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FOREWORD

On 21 September 1956, the Lockheed-Georgia Company,
Marietta, Georgia, entered into a contract with the Air Force
to provide the necessary engineering, manufacturing and ground
tesi to modify a government-bailed XV-4A into an XV-48 direct
jet lift VTOL aircraft, and to conduct a flight test program to
demonstrate the capability of the configuration to meet its spe-
cified performance. Well into the flight test program on 14
March 1969, the aircraft was lost on a routine test mission near
Dobbins Air Force Base. This report recounts the significant
developments, results and conclusions of the program spanning
this interval of ‘ime, and is submitted to fulfill the require-
ments of Contract F33615-67-C-1035, Data Item B037.

The progrem was administered under the direction of the
V/STOL Technology Division (FDV) of the Air Force Flight
Dynamics Laboratory. Mr. Randall B. Lowry was the Program
Manager.

Management of the program at Lockheed-Georgia was provided
by Mr. John G. McReynolds, Project Manager. While a list of
names of those indiv'duals .vho made significant contributions
would be too extensive to present here, acknowledgement is
made to all those who participated in the program for their con-

tribution to the many technological acl..evements.

Manuscript of this report was submitted by Lockheed-Georgia
Company on 1 July 1969.

This technical report has been reviewed and is approved.

Lt.éCol. USAF
Chief, V/STOL Technology Division
Air Forcz Flight Dynamics Laboratory




ABSTRACT

The XV-4B VTOL aircraft was developed to fulfill the vehicle requirements of Part IV

of the VIOL Integrated Flight Control System (VIFCS) program conducted by the Air
Force Flight Dyncmics Laboratory. The requirements developed for the XV-4B in this
role basically called for a direct jet lift aircraft with the capability of vertical take-

off and landing, hovering, conventional flight and transition between these flight modes,
with a flight control system compatible with a Variable Stability System (VSS) to be de-
veloped in Part | of the VIFCS program. The performance capabilities included guaran~
tees in the areas of hover time, control powers, and thrust-to-weight (T/W) ratios in
order to assure the aircraft would be capable of performing the basic mission of handling

qualities and control system criteria investigations.

The XV-4B is a modification of an earlier research aircraft, the XV-4A, developed by
Lockheed for the U. S. Army. Only part of the aft fuselage and empennage of the
XV=-4A were finally salvaged for the XV-4B; the remainder of the aircraft was designed
and r.anufactured anew. The XV-4A piopulsion system was replaced with 6 turbo-jet
engines arranged to provide direct lift thrust for VTOL operations, with two of the en-

gines nacelle mounted and capable of being diverted to a cruise-thrusting mode.

Programs carried out in support of the aircraft development program included:

o Wind Tunnel Tests

A 16% scale-model of the XV-4B was built with vertical thrust producers
to simulate engines. This model was used in two series of wind tunnel tests
at Langley to investigate VTOL and transition characteristics, and in the
University of Maryland wind tunnel to investigate "deep-stail" characteris-

tics.

o Inlet Development Tests

A full-scale model of the lift engine section of the XV-4B was equipped
with YJ-85 engines and tested to develop the lift engine inlet configura-

tions.




o Cyclic Tesis

A test rig with the XV-4B propulsion and reaction contro! system installed
was used to develop propulsion system hardware components in a 35 hour

test orogram.

o Flight Test Program

A 50-hour flight test program to verify VTOL, transition and conventional
tlight envelopes was planned. At the time of loss of the aircraft, 23 flights
of a planned total of 95 had been made, exploring all of the 4 phases of
flight for the aircraft.

o Inverted Telescope and Balance System

In order to check VTOL operations in the safety of a captive flight device,
an Inverted Telescope was developed with the capability of raising the air-
craft to various ground plane heights up to about 15 feet, with freedom to
make attitude changes while operating the engines and aircraft systems in
simulated flight. A force balance system was also devoloped for this de-
vice to measure lift and control forces and moments. This device was used

for measuring guaranteed T/W and control power performance.

o Escape System Tests

A series of static and dynamic ejection seat firings were conducted for the

purpose of qualifying a zero-zero escape capability for the XV-48.

Testing completed at the time of loss of the aircraft indicated that the XV-48 would
have met its design specification requirements. Control Powers and T/W ratios hud ex-
ceeded the guarantee values. Development problems in the areas of tire and lower
fuselage skin temperatures, noise environment, and engine reingestion stalls had been
encountered in ground test preparatory to VTO operations; however, fixes had been in-
corporated or planned that would have surmounted these problems. Satisfactory stability

and handling qualities were demonstrated throughout the envelope tested.
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SECTION |
INTRODUCTION

This report presents the results of a program undertaken by Lockheed-Gezorgia Company
to develop a direct jet lift VIOL aircraft, designated the XV-4B. Deveicpment of this
vehicle was a part of the VTOL Integrated Flight Control Systems program conducted by
the Air Force Flight Dynamics Laboratory (AFFDL) to establish handling qualities and
flight control systems design criteria for VTOL aircraft. Part 1V of this program called
for development of a vehicle with VTOL capabilities, including extended hover time,
compatible with a Variable Stability System (VSS) to be developed under another part
of the VIFCS program.

After working with AFFDL technical planning personnel at Wright-Patterson Air Force
Base late in 1965 and through the early months of 1966 the basic definition and scope
of the XV-4B program were established. These efforts resulted in the issuonce of USAF
Request for Proposal RTD 266766-KNA, dated 7 June 1966. In response to this request,
the XV-4B Program Plan and associated Statement of Work were submitted in Lockheed-
Georgia Company Report ETP 693, dated 5 July 1966.

