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ABSTRACT

The purpose of this thesis is to relate the U.S. Major airlines changing use of
aircraft to aviation policy and technology since deregulation of the U.S. airline industry
enacted in 1978.

First, a study of the airline fleet mix was carried out in order to understand how
airlines have composed their fleets in the past and how they are preparing for the future.
Airlines have responded very favorably to any changes in aircraft characteristics that
have the potential to lower operational costs, such as the introduction of two-crew
member cockpits and the acquisition of twin-engined aircraft whenever possible. Airline
fleets are primarily made up of low capacity/short range aircraft, which is an indication
of airlines concentrating in domestic markets where frequency of service is critical. The
shift towards the usage of more fuel efficient and quieter aircraft engines is evident.

How the airlines actually operated their aircraft fleets in both domestic and
international markets was also examined. The analysis focused on relating aircraft
characteristics with the aircraft operation data published by the United States Department
of Transportation. It was found that these airlines have concentrated their operations
mostly in the domestic arena, representing 84.6% of total aircraft miles flown at the
beginning of deregulation in 1978 and only decreasing to 84.1% by 1990. There has been
an increase of 70% in the total number of miles flown. The cause for this growth can be
attributed to numerous airline mergers, and the expansion to the international arena in
search of new markets. In addition, airlines are flying their aircraft further. Traffic
results indicate that aircraft may have been scheduled more cycles per day and that air
traffic congestion has been increasing since deregulation.

Thesis Supervisor:  Dr. Peter P. Belobaba
Assistant Professor, Department of Aeronautics & Astronautics



Dedication

I dedicate this thesis to my parents, my brother Jordi, and my sister Montse. And
to my dear cousin Gemma, who left us much too soon. I will forever be thankful for the
love and support they have given me.

J.F.
Cambridge, Massachusetts
January 1992



Acknowledgements

I would like to thank several people and institutions for their time and support
throughout the process of writing this thesis. I am truly indebted to Professor Peter
Belobaba, my research advisor and thesis supervisor at MIT, for his guidance and
assistance at all times. I am grateful to Professor Robert Simpson for his suggestions. I
would also like to thank Rolls Royce of North America, Inc. for providing vital
information for this thesis, and to the people at the research division of the United States
Department of Transportation, in Washington DC. A very special thanks goes to my
good friends here in the United States: Mauricio Abramento, Mark Campbell, Albert
Cumellas, Yew-Poh Mak, and John Sterdal for the good times, and Dave Tew for
patiently proofreading my work.

Lastly, I would like to thank my parents, Dr.Andreu and Maria Antonia Ferrer,
for their unconditional love and financial support.



Contents

Abstract
Dedication
Acknowledgments
Contents

List of Tables
List of Figures

Chapter 1: Introduction
1.1 Objective of the Thesis
1.2 Structure of the Thesis

Chapter 2: Analysis of Aircraft Characteristics
2.1 Introduction
2.2 Aircraft Characteristics
2.3 Aircraft Characteristics Analysis
2.3.1 Analysis Method
2.3.2 Presentation of Results
2.3.3 Discussion
2.3.3.1 Number of Crew Vs. Technology Level
2.3.3.2 Number of Seats Vs. Maximum Range
2.3.3.3 Number of Seats Vs. Number of Engines
2.3.3.4 Number of Seats Vs. Fuel Consumption
2.3.3.5 Maximum Range Vs. Fuel Consumption
2.3.3.6 Maximum Range Vs. Number of Engines
2.3.3.7 Number of Engines Vs. Fuel Consumption
2.3.3.8 FAA Noise Stage Vs. Technology Level
2.3.3.9 Other Relationships
2.4 Conclusion
Notes

