€)9,3

' .
o
g
T PRELIMINARY REPORT
) AFFTC FLIGHT EVALUATION OF THE XV -3
< '
! WALLACE H, DECKERT ROBERT G. FERRY
: Lieutenant, USAF Major, USAF ,
1 Prcject Engineer Project Piiot '
|
B "
3 —~.
‘iJ" T g ] h 'C)A
et 14 - . :
| [ gigﬁ ..... "'- Pt
’ n,hm“~“‘~\*“
U - Air Force Flight Tast Contar
Ancewﬁonuﬂfa__m__,d. Edwards A.: Force Base ,p~
UTIS CRA%l A Caiifarnia ‘ .
DTIC, TAB O TEF
Uuannosunced ] ELEC .: 3
Jugiigicatio 22 Juiy LIS RN
W MAR 16 1982

Diﬂ*rlbution/

Availnbility COdes
“lAvail and/or
Speoinl

et

cpyavcﬂxobhwmcwnd

pemlt tullr qibb reproduction 7~

A
g2 03 16 0Ugo




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT

NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




- SUMMARY

A limited flight evaluation on the XV-3 com)ertiplane was conducted
at Edwards Air Force Base between 21 Ma‘y and 3 July 1959. Thirty-
eight test flights were made during this period for }a total of 29; 6 hours
of flight time. A brief STOL evaluation was conducted at Bakersfield,
California, on 30 June 1959. Forty comp).eté conversions to airplane
flight and twenty gear shifts to the more efficient low propeller rpm
were made. '

These tests were conducted at the request of Headquarters Air
Research and Development Command, Directorate of Systems Manage -
ment, reference ARDC letter RNZSCM dated 1 May 1959.

The XV -3 demonstrated thot the tilt-rotor VTOL concept is
operationally practical with safetv and complexity comparable to

‘helicopters. The versatility while operating at intermediate |
conversion angles was excellent. During the flight evaluation there
were no maneuvers attempted that were not safely completed. Full

“deflection aileron rolls, steep turns, and stalls.were easily accomplished.
Rotor-propeller operation was successfully accomplished over a wide
range of rpm (250 to 600), power on and off, without any apparent
rotor-propeller instability. Additional features that are considered to
provide highly desirable characteristics for any VTOL aircraft are the
power-off reconversion capability, good STOL capability, very low
vibration levels, non-dependence on electronic augmentation for
stability, low downwash velocity and excellent realiability,

Several unacceptable deficiencies were noted during the test
program. The most important question, however, is whether these
deficiencies are hardware problems peculiar to the XV -3 itself, or
whether they are inherent deficiencies in any tilt-rotor VTOL design.
It is felt that caution must be exercised in assigning any deficiency
to a basic configuration before all the data has been reduced and
analyzed in [detarl. Furthermore, some of the problem areas must



. . Ll
- [ . t
13

be investigated in more detail before they can be completely defined.
Some of the unacceptable deficiencies of the XV -3 are: the
lateral instability in hovering flight in ground effect; the sudden require-
ment for a large increase in power as hovering flight is approached;
weak lateral-directional dynamic stability and longitudinal and
directional controllability in the low speed, low cor;version angle
regime; excessive blade flapping during longitudinal and directional
maneuvering in airplane flight; weak longitudinal dynamic stability
in airplane flight at dive speeds; and the high parasite dragh;
Correction of the present deficiencies in a future design should
yield a practical VTOL, capable of operating from unprepared landing
sites, with good low speed handling quaiities and performance
(comparable to modern helicopters), and satisfactory stability and

performance characteristics in airplane flight,
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" DESCRIPTION OF THE AIRCRAFT

The XV -3 convertiplane is a fixed mid-wing monoplane. with a two-
bladed semi-rigid rotor mounted in each wing tip pylon. The rotors may ,
be tilted 90 degrees by electrically powered, linear actuators in the
wing tip pylons. The convertiplane maintains a conventional attitude in
all flight regimes. It has a conventional empennage with an added
ventral fin and uses skid landing gear. A single R-985 Pratt and
Whitney reciprocating engine, mounted in the fuselage, provides power,

Power is transmitted from the central transmission to the rotor masts

by torque tubes located in the wing. The cockpit contains typical helicopter

controls plus conversion controls and instruments. The longitudinal,
lateral, and collective controls are hydraulically boosted. There are

no ""black boxes" for stability augmentation in the XV -3,
OPERATION

The XV -3 flight envelope is divided into three basic regimes:
helicopter, partial conversion, and airplane. Take-off and landing,
hovering, and low speed flight are accomplished as a helicopter. The
airplane configuration is used for cruise and high speed flight. For
some particular low level missions it is possible that flying at an
intermediate conversion angle will prove advantageous from the stand-
point of safety and maneuvering flexibility.

In helicopter flight the laterally displaced twin rotors, turning
at 532 rpm, provide forward thrust and lift. For hovering and low
speed, longitudinal control is provided by cyclic pitch, directional
control by differential cyclic pitch and lateral control by differential
collective pitch.

A switch on the cyclic stick operates the electrical, linear, wing
tip actuators which tilt or convert the rotor masts, During conversion,
as airspeed increases, the wing provides an :pureasing proportion of

the liftr. The high rotor rpm gear ratio, used for helicopter flight, is




maintained throughout conversion. As the rotor tilts forward from
0 degrees, the longitudinal cyclic control and the differential cyclic
control diminish lineérly to a locked-out position at 90 degrees
conversion angle. gonventional surface controls, ailerons, rudder,
and elevator are used for airplane flight. These surface controls
operate at all times.

For airplane flight, a large amount of collective pitch is required.
Most helicopters require about 15 degrees of rotor blade pitch change
compared to about 45 degrees for the XV -3 convertiplane in airplane
flight. This 45 degree change in rotor blade angle is provided by three
mechanical features., First, the pilot can change the blade pitch a
total of 15 degrees by operating a typical collective pitch stick.
Secondly, a mechanical linkage lingarly and automatically adds 15
degrees of blade pitch as the rotor mastis are converted from
helicopter to airplane cenfiguration. Thirdly, the pilot can change the
blade pitch by 15 degrees by operating a mechanical system incorporated
in the collective control system called a collective pitch '"range shift",
The pilot can !"beep" or can continuously add blade pitch by operating
the range shift toggle switch which operates an electrically driven
actuator that drives the mixing linkages in the collective control system.

