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•THIS paper is an information-type presentation and all matters discussed are un
classified. It is intended to point out several impacts that will be brought about in the 
field of transportation with the advent of extremely large subsonic jets. 

The order of presentation will be, first, the Lockheed C-5A, and second, the Boe
ing 747. 

THE LOCKHEED C-5A 

The C-5A (Fig. 1) is being developed by Lockheed Aircraft Corporation, Marietta, 
Georgia, for the Air Force. It is similar to its successful predecessor, the C-141, 
now in operation by Air Force Military Airlift Command, including wing sweep and T
tail, with a gross weight well over twice that of the C-141. This aircraft will be the 
world's largest when it flies in June 1968, according to present schedules. Each of its 
four engines will produce 41,000 lb of thrust and will be larger than the average private 
plane. 

Comparison of the C-5A and C-130 

Figure 2 will help orient you as to the size of the C-5A. This plan view of the C-130 
on a football field makes it easy to visualize its actual size. The field and plane outline 
are drawn to scale. In Figure 3, the C-5A is the larger outline, and you can readily 
note that its nose extends beyond the 10-yd line of this regulation football field. The 
tail extends beyond the 10-yd line at the other end of the field, and enough of the wing 
tip extends beyond the side to house two football teams as if it were a roof. 

General Arrangement 

Figure 4 shows that the empennage is approximately seven and one-half stories high. 
If the pilot were to walk from his seat to a platform at this height, he would be on top 
of a three-story building. 

Significant Features 

In order to provide the necessary flexibility in its role of strategic deployment, the 
C-5A must be able to operate into support area airfields. These are defined as having 
load-bearing capability of CBR-4 soil overlaid with M-8 matting, or a gross CBR rat
ing of 9. Figure 5 shows the significant features of the C-5A. 

The C-5A's unique high-flotation landing gear permits 130 passes on such fields be
fore repair to runways is necessary. The principal design features which yield high 
flotation are the large number of low-pressure tires, wide tire spacing and the gear 
geometry which result in four main landing gear tires running in the same track. 

The truck-bed loading height and visor nose, as well as the cargo opening, will be 
covered in more detail later. 
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Figure I. The Lockheed C-5A. 
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Figure 2. Pion view of the C-130 on a football field. 
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Figure 3. The C- 5A compared to the C- 130. 
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Figure 4. General arrangement of the C-5A. 
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Figure 5. Significant features, C-5A. 
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This plane is provided with a double deck. The aft top deck or personnel compart
ment is designed to accommodate 75 people in MAC-type seats. In brief, the provision 
is available for the crews required to accompany their equipment. 

Airplane Characteristics 

Figure 6 shows that the cargo compartment is 19 ft wide and about 145 ft long, with 
full width openings at each end. The fuel capacity and landing gear characteristics are 
of particular interest. 

High-Payload Mission Profile 

I would like to point out in Figure 7 the 200,000-lb payload with a mission time of 6 
hours. The basic mission of the C-5A is to carry 100,000 lb of military cargo 5, 500 
nautical miles at a cruising speed up to 460 knots. The C-5A will carry any standard 
item in the Army inventory, including many which are too big or heavy for any existing 
aircraft. 

C-5A Substandard Airfield 

Figure 8 depicts the simple, rigid, symmetrical visor nose mentioned earlier and 
the way it exposes the full-width cargo openings. This is a typical view of what might 
be anticipated at substandard airfields scattered throughout the world. The high-flota
tion landing gear will minimize field damage and permit sustained operation. 

Drive-Through Capability 

To assure the most rapid turnaround of the aircraft as possible, the C-5A is de
signed with the drive-through capability provided by the full-width openings at both ends 
of the cargo compartment, as shown in Figure 9. 

Cargo Floor Angles 

Operation of an airplane as large as the C-5A into areas with limited terminal facili
ties requires built-in capability to adapt to a variety of loading and unloading conditions. 
A kneeling landing gear facilitates these operations by permitting variable positioning 
of the cargo floor (Fig. 10). The airplane can also be leveled laterally on uneven ground. 

Ra.mp Angles 

As noted in Figure 11, the forward end of the floor can be positioned at a height of 
54 in., and the forward and aft ramp angles are 11 and 13.5 deg, respectively. As 
shown in the lower part of the figure, the rear opening can also be positioned at 54 
inches off the ground, reducing the aft ramp angles considerably. 

