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INTRODUCTION





  There is incredible power in the smallest of things. A speeding bullet can kill an elephant. A match can destroy a 100,000-acre forest. In aviation, a cotter pin worth two cents and no larger than a paper clip can bring down a 300,000-pound jetliner, killing hundreds of people.




  Consider what happened over Indonesia and Ethiopia. Minutes after taking off in good weather, two Boeing 737 MAX 8 jetliners became victims of malfunctioning sensors. The sensors caused the tails to angle the noses of the planes downward, with the frenzied pilots unable to correct their flight paths. The near-new jets plummeted into earth and sea. A total of 346 people aboard the planes were killed. In March 2019, all MAX airliners were grounded.




  60 Minutes aired an investigative report on April 15, 2018, citing safety issues at Allegiant Air, a major low-fare airline. On August 17, 2015, the flight of one of Allegiant Air’s MD-83 jetliners, carrying 158 people, was aborted during takeoff from Las Vegas. Gaining speed, the plane had lifted off by itself—before its pilots moved the controls and far too early during the takeoff roll. The startled crew wisely rejected the takeoff and stopped the jet before it careened past the end of the runway. The cause: a missing cotter pin in the elevator control mechanism. A mechanic hadn’t taken an extra minute to slip the pin into a nut.




  An estimated 20 percent of aircraft accidents are caused by mechanical failure. Over the last fifty years of commercial aviation, the same types of accidents have occurred repeatedly.




  On September 1, 1961, a mechanic forgot to install a cotter pin in a linkage that controlled the elevator of a four-engine TWA Constellation departing from Chicago. The plane limped into the air and four minutes later slammed into a cornfield. The fiery crash killed all seventy-eight people aboard, including twenty children. There are dozens of other accidents, some old, some new, many fatal—all caused by missing bolts and pins.




  Not unlike searching for a needle in a haystack, investigators sift through the accident scenes of crashes like these in a search for clues. Each investigation turns into a challenging mystery begging for a cause to be found as soon as possible. Once the obvious is ruled out, laying the blame on a nut or bolt calls for painstaking detective work—even more so when it involves targeting a person or organization responsible for a deadly maintenance error.




  How and why such accidents continue to happen is a seldom-discussed, dark side of commercial aviation.




  The comfort and amenities of air travel are no more. But surely airline maintenance is better than ever. Ask a group of passengers and be prepared for a quizzical look. They may assume that it’s better.




  When 60 Minutes presented its investigation of Allegiant Air, there were revelations concerning maintenance oversights, an improper firing, poor recordkeeping, and weak Federal Aviation Administration (FAA) enforcement. One of the incidents mentioned had to do with the missing cotter pin. Although an investigation by the media should interest anyone who flies, most passengers don’t rank safety high on their list of concerns. Cheap fares are what matter. It has been reported that more than 10 million viewers watch 60 Minutes on Sunday nights. This specific broadcast resulted in unfavorable publicity for the airline and for the aviation industry as a whole, but a fast-moving news cycle soon eclipsed the story of the takeoff mishap. Within days, the stock for Allegiant had recovered. And just as many people as before the broadcast continued to buy tickets from the carrier.




  Accidents often result from a safety culture at the airlines that allows mistakes to flourish. The FAA is caught in a middle role, regulating safety on one hand and assuring the fiscal stability of airlines on the other. It’s a difficult balancing act.




  Whether an airline is large or small, whether it flies older planes or newer ones, maintenance errors creep in regularly. This happens especially when there is a corporate culture that does not make passenger safety its primary concern.




  The passengers aboard the Lion Air and Ethiopian Airlines MAX 8s didn’t have a chance. In 2015, the Allegiant Air MD-83 never left Las Vegas, and the passengers suffered no more inconvenience than an extra night in a hotel (in 2000 an Emery Worldwide Airlines DC-8-71 had been the victim of a similar event, although that turned out to be fatal). These are not obscure incidents. Beginning with the advent of modern aviation, missing hardware has often been responsible for accidents, regardless of whether the plane is a Cessna 152 or Boeing 747.




  On September 11, 1991, a mechanic forgot to install dozens of screws that secured part of the tail of a Brasilia airliner flown by Continental Express. The plane broke apart in midair, killing everyone aboard. The outcome: regulators made a big push to improve safety with the goal of not repeating such a horrific accident. In 1998, another Brasilia barely made it back to the airport. Screws holding the same part of the tail were missing—exactly what had happened earlier. Lessons can be forgotten and mistakes repeated.




  An Airbus A320 operated by Jetstar Airways in Australia suffered a thrust reverser failure during landing on December 18, 2017. The cause was unusual: a pin was required to be inserted in the mechanism only during maintenance. However, a mechanic forgot to remove the pin prior to the plane’s return to service. Fortunately, there were no injuries.




  On the flip side, considering the thousands of planes flying over the United States at any given time, the chance of these accidents occurring is statistically remote. However, they have happened and likely will again. There are no clear-cut safeguards in place to prevent their recurrence.




  Unlike in years past, much maintenance at the major airlines is outsourced to independent overhaul bases. Some of the facilities are overseas and poorly supervised. Regardless of where the work is performed, stress, inadequate training, poor communication between work shifts, and other issues continue to result in deadly outcomes. What you are about to read are accurate accounts of why accidents occur for the smallest of reasons, quite literally. This book presents information gleaned from thousands of pages of accident reports combined with first-hand knowledge accumulated during my years in the aviation industry. Demystifying technical issues behind these accidents, and understanding how they might be prevented in the future, is my interest.




  Aviation is unforgiving. It always will be. When it comes to maintaining airplanes properly, a zero-tolerance standard is imperative. Unfortunately, that lofty goal has not been attained.
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  WHO’S MINDING THE STORE?




  It’s a rare day when a mishap at the airlines doesn’t find its way into the evening news. What viewers usually see is outrageous passenger behavior or poor service on the part of employees. However, a more solemn story occasionally gets their attention: a plane crashes, and people die.




  The headlines on October 29, 2018, reported such a disaster. A Boeing 737 MAX 8 jetliner crashed in Indonesia, killing 189 people. Then on March 10, 2019, another MAX 8 crashed, this time in Ethiopia, and 157 passengers and crew died. The accidents had something in common: two identical, near-new jetliners crashing minutes after takeoff, within five months of each other.




  As the words for this chapter are being written, there are no final conclusions on why these jets met their horrific fate. And there’s no absence of stories in the media concerning Boeing Commercial Airplanes, the manufacturer that designed and built the planes.