In airplane flight it is desirable, for most missions, to shift
gears to a lower more eificient rpm range. The gear shift procedure
is to reduce power, disengage the hydraulic clutch therebv allowing
the overrunning clutch to drive the rotors, lower rotor rpm by apslving

collective pitch, and then restore power.
LIMITATIONS RELATIVE TO THE TEST PROGRAM

The original design gross weight, approximately 4700 pounds,
was not realized. With one pilot full fuel load (600 pounds} 2nd

AFFTC's instrumentation installed (160 pounds) the XV -3 wau'd have
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grossed 5200 pounds. This high gross weight definitely prohibited
: hovering. In an effort to reach a hovering capability, the gross weight
was reduced to 4600 pounds by using only partial fuel load and by re-
moving the heavier instrumentation components. However, even by over-
reving the engine 300 rpm, ouly a very marginal hovering capability
was realized at Edwards Air Force Base (elevation 2300 feet) during the
‘warm month of May (approximately 20 degrees Centigrade). Further-
more with the instrumentation installed, a practical fuel load (275
pounds for 1 hour endurance), and with increasing temperatures, it was
apparent that an STOL technique was required regardless of the fest
location. A short qualitative hovering evaluation was conducted at
Fort Worth in the cool month of January with the gross we:ght reduced '
to about 4600 pounds.

Earlier the contracior had briefly evaluated the STOL performance

[QPPPR Y

of the XV -3 using four sets of dual rubber wheels externally attached

to the landing skids. Due to the weight of these wheels (about 90 pounds)

and the added parasite drag, it was deemed advisable Lo develop new
small metal wheels and incorporate them :nside the skid tubes. In this
regard, the contractor fabricated four 5 inch OD metal wheels weighing

a total of only 20 pounds. These metal wheels were installed and checked

out ai Edwards Air Force Base by the coniractor. Except for the
STOL evaluailon ar Bakersfield, California, these metal wheels were
utilized throughout the limited flight evaluaiion.

Due %o the lack of a hovering capability, marginal performance
in airplane configurarion, and the limited nature of the test program it
was umpractical to ‘ry to determine the effecis of weight or cenrer or
gravify changes. Except for the STOL evalua':on, all tests were
conducied ar approximately 4850 pounds gross weight and at esseprially
a mid-center of graviry

. All rtest work was conducted wirh the wing strurs on anrnd rigidly

locked®, The high parasire drag of rhase wing srruts reduced

®*The contiaclor had prev.ously conducred some sests using & mechanism

which perminted in-flaght locking and unlocking of the wing struts.
3
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* ' ‘performance, especially at high speeds. . -
SYMBOLISM FOR CONFIGURATIONS v

»

Due to the multitude of variables that change the test conﬁgﬁfarion
' of this convertiplane, the following symbolism is included for ease of
discussion:

H Helicopter, 0 degrees conversion angle, high rotor
rpm gear ratio (532 rpm at 2300 engine rpm), optimum
flap position (up for take-off, landing, and auto-
rotation, 20 degrees down elsewhere).

C30 (or Cl5, C45, etc.) -- Rotor masts converted 30 degrees
(or 15, or 45, etc.) from vertical, high rotor rpm gear

ratio, optimum flap position (20 degrees down).

;3 AH  Airplane flight, 90 degrees conversion angle, high
propeller rpm gear ratio, optimum flap position
é (20 degrees down). .

? A Same as AH except low propeller rpm gear ratio,
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TEST RESULTS 11

COCKPIT

In general the cockpit is satisfactory for a research test-bed

vehicle. Entrance is accomplished without undue difficulty; the seat ;

T

is comfortable for short range missions. The pilot had access to all

e

controls with shoulder harness locked with the exception of the pedal

it

adjustment levers which had to be positioned on the ground. The over-

e S

all visibility was good in al! directions except dewnwards over the nose.

This lack of visibility is serious for any VTOL or STOL aircraf’ that

is designed to operate from unprepared sites. The cockpit is roomy
enough to easily accommodate a 200 pound pilot. The instruments are

well placed. Noise levels (118 decibels when hovering with maximum

power) are satisfactory when normal helicopter ear pro‘ection is used.
Noise levels in forward flight were qualitatively judged to te less and
the pilot reported noise levels qu:te comfortable. Ventlation during
ground operation or during hover was poor. In forward flight,
ventilation was provided by an intake 1n the nose chat directed air flow

on the inside of the canopv which proved very satisfactory. :

R T AR B e ern b 2 s amvsen, st
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Two unsatisfactory areas, especially for a producticn vers:on, are

. the large number of p:lot controls required for normal fi;ght operation

§: and the ejection system. In routine flight the pilot mus" operate the

e o o L RN B

collective stick, the throttle twist grip, the collective pitch rarge

shift switch, and the gear shift switch with the left hand. The right ;
hand operates the conventional cyclic suick, flap position burton,

lateral trim button, radio switch, and convers:on button. In acddi:on

1
b

there are the usual engine, engine accessory, and radio controls; 1
and the confrols for emergency recorversion, and emergency collecuve

p:tch range shifr. Thre¢ primary objecrion 18 not the fact thay there are

too many controls installed 'n the cockpit; it 33 thar the pilo' 15 required
to manipulate too manv controls .nd watch too many instrumenrs dur:ng

some flight mavneuvers, for example during a gear sh'ft. ir1s
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‘mini.pulate all t}?e con;rola during emergency situations. It should
be mentioned that several of these controls and cockpit procedures
could be eliminated or simplified by mechanical design in a
production vehicle. The use of free turbine engines with speed
governors in future designs may also offer advantages for cockpit
procedures,

The escape svstem, the second unsatisfactory item, is a down-
ward escape system with seat and pilot egress assisted oniy by 2
bungee cord system. As in the F-104 it is unsatisfactory because
ejection is downward; the pilot mus: free himself from the sea*; and
it is improbable that the bungee cord system would even fire the pilot
and seat out of the cockpit if the aircraft is rolled on its side 2r
inverted to any degree. The pilot would stand the chance of
encountering the large rotors when escaping during uncontrolled rolling
or sideelipping. An upward ejection system appears desirable for this

configuration.
-STARTING AND ROTOR ENGAGEMENT

All starts were made using an ex‘ernal power source. A baitery
is installed in the alrcraf: which theoretically will start the ehgine.
However, this battery was kept a: its highest potential 1n case of a=
‘in-flight emergency where it would be used for range shifting and
reconversion, The starting procedure i{s standaxd for an R-985
engine. Engine starting was usually accomplished with the clutch
control in low rpm position where the rotors are driven direc:ly
by gearing which byv-passes the clutch (this increases clutch life) and
then positioning the clutch to the high rom position after rotor speed
had reached approximately 300 rpm.



