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(57) Abstract: A system comprises a control module that is configured for operable coupling with at least one of a brake system 
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to operate in a second mode of operation. In the second mode of operation, the control module is configured to generate the first 
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second control signal from the penalty detection system.



METHOD AND SYSTEM FOR RAIL VEHICLE CONTROL 

FIELD OF THE INVENTION 

[0001] Embodiments of the invention relate to vehicles. Other embodiments 

relate to systems for controlling rail vehicles and other vehicles.  

BACKGROUND 

[0001] In certain rail vehicles, e.g., locomotives, the rail vehicle is outfitted 

with an on-board safety system for automatically controlling the train upon the 

occurrence of one or more designated events. For example, in a positive train control 

(PTC) system, if a rail vehicle violates a wayside signal (such as passing through a red 

aspect signal), a signal is transmitted to the rail vehicle, with an on-board system 

automatically applying the brakes of the rail vehicle in response to receiving the 

signal.  

[0002] However, if the safety system fails, the rail vehicle may be unable to 

properly respond to occurrences of the designated events. Additionally, in many 

systems, the rail vehicle may be automatically controlled to a fault control state if the 

on-board system fails. For example, in some systems, the brake system of the rail 

vehicle is automatically applied for bringing the rail vehicle to a stop, for safety 

purposes.  

[00031 For systems where the rail vehicle is still mobile even after the on

board safety system has failed, this may result in unsafe operating conditions.  

Additionally, for systems where the rail vehicle is brought to a halt after the safety 

system fails, this results in blocked tracks, vehicle downtime, and the like.  

[0004] Other vehicle systems may be configured to operate similarly. For 

example, consists of non-rail off highway vehicles may have on-board safety systems 

for automatically braking the consist for safety purposes upon the occurrence of 

designated events. If the on-board safety system on one of the vehicles fails, it may 

be the case that the consist is automatically braked to as a fault control state.  

[0005] It may be desirable to have a vehicle control system (e.g., safety related 

control) that differs in aspects or functionality from currently available vehicle control 

systems.  

[005a] The discussion of the background to the invention included herein 

including reference to documents, acts, materials, devices, articles and the like is 
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included to explain the context of the present invention. This is not to be taken as an 

admission or a suggestion that any of the material referred to was published, known or 

part of the common general knowledge in Australia or in any other country as at the 

priority date of any of the claims.  

1 a



BRIEF DESCRIPTION 

[0005b] According to this invention from one aspect, there is provided a system 

comprising: a first control module configured for operable coupling with at least one 

of a brake system of a first vehicle or a penalty detection system of the first vehicle; 

wherein the first control module is further configured to at least one of:in a first mode 

of operation, activate the brake system of the first vehicle, responsive to receiving a 

first control signal from a second vehicle, the first and second vehicles being coupled 

in a consist; or in a second mode of operation, generate the first control signal for 

transmission to the second vehicle and activation of a brake system of the second 

vehicle, responsive to receiving a second control signal from the penalty detection 

system wherein: the first control module operates in the first mode of operation when 

the first vehicle is designated for operation as a lead vehicle of the consist and the 

penalty detection system of the first vehicle has failed; and the first control module 

operates in the second mode of operation when the first vehicle is designated for 

operation as a trail vehicle of the consist, the second vehicle is designated as the lead 

vehicle of the consist, and a penalty detection system of the second vehicle has failed.  

[0005c] According to this invention from another aspect, there is provided a 

system comprising: a first control module configured for operable coupling with a 

first brake system of a first vehicle and a first penalty detection system of the first 

vehicle; wherein the first control module is further configured to: operate in a first 

mode of operation when the first vehicle is designated as a lead vehicle of a consist 

comprising the first vehicle and a second vehicle coupled to the first vehicle and when 

the first penalty detection system is in a failure condition of the first penalty detection 

system; and to operate in a second mode of operation when the first vehicle is 

designated as a trail vehicle of the consist, the second vehicle is designated for 

operation as the lead vehicle, and a second penalty detection system of the second 

vehicle is in a failure condition of the second penalty detection system; wherein in the 

first mode of operation, the first control module is configured to activate the first 

brake system of the first vehicle, responsive to receiving a first control signal from the 

second vehicle; and wherein in the second mode of operation, the first control module 

is configured to generate the first control signal for transmission to the second vehicle 

and activation of a second brake system of the second vehicle, responsive to receiving 

a second control signal from the first penalty detection system of the first vehicle.  
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[0005d] According to this invention from another aspect, there is provided a 

system comprising: a first control module operably coupled with a first brake system 

of a first vehicle and a first penalty detection system of the first vehicle; a second 

control module operably coupled with a second brake system of a second vehicle and 

a second penalty detection system of the second vehicle, the first and second vehicles 

being coupled in a consist; wherein the first control module is configured to activate 

the first brake system responsive to receiving a first control signal from the second 

control module; and wherein the second control module is configured to transmit the 

first control signal to the first control module responsive to receiving a second control 

signal from the second penalty detection system.  

[0005e] According to this invention from another aspect, there is provided a 

system comprising: a first rail vehicle and a second rail vehicle coupled in a consist 

and interconnected by a common air brake system that is controlled by a designated 

lead rail vehicle of the consist; a first penalty detection system on board the first rail 

vehicle, wherein the first penalty detection system is configured to activate the air 

brake system upon the occurrence of one or more first designated conditions and 

when the first rail vehicle is designated as the lead rail vehicle; a second penalty 

detection system on board the second rail vehicle, wherein the second penalty 

detection system is configured to activate the air brake system upon the occurrence of 

one or more second designated conditions and when the second rail vehicle is 

designated as the lead rail vehicle; a first control module on board the first rail vehicle 

and operably coupled with the first penalty detection system and the air brake system; 

and a second control module on board the second rail vehicle and operably coupled 

with the second penalty detection system and the air brake system; wherein the first 

control module is configured, when the first rail vehicle is designated as the lead rail 

vehicle and the first penalty detection system is in a first failure condition, to activate 

the air brake system responsive to receiving a first control signal from the second 

control module, and wherein the first control module is further configured, when the 

second rail vehicle is designated as the lead rail vehicle and the second penalty 

detection system is in a second failure condition, to transmit the first control signal to 

the second control module for activation of the air brake system by the second control 

module, the first control module configured to transmit the first control signal 

responsive to receiving a second control signal from the first penalty detection 

system, and wherein the first penalty detection system is configured to generate the 
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second control signal upon the occurrence of the one or more first designated 

conditions.  

[0005f] According to this invention from another aspect, there is provided a 

method for controlling a vehicle consist comprising the steps of: receiving a first 

control signal at a first vehicle from a second vehicle in the consist; and activating a 

brake system of the first vehicle responsive to the first control signal when a first 

penalty detection system of the first vehicle is in a failure condition.  

[00061 In an embodiment, a system comprises a control module. The control 

module is configured for operable coupling with at least one of a brake system and/or 

a penalty detection system of a first vehicle, e.g., a first rail vehicle. The control 

module is further configured to operate in a first mode of operation. In the first mode 

of operation, the control module activates the brake system, responsive to receiving a 

first control signal from a second vehicle, e.g., a second rail vehicle; the first and 

second vehicles are coupled in a consist. Alternatively or additionally, the control 

module is configured to operate in a second mode of operation. In the second mode 

of operation, the control module is configured to generate the first control signal for 

transmission to the second vehicle and activation of a brake system of the second 

vehicle, responsive to receiving a second control signal from the penalty detection 

system. The control module may be further configured, in the first mode of operation, 

to deactivate the brake system responsive to receiving a third control signal relating to 

a failure condition of the penalty detection system (e.g., the brake system may be 

activated by the penalty detection system upon occurrence of the failure condition, as 

a fault control state, and the control module subsequently controls deactivating the 

brake system).  