  Theories concerning the baffling accidents are easy to find. Some pilots point to inexperienced flight crews of foreign airlines incapable of handling major emergencies. Others rake Boeing over the coals for selling planes with design defects. Still others suspect sloppy maintenance or poor workmanship. Even the airlines are blamed for not recognizing the risk in operating the unproven planes they have bought. Ultimately, the cause may involve a combination of design, pilot training, maintenance, and mistakes on the part of industry and government for approving a plane that wasn’t safe.




  For now, one bit of evidence has emerged as the impetus that brought on a string of failures contributing to both accidents. Sensors designed to measure the angle of attack (AOA) of the wings apparently malfunctioned. The AOA is the angle formed between the chord (width) of a wing and the direction of air flowing past the wing. Collins Aerospace manufactures these two-pound, high-tech sensors. One of them, improperly repaired by Xtra Aerospace in South Florida, is suspected of starting the cascade of events that resulted in the deaths of the air travelers in Indonesia.




  Accidents caused by aircraft design deficiencies seldom warrant headlines—unless people die. A well-known airliner of the 1960s that experienced several horrific accidents due to design flaws was the turboprop-powered Lockheed Electra. Another string of accidents involved the McDonnell Douglas DC-10 jumbo jet of the 1970s. Today, the public’s attention is riveted on the troubled 737 MAX.




  Having dominated the world of aircraft production for over one hundred years, Boeing remains the only U.S. maker of airline transports. Lockheed and McDonnell Douglas, Boeing’s longtime competitors, exited the airliner manufacturing business decades ago.




  The MAX is likely to become the final iteration of Boeing’s long-standing single-aisle jetliner; the original 737-100 first flew on April 9, 1967. A series of MAX models is available in four sizes, each of their fuselages “stretched” to seat anywhere from 138 to 204 passengers in two classes.1 The MAX 8 is the medium-size variant of this series. The program had been lauded as highly successful, and by January 2019, Boeing had received more than five thousand firm orders for the MAX series, including 201 planes committed to Lion Air in Indonesia. International air carriers ordered more MAXs than domestic carriers, but Alaska, American, Southwest, and United committed to buying 549 of the jets, including those already delivered.




  The distinguishing feature of all MAXs is their pair of engines: CFM International LEAP-1B turbofans capable of providing 29,000 pounds of thrust each.2 These fuel-stingy engines, combined with split-tip winglets and other aerodynamic enhancements, allow the MAX to consume considerably less fuel than the 737 Next Generation (NG) model it replaces. If it weren’t for fuel-efficient engines, the airlines would have no reason to buy such hundred-million-dollar jetliners. Pilot salaries and the cost of fuel rank high on the list of items to worry about for chief financial officers at the airlines. Their priorities are saving fuel and moving ahead to automate more of the functions that employees now handle.




  The LEAP’s fan diameter of sixty-nine inches compares with the sixty-one-inch diameter of the CFM56-7BE engine powering the NG. This may not seem like much of a difference, but adapting an engine with a larger diameter fan to an airframe designed one-half century ago presented a problem for the engineers at Boeing. The 737-100 featured slender, 14,000-pound-thrust Pratt & Whitney JT8D turbofan engines mounted under its wings and not the large-diameter, $14.5-million fanjet masterpieces powering the MAX. The design challenge centered on providing enough clearance between the bottom of the rotund LEAP engine nacelles and the pavement. If the clearance were insufficient, a pilot could accidentally hit a light fixture along a taxiway. Aware of this possibility, the engineers lengthened the MAX nose landing gear by eight inches. To gain additional clearance and move the plane’s center of gravity more toward the nose, they also cantilevered the three-ton engines forward and slightly higher than the leading edges of the wing. A cursory look reveals that the engines on the original 737 appear to have 80 percent of their length carried under the wings, while the MAX’s LEAP engines seem to have 80 percent of their length ahead of the wings.




  The executives at Boeing elected to pursue an evolutionary design approach to develop the MAX by making the plane a variant of the 737NG, rather than embarking on the riskier course the company took in developing its 787 Dream-liner by certificating the MAX as an all-new plane. This short-cut for the MAX avoided the requirement that the FAA certificate the MAX as a new plane, but Boeing soon discovered that integrating today’s technology and a dated airframe brought unexpected roadblocks.




  The handling characteristics of the MAX 8 differ from those of the NG because the heavier LEAP engines are mounted further ahead of the plane’s center of gravity. This created stability and control problems. If a pilot maneuvered the MAX to generate “an angle of attack close to the stall angle of around fourteen degrees, the previously neutral nacelle generates lift,” observed Bjorn Fehrm, an aeronautical engineering analyst.3 If lift is developed ahead of the center of gravity, a plane will have a tendency to pitch upward. The curved surfaces of the LEAP nacelles created that kind of lift. During testing, this became apparent during steep AOA and high-airspeed flying. To counter this characteristic, a software-activated control system was developed, the MAX becoming the first model of a 737 so equipped. Boeing had another reason for incorporating the system: without it, spending time and money on a new FAA type certificate would be required—instead of an amended certificate based on the NG.




  On a parallel path with the MAX engineers in Seattle, Boeing’s competitors at Airbus SE in Europe pushed ahead to develop the A320neo. At first glance, the A320neo’s overall look is similar to that of the MAX, both of them single-aisle, twin-engine jets. “Neo” is an abbreviation for “new engine option,” referring to the LEAP engines and other high-efficiency engines compatible with the A320neo airframe. Seven months after the A320neo was introduced, Airbus had received more than one thousand orders and commitments for the plane. Meanwhile at Boeing, development work for the MAX lagged more than eighteen months behind that of the A320neo. In 2011, Boeing hoped to launch the program and corner the market with large orders from several airlines. It was fortunate in doing so, but in competing with Airbus for additional orders, the company found itself neck and neck in a race with its European competitor. The MAX and A320neo would have to fight for a substantial share in the global market for single-aisle jetliners. “They weren’t going to stand by and let Airbus steal market share,” said Mike Renzelmann, a retired Boeing 737 MAX flight controls engineer.4




  The intense race that developed to scoop up orders and develop the MAX took a human toll at the Boeing plant in Seattle. Extended workdays and weeks became the norm. Employees who worked well under pressure stayed; those who couldn’t cope with the stressful environment retired or moved to other companies. “This program was a much more intense pressure cooker than I’ve ever been in,” said Rick Ludtke, a MAX cockpit design engineer. “They wanted the minimum change to simplify the training differences, minimum change to reduce costs, and to get it done quickly.”5




  The first flight of a MAX took place on January 29, 2016. On May 22, 2017, passenger service was inaugurated with Malindo Air in Malaysia.