GROUND HANDLING

With cither the large dual rubber wheels or vhe small metal
wheels, directional control on the ground was aliriost nonexis‘ent,
Consequently, all take-offs and landings were conducted into the wind
except for crossuwinds of less than 5 knots. During one landing in a
5 knot crosswind (touchdown at about 20 knots 1AS), full rudder pedal
did not preven: 'l e aircraft from weather vaning into tre wind. lL.anding
on a narrow runway in a 5 knot or more crosswind could lead to a
dangerous situation.

On either se' of wheels the aircraft could easily be rtaxied forwa-d
or backward »n a straight line using cyclic control or, for forward tax:,
by using 5 to 15 degrees of conversion. When using the small metal
wheels, attachable dual rubber ground handling wheels proved
satisfactory for ground bandling. When the large rubber STOL wheels
were installed, the ground handling wheels could not be utilized.

Due to lack of hovering performance and directional control, no
attempt was made to evaluate the characterisrics of the skid tubes
sliding on the ground.

Rotor clearance between the ground and the rotors was satisfactory.
Ground personnel should exercise normal caurion when approaching *he
cockpit as the rolors are decelerating to a stop. Care rmust be used by
the pilot. when ground checking the conversion units so the rorors do not
strike the ground or personnel. A maximum of C25 was used during

ground check w:'h ro'ors operating.
HELICOPTER CONFIGURATION
Hover:

The high test gross weight (4850 pounds) and test elevation (2300
fcet) prevented free hovering flight. To ob*sin hovering performance a
hovering rig was nsed. This rig consisted of a smail loading pia‘form
that could be ra:sed from ground le-al o a heigh* of 13 feer (which put
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* the XV-3 cut of ‘ground effect), and.the skid tubes of the airc afe rigidiy
attached to a piece of boiler plate which rested on four ioad celle, The
four load cell readings were recorded on an oscillograph. This hover-
ing data shows that 2 full throt:le (about 450 BHP), 2400 engine rpm
(555 rotor rpm), at 3650 feet density altitude with flaps up, the XV-3
can(1) lift-off the ground at approxima‘ely 4730 pounds gross we:ght,
and (2) hover at 4200 pounds gross weigh' 2. a 13 foot skid herghb-.

Under the same conditions, lowering ‘he flaps 60 degrees at the 0 foot
skid height permsts lift-off at abou’ 4780 pounds gross weight. Thus i1:
appears that 60 degree flaps decteases the load of the downwash on
the wing by about 50 pounds, (The contrac‘or estimates rhat the total
hovering download on the wing (flaps up) {s about 400 pounds.)

The followirg qualitative statements were obtained from the AFFTC
pilot during fam:liar:zation flights a* Fort Worth (eleva‘i0n about €92
feet) where a hovering skid height of 5 ro 8 feet could be sustained
during the cool wionih of January{zppro:imatel; 2exe dagroes Cantigrade;.

When hovering close to *he grcurd, 're XV-3 exh:birs an erra:¢
tendency o dart {aserally. In addition to this phenomenon a roll
oscillat:on persis's when hovering close ro the ground It is beijeved
that these charac.erist:cs are due to non-uniform changes ir the down-

" wash flow pattern. Above a 5 foot skid heigh', ‘hese phenomena
disappear and stabilized hover over a spo can be accomplisted without
difficulty. Hovering 'urns over a spo' arnd !ov speed sideward and
rearward flights were accomplished.

When hover:ing with a 10 knot tail winrd, a large amourn' of back
cyclic control was required *o hold pos:*ro~ over the ground.

The differentiaL cvclic used for d:rec-10nal control wag 1nsufficien®
in 1nin1al response. This 1s characterisric of randem hel.coprers
and 1* ¢ts quegtionable wherher this corfrgurat:on wou'd ever atrain

oplI:MmuUM FeypPonse n vaw, however. c¢on'rol would be impraved oy
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increasing the total differential cyclic available plus changing the

mechanics of the control system to provide an increased response for

. a given pedal input,

When nearing the power required for hovering lift-off the aircraft
reacts with a lateral oscillation that is disturbing to the pilot. During
the tests at Edwards Air Force Base full take-off power was not
applied until a ground roll was established. As translational lift was
entered, full power was applied. This technique was used to avoid the
aircraft lateral instabilities in the hovering regime.

It was noted by the pilot that increased power was required for
hovering with a 10 knot crosswind as would be expected with the rotors

in this '""tandem!'' position.

Transition:

At low forward speeds (15 to 20 knots) there is a longitudinal
stick position reversal. This characteristic was anticipated for
s"afety by the pilot for each take-off. The backside of the speed power
curve (speeds between hover and best climb speed) 15 very steep,
providing good forward acceleration and STOL capabality. It 1s
believed that this sharp drop in power (from l;overing power) results
from the reduction in induced power whick occurs due to the aspect
ratio effect of the side-by-side rotor configuration.

The reverse effect encountered when landing was even more
pronounced. As hovering flight is approached (approximatelvy 10 knots
IAS) there is a sudden requirement for an additional 9 to 10 inches Hg
MAP. Even though anticipating tms ccndition, the pilot fcund 1t nearly
imposaible to prevent the aircrafr from suddenly losing 2 or 3 feet of
altitude before sufficient power for stabilized hover could be obtained.
This characteristic is undesirable asd should be cons:dered a safety
of flight 1tem for aircraft combining marginal hovering performance
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and poor low speed control'characreristics. The pilot is given some

compensation from the damping provided by *he rotor in descen: plus
. the low power required during an approach. Furthermore, rotor
inertia can be used to reduge the descer: rate in the event the a:riraf-
starts to 'fall through". But in any case the combination of the sudden
demand for power, poor low speed s*tability and con’rollability, and
skid landing gear dictate that this be labeled a safety of flight item
for the XV-3, Thies sudden power requirement has been noticed on the
H-21 and HSL during a 90 degree sideslip approach and in the McDonnell
XHJD-1, which had laterally displaced rotors. In fact, XHJD-1 pilots
found that this condition could be avoided by approaching hover x-*h
large sideslip angles.

Take-off and landing performance s drscussed under STOL

evaluation.

