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RESEARCH MEMORANDUM

A STUDY OF SERVICE-IMPOSED MANEUVERS OF FOUR JET FIGHTER
ATRPIANES IN RELATION TO THEIR HANDLING QUALITIES
AND CALCULATED DYNAMIC CHARACTERISTICS

By John P. Mayer «nd Harold A. Hamer

SUMMARY

Results from a flight program conducted to obtain information on
the airplane response and actual rates and amounts of control motion
used by service pilots in performence of squadron operational trsining
missions with jet fighter airplaness are correlated with the airplane
handling qualities and caleculated maeximum dynemic response. The corre-
lation indicates that the service pilots in general made use of the
static capabilities of their alrplanes over most of the speed range uvs
limited elther by the control stops or control forces. The maximum
responses measured 1n these service training operations, however, were
considerably less than the maximum calculated dynamic response. In
longitudinal maneuvers, it is indicated that the pilots have a tendency
+o maneuver the airplane near its natural frequency.

From the results of the calculetions of maximum dynamic response for
the North Americen F-86 ailrplane, it is indicated that pitching accelera-
tions greater than 16 radlans per second per second are theoretically
within the range of the pilot and alrplane capabilities, whereas the high-
est value obtalned in the tests was about 2 radians per second per second.
For lateral maneuvers the calculations indicate that the highest vertical-
tail lomds for the F-86 airplane could generally be obtained in fishtail
maneuvers; however, the calculations indicete that, if rolling pull-out
maneuvers were made near the maximum 1ift coefficlent, the vertical-tail
loads obtained could be greater than those obiained in fishtall maneuvers.
The transverse load factors measured in the present tests were much less
than those theorctically obtainable.

INTRODUCTION

In order to obtain information on the airplane response and the
amounts and rates of control used by service pllots in operational
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training missions, the National Advisory Comumittee for Aeronautics with
the cooperation of the U. S. Air Force and the Bureau of Aeronautics,
Navy Departiment, has conducted a flight program wlth several Jet-propelled .
fighter airplanes. Information of this type is needed in order to assist

in improving design-loed criteria.

In reference 1 the results from this progream have previously been
summarized as envelopes of the maximum values of the measured quantities
and the data were compared with design requirements. In addition, a
limited statistical analysis was presented. The purpose of this paper
is to correlate the results previously obtained in these tests with the
alrplane stability and handling quallties end compare the maximum values
of the measured quantities with the theoretical meximum values obtalnable
in dynamic maneuvers.

SYMBOLS
b wing span, ft
e wing mean serodynamic chord, £t ‘ .
C1,C2,C3, ... constants appearing in lateral equations of motion
Cy rate of change of airplane rolling-moment coefficilent
B with angle of sideslip, JC;/dB, per radian
C; rate of change of airplane rolling-moment coefficient
P with @b/2V, per radian
Cl rate of (_:hange of airplane rolling-moment coefficient
r with yb/2V, per radian
c Is rate of change of alrplane rolling-moment coefficient
A with total aileron deflection, 9C;/,, per radian
C1113 rate of change of alrplane yewing-moment coefficient
with angle of sideslip, OCp/9B, per readian

cnp rate of change of airplane yawing-moment coefficient
with §b/2V, per radian

Cnr rate of ghange of alrplane yawing-moment coefficient
with b/2V, per radian
Y
Cnb rate of change of ailrplane yaswing-moment coefficient

A with total alleron deflection, OCp/3b,, per radian
CONFIDENTIAL
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Cy rate of change of alrplane lateral-force coefficient with
B angle of sideslip, oCy/d8, per radian
Cmo zero-11ft wing-fuselage piltching-moment coefficlent
CmWF wing-fuselage pilitchling-moment coefficlent
CNWF wing-fuselage normal-force coefficient
d distance from silrplane center of gravity to aerodynamic
‘ center of wing-fuselage combination, ft
Fg elevator stick force, 1b
g ' acceleration due to gravity, 32.2 ft/sec?
IX alrplane moment of inertia about longitudinal axis,
slug-ft2
Iy «?airplane moment of Inertia sbout lateral axis, slug--ft2
I, airplane moment of inertia sbout vertical axis, slug-ft2
Iyp ) alrplane product of inertia, slug—ft2
K1,K05K35,. .. dimensional constants appearing in longitudinal equations
of motion
Lp horizontal-tail load, 1b
m airplane mass, W/g, slugs
n normal load factor
np initial value of normal load factor (used in rolling
pull-out solution)
D transverse or lateral load factor
. 2 WP
q dynamic pressure, 1/2 pV", 1lb/ft
qp impact pressure, 1b/ft2
S total wing area, 2
CONF IDENTIAIL
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time, sec

