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INTRODUCTION

This document describes the design and operational characteristics of the Boeing
Model 2707-300 Supersonic Transport. Other documentation is available concerning
the airplane economics and national benefit aspects of the U. S. SST Program.

Since beginning its supersonic transport investigations in the early 1950’s, Boeing
has considered hundreds of configurations in the iterative research and development
processes involving more than 16 million engineering manhours and 35 thousand
hours of wind tunnel testing to date.

The General Electric Company has expended a similar program of extensive research
and development in the design of the engine. More than 1000 hours of ground
test operation have been accumulated to date on eight engines including operation
at speed, altitude and temperature conditions representative of those to be
encountered in flight.

The 2707-300 airplane resulting from this extensive research and engineering
background will be significantly superior to competing non-U.S. supersonic
transports (now in prototype flying status) in speed, range, payload capacity, and
operating economy. Its productivity in terms of seat miles per flight hour on
intercontinental routes is more than twice that of the advanced 747 and three times
that of the Concorde. The total operating costs and attractiveness of its speed and
ride comfort to the passenger will combine to achieve reasonable airline profits at
today’s economy class ticket prices.
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SUMMARY

The Boeing Model 2707-300 supersonic transport airplane is constructed principally
of titanium alloy and its general arrangement is conventional in the placement of
major components. Power is supplied by four General Electric GE4 turbojet engines
each producing more than 65,000 pounds of thrust. The cruising speed of 1800
miles per hour is three times faster than subsonic jet transports. The 2707-300 is a
product of logical progression in the family of Boeing commercial transports. Basic
comparative data to its subsonic predecessors are shown on Table 2-1 .

The design is a balanced combination of performance, flying qualities, and
operational characteristics without compromise of overriding safety requirements.
The original performance objectives of obtaining good low-speed characteristics
while maintaining cruise performance goals have been achieved. Continuing liaison
with the airlines, air traffic control agencies, and airports of the world has been
utilized to ensure establishment of practical design and operating requirements to
effect compatibility with the contemporary system of air transportation.

The basic passenger cabin arrangement has been designed to accommodate 298
passengers in seats having greater width than on current airplanes. It provides
maximum operational flexibility to the airlines through modular design allowing
rapid substitution of seats for galleys and lavatories, and the ready capability to
change the ratio of first class to tourist seating.

Full span leading and trailing edge flaps allow the 2707-300 to take off and land
within the runway lengths of existing international airports. Special attention has
been devoted to the landing gear design so that the pavement loading characteristics
are equivalent to those of larger intercontinental subsonic jets in current operation.
Airport and community noise levels are maintained at satisfactory limits through the
application of sound attenuation techniques in the propulsion system design.

It is anticipated that supersonic flight will be restricted to over water and
uninhabited land masses to avoid sonic boom annoyance. The performance
capabilities of the airplane permit subsonic flight at no appreciable loss in range
where such boom restrictions exist.

Safety is a prime objective. Pertinent data from years of designing and flying large
commercial jets are being used by the 2707-300 design team. Technical surveillance
of advanced military supersonic aircraft programs has provided additional design
guidance and illuminated areas requiring research and development emphasis to
improve safety and reliability. The ‘‘fail-safe’ principle has been used extensively in
both structural and system design. This means that each major structure or system
has a supporting structure or back-up system, and in fact, four independent systems
are provided in those systems necessary for flight safety. Advanced electronics will
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allow the pilots to anticipate and plan detour paths around storms or turbulence.
Automatic flight control systems coupled with advanced traffic control management
will eliminate weather delays in takeoffs and landings.

As with current subsonic jet transports, more than one size of the Boeing 2707 series
is contemplated to match the varying payload/range requirements of the world’s
airlines. The basic design has been evolved to enable adaption of several alternate
body sizes with little change to the other airframe components. This concept affords
a substantial marketing advantage since various models can be offered for a
minimum increase in engineering and manufacturing cost.

Table 2-1
707 747 2707
Cruise Speed

Mach No. .84 .90 2.70

MPH 550 600 1800
Trip Time (Hrs-Min)

New York/Paris 6:45 6:20 2:45
Passenger Capacities 139-175 366-490 253-321
Cruise Altitude (Ft) 32,000 35,000 62,000
Length (Ft) 153 232 298
Wingspan (Ft) 146 196 143
Gross Weight (lbs) 333,600 738,000 750,000
Engine Thrust (Ibs/ea.) 18,000 44,000 65,000
Structural Material Aluminum Aluminum Titanium




The basic subsystems design has been evolved from proven concepts employed in
previous or current subsonic transport and supersonic military aircraft as sum-
marized in Table 2-2 below.

Table 2-2
SUBSYSTEM CHARACTERISTICS COMMENT

Hydraulics 4000 psi—4 independent Similar to Concorde and
systems proven in military supersonic

aircraft

Electrical 4 generating systems Extension of proven systems
of 75 KV A each in current commercial

transport and military
aircraft.

Flight Controls Hydraulically powered, Extension of concepts under
multiple redundancy evolution since WWI11

transport aircraft and
currently in use in commer-
cial and military jet aircraft.

Environmental Control 4 independent air cycle Similar to equipment in
refrigeration systems. current use in jet transports.

Navigation 3 independent inertial Similar systems in operation
guidance systems. on 707, DC-8, and 747

transports.