Level Fljaht:

At 4850 pounds weigh', 5000 fee' denairv alt1rude, umng 20 degree
flaps, V.4 18 75 knots TAS and Vp,, abou’ 15 knots in configuration
H. Minimum power requ:ired occurs 3t 45 kno's. The backside of rthe
speede-power curve is very steep due 1.0 the aspect ratio effect previously
mentioned; the high speed side of the curve is also quite greep because
' of the large parasite drag (high speed requires severe nose down
fuselage attirude) and nega“ive lift. on the wing. A* higher airspeed
(about 60 knots [AS) a *wo per revolut:or wvibrat:on becomes apparen’,
believed to be rerreating blade stall. Tle magni‘ude of this vibrat:on
increased 2s airspeed 'ncreased to an urnsarrsfac.ory leve' at 70 kner -
JAS. A small convers:on angle greatlv :mproved *his condition as w:i!
be discussed larer=,

»1t should be no'ed tha, == (oM ractor deee =0 cons:der configs=a o i
a normal fligh' zond:'.or - '~¢ higher speed ragime but recommena.
of at leasr C10.

10



Stability and controllability are sat:sfactory excep: a. low speeds
(below 35 knots 1AS). Ar low speeds a divergent long-period directional

- oscillation is apparent, The amplitude of *this oscillation can increase

to the point where the tail swings into the rotor wash, promptly inducing
pitch-up. This oscillation can be suppressed bv constant manipulation

of the directional control. The dihedral effect is negative. Longstudinal
dynamic stability was excellent above 40 kno's . At 25 knots or lower

a pitching oscillatidn was present., . was virwually impossible for the
pilot to longitudinally stabilize the aircraft in this low speed regime.

The lateral control response was good. The directional control response
was ppor. This condition plus poor direct:onal stability resulted in a
poor control balance about all three axis. Even though the {lying qualities
are poor in the low speed region the XV-3 can be safely operated in all

normal maneuvers,

Autorotation:

The best configuration for autororation appears o be with the
masts vertical and the flaps up, although insufficient quantitarive dara
was obtained o positively determine the bes® flap position. Typical

values of rate of sink are as follows:

Configuration Flaps Altitude Rotor IAS Rate of Descent
ft rpm ke fom
H Up 4750 570 45 1780
H Up 4750 570 55 1695
H Up 4750 570 65 1750
Cl0 Up 4750 560 55 1910

I* 18 seen that minimum autoro‘arive descen: 1s about 1695 fpm
at 55 knots 1AS with the mas* vertical. The above teg's were
conduc'ed ar 570 roror rpm for corgistency. £° Cl0 herever, onlvy

560 rpm contld Le o armed. Maximinm roror speed whicn can be

11



realized with the mas:s vertical and at 55 knots is 600 rpm. However,
stabilized rotor speed decreases as airspeed 1s increascd above 55 knots
due to the wing carrving more lift, thereby unloading the rotore. A"

the lower autorotation rpm and higher speed conditions (above 75 knots)
the aircraf. has an annoying shake. A* Cl0 this condition is worse. Tr:s
may be caused by sxcess!ve blade flapping. La‘eral stability decerioriics
in low speed autorotanuve flight, poss:bly because stalled flow from *he
wing passes through the rotors'. Direcional control is reduced ard a

roll oscillation is verv pronounced.

An actual autorotative landing was conduc‘ed with the mas's
verrtical. Touchdown speed was approximately 30 knors ZAS on ‘i:e dua.
rubber wheels. The flare from about £0 krno's was effective and
no problem area was noted.

Autorotations were qualitatrvely evaluated at C15. Though no
critical protlem developed a' this higher conversion angie it is cors-ce~- -
undesirable for autorotation becaiuse the sink ra*te is higher, rotor rpm
is lower, and there is a2 lack of sufficient longitudina! con'rol, espec:aliy
for flares (*he longitudinal cvclic control washes out linearly with
conversion angle).

Entry to auroro’ar:on froul 3:rp'are flighr is discussed under
"Conversions and Re-conversions'.

The XV -3 tail cornfiguration w:th ven'ral fin removed approaches
the ideal for autoro'ation landinge. Thre swep'-up ta'! atlows maxymum
flare possibilities and rotor-gronnd clearance s sufficren ' maye
nearly ymposs:ble fo: the ro'ors 10 s*vike the ground The lare~all,
displaced rotors gave varv good performance for stopp:ng s.nk ra-e

and forward speed, Rigid sk'd gear :3 a dec:ded digadvan-age for

autorota'ions when mak:ng nose Figh land:nqs
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SOME CHARACTERISTICS OF THE XV-3 AT THE INTERMEDIATE
CONVERSION ANGLES

Climb:

With the added variable, conversion angle, many climb
configurations are possible. The following table summarizes climb
performance at one altitude, 6000 feet, 4850 pounds gross weight, and
using 20 degree flaps (optimum).

Configuration Speed for Bes: Rate of Climb Rate of Climb

IAS - kt fom
Cl15 57 450
C25 60 650
C30 60 725
C35 65 685
C45 75 535
C55 80 350

At all altitudes from 4000 ro 9000 feet, maximum ra‘e of climb
was obtained using C30. The highest recorded rate of cl:mb at 4850
pounds gross weight was 1000 fpm ar 4000 fee* altztude and 60 kro:s
IAS. Even though the wing will srall ar abou” 55 knots IAS using C30,
400 to 500 fpm rate of climb could be obtained with the wing stalled.
"For conversion angles greater than C30, the best climb speed was
just above the wing stall speed,
Reasons for not climbing at conversion angles greater than C55
were:
1. Longitudinal control was decreased to a marginal level
due to cyclic washout with conversion angle.
2. Fuselage at:1rude became uncomfortably nose high at
low speeds,
3. Visibility was poor.
4, Rateg of ¢cl:mhn were poor,



Stability during climb was acceptable. Responses to longitudinal
pulse inputs were essentially deadbeat, except in the low speed, small
conversion angle regime as previously mentioned,

Adverse yaw-roll coupling was apparent and was more proncunced
in the lower conversion angles,

Level Flight and Stalls:

The XV -3 can easily be flown in level flight at any conversion
angle. At the lower conversion angles at low altitudes, and at the large
conversion angles at all altitudes, maximum speeds are limited by
power available, A higher altitudes (7000 to 10, 000 feet) and at the
lower conversion angles (H to Cl15 degiee) retreating blade s:all occurs,
as evidenced by increased vibration, prior to full power tut does no:
affecr control orstah:lity, M:nimum practical speeds should be
considered to be limited by w:ng stall above C25 and by power available
below C25, although level {light may be con'inued below stall speeds at
itermediate conversion angles by additional power. Ir tkis case (ke
rotors 4are dragging -he wing '"along tor the rade'. Typ:cai values of
maximum and minimum level flight speeds at 5000 fee'. aintude,

4850 pounds gross weigh:, 20 degree flaps are as follows:

Configuraton Viin TAS - kt Vo TAS - kt
H 15 75
Cl5 23 100
C30 65 | 106
C45 78 107
C60 88 106
c15 94 103
AH 98 10)
A 95 112

