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(57) Abstract: Various embodiments for determining
a voltage rating of a solenoid in an electropneumatic
valve are disclosed. A braking system controller com-
prises a power switch electrically connected to an as-
sociated first solenoid. The power switch provides a
low current regulated voltage to the associated first
solenoid. The current through the solenoid is conver-
ted to a voltage. The voltage is compared to a prede-
termined voltage range to determine the voltage rat-
ing of'the associated first solenoid. In another embod-
iment, the control logic is capable of determining the
voltage rating of multiple solenoids in each of the
electropneumatic valves connected to the controller.
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SYSTEM, CONTROLLER AND METHOD FOR TESTING A SOLENOGID

16681} The present invention relates to various embodiments of a system, controlier
and method for testing a solenoid. The solenoid may be one of a phlarality of solenoids in an
clectropneurvatic valve on a commercial vehicle. The electropneursatic valve includes at
least one solenoid that responds to an electronic control signal by opening or closing a
passage in the valve, Duc to the high operating current requirements for solenoids, the
control voitage for the electropneumatic valve operation is typically provided from a
vehicle’s battery through a controller. The clectropncumatic valve has a voltage rating and
the voltage rating indicates that the electropneumatic valve is compatible with a particular

battery voltage value.

{8082} Commercial vehicles, such as trucks or tractors, may be equipped with a
twelve volt battery system, a twenty-four volt battery system or another batte em. The
battery systen instalied on the commercial vehicle depends on the commercial vehicle

application and expected power usage.

{6003} Commercial vehicles cquipped with an antilock braking system or an
clectronic stability countrol system typically have at least four electropneumatic valves
connected to a braking system controller. The voltage rating of cach clectropncurmatic valve
is selected to be compatible with the battery system on the commercial vehicle in order o
operate properly. In general, electropneumatic valves are packaged in nearly identical
housings for case v installation and, in most cases, the voltage rating of each
electropneumatic valve can only be determined by the markings on a label. If the voltage
rating of the electropneumatic valve 1s different than the voltage rating of the battery system
on the commercial vehicle, the electropneumatic valve may not work or may partially
actuate. During an antilock brake or automated brake application, the braking performance

may be degraded.
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[6084] Even if the electropneumatic valve has the saroe voltage rating as the
commercial vehicle, the solenoids in the electropneumatic valve may incur a short circuit or
an open circuif state duc to faulty mstallation or extended use. The solenoid resistance may
also degrade over time or be out of range due to a manufacturing defect or environmental
factors. If the solenoid resistance is not within the specified values, the electropneumatic
valve may not work or may partially actuate. During an antilock brake or automated brake

application, the braking performance may be degraded.

{6085] The present tnvention provides a new system, controller and method which

address the above retferenced problers.

Sumrary
{8006} Various embodiments of a controller for determining a voltage rating of an

electropneumatic valve are disclosed. In one embodiment of the present invention, the
controller compriscs a battery power port, an 1solating device clectrically connected to the
battery power port, a first power switch electrically connected to the isolating device, and a
first high solenoid port electrically connected to the first power switch and an associated first
solenotd. A low solenoid port is configured to clecirically conuect to the associated first
solenoid and a voltage regulator is electrically connected to the ignition power port and the
first high solenoid port. Control logic in the controller 1s n electrical communication with
the voltage regulator, the first power switch and the isolating device. The control logic is
capable of determining a voltage rating of the associated first solenoid. In another
embodiment, the control logic is further capable of testing the associated first solenoid and
determining at least one of an open circuit state, short circuit state or resistance out of range

state of the associated first solenoid.

{80671 In accordaunce with another aspect, a rocthod for determining a voltage rating
of a solenoid for a braking system comprises receiving battery power at a battery power port

of a controller and receiving a signal indicative of ignition power at the controller. The
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controller and associated control logic isolates the battery power from a first power swiich
upon receiving the signal indicative of ignition power, provides a regulated voltage based on
the battery power at the first power switch, activates the first power switch to provide the
regulated voltage to a first solenoid through a high solenoid port and receives a carrent
through the first solenoid at a low solenoid port. The method comprises determining the

voltage rating of the first solencid based on the current received at a low solenoid port.