time to roll 90°, sec

true sirspeed, ft/sec

indicated alrspeed, knots

airplane gross welght, 1b

distance from airplane center of gravity to aerodynamic
center of horlzontal tail, ft

airplene angle of sideslip (defined herein as angle
between longitudinal axis and projection of relative
wind in horizontal plene of airplsne), radiens (except
when noted otherwise)

effective angle of sildeslip used in fishtall end rolling
pull-out calculations

time rate of change of angle of sideslip, radiens/sec

increment

aileron deflection (total, except when noted otherwise),
radlans (except when noted otherwise)

elevator deflection, radians (except when noted otherwise)

maximum calculsated elevator deflection, radians

elevator deflection limit, radians (except when noted
otherwise)

elevator deflection rate, radians/sec

meximum calculeted elevator deflection rate, rsdiens/sec
elevator deflcction rate limit, radians/sec

rudder deflection, radisns (except when noted otherwise)
pitching angular velocity, radisns/sec

CONFIDENTIAL
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initial value of pitching angular velocity {used in

© rolling pull-out solution), radia.ns/ sec
6 mecc meximum calculated pitehing angular velocity, radians/sec
8 pitching angular acceleration, radians/sec?
§ma.x maximum calculated pltching angular acceleration,
radians/sec?® '

mass density of sair, xa].ug/f‘h3

angle of bank, radians

S W D

rolling angular velocity, radians/sec

rolling angular acceleration, radia.ns/ sec?

.l

phase angle between pitching angular acceleration and
incrementel normal load factor, deg

&
]

v yaving angular velocity, radians/sec

v yewing sngular acceleration, radians/sec?
W anguler frequency, radians/sec

Wy natural angular frequency, radians/sec

A bar over symbol represents meximvm value and I | represents
abgolute value.

ATRPLANES

The sirplanes for which measurements were avallsble were service
models of the North American F-86A, McDonnell F2H-2, Republic F-84G,
and ILockheed F-94B. All were low-wing Jet-propelled fighter-type alr-
planes, the F-86A having a swept wing and empennage. All were equipped
with hydraulic aile »n boost. In addition, the elevator for the F-86A
was hydraullcally . sted and was equipped with an adjusteble stabilizer.
A rate restrictor s also incorporated in the F-86A elevator control
system and restricted the elevator rate to about 45° per second.

In the tests, the F-BAA and F-94B slrplenes were flown, for the
mast part, without external fuel tanks and the F2H-2 and F-84G airplanes
vere flown, for the most part, with external fuel tanks.

CONFIDENTIAL
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Except for the addition of sldeslip and angle-of-attack booms
nelther the external appearance nor the weight and balance of the air-
planes was altered by the addition of the NACA instrumentation. Three-
view drawings of the alrplanes are presented in figure 1. imensions
and physical characteristics of the airplanes are given in table 1.

INSTRUMENTATION AND TESTS

The alrplanes used during the flight progream were fully instrumented
with standerd NACA photographically recording instruments which measured
(1) the quantities defining the flight conditions, such as airspeed and
altitude, (2) the imposed control-surface motions, and (3) the response
of the airplane in terms of load factors, angular velocities, angular
accelerations, and angle of sideslip.

The meximum errors estimated for the measured quantlties given in
this peper are as follows:

Control-surfoce angle, d€8 « « « « « « o « o o ¢ o o + o o & to.7
Normal 1oad £actor o o« ¢ v ¢ o ¢ o o o o s o s o s o s s o « 0.1
Transverse 1oad factor « + o ¢ ¢ ¢ o o o o o & s o o « o o o +0.03
Pitching angular velocity, redian/sec . . . . « ¢ + 4 o o o« 10.03%
Rolling angular velocity, radian/sec . « « « « ¢ o « ¢ o o o 0.15
Yawing sngular velocity, radian/sec . « o o ¢« v v ¢ v o o 4 . 10.02
Pitching engular acceleration, radian/sec® . . . . . . . . .. 0.1
Angle of 81deB1iD, BE « o « ¢ + s ¢ o o s s 4 4 s s 44 o oo 0.7

More complete details of the instrumentation are given in reference 1.

