
US 20170 101115A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2017/0101115A1 

SWENSON et al. (43) Pub. Date: Apr. 13, 2017 

(54) TRAIN SYSTEM HAVING (52) U.S. Cl. 
MALFUNCTION-BASED TRIPSIMULATION CPC ....... B61L 27/0055 (2013.01); B61L 15/0081 

(2013.01) 
(71) Applicant: ELECTRO-MOTIVE DIESEL, INC., 

LaGrange, IL (US) 
(57) ABSTRACT 

(72) Inventors: Curtis Allen SWENSON, Burr Ridge, 
IL (US); Alexander SHUBS, Jr., A system is disclosed for use in simulating operation of a 
Chicago, IL (US); David Matthews train. The system may have at least one sensor configured to 
ROENSPIES, Elburn, IL (US) generate a signal indicative of an operating status of a 

component of the train during completion of an assigned 
trip. The system may also have a display, and a controller in 
communication with the at least one sensor and the display. 

(73) Assignee: ELECTRO-MOTIVE DIESEL, INC., 
LaGrange, IL (US) 

(21) Appl. No.: 14/881,546 The controller may be configured to retrieve from memory 
first data associated with the assigned trip, and retrieve from 

(22) Filed: Oct. 13, 2015 memory second data associated with the train. The controller 
may be further configured to simulate completion of a 

Publication Classification remainder of the assigned trip based on the first data, the 
(51) Int. Cl. second data, and the signal, when the operating status of the 

B6L 27/00 (2006.01) component becomes malfunctioning, and to cause simula 
B6IL IS/00 (2006.01) tion results to be shown on the display. 

navva-va-va-va-vammun-- 300 

ABRA 
CONTION 
DETECTED / 

- 

Y-310 

ther /cOULD 32 cGife ABNORMAN 
(iiis, GEstep N-(CONELINSAEEEC 

TRAIN ADJUSTMENTS RPsycCES 

RNRP SAON 
PREAE 

FRAO KAN 
AORi. 

/ CAN TRAN 
--ADSE, BEMADE TO x POSITIVELY AFFECT / 

NSIMULATION RESULIS/ 

SAN 
< RESULTS 
NACCEIABLE 

------------------- COMPETE 
SSN 

AEAEN 
FARE 

PROTOCO 

    

  

  

    

  

  

  

    

  



Patent Application Publication Apr. 13, 2017. Sheet 1 of 3 US 2017/0101115A1 

Nix^x. mass 

25 N. 24, 24. 
20 

  

  



Patent Application Publication Apr. 13, 2017. Sheet 2 of 3 US 2017/0101115A1 

www.www.www.xxxxxYs-Ya-YYYYYYY-----------a-a-a-a-aaaaaaaaa---------------------------------------y 

TSSAY“ 
RAN. RAN3 
OCOROVES OCOAOYE 

QIVE 
LOCOMOTIVE3 

AAEFERESSEE Q (NOCOMOTIVE 1, 
OCOiiOSHAS BEEN SU 56, WAONS 

YES 
ENS. 
CONSSY 
DRECTION 
SR.E., 
DESTINATION 
SA 
ETA, 
EARLEST STA 

SIMULATION COMMAND go muco" 
COi OiV2 

S.J.A.ONY 

00:0:0, DAA. ASATA O STATICSIMULATION 
AiODEL NAABER WAGON RODE. 

TOTAL TO 
--- 

MAXWEEI-RAILADHESION 
FJE, CONSUMEON RPTi iORE DEAS "t" 
1830LITERS" 193HOURS 

(f) SCCESSFURR 
*Y-y 

& YNA.iiCSAAON CONFIRSPEED 
MET FORTHSRO 
Si SS 

      

  

  

  

  

  

  

  

  

  

  

      

  

  

  
  

  

    

    

  

  



Patent Application Publication Apr. 13, 2017. Sheet 3 of 3 US 2017/0101115A1 

ONOR RAN 
CONONS 

ABNORMAL 
CONDITION 
DETESTED / 
/ \-310 y 

{{A} i & /9, N-9. ABNQEAN “KCONDITIONS AFFECT 
TRIPSUCCESS/ 

CONTINUE RP 
WHSUGGESTED 

WITH PRELOADED 
INFORMATION AND 

ABNORMAL CONDITION 

y ^ 
/ 6 

^ - ... cs. 
^ SAON /6 ANEAN 

RESS <ADSMENIEMEETOY * ACCEFTABLE Y M. POSITIVELY AFFECT / 
Nvve, not SMULATION RESUS/ 

35) axxxxxYxxx xxYxxxxxxYYYYYX COPE 

iSSION 
PEEN 
FAURE 
PROOCO 

  

    

    

      

  

  

  

  

  

    

  

  

  

  

  

  

  

  

      

  



