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This data furnished in response to a Request for Proposal for the
Subsystem 4761, dated 20 December 1960, shall not be disclosed
outside the Government or be duplicated, used or disclosed in whole
or in part for any purpose other than to evaluate the proposal,
provided, that if a contract is awarded to this offeror as g result of
or in connection with the submission of such data, the Government
shall have the right to duplicate, use, or disclose this data to the
extent provided in the contract. This restriction does not limit the
Government's rights to use information contained in such data if it
is obtained from another source.
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SUMMARY

SYSTEM DESCRIPTION (5.1.5)

Program Philosophy

“The Air Force is concerned over the trend toward
steadily increasing unit costs of major weapon sys-
tems. Small increments of increased capability,
marginal in relationship to overall weapon system
effectiveness, have contributed to this increase in
cost, particularly, when a high degree of complexity
in air vehicles subsystems and equipment is a fac-
tor. The cumulative total of relatively small indi-
vidual cost increases invariably obsolete program
budget estimates, thereby jeopardizing the weapon
system program.

It is not necessary that each weapon system have
higher orders of complexity to achieve acceptable
mission effectiveness. On the contrary, it is fre-
quently this very complexity and higher-than-
budgeted cost which either results in premature pro-
gram termination or marginal effectiveness in op-
erational service.”

This cost philosophy is stated in Paragraph 1.3 of
the Introduction to the Statement of Work for Lo-
gistics Transport Support System 476L. It is re-
peated here since it states so completely and suc-
cinctly the philosophy which Lockheed has followed
in the development of the GL 207-45 Super Her-
cules, shown in Figure 1-1.

Since mid-1957, Lockheed has been constantly and
heavily engaged in preparation for participation in
the competition for System 476L. In this period
more than 226,000 engineering manhours and 507,-
000 dollars of wind tunnel test programs have been
expended in examining thoroughly all aircraft con-
ceived, based both on the proposed very-advanced,
high-thrust powerplants which are under study, and
which may be developed, and on currently pro-
grammed growth versions of existing powerplants
which are available at earlier dates with assured
reliability with no additional development funding
required.

The Lockheed GL 268, powered with the proposed
GE MF239C-3 high thrust engine, represents one
advanced configuration which has been developed
thoroughly. This airplane, shown in Figure 1-2, rep-
resents the degree of sophistication required to ex-
ploit the full speed potential of the proposed high
thrust engines. It far exceeds most requirements for
System 476L.

At a take-off weight of 316,500 pounds the GL 268
can, from a 6,000-foot CAR runway, transport
50,000 pounds of payload for 4,000 nautical miles
at an average cruise speed of Mach 0.907; or at an

average cruise speed of Mach 0.88, the payload can
be raised to 59,300 pounds. For the 5,500 nautical
mile mission, for an average cruise speed of Mach
0.88, the payload is 28,000 pounds.

This airplane, together with substantiating data, in-
cluding wind tunnel results, is presented in Lock-
heed report ER-4681 which is available upon re-
quest. Although this configuration exploits the full
speed potential of the proposed high-thrust engines,
its capabilities far exceed the stated requirements of
System 476L; its developmental costs are substan-
tially greater than configurations utilizing available
engines; and, powered by advanced engine yet to
be developed, its date of operational availability
is more than a year later.

The Lockheed GL 207-45 Super Hercules which,
when powered with four Pratt and Whitney (P & W)
JT3D-4 turbofan engines, meets or betters every
requirement of System 476L, is selected as Lock-
heed’s basic proposal. It is designed from start to
finish with the intent of providing, at the earliest
possible date, and at the least possible overall
program cost, an outstanding cargo airplane for
both military and commercial application.

The Super Hercules is of conventional aerodynamic
configuration and is based entirely upon today’s
state-of-the-art. It employs no unconventional nor
unproven features and no costly development pro-
grams are required since its basic design and manu-
facturing philosophy lean heavily on the experience
gained from the C-130 series. It has the identical
C-130 fuselage cross-section, and the structural de-
sign concept and much of the functional subsystems.
are developed directly from those of the C-130. Its
design and initial performance are based on the
JT3D4 powerplant; however, provisions are made in
every airframe for fully exploiting, at any time, the
full potential of the JT3D-8A, the growth version
of the JT3D-4, when it becomes available. The de-
tail design of the Super Hercules recognizes in every
area all applicable military specifications and all
civil air requirements except that, where conflict
exists, deviations from military requirements are
requested.

Lockheed’s basic design philosophy for System 4761,
is based on the following understanding of the Air
Force’s desires and needs for System 476L:

1 An airplane system is desired which meets
or betters every single detail requirement for
System 476L.

2 It is desired to have the airplane system in
service operation as soon as possible with squad-
ron strength desired by mid-1964.
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3 The performance requirements established by
the Statement of Work will produce an air-
plane which is adequate to assure that MATS
can accomplish its peace-time and war-time
missions. Additional expenditures required to
procure performance capability over and above
the requirements of the Statement of Work will
be closely examined to assure their economic
justification.

4 Because of the desire for earliest possible avail-
ability and minimum program costs, the air-
plane should be based to the maximum degree
possible on today’s state-of-the-art so that de-
velopmental expenditures and time spans can
be kept to a minimum and so that initital re-
liability and utilization can be as high as pos-
sible.

In recognition of this basic philosophy in the selec-
tion of the aerodynamic configuration for the GL
207-45, the following two purposes were established
as additional fundamental desires for System 476L.

1 In the event proposed high thrust powerplants
do not become available, the selected basic con-
figuration should at least meet all requirements
of System 476L. when powered with currently
available powerplants.

2 Additional capabilities exceeding the require-
ments of system 476L are possible with future
advanced high-thrust engines. They should be
exploited in the direction of maximum produc-
tivity and reduced direct operating costs if they
are to be economically justified.
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When this selection process is followed it is found
that the basic configuration and overall design of
the GL 207-45 is near optimum for exploitation of
the full productivity potential of growth power-
plants which may become available. The results are
as shown by the data presented in Figures 1-3 and
1-4 which have been developed on the basis that all
airplanes considered are of normal conventional con-
figuration. The airplanes for which data is given in
Figure 1-3 are optimized to achieve the maximum
possible cruise speed for the required basic mission
of 50,000 pounds for 4,000 nautical miles while
meeting all other requirements of System 476L. It
is apparent that higher speed airplanes with greater
sweep angles require advanced powerplants of high-
er thrust to just meet the other minimum require-
ments of System 476L.

Figure 1-4 indicates the growth capability available
with these same aircraft in terms of added payload
capability for a 4,000-nautical mile range which
leads to increased productivity and reduced direct
operating costs.

This is certainly a consideration in the economic
justification for capabilities exceeding the require-
ments of System 476L. The inherent productivity
growth capability of airplanes with lower wing sweep
far exceeds that for airplanes with higher wing
sweep.

It is apparent that, when minimum operational re-
quirements are met and excess thrust becomes avail-
able, overall cargo moving economy is increased
most rapidly when additional performance available
is directed towards maximizing productivity for the
required range at acceptable cruise speeds.
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Cost Impact on MATS

This factor is better illustrated in Figures 1-5 thru
1-9 by the results of a study made to determine the
impact of the introduction of the proposed new air-
craft on the cost of operation of the Military Air
Transport Service. Two types of new aircraft were
examined. The first, a conventional configuration
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like the GL 207-45, was considered when powered
initially with higher thrust engines which may be-
come available. The second aircraft is typified by
the Lockheed GL 268, since this airplane represents
the degree of sophistication required to exploit the
full speed potential of the proposed high-thrust
engines in airplanes required to just meet the other
minimum requirements of System 476L.
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Figure 1- 8—ACCUMULATED PRODUCTIVITY.

In assessing the impact of the infroduction of Sys-
tem 476L on the cost of MATS operations, a com-
parison was made of the direct operating cost of the
current common user fleet and the troop transport
fleet with 132 System 476L airplanes at five hours
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per day utilization. The results are shown in
Figure 1-6. The cost for the current fleet was esti-
mated from Air Force planning data; the cost for the
new aircraft was based on the 1960 ATA formula
as modified for MATS operations. The cost for 132
GL 207-45 aircraft is seen fo be about one-third
of the cost for the current airlift resources of MATS.
The cost for the advanced GL 268 is seen to be
about 20% greater than that of the GL 207-45, due
primarily to its greater fuel consumption.

It is obvious from the data of Figure 1-6 that the
implementation of new efficient aircraft will intro-
duce cost savings for the maintenance of the airlift
resources of MATS. The amount of the cost savings
was determined for various engine programs for the
GL 207-45 and for the GL 268. The results are
shown in Figure 1-5. This figure shows the cumula-
tive cost savings, assuming that the C-118, C-121, and
the C-124 were phased out linearly with System 476L,
deliveries in order that the last of the cuarrent fleet
was phased out simultaneously with the delivery of
the 132nd System 476L airplane. All aircraft were
operated at a continuous utilization of five hours per
day. It is quite apparent that the cost saving ad-
vantage is associated with the early delivery of the
System 476L airplanes. Aircraft which have their
delivery date tied to a later advanced engine en-
counter a cost handicap which is directly a function
of delivery time. On this comparison, the conversion
of the GL 207-45 from the JT3D-4 to the -8A con-
figuration would be easily made by the delivery of
37th airplane. This program would provide one
of the most advantageous cost relationships as well as
providing the early availability of a higher produc-
tivity airplane. It is apparent that the most critical
element in the saving of operating costs is the early
introduction of the new aircraft.

The former comparison did not consider the produc-
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tivity of the System 476L fleet. The data of Figure
1-8 shows the build-up of the potential productivity
at 100% load factor for the System 476L airplanes
operating at a range of 4,000 nautical miles. The
GL 207-45 airplane would maintain a productivity
advantage over the GL 268 without conversion to
the -8A engine until beyond 1970. Conversion of
the GL 207-45 to the -8A engine provides produc-
tivity somewhat better than that of the GL. 268 with _
the MF239C-3 engine and a significant advantage
is shown in the accumulated productivity of the
GL 207-45 when compared to that of the GL 268,
due to the 15 month spread in delivery date. The
case where initial deliveries of the GL 207-45 are
made with JTD3D-8A engines was examined and
showed that a six-month delay in deliveries which
would be encountered could never overbalance the
program where initial deliveries were made with
JT3D-4 engines in either cost savings or in accu-
mulated productivity.

Recognizing that the relative differences in the pro-
ductivity of the current fleet and the System 476L
fleet could influence the cost comparison analysis,
a further examination was made on the basis that
the current fleet would be phased out while main-
taining the composite productivity of the fleet at a
constant level until all of the C-118, C-121, and
C-124 aircraft were gone. The build-up of the an-
nual saving rate is illustrated in Figure 1-7. The peak
occurs at the point where the current fleet was
phased out. Savings are reduced beyond this point
since the hypothetical savings were absorbed by the
operational cost of the rest of the 132 aircraft. It can
be seen that the cost savings buildup early to a
high rate with the GL 207-45 aircraft with the
J73D-4 engines and to a higher rate when the
J73D-8A is incorporated without delay of the origi-
nal production schedule. It was assumed that the
original 36 airplanes were retrofitted to J73D-8A
engines after delivery of the 132nd airplane.

The accumulation of the cost savings, relative to
waiting for the development of an advanced airplane
matched to the advanced engine, is shown in Figure
1-9. The relative advantage of the GL 207-45 config-
uration is shown in this figure where, with any pro-
pulsion system, it will provide more airlift at lower
cost than will the high speed GL 268. With the
GL 207-45 configuration, the advantage of the
early availability of adequate powerplants, with the
matched to the advanced engine, is shown in Figure
additional advantage of conversion to the J73D-8A
at a later date, is graphically illustrated. The GL
207-45 is fully capable of exploiting the capabilities
of the MF239C-3 engine. The early availability of
the JT3D-4 engine will provide a distinct advantage,
however, which can be measured quantatively in
millions of dollars.
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General Arrangement

The general arrangement of the GL 207-45 is
shown in Figure 1-1 together with basic weights and
dimensional data. The basic configuration is con-
ventional in every respect. The overall dimensions
of the airplane permit its ready entry into normal
MATS hangars.

The structore is completely conventional and uses
design features and manufacturing techniques now
in use on the C-130.

The chosen wing has an area of 3,228 square feet,
aspect ratio of 7.897, average thickness to chord
ratio of 11.15, and taper ratio of 0.374. Sixty per-
cent span Fowler flaps are used and lateral control is
by conventional outboard ailerons. Spoilers, located
in the wing trailing edge above the flaps, are used
only on the ground to reduce wing lft and thereby
achieve maximum braking effectiveness. The wing
is swept 25 degrees at the quarter chord, which is
low enough to greatly reduce most of the problems
usually encountered in large swept wing aircraft with
higher sweep angles. Sufficient fuel volume is pro-
vided within the wing for all fuel required for all
proposed missions.

The “T” empennage incorporates a movable hori-
zontal stabilizer for normal airplane trim. This
arrangement, which has been completely evaluated
in wind tunnel testing, provides excellent pitch and
directional control and stability with approximately
30% less surface area than possible with other ar-
rangements.

A thorough flutter analysis has dictated the conser-
vative rigidity employed in the design; use of
boosted, rather than irreversible controls eliminates
difficulties of the kind experienced by the Navy
Seamasters. Also, of course, the horizontal stabilizer
is completely removed from danger of damage by
trucks and vehicles in the loading area.

The interior arrangement, shown in Figure 1-10, is
conventional and much like that of the C-130 series.
The cargo compartment is, except for greater length,
almost identical with that of the C-130. The com-
bination cargo ramp and pressure door, when in the
closed position, provides a pressure bulkhead at the
aft end of the cargo compartment, thus eliminating
presurization loads from the aft fuselage doors which
greatly reduces the structural design and sealing
problems.

With its conventional landing gear in normal static
position, the cargo floor is 50 inches above, and is
parallel with the ground. The cargo floor detailed
design is based on experience gained in the develop-
ment of the C-130, it meets every requirement of
System 476L and provides for loading of all de-
sired military cargos. The rollers and restraining rails
for the system 463L pallets are provided as an
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integral part of the floor design. When the pallet is
not in use, the rails and rollers retract into recesses
to provide a flat cargo floor. In addition to the cargo
floor, a space 99 inches long is available for an ad-
ditional pallet on the cargo loading ramp forward
of the pressure door. Nine pallets are normally car-
ried on the main cargo floor and one on the ramp.
Palletized volumes are 5,484 cubic feet when a pal-
let is carried on the ramp and 5,049 feet excluding
a pallet on the ramp.

The flight station is designed in compliance with
all military and FAA requirements, including vision
requirements which have been met or bettered.
Four permanent crew positions for the normal
crew of pilot, co-pilot, systems engineer, and navi-
gator are designed in complete recognition of all
human factors parameters. A flight check seat,
mounted on tracks and stowed beneath the forward
end of the navigator’s table when not in use, pro-
vides a fifth position on the centerline of the flight
deck aft of the center console. The lower of two
bunks at the rear of the flight deck can be used for
seating. Complete galley provisions are made for
six men. While the crew station is optimized for
division of work assignments, control equipment
arrangement is such that flight can be safely ac-
complished with as few as two crew members.

An extra crew compartment, which may be in-
stalled in the forward end of the cargo compart-
ment, is shown in Figure 1-11. It meets all require-
ments and is designed to mate with the 463L pallet
system.

The most important feature of the fuselage is the
straight-in-tail-loading arrangement shown in Figure
1-12. The faired afterbody, unique for cargo air-
planes, provides drag levels during cruise flight equal
to those attainable with symmetrical bodies of revo-
lution. Hydraulic operation places both segments of
each door in a position approximately parallel to
the fuselage centerline when open. A simple
straight-forward mechanically sequenced hydraulic
and mechanical actuation system controls and limits
all door motions to prevent interference damage.
The alighting gear is a modified tricycle type. The
nose gear has two free rotating wheels and rack
and gear hydraulically powered steering. Provisions
for initiating nose wheel steering by rudder pedal
action may be included in addition to the standard
steering wheel on the pilot’s side of the crew station.
The main gears each have four bogie mounted
wheel and brake assemblies. All gears retract for-
ward and will extend and lock by gravity free fall
in emergency. Oleo struts comply with MIL-S-8552
except that they are charged with Monsanto Skydrol
500A fire resistant hydraulic fluid. All gears are
hydraulically retracted and extended. All doors are
mechanically operated by gear motion.
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Modulating anti-skid braking systems operate
through two metering valves for each main gear,
one for the forward wheels and one for the aft
wheels. Minimum runway width for 180° turn-
around is 73 feet. The UCI for the gear at the land-
ing weight for the 60,000-pound payload, 1,600
nautical mile mission is 38 for the main gear and
34 for the nose gear. Maximum turnover angle is
51 degrees, 54 minutes.

FOOD AND LIQUID STORAGE

/REFREGERATOR
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WASTE DISPOSAL

T COMPARTMENT

WALL e /
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ENTRY
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¢ | RACK (2)
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PALLET /
RECLINING SEATS (4) R

Figure 1-1T1—EXTRA CREW COMPARTMENTS.

The advantages of this conventional, well-proven
configuration include the fact that it puts the land-
ing gear where it belongs, beneath the primary load,
and provides added safety in the event of a gear-up
belly landing. The main landing gear geometry has
been compared with similar gears on the C-123,
C-130, and C-133. The anti-tip capability for the
Super Hercules is much better than that for the
other airplanes; even better than that of the C-130,
which has proven itself completely adequate. Also,
the Super Hercules exceeds, by a substantial margin,
the Air Force HIAD tip-over requirements|

The four P & W JT3D-4 18,000-pound thrust turbo-
fan engines are mounted in interchangeable indi-
vidual QEC’s, two under each wing. The JT3D-4
is a developed domestic engine requiring minimum
qualification. It derives from the J57/JT3 family
now in service and in Air Force and commercial
inventories. It offers early growth potential based
on basic proven hardware for each step of growth.
The ‘QEC locations and the design of QEC’s and
pylons provide near-optimum compromises among
acro-thermodynamic efficiency, safety, simplicity,
serviceability, and Air Force and FAA specifica-

volume 1

tion requirements. Each engine installation is fitted
with extension fan ducts and a target type thrust
reverser assembly. The thrust reversers are opera-
ble in flight and on the ground.

The primary flight controls are conventional and
utilize elevators, ailerons and rudder without em-
ploying supplementary spoilers. Crew station con-
trols conforming to all HIAD and FAA specifica-
tions operate the surfaces through cables and uti-
lize Lockheed developed force modulating boosters
powered by two separate hydraulic systems. Sur-
face hinge moments are reduced by geared tabs on
the ailerons. Manually operated ratio shifters in the
booster assemblies are utilized to increase the pilot’s
mechanical advantage when boost power is off thus
allowing the airplane to be flown and landed wusing
only manual pilot effort.

A linear actuator is utilized to trim the moveable
horizontal stabilizer. Power for the actuator is a
hydraulic. motor for the normal manual pilot con-
trolled operation; electric motor and dual magnetic
clutch drive for pilot’s wheel switch and for auto-
matic flight control operation; and two center con-
trol console handwheels and torque tube system for
emergency manual trimming. Dual load paths and
fail-safe design criteria are utilized throughout the
design of the actuator and its attachments. The ailer-
on geared tab is trimmed by a manual crank-knob
operating cables to drive an irreversible dual load
path linear actuator and push-rod system which trims
the neutral reference of the tab. The rudder trim
tab is manually operated by a system similar to that
used to trim the aileron geared tab.

Wing flaps are conventional ballscrew operated track
mounted Lockheed-Fowler type, similar to those

‘ STRAIGHT IN LOADING

JACK, EXTENDED

/7
RAMP/PRESSURE DOOR

Figure 1- 12—CARGO LOADING DOORS—AFT.
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used on the C-130. Each of the six flap sections is
operated by two screws, all driven by a torque tube
which is powered by two hydraulic motors and con-
trolled by a pilot manually operated tandem servo
valve. Hydraulic power is supplied from two in-
dependent systems, either of which will operate the
flaps at reduced speed. Both hydraulic systems are
normally used. An emergency manual handcrank is
provided in the left aisle of the cargo compartment.
C-130 type assymetry brakes function in the event
of drive system failures.

Wing trailing edge spoilers are used on the ground
for spoiling wing [ift and to increase drag. Two hy-
draulic cylinders, each powered by an independent
hydraulic system, operate the cable and crank ar-
rangement connecting all spoiler panels. The con-
trol valves are mechanically linked to the nose land-
ing gear oleo to prevent inadvertent operation prior
to compressing the nose gear oleo.

Automatic flight controls include an automatic pilot,
yaw damper and Mach trim systems. The automatic
pilot has roll and pitch axes with the yaw axis in-
corporating additional features enabling it to func-
tion independently as a yaw damper. It is adapt-
able for use with the advanced navigational systems
presently programmed and stipulated in System 476L.
An automatic stabilizer trim function is provided
which electrically operates the stabilizer actuator in
response to automatic pilot or Mach trim signals when
either the automatic pilot or the Mach trim system
is energized. The Mach trim system senses Mach
number and adds a “tuck” compensating pitch trim
increment to the pilot’s trim settings during manual
flight.

The fuel system includes subsystems for: fuel supply,
crossfeed, ground defueling, single point refueling,
over wing fueling, and fuel jettisoning. A single com-
mon line routed through the fuel tanks from wing
tip to wing tip is utilized for crossfeed, refueling, de-
fueling and fuel jettisoning. Nine internal wing tanks
provide the total fuel capacity of 23,080 U. S. gal-
lons. Plug-in type pumps and valves are used with
unitized manifolds where possible to facilitate serv-
icing without defueling. All fuel lines in the tank
regions are routed inside the tanks thus minimizing
leak hazards. All fuel tanks and lines are located
outside of the pressurized portions of the airplane
The vent system needs no vent valves yet protects
the structure against damage if level control valves
fail. Capacitance type multiple probe quantity gag-
ing is provided for all tanks. Airframe strainers are
not used since the engine fuel filtration system serves
this function.

Three hydraulic power subsystems are provided:
booster, utility and auxiliary. Design and installa-
tion of these systems follow the applicable MIL and
FAA specifications for 3,000 psi systems except
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that Monsanto Skydrol 500A fire resistant hydraulic
fluid is used and materials and finishes compatible
therewith are used. Conversion to MIL-H-5606 fluid
involves only replacement of seals. The boost and
utility systems are each powered by two engine
driven variable volume pumps. The auxiliary sys-
tem pressure is supplied by two electric motor driv-
en variable volume pumps. Handpumps provide
power for operation of the forward cargo door and
the auxiliary hydraulic systems.

The air conditioning system provides two indepen-
dent condition packages each utilizing a separate
engine bleed air supply. The two packages normally
function in parallel; however, either package can
operate independently in the event of a failure
thus preventing loss of cabin pressure. Temperature
and airflow regulation are automatic. Compatibility
between ground and flight refrigeration and mini-
mum system weight are achieved by regulating the
bleed air pressure at each engine manifold. Re-
frigeration capacity is provided to maintain tem-
peratures of 75°F in the crew compartment and
80°F in the cargo compartment on an Air Force
Hot Day and heating capacity is provided to main-
tain 80°F in both compartments on an Air Force
Cold Day under all flight conditions.

Cabin pressure is controlled by two combination
outflow-safety valves which maintain 8,000 feet ca-
bin altitude up to a 50,000-foot flight altitude. Each
of the valves provides pressure relief, emergency
depressurization and cabin altitude limiting.

The wing leading edge and engine inlets are anti-
iced with engine bleed air. These systems are de-
signed to perform satisfactorily under all climb and
level flight conditions. The empennage is electrically
de-iced by metal-clad heaters, thus providing high
reliability and light weight by minimizing the high
temperature ducting within the fuselage.

The crew station window areas are electrically anti-
iced and defogged. Both pilot’s and copilot’s wind-
shield panels have jet-blast rain removal designed
to provide adequate forward visibility during taxi,
takeoff and landing.

The primary AC electric power is supplied by four
parallel main-engine driven, 40 kva generators
with hydro-mechanical constant speed drives having
capability of continuous 50 kva operation. A con-
ventional system with four main load buses and a
tie bus is utilized. DC power is converted by two
200-ampere convection-cooled transformer rectifiers.
Self-contained auxiliary and emergency power is
supplied by a fifth 40 kva generator mounted on the
gas turbine auxiliary power unit. A 36 ampere-hour
nickel-cadmium battery is instailed.

The proposed navigation and communication sys-
tems fully comply with the requirements of the Work
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Statement. The navigation system functionally di-
vides into two parts: the radio aids to navigation
equipment, and the global navigation equipment. The
radio aids to navigation include the VHF naviga-
tion, glide slope, automatic direction finder, marker
beacon, and radar systems. Remote control units
for this equipment are installed on the center con-
trol console. The global navigation equipment,
which includes the inertial platform, doppler radar,
digital and dead reckoning computers, and photo-
electric sextant, are controlled by the navigator.

The communication system includes dual installa-
tion of UHF, VHF, and HF transmitter-receiver
units which are controlled by the pilot and copilot
from control units on the center control console. The
system features a digital data link for automatic
ground to air communication for air traffic control
and management, advisory, and command/control
traffic. The system also meets the requirements for
selective calling and variable length messages. The
entire system is compatible with present and planned
FAA and 480L ground environments. (480L is the
USAF global communications system being devel-
oped primarily for SAC).

A permanent oxygen system is installed in the crew
station. It is capable of serving ten men from a 25-
liter liquid oxygen converter. The capacity of this
system is sufficient to supply 113 manhours of oxy-
gen at 30,000 feet. A 10-liter liquid oxygen system
is supplied in the portable extra crew compartment.
Its capacity is 45 manhours of oxygen at 30,000
feet. A portable oxygen system for troops and litter
patients may be installed in the cargo compartment.
This installation is supplied by four 25-liter liquid
oxygen converters capable of supplying 95 troops for
over four hours at 30,000 feet. All oxygen systems
on the airplane are logistically compatible and em-
ploy components readily available in Air Force in-
ventory.

Performaonce

The payload/range capability of the GL 207-45 is
shown in Figure 1-13. The design payload of 70,000
pounds can be carried 3880 nautical miles at the
maximum take-off weight of 315,000 pounds. Pay-
loads greater than 70,000 pounds can be carried
if the knee in the speed limit curve is raised in alti-
tude. Maximum payload for 315,000 pounds take-
off weight is 80,000 pounds at a 2.5 maneuver load
factor. Payloads even higher can be carried at lighter
take-off weights as wing fuel weight is decreased.
For the basic mission, when powered with the JT3D-
4 powerplant and when carrying a payload of 50,-
000 pounds, a fuel load of 110,200 pounds is re-
quired which results in a take-off gross weight of
287,200 pounds which can be flown from a CAR
critical field length of 5960 feet with a beginning
cruise altitude of 34,200 feet and an average cruise
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speed of 440 knots for a range of 4,000 nautical
miles. Landing weight will be 187,530 pounds and
CAR landing field length required is 4910 feet. Re-
serve fuel upon landing is 10,530 pounds.

For the alternate mission payload of 20,000 pounds,
and with a fuel load of 136,100 pounds, take-off
weight is 283,100 pounds which requires a CAR
critical field length of 5780 feet. Beginning cruise al-
titude is 34,500 feet, average cruise speed is 440
knots, and range is 5,500 nautical miles. Landing
weight for this mission is 158,305 pounds and the
CAR critical landing field length required is only
4330 feet. Reserve fuel upon landing is 11,305
pounds.

The maximum design take-off weight of 315,000
pounds may be exploited for maximum cruise speed,
in which case the basic 50,000 pound, 4,000 nauti-
cal mile mission can be flown at 457 knots; or for
improved payload at 440 knots, in which case
67,300 pounds can be carried 4000 nautical miles.
At this same take-off weight at a speed of 440 knots,
a payload of 38,000 pounds can be carried 5,500
nautical miles.

For a tactical mission to carry 25,000 pounds 1,500
nautical miles, a take-off weight of 191,400 pounds
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results in a take-off UCT of only 38. Take-off ground
roll required is only 1460 feet. Landing weight is
158,480 pounds which results in a landing UCI of
only 32. Landing ground roll is 900 feet.

When the basic military version of the Super Her-
cules is fitted out for commercial application by re-
moving the military equipment not required and sub-
stituting a light-weight cargo floor and the Lockheed
mechanized loading system, compatible with System
463L, the equipped-weight empty is reduced to
123,200 pounds. The maximum bulk payload capa-
bility is 93,000 pounds and, an 84,000 pound pal-
letized payload can be carried at a loaded density
of 14.0 pounds per cubic foot. Using a maximum
take-off weight of 315,000 pounds, and the min-
imum-DOC cruise speed of 440 knots, the payload
can be carried any range from 850 to 3600 nautical
miles at a direct operating cost of only 3.9 cents per
ton mile. For operators desiring larger payloads at
reduced densities for shorter ranges, the fuselage can
be lengthened for one, or a maximum of two, more
pallets, increasing usable volume by approximately
10 and 20 percent respectively.

For international commercial operation the equipped-
weight empty becomes 124,000 pounds sc that, at
a take-off weight of 312,400 pounds and with
the fuel required for the Work Statement 3,000
nautical mile over-water range, the maximum pay-
load becomes 83,200 pounds and the direct operat-
ing cost is 4.5 cents per ton nautical mile.

In addition to the performance already shown, basic
mission performance for the Super Hercules has
been computed when powered with the JT3D-8A,
-8B and -12 and with the GE MF239C-3. These
data are summarized in the following table.

PERFORMANCE SUMMARY

Alternate Power Plants)
Data JT3D-4  JT3D-8A JT3D-8B JT3D-12A MF239C-3

Payload for 400
N.M.at 67,700
440 kes.  (50,500)*

Max. Cruise

Speed for
50,000 Ibs/ 456 457 457 457 462
4000 N.M.  (440)*

FAA Crit. 7,720 6,000 5500 5600 5350
Fld.
Length

Military
DOC at 5.97 5.88 5.88 5.96 5.71
4000 N.M.  (7.90)*

* Figures in Parenthesis are for 287,200 1b. T.0. Wt

69,000 69,000 67,300 71,200

(5,960)*

All data are for a takeoff weight of 315,000 pounds
except as noted. The payload for the basic 4000
nautical mile mission varies slightly as a function of
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engine weight. The maximum cruise speed permissi-
ble to carry 50,000 pounds for 4000 nautical miles
increases slightly with the advanced power plants
when the engine weight variation is utilized for addi-
tional fuel. Takeoff field length decreases, of course,
as engine static thrust level increases. The direct
operating costs are remarkably constant, however,
indicating the fact that the advanced engines exhibit
only modest improvement in fuel consumption in
spite of substantial increases in thrust.
One interesting outgrowth of the high speed wind
tunnel tests conducted to date is the possible drag
savings by the addition of anti-shock bodies to the
wing; these might prove desirably compatible with
higher cruise speeds without giving up the advantages
of the minimum sweep wing.
Flying Qualities
Careful attention has been given to design features
which will ensure excellent stability and control char-
acteristics. The center of gravity diagram shown in
Figure 1-14 indicates the significant center of gravity
envelope for the airplane. Margins are adequate in
all areas.
The “T” empennage developed through high as well
as low speed wind tunnel tests provides a high level
of stability with excellent control through the stall.
This unusually high stability level allows:
1 Compliance with the stick force require-
ments of MIL-F-8785
2 Use of a conventional elevator boost system
similar to that which has proven so satisfac-
tory on the C-130 without use of any artificial
stability devices
3 Attainment of a large allowable center of grav-
ity travel
The minimum wing sweep, moderate airfoil thick-
ness, large outboard leading edge radius, and care-
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fully selected camber and twist distribution tested
on the wind tunnel model, shown in Figure 1-15, pro-
vide excellent stall characteristics without requiring
use of wing leading edge devices. Low speed wind
tannel tests have shown that excellent roll control
is provided throughout the flight speed range through
use of conventional ailerons.

Dynamic studies of airplane response to abrupt en-
gine failure have been conducted to determine min-
imum control- speeds. Adequate control power is

s s

Figure 1-15—HIGH SPEED WIND TUNNEL MODEL.

provided so that the airplane’s runway requirements
are not affected except at the very lightest weights
where field length requirements are far from critical.
The vertical tail has been sized to enable the air-

AERODYNAMIC
N

plane to meet the lateral-directional damper-out dy-
namic stability requirements of MIL-F-8785
throughout its flight regime. The yaw damper is pro-
vided to ensure better-than-required dynamic char-
acteristics.

Development Test Programs

Figure 1-16 summarizes the wind tunnel programs,
both completed and planned. Only minor configur-
ation changes are anticipated in the future, but sub-
stantial backup data, such as air load distribution

and flutter stiffness criteria, must be accumulated
using existing, and some new, models. The Cornell
transonic and the Lockheed and Georgia Tech low

speed tunnels will be used.
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Figure 1-17 summarizes the development test and
structural test programs, aimed at maximum relia-
bility and integrated with the rapid but realistic air-
craft development. Full scale mockups, fuel system
mockups, and complete antenna and electronic sys-
tem tests will provide reliable systems compatible
with production schedules.

