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FOREWORD 

 

Invention of aircraft was a huge turning point in history. Worldwide over 4 

billion passengers choose commercial aviation as transportation. The first aircraft were 

unable to use propulsion systems. Wind power and lighter than air gases used for 

transportation such as gliders and hot air balloons. People made many attempts to 

power aircraft like the first powered aircraft was a glider pulled by a horse. Discovery 

of propeller made possible the first successful heavier than air powered aircraft. It was 

able to fly for only twelve seconds and was built by Wright brothers in 1903. 

Technology has made lots of improvements in aviation since 1903. The invention of 

jet engines, usage of composite materials and advanced design techniques are some of 

the technological improvement which allows planes to fly over ten hours and have a 

cargo capacity of over 550 people. On the other hand, not all improvements become 

successful. Despite all testing facilities computer simulations and test flights, one of 

the biggest commercial airplane company made a huge mistake. In this thesis, 

performance calculations of new generation Boeing aircraft was studied in order to 

understand Boeing’s last update on their 737 aircraft and how this led to a mistake and 

how two of the 737 MAX’s crashed. 

First of all, I would like to thank Dear Dr. Öğr. Üyesi Hayri ACAR for his 

guidance and support at every step from the beginning to the end of this thesis. Also, 

i am grateful for my family who always supported and believed in me. 
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PERFORMANCE CALCULATION OF NEW GENERATION BOEING 

AIRCRAFT 

SUMMARY 

 

 

In this thesis, Boeing’s last update to 737(Next Generation) is going to study. 

As an introduction, history of 737 and why Boeing needs this update should be 

mentioned. Technological improvements have always pushed aircraft manufacturers 

to develop new planes or to make major updates to existing ones. Boeing decided to 

update their 737 after Airbus announced their big update of the A320 with more fuel-

efficient engines and minimum requirements for additional pilot training. However, 

in the 737 design, there was no room for bigger and more fuel-efficient engines. 

After several months, Boeing’s engineers developed the idea to move the engines up 

and forward to create enough room. Moving the engines to different place from their 

original design location caused aerodynamic stability which would result in a stall. 

Instead of a major redesign, Boeing developed software called the Maneuvering 

Characteristics Augmentation System (MCAS) to counteract the stall characteristics 

generated by the relocated engines. Boeing used pilot experiences to create a 

handbook and point out the differences between the 737 MAX from its previous 

iteration. According to the handbook, the new plane required minimal pilot training. 

However, flaws in the design of MCAS and inefficient pilot training led to the Lion 

Air and Ethiopian Airline 737 MAX crashes. In both cases, the MCAS was faulty 

and pilots did not have the required training to control and land the aircraft safely. 

After these two events, airlines and countries decided to ground and close their 

airspace to the 737 MAX and Boeing and the FAA faced a lot of charges and 

criticism. Boeing’s rush to develop a new aircraft for the keep up with the Airbus and 

ignoring some basic safety rules resulted in the deaths of over 300 people and raised 

questions regarding aviation transportation safety and the reliability of both Boeing 

and the FAA. Boeing’s unnecessary rush without prioritizing human life to keep up 

with the market, made them to lose much more money. 
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1.  INTRODUCTION 

1.1 History of Boeing 

The very first model of the 737 was the classic model. In the 1960s Boeing had two jet 

airliners in use: the 707 for transcontinental and transoceanic routes and the 727 for shorter 

domestic flights. In the mid-1960s, McDonnel Douglas announced the DC-9 with two engines 

instead of the 727’s three, making it cheaper to operate. To keep up with the market, Boeing 

decided to build two engines, cheap operating cost, single-aisle airplane and developed the 737. 

This took four years for designing and testing, the first 737 flew in 1967 and the next year it 

made its first commercial flight.  