14



It is noted that Vi, is essentially the same from ClS to AlHH. That
is, the speed power curves essentlaliv fall on top of eack other in the
Vmax regime in this power limited aircraft,

At speeds above 35 knots stability and con'rollability are acceptatl.
at C30, There is some pronounced adverse yaw-roll effec: at this
conversion angle. At C40 this adverse yaw effect is s*ill apparent but
is dimirished ‘o an acceptable level. Lateral control apprars mos:
effective at C30,

Wing stall charac:eristics are good f{rom C25 to AH (tr.e wing canns
be noticeably stalled below C25). A typical miid buffe: occurs with s:all
and tre stall is mild with no rolling ‘endency. It is no necessar: for the
pilot o cautiously safeguard against stali because it is inconsequernia.
if the wing does s:ail. Siigkt cozversion angles provide :remendous
improvement over Le hellicopler configuration in s';abi'ity, control,

vibraion levels and speed capability,

Descenss:

Par:ial power and power-off descents were conduc:ed a2 Cl5, C3C,
C45, C£0 and C75, With par:iial power the characteristics were sa:isfactory.
With power-off severe buffe! due to wing stall was the primary limiting
factor. The pilot was forced to abor: some steep power-off descents a*
C30 to C75 due :0 severe buffe:, al‘hougn “:e rotcr rpm coild be mairtatned.
During descen:s at mid cor.version argles with the wing stalled, la‘eral
stability and controllability was reduced. If the airspeed is mairtaired a-
90 knots IAS or greater ‘le stall.buffe: is absent or minimized. A: Cl5
or below tne aircrafs stakes in a high power descer: at low airspecds,
probably frorn be:ing in its own rotor wasn as s common 0 al: heiicopiers.
As previcasly mentioned a- Cl15 and low speeds, iongizudiral and
directional control are inadequate, preventing a precision low speed
approactk..
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. Steady state and transient blade flapping were as high in partial
power descerts as in any other regime (9 to 10 degrees out of possible
11.5 were recorded).

Conversgions and Reconversions:

One outstanding fearture of the XV-3 1s that conversions and

reconversions can be made, either in '"beeped' steps or continuously

from any flight conditzon. There is no limizing combination of airspeed,

conversion angle, fuselage angle, altitude, wing stall, power seatting
or trim position schedule required for conversion. In addition to a
myriad of conversion steps, the following continuous conversions and/
or reconversions were conducted.
Conversion and reconversion holding altitude.
Conversion holding airspeed (starting from C15).
Conversion and reconversion adding collective pitch range shift
at intermediate angles.
Conversion and reconversion without adding collective pitch range
shift.
Conversion and reconversion during a srandard rate turn.
Conversion and reconversion started during a climb.
Conversion and reconversion during descents.
Conversion and reconversion with the wing stalled.
Conversion and reconversion bv a pilot during his first flight :n
the XV -3 (made by Caprain W, J. Hodgson using the step technique).
"Reconversion, power-off, from C45 10 H without a flare.
Reconversion, power-off, from C45 to H with a flare at C25.
Reconversion, power-off, from AH w:rhout {lare.
Reconv’ersxon, power-off. from A with flare at C25,
Conversion at 10,000 feet altitude.

Conversion and raconversion a' 600 foer attiturdde.

N
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None of these tes's revealed a serious problem area. Rotor
behavior and a:rcraft behavior were very satisfactory. No large
control changes, stabllity changes, or prohibitive blade flapping
effects were noted. A continuous conversion requires about 11 seconds.

Additional comments are in order for the power-off reconversions.
After conducting rumerous full throttle reconversions reduced-power
reconversions were made at 25, 20 ard 15 inches Hg MAP, Prior to
this testing, the major concern was whether *he rotor rpm would
drop ‘o a dangerously low value as the mas* angle wen' {rom C45 to
C30. In this area the flow mus* change from driving a windmilling
propeller o upward flow through the rotor for autorotation, There
is thus an area where the rotor i1s not being driven aerodynamically,
The reconversion a- only 15 inches Hg MAP ind:cated tha* there was
a tendency‘for the rotor rpm to drop ’n this area; however, the rotor
decay was no* of 3 prohibitive magnitude.

The firs' power-off reconversion from airplaae flight, high rotor
rpm rario, to autororat:on 1n helicoprer configurarion was conducted
at about 4775 pounds gross weigh*, acg 0.3 inches af* of neurral,

20 degree flaps. power af idle with an engine »pm of 1700, starting
at 90 knots IAS, 7800 feet pressure alr:tude, OAT 16 degrees C. The
reconversion was continuous. From AH to C&0 the wing was s'alled
due to the low starsing IAS, A* the smaller conversion angles

(C30 ro H) the ro*or rpm dropped from the 550 starting value to

about 440 rpm and 'tren :ncreased ‘o the normal value (600 rpm) as
helicopter autoro'arion was entered. Severa! seconds after autoro'ation
was entered and 2'abilized the alnimerer read A300 feer, Thus 'he
first power-off reconversior and entrv {n*o srabilized autorotation
required about 1500 feer, The piiot made no at*empt to flare the

ship during the reconveraion to 'rereiqe the roor 1pm and decrease

the airitude lose,
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The second power-off reconversion was started from airplane
flight operating in the low rotor rpm gear ratio (324 rpm). Condit:ons
were 4790 pounds gross wejght, a cg 0.3 inches aft of neutral, 20 degree
fia.ps, idle power at 1450 rpm, starting at 5000 feet altitude, OAT 23
degrees C and 90 knots 1AS. Stall buffet again occurred during the fizst
part of the reconversion. There were no control, stability, or vibraticn
problems., The lowest rotor rpm during the maneuver was 435,
occurring at about C10. Autorotation was established at 4200 fee-
altitude, Rate of sink was 2000 fpm from AH to C25 and only 500
fpnd (due to flare) at H. The two factors which minimized the altitude
loss (only 800 feet this time compared to 1500 on the first attempt)
~ where a flare at the lower conversion angles (started about C25) and
the fact that 4200 fee* altitude corresponds to just entering helicopter
autorotation -- not a stabilized autororartion as in the first test.

It is thus concluded that power-off reconversion and entry into
stabilized autorotation can be made comforrably with a 1000 fnot
altitude loss provided a flare is executed during the reconversion.

It is recommended that the airspeed at the s.art of the reconversion
. be at least 95 knots IAS. At slower speeds the wing will stall during
the first part of the reconversion. The stall is accompanied by
buffeting and a high sink rare which increases the blade flapping.

