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Introduction

Air brakes in trains are operated via changing the air pressure in the pneumatic tube that runs the entire length of the train. However, if there is a substantial blockage and/or leakage in the line, application of brakes beyond that point may not be possible. Currently, such obstructions are checked for by having a personnel walk down the brake line, looking for any abnormality. This process, however, is very time consuming as trains can be up to 1.5 miles in length. 

Team 8 will design a system where wireless pressure transmitters will be installed in the rail cars at regular intervals along the train. These transmitters will send the pressure data to a gateway location. A back-end processing application will also be created in LabVIEW where the incoming pressure data will be verified automatically to see if it lies within the normal established range. Should the value fall outside of the baseline interval, a message will be displayed notifying the personnel of some abnormality. During the design of our product, the most important design issues were accuracy, universal design principles, and product lifecycle management. 
Accuracy

The pressure we will be measuring will be in the range of 0 to 100 psi. The data that is transmitted to the gateway location has to be within ±0.1 psi of the actual measured data. This accuracy margin of error is requested by the customer (sponsor). The data will then be verified (by back-end processing application) to ensure that it is in the normal range. If it is ±0.1 psi outside the range, a message will be displayed, prompting personnel to check the air brake line around the area where the transmitted data was received from.
In the future, this aspect of the design issue can be improved by reducing the margin of error to a value of smaller magnitude. Also, the ambient air pressure from outside affects the pressure reading, which in most cases is negligible. However, should more accuracy be desired, a system could be designed to minimize the effect of ambient air pressure as well.

Universal Design Principles
The purpose of Universal Design is to ensure that the product is usable by all people; whether they are able or disabled.  The product must also be flexible since the need of each individual user varies.  The theory is that if the product can be used by a person who is disabled, then it would be easier for the general public to use.  The Center for Universal Design at North Carolina State University has seven standards for Universal Design as stated below.
Equitable Use
As the Center states, the design must be useful and marketable to people with diverse abilities.  This principle is in conflict with the product because the device is hard to install due to the fact that the product must be installed in a freight train.  This will be difficult for a person who is not able to walk since there are obstructions and since the space between the trailers is only twelve inches, it will be difficult for them to reach in and install the product.  Additionally, vision is also required to install the product between glad-hands; therefore, vision and mobility are required.  Due to the nature of the product and the environment, this problem is unavoidable.

Flexibility
The Center states that, “The design accommodates a wide range of individual preferences and abilities.”  The product is symmetrical, therefore, left and right handed individuals will be able to use it.  After installation, the data is viewed on a computer using software developed by LabVIEW.  Therefore, any user who has a basic knowledge of computers will be able to comprehend the data with ease.  The software does not demand special precision or accuracy from the user.  We will be developing back-end software to aid users in detecting the faults immediately by comparing the measurement data to a predicted data curve.  A strong deviation from the predicted curve means that there is an issue.  Additionally, all the data points are saved unto a text file for further review.
Simple and Intuitive Use
The Center states, “Use of the design is easy to understand, regardless of the user's experience, knowledge, language skills, or current concentration level.”  The software used to analyze the date is simple to use.  The graphs are easy to understand and there are lights associated with the graphs to inform whether the data is above or below expected value.  There are other features such as the ability to read temperature and battery levels and each of these features has a visual interface that allows for easier use.  The language used is simple, short and it is accommodated by visuals so that non-English speaking individuals will be able to use the software.

Perceptible Information

The Center states, “The design communicates necessary information effectively to the user, regardless of ambient conditions or the user's sensory abilities.”  The software used in conjunction with the sensor has many graphs and visuals to easily communicate the information.  There is also a text file output of all the raw data that was received from the sensors.

Tolerance for Error

The Center states, “The design minimizes hazards and the adverse consequences of accidental or unintended actions.”  The device is strongly built with a stainless steel casing.  Since the train travels through extremes of weather, from sandstorm to snow, the device was designed to handle high level of stress.  The device was also designed to operate even if it was to bump into the rail cars during the travel.  There will be multiple sensors installed; therefore, if one were to fail, the other sensors will provide data with which the fault can be detected.  The device is pre-programmed to perform all the functions.  The only user input that is required is entering the model numbers of the sensor devices and the number of readings that the user wants.  Once that is entered, all tasks are performed automatically. 

