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METHOD AND APPARATUS FOR PREDICTING A
DISCHARGE RATE OF AN ENERGY STORAGE
SYSTEM

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to an energy storage system,
and more particularly to a method and apparatus for predicting the discharge rate of

an energy storage system utilized in a locomotive.

[0002] Railroad locomotives typically include a diesel engine that is
coupled to a traction drive system that provides the propulsion force for the
locomotive. To start the diesel engine, locomotives include an energy storage system
that is utilized to start the diesel engine and to provide electrical power to various
devices installed on the locomotive. During operation, an alternator driven by the
diesel engine, continuously recharges the energy storage system to ensure that the

energy storage system remains charged to a predetermined voltage level.

[0003] However, when the diesel engine is not running, the energy
storage system may still be utilized to provide power to the various electrical loads.
As a result, the voltage level of the energy storage system may decrease to a voltage
level that is insufficient to start the diesel engine. In this case, a road failure alert may
be issued instructing maintenance personnel that the energy storage system requires
charging before the diesel may be started and the locomotive is placed back in
service. Additionally, the voltage drain on the energy storage system, caused by the
connected loads, may be sufficient to cause the energy storage system to fail, i.e. the
energy storage system is unable to hold a charge when connected to a charging

System.
BRIEF DESCRIPTION OF THE INVENTION

[0004] In one aspect, method for predicting a low battery voltage

condition is provided. The method includes calculating a minimum battery capacity
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required to start an engine, determining a first capacity of a battery at a first time,
determining a second capacity of the battery at a second time, and predicting, based
on the first and second determined capacities, when a remaining capacity of the

battery will be less than the minimum battery capacity.

[0005] In another aspect, a locomotive control system is provided.
The locomotive control system is programmed to calculate a minimum battery
capacity required to start an engine, determine a first capacity of a battery at a first
time, determine a second capacity of the battery at a second time, and predict, based
on the first and second determined capacities, when a remaining capacity of the

battery will be less than the minimum battery capacity.

[0006] In a further aspect, a train locomotive is provided. The train
locomotive includes an engine, at least one battery utilized to start the engine, and a
control system coupled to the battery. The control system is programmed to calculate
a minimum battery capacity required to start an engine, determine a first capacity of a
battery at a first time, determine a second capacity of the battery at a second time, and
predict, based on the first and second determined capacities, when a remaining

capacity of the battery will be less than the minimum battery capacity.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is a simplified block diagram of an exemplary

locomotive;

[0008] Figure 2 is a flow chart illustrating an exemplary method for

predicting a low battery voltage condition; and

[0009] Figure 3 is a graphical illustration of the energy storage

system shown in Figure 1 during typical operation.
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DETAILED DESCRIPTION OF THE INVENTION

[0010] Figure 1 is a simplified block diagram of an exemplary
locomotive 10 that includes an engine 12, a starter/generator 14, at least one energy
storage unit 16, and an energy storage unit charger 18. In the exemplary embodiment,
energy storage system 16 is implemented using a plurality of batteries 20. For
example, in the embodiment shown in Figure 1, energy storage system 16 includes a
first battery 21 and a second battery 22. Optionally, energy storage system 16
includes only one battery 20 or may include two or more individual batteries 20 as
well as associated external cabling and any associated internal cabling between
multiple individual batteries. Each of the one or more individual batteries 20 may be
implemented using a lead acid battery, for example. As such, energy storage unit
charger 18 may be implemented using a battery charger. Locomotive 10 also includes
a controller 24 that is coupled to energy storage unit 16 to perform functions as

discussed below.

[0011] Controller 24 generally includes at least one computer that is
programmed to perform the functions described herein. Computer, as used herein, is
not limited to just those integrated circuits referred to in the art as a computer, but
broadly refers to a processor, a microprocessor, a microcontroller, a programmable
logic controller, an application specific integrated circuit, and another programmable

circuit, and these terms are used interchangeably herein.

[0012] In one mode of operation, when it is desired to start engine
12, control system 24 is programmed to close a contactor (not shown) such that
current from energy storage unit 16 is channeled to starter/gencrator 14 which
functions as a starter to start engine 12 as known in the art. During operation,
starter/generator 14 functions as a generator to charge energy storage units 16, or

energy storage unit charger 18 may be utilized to charge energy storage units 16..

