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A two-engine three-fan V-STOL airplane was designed to fuliill naval operational
‘ requirements. A multimission airplane was developed from study of specific point
| designs. Based on the multimission concept, airplanes were designed to demonstrate and
! develop the technology and operational procedures for this class of airerall Use of
1 interconnected variable piteh fans led to a good balance between high thrust with
} responsive control and efficient thrust at eruise speeds, The airplanes and their
i characieristics are presented.
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DESIGN DEFINITION STUDY OFF A LIFT'CRUISE FAN TECHNOLOGY
ViSTOL AIRPLANE—~SUMMARY

J. M. Zabinshky
L C, Higgins

1.0 SUMMARY

Hub driven, variable pitch fans conneeted to turboshaft engimes through a mechanicul
transmission offer the airplane designer a flexible means for selecting a pood
compromise between the requirements for high thrust at low speed and efficient thrust
at eruise speed. This compromise s extremely important in selecting the propulsion
arrangement for high-speed, vertical tukeoll 1VTO) atrplanes. The present study was
performed to examine the applicability of such a prepulsion system to vertical short
tukeofl and landing «V STOL) aireraft intended for naval sea contrel operations.

The study was accomplished in (wo carts, Part 1 oconsisted of a series of naval
operational aireraft designs leading to a mult’ purpoese airplane capable of performing a
variety of missions with minimum moditication,

In Part 1} a family of technology demonstrator aarerall were designed, oach ol whieh
could represent to various degrees the teehnical features of the multimission airplane,

The relationships of the 13 resulting conligurations and their identifving model
numbers are shown in ligure 1.

1.1 OPERATIONAL AIRPLANES

As a result of the puint design configurations studied in Part I, the ASW airplane
became the basis for the multimission design, An isometric view, emphasizing the
V- 8TOL features, is shown in [fligure 2. The two engines are mounted behind the
variable piteh liftreruise fans, and the enginefan units rotate to provide thrust
vectoring {ur V:STOL operation, A shaft-driven variable piteh Lift fan is mounted ahead
of the crew statiuns,

In cruise and high-speed flight the airplane is conventional in appearance and
operation, The nose lan is disengaged {or cruise flight,

A summary of the point designs developed in the Part [ study is shown in figure 3. The
vertical onboard delivery (VO airerafl is an exception to this {family in that it
requires three engines rather than two and its fuselage is substantially difflerent
because of the transport mission requirement, OQtherwise, the ASW desipgn is eritical;
that is, the ASW airplane must be somewhat larger than the other point designs. and it
can be readily modified to perform the other missions in its multimission role,
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Figure 1. - Hierarchy of Design
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Therefore, model THRI-133-1 s precented as the typical operational wirplane The
arrangement is the natural result of the basic assumptions on propulsion Gulure;
thrsale flight s pessible after engine failure, including sale falare (ransients during
spreoific fhght conditions: and +2 no provision is made tor fan Golure durmg V STOL
maneuvers, The second assumption is similar to helicopter design philosophy with
regard Lo rotor Tulure and i a ground rule for the study,

Maodel 1041-133-1 i designed to Iy a 150-nmi ASW mission reom a short takeolt
carvving a 5500-1h pavload. of which 2820 1b are disposable. 1t will then loiter 1 hr.
return with reserves, and loond vertically, With the addition of water aleohol. the
airplane can {ly the same mission from vertical takeoll and loiter 316 hr at 150-ny
radius,

The hasic configuration lor afl the missions is similar owith the exception of VOD,
wlich requires an extra engine', The resulting conligurations have three lans, two for
litt eraise and one {or Lift only., The three fans are identical. The two engiaes are
developments of the Detroit Diesel Allison T701 or equivalent. and the three tuns are
developments ol the Hamilton Standard "Q-Fan.” which is a variable pitel tan. The
multimission airplune weights for the various missions are listed in table 1.

Table 1. Maltinussion Aircraft

ASW SURV VoD SA CSAR
10411331 M41133 2 1041133 3 1041-133 4 1041133 4

Number of engries 2 ? 3 2 2
Mission GW, (b 37 760 32 650 42 530 30 810 30 850
Emuorgency fanding
weight, (b 24 500 25000 30 440 21 280 23000
Emergency tanding
weight capability, b 25000 25000 38 000 25000 25000

The static performance of the propulsion combination used for both the operational and
technology airplanes at sea level and 900 If js shown in table 2. Each engine drives a
reduction gear set through an overrunning clutch. A right angle bevel set distributes
power to the front fan through a T-box and clutch. Airplane accessory power 1s taken
from the rear of the T-box. The cluteh adjacent to the T-box disconnects the front lan
during conventional flight.

Thrust vector control during V:8TOL operation is achieved by rotating the lift cruise
{an nacelles. The nose fan thrust vector is lixed 15% forward of vertical, During V 8TOL
transition, as the nacelles rolate and their moment arm about the ey, changes, the nose
fan thrust level is changed o balance the moments.




Talde: 2 T20H Engine

Intermueeligte posar, ( Cantingeney power,
twao engiies, threre fgnn e eraginne, Haee fgney
Fan pressure Tatal fun Fim pressgire Tritad Lan
1t thetyst, ratio thrust, Ih
Current {1975 114 27 GHO 112 21 000!
1085 1.17 34 000 1.13 #h 330

*Sealowel, D0 F, day

MWater afeohol AUGMUNLILON

A very important design constraint is the requirement for ovhe epgine-out operation
during low-speed light and hover. The operational airplane was designed ta have hover
engine-out capability at emergeney weight owegpons, stores, and all but 1000 1h of {uel

jettisonedr with the remainisg engine at contingency power,
1.2 TECHNOLOGY AIRPLANES

The technology airplanes of the Part 11 study were based on the ASW version of the
multipurpoese design. The propulsion arrangement and size is the same as the ARW,
except for the engines, which are current models of the operational engine. The statie
thrust available is shown in table 2. Wateraleohal injection is used to provide
contingeney power in the event of single-engine operation,

A three-view of the all new technology airplane, model 1041-134, is shown in ligure .
Compared to the multimission airplane, it has g more slender fuselage, a two-place
instead of a four-place cab, and a smaller wing. The wing size was reduced to maintain
the operational wing leading for similarity in {light characteristics. These differences
result in an opcrating weight of 16 400 b compared to 23 500 b dor the operational
ASW. A comparison of pertinent weight is shown in table 3.

With full payload and two erew members at emergeney landing gross weight (GW) of
20 400 1b, it carries 1490 1h of fuel, This will provide a hover endurance of 18 min. The
all-engine operating thrust/weight ratio is 1.36 at this weight, Vertical flight at higher
weight is safe within a limited hovering envelope,

A technology airplane based on medifying a T-39 Sabreliner was studied as 2 means off
reducing cost (Model 1041-135-2), A general arrangement is shown in figure 5.
Muodification consists primarily of removing unneeessary weight, changing the nose and
aft body te aceept the V:STOL propulsion system, and replacing the canopy {o permit
gjections. Its operating weight is 700 1b heavier than the all new 1041-134. At the
single-engine emergency weight, it can carry 790 Ib of fuel with two crew members and
full payload. A hovering endurance of 9 min c¢an be extended by removing part af the
payload or limiting the hovering envelope. This configuration retains the basic T-39
wing. The cost of reducing the wing size lo mateh the operational wing loading would
cancel the cost saving due Lo modilication,
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Table 3. Operational and Toctmology Awplane \Weight Comparison

e
Operationl Techinalogy
airpatine ditplane
1091133, 1041 134, AWtegh,
th 1§} ily
Structute 7920 0 2910) 1630
Proputsion 7 480 G910 610
Equipiment G L0 2 00 -3 1)
Empty wenjht 21 400 14 B0 -6 100
Nanexpendable useful Yoad _;.__4...._1_.0_(15LM,4.,.___.i,..._u.. ~Gon _ 1000
Ope ating el 23 500 16 A00 7 100
Payload 2820 2 600 320
Fuel 12020 1 540"
Gross weight {ASW mission) ) 37750 e _
Emeigency landing weight 21 500 M) 4100

*Inetuddes external tanks,

Tlmrlut!m 1I201’dl(:()hnl.

A further small cost reduction was achieved by limiting the eperation of a modified
airplane to the low speeds associated with takeoff, landing, and transition. Thixs
conliguration is alse a4 modification of the T-39 Mode] 1041-136. Additional changes
consist mainly of removing the canopy, fixing the landing gear, and removing
unnecessary doors and acluators. This wirplane is 600 1b lighter than the Model
1041-135-2 and only 100 b heavier thun the all new Maodel 10.41-134.

These three technology airplanes offer a elassic costUweight performance trader

s  The all new Model 1041-134 costs the most, has low risk on weight, and periorms
well,

¢  The modified T-39 is less expensive, has less weight margin, and performs well.

e  The low-speed modified T-39 is the least oxpensive, it has low risk on weight, but
its performance capability is limited to low specd.
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2.0 INTRODUCTION

Many successtul V/STOL experimental aireraft have flown in the last two decades, Fow,
except for helicopters, have resulted in uselul operational syctems. Reeent trends in the
strategy of naval warfare have revealed a potential requirement for high-speed V/STOL
airplanes that may well supply the mission requirement for vertical takeoff’ that has
been missing in previous studies and experiments. This turn of events could resultl in
the introduction of high-speed V/STOL airplanes as a major element in the compaosition
of modern naval forces,

Successful development of vertical and short takeoff and landing aireraft with good
payload range and high-speed capability will allow effective air power to be dispersed
throughout the fleet instead of being concentrated on conventional aireraft earriers,

Other military applications are evident. Troop deployment, rescue, surveillanee, and
altack misstons of both the Army and Marines could profit from the development off
high-speed VT aireralt,

In the civil applications, devclopment and resupply at remote locations in difficult
environment can also be improved by high productivity VI'Q aireraft.