\O 00 W & W

13

15
16
22
22
24
26
26
27
30
31
32
36
38
39
39
40
43



Chapter 3: Analysis of Aircraft Fleets

3.1 Introduction 44
3.2 Aircraft Fleet 45
3.3 Aircraft Fleet Analysis 47
3.3.1 Analysis Method 47

3.3.2 Presentation of Results ' 48

3.3.3 Discussion 49
3.3.3.1 Aircraft Manufacturers 52

3.3.3.2 Country of Origin 59

3.3.3.3 Number of Crew 61

3.3.3.4 Technology Level 64

3.3.3.5 Aircraft Capacity 68

3.3.3.6 Aircraft Range 71

3.3.3.7 Number of Engines 74

3.3.3.8 FAA Noise Stage ~ 77

3.3.3.9 Category 80

3.4 Conclusion 83

Chapter 4: Analysis of Aircraft Fleet Operations

4.1 Introduction 87
4.2 Aircraft Operations 88
4.3 Aircraft Operations Analysis 89
4.3.1 Analysis Method 89

4.3.2 Presentation of Results 93

4.3.3 Operation Parameters 94
4.3.3.1 Aircraft Miles- 94

4.3.3.2 Block Hours 98

4.3.3.3 Assigned Days 100

4.3.3.4 Miles Per Day 101

4.3.3.5 Block Hours Per Day 103

4.3.3.6 Block Hours to Aircraft Hours Ratio 105

4.3.4 Miles Vs. Technical Characteristics 107
4.3.4.1 Number of Crew 109

4.3.4.2 Technology Level 112

4.3.4.3 Aircraft Capacity 114

4.3.4.4 Aircraft Range 116

4.3.4.5 Number of Engines 118

4.3.4.6 FAA Noise Stage 121

4.3.4.7 Category 123

4.4 Conclusion 125



Chapter 5: Conclusions

Appendix A: Airline Fleets

Appendix B: Aircraft Deliveries and Orders

Appendix C: Aircraft Removals

Appendix D: Aircraft Fleet Analysis

Appendix E: Aircraft Deliveries Analysis

Appendix F: Aircraft Removals Analysis

Appendix G: Aircraft Operations

Appendix H: Miles Flown in Domestic and International Markets

Biography

132

137
146
155
164
166
168
170
184

200



List of Tables

Table 2.1: Aircraft Types

Table 2.2: Definition of Category
Table 2.3: Aircraft Characteristics
Table 2.4: Correlation Analysis Results

Table 3.1: Airiine Codes

Table 3.2: Location of Aircraft Fleet Databases

Table 3.3: Description of Terms for Aircraft Fleet Analysis
Table 3.4: Location of Aircraft Fleet Analysis Databases

16
20
21
25

46
46
47
48



List of Figures

Figure 2.1:
Figure 2.2:
Figure 2.3:
Figure 2.4:
Figure 2.5:
Figure 2.6:
Figure 2.7;

Figure 3.1:
Figure 3.2:
Figure 3.3:
Figure 3.4:

Figure 3.5:
Figure 3.6:
Figure 3.7:
Figure 3.8:
Figure 3.9:

Figure 3.10:
Figure 3.11:
Figure 3.12:
Figure 3.13:
Figure 3.14:
Figure 3.15:
Figure 3.16:
Figure 3.17:
Figure 3.16:
Figure 3.19:

Number of Seats Versus Maximum Range
Number of Seats Versus Number of Engines
Number of Seats Versus Fuel Consumption
Maximum Range Versus Fuel Consumption
Behavior of Bréguet’s Range Equation
Maximum Range Versus Number of Engines
Fuel Consumption Versus Number of Engines

Aircraft Fleet Aggregate for Sample Airlines
Aggregate Aircraft Deliveries for Sample Airlines
Aggregate Aircraft Removals for Sample Airlines
Aggregate Difference between Aircraft Deliveries and
Removals for Sample Airlines

