
Office of Railroad, Pipeline and 
Hazardous Materials Safety

Automated People Mover 
Train Collision with 
Passenger Terminal Wall 
at Miami International 
Airport 
November 28, 2008

Presenter
Presentation Notes
Good morning.  At about 4:44 p.m. on November 28, 2008, a three-car automated people mover train operating along a fixed guideway at the Miami International Airport near Miami, Florida, failed to stop at the passenger platform and struck the wall at the end of the guideway.   Staff will provide an overview of the accident followed by a discussion of the issues.  {next slide}
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NTSB Team

• Ruben Payan Investigator-in-Charge

• Dave Watson Mechanical

• Russ Gober Operations

• Chris Babcock Video Recorders

Presenter
Presentation Notes
The NTSB was notified of the accident on December 1.  A team of accident investigators from the headquarters office in Washington, DC, and from field offices in Atlanta, Georgia, and Gardena, California, was launched to the accident site.  {next slide}
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Parties

• Miami-Dade Aviation Department

• Johnson Controls, Inc.

• Bombardier – Automated People 
Mover Division

Presenter
Presentation Notes
Parties to the investigation are:Miami-Dade Aviation Department, which operated the Miami-Dade International Airport for Miami-Dade County;Johnson Controls, Incorporated, which was the contractor responsible for maintaining the automated people mover at the time of the accident;and Bombardier – Automated People Mover Division, which was the manufacturer of the system and maintained the system until January 2008.                                                                                                                                                                                                                                                                                                    {next slide}
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Automated People Movers
• Fully automated operations

• Exclusive right-of-way

• Smaller vehicles

• No operators or station attendants

Presenter
Presentation Notes
Automated people movers are transit systems with fully automated operations using vehicles that travel on guideways with an exclusive right-of-way.  These automated people movers, also known as APMs, have been in use since the early 1970s.  Automated people mover systems differ from traditional heavy-rail and light-rail transportation systems in that they typically use smaller, rubber-tired vehicles and function without operators or station attendants.{next slide}
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Automated People Movers

Presenter
Presentation Notes
Automated people movers are used in many different settings which include airports, leisure facilities, institutions, and urban areas.  {next slide}
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Miami International Airport
• Main E concourse 

building

• Guideway

• Satellite E 
concourse building

Presenter
Presentation Notes
The accident occurred at Miami International Airport.  Concourse E consisted of the main E concourse building and a satellite E concourse building located about 1,300 feet apart.  Two trains operated in both directions on the guideway between the main building and the satellite building to shuttle passengers.  {next slide}
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Main
Concourse E
Building

Satellite
Concourse E
Building

Automated 
People
Mover

Presenter
Presentation Notes
The automated people mover train at the Miami airport was not equipped with onboard recorders, however a nearby security video camera captured the accident train entering the station just before the accident.  A study of video footage of both previous trains and the accident train determined the accident train entered the station at approximately 20 mph and was not decelerating in preparation to stop at the passenger platform. {next slide}
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Injuries
• 1 passenger serious injury

• 2 passengers minor injuries

• 2 passengers treated and released

• 1 maintenance technician treated and 
released

Presenter
Presentation Notes
As a result of the accident, five passengers and one maintenance technician were injured and transported to local hospitals.  One passenger was seriously injured, two passengers were found to have minor injuries, two passengers and the maintenance technician were treated and released. The passenger with  the serious injury was released from the hospital within 3 days.  {next slide}
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Damages

Presenter
Presentation Notes
The lead A-car of the south train was damaged beyond repair as a result of the accident.  The remaining two cars from the south train were damaged but repairable.  The train, however, could not operate without both an A- and B-car due to its control configuration.  Miami-Dade Aviation Department searched for a replacement A-car for the south train but was unable to locate one.  The north train has been the only train operating since the accident.  {next slide}
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Safety Issues

• Maintenance practices and 
procedures

• Safety oversight of fixed guideway 
systems

Presenter
Presentation Notes
As a result of the investigation, the following safety issues were identified:maintenance practices and procedures of the Miami Airport automated people mover systemand safety oversight of fixed guideway systems in the United States.{next slide}
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Presenter
Presentation Notes
Staff has prepared presentations on:the Train Control System, Maintenance Practices and Procedures and Safety Oversight of Fixed Guideway Systems{end of first presentation – Train Control presentation next}