Comprehensive flight and ground test programs,
utilizing an engine test stand and three test aircraft
for Category I and FAA certification, are scheduled

to achieve a type certification date of 31 August
1964 as shown in Figure 1-18. Two additional air-
craft will be used in Category II testing. Past Lock-
heed certification experience confirms this as an ag-
gressive but realistic schedule. To minimize program
interruptions due to ferry requirements and off site
spares support and to maximize liaison with other
technical program elements, Lockheed considers that
Category I tests can best be accomplished at the Geor-
gia Division rather than at Edwards Air Force Base.
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Figure 1-17-DEVELOPMENT TEST PROGRAMS.

MANAGEMENT, PRODUCTION, LOGISTICS

AND €OST (5.2)

Recognizing the urgency associated with the MATS
modernization program, Lockheed proposes a rapid
but realistic schedule for the development and pro-
duction of its GL 207-45 airplane at a price afford-
ing maximum economy for the Government. The
following is a summary of how Lockheed will
accomplish the task of managing this important
program.

Master Program Plan

Lockheed’s master plan provides an aggressive, at-
tainable schedule for the development, production
and support of System 476L. It meets the major
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schedule requirement of early availability and is
based on planning assumptions established in the Air
Force Statement of Work:

1
2

Program go-ahead is 1 May 1961.

Total contract quantity of aircraft including flight
test articles is 132,

Five aircraft are to be used for flight test.
FAA type certificate will be obtained.

e W

Maximum military production rate will be four
per month.

The most important milestones in this fast-moving
program are:
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Flgure 1-18—FLIGHT TEST PROGR‘AM SCHEDULE-S ?IRCRAFT‘
/ Months
from

Development Dates Go-Ahead
First Flight May, 1963 25
FAA Certification August, 1964 40

Production

1st Operational Delivery January, 1964 33
Squadron Strength September, 1964 41
Delivery 132nd Aircraft December, 1966 68

Actual schedule performance data, the advantages
of carrying forward from Lockheed’s C-130 series
many characteristics which influence development
and production spans, and the fact that preliminary
design and other work has been in progress for many
months have been considered in this schedule as
shown in Figure 1-19. Indicative of the care with
which the schedule has been determined is the num-
ber of control points considered. More than 150 such
controls have been phased across 463 measurable
time intervals.

The schedule is based on continuous, though initial-
Iy limited production in order to derive the sub-
stantial benefits from retention of learning. This
results in availability of production airplanes, meet-
ing all applicable military specifications, 7 months
prior to receipt-of type certificate. Delivery of the
15 airplanes available in this period has been as-
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sumed, with Lockheed recognizing its obligation to
bring these airplanes to type design configuration at
no additional cost to the Govemmem

In the event the Air Force cons1ders obtaining of a
type certificate mandatory prior | to acceptance of
operatmnal airplanes, a program wusing 7 air-

“craft i Is proposed. alternate program would re-

sult in type ¢ 1ﬁc tzon 37 months after go—ahead
GO AHEAD 4
DESIGN FREEZE
{ [ p FIRST FLIGHT
LF
DEVELOPMENT —{ :
AA.TYPE CERTIFICATE
OPERATIONAL
SQUADRON STRENGTH}
I I
N
PRODUCTIO : =
132ND UNIT
L1ST OPERATIONAL
DELIVERY
i
PROPULSION . L
476 L DIRECT A 'y N F N & A
MANPOWER 293 3643 3083 | 4302 | 1z 2059
1961 1962 1963 | 1964 1965 1966

Figure 1-19—MASTER PROGRAM PLAN.
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Lockheed’s entry in the System 4761 competition,
the GL 207-45 Super Hercules, derives major bene-
fits from its C-130 predecessor. As the only advanced
cargo aircraft now in production for the U.S. mili-
tary services, the C-130 incorporates major features
required by the System 476L specification. This
wealth of current related experience provides Lock-
heed with a substantial base for attainment of the
committed objectives.

The advanced monitoring and control techniques
provided by Program Evaluation Procedures (PEP)
will be fully utilized to provide an additional incre-
ment of schedule integrity.

Manpower

Manpower requirements of the System 4761 pro-
gram present no problem for the Georgia Division.
The skills required are those which have been devel-
oped over the Division’s many years of design and
production of the C-130 Hercules and the C-140
JetStar and production of the B-47.

The Georgia ‘Division has experienced a decline
from approximately 20,000 to 10,000 employees
during the past several years. Excluding System
4761 manpower requirements, a further decline to
an average level of approximately 5,000 employees
is projected during the period of System 476L pro-
duction. Manning the program will be accomplished
largely by reassignment of personnel from other
projects and by recall of personnel on layoff. Ap-
proximately 4500 employees presently on layoff are
actively maintaining their recall rights and are avail-
able in the immediate area for this proposal. Planned
reductions in engineering personnel now assigned to
the C-140 JetStar, C-130E, and GV-1 programs
coincide with the increase required for GL 207-45.

In the subcontract category, preliminary investiga-
tion has shown that many highly qualified sources
having ample manpower are available to supply all
GL 207-45 items planned for subcontract or pur-
chase.

Organizafion

Lockheed’s Georgia Division, headed by a Vice
President and General Manager, operates as an
autonomous unit with all the functions necessary to
support its assigned product lines. Although the Gen-
eral Manager is held fully responsible for Division
accomplishments, he receives continuous support
from corporate officers on matters of policy and
interdivisional coordination. Thus, the advantages of
an autonomous operation are strengthened and com-
plemented by the scope and stability of corporate
experience.

The Georgia Division is organized on a functional
basis with each major functional organization, such
as engineering and manufacturing, reporting directly
to the General Manager. Within these functional
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organizations will be established System 476L proj-
ect positions and organizations. Figure 1-20 illustrates
the System 476L project positions and organizations
established within the engineering branch. Similar
System 476L project positions and organizations are
established in all other affected functional branches.
Excellent operational control and high motivation of
middle-management personnel result from this proj-
ect-within-functional organization arrangement.

The scope and importance of System 476L program
warrants the constant attention of Lockheed’s top
management. Accordingly, Assistant General Mana-
ger W. B. Rieke will be assigned full time to this
program. The Vice President and General Manager
has delegated authority to the Assistant General
Manager - System 476L to provide complete ad-
ministration over this program. This proposal pre-
sents in depth the organizations established for the
System 476L program and the names and qualifica-
tions of personnel who will manage these organiza-
tions.

Policies and Procedures

Lockheed’s system of program planning and con-
trol is designed to ensure a sound, consistent ap-
proach toward attaining the objectives of the Air
Force and the Corporation. Policies and procedures
established for a program are implemented by a
project plan produced by the master scheduling
organization. This plan provides operating directives,
schedules, and procedures for attainment of the
program objectives. The project plan for System
476L is based on using to the greatest advantage
the experience, facilities and skills of the Georgia
Division. Techniques for the control of activities of
all organizational units are established; many of
these controls are monitored by large-scale IBM
electronic computers. These program planning and
control techniques developed by Lockheed over
many years lend themselves readily to the PEP for-
mat proposed for System 476L.

The Lockheed quality control system meets or ex-
ceeds all requirements of MIL-Q-9858, Quality Con-
trol System Requirements, and has been throughly
proved by use on C-130 contracts. Complete famil-
tarity with military specifications, Civil Air Regula-
tions Part 4b, and other applicable regulations as
demonstrated on current production programs as-
sures compliance with the quality specifications that
are mandatory for the System 476L program. Lock-
heed Georgia Division ! s in operation a reliability
program capable of meeting the requirements of
MIL-R-26674 and other applicable military speci-
fications.

Lockheed recognizes that maintainability must be
inherent in original design to enable the user to meet
operational requirements with minimum expendi-
tures of maintenance time, material, and personnel.
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Figure 1-20—ENGINEERING ORGANIZATION.

The maintenance design group, under the chief
systems engineer, participates in the design and de-
velopment of the airplane and related support systems
from the earliest design work. For technical and
logistic support of the GL 207-45, Lockheed will
maintain manufacturing and procurement capabili-
ties in accordance with existing Air Force require-
ments established by MCP 71-650 and 71-373 and
other related specifications. Continuous training is
offered for Air Force technical support purposes, and
all publications are developed and supplied in strict
accordance with Air Force specifications. Subcon-
tracting determinations are made by the Georgia
Division Make-or-Buy Policy Committee based on in-
plant capabilities, schedules, facilities wutilization,
transportability, cost, and reliability factors. Lock-
heed’s procurement practices conform to ASPR and
AFPI requirements and are performed under Air
Force, Army, Navy and NASA contracts.
Production

Production of the GL 207-45 requires a large facil-
ity with a wide range of modern manufacturing
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equipment and staffed by experienced personnel.
Lockheed Georgia Division fulfills these require-
ments.

The GL 207-45 is designed and production is
planned so as to require no fabrication or assembly
equipment or techniques which have not been fully
developed and proved. Such additional facilities as
may be required will be provided with Lockheed
funds. Use of production materials is limited to pres-
ent state-of-the-art applications, thus assuring that
production or performance is not endangered by the
failure of new materials to fulfill their promised
function.

The tooling policy is to attain the optimum level of
economy consistent with quality in the overall effort.
Generally, initial tooling will be minimum but de-
signed for expansion or supplementation to final
tooling.

During the past many months of preliminary design
progress on the GL 207-45, manufacturing engi-
neers have kept closely abreast of every develop-
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ment. As a result, and because producibility is an
important Lockheed design consideration, the de-
tailed manufacturing plan is already virtually com-
plete. Ample production space is available. This
permits use of a single phase manufacturing layout
plan. Costly tool and facility rearrangements in-
volved in multi-phase layouts are thereby avoided.

Production testing is integral with and continues
throughout the production cycle, from receipt of raw
material to delivery of aircraft. Because of current
production of the C-130 Hercules to military speci-
fications and of the C-140 JetStar to FAA specifica-
tions, Lockheed can demonstrate current familiarity
with and compliance to requirements of this pro-
gram.

Noteworthy in Lockheed’s production plan and iflus-
trated in Figure 1-21 is the size of the subcontract
portion, amounting to more than 61 per cent of the
AMPR weight. In selecting subcontractors, Lock-
heed will pay particular attention to depressed areas,
to small business, to production sharing programs,
and to other airframe manufacturers. All details of
the subcontract program will be closely supervised
and audited and Lockheed will insist on use of PEP
network controls by all subcontractors.

SUBCONTRACT PORTION
OF AMPR WEIGHT

SUBCONTRACT PORTION OF
THE TOTAL EFFORT

TOTAL VALUE OF PRODUCTION WORK TC BE PROCURED S $202, 442,000

OF WHICH AN ESTIMATED 32%/, WILL BE PLACED WITH SMALL BUSINESS

Figure 1-27—MAKE-OR-BUY PLAN.

Diligent attention is given to the entire manufactur-
ing process. From the selection of materials and
components to the final delivery test of the finished
product, it is intended to overlook no opportunity
for furnishing the Government an economical, re-
liable product, designed and delivered to meet the
urgent need.

Logistics

Lockheed is extremely aware of the emphasis the
military Air Transport Service places on safety, relia-
bility, rapid turn-around capability, self-sufficiency,
and responsiveness for instant deployment. These es-
sential requirements set the pattern for System 476L
logistic support. It is imperative that the functional
elements of logistics support be integrated and respon-
sive one to the other. Lockheed will satisfy these
requirements and help to assure a minimum
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AOCP/ANFE rate throughout the lifetime of the
airplane. Meticulous attention to design considera-
tions in terms of simplicity, accessibility, and main-
tainability serves to minimize maintenance require-
ments for manpower, special tools, and test equip-
ment. Standard, proved AGE equipment is selected
to simplify maintenance support. Supply support is
organized to be immediately responsive to require-
ments. Transportation is programmed carefully to
meet the need.

Lockheed C-130 airplanes have been performing
missions similar to those planned for GL 207-45
aircraft and well developed, proved concepts of
supply, maintainability, accessibility and support
systems will be applied to System 476L. At the pres-
ent time, there are more than 300 C-130 aircraft
in operation throughout the world. Their support
has been successfully programmed through the co-
ordinated efforts of Air Force, Coast Guard, Navy,
Marine Corps, and Lockheed personnel. The valuable
experience gained in these programs and the forth-
coming opportunity to apply knowledge gained
supporting the MATS C-130E squadrons assure Lock-
heed’s ability to implement effectively the logistic
support program for System 476L.

Cost

The cost estimating methods and techniques used by
Lockheed are fully approved by a number of govern-
ment agencies. The estimates are supported by
historical statistical data obtained from govern-
ment and industry sources, and lockheed’s long ex-
perience in the estimating of aircraft development
and production. The cost projections for this pro-
posal were developed in accordance with established
methodology and are completely supported by his-
torical data.

Lockheed’s budgetary and cost control systems
utilize the most modern methods and equipment
available. Cost control efforts have produced sub-
stantial and demonstrable results. Savings amount-
ing to millions of dollars have been realized during
1960 as a result of Value Engineering and Analysis.
Manufacturing Research, Electronic Data Processing,
and other cost reduction programs which are des-
scribed in detail subsequently in this proposal. In the
immediate future, Lockheed expects to make im-
provements which represent further significant
advances in the state-of-the-art of management
planning and control of costs. Cost reduction tech-
niques which have proved their effectiveness in the
past will continue to be aggressively applied.

Cost data have been prepared on the premise that
the initial procurement program, funded incremen-
tally, will cover the development, test and evaluation
of 5 aircraft with 3 follow-on production quantities
of 31, 48, and 48 aircraft, to be funded respectively
from appropriations for fiscal years 1963, 1964, and
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1965. In asmuch as the GL 207-45 aircraft retains
many features of the C-130 series, the cost history
of the C-130 provides a firm base from which to
project costs of this program. Estimates of all ele-
ments of the total program cost from design to field
support reflect the extensive experience realized
from the C-130 series.

A unit average airframe price of $4,138,000 for the
total program of 132 aircraft is proposed. The price
data shown in the several schedules designated For-
mat A, Pricing Information, are:

Proposed Airframe Prices

Fiscal No. of Ajrframe Amount
Year Airplanes Program {in thousands)
No vear 5 DT & E $121,546
1963 31 Production #1 142,036
1964 48 Production #2 145,072
1965 48 Production #3 137,520
Total for 132 Airframes $546,174
Unit Average Price $ 4,138

The elements of program costs which must be added
to the airframe prices to arrive at total program
funding requirements are:

Amount

Item (in thousands)
Total for 132 Airframes $546,174
Other GFAE 39,625
Initial Spares (for above two Items) 88,994
Peculiar AGE 7,415
Technical Representation and Training 4,886
Training Equipment 7,273
Industrial Facilities —(0—
Total Program Funding $694,367
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The total program funding requirement of
$694,367,000 can be met by individual fiscal year
funding indicated in the schedule below:

Fiscal Year Funding
{in thousands)

Fiscal
Year D,T&E Production Total
1961 $ 2,772 $ 2,772
1962 64,796 64,796
1963 55,979 177,638 233,617
1964 11,050 194,492 205,542
1965 2,606 185,034 187,640
Total $137,203 $557,164 $694,367

The GL 207-45 fills the need for a modern cargo
airplane with low operating cost for both military
and commercial operations. Using 1960 ATA for-
mulae, its direct operating cost of 3.8 cents per ton
statute mile in transcontinental service will enable
the air freight market to expand on a profitable basis.
Using the more stringent cost factors established for
the System 476L proposal, a minimum military
DOC of 4.9 cents per ton nautical mile (4.3 cents
per ton statute mile) is achieved.

Lockheed’s Georgia Division has a management
team fully competent of administering with excel-
lence this important System 476L program. Strong
middle management personnel and managers of
supporting organizations are available in depth, and
careful attention has been given to selections for
System 476L assignments. Lockheed is actively par-
ticipating with the military services in the develop-
ment of new management techniques and will apply
them effectively to this program.
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INTRODUCTION

This is one of seven books being submitted to de-
scribe Lockheed’s proposal for Support System
476L. The complete set, prepared in accordance
with the Statement of Work and augmented by guid-
ance resulting from queries to the Air Force, is as
follows:

Volume
1 Basic Proposal
2 Substantiating and Trade-Off Data
3 Operational Data
4 Special Technical and Cost Data
5 Model Specification
6 Large Scale Drawings

7 PEP Networks

The formats of all volumes containing significant
amounts of text are the same except for Volume S,
which is laid out to the customary format for Model
Specifications in order that it could serve in future
negotiations.

Volumes 1 thru 4 are organized in absolute con-
formity with the sequence and breakdown of sub-
ject headings in the Work Statement. Every decimal-
ly numbered paragraph of that document is identi-
fied by the same decimal number in this submittal
and the sequencing is identical. Thus, Volumes 1
and 2 cover Work Statement Paragraphs 5.1 and
5.2. Volume 3 covers Paragraph 5.3, and Volume 4
covers Paragraph 5.4. It is hoped that this parallel-
ism in detail and in general will facilitate review by
the Air Force Evaluation Team.

Volume 1, though employing references to other
volumes on occasion, is intended to be substantially
self-sufficient. Volume 2, on the other hand, depends
upon Volume 1 for basic subject descriptions and is
intended principally to substantiate and/or expand
on subjects which require more discussion than the
page limit of Volume 1 would permit. Volumes 3
and 4 are reasonably independent, but do rely to a
degree on familiarity with Volume 1. Volume 5, of
course, is self-sufficient, and Volumes 6 and 7 are
repositories to permit easy handling of the loose data
requested.
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AIRCRAFT DESCRIPTION

WEIGHT AND BALANCE (5.1.5.1)

The weight and balance summary for equipped
weight empty is shown by Figure 3-1 and Figure
3-2 summarizes weight and balance for the basic,
maximum payload, and maximum fuel missions. All
gross weight conditions fall within the allowable cen-
ter of gravity limits. The group weights of Figure
3-1 are derived in the weight and balance portion
of Section 2 of Volume 2.

T Horizontal Vertical
MAC Weight Arm Arm
Wing 30,631 943 270
Tait 5,515 1,751 456
Fuselage 25,080 559 203
Landing Gear (Extended) 11,190 874 140
Surface Controls 2,150 1,018 263
Nacelle 4,256 771 191
Propulsion 25,660 800 203
Auxiliary Power Unit 465 1,090 166
Instruments 665 548 238
Hydraulics 900 959 192
Electrical 2,850 761 200
Electronics 1,897 500 204
Furnishings 3,372 740 217
Alr Conditioning 2,080 784 211
Anti-Icing 1,250 993 302
Auxiliary Gear 115 1,188 164

WEIGHT EMPTY 23.1 118,076 920.8 2283
Crew (4) 860 349 225
Survival Kits 120 349 215
Food and Water 70 440 200
Pyrotechnics 15 440 215
Oil 340 766 206
Loading System 5,849 890 149
Unusable Fuel 1,520 925 260
Life Raft 150 948 218

EQUIPPED WEIGHT EMPTY 20.7 127,000 9143 2249

Figure 3-1—WEIGHT AND BALANCE SUMMARY.

L7 Horizontal Vertical
MAC  Weight Arm Arm

BASIC MISSION
Equipped Weight Empty 20.7 127,000 914.3 2249
Cargo 50,000 869.0 200.0
Fuel 111,000 939.0 267.0
Deesign Gross Weight 213 288,000 916.0 236.8
MAXIMUM FUEL

MISSION
Equipped Weight Empty 20.7 127,000 914.3 224.9
Cargo 37,980 86%.0 200.0
Fuel 150,020 925.0 267.0
Design Gross Weight 20,3 315,000 913.9 241.9
MAXIMUM PAYLOAD

MISSION
Equipped Weight Empty 20.7 127,000 914.3 2249
Cargo 80,000 517 200.0
Fuet 108,000 938 267.0
Design Gross Weight 240 315,000 923.1 233.0

Figure 3-2—-WEIGHT AND BALANCE SUMMARY, BASIC, MAXI-
MUM FUEL, AND MAXIMUM PAYLOAD MISSIONS.

volume 1

Floor weight is based on integrating the conveyor,
guide, and restraint provisions to receive the WS
463L pallets. This is a lighter approach than would
result from complete integration of the WS 463L
system, reference Section 3.1.8 of the Work State-
ment.

The airplane balance diagram showing pertinent di-
mensions and fuselage compartmentation is pre-
sented in Figure 3-3. The excellent cargo loadability
characteristics provided are shown in Figures 3-4
thru 3-7. Wide variations of cargo location are per-
missible within the allowable center of gravity limits
without use of a complicated fuel management pro-
gram. The number of fuel tanks, individual tank ca-
pacity, and tank location are selected to minimize
center of gravity travel with fuel burn-off. Special
attention has been directed toward adequate com-
partmentation of fuel tanks to prevent large varia-
tions in fuel center of gravity with aircraft attitude.

Rigorous weight control standards will be main-
tained throughout the design of the GL 207-45.
Weight reporting will be done in accordance with
MIL-W-25140 as well as with all applicable FAA
requirements. An integrated record system has been
established, utilizing the IBM 7090 electronic data
processing machine. This system will furnish all nec-
essary weight and balance data and mass properties
for preparation of military and FAA reports, as well
as all required internal data. Since this record is
derived from a single set of input data, a greater
degree of accuracy and control is assured. A design
target weight system will be used extensively, and
weight growth will be analyzed in detail. A special
weight reduction group will place a continuous sup-
ply of weight reduction possibilities at the disposal
of management for value analysis. Weight engineer-
ing personnel will collaborate closely with Staff
Engineering, Equipment and Standards Engineering,
Production Engineering, and Structures Engineer-
ing to achieve the optimum degree of weight con-
trol. The system will permit close monitoring of the
individual components and assure meeting target
weights during the early stages of design. This policy
will assure that no costly weight reduction program
will be necessary after actual aircraft construction
has begun.

PERFORMANCE (5.1.5.2)

Configuration Selection and Description

The configuration of the GL 207-45 airplane repre-
sents the culmination of several years of develop-
ment engineering, wind tunnel testing, and design
studies directed toward the development of a low
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cost, high speed, all-cargo transport, suitable for
both military and civil operation. Much flight test
and operational experience, accumulated on the
C-130 airplane, together with extensive wind tun-
nel tests, which have been made at both low and
high subsonic speeds during the development of
this configuration, assure aerodynamic features
which make it an excellent cargo transport for
both military and commercial operation.

Previous studies and wind tunnel testing had indi-
cated that with power plants of 18,000 Ibs. rated
thrust, known to be available without further de-
velopmental funding, a cruise speed of 440 knots
would be optimum for the design missions of Sys-
tem 476L. The airplane configuration has been
selected, therefore, on the basis that it will meet
all System 476L requirements when powered with
the Pratt and Whitney JT3D-4, engine, while ex-
ploiting to the maximum degree possible the added
potential of the JT3D-8A and JT3D-8B growth
power plants or the new G. E. MF239C-3. The wing
selection, in particular, is discussed in greater de-
tail in the trade-off data of Volume 2 of this report.
Wing

The wing has an area of 3228 sq. ft., an average
aerodynamic thickness ratio of 11.15%, an aspect
ratio of 7.897 and a sweep angle of 25 degrees.
This combination of aerodynamic design parameters
resulted from extensive studies involving variations
of these parameters in order to select the wing de-
sign which provides the desired payload range cap-
ability at cruise aititudes and speeds, consistent
with the most economical operation of the turbo-
fan engines, while at the same time attaining the
short take-off and landing field lengths desired.
The relatively large wing area provides ample in-
ternal fuel volume for the long range (5500 nau-
tical mile) mission, avoiding the use of external fuel
tanks. The resulting relatively light wing loading
assures compatibility with increased take-off
weights and payloads possible with higher thrust
advanced power plants. The wing sweep angle of
25 degrees was made as low as possible in order to
reduce wing loads and weight, and minimize the
undesirable aerodynamic effects of high sweep an-
gles such as roll-yaw coupling, low maximum lift
coefficients, poor stall characteristics, and high drag
due to lift; and, at the same time, attain the high
drag-rise critical Mach number desired for cruise.

The wing airfoil sections are of the modified NACA
four-digit series and are defined as follows:
Root  0012.5-1.10-40/1.575 (Ci==0.1, a,=0.9)
BL 415 0011-1.10-40/1.575 (=02, a,=0.8)
Tip 0010-2.20-40/1.575 (Cy=0.3, a,=0.8)
These sections were selected for their high drag-rise
critical Mach number and high maximum lift char-
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acteristics. The large leading edge radius on the
outhoard wing panel, the thickness and camber
distribution across the span, and the 4.5 degree
twist from root to tip, were selected to give good
stall characteristics and high usable maximum lift
coefficients. This wing geometry results in a long-
range cruise speed of Mach 0.77 and a maximum
cruise speed, with the P & W JT3D-4 engines, of
Mach 0.83.

The wing is equipped with large Lockheed-Fowler
type flaps similar to those used on the C-130. Low-
speed wind tunnel tests have determined that the
flaps should be deflected 50 degrees for landing and
35 degrees for take-off. Trailing edge spoilers, ac-
tuated on touchdown, provide additional drag and
destroy the lift of the flaps, thereby increasing the
braking force and reducing the ground roll. Lateral
control is provided by conventional 28% chord
ailerons extending from 68% of the wing semispan
to the tip. The use of conventional ailerons with re-
sulting excellent roll response is made possible by
the low wing sweep angle and high wing structural
stiffness.

The wing root incidence is 4.5 degrees with respect
to the fuselage reference line, which results in a
fuselage angle during cruise of from O to about 1
degree nose up. The maximum ground clearance
angle of 11 degrees provides the same adequate aft
fuselage clearance during take-off and landing as
is present with the C-130. The wing has a negative
geometric dihedral of 1.25 degrees. This value was
chosen in order to reduce the high positive effec-
tive dihedral, inherent in a high-mounted swept-
back wing configuration, and provide satisfactory
lateral-directional damping.

Empennage

As is the case with all high-speed swept-wing air-
planes, early configuration studies showed the need
for a large vertical tail area to obtain satisfactory
lateral-directional damping. Extensive design stud-
ies and wind tunnel testing involving variations
of the horizontal and vertical tail geometry re-
sulted in the selection of a “T” tail configuration.
This arrangement proved to have the lightest struc-
tural weight and minimum aerodynamic drag be-
cause of the smaller tail area required to produce
the necessary stability level for satisfactory flying
qualities.

The vertical tail has an exposed area of 390 square
feet, and is swept back 35 degrees, with an NACA
64A012 airfoil section. The horizontal tail has an
area of 521 square feet and is swept back 25 de-
grees with an NACA 64A010 airfoil section. This
horizontal area ratio, Sg/Sw, is only 0.161, a
low value compared to that required for most
transport aircraft. This tail, however, provides su-
perior longitudinal stability and control character-
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istics due to its “T” location and no longitudinal
dynamic stability damper is required.

A bullet fairing at the intersection of the hori-
zontal and vertical tails provides a favorable reduc-
tion in the tail drag between 0.7 to 0.8 Mach num-
ber. Longitudinal trim is provided by varying the
incidence of the horizontal tail. An incidence range
of from +4 degrees to -14 degrees provides hands-
off trim throughout the airplane’s speed range. The
elevator hinge line is located at the 75% chord line
of the horizontal tail. The 25% chord rudder is
sized so that neither ground nor free flight mini-
mum control speeds are limiting, except at very
light take-off weights.

Nacelles

The four engines are pod-mounted on pylons un-
derslung and cantilevered forward from the wing.
The configuration and location of the engine pods
and the aerodynamic design of the pylons has been
studied extensively, both theoretically and in high-
subsonic speed wind tunnel testing. The resulting
configuration with nacelles canted inboard 2 de-
grees, and with the pylon cambered at the wing in-
tersection to conform with the local direction of
flow, results in little nacelle-to-wing interference
drag.

Fuselage

The fuselage represents a major improvement in the
design of cargo airplanes with air drop capability.
The design philosophy used in developing the after
body shape involved determination of the local flow
direction in this region. The flow streamlines at the
cruise angle of attack tend to be as shown in Figure
3-8. Near-optimum cross-sectional shapes were de-
veloped, cut along the streamlines, with specific al-
lowance for fuselage upsweep required to provide
structural depth. This concept allows elimination
of the beaver-tail effect in the fuselage plan view,
since strength is provided through the upsweep.
Most importantly, separation is avoided on the un-
dersurface of the fuselage afterbody because de-
sirable aerodynamic cross-sectional shapes are pro-
vided along the local streamlines. The drag polar
for this arrangement is shown in Figure 3-9 to be
essentially the same as that for a streamline body
of revolution. This elimination of the drag penalty,
normally associated with straight-in-aft loading
and air drop capability in the current stable of
military carge transports, results in complete com-
patability of the commercial and military operation
requirements, since commercial operators will not
have to absorb an airplane performance penalty re-
sulting from the military air drop requirement.
Basic Deota

An area progression curve is shown in Figore 2-10.
The maximum cross-sectional area shown results in
an equivalent fineness ratio of about 6.3, which is
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reasonable for an airplane designed to fly most ef-
ficiently at about 0.8 Mach number. As is evident,
an improvement in the area progression curve could
be made by locating the wheel well fairings further
aft; this arrangement was evaluated together with
other alternates in the wind tunnel. The resulting

——eitio-.
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Figure 3-8—REAR FUSELAGE AIR FLOW DIAGRAM.
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Figure 3-9—AFTERBODY DRAG COMPARISON.

small improvement in drag at normal cruise speeds
was not considered sufficient to offset the more
complex gear arrangement and the attendant de-
velopmental cost.

Another interesting alternate tested was wing-
mounted landing gear pods replacing the fuselage
landing gear housing. These pods were mounted on
the aft 50% of the wing chord just inboard of the
inboard nacelle, and extended rearward about half
a wing chord. The improvement to the area pro-
gression curve is obvious. Although not optimized
as such, these pods worked quite well as anti-shock
bodies and produced drag savings which became
substantial at Mach numbers of 0.80 and above. A
number of factors caused the discard of this con-
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Figure 3-10—AREA PROGRESSION CURVE.

figuration; however, it illustrates how application
of the anti-shock body principle might serve, at a
later date, to increase cruise speeds while retaining
the advantages of the low sweep wing,

A tabular listing of the airplane’s physical charac-
teristics and aerodynamic dmiensions is given in
Figure 3-11.

Drag

The drag polar for the GL-207-45 airplane shown in
Figure 3-12 is based on the results of the wind tunnel
tests presented in Volume 2. The wind tunnel skin
friction drag for the various airplane components
was corrected from the test Reynolds numbers to
the flight Reynolds number corresponding to the
estimated long-range cruise speed at an average
cruise altitude of 40,000 feet. Oil flow visualiza-
tion studies conducted during the wind tunnel test
revealed the extent and location of the laminar and
tarbulent flow. In correcting the skin friction drag
to full scale, recognition has been made of the in-
creased extent of turbulent flow which can be rea-
sonably expected with production surface condi-
tions. The average effective skin friction drag coef-
ficient of this airplane is 0.00354, which reflects
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LENGTH - INS,

conservatism when compared with the value of
0.0033 realized on the Lockheed JetStar and a value
of 0.0034 encountered on the Lockheed Electra dur-
ing flight test. The drag due to lift, the interference
drag, and the compressibility drag were used di-
rectly in the airplane polar as measured in the wind
tunnel tests, except for the horizontal tail drag
due to compressibility. The horizontal tail thickness
chord ratio was reduced from 12% to 10 % as a
result of the tunnel tests, and the appropriate cor-
rections to the horizontal tail drag have been in-
claded in the airplane drag polar.

Figure 3-13 presents the contributions of the various
components of the airplane to the total profile
drag coefficient at the lift coefficient for minimum
drag of 0.15 at a speed of Mach 0.675. The profile
drag is composed of the skin friction drag of the
wing and tail surfaces and the skin friction and
pressure drags of the fuselage and nacelles. The
drag of each component is given separately and re-
ferred to the reference wing area as:

CD{):CDf _§S§:

Figure 3-12 shows the clean configuration drag po-
lars with the airplane trimmed at a center of grav-
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L

LIFT COEFFICIENT - C

0.7

0.6

0.5

0.4

0.3

0.2

MIL-D-2567E (USAF) Horizontal Area 521,136 sq. ft.
Weights Design Gross Weight Stabilizer Span 52 ft. 1.28 in.
(Take-offy . 315,000 Tb. Aspect Ratio 5.21
Max., Alternate Grqss Weight 315,000 lb. Incidence to Fuselage All movable L.E.
Weight Empty Design 119,925 Ib. Reference Line up 4°, L.E. down 4°
Center of Design C.G. (Wheels up) 18.9% Airfoil Section Designation NACA 64A010
Gravity Data Max. Forward C.G. 13 % Sweep Angle (¥4 chord line) 25°
(With respect Max. Aft C.G. 30 % MAC 128.47 in.
to L.E. MAC) Location of (V4 chord) MAC
Wing Total Wing Area 3,228 sq. ft. From Leading Edge i
Mean Aerodynamic Chord of Root Chort 105.52 .
{MAC) Length 266.51 in. From Mean Thrust Line in
Aspect Ratio 7.897 Neutral Position 365.97 in.
Taper Ratio 0.374 Dihedral Angle (degrees) Zero
Sweep Angle (14 chord line) 25° outbd. panel Taper Ratio 0.37
. . c Vertical Tail MAC 221.522 in
Dihedral Angle —1°15%on 7 Location of (% chord) MAC
Angle of Incidence of From Leading Root Chord  150.399 in.
Root to Fuselage From Mean Thrust Line 226.936 in.
Reference Line 4° 30¢ Total Area 390.016 sq. ft.
Angle of Incidence of Span ) 258.088 in.
Tip to Fuselage Taper Ratio 0.623
Reference Line 0° 0 Sweep Angle (34 chord line} 35°
1A TrEnl e . Aspect Ratio 1.186
All Airfoil Airfoil Section, fusiitaae . . .
Section Measured Root Designation NACA 0012.50 Mod Airfoil Section Designation NACA 644012
Streamwise Airfoil Section, Wetted Area Fuselage 4036
.43 semi-span NACA 0011.00 Mod (Exposed area}  Nacelle 243
s X Wing 6123
Airfoil Section, Tail 1912
Tip Designation NACA 0010.00 Mod. Miscellaneous 1392
Ave. Airfoil NACA 0011.15 Mod - y ¢
Flaps Type Lockheed Fowler Total 14437 sq. ft.
Distance C/L to Inbd. Edge 92.0 inches ?:Sr:ll}r:kes gyi’r}:;nsions None
Distance C/L to Outbd. Edge 648.0 inches a8 Aren (Actual)
Max. Deflection 55° a Y d N
Deflection for Take-off Deflection (degrees) .
and Landing 35° T.0. and 55° Ldg. Spolers Type Trailing Edge
Chord % Wing Chord 28% Area 266.8 sq.ft.
Percent Wing Area Affected  63.3% Deflection 80
Figure 3-11—PHYSICAL CHARACTERISTICS.
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Figure 3-12—DRAG POLARS CLEAN CONFIGURATION.
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M= 0.675 €, =0.15

Skin Minimom
Wetted Friction Parasite

Area Coeff, Drag Coeff.