[00071 In another embodiment, a system comprises a first control module 

operably coupled with a first brake system of a first vehicle (e.g., a first rail vehicle) 

and a first penalty detection system of the first vehicle. The system further comprises 

a second control module operably coupled with a second brake system of a second 

vehicle (e.g., a second rail vehicle) and a second penalty detection system of the 

second vehicle. The first and second vehicles are coupled together in a consist. The 

first control module is configured to activate the first brake system responsive to 

receiving a first control signal from the second control module. The second control 

module is configured to transmit the first control signal to the first control module 
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responsive to receiving a second control signal from the second penalty detection 

system.  

[0008] Another embodiment relates to a method for controlling a vehicle 

consist. The method comprises receiving a first control signal at a first vehicle (e.g., a 

first rail vehicle) in the consist from a second vehicle (e.g., a second rail vehicle) in 

the consist, and activating a brake system of the first vehicle responsive to the first 

control signal when a first penalty detection system of the first vehicle is in a failure 

condition. In another embodiment, the method further comprises, prior to receiving 

the first control signal and activating the brake system, and responsive to the failure 

condition of the first penalty detection system of the first vehicle, deactivating the 

brake system of the first vehicle.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention may be described and understood from reading the 

following description of non-limiting embodiments, with reference to the attached 

drawing(s).  

[0010] FIG. 1 is a schematic diagram of a system for vehicle control, 

according to an embodiment of the invention.  

[0011] FIG. 2 is a schematic diagram of another embodiment of a system for 

vehicle control.  

[0012] FIG. 3 is a schematic diagram of another embodiment of a system for 

vehicle control.  

[00131 FIG. 4 is a schematic diagram of a control module portion of the 

system for vehicle control, according to an embodiment.  

[0014] FIG. 5 is a schematic diagram of another embodiment of a system for 

vehicle control.  

[0015] FIG. 6 is a schematic diagram of another embodiment of a system for 

vehicle control, with switches for mode selection.  

[00161 FIGS. 7A and 7B are schematic diagrams of the system of FIG. 6, as 

deployed on two vehicles, respectively, in a first switch configuration.  

[00171 FIGS. 8A and 8B are schematic diagrams of the system of FIG. 6, as 

deployed on the two vehicles, respectively, in a second switch configuration.  

[00181 FIGS. 9A and 9B are schematic diagrams of the system of FIG. 6, as 

deployed on the two vehicles, respectively, in a third switch configuration.  
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[0019] FIG. 10 shows a rotary switch portion of a system for vehicle control, 

according to an embodiment.  

[0020] FIG. 11 is a schematic diagram of another embodiment of a system for 

vehicle control.  

DETAILED DESCRIPTION 

[0021] Embodiments of the invention relate to systems and methods for 

controlling a vehicle consist (e.g., a rail vehicle consist). In the system, first and 

second vehicles (e.g., first and second rail vehicles) of a vehicle consist (e.g., rail 
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vehicle consist) each include a respective brake system and a respective penalty 

detection system, e.g., the brake and penalty detection systems may be existing 

equipment. In each vehicle, the penalty detection system is operable to activate the 

brake system upon the occurrence of one or more designated events. The designated 

event(s) may be on-board events, or off-board events, or events relating to the 

interaction between the vehicle and its external environment, e.g., relative to a rail 

signaling system. In the case of on-board events, the penalty detection system 

receives information of the event (e.g., by way of a signal relating thereto), and in 

response activates the brake system of the vehicle. In the case of off-board events, the 

penalty detection system receives information of the event (e.g., by way of a signal 

relating thereto), and in response activates the brake system of the vehicle. The 

information/signal may be received wirelessly or otherwise from a source that is off 

board the consist. For activating the brake system, as one example, the brake system 

may have an input, wherein when the input is at a designated first voltage level (e.g., 

positive voltage level) the brake system is deactivated (deactivated at least by way of 

this particular input), and when the input is at a designated second voltage level (e.g., 

zero or other voltage level lower than the first voltage level), the brake system is 

activated. Thus, the penalty detection system may be configured to switch the input 

to the second voltage level (e.g., a low or zero voltage level), upon occurrence of a 

designated event.  

[0022] Further in the system, each rail vehicle or other vehicle includes a 

respective control module operably coupled with the brake system and/or the penalty 

detection system of the vehicle. The control modules are configured to communicate 

with one another over a communication link/channel, such as a wireless channel, or 

over a train line or other conductor coupling the first and second vehicles in the 

consist. "Consist" refers to plural vehicles (e.g., rail vehicles) that are mechanically 

coupled together to travel along a route; a train is one example of a rail vehicle 

consist. In normal operation of the vehicle consist, in the case where the first vehicle 

is designated as a lead vehicle of the consist (meaning primarily in control of an air 

brake system or other brake system of the consist that interconnects the vehicles of the 

consist, and/or primarily in control of other intra-consist control functions, such as 

distributed power or other coordinated multi-vehicle traction control), the consist 

travels along a track or other route, and when the penalty detection system of the first 

vehicle is triggered (upon the occurrence of a designated event), the penalty detection 

system activates the brake system of the first vehicle, which in turn (in some 
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embodiments) activates the brake system of the second vehicle. For example, in the 

case of a rail vehicle air brake system, activation of the air brake system on the lead 

vehicle will typically cause the air brakes on all other rail cars of the consist to also 

activate. If the penalty detection system of the first vehicle enters a failure condition 

(a designated condition indicative of the penalty detection system being non

operational or otherwise not operating within designated parameters), the penalty 

detection system activates the brake system of the first vehicle (at least in some 

embodiments), e.g., the penalty detection system fails to maintain the input of the 

brake system at a designated high voltage level or other first voltage level.  

Alternatively, in other types of vehicles, it may be the case that the penalty detection 

system fails to operate, without causing the brake system to activate. (In other words, 

in such a system, the vehicle could continue to operate, but would not be braked in 

response to the occurrence of a designated event that would otherwise trigger the 

penalty detection system if it was operating within designated parameters.) 

[00231 Upon the penalty detection system of the first vehicle entering a 

failure condition, the control modules of the first and second vehicles are activated.  

Activation may be automatic, or it may be manual. In either case, when the control 

modules are active, the control module of the first vehicle initiates a brake system 

clearing function, if needed. Specifically, if the brake system of the first vehicle is 

activated, such as due to a zero voltage level or other second voltage level at the input 

of the brake system, the control module of the first vehicle deactivates the brake 

system, such as by bringing the input to a designated high voltage or other first 

voltage level. Subsequently, the consist may be operated as normal. However, the 

penalty detection system and control module of the second vehicle are active, and the 

penalty detection system is able to receive control inputs (e.g., wireless signals) 

indicative of designated events. Upon the occurrence of a designated event, the 

penalty detection system of the second vehicle generates a control signal. For 

example, the control signal may be the signal that the penalty detection system would 

normally generate for activating the brake system of the second vehicle. This signal is 

received by the control module of the second vehicle, and the control module 

transmits the signal (or a signal relating thereto) to the control module of the first 

vehicle. The control module of the first vehicle in turn, and responsive to receiving 

the signal, activates the brake system of the first vehicle. Depending on the type of 

brake system in question, this may result in activation of the brakes of the entire 

consist.  
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[0024] Whereas failure of a penalty detection system on board a lead rail 

vehicle of a consist (for example) would normally result in lengthy braking of the 

consist, in embodiments of the invention, the penalty detection function is in effect 

shunted to a second vehicle in the consist, with the second vehicle in turn 

communicating the information of the penalty detection function to the first vehicle, 

for subsequent operation of the first vehicle as if the penalty detection system of the 

first vehicle were still operational. The consist can continue operating as normal, 

until the first vehicle is later serviced.  

[0025] Switching between modes of the aforementioned systems (such as 

activating the control modules subsequent to failure of a penalty detection system) 

may be realized by appropriately wiring electrical sub-systems of the vehicle to a 

manual dial and/or set of switches. In such a case, when the penalty detection system 

fails, an operator of the consist actuates the dials or other controls of the first and 

second vehicles, to activate the control modules, the viable penalty detection system, 

communication links (e.g., cab signal), and so on. Alternatively, switching may be 

automatic.  

[00261 To facilitate consistency of explanation, the drawings illustrate 

embodiments of the invention mostly in the context of rail vehicles. However, the 

indicated embodiments are applicable to other types of vehicles and vehicle consists.  