This study has addressed the problem of designing a vertical takeofl airplane to perform
the naval mission, It is shown that proper selection of medern prepulsion components
combined with a traditional aerodynamie configuration can yield a twin-engine airplanc
having very respectable, conventional performance together with excellent vertical
takeoff capability and engine-out safety. Performance and control afier engine failure is
superior to that of conventional twins during normal flight. Conventional safety
margins are retained during very low-speed {light and hover,

The selection of a lifl/cruise fan system at a disk loading balanced between the
requirements for low-speed thrust and high-speed fuel economy has resulted in an
airplane that minimizes the inherent penally of vertical takeoff. Figure 6 shows the
application of these principles to a V/STOL ASW airplane and compares it to the
performance of the conventional, carrier-based S-3A whea both are flying the ASW
mission,

Although the resuiting design is unique, prircipally in ils combination of previously
successful components, the combination does reguire validation. Technieal risks can be
resolved by demonstrating the aerodynamiec, propulsion, and [light control
characteristics ol the airplane in a technology demonstrator. Several possibilities of
technology demonstrator airplanes are presented. They all share in common the
advantages of being sized to an existing engine. The fan and transmission are
practically identical to their {ull-seale operational counterparis, thereby demonstrating
the new features at full seale bul avoiding the requirement for engine development at
the demonstrater stage,

10
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3.0 SYMBOLS AND
ABBREVIATIONS

A aspect ratio-h® 8; nozzle area-t* (m®)
AP girplane

ASW antisubmaprine

b wing tepun—-l*l"! (m*)

BCAV best eruise altitude and velocity

BPPRR bypass ratio~-fan airllow to prunary airflow
BS body station

¢ mean nerodynamie chord

c.g. center of gravity

Cp drag coetlicient, Digs

Cy, lift cocfficient, Las

Cl, max maximum lift coetlicient

CLy lift curve slope

CSAR combat search and reseue

D drag, b (N}

DDA Detroit iesel Allison

e Oswald elficiency factor on drag due to it (Opy = Ciygy CLE Al
I thrust, 1b (N

F, gross thurst, Ib (ND

Fg max maximum gross thrust, Ib (N)

e lilt cruise fan thrust, 1b (N



'y net thrust, b (N

W thrust-weight ratio, Ib b «N N»

(1,10, General Eleetrie Company

£pm gallons per minute

GW gross weight

HLI heavy It helicopter

HP harsepuwer (W

loe initial operating capabiliy

In

Iy moments ol inertia, slug t* tkgm!r

lz

kn kinot

KIAS knots equivalent airspeed

KTAS knots true airspeed

L L, Ih (Ni—charactermstic length

Ll leading edge

M Mach number; piteching moment (t 1b (N oy
MAC mean aerodynamice chord

MH maximum horizontal 1Tight Mach number
N numboer of engines; vawing moment It lh (N my
OFW operating empty weight, b (kg

P pressure b (N/m*:

e i maximum total pressure, lb. ft* (N/m?

. ] 5
)Tmin minimum total pressure, Ib/it= (N/m*)



32 u
il dynamie pressure, I «N-m™

R compressor pressure ratio

Ry fan pressure ratio

S wing or relerence aren, it om™
SA surface attack

SA8 stability augmentation system
B specilie fuel consumption, Ib he Ih (kg s Nt
STOl, short takeot! and landing

T temperature, deg

TAS true arrspeed

te thickness chord ratio

TIT turbine inlet temperature, deg
T.0. takeol?’

TOGW takeoll gross weight, b kg

v veloeity, ko tmesi

Vi level {Tight maximum speed
VL vettical landing

Vo [reestream veloeity

von vertical enboard delivery

ViSTOL vertical:short takeoll and landing
VTO vertical takeolf

VTOGW  vertical takeoft gross weight, 1b (kg)
VTOL vertical takeofl and landing

W weight, b (kg aivtlow, 1bis dgg s); watts



WHI

Wy

Greek:

ey

i

Aed
th

ifr

wing hndy lLine

Tuel flow, Ibhe kg b

angle of attack, deg (rad.
(lightpath angle, dey tradh

pressure ratio 12 Pgp g Nap dotlection, deg orad:

e

pitch angle, deg (rad); temperature ratio, =
'St sul

pross thrust veetor angle relative to the horizontal body retercenee hine
when thrust s horzontal and forward, A 0" when thrust s vertical and
up A - 90 degrads

swoep of the quarter chord Line, deg irads

roll angle, deg trad)

yvaw angle, deg (rad)



4.0 PART 1-NAVY OPLERATIONAL ATRCRAFT

As part of the Nuvy™ control ol the seq. five V-STOL aiveralt missions were formulated,
ranging from acrial surveillance to transport operation. Specifically, the mssons were:

1. Surface attack (8A- -sea control mission. Patrol for 2 hr at 20 000 {0 at o vadius of
300 nmi armoed with two havpouns and twa AIN-9 missiles.

20 Antisubmarine (ASW patrol at 10004 11 for J hr at a radius of 150 e armed
with two MK-10 torpedoes and H0 sonobunys.

3. Vertical onboard delivery «VOT) - deliver 5000 1h of payload 2000 ni.

4. Surveillanee - patrol at 23000 11 for 1 hr at o radius of 73 nmi carrving
surveillanee avionies.

5. Combat tstrike) search and reseue (CSAR) - accompany strike aireralt and perform
the search and rescue as required.

Complete mission groundrules are given in the appendix,

V STOL airerall were designed for cach mission. The point designs woere then compared
to find the best multimission airplane and to determine the mission compromises sueh a
concept would entail,

4,1 POINT DESIGN AIRCRAIT

The point design aireralt were configured to perform the five missions. A development
of an existing ongine (Detroil Diesel Allison T70D and 62-in-dia varable piteh fans
were used on all airplanes. They all had three fans cone LG Tan and twoe lifCeruise fans:,

and all but the VOI) used two engines, The VOI) needoed three,

The total installed power required is dominated by the short takeoff and vertical
landing requirements. There are three lowsspeed conditions that can define the total
thrist requived: 1 short takeoff, thrust weight ratio (F Wi less than one; (20 mission
end vertical landing, ¥-W - 1,056, and o emergeney weight, tengine out) vertical
landing, F'W 1.0, In all cases. the engine-out vertical landing ts eritical. The
emergency weight is the weight that ean be attained after jettison of releasable payload.
This condition can be satisfied with one ol two engines Tor ali the missions exeept VO],
The VOD emergency weight is high because of the large fuselage and nonreleasable
character ol the payload.

The variation in mission gross weight and emergeney weight of the two engine designs
is small because of the use of the same engines and fans on all the airnlanes, Airplanes
designed with "rubber” engines sized to the point design would have had a greator
weight spread. As it is, a total mission weight variation of 7400 1b is [ound. For these
airplanes the maximum emergenecy gross weight is 23300 1b. This is the available
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thrust rom ene engine and three fans at zero speed at sea level on a 90" F day. The
nraximum vertical takeot! or vertical landing weight 110 W 1,051 332 350 1h uneder the
same conditions,

The SA airplane ix shown in fipure 7. I has a wing area ol 250 {14, Its emergency
weight as 20 180 Ih, and it performs the massion [rom i gross woeight of 30 35010h, The
mission is made from a vertical takeolf in which W 112

The antisubmarine design, conceptually similar to the SA. is shown in figure 8. 1t has
310 112 of wing and performs the mission from a gross weight of 37 750 1h with a short
takeofl ground roll less than 4001t in a 10 kn wind, The emergeney weight s equal o
the emergeney thrust, This condition was the eviterion lor the selection of the fan
dismeter.

The three-engine YOI is an avomaly in that the cmerzeney gross weight must he
achieved with full pavlead, The third engine for use only during takeolt and landing is
beneath the fleor of the cockpit g, $. The shall routing is also dilferent from the other
arreraft. A sehematie is shown in figure 10, The T-hox is located asymmetrically; Irom the
T-box the shaft descends aleng the cabin wall below the floor. An extra gearbox is used
to turn the shalt forward, under the {loor. to the {ront fun. The oflect oo the cabin
arrapgement is shown in figure 11,

The surveillanee airplane features a retractable radar under the Tuselage fig. 120, A
i2-fl-dia system was used. The airplane has 265 fe* of wiag and performs the mission
from takeolf gross weight of 32 2201b, i1 which ¥'W  1.05. This is sullicient for o
vertical takeoll

The CSAR version is shown in figure 13, The cabin, for rescue operations, s
encumbered with a shaft bulge similar to current automobiles. 4 performs the mission
. . T T W . oy
from a vertieal takeolT with I'' W 1.07. It has a wing area of 270 {t*,

The five point designs are compared in table 4. It is apparent that the ASW mission is
the most stringent for the two-engine airplanes. All the other missions are performed
trom a vertical takeofl; only the ASW needs a short ground run. On this basis, the AW
eonfiguration was used as the basis for the multimission airplane,

Table 4. --Poirt Design Weight Summary, Mission-Siced Airplanes

Caontigu ation LCFA-128 LOFA- 131 LCFA-129 LCFA-132 LCFA-130

Missian ASW SA SURV CSAR voD
Oprrationg weight, b 23500 19 180 23 420 22 090 24 300
Payload, b 23820 2540 0 810 5000
Fusl, 1ty 1% 430 8630 8 8OO B 830 13000
Mission gross weight, [ 37 750 30 360 32 220 31730 42 300
Mission 7.0, Fo W (0.9 1.12 1.05 1.07 -
Emeigency lunding weight, Hh 24 500 20180 24 420 23080 30 300
Wing a7 310 750 265 265 350
Eatt Cronse fan drameter, . G2 672 L2 )] G2
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Wiag area 250 ft2
Emargency weight 20 180 1L
Mission GW 30 350 b
Mission T.O.—F/W =1.12

2.3

“ 6.5

Frguri 7. Surface Attack Arplane LOFA-IST
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4.2 MULTIMISSION AIRCRAFT

Comparisen of the point designs from the standpoint of emergeney weight, mission
weight, and payload led to seleetion of the ASW as the basis {or the multimission
airplane. Model 10414128 was renamed 1041-133-1 and beeame the ASW version of the
multimission airplane. For convenience, the other versions of the multipurpose atrplune
were given dash numbers on the 1041-138 designation:

Antisubmarine (ASW) 1041-133-1
Surveillance 1041-135-2
Vertical onboard delivery «VOIh 1041-133-13
Surface attack (84 1041-133-4
Combal (strike’ search and rescue (CSAR) 1041-133-h

The multimission airplane concept is conceived as being a single airplane design with
only minor changes as required by the different mission roles. Exeept for the VOD
airplane, the same wing, flight deck, propulsion. and control system wilt be used for all
the models.

As o result of continuing design and analysis, the weighls and thrusts used o the
multimission airplanes are slightly different from the point designs, For example, the
point design ASW (-128) airplane has a mission GW of 37 750 lb: the mullimission ASW
(-133-1) has a mission GW of 38 3901b. The maximum cemergency thrust for the
lwo-engine airplane, is 25 300 lb; that is, after an engine failure with one cugine
driving three lans, For the VO, the emergency thrust is 39 400 Ib aftor an engine out
with two engines driving three lans,

A summary of the [ive multimission airplanes is presen‘ed to show the overall
capability of the system. A more detailed description of the ASW version is presented in
section 3.3 and represents the entire family.

A comparison ol the ajrplanes in the different roles is shown in table 5.