 

Fig 1- Boeing 737 (Classic) 

The late eighties and early nineties saw serious competition between Airbus and 

Boeing. Airbus’s A320 was a big threat for Boeing and in 1991 Boeing decided that they 

required update for their single-aisle airplane. This was the most significant update to the 737 

so far, resulting in an all-new aircraft in terms of its performance but still carrying important 

commonalities with previous versions. Boeing decided to name it the 737 NG which stands for 

“Next Generation”.  

 



2 

 

Table 1- Orders of 737 

 

With its improved and modernized cockpit, more efficient and quieter engines and a 

slight bend to the upper side wings to provide lower fuel consumption, the Boeing 737 NG 

became the most successful and best-selling 737 model to date. 

. 

1.2 Need for 737 MAX 

1.2.1 Airbus A320 NEO 

Airline companies have lots of expenses such as parking costs, flight attendants’ 

requirements and salaries, maintenance and repair costs of aircraft but all in all jet fuel costs are 

the major expense for the airline companies. Improving fuel efficiency is one of the major 

competitions between aircraft manufacturers and was offered by Airbus in 2010. With new 

engines that offer up to sixteen percent fuel saving and with a new wingtip called sharklets 

provide four percent fuel saving, the Airbus A320 NEO achieves up to a total twenty percent 

fuel saving compared to the A320 CEO (Current Engine Option) (Airbus, 2019, p.2).  

In addition to fuel efficiency, Airbus also offered quieter engines and more seat capacity 

with reducing unnecessary spaces in the cabin and replacing them with more seats. One of the 

best features of the NEO is not only fuel-efficient but also requires minimal pilot training for 

38% 
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the pilots who transfer from CEO to NEO. Airbus was able to keep over ninety-five percent of 

important commonalities of the previous model which means sitting in the cockpit of NEO is 

no different than the CEO which provides CEO pilots to only need to undergo computer-based 

training to qualify for the NEO model (BAA Training, 2019, p.7). In 2011 Airbus A320 NEO 

became the most selling commercial airplane of the year. 

 

1.2.2 737 MAX 

After Airbus dominated the airline industry with their A320 NEO model, Boeing 

decided that they need to update their single-aisle aircraft, the 737 NG one more time to keep 

up with the market. Boeing knew that they have to improve their engine to reach Airbus’s 

efficiency to join the competition again. With carbon fiber fan blades with titanium leading 

edges and bigger engines provide Boeing what they need in terms of efficiency. The new 

aircraft called the 737 MAX to differentiate it from the 737.  

 

Fig 2- 2016 Fleet Market Share: Top 10 Manufacturers 

Even though the previous version had wingtips similar to the A320 NEO in terms of 

shape and fuel efficiency, Boeing decided to put one step further on their MAX with 

developing new wingtip in order to contribute to decrease fuel consumption. They came up 
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with the idea of “<” shape wing tip which resulted in less drag and contributes an additional 

one-point eight percent efficiency with a total of twenty percent (Brady, 2019, p.5). The MAX 

gave what Boeing wanted, by becoming the fastest-selling airplane the company had produced. 

 

Fig 3- Boeing 737 MAX 

 

2.  Problems with 737 MAX  

2.1 Structural Problems 

Designing or updating new aircraft always comes with challenges. To keep up with Airbus, 

Boeing engineers knew that they need to improve their fuel efficiency. They tried to improve 
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efficiency with the new engine and wingtip and new designs bring efficiency with very hard 

structural challenges. 

2.1.1 Engine Placement   

 

Fig 4- Ground Clearance Comparision of A320 and 737-800 

Boeing found a way to catch up with Airbus’s fuel efficiency with the same way Airbus 

did which was bigger engines to achieve twenty percent efficiency. Airbus A320 NEO has 57-

85 cm ground clearance from the engine so that bigger engine engines were not a problem for 

Airbus on the other hand Boeing 737 NG has only 46-64 cm (Airbus, 2019, p 2-3-0 46; Boeing, 

2005, p. 2-3-0 2). Mounting bigger engines on the 737 NG makes engines very close to the 

ground which puts the plane in a dangerous position like the possibility to strike the engines 

during takeoff and landing. Boeing claimed to have discovered a way to place bigger engines 

under the wing by mounting engine nacelle higher and slightly forward on the plane.  

