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1.0 {INTRODUCTION

Theoretical studies, simulator evaluations, ground tests and flight tests
were conducted to subsiantiate the fhightwo~tiuness of the XV-5A Research
Vehicles. This report describes the work accomplished, the procedures
followed to provide the substantiztion; describes the development and de-
sign of the aircraft, and delineates operational reli~bility information.

Submittal of this report is made in aceord»~ e with Government Contraci
No. DA 44-177-TC-715.

The technical section of the report is divided into eight principal sections.
These are:

3.0 Aircraft Performance
4.0 Strength Requirements and Compliance
5.0 Design and Construction ~ Goneral
6.0 Propulsion System
7.0 Equipment
8.0 Operating Limitations and Information
9.0 Reliability Data
10, ¢ Components

Section 3. 0 provides a dis--ussion and substantiating curves of stalling
specd's, takeoff, climb and landiag performance, and the speed-altitude
envelnpe. A VTOL single engine minimum recovery envelope is also
presented.

Section 4. 0 describes the structural design requirements, their suitability
to this airciaft, and confirms that the aireraft meets requirements.

Section 5. 0 discusses the general considerations of design and construc-
tion, and shows the application of ucceptable airceraf. practice for the
choice and use of materials, manutactaring methods, and quality assurance.

‘The propulsion system discussed in Section 6. 0 provides flightworthiness
ualify ing data, and lists the pertinent General Electrie reports. The
section describes the suitability, and the oprrating characteristics of the
propulsion system, its accessories and subsystems.

Adequacy and flightworthiness of instruments, electrical system, hydrau-
lic system, control systen, stability augmentation system, cockpit envi-
ronment, ‘anding gear and specilic salety provisions are shown in




Section 7.0. Presented are design philosophy, installed periormance and
the referrnces, which substantiate the fact that these systems are safe ;o
and proper, and will provide aircraft dependability. }

Section 8. 0 summarizes, and provides a guide to other published data
related to the operating limits of the XV-5A aircraft,

Reliabitity is liscussed in Section 9.0. Applicable curves, tables and
figures are presented.

fied", and discusses the acceptability of each such ungualified part for

Secuion 10. 0 lists all parts which are not classified or "standard quali- 1
use in the XV-5A aircraft.




4.0 CONCLUSIONS

\\S§Tho dlta~providbd'in this report-indicate that the XV-5A aircraft is safe
and airworthy. This conclusion hes-besa substantiated by analysis, ground
test and Ilight test.

The XV-5A is shown to be structurally sound and suitabl2 for use in a

d |1

flight test program of at least 250 hours. The airplane was manufactuied
to exacting aircraft staundards in choice and use of materials, components

and subsystems, and was manufactured and tested with strict quality con-

o

trol standards maintained. Safety and airworthiness of the XV-5A VIOL

aircraft, using the 1ift fan concept, has been demonstrated.
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Performance predictions were substantiated by test. Stalling speeds are

slightly higher than predicted, but are sufficiently close to indicate correct

predictions of speeds. Slight buffet occurs as a stall warning, but normal

quick recovery results. Takeoff and climb performance indicate safe

margins and stable flight. Landing characteristics are normal in CTOL.
VIOL stebility is good at all rates of descent. The aircraft flies with
adequate control at the boundaries of the predicted speed-altitude envelope,

through conversion, and at speeds higher and lower than conversion speed.

"Flight tests indicate that controllability is adequate and in agreement with

acceptable standards. Control is satisfactory in VTOL and CTOL 'ﬁ
1T throughout the flight envelope, and during ground roll and taxi. Flutter

3. analysis, and experimental ground, wind tunnel and flight tests indicate

that the aircraft is free of flutter within the prescribed flight envelope.

g».

Reliability and failure analyses confirm that the overall failure pattern
fcllowed the typical failure incidence curve, and that early failure rates
were reduced as "infant mortalities". The failure curve levelled off

after the fourth rcporting period. Total system failure rate (in terms of

N g L e e
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failures per hour of system time as defined in the report) reduced from
an initial value of 5.3349, to tetween 2.0000 and Z.5000 for the later
reporting periods during the fiight test program.
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3.0 AIRCRAFT PERFORMANCE

3.1 PERFORMANCE SUMMARY

3.1.1 Stalling Speeds

Predicted stalling speeds in both the conversion configuration and the
conventional flaps~down configuration are presented in Reference 1, which
indicates the thrust in pounds to determine the power-on stall speeds.
These data were derived from wind tunnel tests of models simulating tha
specified configurations and are presented in Figures 1 through 3.

Flight tests obtained stall speeds at all conditions. Results of these tests
indicate that the estimates are close to actual values. The indications
are based on chase plane reported values, and are compared to estimated
values in Figure 4.

Data obtained from the Ames full scale wind tunnel test facility indicate
that the quoted stall speeds are somewhat conservative. The maximum
lift coefficients and stall angles of attack obtained were greater than
those used in the prediction of the stall speeds. This was an expected
result, since the small scale data were not corrected for the benefits of
increased size of the actual aircraft.

Comments concerning the controllability at and near the stall condition
will be found in Section 3. 2. 4 of this report.

3.1,2 Takeoff Performance

Takeoff performance is presented in three modes, VTOL, STOL, and
CTOL. (See Reference 2 for complete performance predictions).

VTOL Mode

Figure 5 is a plot of total trimmed lift vs. altitude for standard and hot
atmospheres and represents maximum available lift. Takeoff weights
are obtained by dividing the quoted values by a factor to allow for oontro}
margin. A factor of 1.05 allows a 5 percent control margin, a factor of
1.10 allows a 10 percent margin, eto.

These data are based on Reference 3. This report presents the static
performance of the lift and pitch fan systems as it pertains to the XV-8A
installation. Average wing and pitch fan performance based on

R e s - ~“uwa.m
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Flightworthinecs and Acceptance Tests of the fans was used in conjunction
with minimum J-85 gas generator performance.

STOL Mode

Figure 6 is a plot of total distance over a 50~foot obstacle at two different
altitudes for an ARDC Standard Day. These results were estimated using
propulsion data based on the abovementioned General Electric memoran-
dum, and aircraft characteristics derived from model wind tunnel tests.

No flight tests have beer made in which minimum takeoff distances have
been measured. Fan mode takeoffs and landings have been made, but not
with the object of attaining maximum performance.

CTOL Mode

Figure 7 is a plot of total distance over a 50-foot obstacle for the same
conditions as specified in the STOL take-off data. These results were
estimated on minimum J-85 gas generator performance adjusted for
installation losses, and aircraft characteristics derived from model wind
tunnel tests.

No specific flight tests have been made in which takeoff distances have
been measured. Flight test results do indicate that these predictions are

reasonable.

3.1.3 Climb Performance

Figures 8 and 9 present altitude va. maximum rate of climb, and the
altitude vs. velocity for maximum rate of climb for the conventional flight
configuration.

Iistimated rates of climb were derived from J~-85 gas generator minimum
performance and wind tunnel test aircraft characteristics.

3.1. 4 Landmg_r;orformance

Figure 10 presents the landing distance over a 50 foot obstacle in the
conventicnal flight mode. Ground roll distance is also presented.

These data were estimated from wind tunnel aircraft characteristics and
assume that the thrust spoilers balance exactly 160% of the idle thrust.

2
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3.1.5 Speed-Altitude Envelope

Figure 11 presents the estimated speed-altitude envelope at four basic
weights, These data were generated using minimum J-85 gas generator
performance and tunnel test derived airoraft characteristics.

Figure 12presente a comparison of the flight experience envelope of
March 3, 198685, with the estimated speed-altitude envelope for the 10, 000
pound groas weight aircraft in the clean configuration. The maximum
power line, labeled as 102% RPM, was derived from the original engine
specifications. The 102% RPM applies to the present rerated engines, as
does also the point labeled 88% RPM. The respective power settings for
the engine as originally rated are 100% and 96%. The point labeled 98%
RPM (406 KIAS at 8, 000 ft.), when compared with predicted values on the
basis of aquivalent engine ratings, agrees exactly.

Figures 13 and 14 show the flight experience envelopes in various flaps-
down oconfigurations with landing gear extended, and one with the flaps

i_ up, gear extended. Note that the preconversion configuration is one of
b the configurations presented.

3.1.6 VTOL Single Engine Minimum - Recovery Envelope.

The data of Figure 15 were derived from model wind tunnel tests and
J-85 gas generator minimum performance. The information presentsd
also was verified by test pilots flying the Ryan flight simulator. Flight
test data have been obtained in fan mode using a two-engine power setting
to simulate one engine at full power.

3.2 CONTROLLABILITY

Qualitative flight test data on a point check basis verified the estimated
oountrollability and stability limits. The information contained in the
following paragraphs is based on the analyses of References 4, 5, and 6
as well as on pertinent pilot comments.

3.3.1 VTOL and CTOL Controliability
3.3.1.1 VIOL

RY A N 294-69-1

. Investigation of control characteristics was conduoted on the Ryas VTOL
flight stmulator, and is reported in detail by Reference 4. The flight
simulator coreisted of a cockpit mockup, a visual display for 6 degrees-
of-freedom, actual electrical, mechanical, and hydraulic coatrol systems
of the airplane, and the necessary analog computer equipment.
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Quantitative measurements of control positions were obtained with poten-
tiometers. Airplane forces, moments, rates, pusitions, etc., were
determined from the analog computer solution of the equations of motion.
Cockpit control forces were measured by means of strain gages.

Longitudinal Control

Alrpraft pitch angle response and raquirements for one inch, and full
.oontrol displacements are shown in Figure 16. The condition is for the
specified pitch damping of Reference 7 and for a c.g. location at Station
243. The angular response requirements are exceeded for both the one
inch and full control inputs. The available pitching moment from trim
for full stick displacements is dependent upon c.g. position, since the
nose fan is used for trim as well as for control.

The total pitching moment developed on the aircraft at zero angle of at-
tack ior neutral, full aft, and full forward longitudinal stick positions is
showr: in Figure 17. The available pitching moment from trim, for con-
trol in the nose down direction, is minimum in the speed range from 40
to 50 knots true airspeed, although the required 10% of the maximum
attainable moment in hovering flight is exceeded.

Lataral Control

Aircraft response to roll control inputs is shown in Figure 18 as the roll
angle achieved, after 1/2-second following the control input. Results

are shown for both the basic aircraft with inherent fan damping only, and
for the required roll damping level of -8750 ft. lb. /rad. /sec. The angular
response requirements are exceeded for both 1 inch and full lateral stick

inputs.

Directional Control

Yaw angular response to rudder pedal control inputs is given in Figure
19 for the basic aircraft and for the specified yaw damping of -28, 000
ft.1b. /rad. /sec. The yaw angle produced by 1 inch rudder pedal dis-
placements with the above damping is below the required 5. 07’ (by about
2°). The yaw angle obtained for full control inputs exceeds the require-
ment by approximately 5°.

3.2.1.2 CTOL

The data presented are the result of extensive analysis of small-scale and
full-scale wind tunnel test data. The analysis ia reported in Reference 5.
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Longitudinal Control

Elevator effectiveness is presented in Figures 20, 21 and 22, The ap-
plicable c.g. range and Mach number range are notsd.

Lateral Control

Alleron effectiveness and yawing moment due to aileron deflection char-
acteristios are presented in Figures 23 and 24,

Directional Control

Figure 25 presents rudder effectiveness versus Mach number.

3.2.2  VTOL Trim

Hovering iateral translations to the left and right at various speeds are

shown in Figures 26 and 27. The maximum translational speed attained
during flight test was 16 knots, compared with 35 knots as specified by

Reference 1, and was limited by a combination of the available roll con-
trol power and lateral speed stability, which were simulated.

3.2.3 VTOL and CTOL Stability

3.2.3.1 VTOL

Static stability is reported in detail in Reference 8 for both the fan mode
and conventionzl flight mode. Static stability estimates are based on
rmall-soale wind tunnsel data alone.

Dynamio stability investigations are reported in Reference 6. These
investigations used the Ryan VTOL flight simulator, which is desoribed
in Seotion 3.2.1.1.

Static Longtuudinal

Estimated longitudinal statio stability in the transition speed range is
presented on Figure 38. While the absolute atability level is not well
defined, the data indicate a destabilizing influenoe due to nose fan oper-
ailon. The airpliane is statically stable at thrust ccefficients less than
0.62, which is equivalent to a flight apeed of approximately 70 knots.
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¢ longitudinal

longitudinal stick-fixed damping requirements in terms cf period of
oscillation and time to damp are shown in Figure 29. Some results are
showm of the transjunt responss of the aircraft to vertical gusts imposed
on the flight simulator. A long peroid, well damped oscillation was ap-
parent at 40 knots flight speed. At very low speeds, the nscillation was
of similar period with nearly neutral damping.

Control system adjustability characteristics with respect to the hovering
longitudinal control criteria outlined in Reference 7 are shown in Figure 30.
The poiatin the acceptable zone corresponds to the damping level

specified in Reference 7, and also to the control sensitivity determined
from the slope of the pitcn control power curve through neutral longitudinal
stick position. The point in the desirable zone at a damping-to-inertia
ratio of 2.0, illustrates an arbitrary change in damping level obtainable
from gain changes in the stability augmentation system. The damping

moment available is not independent of control inputs, due to the

limited authority of the stabilization system or, expressed another

way, the limiting pitch rate below which the damping moment is linear varies
inversely with the damping level. For example, for the damping-to-inertia
ratio of 3.0, the stabilization system "saturates” at a pitch rate of
approximately 9°/sec.

For the reasons discussed above, the terminal pitch angular velocity
is undefined. The required pitch rate of 30°/sec. is the saturation rate
for a damping level of 13,700 ft.1lb./rad./sec.

Directional and Lateral

Steady sideslip angles at various transition speeds shown in Figures 31
through 34, show positive directional stability and dihedral effect

for all of the speeds investigated. A maximum sideslip angle of 37°

was obtained at 4] knots with less than 80% lateral control, but this angle is
well beyond the wind tunnel test data used to define the lateral-directicnal
stability characteristics of the aircraft. Maximum sideslip angle

varied frow 16° at 53 knots, to 9° at 96 knots. Sideslip angles were

limited by roll control at 53 knots and by yaw control at 71 and 86 knots.
Reasonably linear variations of both lateral-directional control

positions and forces were obtained for all speeds.

Lateral control system characteristics (with respect to the contrel cri-
turis of Pigure 4 of Reference 7) are shown in Pigure 33. The slope of
the hovering roll acceleration curve through neutral lateral stick gives
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a control power to inertia ratio of . 342, and the specified damping level
of 8750 ft.1b. /rad. /sec. provides a damping-to-inertia ratio of 2. 05
which falls within the acceptable zone of Figure 35. A value of damping-
to-inertia ratio of 3. 0 requires an increase in the augmented damping to
12,800 ft. 1b. /rad. /sec. which is only 20% of the maximum stabilization
system damping capability. At the damping level of 12,800 ft. Ib. /rad. /
sec., roll rates up to 11°/sec. result in linear damping moments with
roll rate.

Control system adjustability in yaw requires adjustabic cockpit control
travel to provide variable control seasitivity. Yaw damping flexibility
is provided by the stabilization system as for the pitch and roll axes.

The required rolling velocity in hovering flight of 30°/sec. was achieved
with approximately 80% lateral stick displacement for the lateral control
power simulated. In the case of yaw, assuming a maximum available
yawing moment of 15,000 ft.1b., a yawing velocity of 50°/sec. requires
reducing the specified yaw damping of -25, 000 ft. lb. /rad. /sec. by about
30%.

3.2.3.2 CTOL

Static stability is reported in detail in Reference 5, and is based on
small-scale wind tunnel data. Dynamic stability investigations utilized the
Ryan VTOL flight simulator.

Static Loggitudinal

The static longitudinal characteristics are indicated in Figurvs 36 through
40. These figures indicate that characteristics are satisfactory at all
specds up to Mach 0.8. Neutral static atability may be encountered above
Mach 0.7 at lift coefficienta corresponding to high normal load factors.
Deterioration in high speed, static longitudinal stability with increasing
lift coefficient, is gradual, except near Mach 0.8, where an abrupt
pitch-up is anticipated at the highe: attainable load factors at high alti-
tude. Above Mach 0.8, the static stability is unsatisfactory and requires
that extreme caution be exercised during flight investigations of high
speed maneuvering characteristice, particularly at high altitudes or

high normal load factors.

Dynamic Longitudinal

In the conventional, clean airplane configuration, the longitudinal short
period mode meets the damping requirementa of Reference 7 throughout

oo A Bt mae e s
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the flight envelope as shown in Figure 41. The natural frequency of the
short period mode is less than that required by the specification at 40, 000
feet, and for speeds less than M = ., 75 at 30, 000 feet, M = 0. 60 at 20, 000
feet and M = 0, 30 at sea level. While the low natural frequency may be
undesirable for a fighter-type aircraft, this characteristic, where it
exists, should not affect the utility of the aircraft for its intended purpose,
or require any unusual piloting techniques.

Freeing the controls reduces to a slight degree the speed-altitude range,
wherein the short period requirements of Reference 7 are satisfied be-~
cause of a small reduction in natural frequency and increase in damping
ratio, as depicted in Figure 42.

The longitudinal dynamic stability characteristics in the cc¢ ventional
flight landing configuration are satisfactory for flight testing at all flight
conditions. Siatic lorgitudinal stability becomes marginal at high angles
of attack, but the fiight characteristics are satisfactory, primarily due
to high pitch damping.

Directional and Lateral

The dutch roll characteristics in the conventional flight landing config-
uration meet the requirements of Reference 7 at all speeds above approx-
imately 120 knots at sea level. The dutch roll damping is estimated to
be only slightly less than the requirement between 95 and 120 knots.
These characteristics are indicated in Figure 43.

The characteristica of the lateral-directional oscillation, or dutch roll
mode, in the clean airplane configuration, as indicated in Figure 44, meet
the requirements of Reference 7 at all speeds from 15% above the satall
speed, to Mach 0.8 at altitudes below about 25, 000 feet. At altitudes
from 25, 000 to 40, 000 feet, the requirements are eatisfied for speeds
above approximately Mach 6. 7. At speeds below about Mach 0.6, and

at altitudcs above 25, 000 feet, the relative magnitude of the rolling
motion to sideslipping in the dutch roll mode increases with little change
in damping as a result of increasing dihedral effect at high angles of
attack. This characteristic is common at high altitude and low speed for
aircraft without artificial damping, and is not expected to affect the util-
ity of the aircraft for research purposes.

Aeroelastic and controls-free considerations had no significant effect on
the dutch roll characteristics for any of the flight conditions investigated.
This is shown in Figures 43 and 46,
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The static and dynamic stability characteristics above Mach 0.8 up to the
structural speed limit of Mach 0.9 are unsatisfactory, due to rising static
longitudinal instability, rapid loss in pitch damping and rapid loss of
control power about all three axes.

Pitch-yaw coupling may result in exceeding the vertical and lateral limit
load factors during rapid, 360 degree rolling maneuvers at high apeeds
with rudder and elevator fixed. Prolonged rolling maneuvers with
lateral control displacements up to one-half of full throw at dynamic
pressures less than 250 to 300 pounds per square foot projuce only small
variations in load factor. The effects of pitch-yaw coupling ai all flight
conditions have not been investigated at the present time.

3.2.4 Stalls

From comments of pilots, it appears that there are no adverse stall
characteristics. Stalls in straight, climbing and turning flight ail ex-
hibit the same characteristics. A dropping of the right wing at the stall
is encountered, and recovery is normal. A light buffeting i3 encountered
prior to the stall, which gives adequate warning.

3.2.5 ~ Spinning
Spinning characteristics have not been investigated.

3.2.6 Ground Handling

Taxi control informution consists of pilot comments both during and after
flight. In general, the pilot reported excellent stability during both high
and lo's speed taxi runs.  The stiff nose whee! damping produced good
longitidinal stability and the pilot reported no divergent directional
oscillatory motions.

Si...e there is no nose wheel steering, the aircraft required more than
average differential braking for mancuverability. Caution is required
in using the brakes, as the airplane could apin on vire main wheel.
Excessive breking can cauee overheating and hrake fade {f maximum
cohtinuous braking is employed 1o come to a full stop {rom 80 knats,
Such a procedure will necessitate replacement of brake discs.

Most fade and overheat probiems were due to residual thrust produced
by the engines at idle power acting against the brakes. Residual thrust
in the idle power position can propel *ac afrplane at ground speeds up to
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50 knots in a no-winvl, no-brakes situation. Brake effectiveness was
considered marginal, but satisfactory in terms of the intended use of

“the aircraft (i.e., essentially a prototype vertical flight research

vehicle).

Thrust spoiler use to aid in decelerating the vehicle after lunding or
high speed taxi was initiated about half-way through the test program,
The pilot reported excellent results; the airplane was easier to slow
down, and the brakes remained much cooler. It is recommended that
the spoiler be used on any long or high speed taxi runs to avoid rapid
deterioration of the brake discs. The best procedure is intermittent
operation of the spoilers to control desired maneuvering spced, with
the brakes applied only as necessary,

Cross-wind taxi control was reported as satisfactory but with a weather-
cocking tendency. This tendency was more severe with the landing gear
in the VTOL position, but was not uncontrollab’e, even in a 20 knot

- cross-wind, Straight and level traverse was accomplished in a cross-

wind by intermittent application of brakes and the use of rudder controls.
Rudder deflection alone was sufficient to maintain directionul control at
speeds as low as 20 knots. ,
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3.3 FLUTTER ‘'ND VIBRATION

The flutter and vibration support for the XV-5A aircraft design was
organized so that optimum evaluation of the basic design could be effected
through careful merging of theoretical analyses and experimental ground
tests, prior to the final flight vibration tests for envelope expansion.

3.3.1 General

Support in the area of flutter and vibration was provided concurrently
with design, manufacture and flight testing of the aircraft. Theoretical
analyses of a preliminary nature initially provided the best results due
to the ease with which aircraft design changes could be incorporated.
Next, as the design was set, a wind tunnel model of the wing provided
good evaluation of the design and also provided checks on the preiim-
inary analyses. Final checks were provided by utilizing experimental
results of ground tests in analytical investigations. In this way, insight
was gained in the structural dynamic behavior of the aircraft, and pro-
vided a measure of confidence during final flight flutter testing.

3.3.2 Conclusions

The overall flutter analysis and experimental phases, both ground and
flight tests of the XV-5A airoraft, have indicated that the airoraft is
free of flutter within the prescribed flight envelope. Initial static and
dynamic tests of the empennage indicated a low horizontal stabilizer
pitching frequency, which, when compared to theoretical calculations,
indicated that a potential ffnttar problem existed. Cubsuquent equivalent
pitch rcatraint and dynamic tests indicated a flutter speed, based upon
the initial calculations, to be above the limit dive speed of the flight
envelope. Further calculations, based upon experimental shake test
modes of the modified structure (after structural changes to the hori -
zontal stabilizer pitch restraint), supported the earlier conclusions.

3.3.3  Criterla

The requirement of the flutter and vibration program was to determins
adequately that the XV-8A aircraft was free of any flutter instability
within the design flight envelope. Flutter margins were appliod oorres-
ponding to MIL-A-8870, "Alrplane Strength and Rigidity, Vibration,
Flutter and Divergence', dated 18 May 1860,
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8.3.4. Analytical Investigations

The anslytical portion of the flutter and vibration program was in three
parts. Each analysis could be achieved independently without altering
the final analysis of the aircraft as a whole. The wing, empennage and
finally, control surfaces were treated separately, but final results did
not affect the flutter characteristics of the aircraft as a whole. Flutter
analyses were restricted to the conventional flight mode.

3.3.4.1 Wing

The wing preliminary flutter analysis was performed on a passive analog
computer with the aid of Computer Engineering Associates, Pasadena,
California. Results of this investigation are presented in Reference 8,
and the results indicate that the XV-5A wing is free of flutter within the
specified flight envelope. The study was exhaustive in variations of wing
bending material, aileron mass-balance, aileron spring restraint, air-
craft simulation effects (fuselage and/or aircraft degrees of freedom)
and the wing leading edge box stiffnesses which were evaluated from a
flutter standpoint.

3.3.4.2 Empennage

The empennage analysis covered several phases continuing up to the
actual flight testing of the aircraft., The analysis was aided by a Ryan
digital computer program which incorporated both calculated and ex-
perimental vibration modes. Initial investigations showed a low em-
pennage f{lutter apeed in the anti-symmetric sense. Subsequent studies
of the torsional stiffness distribution of the vertical stabilizer indicated
the need for increased stiffness, which was incorporated into the design.
In addition, symmetrical analysis indicated a need for increased pitch
stiffness of the horizontal stabilizer. This was done while the aircraft
was at EAFB. Final theoretical analysis of the empennage, utilizing
experimentally -determined modes shapes, showed satisfactory resuits
throughout the design flight eavelope. Reference 9 details the complete
analytical investigations of the empennage.

3.3.4.3 Control Surfaces

Preliminary analysis of the control surfaces was restrioted to the basic
oontrol surfaces except for the longitudinal system, flight or trim tab if
appropriate to the system, and to the control circuit with the cockpit
controls. Two-dimensional asrodynamic theory with corrections for
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the internal aerodynamic balanoce were used throughout the analysis.
Results of the preliminary analysis indicated possible fluiter regions
within the flight envelope for certain values of the aileron uncoupled
rigid body frequency, for agiven aileron flight tab restraint (coatrol
circuit), and for an uncoupled rigid body rudder trim tab rotational
frequuncy of less than 50 cps. Subsequent analysis, based upon exper-
imentally-determined mass properties and control surface - control
circuit frequencies indicated a flutter-free system within the design
envelope of the aircraft. Reference 10 presents, in detail, the above
analysis.