Office of Railroad, Pipeline and 
Hazardous Materials Safety

Train Control System

Ruben Payan 
Electrical Engineer

Presenter
Presentation Notes
An automatic train control system incorporated the command, control, and communication equipment necessary to operate the Miami Airport E Concourse trains without the need of an operator.  This presentation will provide a brief overview of the automatic train control system and how the system was designed to direct trains between stations.{next slide}
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Automatic Train Control System

• Automatic Train Operation

• Automatic Train Supervision

• Automatic Train Protection

Presenter
Presentation Notes
The functions of the automatic train control system used three subsystems.The automatic train operation subsystem controls propulsion, braking and station stops. The automatic train supervision subsystem allows manual intervention by central control personnel if necessary.The automatic train protection subsystem performed safety-critical functions that removed propulsion power and applied train brakes when the system exceeded the safe operating parameters. {next slide}
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Automatic Train Operation

• Train Tone
– Information from the train
– Door operation

• Safe Tone
– Commands to the train
– Interfacing with propulsion power

• Program Stop
– Station stop 

Presenter
Presentation Notes
The automatic train operation subsystem consisted of three discrete subsystem components: Train Tone, Safe Tone and Program Stop.Electronic train control components of the automatic train operation subsystem performed a number of functions that included receiving information from the trains, controlling wayside door operations, providing commands to the trains, and interfacing with the propulsion power equipment.  {next slide}
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Train Tone

Presenter
Presentation Notes
This slide depicts a simplified block diagram to illustrate the lead car of the train, shaded in blue, and the passenger stations depicted by the blocks referencing the main terminal on the left and the satellite terminal on the right.  Antennas are located in the guideway between the two terminals.  They will be described in more detail.  To enable automatic operation of the trains, a train tone loop antenna extended through the entire length of the guideway. The train tone antenna is depicted in green on the block diagram.  The train tone signal was transmitted from the train at all times unless contact with the ground rail was lost or if a door was opened while the train was moving. {next slide}



16

Train Tone

Antenna

Presenter
Presentation Notes
The train tone antenna received the signal from a train as it moved along the guideway.  {next slide}
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Safe Tone

Presenter
Presentation Notes
 An additional antenna also extended through the length of the guideway and transmitted a safe tone to the train.  The safe tone antenna is depicted in yellow in the block diagram.  The safe tone was interpreted by the train as a command to move toward one station or the other, depending on the frequency of the safe tone.  {next slide}



18

Program Stop

575 feet 575 feet

Presenter
Presentation Notes
Train station stops were controlled by the program stop component of the automatic train operation. The program stop was considered non-vital because the vital overspeed/overshoot component was designed to initiate a brake application if the program stop failed.  The program stop antennas extended about 575 feet between the normal station stopping points and the station entrances. The program stop antenna is depicted in blue in the block diagram. As the train began to pass over the program stop antenna, a receiver antenna on the train picked up the induced program stop signal.  A program stop module on board the train would then determine the location of the train relative to the stopping point and adjust the train speed accordingly.  {next slide}{next slide}
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Automatic Train Supervision

Presenter
Presentation Notes
Train operations were monitored from the central control room located in the main terminal building.  Alarms generated by the automatic train operations subsystem were indicated visually and audibly to central control room personnel. Some alarms could be reset from the central control room.  Others required that a maintenance technician be dispatched to the train.  {next slide}
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Automatic Train Protection
Overspeed/Overshoot 
system

• Vital system
• Monitor train speed 
• Monitor brake air 

pressure

Flag

Presenter
Presentation Notes
The overspeed/overshoot system was the vital portion of the automatic train control system.  To satisfy the design criteria for a vital train control circuit, any failures detected in a subsystem required the vital circuit to default to its safest condition, which is stopping the train.  As a train approached the station, the overspeed/overshoot system monitored train speed and air brake pressure. {next slide}
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Automatic Train Protection