US 2017/01011 15 A1 

TRAIN SYSTEMI HAVING 
MALFUNCTION-BASED TRP SIMULATION 

TECHNICAL FIELD 

0001. The present disclosure relates generally to a train 
system and, more particularly, to a train system having 
malfunction-based trip simulation. 
0002. It is not uncommon for a train to experience a 
component malfunction during completion of a trip. If the 
malfunction causes a delay in the trip or, in extreme situa 
tions, causes the trip to abort, a significant financial penalty 
can occur. For example, a coal-bearing train that is late to 
port or does not arrive in port could cause a waiting barge 
to delay its departure or to leave only partially laden. A 
departure delay or load reduction increases operating costs 
and reduces productivity. 
0003. In most situations, when a component malfunction 
occurs onboard a train, the train is shut down so that the 
malfunction can be evaluated. The evaluation is carried out 
manually, with the result being to continue the trip as-is, to 
abort the trip, or to make a repair or adjustment to the train 
so that the trip may continue. Although this method may be 
acceptable in Some situations, it is also labor-intensive, slow, 
and error-prone, and could possibly result in unnecessary 
pauses in the train's progress. 
0004. A method of optimizing train operation is described 
in U.S. Pat. No. 6,587,764 of Nickles et al. that issued on Jul. 
1, 2003 (“the 764 patent”). Specifically, the method 
described in the 764 patent includes determining a location 
of a train, a profile of a track to be traversed by the train, 
current conditions of the train, operational constraints, a 
dynamic interaction between cars of the train, and a goal for 
the train. The method further includes performing calcula 
tions based on the goal, the location, the track profile, the 
current conditions, and the dynamic interaction to simulate 
throttle and brake settings that best achieve the goal at the 
current location and over the ensuing track profile. The 
settings are then displayed in real-time inside a locomotive 
of the train and/or are automatically implemented so as to 
optimize the performance of the train. 
0005 While the method disclosed in the 764 patent may 
improve operation of a fully functional train, it may still be 
less than optimal. In particular, the method does not address 
malfunctions of train components, or how to determine if, 
when, or how a train can complete an assigned trip given the 
malfunctions. In addition, the method discloses adjustments 
that can only be made to throttle settings and brakes in order 
to achieve the goal. 
0006. The disclosed train system is directed to overcom 
ing one or more of the problems set forth above. 

SUMMARY 

0007. In one aspect, the present disclosure is directed to 
a system for simulating operation of a train. The system may 
include at least one sensor configured to generate a signal 
indicative of an operating status of a component of the train 
during completion of an assigned trip. The system may also 
include a display, and a controller in communication with 
the at least one sensor and the display. The controller may be 
configured to retrieve from memory first data associated 
with the assigned trip, and retrieve from memory second 
data associated with the train. The controller may be further 
configured to simulate completion of a remainder of the 
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assigned trip based on the first data, the second data, and the 
signal, when the operating status of the component becomes 
malfunctioning, and to cause simulation results to be shown 
on the display. 
0008. In another aspect, the present disclosure is directed 
to another system for simulating operation of a train. This 
system may include at least one sensor mountable onboard 
the train and configured to generate a signal indicative of an 
operating status of a component of the train during comple 
tion of an assigned trip, and a display located offboard the 
train. The system may further include a controller in com 
munication with the at least one sensor and the display. The 
controller may be configured to retrieve from memory first 
data associated with the assigned trip, and to retrieve from 
memory second data associated with the train. The controller 
may also be configured to receive input indicative of a goal 
for the train associated with the assigned trip, and to 
simulate completion of a remainder of the assigned trip 
based on the first data, the second data, and the signal, when 
the operating status of the component becomes malfunction 
ing. The controller may be further configured to make a 
comparison of simulation results with the goal, and to show 
on the display an indication regarding a Successful outcome 
for the remainder of the assigned trip based on the compari 
SO 

0009. In yet another aspect, the present disclosure is 
directed to a method of simulating operation of a train. The 
method may include generating a signal indicative of an 
operating status of a component of the train during comple 
tion of an assigned trip, retrieving from memory first data 
associated with the assigned trip, and retrieving from 
memory second data associated with the train. The method 
may further include simulating completion of a remainder of 
the assigned trip based on the first data, the second data, and 
the signal, when the operating status of the component 
becomes malfunctioning, and displaying results of the simu 
lating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a diagrammatic and schematic illustration 
of an exemplary disclosed train system; 
0011 FIG. 2 is an exemplary GUI interface that may be 
used in conjunction with the train system of FIG. 1; and 
0012 FIG. 3 is a flowchart depicting an exemplary 
method that may be performed by the train system of FIG. 
1. 