 

2.1.2  Aerodynamic Instability 

Moving the nacelle changed the aerodynamics, the center of gravity and the center of 

thrust of the plane and its behavior in certain conditions. When the aircraft on full power and 

high angle of attack like takeoff or steep climbs, an aircraft starts to pitch up uncontrollably, 
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leading to a loss of lift force and stall. Stalling can be very dangerous at a low altitude because 

there are less time and attitude to regain control. Boeing’s engineers needed another solution. 

 

2.2 MCAS (Maneuvering Characteristics Augmentation System) 

 

Fig 5- Engine Placement Comparision of 737 and MAX 

Fig 6- MCAS Working Mechanism 
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Boeing decided to install software that automatically pushes the nose of the aircraft 

down instead of redesigning the aircraft. The software is called MCAS which stands for 

Maneuvering Characteristics Augmentation System. 

MCAS was used on the 737 MAX to eliminate its tendency to nose up. Aircraft’s altitude, 

airspeed and angle of attack data is used for the system to determine if it is in danger and trims 

the aircraft nose down to avoid an aerodynamic stall. 

 

 

2.2.1 Sensor Failure 

However, adding one more system that controls the aircraft makes the plane more 

vulnerable to possible failures. MCAS takes all the data except one from the aircraft’s main 

 computer. This extra information is provided by two angle of attack sensors designed 

especially for the 737 MAX and these are independent from the other systems.  

 

Fig 7- Angle Of Attack Sensor 
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2.2.2 Reliability 

The first design was operating by one sensor even though the 737 MAX had two and 

this led to questioning MCAS reliability. Some airline companies reported that MCAS sensors 

are open to failure and some planes actually suffered sensor failures. 

2.2.3 Disabling MCAS 

 The 737 MAX handbooks did not include how pilots could disable MCAS safely in an 

emergency situation. After these reports, Boeing redesigned the software not to react to a single 

sensor. First MCAS compares the data from both sensors and if the comparison is below 5.5-

degrees then it will remain active if it is more than 5.5-degrees MCAS will shut down (Levin & 

Beene, 2019, para. 15). With this new update, pilots were able to overcome MCAS commands 

or could disable the system more easily. After the Lion Air crash, Boeing also added disabling 

MCAS to pilot training for the 737 MAX. 

Fig 8- 737's Trim Control Surfaces 
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In order to, safely disable to MCAS, first pilots need to use manuel electric trim control 

which is placed pilots thumbs area when they hold the yoke. Then pilots need to cut the 

automated trim control and give manual commands using manual trim control.  

 

Fig 9-737 Runaway Stabilizer Checklist 

2.3 Pilot Training 

When Boeing designed the 737 MAX, they wanted to maintain the characteristic 

commonalities of the previous NG plane. The most important reason why the company wanted 

to maintain commonalties is to keep pilot training to a minimum, which is a major expense for 
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airline companies. Airbus had also managed to keep the important common points of the A320 

and it led to significant savings for airlines. 

2.3.1 Handbook Preparation 

After the first 737 MAX was designed, Boeing gathered United Airlines 737 NG pilots 

and used their experiences in the MAX cockpit to create a 13-page handbook on the differences 

between the NG and the MAX (Lahiri, 2019, para. 6). The training material did not include the 

new MCAS system which then became the focus of the Lion Air crash investigation. 

2.3.2 Training 

The FAA (Federal Aviation Administration) determined that NG pilots were able to fly 

the 737 MAX without large training because the MAX was the same as the NG. According to 

the FAA, pilots who were already certified to fly the previous aircraft did not need excess 

training for the MAX. Instead of training for hours with giant expensive simulators, NG 

licensed pilots took lessons about MAX’s differences and new features on the IPAD with a 1 to 

2.5 hours of training (Lahiri, 2019, Para 5). Many pilots said they became aware of the MCAS 

when the Lion Air crash happened. After the Lion Air crash, the Federal Aviation 

Administration ordered to MAX manuals to be reviewed and updated and airlines to be 

informed about how to properly disable MCAS. 