C

Sp Cr i
Fuselage 4,036 0.00304 0.0038
Wheel Wells 994 0.00312 0.0010
Wing 6,123 0.00306 0.0058
Nacelles & Pylons 1,372 0.60353 0.0015
Horizontal Tail & Bullet 1,100 4.00323 00.011
Vertical Tail & Dorsal 812 0.00318 0.0008
Interference Drag 0.0018
TOTALS 14,437 0.00354* 6.0158

* Average value of Cy

Figure 3-13—PROFILE DRAG BREAKDOWN, CLEAN CONFIG-
URATION.

ity of 0.25 MAC. These curves show a reduction
in drag from the Mach number of 0.675 base level
in the low-lift coefficient range, which results
from favorable interference of the bullet fairing
at the juncture of the horizontal and vertical tail
surfaces. The drag data for the landing and take-
off configurations are presented in Figure 3-14 and
the effect of spoiler deflection is also shown. The
drag increments due to the flaps and the spoilers
have been determined directly from the low speed
wind tunnel tests and have been determined di-
rectly from the low speed wind tunnel tests and
have been added to the previously discussed clean

configuration data. The effect of the ground has
also been determined from low-speed wind tunnel
tests made in the presence of a ground board. The
data shown are for the airplane with the gear re-
tracted and the cargo doors closed. For gear ex-
tended, a AC4=—0.0163 is added, and for the cargo
doors in the airdrop configuration AC==0.016 is
added. It is shown that opening the spoilers at the
ground-roll attitude essentially doubles the drag
of the airplane.

Li#t and Pitching Moment

Lift and pitching moment data are shown in fig-
ures 3-15, 3-16, and 3-17 for the clean, take-off, and
landing configurations respectively. These data are
based on the results of the wind tunnel tests with
the necessary corrections applied to recognize the
small differences between the wind tunnel models
and the final airplane configuration. Maximum lift
coefficients are based on the measured wind tunnel
values at the low test Reynolds number corrected
to full scale Reynolds number on the basis of Lock-
heed’s years of experience correlating Fowler flap
wind tunnel and flight test results. This lift coef-
ficient increase is greater on the outboard wing
panels than it is inboard, hence a more stable pitch-
ing moment break exists at the stall than is in-
dicated by the wind tunnel data.
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Figure 3-14—DRAG POLARS, FLAPS AND SPOILERS DEFLECTED, TRIMMED AT 25 PERCENT MAC.
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A

The spoiler deflection in the ground roll attitude is
shown to reduce the wing lift by about three-
fourths, resulting in excellent braking during land-
ing ground roll and aborted take-offs.

The clean configuration lift and pitching moment
data shown in Figure 3-15 are for two tyypical con-
ditions. Low-speed rigid data and flexible data cor-
responding to cruise at 45,000 feet are shown. The
effectiveness of the stabilizer is shown between zero
degrees and a setting of -7 degrees at low speed,
and -6.35 degrees at the cruise speed. In the take-
off and landing configuration, shown in Figures 3-16

and 3-17, the effectiveness of the stabliizer is given
for a number of settings up to the maximum set-
ting of -14 degrees and the pitching moment input
of the lift spoilers is also shown.

The variation of horizontal stablizer and elevator
effectiveness with Mach number is shown in Figure
3-18 for both the rigid and flexible cases at sea level,
20,000 feet and 45,000 feet. The rigid data was
obtained from the high speed tunnel tests reported
in Volume 2 of this report. Corrections have been
applied to the tunnel data to reflect the effect of
changing the horizontal tail thickness ratio from

—
U
2.4 =
Y,
35 n
U_x 2.0 0.13¢ E 2.0 0.30¢
- LOW SPEED o
Zz U-O1T TRIMMED AT 0.25¢ O e— P =P
L =~ e ] i :..,70 7
o \ 3 [ A
= 1.2 1.2 AR -
i / \ % ~LOW SPEED
O 0.8 0.8++—
= M =0.825-_] /)\ M/,h; _ 0
S 0.4 A HIGH SPEED M = 0.825 >\ < ' ]
/ TRIMMED AT 0.25 ¢ T s34 M = 0.825
45,000 FT. FLEXIBLE | 7| '] ¥\ |
8 -4 0 4 8 12 16 20 0.2 0.1 0 -0.1 -0.2 -0.3 -0.4 -0.5
ANGLE OF ATTACK, & .., DEGREES PITCHING MOMENT COEFFICIENT, C _
0.252
Figure 3-15—AIRPLANE LIFT AND PITCHING MOMENT CHARACTERISTICS, CLEAN CONFIGURATION. c
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value of 10% used on the airplane. HINGE MOMENT ~ 1000 IN - LB
Hinge Moments Figure 3-19—CONTROL FORCE CHARACTERISTICS.

Rudder, elevator, and aileron hinge moment char-
acteristics as a function of Mach number, and suor-

variation with angle of aftack is reduced to zero
through use of a ventilated internal balance.

face deflection and angle of attack are shown in
Volume 2 of this report.

It is shown that the net elevator hinge moment

volume 1

The rudder, aileron, and elevator pilot force char-
acteristics are shown in Figure 3-19. All three sys-
tems use dual hydraulic boosters combined with a
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mechanical variation of control force with input hinge
moment. This dual-boost system is very similar to
that used on the C-130B airplane, and has proved
to have an excellent record of flight safety while
offering the least complicated and least expensive
means of providing pilot forces.

Performance

The payload/range and airport performance char-
acteristics of the GL 207-45 with P & W JT3D-4
engines meets or exceeds all of the mission and air-
port performance requirements of System 476L.
Figures 3-20, 3-21, and 3-22 show military takeoff
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| { i
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o8 2 ENGINES IN REVERSE THRUST, —
= 1 ENGINE IN IDLE, 1 WINDMILLING
S — —— 4 ENGINES IN REVERSE THRUST
= | [
y ¢ I !
s DISTANCE OVER A
z 50 FT OBSTACLE
24 \ =
Wy - _—
o el ‘ ]
= —
2 — -
e - =
Sl GROUND ROLL
0 i |
120 160 200 240 280 320

WEIGHT ~1000 POUNDS

DISTANCE ~1000 FEET

and landing performance data, and Figures 3-23 and
3-24 show CAR take-off and landing field lengths.
Both the military and CAR data are shown for sea
level and 5000 feet, and for both standard and hot
day conditions at each altitude. Rolling and braking
coefficients of friction are as specified in MIL-
C-5011A. Military landing distances are shown for
four engines in idle, four engines in reverse thrust,
and two engines in reverse thrust, one idle, one
windmilling. CAR landing field lengths are shown
for four engines in idle and for two engines in re-
verse thrust, one in idle, and one windmilling.
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Figure 3-20—MILITARY TAKE-OFF DISTANCES, 35 DEGREE FLAP SETTING, TAKE-OFF POWER, NO WIND, PRATT AND WHITNEY
JT30-4 ENGINE.
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Figure 3-21—MILITARY LANDING DISTANCES, SEA LEVEL, 50 DEGREE FLAP SETTING, NO WIND, PRATT AND WHITNEY
JT3D-4 ENGINE.
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Figure 3-22--MILITARY LANDING DISTANCE, 50 DEGREE FLAP SETTING, NO WIND, PRATT AND WHITNEY JT3D-4 ENGINE.

CAR TAKE-OFF FIELD LENGTH

REFUSAL SPEEDS

10 | 160 I
— | SEALEVEL - — | SEALEVEL
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8 y > 140
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= /7 2
o 7 s //
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< - y// STANDARD DAY & SSe— 77 STANDARD DAY
T 1 | < N =z | |
a A E, HOT DAY > —— A.F. HOT DAY
2 = 80
G
e
0 60 -
120 160 200 240 280 320 120 160 200 240 280 320

WEIGHT ~ 1000 POUNDS

Figure 3-23—CAR TAKE-OFF FIELD LENGTH, 35 DEGREE FLAP
JT3D-4 ENGINE.

Figures 3-25, 3-26, and 3-27 present the airplane
ceilings, stall speeds, and altitude performance, re-
spectively. Four engine and three engine service and
cruise ceilings are shown for both military and nor-
mal power. The optimum cruise altitude is also
shown, and is less than the normal power cruise
ceiling.

The altitude performance capability of the airplane
is summarized in Figure 3-27. This figure shows in-
stantaneous rate of climb, climb speed, and maxi-
mum level flight speed data for the airplane with
the engines operating at normal power. At sea level,
at a weight of 315,000 Ibs., the rate of climb is
2750 feet per minute and at a weight of 288,000
Ibs. the rate of climb is 3050 feet per minute. The
maximum level flight speed data show that at an
altitude of 25,000 feet the high speed capability, at
a weight of 280,000 Ibs., is 488 knots.

volume 1

WEIGHT ~ 1000 POUNDS

SETTING, TAKE-OFF POWER, NO WIND, PRATY AND WHITNEY

Stall speeds as a function of gross weight are given
in Figure 3-26 for flap settings of 0, 30, 35, and 50
degrees. At a weight of 315,000 lbs. and at the
take-off flap setting of 35 degrees, the stall speed
is 114 knots. At a typical landing weight of 200,000
Ibs. with the 50-degree landing flap setting the stall
speed is 88 knots. These low stall speeds are made
possible by the relatively light wing loading of
the GL 207-45 (about that of the C-130) and by
the previously discussed wing design philosophy.

Figures 3-28 and 3-29 present CAR weight limita-
tion data for the approach and landing climb seg-
ments and for the the first, second and final takeoff
climb segments. Data are shown for sea level and
5,000 feet for standard day and Air Force hot day
conditions. The second segment climb gradient is
shown to be the most critical of the take-off climb
requirements. At sea level on a standard day the

page 3-11
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Figure 3-24—CAR LANDING FIELD LENGTH, 50 DEGREE FLAP SEYTTING, NO WIND, PRATY AND WHITNEY JT3D-4 ENGINE.
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FOUR ENGINES
| |
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MILITARY POWER
NIORMAL F]OWER
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\\
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20 ——300 FEET/MIN

MILITARY POWER
NORMAL POWER
10 |
120 160 200 240 280 320

WEIGHT ~ 1000 POUNDS
Figure 3-25—CEILINGS, PRATT AND WHITNEY ST3D-4 ENGINE.
maximum weight is limited to 318,000 Ibs. and at
5000 feet on a standard day, to 311,000 Ilbs.

The maximum performance landing weight is
shown to be limited by the landing climb gradient.

For standard day conditions the weight limita-
tion is 323,000 lbs. and 285,000 Ibs. at sea level
and 5000 feet respectively.

volume 1

WEIGHT ~ 1000 POUNDS

TRIMMED AT 0.25 MAC
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Pigure 3-26-STALL SPEEDS, PRATT AND WHITNEY JT3D-4
EMNGINE.

The military payload/range data of Figures 3-30 and
3-31 are shown for take-off weights of 288,000
Ibs. and 315,000 Ibs., respectively, and for airplane
average cruise speeds of 440, 450, and 460 knots.
Best range is achieved at a cruising speed of 440
knots and a power setting of about 80 percent
normal. Higher cruising speeds are optional at some
reduction in range as is shown in Figure 3-31. All
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Figure 3-27-ALTITUDE PERFORMANCE, NORMAL POWER, STANDARD DAY, PRATY AND WHITNEY JT3D.4 ENGINE.

STANDARD DAY A.F. HOT DAY
|
DESIGN LANDING WEIGHT /DESIGN LANDING WEIGHT
. 8 Y 8 -/
5 ) "
. ™
- \ =
S 6 \ S s
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! } [
a L LANDING CLIMB a LANDING CLIMB
= \\ = \
2 =
< <
0 A 0 \ ,
200 240 280 320 360 400 200 240 280 320 360 400

WEIGHT ~ 1000 POUNDS WEIGHT ~ 1000 POUNDS

Figure 3-28--CAR WEIGHT LIMITATIONS, APPROACH AND LANDING CLIMB SEGMENTS, TAKE-OFF POWER, PRATY AND
WHITREY JT3D-4 ENGINE.

of the data presented are based on 5% conservative mile range capability with a 50,000 1b. payload at
fuel flows, on MIL-C-5011A take-off and reserve the 460 knots cruise speed.

fuel allowances, anfi on cruise climb techniques. The payload range data of Figure 3-31 show the ef-
At the take-off weight of 288,000 Ibs., where the fect of operating the airplane at its design gross

CAR take-off field length is 6,000 feet on a sea weight of 315,000 Ibs. The sea level standard day
level standard day, as shown in Figure 3-23, the CAR field length at the 315,000 Ib. take-off weight

airplane performs the basic design 4,000 nautical is 7720 feet. Figure 3-20 shows that the military
mile/50,000 Ib. payload and 5,500 nautical mile/ take-off distance over a 50 foot obstacle at this
20,000 Ib. payload missions with slight margins at take-off weight is only 6430 feet at sea level on a
an average cruise climb of 440 knots. standard day. The payload at a range of 4,000
Other significant points shown in Figure 3-30 are the nautical miles is 67,300 lbs. for cruise at 440 knots.
3050 nautical mile range with the design payload The maximum payload of 80,000 Ibs. can be flown
at the 440 knots cruise speed and the 3160 nautical 3,050 miles at a cruise speed of 450 knots and the

o,
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Figure 3-29—CAR WEIGHT LIMITATIONS, FIRSY, SECOND AND FINAL CLIMB SEGMENTS, PRATYT AND WHITNEY JT3D-4 ENGINE.
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Figure 3-30—PAYLOAD RANGE, MILITARY INSTALLED FUEL Figure 3-31—PAYLOAD RANGE, INSTALLED FUEL FLOWS §
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70,000 Ib. design payload can be carried 3030 miles
at a cruise speed of 460 knots. It is also significant
to note that over 37,000 lbs. of payload can be
transported 5,500 nautical miles at the 440 knots
cruise speed.

The civil performance capabilities of the GL207-45
airplane are shown in Figure 3-32. Data are present-
ed for the optimum cruise speed of 445 knots for the
take-off weights of 288,000 and 315,000 lbs. All of
the data shown are based on installed fuel flows
and on overwater fuel reserves as defined by
SR-327B for flights dispatched without alternates.
A step-climb, as opposed to a cruise climb, pro-
cedure was used in these calculations. The data
show that, at the 3,000 nautical mile range the
payload is 65,700 Ibs. at the sea level standard day
CAR 6,000 foot limited take-off weight of 288,000
Ibs. The corresponding payload for the design take-
off weight case is 80,000 lbs. as limited by the maxi-
mum payload capability. At the 4,000 nautical mile
range point the payloads are 46,700 and 62,300 Ibs.
respectively.

The tabulated data of Figure 3-33 is presented to
show that the GL 207-45 airplane meets or betters
all of the mission and airport performance require-
ments of System 476L. The critical performance
take-off weight, 287,200 Ibs., is that required to per-
form the 4,000 nautical mile/50,000 Ib. payload
mission.

A mission profile is shown in Figure 3-34 for the

100 ] T T ] I T
AVERAGE CRUISE SPEED = 445 KNOTS
%0 CiviL } | |
i
\V | ACTUAL CAPABILITY
80 S ! |

I | T
R~ MAXIMUM PAYLOAD
) MAX. C.A.S. =335 KN
70 X ;[ 1
DESIGN PAYLOAD

:: AN
X

40 A\
RAMP WEIGHT = 315,000 LB \/
TAKE-OFF WEIGHT = 313, 170 LB

L i L i

i i T ! N
RAMP WEIGHT = 289,740 LB
TAKE~-OFF WEIGHT = 288,000 LB \

I T p
MAXIMUM FUEL
{150,020 LB}

10 \
0 i 2 3 4 5 & 7
RANGE ~ 1000 NAUTICAL MILES
Figure 3-32-PAYLOAD RANGE, CIVIL, INSTALLED FUEL
FLOWS, TAKE.OFF FUEL ALLOWANCES AND FUEL RE-

SERVES, SAR 427B, PRATT AND WHITNEY IT3D-4
ENGINE.

PAYLOAD ~ 1000 POUNDS

volume 1

4,000 nautical mile/50,000 Ib. payload mission. This
figure shows the fuel consumption, distances, and
flight times for the various portions of the mission.

Stability and Control

General

The stability and control characteristics are dis-
cussed relative to Civil Air Regulations, Part 4b,
paragraphs 4b.120 through 4b.173, Reference 1, and
the data show that the airplane meets all the re-
quirements for FAA certification. The flying quali-
ties equal or exceed all stipulations of CAR4b. The
military stability and control specification, MIL-F-
8785, Reference 2 is followed where requirements
are stated that do not conflict with CAR 4b. The
aerodynamic data which form the basis of this sta-
bility and control analysis have been obtained pri-
marily from comprehensive wind tunnel fests at
both high and low speeds on models of this con-
figuration. In addition, these data were supplement-
ed by Lockheed and NASA information on similar
configurations.

The effects of flexibility and Mach number are in-
cluded in the stability and control analysis. Flexi-
bility effects are computed employing a relaxation
procedure which has been programmed for the IBM
704 using the Faulkner lifting surface theory for
computing the aerodynamic loads for the rigid and
all subsequent loads resulting from structural de-
flections. Aerodynamic loads and center of pressure
data generated, using the lifting surface theory,
have been correlated with \find t}mnel ztest rf;sults

DESIGN RANGE N.M. 4,000 5500 3,000 1,000

DESIGN PAYLOAD Lb. 50,000 20,000 60,000 70,000

RAMP WEIGHT Lb. 287,200 283,100 282,200 239,470

AT TAKE-OFF WEIGHT Lb. 287,200 283,100 280,484 237,905
Critical Gradient

Limiting Weight Lb. 318,000 318,000 318,000 318,600

CAR Take-off Field

Length at S.L. Ft. 5,960 5,780 5,700 4,080

Take-off Ground Roll

at S.L. (Mil.) Ft. 3,590 3,480 3,400 2,330

Take-off Distance to

Clear 50% at S.L. (Mil.) Ft. 5260 5050 5,000 3,470

Service Ceiling Ft. 37,000 37,400 37,500 41,000

Three Engines Operating

Service Ceiling Ft. 28,900 29,400 29,600 34,200
MISSION PERFORMANCE

Begin Cruise Altitude Ft. 34,200 34,500 34,400 37,900

Cruise Speed Knots 440 440 4453 445

End Cruise Altitude Ft. 42,200 45,500 40,200 39,500

AT LANDING WEIGHT b
Critical Gradient

187,530 158,305 204,700 212,030

Limiting Weight Lb. 323,000 323,000 323,000 323,000
CAR Landing Field

Length Ft. 4910 4,330 5230 5,400
Landing Ground Roll

at S.L. (Mil.}* Ft, 1,080 900 1,180 1,220
Landing Distance

from 50 at S.L. (Mily*  Ft 2,430 2,130 2,610 2,700

MIL-C-501 1A reserves

Step-climb cruise and SAR 427B reserves

Step-climb cruise and CAR 40.396 reserves—alternate—200 N. Mi.
Brakes, four engines in reverse thrust

Figure 3-33-PERFORMANCE SUMMARY, GL207-45, PRATY
AND WHITNEY JT3D-4 ENGINE.
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CRUISE AT 440 KNOTS

RANGE = 4000 N M
PAYLOAD = 50,000 LB

DISTANCE
WEIGHT NAUTICAL FUEL TIME
FLIGHT CONDITIONS POUNDS MILES POUNDS HOURS
TAXI AND TAKE-OFF 287200 2640
CLIMB TO 34,200 FEET 284560 138 8630 .372
CRUISE 275930 3862 88400 8.770
LOITER 30 MINUTES AT SEA LEVEL 187530 5020
5 PERCENT RESERVE 182510 5510
ZERO FUEL WEIGHT 177000
TOTALS 4000 110,200 9.142
NOTE: MIL-C-5011A RULES USED
Figure 3-34—MISSION PROFILE—TYPICAL.
and the agreement has been excellent. In this pro-
gram the elastic axis concept is used to describe -~ BASIC MISSION /STRUCTURAL
the structural characteristics of the aerodynamic LOAD PROGRESSION  / ENVELOPE
surface. 320 °% 180 L8/g / ;
The center of gravity envelope for the airplane is b iggci p GROSS WEIGHT
m in Fi i £ - Y, A |
shown in Figure 3-35. The structural envelope is 2 280 5 . vy ;
shown, as well as curves defining several important z S, /] A N GPAYLOAD
aerodynamic limits, These curves represent the most 3 L:Lq_ i / A
critical speed-altitude combination for each case. g 240 R f/ Q'AUXIUARY'F
A considerable static stability margin exists at the = £ / FU;E "/
most aft center of gravity location, 30% mean _ 200 S B £ MAINT
aerodynamic chord. However, the requirements of 5 <Q § éf\ FUEg\?{
the longitudinal short period oscillation damping T 140 @ AN W
preclude the possibility of any reduction in tail size = o PAYLOADN ! Z 7
. . . ; . Z = Z
without also considering the use of a pitch damper. = b 30 LB/g
With very little developmental work, however, the 120 z EQUIPBED WE?GHT'?E%:
most aft center of gravity location could be moved = E?\‘g‘?w o
beyond 30% mean aerodynamic chord, if this modi- 100 |
4 8 12 6 20 24 28 32

fication becomes advantageous or necessary. Pres-
ently the center of gravity range is quite satisfac-
tory for the anticipated requirements.

volume 1

CENTER OF GRAVITY = PERCENT MAC
Figure 3-35—~CENTER OF GRAVITY DIAGRAM.
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All control surfaces are partially aerodynamically
balanced, and are equipped with dual boosters sim-
lar to those used on the C-130 series, to supply
hinge moments not relieved by aerodynamic balance.
The trim requirements are met in the lateral (aile-
rons) and directional (rudder) axes by use of con-
ventional tabs, the tab on the ailerons being also
used as a boost tab. Longitudinal trim is accom-
plished by means of a movable stabilizer.

Longitudinal Control

Brief studies of the ability to push the nose of the
airplane down at all speeds down to the stall speed
and promptly recover to a speed equal to 1.4y
have been made. The airplane is entirely satisfac-
tory for both flaps up and down conditions in ac-
cordance with the requirements of Reference 3.
Longitudinal control effectiveness in the approach
and landing configurations was investigated over
the weight and center of gravity spectrum covering
the requirements of References 2 and 3. When the

T
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Figure 3-3&6—SIDESLIP CHARACTERISTICS.
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airplane is trimmed at 1.2y, with power for
level flight in the approach configuration at the
most forward center of gravity, it is possible to
stall the airplane in ground effect with less than
maximum available elevator and a stick force of
less than 50 lbs. The civil specifications impose con-
trol requirements that are much less critical, and can
be easily achieved. As shown on the center of gravity
diagram in Figure 3-35 the elevator control available
for rotation of the airplane is non-limiting for all
weights and center of gravity combinations.

Lateral Directional Control

The lateral-directional control capability is shown
in Figure 3-36 for representative flaps up and down
configurations in terms of steady sideslip character-
istics. Rudder power available for heading changes
with two engines inoperative at the best climb
speed with flaps up is excellent, only 6.2 degrees of
rudder being required for trim. Minimum control
speed data in the static case is shown in Figure
3-37 for the light weight case with two possible en-
gine installations. With the proposed engine, it is
apparent that the static minimum control speed is
not critical at any flying weight and with the high-
est thrust advanced engine suggested, is critical
only at very light weight conditions.

28 20
S35 L
a. G S
o g 100 S 3
a s N MINIMUM CONTROL
55 ; R | SPEEDS

(19

[ I
Gt E'/ BANK ANGLE
<& |
22 C
of L - A4
a ?_} -4 * i —————
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22 N7 AN
(¥
0 —————JT3D-4 ENGINES
> L | ——MF239C-3 ENGINES
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o O W N
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Do b T~a
o . I —

d T 7aLL speeD

0
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Figure 3-37—MINIMUM CONTROL SPEEDS, STATIC SOLU-
TIONS, 3 ENGINES AT TAKE-OFF THRUST, RIGHT OUT-
BOARD ENGINE WINDMILLING, FLAPS 35 DEGREES,
SEA LEVEL, STANDARD DAY, WEIGHT — 140,000
POUNDS.

Several dynamic engine failure conditions for evalu-

ation of the minimum control speed were investi-

gated by analog simulation at a weight of 140,000

Ibs. for two different engine installations. It may be

noted in Figure 3-38 that with the proposed engine

it is possible to meet the requirements of Reference

3, of less than 20 degrees heading change with less

than 180 Ib. of pedal force at a speed as low as
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approximately 83 knots, which is considerably less
than 1.2 V, at this light weight, and is more
critical than the static control case. For a higher
thrust engine such as the MF239C-3, a maximum
heading change of 20 degrees with maximum pedal
force of 180 Ib. can be held at a minimum speed
of 110 knots. This case would then be 3.5 knots
more critical than the static minimum control speed

case and is less than 1.2V at all weights greater
than 200,000 Ib.

Lateral control is shown in Figure 3-39 as the rolling
velocity and wing tip helix angle achievable at sea
level, 20,000 feet and 45,000 feet. Flexibility
and Mach number effects have been accounted
for in the results shown. Excellent rolling capabi-
lity is available over the whole speed range with-

RUDDER INPUT AT t = 1 SECOND FULL THROW (~35°) AT t = 2 SECONDS.

—— PRATT & WHITNEY JT3D-4 ENGINE
- —— GENERAL ELECTRIC MF239C-3 ENGINE
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Figure 3-38—DYNAMIC ENGINE FAILURE, LEFT OUYBOARD

ENGINE FAILED, TAKE-OFF CONFIGURATION, FLAPS 35
DEGREES, SEA - LEVEL, STANDARD DAY, WEIGHY —
140,000 POUNDS.
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out exceeding a limit wheel-force of 50 Ib. The
requirements of Reference 2 are exceeded for all
design conditions.

Longitudinal Trim

The longitudinal trim change requirements of Ref-
erences 2 and 3 for configuration changes such as
Ianding gear and flap lowering and retraction, and
changes due to power setting were investigated.
It was found that the resulting stick forces were
well within the limits of the referenced specifica-
tion and are easily controlled by the pilot with one
hand.

The longitudinal trim capability is excellent, and
also exceeds all requirement of References 2 and 3.
At the most forward c.g., the limit stabilizer nose
down deflection is adequate to achieve a minimum
trim speed of V, in the clean, 1.1V, in the take-
off, and 1.14V, in the landing configurations re-
spectively. Longitudinal trim is shown in all cases
for the more critical power-off configurations since
a slight “nose-up” moment occurs with power.

Lateral and Directional Trim

Lateral trim capability is not critical for this air-
plane since the crossfeed features of the fuel system
minimize the necessity for large amounts of fuel
unbalance. In any event, the aileron trim tab is
capable of trimming one quarter the full aileron
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travel. The rudder trim tab power available is
sufficient to trim the rudder pedal force to zero
during two-engine-out climb.

Stability

The static longitudinal stability in the landing and
power approach configurations with flaps fully
down, gear down, power off and on, is shown in
Figure 3-40. Data are shown at the extremes of the
C.G. range hence show the most critical stability as
well as control conditions. It can be seen that a pull
force is required even in wave-off to reduce speed
and a push force is required to increase speed over
the entire range from 1.1Vg to the flap placard
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TO TRIM VS VELOCITY
5, 50%, SEA LEVEL

I | i s ! T ] ] [

i bee ™ 3 i i
SYMCG GW‘L DHF\; TRIM POWER CONFIG

% T LBS

——13 210,000 -7.5 1. 4V IDLE L
—-—15.7 257,000 -6.7 1. 4\/ IDLE L
—-~—15.7 257,000 -10.8 1, 2\/' TAKE OFF WO

— —30 ]70,000 ~4.4 1, 2\/’ TAKE OFF WO

PULL 1.03 Vg “‘“’sL

BN

g

3
>
[S)
P

[
fas}
|

<

(=)
i

RIM@
IDLE PWR

STICK FORCE, F, LBS
<

//f'/

PUSH

H
™3
o
I
;
z
£
/
/
I //l
/e "

Y, DEG

e

— - MAXIMUM
20 1F U\ pEFLECTION |

ViRima \

IDLE PWR \ -

sown | (TRIM @
| IDLE PWR
1

40 60 80 100 120 140 140
EQUIVALENT AIRSPEED, V¢ , KN

SPEED

¥

I=

\

i
FLAP PLACARD

[

T

LS

-
—
<

N

ELEVATOR ANGLE, §

e A

& |
&

Figure 3-40—SPEED STABILITY, LOW SPEED.

speed. When the airplane is trimmed at 1.4Vg,, the
stick force required over the flight range is well
below the 80 pound limit of Reference 3.

Static longitudinal stability in the climb configura-
tion and cruise configuration is shown in Figure 3-41.
Non-rigid airplane data was used to compute all
these cases. The cruise configuration shows an in-
stability in stick force through the frim point when
trimmed at 0.825 Mach number. A Mach trim
mechanism has been incorporated into the control
system which programs a schedule of stabilizer in-

volume 1

cidence as a function of Mach number so that a
stable stick force gradient is realized. The stick-
force characteristics with the Mach trim operating
are shown. The cases shown represent the most
critical conditions which occur at a combination of
high Mach number and high lift coefficient. All of

WEIGHT ~CG_ ALTITUDE iy TRIMM_, - POWER
—--170000 0.30 2 45000 0.274 0.82 0
———315000 0.19 € 32500 -1.102 0.82 O
— —170000 0.30% St 1.138 0.42 100% NRP
—~——210000 0.13% SL  -0.445 0.429100% NRP
—---315000 0.19 SL  -1.094 0.445100% NRP
1.3V 1

PULL s : 3\;1 15 Vg v 1MACH TRIM
“ 3 Vs Vs /APPLEED
=B +40 R = ] T
u.; 20 k\‘\ ™ VTVT [~ \\ \\ VTWVD
g IS SN
o NIREA N NS
¥ 0.3 0.4{\\0.5 0.6 0.7 N 0.9
= 20 Ve \“N/\ACH NUMBER
1.15 v
PUSH A\
~ UP 115 v, 1
w =20 ,
- MACH TRIM
(%)
3 -0 R XAPPUED MACH TRIM
Zwn NS \:\ APPLIED
;E § . \:.\}\\ \k:\-_‘
£o 0.3 0.4 0.5 0.6 07 08 0.9
2 +10 | MACH NUMBER | }
= DOWN

Figure 3-41—SPEED STABILITY, CLEAN CONFIGURATION.

the speed stability requirements of References 2 and
3 are met when the Mach trimmer is operating.

The accelerated stability in turning flight and
straight pull-ups was investigated throughout the
entire range of speeds, altitudes, gross weights and
center of gravity locations. The most critical cases
for the highest stick force per “g” and the lowest
stick force per “g” are shown in Figure 3-42. The
stick forces requxred are within the limits of Refer-
ence 2 and are essentially linear even at speeds up
to the design dive speed. For conditions where the
maximum lift coefficient is approached, an increase
in the stick force per “g” will be noted; this tend-
ency provides a useful form of limiting device for
the pilot under these conditions.

Lateral-directional low speed stability characteris-
tics are shown in Figure 3-36. Very stable gradients
of rudder deflection and pedal force as well as
aileron deflection and wheel force are shown
throughout the sideslip angle range. No tendency
for pedal force lightening occurs at the maximum
sideslip angles attainable.