DETAILED DESCRIPTION 

0013 FIG. 1 illustrates an exemplary train 10 having one 
or more locomotives 12 and a tender car 14. In the disclosed 
embodiment, train 10 has two different locomotives 12, 
including a lead locomotive 12a located ahead of a trail 
locomotive 12b, both being located ahead of tender car 14. 
It is contemplated, however, that train 10 may include any 
number of locomotives 12 and/or tender cars 14, and that 
locomotives 12 may be disposed in any arrangement relative 
to tender car(s) 14 and in any orientation (e.g., forward 
facing or rear-facing). Locomotives 12 and tender car 14 
may together form a consist, which can be located at the 
front of an assembly of other rail vehicles (not shown) of 
train 10, within the assembly of rail vehicles, or at the end 
of the rail vehicles. It is contemplated that more than one 
consist may be included within a single train, if desired, 
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and/or that the consist may travel at times without other rail 
vehicles. In some embodiments, tender car 14 may be 
omitted. 
0014 Each locomotive 12 may be connected to an adja 
cent locomotive 12 and/or to tender car 14 in several 
different ways. For example, locomotives 12 and tender car 
14 may be connected to each other via a mechanical cou 
pling, one or more fluid couplings, and one or more elec 
trical couplings. These couplings are represented together by 
a single coupling 16 in FIG. 1. The mechanical coupling 
may be configured to transmit tractive and braking forces 
between locomotives 12 and the rest of the rail vehicles of 
train 10. The fluid couplings may be configured to transmit 
fluids (e.g., fuel, coolant, lubricant, pressurized air, etc.). The 
electrical couplings may be configured to transmit power 
and/or data (e.g., data in the form of electrical signals). In 
one example, the electrical couplings include an MU cable 
configured to transmit conventional command signals and/or 
electrical power. In another example, the electrical couplings 
include a dedicated data link configured to transmit packets 
of data (e.g., Ethernet data). In yet another example, the data 
packets may be transmitted via the MU cable. It is also 
contemplated that some data may be transmitted via a 
combination of the MU cable, the dedicated data link, and/or 
other means (e.g., wirelessly), if desired. 
00.15 Each locomotive 12 may include a car body 18 
Supported at opposing ends by a plurality of trucks 20 (e.g., 
two trucks 20). Each truck 20 may be configured to engage 
a track 22 via a plurality of wheels 24, and to support car 
body 18. Each truck 20 may have two or more axles that are 
each configured to rigidly support wheels 24 at opposing 
ends thereof, such that wheels 24 and the axles rotate 
together. A traction motor 25 may be disposed at a length 
wise center of each axle, connected to an associated truck 
20, and configured to drive paired wheels 24 via the axle. 
0016. Any number of engines 26 may be mounted to car 
body 18 and drivingly connected to a generator 28 to 
produce electricity that propels wheels 24 of each truck 20 
via traction motors 25. Engines 26 may be internal combus 
tion engines configured to combust a mixture of air and fuel. 
The fuel may include a liquid fuel (e.g., diesel) provided to 
engines 26 from a tank 30 located onboard each locomotive 
12, a gaseous fuel (e.g., natural gas) provided by tender car 
14 via the fluid couplings, and/or a blended mixture of the 
liquid and gaseous fuels. 
0017 Tender car 14, like locomotives 12, may also be 
equipped with a body 18 that is supported by two or more 
trucks 20. Tender car 14 may further include one or more 
tanks 32 mounted to body 18 that are configured to store 
liquefied gaseous fuel (e.g., liquefied natural gas or LNG). 
The liquefied gaseous fuel may be gasified and then fed in 
series or parallel to all locomotives 12 of train 10 for 
combustion within engines 26. In the disclosed embodiment, 
a single insulated tank 32 is used to store the liquefied 
gaseous fuel at low temperatures, such as below about -160 
C. In some embodiments, tank 32 may be integral with body 
18 of tender car 14. 