[0013] As discussed above, when engine 12 is not running, energy
storage unit 16 may still be utilized to provide power to the various electrical loads,

such as clectrical loads 24 and 26, for example. As a result, the voltage level of
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energy storage unit 16 may decrease to a voltage level that is insufficient to start
engine 12. More specifically, energy storage units in general are rated based on the
quantity of power that may be drawn from the storage unit during various operating
conditions. For example, when the energy storage unit 16 is implemented using
batteries 20, a designer determines a minimum battery capacity required to start an
engine, such as engine 12, and then installs at least one or several batteries having a
combined battery capacity to perform this function. However, as discussed above,
when engine 12 is not operating, and batteries 20 are still being utilized to drive a
load, such as load 26, the voltage or cold cranking amperage capability of batteries 20
may decrease to a level wherein a remaining capacity of batteries 20 is less than the

minimum battery capacity required to start engine 12.

[0014] As a result, described herein is a method 100 for predicting a
low battery voltage condition. Method 100 includes calculating 102 a minimum
battery capacity required to start an engine, determining 104 a first capacity of a
battery at a first time, determining 106 a second capacity of the battery at a second
time, and predicting 108, based on the first and second determined capacities, when a
remaining capacity of the battery will be less than the minimum battery capacity. In
the exemplary embodiment, method 100 is implemented using an algorithm that is

stored on a computer, such as controller 24, for example.

[0015] In the exemplary embodiment, calculating a minimum battery
capacity required to start an engine includes calculating the minimum battery capacity
to start engine 12 which in the exemplary embodiment is a diesel locomotive engine.
The minimum battery capacity required to start a locomotive engine is generally
determined at the factory or by on-site maintenance personnel based on the size or
horsepower rating of the engine being started, and may be different for each
locomotive. For example, a first locomotive may include a first energy storage
system 16 that includes a series of batteries 20 with a cumulative voltage of
approximately twenty-four volts that is utilized to start a first diesel engine having a

first horsepower rating. In the first case, the required capacity may be defined as
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cither a minimum voltage required to start the diesel engine, or optionally, as a

minimum cranking amperage required to start the diesel engine.

[0016] As such, in one exemplary embodiment, the minimum battery
capacity to start the diesel engine may be approximately twenty-volts as determined
by a voltage sensor 30, or approximately 650 cold cranking amps as determined by a
current sensor 32. As shown in Figure 1, voltage sensor 30 and current sensor 32 are
coupled to control system 24 which is programmed to continuously monitor signals
generated by voltage sensor 30 and current sensor 32. In another exemplary
embodiment, the minimum battery capacity to start the diesel engine may be
approximately forty-eight volts as determined by a voltage sensor 30, or

approximately 1000 cold cranking amps as determined by a current sensor 32.

[0017] 1t should be realized that the starting capacity of the energy
storage system 16 is generally greater than the minimum battery capacity required to
start the engine to ensure that energy storage system 16 has sufficient battery capacity
to crank or rotate engine 12 for a predetermined amount of time to ensure that engine
12 starts. The minimum battery capacity required to start engine 12, for a particular
locomotive 10, is then stored in controller 24 as either a voltage setpoint or a current

setpoint based on the a predetermined setpoint in a control algorithm.

[0018] During operation, the excess energy storage system capacity
may then be utilized to operate various accessories, such as control system 24 and
electrical load 26, when engine 12 is not in operation. In this mode of operation, the
operator or remote personnel are generally unaware of the energy storage system
capacity that has been expended to operate the accessories 26. Accordingly, method
100 further includes determining 104 a first capacity of a battery, such as batteries 20,
at a first time, and determining 106 a second capacity of the battery, e.g. batteries 20,

at a second time that is different than the first time.

[0019] Figure 3 is a graphical illustration of the energy storage
capacity of batteries 20 when engine 12 is not operation. During operation, after

locomotive 10 is shutdown by stopping engine 12, a first reading or snapshot 130 of
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energy storage system 16 is taken, by controller 24, to determine 104 the first capacity
of batteries 20, at a first point in time. For example, the first or initial reading 130 is
preferably acquired by controller 24 at some time after a command has been
transmitted to stop engine 12. Specifically, the first or initial reading is generally
acquired after the engine is stopped, the charger is deactivated, and battery voltage
has settled to a voltage is approximately equal to the open circuit voltage. In this
case, the first or exemplary reading should indicate the maximum or fully charged
state of energy storage system 16 or the maximum charge storage system 16 is

capable of maintaining.

