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FIG. 1

(57) Abstract: An device and attendant method for interfacing with a locomotive engine. An illustrative embodiment of the device
includes at least one sensor disposed in a sensing relationship with a relay bank of the locomotive engine. The sensor is structured
for determination of a state of the relay bank. The sensor is further structured to determine a corresponding throttle notch position of
the locomotive engine from the state of the relay bank. The device also includes at least one indicator in a communicating relation -
ship with said one sensor. The indicator is structured to indicate the corresponding throttle notch position. The present invention fur-
ther relates to a method for interfacing with a locomotive engine.
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DEVICE AND METHOD FOR INTERFACING WITH A LOCOMOTIVE ENGINE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a device and method for
determination of the throttle notch position of a locomotive

engine.

DESCRIPTION OF THE RELATED ART

A locomotive engine typically features complex systems to
facilitate control of the wvarious operative features of the
engine, including equally complex electrical systems. Included
in the plethora of functions that must be managed by a
locomotive control system are those relating to the wvarious
throttle positions that may be selected for operation of the
locomotive engine. Historically, the throttle ©positions,
particularly within older models of locomotive engines, have
been obfuscated with relay banks of the locomotive engine
control systems.

Further, many engines, including locomotive engines,
feature a plurality of selectable and substantially discrete
throttle positions, any one o0f which may be selected, 1i.e.
“operative” at a particular time. However, it may be difficult
to determine, particularly in the case of older hardware,
which of a plurality of selectable throttle positions is the
one that is operative.

Accordingly, and particularly in light of the growth and
reliance wupon various forms of electronic data, a need has
developed for exposing the status of functions o©of the
locomotive engine, such as for processing by additional
systems and/or the addition of analytics to the locomotive
engine. This 1includes the need to determine the operative
throttle notch position, such as through an interface device

configured to sense the state of the relay bank. Such an
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interface device may be further configured to output
information pertaining to the operative throttle notch
position, such as but not limited to for further computational

and/or analytical purposes.

SUMMARY OF THE INVENTION

The present invention relates to an interface device for
determination of the throttle notch position currently
selected, i.e. “operative,” on a locomotive engine. The
throttle notch position that 1is operative 1is the throttle
notch position currently selected from a plurality of
selectable throttle notch positions.

The interface device 1s disposed 1in a communicative
relationship with a relay bank of the locomotive engine.
Further, the interface device is configured to sense a “state”
of the relay bank. An example of a state of the relay bank
relates to the particular state of at 1least one, but
preferably a plurality, of “switches” associated with the
relay bank. Each switch comprises an on state and an off
state, each of which may be associated with a logical value of
logic 1 and logic 0, respectively. Accordingly, the collective
state of the switches represents the state of the relay bank.
FEach operative throttle notch position of the locomotive
engine causes the relay bank to enter a different state.
Accordingly, sensing of the state of the relay Dbank
facilitates determination o©f the operative throttle notch
position of the locomotive engine.

The interface device may comprise a sensor configured to
sense the state of the relay bank. The sensor is disposed in a
communicative relationship with the relay bank. Furthermore,
the sensor may be disposed 1in an electrical conducting
relationship with wvarious components of the relay bank, such
as at least one but preferably a plurality of switches
associated with the relay bank. Accordingly, the sensor may be

configured to sense the state of the relay bank by measuring
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current, voltage and/or other electrical properties associated
with the relay switch or relay switches. Such properties
associated with the relay switch facilitate determination of
the state of the relay switch, i.e. whether the switch is in
an on state or off state, and therefore whether the switch can
be mapped to logic 1 or logic 0 respectively. As stated above,
the collective state or states of the switch or switches 1is
representative of the state of the relay bank.

Upon sensing the state of the relay bank, the interface
device determines the operative throttle notch position. As
explained in detail herein, a preferred embodiment of the
interface device 1s configured for determination of the
operative throttle notch position of a locomotive engine
identified as a General Electric 7FDL Engine. Accordingly,
upon sensing a particular state of the relay bank, the
interface device 1s configured to determine the operative
throttle notch position of the General Electric 7FDL Engine.
However, it should be appreciated that the interface device 1is
not limited to this particular model of locomotive engine, and
as such wvarious embodiments of the interface device may be
configured for determination of the operative throttle notch
position of any suitable engine and/or locomotive engine
consistent with the disclosure herein.