3.  PITCH UP ROTATION MOMENTUM ANALYSES 
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3.1 Forces Effects Aircrafts 

 

Fig 10- Forces Effects an Aircraft 

Lift: is generated by the motion of the airplane through the air and is an aerodynamic force. Lift 

is directed perpendicular to the flight direction. The magnitude of the lift depends on 

several factors including the shape, size, and velocity of the aircraft. As with weight, each part 

of the aircraft contributes to the aircraft lift force. Most of the lift is generated by the wings. 

Aircraft lift acts through a single point called the center of pressure 

Weight: is a force that is always directed toward the center of the earth. The magnitude of the 

weight depends on the mass of all the airplane parts, plus the amount of fuel, plus any payload 

on board (people, baggage, freight, etc.). The weight is distributed throughout the airplane. But 

we can often think of it as collected and acting through a single point called the center of 

gravity. In flight, the airplane rotates about the center of gravity. 

Drag: As the airplane moves through the air, there is another aerodynamic force present. The 

air resists the motion of the aircraft and the resistance force is called drag. Drag is 

directed along and opposed to the flight direction. Like lift, there are many factors that affect 

the magnitude of the drag force including the shape of the aircraft, the "stickiness" of the air, 

and the velocity of the aircraft. 

Thrust: To overcome drag, airplanes use a propulsion system to generate a force 

called thrust. The direction of the thrust force depends on how the engines are attached to the 
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aircraft. In the figure shown above, two turbine engines are located under the wings, parallel to 

the body, with thrust acting along the body centerline. 

 

3.2 Pitch Up Rotation Momentum 

  

Fig 11- Pitch Up Rotation Momentum 

The pitch up rotation momentum is strictly 𝑴𝜽 = 𝑭𝒙𝒅 

It is not directly influenced by front-aft movement of the engines. Only the up and down 

movements of the engine influenced the pitch up rotation movement. There are three main 

factors which cause pitch up effect that appear in case of 737 MAX. For the calculations the 

figure is used. CATIA V5R19 was used for measurements.
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Fig 12- Comparison of MAX and 737 

According to the sketch, the distance between the geometrical center of the engine to the center 

of gravity or center of lift is vertically: 

For 737-800 NG = 1.435m 

For 737 MAX-8 = 1.306m which is approximately %9 lower. 

Also, measurements show the 737 MAX-8’s engine is located 0.741m forward from the 737-

800 NG. 

3.2.1 Engine Vertical Placement 

The larger diameter engine appears to be higher at the intake and on the ground (due to 

the extension of the landing gear by 0.4 m), but the geometric centre of the engine is 

approximately 9% lower than the aircraft centre of gravity. Comparing done between the 737 

MAX family aircraft and the previous 737 NG family, which did not require MCAS or an 
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equivalent of MCAS. MCAS was supposed to compensate for the pitch up effect of the 737 

MAX at high angle of attack attitudes. 

Pitch up momentum is 𝑴𝜽 = 𝑭𝒙𝒅 so, MAX pitch up momentum compared to NG is 

𝟏𝒙𝟏. 𝟎𝟗 = 𝟏. 𝟎𝟗.  

3.2.2 Larger Engine Thrust of 737 MAX Engines 

Also, Boeing newly designed Leap 1-B engine for their new 737 MAX which produces 

approximately %10 greater thrust compare to CFM56-7B.  