Percentage of Aircraft Fleet by Manufacturer
Fraction of Aircraft Deliveries by Manufacturer
Fraction of Aircraft Removals by Manufacturer
Fraction of Aircraft Fleet by Country of Origin
Fraction of Aircraft Deliveries by Number of Crew
Fraction of Aircraft Fleet by Number of Crew.
Fraction of Aircraft Deliveries by Number of Crew
Fraction of Aircraft Removals by Number of Crew
Percentage of Aircraft Fleet by Technology Level
Percentage of Aircraft Deliveries by Technology Level
Fraction of Aircraft Removals by Technology Level
Fraction of Aircraft Fleet by Number of Seats
Fraction of Aircraft Deliveries by Number of Seats
Fraction of Aircraft Removals by Number of Seats
Fraction of Aircraft Fleet by Maximum Range

27
30
32
33
36
37
38

49
50
51

52
53
54
35
59
61
62
63

65
66
67
68
69
70
71



Figure 3.20: Fraction of Aircraft Deliveries by Maximum Range 72
Figure 3.21: Fraction of Aircraft Removals by Maximum Range 73
Figure 3.22: Fraction of Aircraft Fleet by Number of Engines 74
Figure 3.23: Fraction of Aircraft Deliveries by Number of Engines 75
Figure 3.24: Fraction of Aircraft Removals by Number of Engines 76
Figure 3.25: Fraction of Aircraft Fleet by FAA Noise Stage 77
Figure 3.26: Fraction of Aircraft Deliveries by FAA Noise Stage 78
Figure 3.27: Fraction of Aircraft Removals by FAA Noise Stage 79
Figure 3.28: Fraction of Aircraft Fleet by Category 80
Figure 3.29: Fraction of Aircraft Deliveries by Category 81
Figure 3.30: Fraction of Aircraft Removal by Category &3
Figure 4.1:  Total Miles in Domestic and International Markets 95
Figure 4.2:  Total Number of Aircraft Versus Total Number of Miles Flown 97
Figure 4.3:  Total Block Hours for Domestic and International Markets 98
Figure 4.4: Total Assigned Days for Domestic and International Markets 101
Figure 4.5:  Average Miles Per Day in Domestic and International Markets 102
Figure 4.6:  Average Block Hours Per Day Versus

Domestic and International Markets 104
Figure 4.7:  Average Block Hours to Hours Ratio Versus

Domestic and International Markets 106
Figure 4.8:  Percentage Distribution of Miles Flown Versus

Number of Crew in the Domestic Market 110
Figure 4.9:  Percentage Distribution of Miles Flown Versus

Number of Crew in the International Market 111
Figure 4.10: Percentage Distribution of Miles Flown Versus

Technology Level in the Domestic Market 112
Figure 4.11: Percentage Distribution of Miles Flown Versus

Technology Level in the International Market 113
Figure 4.12: Percentage Distribution of Miles Flown Versus

Aircraft Capacity in the Domestic Market 114
Figure 4.13: Percentage Distribution of Miles Flown Versus

Aircraft Capacity in the International Market 115
Figure 4.14: Percentage Distribution of Miles Flown Versus

Aircraft Range in the Domestic Market 117
Figure 4.15: Percentage Distribution of Miles Flown Versus

Aircraft Range in the International Market 118
Figure 4.16: Percentage Distribution of Miles Flown Versus

Number of Engines in the Domestic Market 119
Figure 4.17: Percentage Distribution of Miles Flown Versus

Number of Engines in the International Market 120
Figure 4.18: Percentage Distribution of Miles Flown Versus

FAA Noise Stage in the Domestic Market 121

10



Figure 4.19:
Figure 4.20:

Figure 4.21:

Percentage Distribution of Miles Flown Versus
FAA Noise Stage in the International Market
Percentage Distribution of Miles Flown Versus
Aircraft Category in the Domestic Market
Percentage Distribution of Miles Flown Versus
Aircraft Category in the International Market