Table 5. —Multimission Aircraft Comparison

Fan Diameter = 62 in. Wing Areq =- 310 e
Airplane 1041-1331 | 1041-133-2 | 1041.133-3 | 1041-133-4 | 1041-1335 |
Mission ASW SURY vOb SA SAR
No. of engines 2 2 3 2 2
Wetted area, it 1674 1947 1937 1674 1674
Body: Volume, ft® 934 934 1890 934 934
Density, ih/ft3 22.8 16.9 12.5 14.1 13.4
Missian T.0. weight 38 890 33 360 42 520 31250 30180
Mission T.0. F/W [T 0.89 1.02 1.01 1.09 1.10 |

E> Sea level 907 F day.



The ability to perform the specified mission from a vertical takeofl is approuched by all
the aireralt except the ASW which has an F'W of 0.89. In table 6 the weight for the live
versions is summuarized. The emply weight cost ol using a single wing area and fuselage
auses Lthe surveillance airplane to become the most eritieal {rom an emergeney weight

standpoint: it is stilt within the available thrust.

Tahle 6.- Multimission Weight Summary

Confiquation | 1331 1334 133-2 1335 1333
Mission ASW | sA SURV CSAR | vOD

Operating weight, 1 23 500 20 280 23970 21 600 24 400
Payload, b 282 2 540 y; 810 5 000
Fuel, ib 12 070" 7 990 9 390 8370 13 080
Missian gross weight, (b 38 390 31 280 33 360 30 780 42 K20
Emerqency landing weight, b 24 500 21280 24 970 22 600 30440
Emergency thrust, th 25 300 25 300 256 300 25 300 39 400

*Ineludes weight of external teaks.

4.3 ASW AIRPLANE DESIGN, MODEL 1041-133-1

The ASW airplane has three funs and two engines: two fans are for lift cruise and one
fan is for lift only. An isometrie of this basic twoe-engine arrangemoent is shown in
figure 2. ach engine drives through an overrunning cluteh inte the Hift eruise gearbox.
This gearbox contains a reduction gear that reduces engine rpm to fan rpm (11 500 rpm
te 8 500 rpm) and a right angle bevel set that distributes power to the combiner gear
box or T-box. Interconneetling shaft speed is equal to engine speed. At the T-box. power
is distributed as required to the front fan where a bevel set reduces the speed back to
lan rpm. A clutch adjacent Lo the T-box disconnects the front fan during conventional
flight. Airplane accessory power is taken {rom the rear of the T-box.

Thrust vector control during V/8TOL operation is achieved by rotating the lift-cruise
fan nacelles. The thrust vector angle of the nese fan is fixed 15* forward of vertical
th - 769 its magnitude is controlled with fan pitch, During V:8TOL transitions, as the
lift/cruise vector is rotated and its momeunt arm about the c.g. changes, the nose {an
thrust is changed to balance the system.

Three large benefits led to seleetion of thrust veeloring by nacelle rotation. In addition
to minimizing the number of gearboxes and permitting an serodynamically clean
engine/wing integration, rotating the nacelles provides about 15% more vertical thrust
at the lift/eruise fan than would otherwise be possible with the same engines,

Use of other propulsive arrangements was considered but the performance advantage of
the selected arrangement overrides other considerations. A comparison of a rotating
nacelle and thrust-deflecting nozzle is shown in figure 14,
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The rotating nacelle has the engine placed behind the f+n. The engine is supercharged
by the fan, and a single gearbox connects the engine and fan and provides the output for
the interconneet system. For single-engine operation, the fan pressure ratio ol .13
supercharges the engine for about 1067 more power. When both engines are opoerating,
the augmentation caused by supercharging is as much as 200 The nozzle efliviency is
about 98% of the ideal.

For the Uil nozzle thrust deflection system, the engine is separate (rom the fan, This is
necessary Lo keep the point of action of the vertical thrust vector near the wing trailing
edge without causing unfavorable interierence. This separation requires the added
weight and complexity of two extra gearboxes, The supercharging action of the fan s
lost, resulting in about 10% less power than would have been available with
supercharging, In addition, a nozzle elficiency, including duct bend losses, approaching
95¢% may be possible. Thus, the thrust available is 857 of the ideal with supercharging.

43,1 ARRANGEMENT AND CHARACTERISTICS

Figure 15 shows the general arrangement ol Boeing Model 1041-133-1, multimission
V:STOL airplane in its ASW role. It has a low wing, T-tail and engine pods mounted on
the aft body in an arrangement similar to the majority of today’s small jet transports.

The design incorporates @ number of special {eatures o suit ils role as a ship-based
ViSTOL aireraft, The most important unigue feature is the propulsion system. Two
Allison ~dvanced T701 turboshail engines drive three Hamilton-Standard variable pitceh
fans by means of n mechanical drive system,

The wings fold just outboard of the engine pods. The planform of the airplane with
wings folded is slightly smaller than that of the A-7. It is therefore assumed that the
spotting factor relative Lo the A-7 is 1.0 or slightly less. Figure 16 shows the planforms
of the two airplanes superimposed.

The landing gear is a conventional trieyele arrangement. The main gear attaches to the
wing fold rib and retracts outboard. The nose gear retracts aft under the cockpit floor.

4.3.2 INTERNAL ARRANGEMENT
The interior arrangement of the airplane is shown in figure 17.

A Tour-man crew cab is provided. Bach erew station is equipped with a zero-zers ejection
seat, A high visibility, full bubble canopy is provided for the pilot and copilot with
nearly straight down visibility over the sids. Large transparent arcas in the hatches (or
the two aft stations provide maximum use of visual observation,

Avionies is located in the noze forward of the nose fan. Access is [rom the bottom
through a large hatch. The volume of this compartment not including the radome is
48 1t%. " 1el is located in the wing inhoard of the fold and in four body tanks, The main
body tank is located above the wing box and occupies the entire bay between the front
and rear spar hulkheads, A forward body tank is located just forward of the front spar
and below the aft crew stations, Two alt lgod}' tanks are located aft of the rear spar on
either side of the sonobuoy bay. The total internal fuel capacity is 11 400 lb.
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The H0-sonubuoy capaeily bay s lociled on the body centerbine alt of the s
carry-through box, A retractable mad boom is located o the bady tasl vone just st ol
the sanobuoys

The airplance acecessory power components. two AC generatops, twin hvdraubie pamge.
and cabin pressurization and cooling compressor. occupy the vaiume aft of the ~onobuey
bay and below the fan drive T-hox,

Figure 18 shows the distribution of body volume, The gross volume ineludes the
nacelle body  (aivings, The principal contents of the body and the volume o1 cach
tinstalled) are indicated. Avionies volume does not include controls und desplavs in th«-
cockpits; that volume is included in the cockpit volume. The avionies velume 16t
obtained by applying a density of 35 1h £} to a weight of 1600 1 Drive system volume
includes all shafts and gear boxes in the body and airplane accessories: 1o penerators
and hydraulic pumps, The remaining electrical and byvdrauhe pneuamatic syvstems are
assumed to have densities of 50 and 25 1b £t respectively. The other volumes were
obtained by measurement,

The total required volume is about two-thirds of the total body valume avarbable
Growth or rvduclum in body velume are possible, The overe T density of the body and
contents is 23 1b it

4.3.3 STRUCTURAL CRITERIA AND DESIGN

The flight speed altitude envelope is shown in figuve 19, The level flight maximum
speed (Vi is selected to meet the operstional requirements for the ASW. surveillanee.
and surface attack missions, It is below the maximum speed attainable 1 level ght.
Appropriate restrictions to the maximum usable power in conventional flight will be
imposed. At a {light design weight of 33 180 b, a limit-positive maneuvering load factor
of 3 g is required. V-n diggrams lor sea level and 20 000 ft are shown i Ogure 20,

The load stroke requirements for the main landing gear. 10 300 1h and 20 in., are hased
on a sink rate of 15 fps at the design lunding weight of 32 700 1b, The maximumn design
weight is the 8TO gross weight ol 138 390 1b,

Advanced structural materials were selected based on the results of the Advanced
Transport Technology Study, NASA Report CR-112092. Full depth graphite epoxy
haneyeomb was selected for the empennage surfaces and engine fan cowls. Stiffened
graphite epoxy and graphite epoxy boneyvcomb were selected for the wing surfaces and
body shell, respectively, The all-flying stabilizer attachment to the fin and the wing
hinge are of metal construction. Compared to conventional metal structure, this
structural concept is conservatively estimated to result in a weight reduction of 107
An important structural design detail for this airplane is the nacelle pivot support.
Several concepts have been considered. The selected one is shown in figure 21,

Fiy-by-wire fan pitch and throttle controls and fuel supply are introduced to the pivot
structure as shown schematically in figure 22, Tt is of interest that once attachment is
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made to the pivot beam, the routing from that point to the epgine oy fan invelves no
relative motion between the nacelle, the pivol beam, and the services involved. By
sefecting the midpoint of the 110-deg throw for attachiment, the extra loop material and
longth change accommodation is munimized. Fuel line diameter is 17 in. Clearaneo is
quite adequate between the drive shalt and the beam for service routing.

This short tubular beam, dual-bearing arrangement offers advantages i weight and
redundat ey, The short load paths and low required installation volume result
structuenl efficieney und low installed weight. The dual bearings assure the nacelle will
be retained even if one of the bearings should fail. A section through the outer bearimg
is shown in figure 23. The split outer race construction provides a dual strueture
apability,

4344 AIRCRAFT SYSTEMS
Aceessory Power

The prime power source for the airplane accessories is the acvessory drive gearbox

located alt of and driven by the transmission T-box. The acvessory drive gearbox will
drive two 756 kVA integrated drive generators, two 25 gpm hydraulic pumps, one
compressor, one tachometer, and a lube pump. Engine:airplane periormance is based on

the following extraction:

Shalt/horsepower

Condition oxtraction
Normal 200
Emergency 23
Cruise and loiter 143
Design 150

Provisions included to reduce the total power extraction during emergency operation
include electrical power reduction to essential power ({200 W for electronies and
control) and disconnect of the air compressor.,

The electrieal power supply consists of two 75 kVA integrated drive generators. This
provides Lwo separate power systems. A third backup power system is provided through
the use of hydrauvlic/electric power conversion units, A battery is installed to provide
exsential power lor an emergency bus for ground checkout and initiation of engine start,

Hydraulic power is provided by two 4000 psi hydraulic pumps of approximately 20 to
25 gpm each supplying an independent circuit for operation of the flight control and
airplanc utility systems. All fan blade angles and the exhaust deflection vanes of the
eruise/lift fans are powered by the airplane hydraulic system.
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Starting System

The starting systetn will provide for independent engine starting. In addition. the
airplane weight allowances are sutlicient to support the installation of a rehable
inflight start system.

Environmental Control

Aireraft pressurization will be provided by an air compressor driven by the accessory
drive. Cooling is provided by a conventional air turbine unit. Adequate airflow will be
provided to meet cabin and eleclronie conditioning requirements and windshield
defogging. Provisions are ineluded to use vam air ventilation.

