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Length
Mass
Volume
Veloeity
Foxce
Density

Pressure

Inertia

Temperature

ST CONVLERETONS

feet x 0,3048 = weters (u)

pounds x 0,45359 - lkilograms (b

gallons & 0.003780 = cubic metorsy ()

knots % 0.51444 = meters per sco

pounds x 4.%448 = Newtons (M)

slug/fE2 % 515,379 = kilowrauy per cubic meter (Refy3)
psf x 47.85 = pascals (Pa)

psi % U.068965 = Bars

slug-ft2 x 1,3557 = kilogram - square meter (kg«ﬁg)

°R % 0.5555 = Degrees Kelvin (°K)



- 1.0 INTRODUCTION
Ju This report contains the schedule and budgetary information for a study
conducted by the Columbus Afreraft Division of Rockwill International which
o investigated the conversion of twe T-3Y airveraft into Lift cruise fan vesearch

and technology vehicles. The concuptl is based upon modifving the T-39A
(NA265-40) Sabreliner aivframe intep o V/5TOL confipuration by incorporating

- two LCF-459 1lift cruise Fans and three YJ~97 pas generators. The propulsion
% concept provides the thrust for horizontal £light or 1ift for vertieal £light
b by deflection of bifurcated nozzles while maintaining engine ovut safoty

throughout bthe £iight envelope, The configuration meets all the study reguire- ﬂ
ﬁf ments speeified for the design with control powers in VIOL and conversion in ’
g excess of the requirement making it an exeellent vehicle for research and

development.,

The study report consists of two volumes; Volwse 1 (Reference a) contains
background data detailed description and technical substantiation of the air-
craft. Volume II includes cost data, scheduling and program planning not

I addressed in Volume I, The study guidelines for this contract are summa-

‘ rized and commented upon in Volume I,

This study reflects a conceptual effort, both as to airplane characteristics
and the program tasks/cost data presented, Accordingly, such information is
_ subject to refinement and iteration in subsequent proposal and program phases,
P _ consistent with a proof of concept technology LfforL utilizing goals in lieu
' of operational requmrements.




2.0 SCHEDULE

The gelhedule in Figure 2,1 is set by the time required to recelve the hot gas
duct g (24 wonths) and the lift-cruise fans (22 to 31 wmonths), It iy requirved
Lthat the Contractor deslegn the vehicle in detatl sufficient to be able to de-
fIne the hot pas duct requirements for a subeontract, Two months will be
sulficient to determine the initial sizing requirements for the hot gas ducting
design and fabrlcation., Chronologically, the next event Is the design of a
wind tunnel model; two months of preliminary design will provide enough infor-
mation to start model design. The initial NASA review is timed to allow revi-
gion to the wind tunnel model design., The model design and fabrication will be
completed in 3 1/2 months, Testing will be accomplished in a month and reduced
data available early enough to provide information during the design effort,
These data will be used to provide aerodynamic inputs to the simulation study,
It is fmperative that the wind tunnel and simulation effort be early enough to
ald in the design. These data will be discussed with NASA at the second review
for approval of simulation plans for the NASA-Ames facility. The simulation
program initially will be a computer program in-house; subsequently, the simu-
tation &tudy will be shifted to NASA-Ames facility where a man-in-the-loop test
will be run. °‘This is approximately 18 months from zo ahead. A final design
review and approval for fabrication is expected after 18 months,

During the 15th month, the design of the test rig, a nacelle including gas
generator, fan, associated ducting and remote control devices will commence,
The T-39 airvframe will become available during the 22nd month and work on the
canopy section to modify the glass, canopy framing, and installation of the
seat will start. Number one vehicle will have only the cockpit rework accom-
plished when the static seat testing (one simultaneous dual seat firing) will
be performed. Number one will then go back to be refurbished in the cockpit
area and stripped in preparation for the rework effort. By the 27th month,
Number two aircraft rework is well underway, the hot gas ducting would have
been received and the non-flight-worthy fan instalied in the test rig.