All flights obtalned during the program were performed by service
pilots undergoing regular squadron vperational tralnlng. Data were
recorded continuously throughout a flight and were recorded only during
those flights in which the mission was scheduled to include a large
nunber of maneuvers. The primary missions were usually acrobatics,
ground gunnery, aserial gumnery, or dive~bombing and the maneuvers
recorded during the program included most of the tactical maneuvers
that were within the capabllitles of the individual airplanes. These
maneuvers were performed at altitudes up to spproximately 35,000 feet
and at alrspeeds varying from the stalling airspeed to the meximum
service limlt alrspeed. Most of the maneuvers were performed in rela-
tively smooth alr. No attempt was made to specify the type or severity
of maneuvers.

During the test program a total flight time of about 60 hours was
recorded. However, since the pilots were requested to perform as many

CONFIDENTIAL
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maneuvers as practical during each flight the data are believed to be
representative of many more hours than were actually recorded.

A total of 42 service pilots participated with no one pilot
accounting for more than 20 percent of the maneuver time obtained for
the particular make airplane. Although the pilots were aware of the
instrumentation, it was stressed that this was not to restrict their
normal handling of the airplane since they would not be personally
identified with the test results.

ORGANIZATION OF DATA AND METHODS OF ANALYSIS

In the presentation of the data the results are presented in three
groups: (1) longitudinal characteristics, (2) rolling characteristics,
and (3) sideslip characteristics. For these three groups the envelopes
of the varlous quantities obtained in these tests for each alrplane are
campared with the airplane stability and control characteristics. Also,
for the longitudinal and sidesllp groups, the test envelopes are com-
pared with the maximum values theoretically possible under dynamic con-
ditions. In the longitudinal case, calculations are made only for the
F-86A airplsne and are compared with overall envelopes representing
boundaries for all the test alrplanes. In tlie sldeslip group, the cal-
culations are made, for the most part, for the P-86A and F-84 airplanes
and are compared with the test envelopes of the individual airplanes.
The calculations for the F-84 airplane are based on earlier models
(A through D) which had & fuselage that was 18 inches shorter than that
of the test alrplane.

In the data plots, only those maximum vﬁlues which helped to
establish the envelopes are shown. In general, the test boundaries
are established by considering only those maneuvers where controlled
flight is maintained. The envelopes of the dlata representing other
flight conditions such as low-speed stalls, snap rolls, and lateral
oscillations are also shown, superimposed on the main test boundary.
Further discussion regarding the basic data and the construction of the
envelopes, both for the individuel airplanes and the combinstion rep-
resenting all the test airplanes, may be found in reference 1.

RESULTS AND DISCUSSION

The results presented 1n this paper for the F-86A, F2H-2, F-84G,
and the F-G4B airplanes are compared with the results of tests pre-
sented in references 2 to 8. Tn some cases the airplanes from these
references are not the same models as those used in the present flight

CONFIDENTIAL
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program. However, the dimensions and physical characteristics for
each type alrplane are the same, except for minor differences in some
of the airplanes regarding external-fuel-tank location.

Since many of the quantities to be discussed are related to and
limited by the airplane V-n diagram, the maximum positive and negative
normel load factors and corresponding indicated airspeeds reached with
each airplene were taken from reference 1 and are presented as flgure 2
in this paper.

Longitudinal Characteristics

Elevator position and force.-~ The envelopes of maximum elevator
angles obtained are shown in figure 3. Also shown in figure 3 are the
elevator angles necessary to reach the V-n envelope in gradual maneuvers
as derived from references 2, 5, 7, and 8. For the F-86A airplane
values are shown for stabllizer angles of 0° and 29, airplane nose up,
vhich correspond to the minimum and average trim stabilizer angles used
in these tests, respectively. Tt may be noted from figure 3 that the
elevator angles used equaled or exceeded the static values necessary
to reach the limits of the V-n diagram in the regions where these limits
(see fig. 2) were reached in the operational maneuvers. The angles
shown sbove the static curve were associated with more rapid maneuvers
such as abrupt pull-outs, turns, and rolls where a larger elevator
angle was used then was necessary to reach a given steady value of load
factor.