Longitudinal Damping

Short period damping characteristics were investi-
gated for the extreme fore and aft positions of
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WEIGHT C.G. MACH ALTITUDE H. TAIL,
LB. NO.
—— 315,000 0.19¢ 0.89 17,000  +1.91°
—-— 130,000 0.24c 0.675 45000  -0.50°
. |---- 170,000 0.30c 0.675 45000  -0.55°
G |—-— 315000 0.19c 0.825 25000  +0.29°
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Figure 3-42-ACCELERATED STABILITY.

the center of gravity for all the trim speeds and
flight conditions listed in the Table II of Reference
2. The results for the most critical loading at each
flight configuration are presented in Figure 3-43 in
terms of the cycles required to damp to one-tenth
amplitude and the period of the oscillation. Com-
pliance with the requirement of the specification is
shown, and no pitch damper is required.

Lateral-Directional Damping

Lateral-directional damping characteristics are
shown in Figure 3-44 for the critical cases specified
in Table V of Reference 2. The damping exceeds

the minimum allowable damper-off values specified
in Reference 2 in all cases. Artificial damping is
provided by a simple yaw damper which has a gain
of 0.3 degrees of rudder per degree per second of
yawing velocity. Damping in configurations PA and
L is excellent with damper inoperative, therefore
the damper operative condition is not shown. For
convenience, the values of the parameters used in
computing the damping characteristics for a few
representative cases are presented in Figure 3-45.

Stall Characteristics

The airplane stalling characteristics can, of course,
be determined accurately only from flight test. As
discussed previously in the Configuration Selec-
tion and Description section of this report, much
empbhasis in the design of wing airfoil sections, cam-
ber, thickness and twist distribution has been di-
rected to assure stable characteristics at the stall.

The high speed wind tunnel test results show stable
pitching moment characteristics throughout the en-
tire angle of attack range tested, which was well
beyond the maximum usable lift coefficient. The
low speed wind tunnel results show a slight pitch-
up tendency over a region of about 2 to 4 degrees
angle of attack above the maximum lift coefficient,
beyond which the pitch characteristics were stable.
Tuft studies showed that this slight instability was
due to premature spreading of trailing edge separa-
tion over the outboard wing panel, as should be
xpected, considering the low local Reynolds num-
ber (about 600,000) at which the outboard panel
is operating. At the full-scale flight Reynolds num-
ber of about 9,000,000 this phenomena will not oc-
cur, hence a completely stable stall break will re-
sult. In the low-speed wind tunnel test, buffet of
the horizontal tail coincided with initial separation
of the inboard wing panel as the wing wake spread
to envelop the tail. This will provide excellent
aerodynamic stall warning.

Configuration CR P
Trim Speed CR Vxre
Weight (lbs) 180,000 180,000
C.G. at (% ¢} 28.0 28.0
Altitude (ft) 45,000 45,000
Mach No. 0.767 0.785
V, (knots) 194.0 198.8
e (slugs/ft3} 0.000460 0.000460
u  (ft/sec) 742.0 760.0
{deg) g O
m (slugs} 53950 5595.6
Zj (ft) 3.86 3.86
I,y (slugs-ft*) 2,340,000 2,340,000
Cr. 0.440 0.418
Cp 0.0232 0.0228
(e per radian 5.26 5.22
Cp per radian 0.254 0417
C,,« per radian —1.365 —1.305
C,, o per radian 4.670 —4.760
Cyq per radian 21.24 —21.42
P (sec) short per. 2.83 2.84
C 1710 {cycles to 0.802 0.778
1710 AM)
Figure 3-43—PARAMETERS FOR DYNAMIC LONGITUDINAL
volume 1

|4 PA L
675 Vigr 13 Vg, Tz V.,
180,000 315,000 235,000
28.0 28.0 28.0
40,000 SL. SL.
0.608 0.138 0.175
73.0 153.9 116.0
0.000585 0.002377 0.002377
588.0 259.5 195.5
o o o
5595.0 9780.0 7300.0
3.86 3.86 3.86
2,346,000 2,800,000 2,875,000
0.551 1.220 1.610
0.0218 0.1185 0.2370
4.70 477 485
0.292 0.567 0.920
1270 - 1.000 1.040
—3.830 —5.870 —5.300
—2032 —18.33 —18.34
3.3 5.90 7.11
0.740 0.297 0.309

STABILITY CALCULATION.
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]
C 172 CYCLES

]

DAMPING PARAMETER

T T T T
T T T 1T 1T 1 1 |
SYMBOLCONFIGURATION  ALTITUDE SPEED  WEIGHT
DAMPING CHARACTERISTICS O CR DAMPER INOP. 45,000 FT Vcr 180,000 LB
2.0 & CR DAMPER OPER. 45,000 FT Vcr 180,000 LB
- < P DAMPER INOP. 45,000 FT Vire 180,000 LB
. &
al @ < P DAMPER OPER. 45,000 FT VnNrp 180,000 LB
1.2
o |© e 3 P DAMPER INOP. 40,000 FT .75 Vnre 180,000 LB
P
0.8 - — C¥ P DAMPER OPER. 40,000 FT .75 Vnre 180,000 LB
IDAMPER OPERATIVE, MINIMUM ALLOWABLE
o4 0 s A PA  DAMPER INOP. SEA LEVEL 1.3 VsL 315,000 LB
. = —
SUNSY SN SN o | A L DAMPER INOP. SEA LEVEL 1.2 Vs 235,000 LB
 [DAMPER INOPERATIVE, MINIMUM ALLOWABLE | } | f | | : ; |
0 0.1 0.2 0.3 0.4 0.5 0.6
® | DEGREES
ROLLING PARAMETER V|~ FEET PeR SECOND

Figure 3-44—LATERAL,

Configuration R P P PA L
Trim Speed TR Vene 095 Vene 13 Ve 12 Va
Weight (lbs} 180,000 180,000 180,000 315000 235,000
C.G.at (% ¢} 23 25 25 25 25
Altitade (1) 45,000 45,000 40,0600 S.L. S.L.
Mach No. 3.767 (.785 1.608 0.236 0.174
q (/) 126.5 133.0 101.0 82.9 44.7
m  {slugs) 5595.0 5595.0 5595.0 9780.0 7300.0
V. (knots) 194.0 198.8 173.0 156.5 115.0
U (ft/sec) 742.0 760.0 588.0 264.0 194.0
Cig 0.440 0418 0.551 1.179 1.630
CYﬁ per radian 0.6740 3.6940 0.588¢ 0.5680 0.6210
(@ per radian 0.1841 0.1366 0.1492 0.1235 0.1859%
C,  per radian 0.2120 0.1820  0.1980 2737 2834
C,,  per radian 0.4770 0.4770 0.4520 (1.4850 0.4720
Cnﬂ per radian 0.1002 0.1155 0.1020 3.0785 0.1156
C,7 per radian 0.1176 0.1156 0.1224 01263 0.1709
C,. {with damper) 0.3386 G.3317 0.2916
C,  per radian 0.0396 0.0376  0.0497 0.1060  0.1468
Ioo  (shogs-ft?) 2,280,000 2,280,000 2,280,000 4,000,000 3650000
I, (slugs-ft?) 4,050,000 4,050,000 4,050,000 6,590,000 6,040,000
L, (slugs-f?) 101,000 119,000 48200 43200 3.880
P (sec) 4.68 4.33 5.0t 7.16 6.64
P {sec with damper} 4.45 4.41 4.82 e —
T14 (sec) 17.81 1131 10.71 5.46 7.48
T ¥ (sec) w/damper 3.31 2.85 4.40 —
1/C-¥ (1/cycles) 0.26 0.38 0.48 1.31 12
1/C-% (1/cycles)
with damper 1.34 155 1.08 —_—

3 {deg-sec) 0.386 0.250 0.337 0.275 0.480

Vel ft

(6 (deg-sec) 0.357 0.247 0338 — S

Vel ft

with damper

Figure 3-45—PARAMETERS FOR DYNAMIC LATERAL-DIREC-
TIONAL STABILITY CALCULATIONS.

Aileron, rudder and elevator control was shown to
be excellent at angles of attack up to 10 degrees
beyond the stall angle.

EFFECT OF GROWTH POWER PLANTS

The basic configuration and design of the GL
207-45 is near optimum for exploitation of the full

volume 1

Wi

k {

DIRECTIONAL DYNAMIC STABIITY, MINIMUM ALLOWABLE PER MIL-S-8785.

potential of growth power plants which may be-
come available if the following two purposes are
recognized as fundamental desires for System 476L:
1 In the event advanced power plants are not fund-
ed and do not become available, the selected basic
configuration should, if possible, at least meet all
requirements of System 4761 when powered with
currently available power plants in the 18,000 Ib.
thrust class.

Additional capabilities, possible with advanced
power plants over and above the requirements of
System 4761, should be exploited to achieve
maximum productivity and, therefore, reduced
operating costs if additional capabilities are to be
economically justifiable.

When this selection process is followed the results
are as shown by the data shown in Figure 3-46 which
have been developed on the basis that these para-
metric airplanes are of conventional configuration,
optimized to achieve the maximum possible cruise
speed for the basic mission of 50,000 Ibs. for 4000
nautical miles, while meeting all other requirements
of System 476L. It is apparent that higher speed
airplanes with sweep angles greater than approxi-
mately 25 degrees require power plants of higher
thrust to meet the other minimum requirements of
System 476L. When it is considered that all of the
airplanes represented by the curves do not exceed
any of the requirements for System 476L except
in the area of speed, the price necessary to gain
additional speed, for the sake of speed alone, is
substantial in terms of required minimum-rated
thrust. It is interesting to note that while an air-
plane like the GL 207-45, optimized to meet all
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System 4761 requirements with a wing sweep of
25 degrees, requires only 18,000 1bs. of thrust, this
identical configuration, if powered with the most
advanced power plants of 24,000 lbs. of thrust,
can achieve maximum cruise speeds for the required
mission within 7 knots of more sophisticated, highly-
swept configurations optimized initially to exploit
the full speed potential of the proposed high-thrust
power plants.
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Figure 3-47 indicates the growth capability available

in terms of added payload/for the 4000 N.M. range

which leads to increased productivity and, there-
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fore, reduced direct operating costs. This would
certainly be a criterion in the economic justification
for capabilities exceeding the requirements of Sys-
tem 476L. As in the previous discussion on speed,
all data presented is for airplanes designed to at
least meet the other requirements of System 476L.
On this basis it may be seen that the inherent
growth capability of airplanes with lower wing
sweep far exceeds that of those with higher wing
sweep.

The data on these two charts simply illustrate
a fundamental factor in cargo airplane operating
economy: When minimum operational requirements
are met and additional performance capability be-
comes available, overall cargo moving economy is
increased most rapidly when additional perform-
ance available is directed towards maximizing pro-
ductivity for the required range. Maximum pro-
ductivity as a function of increased thrust avail-
able may be increased much more rapidly when
such increased thrust is directed towards increasing
payload/range capabilities at minimum acceptable
speeds.

System 476L Impact on Mats Costs

This is better illustrated by the results of a study
made to determine the impact of the introduction
of the proposed new aircraft on the cost of opera-
tion of the Military Air Transport Service.

A comparison was made of the direct operating
cost of the current common user fleet and the
troop transport fleet with the 132 System 476L air-
planes at five hours per day utilization. The re-
sults are shown in Figure 3-48. The cost for the cur-
rent fleet was estimated from Air Force planning
data; the cost for the new aircraft was based
on the 1960 ATA formula as modified for MATS
operations. The cost for 132 GL 207-45 aircraft is
seen to be about one-third of the cost for the cur-
rent airlift resources of MATS. The cost for the
advanced GL 268 is seen to be about 20% greater
than that of the GL 207-45, due primarily to its
greater fuel consumption.

It is obvious from the data of Figure 3-48 that the
implementation of new efficient aircraft would in-
troduce cost savings for the maintenance of the
airlift resources of MATS. The amount of the cost
savings was determined for various engine pro-
grams for the GL. 207-45 and for the GL 268. The
results are shown in Figure 3-49 which shows the
cumulative cost savings, assuming that the C-118§,
C-121, and the C-124 airplanes were phased out line-
arly with System 476L deliveries in order that the
last of the current fleet was phased our simulta-
neously with the delivery of the 132nd 476L air-
plane. All aircraft are operated at a continuous
utilization of five hours per day. It is quite apparent
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that the cost saving advantage Is associated with
the early delivery of the system 476L airplanes.
Aircraft which have their delivery date tied to an ad-
vanced engine of later availability encounter a cost
handicap which is directly a function of delivery time.
On this comparison, the conversion of the GL 207-45
from the JT3D-4 to the -8A configuration would
be easily made by the delivery of the 37th airplane.
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236 C-124
41 C-133
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This program would provide one of the most ad-
vantageous cost relationships as well as provide the
early availability of a higher productivity airplane.
It is apparent that the most critical element in the
saving of operating costs is the early introduction
of the new aircraft.

The former comparison did not consider the pro-
ductivity of the System 476L fleet. The data of
Figure 3-50 shows the build-up of the potential pro-
ductivity at 100% load factor for the System 476L
airplanes operating at a range of 4,000 N. M. The
GL 207-45 airplane would maintain a productivity
advantage over the GL 268, without conversion
to the -8A engine, until beyond 1970. Conversion
of the GL 207-45 to the -8A engine provides pro-
ductivity somewhat better than that of the GL 268
with the MF 239C-3, and a significant advantage
is shown in the productivity of the GL 207 when
compared to that of the GL 268, due to the 15-
month spread in delivery date. The case where in-

5 HR/DAY UTILIZATION
|
f /
9.0 ! Y
- JI3D-4 70 -BA\/ /
z
5 8.0 / /
e
o
= 7.0 77
(27
! /
Z 6.0 /
5 T34 /
% 5.0 X//
<
Z 4.0 /
P4 /
o / NGL 268 MF239C-3
w 3.0
5 /
=
§ 2.0 A
2 // // MF239C-3
Yo 0
0

| H

64 65 66 &7 68 69
YEAR

Figure 3-50—ACCUMULATED PRODUCTIVITY, 5 HOUR/DAY
UTILIZATION.
itial deliveries of the GL 207-45 were made with
FT3D-8A engines was examined and showed that
a 6-month delay in deliveries which would be en-
countered could never overbalance, in either cost
savings or in accumulated productivity, the program
where initial deliveries were made with -4 engines.

Recognizing that the relative differences in the pro-
ductivity of the current fleet and the System 476L
fleet could influence the cost comparison analysis, a
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further examination was made on the basis that
the current fleet would be phased out while main-
taining the composite productivity of the fleet at
a constant level until all of the C-118, C-121, and
C-124 aircraft were gone. The build-up of the an-
nual saving rate is illustrated in Figure 3-51. The
peak occurs at the point where the current fleet was
phased out. Savings are reduced beyond this point

240
200
: B
Jieo /\/\
- // / ti \\ \
1120 7 y S R
% /\¥J]T3D—4i \ \
z 4 ST MF239C~3
Z g0 ] :
Z A\—~,€T3D-—4{TO —S‘A—j l
40 / / ¥C§;L268 MF239C-3=
!

T

63 | &4 | &5 | 66 &7 &8 & 70
YEAR

Figure 3-51--ANNUAL SAVINGS FOR AIRCRAFT, RELATIVE TO
1961 FLEET.

since the hypothetical savings were absorbed by the
operational cost of the rest of the 132 aircraft. It
can be seen that the cost savings build up early to
a high rate with the GL 207-45 aircraft with the
-4 engines and to a higher rate when the -8A is
incorporated without delay of the original produc-
tion schedule. It was assumed that the original
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Figure 3-52—COST ADVANTAGE, RELATIVE TO ADVANCED
SYSTEM.
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36 airplanes were retrofitted to -8A engines after
delivery of the 132nd airplane.

The accumulation of the cost savings, relative to
waiting for the development of a more sophisticated
airplane matched to the advanced engine is shown in
Figure 3-52. The relative advantage of the GL 207-45
configuration is shown in this figure where, with
any propulsion system, it will provide more airlift
at lower cost than will the higher speed GL 268.
With the GL 207-45 configuration the advantage
of the early availability of adequate power plants,
with the additional advantage of conversion to the
-8A at a later date, is graphically illustrated. The
GL 207-45 is fully capable of exploiting the capa-
bilities of the MF239C-3 engine. The early avail-
ability of the JT3D-4 engine will provide a distinct
advantage, however, which can be measured quan-
tatively in millions of dollars.

i 1 2 3

DESIGN RANGE N. M. 4,000 5,500 3,000 1,000
DESIGN PAYLOAD Lb. 50,000 20,000 60,000 70,000
RAMP WEIGHT Lb. 287,000 281,100 281420 241,750
AT TAKE-OFF WEIGHT [b. 287,000 281,100 279,420 239,750

CAR Take-off Field

Length at S L. Ft. 4,980 4,780 4,720 3,880

Take-off Ground Rell

at S.L. (Mil) Ft. 2,930 2,800 2,750 1,980

Take-off Distance to

Clear 50" at S L. (Mil.}) Ft 4,260 4,080 4,030 3,000

Service Ceiling,

Normal Power Ft. 38,100 38,500 38,600 41,700
MISSION PERFORMANCE

Begin Cruise Altitude Ft. 35,400 35,800 35,700 38,500

Cruise Speed Knots 440 440 444 445

End Cruise Altitude Ft. 42,500 45,950 40,700 40,000
AT LANDING WEIGHT Lb. 188,920 159,585 205,800 213,300

CAR Landing Field

Length Ft. 4,930 4,330 5,260 5,420
Landing Ground Roll

at S.L. (Mil, ) * Ft. 1,080 900 1,170 1,200
Landing Distance from

507 at S.L. (Mil.)* Ft. 2,400 2,100 2,580 2,650

I MIL-C-5011A reserves

2 Step-climb cruise and SAR 427B reserves

3 Step-climb cruise and CAR 40.396 reserves—alternate—200 N. M.
*  Brakes, four engines in reverse thrust

Figure 3-53—PERFORMANCE SUMMARY, GL207-45-1, PRATY
AND WHITNEY JT3D-8A ENGINE.

Power Plants

The GL 207-45A meets or betters all performance
requirements of System 476L when powered with
the JBD-4 Engines. Performance is improved, of
course, with the higher thrust engines which may be-
come available. Figures 3-53, 3-54, and 3-55 present
a performance summary for the basic system 476L
missions when the airplane is powered by the
JT3D-8A, the JT3D-12A, and the MF239C-3 en-
gines respectively. More comprehensive data are
included in Section 3 of Volume 2. A comparison of
the payload/range capabilities of the airplane pow-
ered with these several engines is shown in Figure
3-56.
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Airplane take-off, altitude, and speed performance
and payload/range, as a function of field lengths
shorter than 6,000 feet, is of course, improved with
increased thrust. However, as shown by Figure 3-56,
where 6,000 foot fields are available, and when the
airplane is flown at its normal maximum take-off
gross weight of 315,000 lbs., payload/range capa-

1 1 2 3

DESIGN RANGE N. M. 4,000 5,500 3,000 1,000
DESIGN PAYLOAD  [b. 50000 20000 60,000 70,000
RAMP WEIGHT Lh. 288,400 283,200 282,670 243478
AT TAKE-OFF WEIGHTLb. 288,400 283,200 280,580 241,550

CAR Take-off Field

Length at S.L. Ft. 4,730 4,560 4,490 3,900

Take-off Ground Roll

at S.L. (Mil) Ft. 2,770 2,640 2,590 1,880

Take-off Distance to

Clear 50”7 at S.L. (Mil.) Ft. 4,060 3,910 3,830 2,500

Service Ceiling,

Normal Power Ft. 40,000 40,500 40,700 44,100

MISSION PERFORMANCE

Begin Cruise Altitude Ft. 36,300 36,500 36,500 39,600

Cruise Speed Knots 440 440 445 445

End Cruise Altitude Ft. 44,050 47,600 42,000 41,200
AT LANDING WEIGHT Lb. 190,610 161,330 207,200 215,420

CAR Landing Field

Length Ft. 4,995 4,410 5,310 5.490

Landing Ground Roli

at S.L. (Mil)* Ft. 1,040 890 1,130 1,200

Landing Distance from

50" at S.L. (Mil.)* Ft. 2,400 2,100 2,580 2,670

MIL-C-5011A reserves

Step-climb cruise and SAR 427-B reserves

Step-climb cruise and CAR 40.396 reserves—alternate—200 N. M.
Brakes, four engines in reverse thrust

E N

Figure 3-54-PERFORMANCE SUMMARY, GL207-45.2, PRATY
AND WHITNEY JT3D-12A ENGINE.

1 1 4 3

DESIGN RANGE N.M. 4,000 5500 3,000 1,000
DESIGN PAYLOAD Lb. 50,000 20,000 60,000 70,000
RAMP WEIGHT Lb. 282,550 276,050 278,170 240910
AT TAKE-OFF WEIGHT Lb. 282,550 276,050 275,920 238,660

CAR Take-off Field

Length at S.L. Ft. 4,330 4,190 4,185 3,870

Take-off Ground Roll

at S.L. (Mil.) Ft. 2,500 2,380 2,380 1,730

Take-off Distance

to Clear 50" at S.L. (Mil.) Ft. 3,700 3,540 3,535 2,650

Service Ceiling,

Normal Power Ft. 40,400 40,900 40,900 44,000
MISSION PERFORMANCE

Begin Cruise Altitude Fr. 37,500 38,100 37,800 41,000

Cruise Speed Knots 440 440 444 445

End Cruise Altitude Ft. 45,500 48,800 43,600 42,700
AT LANDING WEIGHY Ib. 187,455 158,200 203,500 212,380

CAR Landing Field

Length Ft. 5,110 4,560 5410 5,590

Landing Ground Roll

at S.L. (Mily* Ft. 1,000 950  1,09¢ 1,120

Landing Distance

from 50" at S.L. (Mil.}* Ft. 2,420 2,180 2,580 2,660

MIL-C-5011A reserves

Step-climb cruise and SAR 427B reserves

Step-climb cruise and CAR 40.396 reserves—alternate—200 N, Mi.
Brakes, four engines in reverse thrust

Figure 3-55—PERFORMANCE SUMMARY, GL207-45-3, GEN-
ERAL ELECTRIC MF239C-3 ENGINE.
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Figure 3-56—PAYLOAD RANGE COMPARISON, IT3D-4
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MF239C-3 ENGINES, IN-

SYALLED FUEL FLOWS 5 PER CENT CONSERVATIVE
TAKE-OFF FUEL ALLOWANCES AND FUEL RESERVES —
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Figure 3-57—MAXIMUM TAKE-OFF WEIGHT, 6000 FEET CAR
TAKE-OFF FIELD LENGTHS SEA LEVEL, STANDARD DAY.

page 3-25




bility is not substantially improved with the ad-
vanced power plants.

Figures 3-57 and 3-58 indicate the permissible
growth in airplane take-off gross weight and payload
for a 5,000 nautical mile range together with the re-
sulting growth in equipped weight empty as a func-
tion of increased thrust available from the more
advanced power plants. It may be seen that, with
the most advanced power plants, having static
thrust ratings of approximately 24,000 1lbs., the
takeoff gross weight of the airplane could be as
high as 333,000 1bs., and the maximum payload for
the 4,000 nautical mile range could be as high as
82,500 Ibs. at best cruising speed. Limited by the

100
AIRPLANE WITH

90 NO PLUG
- BASED ON 7 FOOT
a PLUG & MF239C-3
pd ~d L
= BASED ON 7 FOOT 1>~ ~1

PLUG & JT3D-8A ~SZ7

a.
8 \Témc 3
S el
Ll) 70 JT3D-88
<
o ‘JT3P—12A
s> JT3D-8A
Z 6 /
&,

50 /

JT3D-4
40 l
16 18 20 22 24 26

RATED ENGINE THRUST ~ 1000 LB/ENG

Figure 3-58-MAXIMUM PAYLOAD, 4000 NM RANGE, 8000
FEET CAR TAKE-OFF FIELD LENGTH.

volume 1

volume of the cargo compartment required for Sys-
tem 476L, and using System 463L pallets, payloads
of this weight are obtained only at rather high den-
sities. It would, therefore, for heavier payloads be
desirable to increase the fuselage length to obtain
more cargo volume. The effect of 7V4 foot and 15
foot increases in fuselage length are shown by the
dashed lines. These lengths are chosen since they
permit one or two more pallets respectively. On this
basis, maximum density for any palletized payload
discussed is no more than 13.5 lbs. per cubic foot.
Figure 3-59 indicates, for an alternate case, the in-
crease in average cruise speed available as a func-
tion of rated power plant thrust for the required
50,000 1b./4,000 nautical mile mission.

470
!
o 460 [ MF239C-3
0 /i JT3D-88
H

hv4
Y 450 / | Jr3D-124
o JT3D-8A
ot
L
prd 440
{523
=
of
-

430 JT3D-4

420

16 18 20 22 24 2

RATED ENGINE THRUST ~ {000 LB/ENGINE

Figure 3-59—MAXIMUM SPEED, 4000 NM RANGE, 50,600

POUND PAYLOAD, 6000 FEET CAR TAKE-OFF FIELD
LENGTH.
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AIRCRAFT DESIGN

AIRFRAME

(5.1.5.3)

Structural Data (5.1.5.3.1) ‘
The basic flight and ground load design criteria
are evaluated against both the military requirements
of MIL-A-8860 and the civil requirements of CAR-
4b as specified in Section 1.2.1 and 3.1.2 of the

work statement. The criteria selected meet or
better CAR-4b requirements and assure FAA type
Certification of the design. There are no unique
features that require special criteria. Structural de-
sign weights and design speeds have been conser-
vatively selected to allow for the (P & W) JT3D-
8A as well as the JT3D-4 powerplants. Regid force
model test results assure that loads on the structure
are proper. Airload distributions conservatively ac-
count for effects of aeroelasticity. Further, flexible
model and pressure model tests are planned to pro-
vide the maximum assurance of structural integrity
and minimum development flight testing.

Design Weights

Structural design weights are in accordance with mil-
itary requirements of MIL-A-8860. The weights
consider a range from a minimum flying gross
weight of 128,082 Ibs. to the maximum design
gross weight of 315,000 Ibs. Design payloads up to
a maximum of 70.000 lbs. of cargo on pallets are
considered with wing fuel from the MIL-A-8860
structural reserve of 5% of capacity fuel (7,500
Ibs.) to the maximum consistent with maximum de-
sign gross weight. Strength is available for an alter-
nate payload of 80,000 Ibs. of cargo, and above,
on pallets depending upon fuel weight, and speed
and maneuver load factor limitations consistent with
airframe strength capability originating from the
basic design. The maximum landing weight of 257,-
500 Ibs. is conservatively derived by subtracting
50% of the maximum take-off fuel from the maxi-
mum design gross weight and thus exceeds the mili-
tary requirement of MIL-A-8860.

Design Airspeeds

Structural design speeds, shown in Figure 4-1, pro-
vide for cruise at maximum continuous power at all
altitudes above 25,000 ft. and overweather cruis-
ing capability, and maintain good descent charac-
teristics as well as an ample spread above climb-
out speeds. The level flight maximum speed of a
constant 0.825 Mach exceeds the speeds attainable
with the P&W JT3D-4 engines and provides for
power growth even beyond the P&W JT3D-8 en-
gine. The 350-knot calibrated air speed cut-off be-
low 25,000 feet was selected to maintain a mini-
mum airframe weight consistent with the overall
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mission requirements of Section 2.4.2 of the Work
Statement. Since MIL-A-8860, Paragraph 6.2.3.7,
implies Vg must be consistent at all altitudes above
sea level with the power available, the 350-knot
CAS cut-off is a deviation. This deviation is re-
commended in accordance with Section 5.1 of the
Work Statement in order to best meet the system
and operational requirements specified. A structural
weight penalty of about 10,000 lbs. would result
it MIL-A-8860 were literally followed. This weight
penalty would result from meeting a 50 fps gust
at the speed attainable, 500 knots at sea level, as
well as increased rigidity requirements for flutter
considerations and would seriously compromise the
airplane.

.5.6,7.8.9 10
50 Wdole
51\ N
& 40 <Al
HR\\N
o
. 30 N Ly M= .89
. \ |
S V. - =350
2 20 L\ Vi ; CAS =35
= \ Y\ !
LVe ;s CAS = 440
10 N
0
100 200 300 400 500 600

EQUIVALENT AIRSPEED - KNOTS

Figure 4-1—DESIGN SPEED—ALTITUDE.

The limit speed (My/Vy) provides an ample spread
above My Vy for recovery from inadventent upsets
and to account for speed increases due to dive
angles. The Iimits of 0.89 Mach and 440-knot cali-
brated airspeed eliminate the need for special speed
control devices. Other design speeds such as aerial
delivery, design speeds for flaps, and maximum gust
intensity are discussed in Volume 2, Section 3.

Design Flight Load Factors

The gust and maneuver V-n diagrams for the criti-
cal altitude of 25,000 ft. are shown in Figure 4-3
for the basic configuration. A 2.0 maneuver load
factor is provided for the take-off and landing con-
figuration. The V-n diagram for sea level is shown
in Figure 4-4.

Design Load Criteria

Figure 4-2 summarizes both the flight and ground
structural design criteria considered and the result-
ing load considerations.
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Critical Gross

Contiguration Weight; Pounds (Knots, CAS) (Knots, EAS)

Vertical
Load

Critical Component Designed
By Condition

Condifion

Push-down
Puli-out

i

{

sh-down ¢
g 6 fps Clean
Mod. Turbulence, 50 fps Clean

rbulence, 50 fps

Mod

{anding

fanding (6 fps)

2.0¢g and Dynamic Taxi Any
Braking, Turning and Any 3
Towing
facking for Landing Any
ear and Fuselage
Jacking for Wing Any 25

Cabin pressu

Floor: general, 300 psf or 2000 Ihs./lin. fr. or 10,

19

315,600

30

315,000

7,500

e 9.9 psi with full gust and maneuver loads; 13

O ibs.

Critieal
Critical Airspeed Mach Altitude;
Number Feet
823
825
33

200
140 140
440 440

240
350 338
150 338 754
440

{Horizontal Towing

i Equip-

axle.

tor 0.15W)

pst with 1.0g flight loads; 4 1.5 to — .4 psi with

Vertical
Component Down Up
Crew se 8.0 2.0
Permanently fixed 8.0 2.0

ge equipment
Troop seats 2.0
Cargo 2.0
fet Epuipment 2.0
Litter 2.0
Acrial delivery 2.0
equipment

Between F.5, 678 and

Figore 4-2--STRUCTYURAL DESIGN CRITERIA SUMMARY.
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psf or 3000 b

FHin.

mtal tatl and fu e aftbody
Middle and outer wing

No anticipated critical component
deflection, inboard wing

deflection, ir

d eritical cc onet

component
e

component

car component

ared
ana

tachments
wing down be:
No anticipated critic

Landing gear, attach

wing down bending
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Wing up bending (from j
inboard}
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Figure 4-4—V-N DIAGRAMS, SEA-LEVEL LANDING CONFIG-
URATION.

Airfoad Distribution
Aerodynamic load distributions are based on a 126-
point, lattice vortex arrangement derived from equa-
tions originally proposed by V. M. Faulkner in
Reference 4. Aecroelastic effects from quasi-static
considerations are accounted for in the determination
of gust and maneuver flight loadings. The methods
of aeroelastic analysis are based on two approaches.
These are the well known relaxation method of Ref-
erence 5 and the superposition technique of Ref-
erence 6. The latter method is advantageous in load
analysis since the aerodynamic treatment is basicaily
independent of the structural stiffness, thus facilitat-
ing refinement of analysis as the design progresses.

Both methods are programmed and available for
use on IBM 7090 digital computers.

Elight Louds

The 25-degree swept high wing provides an allevia-
tion of gust loading through its sweep angle and re-
Eiévézg aeroelastic effects, ’ihe speeds selected result
in critical design wing loads due to gust conditions
at the minimum reserve fuel gross weight of 206,100
Ibs. with 70,000 Ibs. of cargo on pallets at the criti-
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cal Mach number and gust intensity altitude of 20.-
000 ft. Designing for loadings due to gusts provides
strength for a 2.5g maneuver load factor at the maxi-
mum design gross weight of 315,000 Ibs. with 80,000
Ibs. of payload, and above, on pallets, depending
upon fuel weights as is discussed in detail under the
loading capability later in this section. This added
capability permits certification of the airplane for
cargo weights above 70,000 Ibs.

The conventional simple aileron system provides
roll rates that meet military and civil requirements.
The straightforward Fowler flap arrangement ac-
counts for design loads of the inboard wing struc-
ture and rear beam. The podded engine nacelle
arrangement presents no unusual load problem and
will meet all flight and ground load criteria.

The T-tail configuration, which places the horizontal
tail above the primary fuselage interference effects,
works efficiently and requires minimum structural
weight. The critical condition is the down-bending
load arising from an equivalent gust of 50 fps at
level flight maximum speed. This load, plus the stiff-
ness requirements for flutter prevention, provides
strength for abrapt pitching maneuvers as well as for
all maneuvers to meet military and civil requirements.
The principal fuselage aftbody loading arises in the
doors-open configuration during aerial delivery and
designs the fuselage box structure above the doors.
The load criteria for aerial delivery are discussed
in detail in Section 10 of this volume.