Typical Fuselage Sections 

The three fuselage sections in Figure 12 are shown at the nose gear, the wing box, 
and the main landing gear. The double-lobe arrangement, the cargo compartment cross 
section, and the efficient stowage of retracted landing gears are readily apparent. The 
floor is 19 ft wide, and this width is maintained to a height of 9½ ft. The width then 
tapers to 13 ft at the 131/z-ft high ceilings . 

Note the stairs to the flight station; there is a similar stair at the rear of the plane 
to the aft troop accommodations. Each stair is located over a ramp for minimum in
terference with cargo. 

Inboard Profile 

Figure 13 shows the flight station, crew compartment, troop compartment, and a 
side cutaway of the complete cargo compartment. 
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Figure 7. High-payload mission profile-high speed, C-5A. 

Figure 8. View at substandard airfield, C-5A. 

Figure 9. Drive-through capability, C-5A. 



Figure 10. Cargo fioor angies, C-5A-main gear fuily kneeied. 

Figure 11. Ramp angles, C-5A. 
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Figure 12. Typical fuselage sections, C-5A. 



Figure 13. Inboard profile, C-5A. 
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Figure 14. Deployment load flexibility and efficiency, C-5A. 

Figure 15. Minuteman loading capability, C-5A . 
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Figure 16. Air transportable dock, C-5A. 

Deployment Load Flexibility and Efficiency 

An example load that can be carried in the C-5 is shown in Figure 14, such as two 
UH-lD helicopters, two M-54 5-ton trucks, two M-170 ambulances, two ¾-ton trucks, 
four ¼-ton trucks, and one M-48 bridge launcher. 

Minuteman Loading Capability 

As shown in Figure 15, a capability is provided by this airplane to transport two 
minuteman missiles in their shipping and storage containers mounted on ballistic mis
sile transporters. The length of each of these trailers is approximately 57 ft. This is 
7 ft longer than the standard 50-ft truck-tractor combination allowed without an over
size permit. 

Air Transportable Loading Dock 

At support area fields, one method of unloading that the Air Force is considering is 
an air transportable loading dock, consisting of an off and on-load dock, a build-up and 
break-down dock, and a storage dock (Fig. 16). A double pallet string can be extracted 
at the center dock, meeting the required 15-min turnaround time. The outer two docks 
can be positioned laterally to line up with the center dock. This arrangement can ac
commodate one C-5A arrival every 30 minutes, limited only by the ability of the ground 
support operations in keeping the dock unloaded. 

THE BOEING 747 

The Boeing 747 (Fig. 17) is being developed by Boeing Aircraft Company, Commer
cial Airplane Division, Renton, Washington. The Boeing 7 47 passenger and cargo air
planes will be able to operate on any airport that accepts the 707-320 B/C Interconti
nentals. The size and weight of the 747 will require reviews of the layout of terminal 
aprons, parking areas, passing clearances and overpass strength. The volume of traf
fic to be generated by the use of this aircraft indicates necessity for examination of road 
capacities involved in movement of persons and cargo to and from the air terminals. 

General Arrangement 

As a matter of comparison, the length of the C-5A is 245.11 ft, its wing span is 
222.9 ft, and the height of the empennage is 65.1 ft. Basically, the 747 is about 5 per-



Figure 17. The Boeing 747. 
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Figure 18. General arrangement, Boeing 747. 
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Figure 19. Design objectives, Boeing 747. 
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cent smaller in size than the C-5A. In Figure 18, the dark outline shown superimposed 
on the 7 47 shows the difference in size of the 707. 

Design Objectives 

In regard to design objectives (Fig. 19), it is apparent that Boeing is meeting all of 
the design objectives at this time except the profitable part, and only time will tell in 
this respect. However, according to the company's preliminary calculations they feel 
confident about this objective also. 

This aircraft will be produced in three models, a passenger version, a convertible 
version (passenger and cargo), and a freighter (all cargo). The following figures are 
of interest because they might be of use in future planning. Sales to date of the 747 that 
can be publicized are for 94 passenger, 20 convertible, and 6 freighter models. The 
actual sales are in excess of these figures. Roll-out of the first model will be the third 
quarter of this year. By the end of 1971, Boeing plans to have produced 200 of the 747 
aircraft and to produce approximately 8 per month after that. 