Presenter
Presentation Notes
If the speed was higher than allowed or air brake pressure too low, the automatic train protection subsystem would automatically initiate a brake application to stop the train. In addition, as a train approached the passenger platform the automatic train protection subsystem would monitor the stopping point. The overspeed/overshoot flags are depicted in red in the block diagram.  If the train went beyond the point that would allow the train doors to line up with the station doors, the automatic train protection  subsystem would also initiate a brake application to stop the train.  {next slide}
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Events Preceding Accident
• South train experienced intermittent 

failures
• Train Tone antenna replaced
• South train stopped on guideway 

because of loss of train tone 
• Maintenance technicians assigned 

to ride trains during passenger 
service

Presenter
Presentation Notes
According to maintenance personnel, the south train experienced intermittent failures with the train tone signal, the dynamic braking system and the overspeed/overshoot system.  Maintenance technicians replaced the train tone antenna after finding it brittle and broken in places.  The south train continued stopping on the guideway so the maintenance technicians continued working on the alignment of the new antenna.   Maintenance technicians were also being routinely assigned to ride the train during periods of passenger service to diagnose the various problems and to be in place to quickly assist in recovering the train in the event of an en route failure.{next slide}
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Events Preceding Accident
• Installed November 

21, 2008

• Installed to keep 
south train in 
service

• Remained in place 
from November 21 
to November 28

Presenter
Presentation Notes
On November 21, 2008, a jumper wire was installed on the terminal board in the system control compartment of the A-car of the south train.  The maintenance technician who installed the jumper wire indicated it was installed to keep the train in service while work continued toward identifying the failures that were causing the train to stop.  The jumper wire remained in place during regular operations from November 21 until the accident on November 28.NTSB investigators inspected the system control compartment of the A-car of the south train after the accident and found a jumper wire in place on the terminal board.  {next slide}
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Investigation

Presenter
Presentation Notes
Investigators determined the jumper wire was providing direct voltage to the coil of the overspeed/overshoot relay which would keep the vital relay energized and prevent it from commanding a brake application if a failure was detected.{next slide}
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Findings
• Overspeed/Overshoot relay testing 

determined relay was performing 
within manufacturer’s specifications

• Program stop module testing 
determined a crystal failed, which 
disabled the program stop module 

Presenter
Presentation Notes
The electro-mechanical vital overspeed/overshoot relay was removed and tested following the accident.  Testing determined the relay was performing within the manufacturer’s specifications.  Investigators also removed the program stop module from the accident train for testing.  The testing revealed that a crystal from the commutating filter had failed. The failed commutating filter could not function and essentially disabled the program stop module.  {next slide}
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Findings
• Jumper wire prevented 

overspeed/overshoot system to function 
as designed

• System designed to command brake 
application if train goes above allowed 
speed or if train moves beyond stopping 
point 

Presenter
Presentation Notes
The investigation determined that the jumper wire prevented the overspeed/overshoot system to function as designed and command a brake application when the program stop failed to slow the south train as it approached the station and when the train moved past the stopping point at the station.  {next slide}
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Presenter
Presentation Notes
This concludes this presentation. Mr. Watson will cover Maintenance Practices and Procedures in his presentation.{end of presentation –next is Maintenance Practices and Procedures}



Office of Railroad, Pipeline and 
Hazardous Materials Safety

Maintenance Practices 
& Procedures

Dave Watson
Mechanical Group Chairman

Presenter
Presentation Notes
The investigation also focused on the maintenance practices and procedures that contributed to the collision.  {next slide}
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Events Preceding the Accident
• APM began operation in 1980

• Bombardier manufactured and maintained the 
system for 28 years

• Bombardier raised safety concerns

• Bombardier recommended APM operations be 
halted

Presenter
Presentation Notes
The Miami airport automated people mover began operation in 1980.  Bombardier manufactured and maintained the system for 28 years.  In 2006, Bombardier raised concerns to the Miami-Dade Aviation Department about trains operating past their 20-year design life. Bombardier recommended automated people mover operations be halted until system safety concerns were addressed.  {next slide}
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Events Preceding the Accident

• MDAD consultants inspected and identified 
requirements to continue operations for 5 
additional years