  As dawn arrived over the coast of Indonesia at 6:20 a.m. on October 29, 2018, the pilots of Lion Air Flight 610, after taking off from Soekarno-Hatta International Airport in Jakarta for Depati Amir Airport in Pangkal Pinang, Indonesia, lost control of their three-month-old MAX 8.




  As the plane’s nose landing gear lifted off from runway 25L, the captain’s yoke6 began shaking, normally warning the crew of an impending stall. Throttles pushed forward, the engines continued to develop almost 58,000 pounds of thrust. The captain didn’t reduce power, and the plane gained airspeed rapidly. Two minutes after takeoff, while climbing, the flaps were retracted. Within seconds, the nose began angling down, the jet dropping rapidly. In an attempt to counter the dive, the captain moved the flaps back down but then retracted them again. Pulling back on the yoke, he also clicked a thumb switch that controlled the horizontal stabilizer trim. It raised the nose—but five seconds later the nose-down travel resumed. The switch was repeatedly pressed and then released to bring the nose up, but the pitch angle dropped again after each five-second reprieve. The crew then climbed to 5,000 feet. Over six minutes, more than twenty-five of the frightening down-and-up cycles took place. Then there was a final, mystifying, automatically controlled nose-down trajectory that the pilots were unable to counter, and the plane entered a screaming high-speed dive exceeding 10,000 feet per minute.




  Ten minutes into the eleven-minute flight, thirty-one-year-old Captain Bhavye Suneja, a citizen of India, told his copilot, Harvino, a forty-one-year-old Indonesian having a single name, to take over the controls. Seemingly overwhelmed, Harvino hesitated. By now, the stabilizer had reached its maximum nose-down angle. While Suneja struggled with the controls, Harvino flipped through the pages of a “quick reference handbook.” But there wasn’t time. Its nose pointing down sharply, the plane had already lost thousands of feet of life-saving airspace. The plane was stuck in a steep, downward trajectory not far above the sea. Adjusting the trim wheels next to their seats to manually change the stabilizer angle became their last hope. But the high airspeed of the jet meant that the extreme aerodynamic forces the speed created prevented them from turning the wheels.




  The MAX 8 plummeted nose first into the Java Sea at a reported 500 mph, its airframe disintegrating on impact. Suneja, Harvino, and the 187 other souls aboard were killed instantly.




  In the days following the crash, Indonesian accident investigators suspected that when the flaps were retracted after takeoff, an unknown force had moved the nose down. Suneja and Harvino tried to counter that force by clicking on the thumb switches. While they fought the nose-down force, the captain’s yoke continued to shake, warning them of a stall that didn’t exist. The distraction continued for the entire duration of the short flight.




  What neither pilot knew was that an automatic system had taken over control of the jet without their knowledge. They didn’t understand why the apparently erratic downward movements began and continued, or how to stop them. Whatever actions they took proved mostly ineffective. There was no mention of this predicament in the handbook that Harvino held in his hand. And nothing had been discussed with the pilots during flight simulator training sessions. “To expect someone at a moment of high pressure to do everything exactly right is really tough,” said Alvin Lie, an Indonesian aviation expert and the country’s ombudsman. “That’s why you don’t want to ever put a pilot in that situation if there’s anything you can do to stop it.”7




  Another Lion Air crew had reported a series of problems with this particular MAX 8 the day before its final flight. They included AOA, altitude, and airspeed mismatches between the pilot and copilot instruments. One of the Collins AOA sensors was replaced, and ground tests indicated that the plane was safe to again transport passengers. It was not. During the course of the accident investigation, it was reported that Boeing had voiced concerns about the quality of Lion Air’s maintenance practices, asserting that the logs for the accident plane indicated “ineffective troubleshooting in the days before the accident” as a possible cause.8 The manufacturer also questioned why the crew was ineffective in stopping the diving. Rusdi Kirana, the founder of Lion Air and one of Boeing’s biggest MAX customers, was upset by the unproven allegations. He interpreted the comments as meant to shift blame from Boeing to the airline and its pilots.




  The investigation continued to focus on an AOA sensor on the left side of the fuselage that had malfunctioned. Its signal was thought to be the reason why the horizontal stabilizer continually changed its angle and forced the plane’s nose down. The sensor’s output signal was indicative of the nose being dangerously high and creating a stall condition whereas in fact, the nose was in a dangerously low position. Adding to their mental confusion, the pilots were being warned of an impending stall by the continuously shaking yoke, even though the plane was not stalling. What was going on? In the background, unknown to the pilots or likely to anyone other than Boeing engineers and managers, the sensor’s false signal had activated something called the Maneuvering Characteristics Augmentation System (MCAS).




  Aviation Daily, an authoritative publication covering the airline industry, reported, “The MCAS was needed for certification purposes to enhance pitch stability with slats and flaps retracted at very light weights and full aft center of gravity, ensuring the MAX handles like the NG.”9




  An AOA sensor consists of a vane protruding from a sealed housing into the airstream. Small enough to fit in a person’s hand, it has only one job: to measure the angle of the air flowing across the surface of a wing. If a plane’s nose rises too steeply while the plane is flying too slowly, a stall can result. It’s a condition where the AOA becomes so high that the air flowing over the wing is heavily disrupted. This results in not enough lift being developed to overcome the weight of the plane. To prevent this from happening, the MAX was equipped with MCAS, which was not a feature of the NG or earlier versions of the 737. Upon receiving an AOA signal from a sensor, MCAS would command the nose to drop for ten seconds and then repeat the action at five-second intervals if the same condition were sensed. There was no limit to the number of times the system could activate.




  To recover from a dive, pilots are trained early in their careers to pull a yoke, stick, or control wheel backward to reposition the angle of the plane’s elevator. In the MAX, this action proved meaningless. The aerodynamic force created by MCAS, which resulted from significantly changing the angle of the horizontal stabilizer, was far greater than any opposing force produced by the elevator. “After a period of time, the elevator is going to lose, and the stabilizer is going to win,” said Pat Anderson, a professor of aerospace engineering at Embry-Riddle Aeronautical University.10




  Combining sophisticated flight control automation with an older but proven airframe required an innovative approach for the system design engineers at Boeing. The computer-aided assistance of MCAS would ensure that the tactile feel of the MAX flight controls closely replicated that of the NG flight controls. Boeing’s reputation among pilots (especially those flying for U.S.–based airlines) has been founded on providing them with direct control of its planes without interference from behind-the-scenes automation. So strong is this view that pilots have often routinely asserted, “If it’s not Boeing, I’m not going.”11 Airbus adopted a far different philosophy, turning heavily to digital technology for taming or limiting pilot actions, particularly those considered risky. For younger, more computer-literate groups of pilots, increased Airbus automation is welcomed, particularly by crews working for international air carriers. It’s especially true for pilots who have logged relatively few flight hours.