Various embodiments of an interface device are further
configured to indicate the operative throttle notch position,
for example Dby generating an output representative of the
operative throttle notch position. This output may be utilized
by and/or otherwise facilitate the functioning of, for
example, other components of a control system, such as an
Engine Control Unit (“ECU”).

The present invention is further directed toward a method
of determining an operative throttle notch position.

These and other objects, features and advantages of the
present invention will become clearer when the drawings as

well as the detailed description are taken into consideration.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature of the present
invention, reference should be had to the following detailed
description taken in connection with the accompanying drawings
in which:

Figure 1 is a schematic representation of one
illustrative embodiment of an interface device in accordance
with the present invention.

Figure 2 is a schematic representation of one
illustrative embodiment of an interface device, and components
thereof, in accordance with the present invention.

Figure 3 is a schematic representation of one
illustrative embodiment of an interface device, and components
thereof, in accordance with the present invention.

Figure 4 is a chart of logical wvalues associated with
relay switches and throttle notch positions in accordance with
an illustrative embodiment of the present invention.

Figure 5 1s a schematic representation of a method for
determining an operation throttle notch position from a
plurality of throttle notch positions.

Like reference numerals refer to like parts throughout

the several views of the drawings.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention 1is (generally directed to an
interface device structured for determination of an operative
throttle notch position of a locomotive engine. With reference
to Figure 1, the interface device is generally indicated at 1.
Further, the interface device 1 is in communication with the
locomotive engine, and preferably the relay bank 100 of the
locomotive engine. The interface device 1 may further be in
communication with a control system 200, such as an Engine
Control System, that facilitates control of the engine.

With reference to Figure 2, the depicted embodiment of
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the interface device 1 comprises at least one sensor 10 and at
least one indicator 30. The sensor 10 1s disposed 1in a
communicating relationship with the indicator 30.

With reference to Figure 3, 1in the depicted embodiment
the sensor 10 is disposed in a sensing relationship with the
relay bank 100 and is structured for determination of a state
of the relay bank 100. In an example of a state of the relay
bank, the relay bank comprises at least one, but preferably a
plurality, off “switches” 11, 12, 13, 14. Each switch 11, 12,
13, 14 comprises an on and an off state. The sensor 10 1is
structured to determine the operative state of each of the
switches 11, 12, 13, 14, and accordingly sense the state of
the relay bank. This may be accomplished, such as shown in the
embodiment of Figure 3, by disposing a plurality of optical
isolators 15 of the sensor 10 each in a current sensing
relationship with a corresponding one of the plurality of
switches 11, 12, 13, 14. Each optical isolator 15 senses a
voltage associated with the corresponding switch 11, 12, 13,
14. Accordingly, if the voltage sensed by an optical isoclator
15 is within a first predetermined range, such as 0 to 25
volts, the switch 11, 12, 13, 14 is determined to be off. If
the wvoltage sensed by an optical isolator 15 is within a
second predetermined range, such as 58 to 72 wvolts, the switch
11, 12, 13, 14 is determined to be on.

Further, the sensor 10 may be configured to assign a
switch 11, 12, 13, 14 that is operative in the “on” state to a
value of 1logical 1, and a switch 11, 12, 13, 14 that 1is
operative in the “off” state to a value of logical 0. This may
be further understood if taken in accordance with the chart
1000 of Figure 4. The chart 1000 depicts an embodiment of a
plurality of relay bank states 2010-2080, each associated with
a corresponding notch position 1010-2080. Accordingly, each
relay bank state 2010-2080 comprises four switch states
labelled AV 11, BV 12, CV 13 and DV 14, respectively.

Accordingly, the sensor 10 of Figure 3 senses voltages
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and associates them with corresponding logical wvalues, 1i.e.
logical 1 for a switch that is “on” and logical 0 for a switch
that is *“off.” With further reference to Figure 4, the state
of the relay bank 2010 indicative of a first throttle notch
position 1010 is the wvalue “0000,” wherein the state of AV 11,
BV 12, Cv 13 and DV 14 are each logical 0. Stated another way,
the sensor 10 is structured to determine that the first
throttle position 1010 1is the operative throttle position of
the locomotive engine upon sensing that the state of the relay
bank 2010 is “0000” by sensing that each of AV 11, BV 12, CV
13 and DV 14 are “off.”