Protective Systems

The detailed requirements for protective systems have not been established, but
allowances are carried in the weight statements, These include typically oxygen, rain
removal, anti-icing, smoke clearance, and escape systems.

Mission System Provisions

The mission equipment provisions are as follows: Avionies are loecated in the nose
forward of the nose fan and below the pilot’s floor alt of the nose fan on cither side of
the nose wheel well; the retractable MAT} boom is located aft of the sonobuoy
compartment, a 50-sonobouy capacity bay is located alt of the wing carry-through box;
the bay is tilted 1o ease loading and provide space lor the (lap drive; external body
mounts include provisions for two MEK-46 torpedos (Tush mounted just forward of the
wing box on the lower body shoulders: and two wing attachment points are included lor
external fuel tanks.

Fuel System

Fuel is located in the wing box inboard of the (old and in four body tanks. The main
bady tank is located above the wing box and oceupies the entire bay between the front
and rear spar bulkheads. A forward body tank is located just forward ol the front spar
and below the afl crew stations. Two body tanks are loeated aft of the rear spar on
either side of the sonobuoy bay, The weight includes allowance for inflight refueling.
Engine Bleed Air

Engine bleed zir is not used on this airplane,

4,3.5 PROPULSICON

The engine operational requirements are defined by the airplane operational modes.
The critical engine-sizing condition is that vertical thrust equals the weight during
hover with one engine inoperable, The emergency weight has been defined as operating
weight plus 1000 1b fuel.
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The requirements placed on availability of the propulsion systom were:

o  The eagine had o be in serviee, in deselopment, or o derivative ol one in service or
development,

o The fan design was to have a hrm technology base consistent with Initial
Operating Capability (10C) 19585,

Buring initial propulsion system studies, a review of available candidate turboshait
engines was conducted. Initial engine seleetinn studies and airplane preliminary desipgn
studies involved several iterations in muatehing engine power output with thrust
required to achiove the V-STOL mission yequirements.

Of the engines studied, a growth version of the Allison T701 and a turboshalt engine
based on the GEF101 core wrere considered.

The Allison T701 was developed in the heavy 1ift helicopter JTLH! program. The T701
has successfully completed a PPFRT program and will be available for use 1 the
technology demonstrator. The GEF10! core with modification to the low spool and
turbine offers another source for the 1985 operational airplane. The current applications
of the F101 core are for the B-1 bomber and with the CFM36 commercial turbolan
engine. Either of these engines in conjunetion with a variable piteh fan satisfies the
operational airplane requirements,

The propulsion system used consists of two Allison engines and three
Hamilton-Standard 62-in.-dia variable pitch fans, with the associated gearing. shafting,
and clutehes,

Schematically, the propulsion system is shown in figure 2 with the major components
identified, The two engines are mounted behind the two lilUeruise (ans. A star gear
train reduces the engine speed to the fan speed, and a bevel set connects the engine fan
to a cross shaft that enters the combiner gear box. An overrunning cluteh will
automatically disconnect the engine (rom the system if it fajls, and the remaining
engine can run all three fans. The airplane aecessories are geared into the lorward
output shaft from the combiner gearbox, A disconnected clutch ahead of the accessories
on the forward shaft allows the nose lan with its bevel reduction gear to be disconnected
during the conventional flight eonditions. Inlet doeors open during operation of the nose
fan and close during conventional {light. The undersurface doors of the nose fan become
yaw control vanes during takeoff and landing.

A sketeh of the tilting lift/eruise propulsion pod is shown in figure 24, The engine
receives airflow from the fan, and the fan and engine exhaust from separate nozzles.
The fan nozzle area varies from wide open in vertical flight to about 70 of this area in
cruise and loiter. The high performance inlet is contoured to have low cruise drag with
blow-in doors to achieve good low-speed performance and acceptable distortions at
incidence angles up to 115% Fins at the fan exit provide yawing moments for the
airplane control system. Airplane rolling moments and pitching moments are provided
by varying the thrust of the variable piteh fans with redundant blade pitch control
systems.
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The propulsion system will provide wdeguate vertical thrast in normal and engine out
conditions. Tudividueal fan thrust can be rapidly inervased or deervased to provgde
ndequate piteh and roll cantrol by varving fun blade pitel angle. The fans and engines
are lovated the proper distances from the airplane e to provide balapeed it with each
fan inits desipn condition, Any minor thrust trimming required will be aceomplished
with the variable tan piteh on each fan. Installed engine perfuormance data used dar the
10-11-133-1 covauration STOL conditions arve listed in table 7 for sea level, 907 1 day
operating coneg, e,

Talile 7. Installod Static Parformane:”

Cuondition FirR Thiust, b ‘[ SFC, I (b-he
STOL, 2 engines 2 fans 1.28 28 000 0,309
VTOL, 2 engines 3 fans 1.1856 34 (00 0211
Contingeney, 1 engme’3 fans 1.14 2h 300 0.226

"Sea level, 90 F day

Turboshaft Engine and ¥an

The engine used in the 1985 operational arplance is a growth version ol the Allison
B
e

701 turbosuaft engine. The engine is an outgrowth ol Allison’s advanced technology
program,

The fans will be Hamilton-Standard 62-in.-dia variable pitech fans, The (echnology s tu
be based on Hamilton-Standard's experience with its Q-fan demonstrator and NASA
variable piteh fan wind tunnel models,
The lan characteristies include:

Tip divimeter 682 in.
Hub-to-tip ratio 0,425
Destgo tip speed 455 ps
Number of blades 26

Nominal pressure ratio 1.2

The eross section view of the advanced T701 1ift eruise variable piteh turbofan engine 1s
shown in figure 25,

Inlet
A ViSTOL airplane with tilting lift-cruise nacelles puts the inlets into very high

angle-ol-attack conditions during transition, particularly during the landing mancuver,
The inlet is required to operate at angles near 90° combined with speeds up to 100 kn,
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Figure 25 - Advanced T701 Compound Lift Cruise Turhotfan Turboshais Engine



Expertence with blow-in door inlet: an the 70%, 737, and 747 airplanes has
demonstrated high inlet recovery with acceptable engine-compressor face distortion, In
addition, a test model s shown in JOgure 26, This inlet was tested at speeds up ta
150 ki, erossilow angles of 0, 40", 60" and 90", and correctd airflows Trom 34 to
12.5 1 see 117 at the fan face.

Inlet pressure recovery from these tests is reflected in the installed propulsion system
performanee used iy the V- STOL miscion «tudices,

The Tan inlet total pressure distortion oltained was within the tolerance of the varable
piteh fan and the T701 engine. The total Now distortion and that within the inner core
which enters the engine is shown in figure 27 at 100 kn at an angle of Y02,

Drive System

The power train, which is shown schematically in figure 28, consists of the overrunning
clutches that allow an inoperative engine to drop aff the line, engine start reduction
gearing, lan bevel pear scots, eross shafts, Lift fan drove shalt, and cluteh, combming
T-box and accessory drive takeoll.

An overrunning cluteh is installed on cach engine power shalt output drive. The
technology is similar to that currently used with helicopter drives.

The eross-shaft bevel gear set is straddle mounted between the fan shalt bearings, It
provides the gear ratio mateh required by the eross shaft and the initial power exchange
link between the fans,

The forward fan bevel gear drive installation is similar to the cross-shaft bevel set and
reduces the rpm at the front fan,

The lateral shalt design between the engine mount and the combiner gearbox is
relatively short and well supported, A 1':-in.-dia steel shah is used to minimize {low
interference. The lift fan drive shaft consists of three elements ol shalting with four
flexible connectors. The shafts are similar to those used on all Boeing helicopters.

The T-box provides the element that allows both liftieruise lan engines to exchange
power and Lo provide power to the forward lift fan.

The eluteh is mounted on the front of the ‘T-box. The engaging mechanism consists of
friction dises to synchronize speed and a positive engagement jaw elutch, The Iriction
clutch utilizes earbon graphite dise faces developed from the HLIH rotor brake
technology.

4.3.6 FLIGHT CONTROLS

The flight controls system consists of conventional acrodynamic control and reaction
control for V/STOL operation. The reaction control is achieved by modulation and
deflection of the thrust vectors, The blending of the two systems is straightforward with
the aerodynamic system increasing in authority with increasing flight speed. A
[ly-by-wire system with a digital flight eontrol computer is used.
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The V S5TOL Might contro]l system is based on the use of shafi-driven interconnected
vatiable piteh fans. The funs operate st constant rotational speed. Variutions in fan
blade angle ipiteh) vontrols the thrust and the demand for engine power by vach fun
These thrust variations are used lor trim and control, Control capability for normul and
emergency operation meets or exceeds Lhe design guidelines. Since a single engine can
drive all three fans through the transmission system, the airplanc will tolerate an
engine failure without a delay in attitude control power. Engine-oul cmergency
conditions result in a negligible trim change. Control system mechanization is My by
wire with control augmentation capability. A digital computer will munage the varisus
elements of the (light control system. Computation signal Lransmirssion, actuation,
hydraulic power, and clectrical power will have fail-operational capability through
manitored redundancy.

Control System Negeriplion

Aerodynamic control and (rim is accomplished by conventional aileren. rudder, and
horizontal stabilizer surfaces. Stabilizer trim setling during transition will be scheduled
as & funection of Might condition and airplane configuration to minimize pitching
moment variation. The aerodynamic control surfaces will operate throughout the hover
and transition flight mode.

Hover and low-speed control iz accomplished by modulation and deflection of the thrust,
Pitch and roll control results fram differential thrust. Thrust modulation is achieved by
varying the fan blade pitch angle, which gives excellent dynamie response. Yaw contrul
is by thrust dellection at the exit of the nose and HfL erwise fans, Fan thrust dellection
and differential fan blade pitch commands will be scheduled as a function of nacelle
incidence to decouple roll and yaw control inputs lor nacelle incidences botween zero
and 90 (fig. 29). The system's capability exeeeds all the requirements bisted in the
appendix.

A triplex digital primary system is used on the airplane. This system is considered
representative of the technology that will be available and would be required for the
complex operational tasks of a 1985 operationul sirplane. It offers the possibility for the
most complete integration of the guidance and navigation functions with the primary
flight control system.

The control system functions are based on piloted simulation results. The mechanization
of these functions is based on Y(-14 and HLH development.

The interaction between the (light control system and the propulsion system 1s apparent
in the block diagram, figure 30. The blending of acrodynamie and reaction controls is
also indicated.