  Whenever groups of seasoned pilots gather, discussions often revolve around whether or not automated flight control systems have eroded basic “stick and rudder” flying skills. “You get a lot of takeoffs and landings, but no one gets much flying practice,” said Keith Mackey, a safety consultant and former airline pilot speaking about newer generations of airline pilots. “They know which buttons to push and when to push them. [But] when something begins to fail, it becomes a puzzlement.”12




  On November 6, 2018, Boeing alerted the airlines and their pilots via a company bulletin about how to save the day should the nose drop unexpectedly. It noted that faulty AOA sensor data could trigger ten-second increments of nose-down stabilizer movement. A thumb switch on the yoke could temporarily stop the movements, but they would restart five seconds after the switch was released. The bulletin stressed that crews follow an existing “runaway stabilizer checklist” to stop the cycling. Published a day after the Boeing bulletin, here’s what the FAA told all operators of MAXs in an emergency airworthiness directive (AD):




  

  This emergency AD was prompted by analysis performed by the manufacturer [Boeing] showing that if an erroneously high single angle of attack (AOA) sensor input is received by the flight control system, that is a potential for repeated nose-down trim commands of the horizontal stabilizer. This condition, if not addressed, could cause the flight crew to have difficulty controlling the airplane, and lead to excessive nose-down attitude, significant altitude loss, and possible impact with terrain.13


  




  The AD required Boeing to include in the plane’s flight manual the information it published in the bulletin about runaway horizontal stabilizer trim. The AD did not call for the manufacturer to modify the airplane in any way. And it did not mention MCAS by name.




  The investigators in Jakarta knew that the AOA sensor on the left side had produced a higher signal than the one on the right. The signal triggered the flight control computer that activated MCAS to drop the nose. Data downloaded from the accident plane’s digital flight data recorder (DFDR) revealed that the readings from the plane’s two sensors differed by 20 degrees, even when the plane was sitting on the ground.




  During Flight 610’s brief time in the air, MCAS began a relentless tug of war with the pilots. The system pushed the nose lower while the crew wrestled with the controls in a vain attempt to raise the nose. It seems likely that Boeing’s engineers and the FAA hadn’t taken into account the stressful conditions that pilots face during emergencies. These conditions can be stupefying even though the situation demands an instantaneous response. There’s no time to read a manual, radio a maintenance specialist, or fumble with seldom-used controls or switches. Any action must be embedded in a pilot’s memory and performed without delay. But in the situation facing the Lion Air crew, it was impossible to perform by memory something they had never heard of or done before.




  If a plane does something unexpected in flight, pilots consult abbreviated emergency checklists. In this case, it wasn’t that simple: they weren’t familiar with what might be causing the excursions. Boeing had told pilots who flew 737s, including those flying the MAX, to follow its procedure for recovering from a runaway horizontal stabilizer condition. The procedure stressed the need to turn off a pair of cutoff switches on the center console to cut the power that energized a motor-driven jackscrew moving the stabilizer. This would also disable MCAS. With the thumb switches on the yokes now disabled, the pilots would need to adjust the plane’s stabilizer angle manually by turning one of the cockpit trim wheels. However, if a plane were flying at speeds as fast as Flight 610 was, aerodynamic forces would make it difficult, if not impossible, for the pilots to turn the wheel. Even more importantly, what happened to Flight 610 didn’t resemble a runaway stabilizer; that is, the trim wheels weren’t rotating in one direction continuously. If they had been, the pilots should have known what to do.




  The MAX lacked a feature existing on the 737NG. On that earlier plane, pulling back on the yoke activated a “column control switch,” interrupting unwanted movement of the stabilizer. But MCAS bypassed that switch, eliminating this way to recover from a dive.




  Not only was MCAS omitted from pilot training materials, it wasn’t discussed during meetings with customer airlines and the FAA. Boeing’s rationale for not publicizing the system was to prevent overloading pilots with technical details it deemed irrelevant. The saying “No need to know” was in full force in Seattle. “I don’t need to know about every rivet, but I do need to know about something that’s going to take over my airplane,” said Dennis Tajer, a 737 captain at Southwest Airlines.14




  Boeing had marketed the MAX by assuring its customers there was no need for pilots to undergo time-consuming flight simulator training beyond that required for the NG. This kept things simple: a single FAA type rating allowed any pilot trained to fly one model of the 737 to fly any model 737, including the MAX.




  In late 2017, the FAA finalized a report that served as the basis for training MAX pilots about the jet’s differences. But it didn’t mention MCAS. “It’s pretty asinine for them to put a system on an airplane and not tell the pilots who are operating the airplane, especially when it comes to flight controls,” said Mike Michaelis, chairman of the safety committee for the Allied Pilots Association.15




  Pilots assigned to the MAX would discover their transition training amounted to an hour-long session conducted on an iPad. Its purpose was to explore what differences existed compared to the NG. But here again, no information was provided about MCAS or what to do if the system failed. By not requiring training in dedicated MAX flight simulators, the airlines were saving tens of millions of dollars, and those savings served as a prime selling point for the MAX. This was something that Boeing and the airlines didn’t wish to change. “The FAA said nothing about this technology at a critical time—when pilots were learning how to fly the plane,” said Mary Schiavo, a former Transportation Department inspector general. “It makes you ask the question: How much did the FAA actually know about the technology, especially given the history of delegating to industry?”16




  On March 10, 2019, a very similar kind of accident happened in Africa. At 8:38 a.m., Ethiopian Airlines Flight 302 departed from 7,624-foot-high Addis Ababa Bole International Airport in Ethiopia for Jomo Kenyatta International Airport in Nairobi, Kenya. The four-month-old MAX 8 found itself in trouble immediately.