Povier loss was simulated at intermediate conversion angles by
reducing the power ro idle., It was expecred that rhe most crinical
area for rpm behavior would be from approximately C45 to C30
This waas no* the case, since rotor rpm decav did no' become appreciadle
until C25 or less prog-essivelv increasing as H was approached In

H the rotor decay following power loss 18 average for a helicoprer.

18
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SOME CHARACTER!STICS OF THE XV -3 IN AIRPLANE FLIGHT
Level Flight at High Propeller RPM Gear Ratio:

VAt test gross wedght (4850 pounds) level flight could nct be obtained
at altitudes above 5000 feet. At lower altitudes wing stall occurred at
98 knots TAS with V.., about 101 knots. Thus the level flight speed
envelope was only ab'out 3 knots. In smooth air the vibration level is
l1bw. The aircraf: responds peculiarly to gusts in that the aircraft
seems abruptly disturbed racher than "riding through' s disturbance
as do most airplanes, These abrupt disturbances cons:sr of
accelerations along the longitudinal axis. Pilots found this unusual
phenomenon quite weird but not frigh+ful after familiarization. :in
addition, the a:rcraft responds to gusts with a yawing motion. In low
propelier rpm this phenomenon was reduced. One possible explanation
for this effect .9 that the gusts are imposed on the propellers
unsymmetrically.

There was essen*ialiy no ¢limb capability in this configurar.en under
vest conditions during ‘he warm month of June,

Stability vias excellernt abo. . all akes. Rcesponse . 2 ro! piis 3
were essentially deadhea’. A sl:gh* dank is esrablished :n *he proper

direction when puls:ng the rudder pedal{z.zr" pedal prccduces rif. © Lanng
Gear Shif:

Twenty gear shifts into low rotor rpm (324 were accomplished
during the evaluat:on. Prior to gear shifting the collec':ive patch
range shift must be used, This device allows more p:.ck o be applied
to the ro*tors thar the r.ormal range of collec'ive operation could
provide. The reader may think of this in either of the {ollowing
manners:

The collective pitch contrel cnick 18 a'lowed "0 move t0 a new
low position from i3 physicallv high poe:tion In -he cockpit while
holding constant blade collective piich setr:=g as *he range shift
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switch is held forward, F;'om t};ivpoxnt the pilot mfay getr a new
"bite" on the system
If the collective pitch control is held fixed then holding the range
shift switch forward w:ll put in about 15 degrees of collective pitch.
The gear shift procedure is as follows:

1. Starting from AH configura::on, the colle¢rive pitch ranyge
shift is put in either by '"beeping'’ or by a continuous
operation. If done continuously, a litile practice is necessary
to coordinate collecrive stick movement 20 maintain rprm..

2. Holding 90 to 95 knots IAS, cu* power to idle.

3. Throw the clutch switch ro disengage the hydraulic clutch
and thus permit the overrunning clu:ch to drive the rorors.

4, Pull up on collecrave st:ck ro slcw propellers to 324 rpm.

5. Apply powe~,

The reverse procedure applies when shifring back from low vo barh
propeller rpm The average rime required o complere the gaar
shifting operar o wag abou' 10 secords.

Though conversions were made withour alritude loss, some altirude
must be Jost :n gear shifsing the XV -3 because of 'he necessity %o cu?
.power. This aliztude loss was geriera'lv about 400 ro 500 fee:

Other than al*itude 1088, no problem areas were noted during the
twenty gear shifts Th:s was also accompl:shed. on occas:on. dur'ng

wing s8%all.

Level Flighr at Low Props!ier RPM Gear Ratio

| . Gear shifr ng *0 the more eftc e~ lov 1007 rom added abour
kno's ro Vi (112 knots TAS 1n configuration A 2 ~Q00 fecet densry
alticude) and enabled leve! fi ghr above 9000 feet dernsity al*:tude
Vinax was hmited hecause of pover aviiable

At tower al'audes 3 smintt 100 '0 200 fom <:ms Capalit oty X5t



Stability appeared good at level flight airspeeds. Responses to
control pulses were essentially deadbear, similar to those obtained in
high rotor rpm. Since the rudder is unboosted, directional control
forces were high. :

Steep turns were accomplished with no adverse effects.

Sideslips to 15 degrees were made without excessive blade flapping.

Rolling maneuvers were satisfactory. Maximum lateral st:ick
displacement was accomplished. The resulting roll rates were a
acceptable (20 degrees per second maximum). Rolls to 60 degree
bank angles were conducted. During these maneuvers blade flapping
remained low,

Vibration levels were low,

During the program the aircraf: was flown in this low rpm regime
for a total of 3 hours and 15 minu“es, '

No problems were encountered in this regime excep’ ar the higher

. dive speeds as discussed under "High Speed Dives',

STALLS

Though there is no stall v;rarning in configurations A or AH, the
stall characferistics are nevertheless good. The stall is mild with
only slight pitching at all power settings. There 1s no tendency to
roll or yaw, Stall speeds were 95 krots TAS in A and 98 knots in AH
at 5000 feet,

HIGH SPEED DIVES

The high speed regime was ncrementally extended from 110

‘knots TAS in level flight to 135 knots 2n a dive using Jow rotor rgad

gear rartio. The test, work terminated at 155 kneis because all the
available collective pitch was utilized. Faser speeds could only be
obtaired Ly nverspeeding the rpm (or mod:fving the ccllective svetam
to inc raage ava-labule pitgh),
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In the 120 t0 140 kno: TAS regime the p:lo” of the chasc ship
| reported that the hor:zontal stabilizer and elevator were buiietmg
although the XV .3 p:lot could no: detec’ tivs tail buffet, Accelerometers
- wese installed :n the tips of the horizontal rail to define this phenomenor.
Results showed rthat in AH a 4 /rev (34 cps) frequency predom:nased
with some 2/rev (17 cps) evident and 1n A *he 2/rev (11 ¢ps) predominatcs
with some 4/rev evident, Double ampli'udes were a maximum of abou:
Y2 inch. The modc of the horizoatal tail was *he asymmetric see-saw
type. The amplitudes :ncreased only slighrly with airspeed. Because
tail flutter was not evident and airspeed not an imporran factor, the
high speed investigation was continued., Tke pilot was still unable to
detect any tail buffes at *he maximum 155 krnot TAS dive point.

A stability and con-rollability investigaton was conducted 1n
incremental srteps up *o and including 150 keots TAS, The s'sbiliry and
countrollabiliiy character;ssics de-eriora-ed in this high speed region.
The dynamic characserig:.ics were excellen” av 105 knots. Above 12)
kno.s a weakiv damped pvching oscillation (rthe shor' period mode)
begins o appear,

Ar rhe time of *h:s wr:ting ;nsufficient da%a has beer reduced and
analyzed to pos-nively defire *his prenomenon.