With a total of over 100 C-5's and the 200 747's, one can visualize some of the im
pacts these jumbo jet aircraft will have on transportation, such as crowded skies, over
loaded highways, and complete airport facilities saturation. 

Need for 747 

The old adage, "Figures don't lie but liars can figure," does not hold true here. 
Noticing the market growth as shown, I doubt if anyone has any doubts that in 1975 
there will be three times the present rate of passenger-miles (Fig. 20). In order to 
begin to plan for, or shall we say to reduce, the impact of this phenomenal growth, the 
following facts should be known. 

1. The new $ 8. 5 million freight terminal built by Pan American World Airways at 
J. F. Kennedy airport is the largest and most sophisticated air cargo facility of its 
kind in the world. This new terminal can handle 10 times the amount of cargo as for
merly managed at the old facility. It should be noted that this terminal is "the culmi
nation of over 5 years in planning and 2 years in construction." 

2. The first automated-computerized overseas cargo system of PanAm will be in 
operation at London's Heathrow Airport in the latter part of this year. This new ter
minal is designed to enable all freight aircraft, including the Boeing 747, to turn around 
in 1 hour. With the freight business increasing at the rate of 30 to 40 percent a year, 
the need for the quick turnaround is obvious. The PanAm building will be part of a 
160-acre terminal center that will be used by 15 international airlines. 

3. KLM opened a butterfly-shaped building at Schiphol Airport in Amsterdam the 
latter part of last year. This cargo-handling center is similar to a big erector set. 
Its predominant feature is a central vertical storage system over 3 5 ft high for cargo 
handling. 

4. "Los Angeles moves to meet traffic gain by planning to meet anticipated traffic 
increases through 1975 with a modern international airport." It is planned to have a 
total of 155 gate positions, multimode passenger inflow, new airport facilities, exten
sion of present runways, etc. The reason for mentioning these items is the anticipa
tion at Los Angeles of the following: Increased total road-access capacity from the 
present 31 million to 48 million passengers annually which, with another 14 million 
transported by air, will bring the total to 62 million estimated to be the maximum vol
ume of passengers that could be handled by the airport in the configuration planned for 
1975. 

5. "New Air Travel Era for Europe Seen"-this kind of headline is seen almost 
daily. It is predicted that the Paris Nord Airport will usher in a new era of airport 
development the likes of which will be unheard of anywhere in Europe at that time. 
This new airport, with five massive terminals, each capable of docking 15 jumbo jets 
and 50 personnel transports at the same time, is scheduled for completion in the next 
5 years. The first section of this airport (the initial single runway and terminal plus 
the cost of land and related preliminary work) will run about $200 million. 
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Figure 20. Need for Boeing 747. 
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Figure 21. Freighter airplane characteristics. 
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6. Last fall, Trans World Airlines' first fully-automated air freight terminal was 
started at Dayton, Ohio. The $8 million facility will be the first of 10 fully-automated 
terminals planned by the airline. TWA also plans to build 15 semi-automated freight 
terminals at a minimum cost of $ 5 million each. 

One might think these jumbo jets have caused the problems-but they offer a pre
ferred solution to the problems. 

Freighter Airplane Characteristics 

Figure 21 compares the 707 and 747 so that one can visualize the difference in the 
two aircraft. The 747 maximum takeoff gross weight is more than double the 707. 
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Figure 22. Payload range-freighter, Boeing 747. 

Figure 23. Landing gear, Boeing 747. 
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Figure 22 is similar to the high-payload mission profile shown for the C-5 (Fig. 7). 
The payload of approximately 225,000 lb for 2,250 nautical miles is compared to today's 
707 payload of only about 90,000 lb for about 2,800 nautical miles. The difference in 
handling and distribution of freight this increase will create, is apparent. 

Landing Gear 

Figure 23 shows the landing gear, including the 18 wheels, which requires less con
crete thickness for the runways for landing the 7 47 than that required for the 707. De-



Figure 24. Landing gear, Boeing 747. 
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Figure 25. Pavement loading. 
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Figure 26. Cargo handling system, Boeing 747. 
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Figure 27. Basic cargo arrangement, Boeing 747 . 
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Figure 28. Cargo loading, Boeing 747. 