Fuel Simple sequential usage Uses same aviation kerosene
from auxiliary tanks as current jets in similar
through main tanks to system concept.
engines.




GENERAL DESCRIPTION

The dimensional characteristics and general arrangement of the 2707-300 airplane
are shown on Figure 3-A. A summary description of the individual systems and
components of the airplane is given below. Further detailed information is included
in succeeding sections.

The passenger cabin is 194 feet long having a constant six abreast width for most of
its length, permitting an all tourist seating arrangement of 298 passengers and
accommodating the installation of seven lavatory and seven galley compartments. A
lower forward containerized cargo compartment provides 1340 cu. ft. of volume and
an aft lower compartment provides an additional 344 cu. ft. of bulk cargo capacity.

The flight deck is specifically designed for operation by a crew of two pilots and a
flight engineer. Development of advanced instrumentation such as the Electronic
Attitude Director Indicator (EADI) and the Pictorial Horizontal Situation Display or
Moving Map has been coupled with advances in the area of human factors analysis to
reduce crew work loads from present levels. The advanced instrumentation provides
more flexibility in the field of area navigation since the flight crew can position the
airplane accurately without reliance on ground based navigational aids. By pivoting
the forebody down for subsonic and terminal area operations, the pilots are afforded
vision superior to that on current subsonic jets. Equipment and instrumentation is
included to provide all weather landing capability.

Basic airframe structure is fabricated of titanium alloy, employing variations of
skin-stringer and sandwich panel type construction. The two main landing gears are
of conventional design with an oleo-pneumatic shock strut attached at the center of
the 3 axle 12 tire truck. All gears retract forward to provide free fall capability for
emergency extension.

General Electric GE4 turbojet engines are installed in separate pods similar in design
to 707, DC-8 and 747 airplanes. An accessory drive system (ADS) consisting of a
gear box shaft-powered from the engine is mounted in the wing trailing edge
adjacent to each engine. Each gear box drives two hydraulic pumps and an electrical
generator. The engine starters and boost compressors for the environmental control
system are separately mounted directly to an engine driven gear box within each
propulsion pod.

The engines use standard commercial aviation kerosene which is contained in a fuel
system of four main and eight auxiliary tanks. Simple sequential usage from
auxiliary through main tanks automatically assures control of airplane balance.

The environmental control system (ECS) comprises four independent subsystems
using engine bleed air, conditioned by air cycle machines. Initial cooling of engine
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bleed air is accomplished within the nacelle to reduce the air temperature in duct
runs through airframe structure.

Flight control is provided by conventionally placed aerodynamic surfaces powered
by multiple actuators driven by independent sources of hydraulic power and
controlled by both mechanical and electric commands from the pilots or automatic
flight control system. Leading and trailing edge flaps provide high lift during takeoff,
landing, and subsonic flight to reduce runway length requirements, improve noise
characteristics and increase subsonic range.

Electrical power is provided by four generating systems of 75 KV A each driven by
their respective ADS gear boxes. Sufficient electrical power is provided to maintain
supersonic flight with three generating systems operative and subsonic flight with
one system operative. In addition, a standby battery powered system is installed
which will provide essential electric power in the event of loss of all generating
systems.

Hydraulic power is derived from eight pumps rated at 80 gallons per minute each at
4000 pounds per square inch. An auxiliary electrically driven pump is also installed
to provide power for emergency landing gear release and brake operation during
towing.

Advanced design communication and navigation equipment is installed including
multiple inertial navigation, distance measuring equipment (DME) and satellite
communications systems. Space is provided for Loran, Collision Avoidance and
Clear Air Turbulence Detection systems. An Airborne Integrated Data System
(AIDS) is installed which permits early diagnosis of impending maintenance
requirements thus speeding accomplishment of remedial action and reducing delays.

3-2
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PASSENGER ACCOMMODATIONS

The basic interior arrangement of the 2707-300 provides accommodations for 298
tourist passengers as shown in Figure 4-A. Six abreast seating is utilized throughout
the major portion of the cabin with the seat rows spaced at 34 inch pitch. Each
triple seat is substantially wider than those used in six abreast seating arrangements
currently employed in existing jet transports. Cross sections through the cabin are
also shown on Figure 4-A. Other features of the basic cabin arrangement are as
follows:

®  (abin length of 194 feet

° Seven lavatories, with a ratio of 43 passengers per lavatory

e  Seven galleys, with a ratio of 1.6 cubic feet of stowage volume per passenger

®  FEight attendant seats, with a ratio of 37 passengers per attendant

These service ratios afford an improved level of accommodation over the interme-
diate range aircraft of the 727 class which have comparable trip time durations.
Interior noise levels are low, facilitating easy conversation between passengers.

Emergency equipment located throughout the passenger cabin is designed to provide
rapid identification and use. Combination escape slides/life rafts are installed at each
entry and service door for rapid deployment under evacuation conditions.

Figure 4-B shows the provisions for stowing cargo and baggage aboard the airplane.
The forward compartment of 1340 cubic foot capacity is containerized to minimize
passenger terminal delay and provide improved airplane utilization through
shortened ramp time. An additional volume of 344 cubic feet is provided in the aft
compartment for bulk loading of mail and cargo.