[0020] As discussed above, and shown in Figure 3, continued
operation of the accessories 26 causes the voltage level of energy storage system 16 to
gradually decrease to a point wherein the remaining capacity of the energy storage
system 16 is less than the minimum capacity required to restart engine 12.
Accordingly, method 100 further includes taking a second reading or snapshot 132 of
energy storage system 16, utilizing controller 24, to determine 104 a second capacity
of batteries 20, at a second point in time. For example, the second reading 132 is
preferably acquired by controller 24 at a predetermined time after the first reading 130
is acquired. In this case, the second reading 132 indicates the voltage drop, or
reduction in cranking amperage, that has occurred in energy storage system 16 during
the time interval that has elapsed between the first and second readings or snapshots.
In the exemplary embodiment, the elapsed time or predetermined time between the
first reading 130 and the second reading 132 is a predetermined setpoint in the control
algorithm and is configurable by an operator or by maintenance personnel. For
example, the predetermined time may be set such that the second reading 132 is
acquired by controller 24 thirty minutes after the first reading 130 is acquired by

controller 24.

[0021] Utilizing this information, i.c. the time interval between the
first and second readings 130, 132 and the voltage drop between the first and second
readings 130, 132, controller 24 is programmed to predict, based on the first and

second determined voltages, when a remaining capacity of the energy storage system
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16 will be less than the minimum energy capacity required to start engine 12 (shown
as item 134 in Figure 3). For example, as shown in Figure 3, the algorithm is
programmed to extrapolate based on at least two reading or snapshots 130 and 132 the
quantity of time that is remaining until the capacity of energy storage system 16 is
less than what is required to start engine 12 (shown as item 136 in Figure 3).
Although, the exemplary embodiment describes two readings or snapshots 130, 132
utilized to predict the remaining time, it should be realized that the algorithm may be
programmed to utilize n readings or snapshots, wherein n > 2, to predict the remaining

time.

[0022] For example, during operation controller 24 is programmed to
acquire a first snapshot 130 of energy storage system 16. In this example, energy
storage system 16 is fully charged to twenty-four volts. As such, the first snapshot 1
130 acquired by controller twenty-four indicates a reading of approximately twenty-
four volts. Assuming the predetermined time is preset at thirty minutes, controller 24
is programmed to acquire the second reading or snapshot 132 thirty minutes after the
first reading or snapshot 130 is acquired. Assuming the second snapshot 132
indicates that the energy storage system 16 has a voltage of 23 volts, i.c. voltage is
decreasing by one volt every thirty minutes, and further assuming that the minimum
battery capacity required to restart engine 12 is set to twelve volts, the algorithm is
programmed to predict that approximately eleven hours after the second reading 132
is acquired, the remaining capacity of the energy storage system 16, i.c. batteries 20,
will be less than the minimum battery capacity required to restart engine 12. It should
be realized that the voltage levels and time intervals in the previous example or
exemplary only and may vary based on the battery capacities and electrical usage for

each individual locomotive.

[0023] Once the quantity of time that is remaining until the capacity
of energy storage system 16 is less than what is required to start engine 12 (shown as
item 136 in Figure 3) is determined, controller 24 is further programmed to generate
an advance warning indication that is utilized to notify an operator or maintenance

personnel that engine 12 should be restarted to charge energy storage device 16. In
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the exemplary embodiment, the advance warning indication may be implemented
using at least one of a visual indication and an audible indication. For example,
assuming the algorithm has predicted that in approximately eleven hours the
remaining capacity of the energy storage system 16, i.e. batteries 20, will be less than
the minimum battery capacity required to restart engine 12, the visual or audible
indication will activate at some predetermined time (shown as 140 in Figure 3) prior

to the expiration of the eleven hour period, i.e. remaining time 136.

[0024] In the exemplary embodiment, the advance warning
indication is a predetermined setpoint in the control algorithm and is configurable by
an operator or by maintenance personnel. For example, if an operator enters a
predetermined time 140 of three hours into controller 24, the visual or audio
indication will activate three hours prior to the expiration of the remaining time
required to restart engine 12. In use, the visual or audio indication is set at a
predetermined time that is sufficient to allow an operator adequate time to restart
engine 12 prior to expiration of the eleven hour period, i.e. remaining time 136 to

avoid a “dead/won’t start failure”.