On 21 September 1966 Letter of Contract F33615-67-C-1035 was entered into by the
Government and Lockheed-Georgia Company for development of the XV-4B, including
the following tasks:

o Engineering and manufacturing required to modify one (1) government-bailed
XV-4A aircraft into the XV-48 configuration.

o An Inlet Development Test Program to establish and verify the design of the lift

engine air inlets.
o A Cyclic Test Program to qualify VTOL propulsive and reaction control systems.

o Pneumatic tests to permit evaluation of the performance of the reaction control

system as installed in the airplane.

o Escape System Tests to demonstrate compatibility between the aircraft and the

Escapac 1D-1 escape system.

o Ground and Flight Tests o investigate handling characteristics and demonstrate

airworthiness of the vehicle to perform its intended mission.




o Design and manufacture of on Inverted Telescope to be used as a captive flight
device throughout the test program.

o Design and developmentiof a Balance System for the Inverted Telescope to be
used in determining six-component aircraft data at heights from static ground
positior to a height of fifteen feet.

o A small scale Wind Tunnel Test Program.

o Demonstration of performance guarantees (hover time, thrust-to-weight ratios

and control powers).

As development progressed, the contract was modified to incorporate several program
changes, most significant of which were addition of provisions for procurement and
fabrication of parts for one additional XV-4B, and additional development and testing
of the Escape System.

The initial program spanned over a 21 month peiiod from September 1966 to June 1968.
Numerous development problems resulted in several contractual changes io increase the
program span. At the time of the loss of the aircraft on 14 March 1969, the program

was scheduled for completion in June of 1969, one year later than originally anticipated.
Descriptions of these development problems are inciuded along with the descriptions of
the aircraft and its systems and the associated test programs in the appropriate sections

of the report mat follows. Conclusions derived from this design, development and test
experience are presented in the final section to complete the report.




SECTION i
AIRFRAME DESIGN

1. INTRODUCTION

This section presents a general description of the aircraft with particular definitien
of the airframe and structure. Section Il in combination with Section Ill, Aircraft Sys-
tems, comprises a definitive description of the complete aircraft. In addition, the
Appendix provides a complete history of the structural fatigue damage experienced dur~

ing the test program and relates this to established inspection requirements.

2, GENERAL DESCRIPTION

The XV-4B is a two-place mid-wing monoplane designed with the capability of
vertical take-off and landing in conjunction with conventional flight operations. Pro-
pulsive power for conventional flight is provided by two nacelle mounted General Elec-
tric YJ85-19 turbojet engines. In the vertical take=-off and landing (VTOL) mode, the
thrust of the two conventional flight propulsion engines can be diverted dswnward to
combine with the thrust of four additiona! vertically mounted General Electric YJ85-19
turbojet engines to provide the lift required for flight operations at speeds below con-
ventional wing stall speeds down to free hover. The general arrangement of the XV-4B
configuration is shown in Figure 1. Close resemblance to the XV-4A externcl configura=-
tion was retained in order to minimize the unknown configuration effects on conventional
flight characteristics as well as to permit maximum utilization of XV-4A structural com=
ponents. Distinctive external features of the XV-4B are the four exposed lift engine
inlets in the top of the center fuselage, retractable engine exhaust doors in the lower
center fuselage, relocation of the cruise engine nacelles to a position approximately 20
inches further forward on the fuselage than those of the XV-4A, larger wing tip pods to
contain larger reaction control valves and similarly, local refairing ot the forward and
aft extremities of the fuselage to accommodate the changes ir reaction controls af these
positions. Prominent features retained from the XV-4A configuration include the dual
side-by=side crew position arrangement, the "T" tail arrangement, and the retractable

tricycle landing gear arrangement characterized by a slightly offset nose gear position.

a. Interior Aira ngement

The interior arrangement of the XV-4B is shown cn the inboard profile drawing
appearing in Figure 2. Extending forward of the nose of the aircraft is the boom on
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which airspeed, angle of attack, and angle of sideslip sensors are mounted. Below the
boom in the forwardmost part of the aircraft is the forward pitch reaction control valve,
with the ground air supply connection, used primarily for grourd starting of the engines,
located immediately aft of the pitch valve., Above the pitch valve, in the forward
fuselage equipment compartment much of the flight control system input components such
as feel springs, trim actuators, gradient change actuators, and the hydro-mechaniccl
engage/disengage clutches for the manual system are contained. Relay panels are also
located in this compartment, which is accessible through a large removable panel (see
Figure 1). Behind this area is the flight station with side-by-side crew positions featur-
ing a dual, sequenced ejection system for the crew. The right-hand position is desig-
nated the primary, or safety pilot position; the left~hand position is for the aiternate, or
evaluation pilot. Each pilot is provided with identical controls with normal stick and
adjustable rudder pedals, and a throttle console containing separate throttle levers for
each cruise engine and a ¢ollective lever for the four lift engines located conveniently
for left-hand operation by each pilot. In addition, a lift lever is located aft of the
throttie quadrant for the left-hand pilot as an alternate throttle control for the four lift
engines. This lift lever was installed for pilot evaluation purposes and can be engaged
or stowed very simply at the discretion of the pilot seated in the left-hand position.

The orea below the cockpit floor is occupied primarily by the nose landing gear and the

air supply duct for the forward pitch reaction control valve.