• Bombardier did not agree with the assessment

• MDAD issued invitation to bid for maintenance 
of APM system

Presenter
Presentation Notes
The Miami-Dade Aviation Department brought in consultants to inspect and identify the requirements to keep the automated people mover system in operation for an additional 5 years. Bombardier did not agree with the consultant’s assessment.  Following the assessment, the Miami-Dade Aviation Department issued an invitation to bid for the maintenance of the automated people mover system.  {next slide}
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Events Preceding the Accident

• Maintenance contract awarded to Johnson 
Controls, Inc. in 2008

• No coordination between Johnson Controls, 
Inc. and Bombardier prior to transfer of 
maintenance operations

• Incomplete transfer of maintenance records 
and spare parts  

Presenter
Presentation Notes
A new maintenance contract was awarded to Johnson Controls Incorporated in 2008. Johnson Controls’ personnel did not work alongside Bombardier personnel prior to taking over maintenance, as is an industry best practice. Following the accident, the Miami-Dade Aviation Department told investigators Bombardier had not provided a complete inventory of spare parts, maintenance records, and all information about the automated people mover system.  However, Bombardier provided documentation to NTSB investigators that indicated Miami-Dade Aviation Department received a complete transfer of all spare parts and documents.{next slide}
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Vital Relay

• Vital relay previously disabled on north 
train 

• Same solution applied to south train 

• No evaluation of possible detrimental 
effects or plan to remove the jumper wire

Presenter
Presentation Notes
Investigators were informed that the vital relay on the north train had been previously disabled to expedite train operations until the failure that caused the problem was identified and corrected.  When the south train began experiencing recurring failures, Johnson Controls maintenance technicians recalled the previous experience on the north train and applied the same solution to the south train without evaluating any possible detrimental effects.  Their solution was a semi-permanently applied jumper wire which disabled the vital relay.  Although work was being performed to try and determine what was causing the intermittent failures, there was no plan to remove the jumper wire.{next slide}
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Vital Relay
• Train could not stop under certain 

conditions

• Johnson Controls, Inc., maintenance 
technician instructed to leave jumper 
wire in place

• Johnson Controls, Inc., had no 
procedures against disabling safety-
critical systems

Presenter
Presentation Notes
Prior to the accident, a Johnson Controls maintenance technician performed an independent test on the south train without passengers, and discovered it would not stop under certain circumstances.  That maintenance technician told NTSB investigators he reported the discovery to his supervisor but was instructed to leave the jumper wire in place.  The investigation found that Johnson Controls did not have procedures against disabling vital safety-critical systems during passenger service. {next slide}
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Train Maintenance Procedures
• Daily brake tests

• Program stop module testing

• Deactivation of safety-critical systems 
during passenger service

• Incomplete maintenance manuals

Presenter
Presentation Notes
When Bombardier was maintaining the Miami automated people mover system daily brake tests were conducted, Johnson Controls did not.  Bombardier routinely conducted program stop module testing.  Although Johnson Controls was aware the program  stop module needed to be tested, they had not been successful in developing a testing device.  Bombardier policy prohibited deactivation of safety critical systems during passenger service. Johnson Controls did not have a policy in place.  Bombardier had a complete set of maintenance manuals readily available for maintenance technicians. Johnson Controls employees stated they only had a partial set of manuals and drawings. {next slide}
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Train Maintenance Procedures

Auxiliary control panel 

Presenter
Presentation Notes
In addition, Bombardier required the auxiliary control panel, shown here, to be locked away during passenger operations.  This auxiliary control panel allowed manual movement of the train in the event of a system failure. Johnson Controls left the panels unlocked at both ends during passenger operations to allow easy access to expedite train movements.  The draft report proposes recommendations to address this issue.{next slide}