0018. Additional fuel delivery components (not shown) 
may be associated with tender car 14 and used to gasify 
and/or transport the fuel from tender car 14 to locomotives 
12. These components may include, among other things, one 
or more fuel pumps, one or more heat exchangers, one or 
more accumulators, one or more regulators, and associated 
conduits that condition, pressurize or otherwise move fuel, 
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as is known in the art. The pump(s) may pressurize the 
liquefied gaseous fuel to a desired operating pressure and 
push the fuel through the heat exchanger(s) to the accumu 
lator(s). The heat exchanger(s) may provide heat Sufficient to 
gasify the fuel as it moves therethrough. Upon vaporization, 
the fuel may be transported to and stored within the accu 
mulator(s). Gaseous fuel may then be directed from the 
accumulator(s) to engines 26 via the regulator(s). 
0019. As also shown in FIG. 1, train 10 may be equipped 
with a system 36 that facilitates informed and/or automated 
control of locomotives 12, tender car 14, and/or other cars 
and components of train 10. System 36 may include, among 
other things, at least one sensor 38, a locating device 40, a 
communicating device 42, a display 44, and a controller 46 
electrically connected with the other components of system 
36. Based on signals generated by sensor 38, locating device 
40, and/or communicating device 42, controller 46 may 
selectively simulate trips (e.g., a remainder of a trip follow 
ing malfunction of a train component) to be completed by 
train 10, and show results of the simulation on display 44. 
0020. Any number of sensors 38 may be included within 
system 36, and associated with any component of any part 
of train 10. For example, one or more sensors 38 could be 
associated with engine 26 and configured to monitor a 
cylinder pressure, an oil pressure, a fuel pressure, a water 
temperature, an exhaust temperature, an intake air pressure 
or temperature, a speed, a vibration level, etc., and to 
generate corresponding signals. In another example, one or 
more sensors 38 could be associated with each traction 
motor 25, with each wheel 24 (e.g., with a bearing of each 
wheel 24), with generator 28, with tank 30, with tank 32 
(and/or with the other fuel handling components of tender 
car 14), with coupling 16, etc., and configured to generate 
corresponding pressure signals, temperature signals, speed 
signals, or other types of signals indicative of the perfor 
mances of the associated components. When values of the 
signals generated by sensors 38 deviate from expected 
values or ranges, the signals may be correlated to a status of 
the associated component. For example, when the value of 
a particular signal exceeds or falls below a corresponding 
threshold value, the associated components may be deter 
mined to be malfunctioning. The signals generated by sen 
sors 38 may be directed to controller 46 for further process 
ing. 
0021 Locating device 40 may be configured to generate 
signals indicative of a geographical position and/or orien 
tation of train 10 relative to a local reference point, a 
coordinate system associated with a region, a coordinate 
system associated with Earth, or any other type of 2-D or 
3-D coordinate system. For example, locating device 40 may 
embody an electronic receiver configured to communicate 
with satellites or with a local radio or laser transmitting 
system and to determine a relative geographical location of 
itself. Locating device 40 may receive and analyze high 
frequency, low-power radio or laser signals from multiple 
locations to triangulate a relative 3-D geographical position 
and orientation. Signals generated by locating device 40 
may be directed to controller 46 for further processing. 
0022 Communicating device 42 may be configured to 
facilitate data communication between different components 
(e.g., between sensors 38 and controller 46, between con 
troller 46 and display 44, and/or between controller 46 and 
another controller offboard train 10 at a back office) of 
system 36. Communicating device 42 may include hardware 
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and/or software that enable the sending and/or receiving of 
data messages through a communications link. The commu 
nications link may include satellite, cellular, infrared, radio, 
and any other type of wireless communications. Alterna 
tively, the communications link may include electrical, 
optical, or any other type of wired communications, if 
desired. In one embodiment, display 44 and/or controller 46 
may be located offboard train 10 (e.g., at the back office), 
and may communicate directly with the other onboard 
components of system 36 via communicating device 42, if 
desired. Other means of communication may also be pos 
sible. 

0023 Display 44 may include one or more monitors (e.g., 
a liquid crystal display (LCD), a cathode ray tube (CRT), a 
personal digital assistant (PDA), a plasma display, a touch 
screen, a portable hand-held device, or any Such display 
device known in the art) configured to actively and respon 
sively show trip simulation results to the user of system 36. 
Display 44 is typically disposed in close proximity to the 
cabin of train 10 and within the view of the operator of train 
10. However, as described above, display 44 could be 
located offboard train 10, in one embodiment. Display 44 
may be connected to controller 46, and controller 46 may 
execute instructions to render graphics and images on dis 
play 44 that are associated with a simulated trip. 
0024 Controller 46 may embody a single microprocessor 
or multiple microprocessors that include a means for con 
trolling an operation of system 36 based on information 
obtained from any number of train components via sensors 
38, from locating device 40, and/or from communications 
received via communicating device 42. Numerous commer 
cially available microprocessors can be configured to per 
form the functions of controller 46. Controller 46 can 
include a memory, a secondary storage device, a processor, 
and any other components for running an application. Vari 
ous other circuits may be associated with controller 46 such 
as power Supply circuitry, signal conditioning circuitry, 
solenoid driver circuitry, and other types of circuitry. 
0025. As mentioned above, controller 46 may be config 
ured to perform simulations of trips to be completed by train 
10. More specifically, controller 46 may be configured to 
perform simulations of a remainder of a trip assigned to train 
10, following malfunction of a component of train 10 during 
the trip. The simulations may be performed based on a 
known profile of track 22 (e.g., horizontal track changes, 
vertical track changes, track quality and/or friction, speed 
limits, road crossings, and other trip-related data) yet to be 
traversed by train 10, based on known train information 
(e.g., length, weight, pulling capacity, available power, a 
fuel consumption, a thermal characteristic, a cargo type and 
value, a delay cost, a locomotive configuration and perfor 
mances, a braking capacity, a rolling resistance, and other 
train-related data), environmental conditions (e.g., precipi 
tation, temperature, etc.), based on desired goals (e.g., time 
of arrival, fuel consumption, operational cost, etc.), and 
other factors known in the art. The simulations may be 
performed using maps, equations, graphs, tables, Scales, and 
other preprogrammed algorithms stored in the memory or 
otherwise communicated to controller 46. 

