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In the last 50 years, ejection seats have come a long way. While the first ones were designed to propel an aircrew member away from a doomed aircraft so he could deploy his parachute, today's fully automatic ejection seats are considerably more sophisticated. They can place a crewmember under a fully inflated parachute less than 3 seconds after initiating escape.

But in spite of all the advances in life-saving technology, aircrew members are still losing their lives, either because they initiate ejection too late for the system to operate properly, or they don't initiate ejection at all. What follows is a brief history of life support equipment, and some of the factors that contributed to late ejections/no ejections, in the hope that you may learn from their lessons.

Introduction

The 311th Human Systems Wing (HSW) at Brooks AFB, Texas manages all life support gear and escape equipment used in every Air Force aircraft. Within HSW, the Life Support Systems Program Office (SPO) has system and technical management responsibility. Because it's critical, life-sustaining gear, and much of it is of the "one-time-use" variety, it must operate reliably when used. In this context, "one-time-use" simply means this: It's used only after the total sum of the aircrew's knowledge and skill is unable to maintain controlled flight in a disabled aircraft. HSW understands that a crewmember must be able to initiate that escape system without hesitation or second thought if he or she is going to survive, and that's why we make every effort to ensure that the equipment is of the highest possible quality.

Prior to procurement, prospective contractors undergo a rigid screening process. Once selected, the contractor is required to perform in-process inspections to ensure the equipment is being manufactured to specification. Upon completion of the manufacturing process, a government agent inspects the equipment before accepting it into the Air Force supply system. Finally, life support/egress technicians thoroughly inspect the equipment before installing it on an aircraft. All of this is done to ensure the equipment operates properly when needed.

The Evolution

During WWII, aircraft design and performance characteristics improved greatly. But better designs and higher airspeeds also resulted in an increase in "Q" forces, those pressures exerted on an aircraft from every direction. As airspeed increased, so did "Q" forces and the degree of difficulty required to escape from an aircraft.

The principal means of escape from a disabled WWII era high performance fighter aircraft was an over-the-side bailout. The procedure required opening (or sliding back) the aircraft canopy, unbuckling the lap belt, diving over the side, and then deploying the parachute and survival kit on descent. Higher airspeeds and greater "Q" forces meant increased aircraft canopy resistance, posing escape difficulties for some pilots. Then, once the canopy was opened, the pilot had to deal with a new problem. Because of the higher airspeeds, they sometimes hit parts of their own aircraft and were injured, or, in a few cases, killed outright. This problem wasn't unique to Allied nation aircraft.

As it was recognized then, the challenge was to find a means of getting the crewmember safely away from the aircraft so he could then perform those other functions-deploying the parachute and survival kit-necessary for survival. In August of 1945, the U.S. Army Air Forces Aeromedical Laboratory recommended that an ejection seat, similar to one designed by the Germans, be used in the new jet-powered P-80 aircraft. It was adopted, and man-rating of the ejection seat was accomplished 16 August 1946 when Chief Warrant Officer Larry Lambert safely ejected in a test over Wright Field, Ohio.

Over the last 50 years, there have been continuous improvements in ballistics, electro-pyrotechnics restraint systems, and G-absorbing / dissipating ejection seat designs. A modern seat can safely propel the man-seat mass away from the aircraft, automatically release the restraints, separate person from seat, automatically deploy the parachute and survival kit, and, if landing in salt water, automatically disconnect the parachute and inflate the life preserver. The current state of operational escape systems is such that a crewmember can initiate ejection and be under a fully inflated parachute in as little as 2.3 seconds and survive ejections at airspeeds as high as 600 knots. Escape systems have definitely come a long way since that first success at Wright Field.

Lessons Learned

When a Class A mishap occurs in the Air Force, a team of experts is assembled. This team investigates every possible factor, event, and sequence of events that may have contributed to the accident, determines the root cause(s), and communicates lessons learned to help prevent future mishaps. A life support career field functional expert participates in every one of these mishap investigations to examine life-support systems and components and determine if they functioned as they should have.

Sadly, and all too often, an Accident Investigation Board will conclude that the escape system was never used or that it was activated too late. Why? Many factors can affect the ejection decision, and a few follow that will likely influence your decision. Keep in mind that many of them are interrelated and not necessarily exclusive of each other. Some are worth serious consideration, while others aren't, and now is probably as good a time as any for you to decide how much influence a particular  factor should have with you.

+ Aerodynamics. Some of the more advanced escape systems -those of the "zero-zero" variety - are designed to operate successfully under very difficult conditions. "Zero-zero" refers to the system's capability to safely separate man from machine, even with "zero" altitude and "zero" airspeed. But for a zero-zero ejection system to operate most effectively and increase the odds that it will save your life, you should consider adding three more "zeros": zero bank angle, zero pitch angle, and zero sink rate.