[0025] Described herein is an exemplary method and algorithm for
predicting a low battery voltage condition in a locomotive. In use, the algorithm is
programmed to provide an advance warning indication that the battery on a
locomotive that is shut down is approaching a state of discharge where the battery will
no longer be capable of cranking the engine. More specifically, during operation after
a locomotive engine has been shut down, the algorithm takes snapshots of battery
voltages at specified points in time. Based on these snapshots, a rate of discharge is
calculated (an assumption of a constant discharge rate is made and the simple linear
equation is used). That rate of discharge can then be used to determine at what point
in time or at what voltage level the battery will reach its state of charge where it can
no longer crank the engine. Based on this calculation, a warning incident can be
logged and a request issued to indicate to the customer that the engine needs to be
restarted, or the battery requires charging, within a predetermined time period that is

set by the customer to avoid a “dead won’t start” failure. The predetermined time is
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configurable and may be set to meet a given customer’s need. For example, if the
predetermined time is set to three hours, then three hours prior to the battery reaching
the state of discharge where it can no longer crank the engine, a visual or audio
indication will be transmitted to the customer to indicate that the engine needs to be

restarted within three hours.

[0026] As a result, the method and algorithm described herein
provide an advance warning to a customer that the locomotive battery is reaching a
state of charge such that it can’t crank the engine. By determining the rate of
discharge of the battery, the point at which it will no longer be able to crank can be

determined ahead of time and a warning sent out prior to the condition occurring.

[0027] While the invention has been described in terms of various
specific embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the claims.
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WHAT IS CLAIMED IS:

1. A method for predicting a low battery voltage condition, said

method comprising:
calculating a minimum battery capacity required to start an engine;
determining a first capacity of a battery at a first time;
determining a second capacity of the battery at a second time; and

predicting, based on the first and second determined capacities, when a

remaining capacity of the battery will be less than the minimum battery capacity.

2. A method in accordance with Claim 1, wherein determining a

first and second capacity further comprises:
determining a first voltage of a battery at a first time;
determining a second voltage of the battery at a second time; and

predicting, based on the first and second determined voltages, when a

remaining capacity of the battery will be less than the minimum battery capacity.

3. A method in accordance with Claim 1, wherein calculating a

minimum battery capacity further comprises:

calculating a minimum battery capacity required to start a diesel

locomotive engine; and

determining when the second voltage will be less than the minimum

battery capacity required to start the diesel locomotive engine.
4. A method in accordance with Claim 1, further comprising;:

calculating a rate of discharge of the battery using the first and second

determined voltages; and

-10-
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using the calculated rate of discharge to generate a remaining time
indication, wherein the remaining time indication is the amount of time until the
second voltage will be less than the minimum battery capacity required to start the

engine.

5. A method in accordance with Claim 4, further comprising
activating an advance warning indication prior to the battery reaching a state wherein
the remaining capacity of the battery is less than the minimum battery capacity

required to start a diesel locomotive engine.

6. A method in accordance with Claim 5, wherein activating an
advance warning indication further comprises activating at least one of a visual

indication and an audible indication.

7. A method in accordance with Claim 1, further comprising
notifying an operator prior to the battery reaching a state wherein the remaining
capacity of the battery is less than the minimum battery capacity required to start a

diesel locomotive engine.

8. A locomotive control system, said control system programmed

to:
calculate a minimum battery capacity required to start an engine;
determine a first capacity of a battery at a first time;
determine a second capacity of the battery at a second time; and

predict, based on the first and second determined capacities, when a

remaining capacity of the battery will be less than the minimum battery capacity.

9. A locomotive control system in accordance with Claim 8§,

wherein said control system is further programmed to:

determine a first voltage of a battery at a first time;

-11-



WO 2008/147607 PCT/US2008/061202

determine a second voltage of the battery at a second time; and

predict, based on the first and second determined voltages, when a

remaining capacity of the battery will be less than the minimum battery capacity.

10. A locomotive control system in accordance with Claim 8§,

wherein said control system is further programmed to:

calculate a minimum battery capacity required to start a diesel

locomotive engine; and

determine when the second voltage will be less than the minimum

battery capacity required to start the diesel locomotive engine.

11. A locomotive control system in accordance with Claim 8§,

wherein said control system is further programmed to:

calculate a rate of discharge of the battery using the first and second

determined voltages; and

use the calculated rate of discharge to generate a remaining time
indication, wherein the remaining time indication is the amount of time until the
second voltage will be less than the minimum battery capacity required to start the

engine.