Since stick forces were. not measured in the present tests the
forces were derived from stick force data of references 3, 5, 7, and 8
and are presented in figure 4. Tn figure 4 the maximum elevator stick
forces necessary to reach the V-n envelope at low altitudes are com~
pared with the minimum and meximum force requiremenis of references 9
and 10. The stick forces for all the test alrplanes were within the
maximum and minimum stick force requirements except for the F-84G air-
plane where the elevator forces would appear to be higher than the
maximum forces specified by the requirements. The stick forces required
for the F-86A airplane to reach the V-n envelope appear to be within

" the limits given by the requirements; however, the curve shown does not

indicate the stick force reversal which occurs at the pltech up. At
high altitudes the stick forces at the limlts of the V-n diagram are
very low because of this force reversal. In the present tests the test
airplane did encounter pitch up but at altitudes less then 15,000 feet.
The elevator stick forces for the F2H-2 and F-G4B airplanes are near
the minimum requirement at high speeds.

Pitching acceleration.~ Pitching angular acceleration is one of
the important parameters in the determination of horizontsl-tall loads.

CONF IDENTIAL
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If the rolling and yawing motions of the airplane are small, the
horizontal-tall load in any maneuver could be given by

or

Ly = Cp qsib-a-nw%%-%é (2)

Thus, 1f the maximum pitching accelerations could be predicted, the
maximum incrementel horizontal-tail loads could be calculated. In
reference 1 the maxirum pltching accelerations obtsined in operational
training are compared with several design methods or requirements.
This plot taken from reference 1 is shown in flgure 5 as & matter of
interest. The curves for the design methods or requirements shown in
figure 5 are either empirical. or based on performing a single abrupt
meneuver to the limit load factor from 1 g flight. (Refs. 1 and 11

to 15.)

In order to show the theoretlical maximum pitching acceleration
obtaineble in flight, caleulations were made for the F-86 airplane in

vhich the airplane was maneuvered sinusoidally to the losd~factor limits.

In these computations the equation of motion was expressed as in
reference 16.

%+ Kjh + KpAn = KofBp + Kby + Koby (3)
and in terms of 6 as
.. » t
e+xle+xeae=x5A5E+x6fA5Edt (4)
0

The amplitude ratio IZE]ZEE‘ for o sinusoidal~control moticn may be
shown to be

o (&g - 0
IR0

CONFIDENTIAL
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The amplitude ratio IEYZSﬁl

- K2 22
8 | _ r g + KW (6)

ABE V(KQ - (.l)a)2 + K12w2

and the amplitude ratio E/A_sEI is

22 + k2P
B o

The phase angle between ‘§ and n 1is then

B -
Ja's)

K X
¢§n = tan~L 6 _ tan~t & (8)

K50 K7 - Kg@?

The stabllity derlvatives for the K constants required in the above
eruations were obtained from wind-tunnel tests. (See refs. 17 and 18.)

Typical frequency-response curves calculated for the F-86 airplane
are shown in figure 6 for a speed of 300 knots at sea level. The

ebsolute values for the amplitude ratios lAn/ASE‘ le/‘ z|, and ‘e aEl
are shown as well as the phase angle between ©

In figure 7 calculated values of the elevator angle, maximum
elevator rate, maximum pltching velocity, and maximum pitching accel-
eration are shown plotted against angular frequency. These values
were obtained from the frequency-response curves glven in figure 6 for
a sinusoidal maneuver from a load factor of -3 to a load factor of 7.33
at an alrspeed of 300 knots at sea level. It can be seen that the max-
imum pitching acceleration increases throughout the frequency range
shown and would finally be limited elther by the amount of elevator
avellable or by the highest elevator rate obtainable. The largest ele-
vator angle avallable was 0.458 radian (26.25°) and the highest elevator
rate was assumed to be 3.5 radians per second (200° per second). Also
indicated in figure 7 is the maximum pitching acceleration for an
elevator rate of 0.785 radian per second (45° per second) which corre-
sponds to the maximum elevator rate cbtainable with F-86A airplanes
equipped with elevator rate restrictors.

Calculations similar to those of figures 6 and 7 were made for
the F-B86A airplane for several additional airspeeds at sea level and for
an sirspeed of 400 knots at 20,000 feet. The results are shown plotted
ageinst airspeed in figures 8 to 10 along with the results obtained in
the test progrem with operational airplanes.

CONFIDENTIAL
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In figure 8 the maximum calculated pitching acceleration is shown
for two cases. In the first case the airplane is maneuvered sinusoidally
from its negative load-factor limits to its positive load-factor limits
as defined by the V-n diagram. (See fig. 2.) At low speeds the maximum
load factors are associated with maximum 1ift and at high speeds the
maximum load factors are the design limit load factors (—5 and 7.33).

In the second case the airplane 1s maneuvered sinuscidally from the

1l g level-flight condition to 1ts positive maximum load-factor limits.