Table2- MAX and NG Engine Comparison 

Aircraft Engine Max Takeoff Thrust 

737-800 NG CFM56-7B 
91.63-121.43 kN 

737 MAX Leap1-B 130.41 kN 

 

The pitch up momentum is 𝑴𝜽 = 𝑭𝒙𝒅,  𝟏. 𝟎𝟗𝒙𝟏. 𝟏 = 𝟏.199 

 

3.2.3 Larger Engine Nacellas 

The pitch up rotation momentum 𝑴𝜽 is strictly 𝑭𝒙𝒅 and thus is not directly influenced 

by front-aft movements of the engines. 

Larger engine nacelles, producing extra aerodynamic lift 𝑳𝒆 at high angle of attack (and 

here the fact that the engines are mounted forward comes into play since the lift force is 

perpendicular on the wing) 

Adding the extra lift of the larger engine’s nacelles, the pitch up momentum does look 

like approximately %20 higher as compared to the unprotected B737 NG. 
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4.  CRASHES AND CONSEQUENCES 

4.1 Lion Air Crash 

On October 29, 2018, a Boeing 737-8 MAX aircraft operated by Lion Mentari Airlines 

(Lion Air) Flight 610 took off from Tangerang City, Indonesia for Pangkal Pinang with two 

pilots, six flight attendant and 181 passengers (NTSC Republic of Indonesia, 2018, p 2). After 

took off pilots immediately realize that there is a problem with aircraft. Against all the pilot’s 

efforts, the plane started to nose down. After 12 minutes, the aircraft went into an abrupt and 

uncontrollable dive. After 13 minutes from take-off, the 737-8 MAX crashed into the Java Sea 

and resulted in the death of all 189 people on board (NTSC Republic of Indonesia, 2018, p 2). 

The flight data and cockpit voice recorders were recovered for analysis. It was the first major 

accident of the new Boeing 737 MAX series aircraft. 

 

 

Fig 13- Timeline of Lion Air Flight 610 

 

Registration Number: PK-LQP  

Aircraft Serial Number: 43000  

Aircraft Manufacturer: Boeing Commercial Aircraft  

Model: 737-8 (MAX)  

Engine Manufacturer: CFM International  

Engine Model: LEAP-1B25 

Manufactured Year: 2018 
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4.1.1 Crash Report 

Initial findings were: 

On 28 October 2018, a Boeing 737-8 (MAX) aircraft registered PK-LQP was operated as a 

scheduled passenger flight from Denpasar to Jakarta. Prior to the flight, the Angle of Attack 

(AoA) sensor had been replaced and tested.  

At 2320 UTC, (29 October 2018, 0620 LT) the aircraft departed from Jakarta using runway 

25L and intended destination Pangkal Pinang. The DFDR recorded a difference between the 

left and right Angle of Attack (AoA) of about 20° and continued until the end of the recording. 

During rotation the left control column stick shaker activated and continued for most of the 

flight. 

 After the flaps retracted, the FDR recorded automatic aircraft nose down (AND) trim active for 

10 seconds followed by flight crew commanded aircraft nose up (ANU) trim. The flaps 

extended to 5 and the automatic AND trim stopped.  

 

At 23:25:18 UTC, the flaps retracted to 0 and several seconds later, the automatic AND trim 

and flight crew commanded ANU trim recorded began again and continued for the remainder 

of the flight.  

According to the weight and balance sheet, on board the aircraft were two pilots, five flight 

attendants and 181 passengers consisted of 178 adult, one child and two infants. The voyage 

report showed that the number of flight attendant on board was six flight attendants. 

The flight crew and the flight attendants held valid licenses and medical certificates and 

certified to operate B737. (NTSC Republic of Indonesia, 2018, p 23).
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Fig 14- Blackbox Data of Lion Air Accident 
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4.1.2 Safety Actions 

Using only one of the angle of attack sensor, which was 20 degrees off, caused the Lion 

Air’s deadliest crash. On October 29, 2018, Indonesia’s Transportation Ministry ordered to 

check all the 737 MAX aircraft all around the country  

After inspections, all the 737 MAX’s were found airworthy and continued operations. 