Testing of the static nacelle rig will continue from the 22nd month for approx-
imately six months, At the end of this testing, Number two ailrcraft will have
been completed and ready for the series of ground tests including cockpit
pressurization, a structural proof test, controel:proof test and the numerous
systems test. It will then have the total propulsion system tested similar to
the static rig tesv. At the conclusion of these tests, Number two will be sent
back for flight preparation. Coincidentally, with the end of grouad testing on
Number two, Number one will be checked out and readied for first conventional
flight in the 36th month. The conventional £light test will be performed at
the Contractor's facility and is scheduled for 10 to 12 flights for both
vehicles, Number two will fly subsequent to Number one and will be flown to
Ames or Langley for hover tests. The choice of methods to satisfy the hover
test will be made after running a similar program at Langley with the XFV-12,
This test is scheduled for the 39th and 40th month and will be coincident

with the 40 x 80 foot tunnel, three month test at NASA Ames using vehicle
Number one. -

aRIGQV 2
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i
e After the hover test for Number two gnd the tunnle test for Number one a three
! month refurbishing program will be carried cut in preparation for the Contractor
i V/STOL testing., Number one and two will both £ly "V" during the 43rd month and
H delivery to NASA will take place 45 montns from go-ahead,
; Figure 2.2 is a more detailed breakdown of the schiedule in Figure 2,1 and is
i based on the work breakdown of "able I.
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3.0  TEST PROGRAM DEFINITION

The following programs are ideutified as tests required prior to delivery el twn
aireraft to the Customer. 'These tests have been priced based on the data out-
lined, ‘The Future requirement of the Customer could modify these substantially.

3.1  Wind Tunnel Tesbing

The research airplane configuration will be duplicated in a scale model utilizing
existing lift-cyuige Lans, The [ans are Teehnology Developuent LG 457 Fans of

5.5 ineh digmeier. The moedel will be supplicd with two external air supply lines,
one of which will be utilized to drive the tip driven fans and the seecond will
supply air fFor the piteh pipe simulation.

The design will begin after completion of the cunfiguration refinement studies
with model completion scheduled 5 1/2 months after contract go ahead., Model
configuration flexibility will be designed in to allow for testing of later
identified or anticipated high 1isk items without major rework of the model.

The test will esasist of three test periods., The initial test will be a statie
test, the secs ‘. - est period will be a forward speed investigation in the Rock-
well 14' % 1o ¢,8TOL wind tunnel and the third period will be a forward speed
test in the Rockwell 7' x 10' test seetion. The following is an outline of the
tasting and objectives of esch test,

1. Static Test - Static thrust stand with movable grotnd pilane,

Objeckive: Determine the statie calibration of the fans and Lhe statie
made]l interference in free air and in the near sroximity to
the ground. Develop fixes as required for {averable inter-
ference,

Procedure: Tnstali the full model in the Rockwell st.wie thrust stand in
a nomal attitude. Fan calibration will be made primarily with
flow exit surveys and verified by fore. data. CGround proximity
will be simulated in symmetrical, roiled and pitched conditions,
Interference will be determined by foree data,

Variables:  Nozzle angles: B0, 90%, 100°
Roll angles: o, 5%, 10°
Pitch angles: -10, 0, 10z
Ground height: free alr to wheels down height
Lateral control: (1) free air

(2) near ground
(3) banked cenditions



2

-

Piteh control: (L) free alir
(2) near ground
(1) pitched conditions

Yaw cottrol: (1) free alr
(2) near ground

Test Period: approximately 3 weeks

Forward Specd = NACAL 14' x 16' V/STOL Tunnel

Objective: Determine the aerodynamic characteristies and performance at
for forward speed conditions. Determine fixes for Efavorable
interference characteristics,

Procedure: Install in the 14' x 16' test section. Thrust coefficients
will be varied by tunnel speed and fan thrust. Ground proxi-
mity will be varied.

Variables: CT - Thrust coefficient - varied by tunnel speed and fan RPM e

SN - Wozzle angle - U, 30, 60, 80, 90, 100, 135 degrees
o - angle of attack

Tail incidence, and vert. position, elevator and rudder defl,
piteh eontrol - pitech pipe thrust (third engine)
ground height - free air to wheel height

Test Period: Appxcximately 6 weeks

NACAL 7' X 10" Test Section

Ubjective: Obtain high velocity aerodynamic data and control forces,
hinge moments.

Procedure: Install in 7' x 10' test section on external balance, hinge
moment instrumentation,

Variables: (T - Thrust Coefficient ; .
SN - HNozzle angle 0, 30, 60 degrees -
o -~ Angle of attack i
Tail incidence and podition i
Se - elevator angle
S§r - rudder angle

Test Period: approximately 3 weeks



3,2 Simulation

A computer simulation of the aireraft and controls will be performed during the
carly weeks of this design. The siwolabion will be a six degrec ol [reedom, non-
linear aerodynamic wodel of the aircraft plus a model of the control system

that: includes rate limits, travel limits and other significant non-linearities,
The system will represent the aireraft From hover to slow speed conventional
flight.