Altitude and airspeed may be thought of as primary determinants in a successful ejection. But pitch, roll, and sink rate also affect the time available to make the ejection decision and, ultimately, whether the operator lives or dies. If the aircraft develops a sink rate, or has other than a zero bank angle, more altitude-and time-are required for full operation of the escape system.

For example, if the aircraft has a sink rate of 10 feet per second (fps) and the ejection seat ascends at 45 fps, then the net rate of ascent will be 35 fps (-10 fps +  45 fps = 35 fps). Conversely, if the aircraft is climbing at 10 fps and the ejection seat is ascending at 45 fps, then the net rate of ascent for the ejection seat is 55 fps (10 fps + 45 fps = 55 fps).

If ejecting when the aircraft is in a roll, maximum height of the ejection seat trajectory will be affected. At 30 degrees, you'll lose approximately 30 percent of trajectory height, while at 60 degrees, the loss in trajectory height is nearly 50 percent. At 90 degrees or more, there is no upward trajectory.

And that's why the "zoom" maneuver - establishing a wings-level, positive climb rate, nose-high pitch attitude - is so critical. It ensures a higher ejection seat trajectory, reduces the time required for a successful ejection, and could save your life! If time is available, use the zoom.

In most out-of-the-envelope ejection fatalities, the cause was attributed to delay on the operator's part in initiating ejection. To survive an ejection, you must be familiar with more than just Bold Face procedures. The flight manual provides escape system parameters - altitude required for different dive angles, bank angles, sink rates, and airspeeds - and limits that may surprise you, so you should know them before strapping in. But the escape decision must be made on the ground. You save precious moments when a preconceived "last chance" set of ejection parameters are available, or your response to one or more sets of conditions is established before you are actually faced with a disastrous situation. Work the emergency, but know when it's time to get out, too. Indecision kills.

+ Response Time. "Response time" is the amount of time which elapses from an event's onset-say, an unexpected, unrecoverable flat spin-until positive action is taken in response to that event. Response time includes reception of information through the sensory system, processing of that information by the brain, the brain's perception as to the quality and reliability of the information, and determining decision options. NOTE: The more options available, the more time the decision process will require. Then, judgment takes over to examine the probable success of each option, with the selection process based on one's training, experience, personality, and other individual influences.

The human can devote full attention to the processing of only one unique event at a time, so errors in the judgment process may result from too much (or too little) information supplied during a rapidly changing situation. After making a decision, the pilot must take positive action to implement that choice. In the case of the aforementioned spin, that "positive action" is most likely to be a firm pull on the ejection handle.

+ "Pressing:' Here are some "pressing" definitions for you to consider. Press' ing: 1. A condition whereby an aircrew member unnecessarily places his aircraft and himself in jeopardy; frequently results in a delayed ejection decision. 2. When the motivation to succeed (or excel) overcomes personal safety. 3. An inordinate desire to prevail that overrides good judgment and rational decision processes. 4. Continuance of a task or mission to the point that safe parameters are exceeded. 5. May be the cause of an emergency, or the result of an emergency.

You're not "pressing" when working within pre-briefed rules of engagement guidelines, nor should "pressing" be confused with the "warrior mentality," But when you fly lower than briefed (or allowed) in order to achieve greater weapons delivery accuracy, or make that turn tighter than necessary (and start graying out), you're "pressing." 

+ Mission Requirements. Low-level, high-speed tactics in a realistic training environment leave little time for the decision process and human reaction. During one such realistic training exercise, a crew descended to a low-level flight profile. As the pilot looked up, he saw a mountain straight ahead and immediately took evasive action, but the aircraft glanced off the top of the mountain. Despite very little time for reaction and decision making-approximately 10 seconds-the crewmembers began initiating ejections. Five of seven ejected successfully. Because they were prepared, they knew when it was time to get out.

+ Situational Awareness (SA). When you get too engrossed in accomplishing the mission and develop tunnel vision, you lose SA and become vulnerable to collision with terrain (or your wingman), getting caught in your own bomb burst, running out of fuel, and lots of other bad things. Loss of SA can be a killer. Going head-down in the cockpit to analyze reasons for a master caution light, and then forgetting higher priority tasks (like flying the airplane?), can easily lead to loss of SA and ignoring aircraft/ ejection system performance limits. Fatigue, a hangover, or personal problems can also affect SA. Same for inattention or channelized attention.

During a 1vl ACM training flight, both pilots became so intent on getting a radar lock on each other that they momentarily lost awareness of the body of water below. One aircraft broke off the attack in time. The other pilot looked up and could see only water. Recovery was unsuccessful, and he died when his aircraft impacted the water.