The Safety and Security Directorate published a safety declaration to all the 737 MAX pilots to 

review procedures, especially regarding airspeed and runaway stability. In addition, Boeing 

added additional training for the pilots about how to safely turn off MCAS in case of an 

emergency.  

In general, Boeing and safety regulator checked and improved the emergency training 

for possible MCAS failure instead of looking at the problem itself which was MCAS. (NTSC 

Republic of Indonesia, 2018, p 23). 
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4.2 Ethiopian Airline Crash 

On March 10, 2019, a four-month-old 737-8 MAX of Ethiopian Airlines, Flight 302 

from Addis Ababa to Nairobi crashed six minutes after takeoff, killing all 149 passengers and 8 

crew (AAIB of Republic of Ethiopia, 2019, p 10).  

The first reports show that aircraft impacted the ground at nearly 700 mph (1.126 kph) 

(AAIB of Republic of Ethiopia, 2019, p 25). 

 

Fig 15- Crash Site 

 

Registration Number: ET-AVJ  

Aircraft Serial Number: 62450  

Aircraft Manufacturer: Boeing Commercial Aircraft  

Model: 737-8 (MAX)  

Engine Manufacturer: CFM International  

Engine Model: LEAP-1B28B1G05  

Manufactured Year: 2018 
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4.2.1 Crash Report 

Timeline: 

At 05:40:00 shortly after the autopilot disengaged, the FDR recorded an automatic aircraft nose 

down (AND) activated for 9.0 seconds and pitch trim moved from 4.60 to 2.1 units. The climb 

was arrested and the aircraft descended slightly.  

At 05:40:12, approximately three seconds after AND stabilizer motion ends, electric trim (from 

pilot activated switches on the yoke) in the Aircraft nose up (ANU) direction is recorded on the 

DFDR and the stabilizer moved in the ANU direction to 2.4 units. The Aircraft pitch attitude 

remained about the same as the back pressure on the column increased.  

At 05:40:20, approximately five seconds after the end of the ANU stabilizer motion, a second instance 

of automatic AND stabilizer trim occurred and the stabilizer moved down and reached 0.4 units.  

At 05:40:41, approximately five seconds after the end of the ANU stabilizer motion, a third 

instance of AND automatic trim command occurred without any corresponding motion of the 

stabilizer, which is consistent with the stabilizer trim cutout switches were in the ‘’cutout’’ 

position  

At 05:41:32, the left overspeed warning activated and was active intermittently until the end of 

the recording.  

At 05:43:20, approximately five seconds after the last manual electric trim input, an AND 

automatic trim command occurred and the stabilizer moved in the AND direction from 2.3 to 

1.0 unit in approximately 5 seconds. The aircraft began pitching nose down. Additional 

simultaneous aft column force was applied, but the nose down pitch continues, eventually 

reaching 40° nose down. The stabilizer position varied between 1.1 and 0.8 units for the 

remainder of the recording. 

The left Indicated Airspeed increased, eventually reaching approximately 458 kts and the right 

Indicated Airspeed reached 500 kts at the end of the recording. The last recorded pressure 

altitude was 5,419 ft on the left and 8,399 ft on the right. (AAIB of Republic of Ethiopia, 2019, 

p 9). 
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Initial findings were: 

The Aircraft possessed a valid certificate of airworthiness. 

The crew obtained the license and qualifications to conduct the flight. 

The takeoff roll appeared normal, including normal values of left and right angle-of-attack 

(AOA). 

Shortly after liftoff, the value of the left angle of attack sensor deviated from the right one and 

reached 74.5 degrees while the right angle of attack sensor value was 15.3 degrees; then after; 

the stick shaker activated and remained active until near the end of the flight. 

After autopilot engagement, there were small amplitude roll oscillations accompanied by lateral 

acceleration, rudder oscillations and slight heading changes; these oscillations also continued 

after the autopilot disengaged. 