The model will be capable of continuous solution sver ‘he speed range. This will
permit evaluation of trim change with speed and angle of attack. The simulation
will also be used to evaluate the flight profile characteristics expected during
conversion, and the duct angle control rates and positions needed for smooth,
continuous conversiong, These tests will be performed for both increasing and
decreasing speeds,

The simulation model will also be used for fixed point evaluation of the aireraft
performance, That is, the charasteristics will be evuluated about several
selected values of speed, thrust, angle of attack, and angel of sideslip, Dyna-
miec solutions will be obtained about selected fixed points, This will include
transient response, damping required, control power required, and first order
coupling effects. These tests can be used to substantiate the mathematical

model and as aids in the aircraft and control system design,

In addition to aiding in the lift fan design and development, the computer simu-
lation tests to be performed will be used agan aid in developing a mathematical
model of the T-39 lift fan aircraft for better use in piloted simulation tests.
The model development will be planned to be compatible with the six-degrees

of freedom V/STOL motion simulator located at NASA Ames, The 35 degrees of
angular freedom and nine feet of motion freedom available in this simulator will
provide an excellant opportunity to evaluate the aircraft handling qualities prior
te f£light,



3.3 Structural Verification Tesls

A series of ground and Flight tests will be performed to verify the static

and dynamic integrity of the wmodificd T-39A airframe for operatlon in Lhe
proposed V/STOL Elight evaluation program, Cround vibration and selected

proof load tests will be performed prior to flight release to verify structural
integrity of control systems and structural assemblies wnich have undergone
major modifications. These will be followed by flight test monitoring of
ingtrumentation installed at key locations un the airframe as the flight test
operating envelope is expanded. The instrumentation will be calibrated to
provide data for comparison with analytical loads used in the design of the
airframe and to evaluate flutter response of the structure,

The following Lypes of proof load tests are proposed to. provide adequate
verification of the strength of the aircraft prior to first flight,

Horizontal Tail Load - A simulated airload will be applied te the
horizontal stabilizer and elevator with the fuselage restrained at

tie down points in the vicinity of the front and rear wing attach
frames., Strain gages will be installed at the root of the horizontal
stabilizer rear spar Lo measure bending and shear strains as critical
up bending and down bending loads are applied to 110% of design limit
load. This test will provide strength verification of the new horizon-
tal tail attachment and aft fuselage structure, and will provide cali-
bration data for measuring horizontal tail loads in the flight test
program. This horizontal tail load data will be useful in evaluating
the aerodynamic characteristics of the vehicle and in verifying
fuselage design loads,

Vertical Tail Load -~ A simulated airload will be applied to the vertical
stabilizer and rudder with the fuselage supported at the same points as

in the horizontal tail load test, Strain gages will be installed at the
base of the horizontal stabilizer rear spar and lateral deflection of the
stabilizer will be measured as loads are applied to 100% design limit load.
This test will verify the torsional strength and stiffness of the stabili-
zer attachment and aft fuselage modificaticn.

Nacelle/Wing/Fuselage Attachment - This test is designed to verify the
structural integrity of the nacelle to wing and wing to fuselage attach-
ments and supporting structure vhen subjected to critical landing load
conditions. The. test also allows calibration of the wing to fuselage
attachment loads for evaluation in the flight test program. Vertical
and drag loads are to be applied to the main landing gear attach points
with the fuselage restrained at tie down points at t“e front and rear
iwing attach frames, Strain gages und/or strain bolts are to be in-
stalled in the vicinity of the fuwward and aft wing attach fitting and

10



o Lhe wing Tronl and rear spar Lo measore bendioe aud shear sbraios as
critiead landing loeads arve applicd (o 110% desipn Timte Joad, A unid
toad cares is also Lo e applicd Lo Lhe main pear Lruunion to prodice a
known <hear bendioe mometl and toision at Lhe side of the Noselape lor
Fight load calibration prrposcs.

s #light Coatec . Systems - The longiiudinal, lateral and directional flight
' control system will be proof tested to verify the strength and stiffness
=3; of the system. The control system will be proof tested for the VIOL and
i conventional £light modes. Pilot effort will be applied to the control

stick and rudder pedals and reacted on eitlier the blocked control surface
n or at other applicable points within the system, The deflections of the

i control stick and rudder pedals will be measured to determine the
stiffness of the control system, Instrumentation may be installed and

. calibrated in portions of the control system linkage to provide specific
b loads data such as rudder, elevator and aileron hinge moments, and

e linkage load data for nozzles and valves,

o Cockpit Pressurization - A cockpit pressurization test will be conducted
f; as part of the manufacturing check out of the sealing of the new cockpit

enclosure and cockpit pressure bulkhead. Leakage rates and functioning

iy of pressure relief valves will be checked as the enclosure is pressurized
i to 5.0 psi limit load.

o Ejection Seat Load - Proof test leads will be applied to the installed
iﬁ LW-3B ejection seats support structure to verify the strength of the seat
Vi support structure under simulated crash and emergency ejection loadings.