Aft of the cockpit, separated by ¢ double walled bulkhead, is the forward fuel tank.
An aoft fuel tank is provided at a point aft of the aircraft center of gravity to balance
the fuel load. The two approximately equai-volume tarks provide a total fuel capacity
of 740 U. S, gallons, Each tank is of integral construction with a filler point and a main-
tenance access door at the top and a surge box in the lower aft corner. The urea above
each fuel tank contains much of the subsystem equipment such as air conditioning supply
ducts, hydraulic reservoirs, accumulators, selector valves, oxygen equipment, and re-
lated plumbing lines. The area between the two fuel tanks houses primarily the vertical
lift propulsion system; engine exhaust elbow ducts exterd inward and down from the
cruise engine diverter valves, with the vertically mounted lift engines fore ond aft of the
lift elbow ducts. The compartment above the lift elbow ducts contains the basic fire
extinguishing system and the engine pressure ratio transmitters. At the bottom of this
lift system compartment are the exhaust vectoring nozzles and the main center manifold

of the reaction control bleed air duct system.




Immediately behind the oft fuel tank is the aft equipment compartment, accessible
by large door panels located on each side of the lower aft fuseioge. This compartment
cortains most of the large sub-system equipment items such as primary flight corirol sys-
tem rate gyros and computers, the air conditioning unit, inverters, battery and remotely
located radio equipment. The compartmen also provides the space for most of the air-
craft payload such as flight test instrumentation and recording equipment. The extreme
aft portion of the aircraft fuselage contains the drogue chute system including the con-

tainer and release/jettison mechanism, and the eft pitzn/yaw reaction control valve.

b. Dimensional Data

Basic airplane overoll dimensions are given on the general ammungement shown in
Figure 1. Additionol data of general interest are presented here; a more complete pres-

entation of general aircraft dimensional data is included in Reference 1.

(1) Wing (Theoreticol)

Area 104,17 sq. ft.
Span 25.0 ft.
Root Chord 72,0 in.
Tip Chord 28,0 in.
Mean Aerodynamic Chord
(MAC) 53.23 in,
Aspect Ratio 6.0
Incidence:
Roct 1.5°
Tip -1.5°
Airfoil Section
Root NACA 64 A012
Tip NACA 64,212
Leading Edge Sweepback l
Angle 8°20'

(2) Horizontal Stabilizer (Theoretical)

Area 26.44 sq. .
Span 10.67 ft.




Root Chord 42.5 in,

Tip Chord 17.0 in.
Mean Aerodynumic Chord 31,57 in.
Aspect Ratio 4,30
incidence 0°

Airfoil Section

Root NACA 0010-2,00-40/1.575
Tip NACA 0010-2.00-40/1,575
Leading Edge Sweepback

Angle 17° 41
Arm 192,63 in.

(Distance from Wing MAC
10% Chord to Horiz.
Stab. MAC 25% Chord)

(3) Vertical Stabilizer (Theoretical)

Area 27.5 sq. ft.
Span 6.08 ft,
Root Chord 71.5 in,
Tip Chord 36.85 in.
Mean Aerodynamic Chord 56.02 in.
Aspect Ratio 1.3485
Airfoil Section
Root NACA 64,012
Tip NACA 64,012
Leading Edge Sweepback

Angle 36° 45'
Am 156,86 in.

(Distance from Wing MAC
10% Chord to Vert. Stab.
MAC 25% Chord)

c. Weight and Balance

The following table shows a comparison of the XV-4B Group Weight Statement for
the actual airplane with that of the specification airplane. The actual weights by group
represent either a calculated weight, results of component weighing, or in the most

common case, a combination of both. The Predicted Weight Empty is based on a simple




summation of these group weights. The Actual Weight Empty is determined from actua!
weighing of the total aircraft as it existed in March 1969. The difference between the
Predicted and Actual Weight Empty is then assumed to be unaccounted for manufacturing

variations.

During the course of the aircraft configuration development a number of design
changes occurred that had the effect of increasing the aircraft weight empty. A change
in the contract was negotiated to increase the VIOL Gross Weight by 220 pounds te
help offset these increases. Although no change in the specification weight empty was
made, this increase ultimately has to appear in the weight empty. Therefore, for the
purpose of this report, this negotiated weight increase is shown added to the specifica-
tion weight empty.

Group Weight Statement

Specification Actual
Group Weight, Ibs. Weight, Ibs.
Wing 395 417
Tail 167 198
Body 1,274 1,204
Loriding Gear 389 443
Surface Controls 655 764
Nacelle 333 188
Propulsion 3,096 3,232
Instruments & Navigational Equipment 133 167
Hydraulic & Pneumatic 116 186
Electrical 394 469
Electronics 35 20
Furnishings & Equipment 391 380
Air Conditioning Equipment 58 53
Auxiliary Gear _ 2 _25
Predicted Weight Empfy 7,463 7,746
Manufacturing Variations 43
Specification Revision 220 -
Actual Weight Empty 7,683 7,789




Figure 3 presents on overview of the aircraft Weight History from design inception
through development test. The target weight line shown was based on reaching the
original specification weight at a point midway into the flight test program as initially
scheduled, with an allowance for growth during the design and development phases. As
indicated estimated weight was substantially over target weight in the initial design
phase, however, actual weight was reduced well within target by 90% design release.
A gradual increase as anticipated was experienced throughout development test. The
actual aircraft weight empty in March 1969 exceeded the increased specification weight
by 106 pounds.

The aircraft center of gravity for the Actual Weight Empty of 7,789 pounds is at
F.S. 280.0, or 9.1% MAC, The aerodynamic center-of-gravity limits of 4% MAC for-
ward to 11% aft shall not be exceeded for any aircraft flight condition. Ballast tables
for various crew weights and fuel weight/C.G. tables are included with the detail
weights data presented in Reference 2.

The following table presents a comparison of the useful load combinations with the
Actual Weight Empty for the specification airplane and the aircraft in the test configura-
tion as it was operated in the flight test program at Lockheed-Georgia Company. The
test configuration was normally flown with one pilot, with payload being in the form of

flight test instrumentation.