0026. The results of the simulation may include static 
results and dynamic results. The static results may consist of 
either a positive response or a negative response regarding 
the desired goals. For example, if the desired goal is to reach 
a destination, the static results of the simulation performed 
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by controller 46 may simply indicate that train 10 will or will 
not reach the destination. Similarly, if the desired goal is a 
time of arrival, the static results of the simulation may 
simply indicate that train 10 will or will not reach the 
destination on time. Dynamic results may consist of an 
anticipated performance value associated with a particular 
operation of train 10, indexed to any given time, location, or 
distance along the remainder of the trip. For example, the 
dynamic result could include an anticipated location, speed, 
fuel consumption, temperature, pressure, etc., for given 
intervals of time, location, or distance. 
0027. The results of the simulation may be used by the 
back office, by controller 46, and/or by the onboard operator 
of train 10 in making decisions regarding the given mal 
function. For example, based on the simulation results, a 
decision may be made to shut down train 10 at its current 
location, to continue to a better location for repairs before 
shutdown, to complete the assigned trip, to dispatch a repair 
vehicle, to modify train operation and continue, to dispatch 
replacement equipment (e.g., replacement locomotive 12) 
etc. 

0028. In some embodiments, in addition to performing 
trip simulations following a component malfunction, con 
troller 46 can also be configured to automatically affect 
operation of train 10 based on results of the simulated trip 
and/or in response to commands received from the operator 
of train 10 or from the back office. For example, controller 
46 may be configured to command adjustments be made to 
the different components of train 10. These adjustments may 
include, among other things, a throttle setting of engine 26, 
isolation of the malfunctioning component (e.g., of a par 
ticular traction motor 25), overriding of an existing opera 
tional limit (e.g., of a temperature, pressure, or speed limit) 
associated with the malfunctioning component, changing a 
blend ratio of different fuels, etc. In some situations, con 
troller 46 may first simulate operation of train 10 using an 
anticipated adjustment, before actually implementing the 
adjustment. In this way, confidence in the adjustment may be 
increased. 
0029 FIG. 2 illustrates an exemplary Graphics User 
Interface (GUI) 48 that may be shown on display 44 by 
controller 46 during and/or following simulation of a trip 
assigned to be undertaken by train 10. As shown in this 
figure, GUI 48 may include several areas where information 
can be input, commands may be generated, and simulation 
results can be displayed. For example, a first area 50 of GUI 
48 may illustrate a map showing the current location of train 
10 relative to a known track profile of the assigned trip. Area 
50 may illustrate geographical features Surrounding track 22 
(e.g., mountains, streams, road crossings, etc.), a horizontal 
and/or vertical shape of track 22, and an orientation and 
length of train 10 at the known location. The location of train 
10 may be received by controller 46 from locating device 40, 
and the track profile may be manually entered and/or auto 
matically downloaded after assignment of the particular trip. 
0030. A second area 52 of GUI 48 may provide a sum 
mary associated with train 10 and/or the assigned trip. For 
instance, area 52 may show an identification of train 10, an 
identification of locomotives 12 in train 10, a number of cars 
(a.k.a., wagons) connected to locomotives 12, a weight of 
train 10, a length of train 10, a type of payload carried by 
train 10, a travel direction, a payload source, a destination, 
a scheduled time of arrival (STA), an expected time of 
arrival (ETA), an earliest possible time of arrival, and a crew 
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identification. This information may be manually entered 
into system 36 prior to a start of the assigned trip, and/or 
automatically looked up and/or collected from any number 
of different sources and databases, as desired. 
0031. A third area 54 of GUI 48 may be an alert area. In 
particular, when controller 46 determines that a value of one 
or more of the signals generated by sensor(s) 38 have 
deviated from an acceptable value or range, controller 46 
may generate an error flag corresponding to the deviation. 
For example, controller 46 may provide a visual alert within 