[0027] FIG. 1 illustrates an embodiment of a control system 100, as deployed 

on a first rail vehicle 102 of a rail vehicle consist. The first rail vehicle 102 includes a 

penalty detection system 104 and a brake system 106, e.g., an air brake system. A 

first control module 108 is operably coupled with the brake system 106 and penalty 

detection system 104, e.g., the control module may be electrically coupled to an 

output of the penalty detection system and an input of the brake system. ("Module" 

refers to a distributed or unitary system having electronic equipment components 

and/or software components, software referring to one or more sets of non-transient 

instructions, stored on a tangible medium, that can be accessed by electronic 

equipment and when so accessed and executed by the electronic equipment, cause the 

electronic equipment to perform one or more designated functions according to the 

contents of the instructions.) The first control module 108 is configured to operate in 

at least first and second modes of operation. When the first control module 108 is 

active for operation in the first mode of operation, the first control module is 

configured to activate the brake system 106 of the first rail vehicle 102, responsive to 

receiving a first control signal 110 from a second rail vehicle 112 of the rail vehicle 
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consist over a communication link ("Comm Link") 114. ("Activate" the brake system 

includes generating signals for activating the brake system, e.g., signals 

communicated to a vehicle control system or braking control system, and not 

necessarily that the control module directly causes vehicle braking.) When the first 

control module 108 is active for operation in the second mode of operation, the first 

control module is configured to generate the first control signal 110 for transmission 

to the second rail vehicle 112 for activation of a brake system 116 of the second rail 

vehicle, responsive to receiving a second control signal 118 from the penalty detection 

system 104. In another embodiment, the first control module 108 is configured to 

additionally operate in a third mode of operation, namely, an inactive mode. This 

refers to a mode in which the first control module performs the functions of neither 

the first mode of operation nor the second mode of operation, but is instead in a 

standby condition, power off condition, or other inactive condition or state from 

which the first control module can be selectively or otherwise re-activated in regards 

to the first and second modes of operation. The inactive mode may include continued 

operation in the second mode when the control module is selected for operation in the 

second mode, but in embodiments, the inactive mode at least includes not performing 

the function(s) of the first mode of operation. That is, in the case where the control 

module is deployed on a designated trail rail vehicle, if the penalty detection system 

of the lead rail vehicle of the consist is operating normally, then it is irrelevant if the 

control module continues to generate control signals, as long as those signals are not 

acted upon on board the lead rail vehicle. Thus, if the control module is deployed on 

the lead rail vehicle, and the penalty detection system of the lead rail vehicle is 

operating normally, then the control module may be configured not to react 

responsive to receiving control signals from the trail rail vehicle.  

[0028] As noted above, a vehicle that is designated as a lead vehicle of a 

consist is primarily in control of a brake system (e.g., air brake system) of the consist 

that interconnects the vehicles of the consist, and/or is primarily in control of other 

intra-consist control functions, such as distributed power or other coordinated multi

vehicle traction control. The lead vehicle may be the first vehicle in line, but this is 

not necessarily the case. Usually, there is only one lead vehicle in a consist. Thus, a 

trail vehicle is a vehicle in a consist that is not designated as the lead vehicle, and that 

is not primarily in charge of the control functions that the lead vehicle is.  

[0029] In an embodiment of the control system 100, the current mode in 

which the first control module 108 operates is selected automatically by the control 
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module 108 (e.g., based on received signals and/or on operating conditions of the first 

rail vehicle). In another embodiment of the control system 100, as discussed in more 

detail below, the current mode in which the first control module 108 operates is 

selected manually. In yet another embodiment, the control system 100 is configured 

for both automatic and manual selection, e.g., manual selection with automatic 

override under designated circumstances, or automatic selection with manual 

override. In one aspect, in the example of the first control module 108 deployed on 

board the first rail vehicle 102, the third mode of operation (inactive mode of 

operation of the first control module) is selected if the first rail vehicle is designated 

for operation as the lead rail vehicle of the consist, and if the penalty detection system 

104 is operating normally, meaning operating within designated parameters for 

performing penalty detection functions. Here, the penalty detection system 104 works 

as discussed above in regards to normal operation of the penalty detection system.  

For example, the penalty detection system 104 of the first rail vehicle 102 will 

activate the brake system 106, such as an air brake system of the consist, upon the 

occurrence of one or more designated events, such as receiving a safety-related signal 

or other designated consist control signal from off board the consist.  

[00301 In another aspect, the first mode of operation may be selected, for 

example, when the first rail vehicle 102 is designated for operation as the lead rail 

vehicle of the consist, and the penalty detection system 104 of the first rail vehicle 

102 has entered a failure condition. Here, the first control module 108 activates the 

brake system 106 of the first rail vehicle responsive to receiving the first control 

signal 110 from the second rail vehicle 112 in the consist. Thus, the second rail 

vehicle 112 performs the penalty detection function and communicates the first 

control signal to the first rail vehicle for activation of the brake system of the first rail 

vehicle, e.g., a common air brake of the consist. In another aspect, the second mode 

of operation may be selected, for example, when the first rail vehicle 102 is 

designated for operation as a trail rail vehicle of the consist, i.e., it is not designated as 

the lead rail vehicle of the consist, and a penalty detection system of the lead rail 

vehicle has entered a failure condition. That is, the first rail vehicle 102 performs the 

penalty detection function and communicates the first control signal 110 to the lead 

rail vehicle for activation of the brake system of the lead rail vehicle, e.g., a common 

air brake of the consist. Thus, the mode of operation of the control module may be 

selected based on whether the rail vehicle in which the control module is deployed is 

designated for operation as a lead rail vehicle or a trail rail vehicle of the consist, and 
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whether the penalty detection system of the lead rail vehicle is operating normally (is 

not in a failure condition).  

[00311 As noted above, "failure condition" refers to a designated condition 

indicative of a penalty detection system being non-operational or otherwise not 

operating within designated parameters. "Failure state," "fail," "has failed," and 

similar variants are used synonymously. According to embodiments of the control 

system, determinations of a failure condition can be based on the absence of a signal 

normally present when the penalty detection system is operating normally, presence 

of a signal generated by the penalty detection system upon entering a failure 

condition, periodic diagnostics, or the like. Alternatively or additionally, a failure 

condition can be determined manually by a human operator, and the control system 

activated and set to a particular mode of operation based on manual positioning of a 

switch or set of set of switches, as discussed further below.  

[0032] FIG. 2 shows another embodiment of a control system 120. The 

control system 120 comprises the first control module 108 ("Control Module 1") on 

board the first rail vehicle 102, and a second control module 122 ("Control Module 

2") on board a second rail vehicle 112. The first control module 108 is operably 

coupled with the brake system 106 and the first penalty detection system 104 of the 

first rail vehicle 102. The second control module 122 is operably coupled with the 

brake system 116 and a second penalty detection system 124 of the second rail vehicle 

112. The first and second rail vehicles are coupled together in a consist, either 

directly or indirectly, e.g., directly via a coupler 126, or through intervening rail 

vehicles. The control modules 108, 122 are configured to communicate over the 

communication link 114. In embodiments, the control modules 108, 122 are both 

configured to operate as described above in reference to FIG. 1, that is, each control 

module 108, 122 is controllable to operate in the first mode, the second mode, and the 

third/inactive mode. According to one aspect, when the first rail vehicle 102 is 

designated for operation as the lead rail vehicle in the consist (with the second rail 

vehicle 112 thereby being a trail rail vehicle), but with the penalty detection system 

104 of the first rail vehicle 102 being normally operative (not in a failure condition), 

the first control module 108 and the second control module 122 may be selected for 

operation in the inactive mode. When the first rail vehicle 102 is designated for 

operation as the lead rail vehicle in the consist (with the second rail vehicle 112 

thereby being a trail rail vehicle), and the penalty detection system 104 of the first rail 

vehicle 102 enters a failure condition, the first control module 108 may be selected for 
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operation in the first mode of operation, and the second control module 122 may be 

selected for operation in the second mode of operation. Here, the second control 

module 122 generates the first control signal 110 for transmission to the first rail 

vehicle 102 for activation of the brake system 106 of the first rail vehicle, responsive 

to receiving a second control signal 118 from the penalty detection system 124 of the 

second rail vehicle 112. Responsive to receiving the first control signal 110 from the 

second control module 122, the first control module 108 activates the brake system 

106 of the first rail vehicle 102.  