36

Postaccident Events at Miami Airport

• Johnson Controls, Inc., withdrew from Miami 
Airport maintenance operation 

• Miami-Dade County Transit provides technical 
supervision

• North train continues in operation 

• MDAD considering replacing south train

Presenter
Presentation Notes
Following the accident, Miami-Dade Aviation Department and Johnson Controls were unable to reach an agreement on a program to ensure the safe and efficient operation of the automated people mover system. Johnson Controls then withdrew from the Miami operation about a year after the accident. Currently, Miami-Dade Transit provides technical supervision of the maintenance technicians.  Each Miami-Dade Transit supervisor is also a qualified technician. The maintenance technicians work for the Miami-Dade Aviation Department. The north train continues to provide service to the E concourse.  The Miami-Dade Aviation Department is still considering purchasing cars to replace the south train. {next slide}
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Presenter
Presentation Notes
This concludes the presentation and the next presentation will cover Safety Oversight of Fixed Guideway Systems.{end of presentation, next presentation is Safety Oversight of Fixed Guideway Systems}



Office of Railroad, Pipeline and 
Hazardous Materials Safety

Safety Oversight of 
Fixed Guideway 
Systems

Ruben Payan
Electrical Engineer

Presenter
Presentation Notes
The investigation of the automated people mover collision also looked into the safety oversight provided by local entities, State governments and the Federal government on fixed guideway systems that operate in the U.S.  {next slide}
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MDAD Safety Oversight

• MDAD operated the Miami International 
Airport for Miami-Dade County

• Investigation revealed that MDAD was 
not providing appropriate safety 
oversight   

Presenter
Presentation Notes
The Miami-Dade Aviation Department operates the Miami International Airport for Miami-Dade County and was responsible for monitoring the safety, operation, and maintenance of the automated people mover system.  The investigation determined that the Miami-Dade Aviation Department did not provide appropriate oversight with regard to safety issues. Instead, the Miami-Dade Aviation Department’s role was centered on operating issues such as notifying Johnson Controls of a train malfunction and relying on the technicians to take the necessary actions to return the trains to service.  {next slide}
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MDAD Safety Oversight

• Johnson Controls, Inc assumed maintenance 
responsibility 10 months prior to the accident

• Passenger risk increased when the 
overspeed/overshoot system was disabled

• MDAD was unaware of  maintenance 
practices, failing to fulfill its safety oversight 
role

Presenter
Presentation Notes
Johnson Controls assumed maintenance responsibility for the automated people mover system about 10 months prior to the accident.  However, passenger risk increased when trains were allowed to operate in passenger service with the overspeed/overshoot system (a vital safety critical system) disabled.  Miami-Dade Aviation Department management was apparently unaware of this maintenance practice indicating a failure of the agency to fulfill its safety oversight role.     {next slide}
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MDAD Safety Oversight

• Johnson Controls Inc., had no 
procedures for testing brake systems

• Brake tests were not being conducted

• Brake system test procedures were 
available in maintenance manuals

Presenter
Presentation Notes
The investigation also revealed other instances in which the Miami-Dade Aviation Department’s safety oversight was lacking or ineffective. Managers from Johnson Controls told NTSB investigators that there were no test procedures available for testing the friction braking systems of the automated people mover trains. Brake tests were not being conducted.  However, investigators found the procedures in the maintenance manuals. {next slide}
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MDAD Safety Oversight

• Vital relays not tested

• Tests required  every 4 years

• MDAD did not verify testing of vital 
safety-critical components

Presenter
Presentation Notes
While the investigation found the vital overspeed/overshoot relay to be working properly, records provided to NTSB investigators determined that it had not been inspected in almost 7 years.  This would indicate that the previous maintenance contractor had also failed to test the vital relays on their recommended cycle and it also indicates that the Miami-Dade Aviation Department did not verify that either contractor was testing vital safety-critical components.  {next slide}
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State of Florida Safety Oversight
• Florida Department of Transportation 

provides safety oversight of some fixed 
guideway systems

• The Miami-Dade airport APM does not 
receive Federal or State funds

• Florida does not provide oversight 

Presenter
Presentation Notes
Florida statute designates the Department of Transportation as the oversight agency with the responsibility for implementing and enforcing the statutory provisions statewide.  The Florida Department of Transportation designates two categories of fixed guideway systems.  The first is a non-Federal funded system, whether private or government-owned, operating in Florida and financed wholly or in part by state funds.  The second is a Federal Transit Administration-funded fixed guideway system that is subject to Federal regulations for state safety oversight.  The Miami airport automated people mover system does not fall under either of the Florida Department of Transportation designations. Therefore, Florida does not provide safety oversight.  The draft report proposes recommendations to address this issue.{next slide}
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Federal Safety Oversight
• Federal Transit Administration