One possible reason for the weakness of ‘he short period

' longitudinal dvnams¢ stabilitv ig the short dravance on rhis airplane
between the horizontal *ai1l and wing  Another 1s the des:ab:lizing
effect of the relativelv large propellier dlade area.

The vibras.on level] ar 95 knots [AS 13 verv low. Ar 100 knots
this level sncreases bur bislds up only slightlv wirth further increases
in airrspeed. An af',‘pu-se of the snck prodiced a weaki. damped
oscillason, Whan the noge raised. follow'ng an arr pulae ‘therc was
no blade flapping apparenr; howerer, as *he nose lowered *here wirg

noticeable blade flapping whech «vae appate=r -n 3ecrafs vreughress
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and on the oscillograph records. Blade flapping could also be felt
in yawing maneuvers but was not a factor in roluhg mgneuvers., Full
deflection aileron rolls were accomplished withour approaching biade
flapping limitations. Blade flapping is a design problem in this
configu;ation and represents a possible limiting factor in maneuvering
longitudinally (nosing down) and in yaw, To minimize this factor *he
contractor has used 20 degrees delta 3 (pitch-flap coupling angle
between blade flapping "hinge" and blade feathering '*hinge") which
mechanically reduces blade pitch as that olade flaps up. Increased
delta 3 appears 'o be required. However, as delta 3 is increased,
control is decreased during helicopter operation unless additioral
cyclic control s provided. Therefore. in fu'ure designs using an
increased delra 3, 1* must be determined :f there are arv limirar:ons
in prov:ding the addis:onal cvclic control.

It may also be des:rable "o droop "he mas's below 90 degrees,

say 92 or 932, siunce the upwasin, ahead of the wing, causes as. fiapping.
STOL EVALUATION

On 30 June 1959, a brief STOL evaluation was conducted at
Bakersfield, California. The *es's were conducted at Bakersfield
because of favorable wind conditions and because the low elevation
(492 feet) increased performance, and thereby saiety in this low
speed region. Twentyv-four rake-offs and land:ngs were photograph:cally
recorded with a Fairchild Theodolite camera The large dual rubber
wheels were attached to the skids, the ven'.ra: f:n was removed (to
permit higher flare angles), and wing tip skids were 1nstalled (to
pfotect wing tip pylons in case of roil). Cond:vians were 4570 pounds
gross weignt, a cg 1.0 inches aft of neutral, 490 fee' pressure aititude,
OAT 23 degrees C average, flaps up, full throttle and 2400 engine vpm.
Undey thesez condi’:ons, the aircraf. shoulc »ave been capable of hovering
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inches off the grouxl:d. The runway was hard surfaced and had no slope.

Configuration Climb Out TAS  Distance Over 50 Fcot
: kt Obstacle - ft
H : 30 470
H 40 625
c7ye 40 550
Cls 40 515
H 45 770
cry2 45 635
Ci5 45 585
cy2 50 7458
Cl5 50 670

Test work was limited to a minimum of 30 knots TAS because of the
marginal stability and controllabilisy characteriatics n the iow speed
regime pius the acceleration resulting from the steep slcpe of the
backside of the power curve made 1t nearly impossible t0 avoid
accelerating past a low climb speed once rrans:tional l:ir vsas obrained

From a performance standpoint the airspeeds were too high to

define the airspeed for minimum take-off distance. Cozseguently,

minimum distances over a 50 foct obstac - may be much iawer than
the distances given in the preceding table Furthermo-ve ‘*here was
insufficient time *o develope an optimum *ake-off or larndiig rechrigue
In any case, the results show that the dis'ances decrease as conversicn
angle is increased o 15 degrees, at leas* in this higher 2irspeed
regime (above 30 knots TAS)., C!5 was *aken as the prac ical res
lithit although the rotors will convert to about C30 before contacting
the ground.

Below c'imb speed the H and C15 speed power curves coincide
This implies that STOL performarce .« sho:ld be essentinliv srdepende.
of conversiton angle in the 0 to 25 kno- regime.
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ENVIRONMENTAL PRACTICABILITY

' The XV-3 has a low disk loading which is a highly desirable
feature for operational suitability. The XV-3, with a 5.5 pound per
square foot disk load:ng, should be capable of operation in and out
of unprepared areas with minimum hindrance to the ground crew,
During the tes: program the aircraft was operated off the edge of the
taxi-way and from the lake bed a* Edwards Air Force Base. These
areas should not be considered typical unprepared areas; however,
the feature was indicated by take-offs and landings rhat were conducted
on an area in the lake bed that was covered with a heavy layer of
fine dust, No adverse effects other thanadusty aircrafr were noted.
The pilot did not have to '"'go [FR'" as :s frequently necessary in the
H-37 and its 7.7 pounds per square foot disk load:ng. Downwash
behavior was typical of helicopters. At the time of this writing it is
very quest:ionable wherther VTOL's (except for the XV-1 and XV -3 type)
will actually De suitable for operation from unprepared areas. Even
the tilt-rotor will lose 1ts operation suitability if future designs
incorporate high disk 'oadings. If disk load:ng ahove 10 pounds per
foot (approximately) are used, the tilt-rotor configuration then
assumes the disadvantage of increased downwash velocities plus
compromised safe’ty in the areas of autorotation and slow speed
operation whe re large rotors provide inheren: safe'y.

AIRCRAFT AVAILABILITY AND RELIADILITY

The XV -3 compiled the besr availabilitv record in the history of
rotary wing tes' work at Edwards Air Force Base. Starting on 21 May
1959 (date of checl fligh* bv contractor) rke aircrafs was available
for flight test work between 0530 and 0730 nours on each of the next
44 consecutive caiendar days Thirtv-e:ght tes's were actually
conducted during the 44 calendar day per:od (38 working days).
Maintenance requirements during *he program were medest, It
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should be pointed out that an experienced Bel! crew consisting of

J mechanics, 1 inspector, 1 insrumentation technician and 1 foreman,
maintained the XV -3 during AFFTC's evaluation, and that this crew,
on several occasions, worked more than an 8 hour day as required for
daily inspections and/or for changes in the test configuration. It can
be justifiably argued that a 44 day period is too short for firm
statements regarding the availability and rellability of a tilt-rotor

VTOL.