Other body sizes are under consideration as discussed in the concluding section
entitled ““Sizing Versatility.”

4-1



30

si8buassed 96z 1UdWabueLIyy 101483U[ Y- 94nbi4

g-9 V-V

urggL > ~— Ul ppl >

| |
grpnuasEss e NI gﬁ&::::::::::::: IR
ol m o IN0IA0NNNAANA e SONOIANOAOANOANA el BANOANANOAC e oL

5~

Vv adA] “ur 09 x gp
100(] 921A188

m_lL

v adA] “u109 x ¢v v adA] “u109 x gp L adA] “ur 09 x g¢
100(g 92IAI8S 100(J 321A48S 100 991A48S



obie) ying
papeoT]-pueH

142gn) vve ’/

Juawabuelly obier)/abebbeg ‘g-p 94nbi4

V-V uo0l108g

Jaureluo)
14 019n) vEL

1 €1 wbiay |1
s100Q wopog
Buipi|g piemu)

Ul oL M 0L ybIaH |11S
‘apIS "H'y '100Q 3pIS
Buipi|g piemuj

abebbeg ‘uro’8y Xx0'89

paziiauieluo)

14219n) ovEL I/

4-3



FLIGHT DECK

The SST flight deck general arrangement is specifically designed for a primary flight
crew of three; captain, first officer, and flight engineer, and is laid out to accom-
modate the first to 99th percentile current airplane pilot (men 5’4 to 6’4 and 130
pounds to 230 pounds). Two observer seat positions are also provided (Figure 5-A).

The captain’s, first officer’s, and flight engineer’s seats are power operated horizon-
tally and vertically. The flight engineer’s seat can be positioned facing forward on
the centerline of the flight deck with his eyes at the same level as the pilots’ eyes for
takeoff and landing. The flight engineer’s station is arranged with essential instru-
mentation and controls accessible to him when he is seated in this high forward
position during takeoff and landing. The forward observer’s seat swivels inboard and
is adjustable vertically. The flight deck floors under the pilots’, flight engineer’s, and
observer’s stations are horizontal in cruise. The pilots’ head clearance and viewing
angle to the overhead panel are comparable to current Boeing commercial jet
airplanes.

Electronic attitude director indicators (EADI), with a television picture of the real
world superimposed on and indexed to attitude and flight path symbology, are
installed in the center of each pilot’s panel (Figure 5-B) to furnish advanced
precision in instrument flight control guidance. Greatly enhanced instrument panel
visibility is provided by use of power boosted flight control handles extending from
the panel rather than conventional wheel and column combinations which are floor
mounted. The additional panel space beneath the EADI thus made visible is
employed for the installation of a large area navigational display using a moving map
technique for improved horizontal situation presentation. Such other advanced
equipment as integrated communication/navigation control and display units, and
multifunction cathode ray tube displays are installed. These equipments incorporate
latest electronic techniques and are designed to minimize crew work load while
providing an increased level of reliability.

The variable geometry nose section represents the best compromise between visi-
bility, aerodynamic efficiency, and instrument panel layout. See Figures 5-C and
5-D. The pilots are provided vision directly along the airplane flight path during
supersonic cruise with the nose in the faired position, and better vision angles than
current jet transports when the nose is deployed down for terminal operations.
Redundant means are provided for actuation of the forebody to the lowered
position.
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Each pilot can see 3 degrees up, 2 degrees down, and
1.5 degrees inboard of cruise flightpath

Cruise
Flightpath

Figure 5-C. Supersonic Cruise Vision —Thru Forward Window

Body Attitude

Reference Plane / y ‘g

Figure 5-D. Approach Vision—Straight Ahead
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STRUCTURES

Fuselage, Wing and Empennage

The Mach 2.7 cruise speed of the 2707-300 with its attendant higher operating
temperatures due to air friction has dictated the use of a metal capable of
withstanding these temperatures. Titanium alloy was chosen since it offers
lightweight construction coupled with excellent fracture toughness, fatigue life, and
thermal and load stability properties. In addition, superior resistance to burn-
through affords a substantial fire safety advantage over aluminum construction.
Recent developments of titanium alloys have improved physical and mechanical
properties together with reduced raw material and fabrication costs are establishing
titanium as a superior metal for aircraft construction. Items such as landing gear
beams, bulkheads, firewalls, ducts, tanks, and struts are being fabricated today from
titanium for Boeing’s subsonic models.

The fuselage employs conventional skin, stringer and frame construction (Figure
6-A). The wing and empennage are assembled from multispars, ribs and sandwich
type skin panels. Titanium alloy sandwich construction possesses excellent stiffness,
fatigue resistance and strength to weight ratio characteristics as well as providing a
high degree of aerodynamic smoothness. Two types of sandwich construction are
employed for skin panels as illustrated in Figure 6-B. Truss core is composed of a
central corrugation welded to flat face sheets and is used in the more heavily stressed
middle section of the wing with the corrugations running spanwise. Stresskin is
composed of a central honeycomb material diffusion bonded to flat face sheets. It is
used for those skin panels over the wing and empennage surfaces which have not
employed the truss core panels. ’

An extensive laboratory testing program has developed the basic engineering data
necessary to ensure a structure capable of a minimum of 50,000 flight hours with
fail-safe characteristics such that no undetected incipient failure can grow to cata-
strophic proportions.