The maximum piteching accelerations shown for the two cases are limited

by reaching the elevator deflection limit (0.458 radisn) or by reaching

the highest possible elevator rates (3.5 radians per second or 0.785 radian

per second).

It may be seen in figure 8 that maximum pitching accelerations as
high as 16 radians per second per second are theoretically possible and,
as indicated in figure 6, the maximum negative pitching acceleration
would be approximately in phase with the maximum positive normal load
factor (and vice versa). This condition results in maximum horizontal-
tail loads in subsonic flight. It may be noted that the points shown
for an altitude of 20,000 feet are approximately the same as those for
sea-level conditions when plotted sgaeinst indicated airspeed.

In figure 9 maximum pitching accelerations are shown for a sinus-
oldal meneuver at two constant angular frequencies and at the natural
frequency of the airplane. Also shown 1s the test boundary from the
present tests.  Pitching accelerations are shown for angular frequencies
of 6.28 and 3.1% radians per second which correspond to a time to reach
maximum load factor of 0.5 second and 1 second, respectively, and for

the undamped natural frequency of the airplane = \K2.

It can be seen in figure 9 that the maximum pitching acceleration
at a constant angular frequency decreases with airspeed at the higher
speeds ‘whereas the maximum pitching acceleration at the airplane natural
frequency is proportional to the load factor and remains about the same
at speeds above that of the upper left-hand corner of the V-n dlagram.
It is of interest to note that the maximum pitching accelerations
obtained in the present tests of service ailrplanes are approximsately
the same as those calculated at the airplane undamped natural frequency
at speeds up to 350 knots. This result would tend to confirm the belilef
that pllots have a tendency to maneuver the airplsne near 1ts natural
frequency. At the higher speeds the natural frequency is higher and
therefore the time to reach maximum load factor would be less than at
low speeds. The lower values of the experimental piltching accelerations
at the higher speeds are probably due to the hesitancy of pilots to
perform rapid high load-factor maneuvers at high speeds.

The variation of maximum pitching acceleration in maneuvering from
1 g to the positive load-factor limits 1s shown in figure 10. Values are

CONFIDENTIAL
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shown for the case of figure 8 where the pitching acceleration is
limited either by reaching the elevator limits or by reeching a limiting
elevator rate, for the case of figure 9 where the pitching acceleration
1s shown for a constant angular frequency, and for the case where the
airplane is maneuvered at its natural frequency. Alsoc shown are the
maximum pltching accelerations calcvlated by the method of reference 11
in which the airplane is maneuvered from 1 g to its positive load-factor
limits with a minimum time to reach the maximum load factor of about

0.5 second as well as the maximum pitching accelerations measured in

the service training operations.

In figure 10 1t is noted that the maximum pltching accelerations
calculated by maneuvering the airplane sinusoidally at & constant angular
frequency of 6.28 radians per second are approximately the same as those
of the method of reference 11. In both cagses the time to reach meximum
load factor is sbout 0.5 second. The maximum pitching acceleration that
could be reached with the limit elevator rate, however, is almost three

- times as high as that calculated for a very abrupt maneuver or with an

angular frequency of 6.28 radians ver second. The maximum pitching
acceleratlons measured in the present test program and the pitching
accelerations calculated at the airplane natural freguency are less
than one half the values that could be cbtained in an abrupt maneuver
or a pitching oscillation at o = 6.28 radians per second.

It 18 evident that values of the pltchling acceleration as high as
16 radians per second per second calculated by using the limiting
characteristics of the pilot and airplane are probably unreasonable to
use in tell-load deslgn since the maneuvers necessary to produce such
accelerations would be of negligible order of probebllity. On the other
hand, the maximum pitching accelerations of from 5 to 6 radians per second
per second shown in figure 10 obtained by the method of reference 11 or
by using a constant value of the angular frequency w = 6.28 are values
that could be reached if the pllots maneuvered the airplane in the
menner specified. Pitching accelerations of this order have been obtained
in research and structural integrity flight tests of fighter airplanes.

"In the present limited tests of Jet fighter ailrplanes, it is indicated

that the pllots tend to maneuver theilr airplanes near the airplane
netural frequency which involves maximum pitching accelerations of less
than three radians per second per gecond.