[6083] In accordance with another aspect, a sysiern for determining a voltage rating
of at least one solenoid comprises a controlier electrically connected to a first solenoid, a
battery power source and an foput for receiving a signal indicative of ignition power. The
controller comprises control logic capable of determining a voltage rating of the solenoid.
The control logic iselates the battery power source from the first solenoid, provides a
regulated voltage to the first solenoid in response to the signal indicative of ignition power
and receives a current through the first solenoid. The control logie determines the voltage

rating of the solenoid based on the received current.

Brief Description of the Drawings

{5069} In the accorapanying drawings which are 1ncorporated in and constitute a part
of the specification, embodiments of the invention are ilhustrated, which, together with a
general description of the wnvention given above, and the detatled description given below,
serve to exemplify some embodiments of this invention. The drawings are not necessarily to

scale.

{6010} FIGURE 1 illustrates a schematic representation of a system, according to an

embodiment of the present invention; and

{8611} FIGURE 2 illustrates a method of implementing the system, according to an

embodiment of the present invention.
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Dretailed Description

16612] With reference to FIGURE 1, a controller 14 for use in a braking control
systers on a commercial vehicle is shown. The controlier 18 is capable of determining a
voltage rating of a solenoid 32 in an associated clectropneuratic valve 33, 1t the voltage
rating of the solenoid 32 is not within a predetermined voltage range, the controller 16 is also
capable of determining an open circuit state, a short circuit state, or an out of resistance range

state of the solenoid 32 of the electropneumatic valve 33,

{6013} The coramercial vehicle includes a battery (not shown) electrically connected
to the controller 18 at battery power port 12, The battery power port 12 1s connected through
a high current fuse (not shown} directly to the vehicle battery. The battery power port 12 s
used to provide power to the high current devices controlled by the controller 18, such as the
electropneumatic valve 33, Many cormrercial vehicles melude a +12V direct current (DC)
battery. (Other commercial vehicles include a +24V DC battery or combination of batteries
to power the vehicle systers, including the controller 18, A typical 12V battery could have
an output ranging from 9V to 16V DC and a typical 24V battery counld have an output
ranging from 18V to 32V DC. The battery is susceptibie to power line notse and electrical
transients, affecting the actual voltage at the battery power port 12, Therefore, the controller
1§ and the high current devices controlled by the controller 18 cannot rely on a precise,
consistent voltage output from the battery. The countroller 18 recetves constant power through
the battery power port 12, The controller 18 1s designed to operate with one battery source
so the vehicle mamufacturer or repair technician must ensure that he correctly installs the
controller 10 rated for the battery source on the vehicle. The controller 18 s generally
mstatled on the vehicle at a different time in the manufacturing process than the

electropneumatic valve 33.

10014} A power source frow the battery that is activated upon ignition of the vehicle
is clectrically connected to the controller 18 at ignition power port 14, The ignition power

port 14 receives power from the battery upon driver activation of an ignition switch (not
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showu). This ignition power source is essentially subject to the same electrical transients and
power line noise as the battery. Alternatively, the controlier 1@ receives a signal indicative
of ignition power at the ignition power port 14 or by another racans. The controller 16
includes a ground port 31. The ground port 31 is connected to an clectrical ground external

from the controller 18,

[8015] The controlier 18 is connected to the electropneumatic valve 33 through a first
high solenoid port 22 and a low solenoid port 24, An example of an electropueumatic valve
is an M-32™ modulator available from Bendix Commercial Vehicle Systems LEC of Elyria,
Ohio, USA. The electropneumatic valve 33 inchudes at least the first solenoid 32, The
controller 18 is capable of determining the voltage rating, an open circuit state, a short circuit
state or an out of resistance range state of the first solenoid 32 in the electropneumatic valve