[00331 Similarly, when the second rail vehicle 112 is designated for operation 

as the lead rail vehicle in the consist (with the first rail vehicle 102 thereby being a 

trail rail vehicle), but with the penalty detection system 124 of the second rail vehicle 

112 being normally operative (not in a failure condition), the first control module 108 

and the second control module 122 may be selected for operation in the inactive 

mode. When the second rail vehicle 112 is designated for operation as the lead rail 

vehicle in the consist (with the first rail vehicle 102 thereby being a trail rail vehicle), 

and the penalty detection system 124 of the second rail vehicle 112 enters a failure 

condition, the second control module 122 may be selected for operation in the first 

mode of operation, and the first control module 108 may be selected for operation in 

the second mode of operation. Here, the first control module 108 generates the first 

control signal 110 for transmission to the second rail vehicle 112 for activation of the 

brake system 116 of the second rail vehicle, responsive to receiving a second control 

signal 118 from the penalty detection system 104 of the first rail vehicle 102.  

Responsive to receiving the first control signal 110 from the first control module 108, 

the second control module 122 activates the brake system 116 of the second rail 

vehicle 112.  

[0034] For selection of particular modes of operation of the first and second 

control modules, the first control module 108 and the second control module 122 may 

be configured to communicate with one another over the communication link 114, 

and to act responsive to the communications. For example, the control modules 108, 

122 may each be configured such that if the control module is deployed on board a 

rail vehicle that is designated for operation as the lead rail vehicle of the consist, and 

the penalty detection system of the lead rail vehicle enters a failure condition, the 

control module communicates with the control module(s) on board the trail rail 

vehicle(s), according to a designated communication protocol, with the control 

module on board the trail rail vehicle switching to the second mode of operation 
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responsively (e.g., the control module of the trail rail vehicle subsequently 

communicates the first control signal 110 to the lead rail vehicle responsive to 

receiving the second control signal 118 from the penalty detection system of the trail 

rail vehicle). Communications between the rail vehicles, such as between the control 

modules or otherwise, may be utilized to activate the penalty detection system of the 

trail rail vehicle, if doing so is needed, when the penalty detection system of the lead 

rail vehicle enters a failure condition.  

[0035] According to another aspect, in the case where the first rail vehicle 102 

(for example) is the designated lead rail vehicle, when the penalty detection system 

104 of the first rail vehicle 102 enters a failure condition, the brake system 106 is 

automatically activated. Brake activation at the onset of a failure condition may be a 

feature of the penalty detection system 104 and/or brake system 106, e.g., the vehicle 

is stopped or otherwise braked, as a fault control state, because further operation with 

the penalty detection system in a failure condition may result in unsafe conditions. In 

embodiments, the first control module 108 is configured so that upon its activation in 

the first mode of operation, the control module 108 deactivates the brake system 106, 

if needed. Additionally, the second control module 122 and penalty detection system 

124 of the second, trail rail vehicle are activated. Subsequently, if the penalty 

detection system 124 is triggered due to the occurrence of a designated event, it 

outputs the second control signal 118 to the brake system 116 of the second rail 

vehicle 112. This signal 118 is read/received by the second control module 122, by 

virtue of the second control module being connected to the same electrical line as the 

input of the brake system 116, for example. The brake system 116 is not activated, 

since it is not in the designated lead rail vehicle. The second control module 122 

transmits the first control signal 110 to the first control module 108, over the 

communication link 114, which in turn activates the brake system 106.  

[00361 In embodiments, the control modules 108, 122 are deployed on rail 

vehicles 102, 112 or other vehicles that share a common air brake system when the 

vehicles are coupled in a consist. That is, each vehicle 108, 122 includes a respective 

brake system 106, 116, and the brake systems 106, 116 are air brake systems that are 

linked together when the vehicles are coupled in consist. The common air brake 

system is primarily controlled (e.g., activated) by the designated lead rail vehicle of 

the consist. Thus, when the penalty detection system of the lead rail vehicle enters a 

failure condition, the penalty detection function is performed by a trail rail vehicle, 

with the control module of the lead rail vehicle acting in the first mode of operation 
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responsive to control signals received from the control module of the trail rail vehicle, 

to activate the air brake system. The brake system of the trail rail vehicle is activated 

due to activation of the common air brake system on the lead rail vehicle, but the air 

brake system is not activated on board the trail rail vehicle responsive to the penalty 

detection system of the trail rail vehicle. That being said, embodiments of the 

invention are applicable to vehicles having independent brake systems. For example, 

if the first and second rail vehicles or other vehicles have independent brake systems, 

and if the penalty detection system of the first rail vehicle enters a failure condition, 

then it could be the case that upon the occurrence of a designated event (for the 

penalty detection system to initiate braking), the penalty detection system of the 

second rail vehicle would activate the brake system of the second rail vehicle, the 

control module of the second rail vehicle would communicate the first control signal 

to the control module of the first rail vehicle (responsive to a second control signal 

received from the penalty detection system of the second rail vehicle), and the control 

module of the first rail vehicle would responsively activate the brake system of the 

first rail vehicle.  

[0037] The communication link 114 may be wireless (e.g., dedicated channel 

and/or wireless transmission equipment, communications over a wireless distributed 

power link, or the like) or wired (e.g., communications over a wired distributed power 

line, or over an electronically controlled pneumatic/ECP brake line). In embodiments, 

the control modules 108, 122 may be configured for network communications over a 

data network (e.g., Ethernet network) on board the consist, that is, the communication 

link 114 is an Ethernet or other data network link. One such embodiment is shown in 

FIG. 3. Here, a control system 128 includes control modules 108, 122 for deployment 

on rail vehicles 102, 112. Each control module 108, 122 includes a respective 

Ethernet or other data network communication unit 130 (e.g., input/output port, 

circuitry for Ethernet communications over the input/output port) for communicating 

Ethernet or other network data (data that is packaged in packet form as data packets).  

Additionally, the vehicles 102, 112 are outfitted with respective router transceiver 

units 132 for Ethernet or other data network communications over a train line or other 

conductor(s) 134 coupling the first and second rail vehicles in the consist. For 

example, the conductor may be a line for supplying electrical power, or an MU cable 

bus (multiple unit cable bus), which is an electrical bus interconnecting the rail 

vehicles in the consist for communication of non-network control information in the 

consist (non-network control information referring to data or other information, used 
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in the consist for control purposes, which is not Ethernet or other packet data). The 

router transceiver units 132 are each electrically coupled to the conductor(s) 134. The 

router transceiver units are configured to transmit and/or receive network data over 

the conductor(s) 134. For example, each router transceiver unit may be configured to 

convert network data into modulated network data for transmission over the 

conductor(s) 134, and to de-modulate modulated network data received over the 

conductor(s) back into network data. If the modulated network data is transmitted 

over the conductor(s) that also is used to communicate non-network control 

information, then the router transceiver units may be configured to generate the 

modulated network data orthogonal to the non-network control information 

transferred. Alternatively, the network data may be communicated over otherwise 

unused conductors, or over dedicated conductors.  

[00381 The data network communication units 130 of the control modules 

108, 122 are connected to the router transceiver units 132 with appropriate cabling 

(e.g., Ethernet cables/bus). In operation, for example, when the first control module 

communicates a control signal 110 or other signal to the second control module (or 

vice versa), the control signal is output by the data network communication unit 130 

of the first control module as Ethernet or other network data. The network data is 

received by the router transceiver unit connected to the first control module, and the 

router transceiver unit modulates it into modulated network data for communication 

over the inter-vehicle conductor(s) 134. The modulated network data is received at 

the router transceiver unit of the rail vehicle of the second control module, de

modulated back into network data, and communicated from the router transceiver unit 

to the data network communication unit of the second control module.  