Landing Gear
Materials

Landing gear major components are manufactured from vacuum remelted steel
forgings with the exception of the truck beam which is made from maraging steel.
Titanium alloy is used in the manufacture of some structural components where
weight saving can be achieved. All structural pin joint lugs have margin for rework,
are equipped with aluminum-bronze bushings and can be lubricated.
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6Al-4V titanium alloy is used to the fullest extent in the landing gear hydraulics
system. Stainless steel is also used for hydraulic components in both forging and
casting applications. Teflon fabric epoxy bonded bearings which do not require
lubrication are used on actuators.

Gear Design

Both nose and main gear are of conventional proven design. The main gear consists
of an oleo-pneumatic shock strut attached to the center of a 3-axle truck assembly
consisting of six dual wheels. The dual-tired nose gear incorporates a steering system.
See Figures 6-C and 6-D. Spray and slush deflectors are installed to control material
disturbed on the runway by the gear and prevent its ingestion by the engines.

Gear Actuation

Retraction and extension of all gears is accomplished hydraulically and controlled
by an electrical sequencing system. Both nose and main gear retract forward to the
stowed position allowing emergency free-fall capability after release of door and gear
up-locks by standby system actuators.

Brake Control System

Two independent electrohydraulic brake systems are provided. The normal system
adds brake pedal force signals to wheel acceleration signals, providing differential
braking and individual dual wheel anti-skid control and completely separate hydrau-
lic and electrical power sources. Automatic system switch-over, auto-braking upon
retraction, and a hydraulic accumulator for parking brake pressure are also provided.
Advanced materials, affording greater brake life at reduced weight, are used for the
friction components in the brake assemblies.

Nose Gear Steering

An electrohydraulic nose gear steering system, with both limited authority rudder
pedal control and manual knob control is provided at both pilots’ positions. The
system consists of two completely independent electrical control channels, control-
ling electrohydraulic servovalves.
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PROPULSION, ACCESSORY DRIVE AND FUEL SYSTEMS

Power Plant Installation

The 2707-300 airplane has four identical propulsion pods except for the thrust
reverser discharge arrays which require minor adjustment between inboard and
outboard positions. Each pod consists of an axisymmetrical intake, an engine, and
an exhaust nozzle assembly with thrust reverser and sound suppressor arranged as
shown on Figure 7-A.

The engine is a General Electric GE4 afterburning turbojet developing an installed
thrust of more than 65,000 pounds. It is a single rotor turbojet with a nine-stage
compressor driven by a two-stage turbine and equipped with a close-coupled after-
burner for thrust augmentation. The exhaust system provides a convergent-divergent
variable area nozzle. The primary nozzle is variable to provide optimum pressure
ratio and temperature, with the thrust reverser using the variable segments of the
primary nozzle as reverser blockers. The secondary nozzle houses the retractable
sound suppressor and provides guided expansion of the exhaust gas by being
pressure positioned to give the optimum area ratio.

A shroud is wrapped around the center part of the engine to form a duct for the
secondary air which is directed through the Environmental Control System heat
exhangers installed on the engine. The engine accessories are installed on the shroud
and are readily accessible by two hinged side cowl panels of such size as to be easily
operated manually.

The engine pod is supported from the wing structure by the engine support beam,
which provides structural attachment for the front and rear mounts.

The engine services and mount disconnects are readily accessible for pod removal.
The intake and nozzle assemblies are bolted directly to the fore and aft flanges of
the engine.

Intake and Control

Each propulsion pod is fitted with an axisymmetric intake to provide stable air flow
to the engine compressor at required pressure levels during all speed regimes. Intake
contours and areas are varied by means of a translating centerbody and movable
doors in the throat area of the outer cowl. The geometry for each intake is
independently regulated by electrohydraulic control channels.

Accessory Drive Subsystem

Each of the four Accessory Drive Systems (ADS) power two hydraulic pumps and
one electrical generator. These ADS gearboxes, which are shaft driven by the
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engines, are located in the wing aft of the rear spar inboard of each driving engine as
shown on Figure 7-B. All four gearboxes are identical and allow left or right airplane
installation without gearbox inversion.

Access is through a nonstructural door in the wing trailing edge lower surface. Shafts
are Bendix type with bolted end flanges. Containment is provided to prevent shaft
flailing damage in event of torque tube or coupling failure. A decoupler controlled
from the flight deck is installed in the angle gearbox.

An engine starter and an air-conditioning boost compressor are mounted in each
engine pod and use power transmission shafting common to the engine accessory
gearbox.

Fuel System
The airplane uses standard ““Jet A” commercial aviation kerosene.

The fuel supply is contained in four main and eight auxiliary tanks located in the
wing and aft body as shown on Figure 7-C. All tanks are integral type construction
and are vented to atmosphere through an unpressurized system. Fuel capacity is
approximately 71,000 gallons or 475,000 pounds.

The engines are continuously fed from the main tanks which are replenished from
the auxiliary tanks under a simple system of sequential fuel management. Reserve
fuel requirements are maintained in the main tanks. Airplane balance changes due to
aerodynamic center of pressure movement and fuel consumption are controlled by
the sequential system of tank selection.

A major portion of the heat from the airframe systems and all engine system heat is
rejected to the fuel through heat exchangers located in the fuel lines to the engines.