After the autopilot disengaged, the DFDR recorded an automatic aircraft nose down (AND) 

trim command four times without pilot’s input. As a result, three motions of the stabilizer trim 

were recorded. The FDR data also indicated that the crew utilized the electric manual trim to 

counter the automatic AND input. 

The crew performed runaway stabilizer checklist and put the stab trim cutout switch to cutout 

position and confirmed that the manual trim operation was not working. (AAIB of Republic of 

Ethiopia, 2019, p 25). 
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Fig 16- Blackbox Data Of Ethiopian Airline Crash



23 

 

4.2.2 Response 

After Flight 302 crashed Ethiopian Airlines grounded their MAX aircraft. It is followed 

by other operators of the 737 MAX. On March 11, 2019, China ground its aircraft with a fleet 

of 97 MAX aircraft and became the first government to ground the 737 MAX which was the 

world’s biggest 737 MAX user (Goh, 2019, para 2, 4). Following days, many airlines and 

regulators around the world followed to ground and deny their airspace to the aircraft. Canada 

and United States grounded aircraft on March 13 and on April 4, Boeing accepted that 

according to preliminary reports, the angle of attack sensor input was not correct (Boeing, 

2019, para 4). Overall all the 737 MAX aircraft grounded all around the world and Boeing 

faced with many charges.  

 

Fig 17- Stored Ready to Deliver MAX's 
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4.3 Consequences 

Until both crashes, the MAX was Boeing’s most successful aircraft ever. After 

announcing the aircraft Boeing took almost 5000 orders from almost 100 customers, which 

securing the company to keep building the MAX for years to come (Lefkow, 2019, para. 25). 

4.3.1 Consequences For Boeing 

After both crashes, groundings immediately put Boeing under financial pressure. Some 

airlines like Saudi airline canceled their orders for the MAX and replace with an order of 

Airbus A320 NEO. Boeing reduced production but kept building aircraft despite the grounding 

and stored them for the event of the possible solution which they working on the software. 

Most of the airlines with orders of the MAX had to cancel some of their flights despite summer 

months with high demand, because of the shortage of aircraft numbers and cost them to 

millions of dollars. Not only airlines are a problem for Boeing, but Boeing also needs to pay 

almost 100 million dollars to families and communities of victims of both crashes and a total 

number of the financial impact on the Boeing calculated as over 7 billion dollars (Gelles, 2019 

para. 9). 

4.3.2 Consequences For FAA 

On the other hand, Boeing was not the only one feeling the pressure, after groundings 

the FAA was put under scrutiny. Boeing’s acceptance of crashes brings the questions about 

why the FAA cleared the 737 MAX. It is not entirely clear why the FAA was so determined to 

clear the 737 MAX, which will bring more investigations later but for many sources, political 

circumstances played a big role in the clearance. Boeing is not just a company; it is major a 

manufacturing company with lots of power. The Airbus A320 NEO was a big threat to Boeing 

and in the commercial airline market, any delay in the availability of a competing aircraft costs 

a manufacturer sales. To keep up with Airbus, Boeing put lots of pressure on the FAA to clear 
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the MAX. Unfortunately, this rush only made Boeing lose money, and much more importantly; 

346 people lost their lives. 

5.  CONCLUSION AND FUTURE WORK 

  

In this thesis performance calculations of new generation Boeing aircraft was studied. 

First of problems with the desing of MAX aircraft was studied. Then pitch up rotation 

momentum analysis was done. As a conclusion crashes and consequences were analyzed in this 

thesis.  

The 737 MAX was originally Boeing’s answer to the Airbus A320 NEO. The A320 has 

much higher ground clearance than the 737, allowing straightforward engine upgrades. In 

answer to this, Boeing’s engineers were only able to fit bigger engines to the aircraft by placing 

them higher and further forward on the wing, which resulted in aerodynamic instability.  

MCAS software was developed as a countermeasure, but MCAS failure and a lack of 

pilot training for this situation resulted in two fatal crashes and the eventual worldwide 

grounding of the aircraft. 
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