  Six seconds after liftoff, the yoke in front of the pilot began shaking just as it had in Jakarta, signaling a stall that didn’t exist. Instinctively, Captain Yared Getachew and copilot Ahmed Nur Mohammod Nur pushed their yokes forward expecting to counteract what appeared to be an approaching stall. Reaching level flight, the MAX accelerated rapidly, pushed along by the same level of thrust the crew had set for takeoff. Upon the pilots retracting the flaps, the stabilizer moved twice, ten seconds each time, pushing the nose of the plane incrementally lower. Getachew pressed the thumb switch on his yoke to raise the nose. Five seconds elapsed and the timing circuit in MCAS reset. The plane’s flight control computer again activated MCAS, triggered by a bad signal from an AOA sensor. Once again, the nose moved down. Getachew responded by flicking the switch again. Nur then turned the power off for the stabilizer motor by moving the two cutoff switches near the throttles, which also de-energized MCAS. The pilots tried to adjust the pitch attitude manually by turning the trim wheels. Because of the plane’s high speed, the wheels wouldn’t budge. At 8:43, unable to move the wheels, the pilots flipped the cutout switches back on. It would prove to be a fatal move. The nose-down movements of the plane resumed. Clicking their thumb switches as before, the crew was able to complete two rapid nose-up movements. But MCAS simply reset and then triggered a third nose-down activation. This pushed the plane into a steep nose-down attitude, causing a rapid descent from 6,000 feet. Pulling back on their yokes and attempting to move the trim wheels proved useless, and with time running out, the crew became overwhelmed.




  Much like what happened to Lion Air Flight 610, MCAS had commanded the plane to dive. And because the plane’s engines were producing maximum thrust throughout the flight, the plane picked up tremendous speed as it dove. Also in common with the Jakarta accident, the aerodynamic force created by this speed made it impossible for the pilots to manually turn the trim wheels and return to level flight.




  Cleared by air traffic control for an emergency return to Addis Ababa, Getachew managed to turn the jet around, but six minutes after taking off, it disappeared from radar. At 8:44 a.m., Flight 302 crashed in a farm field about forty miles from Addis Ababa, snuffing out the lives of 157 passengers and crewmembers aboard. Slamming into the earth at a near supersonic 575 mph, the plane dug a thirty-two-foot-deep crater ninety-two feet wide and more than a hundred feet long. On impact, the airframe disintegrated into thousands of pieces.




  A preliminary accident report issued by Ethiopian authorities didn’t provide a probable cause but did cite technical discrepancies with one of the AOA sensors.




  

  Shortly after takeoff, the angle of attack sensor recorded value became erroneous and the left stick shaker [the system that shakes the pilot’s yoke, warning of a stall condition] activated. The left and right recorded AOA values deviated. Left AOA decreased to 11.1° then increased to 35.7° while value on right AOA indicated 19.94°. Then after the left AOA value reached 74.5° in 3/4 seconds while the right AOA reached a maximum value of 15.3°.17


    




  The DFDR readings confirmed that a sensor or the technology associated with MCAS was problematic. The investigators determined that the vane of the sensor had pivoted to an extreme nose-high position, possibly damaged by striking a bird.




  Flight 610 had been airborne for eleven minutes before crashing. Flight 302 only made it to six minutes. But the similarities between the accidents began to add up. In both accidents, the crews countered the unwanted stabilizer movement using electric trim. This caused MCAS to reset and then repeat cycling because of faulty data from a sensor. If the crews had turned off the cutout switches, kept them off, and resorted to manually turning the trim wheels, MCAS would not have kicked in repeatedly. However, because the throttles were set to develop nearly full thrust, the extremely high speed attained during both flights precluded moving the trim wheels.




  On March 14, 2019, the Ethiopian Civil Aviation Authority grounded all MAXs. China and Indonesia followed suit, parking their planes. Other countries did the same. The groundings rattled the executives at Boeing Commercial Airplanes in Seattle. There was plenty of anxiety in the plane maker’s corporate headquarters in Chicago too. The airlines in China accounted for about 20 percent of all MAX sales.




  FAA officials remained quiet about a possible grounding until a growing number of countries had stopped flying the planes. President Donald Trump took an unusual step on March 13, 2019: he declared that the FAA would ground all MAXs. January 2013 was the last time the FAA had grounded any jetliner, following the discovery of battery overheating problems with the newly introduced Boeing 787 Dreamliner.




  Daniel Elwell, acting administrator of the 45,000-employee FAA, cited imagery from newly acquired satellite tracking and physical evidence recovered at the crash site outside of Addis Ababa as the reason why the agency finally grounded the MAX. A jackscrew that moved the horizontal stabilizer of the MAX became the clue that would reveal what happened to both airplanes. The actuator for the plane’s horizontal stabilizer was uncovered amid the rubble in the crater. Its jackscrew was stuck in a full nose-down position, indicative of a steep dive, and closely resembled what had occurred in Indonesia.




  The FAA issued the following Emergency Order of Prohibition:




 

  Effective immediately, this Order prohibits the operation of Boeing Company Model 737-8 and Boeing Company Model 737-9 airplanes by U.S. certificated operators. On March 13, 2019, the investigation of the ET302 crash developed new information from the wreckage concerning the aircraft’s configuration just after takeoff that, taken together with newly refined data from satellite-based tracking of the aircraft’s flight path, indicates some similarities between the ET302 and JT610 accidents that warrant further investigation of the possibility of a shared cause for the two incidents that needs to be better understood and addressed. Accordingly, the Acting Administrator is ordering all Boeing 737 MAX airplanes to be grounded pending further investigation.18


    




  More than 370 MAXs were operational when the grounding order took effect. “It is a step that should have been taken directly by the federal agency responsible for aviation safety,” said former National Transportation Safety Board (NTSB) chairman Jim Hall. “That it came from the White House instead speaks to a profound crisis of public confidence in the F.A.A.”19




  The terrorist hijacking of four jetliners on September 11, 2001, and their subsequent crashing into the World Trade Center, the Pentagon, and a field in Pennsylvania forever intensified the public’s concern with aviation security. The U.S. government was forced to conduct background checks for baggage handlers, assign air marshals to planes, tighten airport security, have sturdy cockpit doors installed, and increase passenger screening in terminals. Saddled with a tight budget and dozens of programs to fund, some of these programs were destined for a reduction in scope. The FAA decided to stretch out the certification process for new aircraft. Predictably, frustrated executives from the nation’s airframe manufacturers began complaining to members of Congress about the delays. In 2003, in order to expedite the certification process, the lawmakers ordered the FAA to delegate more of its compliance work to the manufacturers.