11

122

124

125



Chapter 1

Introduction

1.1 Objective of the Thesis

The objective of this study is to relate the use of aircraft by U.S. Major airlines to
changing aviation policy and technology. Aviation policy refers primarily to the Deregulation
Act of 1978; this Act freed competition in the airline industry, and allowed airlines to serve
any domestic routes and set fares without government approval. Another aviation policy
considered in this thesis is that of more strict aircraft noise requirements. Technology refers
to the aircraft characteristics of interest to the airlines: aircraft type, year of certification,
country of origin, number of crew, passenger capacity, aircraft range, number of engines,
and fuel consumption. Results from this analysis could be used to identify the implications

for the development of commercial aircraft technology in the future.
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The sample for this analysis consists of all US airlines that have been US Major
airlines during the entire period from 1978 to 1990. These airlines are American Airlines,
Continental Airlines, Delta Airlines, Eastern Airlines, Northwest Airlines, Pan American
World Airways, Trans World Airlines, and United Airlines. The analysis results presented

in this thesis correspond to the aggregate of these airlines only.

1.2 Structure of the Thesis

This thesis is arranged into four additional chapters. Except for the last chapter, the
structure used in all of them is similar, each having four main sections. The first section
presents a chapter introduction; this section opens the chapter with the purpose of providing
the reader with an overall picture of the motivation and contents. The second section presents
formal definitions, theory background, and the sources of raw data. The third section deals
with the actual analysis of the theory and data introduced in the previous section; it contains
the methodology as well as the presentation and discussion of the results. Finally, the fourth
section presents a chapter summary and conclusions. The following is a brief description of

the contents of each remaining chapter.

Chapter 2 presents an analysis of the most basic element: the aircraft. This study is
a necessary step before attempting to understand how the airlines compose and utilize their

fleets. The aircraft analysis is carried out in terms of the aircraft technical features. This

13



study consists of a statistical analysis intended to evaluate correlations among the aircraft

characteristics and discuss those relationships that are significant.

Chapter 3 presents a study of the airlines aircraft mix in terms of the technical
characteristics introduced in Chapter 2. This study forms the basis for understanding how
these airlines have been composing their fleets in the past and how they are preparing for
the future.

e

Chapter 4 presents a comparative analysis of the aircraft fleet operation in both
domestic and international markets. The analysis focuses on relating the aircraft
characteristics discussed in the previous chapters with the aircraft operation data, published
by the United States Department of Transportation, which contains the following measures:
revenue aircraft miles flown, revenue aircraft hours, revenue aircraft block hours, and
aircraft days assigned to service by year, airline, operating entity, and aircraft type. In
addition, the following computed parameters have been included in the analysis: revenue
aircraft hours per day, revenue block hours per day, and revenue block hours to revenue

aircraft hours ratio. Thus, this analysis forms the basis for understanding how these airlines

have been operating their fleets.

Finally, Chapter 5 provides a general overview of the results obtained throughout the

study.

14



Chapter 2

Analysis of Aircraft Characteristics

2.1 Introduction

This second chapter presents the analysis of the most basic element of this thesis,
namely, the jet aircraft operated by the US Major airlines since deregulation. The study
presented here is a necessary step before attempting to understand how the airlines compose
and utilize their fleets. The aircraft analysis is carried out in terms of the following selected
technical characteristics: aircraft type, year of certification, country of origin, aumber of

crew, number of seats, range, number of engines, fuel consumption, and FAA noise stage.

Section 2.2 presents formal definitions of each basic aircraft characteristic. In
addition, an aircraft categorization, which combines several basic technical features, is

proposed. Section 2.3 consists of a statistical analysis intended to evaluate correlations among

15



the aircraft characteristics selected in the previous section. A discussion of each significant

relationship is included. Section 2.4 contains the chapter summary and conclusions.

2.2 Aircraft Characteristics

This section presents the definition of each selected aircraft characteristic: aircraft
type, year of certification, country~of origin, number of crew, number of seats, maximum
range, number of engines, fuel consumption, FAA noise stage, and category. Information
about these aircraft characteristics were obtained from a variety of sources and compiled by
the author >*41, Each characteristic helps portray the nature of each aircraft. In addition,
an aircraft categorization is proposed. The motivation of introducing such categorization is
to group aircraft types that share several common technical features. In this manner, a more

concise analysis can be carried out.

