vtestl is less than the voltage threshold Vthl, then the
process continues at step 1422, where it is determined that no short circuit is detected.

Continuing from step 1412, if it is determined that the direction of the motor drive is
forward, then at step 1424, a determination is made as to whether a voltage level at test point
Vtestl is greater than the voltage threshold Vthl. If not, then at step 1426, it is determined that a
short circuit to ground exists at the high side of the motor. Alternatively, if at step 1424 1t 1s
determined that the voltage level at test point Vtestl is greater than the voltage threshold Vthl,
then the process continues at step 1428, where a determination is made if a voltage level at test
point Vtest2 is less than the voltage threshold Vth2. If not, then at step 1430, a determination 1s
made that a short circuit to Vsupply exists on the low side of the motor. Alternatively, if at step
1428 it is determined that the voltage level at test point Vtest2 is less than the voltage threshold
Vth2, then the process continues at step 1422, where it is determined that no short circuit has
been detected. If a short circuit has been detected at steps 1416, 1420, 1426, or 1430, then the
process stops the motor at step 1432. If possible (e.g., if the dynamic short circuit clears), the
process repeats at step 1404.

The previous detailed description is of a small number of embodiments for implementing
the invention is not intended to be limiting in scope. One of skill in this art will imniediately
envisage the methods and variations used to implement this invention in other areas than those

described in detail. The following claims set forth a number of the embodiments of the invention

disclosed with greater particularity.
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The embodiments of the present invention for which an exclusive property or privilege is

claimed are defined as follows:

1. A circuit for determining an electrical problem at a motor, said circuit
COMprising:

a first voltage divider circuit connected to a first terminal of the motor via a first
conductor;

a first test point disposed on the first conductor;

a first input line connected to said first voltage divider circuit to enable a first supply
voltage to be applied to said first voltage divider circuit and cause a first test voltage to be
applied to the first conductor, the first test voltage being available ét said first test point for
measurement if a short circuit does not exist along the first conductor;

a second voltage divider circuit connected to a second terminal of the motor via a
second conductor; -

a second test point disposed on the second conductor;

a second input line connected to said second divider circuit to enable a second supply
voltage to be applied to said second voltage divider circuit and cause a second test voltage to
be applied to the second conductor, the second test voltage being available at said second test
point for measurement 1f a short circuit does not exist along the second conductor;

a pair of switches connected at a common terminal to the first and second conductors,
respectively, said pair of switches each having a first and second selectable terminal, a first
voltage source conductor connected to the first selectable terminals of said pair of switches;

a third switch connected to the second selectable terminals;

a second voltage source conductor connected to one side of said third switch, said third
switch selectability being switched to apply a voltage on said second voltage source conductor

to the second selectable terminals.

2. The circuit according to claim 1, wherein the first and second terminals of the
motor are electrically coupled when said third switch 1s in an open state and said pair of

switches are in an off state.

“

3. The circuit according to claim 1, further comprising a processor In
communication with said pair of switches, said third switch, and executing a software program
to cause said pair of switches and third switch to be in states to enable said processor to measure
voltages at least one of said first and second test points to determine 1f an electrical problem

exists at the terminals of the motor.
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4. The circuit according to claim 3, wherein the states ot said pair of switches and

third switch cause the motor to be in a static state and said processor determines 1f a short

circuit exists at either of the terminals by measuring at least one test voltage at said first and

second test points.

5. The circuit according to claim 3, wherein said processor 1s further configured to
configure said pair of switches and third switch to determine if an open circuit exists at the

moftor.

6. The circuit according to claim 3, wherein the states of said pair of switches and
third switch cause the motor to be in a dynamic state and said processor determines if a short

circuit exists at either of the terminals by measuring voltages at said first and second test points.

7. The circuit according to claim 3, wherein the software 1s configured to receive

a motor activation signal and measure at least one of the test points before activating the motor.

3. The circuit according to claim 1, wherein said first and second voltage dividers
each include a pair of resistors having the same values and the first and second supply voltages

are the same.

0. The circuit according to claim 8, wherein the pair of resistors include resistors

having different value.

10. A method for determining if an electrical problem exists at a motor of a vehicle,

said method comprising:
prior to activation of a motor, applying a bias voltage to terminals of the motor to
maintain a static state of the motor;
measuring at least one voltage being applied to the terminals of the motor; and
determining if a short circuit exists at the motor based on said at least one measured

voltage.

11.  The method according to claim 10, further comprising:

after determining if a short circuit exists while the motor is in the static state, applying
a first voltage on a first terminal of the motor and a second voltage to a second terminal of the
motor, the first and second voltages being different to cause the motor to be in a dynamic state;

and
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repeating said measuring and determining if a short circuit exists at the motor while in

the dynamic state.

12. The method according to claim 10, wherein said determining 1f a short circuit
exists includes determining if at least one measured voltage 1s below or above a threshold

voltage.

13. The method according to claim 10, further comprising:

after determining if a short circuit exists while the motor 1s in the static state, applying
a first voltage on a first terminal of the motor and a second voltage to a second terminal of the
motor, the first and second voltages being different;

measuring voltages at the terminals of the motor and

determining if an open circuit exists at the motor based on the measured voltages.

14. A method for determining if an electrical problem exists at a motor of a vehicle,
said method comprising:
‘applying a first voltage to a first conductor connected to a first terminal of the motor;
applying a second voltage to a second conductor connected to a second terminal of the
motor, said first and second voltages being applied to the terminal of the motor causing the
motor to be 1n a dynamic state;
measuring a voltage on at least one of the conductors connected to the first and second
terminals of the motor; and
determining 1f a short circuit exists based on the measurement of the voltage on at least

one of the conductors.

15.  The method according to claim 14, wherein applying the first and second
voltages includes applying the voltages prior to activating the motor in response to a driver or

passenger attempting to activate the motor.

16. The method according to claim 14, further comprising:

prior to applying the first and second voltages to the terminals of the motor, applying a
bias voltage to the terminals to cause the motor to be in a static state;

measuring at least one second voltage at the terminals; and

based on said measurement of one second voltage, determining whether a short circuit

exists while the motor 1s in the static state.

17.  The method according to claim 16, further comprising;
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after applying the bias voltage to the terminals, applying a reference voltage to one of

the terminals, wherein the reference voltage is different from the bias voltage;
measuring the voltages on the terminals; and

determining 1f an open circuit exists at the motor based on the measured voltages.

18. The method according to claim 16, wherein applying the bias voltage i1s

performed prior to activating the motor.
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