+ Crew Coordination. Effective communication and coordination among crewmembers is essential. A well-disciplined, well-trained crew working together has a significantly better chance of accomplishing the mission and successfully handling an emergency situation, than one where each crewmember acts independently or contrary to written/briefed procedures.

Prior to flight, the "routine" training mission was briefed. The aircraft commander told his backseater that if an emergency occurred on the ground they would accomplish a "ground egress" (no ejection) unless he directed otherwise. The mission proceeded normally until landing, when, without warning, the nose gear collapsed. As the nose of the aircraft contacted the runway, communication broke down. As briefed, the aircraft commander began to disconnect his harness for an emergency ground egress. Meanwhile, the backwater observed spilled fuel and afire on the runway and independently decided to initiate ejection. The aircraft commander was fatally injured when his seat ejected without him being secured to it.

+ Stigma. "Stigma" associated with losing an aircraft may be real or imagined. No one wants to have more takeoffs than landings. However, preoccupation with getting tagged as a "pilot who panicked" and ejected "too soon" could prove just as deadly as refusing to acknowledge that an aircraft is unrecoverable and ejecting too late or not at all. When it's a choice between self-preservation and embarrassment, collision with the ground is much less forgiving and a lot more likely to kill than any stigma associated with losing an aircraft.

+ Ego. Ego involves self-esteem and is considered a complex combination of one's perception of a role concept, pride, self-image, perceived peer pressure, fear of failure, fear of disgrace over losing an aircraft, and the fear of looking "bad." Ego is essential, but not necessarily if it fosters a sense of "I never flew a plane that I couldn't land" or "It'll never happen to me." An experienced pilot believing in his ability to escape from any situation may fly the aircraft into an unrecoverable condition. If he ponders the detriment that an early ejection could have on his professional image and hesitates, he may eject too late.

+ "Well Dones." Sometimes we show an uncommonly overzealous desire to reward someone who saves an aircraft, in spite of the fact that flight manual rules/procedures may have been violated. The real concern here is that someone perhaps not as skilled, or who may be in a more hazardous predicament, may imitate the behavior and become a smoking hole with his aircraft.

+ Overcoming the Problem. In this context, "overcoming the problem" is closely related to "situational awareness" above. It refers to expending an inappropriate amount of time assessing a problem (or attempting to overcome one) and then forgetting to monitor aircraft position with respect to the earth. It might even involve second-guessing oneself while making the ejection decision and then deciding to "give it one more try" before ejecting.

Engine restarts are apt candidates for initiating the "one more try" scenario. Time is lost in anticipation the engine will start, and when it doesn't, there may be an overwhelming desire to attempt "just one more" start. But, even if the engine does start, it takes time to spool up and generate usable thrust. Meanwhile, airspeed's decaying, altitude's decreasing, and the likelihood of the manifestation of other human factors increases. Do you really have time for "just one more" attempt?

And keep this in mind: If a pilot-initiated maneuver created the conditions) that led up to an ejection decision, then there's an even greater chance that decision will be delayed while trying to "overcome the problem."

+ Fear of Being "FEB'd." This refers to the rare (but o en rumored!) attempt to take Flight Evaluation Board ( B) action against a pilot who lost an airplane. While briefing aircrews on their respective escape systems, members of the World-'Wide Escape System Briefing Team asked ft any of them had heard of someone who had met a FEB. Many hands were raised. But, when asked if they had ever known someone who had actually been FEB'd, no hands stayed up.

+ Command Emphasis. This factor relates to the safety emphasis on reducing mishaps that commanders place on routine flight operations. Don't fall into the trap of thinking that the goal is merely to reduce aircraft losses or help the boss look good for the promotion board. The primary intent is to stress flight rules and regulations and save your life by preventing future aircraft accidents.

+ Avoiding Populated Areas. How long to stay with the aircraft and delay ejection to avoid populated areas is an intensely personal decision. There have been several just-in-time ejections which were influenced by this factor. During the 1989 Paris Air Show, the No. 2 engine in Russian pilot Anotoli Kvotchur's MiG-29 was FOD'd out by a bird, causing loss of thrust during a low-level maneuver. The aircraft was fatally stricken, but in an interview after the mishap, Kvotchur voiced his concern about remaining with the aircraft long enough to ensure it wouldn't crash into the crowd. Even today, experts disagree whether his parachute fully inflated before he hit the ground, but his last-second ejection was successful.

+ Complacency. Complacency usually results from too little stress and can definitely contribute to a late (or no) ejection attempt. As used here, complacency often occurs when a pending mission element is perceived as relatively undemanding or "routine." Inattention, dropping your guard, and unnatural trust in someone else's abilities also fall into the "complacency" category. Complacency could also be related to advancements in technology that have made flying easier and safer. Too great a trust may lead one to believe that instrument crosschecks to confirm aircraft position or altitude don't need to be done as often (or that they're unnecessary).