Aircraft Type: refers to an assigned code representing an aircraft and its versions. Aircraft

types along with the code used to identify each type in this thesis are listed in Table 2.1.

Table 2.1: Aircraft Types

A300 Airbus Industrie A300-B4-200, -600, -600R
A310 Airbus Industrie A310-200, -300

A320 Airbus Industrie A320-200

A334 Airbus Industrie A330, A340 1,

16



BA146 | British Aerospace 146-100, -200, -300 4]’
B707 Boeing 707 (All Versions)

B727 Boeing 727-100, -200

(| B737 Boeing 737-200

I B733 Boeing 737-300

B734 Boeing 737-400, -500

B747 Boeing 747-100, -200, -300, -SP

B744 Boeing 747-400

B757 Boeing 757-200

B767 Boeing 767-200, -200ER, -300, -300ER
DC8 McDonnell Douglas DC-8 (All Versions)

DC9 McDonnell Douglas DC-9 (All Versions)
MDS80 | McDonnell Douglas MD-81, -82, -83, -87, -88
DC10 McDonnell Douglas DC-10-10, -30

MD11 | McDonnell Douglas MD-11
F100 Fokker 100
L1011 | Lockheed L-1011-1, -100, -200, -500

Year of Certification: year an aircraft type was certified to fly as a commercial transport.

Country of Origin: refers to whether an aircraft type has been produced by a manufacturer

in the United States of America (denoted by US), or elsewhere (denoted by N-US).

Number of Crew: number of crew members required to fly an aircraft type.

17



Number of Seats: number of available seats in a typical cabin configuration.

Maximum Range: maximum distance an aircraft type can fly. This parameter is measured

in nautical miles, or nm.

Number of Engines: number of jet powered engines mounted on an aircraft type as its means

of propulsion.

Fuel Consumption: amount of fuel burned when an aircraft is operating at maximum cruise

speed. This parameter is measured in kilograms per hour, or kg/h.

FAA Noise Stage: refers to the noise stage in which an aircraft type is classified, as defined
by the U.S. Federal Aviation Administration. Currently, the following classification scheme
is used: Stage 1, 2, and 3. Generally speaking, Stage 1 aircraft are those powered by older
turbojet engines; Stage 2 aircraft are those powered by low bypass turbofan engines; Stage

3 aircraft are those newer aircraft powered by high bypass turbofan engines.

Category: refers to the categorization of an aircraft, developed exclusively for this thesis.
This categorization is a function of several technical characteristics, namely, technology
level, passenger capacity, and range. The motivation for introducing such a categorization

is to group aircraft types that share several common technical features, thereby making a

more concise analysis.

18



Technology Level refers to the level of technology applied to an aircraft type. Quantitatively,
this parameter is primarily a function of the aircraft’s year of certification. It is assumed that
aircraft manufacturers apply the latest available technologies to their products; thus, it is
assumed that differences in manufacturing quality and technical support of Airbus Industrie,
British Aerospace, Boeing, McDonnell Douglas, Fokker, and Lockheed are negligible. Four
technological levels are proposed. Level 1 includes aircraft certified in the 1950s; level 2
includes aircraft certified in the 1960s; level 3 includes aircraft certified in the 1970s; level
4 includes aircraft certified in the 1980s and the early 1990s. Each level has a code: 1, 2,

3, and 4, respectively.

Passenger Capacity refers to the categories of available number of seats. Three passenger
capacity classes are proposed: low, medium, and high. Low passenger capacity includes
aircraft with up to 150 seats; medium passenger capacity includes aircraft with more than
150 seats but fewer than 300 seats; high passenger capacity includes aircraft with 300 or

more seats. Each class has a code: L, M, and H, respectively.

Range refers to the categories of aircraft maximum range. Three range categories are
proposed: short, medium, and long. Short range includes aircraft with maximum range of
up to 3,000 nautical miles; medium range includes aircraft with maximum range of more
than 3,000 but less than 5,000 nautical miles; long range includes aircraft with maximum
range of 5,000 or more nautical miles. Each class has a code: S, M, and L, respectively.