  When the FAA came into existence in 1967, it stationed representatives in the plants of airframe manufacturers to assure that each new aircraft undergoing certification complied with federal safety standards. The FAA, working from a list of employees submitted by the manufacturers, selected technical experts called designees. Managers from the FAA supervised them. This routine was established even though the manufacturers were actually the organizations issuing paychecks to the designees. Then, in 2005, the FAA changed the process for selecting designees to something more to the liking of manufacturers. Known as an Organization Designation Authorization (ODA), it allows the manufacturer to choose which employees will approve design work for the FAA. This represented the beginning of what’s been referred to by the media as “self-certification” (a term considered misleading by the agency). By 2009, the FAA had delegated much of its inspection authority to Boeing Commercial Airplanes. In 2018, Boeing lobbyists made sure that a few short paragraphs buried in the FAA Reauthorization Act of 2018 ceded still more authority over ODA to a manufacturer.




  How did this work? In a testing laboratory, an engineer at Boeing would conduct the test of a system undergoing certification. Meanwhile, a Boeing fellow employee would act as a representative of the FAA to make sure the test complied with federal regulations. During certification work for the MAX, managers at the FAA decided what tasks the FAA’s employees would handle and which ones would be delegated to Boeing employees.




  The MAX development schedule remained months behind that of the A320neo as rival Airbus continued to breathe down Boeing’s neck in the marketplace. The engineers and managers at Boeing, working with a sparse number of FAA engineers, were pushed to extremes. Exacerbating the situation, the FAA fell behind on its certification tasks and more work was shifted to Boeing under the ODA program. The development schedule was pushed to its limits, and on March 8, 2017, the MAX gained amended type certification from the FAA.




  The preparation of a functional hazard analysis (FHA) for MCAS was one of the tasks the FAA delegated to Boeing. It would establish the statistical probability of a system failure. Whether MCAS should rely on the output of a single sensor or require two of them would be decided by a “failure classification” resulting from an analysis of the system.




  If MCAS should fail and move the stabilizer fully down, it would be classified as a “major failure.” This meant that passengers could suffer injuries but not death. However, in the event of an extreme maneuver, such as the plane ending up in an uncontrollable dive due to MCAS activating, the classification would change to “hazardous” because there would be the expectation of serious injury or death for an unknown number of people. This is one level below a “catastrophic” classification, which means the plane will crash and all or most of the passengers die. Although a more detailed failure modes and effects analysis (FMEA) could classify a failure of the system as “hazardous,” Boeing stayed with “major” and decided to rely on a single sensor and not two.20 There was no requirement to prepare an FMEA at that time.




  The analysis also specified how far the system would be permitted to shift the position of the horizontal stabilizer. The figure stated was 0.6 degrees. However, after a series of MAX 8 flight tests conducted by Boeing revealed that additional stabilizer movement had been needed to prevent a stall at lower speeds, the original 0.6 value was increased dramatically. In November 2018, Boeing told the airlines, albeit reluctantly, how MCAS functioned and its possible failure modes. It published a bulletin stating that the stabilizer’s movement had been upped to 2.5 degrees. The increased 2.5-degree value meant that MCAS could move the stabilizer more than four times further than was stated in the analysis.21 The system “had full authority to move the stabilizer the full amount,” said Peter Lemme, a former Boeing flight controls engineer. “There was no need for that.”22




  The safety analysis was troubling: a single malfunctioning AOA sensor could trigger MCAS and kill people. And although each MAX was equipped with two Collins AOA sensors, the system’s computer received signals from only one sensor during each flight. MCAS was configured to use the signal from one sensor at a time, alternating sensors between flights. Boeing could have configured the system to compare the readings from each sensor to detect a fault. Or the system might have enabled the pilots to check a sensor with the plane on the ground. It would read 0 if working properly.




  It’s common for critical control and instrument systems to be duplicated or even triplicated in modern aircraft. MCAS escaped such redundancy. “They could have designed a two-channel system,” said Lemme. “I don’t know why they didn’t.”23 But even a duplicate system could prove problematic. If the reading from one sensor differed from the other, deciding which of them was correct would call for additional system complexity. It could take a third sensor to determine which one was accurate. Alternately, a modification of the processor architecture to emulate what the AOA should be during various flight regimes could have been provided. But all of these approaches would have entailed millions of dollars in development costs. Boeing would have had a difficult time passing along such costs to its customers, and the A320neo, rapidly gaining customers for Airbus, coupled with a cost increase for the increased complexity of MCAS, could have cancelled MAX orders.




  After the crashes, opinions began to swirl about Boeing’s attention to safety. One pilot posted on a forum frequented by airline pilots, “It is rather astounding that MCAS, if it works as described with only a single sensor input, no cross-check for implausibility, and full authority to render the plane difficult or unable to control, even passed a fundamental engineering safety review, much less made it into a certified jetliner.”24




  When Boeing launched the MAX program in 2011, until the first plane rolled out of its plant in 2016, the inspector general for the U.S. Transportation Department criticized the FAA’s handling of the jet’s ODA process. In 2011, the federal watchdog reported that the process for deciding what systems carried the highest safety risk was ineffective. It was noted that the FAA had not adequately trained employees of the manufacturer to spot violations of the agency’s certification criteria. The FAA defended the ODA process in response to the inspector general’s concerns.




  Unusual for a bureaucracy, a number of current and former employees of the FAA began to recognize that the ODA process, originally believed to be safe for certificating new airplanes, was not foolproof.




  “It makes sense because FAA can’t be everywhere,” said Michael Dreikorn, a former FAA official. “But the reality is it is flawed; you have the fox watching the henhouse.”25 However, in the wake of the September 11 terrorist attacks, the agency’s leadership rationalized that it made sense to go this route, stretch its budget, and save taxpayer money. But the previous safeguards had faded away. “They were a nation unto themselves, and basically they treated themselves as independent,” said Schiavo, concerning the way the FAA developed a close relationship with Boeing.26




  “Our current system of aircraft design and certification has failed us,” testified Chesley “Sully” Sullenberger in a Congressional hearing. Sullenberger was the US Airways captain whose skillful ditching in the Hudson River in 2009 saved the lives of all 155 people aboard.27




  Several years after ODA was established, the FAA grounded all 787 Dreamliners for unexplained battery fires. There were questions about whether the ODA process had degraded the thoroughness of FAA oversight. An NTSB investigation determined that inadequate FAA and Boeing oversight of the manufacturing process was to blame.28




  The battery problems occurred fourteen months after the 787 first entered passenger service in November 2011. The FAA had allowed Boeing to write the safety standards for the batteries, develop testing protocols, and perform their testing. In 2008, the standards for the battery system had been approved with special conditions, and stricter guidelines were released. However, the FAA didn’t require Boeing to meet those guidelines.29




  The battery system wasn’t the only issue rattling the 787 program. To assemble the jet, Boeing Commercial Airplanes had built a 1.2 million sq. ft. facility in North Charleston, the third-largest city in South Carolina. It then moved the assembly work from Everett, Washington, after unionized workers there threatened to strike, thereby, taking advantage of South Carolina’s miniscule unionization rate, the lowest in the nation. The company trained thousands of semi-skilled workers and conveyed to them on an informal basis that joining a union would not be the best move for their careers.