Low Physical Effort

The Center states, “The design can be used efficiently and comfortably and with a minimum of fatigue.”  The only physical task that is required is the installation of the device.  The device weighs less than fifteen pounds and it is easy to carry.  However, there are multiple sensors and each must be installed similarly; therefore, the task is repetitive.  The expected number of sensors is around ten to twenty per train.  Once the installation takes place, the remainder of the tasks is performed wirelessly from the comfort of a desk with a computer.  

Size and Space for Approach and Use
The Center states, “Appropriate size and space is provided for approach, reach, manipulation, and use regardless of user's body size, posture, or mobility.”  The device is installed about two to three feet above the ground so height is not an issue.  The adapter that is used in the device uses the same components found on the pressure hoses of the train; therefore, anyone who handles those should be able to easily install the device.  The device is considerably lightweight and people should not have a problem carrying it.

Product Lifecycle Management
Product Lifecycle Management is a concept in which the entire life of product is considered from its inception. Factors taken into account include the design and development process, manufacture, consumer issues such as sales, cost and usage, and finally reuse and disposal. 

Design and Development 

 The initial design ideas for the Railroader Air Brake Fault Locater included a protective, impact resistant, waterproof housing containing a sensor. The housing would have one glad hand on each end so it could be installed into the train’s air brake line with as little interference with the existing system as possible.  After and many discussions about housing materials, dimensions and construction, we arrived at the realization that there would be no practical way to house a sensor inside the line as it could potentially obstruct the very brake line it was meant to monitor. Extensive sensor research found the PressureSensorOne; a sensor that was durable enough to withstand installation on a freight train without a protective housing. 

 The current product design has the sensor strapped to the exterior of the glad handed hose. A hole drilled into the glad hand and threaded provides the access we need into to the line when combined with a lead from the sensor to the glad hand. Tests have concluded that the threads on the hole in the glad hand are sealed and do not compromise the integrity of the brake line.  Since the sensors also transmit their data and can operate effectively from any orientation (transmitter end up, down or sideways), each adapted glad hand unit can now be placed anywhere on the train and still function properly. 

A further reason for our choice of sensor was its ability to ‘hop’ a signal from units outside the base station range to the base station itself. This was an important part of our design since the trains on which the units will be installed can be up to 1.5 miles long.  Tests on the sensor have shown that the range in the train yard is 0.5 miles. Our team was informed, prior to purchase that the transmitters on the PressureSensorOne could relay information from other sensors located too far from the base station. After running several unsuccessful tests to make the sensors hop one of the signals, we realized there was a problem with this feature.  We have since been informed by the company that manufactures the sensors that these sensors do not support the hopping feature at this time. Our solution to this problem has been to implement an antenna that is compatible with our system and is available for purchase. 

Utilization and repair
Our product is intended to be a time and manpower saving system. This is important to our customer since a train yard is an extremely busy place and they have very little time to train for technically complicated devices and systems. Also, installation on the train must be fast and easy so that its use doesn’t slow down the pace of assembling the train and getting it on its way. Care must be taken to clearly identify each sensor so that its performance can be monitored. Records of each sensor should be kept to track units should they become faulty. 

The sensors themselves transmit their information to the base station which connects to a computer and displays real time information in LabVIEW.  With the addition of the back-end software we now have in development, the user at the monitor should be able to easily see if pressure in out of tolerance anywhere along the brake line. As soon as a pressure drops below the baseline threshold, an indicator button on the computer screen will light. 

Repair of the sensors is limited to occasional replacement of the batteries and making sure that the electronics are kept clean and dust-free. Once the sensors fail, they can simply be replaced. 

Reuse and disposal

Most of the parts of the sensor can be either reused for components or recycled. Used batteries, Li/SOC12, will need to be disposed of properly according to local hazardous waste laws. 
Conclusion


As mentioned above, the three most important design issues we considered for our project are that of accuracy, Universal Product Design, and Product Lifecycle Management. Even though our team has put in substantial effort in improving those three aspects in our project, continuous improvement is always possible and should be performed. In the future, accuracy can be improved by reducing the margin of error interval. Universal design issues could be improved via adding sound features for someone with limited visual ability. Similarly, the Product Lifecycle Management can be improved by integrating preventive maintenance techniques to the product usage. This includes cleaning the device, checking device for any problems, and fixing any problems sooner. Doing so will keep the product in good shape for a longer period and users will derive maximum benefit.
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