VTOL Design Gross Weight

Summafx
Specification Flight Test
Configuration Configuration
Weight Empty 7,683 7,789
Operating Equipment 1,122 860
Crew & Seat Pack 430 215
Payload (Test Equipment) 600 (515)
Oil 62 64
Unusable Fuel 30 66
Oxygen 3
Usable Fuel 3,995 4,15]
Design VTOL Gross Weight 12,800 12,800
10
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Complete group weight statements for Specification design weights can be found in
Reference 1. Group weight statements for the actual aircraft are presented in Reference
2,

3. AIRFRAME STRUCTURAL DESCRIPTION

The airframe structure consists of the wing with its associated control surfaces, the
empennage with associated control surfaces, the fuselage, and nacelles. The empennage
and part of the aft fuselage are used directly from the XV-4A aircraft bailed to Lockheed-
Georgia Company for modification under this contract. Both of these assemblies required
modification to be compatible with sub-system changes in the XV-4B configuration. All
other airframe structure was completely re-configured, essentially within the basic ex-
ternal contours retained from the XV-4A, and manufactured anew to meet the XV-48
configuration requirements. Dimensional information relcted to these airframe structure

assemblies is included in Section 2, Volume | of Reference 3.

a. Wing

Each ouier wing is fully cantilevered and attached to the body structure at the out-
board face of the nacelle by means of a bolted shear splice. The wing is of all metol
construction consisting of a basic box beam structure, leading edges, flaps, ailerons
and streamlined pods containing lateral reaction controls at the wing tips. No fuel is

carried in the wings.

The wing box is an aluminum structure consisting of a front spar at 16% chord and
a rear spar at 60% chord; upper and lower covers of chem-milled tapered skirs stiffened
by similarly tapered hat-section stringers; ribs appropriately placed to react flap and
aileron hinge loads and maintain contour in the skin panels, with cutout provisions for
accepting the reaction control bleed air supply ducting; and the inboard attachment fit-
tings which occept the shear-type attachment bolts a'ong the surfaces and spars for con-

necting the wing to the aircraft,

The leading edge consists of an inboard and outboard section, with separation be-
tween the two sections occurring approximately midway along the exposed wing. The
outboard leading edge assembly is of conventional aluminum skin and rib construction,
permarently assembled to the 16% spor of the wing box. Cutouts are provided in the
ribs for installing reaction control bleed air supply ducting. The inboard leading edge
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assembly is of similar construction, but made readily removable by means of screw at-
tachments at the 16% spar and at the ends of the assembly to provide ready access for
reaction control bieed air supply ducting inspection, removal and replacement. The
ribs for the inboard leading edge assembly are made of 17-7 PH stainless steel because
of higher strength requirements brought on by provisions for ready removal.

The trailing edge flaps are the single-sintted type, mounted on external hinges be-
low the lower surface, using anti-friction bearings. The flap is of single spar, aluminum
alloy construction. The ailerons are of similar corstruction and cre statically and dy-
namically balenced. A pressure-resistant fabric seal is installed between the cileron
leading edge and the wing structure for mo<imum effectiveness at low speeds. Con-
nected directly to the outboard und of the aileron is the drive linkage for the roll reac-
tion control valves, which are containad in.streamlined aluminura tip pod fairings. The
tip pod fairings are fixed structure permanently attached to the outer rib of the wing

box, with removable cccess panels provided for servicing of the reaction control valve
and linkage.

b. Empennage

The empennage of the XV-4B is a "T" arrangement, with the horizontal surface
mounted atop the vertical. The empennage assembly is attached to the aft fuselage
structure by means of o continuous pattern of tension bolt connections around the base
of the vertical stabilizer. The empennage is of all metal construction consisting of a
vertical and horizontal stabilizer structure joined together at @ screw-connected, but
not readily separable, joint where the surfaces come together; interconnected elevator
surfaces which are hinged at the 80% horizontal stabilizer chord line, and which con-
tain a separately hinged and actuated manual trim tab; a rudder which is hinged about
the 75% chord of the vertical stabilizer; and a bullet-type fairing at the juncture of the

horizontal and vertical stabilizer.

The vertical stabilizer is an all aluminum structure with a rear spar at the 62.5%
chord, a structural leading edge acting as a front spar, hat-section stiffened skin panels,
and formed ribs appropriately placed to react rudder hinge loads and maintain contours,
The horizontal stabilizer is basically a two-spar structure with front spar at 20% chord,
aft spar at 68% chord, hat-section stringer stiffened skin panels, and ribs spaced as
required. Since the horizontal stabilizer structure is retained from the XV-4A, it in-

cludes the provisions for boundary layer flow control which is not a requirement for the
XV-48,
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The elevator and rudder are of aluminum single spar construction, with rubking
contact seals for improving control effectiveness. The elevator has a separate trim tab,
of aluminum sirgle spar construction, driven by an electrical input actuator. The rudder
has a similar trim tab which was a requirement for the XV-4A; since this tab was not

required on the XV-4B, the tab actuator was replaced with o fixed link.

The vertical=horizontal stabilizer joint is covered with a streamlined bullet fairing

of aluminum construction, made removable to gain access to the elevator cortrol linkage.

c. Fuselage

The fuselage assembly consists of three distinct but structurally integral sections:

forward, center and aft sections.

The forward fuselage section is considered to be that portion of the fuselage exterd-
ing forward of the canted bulkhead to which the crew seat tracks are affixed. This all-
aluminum structure is basically the same as that of the XV-4A, built around cockpit pro-
visions for a crew of two. The nose wheel well and the forward pitch reaction control
bleed air supply duct compartment below the cockpit form the basic beam structure around
which the forward fuselage is designed. The opening for the cockpit canopy and wind-
shield, and the large access panel forward of this area render the upper portion of the
forward fuselage essentially non-structural. The cockpit floor is extenc'ed the full

structural length of the forward fuselage section to provide lateial strength and stiffness.