R Dynamic integrity of the airplane will be verified by a program of analysis,

b ground vibration test and flight flutter rtesting. A ground vibration test
will be conducted on the complete airplane to determine the dynamic character-
R isties of each of the primary structural componernts. The resonant frequencies

e and mode shape will be compared with predicted analytical data for the lift fan
: configuration and with previous analytical and test lata for the T-39A configur-
ation. Accelerometers will be installed at key locations on the airframe and
the airplane will be suspended from hoist points with a sling supported by a
soft bungee system, The structure will be excited by multiple, electronically
controlled shakers. Correlation of primary frequencies and mode shapes with
"mathematical analysis is required prior to first flight,

£y
ol

2 The flight flutter test program will consist of monitoring accelerometer
Goge readings during the initial phases of the VIOL and conventional flight test
R[ program to establish frequencies and mode shapes as the operating envelope

b is expanded.

Functional and proof tests will also ‘be conducted on all the subaystems of -the
aireraft, These ineclude hydraulies, fuel, electrical, imstrument, environ-
mental control, fire detectionm, etc. Temperature will be monitored on specific
portions of the airframe adjacent to hot gas ducting during ground run up and
flight operation modes to insure that temperatures do not exceed material
design allowables.

ORIGINAY! PAGE IS
"~ OF POOR QUALITY
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3.4 Escape System Substantiat®on

Two LW-3B zero~zero seats provide  the escape capability for the modified T-39
rescarch and technology aircraft, The recent demonstration of side-by-side
dimultaneous firving of a similar configuration in the NASA research aircraft

XV-15 provides a basis for this austere ejection seat installation substantiation.
The T-39 airframe will be modified iun the cockpit area only to provide a satis-
factory cockpit canopy with adequate ejection clearance. The airframe will then
be used as a static test article to substiantiate the simultaneous side-by-side
ejection, The test firing is to verify satisfactory through-the-canopy seat
penetration, Two contingency seats will be provided to accommodate any retesting,

Photographic coverage will be provided of the ejection tests and will be utilized
for the measurement of position, velocity, and attitude of the ejected seat. In
uddition, documentary and special event cameras shall be used to record the com-
plete test sequence, including the complete trajectories und behavior of pertinent
or critical components of the escape system sequence during pre-ejection, ejection,
sepatation, free flight, and recovery. BStill photographs will be taken prior to
and after completion of each test firing,

The Contractor shall instrument the test vehicle, using instrumentation as
necessary to record data on the following parameters of the emerpgency escape
system during the ejection tests:

. System initiation

. Initial seat movement

. Catapult pressure

. Vertical acceleration (during catapult stroke only)

. Seat velocity at tube separation -
, Pitch rate of seat at tip off '

. Harness release gun actuation

. Parachute pack opening,

12
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3.5 Ground Testing

3.5.1 Propulsion System Test Rip ~ The use of a non-flight test rig will provide
carly identification ol any problems in the hot gas Jducting, pas poncrator lo

fan interface and nacelle cooling., Before fan delivery, the pig will provide a
test Tacility to evaluate hot gas duct components, The test rig will provide

the Contractor with the equivalent of on line conditions 15 months prior te the
installation of the propulsion system in the airframe for ground testing, When
the initial fan becomes available (month 22) the rig will be converted to a
statle duplicate of a nacelle, This rig consgists of the equivalent of a nacelle,
with a gas generator, fan and the prime comnecting ducting having two valves and
three universal joints., This rig provides early informaiion on the performance
of the propulsion system installation. The static ground test will provide an
initial look at an installed duct run dnd an evaluation of the components, method
of connécting and supporting them and a measure of the thermal deflection., The
effectiveness of compartment cooling, insulation, and fire warning system will
be evaluated. The benefit of this rig lies in the early assembly and operation
of hardware components without jeopardizing the structure of the f£light article.
This rig provides a static fan survey of the inlet and exhaust for thrust and
distortion data. Considerable test time will be saved by providing remote con-
trol of the swivel nozzle actuators, spoiler vanes actuators and exhaust area
actuater., The following performance conditions will be quantified:

YHozzle coefficient,

Thrust decrement due to spoller,

Thrust deflection due to vane deflection,

Thrust variation due to area variation,

Thrust variation due to control valve deflection,
Nozzle losses due to nozzle deflection angle,
Water injection operation,

A comprehensive static temperature sSurvey will be made for various engine duty
eycles, This would provide the data base for eventual flight surveys.