Loending Loods

The GL 207-45 is designed to meet or better all
landing and ground handling requirements in MIL-
A-8862 and CAR-4b. The long, shock-strut stroke
keeps a 1.5g landing load factor from being ex-
ceeded. The rate-of-sink requirements as well as the
landing weight capability are shown in Figure 4-5.
The critical condition is 10 fps at landing design
gross weight of 257,500 Ibs. Designing for this con-
dition provides a landing capability of 390,000 lbs.
at © fps sinking speed.

Ground Handling Loads

The landing gear and back-up structure are designed
to meet the 2.0g and dynamic taxi conditions which
also provide the most severe wing down-bending
loads with capacity fuel. Meeting this consideration
provides strength for all possible fuel-cargo loading
combinations. Experience with the C-130 indicates
that the prec \i g criteria, together with the landing

gear UC£ rafi f approximately 50, reference Sec-
tion 3.1.2 of h Work Statement, provides for oper-
ation on flexible runways and fields.

Fack points on the landing gear and fuselage are
%@szg ned for loads up to the maximum take-off
weight of 315,000 Ibs. Wing jack points are designed
o carry the afr;)ian@ landing design gross weight of
257.5 00 lbs. A pair of jack points on the fuselage,

P
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just forward of the ramp, are designed to carry the
loads involved when the maximum cargo single axle
weight of 20,000 Ibs. rolls on to the ramp with a
shock factor of 2.0.

400

7 7 CAPABILITY

< 32U —
Ly \
o
- 280 \\\ N\
o
X
T | MIL-A-8862 PARAGRAPHS
= 240132, AND3.2.7
2 REQUIREMENTS \
& 200 \
!
4
160 |-
120 :
6 7 8 s w0 12

RATE OF SINK, FPS
Figure 4-5—RATE OF SINK VS. GROSS WEIGHT.
Floor Design Criteria
Floor design criteria are summarized in Figure 4-2
and comply with Section 3.1.9. of the Work State-
ment. These criteria are also discussed in Section 9.
Pressurization
The crew and cargo compartment are pressurized to
9.24 psi pressure differential so that 8,000 ft. cabin
altitude may be maintained at 50,000 ft., thus meet-
ing the requirement stated in Section 3.5.1 of the
Work Statement.
Crash Accelerations
The airplane is designed to meet the requirements,
both for crash landings and for ditching, of MIL-A-
8865 which exceed the civil requirements. See Figure
4-2 for spectific load factor and other stipulations.
Loading Capability
Since the basic design provides a capability for
increased payload with a trade-off in speed limits at
lower altitudes and/or maneuver load factor limits,
the adaptability of the design to other than the basic
mission requirements is substantial. Figure 4-6 shows
the payload capability for maneuver and the neces-
sary Vi speed limitations associated with 50 fps gust
encounters. The speed values shown represent the
most critical speed-Mach number combination. This
data indicates that FAA certification of 80,000 lbs.
of payload and above, as indicated by the heavy
dashed line of Figure 4-6, is possible with a 2.5g
maneuver load factor and a design cruise speed of
0.825 Mach number with limited air rspeed below
Mach critical altitude. It should be noted that with
pavloads greater than 70,000 Ibs., the landing weight
of 257,000 Ibs. is satisfactory TO; FAA certification
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but will not meet MIL-A-8860 landing fuel require-
ments.

Payloads and fuel combinations to the right of the
solid lines and above the heavy dashed line of Figure
4-6 are available for emergency use.
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Figure 4-6—-PAYLOAD CAPABILITY.
The 2.25g maneuver load factor of Work Statement
Paragraph 3.1.2 is reached with capacity fuel and a
take-off gross weight 353,200 Ibs. This weight is
within the 6 fps landing capability shown in Figure
4-5. The wing is good for a 2.0g taxi condition at
all fuel weights and the gear and attachment struc-
ture are good for a 1.7g limit or 2.5g ultimate taxi
factor It should be noted that the flight speed limits

or a 50 fps gust and the 2.25g line result in gross
Wezght iimits when the relieving wing fuel outboard
of the fuselage reaches its capacity.

Speed Capability

The airplane is designed to withstand severe gusts
at the most critical speed-altitude combination asso-
ciated with maximum level flight speed. At other
altitudes, loads are reduced to reduce aerodynamic
coefficients, thus, for the same payload, a speed in-
crease becomes possible. For example, a sea level
mission capability exists for 40,000 1bs. of cargo for
Vi's as high as 470 knots CAS. However, approxi-
mately 800 Ibs. weight penalty in the wing would be
required to increase dive speed to 500 knots, sufli-
cient to exploit this capability. This is discussed fur-
ther under flutter data. However, the present Vy of
440 knots does provide for reasonable inadevertent
upset protection for the 70,000 Ib. cargo condition
since theoretically no spread would be reguired at
sea level and at an 0.825 Mach the speed spread is
ample for a 72 degrees dive for 20 seconds.

Model Substantiation of Load Data

Load verification will begin immediately upon start
of the design. Wind tunnel force model data is com-
plete and is incorporated in the proposal data.
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A high-speed wind tunnel rigid pressure model will
be tested and the data will be design basis for air-
load distribution on each airplane component. Fur-
ther, since a dynamically and structurally similar
model will be used for flutter investigations, it is
proposed that this mode be further utilized to back
up and verify the analytical aeroelastic loads on all
components.

FAA Structural Integrity Flight Demonsfration
As discussed in Section 10, a proof loads ground
test, a limited air and ground load survey, and an
80% limit Joad structural demonstration is proposed
as a minimum program to substantiate the structural
design.

Flutter Date (5.1.5.3.2)

The airplane is free from flutter, buzz, divergence
and other related aeroelastic instabilities at all
speeds up to 1.2 vy for all design ranges of altitude,
maneuvers, and loading configurations. The appli-
cable requirements of MIL-A-8870 (ASG) and
CAR 4b.190, 4b.308, 4b.320, 4b.322, and 4b.401
will be met. Comprehensive detailed theoretical flut-
ter analyses will be made of the wing and empen-
nage, using an IBM 7090 computer and a cﬁrect
analogy electric analog computer (DAEAC). These
analyses; which will establish the effects of various
parameters on the flutter characteristics, will be used
to optimize the design and establish an efficient
flutter model program.

Wing

The wing is of conventional design from a flutter
standpoint. The elastic axis is located at approxi-
mately 37.5% wing chord and is swept back approx-
imately 23 degrees. The only large concentrated
weights on the wing are the engines. Preliminary
flutter analyses have been conducted on the wing to
establish the necessary wing stiffnesses to preclude
flutter. The results of these analyses show the wing
to be free from flutter to speeds beyond 1.20 Vy
as preﬁc-*zied in Figure 4-7 as a flutter boundary and
in Figure 4-8 as flutter loops.

Empennage

The empennage employs a T-tail with a horizontal
stabilizer located at the top of the fin. The stabil-
izer rotates in pitch for aircraft trim control and is
restrained by an irreversible dual-path actuator at-
tached to the fin front beam. A T-tail configuration
is generally considered more flutter critical than
entional configurations. However, a mopcr
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ALTITUDE,
stabilizer bending, and fuselage vertical bending. The
anti-symmetric mode is a function primarily of the
fin bending and torsion frequencies. Based on the
results of analyses and flutter model tests of similar
configurations, fin bending and torsion frequencies
of 3.0 cps and 3.4 cps, siaecuvpi‘ , are required to
prevent flutter at speeds b E ow 120V}, Optimization
of the fin structural and f éwggn will be made
on the basis of detailed Cak. tions and flutter model
test results. The symmetric m(}df: is primarily a func-
tion of the stabilizer pitch frequency and a frequency
of 15 cps will be required to prevent fiutter at speeds
up to 1.2 Vi

Control Surfoces
Flutter involving coupling between main surfaces




and their associated control surfaces is eliminated
@iﬁce the ailerons, elevators, and rudder are stat-

ically and dynamically balanced by weights distrib-
uted along their leading edges. All primary control
surfaces are actuated by hydraulic boost systems
and are not intended to be irreversible. Absence of
control surface buzz will be determined theoretically
and confirmed by transonic flatter model tests. Pro-
visions will be included in the design for hydraulic
dampers, but these will be instalied only if nec-
essary.

Ejutter Model Program

An extensive flutter model program will be con-
ducted to substantiate the flutter safety of the final
aircraft design throughout the speed-altitude range,
malfunction and fail-safe effects. The
_The ini-

mcluding

program will inclade the follow ;nf} ﬁhase

ugi phase will consist of subs
‘Ee Ge

a Tegh 9-foot,
= ‘middle part of 1961. A T&th aaieﬂm&d
me Tl e empennaﬁe and a 1/24th scale model of
the complete airplane will be tested. Additional mod-
els of the empennage will be tested in a transonic
wind tunnel the latter part of 1961. The final design
of the airplane will be tested in a 16-foot transonic
tunnel {AE?C or NASA) using a 1/13th scale flutter
model of the complete airplane. These tests will
establish the ﬁutter safety of the final airplane de-
sign and will be completed early in 1962. After
cempietmn of the flutter test program the 1/13th scale
flutter model can be used to measure dynamic re-
sponse characteristics, stability and control deriva-
tives, and structural loads due to aeroelastic effects
and buffeting.

Ground Vibretion Test Progrom
Comprehensive ground vibration tests will be_con-
ducted on the first production aircraft to insure
that the ass and stiffness data utilized in the theo-
retical analyses and flutter model designs satisfac-
torily represent the actual parameters. These tests
will be completed by 1 May 1963. s :

Elight Flutter Test Pregre}m
As the final substantiation .of the. flutte
{%n aircraft, fiight flutter tests will be cond
test conditions will be established based on *‘hc re-
sults obtained from the flutter msé@‘ﬁ tests and the-
oretical :ﬁmrj,s Hawewr all critical combinations
of dy 1amic ssure, Mach number, and true air-
speed will b Sixbiisﬁ'd. Excitation of the airplane
structure mi? b\: accomplished by controlied exciters.
The outputs from *‘i‘ratﬁ%an pickups will be recorded
in the aircraft and also telemetered t 0 a ground sta-
tion, where the data w ﬂi be analyzed and evaluat-
ed as the test progresses. The ﬁgght test program
will be conducted in August 1953

,M
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fnecreased Speed Capability
The airplane has a low altitude speed capability
that exceeds the design limit speed of 440 KCAS.
In order to exploit this capability it would be nec-
essat y to increase Vp to 500 KEAS at sea level up
1=0.89 at approximately §500. feet. Since the
wmg design is based on flutter stiffness requirements,
the wing structure would require about a 25 per-
cent increase in torsional rigidity, inboard of the
outboard engines, totaling 800 pounds. The present
design configuration of the T-tail empennage has
more than enough flutter capability for this in-
creased speed without increasing its stiffnesses.
Wind Tunnel Tests (5.1.5.3.3}
An extensive wind tunnel test program, utilizing aer-
odynamic models, has been accomplished to develop
the configuration of the Lockheed GL 207-45 and
to provide a firm basis for the performance, flying
qualities, and aerodynamic loads data quoted in
this proposal. The extent of this program as well as
that defining further developmental aerodynamic and
flutter model testing is summarized in Figure 4-9.
This summary delineates the various model pro-
grams and tunnel occupancy time spans.

»w

Completed Aerodynamic Tests

The aerodynamic characteristics of the GL 207-45
airplane which are presented in Section 5.1.5.2 of
this proposal are based on two series of recently
completed wind tunnel tests. The final model con-
figuration used in these studies differed in only minor
respects from that of the proposed airplane.

One series of these tests was conducted in Novem-
ber, 1960, in the Lockheed California Division’s

8 x 12 ft., low-speed wind tunnel using a 4.06 ~7

scale model. This test provided force data concern-
ing maximum lift, longitudinal and lateral-direc-
tional stability, and wing and empennage control-
surface effectiveness.
The other series of testing was conducted in two
phases in September and December, 1960, in the
Cornell Aeronautical Laboratory’s 8-ft. transonic tun-
el at Mach numbers from 0.4 to 0.9. This 0.0275
scale model mvestigation included studies of wing,
nacelle-pylon location, horizontal stabilizer location,
Proposed Aerodynamic Tests
A comprehensive program of aerodynamic wind
tonnel tests has been established to provide de-
tailed information early in the structural design phase
of the airplane. A detailed discussion of this entire
program is presented in Section 3 of Volume
Dynamic Loads Dota (5.1.5.3.4)
Dynamic loads data is pyeqeﬁteh in accordance
with MIL-D-25671, Paragraph 3.2.5. Atmospheric
gust transient -Cﬁﬁ:s, fanding impact dynamic ;O‘ids
and capability, taxi loads, ground maneuvering, and
braking loads are considered.
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Transient Response to Gusts = \\// CAPABILITY
Gust loads and dynamic response of the airplane are = 200 7 ]
a mined b vyt _4 11Q nla  ag. =
determined both by the CAR 4b gust fo;mdial as 5 L c et miL »—/—\ﬁsf&sz\
suming a rigid airframe, and by a conventional U/2 = REQUIREMENTS
s Fe 7 Y - a ‘ ~g 3 <3 ~ 3 Y 2;\!
{(1- cos 2xVi/He) gust profile, assuming a flexible g 200
airplane and the most critical gust wave length. Fur- S
ther, the effects of the fransient gust loads on the 200
fatigue life of the structure will be checked by a Q
random turbulence procedure, the power spectral © N
density (PSD) method, which also assumes flexible 75 s > o o 0 1

airframe response.

The dynamic response of the wing compares favor-
ably with those of the Lockheed Constellation and
C-130B aircraft which have demonstrated satisfac-
tory gust load capability in service. It is consider-
ably better than the measured values for the B-47
airplane and the analytical valunes derived for the
JetStar.

Airplane Landing Capability

The critical landing condition for the airplane is
the 10 ft. per second contact sinking speed require-
ment at the normal design landing weight of 257,-
500 Ibs. Designing for this condition provides the
added capability shown in Figure 4-10. At the maxi-
mum design landing weight of 315,000 lbs., this
figure shows a rate-of-sink capability of 9 ft. per
second. It also shows up to 75,000 lbs. overload
capability or 390,000 lbs. landing weight capacity
at the 6 ft. per second rate specified in both civil
and military design criteria for maximum landing
weight.

Airplane Taxi Capuability

The entire airplane is designed for the 2.0g taxi and
dynamic taxi loads at all weights and fuel distri-
butions up to maximum take-off weight of 315.-
000 Ibs. as is discussed later. This design strengt
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Figure 4-10—AIRPLANE LANDING CAPABILITY AND STRUT
RESPONSE.
provides a taxi capability, corresponding to the 2g
taxi condition, of 1.7g at the 353,200 1b. gross weight
iscussed in the airplane landing capability para-

Main Geor Dynamic Response Characteristics

The main gear landing capability is based on the
normal design landing configuration and sinking
speed. Dynamically, the landing gear has greater
capability at higher weights and sinking speeds than
the overall airplane capability. This shows good
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¥
growth potential available within the presently de-
signed dimensions of the gear.

The time history of the strot deflection through both
the impact and slow let down to the static position
is also shown in Figure 4-10. The delay in reaching
static position, so as to give additional aft-fuselage
clearance during landing, is evident from this curve.

Wing Response — Landing and Taxi

Envelope values of the maximum time history re-
sponses of load factors, wing shear, bending mo-
ment, and torsion have been calculated, and the
preliminary data indicates that the landing response
values are less critical than those for the taxi man-
euvers. The dynamic taxi response is treated in
the same manner as is the dynamic landing. The
response is based on taxiing over a (1 -cos ot)
profile of such an amplitude as to induce a 0.5g in-
cremental gear load and of proper frequency to in-
duce first mode wing bending. Full wing fuel with
zero cargo is the most critical configuration. The
dynamic taxi analysis is supplementary to the 2g
nominal load factor for taxiing. The wing is de-
signed for the 2g or the dynamic taxi, where these
conditions result in critical loads.

Normal ond High-Speed Turns and Braking
The landing gear is designed fo meet both CAR
and the corresponding AF specifications applying to
turning and braking. The minimum runway width
for a 180-degree turn is 73 ft., based on the full
80-degree nose wheel steering deflection, which pi-
vots the airplane about one main gear.

The geometry of the main landing gear is such that
the tip-over side load factor is higher than the side
load factor specified in CAR 4b and MIL-A-8862.
Conseqguently, the airplane will not tip over even in
side winds up to and above 50 knots. Adequate
clearance for both engine nacelles and wing tips
exists at the maximum turning rate for any taxi
speed. Section 3 of Volume 2 presents these analyses’
results.

The nose gear design strength is adequate to resist
4-engine, maximum static thrust at sea level on a
cold day, for high-speed, straight-ahead braking, and
for maximum side load during high-speed turns at
all weights up to 315,000 lbs.

Transient Response Verification (Taxi,
Landing and Flight)

The CAR’s do not require transient response veri-
fication for taxi and landing conditions. In the event
the Air Force requires such a program, tests simi-
lar to those conducted on the C-130A, equipped with
450-gal. pylon tanks, and those being completed on
the C-130B will be conducted. These tests basically
consist of recording the response of the landing gear
and wing structure to taxi tests over obstacles of pre-
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determined shape, and to landing impacts. The re-
sults will be compared with those obtained from the
theoretical analysis.

Londing Gear Drop and Shimmy Tests

The airplane and gear load factors and dynamic
response characteristics will be substantiated by the
drop test program, to show compliance with the
normal and reserve energy requirements of the
CAR-4b, Paragraphs 4b.330 thru 4b.332. In addi-
tion to the two preceding requirements, the air-
plane growth tests of the Military Specification MIL-
T-6053A, Paragraph 2.1.3.2 will be included in the
drop test program to evaluate increased landing
weight characteristics and potential of the main and
nose gears designs. Both level and taildown atti-
tudes will be included in the tests.

The nose gear will be tested to demonstrate that
the damping configuration will prevent nose wheel
shimmy. A three-point test spectrum covering the
operating range for the GL 207-45 nose landing
gear will be (1) damper absorption measurements,
(2) forced oscillation stability, and (3) free shim-
my response, impulse excited. These tests will de-
monstrate stable operation of the nose landing gear
under all taxi take-off and landing conditions for
which this airplane is designed.

Brake Energy Absorpfion Requirements

The brake energy absorption capacities are based
on the most severe requirements of the CAR-4b.-
335(c), Aeronautical Standard AS 227C, or MIL-
W-5013D, whichever is the most critical. The ef-
fects of altitude and temperature up to 6500 ft. and
a USAF 41-degree hot day are included for both
normal and rejected take-off stopping cases. The
preliminary requirements are established on the bas-~
is of Method I of AS227C or MIL-W-5013D. Re-
duction in energy capacity requirements as estab-
lished by Method II will be evaluated in the later
design stages of the airplane, when engine drag data
becomes available.

Brake energy absorption requirements are tabulated
below:

I Brake Energy, Ft.-Lbs. Per Wheel
Method of Analysis ? Normal Landing | Rejected Take-off
and Conditions | 100 Stops | Single Stops - 1.2Vs
Sea Level, std. day| 14,300,000 | 30,600,600

6500 ft. alt. USAF| 18,500,000 v‘ 40,250,000
hot day | |

Acoustical Noise Deata (5.1.5.3.5)

Noise levels in all occupied areas of the aircraft
will be within the limits imposed by MIL-A-8806,
including those of Table 4. The initial estimates of
noise levels in occupied areas of the aircraft are
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shown in Figure 4-11, and 4-12 for JT3D-4 engines
and JT3D-§ engines respectively. In both cases levels
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Figure 4-11—ESTIMATED AVERAGES—INTERIOR NOISE LEV.
ELS PRATY AND WHITNEY JT3D-4 ENGINE.
|1 | | CABIN | I
MiL~A-8806 |
TAKEOFF, ;
120 ‘ MIL-A~8806 | |
- e ——— NORMAL CRUISE
a8 TAKEOFF ™~ ‘ i/
v 110 ~
= e I\ /
2, 100 N /
: \!\\ \\l._“_ /1
= 90— CRUISE 2= - /
oy '\\Q \
e ) /
& g0 N -
a. ; o]
> |
= |
o FLIGHT DECK /11 4 lgans
L 1 H | b o
120 —— [ NORMAL CRUISE
o S| MIL-A-8806 /
Y TAKECFF / ”
100 R ~ |
TAKEOFF ™N_ ‘ /
~ SRR T
90— =
~ L | - "fi
“- " CRUISE e — 4
80 S
e
70 -
20 75 150 300 400 1200 2400 4800
75 150 300 600 1200 2400 4800 10KC

FREQUENCY BAND - CPS
Figure 4-12—ESTIMATED AVERAGES—INTERIOR NOISE LEVELS,
PRATT AND WHITREY JT3D-8 ENGINE.
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are below the applicable limits of MIL-A-8806 in
the cargo compartment as well as on the flight deck.
Levels in the standby crew compartment will be ap-
preciably lower than those of the cargo compariment.
Analyses of the acoustic exposures on a 10-hour
flight, by the nomograms of AF Regulation 160-3,
indicate equivalent exposures of 1,720 EET and 4.-
440 EET in the 300-600 cps band for -4 and -8
installations respectively. An exposure of 4,800 EET
is allowable before use of ear defenders become
mandatory. Thus, ear defenders will not be re-
quired and the requirements of Work Statement
Paragraph 3.5.3 are met.

The following analytical and test program is planned
to insure that the required maximums are not ex-
ceeded, and to provide additional information need-
ed in the sonic-fatigue and vibration programs:

Anglytical Program

A more refined calculation of the internal noise
levels in the crew and paseenger compartments, in-~
cluding the wvariation of levels throughout the air-
craft will be conducted. Starting point of the ana-
ysis will be the JT3D-4 noise levels currently in
publication by P&W. A series of transmission-loss
calculations for alternative sound-proofing configur-
ations will be made to screen out the most efficient
ones. Special consideration will be given both to
new materials and concepts, and to the effects on
soundproofing efficiency of detail-design factors
which in many cases compromise a soundproofing
instailation. A series of calculations of the per-
ceived noise level for various gross weights, take-off
profiles, and engine power settings will be made to
define the optimum operating routines as well as to
catalogue the noise characteristics of the airplane
{for civil applications}. Complete noise-level con-
tour plots for the airplane will be estimated as 2
basis for categorizing areas which are critical for
sonic fatigue and to provide the basis for test levels
used in structural-development testing. The acoustic-
power output of all aircraft systems having appre-
ciable acoustic output will be made. Results will
be appraised to indicate where internal system noise
may control the environment so that proper allevia-
tion schemes can be established early in the program.
The effects of aerodynamic noise on imternal levels
will be initially evaluated empirically.

Test Progrom

Upon receipt of the st test engine, a series of near-
field and far-field measurements will be made to
confirm the levels used in earlier calculations, and
to establish the noise environment for ground-han-
dling crews, ete. Spatial correlation measurements
will be made so that fatigue life and vibration calcu-
tations can be revised to include this very signifi-
cant parameter. Statistical description of the acous-
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tic loading to be expected on structural surfaces will
be determined.

A ground test will be conducted on the first air-
plane to confirm the environmental conditions used
in previous calculations of internal noise and struc-
tural vibration. A series of flight tests will be con-
ducted to substantiate noise levels in the crew and
cabin areas insofar as the requirements of MIL-A-
8806A are concerned. Actual community noise lev-
els on take-off will be determined from flight tests.
A series of transmission-loss measurements of typical
structural and soundproofing sections will be made.
The test configuration will permit use of the actual

radius of curvature of the structure and the simulated
edge stiffiness of an actual aircraft section.

Vibration Program (5.1.5.3.6)

The order of magnitude of fuselage vibration on the
GL 207-45 will be much reduced from that of the
C-130B or C-133 for example, both in amplitude
and in the area of the fuselage which is involved.
As is discussed in detail in Section 3 of Volume 2,
no major problems with vibration are anticipated.

Sonic Fatigue Program (5.1.5.3.7)

Figure 4-13 gives estimated sound-pressure contours
of the fuselage for the JT3D-4 engines. The con-
tours indicate a maximum level of 151 decibles on

/

NOTE: ADD 2.5 DECIBELS TO EACH
CONTOUR FOR JT3D-8 ENGINES

Figure 4-13—ACOUSTIC LOADING ON STRUCTURAL SURFACES, FUSELAGE, WING, TAKE-OFF CONDITION, JT3D-4 ENGINE, OVER~

ALL SPL.
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the fueslage itself and 142 dbs. on the wheel-well
fairing. These levels are well within the capabili-
ties of conventional aluminum skin and no serious
sonic fatigue problems should arise. Figure 4-13,
which shows estimated wing lower-surface con-
tours, indicates a maximum level with flaps retract-
ed of 157 dbs. This occurs in the area immediately
above the engine exhausts where the wing-box
build-up will necessitate heavy-gauge plate struc-
ture. This factor, in conjunction with the levels
themselves, tends to alleviate concern for this par-
ticular area.

The wing trailing edge levels run as high as 155
dbs., and these are in an area where lightweight
structure is desired. When the flaps are extended,
parts of the flap structure will be in the immediate
vicinity of the exhaust stream. Noise levels at such
points are indeterminable but certain to be higher
than those in the retracted position. These con-
siderations lead to the use of honeycomb structure
for the flaps and other sections of the wing trailing
edge as well.

The same general conclusions arise in considering
the JT3D-8 engines. The increased thrust produces
a calculated 2.5 dbs. increase in noise levels on the
structure. This is not enough to place the fuselage
in critical category. However, it is enough to pro-
duce levels of approximately 160 lbs. on the wing
trailing edge, still well within honeycomb structure
tolerance limits.

In addition to the tests discussed under Acoustical
Noise Data (5.1.5.3.5), the following analyses and
tests will be conducted to substantiate the air-
craft_against sonic’ fatigue problems and thus as-
sure that it will be able to maintain the utiliza-
tion required by Paragraph 2.4.6 and the 30,000~
hour service life requirement of Paragraph 3.1.2.1

of the Work Statement.

Analytical substantiation of the airplane structure,
subsystems and subsystem components against sonic
fatigue for its expected 30,000-hour life will be di-
rected along two lines. These are:

1 Consideration of the response and fatigue life
of individual structural panels and systems
elements in critical areas, using simplified the-
ory. Preliminary studies indicate that subsys-
tem sonic environment problems will be
considerably less significant than structural
problems.

2 Consideration of the response of large sections
of structure to include correlation effects, us-
ing more advanced, inclusive analysis tech-
niques.

Experimental development work will also proceed
along two lines:

1 Structural panel and any necessary subsys-
tem testing will be carried out under acceler-
ated life test with pseudo-random and
discrete-frequency sirens. Particular attention
will be given to the effect of panel edge con-
ditions insofar as life is concerned. This phase
of the structural and subsystem development
will also be supported with some testing of
panels and subsections in the sound field of a
JT3D-4 engine operating on a static test stand.

2_Accelerated life test of an entire flap sectionk

or an out_board wing section is proposed to

be car ed‘out m ‘the sonic fatlgue facﬂlty at

3 In order to verify that the actual vibratory
amplitudes have been correctly predicted, a
ground run of the first aircraft will be con-
ducted to permit measurement of stress or
vibration amplitude in all critical areas.

MATERIALS AND CONSTRUCTION (5.1.5.4)

The structural concept of the airplane adapts the
materials, processes, and constructions of the C-130
aircraft series to this advanced airframe. Where-
ever possible, identical or similar structure has
been utilized to take advantage of the extensive
production, test and service experience with the
C-130, and to minimize production cost. Materials
used and methods of construction have been se-
lected on the bases of structural integrity, cost,
weight, and ease of fabrication and maintenance.
No advanced materials or methods of construction
are utilized beyond those well established as the
current state-of-the-art. As required by the State-
ment of Work, Section 1.2.1, the airworthiness
standards of the CAR as well as military require-
ments form the basis for detail design of the struc-
ture.

Production Design

The airplane breakdown is shown in Figure 4-14.
This breakdown reflects the requirements of manu-
facturing, subcontracting, servicing, and spare
parts, with consideration for interchangeability and
minimum tooling requirements. Manufacturing
techniques, such as use of automatic numerical-
computer devices are planned, similar to those
presently employed in production of the C-130 and
JetStar airplanes to take advantage of existing
worker skills, facilities, and manufacturers’ capa-
bilities. Thus, the objectives of Section 4.3.2 of the
Statement of Work are considered to be met.

Structural Analysis

Conventional procedures are employed for struc-
tural substantiation using methods and allowable
stresses as outlined in Military Handbook MIL-
HDBK-5, the Lockheed Stress Memo Manual, Struc-
tures Handbook and related documents. Loads
used for analysis have been based upon the require-
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Figure 4-14—AIRPLANE BREAKDOWN.

ments of CAR 4b for Transport Category airplanes
or MIL-A-8860 series specifications, whichever is
more severe. Computer programs are extensively
utilized for structural analysis. A structural test
program will be conducted to meet FAA require-
ments for commercial certification as discussed in
Section 10. Ultimate static test and fatigue test
programs will be conducted if required by the Air
Force, reference Volume 4.

Fatigue Design Criteria

The airplane is designed to be inherently fatigue
resistant by eliminating or minimizing the causes
of fatigue failure. Operating stress levels are lim-
ited to values that will inhibit crack development
and propagation. In accordance with the Work
Statement, Section 3.1.2, fatigue resistance is pro-
vided for an operational life of 30,000 flight hours
and 12,000 take-offs and landings. The structure
will be investigated in accordance with standard
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Lockheed fatigue analysis procedures which have
proved satisfactory for aircraft like the Constella-
tion series, that have accumulated flight hours of
more than 50,000 with landings exceeding 25,000.
The method investigates flight gust, maneuver,
ground-to-air-to-ground cycle, dynamic taxi and
landing fatigue effects for typical missions such as
that shown in Figure 4-15. The fatigue resistance of
the design should assure 2400-hour reconditioning
cycles, per Section 4.4 of the Work Statement, high
daily usage rates, and other operational factors.
Fatigue tests of structural elements will be com-
pleted as the design progresses. Such element tests
might economically be supplemented by full-scale
fatigue tests as discussed in Volume 4. The fatigue
analyses and tests, together with the fail-safe an-
alysis will be helpful in establishing the inspection
and repair/replace specifications and schedules dis-
cussed in Section 5.2.4.2 of the Work Statement.
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NOTES:

I. INTERVALS FOR CALCULATION ARE INDICATED BY NUMBERS.
2. CLIMB AND DESCENT INTERVALS ARE TAKEN AT MIDPOINT OF ALTITUDE

INTERVALS ESTABLISHED BY MiL-A-8866. INTERVALS
3. WHERE CRUISE WEIGHT CHANGES APPRECIABLY ADDITIONAL INTERVALS
ARE TAKEN, 1. TAKEOFF
ASSAULT MISSION BASIC MISSION Gw = 268,000 #
1500 NAUTICAL MILES RANGE 1000 NAUTICAL MILES RADIUS 2~ 6. CLimB
6 25,000 # PAYLOAD & 80,000 7 PAYLOAD 7. CRuist
_ ._ V = 440 KNOTS
!.oc- INTERVALS [ 8 - 12. DESCENT
8 8 13. LANDING
= 1. TAKEOFF = GW = 234,700 #
o Gw = 191, 400¢ 5 4. TAKEOFF
8 2-7. CLIMB a GW = 154,700 #
=4 8-10. CRUISE 2 15 - 20, CLIMB
5 V = 440 KNOTS 5 2L CRUISE
< 11-16. DESCENT < ! V = 440 KNOTS
3 7. LANDING 0 2 4 & 8 22 - 27. DESCENT
TIME - HOURS GW = 157,980 ¥ TIME - HOURS 28. LANDING
GW = 133,635 #
LONG RANGE LOGISTIC MISSION
DESIGN CARGC MISSION 5500 NAUTICAL MILES RANGE
3897 NAUTICAL MILES RANGE 20,000 # PAYLOAD
70,000 # PAYLOAD !
[ =
£ INTERVALS v INTERVALS
g g
= R TAKEOFF - i TAKEOFF
2 Gw = 315,000 ¥ w GW = 283, 100 #
g 2-6. CLIMB ) 2-6. CLIMB
[ 7-9. CRUISE = 7 - 11. CRUISE
5 V = 440 KNOTS 5 V = 440 KNOTS
< 10 - 15. DESCENT < 12 - 17. DESCENT
16. LANDING o 2 4 & &8 1w 0 18, LANDING
TIME - HOURS GW =228, 070 # TIME - HOURS GW = 157,805 #
Figure 4-15--TYPICAL COMPOSITE MISSION PROFILE LIFE.

Fail-Safe Criteria

Lockheed, for FAA certification purposes, will
show the airplane to be fail-safe for loads exceed-
ing the requirements of CAR, Part 4b. Multiple
load path structures have been utilized extensively
for flight loads. In the event of failure of any single
structural element, structural collapse, loss of
control, or flutter of the airplane will not occur.
No appreciable weight penalty is associated with
this election. A minimum fail-safe test program will
be required for civil certification.

Structural Description

The following paragraphs describe the structural
design the air-frame and show how fatigue and
fail-safe properties have been incorporated in the
design. As required by MIL-D-25671 Section
3.2.8, construction drawing are included for the
wing, fuselage, and empennage, Figures 4-16, 4-17,
and 4-18 respectively.