Crew compartment closure is completed by a large transparent plexi-glass windshield
and laterally hinged one-piece canopy.

The center fuselage section is considered to be that portion of the fuselage between
the canted bulkhead, which becomes the forward boundary of the forward fuel tank, and
the aft bulkhead of the aft fuel tank. The integral fuel tanks are of double-walled con-
struction; the inner walls of the tanks are made of integrally=stiffened skin panels chem=-
milled to precise thickness requirements, and the outer wa!ls become the external skins
of the aircraft, with closely spaced formers between the two walls. The lift engine com-
partment contained between the two fuel tanks, separated by double walls, consists cf
six separated compartments for the lift engines and lift tailpipes from the cruise engines.
This all-titanium-and-steel structure includes the center wing box which carries the wing

loads across the fuselage through the area of the lift engine cavities. The area above
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these engine compartments contain the lift engine inlets. The areas above the fuel
tarks are covered by removable panels to provide access to the large number of functional

components installed in these areas.

The all-aluminum aft fuselage structure, retained essentially from the XV-4A, is of
conventional longitudinally stiffened skin construction with suppurting frames spaced as
required. A large, removable structural access door is provided in the lower quarter on

either side to gain access to the lcrge amount of equipment installed in this area,

d. Nacelle

The nacelles, located above the wings and adjacent to the fuselage, house the
cruise engines, accessories, diverter valves, horizontal thrust nozzles and the main
landing gear. They comprise the necessary mounting structure and the engine cowling,
including access panels. The cowling is of conventional, stiffened skin, aluminum
alloy construction. The nacelle compartment is completely isolated from the fuel tank
areas by titanium firewalls. The lower portion of the nacelle forward of the wing carry-
through structure is separated from the engine compartment by a titanium structure to
form the main landing gear wheel well. This area is left open extarnally to simplify the

main landing gear system.

4, STRUCTURAL DESIGN

This section summarizes the design criteria used for the XV-4B structures and results
of the substantiation analyses used to verify that the design satisfied the required criteria.

References 4, 5, 6, and 7 contain the detail information upon which these summaries are

based.

a. Structural Design Criteria

The basic XV-4B structural design crteria are derived on the basis of the MIL-A-
8860 (ASG) Series Military Specifications, with additional criteria as necessary to pro-
vide for operational areas not specifically covered by the military specifications. In
some instances, where specific MIL-A-8860 (ASG) Series requirements were considsred
to be too severe, imposing redesign and weight penalties, and to modify it did not com=-

promise the basic XV-4B mission, exceptions were imposed.
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The criteria selected were chosen to satisfy four primary objectives:

To provide adequate structural integrity.
To maintain as much of the existing XV=-4A structure as possible.
To provide capability for performance of the desired mission.

O O o ©

To permit simplified load analyses which produce adequate strength require-

ments.

In general, the structural strength resulting from application of these criteria are
equivalent to that resulting from an across-the-board application of the Military Speci-
fications, but the load analysis requirements are considerably less,

Fatigue-resistant design principles were incorporoted fo provide structure resistant

to sonic fatigue, or to load-induced structural fatigue, for a service life goal of 50C

hours.

All criteria unless specifically noted otherwise resulted in limit loads which were
multiplied by 1.5 to obtain ultimate loads. Specific exceptions were design lancing
loads and crash load factors.

(1) Weight and Center of Gravity Limits-~Design weights and center-of-

gravity (C.G.) limits used as design criteria for developing aircraft loads data are the
same as those presented in paragraph 2. For convenience these are repeated below in

summary form,

Minimum Operating Weight 8,185 pounds

Design Gross Weight 12,000 pounds

Design VTO Weight 12,800 pounds

Design Ramp Weight 13, 100 pounds

Forward C.G. Structural Limit 3.5% Mean Aerodynamic Chord
Aft C.G. Structural Limit 12.5% MeanAerody namic Chord

(2) Structural Desigr: Airspeeds=-The XV -4B is designed, in the clean con-
figuration, for all attainable airspeeds within the envelope bounded by 20,000 foot al-
titude, Mach Number (M) = .68, and 410 Knots Equivalent Airspeed (KEAS). Pertinent

structural design airspeeds are defined in the foliowing summary,
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VH/MH - Maximum Structural Design Level Flight Speed 350 KEAS as limited

by M =0,53
VL/ML - Maximum Structural Design Limit Airspeed 410 KEAS as limited
by M = 0,68
Maximum Flap Design Airspeed
VLF - Maximum Landing Geor Operating Speed 240 KEAS as limited
Maximum Lift Engine Operating Speed* by M =0,53
vDemo' Maximum Demonstration Speed 260 KEAS as limited
by M =0.53

*Fo: airspeeds up to 240 KEAS with lift engines operating, the effect of reaction con-
trol forces shall be combined with the aerodynamic design loads.

(3) Limit Flight Load Factors-~The XV-4B is designed for gust load factors that
result from a 66 fps gust at speeds up to VH'/MH and 50 fps gust at speeds between
VI-/MH and VL/ML' Maneuver load factess used in design are as follows:

Clean Flaps Down

Symmetrical Flight Positive 3.0 2.0
Symmetrical Flight Negative 1.5 0.0
Rolling Maneuver Positive 2.4 1.6

(4) Flutter Criteria=~The aircraft structural components are designed to be

free from divergence, flutter, and other aeroelastic instability at ail speeds up to 115%
of the structural design limit airspeed (VL) for the design ranges of altitudes, maneuvers,
and loading conditions.