Control System Performance

Maneuver control was evaluated for both normal and engine-out operation. Two
constrainis define the control capability of the system. One is the maximum single-fan
thrust, a structural and aerodynamic limit, and the other is the maximum power that
the engines can deliver. The [an thrusi limit is well outside the normal demands for
VTQL cantrol but can be reached on the litt:cruise fan by a simultaneous maximum roll
and pitch command. Maximum engine power is a limit that can be encountered under
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Figure 29.—Pitch/Roll/Yaw Conirol
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normsal operationsl circumstances. For example, the engine power will increase to
sutisly the constant speed leature of the system, If the power required by the thrust
distribution exceeds power available, the fan soeed will bleed off until the torque
required reaches a balance with the engine power. The speed of all operating fans is the
same; consequently, the Mfan speed bleed down will affeet all three fans simultancously.
Cuntrol system logic will provide a signal when engine power limils are encountered to
wash out the blade angle of all three fans until a torque balance at essentially consiant
speed is achieved. This degign leature allocates priovity Lo attitude command.

Flgure 31 shows the system capability in terms of lift combined with roll. A command of
100% of design roll bas a 2% effect on lift. The ligure also illustrates engine-out control
capability. Engine-out control is well above design guideline levels. There is sume efleel
on lift if control commands are sustained for periods that are longer than normally
required for maneuvering.

The time response of the control system is excelient and exeeeds the design guidelines.

The responses to attitude and Pightpath commands are shown in fligure 32. A rolling
mement based on a thrust change of =30% has a time constant of 0.1 sec. This 1s near
maximum control. For smaller momenis, the time constant is as low as 0.05 sec.
Flightpath contral is exemplified by a [ly-down eommand, The thrust is reduced &%
with a time constant of' 0.15 sec. This includes the response ol the engine to the required
change in power level,

Gyroscopic coupling in the hover mode occurs whenever the nacelle incidence is varied
or when the airplane pitch or roll attitude is varied. Figure 83 shows an evaluation of
the gyroscopic rolling moments produced by pitching of the engines and fans. When the
entire airplane pitches, all three fans contribute to the gyroscopic effeet. If the lift
ervise nacelles are rotated, as [lor transition, only two fans are invelved. The fans and
engines rotate in opposite directions, which reduces the total angular momentum.

A gyroscopic moment less than 10% of the availahle control is considered acceptable.
From the figure, it is apparent thal the airplane can be operated with a nacelle
incidence rate of about 22 deg/sec or an attitude rate of 11 deg/sec and require only 10%
of the roll control to compensate for the induced roll moment. The evaluation was made
for a nominal hovering condition with the faus and engines at maximum angular
momentum, The fan and engine polar moments of inertia are based on
Hamilton-Standard estimates for a 62-in. fan with borsic aluminum blades. The rpm,
the polar moments of inertia, and the angular moments are:

Polar moment
ot inertia Angular momentum”
rpm Slu;}-ft2 Slug-ft2 % rad/sec
Engine compressor +15 000 1.19 + 1870
Engine power turbine +11 800 0.81 + 1 000
Fan*~ -~ 3500 14.3 - 5390
Airplane pitch attituce rate ~10430
Nacelle tilt rate -5038

*Pasitive angular momentum is clockwise when reviewed from rear.
* “Includes gear transmission and interconnect shafts,
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The fan angular momentum dominates.

The capability to hover in a crosswind is shown in figure 34. The guideline for a hover
in a 26-kn wind is matched by banking the alrplane aboutl 5 deg.

The transition to and from vertical {light is controlled by thrust vector management.
The total airplane thrust vectar angle is fixed. Its fan thrust angle is 75° from the
horizontal, This angie was chosen so that at the lift-ofl angle-of-attack for STO, the nose
fan thrust would have a positive component along the {lighitpath. Moment balance is
maintained by varying the thrust magnitude of the nose fan. This is accomplished by
changing blade pitch, and power is transferred between the nose fan and the lift cruise
fans. During takeoff, a constant power setting can be maintained and the thrust will
gradually transfer to the cruise system. At the end of transition, the nose fan is very
lightly loaded, Becouse most of the power is going to the cruise fans, the system is
conveniently controlled for conversion to conventional fhight,

The schedule of nose fan and lift/cruise fan thrust for trim as a function of nacelle angle
is shown in figure 35. During hover, the nacelle tilt angle is 97° and all three fans are
equally loaded. At zero degrees tilt, nacelles horizontal, the nose fan is near zero thrust
and the cruise lans are at high thrust, The resultant thrust vector angle for the
trimmed system as a function of nacelle tilt angle is shown in figure 36. These
schedules apply at all power levels. The power distribution for balance is a function
only of nacelle angle.

The moment producing elements of the V/STOL control system can undergo changes in
function during transition. For example, the roll control is achieved, with the nacelles
vertical, by modulating the thrust of the lift/cruise fans. With the nacelles horizontal,
this same action produces a pure yuw moment. The control system mixes blade pitch
angle, vane deflection, and aerodynamic control deflections as a function of speed and
nacelle angle to reduce pure moments {rom the control input,

The vertical tail was sized by a statistical relationship between forward luselage
moment of area and vertical {in moment of area. The data basis is shown in figure 37.
The tail fin area is 63 ftz, and the volume coefficient is 0.08.

The stabilizer was sized to meet:

e  Static longitudinal stability margin of 0.05 at the aft center of gravity

o Flap pitching moment trim at maximum lift coefficient

e A center of gravity of travel of 0,05 ¢ wing

These conditions are met by a tail volume coefficient of 0.54 and a nominal center of
gravity location at 0.30 T (shown in fig. 38). The stabilizer panel size is 64 ft2. A

stabilizer aspect ratio of 5.0 was chosen to achieve a favorable Lail span to nacelle span
for effectiveness at high airplane angle of attack,
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4.3.7 WEIGHT AND BALANCE

The weights were determined purametrieally in conjunction with the NASA Navy
V8TOL design eriteria,

The weight statement and dimension and structural data for the ASW configuration are
presented in table 8. The individual structural group wweights have been determined
for & current technology taluminumy aiveraft. A 109 weight improvement has been

included to necount fur advanced technology imprevements commoensurate with imbal
operations in 185,

Tabile 8. ASW Weight

Weight, C.G. hody station,
b n,
Structure 7920 408.1
Propulsion 7 480 437.6
Fixwd] aquipment 6 500 318.2
Weght emply 21900 301.6
Nonexpendabile uselw loac 1780 356.7
Operating weight 23 660 389.1
Mission weight 38 390 388.7

Note: (11 MAC LE is al body station 363.
(2] MAC length is 84 in.

The operating weight center of gravity and location of ASW expendable luad produce
the envelope of most forward and aft center of gravity and weight conditions shown in
figure 39,

The list of special features related to V/STOL capability are listed in table 9.

Table 9.—-Weight Increments for Special Features

Weight,
Item ib/airplane
Lift/cruise engine pod rotation +450
T-tai +30
Transmission system +2650
Forward lift fan installation +3E0
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4.3.8 PERFORMANCE, MODEL 1041-133-1 ASW

The ASW airplane misston requirement ealls lor g 400t takeofl tn a 10-kn wind: cruise
150 nmi. then 4 by loiter at 10 000 fL and return to base,

The shortest LakeolT ean be achieved by rotating the nacelles toward verteal just at
lift-ofT; however, this airplane can meel the required gosls without nacelle rotation.
thus providing cperational simplicity, The time history of a tales{T tn which the engine
tilt angle is held fixed at A = B0 ig shown in figure 40O, During acceleration, the ose
fun is ongaged, but it is set at {lal pitch in order to get maximum theost from the
lift eruise fans. Rotation is initiated 5.5 see after brake release at a speed of 92 ps. At
7.75 wee the airplane has rotated to o 8" and Lift-olT veeurs at an airspeed of 115 (ps,
The lift-off Lift coefficient of 1.6 used in this calculation is conservative in that no credit
has been taken for induced acrodynamic olfects. The takeoff run is 40001 and the
longitudinal acceleration at lifi-ofl is 0.103 g this exceeds the requirement of 0.065 ¢
The capability of making an emergency vertical landing with one engine out st o
maximum sink speed of 15 fps is assumed (e be met il the thrust and weight are evqua'.
This requirement is exceeded by the Model 1041-133 which has an emergency landing
weight of 24 500 Ib and engine-out contingency thrust of 26 300 1b.

STO Mission

The ASW mission requirement calls for a 150-mile radius with 4 hr af loiter on station
at 10000 ft. Figure 41 presents the breakdown of the caleulation of this mission in
terms of speed, time, distance, and luel burned for each mission segment. The arplane,
sized to meet this mission, has a takeolT weight of 38 394 lh. Inittal cruise altitude is
330001t at M = 0.75. The 4-hr loiter at 10 000 ft is performed at M = 0.42, The total
fuel required for the mission is 11 914 b including landing allowance, reserves, and a
5% service tolerance on SFC throughout the mission.

V1O Mission

The addition of alcoholiwater injection ean substantially increase the vertienl takeoft
capability of the airplane. The potential that will resull from developing such a system
can be seen by examining the VTO mission. Figure 42 presents a breakdown for this
mission, As indiecated, the lotter time is 3.16 hr. The /W at takeoff is 1.05. The
resultant thrust s 38 700 1b. and mission weight is thus restricted to 36 857 lh. The
configuration requires 390 1b of alevhol/water and 110 1b of tank and plumbing.

The relationship between radius and time on station is linear. The maximum mission
radius with no loiter time is about 900 nmi from a short takeofl, For a vertical takeoll
the misston radius with no loiter is 720 mijes.

Performance Flight Envclope

Figure 43 presents the cruise configuration level flight perlormance envelope lor

standard day conditions at an nirplane weight of 36 000 Ib. At this weight the airplanc
is capable of operation up to 40 000 ft altitude where it is buffet limited. The maximum
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Mach number, which is also buffet limited, exceeds 0.8 all-altitude below 356 000 (L to
the altitude where the maximum dynamie pressure (g) limit ocecurs.

On the same (igure the V/STOL {light mode envelope at about 28 000 Ib is shown, The
overlap between the Lwo modes assures a gond transition corridor.
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° \\\\
8 3
4
2
T
1 |
[ — 150 nmi -—
Time, Distance Fuel’ A/P weight, Ih
Segment Spead hr nmi ] start of segmant
1, Warmup, takeolff,
accal to elimb spead - 0.042 - 331 38 394
2. Climhy 10 BCAV 320 CAS kn 0.083 33 G24 38 063
3. Cruise at BCAV
linitial altituce = 33 000 ft) M =075 0.268 117 G456 37 439
4. Descend to 10 000 {t - - - - 36 783
6. Loiter at 10 000 ft M =0.42 4,000 - 8530 36 793
6. Climb to BCAV M=0.75 0.054 24 337 28 263
7. Cruise at BCAV
{initial altituce = 39 000 ft} M=0.756 0.293 126 529 27 926
8. Dascend 1o sea level - - - - 27 397
9. Landing allowance anc
reserve _
® Loiter at sea level 10 min M = 0,31 .17 - 360 0507
@ Tatal initial fuel 5% - - - 567 27 047
OEW + payloac 26 480t

*B% service tolerance added throughout.
TIncludes 100 1h externai tanks.