Table 2.2 summarizes the definition of Category.

19



Table 2.2: Definition of Category

Il II Code l Category Characteristics I

1 Year of Certification: 1950 - 1959

Technology

Year of Certification; 1960 - 1969

Level

Year of Certification: 1970 - 1979

TS W

=ﬂl
Number of Seats < 150

Year of Certification: 1980 - Today

Aircraft
. Capacity

150 < Number of Seats < 300

I——

< K<

m

Number of Seats = 300

Maximum Range < 3,000

Aircraft
Maximum Range

3,000 < Maximum Range < 5,000

'l -4 B

Maximum Range = 5,000

Finally, Table 2.3 presents the aircraft characteristics by aircraft type, as defined in

this section. A notable exception is the A300 which, by our initial definition, belongs to

technology Level 3; nevertheless, the technology level of the A300 resembles more closely

to that of Level 4.
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Table 2.3: Aircraft Characteristics

Aircraft
Type
A300 1974 N-US 3 260 | 3,900 2 5,600 3 4MM
" A310 1985 N-US 2 200 | 4,000 2 4,700 3 4MM
A320 1988 N-US 2 150 | 2,900 2 3,100 3 4LS
A334 N-US 2 335 ] 5,500 4 7,000 3 4HL
" BA146 1981 N-US 2 75 1,200 4 2,500 3 4LS
” B707 1954 Us 3 180 | 5,200 4 5,000 1 IML
B727 1964 Us 3 145 | 2,600 3 4,500 2 2LS
B737 1967 Us 2 105 | 1,300 2 4,100 2 2LS
“ B733 1984 Us 2 130 | 2,000 2 3,900 3 418
B734 1988 Us 2 140 | 2,200 2 3,300 3 418
B747 1970 Us 3 400 | 5,300 4 13,000 3 3HL
B744 1989 UsS 2 425 | 7,100 4 11,300 3 4HL
B757 1982 Us 2 185 | 3,300 2 5,100 3 4MM
B767 1981 Us 2 205 | 4,200 2 5,200 3 4MM
DC8 1955 UsS 3 200 | 5,500 4 4,900 1 1ML
DC9 1965 UsS 2 100 | 1,200 2 4,200 2 2LS
MD80 1980 Us 2 145 | 2,100 2 4,000 3 4LS
DC10 1970 UsS 3 280 | 4,200 3 9,600 3 3MM
MDI11 1990 Us 2 325 | 7,000 3 9,000 3 4HL ||
F100 1987 N-US 2 100 | 1,400 2 2,500 3 4LS "
L1011 1970 UsS 3 280 | 4,400 3 7,900 3 3IMM "
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2.3 Aircraft Characteristics Analysis

The objective of this section is to provide insight on how the different aircraft
characteristics proposed in the previous section relate to each other. Section 2.3.1 presents
the analysis methodology, which consists of carryiné out a statistical analysis that evaluates
the correlations among the aircraft characteristics. Section 2.3.2 presents the results of the
proposed analysis. Section 2.3.3 presents a discussion of the relationships between aircraft

characteristics found to be statistically significant.

2.3.1 Analysis Method

A descriptive statistic is used to summarize the relationships among the variables of
interest in terms of their degree of linear correlation ®7), This measure represents the
average of the products of the standarized variables; hence, it is called Product-Moment

Correlation Coefficient, r, and is defined by Eqn. 2.1,

Ty~ EDEY)
n

r= . (Eqn. 2.1)
\J vz C0P \' 52 E
n n

x: first variable

22



y: second variable

n: number of observations in each sample

The most important properties of the product-moment correlation coefficient are:

1. Its numerical value lies between -1 and +1, inclusive.

2. The larger the absolute value of r is, the stronger the linear

relationship is. A value of r=1 or r=-1 implies perfect correlation between

the two variables. Likewise, r near zero indicates there is no linear

relationship between the two variables.