3.3.5 Experimental Investigations

The experimental investigations, required to carry the flutter and
vibration program of the XV-6A aircraft through to completion, included
wind-tunnel testing of a high speed model of the wing with appropriate
fuselage constraints and freedoms. Static and dynamic tests were also
performed on a jig-mounted horizontal stabilizer. Full-scale ground
vibration tests of the complete airoraft were made, and finally, in-flight
vibration (flutter) tests were accomplished.

3.3.5.1 Wind Tunnel Tests

Wind tunnel testing of a flutter model was confined to the wing only, and
in the conventional mode. The wing simulation followed the final actual
wiig construction of two-spars, anu also simulated fan mass and inertia.
Fuselage effects were included so that fuselage and/or airoraft degrees
of ireedora could be represented. Atlerons and flighi tabs of the model
were based upon analysis, and these components participated in the
flutter mode of the wing tests. Results of this experimental program
indicated that the wing is free of flutter within the design envelope of
the aircraft. Adequate stiffness restraint is important since flutter
characteristics were altered by variation of this parameter. The
alleron differed from that analyzed in the preliminary analysis (Section
3.3.4.1) in that no mass-balance was included in the flutter model, due
to a change o a powered system with flight tab from the initial manusl
system. Refer~nce 11 depicts the aspects of this phase of the flutter
investigations.

3.3.5.2 Btatic and Dynamio Ground Tests

Initial ground tests were restricted to the horisontal siabiliser in an
effort to determine the equivalent pitch spring. Evalustion of the results
indicated a low spring rate, and when compared to the results of the
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preliminary analysis (Section 3. 3. 4. 2), indicated a low flutter speed.
The next series of tests encompassed the complete aircraft in which
aircraft mode shapes and frequencies were determined. In addition,
component (control surfaces, flaps, fan doors, etc.) modal character-
istics were determined. Upon stiffening of the horizonta! stabilizer
pitch restraint (as mentioned in Section 3. 3. 2) a s=2cond ground shake
test was conducted at EAFB to evaluate these effects. These tests,
covering both techniques and results, are discussed in Reference 12. .

3.3,5.3 Flight Tests

Expansion of the flight envelope called for in the Phase I fiight testing
of the XV-5A alreraft resulted in a series of flights which evaluated the
sub-critical response of the aircraft to external disturbances. The2 air-
craft was excited by applying sharp control inputs in the appropriate
axis, with the response being picked up by acceleromaters. Selected

E signals, in turn, were telemetered to a ground station, where immed-

i iate evaluation of the overall damping was made. Between flights,
magnetic tapes containing the response signals were partially analyzed
for a more detailed analysis of the response. In all, fourteen test ]
points were flown with the entire flight envelope showing satisfactory ]
damping. Reference 16 presents the complete results of this phase of . e
the experimental investigation of the XV-5A aircraft. . K
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4.0 STRENGTH REQUIREMENTS AND COMPLIANCE

4.1 GENERAL

Strength requirements of the XV-5A airframe were specified in the Struc-
tural Design Criteria Report (Reference 17), submitted early in the
program, and accepted as the official specification for all loading
conditions and stress analyses. Although the MIL-A-8860 series spec-
ification served as a guide for this criteria, it was not followed exactly
because of the special intended use of the airplane, and because it was
agreed that a VTOL airplane intended for test and evaluation under ideal
conditions should not be subject to the stringent military aircraft require-
ments capable of meeting broad handling and flight boundaries. In
establishing the atrength criteria, some of the provisions in the MIl.
specifications were omitted, some were simplified, and some were
extended to cover unique characteristics, such as hovering flight, transi~
tion flight, and vertical landings,

An intended service life of 250 hours was specificed. This life require-
ment meant that fatigue problems would be relatively minor, and also
that tke probability of inadvertent loads would be lower than those for
operational aircraft. Other items concerned with structural integrity
were similar t» conventional aircraft, including a 1.5 factor of safety
and the usual specifications for allowables, deformations, vibrations,
and thermal effects,

Loads were calculated in accordance with the structural design criteria,
arnd a summary of design load together with methods of calculation, man-
euvering time histories, aeroelastic characteristics, etc. were recorded
in the Loads Report (Reference 18). Wind tunael model data were used
in the development of aerodynamic londs, and the balance of these with
inertia was dependent upon extensive use of digital computer programa
(IBM 704). The calculation of ground loads was based on MIL-A-8862,

A summary of ground loads, plus internal landing-gear loads, may be
found in Reference 19, Both atatic tests and structural analysis were
used as a proof of adequate structural strength for these loads. Prior to
the development of a static test program (Reference 20), sufficient pre-
liminary structural analysis determined which load conditiona would be
critical for the major structural items. The detailled static test proce-
dures are described in Reference 21, The tests were satisfactory and
the results are recorded in Reference 22. Structural analysis reports
(References 26 through 35) constitute proof of the structure. The




publication of these reports, which are mainly summaries of critical
anualyses, followed lengthy analyses which continued throughout the
design phase.

Since the static proof test program was conducted successfully, and
positive margins of safety were found for all critical loads, it is con-
cluded that the XV-5A airplane is structurally flightworthy.

The XV-5A program did not provide complete structural flight testing or
flight load survey. However, operational limits beyond those required
for normal mission performance were specified. and these limits,
including envelopes for speed-altitude and speed-load factor (V-n), were
appron~hed during the Phase I flight testing without any structural, or
other difficulty.

A few of the more noteworthy speed-load factor points were taken from
the flight test data and superimposed on the maneuvering envelope - gust
diagram (Figure 47). Note that the maximum normal load factor experi-
enced in Fhase I was approximately 80% of the 4.0 maximum design
limit load factor, based on a 9200 pound basic design gross weight. This
point, and the others (particularly those close to the more critical upper
part of the operational or desired envelope) are added evidence of air-
frame airworthiness.

4.2 FLIGHT LOADS

The following is a discussion of the load conditions considered, methods
used in calculating loads, methods used in the stress analyses, and the
particular proof tests conducted.

The structural design flight loading conditions (Reference 17) were
defined to provide adequate limitations within which required maneuvers
can be performed with the XV-5A, The analysis of these loading condi-
tions consisted of evaluating them within specific speed, altitude, weight
and c.g. restraints. This required investigation of aerodynamic, pro-
pulsive and inertia forces and their effect upon the loading of the various
alrplane components.

For some conditlions, the total design load on the airplane was directly
established by the structural criteria. For others, it was necessary to
analyze the specific maneuvers to determine the design loads which
occur during the dynamic motions of the maneuvers.
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: Wind tunnel test date (References 23 through "5) were utilized extensively
throughout the analysis, together with calculated and/or actual distribu-
tions of aircraft weight. A hasic design gross weight of 9200 pounds wasa
used throughout the analysis. For higher gross weights, adequate struc-
tural integrity was assumed when, in accordance with the design criteria,
} a constant product of load factor and weight (W) is maintained.

\

4.2.1 Symmetrical Flight Conditions

Because of the unique capabilitiea of the XV-54A, investigation of
symmetrical flight maneuvers included not only conventional flight, but
also the fan-flight conditions of hovering and transition, The design
symmetrical maneuvers are completely defined (Reference 17) in terms
r of angular-and-linear rates-and-accelerations, The gust conditions are
| defined in terms of a gust environment at various speeds.

\

; The aircraft has been designed to sustain the loads produced by maximum

\ fan lift, induced gyroscopic forces and attitude control capability at

B speeds of -10 to 125 knots, and at load factors up to 1.3 g's, Angular
rates and accelerations based upon the maximum control systern capabil-
ities wera combined with the vertical load factor to provide critical fan-
flight loading conditions,

Conventional flight corditions have been investigated to speeds of 500
knots at sea level, The airplane has b~en designed to load factors of

+4, 0 to -2, 0 with and without the effects of angular acceleration, The
angular velocities and rates appropriate to various combinations com-~
binations of velocity, altitude and load factor are shown in detail in
Figure 7 of Reference 17. A system of equations was derived and solved
in order to place the airplane in equilibrium for the various design condi-
tions, and to determine the division of 1uad between the wing, body and
tail.

Design gust velocities of up to 24 ft/sec at all permissible aircraft
speeds (up to V ) and gust velocities of up to 40 ft/sec at aircraft speeds
below 418 knots (V ) were considered. The maximum calculated gust
load factor of 3.6 occurrnd at sea level, as a result of the 40 ft/sec
design gust at 418 knots.

4,2,2 Flaps-Extended Flight Conditions

Conventional flaps-extended flight conditions are identical in presenta-
tion to conventional flaps-up flight. I'he desiyn symmetrical conditions
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are completely specified in terms of the maximum design load factor at
2. 0 maximum design speed of 180 knots, and values of pitohing velnoity-
and-acceleration at various combinations of load factors and velacity.
The flight envelope for flaps-down flight is presented in Pigure 7. 0 of
Reference 17.

4.2.3 Unsymmetrical Flight Conditions

Unsymmetrical flight conditions are defined (Reference 17) in terms of
lateral gust velocities and of pilot forces applied to the lateral and
directional controls. As opposed to the symmetrical flight conditions for
which maneuvers were completely defined in terms of load factor, angular
acceleration, etc., the unsymmetrical structural design maveuvers ro-
quired analysis of the airplane motion frora the specified pilat foroe
applied to the coutrols. The resuiting motions were then analysed for
peak structural loads.

Two types of rolling maneuvers were considered. In the first type, the
steady-state roli resuiting from a 60 pound pilot foroe on the alleron
oontrol is combined with a vertical load factor of 1.0. The rudder
remaing neutral throughout the maneuver. A second type of msasuver
bas been called the rolling-puil-out. The sirplane is initially in a
constant-altitude turn at a hank angle commensurate with the partioular
vertical load factor (1.0 to 8.5). The maneuver is executed by applioa-
tion of a 60 pound furoe to the lateral vontrol system in not more than
0.1 second. This force is maintained until the airplane has rolled out of
the turn through an angle equel to twice the inttial bank angle. ’l‘hu'ol!
lnthoachookdhyaﬂlmorwoﬂhmmlm

nmmmm.uunmumhm
four conditions during the maneuver: (1) au abrupt rudder deflection,
(2) the dynamic overawing, (3) the steady-state sideslip, sad (4) an shrupt
mdmmhMﬁmmM-mm At spoeds
up t0 250.8 inots, (.8 V,, at 8.L.). the rudder defiection is that which
mun-m.aoopufpxubm At greater spesds, amnu
lw«mumd

mmmmmmmmmmmm
of Seotion 4.3,
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4.3 WING LOADS

Critical wing loads occur as a result of symmetrical and unsymmetrical
flight conditions. Symmetrical maneuvers are characterized by aircraft
loadings produced by displacement of the cockpit longitudinal control to
attain a pre-established vertical load factor. Since the dynamic state of
the airplane was defined, it was then necessary to place the applied force
in equilibrium with inertia forces and parametrically evaluate the effects
of speed, altitude, c.g., power, etc. Therefore, to place the airplane
in equilibrium and to determine the primary subdivision of loading
between wing, body and tail, a system of equations was derived to
determine:

1. Trim angle of attack for unaccelerated level flight assuming zero
elevator deflection with trim achieved by tail incidence,

2. Equilibrium angle of attack which produces specific linear and
angular accelerations and angular rates.

3. Subdivision of loading among the primary aircraft components.
The equations are discussed in detail on Page 7 of Reference 18.

To facilitate solution of the equations and thereby afford broad parameter
investigations, a digital computer was employed. Although the equations
were developed on the basis of a stability-axis system which assumes a
negligible variance from an ideal body axis system, artificial derivatives
were utilized to provide realistic solutions for the high-speed stall
conditions. Iterative calculations were required for the solution of the
high-speed stall conditions hecause of nonlinear aerodynamic derivatives.
Aerodynamic CLmax of 1.25 times the static value was considered for the

high-speed stall conditions.

For most of the calculations, a rigid airframe was assumed, However,
for selected critical symmetrical flight conditions, the effects of an
elastic wing were also investigated. No appreciable change in loads
resulted from the investigation.

The maximum calculated wing lift of 33, 476 pounds results from a high-
speed 4, 0g maneuver with flaps up. The maximum wing load with flaps
down was calculated to be 19, 820 pounds. A summary of wing loads for
numerous selected symmetrical flight conditions {8 presented in Table
4.1 of Reference 18.
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Cridical unsymmetrical wing loads occur during rolling maneuvers. Roll
maneuvers were analytically investigated through impulsing the airplane
by rapid displacement of the aileron control in accordance with the design
criteria (Reference 17). Wing loads are primarily dependeat upon angle-
of -attack, roll rate, roll acceleration, and aileron deflection. Since lcad
tactor, and therefore angle-of-attack, were held constant, 2 simplified
one-degree-of-freedom analysis was employed for the wing. In addition
to these describing aircraft motion, equations were formulated to define
the response of the lateral control system to finite pilot forces. The
equations are summarized on Page 13 of Reference 18. Wing loads for
virious time points throughout the maneuver were combined with the
appropriate symmetrical loads to define the overall wing loads.

'y

Elastic loads calculat ons ¢. the roll maneuver reflected consideration
only of wing flexivuity, whick vas found to be relatively stiff in the sym-
metrical mode and relatively fl:ible in the anti-symmetrical mode. For
this reasun, the unsymmetrica. wing loads from the rolling maneuver
weve cal~ulated on the basi= of an elastic wing and the symmetrical con-
tributions assumed a rigid structure.
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The wing loads, as presented for structural analysis, were represented
by concentrated forces at a discrete number and location of panel points
as depicted in Figure 3.8 of Reference 18. The distributed load included
the etfects of inertia, aerodynamics and aeroelasticity. The distribution
of airfoads were determined from wind-tunnel data (Reference 18 and 23
thru 25). The calculations for distribution of the loads to the panel points
were perfarmed to a large extent by a digital computer.
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Wing zileron loads were determined on the basis of maximum pilot effort
inputs (Reference 17). The critical aileron design load of 3125 pounds
occurs at the maximum 8sez level flight velocity (Reference 18), The
design flap load in terms of the maxiisur hinge moment is 9420 in. -
pounds per flap (Reference 18). This moment occurs at 180 knots with
full flaps. :

-
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Wing~fan closure door loads ocecur during both conventional flight with
the doors closed and in fan flight with the doors open. The maximum
door loads during conventional flight were calculated to be 5000 pounds
for both doors on one fan (Refsrence 18). These occur during a high-
speed 4. 0g symmetrical flight condition. The muximum open door load
occurs at 110 knots during a 40 f.p.s. lateral gust. This was calculated
to be a door load of 800 pounds {(Reference 18}.
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4.3.1 Structural Analysis and Test

Since lift fane in the wing accounted for significant torque-box structure
loss, a simple unit-beam method of stress analysis was not applicable.
The basic wing structure consists of a conventional torque-hox outboard
of the lift fan, two full-span spars bolted to the carry-through structure
at the fuselage, and an inboard leading-edge torque-box. This basic
structure was idealized into £ system of bars and webs and analyzed as a
redundant problem by use of a general method programmed for the IBM
704 Computer. In the solution, internal loads were found as functions of
externally-applied unit panel point loads. Deflection influence coefficieats
were also found, and these were used in flutter analysis. As noted above,
symmetrical and unsymmetrical flight loads were found in terms of the
same panel point forces, so that a considerable number of load conditions
could be run through the stress and deflection analysis program. The
results of sixteen symmetrical and twenty unsymmetrical conditions ere
given in the stress report (Reference 26). All stresses and deflectines
were within allowable limits. The condition most critical for the rear
spar and its attachment (Symm, Fit., Pos. Low Angle of Attack, Zerc
Pitching Acceleration) was simulated with satisfactorv resuits in the
static proof test (References 20, 21 and 22), Internal strains and external
deflections from test compared favorably with those from the analysis.

Stress analysis of the flap was based on a loading corresponding to the
maximum hinge moment., The chordwise pressure distribution consid-
ered was rectangular from the leadirg cdge vo 80% chora, and triangular
from 60% chord to the trailing edge. The flap was conservatively analyzed
and proved satisfactory (Reference 28). The flan was als, static tested
satisfactorily to the same limit load (References 20, 21 and 22),

The aileron was stress analyzed £8 a continuous neam on three supports
for a pressure distributior which produced the critical load noted above.
The total hinge moment resulting fron the airload used in the analysis is
greater than the maximumn input Ling> momen. baseu on actuator capacity,
because the reduction in torque due to the tab airload was conservatively
neglected. Stress analysis of aileron and tab indicated adequate strength,
The aileron and hinge fittings were also proof-tested satisfactorily to tha
oritical load (References 20, 21 and 22), Since the wing fan doors serve
as part of the upper wing surface in conventional flight, thuy had to be
analyzed for critical pressures resulting from conventional flight menev-
vers. In addition, the doors were analyzed for fan flight conditicns with
the doors in the open position (Reference 28). Requirements for high
rigidity resulted in fairly thick fiber glasa skins and correspondingly low
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stresses throughout the door. Developmental static tests were done
during the preliminary design of the doors, and these tests were relied
upon to meet rigidity requirements. For additional proof of strength and
rigidity, the final doors were installed on the wing fan and tested to
critical conventicaal and fan-flight loads. Varicus combinations of
actuator power were simulated. The tests showed that the doors, support
structure, and actuators were adequate (References 20, 21 and 22).

The wing spar-fuselage joints were analysed for the critical shears and
moments resuiting from a comparison of all conditions analyzed. Ample
margins of safety were found (Reference 28). The rear spar joint, which
was the more critical of the two, was also proof tested in the basic wing
test (References 20, 21 and 22).

The wing fan mount critical loads were taken from 16 load conditions,
which were different combinations of thrust vector angle, engine power,
linear load factors, and angular rates producing gyroecopic effects. The
analysis indicated adequate strength (Reference 28). The mounts were
also satisfactorily proof tested (References 20, 21 and 22).

4.4 FUSELAGE LOADS

Fuselage loading results from the combined effects of inertia and external
aerodynamic forces. The inertial forces depend entirely upon the load
factors specified, or those calculated for the structural design conditions.
The external airloads are a function of the flight velocity and altitude,

and the angles of attack and sideslip which occur during the design
maneuvers. The load factors and angles for symmetrical maneuvers

are discussed in Section 4.3, and the unsymmetrical maneuvers in
Bection 4.5.

The fuselage loads from gound conditions are primarily from inertia.
For landing conditions, however, wing Uft equal to airplane weight was
assumed to act at the wing spar locations. The maximum vertical land-
ing load factor used for design was 3. 82 g's (Reference 16).

Two distributions of fuselage weight were used in the analysis (Reference
18) and both were appropriats to a 8300 pound airplane. Ons distribution
results in an airplane o.g. at Station 340 and the other at Station 246.

Fuselage wind-tunnel preesure data were available for Mach numbers of
.4 to .9 (Reference 28). Fuselage vertical and lateral airicad distribu~
tions were determined by fairing through the available data points
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considering also the fuselage profile and the aerodynamic forces and
moments indicated by wind-tunnel force measurements (Reference 18).

To combine all distributed and concentrated loads in the many combina-
tions required to define fuselage loading, a digital computer routine was
devised. Basically, the program combines the effects of (a) fuselage
vertical and lateral distributed airloads, (b) fuselage distributed inertia
loads produced by linear and angular accelerations, {(c) concentrated
loads and moments st the landing gear and parachute attachments,

(d) wing inertia and sirioads, (e) empennage inertia and airloads, and
(f) engine thrust and ram drag. The program provides fuselage loading
in the form of vertical and lateral shear, bending moment and torsional
moment (Reference 18).

4.4.1 Structural Analysis and Test

Primary structure of the center fuselage is composed of a space frame
consisting of tubular steel members gusseted and welded at the joints.
This space frame was idealized as a system of two-force members-having
14 redundants, and it was therefore readily adaptable to the computer--
programmed method outlined for the wing basic structure. Complete
stress and deflection analysis (Reference 32) included loads due to 3
landing conditions, 4 fan-powered conditions, and 9 conventionally-
powered conditions. The engine mounta, which are a part of the space
frame, were analyzed for critical landing, fan-flight, and conventional-
flight conditions. Critical center fuselage and engine mownt loads were
simulated with satisfactory results in the static tests (References 20,
21 and 22). The conditions included 2-Wheel Tail Down Landing (Spring
Back). Drift Landing, Rolling Pull-Out, and Hover.

The forward and aft sections of the {uselage are conventional semi-
monocoque structures, Longitudinal bending members together with
skins and webe were stress analyzed by means of a box-beam method
programmed for the IBM 704, This analysis (Reference 30) considered
all oritical load conditions: There were (4) for symmetrical flight, (7)
for unsymmetrical flight, and (3) for landing. The most severe conditions
for forward and aft fuselage were also simulated with satisfactory

results in static tests (References 20, 21 and 22).

Detailed strees analysis was accomplished on fuselage frames, bulk-
heads, fittings, and miscellaneous items, and was summarized in Ref-
erence 31. Brief analyses for canopy, pitch fan mounts, pilot seat
support structure, fuel tanks, thrust spoiler, and parachute support
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structure were included in this Reference 31 report. The canopy was
tested satisfactorily to ultimate load, simulating the critical pressure
distribution due to 500 k at sea level, with 5 degrees sideslip (References
20, 21 and 22). The windshield failed during proof test. The thickness
was then increased by 75%, which was shown to be adequate by stress
analysis based on the earlier test data (Reference 22),

L

Analysis of the engine air inlet, the thrust spoiler installation, and the
pitch fan louver installation and the results are summarized in Reference
35. The thrust spoiler installation and pitch fan doors were tested satis-
factorily during tie-down ground tests with engines at full power.
Strength and rigidity of both nose and main landing gear doors were
proved adequate by static tests to limit loads corresponding to V = 500 k
at sea level.
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4.5 HORIZONTAL TAIL LOADS

The majority of the loads critical for design of the horizontal tail result
from symmetrical flight maneuvers. The airplane balance methods
discussed in Section 4. 8. 1 provide the overall horizontal tail loads due
to angle of attack and to elevator deflection. A maximum load of 7100
pounds was calculated by use of the methods,

Unsymmetrical loading on the horizontal tail is produced during rolling
maneuvers, yawing maneuvers and lateral gust conditions. These
unsymmetrical maneuvers are discussed in Sections 4.5 and 4. 6.
Critical horizontal tail unsymmetrical loads result from the dynamio-
overswing of the rudder induced yawing maneuvers,

In the calculation of horizontal tail loads, local inertial contributions
were conservatively omitted. The distribution of the aerodynamic con-
tribution was determined through application of the well-known Lifting
Line Theory. This theory, together with a simplified method of solution,
may be found in Reference 36, For the XV-6A, however, an expanded
version was formulated and mechanized for solution by digital computer.
The expanded method provided greater accuracy and solution of all formas
of symmetric and anti-symmetric loadings. An elevator design load of
1270 pounds total has been calculated. This load was based on a max-
imum pilot effort of 200 pounds being applied to the cockpit longitudinal
ocantrol.
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Structural Analysis and Test

The horizontal stabilizer, a three-spar semi-monocoque structure, was
stress analyzed for three critical fiight conditions using a box-beam
method programmed for the IBM 704 (Reference 27). Elevator stress
analysis for a conservative loading corresponding to maximum pilot ef-
fort was inciuded in the same report. The horizontal stabilizer was
proof tested satisfactorily to a composite condition simulating maximum
total load and maximum torsion (References 20, 21, and 22). The eie-
vator was satisfactorily proof tested to a load corresponding to maxi-
mum pilot effort.

4.6 VERTICAL TAIL LOADS

The design conditions of rolling maneuvers, rudder induced yawing man-
euvers and lateral gust conditions are responsible for loading on the
vertical tail. Solution of all of these conditions for structural loads and
the distribution of the airloads upon the vertical tail was accomplished
through use of a digital computer,

The analysis of the rolling maneuvers determined the motion in the anti-
symmetrical or lateral-directional mode separately from the symmetri-
cal or longitudinal mode. The results were subsequently superimposed
for representation of the net unsymmetrical loading condition. Vertical
load factors during the maneuver were considered constant at initial
values from 1.0 to 2.5.

Because of the significance of cross-coupling effects on fuselage and
empennage loading, a three-degrees-of-freedom solution was used
(Reference 18), These correspond to interacted aircraft motions in
roll, yaw and lateral displacement. In addition to the equations defining
the motion, auxiliary equations were derived to simulate pilot/control
system response characteristics, Although this method primarily
served as a means of evaluating the rolling pull-out maneuver, it also
enabled examination of the inherent characteristic lateral motion during
"steady-state" rolls.

The rolling pull-out maneuver investigated consisted of rolling the air-
plane ou: of a constant altitude turn through an angle equal to twice the
initial bank angle, maintaining zero rudder deflection and assuming the
vertical load factor to remain constant, Aileron deflection and rate
were the maximum attainable, commensurate with a 60-pound stick
force and pilot application time of 0.1 second. Elastic values of aileron




cffectiveness and wing contribution to roll damping were used for the
calculations. Four distinct rudder-induced yawing conditions were
analyzed and are:

1. A rudder kick maneuver which assumes an instantaneous rudder de-
flection to the maximum mechanical 1imits or as limited by pilot
pedal force,

2. A steady-state sideslip maneuver which rcsults from a rudder de-
flection to the mechanical stops or as limited by a pilot effort of
300 pounds.

3. A dynamic-overswing sideslip condition which assumes that during a
rudder-induced yawing maneuver, the airplane will attair an over-
swing sideslip angle 50% larger than the steady-state value.