[00391 Further details about suitable router transceiver units can be found in 

commonly assigned U.S. Publication No. 20100241295, dated September 23, 2010, 

which is hereby incorporated by reference herein in its entirety.  

[0040] FIG. 4 shows an embodiment of the control modules 108, 122 in more 

detail. In this embodiment, the control module 108, 122 comprises a controller (e.g., 

microprocessor) 136, a power supply 138, a data network communication unit 130 

(which can be standalone or an integrated part of the controller), and a brake control 

input/output unit 140. If applicable, the control module 108, 122 may further include 

a memory 142 for storing non-transient instructions that are accessible and executed 

by the controller 136. (The memory 142 is shown separate from the controller, but 

may be an integrated part of the controller.) The power supply 138 receives electrical 
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power from a source off board the control module, via an electrical power bus or the 

like, and may be configured to convert the received electrical power into different 

electrical power waveforms (e.g., voltage levels) if needed. The control module 

includes internal distribution lines (only one is shown, connected to the controller) for 

internal distribution of electrical power as needed. The controller is operably 

connected to the data network communication unit, for network communications as 

described above. The controller is also operably connected to the brake control 

input/output unit. The brake control input/output unit includes one or more 

input/output ports/lines, and electrical circuitry connected to the input/output 

ports/lines, which are configured to: (i) receive information/signals from a penalty 

detection system through a first port/line 143a (e.g., if operating in the second mode, 

the control module may generate control signals 110 responsive to receiving such 

information/signals that indicate occurrence of a designated event for initiating 

braking); and (ii) under control of the controller, output third control signal(s) 144 

over a second port/line 143b for activating the brake system 106, 116. For example, 

the signal/information received from the penalty detection system may be a two-level 

voltage signal, with a first of the two voltage levels (e.g., a high voltage level) of the 

signal being designated as indicating no penalty condition (a designated event has not 

occurred) and a second of the two voltage levels (e.g., zero or low voltage level) of 

the signal being designated as indicating a penalty condition (a designated event for 

initiating braking has occurred). As another example, the third control signal 144 

may be configured to activate a relay 146, which when activated applies a voltage to a 

brake system control input for activating the brake system.  

[0041] Although the control modules 108, 122 are shown in some of the 

figures as connected to the brake systems 106, 116, in embodiments, the control 

modules are connected to activate the brake system through the penalty detection 

system. For example, as shown in FIG. 5, the penalty detection system 104, 124 may 

include an electrically actuated valve (or other brake system control element) 148 for 

activating the brake system. The control module 108, 122 is connected to the 

electrically actuated valve or other control element 148 for actuating the control 

element and activating the brake system, under conditions as described herein.  

[0042] FIG. 6 shows another embodiment of a control system 150, illustrating 

an example of the control system having switches for selective operational 

configuration (e.g., mode selection). The control system 150 includes a control 

module 108, 122 having an input 143a and an output 143b as described above. The 
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control system 150 further includes first and second switches 152, 154, e.g., a first 

single pole, double throw (SPDT) switch 152 and a second SPDT switch 154. (The 

connecting lines in FIG. 6 are indicative of electrical connections, but only single 

lines are shown for the sake of simplicity of illustration, e.g., ground lines and other, 

complementary signal lines are omitted. Thus, although SPDT switches are shown, 

this is merely for illustration purposes, and actual implementations may have more 

complex switches.) The common terminal "c" of the second switch 154 is connected 

to the input of a brake system control element 148. A first throw terminal "tI" of the 

second switch is connected to the control module output 143b (output for activating 

the brake system), and the second throw terminal "t2" of the second switch is 

connected to the control module input 143a (input for receiving penalty detection 

system information/signals). The common terminal of the first switch 152 is also 

connected to the control module input 143 a. A first throw terminal of the first switch 

152 is connected to a control output of a penalty detection system control unit 156.  

(The unit 156 is part of the penalty detection system, and is configured for 

determining when a designated event has occurred, such as receiving a designated 

signal from off board, for initiating a braking application. The unit 156 may be, or be 

part of, a vehicle control system.) A second throw terminal of the first switch is 

connected to an input of the penalty detection system control unit 156, which is also 

connected to a signal input line 158. The signal input line is a conductor or set of 

conductors for inputting control or other signals to at least part of the penalty 

detection system. For example, the signal input line 158 may carry signals to the unit 

156 which are received from off board the consist, with the signal indicating whether 

a penalty brake application is to be initiated. For example, the signal input line may 

carry a two-level voltage signal received from off board the consist (e.g., the signal 

generated by an off-board rail vehicle safety system and received as a cab signal over 

track), with a first level of the voltage signal indicating no penalty brake application 

and a different, second level of the voltage signal indicating a penalty brake 

application is to be initiated.  

[0043] FIGS. 7A and 7B show the control system 150 on lead and trail rail 

vehicles, respectively, in a first configuration of the switches 152, 154. This 

configuration is selected for penalty control from the lead rail vehicle (FIG. 7A), 

where the penalty detection system (e.g., penalty detection system control unit 156) is 

operating normally. Thus, on the lead rail vehicle, the second switch 154 is thrown 

(as shown) to in effect bypass the output of the control module 108, and the first 
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switch 152 is thrown for the penalty detection system control unit 156 to in effect be 

connected in series between the signal input line 158 and the brake system control 

element 148. On the trail rail vehicle (FIG. 7B), both the penalty detection system 

control unit 156 and the control module 122 are in effect bypassed.  

[0044] FIGS. 8A and 8B again show the control system 150 on lead and trail 

rail vehicles, respectively, but in a second configuration of the switches 152, 154.  

This configuration is selected for penalty control from the trail rail vehicle (FIG. 8B), 

for example when the penalty detection system (e.g., penalty detection system control 

unit 156) of the lead rail vehicle is in a failure condition. Thus, the switch 

configuration of the switches 152, 154 is such that the control module 108 on the lead 

rail vehicle is operable in the first mode, and the control module 122 on the trail rail 

vehicle is operable in the second mode. More specifically, on the trail rail vehicle 

(FIG. 8B), the first switch 152 is thrown (common terminal to first throw terminal) 

such that the output of the penalty detection system control unit 156 is connected to 

the input 143a of the control module 122. The position of the second switch 154 does 

not matter. On the lead rail vehicle (FIG. 8A), the first switch 152 is thrown 

(common terminal to second throw terminal) such that the input 143a of the control 

module 108 is connected to the line 158. The second switch 154 is thrown (common 

terminal to first throw terminal) such that the output 143b of the control module 108 

is connected to the brake system control element 148. Thus, on the trail rail vehicle, 

in operation, the switch configuration is such that the control module 122 receives the 

second control signal 118 from the penalty detection system control unit 156.  

Responsive to the signal 118, the control module communicates the first control 

signal 110 to the control module 108 of the lead rail vehicle (e.g., the signal 110 is 

communicated as network data over an MU cable bus between the vehicles). On the 

lead rail vehicle, in operation, the switch configuration is such that the control module 

108 can activate the brake system control element 148 (by generating the third control 

signal 144) responsive to receiving the first control signal 110.  

[0045] As should be appreciated, if the vehicle of FIG. 8A was instead 

designated as a trail rail vehicle, and the vehicle of FIG. 8B was instead designated at 

the lead rail vehicle, then operational modes could be selected by changing the 

configurations of the switches. For example, the system of FIG. 8A would be 

changed to reflect the configuration shown in FIG. 8B, and the system of FIG. 8B 

would be changed to reflect the configuration shown in FIG. 8A.  
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[0046] FIGS. 9A and 9B again show the control system 150 on lead and trail 

rail vehicles, respectively, but in a third configuration of the switches 152, 154. In 

this configuration, the switches 152, 154 are thrown to in effect bypass the control 

modules and penalty detection system control units of both the lead rail vehicle and 

the trail rail vehicle. In this "penalty cutout" configuration, the brake system control 

element 148 is directly connected to the signal input line 158, for control of the brake 

system control element 148 responsive to signals (e.g., designated voltage levels) on 

the signal input line.  

