Traffic Alert and Collision Avoidance Systems





8.1.  Introduction.  Following manÕs first powered flight, it only took 9 years before two Wright Flyers attempted to occupy the same airspace at the same time.  In the years that followed, aviation saw many more mid-air collisions.  However, it wasnÕt until a 1956 collision between two commercial airliners over the Grand Canyon that there was a public outcry for corrective action.  That collision provided the impetus for the Air Route Traffic Control Centers and enroute radars.  Another collision in 1960 demonstrated the need for terminal radars.  Yet, despite radar coverage from takeoff to landing, the United States continued to experience mid-air collisions.  It became apparent additional safeguards were needed, and the Traffic Alert and Collision Avoidance System (TCAS) was born.  Today FAA regulations make TCAS required equipment on most commercial aircraft.  Those regulations do not apply to military aircraft; however, TCAS installations are planned for many military passenger aircraft in the coming years.  Though the Air Force currently has a limited number of TCAS equipped aircraft, Air Force crews must recognize we operate in an environment where the system is used extensively.  Crews operating in what were previously considered normal flight regimes should be aware of the possibility of triggering an unplanned evasive maneuver in a TCAS equipped aircraft.





8.2. Traffic Alert and Collision Avoidance System (TCAS)





8.2.1.  Purpose.  TCAS assists pilots in avoiding mid-air collisions.  It is intended to back-up the existing air traffic control system and the Òsee and avoidÓ concept.  TCAS should provide safe separation between aircraft determined to be on collision trajectories and improve in-flight situational awareness.





8.2.2.  Characteristics.





¥ 	TCAS I.  TCAS I uses a transmitter receiver to interrogate and track other transponder 	equipped aircraft.  The system provides proximity warnings to assist pilots in visually 	acquiring other aircraft.  TCAS I is used primarily by commuter and general aviation aircraft.





¥	TCAS II.  TCAS II incorporates a Mode S transponder to provide both traffic advisories and 	coordinated resolution advisories (recommended vertical escape maneuvers) when a potential 	collision path exists.  TCAS II is used primarily by the airlines and larger commuter and 	business aircraft.





8.2.3.  Limitations.  TCAS cannot provide alerts for traffic without operating transponders.  Additionally, TCAS II systems can not provide resolution advisories for aircraft without Mode C altitude information.





8.2.4.  System Operation.  TCAS has two main functions:  Surveillance and collision avoidance.  TCAS surveillance works by continually searching the airspace around the aircraft, sending out an RF signal to look for other transponders.  TCAS can locate and track standard ATC Radar Beacon System (ATCRBS) transponders (most military transponders) within 20 nautical miles, and newer Mode S transponders within 40 nautical miles.  When another transponder receives a TCAS signal it replies, enabling TCAS to determine the “target” aircraftÕs bearing, range, and altitude, if the target is squawking altitude.  Once TCAS locates another transponder, it monitors it.  TCAS creates a track file on the transponder and updates it every second.  These rapid updates enable TCAS to generate trend data and calculate the closure rate of the intruder aircraft.  The TCAS collision avoidance function uses the range and closure rate data to compare against its own caution, warning, and collision areas (Figure 8.1).  TCAS will provide the crew a Traffic Advisory (TA), with an aural ÒTraffic, Traffic,Ó if an intruder aircraft is 20 to 48 seconds from entering the collision area.  If the intruderÕs altitude and vertical speed are available, TCAS II systems will generate a vertical escape command, called a Resolution Advisory (RA), 15-35 seconds before the intruder enters the collision area.  RAs consist of both visual and aural warnings; for example, ÒClimb, Climb, Climb.Ó  If two aircraft are equipped with TCAS II systems, both aircraft will receive resolution advisories and the TCAS systems will coordinate with each other to separate the aircraft.  The first TCAS to issue an RA is the controlling TCAS; however, if two TCAS systems issue simultaneous RAs, the aircraft with the numerically lower Mode S code is the controlling TCAS.





�





8.2.5.  TCAS Displays.  TCAS displays vary by manufacturer and aircraft installation.  Displays can be stand-alone, or integrated on multi-function displays with weather radar or primary flight instruments.