12. A locomotive control system in accordance with Claim 8§,
wherein said control system is further programmed to activate an advance warning
indication prior to the battery reaching a state wherein the remaining capacity of the
battery is less than the minimum battery capacity required to start a diesel locomotive

engine.

13. A locomotive control system in accordance with Claim 12,
wherein said control system is further programmed to activate at least one of a visual

indication and an audible indication when the advance warning indication is activated.

-12-
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14. A locomotive control system in accordance with Claim 8§,
wherein said control system is further programmed to notify an operator prior to the
battery reaching a state wherein the remaining capacity of the battery is less than the

minimum battery capacity required to start a diesel locomotive engine.
15. A train locomotive comprising:
an engine;
at least one battery utilized to start said engine; and

a control system coupled to said battery, said control system

programmed to:

calculate a minimum battery capacity required to start an

engine;
determine a first capacity of the battery at a first time;
determine a second capacity of the battery at a second time; and

predict, based on the first and second determined capacities,
when a remaining capacity of the battery will be less than the minimum battery

capacity to start the engine.

16. A train locomotive in accordance with Claim 15, wherein said

control system is further programmed to:
determine a first voltage of a battery at a first time;
determine a second voltage of the battery at a second time; and

predict, based on the first and second determined voltages, when a

remaining capacity of the battery will be less than the minimum battery capacity.

17. A train locomotive in accordance with Claim 15, wherein said

control system is further programmed to:

13-
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calculate a minimum battery capacity required to start a diesel

locomotive engine; and

determine when the second voltage will be less than the minimum

battery capacity required to start the diesel locomotive engine.

18. A train locomotive in accordance with Claim 15, wherein said

control system is further programmed to:

calculate a rate of discharge of the battery using the first and second

determined voltages; and

use the calculated rate of discharge to generate a remaining time
indication, wherein the remaining time indication is the amount of time until the
second voltage will be less than the minimum battery capacity required to start the

engine.

19. A train locomotive in accordance with Claim 15, wherein said
control system is further programmed to activate an advance warning indication prior
to the battery reaching a state wherein the remaining capacity of the battery is less

than the minimum battery capacity required to start a diesel locomotive engine.

20. A train locomotive in accordance with Claim 19, wherein said
control system is further programmed to activate at least one of a visual indication and

an audible indication when the advance warning indication is activated.

-14-



WO 2008/147607

1/2

A

24~

PCT/US2008/061202

7,

14~
18~

26~

7

-l
v

16~

12~

FIG. 1



WO 2008/147607 PCT/US2008/061202

2/2

Calculating a Minimum Battery Capacity Required
to Start an Engine.

104~

Determining a First Capacity of a Battery at a
First Time.

106~

Determining a Second Capacity of the Battery at a
Second Time.

108~

Predicting, Based on the First and Second Determined
Capacities, When a Remaining Capacity of the Battery
will be Less than the Minimum Battery Capacity.

FIG. 2
A Remaining Time
Time 1 (136)

Max. Capacity of Sys. 16

©

F Y

P “

. :

n :

4 :

o !

> :

= :

T !

© :

Q. !

1) : .

A s S ~ Min. Capacity Required to Start
N Engine 12

-

Reading 1
(130)

Reading 2 {---------
(132)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/061202

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO1R31/36 H02J7/00

According to.International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO1R

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

31 March 2005 (2005-03-31)
paragraphs [0002], [0033]; claim 1;
figures 1,6

X Us 2005/068039 Al (BERTNESS KEVIN I [US])i

1-20

D Further documents-are listed in the continuation of Box C. E See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

which is cited to establish the publication date of another
citation or other special reason (as specified)

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

! invention
"E* earlier document but published on or after the international *X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to

'L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

'Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

*0O* document referring to an oral disclosure, use, exhibition or ’ document is combined with one or more other such docu-—
other means ments, such combination being obvious 1o a person skilled
*P* document published prior 1o the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
22 July 2008 28/07/2008
Name and mailing address of the ISA/ Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, . 2
Fax: (+31-70) 340-3016 : Vytlacilova, Lenka

Form PCT/ISA/210 (second sheet) (April 2005)




'INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2008/061202
Patent document Publication » Patent family : Publication -
cited in search report date . member(s) . date

US 2005068039 Al  31-03-2005  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report