[0047] In the system 150, the switches 152, 154 may be separate, manually 

actuated switches. In another embodiment, with reference to FIG. 10, the switch 

functions are integrated into a single switch unit 160 (having multiple selectable 

switch configurations), such as a manually actuated rotary switch/selector as shown.  

In the examples shown in FIGS. 7A-7B, 8A-8B, and 9A-9B, there are in effect three 

possible switch configurations, namely, the configuration of FIGS. 7A and 8B, the 

configuration of FIGS. 7B, 9A, and 9B, and the configuration of FIG. 8A. Thus, the 

rotary switch 160 has three selections that correspond to the three possible 

configurations. The switch 160 could be outfitted with indicia for indicating which 

switch positions correspond to which switch configurations/system modes of 

operation.  

[0048] FIG. 11 shows an embodiment of a vehicle control system 160, 

illustrated for the example of two vehicles 102, 112 connected together in a consist.  

(The consist may include additional vehicles.) On each vehicle 102, 112, the control 

system is generally as described above, e.g., each vehicle has a penalty detection 

system, a brake system, and a control module. The penalty detection systems 104, 

124 are configured to receive penalty brake control signals, and/or vehicle safety

related signals, and/or other control signals 162 from a source off board the consist.  

For example, the signals 162 may be received from a positive train control system or 

other off board vehicle safety system 164, as wireless radio frequency signals or other 

wireless signals, or as optical signals, electrical signals transmitted over track or 

catenary, or the like. The off board vehicle safety system 164 may be provisioned for 

transmitting the signals 162 according to a designated protocol, with at least one 

signal format of the signals 162 being designated for a penalty brake application, for 

initiating braking of the consist. The penalty detection systems 104, 124 of the 

vehicles are configured so that upon receipt of a signal 162 with the designated format 

(waveform) for a penalty brake application, the penalty detection systems initiate 
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vehicle braking. Thus, as just one example, the off board vehicle safety system 164 

may be configured to output a positive voltage signal for initiating a penalty brake 

application. (The safety system may be configured to generate such a signal if the off 

board vehicle safety system 164 detects that the consist has violated a signal, or is 

exceeding a designated speed limit, or similarly, for example.) If the penalty 

detection systems receive the positive voltage signal, the penalty detection systems 

are configured to initiate brake system activating. (The penalty detection system may 

be configured for different levels of braking system actuation, depending on the 

signals received.) 

[0049] In the system 160, if the penalty detection system 104 of one of the 

vehicles 102 is in a failure condition, then it may not be able to receive the signals 162 

and/or act responsive thereto. Thus, the second vehicle 112 "takes over" the penalty 

detection function for the first vehicle 102. More specifically, the first control module 

108 of the first vehicle 102 is set to the first mode of operation, and the second control 

module 122 of the second vehicle 112 is set to the second mode of operation. If 

needed, the penalty detection system 124 of the second vehicle is activated for 

receiving the signals 162 from the off board vehicle safety system 164. In operation, 

the penalty detection system 124 of the second vehicle receives the signals 162. Upon 

receipt of a signal 162 with the designated format for a penalty or other brake 

application, the penalty detection system 124 outputs the second control signal 118.  

(Outputting the second control signal includes outputting a signal for initiating 

activation of the brake system, outputting a signal specifically for the control module 

122, a pass-through of the signal 162, such as might be possible if the designated 

format for a brake application is a particular voltage level, or the like.) Responsive to 

the second control signal 118, the second control module 122 communicates the first 

control signal 110 to the first control module 108 over the communication link 114.  

Responsive to the first control signal 110, the first control module 108 generates the 

third control signal 144 for initiating activation of the brake system 106 of the first 

vehicle 102. (As noted, if the system is configured for different levels of braking for 

different designated control signals 162, then the control signals 110 may include 

information indicating the level of braking to be initiated, from among plural possible 

braking levels.) 

[0050] To summarize operation of an embodiment of the control system and 

method, operational flow on a first vehicle in a consist may be as follows: penalty 

detection system fails; penalty detection system set to inactive; (air) brake system 
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active; first control module receives penalty command from second control module; 

first control module sends penalty command to brake system; brake system 

commands penalty braking of consist. Flow on second vehicle: penalty detection 

system active; air brake system inactive; penalty detection system detects penalty 

condition; penalty detection system sends penalty command to second control 

module; and second control module sends penalty command to first control module.  

[0051] An embodiment relates to a system, e.g., a control system. The control 

system comprises a first control module configured for operable coupling with at least 

one of a brake system of a first vehicle (e.g., a first rail vehicle) or a penalty detection 

system of the first vehicle. In an embodiment, the first control module is configured 

for operable coupling with both the brake system of the first vehicle and the penalty 

detection system of the first vehicle. The first control module is further configured to 

operate in a first mode of operation and/or a second mode of operation. In one 

embodiment, the first control module can be controlled for operation in the first mode, 

and for (non-concurrent) operation in the second mode. (Other modes of operation 

are possible.) In the first mode of operation, the first control module is configured to 

activate the brake system of the first vehicle, responsive to receiving a first control 

signal from a second vehicle (e.g., a second rail vehicle). The first and second 

vehicles are coupled in a consist. In the second mode of operation, the first control 

module is configured to generate the first control signal for transmission to the second 

vehicle and activation of a brake system of the second vehicle, responsive to receiving 

a second control signal from the penalty detection system.  

[0052] In another embodiment of the system, the first control module operates 

in the first mode of operation when the first vehicle is designated for operation as a 

lead vehicle of the consist and when the penalty detection system of the first vehicle 

has failed. The first control module operates in the second mode of operation when 

the first vehicle is designated for operation as a trail vehicle of the consist, the second 

vehicle is designated as the lead vehicle of the consist, and a penalty detection system 

of the second vehicle has failed.  

[00531 In another embodiment of the system, the brake system of the first 

vehicle is configured for interconnection with the brake system of the second vehicle 

in a common air brake system of the consist. The air brake system is configured to be 

actuated by the lead vehicle only. The first control module is configured to activate 

the brake system of the first vehicle, responsive to receiving the first control signal, as 
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a penalty brake application of the air brake system. (That is, the brake system is 

activated for slowing or stopping the vehicles, for safety purposes.) 

[0054] In another embodiment of the system, the first control module is 

configured to at least one of receive the first control signal from the second vehicle as 

network data or generate the first control signal for transmission to the second vehicle 

as network data. In another embodiment, the system further comprises a router 

transceiver unit on board the first vehicle. The router transceiver unit is operably 

coupled with an MU cable bus of the consist for communication of the network data 

over the MU cable bus between the first vehicle and the second vehicle.  

[0055] In another embodiment of the system, when the penalty detection 

system is operational, the penalty detection system of the first vehicle is configured to 

receive information of an event from off-board the consist (e.g., the information may 

be embodied in an electrical signal) and to control activation of the brake system of 

the first vehicle responsive to the information that is received.  

[00561 In another embodiment of the system, the control module is further 

configured, in the first mode of operation, to deactivate the brake system of the first 

vehicle responsive to receiving a third control signal relating to a failure condition of 

the penalty detection system.  

[0057] In another embodiment, the system further comprises one or more 

switches operably coupled to the first control module and manually movable to at 

least two switch configurations. Operation of the first control module in the first 

mode of operation and in the second mode of operation is dependent upon a current 

switch configuration of the at least two switch configurations.  

[0058] Another embodiment relates to a system, e.g., a control system. The 

system comprises a first control module configured for operable coupling with a first 

brake system of a first vehicle (e.g., a first rail vehicle) and a first penalty detection 

system of the first vehicle. The first control module is further configured to: operate 

in a first mode of operation when the first vehicle is designated as a lead vehicle of a 

consist comprising the first vehicle and a second vehicle (e.g., a second rail vehicle) 

coupled to the first vehicle and when the first penalty detection system is in a failure 

condition of the first penalty detection system; and to operate in a second mode of 

operation when the first vehicle is designated as a trail vehicle of the consist, the 

second vehicle is designated for operation as the lead vehicle, and a second penalty 

detection system of the second vehicle is in a failure condition of the second penalty 

detection system. In the first mode of operation, the first control module is configured 
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to activate the first brake system of the first vehicle, responsive to receiving a first 

control signal from the second vehicle. In the second mode of operation, the first 

control module is configured to generate the first control signal for transmission to the 

second vehicle and activation of a second brake system of the second vehicle, 

responsive to receiving a second control signal from the first penalty detection system 

of the first vehicle.  