(5) Control Surface/System-~The rudder, aileron, elevator and reaction con-

trol system are designed to withstand the loads imposed by the pilot(s) and the Stability
Augmentation System during flight. The systems will withstana the following loads,
applied by the pilot(s) at the top of the stick grip or at the point of foot contact with
rudder pedals:




Eievator Rudder Ai ieron

Each of Two Pilots 150 |Ibs 225 ibs 75 lbs
{oiding or opposing)
Single Pilot 200 Ibs 300 lbs 100 Ibs

These loads ore comsidered to be reacted:
o by the control system stops only
o by components specifically supplied for reacting pilot-applied loads

o by ali opplicoble portions of the specific control system under consid-
eration, assuming that any part of the system is jammed and that the

particular power system is inoperative, or operative.

Design loads are based on control movements and corresponding control surface

movements as follows:

Kudder + 20 degrees
Rudder Pedal Travei +3.25 inches
Elevator - Up to 260 KEAS + 30°
Elevator - Above 260 KEAS + 20° *

(*For operations at speeds greater than 260 KEAS, provisions must be made to

iimit the control detlections).

Elevator Control travel +3.75 in,
Aiierons +20°

Aileron Control travel +3.75in.
Wing Flap 40 degrees totel

The maximum no-load surface travel rates in the VTOL flight mode, as limited

by actuator capability are:

Elevator 221 Deg/sec
Rudder 147 Deg/sec
Aileron 147 Deg/sec

Secondary control systems, including cranks, wheels, levers, are designed to

withstand the loads shown below:

18




Control Limit Applied Load

Push-pull cranks, wheels or levers 50 pounds
Twist Operated wheel or knob 153 inch-pounds
Push-pul! knob 100 pounds

The primary flight control surfaces are designed to the hinge moments resulting
from the deflections attainable considering the maximum output of the powered control
system. The control surface tabs are conservatively designed to full deflection at limit
speed. Centrol surfaces are designed for inertia loads, acting parcllel to the hinge

line, of:

24 x Weight of Surface for Vertical Surfaces

12 x Weight of Surface for Horizontal Surfaces

The wing flaps are designed to the loads resulting from full flap deflection of
40° at the maximum flap operating speed of 240 KEAS. The load factors are, alternately,
0.0gand 2.0 g.

(6) Landing Gear Criteria=-The landing gear lo~ds developed during landings

are considered to be design landing loads. The cumulative effects of elastic, perma-
nent, and thermal deformations resulting from application of these loads will not inter-
fere with the mechanical operation of the landing gears or adversely affect the aero-
dynamic characteristics of the airplane. The reactions to the gear loads furnished by
the gear back-up structure are considered to be limit loads. The gear loads developed
during all phases of operation except landing are considered to be limit loads. A
summary of the landing and ground handling design parameters is shown in the following
table.
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LANDING AND GROUND HANDLING PARAMETERS

CONDITIONS GROSS WT. MAXIMUM FWD SPEED LIFT/'"WE!GHT
RANGE SINKING RANGE
POUNDS SPEEDS KNOTS
Ft/Sec
VTOL LANDINGS 8,185 13 - 0.83
12,800
STOL AND 8,185 10 UP TO 1.00
CONVENTIONAL 12,000 290 KEAS
GROUND 8,185
HANDLING 13100 0 - -

The airolane is considered to land at any of the above design sinking speeds at aircroft
attitudes iisted below:

LANDING ATTITUDES

ATTITUDE DESCRIPTION

THREE PCINT BOTH MAIN AND NOSE WHEELS IN CONTRACT
WITH GROUND - WINGS LEVEL

TWO POINT LEVEL BOTH MAIN WHEELS IN CONTACT WITH GROUND,

WITH NOSE WHEEL JUST CLEAR AND NOT CARRY-
ING LOAD THROUGHOUT THE LANDING.

TAIL DOWN BOTH MAIN WHEELS IN CONTACT WITH GROUND
WITH THE AIRCRAFT AT AN ANGLE OF PITCH OF
12.5° (STALL ANGLE FLAPS DOWN),

Spin-up and spring-back loads shall be those developed when the airplane
lands or: surfaces that develop a sliding friction coefficient of 0,55 between the tire

and surface and any lesser values of sliding friction coefficient that are critical.

For ground handling design conditions refer to Reference 4. The followi=,
arbitrary landing conditions apply.

(@) Main Gear Conditions-~The airplane shall be in the level attitude

with only the main gear wheels on the ground. The vertical reaction shall be equal to

the maximum vertical gear reaction obtained in the two-point symmetrical landing at a
sink speed of 10 feet/second. A load of one-halt of the vertical reaction shall be con-
currently applied at the ground in any direction in the x-y plane. These loads shall be

reacted by aircraft inertia.
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(b) Nose Gecr Conditions--The airplane shall be in the three-point

landing attitude with all larding gears contacting the ground simultaneously.

o The vertic~! icad resulting from a conventional landing at a
sink speed of 10 feet/second shall be combined with a load
applied at the ground in any direction in the x~y plane equal
to one-half of the vertical reaction. The loads shall be re-

acted by aircraft inertia.

o The vertical load resulting from a VTOL landing at a sink speed
of 13 feet/second shall be combined with a load applied at the
ground in any direction in the x-y plane of one-fourth of the

vertica! load. The loads shall be reacted by aircraft inertia.

{(7) Drogue Chute~-The drogue chute system and fuselage attachment structure
is designed for loads occurring at airspeeds up to 260 KEAS, A shear connection limits
loads build-up beyond 1,15 x limit load. Drogue chute load is considered to be applied

in a cone of 60° included angle symmetrical about the x-axis.