Figure 41.—STO Mission Breakdown, LCFA-1041-133-(ASW)
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1 753 s
fot 160 nmi ‘-—l
Time, Distance, Fuel,” AP weight, 1
Segment Speed BTl nmi Ity start of segment

1. Warmup, VT9O, conversion,

accel to climb speed - 0.042 - 826 3G 857
2. Climb tn BCAV 320 CAS kn 0.080 32 602 36 031
3. Cruise at BCAV

{initial altitude = 33 000 fi} M=075 0.271 118 660 36429
4, Descend to 10 000 ft - - - - 34 768
5. Loiter at 10000 ft M =042 3.16 - G578 34 769
B. Climb to BCAV M =075 0.054 24 337 28 191
7. Cruise at BCAV

{initial altitude = 38 000 ft) M= 075 0.293 126 661 27 854
8. Descend o sea level - - - - 27 293
9. Landing allowance and

reserve

® Loiter at sea level 10 min M=0.31 0.167 - 381 27 293

@ Total initial fuel 5% - - - 482 26912

NEW + payload 26 430t

"5% service tolerance added throughout.

tIncludes 440 Ih of Atco]1oI/H2O.

Figure 42,—\V'TO Mission Breakdown, LCFA 1041-133-1 (ASW)
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5.0 PART II-LIFT/CRUISE FAN TECHNOLOGY AIRCRAFT

Three separate approaches to the design of an airplane reprerenting the technology of
the multimission aircraft developed under Part 1 were Laken:

I.  An all new aiiplane

2. Modification of an existing airplane (T-39)capable of operation over the same flight
envelope as the all new airplane

3. Modification of an existing airplane (T-39) for low-speed operation, approximately
160 KEAS maximum speed capability

All the designs use the same cruise and lift fan hardware as the operational
multimission airplane. The turboshalt engine is the X'1'701, essentially the same as that
intended for the Army HLH program. The drive system interconnect and the T-gearbox
are all designed for a later improved engine having 50% more power. The technology
airplane drive system will have the advantage of operating in a derated mode,

Emphasis on minimum weight is paramount, and for a two-engine airplane. the critical
design case is performed with one engine out. The research payload is 2500 1b, and the
crew consists of pilot and copilot.

The T-39 (Sabreliner) is a fortunate match for an airerafl that ean be modified for
liftreruise fan technology development. It is in the Department of Defense inventory and
is a current production airplane.

5.1 ALL NEW AIRCRAFT, MODEL 1041-134

Major design guidelines for this airplane ave that it must approximate the operational
aireralt handling properties, fundamental aerodynamies, and cockpit work station. It
musi feature high research utility in its performance and exploration margins as well
as safety. The proposed design satisfies all of these requirements.

5.1.1 CONFIGURATION

Figure 44 show. the general arrangement of the Model 1041-134. The arrangement has
the appearance of a slimmed-down operaiional airplane with a reduced wing size. An
overlay comparison of the techneology and operational airplane is shown in {igure 456.

For simplicity and low cost, there are no wing folda or wing fuel. Avoiding the use of
wing fuel eliminates the need for many access holes, thereby saving the weight and cost
thatl structural discontinuity and hole-framing introduce.

The airplane is designed for a limit load factor of 2.5g and a maximum dynamic

pressure (g} of 212 Ift?. This is the equivalent of 250 KEAS and permits Mach 0.8
fiight at about a 36 000-It altitude.
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Lifticruise propulsion pud structural support and arvangement are the same as that for
the operational airplane.

The principal features of the Madel 1041-134 are:

Design weight of 20 000 1b

Aluminum airframe

Wing, 200 f1®

No cabin pressurization

Variable pitch lans, 62-in. dia

Allison XT701 engines

Flying tail

Body fuel in fonmed bladder

Dual hydraulic system, 300 psi

Fly-by-wire (light controls using dual, redundant command augmentation system
Variable geometry inlet

Variable area nozzle

Water injection for emergency single-engine flight

Ejection through the canopy. (No pressurization and low g flight permit
lightweight canopy enclosure that permils this emergency ejection approach)

No air-conditioning or anti-icing

5.1.2 PROPULSION

The propulsion system for the technology airplane is identical to Lthe operational
airplane with the exception of the gas generator. The engine used in the technology
airplane is a medified version of the current T701. Madifications will be made to the LP
turbine and a water/aleohol injection system will be employed to achieve performance
given in table 10. The water/alcohol injection system will be a modification of the fully
developed system used on the Allison T56 turboprop engine. To ensure operational
capability, the system will run continuously during the hover mode by recirculating the
mixture back to the tank. During engine-out eperation, a valve will open, delivering the
water/alcohol mixture Lo the operating engine.
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Table 10.—Installed Static Performance on Tachnol ,y Airplang*

Condilion FPR Thrust, ib SFC, 1b/lb-hr
STOL, 2 engines/2 fans 1.19 21 4B0 a2
VTOL, 2 engines/3 lans t.14 27 @80 0.243
Contingency, 1 engina/3 Tans 1.12 21000 0.228
| {water/alvohol)

*Saa leve!, 90" F, cay
5.1.8 FLIGHT CONTROLS

The flight control system (or the technology airplane is the prototype for the operational
airplane. The fly-by-wire system will be developed and refined in this airplanc. The
control system description of the vperational airplane (sec.4.3.6) applies to the
technology airplane.

The airplane moment of inertias in roll and yaw are greater than in the operational airplane
because of the wing tip tanks. The thrust modulation needed to meet roll control levels fur hover
are larger because attitude control scales with moment of inertia. The increase in thrust
modulation is available at no penally because the fans of the technoloev airplane are operaled
well below design thrust levels. ‘The conirol available is tabulated .n table 11. This VTOL
control capability, combined with the variable stability features achievable with a fly-hy-wire
system, gives the technology airplane excellent patential for handling quality research. The
flight control characteristics of the technology airplane will have the flexibility to simulate a
range of operational properties. The desirable operational characteristics can be established.

Table 11.--Technology Demanstration Hover Control Power, Model 1041-134

Control function D?:if‘]&?;;deer:ilne System capability
Roll 0.90 rad/sec? 1.80 rad/sec?
Pitch 0.50 racl/sec? 1.40 rad/sec?
Yaw C.30 rac/sec? 0.50 rad/sec?
Height 0.0C5¢g 0.22¢

The control response of the system is significantly better than the guideline minimums,
The response to muximum control commands, far outside of design requirements, is less
than 0.2 sec. The response for the pitch, roll, and height commands is based on blade
angle changes at essentially constant fan speed. Figure 46 shows the response time
variations with contrel input size. The time response for 100% ol design level roll
control is 0.10 see using a system mechanized with a blade rate of 100 deg/sec. The yaw
control responsge is based on the deflection rate of vanes in the slipstream of the fans
with similar response characteristics. Height control exercises the system more than
attitude control. A “fly up” command requires a change in power Lo achieve an increcase
in fan thrust, The response of the system is a function of both blade angle changes and
engine power changes. An overali response time of 0.10 sec is available.
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5.1.4 AIRCRAFT SYSTEMS

The aircrafl systems in the technoelogy arplane will be designed primarily to prototype
the Model 1041-133 propulsion and flight control systems. Other systems will be capable
of meeting the demonstrator operational requirements with the necessary levels of
performance and safely.

The accessory power package will be similar to the 104 1-1383 with the exception thut the
two 765-kVA generators will be replaced by two 30-kVA generators and ihe air
compressor will be deleted. Performance will be based on the following power
extraction:

Shaft/horsepower

Condition exiraction
Normal 100
Emergency 23
Design 460

5,1.5 WEIGHTS AND B+ LANCE

An abbreviated weight statement of the new technology airplane is presented in
tuble 12, The propulsion weight is the signilicant contributor to an operating weight of
16 400 Ib. The research payload iz 2500 1b with 2401b of water/gleohol mixture for
waler injection during hot-day emergency condilions: the mission weight less fuel is
19 100 Ib.

Tabte 12.—Technology Airplane Weight Statement

Weight, C.G. Body station,

ib in,
Structure 5 G50 417.7
Propulsion 7 550 442.3
Fixed equipment 2 600 347.7
Weight empty 15 800 417.9
Nonexpendahie useful load 600 328.8
Operating weight 16 400 414.7
Payload 2 500 300
Ho0 plus alcohal 240 396
Mission weight less fuel 19 100 3988.2

Note: (11 MAC LE is at body station 384.4,
(] MAC length is 90 in.
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B1.6 PERFORMANCE-ALL NEW AIRCRAFT, 1041-134

The missions used Lo estimate fuel requirements are shown in figure 47. Ileven vircuits
from an initial 8TO and five [rom a VTO were used as the fuel measure.

The takeolT performance, ground roll as a function of lift-ofT speed, is presented in
figure 48. The liM-oflT speed is 1.2X stall speed and no credit is teken for induced
nerodynamic lift or ground effects. The airplanc is assumed to sceelerate with the nose
fan in lat pitch. At lift-oiT the nose fan piteh is get to the value required lor propulsive
moment halanee for the amount of engine tilt being used. The 1ift-cruise fans are held m
constant angle during acceleration and lift-ofT.

The landing performance approach speed versus ground roll is shown in figure 49. The
approach speed is 1.2X stall speed and no eredil is taken for induced aercdynamic
effeets. Thrust reversal is not used.

Emergency vertical landing can be accomplished at a gross weight of 20 400 b and o
thrust weight ratio of 1.03. At higher gross weights, a short landing can be
accomplished within the limit sink speeds.

Five VT'O mission cireuits can be accomplished with 1300 Ib of fuel. The mission takeof!
weight is 20 400 |b, which is equal Lo the single-engine emergeney landing weight at
I'/W = 1 03. By trading payload for [uel or accepting a limited hovering envelope at
higher gross weight, a longer VTO mission can be had. The 11 STO circuits can be made
from a gross weight of 21 2001k, The available thrust, both engines operating, is
27 680 b, The STO missions are nol limiling.

A ferry range of 820 nmi is possible at a gross weight of 25 000 1b. The thrust weight
ratio is still greater than one.

The level (light performance envelope is presented in figure 50 for the eruise and
V.STOL configurations. The cruise configuration altitude capability is about 37 000 L
and the maximum Mach number is about 0.76. The V/STOL configuration envelope is
based on an optimum value of engine tilt angle, A, al cach peint on the envelope.
Hovering is possible at altitudes up to 10 000t and the maximum flaps-down altitude
is about 29 000 ft. No credit has been taken for induced aerodynamic lift in these
caleulations. The crosshatched area represents conditions where the envelopes overlap,
allowing the conversion maneuver to be performed.