+ Behavioral Inaction. This is a phenomenon that has been used to explain why airline passengers sometimes don't take immediate action to exit an aircraft after they've survived a crash. Under conditions of extreme stress, or if there are too many choices to consider, some people will "freeze" and be incapable of taking action until commanded to do so. "Freezing" is an inability of an individual to act during times of high stress and may be an explanation for some of the so-called "suicide" flights.

+ Spatial Disorientation (SD). SD occurs when a pilot incorrectly perceives aircraft motion, altitude, or attitude relative to the earth's surface. If the senses indicate the aircraft is doing one thing and the aircraft is actually doing something different, then SD has occurred.

There are three types of SD: Type I (Unrecognized); Type n (Recognized); and Type III (Incapacitating/Uncontrollable). Type I is the most dangerous because the pilot doesn't know (or even suspect) that he has it. During the years 1988-1997, 88 percent of all USAF Class A mishaps involving SD were of the Type I variety. With Type II, there is recognized conflict between actual aircraft performance and what the pilot perceives that performance to be. In the years 1988-1997, 8 percent of USAF Class A mishaps involving SD were Type 11. Type III is a condition where the pilot is disoriented, recognizes it, but is unable to take corrective action. Under certain conditions, nystagmus (rapid involuntary oscillation of the eyeballs) may occur and interfere with the reading of flight instruments.

Spatial disorientation may be overcome with knowledge and vigilance- knowledge that SD can and will occur and vigilance through periodic instrument crosschecks. Vestibular sensations must be overcome in order to bring the aircraft back to a wings-level attitude. Often the assistance of another crewmember or a wingman will help overcome the effects of SD.

Physical and mental fatigue, alcohol, and self-medication increase susceptibility to SD.

+ Temporal Distortion. Temporal distortion is another one of those phenomena that occurs in high-stress situations where the brain slows down perception of events in an effort to provide time to deal with the crisis. It has the effect of reducing anxiety and quite often results in a loss of a sense of urgency. It gives the false perception that additional time is available since events appear to be taking place very slowly.

During a fighter aircraft functional check flight, a crew of two took off from a commercial airport in the Midwestern United States. As the aircraft lifted off, the air traffic controller radioed the crew that they were on -fire. The pilot immediately climbed to altitude and began assessing the problem. After a few moments, his crewmate asked what his intentions were. The pilot advised there was "plenty of time," so he was assessing the situation. The crewmate noticed a number of fire warning lights illuminating, several utility systems starting to fail, a decay in airspeed, and the altimeter unwinding through 2,500 feet. He asked the pilot if he had considered ejection, and the pilot said, "Not yet." He then suggested to the pilot it might be wise to point the aircraft toward an unpopulated area while assessing the situation.

While attempting to turn, the pilot found the flight controls to be stiff, aircraft response to be sluggish, and he had difficulty maintaining control. It was at this moment he realized the seriousness of the situation and how little flying time they had left. He was able to point the aircraft toward an isolated area, but he initiated ejection with only enough time to get "one swing" in the parachute before landing. Afterward, the pilot described a condition in which everything slowed down, and he felt he had plenty of time to make a decision. This condition was later dubbed "temporal distortion."

In some cases, a crewmember may only remember pulling the ejection handle and then suddenly being under a full parachute. In other cases, there are those crewmembers who remember every single event that occurred from the rime they initiated ejection until they completed their parachute landing fall.

The crew of a two-seat aircraft was on final approach, and they had configured the ejection system so that regardless which crewmember pulled the ejection handle, both of them would be ejected. In this particular escape system, there's a three-tenths-second delay for the aircraft canopy to depart and a half-second delay between the two seats ejecting. When their engine flamed out, with little airspeed and no altitude, there was no opportunity to recover and little time to react. The aircraft commander initiated ejection.

Both elections were successful, but in the aftermath of the mishap, the aircraft commander complained of a system malfunction. He reported that everything in the escape system had operated slowly, way too slowly. He related how the aircraft canopy had slowly departed the aircraft, how the backseater had slowly and gently floated into the air, and how he had been compelled to pull the ejection handle several times before his own seat started slowly moving up the rails. He remembered the wind blast to the face, the snapping and popping of straps as they entered the slip stream, and the gradual billowing of his parachute as it lazily inflated. A thorough examination of the escape system components and scatter pattern of escape system debris revealed the system operated exactly as it was designed to. Temporal distortion, plain and simple.

Conclusion

Delaying the ejection decision is responsible for more unsuccessful ejections than any other cause. Improvements in escape systems have made them more versatile and provided crews with faster system operating times than ever before. The Human Systems Wing will continue efforts to improve functionality and survivability. However, ultimately it's up to you, the crewmember, to reduce the time for making that decision to eject. It could be the single most important factor affecting your life.
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