(8) Jacking Loads--Jacking loads are specified in the following table. The
vertical loads are considered to act singly and in combination with the longitudinal
loads, the lateral loads, and both longitudinal ard lateral loads The horizontal loads
at the jack points are reacted by inertia forces so as to cause 1 ..aange in the vertical
loads at the jack points.

JACKING LOADS

LANDING GEAR OTHER JACK POINTS

COMPONENT 3-POINT ATTITUDE LEVEL ATTITUDE
VERTICAL 1.35F 2.0F
LONGITUDINAL 0.4F T
LATERAL 0.4F 0.5F

F IS THE STATIC VERTICAL REACTION AT THE JACK POINT
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The applicabie weights for jacking are as feils

Jack Combinations Maximun: Jocking Weight

Fwd Fuselage and Main Landing Gear Uiesign Ramp Weight

Fwd Fuselage and Wing Minimura Opercting
Weight

(9) Crash Loads--The loads and ioading conditions specified herein are ulti-

mate and are applicable to the design of crew seats, mechanisms for holding doors in
their open position, attachments of equipment items, ballast, payload, engines, fuel
tanks, and their carry-through structure. Fuel tanks are considered to contain one-half
of their fuel capacity. The following ultimote load factors, acting separately, apply for

crash design conditions.

Longitudinal 9.0 g Forward; 1.5 g aft
Lateral 1.5 g to right and to left
Verticol 4.5 g Down; 1.0 g Up.

b. Basic Loads

A detailed derivation and analysis of the XV-4B external loads are presented in
Reference 5 and are summarized in this section. The loads are based on the application
of the Structural Design Criteria summarized previously and presented in detail in Ref-

erence 4,

In general, the basic loads calculations are made using airplane aerodynamic dota
based on direct force and moment measurements of a 16% scale model of the XV-4B,
These data were measured in wind tunnel tests conducted at NASA Longley in early 1967
and 1968 and at the University of Maryland in early 1968. All of these data are "power-

off"; no adjustments are made to the loads analyses to account for the effects of thrust.,

Because of the unavailability of wind tunnel pressure data for the wing, fuselage,
and nacelles, the component aerodynamic force and moment data were derived from
theoretical pressure distributions. Theoretical pressure distributions were also used for
the derivation of the unit airloads for the wing, fuselage, nacelles, and horizontal taii
in the same manner as was done in the XV-4A loads' analysis. Although the amount of

pressure data available for the vertical tail and the aft fuselage strakes was limited, these

data were used for determining the unit. airloads for these particular components.
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For all load conditions the airplone was placed in equilibrium by the application
of the appropriate inertia forces. A quasi-static maneuver analysis was used for all
flight conditions, and a dynamic analysis was used for ali landing conditions. A dynamic
analysis was made for gust and maneuver conditions, but the resulting loads were not
ctitical for design. The following degrees of freedom of airplane motion are considered

for the maneuver analyses:

(1) Pitching Maneuvers - two degrees of freedom (pitch and vertical transia-
tion).

(2) Sideslip Maneuvers - two degrees of freedom (yaw and lateral translation),

(3) Roll Maneuvers - one degree of freedom,

Considerations of the control system charocteristics were made in all of the maneu-

ver analyses.

The net design loads were determined as the algebraic sum of the critical aero-
dynamic and inertia loads resulting from investigation of flight, landing, and ground

handling conditions, Loads were generated for the following airplane components:

o Wing o Control Surfaces

o Flaps o Cortrol System

o Horizontal Tail o Canopy

o Vertical Tail o Wing Tip Pods

o Fuselage o Landing Gear Doors
o Nacelles o Elevator Tabs

o Landing Gear o Fuselage Strakes

o Engines

The critical design conditions which are found to design the aircraft are contained

in Table |.

¢ Structural Analysis and Substantiation

The stress analysis used os substantiation for the structural integrity of the XV~4B
is contained in Reference 7. It is intended to present basic information for the major
structure; such as control systems, wing boxes, fuselage stringer-panels, empennage

control surfaces, and engine mounts. Also included are some analyses of detuil fittings
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and localized special structure as a sample of the type stress analysis contained in work
sheets which are available as back-up information should a specific detail item require
further investigation. Stress analyses for both landing gears are contained in References
8 and 9 "Main and Nose Gear Siress Analysis, XV~-4B" Reports which were prepared by

Loud Co. (now Howmet Corpc.ation), Pomona, California.

Similarity between the XV-4A and the XV~4B structure plus certain flight restric-
tions provide the justification for flight testing without major static structural testing, a

decision which was made during the contract negotiation phase.

QOperational tests on the bleed air duct system, reaction control valves, diverter
valve system, and control system were performed as proof of their adequacy and made in
addition to the stress analysis. A control system proof test was also made on the aileron,
rudder, elevator and flap controls. Qther tests which were carried out include landing
gear drop tests, tire tests, bleed air duct leak and burst tests, and miscellaneous vendor

item static and burst tests.

Allowabies are calculated using standard approved methods, most of which are
found in the "Military Handbook =5A", Lockheed's Engineering Stress Memo Manual;
Roark - "Formulas for Stress and Strain"; Bruhn - "Analysis and Design of Flight Vehicle
Structures™; and TN 2661, "A Summary of Diagoncl Tension". An ultimate of 1.5 is
used, and "B" probability value material allowables are used where they are availeble;
otherwise, "A" values or specification values are used. Internal loads and pane! shear

flows for the wing cnd fuselage are colculated using cn IBM RAX 360 system computer.