33

EHEY The controller 18 is rated for connection to either a +12V DC high current
capability battery source or a +24V DC high current capability battery source. Each
clectropneumatic valve is rated for operation with a single type of controller, which in turn is
rated for connection to one type of battery system. Connecting an electropneumatic valve in
this manuer obviates the need for a complex control method, such as pulse width modulation
{PWM), to step down the voltage value. A PWM voltage regulation circuit adds cost to the

countroller and would increase clectromagnetic emissions of the controlier 16,

[6617] For cxample, an M-32 modulator rated for operation at 12V includes two
solenoids with approximately 11.5 ohms resistance cach. An M-32 modulator rated for
opcration at 24V includes two solenoids with approximately 30 ohrus resistance cach. The
controller 18 may be connected to between four and seven M-32 modulator or other
clectropneumatic valves, therefore requiring between four amps and fourteen amps to operate
all of the electropneuratic valves, if simultancous operation is required during antilock or
automated braking. By determining, prior to operating the vehicle, that an electropneumatic

valve rated for 24V operation is connected to a 12V controller, the valve can be exchanged at
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the vehicle manufacturer or garage in order fo woinimize vehicle downtime and potential

damage to the clectropneumatic valves and controlier.

{G018] The controller 18 includes an isolating device 16 as part of the mternal
circuitry. The isolating device 16 is electrically connected to the battery power port 12. The
isolating device 16 may be a relay, such as PCB {printed circuit board) relay part number
V23072 from Tyco Electronics. The isolating deviee 16 may be another electrical means of
isolating the batiery power source from the rest of the circuit ou the controller 14, such as a
power switch. The isolating device 16 may be normally open, meaning the battery power i
disconnection from the circuitry dowustream of the isolating device 16 w the controller 18
When the isolating device 16 is activated and closed, the battery power is connected to the

circuitry downstrearn of the isolating deviee 16.

16019] The controller 18 mcludes a first power switch 18 for providing power to the
first solenoid 32 of the electropneumatic valve 33. The first power switch 18 is electrically
connected after the isolating device 16, When the first power switch 18 is activated and the
isolating device 16 is closed, a path for power to flow from the battery to the first solenoid 32
through the isolating device 16 and the first high solenoid port 22 is created. The first power
switch 18 may be a high side power swiich, such as part number BTR5210L from Infineon

Technologies AG.

ALY in another embodiment, the controlier 1§ further include a ground power
switch 36 clectrically connected to the low solenoid port 24 for creating a path to ground via
the ground port 31 when activated. The ground power switch 36 may be a low side power
switch, such as part number BTS141 from Infincon Technologics AG. When both the first
power switch 18 and the ground power switch 36 are activated, current travels through the
first solenoid 32, thereby actuating the first solenoid 32, The first solenoid 32 is not actuated

unless the first power switch 18 and the ground power switch 36 are both activated.

{00211 The controller 18 includes a voltage regulator 26, such as the TLE4254GA

voltage tracking regulator from Infineon Technologies AG. The voltage regulator 26
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provides a regulated voltage of approximately SV to the first power swiich 18 when
activated. Alternatively, the voltage regulator 26 can be set to provide a regulated voltage
that 1s lower than the battery voltage. The voltage regulator provides less than about S00mA
of current, which i1s adequate for testing the first solenoid 32 but not to actuate the first
solenoid 32. The voltage regulator 26 1s clectrically connected to the first power switch 18

and the battery power port 2.

16622} In another ewnbodiment, the controller 18 optionally includes a converter 30,
The converter 38 receives the current from the first solenoid 32 and converts the current to a
voltage value proportional to the current. The converter 38 can be a combination of analog
and digital circuit components and can include a current source and a current purror

configuration.