3.5.2 Installed Propulsion System Ground Test - Ground testing of the hot gas
ducting system installed in airplane No. 2 will be conducted after roliout. The
riz test will have provided information on the normal operation loop from gas
generator to fan, This will be the first opportunity to check out the total
system. By closing the backflow valves and the two roll control valves, the
system will be pressurized and leak checked., Any deviation from a baseline
reading will indicate a potential problem. The following check will be accom-
plished prior to ground testing and all [lights.

System

After installation is complete and before the first engine run, inspect
for tb® collowing:
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Nandling damage
Proper alignment
Proper clearance
Proper torque level on couplings and attachments
Total system leakage
Initial ducting position
During engine run:

Monitor ducting position indicators to verify adequate growth
accommnodation

After engine run:
Check leakage against initial baseline reading

If leakage increase is excessive, check for source and overheat
damage

Check ducting position against initial reading
Recheck torque on all couplings and attachments
Leakage will be checked before and after each £light

Duclting position indicators will be monitored durisg the first
three or four flights

Run up test will provide a time history of temperatures, pressures and de-
flection based on specific engine schedule, The installed system will be
evaluated for vibration induced by power system dynamics. The ground test
will include functional test of the seven valves and the two pitch nozzles,
Static tests of the engine out procedure will simulate the operational modes
from Level 1 to 2, These ground tests will include assessment of the auxil-
iary water system, fire extinguisher and warning system; and test of the
“high £low" pitch pipe system discussed in Section 5.0 of Reference (a) for
attenuation of exhaust conditions.

3.5.3 Systems Checkout - All systems will be ground tested prior to f£light.
Included in these tests will be the oxygen system, fire extinguisher system,
utility and prime hydraulic system, electrical, avionic, envirommental system
and fuel system. %These systems will be functionally checked at normal con-
ditions with no effort to simulate extreme conditions usually required by
formal demonstrations.,

14
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Vertical flight characleristies under full scale condilions can be obtained
by using one of twe NASA facilities, the lunmar landing research Facllily at
Langley or the static ground effects test stand at Ames. "The test at the
Langley facility would suspend the airerafit in such a way that it is free

to move in a given vertical and horizental envelope. The Ames facility
provides an instrumented static test stand that allows aireraft operation at
various heights and attitudes above the ground. Both facilities can provide
aerodynamic data in the presence of the ground. The Contractor will be using
the Langley faeility prior to the schedvled time for the Researeh and Tech-
nology Aircraft. The usefulness of this test will influence the final decis-
ion on the more cost effective faeility to evaluate hovering characteristics,
A cost to support either program has been included,

3.7 Flight Test Program

The flight program is divided into a conventional mode and a V/STOL mode, Be-
tween these two programs one aireraft will be run In the NASA-Ames 40 x 80 fool
wind tunnel to investigate the vertical and transitional handiing qualities
characteristics,

The initial flight test program is designed to open the £light envelope using
only conventional takeoffs and landings (l.e., fixed nozzle-position). This
program will involve both aircraft and be performed at the Contractor's facility
in Columbus, Ohio. Approximately 20 to 25 percent of the total flight program
will be devoted to these bests. Both vehicles will be instrumented; however
the complement is not proposed to be identical. Table II is a representative
list of instrumentation parameters. 'The following performance items will be
evaluated by the Contractor for eruise flight only:

Takeoff and landing distances,

Rate of climb for various climb schedules,

Service ceiling,

Range and endurance fuel flows at various altitudes,
Engine air starts,

Engine out operation.