  It didn’t take long for quality-control problems to spiral out of control at the plant. Debris and hand tools were found wedged in different areas of the airframes. Ladders were reportedly found stuffed in the tails of planes undergoing flight testing. Metal shavings were scattered on electrical wiring under cabin floor panels. When the company didn’t satisfactorily correct these and other safety issues, the FAA was pushed into taking action. From June 2013 to October 2014, the agency discontinued the use of Boeing employees serving in an ODA capacity. It assigned federal employees to oversee and sign off on the work. When the company assured the FAA that its quality standards were finally up to par, Boeing employees were reassigned to the ODA role.




  Some of the quality problems were resolved but others later cropped up. On May 22, 2019, the New York Times reported that the executive in charge of all 787 operations in North Charleston had left the company abruptly. His dismissal came about a month after the newspaper published an investigative report detailing “shoddy production practices and weak oversight at the factory.”30 A safety culture dedicated to producing quality products was lacking. “The Federal Aviation Administration and the industry it regulates share a cozy relationship that sometimes takes a front seat to safety,” said Jim Hall, recognizing the hazardous scenarios that characterized Boeing’s assembly work.31




  FAA oversight of aircraft certification had been questioned long before ODA or the current problems with the MAX, however. Fifty years ago, the FAA certificated planes that later killed people. The McDonnell Douglas DC-10 jetliner sailed through certification without a hiccup—with a system that moved pins in place to lock the plane’s cargo doors designed incorrectly. The MAX 8 accidents offer a startling resemblance to what happened with the DC-10.




  The DC-10 was powered by two turbofan engines mounted on the wings, with a third located below the vertical stabilizer. A successor to the company’s DC-8, it offered a far wider fuselage for seating up to 380 passengers. Lockheed, the only McDonnell Douglas competitor building a comparable airplane, entered the same market with its L-1011 TriStar. Although the L-1011 was more technologically advanced, the DC-10 outsold the Lockheed plane by a wide margin because of its lower price and earlier introduction. The first DC-10 rolled from the company’s plant in Long Beach, California, on July 23, 1970. McDonnell Douglas Corporation had invested $1 billion to develop the jumbo jet. Much of the company’s future success depended on it.




  To beat Lockheed, the design work at McDonnell Douglas was rushed, as was the DC-10’s production. Even its flight-testing was hurried. In the process of doing so, details that later escalated into major safety issues were overlooked. “In the late sixties, there was a race going to see who could get the first jumbo out,” said John Nance, aviation analyst and author. “One of the things they could not suffer was too many delays based on some problem with the design.”32




  Taking delivery of new DC-10s, the airlines began scheduling flights throughout the world. One of them was American Airlines Flight 96, departing Detroit Metro Airport for Buffalo, New York, on June 12, 1972. Five minutes after takeoff, as the plane climbed through 11,750 feet above Windsor, Ontario, the plane’s aft cargo door blew open and fell off. Before departure, although the outward opening door had been difficult to close, it appeared to be secured tightly according to baggage handlers and a mechanic at the airline. When the door blew off in flight, instantaneous decompression caused the cabin floor to collapse, damaging steel control cables that operated flight control actuators, including one for the rudder. Faced with no control of the rudder or thrust of the center engine, it was a miracle the crew was able to nurse the plane back to Detroit for an emergency landing. Fortunately, there were no major injuries among the fifty-six passengers and eleven crewmembers aboard.




  Completing a lengthy investigation, the NTSB announced a probable cause for the accident. “The design characteristics of the door latching mechanism permitted the door to be apparently closed when, in fact, the latches were not fully engaged, and the latch lockpins were not in place.”33




  The FAA studied a list of recommendations from the NTSB to prevent a similar accident but it refused to issue a mandatory airworthiness directive to modify the door latch. FAA Administrator John Shaffer, a Nixon administration appointee, telephoned Jackson McGowen, head of the aircraft division at McDonnell Douglas, concerning the door issue. They concocted what was termed a “gentlemen’s agreement.” McGowen would order that a small observation window be installed in the cargo doors to make sure that baggage handlers could visually check the pins for proper latching. But the design of the locking mechanism would stay the same. Shaffer, not wishing to rock the boat with his coveted contacts in the aviation industry, went along with McGowen’s suggestion. The “peepholes” were installed in all DC-10s, but the unreliable latching mechanism remained untouched.34




  Protecting its public image, the company had, in effect, shifted blame for the unsecured door to the baggage handlers in Detroit.




  All went smoothly for the DC-10 program until March 3, 1974. Turkish Airlines Flight 981 fell out of the sky on that day and crashed in a forest outside Paris, France. All 346 people aboard were killed. The plane’s cargo door had failed as it did over Windsor, but this time it sucked the floor farther down than before, forced by the enormous volume of pressurized air exiting the cabin. The sunken floor severed vital control cables and hydraulic lines. In an instant, the jet became uncontrollable, and less than a minute later it augered into the ground. The tremendous loss of life resulted in an unprecedented public outcry over the safety of all DC-10s. The FAA then mandated a complete redesign of the door actuating mechanism—specifically, the pins that had never been designed to lock properly.35




  The crash in France became an embarrassment for the FAA. It appeared to the public that the agency had failed to make the manufacturer fix something as basic as door latches for almost two years. McDonnell Douglas began losing credibility as well. The manufacturer, with the government’s blessing, had settled on installing inadequate inspection windows and didn’t develop a permanent fix. As a result of that decision, 346 people died.