{6023} The controlier 18 includes control logic 28 for determining the voltage rating
of the first solencid 32, The control logic 28 cither receives the current directly or receives a
voltage valuc from the converter 36, The control logic 28 compares the voltage from the
converter 38 to a predetermined voltage range to determine the voltage rating of the first
solenoid 32. The control logic 28 may be preprogrammed with the voltage rating of the
controller 10 and can determine if the first solenoid 32 has the same voltage rating to the
controller 18, The control logic 28 also includes a timer. The control logic 28 is connected
to the battery power port 12, the igoition power port 14, the isolating device 18, the voltage
regulator 26, the converter 38, the first power switch 18 and the ground power switch 36.
The control logic 28 roay also determine whether the first solenoid 32 15 in an open circuit

state, short circuit state or resistance out of range state.

{6024] The control logic 28 may include volatile, non-volatile memory, solid state
memory, flash memory, random-access memory (RAM), read-only memory (ROM},
clectronic erasable programmable read-only memory (EEPROM), vanants of the foregoing
memory types, combinations thereof, and/or any other type(s) of memory suitable for

providing the described functionality and/or storing coroputer-executabie instructions for



WO 2015/094499 PCT/US2014/063980

execution by the control logic 28. The wemory may be used to store the preprogrammed
voltage ranges for use in determining the voltage rating of the first solenoid 32. The memory
rnay alse be used to store preprograramed voltage ranges for use in deternuning an open

circuit state, short circuit state or resistance out of range state of the first solenoid 32.

{8625} in order to determine the voltage rating of the first solenoid 32, the control
logic 28 deactivates the isolating device 16 and the ground power switch 36 so they are open.
Then, the control logic 28 activates the first power switch 18 and deactivates the ground
power switch 36. In this manner, the voltage regulator 26, the first power switch 18, the
associated first solenoid 32, the converter 38 and the control logic 28 are in series. Since the

ground power switch 36 is open, there is no direct path to the ground port 31.

16626} in another embodiment, the controller 18 further inchudes a diagnostic output
port 34. The diagnostic output port 34 15 used by the control logic to transmit a diagnostic
output signal from the controlier 18 in response to the determination of the voltage rating of
the first solenoid 32. The diagnostic output port 34 may be connected to a diagnostic display

device (not shown} external from the controller 1.

18627} In another embodiment, the controller 1ncludes a plurality of solenoids. In
this embodiment, the controller 16 includes a second power switch 38 for providing power to
a second solenoid 42 of the electropneamatic valve 33, The second power switch 38 1s
connected to the isolating device 16 and the voltage regulator 26. When the second power
switch 38 1s activated, a path for the power to the sccond solenoid 42 through the second
high solenoid port 48 is created. When both the second power switch 38 and the ground
power switch 36 are activated, current travels through the second solenoid 42, thereby
actuating the second solenoid 42. The second selenoid 42 is not actuated unless the second
power switch 38 and the ground power switch 36 are both activated. In order to determine
the voltage rating of the second solenoid 42, the conirol logic 28 deactivaies the 1solating
device 16 so it is open. Then, the control logic 28 activates the second power switch 38 and

deactivates, or opens, the ground power switch 36, In this manner, the voltage regulator 26,
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the second power swiich 38, the associated second solenoid 42 and the control logic 28 are 1n

serics. Since the ground power switch 36 is open, there is no path to the ground port 31,

{6028] The controller 18 is capable of determining the voltage rating, an open circuit
state, a short circuit state or an out of resistance range state of the first solenoid 32 and the
second solenoid 42 in the electropneumatic valve 33, The controller 18 can be connected to
multiple clectropneurnatic valves through additional high solenoid ports and low solenoid
ports. Thus, the controller 18 1s capable of determining the voltage rating, an open circuit
state, a short circuit state or an out of resistance range state of a plurality of solenoids in a
plurality of electropneumatic valves connected to the controller 18 of the bralang control
systern on a commercial vehicle. The number of solenoids in each electropneumatic valve

may vary dependent on the type electropneumatic valve.