8.2.5.1.  TCAS Symbology.  Figure 8.2 shows typical TCAS II displays and symbology.  Non-threat or ÒotherÓ traffic is displayed as an open white or blue diamond on the TCAS display.  If the intruder comes within 6 nautical miles and 1,200 feet vertically, it becomes a Òproximity targetÓ and the diamond symbol turns solid.  If TCAS determines the intruder is entering the caution area, the symbol changes to an amber circle and the crew receives a TA.  If the intruder reaches the warning area where evasive action is necessary, the symbol turns to a red square and the crew receives an RA.  Simultaneously, red and green lights will illuminate on the TCAS vertical speed indicator showing the pilot the rate of climb or descent needed to achieve safe separation.  Two digit data tags with a plus or minus sign accompany intruder aircraft symbols.  These data tags are attached to traffic with altitude encoding transponders.  The number represents the altitude difference in hundreds of feet of the intruder aircraft, above or below a TCAS aircraft.  An arrow to the right of the traffic symbol indicates whether an intruder is climbing or descending if its vertical speed is in excess of 500 feet per minute.  If TCAS is unable to track an intruderÕs bearing, a TA will appear in the lower center of the display.  This is normally a temporary condition caused by antenna shielding and does not degrade TCASÕs ability to compute TAs and RAs.
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8.3. Flight Crew Actions.





8.3.1.  Non-TCAS Equipped Aircraft.  Air Force crews operating non-TCAS equipped aircraft must recognize the potential impacts they have on the operators of TCAS equipped aircraft, including the potential for triggering resolution advisories.  If your aircraft has an operating transponder providing altitude information, there is a potential to generate a resolution advisory in a TCAS-equipped aircraft.  With TCAS, time to go to the Closest Point of Approach (CPA) is more important than distance to the CPA.  For this reason, high speed aircraft approaching head-on will trigger an RA at much greater distances than gradually converging aircraft.  High speed military aircraft operating in the vicinity of airways or in proximity to civil traffic can trigger RAs even though they are Òwell clearÓ under current separation standards.  Additionally, rapid climbs and descents to assigned altitudes can trigger RAs.  (As a technique, one method to reduce unnecessary RAs is to reduce vertical speed to 1,500 feet per minute or less when within 2,000 feet of assigned altitude.)





8.3.2.  TCAS Equipped Aircraft.  TCAS is designed as a backup to visual collision avoidance and ATC aircraft separation service.  To work effectively, timely and positive responses to TCAS advisories are essential.  Delayed responses or reluctance to trust the system could negate its effectiveness and reduce the protection it provides.  Air Force flight crews should respond to TCAS advisories using the following guidelines:





¥	Traffic Advisory.  Respond immediately by attempting to locate and establish visual contact with the intruder and other traffic in the vicinity.  Use other crew members to search for traffic if available.  The pilot should not initiate evasive maneuvers using information from the TCAS display only without positive visual identification of traffic.  These displays and traffic advisories are only intended to assist in visually locating traffic and lack the necessary flight path data trends necessary for evasive maneuvering.  However, while climbing or descending, modest (< 1000 fpm) changes in vertical speed based on TCAS information is not considered evasive maneuvering.  (As a technique, one method to reduce unnecessary RAs is to reduce vertical speed to 1,500 feet per minute or less when within 2,000 feet of assigned altitude.)





¥	Resolution Advisory.  Pilots are authorized to deviate from ATC clearances to the extent necessary to comply with TCAS II resolution advisories.  Air Force pilots should follow all RAs unless unsafe to do so.  If the RA requires maneuvering, the flight crew should clear the maneuvering airspace and respond to the RA.  Recognize that any other aircraft seen visually may not necessarily be the intruder aircraft or the only aircraft the TCAS is responding to.  TCAS algorithms are based on an initial (.25 G) vertical speed input initiated within 5 seconds of the RA.  A properly executed RA maneuver is mild and does not require abrupt control movements.  In most cases climbs or descents of 300 to 700 feet will successfully resolve a traffic conflict.  Maintain situational awareness throughout the RA maneuver, since TCAS could issue a descent RA into an area of rising terrain.  RAs are inhibited below 1,000 feet AGL.





¥	Actions Following an RA.  TCAS should provide an aural ÒClear of ConflictÓ when safe separation is accomplished.  Notify ATC as soon as practical and return to the applicable ATC clearance unless directed otherwise.





8.3.3.  Special Considerations for Aircrews Operating in North Atlantic Reduced Vertical Separation Minimum (RVSM) Airspace.  Current TCAS software specifications were designed using 2,000 feet of vertical separation between aircraft operating above FL 290.  The application of North Atlantic RVSM with a 1,000 foot separation standard above FL 290 will trigger TAs and some RAs when aircraft are operating at required separation standards.  When operating in RVSM airspace in proximity to other aircraft, aircrews should limit climb and descent rates to 1,000 feet per minute to reduce potential affects on TCAS operations.  In level flight, TCAS equipped aircraft can expect a TA every time another aircraft passes at an adjacent flight level.  While few RAs are anticipated in the North Atlantic, factors including turbulence and some autopilot systems can lead to an RA if TCAS senses a nearby aircraft is starting to move vertically.





8.4.  Sources of Additional Information.  FAA Advisory Circular 20-131A, Airworthiness Approval of Traffic Alert and Collision Avoidance Systems (TCAS II) and Mode S Transponders.
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