  The DC-10’s problems weren’t over. On May 25, 1979, American Airlines Flight 191 crashed upon departure from O’Hare International Airport in Chicago. All 271 people aboard died. This time, the plane’s left engine had separated from its wing on takeoff, destroying critical flight control systems and rendering the plane uncontrollable. NTSB investigators determined that the design of the engine pylons and wing slats, along with poor airline maintenance practices, were to blame. Faced with little choice in the matter, the FAA grounded all DC-10s for one month. The probable cause of the accident, published in the NTSB’s investigative report, vilified the plane’s design and the FAA’s poor oversight of McDonnell Douglas:




  

  Contributing to the cause of the accident were the vulnerability of the design of the pylon attach points to maintenance damage; the vulnerability of the design of the leading edge slat system to the damage which produced asymmetry; deficiencies in Federal Aviation Administration surveillance and reporting systems which failed to detect and prevent the use of improper maintenance procedures.36


    




  The widespread reluctance of travelers to fly on DC-10s resulted in ulcers for airline executives. It also continued to sour the time-honored reputation of McDonnell Douglas. The company had made serious mistakes during the DC-10 program. It rushed the plane into production. At the same time, its executives played down questionable design practices related to the door latches, engine pylons, and flight control systems to save time and money. All this took place as the FAA stayed largely in the background. The agency could have demanded that the troublesome systems be redesigned and retrofitted to all DC-10s in service. To this day, Flight 191 holds the unenviable distinction of being the deadliest aviation accident in United States history.




  McDonnell Douglas and Lockheed had discovered that splitting a finite market for two competitive airliners would cause one of the programs to fail. This resulted in only 250 TriStars being sold compared to about 400 DC-10s, and Lockheed needed to sell 500 of the jets to break even. In 1981, Lockheed announced that TriStar production would end. Lockheed never manufactured an airliner again.




  Both Lockheed and McDonnell Douglas had run headlong into competition from Airbus, which sold new fuel-efficient A300s and A310s. At Boeing, wide-body 767s were also available. Lockheed Aircraft Corporation had manufactured airliners since 1927; Douglas Aircraft Company had produced them since 1934. During the twentieth century, these two companies manufactured most of the airliners in the world, but that prominence didn’t last. Douglas, beset with poor leadership, was lucky to be acquired by McDonnell Aircraft Corporation in 1967. Too many ongoing aircraft programs and too little cash had brought it to the brink of bankruptcy, and the company never regained its leadership status. Boeing and Airbus now dominated the market. Picking up the bones, Boeing acquired struggling McDonnell Douglas Corporation in 1997. The move consolidated America’s remaining airliner manufacturing capability into one publicly owned corporation.




  Beginning soon after the MAX accident in Indonesia, some pilots placed blame on the relatively inexperienced crews flying for airlines overseas. They felt that the Lion Air pilots should have reduced the engine thrust, responded instantly to the nose dropping, and attempted to correct it by turning off the cutout switches. Concurring, other pilots believed that the less-experienced Ethiopian crew should have also pulled back the thrust for reducing the airspeed to manually control the trim—and never turned the cutout switches back on. There was no shortage of these and other opinions about what the dead pilots should have done but didn’t.




  In May 2019, pilots operating a 737 flight simulator replicated the final moments of Flight 302. The sessions were flown voluntarily as part of an anonymous airline’s periodic training. The purpose was to practice recovering from a stuck trim wheel condition while flying fast and rapidly losing altitude. The scenario was similar to what the crew of Flight 302 had faced after cutting off power to the stabilizer motor and MCAS. Based on pilot experiences in the simulator, it was reported that they felt the Ethiopian crew “faced a near-impossible task of getting their 737 MAX 8 back under control.”37 The simulator pilots described it as “eye-opening.”38




  Faced with a stuck stabilizer, the simulator pilots had to hold significant backpressure against the yokes to maintain level flight. But doing so created a force pressing against the elevators that prevented them from turning the trim wheels. They reverted to an unorthodox, three-step technique called “the roller-coaster.” First, they released all backpressure on the yokes to allow the nose to drop; this reduced air pressure on the elevators. Next, they moved the previously immovable trim wheels to bring the nose up. Finally, they pulled back on the yokes to raise the nose gradually and slow the descent. The process was then repeated: release backpressure, manually trim the stabilizer, resume backpressure.




  It was reported in Aviation Daily that “neither the current 737 flight manual nor any MCAS-related guidance issued by Boeing discuss the roller-coaster procedure for recovering from severe out-of-trim conditions.”39




  The FAA didn’t require Boeing to ensure that MCAS would function properly if a sensor malfunctioned. If the airlines purchasing the jets wanted the system to have a redundant, self-check capability, they had to buy AOA indicators as optional equipment, and most of them passed on the offer.40 Tewolde GebreMariam, CEO of Ethiopian Airlines, told Reuters, “The angle of attack indicator was on the option list, along with the inflight entertainment system.”41




  On May 5, 2019, Boeing dropped a bombshell in the media’s lap, again reluctantly. It did nothing to prop up the company’s credibility.




  When MAXs began flying for the airlines in 2017, the engineers at Boeing had assumed that a “sensor-disagree” warning light was operational in every MAX the company delivered. The light’s purpose was significant: it notified the flight crew of mismatched readings between the two AOA sensors. A few months after the jet began passenger service, it was discovered that the lights functioned only on planes equipped with extra-cost AOA indicators. Only 20 percent of MAX customers had bought these indicators. The remaining customers assumed that the warning system was operational on their more sparsely equipped MAXs.




  By way of a safety review board convened by Boeing in the months following the Lion Air accident, the AOA sensor-disagree light issue was discussed. The participants reaffirmed a previous decision at the company that its absence did not constitute a safety of flight risk. The FAA concurred, considering the light’s inclusion as primarily a “maintenance” troubleshooting aid. “The software delivered to Boeing linked the AOA disagree alert to the AOA indicator,” a brief statement from the company explained. “Accordingly, the software activated the AOA disagree alert only if an airline opted for the AOA indicator.”42




  While rows of MAX 8s gathered dust in the desert at a sprawling airport in Victorville, California, and ninety-three other locations scattered around the world, a Senate commerce subcommittee convened a hearing on March 27, 2019. Its purpose was to provide FAA officials with an opportunity to explain how the plane was certificated using the ODA process. Prior to the hearing, Rep. Peter DeFazio, chairman of the House Committee on Transportation and Infrastructure, called for keeping the airplanes grounded until expert third parties approved their airworthiness. This amounted to a slap in the face for FAA officials. “The traveling public need assurances that the FAA will only recertify the aircraft for flights if and when the FAA, outside safety and technical experts, and pilots agree the aircraft is safe to fly,” DeFazio said. Referring to the ODA, he added, “Someone’s writing your paycheck but you’re going to be there as ‘I’m representing the FAA’ and you’re going to be totally immune to pressure from the company.”43 Former NTSB chairman Jim Hall concurred that more should be done. “Congress needs to take a closer look at the FAA’s practices and procedures to make sure that safety is the top priority,” he said, “and should overhaul the agency to provide more direct government oversight.”44
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