{G029] Accordingly, s controller to determune the voltage rating of a solenoid in an
electropneumatic valve is disclosed. The controller includes a battery power port, an input
for receiving a signal indicative of ignition power and an 1solating device electrically
connected to the battery power port. The controller also includes a first power switch
electrically connected to the isolating device, a first high solenoid port electrically connected
to the first power switch and an associated first solenoid, a low solenoid port electrically
connected to the associated first solenoid, a voltage regulator clecirically connected to the
battery power port and the first high solenoid pott and control logic. The control logic is
clectrically connected to the input for receiving a signal indicative of ignition power, the
voltage regulator, the first power switch, and the isolating device. The control logic is
capable of determining a voltage rating of the associated first selenoid. In another
cmbodiment, the control logic is further capable of determining at least one of an open circuit

state, short circuit state or resistance out of range state of the associated fivst solenoid.

10638} A method to test an electropneumatic valve to ensure that the solenoids i the
electropneumatic valve are rated to operate with the battery system on the truck to which it is

instalied. The method detects installation of an electropneurnatic valve that has a rating
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different than the voltage rating of the controller. The method tests an clectropneuratic
valve to ensure that the solenoids are not in an open circuit, short circnit or resistance out of

range state.

16031} A flowchart for implementing a method 60 of deterraining the voltage rating

of the solenoid of an embodiment of the present invention is shown in FIGURE 2.

{8032} First, in step 62, the method 68 is enabled upon receiving ignition power at
the ignition power port 14, Alternatively, the method 68 18 enabled upon receiving a signal
indicative of ignition power at ignition power port 14 or another location, such as from a
serial communications bus. Battery power is already present at the battery power port 12
The isolating device 16 1s deactivated by the control logic 28 so as to isolate the battery
power at the battery power port 12 from the first power switch 18 upon recetving the signal

indicative of ignition power at the ignition power port 14 in step 64.

{6033} In step 66, the voltage regulator 26 supplics a regulated voltage using the
voltage received at the battery power port 14, The voltage regulator 26 is capable of
supplying an accurate, steady voltage output basced on a battery voltage input of between 8V
and 36V. The electrical transients that may be present on the battery voliage are vot present
on the voltage output of the veoltage regulator 26. However, the regulated output of the
voltage regulator 26 generally has a low current output, typically lower than 500mA.
Theretore, the current output of the voltage regulator 26 is not enough to actuate the first
solenoid 32 to induce movement of the internal solenoid armature to open or close the

electropneumatic valve 33 air passages.

16634} in step 68, the ground power switch 36 is deactivated. In this manner, there is
not a direct path to the ground port 31 through the ground power switch 36, The first power
switch 18 is activated 1o step 72. Therefore, the regulated voltage frora the regulator 26 is
provided to the high solenoid port 22 and the first solenoid 32, A current through the first

solenoid 22 is received at the low solenoid port 24,

10
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{8835} In the control logic 28, a timer 1s set and incremented 1o step 74 once the
signal indicative of ignition power is received. The first power switch 18 remains activated
as long as the tiracr 1s less than a predetermined time period. In one instance, the
predetermined time period s about 100 milliseconds. Once the timer reaches about 100
milliscconds, the current value at the low solenoid port 24 18 captured 1o step 78 and the first

power switch 18 is deactivated.

{8836} The converter 3¢ converts the current value to a voltage value that can be
interpreted by the control logic 28 in step 80, In step 82, the control logic 28 determines if
there are other solevoids that must be tested. The control logic 28 may be pre~-prograromed
with the number of solenocids that should be connected to the controller 1€ or the control
iogic 28 may poll the circuitry to determine how many power switches are connected and
deduce the number of solenotds. Once all of the solenoids are tested and the respective

voltage values are received by the control logic 28, the method continues to step 83,

{6037} In step 83, the control logic 28 returns the battery voltage to cach power
switch by activating the isolation device 16. In step 84, the control logic 28 determines the
voltage rating of the first solenoid 32 by determining if the voltage received at the control
logic 28 is within a predeternuned range. The predeterroined range may be preprogrammed
into the memory of the control logic 28. In one example, the predetermined voltage range
for a normally operating solenoid with a voltage rating for 12V operation is between about
.47V and about 1.25V. In another example, the predetermined voltage range for a normally
opcrating solenoid with a voltage rating for 24V opceration 1s between about 1.4V and about
3.28V. Each ABS mamafacturer may have different voltage values due to different solenoid

resistance values and/or circutt configuration choices.