4. A rudder deflection reversal maneuver which asgumes that the rudder
is instantaneously returned to neutral with the airplane {n the stead-
state sideslip condition resulting from specified values of pilot pedal
force.

The equations defining these four static conditions were programmed
for solution by a digital computer. Other equations for solution of
airplane component loading were also programmed.

For the lateral gust conditions, the airplane was assumed instantaneous-
ly exposed to the effects of the sideslip angle resulting from the lateral
gust. A simple lateral/directional static balance of the airplane was
performed to determine the lateral gust loading. The vertical tail de-
sign load of 3527 pounds, resulted from the calculated effects of a
lateral gust,

4.6.1 Structural Analysis and Test

The vertical stabilizer, a three-spar semi-monocoque atructure, was
stress analyzed for two critical flight conditions, one which produced
maximum shear and bending moment and one which produced maximum
torsion. A box-beam method was used which had been programmed for
the 1BM 704 (Reference 27). A rudder stress analysis was included in
the same report. Margins of safety for the rudder were high, since
high stiffness requirements had been introduced to prevent flutter. The
vertical stabilizer was proof tested satisfactorily for the condition pro-
ducing the critical shear and hending moment (References 20, 21, and
22). A co:nponent static proof test was conducted satisfactorily on the
rudder for a load corresponding to maximum (300 pounds. ) pilot effort.

(.}

A i e



4.7 LANDING GEAR

Conventional landing and taxiing loads were calculated in accordance
with MIL.-A-8862 for 9200 pounds and 12,500 pounds gross weights,
with 10 ft/sec. and 6 ft/sec. sinking speeds, respectively. In addition,
vertical landing loads were calculated for 9200 pounds gross weight with
10 ft/sec. sinking speed.

A general computer program was developed for the main gear which
yielded internal loads in all members including reactions at the fuse-
lage. A summary of these loads for all landing and taxiing conditions
may be found in Reference 19, Both nose and main landing gears were
stress analyzed. Results may be found in References 29 and 34.

The nose gear and its support structure were static tested satisfactorily
on the airplane for the two critical conditions: 3-Point Landing (Spring-
Back) and Ground Turning (W = 12,500 pounds). The main gear and its
support structure were static tested satisfactorily on the airplane for
the two critical conditions: 2-Wheel Tail Down Ldg. (Spring-Back) and
Drift Landing. Test program requirements, procedures, and results
may be found in References 20, 21 and 22,

4.8 CONTROL SYSTEMS

The primary flight control systems consist of conventional stick and
rudder pedals mechanically connected to rudder, elevator, and to servo
actuators which control the ailerons, wing-fun exit louvers and nose fan
thrust modulator. The limit pilot stick/ped:! forces specified in Refer-
ence 17 were as follows: 100, 200, and 300 pounds, respectively, for
lateral, longitudinal, and directional control. The various methods of
reacting these pilot forces were also specified in the criteria.

Internal load distributions and stress analys¢s were summarized {n
Reference 33 for the conventional flight control systems, which were
also satisfactorily tested in the airplane by applying a limit load to the

cockpit controls and reacting the load by locking the surfaces (References

20, 21, and 22).
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The fan-powered flight primary control system is a fully powered, ir-
reversible system consisting of a collective (lift) stick in addition to the
conventional cocitpit controls, which mechanically control hydraulic
servo valve tandem actuators. The only significant forces applied to the
mechanical systems from the pilot control to the servo valves result
from the pilot-feel spring packages. Since these forces were relatively
small, conventional flight internal load stress analyses defined design
requirements. The wing-fan louver and nose-fan modulator actuating
mechanisms were satisfactorily proof tested on the simulator,

The collective control stick was proof tested satisfactorily to 160
pounds in both up and down positions. Both throttles were also proof
tested satisfactorily to 75 pounds aft load. These items were tested as
installed in the airplane (Reference 22).




5.0 DESIGN AND CONSTRUCTION

5.1 GENERAL

‘The XV-6A was designed and constructed to applicable specifications
and accepted aircraft standards. Ground and flight tests proved that the
XV-§A vas flightworthy.

5.2 MANUFACTURING

The XV-5A was fabricated according to good aircraft manufacturing
practices. Welding, heat treating and the fabrication of Fiberglass parts
were controlled by hyan manufacturing process specifications, which
meet military requirements.

(54

.3 FASTENERS

The XV-5A fasteners are commonly used, standard types. Special
fasteners and unusual applications of standard fasteners are eliminated.

5.4 FINISH AND PROTECTION FROM CORROSION .
Finish and protection from corrosion was accomplished uoco‘rdlﬁ to
Ryan Specification 14359-1, Finish Specification XV-5A, This document

specified methods to proteot the parts from weather, corrosion, ercaion
and contact with dissimilar metal.

5.5 QUALITY CONTROL

Inspection and quality control was accomplished under the requirements
of MIL-Q-8858 nnd Ryan Aeronautical Company Quality Control
Procedures. Inspection records for Ryan made parts, test reports and
test data for purchased part are filed by Ryan or Ryan's vendors.: These
records are available for examination. For any part that deviates from
engineering specifications, an MRB action report is filed with the
Quality Control Department.

5.8 MATERIAL STRENGTHS

Material strength properties and design values for the materials used in
the XV-5A were taken from MIL-HDBK-56 and MIL-HDBK-17.
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5.7 FATIGUE

Since the design life of the XV-5A was 250 hours, few fatigue prohlems
appeared 1 exist. An exception was the center fuseiage secticn which is
somevhat more highly st .ssed an~ 1s constructed cf welded, high-
strength stevl. . ‘owever, no problems are anticipated since ample

fatigue allowance was incorporated in the space frame design. See
Reference 32, Section IV, Siiuctural Aunalysis of Center Fuselage and

Engine Mounts. As normally expected, minor airframe repuairs were

necessary following the contractor's flight test program. These repsirs
(resulting from panel fatigue) were confined to the nonstructural canoce

fairing undsr the wing fans.
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6.0 PROPULSION SYSTEM

! 8.1 GENERAL

The General Electric supplied propulsion system was certified as flight-
worthy in the applicable reports noted below. Ryan-designed, purchased,
and fabricated components conformed with applicable standards. The
results of component tests, ground tests, wind-tunnel teats, and flight

tests verify that this subsystem ie flightworthy.

The Propulsion Installation (Ryan Drawing 143P004) coansists of two

G. E. J-85-5 (G. E. Drawing 4012028-4:1) axial flow turbojet engine»
fitted with diverter valves (Drawing G. E. 4012001-912). These valves
permit diversion of the exhaust gas to the taflpipe (Ryan Drawing
143PC08) or to the lift fans (G. E. Drawing 4012001-841 and -942) and
the pitch fan (G. E. Drawing 4012001-840). The divider and pitch fan
ducting permits balanced operation of the fans with gas flow from either

engine.

Power Plant Instailation

The J-85 englue is qualified tc MIL-E-5007. The fans were subjected to
a 50-hour qualification test program (G. E. Report X3563-56B Propulsion
Sy:tem Flightworthiness Test Report).

6.1.1 Opeorating Characteristics

Operating characteristics of the propulsion installation are considered
normal and satisfactory. Test results cbtained thus far indicate mtnor
restrictions are neceesary on the present installation. Internal engine
compartments are maintained well below temperature limits. In CTOL
jet mode contimious operation within engine limitations is without
restriction. ‘

In the VTOL fan mode, the compartment temperatures are somewhat
higher partly due to the reduced cooling airflow and partly due to the
inoreased ambient air temperature caused by fan diffused exhaust gases,
under certain wind conditions and wing fan louver angles. Mnitially, ex -
ternal temperatures caused severe restriction. By the addition of in-
sulation where the aluminum structure could not be replaced with
titanium or steel, the safe operating times have been significantly
inoreased.
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In general, the airoraft may be operated in either mode restricted by
indication of overheating from a continuous loop overheat warning system
whichk encompasses the structure surrounding the hot components through-
out the aircraft, such as the fan sorolls, ducting, and tailpipe. However,
at present, some time limitations are imposed for various configurations
which vmuld normally be oonudered transient. Fan cavities are limited
to 120°C for fan flight and 150°C for turbojat flight,

Installed thrust appears to be better than design eatimates.

In the initial stages of Phase I testing, engine compressor stalls were
exporienced; however, no compressor stalls have ocourred after several
modifications and engine adjustments. For additional details and disous-
sion of the engine stail margins of the installation, refer to General
Electric XV-8A published memorandums entitled Datem Sheets No. 2, 4,
18 and 20,

6.2 EXHAUST GAS DUCTING

The divider duots (Ryan Drawing 143P013) and the pitch fan duoting (Ryan
Drawing 143P029) were used during the qualification tests of all of the
fans; they are still in satisfactory condition after approximately 130 hours
of operation. The tailpipe (Ryan Drawing 143P012) and its flexible section
(Ryan Drawing 143P0332) were tested in conjunction with the above tests
approximately 30 hours operation with no signs of deterioration. In addi-
tion, a oonsiderable amount of ground operation and flight testing has been
aoccomplished without incident. On this basis the hot gas ducting and tail-
pipe installation are considered flightworthy for the XV-8A.

The engine and duotlng mounts were acoepted by structural annlylh (noe
Reference 32) #&nd verified by ground and f1ight tests.

6.3 ENGINE INLET

The fiber glass engine air inlet (Ryan Drawing 143P006) was acoepted by
structural analysie (see Referénce 32) and verified by ground and
fiight test.

6.4 ACCESSORIES

The accessory installation (Ryan Drawing 143P007) components have been
qualified by individual testing (Table Components Qualification Data) as
well as complete installation tests in conjunction with operation of XV-6A
simulator program, approximately 400 hrs to date. The cooling fans,
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I. g which are a part of the gear box-fan assembly, supply the cooiing air re-

g quirements for static and hovering operations. The smaller fans cool the

l generators, the hydraulic oil coolers, the electrical compartments, the
pitch fan ducting, and the pitch fan scroll areas. The larger fans cool the
engine compartments, the divider ducts, and the wing fan scroll areas.

I Ground and flight tests indicate satisfactory temperature limits are main-
tained when aircraft is operated within design limits.

6.5 FUEL SYSTEM

The fuel system (Ryan Drawing 143P009) can supply fuel directly to each
engine from its tank, with cross feed provisions. The engine pumps can
draw fuel from the tanks up to 6000 feet without booster pumps. Over

6, 000 feet the booster pumps are required; each pump is capable of
supplying both engines. A capacitance-type fuel quantity gauge indicates
. fuel directly in pounds. A float switch-operated warning light indicates

gf low fuel level. Booster pump inoperative and low fuel pressure are indi-
° cated by pressure switch~operated warning lights.

; The fuel tank vent installation (Ryan Drawing 143P070) vents all fuel tanks
to atmosphere and maintains a positive relative pressure on the surface of

. the fuel between 0 to 3 psi under all conditions of flight. Float valves

i prevent siphoning at extreme attitudes.

Fuel booster pumps are powered by engine compressor 8th stage bleed
air which is controlled by a normally open solenoid valve (Ryan Drawing
143P059),

» )
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6.6 FIRE PROTECTION
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The fire extinguisher system (Ryan Drawing 143P017) consists of two i
CF-2D twin valve pressure vessels using CF3BR (MIL-B-13318) pres-
surized to 600 psi. The CFgBp can be discharged into the forward and
aft engine compartments of either engine selected at a high discharge
rate. The concentration of agent in the protected compartments exceeded
the requirement as measured by FAA conducted test.

$1=dy-
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Firewall installation (Ryan Drawing 143P036) provides barrier between
each engine, between engine and fuel tanke, and between divider duots

and fuel tank. A lateral firewall (Ryan Drawing 1431°048) was constructed
between the engine compressor and turbine comparisnisats.

A drain system (Ryan Drawing 143P052) carries away combustible fluid
from the engine and ducting and safely disposes of then' below the aircraft.
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8.7 PITCH CONTROL DOORS

The pitch control doors (Ryan Drawing 143P034) control the direction of
discharge of the air accelerated by the pitch fan, thereby controlling the
longitudinal attitude of the aircraft. Tests at the G. E. Evendale test
facility in conjunction with pitch fan acceptance and qualification and sub-
sequent flight tests, have verified design integrity.




7.0 EQUIPMENT

7.1 GENERAL

All equipment items installed on the XV-6A have been qualified individu-
ally or by similarity to the applicable governmaent specifications.

Compatibility of these equipment items with the intended use was assured
during design and testing of the XV~-5A aircraft.

Ryan Engineering and Quality Control Departments feel sll efforts have
been implemented to establish that the equipment inatalled in the XV-8A
are flightworthy.

7.2 INSTRUMENTS

The choloce of instruments was dictated by the flight requirements as set
forth in Reference Z. The display is suitable for experimental,

ferry and for VFR conditions.

1.2.1 Flight Instruments

Inatalled are the basic flight instruments (airspeed, altimeter, and
magnetic compass), instruments required for special flying, instruments
normal to medium performance jet airoraft (vertioal speed, turn and
bank, attitude, and acoeleration),

In near hovering flight, the angle-of-attack irdicator becomes a primary
indioator. Other instruments required are position indioators which
provide position readings for louver vert angle, flaps, thrust spoiler
and trim in longitudinal, lateral, and y.w directions for both fan mode
and jet mode flight (Ryan Drawing 143K005, cheet 2).

All flight instruments are qualified under military or FAA specifications.

The pitot-static system is installed according to MIL~I-6116A and has
been calibra’ »d with the instruments installed. This system comprises
a boom mounted at the end of the left hand wing, piping (with moistare
drains’ , and manifold piping in the cockpit with hoses for instrument
attachment. The pitot line has & pneumatic solenoid valve so it oan be
shut off from the tow airspeed ingirument when the airora’t exceeds the
epeed limit of the low airspeed instrument.
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7.2.2 Power Plant System Instruimouts

The power plant instruments are typical of instruments .ormally found in
dual engine jot aircraft as to mounting and type. The insitruments are
mounted from top to bottom with left engine instruments on left and right
engine instruments to the right. The powerplant instruments comprise:
tachometer, exhaust gas temperature, fuel flow, fuel quantity and oil
pressure. The instruments have been qualified in other aircraft with

equivalent or more stringent requirements (see component qualification
data Table 18).

Power levels during fan flight are monitored by fan RPM indicators. Fan
cavity temperatures also are indicated for CTOL flight.

7.2.3 Instrument Arrangement

The instrument arrangement minimizes pilot effort for both flight modes,
and the arrangement follows the standard display for military aircraft
(M833634 and MS33635). The instrument panel is not shock mounted, for
flight demonstration has proven that shock mounting incres.ses the need

for panel vibrators to decrease hysteresis inaccu-acies ‘n instrument
readings. Design is in accordance with applicabl: secticns of MIL-I-5987B.

7.3 ELECTRICAL SYSTEM

7.3.1 General

The design and installation of the aircraft electrical system complies
w.'. MIL-E-25498 (General Specification For) an! the following additional
specifications:

MIL-B-5087 Bonding Electrical, For Aircraft
MIL-D-7006 Detecting Systems, Fire, Airoraft
MIL-E-5400 Electronic Equipment, Alrcraft
MIL-E-7017 Elec. Load Analysis, Method For
MI1L-8TD-704 Eleotrical Power, Aircraft
MIL-1-7032 Inverter, Aircraft

MIL-W-5088 Wiring, Aircraft, Installation of
MIL-E-5272 Environmental Testing
MIL-A-8064 Actuators and Actuating Systems,

Aircraft




Specification MIL~E-7080 was used as a guide for the selection of
applicable electrical equipment and installation.

7.3.2 Generating

Primary power on the aircraft ie 28 vde. The 118 vac, 400 ops power

{8 provided by two 250 va Mil 8td rotary inverters. A 28 vdo (nominal)
silver-zinc secondary battery is a source of emergency (prlmu'y) power.
The battery is small, rated at 25 ampere~hours, but provides more than
adequate power yield for "generators out" emergency (see Navy: Bpeolfl-
cation 143E011 Load Analysis), as well as adequate capaoitance for good
bue regulation (ripple). Electrical power characteristios are within the
confines of Mil-8td-704 (exhibit *"Component Qualification Data').

Two "brushless" type d-c generators are used in an equalizing circuit,
Together at normal power plant speeds they provide a 9 kw powqr'imrce;
actual steady state power required is approximately 2.8 kw. Systems
growth as well as good circuit clearing capability is therefore obtained.
The installed system i8 much simpler and lighter in weight than an
equivalent conventional "brush" type generating system.

7.3.2 Distribution

Power is controlled and distributed through a closely coupled sontro)
module and circuit breaker panel. The largest cirouit breaker is rated
25 amperes. All dc bus control contactors are Mil Std type. The
generator controller modules and the generator housings incorporate
"feeder fault" protection relays. The sensitivity of the feeder fault re-
lays and the circuit breakers have been sized to the capacity of the dis-
tribution leads. Distribution to all syste'ns is by "open wire" harness
constructed with Mil Std wiring. The number of connectors used has
been minimized for best reliability. For the most part harnesses are
separate with respect to discrete function: power, primary signal,
standby signal, ctc. with exceptions to best attain ays‘em neatness,
compactness, integrity, and reliability.

7.3.4 Conversion Control Interlock System

The conversion control interlock system comprises the bulk of the air-
craft's electrical distribution network. The system distributes the
cockpit signals/pilot commands to the electricel mixer/integrating, and
subsequently to the clectrically powered control devices/intertock
switches, actuators, solenoid valves, etc. The Electricsl Mixer
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ﬁ!)n Drawing 143E012-1 is the center of the control network. A Tester,

Ryan Drawing 143G021-1 permits functional inspection of the electrical
#iker before aircraft installation. This tester is now used periodically as
ground support maintenance and inspection equipment. Compliance to
operational specifications has been established, and detailed. Refer to
Reference 40, paragraph 3.1.

o St i e b

7.3.5. Stability Augmentation System
Requirement

The stability augmentation system requirement is presented in paragraph
3.3.2.1.1 of the Detail Aircraft Specification, Report Number 62B125A,
dated 30 December 1964. The system shall stabilize the aircraft in

pitch, roll and yaw during the fan mode of flight. This is to be accom-
plished through the use of rate gyros to electrically control the wing fan
exit louvers and pitch fan door actuators.

Compliance

Satigfactory compliance with the requirement has been demonstrated both
in the flight simulator program (Reference 38), and in actual flight
test operation. Flights have been made to determine handling character-
istics with the system inoperative. The simulator program indicated the
possibility of handling difficulties with the roll axis stabilization
inoperative. On this basis roll axis testing was limited to gain
variation.

7.3.6. Components

All components are standard AN/MS parts, except those listed under
Components Qualification Data, Table 16.

7.4 PFYDRAULIC SYSTEM

7.4.1, S!stem Design

The hydraulic system was designed in accordance with MIL-H-544C,

Type 1I, Class 3000 psi system. Two completely independent, engine
driven systems are provided. Both system: operate continuously and
each is capavle of supplying full control load requirements in event of
pressure loss of either system.
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All primary and secondary flight control functions, that are deriulloully
powered, are controlled through tandem hydraulic oylinders, except the
thrust spoilers. The thrust spoller actuator i{s powered by hydraulic
system No. 1 only with internal locks provided to lock the spoilers in

the retracted position in the event of system No. 1 pressure loss. The
landing gear control actuators are also powered by hydraulic system

No. 1 only, with emergency extension provisions from the emergency
pneumatic system,

7.4.2 System Installation

Ryan dravrings 143H001 through 143H010 show the hydraulic system
{nstallation. Ryan drawing 143H002 is the system schematioc drawing.
Compliance of the installed system to specification requirements has
been demonstrated on the aydraulic and control simulator and during
ground and flight tests of both aircraft.

7.4.3 Components

Wherever possible, AN or M8 hydraulic components, or components
previcusly qualified for another user, were selected for use in the sys-
tem., Where the requirements did not lend themseclves to this approach,
specification control drawings were prepared and components were de-
signed, fabricated, and qualified to the re-uirements of these drawings.
A tabulation of the components falling into this category is contained in
Table 18.

7.6 CONTROL SYSTEM

7.5.1 System Design

The control system was designed essentially in accordance with speci-
fications MIL-F-8785, MIL-F~9490B, and MIL~-8-8698. The control
system was designed as simple, foolproof, and reliable as possible
consistent with the intended mission of the aircraft,

The control system consists of conventional stick, rudder pedals and
collective 1ift stick mechanically connected to asrodynamic flap type
control surfaces, for conventionsl flight control;, and connected to wing
fan exit louver servos and a pitch fan thrust modulating door servo for
fan flight mode control.
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Operating loads of the fan flight mode contrcl functions necessitated the
use of powered subsystems, These subsystems were all designed with
tandem cylinder actuation for reliability.

The conventional flight controls were designed for manual operation to
enable a conventional landing even in event of failures in both hydraulic
syatems. (The allerons required hydraulic boost for maximum maneu-
vering performance, but are still controllable without hydraulic power.)

7.5.2 System Installation

Installation of the control system is shown on Drawing 143C001, and the
system schematic 18 shown on Drawing 143C002. Compliance of the
installed system to specification requirements has been demonstrated on
the hydraulic and controls simulator, during the aireraft installed sys-

tems tests (Reference 40) and during zrourd and flight tests of
both aircraft.

7.5.3 Components

All control cnbles and pulleys used in the conventional control systems
conform to military specifications. All bearings used {n bath the con-
ventional and fan flight controls arc precision, low-friction bearings
manufactured to closer tolerances than their AN counterparts covered
by specification MIL-B-7949. Cable tension regulators in the elevator
and rudder systems are both qualified by similarity to Pacific Scientific
Co. Regulator R75-11001-100-00, Qualification Teet Report 352,

The remaining control system components are hydraulically powered
(refer to paragraph 7.4).

7.8 COCKPIT

The arrangement of the cockpit was made in accordance with applicable
sections of ARDCM 80-1 Vol. 1 Handbook of Instructions for Aircraft
Designers and MIL-STD-803 Human Engincering Criteria. It was then
studied in a mockup and the hydraulic and controls simulator to assure
correct arrangement and distances for pilot minimum effort with maxi-
mum efficiency.

For safety reasons all equipment mounted in the cockpit 18 installed to
withstand 30g crash conditions. All glass is of a nonsplintering type
{(windows are of Plex 55).

LTS vt e Mt R A ST iy 9, S AR, - W1 o i+

*




Vision i8 at a maximum with minimum distortion and glags areas have a i

luminous transmittance in excess of 70 percent. Precautions ha"v"é"béen
taken to reduce bothersome reflections. B

Controls locations and actuations are in accord with applicable sections
of MIL-STD-250A Cockpit Controls Location and Actuation, for Heli~
copters and MIL-STD-203 Cockpit Controls Location and Actuation for
Fixed Wing Alrcraft.

A diluter/demand low pressure gaseous oxygen system is incorporated
and is sufficient to supply oxygen, up to 100 percent, for the pilot
throughout any possible aircraft mission.

7.7 LANDING GEAR

7.7.1 Main Gear

The basic fuselage mounted configuration of the main landing gear was
dictated by consideration of minimum wing weight, Considerations
peculiar to the fan-in-wing corcept led to the use of a two position shift-
ing mechanism, providing two-station positions for the main wheels,

7.7.2 Nose Gear

The nose gear design concept is entirely conventional. Power steering
is not provided.

7.7.3 Loads

Loads were calculated by Ryan Structures Group ai.d computing facilities
as outlined in Section 4. 10,

7.7.4 Stress Analysis

Detail stress analysis of landing gear structural components was per-
formed by landing gear vendor and checked by Ryan Structures Group.

7.7.6 Shock Absorption

Shock absorbers were designed in accordance with MIL-S-85662. The
shock absorbers are of conventional oleo pneumatic configuration using
metering pin orifice control. Satisfactory performance of nose and main
shock absorbers was demonstrated by drop tests using vendor's test
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tower facilities. References giving detailed description of test equip-
ment, instrumentation, and results are listed in the Component Qualifi~
cation data, Table 16,

7.7.6 Nose Gear Shimmy Suppression

Early difficulties involving dynamic instability of the nose wheel installa-
5 tion were encountered during high speed taxi tests and required detaii
e redesignr of the nose wheel fork, torque links, and shimmy damper
‘ installation. An intensive development and testing program was launched
and satisfactorily completed prior to first flight.

7.7.6.1 General

A group formed of Ryan/Republic dynamics and design engineers re-

g viewed the shimmy suppression requirements, and assisted Loud Co,,

R (larding gear vendor), with the necessary redegign. Detail design recom-~
mendations were made, chiefly in the design of the lower end of the forks
to provide a higher spring rate, a more positively retained axle, and a
higher damping ratio damper.

7.7.6.2 Testing of Original Configuration

(a) Loud Co. ubtained the use of the Lockheed wheel spin test facility at
Rye Canyon. The geer and shimmy damper from ship No. 1 were
installed on the drum test machine. A series of runs were per-
formed, witnessed by the Ryan/Republic engineers. These tests
confirmed the c¢xistence of a seif-sustaining shimmy tendency of the
pear,

(b) ILoud Co. made torsional stiffness measurements of the nose gear
fork, torque linkage, and shock strut assembly to aid in redesign
analyuis.