[0059] In another embodiment of the system, the first brake system is 

interconnected with the second brake system in a common air brake system of the 

consist. The air brake system is configured to be actuated by the lead vehicle only.  

The first control module is configured to activate the first brake system as a penalty 

brake application of the air brake system.  

[00601 Another embodiment relates to a system, e.g., a control system. The 

system comprises a first control module operably coupled with a first brake system of 

a first vehicle (e.g., a first rail vehicle) and a first penalty detection system of the first 

vehicle, and a second control module operably coupled with a second brake system of 

a second vehicle (e.g., a second rail vehicle) and a second penalty detection system of 

the second vehicle. The first and second vehicles are coupled in a consist. The first 

control module is configured to activate the first brake system responsive to receiving 

a first control signal from the second control module. The second control module is 

configured to transmit the first control signal to the first control module responsive to 

receiving a second control signal from the second penalty detection system.  

[00611 In another embodiment of the system, the first vehicle is designated for 

operation as a lead vehicle of the consist, and the second vehicle is designated for 

operation as a trail vehicle of the consist. The second control module is operational to 

transmit the first control signal to the first control module responsive to receiving the 

second control signal from the second penalty detection system, when the first penalty 

detection system is in a failure condition.  

[0062] In another embodiment of the system, the first brake system and the 

second brake system are interconnected in a common air brake system of the consist.  

The air brake system is configured to be actuated by the lead vehicle only. Activation 

of the first brake system by the first control module comprises a penalty brake 

application of the air brake system.  

[00631 In another embodiment of the system, the system further comprises a 

first router-transceiver unit on board the first vehicle, and a second router-transceiver 

unit on board the second vehicle. The first control module is configured to receive the 
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first control signal from the second control module as network data, and the second 

control module is configured to transmit the first control signal as the network data.  

The first and second router-transceiver units are operably coupled with an MU cable 

bus of the consist for communication of the network data over the MU cable bus 

between the first vehicle and the second vehicle.  

[0064] Another embodiment relates to a system, e.g., a control system. The 

system comprises a first rail vehicle and a second rail vehicle coupled in a consist and 

interconnected by a common air brake system that is controlled by a designated lead 

rail vehicle of the consist. The system further comprises a first penalty detection 

system on board the first rail vehicle. The first penalty detection system is configured 

to activate the air brake system upon the occurrence of one or more first designated 

conditions and when the first rail vehicle is designated as the lead rail vehicle. The 

system further comprises a second penalty detection system on board the second rail 

vehicle. The second penalty detection system is configured to activate the air brake 

system upon the occurrence of one or more second designated conditions and when 

the second rail vehicle is designated as the lead rail vehicle. The system further 

comprises a first control module on board the first rail vehicle and operably coupled 

with the first penalty detection system and the air brake system, and a second control 

module on board the second rail vehicle and operably coupled with the second penalty 

detection system and the air brake system. The first control module is configured, 

when the first rail vehicle is designated as the lead rail vehicle and the first penalty 

detection system is in a first failure condition, to activate the air brake system 

responsive to receiving a first control signal from the second control module. The 

first control module is further configured, when the second rail vehicle is designated 

as the lead rail vehicle and the second penalty detection system is in a second failure 

condition, to transmit the first control signal to the second control module for 

activation of the air brake system by the second control module. The first control 

module is configured to transmit the first control signal responsive to receiving a 

second control signal from the first penalty detection system. The first penalty 

detection system is configured to generate the second control signal upon the 

occurrence of the one or more first designated conditions.  

[0065] Another embodiment relates to a method for controlling a vehicle 

consist (e.g., a rail vehicle consist). The method comprises receiving a first control 

signal at a first vehicle (e.g., a first rail vehicle) from a second vehicle (e.g., a second 

rail vehicle) in the consist, and activating a brake system of the first vehicle 
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responsive to the first control signal when a first penalty detection system of the first 

vehicle is in a failure condition.  

[00661 In another embodiment, the method further comprises, prior to 

receiving the first control signal and activating the brake system, and responsive to the 

failure condition of the first penalty detection system of the first vehicle, deactivating 

the brake system of the first vehicle.  

[0067] In another embodiment, the method further comprises transmitting the 

first control signal from the second vehicle to the first vehicle responsive to a second 

control signal received from a second penalty detection system of the second vehicle.  

[00681 In another embodiment, activating the brake system of the first vehicle 

comprises activating a common air brake system that interconnects the first vehicle 

and the second vehicle.  

[00691 In another embodiment, the first control signal comprises network data 

communicated to the first vehicle from the second vehicle over an MU cable bus 

interconnecting the first vehicle and the second vehicle.  

[0070] It is to be understood that the above description is intended to be 

illustrative, and not restrictive. For example, the above-described embodiments 

(and/or aspects thereof) may be used in combination with each other. In addition, 

many modifications may be made to adapt a particular situation or material to the 

teachings of the invention without departing from its scope. While the dimensions 

and types of materials described herein are intended to define the parameters of the 

disclosed subject matter, they are by no means limiting and are exemplary 

embodiments. Many other embodiments will be apparent to those of ordinary skill in 

the art upon reviewing the above description. The scope of the inventive subject 

matter should, therefore, be determined with reference to the appended claims, along 

with the full scope of equivalents to which such claims are entitled. In the appended 

claims, the terms "including" and "in which" are used as the plain-English equivalents 

of the respective terms "comprising" and "wherein." Moreover, in the following 

claims, the terms "first," "second," and "third," etc. are used merely as labels, and are 

not intended to impose numerical requirements on their objects.  

[0071] The foregoing description of certain embodiments of the invention will 

be better understood when read in conjunction with the appended drawings. To the 

extent that the figures illustrate diagrams of the functional blocks of various 

embodiments, the functional blocks are not necessarily indicative of the division 

between hardware circuitry. Thus, for example, one or more of the functional blocks 
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(for example, processors or memories) may be implemented in a single piece of 

hardware (for example, a general purpose signal processor, microcontroller, random 

access memory, hard disk, and the like). Similarly, the programs may be stand alone 

programs, may be incorporated as subroutines in an operating system, may be 

functions in an installed software package, and the like. The various embodiments are 

not limited to the arrangements and instrumentality shown in the drawings.  

[0072] As used herein, an element or step recited in the singular and 

proceeded with the word "a" or "an" should be understood as not excluding plural of 

said elements or steps, unless such exclusion is explicitly stated. Furthermore, 

references to "one embodiment" of the present invention are not intended to be 

interpreted as excluding the existence of additional embodiments that also incorporate 

the recited features. Moreover, unless explicitly stated to the contrary, embodiments 

"comprising," "including," or "having" an element or a plurality of elements having a 

particular property may include additional such elements not having that property.  

"Cab signal" refers to a vehicle control signal communicated to a vehicle as an 

electrical signal over a track/rail on which the vehicle runs.  

[0073] This written description uses examples to disclose several 

embodiments of the invention, including the best mode, and also to enable any person 

of ordinary skill in the art to practice the embodiments of invention, including making 

and using any devices or systems and performing any incorporated methods. The 

patentable scope of the invention is defined by the appended claims, and may include 

other examples that occur to those of ordinary skill in the art. Such other examples 

are intended to be within the scope of the claims if they have structural elements that 

do not differ from the literal language of the claims, or if they include equivalent 

structural elements with insubstantial differences from the literal languages of the 

claims.  
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CLAIMS: 

1. A system, comprising: 

a first control module configured for operable coupling with at least one of a 

brake system of a first vehicle or a penalty detection system of the first vehicle; 

wherein the first control module is further configured to at least one of: 

in a first mode of operation, activate the brake system of the first 

vehicle, responsive to receiving a first control signal from a second vehicle, 

the first and second vehicles being coupled in a consist; or 

in a second mode of operation, generate the first control signal for 

transmission to the second vehicle and activation of a brake system of the 

second vehicle, responsive to receiving a second control signal from the 

penalty detection system, wherein: 

the first control module operates in the first mode of operation when the first 

vehicle is designated for operation as a lead vehicle of the consist and the penalty 

detection system of the first vehicle has failed; and 

the first control module operates in the second mode of operation when the 

first vehicle is designated for operation as a trail vehicle of the consist, the second 

vehicle is designated as the lead vehicle of the consist, and a penalty detection system 

of the second vehicle has failed.  