{6038 in addition, 1n step 84, the control logic 28 compares the voltage to the
preprogrammed range for the voltage rating of a solenoid. If the voltage based ou the current
through the first solenoid 32 is within the preprogrammed range, then the control logic 28

checks the voltage of the second solenoid 42 of electropneumatic valve 33 to determmne ifit

11
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also has a voltage within the pre-programmed voliage range. Ouvce all of the voltage values
from all of the soienoids have been determined to be within the predetermined voltage range,

the method ends at step 98,

{0039} 1t the control logic 28 determines in step 84 that one of the voltages from one
of the solenoids is not within the predetermined voltage range, the control logic 28 will send
a diagnostic cutput signal to the diagnostic port 34, The diagnostic cutput signal may turn on
a visual indicator, activate a diagnostic display or be 1o communication with a vehicle data
bus. The diagnostic output signal indicates that at {east onc of the solenoids is not within the
predeternuned voltage range. The control logic 28 may also inhibit the electropueumatic
valve in which the solenoid s located from being operational or the control logic 28 may
inhibit operation of the entire antilock braking system or electronic stability syster control

unti] the test is run again at the next vehicle ignttion cycle.

{6048] In addition, a short circuit across the first solenoid 32 can be diagnosed in step
84. If the voltage from first solenoid 32 18 not within the first predetermined voltage range
for either the 12V or 24V operation, the voltage is compared with a second predetermined
voltage range whereas those voltages are indicative of a short circuit across the first solenoid
32. The second predetermined voltage range for a solenoid with a short circuit 18 between
about 4.8Y and about 5.2V, In another embodiment, an open circuit across the first seienoid
32 can be diagnosed. If the voltage from first solenoid 32 is not within the first or second
predetermined voltage range, the voltage is compared with a third predetermined voltage
range whereas those voltages arc indicative of an open circuit across the first solenoid 32,
The third predetermined voltage range for a solenoid with an open circuit is between ¢V and
about 0.2V. Alternatively, the control logic 23 can determine if the first solenoid 32 is out of
any of the first, second or third preprogramred voltage ranges and indicate a resistance out
of range due to another factor besides an incorrectly rated solenoid, a short circuit or an open

cireuit.

12
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{6041} Accordingly, in one embodiment a method for determuning a voltage rating of
a solenoid for a braking system comprises receiving battery power at a battery power port of
a controlicr, receiving a signal indicative of ignition power, isolating battery power from a
first power switch upon receiving the signal indicative of ignition power, providing a
regulated voltage based on the ignition power at the first power switch, activating the first
power switch to provide the regulated voltage to a first solenoid through a high solenoid port,
receiving a current through the first solenoid at a low solenoid port; and determining the

voltage rating of the fivst solenoid based on the current received at a low solenoid port.

100421 In another embodiment, a syster for determining a voltage rating of a
solenoid includes the controller 16 connected to at least one electropneumatic valve 33, a
battery power source {not shown}), and an ignttion power source {not shown). The control
logic 28 in the controller 18 is capable of determining the voltage rating of the first solenoid
32. In another embodiment the controller may be connected to a plurality of
clectropneumatic valves and the control logic 28 is capable of determining the voltage rating
of the first solenoid 32 and the second solenoid 42 of the clectropneumatic valve 33, The
number and type of clectropneurnatic valves depends on the system fustalled oun a
commercial vehicle. An antilock braking system typically inchudes an electropneumatic
vaive for cach wheel end. A stability control system typically inchudes an electropneumatic
valve for cach wheel end and an additional clectropneumatic valve, such as the ATR-6™
traction relay valve from Bendix Cormmereial Vehicle Systems LLC, for the front axle, rear

axle and trailer.