3. The sign of r indicates whether the relationship between the variables

is direct, r>0, or inverse, r<0.
In addition to the computation of the product-moment correlation coefficient, it is desirable
to determine whether there is sufficient evidence to conclude with reasonable confidence that
there exists a statistically significant relationship between the two variables. Consider the
following two hypothesis:

H,: no linear relationship exists between x and y

H,: linear relationship exists between x and y

Then, H, is rejected if |t]| > t.,.,, where t is defined by Eqn. 2.2,

(Eqn. 2.2)

a: confidence level

23



n-2: number of degrees of freedom
r: product-moment correlation coefficient

Lyana Critical value of t (distribution)

This method provides a way to conciude with reasonable confidence that either a positive or
negative linear relationship exists between x and y, or that Hy, cannot be rejected and

therefore no linear relationship exists between x and y.

2.3.2 Presentation of Results

This section presents the results of the correlation analysis described in section 2.3.1.

The results are shown in Table 2.4.

The first and second columns correspond to all the possible non-redundant pair
combinations of the following aircraft characteristics: number of crew, number of seats,
maximum range, number of engines, fuel consumption, FAA noise stage, and year of
certification (in terms of technology level). The country of origin parameter has not been
included in this analysis because it is not a technical characteristic, per se. The third column
lists the r value for each relationship. The fourth column includes the absolute values of t.
The fifth column lists the critical value of t, t,,,,; for the purposes of this analysis,

reasonable confidence is defined as a 95% statistical confidence level, or «=0.05. Hence,
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tuznz = toosye = 2.09. The sixth column shows whether or not the two variables are

significantly correlated.

Table 2.4: Correlation Analysis Results

- y r lt] | tum, | Signif.?

Number of Crew Number of Seats 0.30 1.37 2.09 NO
Number of Crew Maximum Range 0.31 1.44 2.09 NO J
Number of Crew Number of Engines | 0.43 2.06 2.09 NO
Number of Crew Fuel Consumption 0.37 1.75 2.09 NO "
Number of Crew FAA Noise Stage -0.42 2.01 2.09 NO
Number of Crew Technology Level -0.59 3.17 2.09 YES
Number of Seats Maximum Range 0.88 8.00 2.09 YES
Number of Seats Number of Engines | 0.52 2.67 2.09 YES |
Number of Seats Fuel Consumption 0.93 11.21 2.09 YES "

| Number of Seats FAA Noise Stage 0.26 1.18 2.09 NO

" Number of Seats Technology Level 0.15 0.66 2.09 NO

I Maximum Range Number of Engines | 0.60 3.23 2.09 YES
Maximum Range Fuel Consumption 0.76 5.07 2.09 YES
Maximum Range FAA Noise Stage -0.04 0.18 2.09 NO
Maximum Range Technology Level -0.04 0.17 2.09 NO
Number of Engines | Fuel Consumption 0.52 2.67 2.09 YES
Number of Engines | FAA Noise Stage -0.31 1.44 2.09 NO
Number of Engines | Technology Level -0.35 1.63 2.09 NO
Fuel Consumption | FAA Noise Stage 0.20 0.89 2.09 NO
Fuel Consumption | Technology Level 0.00 0.01 2.09 NO
FAA Noise Stage - | Technology Level 0.94 11.49 2.09 YES
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2.3.3 Discussion

This section presents a discussion of the eight relationships, listed in Table 2.4, found

to be statistically significant.

2.3.3.1 Number of Crew Versus Technology Level

The number of crew members required to fly an aircraft is negatively correlated to
the technology level. Three crew members are required to fly all aircraft listed under Level
1 whereas two crew members are required to fly the aircraft listed as Level 4. For Levels
2 and 3, only the smaller aircraft --such as the B737 and DC9-- can be flown by two crew

members.