52 MODIFIED AIRCRAFT (FULL FLIGHT ENVELOPLE}

Several candidate aireraft were reviewed for polential use as a modification base {or the
lift-cruise fan technology airplane, and the T-39 (Sabreliner! was selected because: (11 it
is available from government inventory, (2)it is a low wing conliguration, and (3) its
size is correct for the available propulsion system. The modified airplane differs from
the all new aireraft in two ways; the wing loading is considerably lighter, and it is
about 700 1b heavier.
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5.2.1 CONFIGURATION

Figure b1 shows the general arrangement of the modified Sabreliner 11041-135-2). An
overlay comparison with the operational airplane iz shown in figure 52,

The necessary modifications include; a new nose Lo accommodate the lan installation;
new vertical and horizontal (ils; canopy replaced with lightweight enclosure fixed in
place; mechanieal flight control system adapted (use of control actuation and retention
of the existing mechanical system to be investigated); {lap deflection will he inercased
tu clear the tilting pod: new hydraulie system due Lo increased power requiremonts;
reworked landing gear metering needed to accommodate the higher sink speed
requirements of vertical landing: new nose gear installation needed Lo accommuodatle an
all swinging strut duc to I'an installation; body strengthening required for the Il eruise
propulsion pod installation and the new T-tail loads. The propulsion system will be the
same as one in the all new technology airplane,

5.2.2 FLIGHT CONTROLS

The modified T-39 (Model 1041-135-2) requires the same [light ¢ontrol systems ns the
all new airplane. The hover inertia and gross weight characteristics are within the
capability of the reaction control system for airplane trim and control during VTOL.

5.2.3 WEIGHT AND BALANCE

The operating weight of the medified T-39A is 17 100 lb. The meodifications result in a
net empty weight increase to th2 T-39A of 7240 ib and the resulting technology airplane
is 700 Ib heavier than the all new atrplane.

5.2.4 PERFORMANCEL

The takeoff and landing performance is improved over the all new airplane because of
the difference in wing loading: rom 120 lb:[t° to 70 1b/(t*. This increased capabilily is
unimporiant.

The number of VTO cireuits available from the emergencey landing weight is reduced as
a result of the weight inecrease. Three instead of five are available.

5.3 MODIFIED AIRCRA¥T (LIMITED FLIGHT ENVELOPE)

This version of the modified Sabreliner airplane was examined to determine wheiher
significant cost savings were possible. The savings are nominal since much of .he
program cost is associated with the propulsion system, which is essentially identical to
that of the full envelope airplane. Flight is limiled to takeoff and landing trafiic
speeds~-about 160 KEAS,
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Major development savings consist of:

o A reduced fight test program

e  Nou requirement lor analysis and simulation of high Mach numbuy characteristics

e  Drag refinements unnecessary in analysis and fabrication

e  High-speed tunnel testing not required

o  [Ejection through canopy verification not required

Figure 53 shows the general arrangement of Model 1041-136, the limited flight
envelope modilfied exisling airplane. The modifications are the same as fur the
previously described airplane except:

e  An open cockpit is used

e Landing gear is fixed

o  ['an nozzles are {ixed on the afl pods

. No nose fanr inlet doors are used

The weight savings resulting [rom these changes make this version of the mudilied
airplane about 100 |b heavier than the all new airplane. It will have about the same
VT'() mission capability as the all new airplane.

The propulsion system will be the same as that for the all new technology. except that
the inlet vanes for the nose fan will be fixed.

This airplane will have ths same flight controls system and empennage features as the
unlimited modified airplanc (Model 1041-135-2).

54 TECHNOLOGY AIRCRAFT COMPARISON
The comparison of the three technology airplanes ofTers classic costrweight performance
tradeoffs. Tablc 13 presents a weight comparison of the three airplanes. The modified

Sabreliner with normal (lighi envelope is approximately 700 lb heavier than the new
airplane. The Subreliner with limited {light envelope is 100 b heavier.
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In Summary:

o The all new Model 1041-134 costs the most, has low risk on weight, and
performs well.

o  The modified T-3Y is less expensive, has less weight margin, and performs well.
o  The low speed modified T-34 is the least expensive; it has low risk on weight, hut

its performance capability is limited o low speed.

Table 13. -Weight Summary Tecnolagy Airplane

————

Conliguration New airplane Modified L.ow-speec
Salialiner Sabhreliner
Mocel 1041 -134 -1356-2 -136
Structure, 1z 5 G&O G 320 é 020
Propulsion, 1h 7 550 7 680 7 630
Equipment, ib 2 800 2 800 2 380
Weight empty, 1 15 800 16 500 15 800
Nonexpendable uselul load, |h GO0 800 c{u]
Qperating weight, (b 1G 400 17 100 16 600

The Boeing Company
P.0O. Box 3707
Seattle, Washington 98118
August 15, 1975
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THE APPENDIX
EXCERPTS FROM WORK STATEMENT
AND DESIGN GUIDELINES

STATEMENT OF WORK

DESIGN DEFINITION STUDY OF A LIFT CRUISE FAN
TECHNOLOGY V/STOL AIRCRAFT

INTRODUCTION

1.0 Recent studiex by the Navy and by NASA during contractor studies have conflirmed
the future need for a high performance V:/8TOL aireraft for both military and civil
applications. The Navy requires a multimission V:STOL aircrall in the 1880's that is
capable of sea conirol operations from many platforms as well as ship-to-shore and
shore-to-ship functions.

1.1 The turbotip or mechanically driven lifi/cruise fan V/STOL aireraft exhibils an
excellent potential because of its high speed, high altitude and range capability, coupled
with its overall operational suitability. The expected benefits of this concept [lor
multirole applications makes it advisable to conduet a lift/eruise fan Lechnology aircraft
flight program. Sucecessful completion of the flight program and related technology
support programs in propulsion, aeradynamics, and simulation will result in a firm
basis from which multimission aireraft for the U.5. Navy can be designed with
confidence. The technology developed would also be useful in consideration of future
eivil utility aireraft for purposes such as offshore oil rig operations and other
construction, lumbering, or development sites that are locailed in areas diffieult tu reach
rapidly by other modes ol transportation.

1.2 As an initial step in developing a realistic technology aireralt, a study phase shall
be performed to quantifly Navy operational aircralt requirements, develop conceptual
designs of research aircrafl, and assess their applicability Lo operational requirements.
This design definition study shall be directed toward 2 minimum cost research program
consistent with providing maximum research productivity, Navy operational
demonstration capabilities, and proper attention to safety.

2.0 Basic design guidelines for the technology aircraflt are given in attachment 1.

2.1 Parl I—Navy operational aircrafl requirements

The contractor shall evaluate Navy requirements for V/STOL aireraft to perform the
missions outlined in atltachment II. Considering mission deficiencies, cost, and the
putential for design commonality, the contractor shall postulate a compromise design

PRECEDING PAGE BLANK NOT FILMED
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mission and design appronch to commonality for approval of Navy and NASA. Based
upon this compromise mission, a multipurpose aiverafl tor aireraft system shall In
synthesized and evalunted for adeguacy againal Lthe original design missions.

2.2 Part 11 Design delinition of lifteruise fen technology aiveraft

To allow a true compurison of program cost and value, the contreactor shall prepare gnd
evalunte at least three separate design approaches for the technology arreraft. One
uppraoach will be bawed upon o new airframe using the compromise aireraft design of
Part I, the second will he based upon modilying an existing airftame to accept the
propulsion system and demonsteate an ability to operate in a full envelope Gue, hover,
transition, and high-speed cruisey; and the third approsch would be based upon
modilving an existing airframe to aceept the propulsion system but to be fight Tinnted
to a maximum velocity of appresimately 160 kn.

ATTACHMENT 1

DESIGN GUIDELINES AND CRITERIA FOR DESIGN DEFINITION STUDY
OF' A LIFT CRUISE FAN TECHNOLOGY V/STOL AIRCRAF'T

The purpose of these guidelines is to provide a bhasis [or comparing the conceptual
designs of V/STOL technology asiveralt using the remote lift-cruise fan propulsion
system. These guidelines will provide dirveciion for only those items reguired for
eonveptnal design considerations. This is not an altempt o provide eriteria for either
the prelvmenary or detail design of military aircraft.

Except where specific eriteria are given, handling qualities shall be consistent with the
intent of AGARD-R-377-70 and MIL-1"-83300. Under MIL-F-83300. the aireraft will be
considered in the (lass 1 category. Two levels of operation will be considered. Level s
normal operalion with no failures, Level 2 is operation with a single reasonable faillure
of the propulsion ar control system.

Upon any reasonable failure of a power plant or control system compenent., the aireralt
shall be capable of completing a STOL Might mode takeoff and continuing sustained
flight. For the vertica]l landing (light mode. upon failure. sustained hovering flight 1-
required at some useful aireraft gross weight to be determined by the contractor. At
higher gross weights for which hovering flight cannot be sustained after a fadure.
sinking vertical flight is permitted provided airerafl attitude remains controllable and
the landing gear design sink is not exceeded. Fan failure during low-speed flight is not
a design requirement tas similarly the case [or rotor type or propeller-driven concepts:.
although consideration of gas generator fatlure ts a design requirement.
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1.0 Fuight saflety and operating criteria

1.1 Handling qualities eriteria (low-speed powered-lift mode)
Definitions of the twa levels are as follows:

Level 1: Flying qualities are as near optimal as possible and the aireraft can be
flown by the average military pilot.

Level 2: Flying qualities are adequate to continue flight and land. The pilot
workload is inereased but is still within the capabilities of the average
military pilot.

1.1.1 Attitude control power (8.L., 80° Iy

Applicable for all aireralt weights and at any speed up to Vegy. For purposes of this
study, the VIOL values will apply near hover (0 to 40 kn); where the STOL values will
apply when operating above 40 kn. The tables list minimum values; higher levels are
desirable for researeh purposes.
Level 1. The low-speed contrel power shall be sulTicient Lo satisfy the most critical
of the three lollowing sets of conditions:
ta) Following to be satisfied simultaneously:
(1) Trim with the most eritical c.g. position
(2) Provide cantrol power in each control channel for maneuver only,
equal to the most critical of the requirements given in the
following table:

Attitude angle
Maximum control moment in 1 sec after
Axis inerlia a step anpul
VTOL STOL VTOL sToL
Roll +0.9 rad/sec? £0.3 rad/sec? £15 deg £10 deg
Pitch '0.5 rad/sec? ‘G 4 rad/sec? 18 deg +6 deg
Yaw 10.3 rad/sec? 2.2 rad/sec? 5 dag +2 deg

These maneuver control powers arve applied so that 100% of the most
critical and 30% of each of the remaining two need occur
simullancously.
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thy At least 50% of the above conlrol power shall be available for
maneuvering, afler the aircraft is trimmed in a 25-kn erosswind.