Fueling is accomplished through a pressure system using four standard fueling
nozzles. Fuel loading flow time for a typical trans-Atlantic mission is approximately
27 minutes.
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Figure 7-B. Accessory Drive Installation

7-4



Figure 7-C. Fuel Tanks



ENVIRONMENTAL CONTROL SYSTEM

The environmental control system (ECS) shown on Figure 8-A consists of four
identical subsystems which receive their pressurized air from the propulsion engine
compressors. Conventional air cycle cooling packs are located in the lower mid body
from which cool air is temperature regulated and distributed to four temperature
controlled zones in the pressurized cabin. Prior to cooling by the air cycle machine,
the engine bleed air is preconditioned by using fuel, cabin exhaust air and engine
by-pass ram air as heat sinks through a heat transport loop as diagramed in Figure
8-B. Exhaust air from the main cabin is used to maintain temperature control of
cargo compartments, electrical and electronic equipment racks, wheel wells, and
airplane equipment bays. ECS boost compressors and primary cooling circuits are
installed within the nacelle pods to insure that duct temperatures outside the
firewall are below the auto ignition temperature of fuel or hydraulic fluid.

The ECS furnishes the passenger cabin with conditioned fresh air premixed with
filtered recirculated air which provides smoke, odor and temperature gradient
control. In addition, an individually adjustable supplemental air outlet is accessible
to each passenger.

Depressurization

In the event of component or structural failure such as loss of a door seal or window
blowout, the system is designed to prevent catastrophic loss of cabin pressure. As
soon as such a pressure loss is sensed, the cabin air inflow is boosted into high flow
to limit cabin pressure degradation. At the same time, the airplane is descended from
cruise altitude to an altitude at which the flight may be continued subsonically.
Supplementary oxygen is provided by means of masks which are automatically
presented to each occupant should the cabin altitude increase above 14,000 feet.

Cosmic Radiation

Cosmic radiation consists of two prime components, galactic and solar radiation.
Galactic radiation from the stars,in both its primary and secondary components, is
of such low levels that it creates no hazard to either flight crew or passengers. Solar
flares may occasionally generate dose rates in excess of the established human
tolerance levels. These solar flares occur during the two years before and after
maximum sunspot activity which takes place every eleven years. Flares of sufficient
intensity to affect SST flights are rare however, believed by eminent radiobiologists
to occur no more frequently than twice each decade. Due to interaction with the
earth’s magnetic field, maximum solar flare activity is confined to the polar regions.
Consequently, supersonic flights over the balance of world routes will not be
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affected. However, both advance forecasts from space monitoring activities and
on-board radiation intensity measuring sensors provide ample warning to permit
descent to a lower altitude during the rare occasion of an onset of a solar particle
event having significant intensity to require avoidance.

Ozone

Stratospheric free ozone concentration at 64,000 feet is approximately 6 parts per
million. This concentration is reduced to 0.1 part per million within the aircraft by
the environmental control system. Free ozone is converted into oxygen by the high
temperatures (over 1000°F) resulting from the engine inlet and compression stages
from which the cabin air is extracted. Further conversion is provided by catalytic
action with nickel plated fins on the heat exchangers. An ozone monitoring system
isinstalled to provide the flight crew with constant indication of ozone concentration.
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FLIGHT CONTROL SYSTEMS

The basic configuration of the 2707-300 permits a relatively simple, light weight
flight control system. The flight control surfaces employed are identified in Figure
8-C. All primary flight control surfaces are hydraulically powered by multiple
actuators which derive their source of hydraulic pressure from separate independent
hydraulic systems such that quadruple redundancy is provided. An equivalent degree
of redundancy exists in the electrical and mechanical signal paths from the pilots’
controls to the control surface actuators. The system design has been evolved from
the proven technology of powered flight controls used in current subsonic and
supersonic aircraft.

Lateral Control

Lateral control is provided by spoilers and flaperons. The spoilers operate at all
speeds and are of the balanced slot deflector type consisting of both upper and
lower sections. The airstream passing between them provides balancing air loads on
the surfaces which materially reduce operating hinge moments. Flaperons, as the
name implies, function as both flaps and ailerons in low speed flight. During high
speed flight the outboard flaperons are locked out and the inboard flaperons
function as lateral controls.

Longitudinal Control

Longitudinal control is provided by movement of the horizontal stabilizer which is
fitted with geared elevators to increase control power at all speeds.

Directional Control

A conventional rudder is used to provide directional control. The rudder is divided
into three segments. All segments operate in the low speed regime, while the upper
segment is locked out during high speed flight.

High Lift System

An effective high lift system which employs full span leading and trailing edge flaps

is used. The flaperons deploy in conjunction with the flaps for high lift and continue
to operate as lateral control surfaces about their extended position.
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HYDRAULIC POWER SYSTEM

The hydraulically powered functions are supplied by four independent utility
systems and one auxiliary system. Figures 8-D and 8-E show a detail diagram of one
power system and a block diagram showing how the power systems are connected to
the subsystems for maximum redundancy. The eight pumps which operate at a
maximum of 250°F inlet temperature are rated at 80 gallons per minute output at
4000 pounds per square inch. Two pumps are installed on each of the four engine
driven accessory drive system gear boxes. The pump case drain filters, pump pressure
filters and system return filters are installed in modules located in the wing.
Hydraulic reservoirs are installed in each right and left wheel well area.