System checkout,

“The following flying qualities will be evaluated at more than one center-of-
gravity extreme in cruise configuration:

S$talls in all configurations,

Static and dynamic longitudinal stability,

Statiec and dynamic lateral directional stability,

Maneuvering stability, ‘

Trim changes due to gear extension, nozzle deflection, slat
deployment and pitch pipe operation.
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A survey of alr loads, particularly on the vertical and horizontal tails, will
he monftored douring the bulld-up phase of the conventional flipght testing,
These strain gages will be compared with data from similarly instrumented 1T-739A
velticles.,  The basic stress analysis will be based on analytical computalions
and the 0.1 seale wing tunnel vesults and corrvoborating prool load tests, In-
{1ight monitoring of eritical [tems will provide a means of checking these pre-
Limivpry analysis and insure a safe test program.

The V/STOL portion of the f£light program will have been preceded by a hover

test, and the 40 x 80 tunnel test so the basic vertical flight characteristics
should be well defined. The transition data received during the NASA Ames

tunnel test will provide the guidelines for the V/STOL flight testing, This
phase of the flight testing will be done at the Customer's facility by Contrac-
tor pilots. The purpose of the test is to define the vertical flight character-
istics, determine control power, and establish a comfortable level of augmenta-
tion for the stability system., Transition profiles for landing and takeoff will
be investigated, The third engine use will be defined with engine out procedures
recommended,

3,8 Reliabilitv and Quality Assurance

The Contractor will provide reliability and quality assurance functional support
of design, modification, and test of the T-39 modified 1ift cruise aircraft.
While R&QA requirements as typically applied to operational aircraft developments
will not be invoked for this program, the Contractor's existing Quality Assur-
ance and Inspection program in accordance with MIL~Q-9858A will be applied.
Specific attention will be directed to material and components relative to the
identified risk areas, to assure the maximum probability of success, Modifica-
tion type drawings to Contractor practices will be used in the program and re-
leased by englneering order,

VALITy 16



Table I
o Fnsteamentat jon List

1. FLIGHT PARAMETERS v. VERTLCAL CONTROL SENSORS

Voilce Intercom.

L/C Nozzle Position

Airgpeed koll Valve Position
. Mach L/C Spoilers Position
X Altimeter L/C Area Eyelid Position
e OAT (Ty ) Pitech Nozzle Position

Airspeed, Lowponeqpudinal
Alrspeed, LoWpgparal
Radar Altiineter

Vertical Airspeed
Attitude - Pitch 0 (angle)

" Lateral Stick Force

Directional Pedal Force

111. CRUISE SURFACE CONTROL SENSORS

Elevator Position
Horizontal Position
Ajileron Position
Rudder Position
Longitudinal 'g's"
Slat Position
Direccional Trim

POWER PIANT INSTRUMENTATION

Fuel QuantitYwing LI
Fuel Quantityyine RU
Fuel QuantityFuseiage

Roll Fuel Flow'RH
o Yaw (Sideslip) W, B) ‘
ﬁ Attitude Rates Fuel Flowgy
o ~ Pitch 'é (rate) Tuel F].C'JWCii
N Roll @ EGT - RH
i Cloet Yav EGT - LN
e oK t
EGL -
Normal "g's" (Accel.) ! 4
i 1%. COCKPIT CONTROLS RPMgy - LH
Longitudinal, Stick Displ. RDM. . -
p Lateral, Stick Displ. GG £/
i Directional, Pedal Displ. Fuel Temperature
b Power Quadrant Displ. REMpan - RH
. L/C Nozzle Position Displ. RTM - 1n
Rﬁ (Power Quadrant rotate) Fan . " RH
s Longitudinal Stick Force Fuel Control Position -

Fuel Control Position - LH
Fuel Control Position - §

Inlet Pressure RakeFan
Exit Pressure RakeFan
Inlet Pressure RakeGG3

Exhaust PressureGG

Pressure Hydraulic Pump
Temperature lydraulic Reservoir



Table II {(Continued)

Instrumentation List (Continued)

VI. STRUGTURAL LOADS
Strain Gages:
Vertical Spar @ Root
Vertical Fronl Spar
Vertical Spar Web
Horizontal Spar Caps
Horizontal Spar Web
Gear Trunnion Mounting (Main)
Gear Trunnion Mounting (Aux.)
Wing Spar Webs
Wing Spar Caps (Upper, Lower)
QOuter Panel Gust Instrumen-

tation
Dynamic Transducer: Aileron
Elevator
Horizontal

VII, STRUCTURAL TEMPERATURES
Fuselage under Pitch Pipe (Various F.S5ta.)
Rear Spar, Wing
Upper Longeron, Fuselage
Engine Component Compartment - Prime LH
Engine Component Compartment - Prime RH
Engine Component Compartment - Secondary G,

Engine Turbine Compartment - Prime LH
Engine Turbine Compartment - Prime RH
Engine Turbine Compartment - Secondary §,