area 54, making the user of system 36 aware of a corre 
sponding component malfunction. In the disclosed example, 
the depicted alert indicates that a locomotive 12 identified as 
#1 is experiencing low-fuel pressure, and has been shut 
down. A fourth area 56 may provide an illustration of the 
offending component and/or part of train 10 that is experi 
encing the malfunction. 
0032. A fifth area 58 of GUI 48 may be configured to 
illustrate the static results of a trip simulation run by 
controller 46. As stated above, the static results may include 
the simple positive/negative answer regarding train 10 being 
able to achieve the desired goal, given the current malfunc 
tion. In some instances, the static results may also show 
Some calculated values corresponding to the anticipated 
performance of train 10. These values may include, for 
example, a maximum amount of tractive force that can be 
applied by the remaining locomotives 12 after locomotive 
#1 is shut down, a maximum wheel adhesion, an amount of 
fuel anticipated to be consumed, and a time required to 
complete the assigned trip given the derated performance of 
train 10. 
0033 Controller 46 may determine the simple answer 
displayed in area 58 by comparing the performance goal 
with the simulated results. For example, if the goal is only 
for train 10 to reach a particular destination, controller 46 
may simply compare an amount of tractive effort required to 
pull train 10 over the known track profile ahead of train 10 
with an amount of tractive effort still available after loco 
motive #1 is shut down (or otherwise given the current 
malfunction or failure). Additional comparisons, for 
example regarding an amount of required fuel relative to 
available fuel or thermal characteristics of engines 26 and/or 
traction motors 25 relative to known limits, may also or 
alternatively be made. Other goals can include a time to 
reach the destination, a fuel consumption amount, or some 
thing else. The performance goal may be input to system 36 
by way of GUI 48. 
0034. A final area 60 of GUI 48 may be configured to 
illustrate the dynamic results of a trip simulation run by 
controller 46. As described above, the dynamic results 
shown in area 60 may include results of the simulation 
indexed to time, distance, and/or location. For example, area 
60 of FIG. 2 shows a speed of train 10 at incremental 
locations along the remainder of the trip. It is contemplated 
that GUI 48 may include only area 58, only area 60, or both 
areas 58 and 60. It is further contemplated that the user of 
GUI 48 may select which of these areas to show. 
0035. As described above, controller 46 may be config 
ured to first simulate operation of train 10 using an antici 
pated adjustment, before actually implementing the adjust 
ment. Specifically, when the static result of an initial 
simulation is negative or only marginally acceptable, con 
troller 46 and/or the user of GUI 48 may cause the static 
simulation to be rerun under different conditions or cause a 
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more accurate dynamic simulation to be run. That is, virtual 
adjustments may be made to the different components of 
train 10 in the corresponding simulation model, and con 
troller 46 may rerun the simulation to see what effect the 
virtual adjustments could have on the results. For example, 
if a particular traction motor 25 was nearing a known 
thermal limit and the initial simulation showed that the 
problematic traction motor 25 would exceed the limit before 
train 10 reached its destination (resulting in a negative static 
result), controller 46 could rerun the simulation after virtu 
ally isolating (e.g., turning off) the problematic traction 
motor 25. In another example, the known thermal limit may 
be ignored or the malfunction otherwise overridden, and 
controller 46 may rerun the simulation to determine the 
results (e.g., the collateral damage and associated opera 
tional cost) of doing so. In some instances, the collateral 
damage caused by ignoring a pre-set limit or overriding the 
malfunction may be less than the cost of not reaching a 
destination or of arriving late. Other exemplary adjustments 
could include adjusting a throttle setting on an engine 
experiencing a malfunction, reassigning a lead locomotive 
as a trail locomotive and Vice-versa, resetting a component, 
etc. Based on the results of the rerun simulation, adjustments 
could be commanded by the operator via GUI 48 or auto 
matically implemented by controller 46. 
0036 FIG. 3 illustrates a flowchart depicting an exem 
plary simulation operation performed by controller 46. FIG. 
3 will be discussed in more detail below to further illustrate 
the disclosed concepts. 