(¢) Loud Co. made shimmy damper dynamic test runs to establish the
damping couefficient, us originally installed, to provide comparison
; data with the redesigned dimper and to support Ryan's analysis
] eftort,

7.7.6,3  Theoretical Investigation

o This effort was conducted by the Ryan/Republic engineers. The investi-
gation consisted of an application of Moreland's theory and analytical
techniques to the XV-3A airframe/nose gear configuration. As data
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became available from the various phases of testing, it was incorporated
in the analysis. First objective of the analysis was to obtain a correla-
tion between the shimmy condition experienced with the aircraft using
Lockheed spin test results, and theoretical predictions. The effect of
variations in the major parameters such as gear torsional and lateral
stiffness, damping coefficient load, tire elastic effects, caster and

trail, taxi speed, shimmy frequency, mass distribution, etc., were then
studied. The investigation originally made use of the Ryan digital com-
puter. Work was transferred to the Ryan analog computer due to the
rapidity with which the effect of varying parameters could be studied
with this facility.

The first computer run gave an excellent correlation with actual exper-
ience. It also indicated that with the criginal gear configuration, virtually
no amount of damping would provide stable operation at the nose gear
maximum required taxi speed. Desigh recommendations regarding in-
crease of nose wheel fork and torque linkage torsional stiffness and
shimmy damper coefficient at various shimmy frequencies were trans-
mitted to the Loud Co. and used for analysis of the redesign components.
The most critical condition appeared to be the light load condition at

point of take-off or immediately after touchdown. This showed the exist-
ence of an upper limit for the usable damping coefficiz=nt. Development
testing on the shimmy drum, and frequency and stiffness measurements
of the gear installed on the airplane subsequently showed this upper
boundary to be imaginary, which removed the "'suspect" critical condition.

7.7.6.4 Redesigned Nose Gear Development and Shimmy Testing

(a) Nose Gear Torsional Stiifness

New wheel fork and torque links were made available for testing at
Loud Co. These items were designed in accordance with Ryan/
Republic stiffness requirements. After one week's continuous test-
ing and development the nose gear assembly achieved satisfactory
stiffness measurements. Additional stiffening of the shimmy damper
mounting brackets und the torque link/damper shaft connection was
required.

(b) Shimmy Damper Development
Testing of the original shimmy damper with miaor modifications

proved that the shimmy damper could not achieve the damping co-
efficient values required by the Ryan/Republic recommendaticns.
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(c)

(d)

(e)

A new damper with improved vanes was designed, built, and tested.
Sufficient testing was performed to indicate the damper would meet
the predicted requirements.

Shimmy Drum Test

The stiffened nose gear with the new damper was installed on the
Rye Canyon shimmy test machine. Tests performed included:

1. Driven shimmy and damper performance.

2. Unrestrained shimmy up to maximum taxi speed with optimum
damper adjustment.

3. Unrestrained shimmy with reduced damping and taxi speed.

4. Lateral bending stiffness, natural frequency response and decay
rate measurements.

At the conclusion of these tests the gear/damper combination was
regarded as satisfactory over the entire load/speed spectrum. Also
confirmation of the lower boundary of acceptable damping coefficient
was obtained.

Airframe/Nose Gear Matching (Computer Study)

The shimmy drum testing did not confirm the existence of an upper
limit of damping coefficient. The modified nose gear was installed
on ship No. 2 at Edwards AFB and lateral stiffness and frequency
response measurements of the complete system were obtained. The
data from these tests and the Rye Canyon shimmy drum testing were
incorporated in a refined analog computer study. This study indi-
cated satisfactory compatibility between airframe and noge gear and
removed the upper boundary limit on acceptable damping coefficient.
To provide additional margin, an increased figure of minimum damp-
ing coefficient was recommended us a desirable target for the
shimmy damper qualification test, which was met.

High Speed Taxi and Flight Testing (Ship No. 2)

High specd taxi teats with the modified geur and shimmy damper
tests were successfully completed 5-22-64.




7.7.7 Main Gear Two Position Mechanism

The portions of the mechanism designed and manufactured by Ryan were
subjected to detail stress analysis by Ryan Structures Group, and suc-
cessfully passed static proof tests.

7.7.8 Brakes

MIL-W-5013 was used as a general guide in the preparation of the Ryan
drawing SCD L0003 lightweight wheel and brake specification, Considera- ,
tions of minimum hovering take-off weight and the specialized mission of 5
the aircraft, led to the acceptance of a limited number of stops between
relines. Kinetic energy requirements were determined by Ryan Engi-
neering Group and satisfactory compliance demonstrated on the vendor's
dynamometer equipment. For detailed report references, see Com-
ponent Qualification Data, Table 16.

7.7.9 Landing Gear Doors and Mechanisms

T e ey MmN I DES SER e
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The landing gear doors and mechanisms were designed by Ryan Engi-
neering to conform to inflight operating loads predicted by Ryan Aero -
’ dynamics Group. Detailed stress analysis was performed by Ryan ,
Structures Group. ;

7.7.10 Actuators

All actuators in the landing gear retraction, two-position, door and up-
latch mechanisms are of simple straight forward design. Restricted
functional and proof testing were performed by vendors and repeated in
Ryan Hydraulic Test Laboratory.

7.7.11 Landing Gear Operation

(a) Normal hydraulic system components, see Section 7.4,

(b) Emergency pneumatic system. The emergency system provides a
completely independent means of extending the landing gear. This
system s manually initiated and will lower the gear even in the
event of complete electro/hydraulic system failure.

RY A N 294-69-1

(0) Hydraulic and pneumatic system components are listed in the
Hydraulics and Controls Component Qualification Data Tables.
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7.7.12 Functional Testing

Complete system testing of installed landing gear and auxiliaries was
performed prior to commencement of flight testing. Procedures and
results are contained in References 39 and 40.

7.7.13 Structural Integrity

Static testing by Ryan Test Group demonstrated satisfuctory structural
strength and stiffness of landing gear and auxiliary components, Pro-
cedures and results are given In Refercnces 20, 2i. and 22.

7.8 SAFETY PROVISIONS

7.8.1 Pilot Ejection Seat

The pilot's ejection seat was chosen for its capability at zero speed and
zero altitude. These characteristics are important to an aircraft

wiich would spend much time neer the ground at speeds between 0 and
50 knota. The seat, an LW-2 North American Aviation, Columbus,
Ohio, ejection seat system was developed by NAA, under U.S., Army
contcact, for aircraft such as the XV~5A and was the best available
escape system to be found, relative to the XV-5A aireraft flight envelope.
This system was test fired twice under simulated XV-5A conditions over
and above the development and demonstration test program. Further
discussion of these tests and the development program can be found in
North American Aviation report NA63H-817,

7.8.2 Provisions for Exterior Canopy Opening

Provisions for opening the pilot's canupy by the ground crew from the
outside have been made. TFrom either side of the fuseclage, with one
continuoue motion, the latch mechanism may be operated and the canopy
opened by a person standing on the ground. This provision follows the
recommended procedures found in HIAD.

7.8.3 Emergency Egress by the Pilot

If for any reason, the pilot is unable to unlock the canopy and he does not
choose to eject through it, a heavy knife has been provided so that he can
break the canopy glass to climb through it. (Plexiglass 55 will not
shatter and cause injury from sharp pleces.)
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7.8.4 Fire Protection

7.8.4.1  Overheat Detection System And Firewarning

A temperature sensitive two-wire system is installed in those compart-
ments where overheat may occur, to sct off a flashing light warning in
case of overheat. In the case of fire, with its attendant higher tempera-
tures, the steady light warning ie given. These warning lights are located
on the instrument panel, one for left, and one for right engine
compartment.

7.8.4.2 Fire Extinguishing System

The fire extinguishing system is comprised of two bottles of two pounds
each bromotrifluoromethane (MIL-B-12218) plus valves and piping to
each engine compartment with selcction of one or both to either com~
partment. This system is controlled by the pilot from a standard ar-
rangement on the instrui.:ent panel.

7.8.5 Spin/Drag Chute

A spin chute or high speed chute has been included for flight teat program.
This feature is not used for ncrmal braking but is reserved for emergen-
cies. The choice of high speed chute or spin chute installed must be

made prior to takeoif according to the planned test program.

7.8.6 System Emergency Shut-Off Switches

To preclude catastrophic runaway on the horizontal stabilizer and on the
louver vector angle a warning light has been installed and shutoff switches
have been included. The switches open the power circuit at the actuator
to shut off any possible system failure, These two possibilities were
discovered as potentially uncontrollable during the simulator flying test

program.

7.8.7 System Redundancy

The control systems have been designed redundant so that the aircraft
could fly with any one power system out. The loss of one system in
hydraulic, electrical control, or stability augmentation systems will
not be noticeable to the pilot except as indicated by condition lights on
the main instrument panel,
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7.8.17.1 The hydraulic system is dual throughout and either side is
capable of complete control (see 7. 4.1).

7.8.7.2 The electrical system is, in the control areas, dual redun-
dant, and in the power source, is triple, so that even if two generators fail,
the emergency buss is still poveraed by a battery, ( see Section 7. 3).

7.8.7.3 The SAS (Stability Augmentation System) is dual with one
system variable by the pilot and a backup system previously set to a
safe control mode. System changeover is automatic (see Section 7. 3. 6).

4
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! 8.0 OPERATING LIMITATIONS AND INFORMATION

8.1 OPERATING DEMONSTFEATED LIMITATIONS
8.1.1 Flight Limitationa

The following paragraphs present a summary of the 1imiting flying
speeds. For a more detailed coverage of al! limitations, see Ryan
Report No. 64B150, Pilot's Operating Manual.

8§.1.1.1 Maximum Flight Speed 400 KEAS

The aircraft has been flight tested to this condition.

8.1.,1.2 Maximum Approach Speed 180 KEAS

This speed applies to the extension of ﬂaiis, landing gear, nose fan
pitch doors, inlet louvers, and éxit louvers.

™,

~8.1.1.3  Conversion Speed

Fans to Turbojet 85-95 KIAS
Turbojet to Fans 95-105 KIAS
8.1.2 Power Plant Limitations

For the ground crew and others responsible for the aircraft or power
plant, refer to T.O. -2J-J85-56.,

OPERATING LIMITS

Item : Limits Remarks
NOTE!

This figure supplies the maximum or minimum
values for Standard Day Sea Level Static Conditions.

1. STARTING TIME 20 to 60 Seconds Starting time shall be
(Nominal) measured from the
initial tachometer
indication of engine
RPM to stabilize idle
speed,
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Item Limits Remarks -

2. ENGINE SPEED 48(:1)% RPM Conventional Mode T

IDLE SETTING 70% RPM Fan Mode +

IDLE SPEED 3% RPM Within the 46.5-

FLUCTUATION (peak to peak) 49.5% RPM range.

MILITARY 102(:1)% RPM

SETTING for 30 minutes

NOTE:

The military speed setting (102 (+1)% should be
repeatable at any given condition. A change in
condition will affect repeatability. Approximately
30 minutes contimious operation at Military setting
is allowable.

b pond  puad b  femd emd e pd

MILITARY +1% RPM
FLUCTUATION
OVERSPEED 104% RPM See Maintenance T.O.
Transient for Engine Rotor Dis-
position {f speed ex-
ceeds 104%.
NOTE! -

Normnl max during start 800°C.
Pilot should chop throttle {f EGT goes to 890°C on

fire-up.
3. EXHAUST GAS 980°C MAX
TEMPERATURE (1800°F MAX)
(EGT) STARTING




Item Limits Remarks
! CAUTION
, l If EGT is cousistently high during starting, check
s AIB diverter valve for full opening.
l IDLE 550 to 600°C
(1202° F) MAX
l MILITARY 680 (f:&'c Limits for steady-
+9 state operation. For
' 1256(_18)‘17 overtemperature limita
during start and other . '
“m. T. o‘ i 8 1 :
4. OIL PRESSURE
IDLE § peig (MIN) Ou oald starts, wp to .
30 psig (MAX) 185 pelg is allowed. ha ‘:
MILITARY 20 paig (MIN) Not more than 10 peig

50 pelg (MAX) (MAX) change from
Normal is allowed.

| Nose Fan - Limited to 106§ RPM  Steady State
| Wing Fans - Limited to 1005 RPM  Steady State

FLUCTUATION 13 peig 10 psig (MAX) change.

5. IGNITION GENERATOR -
DUTY CYCLE A. 2 minutes on, Select either oycle. :
2 2 minutes on,

: i 23 minutes off. ]
; B. (alteruate) 6 £
< mimtes on, 55 =
minutes off. -
> N » -
- & FAN LIMITATIONS
i

J——




NOTE!

3ee Secticn I, Subsection 2.0 for overspeed pro-
tection systeun.

8.1.3 Weight Range and Center of Gravity

8.1.3.1  Wuight and Balance

The ranges of weight and center of gravity within which the airplane may
be safely operated are presented in the Relerence 37,

Low fuel does not adversely affect the balance or stability of the airplane.

8.1.3.2  Use of Ballast

Provisions for removable ballast have been incorporated in the aircraft.
I the airplane c.g. should exceed the forward limit, load ballast may be
installed on the platform and retaining bolts provided in the aft electrical
compartment at approximately Fuselage Station 481. A maximum of
200 pounds may be tnstalled, as showa on Ryan Drawing 143D068.

Shouid the aii c. . limit be exceeded, ballast up to 600 pounds may be
added at the observer's or instrumentation location.

8.1.3.3  Empty Weight

The empty weight and corresponding center of gravity location shall
include all fixed ballast, the unusable fuel, undrainable ofl and hydraulic
fluld. The weight and location of the above items (not innluding ballast)
and items of equipmoent may be found in R ference 37

- 8.1.3.4  Maximum Welght

The maximum design weight of the airplane is 8200 pounds at the limit
10ad factor of 4.0 (ultimate 6.0). The weight may be increased above
9200 pounds if the load factor {s proportionally roeducod sothe 0 W
praduct remalns constant.
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8.1,3.5 Minimum Weight
The minimum weight for the airplane is 8236 pounds.

8.1.3.6 Center of Gravity Position

With no fuel in the extended range belly tank, it is not possible to exceed
the c.g. limits if the erapty fuel - gear down, and full fuel - gear up,
conditions are within limits, and providing fuel is consumed equally
from the forward and aft tanks.

With the extended range belly tank fuel sboard, it is possible to exceed
the center of gravity limits. Proper loading and recommended fusl
consumption for this condition may be derived from the Center of Gravity

Travel Graph on Page 151 of Reference 37.

RY AN 294-69-1
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9.0 RELJABILITY DATA

9.1 SIMULATOR COMPONENT FAILURE STUDY

3.1.1 Scope

This section of the flightworthiness report presents the resulte of an
investigation of the effects of simulated component failure in the XV-6A
Flight Research Aircraft. The purposes of this investigation include

the effects of component failures on system performance and airoraft
behavior to establish envelopes of recovery capabilities, and development of
recovery techniques and familiarization of piiots with failure symptoms

and recovery procedures. (Refer to Reference 38 for a complete

description of simulator 2onfiguration and data limitations).

9.1.2 Component Failure Mode Analysis

The first part of the failure mode analysis was to review each airplane
system to identify those component/system failure modes most likely

to ocour, and most likely to adversely affect airplane operation. This
review identified 856 component/system failure modes. Further analysis
of the expected effects of failure, and suitability of simulation, resulted
in selection of 45 significant component/system failure modes to be

[ investigated on the simulator. In general, those failure modes not

‘ simulated were for one of the following reasons:

1. The failure mode was beyond the scope of the simulator to accom-~
plish a valid simulation due to configuration limitations, or the
range of validity of the simulator contrclling data.

2. The effect on the airplane of failure modes of several different
components could be duplicated by simulating one particular com-
ponent failure mode.

3. Some component failure modes were found to be not hazardous after
the effects of failure analysis was completed.

RY A N 294-69-1

’ The results of the component/system failure mode analysis are sum-
marired in Table 1 following. The effect of failure, for each failure
mode, for each component/system is presented. Codes were assigned
to each failure mode to simplify annotating data tapes.
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TABLE 1

COMPONENT FAILURE MODES

SYSTEM OR
COMPONENT

FAILURE MODE

CODE

EFFECT OF FAILURE

REMARKB

QGas Uenerator

Hydrauiic
System No. 1

lydraulic
System No. 2 -

Horlzontal
Btabtlizer
Control

2)

3

4

2

-

b}

Ream out

Flame out

No accessory power
from PTO pad

Fuel control
oscillation

No mechanical power
power Input, or no
hydraulic power out
due to pump failure
or fluid loss.

No mechanical power
input, or no hydraulic
power out due to pump
failure or fuld loss.

Immobile sctuator
{muechanioal)

Directional control
valve coll oirouit open.
(Either coll - 1.0, up
or down ~ in elther
vulve ~ i, 8, No, 1 Hyd.
or No. 2 liyd. System)
or eithor valve jammed
In neutral,

Coantrol valve hard over
{vloctrical short or
mechanioully jammed)

48) Bypaas valve (-8

reastrictor) failed opun.

4b) Failed closod

F12

E12

El2

F1

EXde
El4®

Fl¢
E2¢

E4

Instant gas power loss tncluding
hydraulic, electrioal and cooling
blower on that engine.

Inatant gas power loss, hydraulic,
electrical and cooling blower run
down as function of windmilling.
(Alr restart may be posalble.)

8ame as 1 abovo plus no engine
driven fuel pump (air restart not
poasihie).

Osclllating gas generator RPM's
and power output

Losa of following funotions:

a. Pitch axis stability
sugmentation

b. Normal landing gear operation

¢. Thrust spoiler aotuation

d. Silightly increanscd time con-
stants (or remaining hydraullic
sysiem functions,

Blightly incroased time conatants
for hydraulic functions in tandem
with Hydraulic System No. 1.

Pixed pitch trim condition and
conversions not possible,

Stabilizer travols at slower (single
aystom) rate in direction(s)
affected.

Runaway stahilizer in direction
affooted.

a.) CTOL trim rate (aster than
nominal rate, VTOL and
conversion trim rates wormal,

b.) CTOL trim rate normal, VTOL

and conversion trim rates less

- than nominal {may or may not

affoct convorsion capability)

Modea 1, 2, and 3
look the same on
simulator, (Air
restarting oannot be
simulated. )

* Not simulated be-
oause previous
simulation work
Indicated no problems
and pressure loss
always part of single
engine [aflure.

Note: 1, BStab, Aug.
failure done sopa~-
rately (see run codes
A3, B3 and B4),

* Bame as Hydraullo
Systom No, 1 except
does not affeot pitoh
BAS,

. * (E13 up ool open)

* (E14 down ooll open)

¢ (E1 hard down)
* (E2 hard up)

No high speed CTOL
simulations to test
effect of fatlure.

¢ (Bee E19 and E22)




TABLE 1 (Continued)

F SYSTFM ONt

o

ta) *Both bypuss control -
vulves fulled open (in
one hydraulic system

only).

Falled closed (In one K2
hydruulic system only).

Tu) Stubilizer rate switch ¥17
fuiled short,

M) Fulled upen. (211}

Ha) Conversion position .
Limit switch fatled 1
open,

Bb) Fuiled short .

Ya} Btick grip trim switch .

falled open,

8b) Falled short d

10) Converston trim rate .

too stow

-

0.)

b.)

b.)

“.)

b.)

normal, conversion trim rate
lcus than nominal (may or may
not affect conversions),

Conversion trim rate normal,
buth CTOL,, VTOL trim rates
fuster than nominul.  (Greatest
cffuct in high speed flight. )

CTOL trim rate normat, both
VTOL und conversion rutes
lcss than nominal.

Permite conversion regurdiess
of stubilizer trim voate.

Interrupls conversion regurdiess
of stubilizer trim rate,

No stubilizer driver from the
uffected hydraulic system.

Overrun programmed conversion
cycle und potnt,  Significant only
during CTOL. to VTOL,
conversions,

No piteh trim ohange possible
in direction affected,

Runuway stabilizer in direction
wfected,

Interrupted converslon (diverter
vulves cunnot change due to low rate

i

Diverter Valves
NO QO

then wtnbilizer program is stopped
beonuse diverter valves do not
chunge),

Interrupled conversion (stabllizer
program stopped because diverter
valves do not changu),

COMPONENT FAILURE MODF CODFE EFFECT OF FAILURE REMARKS
Horizontal Su) Bypass vilve (=) . u.) Conversion trim rate normal, ¢ Similar to £4
Stanlizer restrictor) fatled open, CTOL VTOL trim rates faster
Control (Cont'd. ) thun nominal,

5b) Failed closed . b.) CTOL und VTOL trim rates * Similar to E4

* Double failure.
Note: High speed
{CTOL) flight
fatlures not
simuluted,

* Fallure effeot
sume us directional
control valve open
ooll (sve E1J3 and
Eid),

* Not simulated

because of potential
damagoe to actuator.

¢ Not considered
cutastrophic fullure.
Similar to control
valve hurdover or

jammud (E] and E2),

¢ Similar to K16

* Similur to K¢

Lo e
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TABLE 1 (Continued)

At

it

SYSTEM OR
COMPONENT FAILURE MODE CODE EFFECT OF FAILURE REMARKS
Stability 1) Single axis no output B1) Loss of stabilization in that axis. Overall effect on uir-
Augmentation B2) plane fiying qualities
System BI) uncertain.
2) Single axis hard Al) Apparent trim chinge in axis Overail effect on uir-
over A2) affected followed by no stabili- plune flying qualities
AJ) zation in that axis, uncertain,
3) All axes dead B4 No stability augmentation (most Overall effect on air-
critical ut lower VTOL speeds. plune flying qualities
uncertain.
4a2) Maneuvering switch D2* 1) No change from holding gain to Aircraft is expected
failed open. mancuvering gain in 1/2 .wxis to feel “stiffer” in half
atfected. axis affected.
*(All SAS channels in
hold was simulated {all.)
4b) Muneuvering switch D1* b) No change from maneuvering Aircraft is expected to
faiied closed. gain to holding gain in half feel looser in hulf axis
axls affected. uffected.
*(All SAS channsels in
mineuvering was failure
simulated. )
5a) Electro/Hydraulic Ci i und L) No appreciuble effects due {Roll/Yaw only)
servo-vilve coil to bridge circuit in roll/yaw uxes
failed open. and paralieted coils in pitch axis,
5b) Coll failed short C2
6a) Single clectro/ . w) Small teim change followed vy * See single uxis
hydiuulic dorvo- snidl reduction ol 8AS8 gata in
vulve hurd over roll/yaw uaxea.
{Electeicul, hy-
draulic, or mecha-
lcal) in roll/yaw
waus.
Gh) Piteh uxis, . b) Trim chunge in direction affected | *See single uxis hard
fullowud by no pitch uxis over.
stubtitzation,
Tu) No hydraulic power . W) Lans ol pitch axis st:biltzation *Nou spooial run. See
{rom No. 1 tiydrau- wd ruducad gain in roll/yaw single engine
liv Systom. uxus, recoveries.
L) From No, 2 . L) Itedused stubllization gain in *Sume
liydreuulic Bystom. roll/yaw uxus,
Both roll/yuw cuils (o [o~] Tout on simulitor for tlight offecta.
o louver servo-
uctuutor) Opon
luth roll/yaw volls (on Ce Tuat on simulator for (g effocts.

o louver sorvo-
uctuitor) shortand.

[t ¥}
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TABLE 1 (Continued)

S8YSTEM OR
COMPONENT FAILURE MODE CODE EFFECT OF FAILURE REMARKS

Stability One roll/yaw coil open and | C5 Test on simulator for effect.

Augmertation one cofl short (on one

System (Cont'd.)] servo-actuator).

Throttle Cut- 1) Pilot permits fan F2 ‘Throttie setting automatically reduced

Back Bystem overspeed condition to T0% power position on both engines.
to develop.

2) False overspeed E10 Throitle setting automatioally reduced
signal. to 70% power position on both engines.
3) Overspesding fan(s) . Both throttles cut-back to 70% power | *Not simulated
not slowed down setting when reset button rcieased.
sufficiently to
accomplish reset.

Diverter Valves|1) CTOL to VTOL first F3 Stabilizer control circuit sees Requires double failure
motion interlock diverter valve in VTOL position if to be a problem (e.g.
awitch failed short. true or not (and would continue pro- | diverter valve

grammed trim change without "NO GO"v).
diverter valve operation).
2) VTOL to CTOL first F4 Same as F3 except control oircuit Same as above
motion interlock seos diverter valve in CTOL positon.
switch failed short.
J3) Diverter valve se- FS Diverter valvs operates 0.3 second
quencing time delay early (concurrent with stabilizer
relay failed short "programmed rute" siygmal, i.e. No
{CTOL to VTOL only) time delay).
4) Diverter valve time Fé Interrupted conversion from con-
delay relay fulls vontionul mode to fan mode due to
open, no diverter valve operation.
Wiag Fan 1) Door(s) fail to open . Interrupted conversion. Possible *Not able to simulate.
Doors (CTOL to VIOL) adverse roll, pitch or yaw mumenta
during attemmpted converaion maneu-
vor (16 pussible combinations of
vvents)
2) Door{s) fail to close F7°* Possible adverse roll, pitoh or yaw *Not able to simulate.
(VTOL) moments after complotion of ocon~
version muneuver (16 possible com~
binutions of events).
Thrust One door falls to deploy . Asymmetric thrust, resulting in *Unable to simulate.
Spoiler Doors | or deployment angle uwnoontroilable yawing moment.
greatly reduces,
Thrust Veotor | 18) Fan mode interlack no Interrupts CTOL to VTOL vanversion | (Programmer switoh
Aotuator switoh fuiled open. and “interlovks No-Go" anmunciutor Aor C)
lights (between g v " 40° =80% no
offect ¢ ’v < 45,
1b) Failed short . No effect during normal two step con-| *Not slmulated. Note:

versioa (because louvers are always
opened to 48° before conversion is
commanded) .

