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Executive Summary

Air brakes in trains are activated by decreasing the pressure in a pneumatic line which runs the length of a train. The brakes engage when the pressure drops inside the hose. This fail-safe system permits automatic application of brakes in case of a leak or break in the hose.  However, if there is a substantial blockage in the line, application of brakes beyond that point may not be possible. Currently, the hoses are checked for obstruction by blowing a 1” diameter ball through the line on each trailer. If the ball comes out the other side, there is no considerable blockage. This test is not, however, feasible for use on the bogies since a ball might become stuck inside the braking tanks inside the bogie. Our task is to develop a system that is effective for the bogies as well as the trailers.

Team 8 proposes to design a system which uses wireless pressure transmitters installed periodically along the train. The transmitters will send the pressure data to a hand-held gateway or computer located in a central site in the train terminal. It could also be feasible to transmit the outside temperature information to the gateway as well as the health of the pressure transmitter battery. We will design software that compares the pressure data with the threshold data obtained during the normal brake line pressurization so abnormalities can be detected.
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1.  Introduction

Team 8 will design a system where pressure transmitters are to be installed in the rail cars at regular intervals along the train. These transmitters will send the pressure data to a gateway location. This could save many hours of labor since walking the entire length of a train over a mile long with more than one hundred cars is extremely time consuming.  This is the current method used to locate leaks in the brake hose line. Our devices will make the system more efficient, as the transmitters will provide precise pressure information as well as location of the data source. To achieve this, Team 8 will research non-destructive methods of measuring pressure inside the air brake system. This system will be designed to operate efficiently in harsh environments of all kinds. The transmitters should work flawlessly in temperatures ranging from -20oF Michigan winters to 120oF Florida summers. Also, it will be durable enough to endure rain and rough train travels. 
2.  Background

In a rail air brake system, reduced air pressure in the line causes the brakes to engage. An increase in the brake line pressure causes the brakes to release. This is considered a fail-safe system since a severed line will cause immediate application of the brakes. However it can become problematic if there is a leak or obstruction in the line. Leakages cause the brakes to engage when not needed, which results in damage to brake pads and bogie wheels. One of the most obvious indicators of brake failure is the smoke produced due to the brake shoes dragging against bogie wheels. Even worse, an obstructed line will prevent the brakes from working when they really are needed. At that point, the next action would be damage control rather than preventing the issue in the first place. Our focus is to reduce or prevent such damage by detecting problems before the train departs the terminal.

A remote testing system for railroad air brakes was patented (Atkinson et al) in March 25th, 1975. This paper discusses both how air brake leakage/blockage was tested and how his invention worked. At that time, air brakes were tested by connecting an air supply to the very front end of the hose and a pressure gauge to the caboose end. The air supply continued until about 75 psi was maintained at the caboose. This was the lowest acceptable pressure because it could vary throughout the air brake line and especially if the train was very long. After this step, the pressure was reduced to 60 psi. The system was then closed for approximately a minute and checked again to ensure that the air level was at least 55 psi. The objective of this test was to assure that the leakage area is small, if one existed.

This manual test was regarded as time consuming and was often inaccurate. The system William Atkinson and his team invented required air supply connection only to train’s head end. Items needed to carry out the test included a ground level apparatus with air supply, timer, control valve, relays, and pressure transducers. The test started by turning on a switch which activated a solenoid valve. Through this value, the air supply charged the train brake system for about 11 minutes. A pressure transducer was also used to ascertain that the head end had 75 psi. This continued the air supply, even after the 11 minute time limit, if the front end was not pressurized enough. Then, pressure was reduced to 60 psi, held there for a minute, then re-checked to ensure that at least 55 psi remained at the head end. If pressure was 55 psi or more, the “pass” indicator light activated, otherwise “fail” light was lit. During this procedure, the maintenance personnel were needed only to make the air supply connection at the head end. This system tested well with results of high accuracy.

3.  Design Specifications

The major goal of this project is to create a cost-efficient and reliable system to transmit the pressure information from train air brake hoses to a central location. With this goal in mind, the following design specifications must be met:

· Functionality

· Wirelessly transfer data from transmitters to gateway for up to 1.5 miles.

· Standard frequency of 2.45 GHz to be used for transmission.

· Power

· Battery usage to power the device.

· Automatic switch off when the train is in motion.

· Size

· The device must be less than 12 inches in length (which is the normal spacing between train cars). 

· Durability

· Suitable for usage in temperature ranging from -20o F to 110o F as well as harsh environment and weather conditions.

· Water-proof.

· Impact resistant.

· Measurements

· Air Pressure in brake (from 0 psi to 100 psi)

· Outside Temperature (optional).

· Battery Life (optional).

· Safety

· Does not interfere with normal operation of the train.

· Cost

· Total cost of project expected to be less than $4000.00.

· Set-up

· To be installed in a non-destructive way into the existing air brake hose.