INDUSTRIAL APPLICABILITY 

0037. The disclosed system can be applicable to any train 
that includes components, which could malfunction during 
completion of a trip. The disclosed system may provide a 
way to determine if the train is able to successfully complete 
the trip, given the malfunction. Specifically, the disclosed 
system may simulate a remainder of the trip while account 
ing for the effects of the malfunction. This simulation may 
aid in making decisions regarding the status of the train and 
the malfunctioning component. Operation of system 36 will 
now be explained in detail, with respect to FIG. 3. 
0038. The process of FIG.3 may begin with controller 46 
monitoring operational conditions of the different compo 
nents of train 10 (Step 300). As described above, the 
condition of these components may be monitored by way of 
sensors 38. Specifically values of the signals generated by 
sensors 38 may be continuously compared to operational 
thresholds and/or ranges. Based on the comparison of these 
values, controller 46 may determine if an abnormal (e.g., 
malfunction) condition has been detected (Step 310), and 
then determine if the abnormal condition could affect suc 
cess in train 10 achieving the desired goal (e.g., reaching its 
destination within a desired window of time) (Step 320). It 
may be possible, in some situations, for a first component 
(e.g., an air conditioner) to malfunction without affecting the 
Success of the trip, while malfunction of a second compo 
nent (e.g., engine 26) could make it impossible for train 10 
to complete the trip. Accordingly, controller 46 may make 
the determination of step 320 based on the type and/or 
identification of the component determined to be malfunc 
tioning, based on the results of the values comparison, and 
based on one or more maps, equations, tables, and/or algo 
rithms stored in memory. 
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0039. When controller 46 determines that the malfunc 
tioning component should not have a significant effect on the 
Successfulness of the trip, controller 46 may log a fault and 
allow train 10 to complete the trip without intervention (Step 
330). However, when controller 46 determines at step 320 
that the detected malfunction of the offending component 
could have a significant impact on completion of the trip, 
controller 46 may be automatically triggered to simulate the 
remainder of the trip, taking into account the detected 
abnormal condition and based on preloaded track profile and 
train information (Step 340). The results may thereafter be 
shown on display 44. 
0040. It should be noted that, in some situations, normal 
protocol may cause train 10 to automatically shut down in 
response to the malfunction of the component. In these 
situations, controller 46 may be triggered to run trip simu 
lations based on the malfunction detection or based on the 
shutdown of train 10, as desired. Accordingly, controller 46 
may run the simulations while train 10 is stationary, in some 
instances, and while train 10 is underway, in other instances. 
0041. In some embodiments, additional simulations may 
be run to see if adjustments to the components of train 10 
may improve the likelihood of train 10 successfully com 
pleting its assigned trip. The additional simulations may be 
triggered manually or automatically, as desired. In the 
example of FIG. 3, the simulations are triggered automati 
cally. In particular, after completion of step 360, controller 
46 may determine if the results of the initial simulation were 
successful (Step 350). When the results of the simulation 
indicate the assigned trip can be completed Successfully 
(e.g., that the desired goals can be achieved), control may 
move to step 330. However, if the results of the initial 
simulation indicate the assigned trip cannot be completed 
successfully, control may instead move to step 360. 
0042. At step 360, controller 46 may determine if adjust 
ments can be made to the malfunctioning component of train 
10 to positively affect the results of the simulation. For 
example, if the initial simulation shows that completely 
shutting down locomotive #1 (from the above GUI 48 
example), makes it impossible for train 10 to complete its 
assigned trip within the desired window of time, controller 
46 may try to determine if the engine of locomotive #1 could 
instead be run at /2 throttle (e.g., at notch setting 3 or 4) to 
complete the trip in a timely manner without causing exces 
sive collateral damage (e.g., without destroying engine 26). 
If adjustment options are available, controller 46 may be 
configured to implement corresponding virtual adjustments 
to the simulation model (Step 370), and then return to step 
340. After successful completion of steps 340-370, when 
control moves from step 350 to step 330, the virtual adjust 
ments used during the Subsequent simulations may become 
real and implemented in step 330. If controller 46 deter 
mines that no adjustment options exist that are likely to 
improve the results of the simulation, control may instead 
move from step 360 to step 380, wherein a separate trip 
failure protocol is implemented. 
0043. It will be apparent to those skilled in the art that 
various modifications and variations can be made to the 
disclosed system without departing from the scope of the 
disclosure. Other embodiments of the system will be appar 
ent to those skilled in the art from consideration of the 
specification and practice of the system disclosed herein. It 
is intended that the specification and examples be considered 
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as exemplary only, with a true scope being indicated by the 
following claims and their equivalents. 
What is claimed is: 
1. A system for simulating operation of a train, compris 

ing: 
at least one sensor configured to generate a signal indica 

tive of an operating status of a component of the train 
during completion of an assigned trip: 

a display; and 
a controller in communication with the at least one sensor 

and the display, the controller being configured to: 
retrieve from memory first data associated with the 

assigned trip; 
retrieve from memory second data associated with the 

train; 
simulate completion of a remainder of the assigned trip 

based on the first data, the second data, and the 
signal, when the operating status of the component 
becomes malfunctioning; and 

cause simulation results to be shown on the display. 
2. The system of claim 1, wherein at least one of the 

display and the controller is located remote from the train. 
3. The system of claim 1, wherein the at least one of the 

display and the controller is mountable onboard the train. 
4. The system of claim 1, wherein the controller is 

configured to simulate completion of the remainder of the 
assigned trip while the train is underway. 

5. The system of claim 1, wherein the controller is 
automatically triggered to simulate completion of the 
remainder of the assigned trip based on a change in the 
operating status of the component. 

6. The system of claim 5, wherein: 
the train is shutdown when the operating status of the 

component becomes malfunctioning; and 
the controller is automatically triggered to simulation the 

remainder of the assigned trip when the train is shut 
down. 

7. The system of claim 1, wherein the controller is 
manually triggered to simulate completion of the remainder 
of the assigned trip. 

8. The system of claim 1, wherein the simulation results 
include at least one of an anticipated arrival time and an 
anticipated fuel consumption. 