Pitching angular velocity.- Inm figure 11 the maximum calculated
pltching velocities are compared with the experimental values obtaeined
in service training operations. The maximum calculated pltching veloc-
ities were obtained in a pitching oscilllation from the negative load-
factor 1limit to the positive losd-fector limit and from 1 g to the
positive load-factor limit by using the limiting elevator angles or R
rates. Also shown are the values for maximum pitching velocities cal-
culated for a constant angular frequency of 6.28 redisns per second,

CONFIDENTIAL
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the values calculated for the alrplane natural frequency, and the values
calculated by the method of reference 11 for a time to reach & peak load
factor of about 0.5 second.

It may be seen that pitching velocities as high as 1.6 radians per
second may be obtalned within the limitations of the pilot and airplane.
In abrupt pull-ups and at a constant pitching angular frequency of
6.28 redians per second, pitching velocitles of about 1 radian per sec-
ond are possible. Except in stalls, the highest pitching veloelty
meagured in the present tests was sbout 0.5 radian per second. As was
the case for pltching acceleration the pitching velccities calculated
at the airplane natural frequency are near tie experimental values
except at the higher speeds.

Rolling Characteristics

Aileron angles.- The maximum alleron angles obtained in the service
operational training are shown in figure 12 as well as the maximum
angles avallable as derived from references k, 6, 7, and 8. The maxi-
mum available aileron angle shown is, for low speeds, the full sileron
deflection and, for higher speeds, the alleron deflection as limited by
30 pounds stick force or maximum boost. The F-84G airplene was the only
airplane to use full alleron and these points were mostly obtained in
stalls at low speeds. The F-86, the F-84,.and the F-9% aileron angles
used eppeared to be limited by alleron forces or boost limitations at
high speeds. Tne aileron angles used with the F2H airplane reached
the limits only in 8 narrow speed range near 350 knots.

fo/2V.~ The maximum values of the helix angle @b/2V obtained in
the present tests are shown in figure 13 along with the maximum values
obtainable in abrupt aileron rolls from level flight (refs. 4, 6, 7,
and 8). The values of ¢b/2v shown correspond to the aileron angles
given in figure'l2. At the highest speeds all the test airplanes, with
the exception of the F2H airplane, reached or approached the ma: [
values obtainable in abrupt aileron rolls. The F2H airplane did not
approach its rolling capabilities except in & small speed range near
350 knots. The F-86 airplane did not make use of its full rolling
capabilities at speeds below 300 knots whereas the F-84 and F-94 air-
planes approached or reached their rolling capebilities at 21l speeds.
Very high values of ]Bb/ 2V were measured with the F-84 airplane in
uncontrolled maneuvers (snap rolls and stalls) which exceeded the values
thet would be obtained in sbrupt aileron rolls from level flight.

It can be seen in figure 135 that all the test airplanes used maxi-
mum values of -fb/2V up to 0.07 or 0.08 at speeds less than 300 knots
even though higher values could have been reached for the F-86 and
F2H airplanes.

CONFIDENTIAL
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Rolling velocity.- The maximum rolling velocitles measured in the
operational training program are shown in figure 14 in addition to the
maximum rolling velocities obtainable in aileron rolls from level flight
at sea level and at an altitude of 30,000 feet. The experimental val-
ues shown were obtained under accelerated flight as well as level-flight
conditions. The maximum rolling velocities reached were from about 2.0
to 2.4 radisns per second in controlled flight except for the F2H air-
plane where maximum rolling velocities of about 1.7 radians per second
were reached. In uncontrolled flight rolling velocities up to 3.5 rad-
ians per second were obtained with the F-84G airplane. It may be noted
that the experimental data approximate the shapes of the maximum curves
fairly well with the exception of the F2H airplane at high speeds.

Time to roll 90°.- In figure 15 the minimum times to roll 90° in
the present tests with service airplanes are compared with the minimum
times to roll 90° for each of the airplanes calculated with a hypothet-
ical rolling maneuver where the rolling velocity was a step function.
The step rolling velocities used are those labeled limit in figure 1.
For the F-G4 alrplane the curve for 30,000 feet is also shown, and for
the P~84 airplane curves are shown for wing-tip tanks on and off. The
minimum time required to roll 90o varied from 1 to 1.5 seconds for the
test airplanes whereas the absolute minimum varies from about 0.6 to
1.0 second for sea-level conditions.

Sidesliy Characteristics

Rudder'angle.- The maximum rudder angles measured in the tests
during service operational training are shown in figure 16 as well as
the 1limit rudder angle and the rudder angle for 180 pounds pedal force
as derived from references 4, 6, 7, and 8. The rudder angles used were
less than the maximum available rudder angles except in stalled maneuvers
where the limits were approached or reached with F-86 and F-84 airplanes;
however, at ailrspeeds above 250 knots 1t 1s indicated that the rudder
angles used were limited by high pedal forces for the test airplanes.