Wing

The wing, shown in Figure 4-16, is a conventional
two-beam structure swept 25 degrees at the quar-
ter chord line. It is constructed in five sections
with manufacturing joints at B.L. 84 and B. L. 415.
The materials used in the wing are discussed in
Volume 2 Section 3. The wing has a span of 160
ft. and 8 in. with a wing area of 3228. square
ft. and a wing aspect ratio of 7.90. The wing con-
tains a platform and thickness change point at B.L.
415 resulting in an average wing thickness of
11.38%. Contained within the primary wing struc-
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tures is a total of nine tank systems. The tank
system contained within the wing center section is
a bladder bag tank installation. The remaining eight
tanks are integral to the wing, four of which are
main engine supply tanks, and four of which are
auxiliary tanks.

Wing loads are carried by the structural box
formed by the integrally stiffened cover panels and
the two beams. Cover panels are planked and as-
sembled by automatic riveting techniques. Ribs
are of conventional design, and beam webs are
multi-element for fail-safety. Chordwise joints in
the wing skins are effected by multiple attachments
in double shear designed to be critical in bearing.
Beam cap joints are affected by conventional forged
bathtub fittings with bolts in tension. At the B.L.
84 joint, kick loads due to the wing sweep are
redistributed into the inner wing structure by the
joint rib.

The Lockheed, Fowler-type flaps and ailerons are of
fail-safe design and are similar to those of the C-130
and are supported and controlled in a similar
manner. Wing leading edges are non-structural.

Wing-Fuselage Joint

Vertical loads from the wing are transferred into
the built-up fuselage rings at F.S. 744.28 and F.S.
930.23. Redistribution of the wing loads at the
joint is affected by the B.L. 62.5 rib, which also
carries the vertical component of the fuselage skin
hoop tension load. Fore and aft wing loads are
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transferred into the fuselage by drag angles at-
tached to the lower surface of the wing.

Engine Pods and Pylons

The four-podded engines are mounted from the
wing by pylons at B.L. 285 and B.L. 460. See Sec-
tion 5 for pod details. The structural arrangement is
based upon installations already in existence for
engines in current jet airplanes. Engine loads are
transferred into the wing from the pylon structural
box at the wing front beam with stabilizing mem-
bers to carry engine pitching moments.

Fuselage

The fuselage structure shown in Figure 4-17 is based
upon the C-130 design. Materials used in the fuse-
lage are shown on the drawing and their bases for
selection are discussed in Section 3 of Volume 2.
Methods of construction are similar to those of the
C-130. Basic bending structure consists of six long-
erons and the integral load-carrying floor while
shear loads are carried by the skins, which also
carry all pressurization loads. The fuselage section
underneath the wing remains basically circular.
Wing and landing gear loads are transferred into
the fuselage structure by built-up rings, and ex-
ternal structure within the wheel well fairing. The
fuselage lower skin and support structure is de-
signed to carry emergency ditching loads.

Aft Fuselage

Reference to Figure 4-18 will show that behind F.S.
1292 the fuselage structure is interrupted by the
cargo doors. When the doors are opened in flight
for air dropping, loads are carried by the closed
cell subsidiary structure above W.L. 255. When
the doors are closed, the upper petal doors form
an integral part of the aft fuselage bending struc-
ture. All doors assist in carrying torsional loads
when closed and locked. The structure behind F.S.
1388 is not pressurized. Pressure loads are carried
by the vertical pressure door at F.S. 1388, which
forms part of the cargo ramp when lowered. This
feature relieves the aft body of pressurization
loads with corresponding reduction in weight and
sealing problems.

Empennoge

Empennage structure is shown in Figure 4-18. De-
tails of the structure and its mounting are shown.
Apart from the horizontal to vertical stabilizer
joint, the structure is conventional monocoque.
Adequate structural stiffness has been provided, as
in the aft fuselage, to prevent flutter of the T-
tail configuration. Stabilizer hinge fitting, actuator
and follow-up screw are designed to provide ade-
quate stiffness and to provide a fail-safe structure.
Attention is invited in particular to the multiple
beam structure transferring fin loads into the fuse-
lage structure. Materials used in the empennage
are discussed in Section 3 of Volume 2.
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ALIGHTING GEAR (5.1.5.5)

The conventional tricycle landing gear consists of
a nose gear with dual wheels and two main gears
with four-wheel bogies yielding the following
characteristics: the minimum turning radius is 73
ft.; the ground-to-tire UCI shown in Figure 4-19 is
only 38 for the main gear and 34 for the nose gear
at the landing weight of 193,640 lbs. for the 1000-
nautical-mile mission with military fuel reserves
and 60,000 lbs. of cargo; the turnover angle is 52
degrees maximum; the landing load vactor is 1.5 g;
the taxi factor is 2.0 g; the total weight for all
gears is 3.0% of design take-off weight and 3.65%
design landing weight. The struts are to be serviced
with fire resistant hydraulic fluid.

MAIN GEAR - 32%

TIRE DEFLECTION

NOSE GEAR - 32 TO 35%
TIRE DEFLECTION] T

200

TAKEOFF WEIGHT
5 150 | DESIGN MISSION ——
pu

l I
LANDING WEIGHT

DESIGN MISSION P
100
/ §
DESIGN
50 // /f TAKEOFF |
T WEIGHT
. |

100 150 200 250 300 350
GROSS WEIGHT ~ 1000 LB
Figure 4-19—UCI VS. GROSS WEIGHT.

Description

Nose Gear

The nose gear is shown in Figure 4-20. The over-
all air-oil shock absorber stroke is 12.00 in. with
3.0 Oin. from static to fully compressed. Nose
wheels and tires are standard aircraft size 32x11.
50-15 Type VIIL. Wheels are free rotating and have
a 3-in. trail. The gear is retracted by a hydraulic
actuator which extends to retract the pear forward
and upward. Initial motion of the retract actuator
unlocks the uplock or downlock as required, and
door operation is accomplished mechanically with
the gear motion. For ground locking, an insertion
pin interlocks the movable elements of the drag
brace.

The steering is hydraulically actuated by a single
linear, double acting cylinder driving a conven-
tional rack and gear. A steering wheel at the left
of the pilot controls the nose gear position. The
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metering-type, hydraulic steering valve is man-
ually operated with cables from the control wheel.
Position feed-back is accomplished by a simple
linkage interconnection.

w /o & ) . FULLY
— y 1% \COMPRESSED
PN

S ——
STATIC

- . o
FULLY
oyn R EXTENDED

Figure 4-20—NOSE LANDING GEAR INSTALLATION.

Main Gear

The main gear installation is shown in Figure 4-21.
The air-oil strut has an overall shock absorber
stroke of 31.1 in. From static to fully compressed
the stroke is 3.0 in. and from static to fully ex-
tended 28.1 in. The main gear wheels and tires are
standard aircraft size 44x16 Type VII with a 28
ply rating.

FULLY
COMPRESSED

Figure 4-21—MAIN LANDING GEAR INSTALLATION.

The four wheel bogey has dual wheels fore and
aft of the shock strut with a beam connecting the
respective axles to a trail attachment point on he
strut piston. The beam is allowed to truck for
runway obstacles and positions the wheels so that
all four tend to touch simultaneously during land-
ing. The tail attachment on the piston allows the
bogey to be rotated approximately 90 degrees to
allow for stowage at retraction. A bungee actua-
tor damps wheel oscillation and positions the wheels
for landing and during retraction.

volume 1
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The gear is attached to the structure in a side
fuselage fairing. A hydraulic actuator extends to
retract the gear forward and upward into the fair-
ing. A pin is installed in the drag brace for the
groundlock. Four hinged doors, two inboard and
two outboard, enclose the wheel well and a series
of links, rods, and levers are incorporated to me-
chanically sequence these doors with the gears.

The brakes are a standard production model in-
corporating multiple disc and spot design and uti-
lizing sintered metal brake linings for maximum
smoothness and to prevent brake fade-out. Brake
equalizer links and snubbers prevent undersirable
oscillation and torque in the bogey beam; hy-
draulic lockout valves prevent progressive failure
of all eight brakes, but allow, if one brake should
fail, 50% braking on the side affected and 100%
on the opposite.

The modulating anti-skid shown in Figure 4-22 is
incorporated in the normal brake system. The
metering-type, anti-skid valves are used for each
gear, one for the forward, and one for the aft
wheels with cross-tie between the forward wheel
valves and between the aft wheel valves. The skid
signal is supplied by an electric wheel velocity
transducer. The restulting change modulates the
ratio of brake pressure to pilot force via the anti-
skid valve, thereby preventing wheel skids.

FORWARD
CONTROL BOX 10 FORWARD
I $§ R.H. ANTI=SKID
7 >?lie
BRAKE LT ¢ "Valve
PRESSURE RETURN SYM
l |
FORWARD L.H.
ANTI-SKID VALVE
MAIN GEAR FOUR WHEEL
BOGEY L.H. SHOWN
|
AFT R.H.
ANTI-SKID VALVE
{
BRAKE RETURN
PRESSURE
. n . TO AFT R. H.
| ? ANTI-SKID VALVE

AFT CONTROL BOX
Figure 4-22—ANTI-SKID SCHEMATIC.
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Emergency Operation

Emergency extension of the gears is by gravity free
fall after cable release of the uplocks. The brakes
are fully powered by a second hydraulic system
for emergency operations. Separate power brake
valves are installed for differential brake operation.
Separate lines carry the pressure to shuttle valves
adjacent to the wheel brakes. In addition, if the
normal hydraulic power source fails, five full brake
applications are available from an accumulator
in the normal brake system.

Qualification Tests

The alighting gears are designed to be qualified ac-
cording to the more stringent of the military on
FAA requirements. A summary of the tests and ap-
plicable requirements is given in Section 3 of Vol-
ume 2.

volume 1

Reliability and Maintainability

Reliability of the alighting gear is achieved by
simplicity of design and use of proved design tech-
niques. This philosophy is highlighted by the ability
of the gear to free fall and by the use of completely
mechanical actuation of the doors.

The shock absorbers can be readily filled with oil
or pressurized using standard ground carts. Shock
absorbers, wheels, brakes, tires, and antiskid and
steering components are easily accessible for inspec-
tion or service. All struts or major components are
readily removable for maintenance or replacement as
assemblies.

Growth Potential

The alighting gear has a growth potential of 10 to
15% which may be realized by no more than a
change of tires and wheels.
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PROPULSION SYSTEM (5.1.5.6)

Description

The propulsion system of the airplane utilizes four
P&W JT3D-4 turbofan engines mounted in in-
dividual pylon supported nacelles ahead of and
beneath the wing. The general arrangement of the
nacelle and engine installation shown in Figure 5-1.
Propulsion sub-systems include conventional fuel,
accessory, oil, pneumatic, anti-icing, electrical, and
control systems.

Each QEC unit is interchangeable at all four engine
positions. Each JT3D-4 turbofan engine is fitted with
long ducts to discharge the fan exhaust at the aft
end of the nacelle. These long ducts provide signi-
ficant improvement in airplane performance, a sim-
plified thrust reverser configuration, and a noise re-
duction. Each engine is fitted with a flight operable
target-type thrust reverser. The pylon structure
which supports the nacelle is primarily a closed box
structure consisting of spars and closing bulkheads.
The pylon provides support for the nacelle access
cowl and duct assemblies which, when open, ex-
pose the entire length of the engine for maintenance.

The engine control system arrangement in the air-
plane is shown in Figure 5-2. The system is designed
in compliance with the applicable sections of
HIAD Volume 1, part C. The aircraft engine con-
trol system illustrated consists of a quadrant mounted
lever for each engine on the center stand between
pilot and co-pilot, pulleys and brackets, flexible
cable push rods, and levers. Movement of the power
levers on the control quadrant transiates motion
through rods and cranks below the quadrant to
cables and then to the engine power lever to rotate
it through an arc of movement.

The engine control system is designed to accommo-
date a two-lever-arrangement. With this arrange-
ment the engine power and the thrust reverser are
controlled with separate levers.

The engine mounted airframe accessories are listed
in the airplane model specification, Volume 5.

Provisions for Sound Suppressor

The long duct engine offers a 2db noise reduction
compared to a short fan engine, as noted in Para-
graph 5.1.5.3.5, the GL 207-45 creates a noise level
no greater than existing commercial jet aircraft.
There is no anticipated requirement for sound sup-
pressing of the exhaust section. To reduce fan inlet
noise, an inlet kit consisting of a perforated liner may
be installed, if required as part of the inlet cowling.

Propulsion System Fire Test
The useful data and information obtained in full-
scale, nacelle fire evaluation tests is recognized.

Lockheed has participated in such a program with
the Air Force and the FAA recently on the C-130
nacelle fire test program. The design of the GL-207-
45 incorporates all of the known features of fire pro-
tection. A full scale nacelle fire evaluation test would
be desirable when a suitable facility is made available.

Propuls:on Testing and Facilities
An engine test stand will be utilized in the develop—
ment of the propulsion system. This stand consists

of a complete nacelle, pylon, and a wing section |

which is adequate to permit thrust reverser opera-
ion. The control house and instrumentation utilized
in the C-140(JetStar) engine test program is avail-
able for this program. This test stand is necessary in
the following programs: (1) engine-nacelle com-
patibility. (2) thrust reverser evaluation, (3) nacelle
and oil cooling and (4) simulated flight endurance.
Additional laboratory testing of subsystems will be
conducted to insure compatibility of the anti-icing
system, fuel system, complete pneumatic system, and
fire detecting and extinguishing systems.

ENGINES (5.1.5.6.1)

Engine Selection

Performance

In the engine selection process, a preliminary evalu-
ation of airplane performance with respect to mis-
sion requirements was made for the various con-
tending engines. Consideration was given only to
engines which (1) are domestic turbofans, (2)
will be available before January 1964, and (3)
produce at least 16,000 lbs. of thrust at sea level
static. Those meeting these criteria have been cat-
egorized as (1) advanced engines, or those re-
quiring major development, (2) engines requiring
moderate development, and (3) engines available
without development. For the cruise condition, en-
gine performance and airplane drag were computed
at 460 knots for a range of engine thrust settings,
altitudes, and airplane weights. From these data a
curve of the minimum fuel flow rate versus the air-
plane weight was determined. An integration of this
curve between initial and final cruise weights pro-
vided cruise endurance and range at the constant
airspeed. A payload-range curve was constructed
holding initial cruise weight constant, basing final
cruise weight on installed engine weight, and con-
sidering various combinations of payload and fuel
Figure 5-3 shows the relative airplane payload
capability of each engine installation for a 4000-
nautical-mile range.

The relative take-off capability of each engine is
shown in Figure 5-4 for take-off weights consistent
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Figure 5-2—CONTROLS, THROTTLE AND THRUST REVERSER SYSTEM.

with the assumed initial cruise weight. Take-off
distance is assumed to be inversely proportional
to the difference between total engine net thrust
and airplane drag at the root-mean-square velocity
of the take-off run.

Figures 5-3 and 5-4 indicate the types of fan ex-
hausts and thrust reversers considered. If an option
was offered, the configuration selected is the one
yielding the highest performance. In the case of the
P&W JT3D-4 both options are shown. Com-
parison shows that the long fan exhaust duct in con-
junction with a target-type thrust reverser provides

MECHANICAL THRUST
AND THROTTLE COUPLER

iHRUST REVERSER

SERVO ENGINE

FUEL CONTROL

10% more payload capability than the short-duct,
cascade-reverser. The difference in take-off distance
is small.

The advanced GE MF239C-3 engine provides the
best payload and take-off capability and is the com-
parison standard. Its quoted performance is sig-
nificantly better than the other two advanced en-
gines. Of the two engines requiring moderate de-
velopment, the P & W JT3D-8A is superior. Of those
engines available without development, the long-
duct version of the P&W JT3D-4 is superior. The
long-duct JT3D-4 provides the airplane with suf-
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CATEGORY MFG. DESIGNATION REVERSER
GE MF239C-3 ANNULAR, TARGET
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REQUIRED
A AR-978-6 MIXED FLOW, CASCADE
LONG BIFURCATED DUCT E
ucT,
MODERATE Pa&w J13D-8A TARGET ;
DEVELOPMENT
REQUIRED
A AR142-11 MIXED FLOW, CASCADE
) LONG BIFURCATED DUCT,
Paw JT3D-4 TARGET
SHORT BIFURCATED DUCT,
AVAILABLE Paw JT3b-4 CASCADE :
WITHOUT
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GE C J805-23A ANNULAR, TARGET
SHORT BIFURCATED DUCT, o
P& W JT3D-2 CASCADEr ' =

Figure 5-3—POWER PLANT
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Figure 5-4—POWER PLANT EVALUATION, RELATIVE TAKE-OFF DISTANCE.

ficient capability to meet or better all requirements
of System 476L. The JT3D-8A and the MF239C-3
provide performance in excess of requirements.
Similarity to Existing Engines

Of the engines potentially suited for use in the air-
plane, only the P&W JT3D-4 is directly related to

an existing engine. This éngine v}swdeveloged from

the TF33-P-3 (JT3D-2) by stren
changing some of the materials in the hot &
The TF33 -P-3turbofan, present}y being i
the B-32H flight test vehicle, is a direct adaptation of
the J57 turbojet engine installed in the B-52, KC-
135, F4D, A3D, F8U, F100, F101, F102, and
Snark. The JT3D-3 which is the identical commer-
cial version of the selected JT3D-4 is scheduled for
production deliveries in June of 1961. The GE
MF239C-3 engine is a new engine which combines
the best aerodynamic and mechanical features of
the 179, J93, and X211 engines. The Allison AR
978-6 is a new engine which is a scaled-up version
of the RR163 engine. The AR978-6 utilizes the
same engine thermodynamic cycle, pressure ratio,
and bypass ratio as the RR163.

Engine Reliability Substantiation

The operating experience accumulated on the basic
J57/JT3 gas generator is directly applicable to the
JT3D-4 engine. As of January 1961, a total of 11
million engine operating hours have been accumulat-
ed on the J57/JT3 turbojet engines. Of this total 3%4
million hours have been accumulated on the JT3C
engine by military and commercial operators. During
this time, high engine reliability was evidenced by
the average operating time of 21,780 hours between
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inflight shut-downs. The GE J79 engine design and
operational experience provide a background for
the MF239C-3 engine. As of December 1960, mili-
tary and commercial versions of the J79 turbojet
engine had accrued 280,000 hours. The CJ805-23
commercial turbofan will soon begin flight test in
the Convair 990.

Status of Engine Development

The time required from go-ahead to delivery of pro-
duction engines is a measure of the engineering ef-
fort and development time required to perfect the
design of a new engine. The degree of confidence
in the engine delivery schedules quoted for new
engines is reduced as the development time estimated
to perfect the design is shortened. Availability of
production engines, in terms of months from go
ahead, is as follows: 12 mos., P&W JT3D-4; 24 mos.,
P&W JT3D-8A; 30 mos. P&W JT3D-12A; 30
mos., GE MF239C-3; 41 mos., Allison AR 978-6;
and 45 mos., P&W JT3D-8B.

Development of the P&W JT3D-4 is virtually com-
plete since the commercial version of this engine is
developed and production deliveries of FAA certi-
fied engines are scheduled to commence in June of
1961. The differences between the JT3D-8A and the
JT3D-4 are (1) the airflow is increased, (2) a com-
pressor stage is added, (3) the portion of the engine
forward of the front-engine mount is lengthened
six inches, and (4) internal hardware state-of-the-
art improvements are incorporated. The JT3D-8A
installation is interchangeable with the JT3D-4
since appropriate allowances are made for the
larger fan exhaust ducts. The Ist run of 7,000 hours
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Figure 5-5—MILESTONE CHARY, ENGINE DEVELOPMENTS.

full-scale development tests on the JT3D-8A was
initiated in Januvary 1961.

The JT3D-12A involves more internal changes to
the basic JT3D-4 engine than does the JT3D-8A.
These changes are (1) a fan stage is added, and (2)
the turbine section is increased in both diameter and
length. This engine, therefore, requires somewhat
greater development effort than does the JT3D-8A.
As previously noted, the MF239C-3 and AR978-6
are essentially new engines.

Engine Growth Potential

The growth potential of the contending engines is
shown on the Milestones chart. Figure 5-5. The
P&W family of JT3 engines offer two avenues of
growth. The JT3D-4 can grow into the -8A, then
into the -8B and achieve a take-off thrust increase
from 18,000 to 21,000 and 23,000 lbs with a
weight increase from 4179 to 4490 and 4600 lbs.
The JT3D-12A can grow to the JT3D-14A and
achieve a take-off thrust increase from 22,000 to
24,000 Ibs at a weight increase from 4825 to 4975
Ibs. The GE MF239C-3 and the Allison AR978-6
are both new engines and growth allowances are
incorporated in their designs.

Resulis of Engine Selection Analysis

The major factor considered in the engine selec-
tion analysis include performance, similarity to
existing engines, engine reliability substantiation,
status of engine development and engine growth
potential. Based on this analysis, the JT3D-4 en-
gine has been selected to power the airplane for
several reasons. Complete aerodynamic performance
analysis shows the performance of the JT3D-4 to
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be adequate to insure that the proposed airplane
betters every detailed requirement of system
476L. The JT3D-4 is nearly identical to the TF33
engine in the B-52H and is similar to the J57 en-
gine, both of which are in Air Force inventory
where material and maintenance support is pres-
ently available. The reliability of the J-57 engines,
from which the JT3D-4 is a direct adaption, has been
established in both military and commercial applica-
tions based on 11,000,000 engine hours of opera-
tion. The JT3D-4 engine together with the JT3D-8A
and the JT3D-8B offers a program of early avail-
ability and reasonable growth based on accumulative
experience. Growth engines can be accommodated
in the original JT3D-4 nacelles by replacing only
the fan discharge duct nozzles and the cowl inlet
assembly and adding an adapter to the bifurcated fan
exhaust ducts.

ENGINE CONTROLS (5.1.5.6.2)

System Description

The engine and thrust reverser control system ar-
rangement is shown in Figure 5-2. This system is de-
signed in accordance with the applicable sections of
HIAD and will meet the requirements of the C. A. R.
and military specifications. Control movements are
initiated through manipulation of a double set of
levers, in one quadrant assembly, installed in the
crew station center console. The thrust reverser con-
trol levers are mounted to the rear of the power
levers and are guarded to the retracted position.
Each of these levers are connected by cables and
push rods to the corresponding engine fuel control
and thrust reverser actuating mechanisms. Features
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to reduce back lash, hysteresis and frictional losses
are incorporated. The cables travel at least 6 in.
Cable wrap on pulleys is minimized and tension
regulators are used fo maintain a nominal rigging
load of 30 Ibs. in all cables. Regulators are designed
to lock immediately upon a cable failure so that
the engine setting is not adversely changed.

The two systems are mechanically interlocked with-
in the crew station center console such that advanc-
ing the power levers to the full forward position
will automatically retract the thrust reversers and
movement of the thrust reverser levers to the full
extend position will advance the power levers to
give 100% thrust from all four engines. This inter-
lock feature is indicated on Figure 5-6. Initial for-
ward movement of a power lever from the stop
position opens the fuel control shut-off valve for
that engine. At the flight idle position, the power
levers drop a short distance onto a second track
initiating the start of the inflight operating regime.
From this position the power levers can be advanced
to the take-off power position. To stop the engines,
the power lever must be lifted onto the upper track
and moved to the full aft position.

THROTTLE N
LEVER 100% )

NORMAL POWER/, STOWED
TAKE OFF / POSITION
N
MAXIMUM
REVERSE
-

THRUST
CONTROL
LEVER

MAIN
THROTTLE
CABLE
WHEEL

‘ , (TYPICAL)
IDLE ~—r

|
E
1

| MAXIMUM L _
i NORMAL POWER/ ;

Figure 5-6—DUAL LEVER THRUST CONTROL.

Two hydraulic actuators are used to move the
thrust reverser doors on each nacelle. They are con-
trolled by one cable and linkage operated valve.
The hydraulic power source and installation of the
actuators and doors are discussed as part of the en-
gine installation.

“become available.

System Protection Features

The four thrust reversers are completely indepen-
dent and are mechanically actuated. Since loss of
any one reverser does not jeopardize the safe land-
ing of the airplane, no emergency power source is
provided. An electrical malfunction indicating sys-
tem will warn the pilot in the event that any of
the thrust reversers fail to operate in the normal
manner. This warning system consists of a set of
position indicators located on the main engine in-
strument panel, and a set of lights which indicate
when the reversers are not stowed and locked.
Should one of these lights come on during a landing
when reverse thrust is used, the pilot need only to
retard the corresponding power lever to the idle
position. If hydraulic power to the actuators of any
reverser is lost, the engine thrust and aerodynamic
drag will drive the doors to a stowed or low-drag
position.

Developmental Testing

A complete engine and thrust reverser control sys-
tem will be installed on an engine test stand where
the complete operation of the system can be checked
under normal operating environmental conditions.
The testing will include slam tests and operation
with the engine off, operating at idle power, and
at take-off power. These tests will be initiated as
soon as a _production engine and nacelle assembly

Growth Potential

The system is designed such that modulation rather
than two-position actuation, of the reversers can be
provided with changes only to the control values and
their actuating linkages.

ENGINE STARTING SYSTEM (5.1.5.6.3)
Description

The pneumatic engine starting system provided
operates on bleed air from the APU or from another
engine. Air is supplied through the existing engine
bleed ducting. The system consists of light-weight
air turbine engine starters, control valves, flight sta-
tion controls, and short duct sections. The design is
conventional and service proved.

The starter, similar to the Hamilton Standard
PS400-12 used on the B-52 airplane, is externally
modified to incorporate a containment shroud and
an oil dip stick in compliance with CAR 4b.

The starting cycle is controlled from the engine-
start control panel located on the flight station over-
head panel and convenient to the pilot. During the
automatic starting cycle, control relays are actuated
to provide the engine with the correct fuel and ig-
nition supply for a normal engine start.

HIAD requirements establish environmental design
criteria for the starting system. The system is de-
signed to start the JT3D-4 engine utilizing only the
airplane auxiliary power unit (APU) throughout
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the ambient temperature range of —-65°F to --125°F
Furthermore, an engine start can be made at an
airport elevation of 6000 feet on a +100°F day.

The same design criteria produced the successful
start performance, under extreme environmental con-
ditions, of the C-130 air turbine starter and gas
turbine compressor as shown in Figure 5-7, the
starting system is designed to deliver a starting
torque for the JT3D-4 engine within the torque
range band recommended by the engine manufac-

turer.
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Figure 5-7~STARTING SYSTEM PERFORMANCE.

Failure Analysis

If the centrifugal cut-off switch in the starter fails
to de-energize the holding relay for the pressure
control valve at the proper engine cut-off rpm, pul-
ling out the starter control button will shut off the
air supply to the starter. In the event of an elec-

volume 1

trical failure, the control valve automatically closes.
If a control valve fails and above limit air pressure
exists at the starter inlet the starter is protected by
an integral pressure limiting valve in the starter.
Containment of the starter high-speed rotating com-
ponents prevents injury to personnel and damage
to the aircraft if any part of the rotating machinery
fails.

Design and Development Testing

Compatibility tests to demonstrate suitability of the
engine starter and associated components are to
be conducted on the engine test stand prior to the
aircraft flight test program.

Maintenance

Maintenance requirements are minimized by provid-
ing a quick-attach-detach {QAD) V-band clamp
to allow rapid and convenient installation or re-
moval of the starter from the engine pad. Other than
periodic check of oil level, no servicing is required
during the overhaul life.

FUEL SYSTEM (5.1.5.6.4)

Desceription

Figure 5-8 shows the basic fuel tank arrangement
to have eight tanks consisting of one main and one
auxiliary tank for each engine. A center wing
bladder tank completes the total fuel requirements
for long range or increased speed missions. The
total usable fuel capacity including the extended
range tank is 23,080 U. S. gallons and 19,630
gallons not including this tank.

The four main and four auxiliary tanks, as shown
on Figure 5-9 are of conventional integrally sealed
construction as used on many previous Lockheed
aircraft including the C-130 series. The center
wing extended range tank consists of interconnected
bladder cells contained within an integrally sealed
liquid tight compartment. Each tank has an inde-
pendent wrap-around type vent system terminating
at a vent sump box. The vent sump boxes are
exhausted to atmosphere at the lowest surface
of the wing through non-icing, flame proof outlets.
A common sump box is used for several tanks in
some instances. Fuel which may be sloshed into
the sump boxes is returned to the tank by means
of an ejector, which uses main tank boost pump
bleed flow as a motive source. Each main tank con-
tains a reservoir which is kept full under all flight
conditions through use of a similar ejector system.

There are two ejectors in each main tank, one lo-
cated at the aft outboard corner to pick up fuel
during climb and the other located at approxi-
mately the center of the tank to keep the box filled
during level flight. Check-valves along the bottom
of the box allow inflow of fuel with a nose down
attitude. A dual source of pressure is available
for the ejector system and since the ejector nozzle

page 5-7




AIRPLANE
&

1 F®f ' ]
! [ l
= 830%™y |
L] | |
NO. 1 NO. 1 NO. 2 NO, 2 EXTENDED RANGE TANK  NC. 3 NC. 3 NO. 4 NO, 4
AUX TANK  MAINTANK  MAIN TANK  AUX TANK 3450 GAL AUX TANK  MAIN TANK  MAIN TANK AUX TANK @
2875 GAL 2090 GAL 2135 GAL 2715 GAL
CODE
AUXILIARY AND EXTENDED = SINGLE POINT
@] r;ﬁxpce TANK BOOSTER LEVEL CONTROL VALVE ﬂ FLAME ARRESTOR FUEL FILTER N7 REFUELING ADAPTER
MAIN TANK - FUEL TRANSFER MOTOR OPERATED
e FUEL HEATER €5 CHECK VALVE = e OR OP
BOOSTER PUMP EJECTCR SHUT-OFF VALVE
Figure 5-8-—FUEL SYSTEM DIAGRAM.
SINGLE POINT
REFUELING ADAPTERS
(R.H. SIDE)

) \/ CROSSFEED

SEPARATION VALVE

TO GTC
FUEL LEVEL

\ONTROL VALVE

ENGINE CROSS
FEED VALVE

T~

EXTENDED
RANGE TANK

L.H. MANIFOLD

SEPARATION VALVE
EDUCTOR

FUEL MANIFOLD

o o "‘h “
-~y 2 )
g S
AUXILIARY o S5 ' NS~ ~UETTISON VALVE
X ip P \ Y, \/‘\\ OVERWING FILLER
TANK PUM & %S s (TYP 5 PLACES)
RESERVO\R JETTISON LINE
INBOARD BOX A
AUX FIREWALL SHUT- NS
TANK 7 OFF VALVE CHECK
VALVE
BOOST
PUMPS INBOARD OUTBOARD /
MAIN AUX
TANK OUTBOARD TANK /
MAIN TANK FLAME ARRESTOR

Figure 5-9—FUEL SYSTEM ISOMETRIC.

openings are larger than the boost pump inlet screen
opening, the chance of nozzle plugging is remote.
All tanks contain two identical plug-in-type pumps,
powered and controlled from separate electrical bus-
ses to give maximum reliability and serviceability.
The main tank pumps are designed with dual im-
pellers and inlets that, as long as the covered reser-
voir is full, the upper inlet will provide positive
pressure for limited periods (approx. 20 seconds)
of negative or zero gravity flight. The outboard
location and length of the No. 1 and No. 4 auxiliary
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(BLOW OUT TYPE)

tanks may require the incorporation of a surge
baffle fitted with gravity controlled valves to pre-
vent excessive tip pressures during roll or slip
maneuvers.

The refueling provisions for each tank consist of a
connection to the fuel manifold, an electric motor
operated plug-in-type valve, and a hydraulic float-
type level control valve. The motor operated
valve is controlled by the fuel gaging system so
any desired quantity of fuel may be loaded by
presetting the fuel gage on the ground refueling
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off device when less than full tank is required, but
normally acts as the primary shut-off when filling
the tank. Prechecking for both systems is provided.
Two flush-type refueling adapters located in the RH
aft landing gear fairing are connected to the fuel
manifold with a 4 in. line. A shut-off valve and air
bleed valve permit suction or gravity draining of
this line after refueling. A fuel manifold, consisting
of a 3 inch line, extending from left wing tip to right
wing tip, is used for crossfeed, jettison, refuel, and
defuel operations. The three separation valves, cen-
ter RH and LH are normally closed and serve to
maintain spanwise balance as well as an indepen-
dent fuel supply to each engine.

A dump outlet and valve at each end of the fuel
manifold is provided for jettisoning. The auxiliary
tank pumps have been sized so a jettison rate in
excess of 1% % of the airplane gross fuel per
minute is possible. Normally during jettison the
crossfeed valves are closed to maintain independent,
engine feed; however, fuel may be jettisoned from
the main tanks if desired by opening these valves.
Defueling of tanks is accomplished by use of the
tank booster pumps through a connection to the
single point adapters. Two-inch diameter engine
feed lines are routed from the pumps in each main
tank through the front beam and pylon to the en-
gines. An emergency shut-off valve at the tank exit
and a low-pressure warning switch at the engine
inlet are provided in each of these lines.