9. The system of claim 1, wherein the controller is further 
configured to: 

receive input indicative of a goal for the train associated 
with the assigned trip: 

make a comparison of the simulation results with the goal; 
and 

provide an indication regarding a successful outcome for 
the remainder of the assigned trip based on the com 
parison. 

10. The system of claim 9, wherein the goal is associated 
with at least one of an arrival time and a fuel consumption. 

11. The system of claim 9, wherein the controller is 
further configured to: 
make a determination that the operating status of the 

component could negatively affect achievement of the 
goal; and 

simulate the remainder of the assigned trip only when the 
operating status of the component is likely to nega 
tively affect achievement of the goal. 

12. The system of claim 1, wherein the first data includes 
a track profile for the remainder of the assigned trip. 
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13. The system of claim 1, wherein the second data 
includes at least one of a train weight, a train length, a rolling 
resistance, an available power, a fuel consumption, a thermal 
characteristic, a cargo value, a delay cost, and a location of 
the train. 

14. The system of claim 1, wherein the controller is 
further configured to: 

determine a collateral damage cost of ignoring the oper 
ating status of the component; and 

Selectively ignore the operating status of the component 
when simulating the remainder of the assigned trip 
based on the collateral damage cost. 

15. The system of claim 1, wherein the controller is 
further configured to: 

determine an adjustment to the train that will improve a 
likelihood of completing the assigned trip; and 

Selectively simulate the remainder of the assigned trip 
using the adjustment. 

16. The system of claim 15, wherein the adjustment 
includes a reduced throttle setting. 

17. The system of claim 15, wherein the adjustment 
includes isolation of the component. 

18. The system of claim 15, wherein the adjustment 
includes reassignment of lead locomotive designation within 
a consist of the train. 

19. The system of claim 15, wherein the adjustment 
includes changing of an operating parameter limit. 

20. The system of claim 15, wherein the adjustment 
includes a change in a blend ratio of different fuels con 
sumed by the train. 

21. A system for simulating operation of a train, compris 
ing: 

at least one sensor mountable onboard the train and 
configured to generate a signal indicative of an oper 
ating status of a component of the train during comple 
tion of an assigned trip; 

a display located offboard the train; and 
a controller in communication with the at least one sensor 

and the display, the controller being configured to: 
retrieve from memory first data associated with the 

assigned trip; 
retrieve from memory second data associated with the 

train; 
receive input indicative of a goal for the train associ 

ated with the assigned trip; 
simulate completion of a remainder of the assigned trip 

based on the first data, the second data, and the 
signal, when the operating status of the component 
becomes malfunctioning; 

make a comparison of simulation results with the goal; 
and 

show on the display an indication regarding a Success 
ful outcome for the remainder of the assigned trip 
based on the comparison. 

22. The system of claim 21, wherein the controller is 
further configured to: 
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determine an adjustment to the train that will improve a 
likelihood of completing the assigned trip; and 

selectively simulate the remainder of the assigned trip 
using the adjustment. 

23. A method of simulating operation of a train, compris 
1ng: 

generating a signal indicative of an operating status of a 
component of the train during completion of an 
assigned trip; 

retrieving from memory first data associated with the 
assigned trip; 

retrieving from memory second data associated with the 
train; 

simulating completion of a remainder of the assigned trip 
based on the first data, the second data, and the signal, 
when the operating status of the component becomes 
malfunctioning; and 

displaying results of the simulating. 
24. The method of claim 23, wherein displaying results of 

the simulating includes displaying the results at a location 
remote from the train. 

25. The method of claim 23, wherein displaying results of 
the simulating includes displaying the results onboard the 
train. 

26. The method of claim 23, wherein simulating comple 
tion of the remainder of the assigned trip includes simulating 
completion of the remainder of the assigned trip while the 
train is underway. 

27. The method of claim 23, further including: 
receiving input indicative of a goal for the train associated 

with the assigned trip: 
making a comparison of the results of the simulating with 

the goal; and 
providing an indication regarding a Successful outcome 

for the remainder of the assigned trip based on the 
comparison. 

28. The method of claim 23, wherein: 
the first data includes a track profile for the remainder of 

the assigned trip; and 
the second data includes at least one of a train weight, a 

train length, a rolling resistance, an available power, a 
fuel consumption, a thermal characteristic, a cargo 
value, a delay cost, and a location of the train. 

29. The method of claim 23, further including: 
determining a collateral damage cost of ignoring the 

status of the component; and 
selectively ignoring the operating status of the component 
when simulating the remainder of the assigned trip 
based on the collateral damage cost. 

30. The method of claim 23, further including: 
determining an adjustment to the train that will improve 

a likelihood of completing the assigned trip; and 
selectively simulating the remainder of the assigned trip 

using the adjustment. 
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