4. Conceptual Design Description

The Road-Railer is a hybrid system, which is a road (truck) trailer that has been specially adapted to integrate with the railroad for transportation. Road-Railer Trains are "Bi-Modal", meaning that the trailers can be used in two modes of service, both on a regular road/highway as well as on a standard rail. These trailers are built to lift their road tires. This allows the trailer to latch onto special rail-wheel adapter trucks called bogies. The air brake system on road trailers is similar to the air brakes used on a railroad car. One by one, the trailers are set onto the bogies, the air brakes are connected together using a glad hand connector hose and then one (or more) locomotives can pull the line of connected trailers as a Unit Train.

Any approach we decide to take for our design will involve a device to be inserted into the air brake system connected with the glad hands. It will connect the road trailer to the rail bogie. Outfitted with an air pressure transducer, accurate pressure measurements will then be transmitted wirelessly to a suitable base station such as a laptop or a portable hand-held device. Units will be placed on bogies at intervals along the length of the train. Once in place, pressure measurements will be taken at various locations along the train. The data will be transmitted back to a computer/device where it can be analyzed by the user.  

Transducer vs. Transmitter

The design we are considering relies mostly on a pressure transducer. A pressure transducer is fundamentally any device that converts an applied pressure into an electrical signal. Typically a pressure transducer output signal is one generated by the primary sensing element.  Since it is difficult to achieve tight electrical tolerances with the sensing elements during manufacture it is often necessary to add a circuit to compensate for errors over the operating temperature range. However the pressure transducer still retains the natural characteristics of the particular sensing technology employed such as linearity, hysteresis, repeatability, stability and frequency response. In fact these are the main reasons for using a pressure transducer which apart from the compensation circuitry are the purest form of pressure sensor.

Pressure transducers are generally available with three types of electrical output; millivolt, amplified voltage and 4-20mA current loop. For our design we are considering a 4-20 mA Output Pressure Transducer. These types of transducers are also known as pressure transmitters. Since a 4-20mA signal is least affected by electrical noise and resistance in the signal wires, these transducers are best used when the signal must be transmitted long distances. 

Power
Due to the lack of electrical wires along the train, and the fact that bogies and trailers are often replaced during a trip; power resources are not available. In order to meet our final goal we need to keep the project low power so it can operate using batteries only. 

5. Ranking of Conceptual Design

	Design Criteria
	Importance
	Casing
	Pressure

Transmitter


	Receiver

	Accuracy
	5
	N/A
	4
	5

	Durability
	5
	5
	5
	5

	Speed of Response
	2
	N/A
	3
	4

	Weather Proof
	5
	5
	3
	4

	Size
	3
	4
	3
	4

	Power
	3
	N/A
	4
	3

	Cost
	3
	3
	3
	3

	Simplicity
	2
	4
	3
	5

	
	Totals
	79
	102
	118


Table 1  Design Criteria Matrix

After speaking with our sponsor, it is clear that accuracy of measurements is a key factor. Thus, it has been ranked as of maximum importance along with the durability. Since speed and size were somewhat downplayed, they have been ranked lower as shown in the table above.
This table gives an importance to each element of our design in terms of the required design criteria.  It shows us that the heaviest weight of the design criteria falls on the receiver at 40%.  The pressure transmitter carries 34% of the weight and the casing holds the remaining 26%.  Since the receiver has the largest total, it is the element that has the most demands put upon it.  The pressure transmitter, ranked very close to the receiver in importance, also needs careful analysis to make sure that it meets all the required criteria. The casing primarily need to weather proof, durable and airtight.

6.
Proposed Design Solution

The customer requested that the product should be installed every 10 to 20 bogies. This is because they want the ability to localize the problem, which will reduce the time it takes to identify the location of said problem significantly.  The design of the pressure sensor unit entails a pressure transducer, which is responsible for reading the pressure and transmitting the information electrically, a transmitter, which converts the electrical signal into an electromagnetic radiation signal, and an adaptor that goes between the bogie and the trailer.  The adaptor will contain a male glad hand on one side and a female glad hand on the other side.  The current estimate on the length of the adaptor is twelve inches.  We will be using the pressure transducer, Pressure Sensor One, manufactured by Electrochem.  The reasons why we chose this product were because: 

· This unit already has a wireless transmitter and wireless network protocols (node hopping, 2.4 GHz transmission, 1500 m range in extended mode)

·  Operates under harsh weather conditions (-40º C to 85º C, rain, snow, sandstorm)

· Battery powered and lasts for 2 months in extended range mode.

· Light weight (500 g) and compact (180 mm x 38 mm)

The pressure transducer will be placed into a quarter inch screw socket in the middle of the adaptor.  An O-ring will be placed on the screw socket before insertion to prevent pressure loss.  The reason why wireless communication is used instead of wired communication is because there are no conductive cables running down the train; thus new cables need to be installed on each trailer, which is a time consuming task and requires much more attention from the technicians.  Wireless communication allows for the possibility of having either a stationary or a mobile receiver system.