The sensor 10 may be further structured to determine that
the second throttle position 1020 is the operative throttle
position of the locomotive engine upon sensing that the state
of the relay bank 2020 is #1000” by sensing that AV 11 is “on”
and each of BV 12, CV 13 and DV 14 are *“off.”

The sensor 10 may be further structured to determine that
the third throttle position 1030 is the operative throttle
position of the locomotive engine upon sensing that the state
of the relay bank 2030 is “0010” by sensing that CV 13 is “on”
and each of AV 11, BV 12 and DV 14 are *“off.”

The sensor 10 may be further structured to determine that
the fourth throttle position 1040 is the operative throttle
position of the locomotive engine upon sensing that the state
of the relay bank 2040 is “1010” by sensing that AV 11 and CV
13 are “on” and BV 12 and DV 14 are “off.”

The sensor 10 may be further structured to determine that
the fifth throttle position 1050 is the operative throttle
position of the locomotive engine upon sensing that the state
of the relay bank 2050 is “0111” by sensing that AV 11 is
“off” and each of BV 12, CV 13 and DV 14 are “on.”

The sensor 10 may be further structured to determine that
the sixth throttle position 1060 is the operative throttle
position of the locomotive engine upon sensing that the state

of the relay bank 2060 is #1111” by sensing that AV 11, BV 12,
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Cv 13 and DV 14 are “on.”

The sensor 10 may be further structured to determine that
the seventh throttle position 1070 1is the operative throttle
position of the locomotive engine upon sensing that the state
of the relay bank 2070 is “0110” by sensing that AV 11 and DV
14 are off and BV 12 and CV 13 are “off.”

The sensor 10 may be further structured to determine that
the eighth throttle position 1080 1is the operative throttle
position of the locomotive engine upon sensing that the state
of the relay bank 2080 is “1110” by sensing that AV 11 is
“off” and each of BV 12, CV 13 and DV 14 are “on.”

With reference to Figure 3, the sensor 10 may comprise an
encoder 20. The encoder 20 may be structured to associate a
particular state of the relay bank 100 with the operative
throttle notch position.

Moreover, upon determination of an operative throttle
notch position, the interface device 1 1is structured for the
output of information pertaining to the operative throttle
notch position. Accordingly, the interface device 1 may
comprise an indicator 30. The indicator 30 is structured to
indicate the operative throttle notch position that
corresponds to the state of the relay bank 100 as determined
by the sensor 10. The indicator 30 may output this information
in any appropriate form, such as in the form of a digital
output. Further, the 1indicator 30 may be disposed 1in a
communicating relationship with a control system 200, such as
an Engine Control System (ECS). The control system 200 may be
structured to further utilize the indicated operative throttle
notch position, such as for control of the engine and/or
associated functions of the locomotive.

Further components of an embodiment of an interface
device 1 may include a testing module 35 structured to
facilitate the testing of the interface device 1. The testing
module may be disposed in a communicating relationship with a

power supply 50 and/or a voltmeter 60.
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With reference to Figure 5, the present invention 1is
further directed toward a method 500 for determining the
operative throttle notch position from a plurality of
selectable throttle notch positions. Various steps of the
method 500 may be performed on any suitable interface device,
such as but not limited to any embodiment of an interface
device as set forth herein.

The method 500 comprises sensing the state of a relay
bank of a locomotive engine, as indicated at 510. The method
500 further comprises determining the operative throttle notch
position in accordance with the state of the relay bank, as at
520. In addition, the method 500 comprises indicating the
operative throttle notch position, as at 530. Moreover, the
method 500 may be performed on an interface device configured
for determination of the operative throttle notch position of
a locomotive engine designated 14.

Additionally, the method 500 may comprise any combination
of:

1) sensing the state of the relay bank being 0000 and
indicating the operative throttle notch position
being a first throttle notch position;

2) sensing the state of the relay bank being 1000 and
indicating the operative throttle notch position
being second throttle notch position;

3) sensing the state of the relay bank being 0010 and
indicating the operative throttle notch position
being a third throttle notch position;

4) sensing the state of the relay bank being 1010 and
indicating the operative throttle notch position
being a fourth throttle notch position;

5) sensing the state of the relay bank being 0111 and
indicating the operative throttle notch position
being a fifth throttle notch position;

6) sensing the state of the relay bank being 1111 and

indicating the operative throttle notch position
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being a sixth throttle notch position.