/ 
186" x 64" x 60S' 

tails of the landing gear are shown in Figure 24. Note the size of the wheel in compari
son to an average man. 

Pavement Loading 

The DC-8, 707, and 747 rigid and flexible pavement requirements are shown in 
Figure 25. The 747 requires less concrete than the DC-8. 
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Figure 29. Body cross sections, Boeing 747. 

Figure 30. Intercontinental cir traffic. 
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The system used for cargo handling is outlined in Figure 26 and is shown pictorially 
in Figures 27, 28 and 29. 

Basic Car o Arran ement-The main deck is used for large container loading 
(Fig. 27 . This loading can be through the nose or one of the five doors on either side 
of this aircraft. The belly containers and bulk cargo make up some 6,000 cu ft of the 
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total of 23,890 cu ft. Again, one should think of the impact of 6 to 8 of these jumbo 
aircraft on facilities of handling, distribution and storage - not to mention the problem 
of documentation in order to maintain control of shipments. 

Cargo Loading-In Figure 28, the various types and loading stations can be vis
ualized. Note the operator in the lower right-hand portion of the figure manning the 
control panel. This is a typical loading operation through the nose and belly at the 
same time. There are drive units in the floor of the upper deck that help move the 
cargo in or out of the aircraft. The volume of traffic that will be generated by the in
creased large amount of cargo carried by this type aircraft surely requires a good look 
at road capacities both to and from the air terminals. 

Body Cross Sections-The two fuselage sections in Figure 29 are at the wing sections 
of the 707 and the 7 47 and show the size comparison as well as the loading height above 
the ground. The size and shape of the containers show how the large cargo volume is 
obtained. PanAm is scheduled to receive its first superjet in September 1969, and it 
is anticipated that its passenger service will start in late 1969 with the superjets. 

Intercontinental Air Traffic 

The dark bars in Figure 30 indicate the 1965 intercontinental commercial air traffic, 
and the wide gray bars show the amount predicted for 1975 based upon a Boeing study. 

Free World Total Air Cargo Market 

Figure 31 bears out the forecasts as shown in any of the latest literature that one 
reads as to the future in the air cargo market. 

CONCLUSIONS 

This paper covers only the high points of tomorrow's aircraft, but the charts and 
figures spell out "sudden death." I would like to explain what this means. Mr. Oscar 
Bakke, formerly the Eastern Region Director of the Federal Aviation Administration, 
predicted about 6 months ago that one day, late this year, New York City may die a 
little. This is not an Orson Welles fantasy-but facts. What Mr. Bakke predicts is 
that John F. Kennedy International Airport will face "complete saturation." 
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New York is not alone in this disaster. The Air Transport Association of America 
is considering 23 major hub airports that are fast coming up against this saturation 
barrier. Gigantic traffic jams at the airport, on the runways, in the sky, and on con
necting downtown highways are getting worse. Many people have experienced something 
of this if only at the ticket or crowded baggage counter. 

The technological needs in transportation, worldwide, are mammoth. Maybe it 
should be compared to needs of the educational requirements that most of us are in -
timately familiar with. The cause which should be considered first is population growth. 
This we cannot do anything about except plan ahead, and provide money required for 
expansion. My point is that sufficient planning, coordination, and control have not 
been exercised. No one is recommending any kind of curtailment at this time. Sci
entific advancement, growth of this country financially, and progress are our keys to 
better living. 

What are some of these mammoth transportation needs? The following list can be 
woven into a systematic pattern. 

1. A standardized group of intermodal containers. 
2. A standardized intermodal pallet or pallets. 
3. A standardized modern intermodal materials handling system. 
4. Additional modern air terminals. 
5. Double-deck and/or triple-deck parking lots. 
6. High-speed commuter traffic systems. 
7. High-speed advanced design highway systems. 
8. Safety systems for airplanes and highway traffic, such as to allow two objects 

on a collision course to alert each other and take evasive action. 
9. Computerization and automation as much as possible; for example, a plastic 

passport, ticket, and baggage check. The passport and ticket will be cleared auto
matically by a seeing-eye detector. The baggage check will start your baggage on its 
travel path as soon as you get out of your car, to be picked up at your destination. 

This discussion on the expansion of air transportation illustrates vividly the relation
ship to the other modes of transportation and points out many technological needs re
quiring consideration in a total transportation evaluation. 
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