Conversion oould coour
at B> 48° if com-

m (§.0. ato
oonvert).

o
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TABLE 1 (Continued)

SYSTEM OR
COMPONENT FAILURE MODE CODE EFFECT OF FAILURE REMARKS
Thrust Vector }2:' Conventional mode * a) Permits inadvertent VTOL to (Progra.nmer switch E
Actuator interlock switch CTOL conversions at less than or Q)
(Cont'd.) failed short (7° to 8, = 45° *Not simulated - no
459. direct malfunction re-
sults from fallurc.
2h) Failed open (45° to F11 b) Prevents conversion to CTOL
80° 8 v) (closed circuit {8 first condi-
tion required for conversion).
3a) Vector louver con- L1 Pilot unable to command reduced {Programmer switch M)
trol "open" falled vector angle (sets minimum fan
open (-7° to mole forward speed).
+45°8,).
3b) Failed short (46° b4 Permita beep awitch to open louvers | *Did not simulate.
to 90%) in CTOL.
4n) Auto open switch . w) Permits louvers to devector to This fatlure would not
failed short (~7° to ~7°, and ot end of stroke actuator | cause flight problem as
+45°8.). could burn 4p or blow out circuit | a single fatlure. (Pro-
breaker. grammer switch K)
*Not simulated (sim-
4b) Falled open (45° . b) Cunnot put nircraft in precon- ulator always in pre-
to 9u°pv) version configuration because conversion configuration.
louvers (vector uctuator) cannot
be moved to A, - 45° posicion to
close 45° interlock.
6a) Autue-Close switch 4 a) Louvers not close after VIOL to (Programmer switch J)
failed open (-7° to CTOL counversion. *Not aimulated - same
000'ﬁv). reason as 4b and be-
oause not major prob-
lem in flight.
6b) Fuilled short. K7* b) Permits louvers to vector to (*K? Check Switch or
90°, nnd ut ond of stroke actun- relay.
tor could burn up or blow cir-
cult brouker.
6u) Vector louver con- . a} Pllot unuble to commund in- {Programmer switch L)
trol closed switch creased vector angle (sets *Not simulated.
fatlod open (-7° muaximum forwurd speed).
to +46°0,).
b} Fuiled short (+46° Fl2 Burnits vector trim switch (atiok
to 090‘av). Kkrip) to drive louvers beycnd 45°.
Tu) Throttle vutbuck Ell Throttle cutbuvk could occur (not {Programmer awitob R)
nturiovk switoh interiocked out) ut low veotor
falled short (-7° to anglos.
+30°4, ).
7h) Fallod open (+30° to . Throttle cutbuck not avalluble & *Not simuisted
Mb‘y'). requirod,
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TABLE 1 (Continued)

SYSTEM OR
COMPONENT FAILURE MODE CODE EFFECT OF FAILURE REMARKS
Thrust Vector 7¢) Fuiled short (45° to s ¢) Throttle cutback possible in both |*Not simulated
Actuator 90'#‘,). CTOL and VTOL (not interlovked
(Cont'd.) out).
8a) Trim oontrol inter- . a) Fun trim and automutio stick trim |*Not simulated
lock switch failed functions dissbled. Stick grip
short (-7° to +20°8,). trim switch operates serodynamio
trim functions.
8b) Failed opea (20° . b) Btick grip trim functions disabled, |*Not simulated
to 45'5) . Stick grip fan trims and auto-
matic stick trim functions
operate.
8c) Failed short (45° . 0) Sume as 8a, but only when mode |*Not simulated
to N'ﬁv). select switch is in "FAN"
position.
Inoreasing veotor ungle LS Pilot muy not be able to maintain
runaway (-7° to Mﬁ'pv). altitude as vector ungle increases.
Deoreasing vecior wygle 18 No adverse effect expuoted, verify
runaway (-7° to Mﬂlv). on simulator
Flaps Asymmetric Deployment . Adversce roll und yaw moments pro- [*Unable to simulate
portional to the magnitude of asym-
metry (serodynamic data indicates
udverse roll moment greater than
aileron roll moment),
Controls 1) Comnlets loas of i 1) Roll power reduced to sero- *Unabis to simulale
aller ;s boost power dynumic servo-tab capability
{CTOL only). anly.
2 Forward louver Ki 2) Reduowd roll/ynw cuntrol power
torque tube "opea''. in [an mode.
3) AR louver torque K3 3) Reduowd roll/yaw control power
tube “'opea", in fun mode.
4) ‘Open" iR X3 4) No altitude control with HR
system stick (must depend on throltle
oantrol).
8) Muin to pitoh mixer K¢ §) No pitoh control st low fan meds
intervonnsct “opea", speeds ..
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9.1.3 Failure Simulating Controls

Failures were induced in three ways: by removing bolts from the simu-
lator hardware, by manipulating the analog computer controls, and by
installing control panels to simulate various electrical and hydraulic
failures. Electrical failure control boxes are shown in Figures 48, 50,
53 and 54. Figure 48 shows the stabilizer control panel. This panel
permitted simulation of all stabilizer directional and rate control valve,
and rate sensing transducer failures. Figure 50 shows the control panel
used to simulate switch failures in the thrust vector actuator program-
mer. Figures 53 and 54 show the two stability augmentation system
failure control panels. Simulated louver servo-valve coil open and short
circuits, and integrator cutout switch open and short circuits were in-
troduced by these panels.

9.1.4 Flight Plans

Three basic 1light plans were utilized for this study. They were de-
signed to accomplish pilot and airplane exposure to random failures
throughout the fan-powered flight regime; conversions in both directions
and in the preconversion configuration, or to produce special cenditions
for certain specific {ailures.

9.1.4.1 General Fllght Plan

A general flight plan was utilized for most of the failure study. This
fight plan started with fan-powered flight at 300 feet altitude and 0 knots
velocity. This was followed by a standurd routine of climbing and de~
scending 360° turns, vectoring and devectoring, and conversion in both
directions. The flight plan was divided into 18 phases, and was flown
continuously until a failure forced a change. or deviations were called
for to further randomize the routine,

To further simulate un actual flight situation, the pilot was required to
regularly state his flight condition, the aircraft position with respect to
the terrain (1.e. visual display) and his intentions. The pilots were also
inatruoted to indicate all suspected trouble when {irst detected, and then
follow up with a description of his diugnosis and corrective action.
Fallures were introduced randomly and without notice to the pilot.

9.1.4.2  Single Engine Recovery Envelope

Before the actual simulated failure program was run on the simulator,
both the fan mode single engine recovery procedure and recovery
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envelope were developed. This was accomplished by using the following
flight plan. Each flight was initiated with altitude fixed at 1000 feet with
single engine power, and the airplane trimmed for balanced flight at that
specific speed point. Single engine failures could not be simulated for
trim:ned speeds less than Bv = 10° due to computer data limitations.

9.1.4.3  Special Maneuvers

Two special maneuvers were flown at Bv = 45° in order to deliberately
approach fan stall and induce fan overspeed cutbacks. One maneuver
was phugoid to simulate high speed, high angle of attack conditions. The
other was maximum straight and level speed in fan mode.

9.1.5 Failure Recovery Criteria

Recovery criteria for this test program was established on the basis of
airplane characteristics. An unsuccessful recovery (crash) was defined
as ground contact with a sink rate greater than 10-feet per second and/or
an unrecoverable stall. Stall was defined as occurring at 15° angle of
attack. All other failure recoveries were considered sucoessful. The
10-feet per second sink rate is the design limit load for the landing gear
at a 9200 pound gross weight.

9.1.6 Fan Mode Single Engine Recovery Envelope
and Recovery Procedure

The XV-5A is unable to sustain flight in the fan mode with only one engine
operating. The objective of this part of the simulated failure program
was to determine the boundary of velocity vs. altitude region. In thi=
condition, if one engine should fafl, the pilot would be unable to accom~
plish a safe landing within the limits as defined in Paragraph 9.1.8.

The speed range from 23.3 knots (10° B) through 73 knots (40'3' ) was
investigoted. A variety of flight paths and piloting techniques were tried
at each speed point. 8ink rate versus altitude data was plotited on an
X-Y plotter for each test point. From this data, an optimized recovery
procedure was developed and the minimum recovery envelope was
derived.
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Figure 48 Stabilirzer Control Panel
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Figure 50 Thrust Vector Actuator Control Panel
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Figure 53 Louver Servo-Valve Coil Failure Control Panel
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9.1.6.1 Fan Mode Single Engine Recovery Procedure R

’

A. Between 60 knots and conversion speed, use excess speed for
altitude and sink rate control to achieve 60 knots minimum STOL

landing.

1. If conditions permit, hold 75 knot glide. This will permit hold-
ing zero fpm sink rate for four to five seconds following landing
flare.

B. At 60 knots and less the standard single engine recovery is:

1. Immediate pushover to accelerate aircraft (normal nose down
tendency due to reduced power will help).

2, Maintain approximately zero degrees o and accelerate to
60 knots.

3. Roundout minimum altitude is 80 feet.

4, Flare, to hold sink rate at 600 fpm or less at touchdown.

The recovery envelope is shown in Figure 56. Shown also is a discon-
tinuous line marked "Hold 600 Per Minute." Several flights were com-
: pleted in the flured condition starting from this initial velocity at failure.
| The aircraft was flown, in all cases, for altitude losses of 200 feet or
more before stall occurred.

9.1.7 Simulator Test Cases and Other Data

; Table 2 is a summary of the complete simulated failures program. Each -
failure, if successfully recovered or not, and the flight phase is indicated -
: on this table. The eight categories for the 45 failure modes are also -
‘ shown. Each category is briefly discussed. The significant failure
i -

? modes, flight conditions, failure symptoms and recommended corrective
action are indicated. Updating is alsc included and is based on materiail
that has been derived from systems failure analysis conducted after
completion of the simuiated fuilures tests, and from the actual Phase I
""light Test Program.
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9.1.7.1  Stability Augmentation System

In general, no major problems could be detected with respect to stubility
augmentation system failures throughout the entire fan mode flight
regime. This insensitivity to failures included inoperative single axis,
inoperative multiple axes, and single axis hard-over signals. Hard-over
signals result only in a biased displacement of the affected control, as if
a trim change had taken place. This is accompanied by an apparent
looseness in the affected control axis. Single axis inoperative failures
appear in the same manner, but without the trim change effect. Most
single component failures were practically undetectable

Airplane flying qualities and pilot workload during SAS failures was not
well reported. Subsequent information indicates that aerodynamic sta-
bility looses its eficctiveness below 40 knots.

9.1.7.1.1 Significant Failure Modes and Recommended Corrective
Action

A. Primary Channel Dead (all 3 axes)
1. Flight Conditions

a. VTOL, less than 40 knots. Note: Above 40 knots
aerodynamic stability effective.

2. Failure Symptoms

a. Stability looseness as velocity decreases below 40 knots,
approaching uncentrollability as hovering is approached.

(1) Roll problem below 40 knots
(2) Pitch problem below 30 knots
(3) Yaw relatively no problem, even at hover
3. Corractive Action
a. Select STANDBY SAS (switch on control stick)
4. Flight termination for VTOL flight below 40 knots.

CTOL flight plan may be resumed. Hover, STOL or
conversion to CTOL for landing optional.




B. Single Axis Hard-over

ot

1. Flight Conditions

pd Gy

a. VTOL, less than 40 knots (roll) or 30 knots (pitch) depending
: on axis affected.
- 2, Failure Symptoms
!
= a. Trim change in axis affected accompanied by stability
- looseness in that axis as described above.
';
3. Corrective Action
. a. Select STANDBY SAS
Vo 4. Flight termination for VTOL flight below 40 knots. CTOL
: .. flight plan may be resumed. However, STOL or conversion to
| P CTOL for landing optional,
L
B 9.1.7.2  Horizontal Stabilizer Control
i Stabilizer runaway trim as simulated by directional _ontrol valve hard
- up and hard down signals was the only significant "single failure'' mode
in this category. By the time the pilot could diagnose the nature of the
. problem, effective corrective action was quite unlikely. A combination
audible warning (in the pilot's headset) and a visual waraing (on the
instrument panel) proved effective in reducing pilot recognition time,
and improving corrective action. This warning system was subsequent-
ly incorporated in the airplanes. (See Paragraph 9.1.7.8 for other
effects of stabilizer problems. )
e v
i
. 3;3 9.1.7.2.1 Horizontal Stabilizer Failure Modes and Corrective Action
S Recommendations
32 - N
- Z! A. Runaway (nose down trim)
. <
: >| 1. Flight Conditions
o

a. CTOL mode

b. Preconversion mode
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Failure Symptoms

a. Stabilizer motion warning: light, sound and trim indi-
cator moving in nose down direction.

b. Increasing nose down trim (1/4° - 1/2° per second
stabilizer travel).

Corrective Action
a. Immediate corrective action required.

b. Simultaneously select emergency stabilizer trim and
nose up trim. Retrim on emergency trim as required.

Flight termination recommended.

Conventional landing may be made in either CTOL or pre-
conversion configuration.

Conversion not pirgsible with emergency trim selected.
(Wing fan doors open and cycle stops.)

K conditions permit, STANDBY Conversion Control Interlock
System may be selected to restore control stick pitch trim
switch authority; proceed as follows:

a. Select STANDBY (lift stick switch).

b. 7est STANDBY by selecting emergency trim off, If
stabilizer still moves, select emergency trim and stay
in the STANDBY configi.ra‘ion.

Conversion not recommended on STANDBY under conditions
of single system capability.

Never return to PRIMARY after selecting STANDBY.

Runaway nose up trim

l.

Flight Conditions

a. VTOL mode




o N
-4

8.

Failure Symptoms

a. Stabilizer motion warning: light and sound and trim in-
dicator moving in nose up direction.

b. Increasing nose up trim (2.8° per second stabilizer
travel).

Corrective Action

a. Simultaneously select emergency stabilizer trim. Re-
trim on emergency as required.

b. Immediate corrective action required above 30 knots.
Note: As speed decreases, stabilizer becomes less
effective so failure becomes less critical,

Flight termination recommended,

STOL or hover landing may be made.

Conversion not possible with emergency trim selected.

If conditions permit, STANDBY may be selected to resiore

control stick pitch trim switch authority; proceed as

follows:

a. Select STANDBY (lift stick ewitch)

b. Test STANDBY by selecting emergency twim off, N
stabilizer still moves, select emergency trim and stay
in STANDRY configuration

Conversion not recomniended on STANDBY under conditions
of single system capability.

Never return to PRIMARY after selecting STANDBY,

PRt
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9.1.7.3.

Fan Overspeed Cutback

No problems were encountered as a result of overspeed cutbacks, in-
cluding both false cutbacks and normal cutbacks. Cutbacks are regular-
ly encountered during actual VTOL flight and have not displayed any
dangerous characteristics.

9.1.7.3.1 Fan Overspeed Cutback Flight Conditions and Symptoms

A.

CTOL to VTOL Conversion

1. Flight Conditions

a. Preconversion configuration at 87 - 97% J -85 rpm and
105 knots.

b. Increase J-85 rpm to 98 - 100% J -85 rpm just prior to
VTOL mode select to achieve 100% fan rpm after con-
version.

c. If J-85 rpm power setting too high (102 - 103% rpm
normal max. power), fan over-speed throttle cutback
will occur after conversion.

2. Symptoms

a. Power lever stiffens.

b. Engine and fan rpm low.

¢. Throttle cutback to 70% power setting (89% rpm)

3, Corrective Actiun

d. Retard throttle ievers and Reset Power (pushbutton

switch on lift stick).
4. Resume flight plan.
VTOL Mode
1. Flight Conditions

a.

Vectoring toward 45°.

A . e NN




2. Failure Symptoms

a. Power lever stiffens.

b. Engine and fan rpm low.
3. Corrective Action

a. Retard throttle levers and Reset Power (pushbutton
switch on lift stick)

4. Resume flight plan.

9.1.7.4 Gas Generators

Loss of power {from one engine when the airplane is in the fan mode and
inside the predicted recovery envelope is a critical failure. However,
most {ailures outside the yecovery envelope were recovered. Flaring
- too high and/or stalling was a common cause of nonrecovery.

The initial conditions for several engine failure simulations with the
- roesuilts are shown in Figure 57. Crashes are indicated by X, Re-

- coveries (safe landings) are indicated by =3
An oscillatirg fuel control fajlure resulted in significant pilot workload
- tiicrease for both triala. No conclusions for appropriate corrective

actions were reached.

9.1.7.4.1 Single Engine Failure Recovery Procedures

A. Succees criteria sink rate <600 fpm and < 15° o .,
B. In conventional or preconversion. Conventional landing as is.

C. During convonkui either way. Fan or conventional reocovery
optional.

D. Beiween 80 knots and conversion speed. Use excess speed for
altitude and sink rate control to achieve 60 knots mnimum
STOL landing.

E. If conditions permit, hold 75 knots gitde. This will permit hold-
ing 0 fpm eink rate for 4 - 5 seconds foil~ing landing flare.
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ALTITUDE ~ FEET

= = == «MINIMUM RECOVERY CURVE 2500 FEET

RECOVERY CURVE WITH 3+ HOT DAY
SECONDS ERROR ADJUST WEIGHT 9200 LBS,
] SUCCESSFUL RECOVERY C.G. 45
200 @ CRASH 30% NOSE FAN
800
700
600
500 F 4% 7 {
400 /ﬂ /7/ , - -
200 /%%Z/A;// 600 FT/MIN
w7
2%
i 10 20 30 40 50 60 70

INDICATED AIRSPEED (KNOTS)

Figure 57 Single Engine Out Recovery (Simulator Results)
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F. Below 60 knots Standard single engine fan recovery.

1. Immediate pushover to accelerate aircraft. (Normal nose
down tendency due to reduced power will help. )

2. Maintain approximately 0° @ and accelerate to 60 knots.

3. Roundout minimum altitude = 80 ft.

4. Flare to keep sink rate 600 fpm or less at touchdown.
9.1.7.5 Thrust Vector Actuator

Caly one failure in the thrust vector actuator program resulted in a
crash during the simulated failures study. This was a trim interlock
switch short-circuit failure. The pilots had become accustomed to de-~
pending upen this switch to stop the vector actuator at 45°8 . The
failure was introduced without the pilot's knowledge (as were all failures
during the study). Aa a result, he vectored beyond 45° inducing fan
stall and overspeed cutback. Airplane stall and a crash followed. Sub-
sequently, the pilots were careful not to exceed 45° vector angle and
this failure caused no further problems.

This failure is felt to be representative of many of the failures that did
not result in crashes because they all contributed to forcing the pilots to
become totally aware of all the cockpit instruments and functions. All
previous work in the simulator had been devoted to the development of
particular handling qualities, or specific single items of interest. Dur-
ing this phase of the simulation, they could not allow their attention to
become so focused, and therefore this work was good preparation for
actual flight.

Vector actuator runaway did not cause any significant problems during
this simulation, because it was not permitted to proceed beyond 45°
vector angle on the presumption that this would require a double fatlure.
When the pilot recognized the failure, which was artificaliy induced, it
would be removed. This was necessary because the method chosen to
simulate the failure prevented damage to the thrust vector actuator.

g T
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After a more complete failure analysis of the system, this assumption
was proved false. A vector stop switch was added to the airplanes to
allow the pilot to prevent a runaway vector from becoming catastrophic.

$.1.7.56.1 Thrust Vector Actuator Programmer Failure Modes and
Corrective Actions

A, Trim Interlock Failed S8hort
1. Flight Conditiona
a. VTOL flight approaching conversion to CTOL.
2. Fallure Symptoms
a. Loss of lift
b. Fan overspeed
c. Vector angle greater than 45°.
3. Corrective Action
a. De-vector to 45°
b. Maintain 100% fan rpms
¢. Convert to CTOL
4. Rosume flight plan.
B. Vector Runaway
1. Flight Conditions
a. VTOL from hover to conversion
2. Failuro Symptoms
8. Aircraft starts to acoelerste

b. Vector angle increasing.

¢. I vector angle greater than 50° fan overspeed and
throttie outback occur.
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3. Corrective Action

a. Immediately deactivate vector actuator with vector stop
switch,

b. X occurs during takeoff and altitude permita, land as is.

¢. For runaway in 0° to 45° direction, if vector runaway
is stopped at low vector angle, at altitude, and fuel
supply and VTOL landing conditions make CTOL landing
imperative, use vector stop switch to advance vector
angle to acromplish transition to conversion speed per-
missible.

d. If vector angle is greater than 45°, convert as soon
as possible.

4. CTOL or VTOL landing optional.
6. Flight termination recommended.

8.1,7.6 Diverter Valves

Diverter valve time delay relay failures did not cause any unrecoverable
flight conditions. However, another possibility of a split mode config-
uration was discovered. The pilot made a conversion from fan to con-
ventional, and then deliberately and quickly re-selected the fan mode.

The stabilizer actuator position switch interlock circuitry was re-con-
figured to prevent this problem from re-ocourring, both on the airplanes
and on the simulator. (See Paragraph 9.1.7.8 for the effects of diverter
valve ""NO GO' problems. )

!"':""&md&m—lm-lh-lﬂ-a—“

9.1.7.7 Mechanioal Mixer

t

Most of the failures in this category resulted in crashes. Those that
did not probably would have resulted in crashes had they not been re-
moved as soon as the pilot recognized the failure. These failures were
introduced by slipping bolts out of place in the mechanical control
system, and were replaced as soon as necessary to prevent damage to
the simulator hecdware. The usual reaction was loss of attitude control
followed by stall and high sink rates. Attempted landings were un-
suocessful. These failures should be classed with comparable failures
in conventicnal mechanical coutrol systems.
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7.

8.

d. Moderate to fast nose down pitch trim change requiring
moderate to heavy aft stick force to maintain level
flight.

e. S8ink rate may develop.
£. Stall may occur,
Corrective Acticn

a. Immediately reselect CTOL, add full power, and be
prepared to prevent stall.

Flight termination recommended.
Stay in PRIMARY recommended.

Standard CTOL landing recommended (select "CONV"
louver switch position to lock wing fan door latches, close
wing fan exit louvers, pitch fan thrust reverser doors and
pitch fan inlet louvers). Preconversion configuration CTOL
landing can be made.

Conversion not recommended on STANDBY under conditions
of single system capability.

Never return to PRIMARY after selecting STANDBY.

CTOL to VTOL 8plit Mode (C Stab, V Diverter)

1.

Flight Conditions

a. Conversion maneuver just after VTOL mode selection
and wing fan doors open.

Failure Symptoms

2. Stabilizer motion (and motion warning) for 0. 15 second
only (normal ie approximately 2 seconds).

b. Diverted light ON 0.4 second later.

0. Severe nose-up pitchiag moment ( full fwd stick to control,
pitching moment marginal).
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d. Note: Conversion half completed - i.e., CTOL stabi-
lizer and VTOL diverter.

Corrective Action
a. Simultaneously

(1) Immediately reselect CTOL mode and then
STANDBY.

(2) Reduce power
(3) Apply full forward stick

b. After return to CTOL apply full power, and be prepared
to prevent stall.

Flight termination recommended.

Standard CTOL landing recommended (select CONV louver
switch position to lock wing fan door latches, close wing

fan exit louvers, pitch fan thrust reverser doors and pitch
fan inlet louvers). Preconversion configuration CTOL land-
ing can be made.

Conversion not recommended on STANDBY under conditions
of single system capability.

Never return to PRIMARY after selecting STANDBY,

VTOL to CTOIL. Wing Fan Door Diverter CTOL Interiock Failed
Open.

1.

Flight Conditions

a, VTOL to CTOL conversion completed (except wing fan
doors do not close).

Fallure S8ymptoms
a. 8ink rate continues and stall buffet.

b. Nose down tendency (approx. 6° slevator required to
trim out).

:
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Corrective Action
8. Return to VTOL or continue CTOL opticnal.
b. I remain in CTOL

(1) Add full power

(2) Be prepared to prevent stall

(3) When aircraft fully controlled select STANDBY to
close wing fan doors.

Flight termination recommended.

Standby CTOL landing recommended (select CONV louver
switch position to lock wing fan door latches, close wing fan
exit louvers, pitch fan thrust reverser doors and pitch fan
inlet louvers). Preconversion configuration CTO). landing
can be made.

Conversion not recommended on STANDBY under conditions
of single system capability unless fuel supply and VTOL
landing conditions make CTOL ianding imperative.

Never return to PRIMARY after selecting STANDBY.

¥ wing fan doors do not close after selecting STANDBY,
airoraft may still be cleaned up to CTOL configuration by
selecting LOUVERS CONVENTIONAL. Calculated stall

speed with aircraft in normal landing configuration except
wing fan doors open, 90 knota.

If fault should ciear (fault is open interlock circuii that
spontaneoualy closes) doors will automaticaily close amd
lock if LOUVER switch is in CONV position and aircraflt is
in CTOL mode.

E. VTOL to CTOL Stabilizer No Go

1.

Fligit Conditions

a. Conversion maneuver just after CTOL mode selection.
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1.

Failure Symptoms

a. No stabilizer motion warning and diverted light stays on.
b. No conversion - no change in aircraft.

Corrective Action

a. Check vector angle - if vector clears problem, resume
mission,

b. I not, reselect VTOL mode.

Flight termination recommended.

Stay in PRIMARY recommended.

STOL or hover landing ontional.

Conversion not recommended on STANDBY under conditicas
of single system capability unlese fuel supply and VTOL
landing conditions make CTOL landing imperative.

Never return to PRIMARY after selecting STANDBY,

VTOL to CTOL Dlvemr No Go

1.

3.