An auxiliary system, whose function is to supply power to the brakes during towing
and is a third power source for landing gear extension, is located in the right hand
main gear well.

All equipment requiring maintenance or removal between airframe overhauls is
installed with self-sealing disconnects so that the components may be removed with
minimum air inclusion and fluid loss.
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ELECTRICAL POWER SYSTEM

The electrical power system comprises all electrical equipment required for genera-
tion, control, conversion, storage and distribution of electrical power. A basic
system schematic is shown in Figure &-F.

Power generation is provided by four variable speed/constant frequency (VSCEF?}
generation channels, each consisting of a variable speed generator having a nominal
rating of 75 KVA, special high frequency high voltage generator feeders, a step-down
transformer, a converter-filter, and a generator control unit (GCU). The four oil
cooled generators mounted on the accessory drive system (ADS) supply primary
power of variable frequency proportional to engine speed. This power is transmitted
via the primary feeders to the electrical/electronics rack where it is processed and
delivered to the main busses through the generator circuit breaker at 400 Hz
constant frequency 115/200 volt, three-phase power such as is used on present day
jet transports. Generator control and protection, operational annunciation, mal-
function detection, and self-test are provided by the generator control unit.

The system is designed such that no single malfunction can affect the complete
power system. Power capacity is adequate to provide for dispatch with one genera-
tion channel out based on a galley load of 60 KVA. A utility bus transfer scheme is
provided to distribute utility type loads to the opposite side when one generation
channel is inoperative. The system can maintain all flight modes with two generation
channels inoperative and subsonic flight with three channels inoperative.

The electrical power system protection encompasses design features for selectively
de-energizing those sections of the system that have become faulted. Protection
coordination is provided between load feeder circuit breakers, bus circuit breakers,
and generating system breakers. Separate circuits and busses are used to supply
power to redundant subsystems. Indicators, meters, and switches are provided at the
crew station to display the status of the system and to permit overriding automatic
controls manually. One external power connector is located in the nose wheel area
for connection of electrical power to the system from an external source.
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COMMUNICATION/NAVIGATION SYSTEM

An integrated communication/navigation system, utilizing advanced microelectronics
techniques is installed to serve the functions noted in Table 8-1. Significant advan-
tages of this system are: reduced size and weight; improved reliability and maintain-
ability; improved system performance monitoring, malfunction detection and
isolation; and simplification of crew work load. An Airborne Integrated Data System
(AIDS) is included, and space provisions are allocated for clear air turbulence
detection and collision avoidance systems installations.

The heart of the advanced communication/navigation system is a central processor
which receives raw data from the various avionic sensors and subsystem functional
elements, performs system computations and data processing functions, performs
automatic performance monitoring and malfunction detection and isolation tasks,
and develops the signals to drive the flight instruments and displays. The system
includes integration of the associated controls and displays into a central console
(one for each flight crew member) with a resultant significant decrease in required
panel space on the flight deck. The inertial navigation function provides continuous
position reporting and indication of time and distance to destination or check point
without manual computation.

The system concept for the captain’s functions is shown on Figure 8-G. Identical,
but independent, capabilities are provided at the first officer’s position to enhance
reliability.

Size and weight are reduced by integration techniques, such as using the same circuit
or system element for several functions, and by the extensive use of advanced
microelectronics including hybrid modules and metal-oxide semiconductor (MOS)
arrays. The considerable use of MOS is made possible by the conversion of many
functions from analog to digital and by the relatively low real time speed require-
ments of aircraft communication/navigation systems when performed by machine
rather than human computation.

Reliability is improved by the reduction in interconnections which are prime
contributors to avionic failures. Subsystem elements common to many functions,
such as the processor and data link, are implemented with required redundancy to
provide fail-operational capability for all critical functions. Maintainability is
improved by the AIDS and the extensive use of fault isolation circuitry and
automatic self-test techniques which allows rapid identification of the failed unit
and reduced post-installation functional test time.

An extremely attractive feature of the system is the inherent flexibility to functional
changes which allows ease in exercising airline options and in the incorporation of
new systems as requirements become defined. New systems currently under develop-
ment within the SST time frame include independent landing monitors, collision
avoidance, and clear air turbulence detection.
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Table 8-1.—SST 2707-300 Communication/Navigation Functions

Function Quantity

Radio Navigation
Air Traffic Control (ATC)
Distance Measuring Equipment (DME)
Automatic Direction Finding (ADF)
Radio Altimeter
VHF Navigation (G.S., LOC., VOR)
Marker Beacon

= NN NN

Inertial Navigation 3
Air Data Computers 3
Weather Radar 2

Communications
*VHF 2
*VHF Satellite

HF

Flight Interphone
Service Interphone
Passenger Address (PA)
Selective Calling (Selcal)
Cockpit Voice Recorder
Flight Data Recorder

—_ e

Airborne Integrated Data System (AIDS) 1

Space Provisions Only
VHF Transceiver (3rd set)
Clear Air Turbulence Detector (CAT)
Collision Avoidance System (CAS)
Loran
Distance Measuring Equipment (DME) (3rd set)

*VHF transceiver is required for VHF Satcom capability,
therefore, functions cannot be used simultaneously.