Sideslip angle.- The maximum sideslip angles measured sre shown in
figure 17 in addition to the sideslip angles obtainable in steady side-
slips as limited either by reaching the rudder-angle limits or 180 pounds
pedal force. Above an alrspeed of about 250 knots, the sideslip angles
reached or exceeded the sideslip angles for 180 pound pedal force for
all the test airplanes. Most of these large sideslip angles were cbtained
in rolling maneuvers. At the lower speeds the sideslip angles reached
with the test alrplanes did not approach these limits except for the
F-84G airplane in stalls. (It should be noted that, as indicated in
reference 1, sideslip angles were not measured in all the flights with
the F-86A airplane.)
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Comparison of maximum measured sideslip characteristics with maxi-
num theoretical values.- The maximum measured sideslip characteristics
are compared with maximum calculated values obtainable in fishtall and
rolling pull-cut meneuvers in figures 18 te 27. The maximum calculated
peak values of the amplitude ratios |B/SR‘ end ’¢/SR| for the F-86A

‘and F-84 airplanes in level~-flight fishtail maneuvers were obtained
directly from reference 19 and are determined for the frequency response
to a sinusoidal rudder input at altitudes of 1,000 and 20,000 feet. The
maximum values of B and ¥ were obtained for the maximum rudder angles
as limited by the rudder-angle limits or by reaching 180 pounds rudder
pedal force. (See fig. 16.) Values of maximum ¥ were then calculated
from the expression

LA NN LA (9)
SR 5Rr

For the rolling pull-out maneuvers, calculations were made only
for the F-86A airplane at an altitude of 1,000 feet and 20,000 feet.
As in reference 20, the calculations were based on the three nonlinear
lateral equations of motion:

I - Iy - (Ty - Iy)8¥ - (CIBB + Oy P, o ill)qu = C;_ Byash

v lp 2y, A
(10)
Ly - I ¢ (14 - 1,)8 - (c B+ o g“; Cp,. g’;) Sb = cnaAaAqu
(11)
ov(f + ¥) - WP - Cy RS = 0 ' (12)

These equations were linearized by assuming that the pitching velocity
was constant and equal to

_ (ng - 1)g
o~ v

e

(13)

The cross-coupled inertia terms were then included as additions to Cip
and Cnp in equations (10) and (11). Solutions were obtained over the

CONFIDENTTAL
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speed range by using the Reeves Electric Analog Computer (REAC) for
rolling pull-outs at the maximum load factor as given by the V-n diagram
of figure 2. A step aileron input was used which was equal tc the maxi-
mum aileron angle as limited elther by full throw or by 30 pounds stick
force. (See fig. 12.) Tt was assumed that the rudder was held fixed
and that the pltching veloclity was constant. The maximum values of the
parameters shown are given at the first peak in the oscillation because
subsequent peaks usually were unreliable since the angles involved
exceeded the range for which equations (10) to (12) are valid. The
derivatives used in equations (10) to (12) were obtained from refer-
ences 19 and 21.

Maximum calculated values of nup obtaineble in fishtail maneuvers

for the F-86A and F-84 airplenes were obtained by determining the ratio
|ﬁ§/8§i to ‘E/Sh‘ at the natural frequency, which is approximately

The amplitude ratios may be expressed as

B (08 - 06‘92)2 + (C'{ - 05‘”5) - (15)
R (wu G 2ma N Cu)z N (0300 - clu})z
and
ozl _1 (Clsw” - CagoP + Caol2 * (019“’ - 0y )2 (16)
3| &

\l (a)h' - 02u)2 + 04)2 + (C3w - Clwz’)z

Maximum values of np ocbtalnable in rolling pull-out maneuvers for the
F-86A airplane were obtained by using the approximate relationship:

Cy,.Ba
=B
Dy T (17)

The constents in equations (15) and (16) are defined as in reference 22.
In solving these equations, values for the derivatives were obtalned

from references 19 and 21.
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Sideslip angle: The test boundaries along with the calculated
values of sideslip angle in fishtails are shown in figures 18 and 19
for the F-86A and F-84G airplanes, respectively. Celculated velues of
sideslip angle in rolling pull-outs are also shown for the F-86A in
figure 18. The angles of sideslip obtainable in fishtails appear to
be about 3 to 4 times as great as those reached with the service air-
planes. For the F-86 airplane it can be seen in figure 18 that the
gideslip angles cbtainable in rolling pull-outs are lower than those
obtainable in fishtalls above an sirspeed of 330 knots. Below this
speed the meximum angles of sideslip calculated in rolling pull-outs
increased rapldly and were greater than those obtailnable in fishtall
maneuvers. The values of the maximum sideslip angle obtainable in
rolling pull-outs are not shown at lower speeds since the angles of
g8ideslip and roll obtalned from the calculations were much larger than
those for which equations (10) to (12) are valid. The results indicated,
however, that the maximum sideslip angle in rolling pull-outs increased
with airspeed and reached a peak at about 300 knots and then decreased
abruptly as shown in figure 18.