Fuel filtration and anti-icing provisions are furnished
by the engine manufacturer so that no airframe
strainers other than booster pump inlet screens are
provided. The engine mounted filter, which protects
both the engine driven gear pump and the fuel con-
trol, has a pressure drop switch to warn of impend-
ing filter clogging due to icing or contamination.
The engine mounted bleed air fuel heater is nor-
mally operated on a time cycle, one minute on and
30 minutes off, but can also be operated on an in-
dication by the filter pressure drop warning light.

Design Features

1 One main tank for direct supply to each engine
2 At least two sources of pressure to each engine
at all times

3 Each combination of main tank plus is adjacent
auxiliary tank has approximately equal capacity to
minimize crossfeed operation

4 No single failure can prevent use of fuel under
pressure from any tank

5 No fuel transfer from tank to tank in flight

6 Minimum of fuel management required for all
aircraft missions

7 Main tanks sized so that jettisoning from these
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tanks is not required to reach landing weight with
maximum cargo.

8 Jettisoning from any or all auxiliary tanks while
maintaining independent main tank to engine feed
9 Jettisoning possible from main tanks

10 No single failure can prevent jettisoning from
any auxiliary tank

11 All fuel lines routed inside tanks to minimize
hazards of leakage

12 All operating components except check valves
replaceable without draining tanks or lines

13 Vent systems designed to prevent structural
damage in event of level control valve failure. Com-
plete elimination of vent valves

14 All fuel tanks and lines located outside the pres-
surized compartment of the airplane

15 Each valve or pump used in flight is controlled
by a single switch. No electrical interlocks or over-
rides in fuel system control

System Operation

The design and operation of this system is based
on the principle of selective use of fuel from the
various tanks as a function of pump output pressure.
The auxiliary and extended range tank pumps have
been designed such that under all flight conditions
they operate in a pressure range which exceeds the
no-flow pressure of the main tank pumps. It is,
therefore, possible to operate with a main tank and
an auxiliary tank furnishing pressure to the engine
and still use all fuel from the auxiliary first. This
assures that the engine will still have positive pres-
sure when the auxiliary tank runs dry or if either
pump should fail in flight.

For all combinations of cargo loading and range,
the main tanks are filled first, additional fuel, if
required, is divided equally between the four aux-
iliary tanks, and finally the extended range center
wing tank is used. For all missions not requiring
extended range fuel the entire flight is made without
ever opening or closing a valve.

A detailed discussion of the fuel system operational
principles, valving, and failure analysis is given in
Section 4 of Volume 2.

OIL SYSTEM (5.1.5.6.5)

An integral engine lubricating system which circu-
lates MIL-L-7808 oil for engine bearing and ac-
cessory-drive gear box lubrication is provided on
each engine. All components except the supplemen-
tary air-oil cooler and its plumbing and controls are
furnished by the engine manufacturer.

Qil Coolers

The external oil system contains two oil coolers in
series (one engine-furnished and one airframe-
furnished), associated valves, stainless steel plumb-




ing and a stainless steel oil storage tank. The engine
furnished fuel-oil coocler will maintain the engine
oil at approximately 200°F under most operating
conditions; however, it is not adequate to meet the
full oil cooling requirements of the engine for some
ground and flight conditions. The airplane-furnished
supplementary engine oil cooler is designed to per-
mit all-weather engine operation under all antici-
pated ground and flight operating conditions, in-
cluding ground static take-off thrust operation with
125°F ambient air temperature and 135°F fuel
temperature. The airplane-furnished oil cooler for
the constant speed drive unit (CSD) meets the
above operating envelope with minor generator
power restrictions at 125°F ambient air temperature.
Performance of the supplementary engine oil cooler
as well as the CSD oil cooler is discussed in Sec-
tion 4 of Volume 2. Both oil coolers are basically
the same in size and configuration but have sepa-
rate oil supplies. The airframe-supplied supplemen-
tary engine and CSD coolers are installed in the
bifurcated portion of the fan exit ducts as shown in
Figure 5-10. The coolers actually form a portion of
the duct wall and are fabricated with finned air
surfaces and finned oil passages. Each unit is pro-
vided with a self-contained, thermostatically-con-
trolled flow control valve. There are no deviations
to the military requirements for oil coolers and the
development, qualification, and the test schedule
of the oil coolers parallel that of the engine oil
system.

CROSS SECTION
CSD & ENGINE
OiL COOLERS

view A=A

VIEW LOOKING
DOWN

!
CsD OlL COOtLER
Figure 5-10—OiL COOLER, ENGINE AND CSD.
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Engine Oil Tank

The engine oil storage tank is sized to provide suf-
ficient lubricating oil for a maximum endurance mis-
sion of more than 15 hours. The filler neck for the
oil tank is accessible through a door in the side of
the nacelle cowl. An oil shut-off valve is in the tank
discharge line to shut off the oil supply in the event
of a fire. A low oil level warning light is provided
as required by HIAD. The oil tank is designed to
be compatible with all of the airplane normal and
emergency flight attitudes.

ENGINE INSTALLATION (5.1.5.6.6)

Nacelle and Thrust Reverser Selection

In the selected nacelle configuration, the fan dis-
charge air is carried to the rear of the engine in a
bifurcated ducting system and is exhausted at the
same station as the hot exhaust gases. A single tar-
get-type thrust reverser is used. This long duct con-
figuration is preferable to any short duct arrange-
ment because it provides better performance, a
simpler thrust reverser, better accessibility, more
available space, a simpler QEC and better ac-
commodation of growth engines. A complete dis-
cussion of the nacelle and reverser configuration
selection appears in Section 4 of Volume 2.

Neacelle Contours

A circular inlet reference (or lip-leading-edge) area
of 1912 sq. in. hag been selected. This area is the
maximem that can be utilized without developing
significant drag divergence on the nacelle forebody
while at typical cruise flight conditions; there-
fore, the induction system total pressure recovery
is the maximum consistent with attainment of
maximum cruise performance. The nacelle forebody
contours conform to NACA 1-Series coordinates
from the inlet lip to the maximum cross-section.

The nacelle afterbody conforms to a tangent-para-
bolic contour, the boattail reaching a nominal 16
degree angle at the base where base-minus-jet area
is approximately 8.5% of the maximum nacelle cross
sectional area. The estimated afterbody pressure
drag coefficient for this configuration is 0.013, based
on the maximum nacelle cross sectional area and a
speed of mach 0.8. drag coefficient corresponds to a
net thrust loss of about 1.25% in the cruise condi-
tion. The net base area necessary for the installation
of a target-type thrust reverser contributes about
25% of this loss. The afterbody drag of the long
duct configurations, including base, is considerably
less than that of any short duct configuration even
when a fully boat-tailed body is considered for the
latter.

Induction System

The engine air induction system, shown in Figure
5-1, consists primarily of a short annular diffuser
with low contraction entry and exit sections. Com-~
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plementing the basic system, an auxiliary induction
system supplies airflow, when required, through
eight pressure-actuated blow-in doors located on
the periphery of the forebody. Maximum induction
system total pressure recovery at critical flight con-
ditions and minimum forebody weight and drag
have been achieved by several means. The use of
a specially designed compressor hub fairing as the
centerbody for an annular diffsuer permits a 50%
reduction in duct length as compared to conventional
design. This approach further permits a 10% decrease
in overall nacelle length with a corresponding 0.4%
reduction in airplane cruise drag. Since the reference,
or lip leading edge, area is set by external flow
considerations, the use of a thin internal entry lip
permits an increase in throat area which results
in less internal diffusion losses and high total pres-
sure recovery at cruise. The use of an auxiliary in-
duction system {blow-in doors) provides distortion
relief and total pressure increase for high-thrust
low-speed operating conditions.

The diffuser design length is the absolute minimum
necessary for efficient diffusion. Based on the em-

el

pirical performance data from Reference 7, an
annular diffuser, near optimum for the required
area ratio and cruise inlet Mach number, has been
selected. The exit-to-inlet area ratio is 1.079, the
overall equivalent conical angle of expansion is 6.4
degrees and, as shown in Figure 5-11, the maximum
local value of this design parameter is held to 10
degrees. For the inlet lip selection, the interrelated
effects of lip shape, inlet area, and internal con-
traction ratio on nacelle drag and diffuser per-
formance were considered. Data from Reference 8,
9, and JetStar flight tests were utilized. The selected
lip, designated 13E, has a 3.6 to 1 elliptical pro-
file and defines an inlet leading edge area 13%
greater than the duct entrance area. The auxiliary
induction system is designed to relieve local pres-
sure depressions in the portion of the duct just
preceding the compressor. The eight spring-loaded
doors, when duct suction reaches a pre-determined
level, open to pass air into an annular plenum sur-
rounding the engine duct. Fixed aft-facing louvers
in the duct wall permits this air to join the main
streami.
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Figure 5-11—INLET DUCT CHARACTERISTICS, PRATT AND WHITNEY JY3D-4 ENGINE.

In order to prevent the injection of foreign objects
into the engine inlet, a blowaway jet is incorporated.
The jet nozzle diameter is 0.51 in.; the bleed air
requirement is approximately 0.3% of the engine
primary airflow. This bleed is automatically turned
off at nose-wheel lift-off in order minimize its effect
on take-off performance.

Naocelle Cooling

The compressor compartment cooling requirements
are established by a 250°F temperature limit for
the nacelle structure and some of the auxiliary com-
ponents located in this area. The aft compartment
cooling is determined by a 500°F temperature limit
of the nacelle structure. Sufficient airflow is pro-
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vided fo maintain temperatures within these allow-
able limits for all ground and flight conditions in-
cluding operation at the sea level static condition
with 125°F ambient air temperature. A forward-
facing louvered inlet is provided on the bottom of
each compartment. Exits, located in each compart-
ment near the top of the nacelle, are also the mix-
ing section of ejectors designed to pump the re-
quired cooling airflow during ground operation. The
primary air for these ejectors is provided by fan
discharge bleed and is automatically turned off dur-
ing take-off at nose wheel lift-off. A small but ade-
quate ceooling airflow is assured for all flight con-
ditions by the slight ram recovery of the louvered
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inlets and by the location of the exits in an area of
relatively low nacelle surface static pressure.

Pylon

The pylons and attachments to the wings are de-
signed to permit interchangeability between pylons
numbers 1 and 2 and between numbers 3 and 4.
As illustrated in Figure 5-12 the attachment consists
of two forward fittings and one aft fitting.

PYLON ATTACH
POINTS

o

WING FRONT

CLOSED BOX
STRUCTURE

THRUST STRUT AFT DIAGONAL

- STRUT
MAIN ENGINE
MOUNT {AXIAL
VERTICAL AND
REAR ENGINE MOUNT
(VERTICAL & SIDE
LOADS)

FORWARD ENGINE
MOUNT (VERTICAL
= LOADS)

Figure 5-12—ENGINE MOUNTING AND PYLON STRUCTURE.

The pylons are conventional closed box construction,
consisting of upper and lower spars with closing
bulkheads and stiffened skin. The primary material
is aluminum alloy. The lower spar caps, aft diagonal
strut, and wing attachment fittings are of high
strength alloy steel. The lower spar web and for-
ward vertical bulkhead which serve as firewalls are
fabricated from stainless steel. The pylon leading
edge is adequate for resistance to hail. The aft re-
movable fairing is supported from the diagonal
strut and is designed to resist sonic fatigue.

Thrust, vertical, side and engine seizure loads are
transmitted through the forward engine mounts into
the pylon and are reacted by combined loads in the
diagonal strut, front spar fittings, and diagonal brace
fittings respectively.

Pylon Aftachment

Pylon attachments are designed for load factors
equal to or greater than any encountered in flight
or landing. Consideration was given to the use of
pylon attachments designed to fail at predetermined
loads lower than those which would result in struc-
tural damage to wings and fuel cavities during
wheels-up or controlled crash landings when the na-
celles might provide the Initial ground contact.
Scale model studies of the GL 207-45 were used
to determine areas of contact. The loads imposed
upon the pylon attachment in this event are calcu-
lated to be within the design strength of the wing
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at the pylon attachments, and wing spring-back
tends to roll the airplane to the horizontal where
the fuselage will absorb the contact loads.

The design of this airplane thus prevents the de-
tachment of the powerplants which could become
missiles and add to the hazard in a crash; it pre-
cludes failure of the pylon attachment due to the
application of unpredicted combined loads in flight;
and avoids the complexity, cost, and weight of pro-
viding means for automatic decoupling of power-
plant controls and fluid lines.

Fan Discharge Ducis

As shown in Figure 5-1 three complete duct sections
are provided for the discharge of fan air at the aft
end of the engine. The bifurcated section of the duct
is attached to the fan discharge flange. In the bifur-
cated section the air from the entire periphery of the
fan is divided into two separate ducts which extend
aft on either side of the engine. About 20 inches aft
of the fan discharge flange is a duct split line, where
the bifurcated section ends. The entire section of the
duct aft of the split line is built as part of the na-
celle access cowl so that it can be raised to expose
the engine for maintenance. A suitable seal is pro-
vided at the duct joint to prevent leakage. The duct
from the fan discharge flange to the aft end of the
engine is to be developed by Lockheed in close
coordination with Pratt and Whitney.

Nacelle Access Cowl and Fan Discharge Duef As-
sembly

This assembly, shown in Figure 5-1, is supported at
the top from the pylon mid fairing by appropriate
hinge fittings. Fireproof seals are provided on the
door assembly at the nose inlet cowl split line, at the
vertical, engine-mounted firewall, at the fan duct
forward split line, and at the thrust reverser split
Iine. These doors are of conventional aluminum
alloy frame and skin construction, except for the ti-
tanium across the upper 80 degrees (40 degrees
each side of vertical centerline) of the nacelle cowl
and duct assembly forward of the fan discharge
duct split line. The titanium inner skin of the long
ducts provides the firewall aft of the fan discharge
duct split line. The doors are latched to each other
at the bottom centerline with six hook tension
latches. Pins adjacent to the latches absorb shear
and maintain alignment.

The nacelle access cowling supports the fan dis-
charge duct between the titanium fixed portion of
the fan discharge duct on the engine, and the thrust
reverser split line. As these sections of duct open
with the doors, fireproof seals are provided on the
ducts at these connections as illustrated in Figure
5-1. The discharge ducts are protected from a na-
celle fire by the use of titanium on the inner sur-
face of the duct forward of the vertical firewall.
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This titanium skin contains fire within the nacelle
in this area, thus improving the effectivity of the fire
extinguishing discharge during a nacelle fire.
As illustrated in Figure 5-1, non-structural engine
accessory access doors are located in the bottom of
each access cowl and duct assembly. Spring-loaded
doors are provided to prevent the build up of in-
ternal pressure within the nacelle in the event of a
compressor bleed manifold rupture.
Quick Engine Change Unit
The QEC unit assembly shown in Figure 5-13 con-
sists of the JT3D-4 engine, and all equipment, ac-
cessories, piping, and wiring which are attached to
the engine and removed with the engine.

ENGINE MOUNT

COMPRESSOR
BLEED MANIFOLD

ENGIHNE MOUNT

BIFURCATED
FAN OUTLEY DUCT

AUXILIARY AJR-INLET DOORS

NACELLE
INLET COWLING

STARTER

CONSTANT SPEED DRIVE

HY DRAULIC PUMP

THRUST REVERSER DOORS
Figure 5-13—ENGINE QEC, PRATT AND WHITNEY JT3D-4
ENGINE.

The major components installed on the basic JT3D-
4 engine include the thrust reverser, alternator and
constant speed drive, hydraulic pump for the air-
craft system and thrust reverser system, pneumatic
starter, nose cowl, compressor bleed manifold, con-
stant speed drive oil cooler, and supplementary
engine oil cooler, compressor inlet bullet fairing,
engine oil tanks, fuel-oil cooler, and all of the oil
lines and electrical harness furnished by the engine
manufacturer as a part of the engines.

The QEC unit is readily installed or removed as a
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complete package requiring only the disconnecting
of engine mountings, bleed air manifold, fuel and
hydraulic lines, electrical connectors, and controls.
THRUST REVERSER

Deseription

The thrust reverser arrangement shown in Figure
5-14 has two large blocker doors which rotate aft and
toward the centerline of the engine exhaust during
extension. The doors are supported by upper and
lower linkages and actuated by two track-guided
hvdraulic cylinders. The door linkages pivot about
hinge lugs built integrally with upper and lower box
support beams. The support beams are attached to
the engine tailpipe and turbine casing flanges and
provide rigid support for the linkages, doors, and
actuators.

CLAMSHELL DCOR
FULLY EXTENDED

FIREPROCF TUNNEL

Figure 5-14—THRUST REVERSER ARRANGEMENT.

Design Features

The target-type reverser was selected because of
improved engine performance, design simplicity
of the doors and actuating mechanism, improved
reliability, and reduced weight and cost.

The thrust reverser hydraulic actuating system is
completely self-contained on the engine. An engine-
driven hydraulic pump provides the power for the
movement of the actuators. A fireproof tunnel iso-
lates the hydraulic actuators from the hot exhaust
tailpipe.

A hydraulic system was selected to actuate the
thrust reverser doors because the linkage can be
designed so that the doors fail-safe in the forward
thrust position. Furthermore, the hydraulic system
insures that the doors can be actuated inflight when
the engine is at idle power. The hydraulic system
also allows the incorporation of the thrust reverser
position modulation feature if this capability is de-
sired to improve the inflight performance of the air-
plane.
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SECONDARY POWER SYSTEMS (5.1.5.7)

HYDRAULIC SYSTEM (5.1.5.7.1)

The hydraulic system shown in Figure 6-1 is com-
prised mainly of three independent subsystems pro-
viding power for flight controls, booster, utility, and
auxiliary functions. Each is designed to meet the
requirements of MIL-H-5440C except that fire
resistant fluid, Skydrol 500A, and seals, materials,
and finishes compatible therewith are used. In all
other respects, the systems meet the requirements
of HIAD and CAR 4b. The systems can be easily
converted to use MIL-H-5606 hydraulic fluid by
replacing all seals with their compatible counter-
parts. These systems are Type I, 3000 psi and are
designed for maximum system temperature for
220°F. A fourth independent system provides power
for the forward cargo door and is identical to the
system presently used on the C-130.

System Description

The booster and utility systems each utilize two en-
gine driven variable volume, constant pressure
pumps and power dual or tandem actuators of the
primary flight controls. The maximum output flow
is proportional to engine speed and for each pump
varies from 13 gpm at idle to 22 gpm at cruise and
take-off. Electric driven suction boost pumps are in-
stalled in both the booster and utility systems to
provide a positive pressure at the inlet of the engine
driven pumps. The booster system powers half of the
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primary flight controls of aileron, elevator, and rud-
der only. In addition to powering the other half of
the dual primary flight controls, the utility sys-
tem powers landing gear extension and retrac-
tion, nose wheel steering, normal wheel brakes
and the primary mode of horizontal stabilizer trim.
Both utility and auxiliary systems furnish power to
dual actuators or motors driving the secondary flight
controls, spoilers, and flaps. The auxiliary system
also supplies normal power for operation of the
ramp, pressure door, aft fairing doors, and auxiliary
paratroop spoiler doors. It also supplies emergency
power for wheel brakes. The auxiliary system is
powered by two AC electric motor driven variable
volume pumps identical to units used on the C-130.
Each pump has a maximum output of 8 gpm and
runs essentially at a constant speed. Reservoir loca-
tion provides a positive head of oil to these units
which have a self contained centrifugal boost pump
to provide additional inlet pressure. A handpump is
provided for power-off operation of the auxiliary
system. A second handpump supplies power for the
forward cargo door system.

Instrumentation for the hydraulic system is divided
between the system engineer’s panel and the co-
pilot’s side of the main instrument panel. The sys-
tems engineer is provided with pressure gages to
indicate utility, booster, and auxiliary system pres-
sures. The systems engineer is also provided with
auxiliary pump switches, four firewall isolation
shutoff switches, two suction boost pump low pres-
sure warning lights and switches, and a low pres-
sure warning light for each engine driven pump.
The co-pilot’s panel contains a dual indicating pres-
sure gage to furnish an indication of brake pressure
available from both the utility and the auxiliary sys-
tem. This panel also contains a brake select
switch for selecting normal or emergency (auxiliary)
brake pressure, an auxiliary pump switch, an anti-
skid control switch, and an “anti-skid inoperative”
light.

Design Features

Several system features and components are used to
increase system reliability and reduce maintenance.
MS flareless fittings with steel nuts are used through-
out the system because of their superior sealing
characteristics, proven in service on the C-130B and
all commercial operating jet aircraft. The “black
box concept” is used on all valve panel assemblies
to permit rapid recognition of malfunctions and re-
duce complexity of component removal. The use of
teflon hose assemblies and the elimination of elas-
tomeric scals from check wvalves, restrictors, and
other simple valves increases service life of these
components. To reduce maintenance and insure clean
systems, all oil is filtered before entering the reser-
voir through the no by-pass return line filters having
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external indication of the need for filter element
change.

The primary flight controls require 15 gpm maxi-
mum which can be supplied by either system
throughout the engine speed range. Maximum con-
trol surface rates are maintained with any single en-
gine or pump failure. At cruise speeds, one pump
on each main system can be isolated or shut down
withott penalty to either control rates or load.

The utility system loads are met for all normal and
emergency conditions. The retraction of landing
gear requires 20 gpm which can be supplied with a
single pump. Although only 3 gpm is available for
flight controls under these conditions, the hinge
moments are low and can be supplied entirely by
the booster system. At idle pump speeds, the utility
system can power the flaps and retain 11 gpm for
flight controls. If either the utility or auxiliary sys-
tems fails, the flaps extension time is increased to 26
seconds which is within HIAD requirements,

As a servicing feature, interconnect valves are in-
stalled between the auxiliary and utility systems. The
control to operate these valves is only accessible
from outside the aircraft and s used to troubleshoot
and check out the utility system. The need for
ground hydraulics gigs, a frequent source of system
contamination is thus reduced.

Firewall shut-off valves are installed in the suction
and pressure lines of each engine driven pump for
pump isolation. These valves are controlled by
switches on the systems engineer’s hydraulic con-
trol panel. Since the engine continues to turn after
both the supply and output valves are closed, nor-
mal flow from the pump case drain passes through
a check valve back into the suction port of the
pump to form a cooling circuit. The check valve
in this circuit is normally held closed by the suc-
tion boost pump pressure and case drainage flows
through the in-line relief valve and back to the sys-
tem reservoir.

Emergency Operation

Emergency power for operation of all essential func-
tions is provided. The completely dual system on the
primary flight controls, and the wing flaps and spoil-
ers of the secondary flight controls, provide auto-
matic emergency operation of these units upon fail-
ure of either hydraulic system. All of these units
are powered through tandem valves with power de-
livered from both systems simultaneously. The flaps
are provided with a dual asymmetry shut-off valve
in the pressure lines.

Emergency operation of the wheel brakes is pro-
vided through selector valves and powered by the
auxiliary system. The landing gear selector valve
is provided with manual override and is easily acces-
sible on the utility valve panel. All landing gears are
designed for forward retraction to allow free fall
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capability in emergency operation. Gear uplocks are
mechanically released. The primary mode of opera-
tion of the horizontal stabilizer trim is hydraulic,
and emergency operation is provided from the elec-
trical system. The petal door and pressure door/ramp
selector valves are provided with manual overides
for normal power off or emergency operation.
Design and Developmental Testing

A difficulty exists in the absence of hydraulic com-
ponents qualified to MIL specifications with Sky-
drol 500A fluid. All system components are avail-
able and qualified with Skydrol 500A fluid to
commercial specifications and accepted by FAA. No
development difficulties in qualification are expect-
ed due to the complete state-of-the-art design of
the system and the vast commercial experience with
this fluid.

A functional laboratory mockup of the hydraulic
system will be constructed. The mockup will incor-
porate all major hydraulically operated components
and their simulated loads. The mockup will be used
for all system testing involving system functional
operation.

Equipment Location

A majority of hydraulic system components are lo-
‘cated within the fuselage and are easily accessible
for inflight surveillance or ground maintenance. The
utility and booster reservoirs and valve panels are
focated at the aft wing spar between the large
fuselage frames. The valve panels incorporate de-
signs to give positive recognition of component fail-
ures and allow easy removal of each unit. The ailer-
on boost package and the flap gear box with its
servo valve package also located at the aft wing spar
above the cargo area. The auxiliary reservoir, valve
manifold, and control panel are located on the left
side of the fuselage adjacent to the ramp and can
be reached by the access aisle on the left side of
the airplane.

Reliability and Maintainability

A reliability study of the hydraulic system has been
made. Only system and subsystem data are shown
here. The assigned required mean-times-to-failure
(MTF) and the actual predicted MTF’s are based
upon complete actual data collected for identical or
similar units on the C-130.

Required
MTF Predicted
90% Level MTF
Hydraulic system 7,576 8,065
Utility system 1,370 1,445
Booster system 1,406 1,445
Auxiliary system 1,942 1,882

Complete reliability data and the method and logic
used in calculation are presented in detail in Sec-
tion 9 of Volume 4.

Many features are included to improve or reduce
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maintenance requirements. System reservoirs are
provided with drain valves and large filler necks.
Elastomeric seals are eliminated from check valves
and restrictors, and teflon flexible lines are used to
increase service life. System reservoirs, valve panels,
and accumulators are grouped closely together and
are easily accessible within the cargo area. The two
main systems have separate ground test connections
accessible from outside the airplane. The utility and
auxiliary system have interconnect valves which al-
low checkout of either system from ground test
connections or AC electric power. These valves can
only be operated on the ground to prevent possible
inflight loss of two fluid systems through a common
failure.

Growth Potential

The engine driven pumps are sized for the emer-
gency engine failure condition at take-off. This re-
quirement leaves excess power available during
normal cruise. With full system capacity of 44 gpm
and retaining 14 gpm for flight controls, the utility
system has available at cruise condition 30 gpm for
new systems if not operated simultaneously with
loads other than flight controls. This capability is
available for either the utility or booster system;
however, only primary flight control functions would
be allowed on the booster system. The auxiliary sys-
tem has 16 gpm available for operation of loads
not simultaneous with present loads.

ELECTRICAL SYSTEM (5.1.5.7.2)

The aircraft has a primary AC power system and a
secondary DC system as outlined in Figure 6-2.
Four 40-kva ram-air-cooled brushless AC genera-
tors, one driven by each main engine through a hy-
draulic-mechanical constant speed drive, operate in
parallel to supply 3-phase 200/115-volt 400-cps
power to four load buses. A 5th 40-kva generator
driven by an auxiliary gas turbine furnishes auxi-
liary and emergency power. A frequency and load
controller for each constant speed drive electromag-
netically trims the drive governor to maintain a
steady state frequency of 400 = 1 cps, and to di-
vide real load in parallel operation within 4 kw of
the average. A static voltage regulator for each
generator is provided with highest phase take-over.
Bus voltage is 200/115 volts = 22 % and reactive
load division in parallel operation is within 4 kvar
of the average. A control panel for each generator
provides generator field control, auto paralleling,
and automatic protection against underfrequency,
over and under voltage on each phase, over and
under excitation, unbalanced currents among gener-
ators, and short circuits. A permanent magnet gen-
erator contained in each main generator, supplies
control and excitation power independent of any
external source. A mechanical failure detector is
incorporated.
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Figure 6-2—AC AND DC ONE LINE DIAGRAM.

The AC output of each main generator is connected
through a magnetically held contactor to its load
bus. Each load bus is connected through a bus tie
contactor to the tie bus for parallel operation. The
load buses may also be fed through the tie bus
from external power or the auxiliary generator. Ex-
ternal AC power can be connected through a stand-
ard receptacle and a magnetically held contactor.
Protection is provided against reverse phase rotation
and low phase voltage. The auxiliary generator fur-
nishes self-contained power for ground maintenance,
check-out, and inflight emergency loads.

Figure 6-3 gives excerpts from the load analysis.
Adequate power is available for missile transport.
The essential loads are distributed among four sub-
buses. During normal operation, one essential load
sub-bus is connected to each generator main bus.
Should a main bus be de-energized, its essential
load sub-bus transfers to the essential AC bus. Man-
ual switching is provided so that the essential AC
bus may be connected to the tie bus or to the feed-
ers of any main generator. Should all power genera-
tor be lost, an isolated AC bus is supplied through
an inverter from the battery.

The secondary DC system is supplied by two 200-
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NOTEAREFER TO THE ELECTRICAL LOAD ANALYSIS
FOR A DETAILED BREAKDOWN OF BUS LOADING.

ampere non-regulated transformer rectifiers with a
nominal system voltage of 27 volts. Each receives
input power from either of two main generators, and
is connected through a reverse current relay to a
main DC bus. The two buses are tied together
through a current limiter. A 36 ampere-hour nickel-
cadmium battery, used to start the auxiliary power
unit, receives charging current from a main DC bus
through a reverse current relay. The relay opens if
the bus is de-energized to prevent discharge of the
battery through the main DC bus. A 25-ampere util-
ity transformer rectifier connected to the essential
AC bus supplies a topping charge to the battery,
and provides back-up power for an isolated DC bus.

Design Feafures

The electric power system is designed to fulfill the
following general design objectives: (1) No single
failure or probable combination of failures shall
cause complete loss of electric power. (2) System
operation and protection shall be as automatic as
practicable, requiring only visual monitoring by the
flight crew for normal operation. (3) External power
shall not be required for normal start and warm-
up of the aircraft. (4) The system shall observe
all reliability and safety requirements defined by de-
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sign and installation specifications and handbooks.
(5) System design and equipment selection shall be
based on concepts and components proven in mili-
tary and airline service.

System Control and Protection

The control and protective panel for each generator
automatically de-energizes the generator in case of
fault or malfunction. Use of magnetically held re-
lays prevents loss of control power from leaving a
faulty generator latched to the system. The panel
provides the following protection:

1 Differential fault protection for the genera-
tor and feeders including the bus tie contactor—
The generator is de-energized and the genera-
tor contactor opens immediately on a fault. If
the fault is in the protected zone beyond the
generator contactor, the bus tie contactor is
opened after 0.4 seconds.

Individual phase overvoltage and selective over-

excitation protection—An inverse time delay

is employed

3 Individual phase undervoltage and selective
underexcitation protection—The bus tie con-
tactors open after 3 seconds delay on a tie
bus fault, with a 6-second delay before de-
energizing the generator on an underexcitation
or isolated open phase.

4 Underfrequency protection—The generator

contactor opens when drive cutput speed drops

below the speed corresponding to 380-370 cps

for 2 seconds.

Unbalanced current protection—The bus tie

breaker opens after an 8-second delay on a

current difference of 25 amperes or more from

the average of the generator currents.

Design, Development, Testing, and Installation
The design, development, testing, and installation of
the system and components are in accord with spe-
cifications and handbooks: HIAD, CAR4b, MIL-
E-25489A, MIL-E-7080A, MIL-W-5088B, MIL-I-
6051C, MIL-M-25500, and MIL-STD-704. De-
tail specifications for the switches, wiring, connec-
tors, circuit protection, lighting, receptacles, indica-
tors, and meters, are set forth in the Model Speci-
fication, Volume 5.

All system components are improved versions of
equipments that have been developed and have
been used in service. A system development sched-
ule is presented in Volume 2 of this proposal. A
complete testing program approved by the procuring
activity and monitored by the FAA is to be con-
ducted.

Equipment Location

The control switches, selectors, and indicators for
the power system are grouped on the systems en-
gineer’s electrical control panel shown in Figure
6-4. A master caution light is located on the pilot’s

(3]

(¥4}

panel. A switch in conjunction with failure indica-
tors is provided for operating an emergency dis-
connect in the input of each constant speed drive.
Figure 6-5 shows equipment locations. The main
junction box is located at the rear of the flight deck.
The generator load buses are located in the circuit
breaker panels, adjacent to the pilot, co-pilot, and
systems engineer. The external power receptacle and
the battery compartment are forward of the crew
door, well away from the engine intakes, and read-
ily accessible from the ground. Test points and suit-
able instrumentation are provided to facilitate sys-
tem checkout and maintenance.

Design Reliability

Reliability is achieved by utilizing the desirable as-
pects of service proven systems and making improve-
ments in indicated deficiency areas. Advantage is
taken of all available reliability information includ-
ing manufacturers’ test and field reports, operating
data, and airline maintenance reports. For example
only one 200 amp. convection cooled transformer
rectifier has been replaced in 60,000 exposure hours
and brushless generators have nearly twice the over-
haul period of the brush type with fewer failures
between overhauls.