Interfacing

Integrated Comm/Nav

Systems System
(Captain’s System)
Central
| e~—— Processor(s)
| (Redundancy as
il Requried)
Flight Flight |
Instruments —# Instruments j— 4+ & |
(Analog) (Digital) I
: |
|
Automatic | |
Air Data Flight Radio
Sensors —* Control — T+ ?_ - ] Nav,
System | |
I
Other Airborne I |
Inputs and Integrated + c
Outputs as Data — T +_ - T omm.
Required System | I
!
|
Flight | Cockpit
Data —T9 +— — =— = Voice
Recorder Recorder
I
L
L
Other | .
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Outputs as 1o o °
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Required | |
L
Coupler | I Inertial
To Comm/Nav —--+ — — — — Measuring
System No. 2 I I Unit
|
b
I | Integrated
' — — _1 Control/
| Display
| I Console
\

-

FUNCTIONS PROVIDED

Radio Navigation

ATC

DME

ADF

Radio Altimeter
Glideslope
Localizer

VOR

Marker Beacon
Magnetic Heading

Inertial Navigation

Air Data Computations

Communications

VHF

VHF Satellite

HF

Interphone

Passenger Address
Selcal

Cockpit Voice Recorder
Flight Recorder

Associated Controls and
Displays

Legend:

Hardwired

Digital Data
Link (Redundant)

Note: A similar system is provided for the First Officer

Figure 8-G. Communication/Navigation System
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PERFORMANCE

Payload/range performance of the 2707-300 for standard supersonic operation at
Mach 2.7 is shown on Figure 9-A with its corresponding typical flight profile on
Figure 9-B. The high cruise altitude of over 60,000 feet creates a new plateau for
traffic movement which reduces the congestion at the subsonic altitudes of 30,000
to 40,000 feet.

The takeoff distance, lift off speed, and community noise are shown on Figure 9-E
as are the approach and landing characteristics. Runway distance requirements are
compatible with current intercontinental airports. The noise levels perceived under
the flight path, both on takeoff and landing approach, are below those generated
with present intercontinental jet transports and are expected to be within the new
subsonic noise standards proposed by the FAA. However, the noise levels heard to
the side of the runway require development of advanced sound attenuation. Boeing
and General Electric are working on a major program of noise reduction aimed
primarily at solving the laterally dispersed noise problem.

Ride qualities during cruise are considerably better than today’s subsonic jets since
the wing design is less responsive to gusts and gust intensity is less at the higher
altitudes. Figure 9-D indicates that the average disturbance on a Mach 2.7 trip at
60,000 ft altitude is an order of magnitude less than that experienced by a 707
flying the same distance.

Although the 2707-300 is designed principally for long range intercontinental routes
at supersonic speed, practical operating requirements dictate good subsonic
performance characteristics for maximum utility where sonic boom generation is
restricted. Since subsonic range is nearly equal to supersonic range as shown on
Figure 9-C, long range subsonic cruise speed offers the possibility of subsonic
overland flight segments at speeds higher than those of competing subsonic aircraft.
Flight times will be shorter and flight altitudes higher relative to competing subsonic
jets.
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Engine Failure

Should an engine fail under any flight condition, the airplane is controllable by
either the pilot or autopilot, using primary flight controls. If such failure were to
occur at the midpoint of a maximum range route, sufficient power and fuel are
available to complete the flight subsonically with adequate fuel reserves for safety.

Cruise Speed Determination

The choice of Mach 2.7 as the cruising speed resulted from comprehensive studies of
various speeds and their attendant temperature effect on weight, complexity, reli-
ability and cost of all the major systems and components. The changes in cost of the
total airframe and engines, daily utilization and fuel costs were used in determining
the effect of speed on operating costs. These data indicate that the operating costs
remain nearly constant up to about Mach 2.7, but rise substantially above this speed.
The chosen speed is also high enough to avoid early obsolescense without incurring
excessive development risk.



All-Tourist Passengers

400

300
200
100
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L ] | ] ] ] | ] 1 | L J
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Figure 9-A. Payload Range Capabilities
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— 64,000 ft

— 60,000 ft j
— 1,500 ft

. 2 Hr 56 min

| (3,530 NM1)
(D Taxi Out, Takeoff and Climb to 1,500 ft — 12 min
(@  Acceleration and Climb to 60,000 ft — 18 min
®  Supersonic Cruise —115 min
(@  Descend to 1500 ft — 24 min
@ Approach, Land and Taxi In — 7 min

Figure 9-B. Flight Profile—Typical Mission—Standard Day
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Figure 9-C. Speed vs Range
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Figure 9-D. Ride Quality
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Figure 9-E. Landing/Takeoff Performance
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TERMINAL CONSIDERATIONS

The impact of the 2707-300 on major airports will be minimal. The passenger
loading system has been designed to use the same or equivalent facilities and ground
equipment as those now under construction for the large subsonic jets (Figure 9-F).
Runway length and strength requirements are compatible with current long range jet
transports.

Because servicing and cargo loading doors are on the opposite side and under the
passenger doors, servicing and baggage movement can be carried on concurrently —
away from the passenger loading zones.

Size and weight characteristics of the 2707-300 are similar to those of the 747 so that
maintenance hangar and other major structures such as engine test facilities may be
used for both types of aircraft.