CONCLUSIONS

Several unacceptable deficiencies were noted during the limited
flight evaluauion. The most :mportant question is whether these
deficiencies are hardware problems peculiar tothe XV -3 itself, or
whether they are :nherent deficiencies in anv til-rotor VTOL design.
It is felt that caurson mus' be exercised in ass:gning any deficiency
to a configuration before all the data has been reduced 2and analyzed
in detail. Tke following unacceprable deficiencies are known to be
peculiar to the XV -3 irgelf, The firal repors will discuss whether
they are or are not inherent in the rilt-rotor design to the degrae
warranted bv a limited flight evalua*ion.

1. Instabiliry in hovering flight,
a. Erratic lateral darting tendenc:es :n ground effect,
b, Pers:isrent =oll oscillation abous the longitudinal axis
in ground effec*,
¢. Sudden requirement for 2 'arge increase in power as
hovering flight is approsched.
2. Weak larteral-drec-:oral dynam:c 3tab-':ty and longi'ud nal ¢nd

directional controllabil:ty in the low speed;, low conversion angle

regime,

3., Excessive trans:en" biade flapping during longitudinal and
directional maneuvering in airplane fl:ght,

4, Weak longitudinal dynamic stabiiity (short period) 12 airplane
flight at dive speeda.

5, High parasite drag.

Additional unacceprable deficiencies *ha* are peculiar *o the XV.3
itself and whick ave known to have s .ca:ghr-forvard so' «-ons ~ve as
follows:

1, Unduly compl:ca‘ed prlotage requ:red due 'o mutlricude of cockpt
con‘rols,

2, Ejection svs‘em - because §¢ 5o downward a-
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bungee cords. ¢ " , ' ' *
3. Skid landing gear,
4. Poor performance due to low installed power (actually the
propulsion svstem u*:l:zes 'k e low installed power efficiently).
' The XV-3 exhibired *he following g‘ood features that are considered
to provide highlv des:rable characteristics for any VTOL aircraft.
1. Easo of convers:or ond reconversion. No scheduling of variables,
such as ajrspeed, conversion ang'e, erc,, is required.
2, safe:y:
a. Rotor damping anr, inertia,
b. Aurorotational capabulity.
c¢. Power-off reconversion capability.
3., Operanoral practicabil:ty primarily because of low disk loading,
and reasonable noise levels.
4. Aircraft and ro’or propeiter control and behavior during wing s+all.
5. Good S10is capabiurny,
6. Non-dependence on elec’ron:c augmenraion for s%ab:liry and con'roi.
7. Excellen' reliability and avatilabilitv. Modest mainrenance
requirements,
8, Low vibra‘ion levels,
During ‘he fl:ght evatuatior *here were o> maneuvers 1ttempred
that were not safelv compie.ed. No serobar.cs were atrempred. Ful)
deflection aileron rol's, greep turnsg, and stalls were eas:lv accomplishes.
Opera}.xon over 3 wide range of rotor rpm (250 to 600), power on and
off, withou' anv apparen'. ro'or insrab:li-v was commendable. The
XY-?:.eﬁmons'ramd tha  he *:'r.ro'or VTOL corcepr i3 operannra’
practical with saferv and complexity camparable *o helicoprers., Th-
versacilitty vihile opera:ng 3. 1ntermed aic convers.on angleg vas
excellent. Corraction of the prausn: deficicre-es ‘n 8 fature des' i

should vield a praciical VTOL, canable of operatirg from unprep .. vu
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landing sites, with good low speed handling qualities and
“performance (comparabie to modern helicopters), and satisfactory
high spead capability. Some of the problem areas must be
investigated in more de’ail before they can be complerely defined
as discussed in "Recommendatione'', Thus it would be premature
to conclude that all deficiencies are of the hardware type and rnore

are inherent in the lr-rotor princ:pla,
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-RECOMMENDATIONS

Due to the limited nature of the AFFTC fligh: evaluarion 11 was
impossible to investiga e all detailed problem areas. It is recommecnded
that addisionai flight ‘es'ing be conducted on the XV-3 in i%s presen:
state to auppleme'n?. the AFFTC evaluation as follows:

1. Remove the wing struts, Characteristics with a flexible
wing shouid be inves‘igated o determine if a rilting rotor :s
compatible with a flexible wing as necessarily required
(from a weigh* standpoint) on a large aircraft, Removing
the wing struts on *he XV-3 would be an importan:. firs*.

step in es:ablishing these characteristics.

2. Investigate autorotasional touchdown capability in more
detail. AFFTC did conduc: an actual autorotat:onal touct -
down without difficulty. However, *ouchdown was :n.ti3'ed
at abour 30 krots IAS, The usefulness of -his apparently exce’ -
lent configuration for flare-out landings should be fursher
explored,

3. lnvest:gate the adverse vauv -ror coypiing :n confrgurit on
C30. Presentiy the d:fferent;a. co .ect.ve contro! iro’:
coutrei; y¢ inearty washed ~ut with conversion angle (n tre
XV-1:t:8 very s:mp.e to d-sconrect this contro: washout
feature. Thus ,t wonid be re!at:vely simple to establish
whether d:sconnecting the ¢o: ect.-.¢ waghout for the f ret
port.or of the convare a~ wo..d ¢ :minate the vav-roll
coupirng proh em,

4, 'nvest.gate *he hover:ng reg-me :r deta.! tc def‘ne the
Jatera' a:rcraft nstabe'sties. Th # v d recessarly “ne'ude
rotor downuwash behavior n gro,nd effecet,

5. invest-gate the effects cf 2 large incresse 3o dire tiony.
cortroi for hovering. Th e does =0t requ:re » mard-frcation
Add.t ora A, vt ona contra®car br ohod ed S, e gty
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* the present XV-3 control system slthough longitudina!

control will decrease as directional control increases.

6. Investigate the effects of increasing the conversion angle
to 92 or 93 degrees. It is believed that the upwash ahead of
the wing causes aft blade flapping in the present airplane
configuration of 90 degrees conversion angle. A 2 to 3

degree increase of conversion angle can be obtained, without
modification, by re-rigging without changing the 0 degree
mast angle setting. Further increases of convers:on angle
for airplane flight can also be obtained, withcut mod:ficat:or,
by re-rigging but only by limiting the helicopter configuration
to 2 small conversion angle instead of the present ) degree
mast angle.

7. 1If the tilt-rotor principle :s considered for a production
VTOL aircraft it is recommended that the XV -3 be considered
for modification as required to evaluate the effects of 2 h:gher
disk load:ng (say 10 pounds per square foot), paras:te drag
reduction, wheel landing gear, s:mplificat:on of piiot
controls, and if possible higher speed airplane flight. Such
data woild be vaiuable for constrict.on of 32 prototype t. t-

rotor vehic:e.
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