Flight Conditions

‘&, Conversion maneuver just after CTOL mode selection

‘Failure Symptoms

a. &ahﬂuer» motion warning stops 0.2 seocond after mode
select and diverted light stays on. '

b. No conversion.

©. Nose up pitching moment (requires approx. 3° elevator
to trim out).

A el s
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1.
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Corrective Action

a. Immediately reselect VTOL mode.

Flight termination recommended.

Stay in PRIMARY.

8TOL or hover landing optional.

Coaversion not recommended on STANDBY under conditions
of single system capability unless fucl supply and VTOL
landing conditions make CTOL landing imperative.

Never return to PRIMARY after selecting STANDBY,

G. VTOL to CTOL Split Mode (VTOL Stabilizer, CTOL Diverter)

Flight Coaditions
a. Conversion maneuver just after CTOL mode selection.
Failure Symptoms

a. Stabilizer motion warning (and stabilizer motion) stop
DRURING DIVERTER VALVE MOTION.

b. Severe nose down pitching moment (requires 30-40°
elevator to trim out (25° elevator availsble) at 9° in-
cidence).

Corrective Action

a. Simultanecusly
{1) Full back stick

(3) Immediately reselect VTOL mode followed by

STANDRY Conversion

(3) U no response: EJECT




4. Flight termination recommended.

§. BTOL or hover landing optional.

6. Conversion not recommended on STANDBY under conditions
of single system capability, unless fuel supply and VTOL
landing conditions make VTOL landing imperative.

7. Never return to PRIMARY after selecting STANDBY.

9.1.8 Other Rezcommendgtions

As a result of the experience gained during the simulated faiiures pro-
gram, additional control systems changes were recommended and
incorporated. They include:

1. Eliminate the fan mode stabiiizer trim function from longi-
tudinal stick position. At vector anglee less than 40° posi-
tion, the stabilizer in the fuli nose down (airplene) trim
position. At vector angles greater than 40°, the stabilizer
trim function to be controllable from the longitudinal stick
grip pitch trim switch,

2. Extend the range of the longitudinal fan-powered trim so that
the aircraft may be trimmed bands-off at any region in the
fan-powered regime. ,

3. Change the lateral stick displacement to 24 inches from 38
inches maximum travel.

4. Change fan mode roll and pitch stick force gradient to approx-
imately 1-1/3 pounds per inch.

5. Change S8AS hold-maneuver awitch band s0 that £3/¢ inch of
stick displacement about center will actuate switches.

Modify yaw and pitch SAS channeis in the primary mode so
that position feedback in the hoiding coafiguration is elimi-
nated. (To obtain a system whh two rate gains, depending
on control inpit, instead of a system with a position gain in
the holding configuration and & rate gain in the maneuvering
oonfiguration. )
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9.2 FIELD FAILURE SUMMARY

The basic information regarding failure was obtained from the Ryan
Form R-2073 Ryan Equipment Failure Report completed and submitted
by personnel with the airplane at EAFB. A sample form is presented in
Figure 58. Instructions for completing this form are contained in Ryan
Aeronautical Company Quality Bulletin XV10,

For the purpose of this summary, the airplane was divided irto the
following subsystems:

Airframe - Fuselage

T 2. Airframe - Wing
i 3. Airframe - Empennage
4. Controls
i 5. Electrical
: 6. Hydraulic
7. Cockpit
8. Laniing Gear
9. Propulsion - Power Piant
10. Propulsion - Fuel

.-4 11. Propulsion - Miscellaneous

)
-5

o 12. Parachute
-

Ny
-Z§ The date recorded on the Failure Report for time in service showed no

correlation t operating times as recorded in the Airframe and Power
Plant Running Time Log and Electroplating Clocks installed on the

electrical system inverters. The estimates of hangar operating times
were made as follows:

13
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1. Control and Hydraulic Systems and the Cockpit - Two (2)
hours per shift, six (6) days per week.

2. Electrical System - Four (4) hours per shift, six (6) days
per week.

For the airframe, landing gear, parachute and propulsion systems, it
was assumed that design loads appeared on these systems only during
flight or ground engine running. The operating time for these systems
is only that which appears in the Airframe and Power Plant Running
Time Log. The hangar operating time was calculated for each aircraft
with the start date taken as the date at which the airplane was in flight
condition after arrival at EAFB. For Aircraft No. 2 this date was 5
March 1964, and for Aircraft No. 1, 12 October 1964. To these figures
was added the tim= recorded in the Power Plant Log. The data are
tabulated with respect to the mode of aircraft operation during which the
particular failure occurred (i.e. conventional flight, taxi tests, etc.)

Individual system average failure rate tabulations are presented in
Table 3 through 14. Rate data by monthly period plus cumulative totals
are shown from March 1964 through January 1965. For these system
tabulations, the total number of failures accumulated by both aircraft
for the period for a particular operating mode was divided by the totcl
time accumulated by both aircraft for the same period and mode. Both
the system average failure rate for each period, and the cumulative
average failure rate, are obtained by adding the individual mode failire
rates for that period.

Cumulative failure rates for each system and for the total aircraft by
period are shown in Table 15. The total aircraft failure rate is obtala-
ed by adding the individual system failure rates. Individual sys{em
cumulative failure rates are shown graphically in Figures 598 vhrough
65. Total aircraft rate is shown in Figure 66. For these latter

tables and corresponding plots, the three propulsion svstemes have be-n
grouped together as have the three airirame subsystems.

The plot of the complete airplane data indicate a stabilizatior. of thu
failure rate after the original infant mortality had been overcome. The
plot of the complete airplane foilows clogely the plot of the propulaion
system which comprised approximately 40% of the total fatlures. The
other plots also indicate a stabilization of their individual failure rates,
with the exception of those which exhibit extremely low rates.
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Insufficient data are available to permit drawing statistically valid in-
ferences or conclusions regarding failure rates for some systems. The
systems with low rates mentioned above exemplify this, since single
failures cause wide variations in the failure rate.

Time between failure date was tabulated and plotted for those systems
which had the largest number of failures. These are Propulsion-
Miscellaneous, Propulsion-Total and Electrical, Figures 67, 68, and
69, respectively, For this data, the time recorded was to the end of the
day on which the failure occurred. In the case of multiple failures,
reported on the same day, each was treated as if it occurred alone.
This was done to be more representative of time between failure. Noted
on these figurss are the Median and Arithmetic Mean values of time
between failure. Also noted is the Average value which is obtained by
taking the reciprocal of the failure rate obtained from the previous
tables. The difference between these values is felt to be due to the
relative small data sample from which the information is derived. This
difference would indicate that these figuree are not the final absolute
value, but that they are converging upon the final value. ' This difference
does not alter the fact that the overall aircraft failure rate has stabili-
zed after the fourth reporting period.
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TABLE 3

XV-5A AVERAGE FAILURE RATES

THIS PERIOD CUMULATIVE
FAIL- FAIL-
PERIOD MODE TIME (HIOURS)| URES | RATE | TIME (HOURS) [ URES | RATE
AIRFRAME-FUSELAGE SYSTEM
5 Mar.- |Conventional 0 [— 0
31 Mar. Fan .98 .58
1964 Taxi .48 L98
Ground 1.32 1.32
Averuge
SV I S G VR VU,
1 Apr. - [Conventional 0 0
30 Apr. Fan £Y.) I 16
1864 Taxli .70 l.68
Ground 1.63 1 A ¥} 2.95 1 L339
Average 61y L339
S R - e 3. L. -
1 May -  [Coaveational 2,08 2.08
31 May Fun (1] i. 16
1964 Tuxi 2.0 J.6n
Grouwl (] 2,95 1 KK}
Averige L339
1 June = [Conventional 2,00 4. 58
30 Jum: Fan v 1. 16
L1964 Tuxi R Kig-1)
Grou) 5 3,45 ] .290
Average 290
r_,..,“ D R bR - r—‘-
t July - Convontional 0 4.6m
31 duly Fan Y ) 1.9
194 Tuxe 0 3.
Cirounl 1. a0 16,7 1 . U697
Averag: . 0687
= - b~ S el s S o e s
1 Augt. -~ [Conventionad v 1.58
3t Aug. Fiun 1.7 1 ous
196d Taxt v 4,90
Cir ol 1,30 21,05 1 475
Average L0478
T P . I SUNNN W
1 Sept, = [Conventivnal 1.7 L. 20
I et Fan 100 4.08
1964 "Iual KN R 0,33
Jorvumd ,nw 24,17 ] L0404
Average L0404
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E l 5 r THIS PERIOD CUMULATIVE
F ¢ T FaIL- FAIL-
l PERIOD MODE TIME(HOURS)] URES | RATE | TIME (HOURS) { URES JRATE
. AIRFRAM E-FUSELAGE SYSTEM (Continued Table 3)
E l 10ct. - | Conventional 3.0 9.25
31 Oct. Fan 1.67 5.75
4 1964 Taxi 0 6.33
& Ground 2.75 26,92 | L0371
i l Average L8371
1 Nov. - Conventional 8.67 17.92
I 30 Nov. Fan 1.92 7.61
J 1964 Taxi .00 8.33
E Groumnd 3,24 Jo. 18 H . 0332
' Aversgr . 0332
I I . .._T,_.._- R R it sttt R -
1 1 bee, - Conventional 5.9 32.92
{ M Ine, Fan 2,92 10.59
I 1864 Tuxl 0 6.33
Ground 1.30 i . 769 J1.45 '] . 0638
Averuge .769 . 0838
N U — . SN .
I 1 Jan. - Conventional 1,92 34.84
] 26 Jun, Fan .83 11.42
19465 Tuxt LU 6,33
: I Ground 132 32,717 2 |.o610
1 Averages . 0610
! A [ ST R ETY SS .
’ TABLE ¢
1 - ~ AIRFRAME-WING SYSTEM
2 8 Mar, - Convintivast 0 0 | R
31 Mar, Fan Y 58
E 1884 Taxi KT o
i I Groumnd 1.3% i.32
i ':' Averng
i % aan S e e b . RSN T SN SRR W
I 1 b Apr, - | Conventionsl °
-« o
i g 30 Apr, Fan .58 118
A 1964 Taxi . .10 .68
2. G 1.682 2.98
l (- Average
SRR SEIPISINENRINY SRV S I SN S
>' | May -} Conventional .00 2.08
® 3l My Faa 0
1 My v N 116
. 3.8
:’"“" ¢ 1 2.98 t |33
l vereee .339
A
BR 143
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THIS PERICD B CUMULATIVE
FAIL- 1 [ FaAIL-
PERIOD MODE TIME (HOURS)| URES 1 RATE | TIME (HOURS) | URES | RATE
AIRFRAME-WING SVSTEM (Continued Tuble 4)
— — - R T
I June - Conventional 2,50 4. 08
30 June Fan e 1.16
1964 Taxi .22 3.90
Ground .50 1 2.0 3.45 2 . 580
Average 2.0 . 580
1 auly - Conventional 0 4.58
31 July Fan .75 1.91
1364 Taxi 0 3.90
Cround 13.30 16.75 2 119
Average .19
1 Aug. - Conventional 0 4.58
31 Aug. Fan 1.17 3.08
1964 Taxi 0 3.90
Ground 4.30 21.05 2 L0950
Average . 08950
I Sept. - Convuntional 1.67 6.45
30 Sept. an 1.00 4.08
1964 Taxi R | 6.33
Ground u. 12 24,17 2 o827
Average 0a27
R . j I —— _
10ct, - Conventional 3.0 9.25
31 Oct, Man 1.67 5.7%
1964 S axli 0 €,33
Ground 2.75 26.92 2 . 0743
Average .0743
L [EEUERURNDU RSN SR 3
1 Nov. - Conventional 8.67 17.92
40 Nov. Fan 1.92 7.67
1564 Taxi L0 6,93
Cround 3.23 J0. 1E 2 L0663
Average . 0663
1 Bee, - Conventional 16, 00 * 32,92
Ji e, San 2,92 10.59
IS ] Taxi 0 4,34
tiround 1.30 3. 40 2 N RT
Averige L0638
AN SR N -
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THIS PERIOD CUMULATIVE
FAIL- FAIL-
PERIOD MODE. TIME (HOURS){ URES | RATE | TIME (HOURS) | URES | RATE
AIRFRAME-WING SYSTEM (Coatinuced Table 4)
—— -
1 Jan. - Conventional 1.92 34,34
26 Jsu. Fan .83 11,42 2
1865 Taxi 0 6.33 _«,
Ground 1.32 2.1 2 .0810
Average L0610
TABLE 5
AIRFRAME-EMPENNAGE SYSTEM
6 Mar. - Conventional 0 0
31 Mar. Fan .58 .58
1864 Taxi .28 .98
Ground 1.32 1.32
Average
Y Apr. - Conventionai 0 0
30 Apr. Fan .58 1.16
1964 Taxi .70 1.68
Ground 1.63 2.85
Average
1 May - Conventional 2.08 2,08
31 May Fan '] 1.16
1964 Taxi 2.0 3.68
Ground 0 3.85
Average
1 June - Conventional 2.50 4.68
30 June Fan 0 1.18
1964 Taxi .22 3.90
Ground .50 3.45
Average
1 July - Conventiopal 0 4.58
31 July Fan .16 1.0
1864 Taxi 0 3.90
Ground 13,30 18.76
Average
—
1 Aug. - Conventional 0 4.58
31 Aug. Fan .17 3.08
1064 Taxi 0 3.90
Ground 4.30 1 . 233 21.05 1 0475
Average . 283 .0478
R
X
%
o
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THIS PERIOD CUMULATIVE
FAIL- FAIL-
PERIOD MODE TIME (HOURS)| URES | RATE | TIME (HOURS) | URES |RATE
AIRFRAME-EMPENNAGE SYSTEM (Continued Tuble 5)
1 Bept, - Conventional 1.87 6.26
30 Sept. Fan 1.00 4.08
1864 Taxi 2,43 6,33
Ground 3.12 24,17 1 L0414
Average . 0414
1 Oct. ~ Conventional 3.0 9.26
31 Oct. Fan 1.687 5.76
1964 Taxi 0 6.33
Ground 2,75 26.92 1 .0371
Average .0371
1 Nov. - Conventional 8.87 17.92
30 Nov. Faa 1.92 7.67
1864 Taxi .00 6.33
Ground 3.23 30.15 1 . 0332
Average . 0332
1 Dec. - Conventional 16.00 32.92
31 Dec. Fan 2,92 10.69
1964 Taxi 0 8.33
Ground 1.30 31.46 1 .0318
Average . 0318
1 Jan, - Conventional 1,02 34.84
26 Jan. Fan .83 11.42
1865 Taxi 0 6.33
Ground 1,32 2.1 1 . 0308
Average . 0305
TABLE 6
CONTROLS SYSTEM
—-
6 Mar. ~ Conventional 0 0
31 Mar. Fan .68 .68
1964 Taxi .98 .88
Ground 89.32 89,32
Average
1 Apr. - Counventional 0 0
30 Apr. Fan .58 1.16
1964 Taxi .70 1.08
Qrouad 105,63 194,965
Average
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I »
1
l THIS PERIOD CUMULATIVE
PAIL- FAIL-
PERIOD MODE TIME (HOURS)| URES | RATE | TIME (HOURS) | URES | RATE
I CONTROLS SYSTEM (Continuwl Table 6)
1 May - Conventional 2.08 2.08
I 31 May Fan .00 1.16
1864 Taxi 2.00 s.68
Ground 104. 00 96.98
I Average
1 June - Conventional 2.60 4.88
- 50 June Fan 0 1.16
: 1964 Taxi .22 3.80
- Ground 104.50 1 .00987 403.48 1 |.00848
Average . 00067 00240
- 1 July - Conventioaal 0 4.88
31 Jly Fan .18 1.
- 1964 Taxi 0 .90
i Around 131.30 2 .0168 634.78 3 .00872
- Average .0168 .00872
. 1 Aug. - Conventional 0 4.88
. 31 Aug. Fan L1 3.08
' 1964 Taxi [ ] 3.9
‘e Ground 108.30 €33.08 3 00474
Average + 00474
1 Bept. - Conventional 1.87 e.28
. 30 Bept. Fan 1.00 4.08
- 1004 Taxi .4 6.33
Ground 107.13 1 . 00034 740.17 4 . 90840
. Average . 00834 - 00840
-, 1 Qot, - Conventional J 00 .28
& 31 Oot. Fan 1.6% 8.78
LT 1964 Taxi .00 6.3
<+ Ground 103.78 .00647] 933,93 o |.cose
- Aversge .00847 . 00843
E! 1 Nov, - Conveational 8.67 17.08
30 Nov. Fan 1.02 1.47
> 1004 Taxi .00 6.3
Ground 203.33 2 . 00084 1126.18 7 . 00633
r Average . 00084 . 00623
R

L 4

B
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THIS PERIOD CUMULATIVE
FAIL- FAIL- C
PERIOP MODE TIME (HOURS)] URES } RATE | TIME (HOURS) | URES [RATE
CONTROLS SYSTEM (Continued Table 6) t
i Dec. - cm-uom] 14.17 32.92 E
31 Dec. Fay 2,92 10.89 .
1084 Taxi 0 6.33
Ground 217.38 1343.53 7 . 0062} -
Average . 0082
1 Jan, - Cravoational 1.92 34.83
26 Jan. Fan .83 11.42 i
1268 Taxi 0 6.33 ..
Ground 177.32 1520.85 () . 0046
Average . 00460 °
TABLE 7
ELECTRICAL SYSTEM
5 Mar. - Conventional .00 .00
31 Mar, Fan .58 .58
1064 Taxi .98 .98
Ground 1711.32 3 .0169 177.32 3 . 0169
Average .0169 .018
1 Apr, - Conventional .00 00
30 Apr. Fan .58 1.10
1964 Taxi .10 1.68
Qround 200.83 366.95 3 .00T18
Average 00778
1 May - Conventional 2.00 2,08
31 May Fan .00 1.16
1984 Taxi 2.00 .68
Ground 208,00 804.908 3 . 00804
Average 00604
1 Jupe - Conventional 2.80 4.88
30 June Fan .00 1.8
1964 Taxi .22 3.0
Qround 208.50 1 .00480 803,48 4 00408
Average . 00480 00498
1 uly - Coaventional .00 4.80 .
3 Nly Fan N ] 1.0
1084 Taxi .00 3.9 .
QGround 229.30 1032, 78 4 . 00387
Average . 00397 :
“




l > THIS PERIOD CUMULATIVE
- i FAIL- PAIL-
' PERIOD MODE |TIME(HOURS)| URES | RATL | TIME (HOURS) | URES
ELECTRICAL SYSTEM /Continued Table 7)
1 Aug. - Cmemonll .00 4.58
l 31 Aug. Fan 1.17 1 |.855 3.08 1
1964 Taxd .00 3.90
Ground 212.30 1245.08 4
I Average .888
1 Sept. - | Coaventional 1.87 6.26
30 Sept. Fan 1.00 1 |1.00 4.08 2
I 1064 Taxt 2.43 6.3
Ground 211.12 1466.17 4
- Average 1.00
- 1 Oot. - Conventional 3.00 9.24
31 Oct. Fan 1.67 5.75 ‘2
ve 1964 Taxi 0 6.3
: Ground 354.75 8 |.o228 1810.92 12
-* Average . 0220
1 Nov. - | Coavestioaal 8.67 17.92
. 30 Nov. Fan 1.2 7.6 :
1984 Taxi .00 .3
. Ground 403,33 2214.18 12
; Average
- P
1 Deo, = | Comvestional 16.00 3.9
31 Deo. Faa 2.02 10.59 3
by 1904 Tax .00 6.3
F Oround 433.30 1 J.o0as1] 3eet.48 13
f - Average . 00331
{ oo 1Jan. - | Conveational 1.3 u.u
| 26 Jaa. Fen .69 11.42 2
N Sl 198 Tax .00 6.3
s Grousd 383,32 2 [.coses] 300077 T
) Average . 90668
s.%
o
43
. TABLE 8
ﬁ. HYDRAULIC SYSTEM
>l 6 Mar. - | Conventional .00 .00
31 Mar. Faa .88 N ]
r 1904 Tax .0 .00
Qround .32 ».38
' Aversge

4




THIS PERIOD

CUMULATIVE

TIME (HOURS)

FAIL-
URES

RATE

TIME (HOURS)

FAIL-
URES

HYDRAULIC SYSTEM (Countinued Table 8)

.00




l. » THIS PERIOD CUMULATIVE
-¥ FAIL- FAIL-
l PERIOD MODE TIME (HOURS)] URES | RATE | TIME (HOURS) | URES
HYDRAULIC SYSTEM (Continued Table 8)
l 1 Nov, - Conventional 8.67 1 116 17.92 1
30 Nov. Fan 1.92 7.67
1964 Taxi .00 6.33
Ground 203,23 1125, 62 5
Average .118
1 Dec, - Conventional 14,17 32.92 1
I 31 Dec. | Fan 2.92 10.69
1964 Taxi .00 €.33
: Ground 217.38 2 1.009200  1343.53 7
i - Average . 00920
p Tt 1Jan, - | Counventional 1.92 34.84 1
P 26 Jan. Fan .83 11.42
: 1965 Taxi .00 6.33
.o Ground 177.32 3 .0189 1820.85 10
] Average .0160
.
. TABLE 9
~ COCKPIT SYSTEM
.. S Mar. ~ Conveational .00 .00
: 31 Mar. Fan .58 .50
- 1084 Tad .98 N _ ]
Ground 09.32 9.32
" Average
) 1 Ape. - Conveational .00 .80
e 30 Apr, Fan .58 i.16
1984 Taxi 19 1.68
“'.4 Oround 108.83 184,06
* Av
$ erage
é 1 May- | Coaveatiosal z.08 1.00
31 May Faa .00 1.16
] 1984 Taxt 2.0 e
e @ Cround 104.00 | . %0.9 1
l Average .
1 June - le 1.89 .00
30 June Fan .00 1.4
1984 Taxt .22 3.9
QGround 104,80 40.e8 1
l Aversge
- )
{ ’




THIS PERIOD CUMULATIVE
FAIL- FAIL-
PERIOD MODE TIME (HOURS)] URES | RATE | TIME (HOURS) | URES | RATE
COCKPIT SYSTEM (Continued Table 8)
1 duly ~ Conventional .00 4.58
~ 31 huly Fan .15 1.91
' 1964 Taxd .00 3.90
Ground 121.30 524.76 1 . 00101
Average . 00191
1Ag. - Coaventional .00 4.58
! 31 Aug. Fan 1.17 3.08
1964 Taxi .00 3.90
Ground 108.30 633.06 1 }.00158
Average . 00158
1 Sept. -~ Conventional 1.687 6.25
30 Sept. Fan 1.00 4.08
1964 Taxi 2.8 .33
Ground 107.12 740.17 1 . 00138
Average . 00135
1 0ct. - Coaventional 3.00 9.26
31 Oct. Faa 1.67 .75
1964 Taxi .00 6.33
Ground 102.78 ' , 0100 922,92 3 . 00328
Average L0108 . 00335
1 Nov. - Conveational 8.67 17,92
; 30 Nov. Faa 1.92 .67
1984 Tax) .00 “n
: Cround 0.3 1126.18 3 . 00268
i Average . 00266
: 1 Dec, - Conventional 4. 17 3.9
31 Dec. Fan 2.0 10.80
; 1984 Tax .00 6.3
Ground 2117.3¢ 2 .Mege 1343.83 ] . 00372
H Average . 00020 . 00372
1
LJan, - | Coavestional 1.92 M.
26 Jan. Fan .83 .42
; 1es Taxi .00 (X
Ground 177.32 2 .13 1830.88 ? . 00489
Average 01 . 00480
£
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TABLE 10

LANDING GEAR

THIS PERIOD CUMULATIVE
FAIL- FAIL-
PERIOD MODE TIME (HOURS)| URES [ RATE | TIME (HOURS) | URES | RATE
LANDING GEAR
5 Mar. - Conventional .00 .00
31 Mar. Fan .58 .58
1964 Taxi .98 .98
Ground 1.32 1 . 758 1.32 1 158
Average . 758 .768
1 Apr. - Conventional .00 .00
30 Apr. Fan .58 1.16
1964 Taxt .70 2 2.86 1.68 2 1.19
Ground 1.63 2.95 1 339
Average 2.86 1.529
1 May - Conventional 2.08 2.08
31 May Fan .00 1.16
1964 ‘Taxi 2.00 3.68 2 .543
Ground .00 2.96 1 339
Average .00
1 June - Conventional 2.50 4.58
30 June Fan .00 1.16
1964 Taxi .22 1 4.58 3.90 3 . 169
Croumd .50 J.48 1 . 200
Average 4.88 . 089
L duly - Coaventional .00 4.5
N Yy Fan .18 1.0
1984 Taxi .00 .0 3 .1
Ground 13.30 1 L0182 16.78 | )
Average . 0752 . 800
1 Avg. - Conventional .00 4.08
31 Awg. Fan 1.17 3.00
1984 Tant .00 3.00 3 160
Qround 4.3 N8 ] . 0080
Aversge . 0040
i Bopt. - Cosventional 1.7 $.28
30 Bopn . Fan 1.00 .0
1904 Taxi 5. ] . 308 .3 4 . 638
Grouad 3.12 50.17 2 N ]
Average .308 n«