The XV-4A parts including the horizontal and vertical stabilizers, the cft fuselege
between fuselage stations 387 and 448, the elevator and rudder surfaces used in the
XV-4B were modified to improve their strength in the critical areas where load increases
dictates a change. The forward fuselage and outer wing maintained the basic design
concepts of the XV-4A but required rew assemblies because the changes were of such a
significant magnitude to preclude use of the XV-4A hardware. Modifications were made

to the canopy as a result of Escape System tests; the windshield and its ...pport structure
are identical to the XV-4A,

Areas where the design is new include the center wing, center fuselage, landing

gears, power plant installaticns, nacelle, hydraulic system, equipment installations,

and the control system.
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A cummary of the margins of safety are included in Table Il. [t covers the control
mechanisms, outer wing, center wing, forward fuselage, cft fuselage, propulsion and

empennage. The critical load conditions for the structure are defined in Table I.

5. OPERATIONAL EXPERIENCE/FATIGUE DAMAGE AND INSPECTIOM

Several areas of the XV-4B structure are particularly susceptible to dynamic loads
such as acoustic and vibratory loading, Structural and equipment components sensitive
to these types of loadings were identified by extensive testing during the cyclic test and
aircrafi ground test programs. A summary of the structural fatigue damage experience

and Inspection Plans derived during these test programs is included in the Appendix.
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SECTION Il
AIRCRAFT SYSTEMS

1. INTRGDUCTION

This section presents the major systems as installed in the XV-4B. Systems dis-
cussed include: Flight Controls, Propulsion ard related subsystems, Electrical, COM/
NAY, Flight Station, Hydraulic, Landing Gear and Escape System. This section com-
bined with Section Il, Airframe Design, provides a complete description of the XV-4B
aircraft. More detailed descriptions of the aircraft systems are contained in Reference

3.

2. FLIGHT CONTROL SYSTEM

a. Descrietion

The XV-4B Primary Flight Control System (PFCS) is a hybrid fly~by-wire arrange=-
ment that includes an integral Stability Augmentation System (SAS) to provide aug-
mented rate damping about all three airplane axes throughout the flight envelope.

The system is designed to be compatible with the installation and interface require-
ments of a Variable Stability System (VSS). The "hybrid fly-by-wire" terminology is
used to describe the system since a conventional mechanical system is provided as a

back-up for the normal fly-by-wire mode of operation.

The airplane moment producing elements of the system are conventional aero-
dynamic control surfaces and engine compressor bleed air powered reaction control
valves that operate on a demand basis. The control surfaces and their respective re-
action control valves are mechanically interconnected and mechanically functional at
all times. In VTOL flight the reaction control system is pressurized and the contrel
moments are the sum of the contributions of the reaction controls and aerodynamic sur-
faces. In conventional flight the tleed air system is depressurized <ad control is ac-

complished through the conventional aercdynamic surfaces only.

Duai reaction control valves are provided on each axis to provide a fail opera-
tive capability. The design is such that the failure of a single valve on a given axis
will nct affect the me shanical operation of the remaining valves and the pils. rz*3ins

approximately one-half normal contrel in one direction ond full normal control in the
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opposite direction. Differential valving of bleed ai: through upward and downward
pointing nozzles ot each wing tip provides lateral reaction control. Directional re-
actior controi is provided by differential opening and closing of sideward pointing noz-
zles at the aft end of the fuselage and longitudinal control is effected through opening

and closing downward pointing nozzles located at the fore and aft ends of the fuselage.

In the normal fly-by-wire mode of operation the aerodynamic surfaces and re-
action control valves are positioned by electro-hydraulic power actuators that respond
to electrical pilot com~.*nd and SAS signals. The pilot force commands are reacted by
feel springs ond sensed with force transducers located in the control column stick grips
and in the rudder pedal linkage. Pilot trim commands are accomplished through trim
circuitry that operates trim actuctors to relieve the force generated by the feel springs
and at the same time provide an electrical signal equal to that removed from the force
sensor command path by reducing the control forces to zero. The SAS signals are gen-
erated by rate gyros that provide electrical outputs proportional to angular rates about
the airplane body axes. The pilot command and SAS signals are summed in the compu-
ter and these signals are then the input to the electro-hydraulic servo-valves of the

hydraulic power actuators.

In the normai mode of operation the pilot's cockp:it controls are mechanically
disengaged from those portiors of the system driven by the power actuators so that the
response of the system to SAS damping signals will not be fed back to the pilot's con-
trols. The isoiation of the pilot from the SAS inputs is accomplished through hydro-
mechanical clutching devices (ocatad in the forward fuselage area. On disengaging
the fly-by-wire system these clutches automatizally engage to provide a direct me-
chanical path from the pilot's controls to the airplane's aerodynamic control surfaces
and reaction contro! valves. In addition these clutches automatically engage in the
event of total failure of either the electrical power or hydra.lic power supply systems
but remain disengaged in the event of a single failure of eitner power source or a

multipie failure of one electrical and one hydraulic system.

The system includes gredient change actuators to provide for a change in pilot
command force gradients between the VTOL and conventional flight regimes. The
actuatar is controlled by a flight mode selector switch that energizes the actuator to
change the mcment arm between the pilot's input force and the feel spring thereby

changing the feei gradient, The flight mode selector switch also changes the gains in
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the electronics portions of the system so that full surface and valve displacement cor-
responds to full pilot control displacement for both the VTOL and conventional flight
velues of force gradient. In addition it changes SAS gains from high valves for VTOL

flight to lower values for conventional flight.

The PFCS utilizes, except for certain portions of the trim circuitry, triply redun-
dant electronic components and sensors, and employs a voting stage to guard against:
faulty signals in a branch of the triple redundant channels. The voter is an intermedi-
ate signal select and/or gate which accepts the three branch signals as its input and
selects the median signal as its output. This voting process guards against faulty signals
being sent to the servo-valves after a single fault upstream of the voter. If a faulty
signal does exist the error detection logic of the system triggers a switch in the select
monitor circuit which illuminates a fault light for the channel. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>