{(043] Accordingly, a system for determining a voltage rating of a solenoid
comprises a controller containing control logic; a first solenoid clectrically conmected to the
controller; a battery power source connected to the controller; an input for receiving a signal
indicative of ignition power connected to the controller. The control logic 18 capable of
deterroining a voltage rating of the first solenoid by isolating the battery power source from a
first solenoid; providing a regulated voltage to the first solenoid in response to voltage at the

ignition power source; receiving a current through the first solenoid; and determining the

13
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voltage rating of the first solenoid based on the received carrent. In another embodiment the
controller may be connected to a plurality of clectropneumatic valves and the control logic
28 1s capable of determining the voltage rating of the first solenoid 32 and the second

solenoid 42 of the electropneumatic valve 33.

{8044 While the present invention has been dlustrated by the description of
embodiments thereof, and while the embodiments have been described in considerable detatl,
it is not the intention of the applicants to restrict or n any way limit the scope of the
appended claims to such detail. Additional advantages and modifications will readily appear
to those skilled in the art. Therefore, the mvention, 1o its broader aspects, 1s not limited to
the specific details, the representative apparatus, and illustrative examples shown and
described. Accordingly, departures may be made from such details without departing from

the spirit or scope of the applicant’s general inventive concept.
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We ¢laim:

i A controlier for a braking system comprising:

a battery power port;

an isolating device electrically connected to the battery power port;

a first power switch electrically connected to the isolating device;

a first high solenoid port electrically connected to the first power switch and
configured to electrically connect to an associated first solevord;

a low solenoid port configured to electrically connect to the associated first solenoid;

a voltage regulator clectrically connected to the batiery power port and the first high
solenoid port; and

control logie electrically connected to the voltage regulator, the first power switch,
and the isolating device; wherein the control logic is capable of determining a voltage rating
of the associated first solenoid.
2. The controller as in claim 1, wherein the controller further includes a port for recetving a
signal indicative of ignition power and the countrol logic is capable of determining the voltage
rating of the associated first solenoid upon recetving the signal indicative of igmition power.
3. The controller as in claim 1, wherein the control logic is progranmed with the voltage
rating of the controller and the control logic is capable of comparing the voltage rating of the
controller with the voltage rating of the associated first solenoid.
4. The controller as in claim 1, wherein the control logic s capable of determining the
voltage rating of the associated first solenotd based on a current received at the low solenoid
port.
5. The controller as in claim 4, further comprising a converter in communication with the
low solenoid port and the control logic, wherein the converter is capable of converting the
current received at the low solenoid port to a voltage proportional to the current.
6. The controller as in claim 1, wherein the voltage regulator is capable of providing a
regulated voltage based oo the voltage at the battery power port.
7. The controller as in claim 6, wherein the voltage regulator is capable of providing less

than about 500mA of current.
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§. The controller as m claim S, further coraprising a ground power switch in communication
with a ground port, the low solenoid port and the control logic.

9. The controller as in claim §, wherein the voltage regulator, the first power switch, the
associated first solenoid and the converter are electrically connected in sertes and wherein
the ground power switch is deactivated.

10. The controller as in claim 1, further comprising a diagnostic cutput, wherein the control
logic is capable of transmitting a diagnostic output signal.

11, The controlier as in claim 1, wherein the 1solating device 1s af least ove of a relay and a
power switch.

12. The controller as in claim 1, wherewn the control logic is further capable of determining
at least one of an open circuit state, a short circuit state or a resistance out of range state of
the associated first solenoid.

13. The controller as in claim 1 further comprising a second power switch electrically
connected to the control logic, the iselating device and a second solenoid high port, whercin
the second solenoid high port and the low solenotd port are configured to electrically connect
to an associated second solenoid and the control logic is capable of determining a voltage
rating of the associated second solenoid.

14. The controller as in claim 13, further comprising a converter electrically connected to
the low solenoid port and the coutrol logic, wherein converter is capable of converting a
current received at the low solenoid port to a voltage proportional to the current.