THIS PERIOD CUMULATIVE
FAIL- FAIL -
PERIOD MODE TIME (HOURS){ URES | RATE | TIME (HOURS) | URES | RATE
LANDING GEAR (Continued Table 10)
1 Oct. - Conventional 3.00 9.25
31 Oct. Fan 1.67 5.75
1964 Taxi .00 6.33 4 .832
Ground 2.75 3 1.09 26,92 5 .186
Average .818
1 Nov. - Conventional 8,67 17.92
30 Nov. Fan 1.92 7.687
1964 Taxi .00 6.33 4 .632
Ground 3.23 2 .619 30.15 7 .232
Average .619 .864
1 Dec ~ Conventional 15.00 32.92
31 Dec. Fan 2.92 10.59
1964 Taxi .00 6.33 4 .832
Ground 1.30 31.45 1 .223
Average . 855
1 Jan. - Conventional 1.92 34.84
26 Jan. Fan .8 11.42
1965 Tuxi .00 6.33 4 .6832
Ground 1.32 32.717 7 214
Average .84
TABLE 11
PROPULSION-POWER PLANT SYSTEM
5 Mar. - Coaventionsl .00 .00
31 Mar. Pan .58 .58
1904 ‘Taxi .98 .5y
Groumt .32 2 1.62 1.32 H 1.62
Averags 1.82 1.52
L Apr. - Convestivpal .00 .00
30 Apr. Fan .58 1.18
1964 Faxi .70 1.48
Urouad 1.8 2.9 2 .678
Average ' 478
-
1 May - Coaveativasl 2.08 2.0
31 May Fan .00 1. 18
1984 Tuaxt 2.00 3.8
Groum) .00 1 2.9 3 1.2
Avorsge ..
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: ' THIS PERIOD CUMULATIVE
FAIL- FAIL-
. l PERIOD MODE TIME (HOURS)| URES | RATE | TIME (HOURS) | URES | RATE
: PHOPULSION-POWER PLANT SYSTEM (Continuec Tuble 11)
t l 1 Junc - Conventional 2.50 4.58
¢ 30 June Fan .00 1.16
: 1964 Taxi .22 3.90
Ground .50 3.45 a |.e70
I Average .870
t
‘ 1 July - Conventional .00 4.58
31 July Fan .75 1.91
I 1964 Taxi .00 3.90
: Ground 13.30 16.75 3 .17
Average 179
¥ I 1 Aug. - Conventional .00 4.5
31 Aug. Fun .17 3.o08
; 1964 Taxi . 3.90
: I Ground 4.30 21.05 3 143
Average . 143
N ol
' I 1 8ept. - Conventioe ! 1.67 6.25
o 30 Sept. Fan 1.00 4.0
1964 Taxi .49 8.33
Ground 3.12 H.17 3 . 124
: I Averuge 124
' 1 et - Cunventionat 3.00 9.25
I 31 Oet, Fan 1.6 515
o 1964 Taxi .00 6.3
; Gruund 2.1 6.9 3 L
I Average YT
o 1 Nov. - Coavostional Y] 17.92
5’ 30 Nov. Fan 1.8 7.67
S 1964 Taxi .08 4.33
IL Groum) 31 30.18 3 Lows
4 EH Average . OPes
| 128 ==
£ I:. 1 Dec. - Conventional 15. 80 31.92
3 31 Dee. Fan .M 10.59
) > 184 Taxi .0 .23
3 lc Ground 1.3¢ 31.43 3 . OpG4
Aversge . GBS
-p
" ¥
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THIS PERIOD CUMULATIVE
- FAIL- FAIL-
PERIOD MODE TiME (HOURS)| URES [ RATE | TIME (HOURS) | URES [ RATE
PROPULSION-POWER PLANT SYSTEM (Continued Tablell)
1 Jan. - Conventional 1. 42 34. 34
26 Jan. Fan .83 11.42
1965 Taxi 00 6. 33
Ground 1.32 32.77 3 . 0915
Averuge . 0915
TABLE 12
PROPULSION-FUEL SYSTEM
5 Mar. - Conventional .00 .00
31 Mar. Fan .58 .54
1964 Taxi .98 .98
Ground 1,32 2 1.52 1,32 2 1.62
Average 1.52 1.52
1 Apr. - Conventional .00 .00
30 Apr. Fan . 58 1.16
1564 Taxi .70 1.68
Ground 1.63 2,65 2 .678
Average .678
4
1 May - Conventional 2.08 2.08
31 May Fan .00 1.16
1964 Taxi 2. 00 J3.68
Ground .00 2.95 2 .678
Averago .678
1 June - Conventional 2.50 4.58
30 June Fan .00 1.16
1964 Taxi .22 3. 90
Ground .90 3.456 2 .580
Average . 680
i July - Conventtonal .00 4,58
31 Suly ¥un .15 1.91
154 Taxi .00 3.9
Ground 14.30 i . 0752 16.75 3 17
Average .075¢ 178
| Aug. - Conventional , 00 4,68
a1 Aug. Fin 17 J. 08
1964 Tuxt .00 3.90
Ground 4. 30 1 L2348 21,05 4 . 190
Average L 238 . 180
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N THIS PERIOD CUMULATIVE
% FAIL- FAIL-
: ' PERIOD MODE  |TIME (HOURS)| URES | RATE | TIME (HOURS) | URES |RATE
13 PROPULSION-FUEL SYSTEM (Continued Table 12)
13 ' 1 Sept.- |Conventional 1.67 6.25
| § 30 Sept, | Fan 1.00 4.08
! 1964 Taxi 2.43 6.33
: Ground 3.12 24.17 4 | .185
; l Average . 163
¢ i0ct, - Conventional 3.00 9. 26
‘ l 31 0ct. |Fan 1.67 5.75
‘ 1964 Taxi .00 6.33
3 Ground 2.75 2 L7127 26, 92 6 | .223
l Average . 727 . 223
3 ! Nov.- |{Conventicnal 8.67 17.92
k 30 Nov. Fan 1.92 7.67
I 1964 |Taxi .00 6. 33
b Ground 3.2 2 .819 30.15 8 | .265
; E. Average .619 . 286
I 1 Dec.- {Conventional 15.00 2 .133 32, 97 2 . 0807
31 Dec. |Fan 2,92 10.59
L 1964 Taxi .00 8.33
£ I Ground 1.30 1 . 769 31,45 8 | .286
3 Average . 902 . 3467
i 1 Jan. - Conventional 1.92 34. 84 p L0574
I 26 Jan, Fan .83 11. 42
1 1965 Taxi .00 6.33
{ Ground 1.32 4 |3.03 32.77 13 { .397
_ E I Average 3.03 . 4544
I TABLE 13
= PROPULSION-MISCELLANEOUS SYSTEM
3
I é- 65 Mar.- | Conventional .00 .00
a 31 Mar. | Fan .58 .68
z. 1964 Taxi .98 .98
Ground 1.32 2 1.52 1.32 1.8
I «: Average 1.62 1.63
>
i ¢I 1 Apr.- ] Conventional .00 . 00
l 30 Apr. Fan .58 1.16
1864 Taxi .10 1.68
Ground 1.63 2.96 3 | .e18
l Average .678
P
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‘THIS PERIOD CUMULATIVE
FAIL- FAIL-
PERIOD MODE TIME (HOURS)| URES | RATE | TIME (HOURS) | URES | RATE
PROPULSION-MISCELLANEOUS SYSTEM (Continued Table 13)
1 May Conventionsl 2.08 1 . 481 2,08 1 . 481
31 May Fan .00 1.16
1964 Taxi 2.00 3.68
Ground .00 2 - 2.95 4 [1.36
Average . 481 1.841
1 June - | Conventional 2.50 4.58 1 .218
30 June Fan .00 1.16
1964 Taxi .22 3. 90
Ground .50 2 4.0 3.46 6 11.74
Average 4.0 1.958
1 July - Conventional .00 4.58 2 .218
31 July Fan .15 1,91
1964 Taxi .00 3.%0
Ground 13, 30 16. 75 8 . 358
Average .576
1 Aug. - Conventional . 00 4. 54 1 .218
31 Aug. Fan 1.17 3.08
1964 Taxi .00 3,80
Ground 4.30 1 .23 21.05 ] .333
Average .233 .551
1 Sept. - | Conventional 1.67 6.25 1 . 160
30 Sept. Fan 1.00 4.08
1964 Taxi 2.43 6.33
Ground 3.12 1 .321 24.17 8 L33
Average .32 . 481
1 Oct, - Conventional 3,00 9.25 1 . 108
31 Oct. Fan 1.67 6.76
1964 Taxi .00 4.3
Qround .7 3 1,09 26,92 11 . 409
Average 1.09 817
1 Nov, - Conventional 8,67 17.93 1 . 0688
30 Nov. Fan 1.02 X .531 7.67 1 . 130
1064 Taxi .00 6.3
Ground 3. 3 .819 30.18 13 . 431
Average 1.140 .8108
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THIS PERIOD CUMULATIVE
FAIL- FAIL-
PERIOD MODE TIME (HOURS)] URES | RATE | TIME (HOURS) | URES | RATE
PROPULSION-MISCELLANEOUS SYSTEM (Continued Table 13)
1 Dec. - Conventional 15. 00 32,92 1 . oao:ﬂ
31 Dec. Fan 2.92 10. 59 1 . 094
1964 Taxi .00 6.33
Ground 1.30 2 1.64 31. 45 15 . 477
Average 1.5¢ . 8017
1 Jan.0 Conventional 1.92 34. 84 1 . 0287,
26 Jan. Fan . 83 11. 42 1 . 0876
1965 Taxi .00 8.33
Ground 1.32 2 1.52 32,1 17 .519
Average 1.52 . 6353]
TABLE 14
PARACHUTE SYSTEM
I_l Nov. - Conventional 17.92
30 Nov. Fan 7.67
1964 Taxi 8.33
Ground 30.15
Average
1 Deo, - Conventlonal 15,00 3 .200 32.92 3 . 0911
31 Dec. Fan 2,92 10.69
1964 Taxi .00 6.33
Ground 1.30 . 31. 45
Average . 0811
1Jan.0 Ccouventional 1.92 34. 84 3 . 0861
26 Jan, Fan .83 11.42
1865 Taxi .00 6.33
Ground 1. 392 32. 71
Average . 0861
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TABLE 15
XV-5A CUMULATIVE FAILURE RATE SUMMARY

SYSTEM
LANDING TOTAL AIRCRAFT
PERIOD MODE AIRFRAME | CONTROLS | ELECTRICAL| HYDRAULIC | COCKPIT| GEAR |PROPULSION| PARACHUTE | (System Summation)
6 Mar, - Caoavestionul
3% Mar. Fan
1844 Taxi
Qround . 0169 .158 4.66 6, 3349
Totad . 0169 . 760 4.38 5.349
1 Apr. - Caxvestions)
30 Apr., Faa
1804 Taxl 1.1y 1.19
Ground L3 . 00776 . 338 2.0 2.119076
Total 3N . 00776 1.529 2.034 3. 00075
1 May - Convuntioanl .481 481
31 Muy Fan
1964 Taxi 543 043
Jroune R )] . 00504 . 00338 . 339 3,069 3.74778
Total .e78 . 00604 . 00335 . 882 3.639 41N
1 June - Conveational .9 .218
30 Junu Fan
it 1) Taxi . 168 . 169
Growd .878 . 06y . 90408 . 00348 .00 3.1 4.369904
Total .07 N . 00498 . 00248 1. 068 3.408 5. 34004
1 July - Conventional it .2310
31 July Faa
1984 Taxi ) T .68
Ground AN . 00873 . 0aN? . 001} . 00181 118 .ne 1.08711
Total A . 00872 . 00387 . 00161 . 00191 . 888 . 93¢ 2.01411
1 Aug. - Coavestional 218 .18
31 Aug. Fan . 326 .86
1964 Taxi . 188 . 189
Grownd . 1900 00474 . 00331 . 00474 . 00158 . 60 N 98527
Tatal . 1900 . 00474 . 32821 , 00474 . 00)G8 . 4840 . 884 2.83137
1 8cpt, - Convestiona) , 180 180
30 Bopt. Fan + 490 400
1964 Tuxi 832 . 033
Ground . 1088 . 00840 . 00178 . 00406 . 00128 . 0H2e 640 .88 48
Totel .less . 00840 . 49275 . 00408 0038 L The4 180 3.10048
1 Out. ~ Conventional 108 108
N ot Fan il IRl
1984 Taxi 893 N
Qround L1488 . 0842 , 00483 . 00648 . 00328 L) 14 1. 00033
Total . l488 . 00642 . 35483 . 00642 . 00328 818 .48} 2.10022
1 Nov. - Convuntions) . 0688 . 9h68 .He
30 Nov Fan . M0 130 . 3980
1804 Taxi . 833 .8
Qround L19 . 00833 . 00842 . 00444 . 00das 838 . Te08 1. 1ed¢
Tolal Rty . 00033 . 8048 . 88084 . 00468 .04 .pel3 3.31864
o -
Convontional L0304 .80 .o it
an L . 0044 3894
Taxi .032 633
CGround 1690 . 90621 . 0049) . 00041 N i i Nl 1.36040
L‘l‘nnl . 16800 . 80631 Lleav . 0to81 . 00373 . a6 1.0034 N 11} 3.30738
1 Jun. - Coaventional . 0dg? . Ukl . 008l . 00y
%3 Jan, Fan ) .0uTe .30
1948 Tax) .08 .83
Qround . 1nas . 00480 . 00600 . 00sse . 00480 811 [ 1IN
Tota) . 1836 . 00480 . 18009 . 03838 . 00480 L] [Tt ] . 088} 1. 40008
160
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10.0 COMPONENTS

All components used have been qualified for use in this aircrafi accord-
ing to provisions of the contract. The parts have, by one procedure or
another, been found satisfactory for flight according to requirements

set up by the Design Engineering Group. These procedures were a8
follows: use of MIL-STD-QPL parts, use of aircraft industry STD parts,
use of parts as designed with test procedures required by Design
Engineering Group, and by similarity to parts already qualified for use
on other aircraft.

Proof of compliance for parts was accomplished by several methods;
certification, designers witnessing required tests, tormal reporting of
proof tests, and common agreement of the manufacturers capability plus
functional tests in the case of some industvry standard parts.

Listing of these parts and methods follows:

i
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TABL

E 16

COMPONENT QUALIFICATION DATA

MPFG. PART NO, SPECIFI- QUALIFICATION
MFR. & CODE NO. PAUT NAME CATION COMPLIANCE DATA STATUS
MAIN [LANDING GEAR SYSTEM - MAJOR COMPONENTS
15191000 MLO Asey. SCD L0001 { Ryan Sta.ic Test Repcrts 648026, Qualified
Loud Co. 831B048, 648024. Rysn Installed Sys-
Codr 76682 tems Functional Test Report 64B088.
Ryan ITO 1112. Loud Acgeptance
Test Procedure 1510LTPI.
1510L100 MLG Shock Strut SCD L0001 | Loud Drop Test Procedure 1510LTP4, Qualified
Loud Co. Assy. Rov. "A" Loud Drop Test Report
Code 76662 15:0LTR-1, Rev. "A" (Also Published
ud Ryan Report G4B044)
942106 (PD 2212) Rruke Assy. 8CD L0003 | Goodyuar Test Plan GA 1094R Qualified
Goudyear Goodyvur Qual. Test Report GA 118R
Code 173842
96332203 Main Wheel SCD L0003 | S8amo as Above Qualified
Goodyear Assy.
13042
20 x 4.4 Type VIl Tire s6DIITY Standurd Equipmornt Qualified
PR
Coodyear
Code 73842
AGI230 MLG 2-Position SCD Lo0%S | Viasun Tost Procedure HQTP 62380 Qusiified
Visua Actuator Rysa ITO 1130
Codo 91130
ASi3Te MLG Docr NCD Love6 | Viasvn Test Pracodure PTP-62276 Qualtfied
Vissoa Actustor Rysa ITO 112y
Codw 91130
A§227e MLG Undatch SCD 1A00W | Vineon Tust Pracudure PTP-62378 Qualifted
Vimon Actustor Ryaw ITO 1169
Cos $11 0
- .
24030 Braks Master S8CD Kodli| Stwrer Acospluace Test Provodure Qualified
Rerer Cyl 24320
Codv 99843
NOSE LANDING GEAR - MAJOR COMPONENTS
18118100 NLO Bhoch Btrut SCD LOV0E | Ryun Btatic Toal Hoports S4H028, Qualified
Loud Co. Asay, S4102¢, CIHOY, Hyun Instullod Byn-
Codw 78082 tems Functions) Test lwport 641089,
Ryua ITO 1113, Louwd Avouplance Tust
1641 LTP-), Lawd Dirop Test
Fruvedury 1811 LTP4 New. “A",
land Urop Test Roport 1830 LTR-1,
Shimmy Tor tummary (tne Tont)
S
18111200 NLO Deag Brece SCD 14083] dame as 1811L1IGG Qualifed
{.oved Co. Asay.
Codw 75482
1811 L.408-000 Shimmy Damper HCD LO002| Bhimmny Toet Bummary. Qualified
Lowd Co. Aswy. Loud Qual. Test Ruport 1811-LTR-2
Code 70082 Ay, "A" Lowd Avceptance Test
Provedure 1M LTP-8

162
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TABLE 16 (Continued)

l', *
hall 4
MFG. PART NO. sPECITI- QUALIFICATION :
l MFR. & CODE NO.| PART NAME CATION COMPLIANCE DATA STATW <
NOSE LANDING GEAR SYSTEM - MAJOR COMPONENTS (Contlaued) : .
ta
s-1124 [Nou Whesl Ansy. | 8CD L0004 | Ryan 1TO 1118 Qualified e
8. F. Goodrich Stmilar o Goodrich 3-833 (Used on
Code 97183 T28 Atrcraft)
18 x 4.4 Type Vil- [Tire FAA 18 x 4.4 - 10TL-200] Standard Qualified
10 PR Equipment
I 8. F. Goodrich
Code 97153
LANDING GEAR SYSTEM - MISCELLANEOUS COMPONENTS
T AMEN1-8 Limit Switch M821321-2 Qualified
- Microswlich
Code 91929
= 401N -8 Limu Swivh M821321-1 Qualified
Mioroswitch
- Code 91829 .
. DREM 6-960 Rod End Mig'r. DOD Appror.+ Source T Qualified
Southwest Products Southweat Preducts Ruport D-138A
- Code 41376
DREM 4-080 Rod End Mig'r. DOD Approved Nuuwroe Qualified
- Soulhweast Products Southwest Products Report D-138A
Code 01378
-~
NOTE: Hydranlic sad Pasumatics (iystom Componeuts Assesisiad
' with Laading Gear Oparatien are Listed la "Nydraulios and
* Contrela® Secticn.
-
Poee COCKPIT SYSTEM
]
L ABOM)Y Landiag (var Peading
Avioaics Produots | Coatrel
Coryp.
; . Coude 99148
P Rin-3 Masier Cavtion 1T0-1140 This Unit ie Qualified for use oo Qualifed
Radar Relay, . P00 and 08 ouch o Conatdered
D Code 09712 Quaiified for wse oo XV -§A when
] eted W ITO 1140
o
\° Reary Fire Ware, MIL-E-4272 | Bimilarity 10 RIGE qualifind fs¢ wee Qualthed
#* Radar Relay, e, o Neretr P-6.
i . Cota o712
z. "N Anmmelotor Pussl | MIL-E-8272 | This Unit & Qualified for use e Qualified
<8 Redar Relay, ne. 110-11e0 71000 and s oush o Oveotdered
i Code 0112 Qualified for wse ea XV-04 wine
Tooted te 170 1000.
Rl [ ) To Mot Qualified for was sa Cunvale 300 end Quakified
Nolhoringten MIL-8-0748 | Thorehy Considured Qualifind for use
Catle STV -t RV-4A.
LW-3 Bjeotien Sont RASSN-88 Gov Morth Amertses Aviasion- Qualtitod
WAA, Colembus Cobumbus Repert Ny, NASIN-4IY
l Oede S0IM2
-y
‘ 5
- .
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TABLE 16 (Continued)

MPG. PART NO. SPECIF1- QUALIFICATION
MFR. & CODE NO. PANT NAME CATION COMPLIANCE DATA STATUS l
COCKPIT SYSTEM (Continued)
0508 ’m ttafic Tube SCDTO001-3 | Qualified for use oa olher contracts Qualified
Rosemont Eng'r'g. IT-0188 QZ2C).
Co.
Code 84174
TUTIS Valve 3-Way 1318T Test Procedures Acconding 0 T318T Qualified
Ronson Hyd. Unita Were Conductod asd Found Sutisfactory
Code 90216
DIWB Inatastanoous FAA TBO This Imstrument s Qualified for wie ca Qualified
Specialitios, Ine.  [Vertical Spoed Cua SAR Commercial Aircrafl and Uader
Code 10838 indicsior ASIM SL29084 fur Army lislicoplers.
1201124 -0 H Sensor NAS2H-62 Tustod sm) Found Acowplable See Qualified
Pacific Soleatiic IT-302 1T 302 dated 4-2-43
Codde 43482 '
801248 Unt-Directios SCD Koo11-1 | Simtlar ‘o Busieg 707 Purt Di0-4072) Qualtified
Adumas Rite Mig.  {Brabe See American Laboratories Rep
Co. MISNI
Code 80477 l
4TLAS-) Prolteh MIL-8-2980A] Similar o MS24528 But With u Modified Qualified
Microswitoh Hamtle
Cude 91929
Wikl piwitch MIL-8-8743 | Uonighud sad Musle 16 the Ksoontisle Qualitied l
Custrals Co. of ol s ML Spec sl Testod Funo~
Amwrea thamally. s Use a Blmilar
Cule 96482 installatiuns
~ et l
WUNIZIGAR el Flow Ponling
ttwrul Blovir [~
Conde 97424
e e — e 4 - b - e e
1045-0-4 Prossure This Wsirunwal s New sa BUH XK Qualfied
U N Uewgv L ¥Fetupt bor Dul Cussbbrod Qualind
U #5008 by Banilar iy
S S, it — - o - - T G s e e —— e ——— st e A et
b TR Mydrunit Thia lastrunwst is Neuw o0 P/N Yunlifind
Nk COawge Proseury SHIT0-4 Yaalid lor Uue s the
Cole 50000 lachhwod Livcire
e siatte PO U ST U S U S ———— S ]
ATL-2D) b 11020004 Smilar ta MNIASTS WA W pmitfind. Qualtind
Mereroited The Unly thillervare i the Dtohie
Lwiv $i0s Shapy
S . D P S N -
ITL M -7 BRIL.-B-J060A] Bimilar W MRZAEC Whieh b & Nualifed
Moresriteh Yuoliivd sotieh. The Utilervave is
Cwin 81008 e (iutohile Whaps.
i sl . e . -
nee Mevle enigned ond Made (o he Reguiromentd Qualifid
Cudirvie Co. of B0.-8-0742 | of ML -8-674) an? In Use en Many
Amwtins lastalisttene  Thie Botsh wae
Nolivowd Adugmute ]
"I aeb ML 84142 | Bame a0 Abwwe
Cumswie Co. of
Amatien
[s X °_ §
— | — 4»
) l
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TABLE 16 (Continued)

MFG. PART NO. sPECITL- QUALINCATION
MPR. & CODE NO. PART NAME CATION COMPLIANCE DATA STATUS
MYURAULICS AND CONTROLS SYSTEM
085 -13008 Tvo Actunior- 8CD Heota Qualified in Ascordnace with Meag Qualified
Moog Serve- Exit Lowver (Fwd. ) Repurt Mites2
Code 94007
001 -13000 Vo Astuator- ACD HOo82 | Qualifind 18 Acce. dance with Meeg Qualify
Mooy Servo- Kxit Louver (AR) Rapart MR4ST
mechanioms, Inoc.
Code M7
sle-3re |Servo Actustor- SCD N003 | Qualified in Accerdance with Meeg Qualified
Moog Bervo- Pisch Fas Centrel Repart MR
mechanloms, o
Cods 50007
23370 Resorvolr - SCD Wesed | Design agpreved by Birves- Qualifind
Serer Eng. & Mig. |Bootetrap Qualificsiiss Censiotnd of Presl a8 Neted
Co. Prosoure Toat (o 4503 PBI, Perform-
Codw 30843 ance Teste por Dug. & Agprea. 400
Weurs of Operstion Under Simulated
Fiigt Coaditiens es the Conirels
Simulater.
1003 |M-Vuhh SCD NONS? | Qualifiostine Cosninted of Qualifd
Kallagg Dv Diaplacement Testing o Rysa Mupart IT 1100 onid oo Nated
Amoricen Broke Appren. 300 Meurs of Qporaiien Under .
$hae Ce. Simuisied Fiight Conditicns en the
Cusie 70050 Cuntrele Simulater.
[} [Surve Actuater BCD 0010 | Borien Rupert Me. 1133 Qualtfnd
Bortes Preduste Atloren Bsast
Code 32188
" Ruetrietere - BCO NMNIE | Quulifid by Apprea. 580 Moure of Qualifed
Aymlite Corp ¥iusd Ortfive end Qperetive Uster Biowlated Vgt ol Notnd
Cwiv o800 One -Way Cusdttions e the Camtrels Biavioter
0-12000 Avtuntor, . - 8CD 00813 | Unalys Approved by Siress- Qualiled
Prosser bulustriss. | Thrust Spailar Gealifiusiiun Cansioind of Prost o0 Mated
s, Pressere Tuet W 400 PUE & Partere-
Cede 1940 ante Toute por Prossee Regart
1T9e-1 0000
1308363302 | Assumulotus MEL-A-000% | Quaitited & Adsordanss v Quabied
Parber -Naniftn LA 2007 pae Parbor -laaniits
Corp Dug. 1300-003008
Osde 408
1730008 Yiter Aoy M-30700-4 | Quaiifind by Nimliartly & Proviowmiy Quiiied
Sumils Owrp Quadiiind Uniks plus Agpren. M0 Sowrq .00 theand
Code 90000 of Qporution unine Ghmubated Pigghe
Cundittene o0 the Contruls Shmudoder
1750000 Filter Asmy MD-20730-4 | Qualifted by Mimilarty ® Proviswiy Quiting
Bembls Oovyp Qulihel Uaite ghas Agpres. 000 Bowrd o0 Noted
Ouile 00000 of Qyoreiton wnder Sioadeiod Figgha