This pattern is due to the improvement of flight decks through the use of digital
technology ®). Systems such as ECAM (Electronic Centralized Aircraft Monitors) and
EICAS (Engine Indicating and Crew Alert Systems), included in the newer aircraft, execute
tasks formerly conducted by flight engineers. These systems have the potential of actually
decreasing the workload of the remaining two pilots, thereby increasing in-flight safety (and
decreasing flight costs). Other advantages of digital equipment include the potential of
increasing maintenance efficiency, both in cost and convenience, because of their capability

to process diagnostic checks of virtually all on-board aircraft systems.
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2.3.3.2 Number of Seats Versus Maximum Range

Number of seats is positively correlated to aircraft range (refer to Figure 2.1).

S00
=}
400 |- o
[m]
[m]
300
] oo
‘5’ o
&
5
200 |- oD o
: o :
2 u]
h O
]
1m0 dh
o
o ] 1 ] | | 1 1 |
1 2 3 4 S 6 2 8
¢ Thousands)
Maximum Range, nm

Fig. 2.1: Number of Seats Versus Maximum Range

High capacity aircraft are desirable for longer routes. This fact is dictated not by
technological capability, but by economics. Because wait time' is not as critical on a longer
flight, airlines tend to offer a lower frequency of service and consequently utilize higher

capacity aircraft. The advantages of operating in this manner can be demonstrated

1Average time a passenger is willing to wait for service
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analytically. Consider the following analysis *”. The demand for a given flight is given

by Eqn. 2.3,

D = IP*T® (Egn. 2.3)

I: airline image®
P: price

o price elasticity of demand, defined by Eqn. 2.4,

P aD
== (Eqn. 2.4)
““Dop _
T: Total travel time, defined by Eqn. 2.5,
T=t,+1 (Eqn. 2.5)
n

t,: sum of access time’, egress time®, enplanement processing time’, block time®, and

actual flight time.
t,: constant used to compute average wait time for service
n: daily frequencies

B time elasticity of demand, defined by Eqn. 2.6,

2A substitute for all the quality of service variables such as flight availability, reliability,
safety, and comfort

3Average time from origin to airport by ground transport
*Average time from airport to destination by ground transport

Average time for ticketing, boarding, including a time margin to ensure not missing
flight departure

SAverage time for deplaning, customs, baggage, and arranging ground transportation
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B = TaD (Eqn. 2.6)

Frequency elasticity, €, defined by Eqn. 2.7, can be used to determine how sensitive

demand is with respect to frequency of service,

e =19D (Eqn. 2.7)

Then,

€ =
- _’lﬂ « p-l_t_l
=-p,IP°T 2 (Eqn. 2.8)
4
— n
P T

If €, has a small value, demand hardly responds to changes in frequency of service, and vice
versa. For long haul flights, (t;/n) is smaller in proportion to T; therefore, it is economically
desirable for airlines to offer a lower frequency of service on a higher capacity aircraft. This
analysis demonstrates why it is economically more feasible to offer a one daily flight on a
long route, say New York-Barcelona, carrying 300 passengers in a Boeing 747 than three
daily flights carrying 100 people in a Boeing 727 --an aircraft which could have been
designed (or modified) to cross the Atlantic Ocean. Hence, economic concerns result in a

positive linear correlation between the aircraft’s passenger capacity and its range.
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2.3.3 umber of Seats Versus Number of Engines

Number of seats is positively correlated to number of engines (refer to Figure 2.2).
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Fig. 2.2: Number of Seats Versus Number of Engines

A combination of technology and economic considerations determine the number of
engines used in an aircraft. In general, a greater number of seats calls for bigger aircraft,
and bigger aircraft require higher thrust levels. Up until the 1970s, the biggest aircraft were
designed with four engines for purely technical reasons: not enough thrust could be generated
with a fewer number. The B707, DC8, and B747 projects are good examples of this

condition; similarly, engineers had no option but to include three engines in the DC10 and
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the L1011 projects, originally designed as twins [!!],

In the 1970s more powerful engines were made available, and economics became the
most critical consideration in the newer aircraft designs. Nine out of thirteen aircraft type