The short flight times of intercontinental travel by the 2707 will bring relief to
airport congestion since new arrival and departure options will be available to
minimize traffic peaking at certain times of the day.

Boeing has maintained a continuing liaison with the major airports of the world in
keeping up to date with their requirements and planning, and in supplying them
with design data on the airplane. Figures 9-F through 9-M are typical of the nature
of the detailed information which is provided to the airports.
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183 ft

Minimum
Width of
Pavement
For 180-deg
Turn
(Outside to
Outside of
Tire)

Note: Dimensions Rounded to Nearest Foot

R-1 R-2
Steering
Angle Nose Nose
(Deg) Gear (F1)
(Ft)
30 226 263
71.5(Max) 121 182

Figure 9-H. Ground Maneuvering—Turn Radii
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l_ Nose Clearance 10 ft
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Pilot's
Eye View -J
Nose Gear
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167 ft

Notes: Taxi Speed = 10 ft/sec (6.8 mph) max
Nose Gear Steering Angle = 50 deg max

Figure 9-1. Minimum Parking Space Requirements
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Notes: Taxi Speed = 30 ft/sec (6.8 mph) max
Nose Gear Steering Angle = 50 deg max

Nose Gear

Pilot’s Eye View

Outside Edge of
Main Gear

Figure 9- J. Runway-To-Taxiway Turn

150 ft
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10.
11.
12.

13.
14.

15.

Position Jetways
Provide Ground Service
Deplane Passengers
Fuel Airplane
Unload Baggage
Unload Bulk Cargo
Service Lavatories
Service Water
Service Galleys
Service Cabin

Load Bulk Cargo
Load Baggage
Board Passengers
Start Engines

Remove Ground Service

30
Estimated Time (Min)

e S . — — — — — — — — — — — e i o o e e e s st e et e o e et e i e e e

Tow Tractor:

Maximum Width:

Maximum Drawbar Pull:

Weight:

Outside Turning Radius:

10 ft
70,000 ib

108,000 to 155,000 ib
25 ft

5ft 2in. Q

-

30 ft

f

Figure 9-K. Terminal Operations and Ground Towing
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Nomenclature: Vg = Maximum Vertical Nose-Gear Ground Load at Most Forward CG
Vmg = Maximum Vertical Main Gear Ground Load at Most Aft CG
H = Maximum Horizontal Ground Load From Braking

C

a 00

-
' Hy
Vv
VMG T Note:
T VNG (PER STRUT) H (PER STRUT) All Loads Calculated
MAXIMUM LOAD| AT STEADY AT Using Airplane Max
MODEL) RO |STATIC AT MOST |STATIC + BRAKING| ™ OCCURING BRAKING | INSTANTANEOUS g AlIrp
FORWARD CG (COEFF OF AT STATIC (COEFF OF | BRAKING (COEFF Gross Weight.
FRICTION 0.2) AFT CG FRICTION 0.2)| OF FRICTION 0.8)
?37(;307 750,000 LB 57,000 LB 74,000 LB 353,000 LB 69,000 LB 256,000 LB
Maximum Pavement Loads
Maximum Ramp \

Weight: 750,000 Ib

Percent of Weight /‘ E 88 in. :

on Main Gear: 95 -
Nose-Gear Tire Size: 34 x 16 in. /I \ (22_'9” -@

NosPe-Gear Tire ] 0 \ 44in. ‘
ressure: 217 psi : . \ '
Main-Gear Tire Size: 40 x 14 K i { / \22 @ CD CZE'_/ i
Main-Gear Tire , T~ ? QEBEEE ?
Pressure: 220 psi | S~ 7
— e e — L
1 2210 in.

!

112 ft-10 in.
Landing-Gear Footprint

Figure 9-L. Pavement Loading
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*Pavement Thickness

Gross

Model Weight Tire Spacing Tire Size Tire Pres Rigid Flexible

(1000 Ib) (f =400, FAA F4,
K = 300)

750 12.9 27.8

2707-300 égg 22 x 44 x 44 40 x 14 220 1?? ;2:

600 10.2 22.8

336 12.2 27.0

707-320 328 34.6 x 56 46 x 16 180 12.0 26.5

316 11.6 26.0

707-120B 258 34 x 56 46 x 16 170 10.3 23.5

747 713 44 x 58 46 x 16 204 12.2 27.0

DC-8-63 353 31.25 x 55 44 x 16 198 13.2 26.2

DC-8-55 328 30 x 55 44 x 16 187 13.0 25.3

Concorde 376 26.4 x 65.7 47 x 15.75 184 13.4 28.7

*Maximum Possible Main Gear Load at Maximum Ramp
Weight and Aft Center of Gravity

Figure 9-M. Comparative Flotation Data
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SIZING VERSATILITY

Aircraft range and payload requirements vary from airline to airline due to individ-
ual route and traffic conditions. The basic design of the 2707-300 airplane is such
that accommodation of these varying requirements can be made through changes in
the body length and width, while retaining commonality of most of the remaining
components (Figure 10-A). The separate horizontal tail surface provides aero-
dynamic balance tolerance for body length changes without performance penalty.
Manufacturing feasibility is made possible by placement of the body over the wing
structure which carries through from side to side. A<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>