Growth

The power supply system utilizes 2500-hour mini-
mum life components nominally rated at 40 kva.
The system and components, however, are designed
and installed to allow uprating to 50 kw or 50 kva
under Class A temperature conditions with no air-
craft installation changes. The usable capacity of
each generator is reduced to 44 kva by 6 kva of
paralleling and line losses. The continuous load dur-
ing take-off and climb is 66.4 kva, leaving a total
growth capacity of 21.6 kva, allowing for failure of
two generators. A growth capacity of 65.6 kva ex-
ists, allowing for failure of one generator. Addi-
tional capacity could be obtained by use of 60 kva
generators and associated constant speed drives
which are offered in an alternate cost proposal.
Development progress is being closely monitored on
variable speed constant frequency generating sys-
tems which promise improved reliability along with
reduced maintenance and maintenance costs. The
development status, however, is not sufficiently ad-
vanced at present for application to this aircraft.
The variable speed constant frequency system is dis-
cussed in more detail in Volume 2 of this proposal.
AUXILIARY POWER SYSTEM (5.1.5.7.3)
Description

The auxiliary power unit (APU) shown in Figure
6-6 includes a small gas turbine engine which fur-
nishes bleed air for engine starting and ground air
conditioning. The engine also drives a standard 40
kva alternator mounted directly to the engine re-
duction gearbox. The alternator is normally used to
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Figure &6-4—ELECTRICAL SYSTEM CONTROL PANEL.
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power the airplane electrical system on the ground;
however it may be operated during flight below
10,000 ft. altitude, if desired. The APU is installed
in the aft portion of the left main alighting gear
fairing on resilient mounts with the necessary duct-
ing and electrical controls.

Design Features

The engine is equipped with all accessories required
for its operation including a complete oil system, fuel
control and constant speed governor. The AC gen-
erator is identical to those on the main propulsion
engines. Access to the APU is gained through two
Iarge quick-opening doors in the alighting gear
fairing. The APU can be hoisted from a single point
with the cable passing through an access door on top
of the fairing. Servicing the oil reservoir is done
through a small access door. A remotely actuated
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Figure 6-5--EXTERIOR LIGHTING AND ELECTRICAL COMPONENT LAYOUT. 300 FT AHEAD OF PILOT 400 FT AHEAD OF PILOT

door in the upper access door permits air for the
APU to enter the fairing. External connections for
ground extraction of pneumatic and electrical power
are provided.

Starting and air inlet door controls are electrical and
are located on the APU panel on the systems en-
gineer’s console. The start circuit prevents APU
operation when the air inlet door is closed. External
openings for generator cooling air and engine ex-
haust gas are provided. The APU is isolated from
adjacent areas by a firewall. Three thermal switches
in the compartment are used for fire or overheat
detection. A fuel shut-off valve is controlled from
the APU control panel. Fire extinguishing is pro-
vided from the main propuision fire extinguishing
system shown in Section 8 of this volume.

The APU will start and operate between - 65°F and
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-+ 160°F up to 10,000 ft. altitude with fuel tempera-
tures up to 135°F and inlet air temperatures up to
130°F. The APU will supply the bleed air required
for one engine pneumatic turbine starter while simul-
taneously furnishing 64 hoursepower for the genera-
tor input.

Failure Anclysis

No unsafe APU operation can result from any sin-
gle fuel control part or system failure. No single
failure in the fuel or electrical systems can result in
unsafe overspeeding. Containment of all rotating ele-
ments has been demonstrated in satisfaction of all
applicable military and commercial requirements.
Reliability

Two well established sources for the APU are avail-
able. Competing units are the Solar T-150 Mark 2
and the AiResearch GTCP 85-106. Both suppliers
have production units meeting the system require-
ments. All components of both units are either ful-
ly qualified or capable of qualification by similar-
ity, analysis or by short time proof testing. Both
basic units have been in Air Force service for sev-
eral years.

Growth Potential

A 10% increase in the output capability of the
APU is expected before 1964. A universal mount-
ing is provided to accept all presently available and

HOIST ACCESS DOOR

LOAD CONTROL VALVE

EXHAUST

REMOTELY ACTUATED DOOR

OIL SUMP ACCESS DOOR
ALTERNATOR COOLING AIR INLET

EXTERNAL PRESSURE CONNECTION

growth units now probable. These units are also
capable of accepting larger (60 kva) AC generators.

PNEUMATIC SYSTEM (5.1.5.7.4)

The pneumatic system supplies engine bleed air for
engine starting, cabin pressurization, air condition-
ing, rain removal, and anti-icing. A schematic of the
pneumatic system is shown on Figure 6-7. The air-
plane installation is illustrated on Figure 6-8. Duct-
ing in the engine nacelle is shown on Figure 6-9.
Compressor air is bled from the three outer diffuser
(G.D.) wall ports and one inner diffuser (I.D.) wall
port at the 16th compressor stage of each engine
into an engine manifold. The O.D. bleed air mani-
fold has a normally-closed shut-off valve which is
opened only when operating the airplane anti-icing
or rain removal systems. Two check valves are in-
corporated in the O.D. manifold, while the LD.
manifold has one check valve. Bleed air flows from
the nacelle into the pyvlon through a flow limiter;
through a pressure regulator which limits the pres-
sure to 70 psig; by-passes the pressure relief valve,
passes through the pylon isolation valve and enters
the cross-ship manifold.

One main duct in each wing extends from the out-
board engine to the fuselage. The main ducts are
connected together across the cargo compartment
but are normally isolated from each other by two




valves located outside of the fuselage pressurized
area. These valves are controlled from the system
engineer’s panel and are closed except during en-
gine starting. A branch line from the main ducts to
the auxiliary power unit (APU) provides self suf-
ficiency and self-containment for engine starting, and
for operation of the pneumatic systems when the
main engines are inoperative.

Branch lines in the nacelle supply the engine inlet
anti-icing system, the starting system, and the na-
celle pre-heat system. Anti-icing systems for engine
inlet vanes, the engine bullet nose, and fuel are
separate from the airplane bleed system and are pro-
vided by the engine manufacturer.

The supply line to the engine inlet anti-icing sys-
tem, upstream of the O.D. port shut-off valve, iso-
lates each engine anti-icing system and prevents bleed
to an inoperative engine during icing conditions.
The nacelle pre-heat system provides for all wea-
ther starting capability and consists of a distribu-
tion tube and a shut-off valve in each nacelle. On
the ground, the compressor bleed system may be
supplied with air from four sources; main engine
bleed, APU, mobile ground air compressor, or an-
other airplane externally connected. Each of these
sources will supply enough air to operate any one
of the pneumatic systems.

Two dual pressure gages and two dual flowmeters

thermal expansion. The system is fabricated of cor-
rosion resistant steel and uses V-band flanges and
couplings. The system and its components are de-
signed for the following operating conditions down-
stream of the engine relief valves: maximum oper-
ating pressure - 85 psig. maximum operating temp-
erature - 810°F, proof pressure - 130 psig, and burst
pressure - 213 psig at 810°F.

Switches controlling the pressure regulator/shut-off
valves are located on the systems engineers’ panel in
the flight station. By manipulation of these valves,
the entire bleed system can be rapidly checked for
leakage and for proper operation prior to flight.
Should the need arise, a malfunctioning engine can
be detected easily and isolated from the aircraft
manifold by operation of its pressure regulator or
pylon isolation valve. Each pylon isolation valve is
closed automatically by operation of the fire emer-
gency control handle.

Load Analysis

Maximum compressor bleed air demand occurs dur-
ing icing conditions at a loiter altitude of 20,000
feet and a true air speed of 230 knots. At this
condition the thrust is 1860 lbs/engine and the en-
gine primary airflow 62.1 lbs/second per engine.
The maximum system requirements are:

Bleed % Total Airplane

. . . , (4-engine  Bleed Flow
installed in the system engineer’s panel, and an .
. . bleed) (Ibs./min.)
external pressure connection conforming to AF
Drawing 54B9301 installed in the APU branch Wing Anti-icing 6.2 920
line, provide for rapid checking of the pneumatic Engine Inlet Anti-icing 1.3 200
system by using an external air source. Ailr Conditioning/Pressuriza—
Design Features tion 1 166
The bleed ducting system is designed as a tension Underfloor Heating 2 25
type with flexible joints installed to facilitate as- — i
sembly, proper alignment, and to compensate for 8.8 1311
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Figure 6-7—COMPRESSOR BLEED SYSTEM DIAGRAM.
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Failure Analysis

In the event two engines malfunction on the same
side of the airplane, they can be isolated by opera-
tion of the pylon isolation valves or the pressure re-
gulator valves. The wing isolation valves can then
be opened to allow normal operation of the pneu-
matic systems. If a main duct fails, the duct is iso-
lated by closing the pressure regulators or the pylon
isolation valves for the two engines supplying the
failed duct. All of the pneumatic systems are op-
erable from the remaining main duct except for a
portion of the wing anti-icing system and one air
conditioning system which are normally fed by the
failed main duct.

Design and Development Testing

A full scale functional mockup of the duct systems
and components will be constructed. Mockup test-
ing will provide verification of structural integrity
and other factors related to safety of flight. The
mockup will be fully operational 18 months after
go ahead. Test programs will be completed in an ad-
ditional 12 months.

Growth Potential

All components up to and including the pressure reg-
ulator valves are designed on the basis of the max-
imum bleed air pressure and temperature anticipat-
ed from advanced engines. The design requirements
for the ducting and equipments located downstream
are unaffected by the type of powerplant installed,
which is an additional advantage gained from the
regulated system design philosophy.
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MISSION CONTROL SYSTEMS (5.1.5.8)

FLIGHT CONTROLS SYSTEMS (5.1.5.8.1)

Primary Flight Controls Description

The primary flight controls are essentially conven-
tional, hydraulically boosted type subsystems based
on those used on the C-130 series aircraft. Only those
changes deemed necessary to reduce system friction
effects and provide proper feel control characteristics
to the pilot have been made. The general arrange-
ment of these subsystems is shown in Figure 7-1.
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Figure 7-1—FLIGHT CONTROLS, PRIMARY.

The general arrangement of the flight station con-
trols is shown in Figure 7-2. Manual control of the
primary flight control surfaces is initiated through
the pilot’s or co-pilot’s conventional wheel, column,
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and rudder pedals. The two sets of flight station
controls are interconnected-through cranks and push-
rods under the floor.

Control motions are transmitted to the corre-
sponding boosters through cables, cranks, and push-
rods. Dual cable systems are provided for aileron
and elevator control, and a single cable system is
provided for the rudder control. As a design philoso-
phy for these subsystems, the requirements and
recommendations of applicable military specifica-
tions, and the FAA requirements are used and met
in all cases.

The control surface travels are: ailerons, 25 degrees
up and 15 degrees down; elevator, 25 degrees up
and 15 degrees down; rudder, 35 degrees to either
side. The design load surface rate values are 40
degrees per second for the aileron and elevator and
35 degrees per second for the rudder.

Geared tabs on each aileron are used to lighten the
hinge moments. A ratio shifter, actuated by a cable
from the flight station, is provided at each booster
input for improved boost-off manual control. Con-
trol motions from the automatic flight control sys-
tem are fed into the booster input.

Booster Description

Force variable-ratio type boosters are used in each
system to improve the control feel force gradients
and centering characteristics. The boost ratio is
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Figure 7-2-FLIGHT STATION CONTROLS AND MOVEMENT.
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Figure 7-3—FORCE VARIABLE RATIO BOOSTER.

made to vary as a fanction of actuator force by a
cam and roller combination which allows the effec-
tive lever arm of the actuator to decrease by rotation
as the actuator force increases. In addition, the boost
ratios increase slightly with surface deflection from
neutral due to rotation of the linkages. A typical
booster assembly is shown in Figure 7-3.

The boosters are normally powered by both the
boost and utility hydraulic systems with each one
providing half the power. Each booster hydraulic
assembly consists of the actuator assembly trunnion
mounted to a manifold into which the filters, tandem
control valve with damper, and shut-off and bypass
valves are assembled. A tandem-type actuator as-
sembly, with each piston sized for half the design
maximum load, is used in the aileron booster. A
dual-type actuator assembly is used in the elevator
and rudder boosters. Each elevator actuator piston
is sized to provide 70% of the design maximum
hinge moment load. Each rudder actuator piston is
sized for half the design maximum hinge moment
foad.

Secondary Flight Conirols Deseription

The secondary flight controls includes the rudder,
aileron and stabilizer trim controls as well as the
wing flap and spoiler control subsystems. These
controls are designed to provide the aerodynamic
control required in flight and on the ground in addi-
tion to that provided by the primary flight controls.
The trim controls are designed to comply with all
applicable military and FAA requirements, and the
actuators are designed to have high reliability and
simple maintenance requirements. Full use of the
design and operating experience gained on the
C-130 has been made, together with the experience
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gained while complying with FAA requirements
during development of the C-140.

Trim Controls Description

The conventional mechanical rudder and aileron
trim tab control subsystems are shown in Figure 7-4.
Control knobs with swing-out crank handles and
position indicators are located on the rear of the
flight station center console. Shafts, gears, forque
tubes, and cables transmit motion to the cable-driven,
multiple-load-path actuators and mechanisms used
to operate both the rudder and the aileron trim tabs.
The aileron trim tab actuator is attached to the rear
wing structure and produces a geared tab motion
when the aileron is moved. The rudder trim tab
actuator is attached to the rudder and does not pro-
duce a geared tab motion, Both the rudder and
aileron trim tabs may be provided with dampers for
flutter control if necessary. Pitch trim is accomplished
by movement of the horizontal stabilizer independ-
ently of the elevator controls.

STABILIZER ACTUATOR Q\/

AILERON TAB GEARING //

AILERON
TAB

=

TRIM CONTROLS (CENTER CONSOLE)

Figore 7-4—TRIM CONTROL SYSTEM SCHEMATIC,
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The stabilizer actuator is a dual load path, irreversi-
ble jackscrew assembly, which can be controlled by
any of three independent means. Primary manual
positioning is by the use of handles located on either
side of the flight station center console. The pilot and
co-pilot stabilizer trim control handles are con-
nected by cables to a spring-centered, modulated-
flow type hydraulic valve which controls the rate of
the hydraulic motor drive. A spring-loaded brake
prevents rotation without hydraulic pressure. Mach
trim compensation, autopilot, and switches on the
pilot and co-pilot wheels drive the actuator through
an electro-mechanical servo having a rate compatible
with the automatic control requirements. A wheel
and torque tube subsystem enables emergency man-
ual pitch trim. Adequate protection is provided to
prevent an electrical malfunction from causing a
ranaway.

Spoiler Control Deseription

The wing spoilers, shown in Figure 7-5, are used
only for lift destruction on the ground during brak-
ing. Actuation is by a hydraulic actuator in each
wing. The utility and auxiliary hydraulic subsystem
each power one actuator. Both actuators are con-
trolled by a tandem valve which is cable-actuated
from a lever on the crew station center console and
coupled to all spoiler panels by dual cables. Over-
center linkages lock the spoilers in the retracted
position, and hydraulic pressure holds them in the
extended position. This subsystem is mechanically
interlocked with the nose gear oleo to prevent in-
advertent inflight operation. The control lever can
be prepositioned such that action of the nose gear
strut will open the spoilers. Access to the mechanisms
is provided by opening the spoiler surfaces and the
doors underneath the actuators in each wing.

/ SPOILER ACTUATOR CABLE

/

SPOILER ACTUATOR LINKAGES

SPOILERS
SPOILER ACTUATOR
HY DRAULIC VALVE
j FLAP CENTER
GEARBOX

o ; FLAP BALL SCREW

Koo

ASSYMETRY SWITCH

MANUAL DRIVE /
/ o
/ SPOILER ACTUATOR // AND BRAKE
CYLINDER FLAP ACTUATOR

f FLAP AND SPOILER CONTROLS

Figure 7-5—FLAP AND SPOILER SYSTEM SCHEMATIC.
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Wing Flap Conirol Description

The wing flap control shown in Figure 7-5 consists
of three Fowler flaps on each wing. Each flap rides
on three tracks and two ball-screw jacks drive each
flap. The jacks are connected through tee-gear boxes
to a common torque tube which terminates in the
center gear box located on the rear of the wing box
section in the fuselage, similar to the Lockheed
C-130 and C-140 flap systems. Two hydraulic mo-
tors normally drive the flap system; one motor is
powered by the utility system and the other by the
auxiliary system. The motors are controlied by a
tandem servo valve which is mechanically actuated
by the preposition flap lever on the flight station
center stand. Feedback from the center gear box,
operating through the servo valve, terminates sys-
tem action. Manual flap extension can be accom-
plished by a hand crank-operated torque tube sub-
system from the left aisle space in the cargo com-
partment.

Protection Features

Design of the primary flight controls is such that no
possible single failure will cause loss of control of
any axis or result in adverse safety of flight condition.
Redundancy of components in the more vital areas
is employed to ensure the utmost in reliability where
flight safety is involved. Loss of a hydraulic power
source does not affect control until the load exceeds
half the maximum attainable during normal opera-
tions. The structural members of the control subsys-
tems are designed on the basis of minimum deflec-
tions; hence, they have large margins in strength.
The boosters contain a shut-off and bypass valve for
each hydraulic source for use in isolating and re-
ducing the friction during boost-off operation.
Adequate filtration, screening, and sharp-edge valve
ports provide satisfactory protection against inad-
vertent operation or jamming of the booster valves
or actuator.

To minimize the effects of failures, multiple load
path actuating subsystems have been used in all the
secondary controls. In this way a single structural
failure cannot free a surface. Because of the impor-
tance of being able to move and maintain control of
the horizontal stabilizer, three independent modes of
actuation are utilized. A failure to function of the
rudder or aileron trim would not endanger the air-
plane, and a runaway is impossible. A failure of the
flaps or spoilers would not endanger the airplane,
but would make a landing more difficult and require
a longer ground roll. However, either of the two inde-
pendent hydraulic-actuating power devices can be
used to extend the flaps or spoilers. The manual
hand-crank-operated subsystem can also be used to
fower the flaps.
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A flap assymetry detection system is installed and an
assymetry indicator is installed in the cockpit. In the
event of an assymetric flap condition, further flap
action is stopped automatically.

Reliability and Maintainability

The use of multiple structural load paths through-
out, plus dual power sources and input controls for
flight critical functions, along with designs taken
from or based on operational aircraft such as the
C-130, will assure the desired degree of airplane
reliability. This is increased by the use of mechanical
controls wherever practicable.

The booster designs have been proven through usage
on the C-130 and C-140 airplanes. Addition of the
force variable ratio shifter feature changes only the
feel-lever design and has been developed through
laboratory and flight testing. No depreciation of the
high reliability and useful service presently attained
with boosters is anticipated.

All components of the primary flight controls are
readily accessible for removal and installation as
well as for inspection and adjustment. This factor,
together with simplicity of the controls and use of
highly reliable components, minimizes the main-
tenance required. The cables are easily inspected
from inside the fuselage. Maintenance access to
those in the tunnel! through the wing box is provided
by removing the center section of the tunnel from
the top of the center wing. The boosters are easily
removable assemblies accessible from inside the
fuselage. The primary flight control component lo-
cations are shown on Figure 7-1.

All components of the secondary flight controls
are readily accessible for removal and maintenance
as well as for adjustment and inspection. The stabi-
lizer trim actuator is accessible through a door in the
horizontal stabilizer and from a ladder installed in-
side the vertical stabilizer. Rudder and aileron tab
actuators are accessible through access doors at their
locations. The flap drive, being located on the center
section rear beam, is accessible from the cargo com-
partment. Flap and spoiler actuators are accessible
when either the flaps or spoilers are extended. The
secondary flight control component locations are
shown on Figures 7-4 and 7-5.

Design and Development Testing

Design testing of the boosters and stabilizer trim
actuator will assure meeting the requirements of
5,000,000 cycles life specified in MIL-F-5490B.
All the subsystems will be incorporated into a full-
scale flight control system functional mock-up for
systems developmental testing. Each component will
also be tested for compliance with the applicable
specifications. Phasing of these tests will follow that
shown for the automatic flight control system.
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AUTOMATIC FLIGHT CONTROL SYSTEM
(5.1.5.8.2)

The automatic flight control system (AFCS) consists
of the yaw damper, automatic pilot and Mach trim
compensator subsystem. The selected equipment will
meet the requirements of FAA TSO C9c and MIL-
F-9490B except for sealed electronic packaging.
Since all the electronic packages are located within
the heated fuselage pressure shell, the added cost for
military packaging is not considered warranted for
this application. This equipment is at least as
environment-tolerant as the E-4 autopilot equipment
widely used by the Air Force. This assumption has
proven valid on the C-130, C-140, B-47, and QB-47
airplanes.

From evaluations of yaw damper and automatic
pilot proposals from Sperry, Bendix, Collins, and
Lear, in conjunction with Lockheed’s experience
with automatic flight control systems in the above
mentioned airplanes, it has been determined that
existing equipment will provide adequate automatic
control of the GL 207-45 aircraft. Such equipment,
utilizing the latest proven state-of-the-art and de-
signed in accordance with criteria and philosophy
compatible with Support System 476L, is to form
the basic AFCS; however, final selection of the
manufacturer will be negotiated after the airplane
contract has been let.

The functions and features discussed herein meet the
operational requirements of the statement of work
and of the airplane, and meet or better the standard
FAA and military functional and safety require-
ments.

Yaw Damper and Automatic Pilot Subsystems
Description

The yaw damper and automatic pilot subsystems
are shown in Figure 7-6. Since yaw damping is
needed only while flying at high altitudes with light
gross weights, the yaw damper is also employed as
the rudder channel of the automatic pilot.

Yaw Damper

When engaged, the yaw damper drives the rudder
control subsystem in accordance with signals from
the yaw rate sensors to oppose and dampen the
“Dutch Roll” oscillations. The yaw damper is inter-
locked with the automatic pilot only to the extent
that an additional lateral accelerometer signal is
provided for turn coordination whenever the auto-
matic pilot is engaged. Engagement during lateral
perturbations cannot result in a biased rudder. Pilot
controls consist of a yaw damper engage switch lo-
cated on the automatic pilot controller, and quick-
disconnect pushbuttons on control wheels.

Avtomatic Pilot
Engagement of the complete automatic pilot by use
of a switch on the controller will automatically level
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Figure 7-6—YAW DAMPER AND AUTOMATIC PILOT SYSTEMS BLOCK DIAGRAM.

the aircraft wings to within = 1 degree (trimmed),
and maintain the pitch and heading attitudes exist-
ing at the time of engagement to within Y4 degree
and 1 degree, respectively. Stabilization is accom-
plished by conventional techniques employing in-
puts from roll and pitch attitude gyros,roll and pitch
rate sensors, and the directional gyro. Automatic
wing leveling is accomplished by the roll synchronizer
signal at engagement. Heading errors are corrected
by commanded bank attitudes. Automatic pitch trim
is provided through the trim coupler which smoothly
repositions the stabilizer through the electro-me-
chanical servo to prevent disengage transients,
Manual turn and pitch maneuvers, up to =40 de-
grees of bank and =25 degrees of pitch are accom-
plished through the automatic pilot controller turn
and pitch rate knobs. All maneuvers commanded
by the automatic pilot are in a smooth fashion.
Turns are coordinated to within = 3% fall and steady
state turn to within = ¥4 fall.

The conventional operating modes are provided. The
Heading Select mode permits presetting the desired
heading on the compass repeater. On Altitude Hold
mode, barometric altitude is maintained within =10
ft. at sea level and =75 ft. at 40,000 ft. VOR or
Tacan navigation is obtained when the radio receiver
is tuned to the proper station and the respective
mode is engaged. Compass heading data, referred
to mean range heading, facilitates smooth fight
through the cone of confusion directly over the
station. ILS range flying is similar to the VOR mode,
except that radio range rate data substitutes for
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compass heading data, and different gains are used.
The Glide Path is automatically engaged when the
aircraft approaches the center of the glide path beam.
When engaged in Doppler Navigation, the doppler
computer supplies track displacement and rate infor-
mation to the heading computer to maneuver the
aircraft along the track, and supplies track switching
information to automatically program a smooth air-
craft turn and entry to a new track.

The control surface servos incorporate rate and dis-
placement feedback. Cockpit trim indicators monitor
the servo amplifier output. Automatic synchroniza-
tion enables engagement of the automatic pilot with
no objectionable transients. Since the changes in
response of the GL 207-45 are no more severe than
encountered in similar aircraft of this type, no diffi-
culty is anticipated in using the simplest optimization
techniques such as gain changing with dynamic
pressure and lift compensation as a function of bank
angle.

The total automatic pilot and yaw damper has a
system power requirement of less than 400 watts.

Mach Trim Compensator Subsystem Description
The Mach trim compensator (MTC) automatically
compensates for the slight tuck tendency found above
0.75M by adding to the pilof’s trim commands sta-
bilizer trim increments as a function of Mach number
change above the tuck entry, thus increasing the
apparent speed stability of the aircraft. The pilot’s
MTC controls consist of a push-to-test switch for
warning light, and MTC on-off switch.
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The MTC installed in the GL207-45 is considered
conventional, as it is developed from the one em-
ployed on the C-140 aircraft. The primary differ-
ences are the Mach number at which compensa-
tion is initiated and the incremental stabilizer angle
vs. Mach number program characteristic

A functional diagram of this system is shown on
Figure 7-7. The output drives the stabilizer through
the electro-mechanical servo. It automatically drops
into follow-up and sychronizes whenever the pilot
commands pitch trim through the primary or secon-
dary trim controls, when the automatic pilot is
engaged, or when the airspeed drops below 0.75M.

MACH
LEVEL
DETECTOR
MACH ——
DATA ¢ E
ERROR
SENSOR = TRIM
AMPLIFIER COUPLER
STABILIZER
POSITION SYNCHRONIZER
DATA

MACH
TRIM
DISCONNECT

FAILURE
SENSOR

TO SECONDARY
STABILIZER
ACTUATOR

Figure 7-7—MACH TRIM COMPENSATION SYSTEM SCHEMATIC.

TO PILOT WARNING LIGHT

Protection Features

The only single malfunction that is capable of
causing a two-axis hardover is a mechanical failure
of the vertical gyro. Regardless of the particular type
of malfunction, all servos are in parallel with the
pilot’s controls and are torque-limited to prevent air-
craft damage and permit the pilot to override the
automatic pilot. The use of “g” limiting is not
considered necessary at this time. The automatic
pilot can be disengaged at any time, by pressing the
disengage buttons on the control wheels. Since the
yaw damper is completely isolated, failure of the
automatic pilot or MTC does not prevent use of the
yvaw damper.

An MTC failure indicator is provided to warn the
pilot of the existence of probable malfunctions, and
to automatically disconnect the subsystem from the
stabilizer actuator. The automatic pilot provides a
backup system for the MTC.

Reliability and Maintainability

The use of conservative semiconductor design and
proven components, along with a minimum number
of components and system-interconnected wiring,

contributes to a high reliability factor. Compliance
with the applicable military and FAA requirements,
including TSO ¢9c, is a basic criterion.

Modular-type components located in accessible areas
facilitate the application of removal and replacement
troubleshooting techniques. The flight computer
and coupler assemblies consist of racks into which
modules are plugged, and are located in the elec-
tronics compartment under the aft crew station floor
along with the vertical gyros. The controller is
located on the crew station center console. The servos
are located adjacent to the primary flight control
subsystem boosters.

Field maintenance requires the use of a minimum of
standard test equipment. Special go-no-go test equip-
ment permitting faster and simpler test procedures
are available.

Design and Developmental Testing

The automatic flight control phasing chart indicating
the division of responsibilities is shown in Figure 7-8
The use of proven techniques allows emphasis to be
placed on system calibration, system and component
testing, and design improvement by both Lockheed
and the vendor.
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CERTIFICATION XX
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Figure 7-8—AUTOMATIC FLIGHT CONTROLS DEVELOPMENT
PHASING CHART.
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Growth Potential

The use of modular construction and channelization
provides flexibility for the desired future growth in
functional capability at minimum costs. Considera-
tion was given to the addition of automatic speed or
Mach control, inertial referenced navigation, and
landing flare-out (when a particular system is de-
signated by WADD). Space is available on the
controller for additional mode selection. The radio
coupler is flexible enough to handle the longitudinal
and lateral signals used by systems being considered.
This concept was applied successfully to the Sperry
SP-40 Automatic Pilot installed on the Lockheed
C-140 aircraft.

FLIGHT INSTRUMENTS (5.1.5.8.3)

The standard basic advanced flight instruments with
conventional direct reading speed, altitude, and rate
of climb indicators make up the basic flight group
as shown in Figure 7-9. This group is positioned
without compromise of its own or outside visibility.
Central air data system indicators are provided for
outside air temperature and ram air temperature.
The combination of the Attitude Director and the
Horizontal Situation Indicator with the CPU-27/A
Computer and the radio and navigation references
offers many possible modes of director-type indica-
tion and navigation information display to the pilot.
The following modes have been chosen, and are
made by the manual rotary switch located on the
right of the flight instrument group:

1 Data-link

2 Auto-Nav(sometimes
called heading)

3 Navigation steering

4 Tacan
5 VOR/ILS
6 Go-around

Data link and Auto-Nav are conventional modes.
Navigator Steering mode is dependent upon the
navigator computer selecting the most accurate
information available and automatically providing
the commands and deviation inputs to the flight
director computer, the Attitude Director (ADI), and
Horizontal Situation (HSI) Indicators. The along-
the-track distance to go is shown on the digital
distance indicator. Further details are contained in
the Navigation Equipment discussion of Volume 1
and Volume 2. In the Tacan mode, course is selected
by the HSI course-set knob and the following is
displayed: director steering on the ADI; deviation
from course and to-from indication on the HSI bars
and mask; station distance on the digital distance
indicator.

The VOR portion of VOR/ILS mode provides the
same display as Tacan to the pilot, based on the VRO
facilities selected on the NAV receiver. Distance is
again available if the particular station includes the
distance portion of the VOR-TAC system. The ILS
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mode is automatically engaged when the NAV re-
cceiver is tuned to localizer frequencies. Localizer
runway magnetic heading must be inserted into the
HSI by the course-set knob. The shift to Approach
mode from ILS is triggered by the flight director
computer beam sensors. Go-around mode provides
director steering information for continuing the same
localizer heading, intercepting or following a pre-
selected (on one receiver) radio facility, and pitch
command for level-off and climb. The horizontal bar
of the ADI provides sensitive pitch attitude deviation
in the navigation steering, Tacan, and VOR modes.
The pilot’s and copilot’s flight computer, ADI, and
HSI are basically independent with independent
gyro and radio signal sources. The only exception
occurs when the pilot and copilot cross-monitor
on approach with one receiver tuned for go-around.

The Radic Magnetic Indicator displays station bear-
ing from any two of the ADF, Tacan or VOR
receivers. The choice is made manually through the
bearing selector switches to the right of the director
mode selector, and is indicated by annuciator lights
adjacent to the indicator.

Flight instruments by type number are listed below.
Complete panel instrument listing is provided in the
Model Specification, Volume 5. The Altimeter, Rate
of Climb, Airspeed and Mach indicators are modified
to provide MIL-L-27160 white lighting.

Type Pilot Copilot

Flight Director Indicator ARU-2B/A X X
Horizontal Situation

Indicator AQU-2/A X X
Altimeter MB-1 X X
Rate of Climb Indicator MS28049-1 X X
Airspeed Indicator L-7A X X
Mach Indicator A-1 X X

ENGINE INSTRUMENTS (5.1.5.8.4)

The pilot’s integrated engine instruments display
those functions that are necessary for optimum
thrust setting and power management for the specific
combination of aircraft and engine, as shown in Fig-
ure 7-9. The display modules (tape mechanism)
and computer techniques now under development for
WCLCIP-286 are directly applied to System 4761,
Computed command for the chosen operating
mode, such as maximum distance cruise control, is
displayed for each engine on the engine pressure
ratio (EPR) indicator. Supplementary information,
including individually-computed “standard” ranges
as well as measured values of exhaust gas tempera-
ture, rotor speed, and fuel flow are also displayed for
“confidence” and for complete monitoring of engine
operation. Handbook data can still be used for other
conditions than those defined by computer modes.
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Figure 7-10--SYSTEMS

ENGINEER PANEL.

The systems engineer’s engine panel as shown in Fig-
ure 7-10 contains basic indicator modules that are
identical with the pilot’s indicators, plus additional
indicators required for monitoring and analysis, in-
cluding N, rotor speed, burner pressure, and oil

volume 1

pressure, temperature, and quantity. Additional de-
tails are provided In Volume 2 and Volume 5.
The basic concepts of integrated engine instrumen-
tation set forth for the C-130B aircraft by Exhibit
WCLCIP-286 are retained and enlarged upon. These
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Figure 7-11—ELECTRONICS SYSTEMS DEVELOPMENT SCHEDULE,

concepts are: (1) tape, servo-driven indicators, (2)
engine scanning by computer, (3} computed “Com-
mand” markers and, where applicable, redline
markers, (4) malfunction warning outside accept-
able ranges. These acceptable ranges of item (4)
are continuously indicated by green areas on sepa-
rate tapes.

Engine Instrument List Pilot Engineer

Pressure ratio—2 dual tape indicators X X
Exhaust gas temperature, EGT,

tape indicator X

>

Fuel, flow, tape indicator
Tachometer N2, tape indicator X
Tachometer N1, tape indicator

Oil Pressure, tape indicator

I I I A

Qil temperature, tape indicator
Thrust reverse position 1 dual

tape indicator X

b

Indicator, vibration

Burner pressure, tape indicator X

NAVIGATION AND COMMUNICATION
EQUIPMENT (5.1.5.8.5 and §)

Operational Requirements

The System 476L is required to have an all-weather
global navigation capability. In addition, the air-
borne system must provide positive position informa-
tion at all times for domestic and oceanic air traffic

volume 1

L
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control purposes. To ensure flight safety, sufficient
redundancy is required for cross-checking and re-
liability. The manipulative work load of the
navigator, due to thes