(o) At lemst 90% of the control power specified in condition ta) shall be
available after compensation of the gyroscopiec moments due to the
maneuvers specified in condition ta). This condition includes trim with
the most critieal ¢.g. position.

Level 20 The low-speced control power shall be sufficient to satisfy, simultancously,
the lollowing:

tnr With the most critical c.g. position trim afler any reasonable single
failure of power plant or control system.

thy In each control channel, provide control power, for maneuver only,
egual o at least the following:

Attitude angle
Control moment in 1 sec aiter
Axis inertia a step input
VTOL STOL VTOL STOL
Roll 0.4 rad/sec2 +0.3 rad/sec? +7 den *5 deg
Pich 10.3 rad/sec? +0.3 1ad/sec? 16 deg ‘B deg
Y aw '0.2 rad’sec2 10,15 rad/sec2 13 deg +2 deg

Simultaneous maneuver controel power need not be greater than
100% --30% —30%% .

1.1.2 Flightpath control power (sea level to 1000 1, 90° I
1.1.2.1 VTOL (0 to 40 KTAS and zero rate of descent)

At applicable aircraft weights and at the conditions for 50% of the maximum attitude
control power of critical axis specitied in para. 1.1.1. it shall be possible to produce the
following incremental accelerations for height control:
Level 1:
(a) In freeair = 0.1 8
th)y With wheels just clear of the ground -0,10 g, +0.05 g
Level 2;
tay In free air -0.1 g, +0.06 g
thy With wheels just clear of the ground -0.10 g, +0.00 g



It shall also be possible to produce the following horizontal incremental acceleration but
not simultaneously with height control.

Level 1: =0.16 ¢
Level 2; =0.10g

At applicable aircraft weights it shall be possible Lo produce the followin: stabilized
thrust-weight ratios without attitude control inputs.
Lovel 1 F'W = 1.05 in free air (takeoff power rating,

Level 2: /W = 1.03 in free vir temergency power rating)
1.1.2.2 VTOL and STOL approac.. - 1) kn to Vi)

At applicable landing weight, the aireraft shall be capable of making an approach al
1000 fpm rate ol descent while simulianecusly decelerating at 0.08 g along the
flightpath.

1t shall be possible to produce the following ineremental normal accelerations by
rotation alone (angle of attack change and constant thrust) in less than 1.5 sec at the
STOL landing approach airspeed where reasonable rotation (angle-of-attack changes)
will produce at least 0.15 g,

Level 1: 20,1 g
Level 2: 20,06 g

it shall be possible to produce the following normal accelerations in at least 0.5 sec {or
fiightpath, flare, or touchdown control by either thrust changes or combined thrust
changes and rotation at STOL landing approach speeds below which 0.18 g can be
produced by reasonable rotation alone.

Level 11 £0.1¢g
Level 2: £0.05 g

1.1.3 VTOL and STOL low speed control system lags (SL to 1000 {t 90° F)

The effective time constant (time to 63% of the {inal value} for attitude control moments
and for flightpath controel forces shall not exceed the levels given in the following table:

Level 1 Level 2
Atitude
cantrgl moments (.2 sec 0.3 sec
Flightpath
control forces 0.3 sec 0.5 sec
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With a step-type input at Lhe pilot’s control, the commanded contro) moment or force
shall be applied within the lollowing:

Level 1: 0.3 see for 0.5 in. of pilot's econtrol
0.5 see for Tull pilot’s control

Level 2: 0.8 see for full pilot’s control
1.2 STOL. takeofl performance
The climbout gradient in the takeolT configuration, at takeofl gross weight with gear
down and most critical power plant feiled at lift-off, shall be positive, and the airerafl

will continue to accelerate.

During takeoff, wing lifi shall not exceed 0.8 Clyjyyy. No catapults or arvesting gear will
he utilized. The rolling coefficiont of frietion will be 0.03 (for caleulaiions).

1.3 Conversion requirements (STOL and VTOL)

IL must be possible to stop and reverse the conversion procedure quickly and salely
without undue complieated operation of the powered-lifl controls,

The maximum speed in the powered-1ift confliguration shall be at least 20% greater than
the power-olf speed in the converted confliguration for level 1 operation, and the speed in
the powered-lift configuration shall be at least 10% greater than the power-off stall
speed for the level two operation,

2.0 Mission
2.1 Mission Summary
The mission, payload, and range of the technology airerall will be derived through

consultation with the contractor, Navy, and NASA and will be hased upon the lindings
of Part | of this study.

ATTACHMENT I1

SUMMARY OF MISSIONS, DESIGN GUIDELINES, AND DESIGN TECHNICAL
INFORMATION DESIRED FOR THE PRELIMINARY AIRCRAFT DESIGNS
AND MULTIPURPOSE AIRCRAFT DESIGNED FCR THE
COMPROMISE MISSION (PART I)

INTRODUCTION
The purpose of Attachment II is to provide the basis for designing the preliminary

aireraft of Part I and the multipurpose aireraft designed for the compromise as specified
in Part I of the Statement of Work. Five missions are described,
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Misslon summary and design requirements:

1.0 Mission summary

A. Surfnee Attack (SA)—8ea Conlrol Mission

5,6

[~ 300 nmi

Loading: (2) Harpoon, (2) ALM-9
Conditions: 8TO with 400-ft deck run and vertical landing both at 89.8°F,

Ten-kn WOD for takeofl. All fuel consumption to be culculated at
standard day conditions.

Note: External fuel permitted i within STO capability; tanks dropped when

° ® N e o s ® W

—
<

empty or prior to combat, whichever occurs first.
Warmup, takeolf, acceleration to climb speed—2-1/2 min at intermediate
thrust. Installed sea level slatic conditions
Climb-—to buest eruise altitude and velocity (BCAV) at intermediate thrust
Cruise—to radius to BCAV
DPeseend to 20 000 ft—no fuel used, no lime or distance credit
Loiter—2 hr at 20 000 {1 at speed for best endurance
Combat—5 min at intermediate thrust at 20000t M = 0.8
Climb—{from 20 000 {t to BCAV at intermediate thrust
Cruise—at BCAV to point of takeoff
T sseend Lo sea Jevel—no fuel used, no time or distance credit

Landing allowance and reserve—Tfuel for:
(a) 1G min loiter at best endurance speed at sea level
{b) 5% total initial fuel
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B. Antisubmarine tASW)

et 160 nmt -

Loading: t2) MK-46 torpedoes, (50) mixed sonobuoys {(sonohuoy weight

1760 by without containers

Conditions: STO with 400-fi deck run and vertical landing hoth at 89.8¢ [,

Ten-kn WOD for takeolf. All fuel consumption Lo be ealeulated at
standard day conditions.

. Warmup, takeoff, acceleration (o elimb speed—2-1/2 min at intermediate

thrust. Installed sea level static conditions

2. Climb—to BCAV at intermeadiate thrust
3. Cruise—tio radius at BCAV

8.

Descond-~to 10 000 It no {uel used, no time or distance credit

. Loiter—at 10 000 1 and speed for best endurance—d hr
. Climb—at intermediate thrust to BCAV

Cruise—to starting point at BCAV
Descend—to sea level. No fuel used, no Lime or distance credit

Landing allowance and reserve—{uel for:
(al 10 min at best endurance speed at sea level
{h1 5% total initial luel

C, Vertical onboard delivery (VOD)

[ 2000 nmi -
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Loading: 5000 lb disposable payload. may include pallets, but not life rafts,
cargo loading equipment, etc.

Conditions: €T0 with 450 ft deck run and vertienl landing, both at §8.5° F.
Twenty kn WOD flor takeofT, All fuel consumption to be calculated
at standard day conditions.

1. Warmup, takeoff, acceleration to climb speed--2-1/2 min at intermediate
thrust, Installed sea level static conditions

2. Climb-—to BCAV at intermadiate thrust

3. Cruise—to radius at BCAY

4. Descend—to 10 000 (i, no fuel used, no time or distance credit

5. Landing allowance and reserve—(ue! for:
ta) 20 min loiter at best endurance speed at sea level
(b 5% total initial Muel

Note: VOD designs should be sized to carey at least the following:

ta) Passengers: 17 to 23 plus three crew
thy 350 in rolor blade
te) F'401 engine on stand tno afterburnern

(d) 463L half pallel (88 in. by 54 in.)
te) TF34 engines on stand

If internal carriage of the rotor blade creates an adverse impact upon the aireraft
design, external carringe may be considered. External carriage of blades up to 420 in,

long should be examined.

D. Survelllance

1[

[~ 76 nmi

Conditions: S1'0 with 400 ft deck run and vertical landing both at 89.8°F.
Ten kn WOD for takeolf. All luel consumption to be calculated at
standard day conditions.
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Londing:  Mission avionics

1. Warmup, takeoff, and acceleration to climb speed—2-1'2 min at
intermediate thrust. Installed sea level stalic conditinons.

2. Climb—to BCAV ual intermediate thrust

2. Cruise—to radius al BCAY

4. Loiter—on station 4 hr at best endurance <peed at 25 000 It or higher
0. Crwise—to point of tukeofT at BCAY

6. Descend--to sea level. No fuel used, no time or distance credi?

7. Landing allowance and reserve—Fuel (o
ta) 10 min loiter sl best endurance speed al sea level
thy 5% tolal initial Tuel

I£. Combat tstrike search and rescue (CSAR)

10

1

Loading:  (2) AIM-8, Mini gun and 1000 rounds ammo tproduction gun turret
system (all retained) and 800 1l Armour.

Conditions: STO with 400 ft deck run, midpoint hover, and vertical landing at
89.8¢F., All fuel consumption to he caleulated at standard day
canditions.

Note: External Tuel permitted if within STO capability; tanks dropped when

empty or prior Lo hover, whichever occurs first.

1. Warmup, takeoff, acceleration to climb speed—2-1:2 min at intermediate

thrust. Installed sea level static conditions.

2. Climb—to BCAV al intermediate thrust

3. Cruise—to 350 nmi at BCAV less distance covered in ¢limb

-

4. Loiter— 20 min at optimum altiitude and airspeed
5. Descent—to sea level, no fuel used, no time or distance credit
6. Dash—50 nmi at sea level, M = 0.8 to pickup area

7. Personnel pickup—fuel aliowance for 10 min hover at sea level (OGE)
pickup two personnel (400 1b
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12,

Dash—at M = 0.8, 80 nmi at sea lovel

. Climb—1to BCAV at intermediate thrust
. Cruise—at BCAV to point of takeolT, 350 nmi less distance covered in climb

. Deseond—to sea fevel. No fuel used, no time or distance credit.

Landing allowanece and reserve—/[uel for:
(ay 10 min loiter at best endurance speed at sea level
(b 5% total initial fuel
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