2. The system of claim 1, wherein: 

the brake system of the first vehicle is configured for interconnection with the 

brake system of the second vehicle in a common air brake system of the consist; 

the air brake system is configured to be actuated by the lead vehicle only; and 

the first control module is configured to activate the brake system of the first 

vehicle, responsive to receiving the first control signal, as a penalty brake application 

of the air brake system.  

3. The system of claim 1 or 2, wherein the first control module is configured to at 

least one of receive the first control signal from the second vehicle as network data or 

generate the first control signal for transmission to the second vehicle as network data.  
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4. The system of claim 3, further comprising a router transceiver unit on board 

the first vehicle, wherein the router transceiver unit is operably coupled with an MU 

cable bus of the consist for communication of the network data over the MU cable bus 

between the first vehicle and the second vehicle.  

5. The system of any one of claims 1 to 4, wherein the first control module is 

configured to at least one of receive the first control signal from the second vehicle as 

network data or generate the first control signal for transmission to the second vehicle 

as network data.  

6. The system of claim 3, further comprising a router transceiver unit on board 

the first vehicle, wherein the router transceiver unit is operably coupled with an MU 

cable bus of the consist for communication of the network data over the MU cable bus 

between the first vehicle and the second vehicle.  

7. The system of any one of claims 1 to 6, wherein when operational, the penalty 

detection system of the first vehicle is configured to receive information of an event 

from off-board the consist and to control activation of the brake system of the first 

vehicle responsive to the information that is received.  

8. The system of claim 7, wherein: 

the first control module operates in the first mode of operation when the first 

vehicle is designated for operation as a lead vehicle of the consist and the penalty 

detection system of the first vehicle has failed and is therefore unable to control 

activation of the brake system of the first vehicle responsive to the information that is 

received; and 

the first control module operates in the second mode of operation when the 

first vehicle is designated for operation as the trail vehicle of the consist, the second 

vehicle is designated as the lead vehicle of the consist, and a penalty detection system 

of the second vehicle has failed.  

9. The system of any one of claims 1 to 8, wherein the control module is further 

configured, in the first mode of operation, to deactivate the brake system of the first 
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vehicle responsive to receiving a third control signal relating to a failure condition of 

the penalty detection system.  

10. The system of any one of claims 1 to 9, further comprising one or more 

switches operably coupled to the first control module and manually movable to at 

least two switch configurations, wherein operation of the first control module in the 

first mode of operation and in the second mode of operation is dependent upon a 

current switch configuration of the at least two switch configurations.  

11. A system, comprising: 

a first control module configured for operable coupling with a first brake 

system of a first vehicle and a first penalty detection system of the first vehicle; 

wherein the first control module is further configured to: operate in a first 

mode of operation when the first vehicle is designated as a lead vehicle of a consist 

comprising the first vehicle and a second vehicle coupled to the first vehicle and when 

the first penalty detection system is in a failure condition of the first penalty detection 

system; and to operate in a second mode of operation when the first vehicle is 

designated as a trail vehicle of the consist, the second vehicle is designated for 

operation as the lead vehicle, and a second penalty detection system of the second 

vehicle is in a failure condition of the second penalty detection system; 

wherein in the first mode of operation, the first control module is configured to 

activate the first brake system of the first vehicle, responsive to receiving a first 

control signal from the second vehicle; and 

wherein in the second mode of operation, the first control module is 

configured to generate the first control signal for transmission to the second vehicle 

and activation of a second brake system of the second vehicle, responsive to receiving 

a second control signal from the first penalty detection system of the first vehicle.  

12. The system of claim 11, wherein: 

the first brake system is interconnected with the second brake system in a 

common air brake system of the consist; 

the air brake system is configured to be actuated by the lead vehicle only; and 

the first control module is configured to activate the first brake system as a 

penalty brake application of the air brake system.  
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13. A system, comprising: 

a first control module operably coupled with a first brake system of a first 

vehicle and a first penalty detection system of the first vehicle; 

a second control module operably coupled with a second brake system of a 

second vehicle and a second penalty detection system of the second vehicle, the first 

and second vehicles being coupled in a consist; 

wherein the first control module is configured to activate the first brake system 

responsive to receiving a first control signal from the second control module; and 

wherein the second control module is configured to transmit the first control 

signal to the first control module responsive to receiving a second control signal from 

the second penalty detection system.  

14. The system of claim 13, wherein: 

the first vehicle is designated for operation as a lead vehicle of the consist; 

the second vehicle is designated for operation as a trail vehicle of the consist; 

and 

the second control module is operational to transmit the first control signal to 

the first control module responsive to receiving the second control signal from the 

second penalty detection system, when the first penalty detection system is in a failure 

condition.  

15. The system of claim 14, wherein 

the first brake system and the second brake system are interconnected in a 

common air brake system of the consist; 

the air brake system is configured to be actuated by the lead vehicle only; and 

activation of the first brake system by the first control module comprises a 

penalty brake application of the air brake system.  

16. The system of any one of claims 13 to 15, further comprising: 

a first router-transceiver unit on board the first vehicle; and 

a second router-transceiver unit on board the second vehicle; 
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wherein the first control module is configured to receive the first control signal 

from the second control module as network data, and the second control module is 

configured to transmit the first control signal as the network data; and 

wherein the first and second router-transceiver units are operably coupled with 

an MU cable bus of the consist for communication of the network data over the MU 

cable bus between the first vehicle and the second vehicle.  

17. A system, comprising: 

a first rail vehicle and a second rail vehicle coupled in a consist and 

interconnected by a common air brake system that is controlled by a designated lead 

rail vehicle of the consist; 

a first penalty detection system on board the first rail vehicle, wherein the first 

penalty detection system is configured to activate the air brake system upon the 

occurrence of one or more first designated conditions and when the first rail vehicle is 

designated as the lead rail vehicle; 

a second penalty detection system on board the second rail vehicle, wherein 

the second penalty detection system is configured to activate the air brake system 

upon the occurrence of one or more second designated conditions and when the 

second rail vehicle is designated as the lead rail vehicle; 

a first control module on board the first rail vehicle and operably coupled with 

the first penalty detection system and the air brake system; and 

a second control module on board the second rail vehicle and operably 

coupled with the second penalty detection system and the air brake system; 

wherein the first control module is configured, when the first rail vehicle is 

designated as the lead rail vehicle and the first penalty detection system is in a first 

failure condition, to activate the air brake system responsive to receiving a first 

control signal from the second control module, and wherein the first control module is 

further configured, when the second rail vehicle is designated as the lead rail vehicle 

and the second penalty detection system is in a second failure condition, to transmit 

the first control signal to the second control module for activation of the air brake 

system by the second control module, the first control module configured to transmit 

the first control signal responsive to receiving a second control signal from the first 

penalty detection system, and wherein the first penalty detection system is configured 
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to generate the second control signal upon the occurrence of the one or more first 

designated conditions.  

18. A method for controlling a vehicle consist, comprising the steps of: 

receiving a first control signal at a first vehicle from a second vehicle in the 

consist; and 

activating a brake system of the first vehicle responsive to the first control 

signal when a first penalty detection system of the first vehicle is in a failure 

condition.  

19. The method of claim 18, further comprising: 

prior to receiving the first control signal and activating the brake system, and 

responsive to the failure condition of the first penalty detection system of the first 

vehicle, deactivating the brake system of the first vehicle.  

20. The method of claim 18 or 19, further comprising: 

transmitting the first control signal from the second vehicle to the first vehicle 

responsive to a second control signal received from a second penalty detection system 

of the second vehicle.  
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