Nacelle Fan Support Frames
Nacelle G.G. Longeron Supports
Nacelle Above Fuel Bay
Nacelle Exhaust Papnel LH & RH
Horizontal L.E. Skin

VIII.DUCT TEMPERATURE AND PRESSURE
All Valyes
Fan Inlets
Pitch Pipe Nozzles

18
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4,0 RISK ASSESSMENT

The objective of this risk dssessment is to establish and recognize specific
items of the proposed T-39 Rescarch and Technology alrcraft which represent
a potential risk to achievement of the performance goals ox the progri v
costs and schedule, A further objectlve through the recognition of risk
items is to establish design and development plansg to control and minimize
visk. ‘The identified risks and the desisn and program alternatives are
discussed in detail in the respective sections of this study,

A summary of the risk items and thelr respective decision polnts, options,

“importance, level of risk, and program impact are presented in Table III, A

qualitative assessment may be construed from the combined importance, risk,
and impact estimations in order to establish greater visibiliiy for program
controls, Definitions of Importance, Risk, and Impact are as follows:
Imgortance -~ The sensitivity of the item to meeting the performance
or safety requirements of the airplane.

1. Mandatory to meet safety.

2, Mandatory to meel performance goals.
3. Desirable to meet performance goals.
4, Tolerable.

Risk - The degree of uncertainty of performing as planned
by following the postulated course of action.

Low - FFully developed; in current use; exlensive
operating experience

Minor - Current state-of-the-~art; significant testing but
not fully developed.

Moderate - TFeasibility well established but limited testing

High -~ Similar to programs having serilous difficulties,
Extreme - Feagsibility unknown; serious difficulties antiel-
pated.
Impact - The effect on program schedules or costs if a decision
Ampact 24

to implement the option is required.

Major - Significant inecrease in program cost and/or schedule
extension,
Minor - Minimum program delay and cost increase.
Minimal =~ Little, if any, effeclt on program rost or schedule,
- 19
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3.0 BUDCETARY FUNDINC INKFORMALTION

The cost of the T-39 Lift Fan Adrcreft hae been estimated by use of parametric
estimating techninues based on the conceptual design of the aircraft generated
under Contract NAS 2-9307. The program as currently defined is siwilar in scope
to the Contractor'as XFY-12A Thrust Augmented Wing program, therefore, the esti-
mates contained hereiyn are based on the cost history and projections of the
XFV=12A progrem. In addition, XFV-12A has been used as a basis for the cost
estimates because the edjustrents that are usually reauired, in other parsmetrie
cost estimates. to normalize the dute base to the estirating reauirement are
minimal.

The XFV-12A Thrust Augrenied Wing is similar to the proposed T-39 Lift Fan
program in the following ways:

1, Both are Proof-of-Concept test programs,

. Both programs utilize assets from existing aircraft.

. Both progrurs involve VTOL Technology.

. Hot air ducting is ceminon to both programs.

. The tooling approach is a minimum tooling basis ademiate
for the fabrication of two aircraft,

. An existing ejection seat and pilots compartment is used
on both aircrafb.

. The programs are plannsd on a basis which execlude the configuration,
testing, documentaetion and reporting requirements applicable to
full-scale development ur prototyping of operational aircraft.

The estimates have been based on tle following pricing assumptions:

1. Govermment Furrished Equipment -
as defined by Table IV

2. Fiscal Year 1976 Dolliars.

3. Flight Test Program consisting of approximetely six (6) months
of flight time in two phases spanning an approximate one year
pericd,

4, Use of GFE Wind Tunnel Facilities.

5. Rent-free use of Govermment Cwned Facilities,

6. Minimum Techni *al and Management data submittals.

Consistent with the above, the Contractor;s Summary Cost Estimate of the T-39
Lift Fan Program is as shown in Tables IV, V and VI.

21



Design and Construction $49. 1M

Ejection Seat Test .2
Ground Tests - 3.0
Wind Tunnel Tests .5
Flight Tests 4.5
Test Rig (Propulsion) 2.5
Simulation .1
Spares .6
Total 60.5M

Attached hereto is the cost breakdown es reauired by Reference (b).

The cost data herein is for program evaluation and planning purposes only, and
g8 such does not constitute & commitment on behalf of Rockwell International
Corporation. Continuing refinement and iteration in subseaquent proposal and
program phases is contemplated.