The device will be installed during the assembly of the bogies and the trailers. At that time, the device will be manually activated. We will use an adapter that will be installed, by use of glad hands, between the hose from the road trailer and the rail bogie. The glad hands seal the pressure line from one cart to another. This adapter will contain the pressure sensing and transmission unit.  It will need to be durable since the train travels in various harsh weather conditions and a variety of climates. The device is powered by battery since there are no power lines along the length of the train. There are three options for device operation. The first option is to have the device operating all the time. The problem with this option is that the battery life would be greatly reduced, lasting for approximately few weeks at maximum. The next option is to use an accelerometer that would shut the device off when the train is in motion. The customer stated that pressure information is not needed in transit since any unexpected braking of the train is ignored. A stop to examine a problem while the train is on a schedule is very expensive. A problem with this method may arise from motion of the bogie during train assembly, which could unintentionally deactivate the device. The last option is to transmit information during pressure fluctuations.  The downside to this option is that if the device fails anytime after start up, it will not be known until it is tested or when the pressure drops.  However, the probability of it failing after start up is very slim since it does not take very long for the test to complete.  The tolerances for transmission during the fluctuations are configured by the user.  The pressure readings will be transmitted wirelessly to a main receiver system located nearby, either on the train or in the train yard terminal.  Information is encoded using a 32-bit floating point format and transmitted as a digital signal.  Once the train is fully assembled and pressurized, the pressure readings will be examined on the receiver.  The user can assess the data and determine if there is a leak or obstruction, along with its location.  The pressure drops linearly along the train and any unexpected pressure readings or fluctuations will be an indicator for leaks or obstruction.  The device will also send out battery level indicator information along with the pressure data for the convenience of maintenance. The transmitted information will be an encoded digital signal of the sensor data and battery level, which will then be decoded at the receiver. Each device will transmit multiple readings per second, with the maximum being 480 readings per second.  Realistically, we expect this number to be lower as the distance and the number of sensor devices increase.  In order to maximize the range, network hopping may be implemented.  However, implementing the hopping protocol would mean that the maximum reading we will get per second will be reduced. Network hopping is a protocol that allows the pressure sensors to communicate with one another such that a signal that is far from the receiver will be able to transmit its information to another sensor, or ‘hop’, until it finally reaches the receiver.  Higher the output rate, the more likely we will be able to detect rapid fluctuations.  Networking hopping should not be implemented in a way where it would not compromise the output data rate.

 The receiver will either decode and display the information on its screen, if we employ a unit that has its own screen, or transmit the data it to a computer via a USB port. Software installed on the computer can then decode and display the information.  Information will be organized according to the model number of the pressure sensor unit.  The technician can then determine whether there is a problem based on the pressure readings on screen.

[image: image1.emf]
Figure 1  Typical Network Setup

7. Risk Analysis

Risks associated with this solution are very minimal. We plan to use a non-destructive method that does not interfere with the current process. From a safety standpoint, there is not much risk. This product is relatively light weight, it does not emit harmful radiation, and the currents and voltages associated with the function of the device is low. The device will be using either 2.4 GHz or 900 MHz to transmit information; so it will have to comply with FCC regulation and must not transmit more than 100 mW.

8. Project Management Plan

	Name
	Administrative Role
	Technical Role

	Marcelo Pereira Decastro
	Management
	Mechanical/Housing  

	Dilo Aravindh Benjamin
	Web
	Testing 

	Saurav Shrestha
	Documentation
	Receiver Technician 

	Tia Maureen Twigg
	Presentation
	Communication/ Programming

	Abdulaziz Mamoon Najm
	Lab
	Transmitter Technician 


Although each of the members have technical roles along with administrative roles, the whole team is going to work together to accomplish the proposed design, here is a brief description on the technical roles:

Marcelo Pereira Decastro:

Housing the device and keeping it more safe and durable is not our main task, however,  it is still very important. The devices are to be installed in a very harsh environment.  They must be able to resist all kinds of weather changes, and be very strong not to break or malfunction under the regular day usage.

Dilo Aravindh Benjamin:

Since we are working under special circumstances and the device will be installed on a train, it has to go through numerous tests to ensure the quality and resistivity of the product. These tests will include wireless transmission range tests, accuracy tests and others.

Saurav Shrestha:

At the receiver end, we need to install the device in a predetermined spot where the transmission is at its best, and then we are going to have to receive the data from the transmitter , convert it back into a useful form,  interpret the data and then display the final results.

Tia Maureen Twigg:

Depending on the transmission range we need, we are probably going to set up a wireless network protocol that supports hopping and all kinds of data transfer. Along with that we will require effctive communication between the receiver and transmitter.

Abdulaziz Mamoon Najm:

For the transmitter, we need to know how it’s installed first then operated, how to set up the parameters of what data to be sent and how to use the pc interface to filter the results and make it easier for the engineers localize the problem.

9. Budget

Our total budget for this project is a few thousand dollars. Any reasonable amount to get a working project is acceptable. Currently reviewed pressure sensor and transmitter units are about $1000 and the receiver costs an extra $400. We plan to purchase three pressure sensors and one receiver to test the functionality of this product. So, hardware alone puts this project at $3300. We perceive that with other costs, such as traveling and buying other equipment will put the final price around $4000.

	Unit
	Cost

	PressureSensorOne x 3 ($995 for 1)
	$2985

	BaseStationOne x 1
	$380

	3.93 V AA Battery Spare x 1
	$25

	Total
	$3390
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