–No statutory authority to 
promulgate safety regulations

–State safety oversight regulation 
requires each state to establish 
an oversight agency

• No direct Federal funds received for 
the APM at Miami Airport

Presenter
Presentation Notes
The United States Department of Transportation consists of 11 individual operating administrations.  The Federal Transit Administration is one of those administrations.  The Federal Transit Administration’s primary function is through its grants that help plan, build, and operate transit systems.  The Federal Transit Administration does not have statutory authority to promulgate safety regulations.  Under the Federal Transit Administration’s state safety oversight regulation, each state is required to establish an oversight agency to carry out oversight responsibilities as specified in the state safety oversight regulations.  As previously mentioned, because the automated people mover system at the Miami Airport was not constructed nor did it receive direct Federal funding, it was not covered by the state safety oversight regulations.{next slide}
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Safety Oversight

• FTA does not provide oversight 
agency with any authority 

• State oversight agencies limited in 
ability to compel fixed guideway 
systems

• Not all fixed guideway systems are 
subject to state oversight

Presenter
Presentation Notes
While the Federal Transit Administration requires an oversight agency to be identified, it does not and cannot provide an oversight agency with any authority to promulgate and enforce safety regulations or standards.  State oversight agencies are limited in their ability to compel an agency to comply with its system safety program plan or any other Federal Transit Administration requirement.Not all fixed guideway systems are subject to oversight.  {next slide}
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Federal Safety Oversight

Presenter
Presentation Notes
Florida is not unique and the NTSB identified at least 22 other states as shown in yellow on the map, that have fixed guideway systems that fall outside the regulatory authority of the designated state oversight agencies.NTSB has previously expressed its concern that the lack of safety oversight of some automated people mover systems creates a situation in which adequate risk management and safety standards may not exist or may be ineffectively applied and which could lead to a heightened risk to passengers.The draft report proposes recommendations to address this area{next slide}
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Current Miami Airport APM Oversight

• E concourse, APM train operates without 
oversight 

• Skytrain began service 
September 2010 without oversight

• Miami Mover began service September 
2011 has Florida DOT oversight

Presenter
Presentation Notes
Today, the Miami Airport operates three different automated people mover systems.  The E concourse automated people mover system continues to operate without oversight.  The Skytrain system began service on September 9, 2010, and operates in the north terminal of the airport.  This system was built with airport revenue bonds and did not involve any Federal funding and has no oversight.  An additional automated people mover system went into service on September 11, 2011, at the Miami airport.  The Miami airport Mover train operates between the main building and the rental car center. The Miami Mover was funded in part by the Florida Department of Transportation and is subject to state oversight. {next slide}
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Presenter
Presentation Notes
This concludes our presentations and Staff is prepared to answer any questions you may have.


	Automated People Mover Train Collision with Passenger Terminal Wall at Miami International Airport 
	NTSB Team
	Parties
	Automated People Movers
	Automated People Movers
	Miami International Airport
	Slide Number 7
	Injuries
	Damages
	Safety Issues
	Slide Number 11
	Train Control System
	Automatic Train Control System
	Automatic Train Operation
	Train Tone
	Train Tone
	Safe Tone
	Program Stop
	Automatic Train Supervision
	Automatic Train Protection
	Automatic Train Protection
	Events Preceding Accident
	Events Preceding Accident
	Investigation
	Findings
	Findings
	Slide Number 27
	Maintenance Practices & Procedures
	Events Preceding the Accident
	Events Preceding the Accident
	Events Preceding the Accident
	Vital Relay
	Vital Relay
	Train Maintenance Procedures
	Train Maintenance Procedures
	Postaccident Events at Miami Airport
	Slide Number 37
	Safety Oversight of Fixed Guideway Systems
	MDAD Safety Oversight
	MDAD Safety Oversight
	MDAD Safety Oversight
	MDAD Safety Oversight
	State of Florida Safety Oversight
	Federal Safety Oversight
	Safety Oversight
	Federal Safety Oversight
	Current Miami Airport APM Oversight
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52