Condiions oa e Ounisels Shmadaior
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TABLE 16 (Continuad)

i MPO. PART NO. scin- QUALINCATION
" MFR. 4 CODE NO.|  PAHT NAME CATION COMPLIANCE DATA TATI
HYDRAULICS AND CONTKOLS SYSTLM (Contimed)
1720082 ]Hhor Asey. Dwg. Same a5 Above Quniified -
Bewdia Cory - Line 173282 ue Noted
Code 00029 .
A-G2i8 Wielil Valve Dwy. Qualification Cousleted of Proof Qualified
Viesss Bug. Ce. A-S2104 Presssre Tust md Performance Tesls s Noted -
Cude 91136 puer Nywa Report (T . 107 plus Approa.
500 lours of Upurstivs Himder Sienu- .
isled Flighe Comitions ca the Comtrols
Simulstor.
A-81852-Dn Robwl “alwe ) - 20003 Punctionsily Equivalent 0 M8 29883 Qualified
Vinsea Mg (0. por Veasor's Dwy.
Code 81136
A-30 Pewrity Valve ey el it by Similacity -hivalical o Qualifind
Vs M:;. ‘s A-83007 A48T Encopt Prossurs Seillings
Cwin B} W which was Quuiliwd to Convair tpec,
CVAC »-umtis 9"
e o »—’-ﬂ——- R Y e e
W2 Mt Valve Dwy. Parker Moport Nu, 3434317 Qualifind
Pussor Alvcral Lo, n2-037
Codn S3880
- - — - st et e+ mmms
H3-s L-hew Vulve fhog hatiivd by Shatlarity to Abeve plus Qualttied
Pardeor Alccrall Co. X3-00T8 Apgpcua 580 Hours of Uperstion Unier a6 Neotad
Gl Weag Bueistcd Flight Comiiione o the
untrols Bmnlstor
SN S . e e v+ < eatn e e R e e g
[T TEY LM Yiting Lang Yaslilivd by Bimiaray w Provivesly Qualitnd
Uwsnumt Kag. L. 103008 Quatifind ttaits plue Approa. 390 o Neted
Caie W98 Hours of Qpeintiva Under Alavalaiosd
Flight Cumlitiuns o0 the Unalcele
Nunmbates
SRS S o Y S - ran s .
et Pressnrs ooy Somm a8 Almre Qualifind
Custem Cwag Doife rcatial Sutnk | 120007 o Notad
Ok 7900
Subup O UURI N S USNRR. S - e < v b 1 e m
wiide [E'reasute Netich [T Tnise o8 Abure Qundtind
Cuntwen Cmsistvated [ It ] o Mot
Cwle W0
T Prossure Soiteh timg Wiles | Yenlitivd by Sluilacity & Provieesly [ *
Custom {umpetnaie Yualtiod Unite ghue Performunce Tootd o8 Nohnd
Cwde WOW vt Ryeh Brgeet 171008 .
S e Sann VI —-— e y
mitie Prossere Ruiich tleg. BUINIS] Seme oo Abwwe Qund ited .
Anbetn Luthpoon a8« ae Weted
(8 X
b . o . - - - . cd - e e et et - + o——
13000 it Veive ug. 12430 | Yueld gt Vesrdor's Test Rapuet Quad Wid
1 vinned sdsted mvy T.inw .
Cuntrwle ety
Lels Grtee
.. e ) . R W e e eommt et et ] .
[ Wl TERP 2 J Ndwd Volew uy (832 yealfied gov Vesndue 5 Repars Mo, &3 Quadifed
M Mg e .
Cude J00be
s> a
SRR IS, - X
\
L T3
-y
..
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TABLE 16 (Continued)

[ MFG. PART NO. SPECIFY- QUALINCATION
g ' ) WIFR. & CODE NO. PANT NAMLE CATION COMPLIANCE DATA STATUS
HYDRAULICS AND CONTROLS SYSTEM 1Contiamed)
- s I e ey e e e
3 R23800 Suries luou Asny. ARP 684A | Rusiswiien Hoport TRA-1634 Qualifiod
% Resistotios Corp.
<3 Code 98831
. L R [ N I
- 1810DA Valve Cumvsir 18180A (s Fusctiosally destical w0 Qualified
: fSaryral Eng. Corp. [Laming Guer Hpec. Sargeat No. SDA -3 Built to Coaveir
F Cods TH882 Lmergescy Paeu- | 8-oe3é4 ri108 tpuc. See Sargwol Report Nu.
) matic Bystc JEANI
S, R },_.,._, e e e e e - -
: 2725-118 Prossure Gaugr MIL-E-S2T¢A Mig. Bruchur: Nales Movement Mests Qualiiied
{ # l Roch Mig. Co.|lasdiag Gear Reywrements ol MIL-E-53T2A,
- Cude 51240 Emor. Paswnatic Proovdure |
y p— . . . - . —- - EE . . - - FRGIPIUS USRI — oy
ELECTRICAL SYSTEM ]
l Lie-T Actustor -Wing ban | SUD Eouls Vea. Q. U, T. Repuort N, 287 Qualfted
4 Abrborm Duor Lateh Vea. Tust Heport No. QUSLIS-?
i Code 31839 Hyan Test Repurt e 1T Hoe
. - . . | R
z YR Actuatuy - SCUEORM | Ven @ O T Hepurt Mo, 282 Qualifid
¢ ] Alrburer Atlosom Trim Yoa, Test Hoport No QUSLLZ2-32
: Code N100Y Hyan Test Roport Nu. 1T 1168
o . 4 e
: DIsIEe Actuator - MOy | vea. Q. O T Hopurt No. siow Quelifind
p EAMCO Wi Fles Apgmbia Nu, 11 et Ne, 2108
DR Cde 72020 Hyus ‘Tvel Hepurt No. IT 1187
i ,
o BVLL waee Actustus - VIUE | SCD P oot - 1f Vem, Qual. Uy Shwstainy W -3 .
Harbier Colman Nold Ti b Avtuatun
Cobr 8024 Ven. Teol Naprart No. KY L1342
bos Wysa Tost Meguart No. 1T 1138
: T
[ YL wad Actmsins - VIR BRI | Ve QU T Mupmert N, 2600340 Qualtiwat
PoE Barbet Colman Yaw fTie -3 Ven. Teet Hepurt No. 30¥1544 Poadtng
! l Caly 6034 Aenl, timit) | Nyan Teed Hogmort No. 1T 3130
| " . 4 - 4
Dl ) N10 ¢ nabe Actustur - VTUN. UK oM | veu. Yuul. by Wmitariy W -3 . g
EL . Martwr Colmen Pad Trim -8 Artuviar )
¥ L 1 Gt mane Von, Toal Megmart M. BYLISAA 3
- Ryon Tves Mepuart Ne T LI é
P ) BYLL seud Actustue - BUN B OES | Ven. Q.0 T, Nyt N AYLIMY Shund ifienition g
b 5 Morbe Culmsn | Thrust Vo Vea. Toat Regesrt Mo, SY01B8Y Posting j
A ' Uy G424 Nywn Toe! Nagurt M 1Y 1182
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' o 120 Avtmabs - RSN [ Sva 0T Magerta No. SN0 B 108 remT" W §
* Aittoatnr Rodler tiim Ven. Teat Noguaet Mo, QINLIO-40 3
¢ . ke S1a00 Nyam Trat Nogort B 1 5104 &
. e e Vollage Sreews MOIMEI | vre G U T Heguet Me. 14199 Yuelthentn)
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TABLE 16 (Continued)

MFG. PART NO,

MFR. & CODE NO.

PANT NAME

SPECIFI-
CATION

COMPLIANCE DATA

QUALIFICATION
STATUS

1.12-51
Alrborm:
Conde H103Y

R-s2ud
Alrborme
Code BI04y

UMDy}
Gen, Blee,
Conlee 0108246

Co,

ANZUGUIKCIZ0A)
tica, Elve. Co,
Coddee 01626

S21H0-4
Bewlix Corvp.
Code HI298

17-8-25

Eler, Storage Hatt,
Condes 11600

1dno2

Hedis Corp.

Codde 192415

17-71H
Arnold Corp
Conde 656470
HIROAX-6IT-VS
Bubeock Corp.
Cinde H2000

b
lll(1X-JMIIﬂ 26V
Bubewok Corp.
Cuddy ¥2050
HRIAX-1LDI4-20V
Huhooek Corp
Coeler N2000

20112-D-113
Aunlat (ENNA)
(XTI R/ LEL ]

DPH-T8,
hertmun Flee,
Cotky 74088

TSNV e 3

168

[Acluulor-
Alleron Drovp

Actuatur -
Piteihv Fan
nlet Louve

temerator -
eushlewn

Cont, Vinel -
Gomerator,
Nrushlens

Inverter
(MS21UNG-1)

Baultery -
Sitver-Znwe

Phuwe Atluptor

Trannformer

Reboy = Miggmetine
Tatehing

He luv - peprT

Hteluy - 4D

S e

Helay - Time
lay

Heduy -
Coninetur

ELECTRICAL

SCD Bouso

30D K omig

HHC-1s-1

WOC-1148-1

Mil-1-T00:

ALMEIE-14
(MiL.-13=11nl)

ML -1=G0080

MIL-T-27A
MIL,-E-52720

MIL-~#-HT57
MIL-R-26H0)n

MIL-I-bTHT
Mit.~it-2000n

ML -N-6707

b e o

ML, -F 5272

——

MiL~it-d100

SYNTHEM (Lunllmud)

Yo, Q.C T, lluport Nao, 291
Vun, ‘test Report No, QUSLIZ-6)
Ryun Test leport No, 1T 1106
Ven, Q. 0, T, Weport No, 304
Ven, ‘Test Report No, QS R-H284
Ilyuu Tout anml No. I'T 1174

Ven, han Tested & Quul hy ‘nmll.lruy
Prototype ‘Fests on Avroconvmander
Alrervait,

Hyan Test fleport Ne. 11 116GY

Ven. hus Tested & Qunl,
Prototype Tonting on Acrocominander
Alrerall,

l(yun Tust lh-poll Nou. IT 1170

Ryan Low Voltuge per Exhibit: -
Ven, ‘Test Report No, £SO 1474

Ven, Quain, by Similarity to Exluting
Nuvy & Alr Force Spoos. Extublt Typ
Cull uta Bul, 7-14000 Typo 8-25

- nd

by Simitarity

Von, Q1% 1., 7082 & in Addlllun Muuts

[PV ——

Quutifiod

[

om
Qualificution
Peniting

PR E—

Qualified

Qualified

RN

Quallftud

f e e

Qualifled

*Ven, Cortitien PPurt Wi Propurly
Supply Power to MIL=1-813315 Attitwke
Indicator for Which ha in Q, 82,1,
Exhibit Dw, X 1804489 & Spueus,

Ryun ‘Temt Ih-pml No, IT 11n

Vewtor Certities W Spoca=FExhibit
Vaelor Dwg. 161, 11, 004

Vewdar Ceetitien 1o Speees
Fovay Fuetor
Ilyun Tesl Heport No, IT 1124

Excupt for

Vendor Coertifion (o Spoes BExcepl for
Foi i Facloy
Hyan Test Hopoet No, IT 3126

S —

po—

[Rem————

< . e oo ousined

Quallfiod

e
Qualified

e ]

Quulified

PSP —

Qualified

Vanidne Certilies to 8poe Excopl for
Furmy Fucloy
Ryun Tont Neport No, 1T 1120

Qualiflud

Von, Cortities to MI1L<E=8271 las
Qual, Tor “"Minute Man® & " Titan"
Prujictn,

Itynn Tust Reporte No. 1T 3127 &

I'l' 1w

Qualified

Vun, Meotn MIL=-R-8) 00 I’humm for
Vorm Fuctor,

Rywn ‘Tent Repoel No, PR 1132

Qualified
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TABLE 16 (Continued)

MFG. PART NO. SPECIF1- QUALIFICATION
MFR. & CODE NO. PART NAME CATION COMPLIANCE DATA STATUS
ELECTRICAL SBYSTEM (Continued)
r:;ﬂ:!‘l Relay - Sensitive MIL-E-6272 | Vendor Csrtifies to MIL-E-5272 Qualified
Daystrom Corp. Set Point Ryan Test Reporis 1T 1141 & IT 1160
Code #8350
AU-0643 Siymal - Awdible MIL-8-8320 | Vendor Certifies to Dwg. Exhibit Dwg. Qualified
Jordsn Elec. Waraing No. D1-0263 & Funct, Simil. to
Code 01878 MIL-8-8320 Except for Frequency
324-28-2 Control Assy. MIL-D-7006 | Vendor & Bystem Qual. & In Use on the Qualifiad
Edison Co. (Fire and Following Aircraft: F-102, F-108,
Code 80088 Overheat Wing) DC-8, C-133, T, T-37, T-3, T-3,
F8U, F9F, B-70
90332 Dual Timer 12450-23¢ Ryan Q. C. T. Report 12469-230 Qualified
Ryan Aero. Co. Assy. .8 Bec Ryan Funct. Test Repori IT 0847
Coda 78022 Qual. for Alr Force on G2C Target
T108-10-88-C Conneotor ~ MIL-C-8016 | Vendor Certifles o Exceed 5015 Specs. Qualified
Packard Bell Elvo., Piug has Qual. for A E.C. Une (Bpecial -
Code 45413 High Temp. Comnector}
CARX-TYPE Cornectors - Elec. | MIL-C-8013 | Common Usage Where M8 50158 Type Qualified
Caanon Elec. Plug/Recaptacle MS 3190 Reg'd. Vendor Certifies to 8018
Code 71488 Similarity Exoopt fur M8 3190 Type
Pina
PTSE-TYPE Connectors - Elec. | MiL-C-26482] Common Usage Where Pygmy Type Qualified
Beadix-8oiatilia Plug/Raceptacie M8 3190 Roq'd. Ryan Evaluates “Beet Pygmy
Code 77030 Crimp". Vendor Cartiflus to 36482
Stmiflarity Except for M8 3190 Type
Pins,
PTE-TYPE Connectors - Elec. | MIL-C-36482] Limited Usage Where Installed Eqv'y. Qualified
Bondix-8ointlila Plug Hus Parent Co tor Requir t
Code 77820 Vendor Certifive by Bimilarity o 28483
D8-TYPE Connectors - Eleo. | MIL-C-2¢482] Limitad Usuge Where inatulied Equip. Qualified
Deutsch Co. Pl Hus Pareat Connector Requirement.
Code 17419 Vendor Coertifios tc 26483
e - - . U S, — .
A/B43-TYPE Comweotors - Elec.-| MIL-C-20482] Limlod Usuge Where Installod Equip, Qualified
Micrudot, Ing. Multl-pin Type Haw Paremt Connoctor Roquiroment
Code B827TH Vendor Cortilics o 20482
------- Terminale - r;dll‘-'l‘-‘lwu Vendor Muols MEL-T-7948 Al r Qualified
Amp, fuc. Wire - Eloo. Torminals 'sod Have MBIGUIE
Code 00770 Equivalents.
-------- Slueves - MIL-F-21608] Vendor QP’L. 2i608 Qualified
Thos, & Butle Grounding Bheath
Code 88730 J
SRR S U SRS S
820 GiN 1 Cublo-Eloo, MIL-W-8088 | Wire Mouts 5088 Excopt Has Hraided Qualiited
JEOUN ) Hpovtal Purpose Shicld
(Ryan Mat Code)
8H 20 Cuble - Eleo, MIL-W-7139 | Wire Muots 7138 Exvopt Has Bralded Qualified
T Hpocial Purpose Shiold
(Ryan Mat Code)
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TABLE 16 (Continued)

MPFG. PAAT NO. SPECITL- QUAUIFICATION
MFR. & CODE NO, PART NAME CATION COMPLIANCE DATA STATUS
ELECTRICAL SYSTEM (Contimuody
B20(1)N XXX Wire - Elec. MIL-W-16478] Procurement per QPL 1867% Qualified
(Ryas Mas Code) |Color Coded
Wi 8528 Thermocouple Lead | MIL-W-5445 | Voador QPL 5848 Qualified
Revere Corp. troa/Conat.
Code 80828
Wi st2e Thermooouple Lead | MIL-W-5448 | Veador QPL 8348 Qualified
Revere Corp. lron/Const.
Code 50828
WC 4122 Thermocouple Laad | MIL -W-5848 | Veador QPL 5444 Qualified
Revers Corp. Chro/Alum
Code 50825
wC 4583 Thermucouple Laad | MIL-W-6846 | Veador GP'L, 8848 Qualified
Revere Corp. Chro/Alum
Code 50828
MP 760 Series Ctroult Breaker MIL-C-8808 | veador QPL 5480 Qualified
Code 78374
U.8. Time PN Three Axis Rate Ryan 8pec. U.8. Tume Corp. Teet Procedure Qualifled
300068 - United Qyro Asssmbly 8CD-X-0014 | (U.B. T 1082)
States Time Corp. Rysa Ragurt IT-4108
Code 61618 U. 8. Timw Corp. Curtiicaticn of
Compllsace
SEPRSTRN R - —
Rysa Elvctronics | UtabUization Rysn Opec Rysa Avrwastical Co. Certifioatten of Qualified
P/N 50081 3-Q) Coniral Agsembly | BCD-X-0818 | Compllance
Code 07768
PROPULAION SYSTEM
1000828 -} Bellowe SCD Pesli -1 | Tesied i conjunc.ion with ;. B. Lik Qun find
Avrolles 1.0 m D, Fou Qualidiostion a8 0. £, Kveadale
Code te212 Teet Faclifty Appras. 130 houre
RIS USRS SISO P, e ane —
1 -000068 -2 Sellows 8D P33 ] Beme oo -} Qual e
it 8 Dis
Code 18222
DRSS WY SN SV
1-000026-3 Bellves BCD PORII<0 | Bume o8 -} Qualifing
104 b
Cudr 0212
PRSP WPLNU T SIS U U
1-000800 [ ] BCD PO -] Teokd i conjunstion with Telipips Qualiied
18 &5 D Tests oo U. §. Eveniuie Teet Posiliey.
Code 182813 Agprea. Mo henry
NI S b e v i -
oxwe-i -1 Valve - Alr Choeh | 5CD P83 Posiing
Hobr iok 4-68 Rart
Cwiln ¥180)
SR T . JUNNETE S U RO
1 -o0e8 23 Pin Joimt Asey. [ u X, 1] Thoted in canjmnniios with Piich PFes Queithed
Averellon Queifiontisn eb . K. Eveaninle Tyt
Cole 10812 Teslilty. Apprea. 130 bowre.
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TABLE 16 (Continued)

MFG. PART NO. BPECIF1- QUALIFICATION
MFR. & CODE NO. PANRT NAME CATION COMPLIANCE DATA STATIS
PROPULSION SYSTEM (Continyed)
42806E1 lﬂlﬁ - Flex ~ IBCD Po02) 80 Hr., Continuous 100% Rated Load, Qualified
Western Gear Acc. Drive Qualification Run on Simulator Prior
Code 07198 to Fiight.
4281 0E1 i0sar Box - Fan BCD P0026 Same as Above. Qualified
Western Gear Assy.
Code 07:04
3F1-8-31887 Tank Assy. - Fwd, |8CD P0027 Rufer 1o Goodyear Qualifioation Test Qualified
Joodyear Fuel Report No. 300
Code 89411}
------- Cauging Byst. Fuol [8CD POU28 Refer to Liquidometor Qualification Qualified
Liquidometer Tost Roport No. ER2002
Code 3538 IT-1172
80426 Pump - Fual 8CD P002s Simitlur to 60-361 and $0-401 for Qualified
Hydroatre Booster Porformance Raefer to Test Raport
Code 81982 No. TP80-426
V-14500-29 Valve - Alr SCD P00I0 Similar to V-14800 Valve Qualifiod
Valoor L] QualUd per Aerotest Lak. Report
Code 98407 No. 8G42¢-7
F-4812 |strainer Fusl 8CD P00as Manufactured (o Meet F4013 and Qualified
Mioroporous 8CD P003S-1
Code 14034
A-82120 Valve - Chook 8CD Poos Bimilar 10 Vinsus P/N A40033 Qualified
Vinsoa Hot Alr Ref Vinaow Lir §-20-88
Code 91130
R Cowpling - 8CD P00YS Punding
Kirkhill Rubbsr Fireprool
Cote 76343
Duot -~ Flex SCD PUets-1 | Material per MIL-D-8441
Space Flox Corp.  [4-1/2 Dia. Flame Rosjotant
Code 10387
e - PR
------- Duot -~ Flea BCD P9840-1 | Material par MIL-D-8441
Spave Fles Corp ¢-1/3" Dia. Flame Huslatant
Cudle 10307
- [ERSRUIR S— e
U4 Switch - Presaure [ 8CD PO84i-) | Relor o Mutoment of Bimilarity to Quatified
Cunlom Unmg Qualifivd Bwiteh P/N 1063 por Report
Cude 9060 No. 1083-80
PRI S ——
SASSR-3 Switeh - Prossure | SCD PoSi-2 ] Refer to Blatoment of Similarity to Qualified
Custom Comgp Qualified Bwitoh P/N 8031 -8) per
Cude 00040 Report No. 8031-01
b
....... Dust - Cosling Afr | SUD POSR Matorial por MIL-D-8441 Qualified
Arroshond Pred Flame Resletant
Oxie OO0
!ing Prossure Vesssl OCD Pessd miler 1o Part Qualtfied o Qualitied
Taven Fire Ext. MIL-C-23304] MIL-C-33304
Coie 90281 Aol Tuves Teat Repert 63-101
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TABLE 16 (Continued)

MFG. PART NO. SPECIFI- QUALIFICATION
MFR. & CODE NO. PANT NAME CATION COMPLIANCE DATA ETATUS
PROPULBION SYSTEM (Contimned)
....... Fd - Fire IBCD P04 Pending
L.A. 8ud, Rubber [Resistant
Code 84914
5969 rul - Eng. |sco poses | simitar to Convair 850 Beal Quaiified
Coma. Hard Rubber [lnlet Duct
Code 71643
------- lBhnhl - 8CD P08 JM A-100 Insulation Covered with Qualified
H.1. Thompson lasulating Div. Duct Cres Foil - Ref.
Code 78741
-------- Inaulation 8CD P00AT J-M A<100 lnaulation Covered with Qualified
H.L Thompson lastl. - Pitch Fan Cren Foll
Code 78741 Duct
2630008 Valve - Vent Float |SCD P0032 Similar to Parkar No. 1119-677179 Qualified
Parker Alrcraft Rel. Qual. Test Report No. 1119-02404
Code 82003
ST-504N Transducer - MIL~T-28624 | Rel: QPL 26824-5 Qualified
U, 8. Gawge 104l Prevs.
Code 81249
8TI6IGBA2 Transmitier - MIL-T-26298 | Rel: QPL 26208 Qualified
Q. E, Fuel Flow THO-CA4
Code 87424
AV24B1108 Valve - Fuel Pending
Gen. Controls Shutoff
Code 73760
418-50 Cap - Ful 3" MIL-C-7244 | Rel: QPL 7244-6 Quatified
Shaw Aery Dov.
Code 99321
S S
428-2 Cup - Fwsl 2" MiIL-L-T144 | Bimilar to 416-50 Except Bixe Qualified
Shaw Avro Dev, Modifled
Code 99321
601700 Valve-Drain Fuo) Punding
Aoccussory Prod,
Code 96124
480-015-16 Gaskot M8 27 Ponding
F.C. Wolifu Co. QGuak~0-8oal
Cudeo 83289
A4
ado8-18D Coupling - Tube MIL-C-38014 | Used and Approved for Military and Qualified
Wiggine Commeroclal Alroralt by USAF and
Code 79326 : FAA
I B s b -
BAR 6448 Boaring - Migr. Bpeo. | DOD Approved Bource Qualified
Southwest Prod, Mono. Ball
Codo 01378
2 BREM-8A Rod Kmd - Migr. Bpss. | DOD Approved Source Qualified
Houthwest Prod, Mono. Ball
Code 81376
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TABLE 16 (Continued)

MFG. PART NC. SPECIFI- QUALIFICATION
MFR. & CODE NO. PAUT NAME CATION COMPLIANCE DATA STATUS
PROPULSION SYSTEM (Contimed)
2 BREM-5A Rod End Migr. Spec. | DOD Approved Source Qualified
Bouthwest Prod.
Code 81376
2 BREM-4A Rod End Migr. Spec. | DOD Approved SBource Qualified
Southwest )’rod.
Code 81376
215314 Valve - None Tosted and Used on a Commercial None
Taveo ‘Bhunle Check Afvcralt
Code $822]
F-8300-102 Switch - Float USAF or AND| F-8300 Typo Bwitch Qualification Towt Qualified
Hevere Corp. Spoo. No, Roevere Heport No, 113 dated
Code 50625 WCLP1-3/ 8 January 1854
GRG/SC
b - P
600-015-20 {8tut-0-8eal NAS 1588 Pending Qualified
¥.C. Wolle Co.
Cocke 832568
143P026-1 Tank - Fuel WAD For Slosh and Vibration Test Qualified
Alt Ref. (oodyear Test Report No. 304
et e e e e — oty SO




10.

11,

13.

13.

14.
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