7) sensing the state of the relay bank being 0110
comprising sensing the state of the relay bank being
a seventh throttle notch position; and

8) sensing the state of the relay bank being 1110 and
indicating the operative throttle notch position
being an eighth throttle notch position. as a
General Electric 7FDL Engine.

Since many modifications, wvariations and changes in
detail can be made to the described preferred embodiment of
the invention, it is intended that all matters 1in the
foregoing description and shown in the accompanying drawings
be interpreted as illustrative and not in a limiting sense.
Thus, the scope of the invention should be determined by the
appended claims and their legal equivalents.

Now that the invention has been described,
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What is claimed is:

1.

An interface device disposed in a communicating
relationship with a locomotive engine, said interface
device comprising:
at least one sensor disposed in a sensing relationship
with a relay bank of the locomotive engine and
structured for determination of a state of the relay
bank,
said one sensor being structured to determine a
corresponding throttle notch position of the
locomotive engine from the state of the relay bank,
and
at least one 1indicator 1in a communicating relationship
with said one sensor and structured to indicate the
corresponding throttle notch position.
An interface device as recited in claim 1, wherein said
one sensor 1s structured to determine a first throttle
notch position from a state of the relay bank being 0000.
An interface device as recited in claim 2, wherein said
one sensor 1s structured to determine a second throttle
notch position from a state of the relay bank being 1000.
An interface device as recited in claim 3, wherein said
one sensor 1s structured to determine a third throttle
notch position from a state of the relay bank being 0010.
An interface device as recited in claim 4, wherein said
one sensor 1s structured to determine a fourth throttle
notch position from a state of the relay bank being 1010.
An interface device as recited in claim 5, wherein said
one sensor 1s structured to determine a fifth throttle
notch position from a state of the relay bank being 0111.
An interface device as recited in claim 6, wherein said
one sensor 1s structured to determine a sixth throttle
notch position from a state of the relay bank being 1111.
An interface device as recited in c¢laim 7, wherein said

one sensor 1s structured to determine a seventh throttle
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12.

13.

14.

15.

l6.

17.

11

notch position from a state of the relay bank being 0110.

An interface device as recited in claim 8, wherein said

one sensor is structured to determine an eighth throttle

notch position from a state of the relay bank being 1110.

An 1interface device as recited in c¢laim 1, said one

sensor being structured to determine the throttle notch

position of a General Electric 7FDL Engine.

An interface device as recited in c¢laim 1, said sensor

comprising at least one optical isolator.

An interface device as recited in c¢laim 1, said sensor

comprising at least one encoder.

A method of determining an operative throttle notch

position of & locomotive engine from a plurality of

selectable throttle notch positions, the method

comprising:

sensing, with an interface device, a state of a relay
bank of the locomotive engine,

determining, with the interface device, the operative
throttle notch position in accordance with the state
of the relay bank, and

indicating, with the interface device, the operative
throttle notch position.

A method as recited in claim 13, comprising sensing the

state of the relay bank being 0000 and indicating the

operative throttle notch position being a first throttle

notch position.

A method as recited in claim 13, comprising sensing the

state of the relay bank being 1000 and indicating the

operative throttle notch position being second throttle

notch position.

A method as recited in claim 13, comprising sensing the

state of the relay bank being 0010 and indicating the

operative throttle notch position being a third throttle

notch position.

A method as recited in claim 13, comprising sensing the
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20.

21.

22.
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state of the relay bank being 1010 and indicating the
operative throttle notch position being a fourth throttle
notch position.

A method as recited in claim 13, comprising sensing the
state of the relay bank being 0111 and indicating the
operative throttle notch position being a fifth throttle
notch position.

A method as recited in claim 13, comprising sensing the
state of the relay bank being 1111 and indicating the
operative throttle notch position being a sixth throttle
notch position.

A method as recited in claim 13, comprising sensing the
state of the relay bank being 0110 and indicating the
operative throttle notch position being a seventh
throttle notch position.

A method as recited in claim 13, comprising sensing the
state of the relay bank being 1110 and indicating the
operative throttle notch ©position being an eighth
throttle notch position.

A method as recited in claim 13, wherein said interface
device 1is configured for determination of the operative
throttle notch position o0of a General Electric 7FDL

Engine.
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