22
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Table TV

GOVERNMENT FURNISHED FROPERTY

~NA 265-40 Sabreliner Aircraft (Complete)

Landing Gear and Actuators T-2 Nose Gear
A-4 Main Gear
Electrical Generators *
Hydraulic Pumps
Fuel Boost Pumps
Fans LCF 459
Engines ¥J-97
Research Instrumentation
IW=3 Seats
Engine Instruments
(Exhaust Gas Temperature Gage)
(Tachometer)
(Fuel Quantity Gage)
(Fuel Flow Gage)
Avionics
UHF Comm AN/ARC-159 *

Compass AN/ASN-75 #
Radar Altimeter AN/APN-194 *

Items requlrod

Total for
2 A/G Program

2

2

e~ O B o e

TBD

*Included in NA 265-40 Sabreliner Airframe

23
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Spares

2 Tires

4 Tires

2 + 1 Test
2 4+ 1 Test

TBD



Adrframe Desipn and Hod
TLanding Genr
Subsystem & Conv., Controls
Cockpit
Ejection Eents
Yings
Fusclege
BEnpenege
Kiscellaneousn
Nacelle

Propulsion System
Transwission Corponents)
Pransmission Subsystoms)
Thrust Vectoring
Miscellancous

Control System
Fly-by-Wire System
Augmentation System
Miscellaneous

Propulsion System Testing
Transmission Components
Thrust Vectoring
Qualification Tesis
Adreraft Ground Tests

- Miscellaneous

Control SystemAircraft Tests
Canponent Tests
System Integration
Adrcraft Ground Tests

Alrcraft Ground Tests
Ejection Seat Tests
Flight Tests

Wind Tunnel
Sinuletion

Subtotal

Spares

TOTAL

B ] } |
Tahle V
Summary of Costing Informatioo Two Alreraft Buy
1976 & (In Millions)
Mot'l &
Engr. Mg, Purch, Sub-
Tabor Labor Jtems Contr. Spires Totnl
.129 . 120 .028 277
2.158 2.007 69 4,634
403 .189 .ok "~ Wh36
129 120 .028 277
811 L5k 176 1,741
2.76h 2.571 .601 5.936
549 511 .119 1.179
2.319 2,157 504 4,980
5.085 4,731 1.107 1.951 12,87h
2.46) 2.289 «535 5.285
LT .320 075 739
229 .213 350 a2
.259 .24 056 .556
.338 .31k 073 125
21.798  20.275 5.039 1.951 L5.083
SubContr.
2.518 2.518
SubContr.
833 833
.368 .368
3.719 3.719
-252 1252
425 .h25
075 075
.THe 752
1.033 1.033
.195 195
b.52h h.s2b
.52k 524
127 127
32,672 20.275 5.039 1.951 $9.937
. 599 599
32.672 20.275 5,039 _1.951 .59 60.536
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st
.

Ducting
Datn Buse RHeaviraients
Nesign ond Memifacture
Component Testing
Unit Qualification Testing

Valves
Data Base Reowirerents
Desipgn and Manufocture
Component Testing
Unit Qualificotion Testing

Bellows
Data Base Renulroements
Desipn and Manufacture
Component Testing
Unit Qualification Testing

Socket
Dpta Base Reoulrements
Desgign anid Manufacture
Component Testing
Unit OQualification Testing

Renction Valve
Datn Base Reauirements
Design and Manufacture
Component Testing
Unit Qualification Testing

Nozzles
Data Base Requiremsnts
Design and Manufacture
Component Testing
Unit Qualifieation Testing

l ‘ ‘
Table yi
Detail of Thrust Vectoring Cost
Mat'l & Other
Engr. Mfg. Furch, Direet
Labor J.abor Items Conta Tolal
2,595 2.h13 559 _ 5.507
.189 .85 .62 .55 .931
.031 005 036
. 065 .038 .013 L116
86 8ol 190 1.858
,039 182 L0061 .021 303
.06 .002 018
.031 011 .005 LOh7
.508 .1473‘ A2 1,093
. 026 023 008 .026 .083
.010 .003 .013
,010 .002 ., 001 ,013
.86k .80k .190 1.858
LOlih .105 .035 .039 .223
L0186 .005 021
.013 . 008 L002 .023
.25 237 . 056 .5h7
.013 .062 020 005 L101
. 004 .00L . 005
L011 ., 00h . 003 .018
5,543 5,651 1.433 241 12.87h
1.993  1.85h 437 ) by 28l
468 i35 103 1.006
2,461 2.289 5k 5.290
25
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(a)

(b)
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