15. The controller as mn claim 13, further comprising a ground power switch 1n
communication with a ground port, the low solenoid port and the control logic.

16. The controller as in claim 14, wherein the voltage regulator, the second power switch,
the associated second solenoid and the converter are electrically connected 1o series and the
ground power switch is deactivated.

17. The controlier as 1o claim 13, wherein the countrol logic is further capable of determining
at least one of an open circuit state, a short circuit state or a resistance out of range state of

the associated second solenoid.

16



WO 2015/094499 PCT/US2014/063980

18. A method for determiving a voltage rating of a solenoid for 8 braking system
comprising:

receiving battery power at a battery power port of a controlicr;

receiving a signal indicative of ignition power;

disconnccting battery power frorm g first power switch at an 1solation device upon
recetving the signal indicative of ignition power;

providing a regulated voltage based on the battery power at the first power switch;

activating the first power swiich to provide the regulated voltage to a first solenoid
through a high solenoid port;

deactivating a ground switch when the first power switch is activaied;

receiving a current through the first solenoid at a low solenotd port; and

determining the voltage rating of the first solenoid based on the current received at a
low solenoid port.
19. The method as in claim 18, wherein providing the regulated voltage and activating the
first power switch occur for a predetermined time period after receiving the signal indicative
of ignition power.
20. The method as in claim 19 further comprising deactivating the first power switch when
the time period from receiving the ignition power is greater than or equal to the
predeterroined time pertod.
21. The method as in claim 20, wherein the predetermined time period s about 100msec.
22, The method as in claim 18, further cornprising converting the received current to a
voltage at a converter.
23. The method as in claim 22, wherein determining the voltage rating of the first solenoid
comprises comparing the voitage from the converter to a predetermined voltage range.
24. The method as in claim 23, wherein the predetermined voltage ranges from about 1.4
volts to about 3.2K volts for a voltage rating of 24V,
25. The method as in claim 23, wherein the predetermined voltage ranges from about .47

volts to about 1.25 volts for a voltage rating of 12V.
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26. The method as in claim 23, further comprising transnutting a diagnostic signal when the
controller determines the first solenoid is outside the reference voltage range.
27. The method as in claim 18, further cornprising determuning at least one of an open
circuit state, short circuit state or resistance out of range state of the first solenoid, wherein
cach state has a distinet predetermined voltage range.
28. The method as in claim 18, further comprising activating a second power switch to
provide the reguiated voltage to a sccond solenoid and determining the voltage rating of the
second solenoid based on the current received at the low solenoid port.
29. The method as in claim 1§, further comprising activating the ground switch and
connecting battery power and the first power switch at the isolation device prior to
determining the voltage rating of the first solenoid.
30. A system for determining a voltage rating of a solenoid comprising:
a controller containing control logic;
a first solenoid clectrically connected to the controller;
a battery power source connected to the controller;
an input at the controller for receiving a signal indicative of ignition power;
the control logic capable of determining a voltage rating of the first solenoid, the
determining comprising:
isolating the battery power source from the fivst solenoid;
providing a regulated voltage to the first solenoid in respouse to the signal
mdicative of ignition power;
recetving a voltage corresponding to a current through the first solenoid; and
determining the voltage rating of the first solenoid based on the received
voltage.
31. The system as in claim 30, wherein determining the voltage rating of the first solenoid
comprises comparing the voltage at the control logic to a reference voltage range.
32. The system as in claim 31, further comprising a diagnostic device, wherein the control
lpgic 1s capable of transmitting a signal to the diagnostic device when the controller

determines the first solenoid is cutside the reference voltage range.
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33, The system as in claimo 30, further coraprising determuniog at least one of an open circut
state, a short circuit state or a resistance out of range state of the first solenoid.

34. The system as in claim 30, wherein the control logic is further capable of determining a
voltage rating of a second solenoid of a phirality of solenotds connected to the controller, the
control logic capable of detcrmining the voltage rating of the second solenoid atter

determining the voltage rating of the first solenoid.
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