Bg and transverse load factor: In figures 20 and 21 are shown
the values of the parameter pq for the F-86A and F-84G airplanes and
in figures 22 and 2% the transverse load factors for the two alrplanes
are shown. The parameter pq 1s given since it is roughly proportionsal
to the vertical-tall load. For sideslip angles greater than 10°, the
parameter Bq 1s based on an effective value of B; that is, the value
of the sideslip engle 1s reduced in proporticn to the decrease in slope
of the lateral-force curve with sideslip angle. The variation of the
effective sideslip angle Bapr used with the true sideslip angle B
is shown in figure 20. It can be noted that the maximum 1lift on the
vertical surface 1s assumed to occur at a sideslip angle of 25°. 'The
transverse load factors have also been corrected for maximum 1ift and
nonlinearity in the side-force curve in & similar manner.

It 1s indicated in figures 20 to 23 that the side loads obtelnable
in fishtail and rolling pull-out maneuvers are considerably greater
than those obtained in the tests in service operstions. For the F-86
alrplane 1t can be seen in figure 22 that side loads were obtained in
uncontrolled lateral oscillations which were equal in magnitude to thosge
obtained in controlled maneuvers.

From the calculations of fishtail and rolling pull-out maneuvers
for the F-86 airplane it i=s udicated that the largest side loads are
produced in fishtail maneuv .s at the higher speeds. Below an airgpeed
of about 330 knots, however, it is indicated that the rolling pull-out
is the critical maneuver. The sbrupt increase in side losd in rolling
pull-outs at these speeds for the partlicular girplene 1s caused by the
maneuver being performed near maximum lift where the lateral derivatives
have large changes with angle of attack.
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Yawing velocity and acceleration: The maximum yawing velocitlies
for the F-86A and F-84G airplanes are shown in figures 24 snd 25, respec-
tively, and the yawing angular accelerations are shown in figures 26
and 27, respectively. As was the case for the other lateral parameters,
the maximum values of yawing velocity and acceleration obtained in the
service tests were considerably below the maximum calculated values
except for the yawing velocities in the calculated rolling pull-out
meneuver for the F-86 airplane. (See fig. 24.) 1In this case the maxi-
mum yawing veloclties obtained in the service tests approached those
calculated for the rolling pull-out maneuver at the highest speeds.
Again 1t can be noted in figures 24 and 26 that the calculated results
indicate that the highest yawing veloclties and accelerstions are obtained
in fishtall maneuvers at high speeds but that rolling pull-outs may result
in higher values at lower speeds.

CONCLUDING REMARKS

From the results of this paper it is indicated that the service
pilots in general made use of the static capabilities of their alrplanes
over most of the speed range as limited by control stops or control
forces. The maximum response obtained 1n these service training oper=-
ations, however, was considerably less than the theoretically obtaln-
able maximum dynamic response. It is indicated that the pilots have
a tendency to maneuver the ailrplane longitudinally near its natural
frequency.

The results of the calculations of maximum dynamic response indi-
cate that pltching accelerations greater than 16 radians per second per
second are theoretlcally within the range of pilot and alrplane capa-
bilities for the F-86 airplane whereas the highest value obtained in
the present tests was about 2 radians per second per second. TFor lateral
maneuvers it 1s indicated that the highest vertical-tail loads for the
P-86 airplane would generally be obtained in fishtail meneuvers; hovever,
when rolling pull-out maneuvers were made near the maximum 1ift coef-
ficient the vertical-tail loads obtained could be considerably grester
than those obtained in fishtail maneuvers. The transverse load factors
measured in the present tests were much less than those theoretically
obtainable.

Langley Aeronautical Iaboratory,
National Advisory Committee for Aeronautics,
lLangley Field, Va., April 29, 1955.
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TABLE I.- DIMENSIONS AND PHYSICAL CHARACTERISTICS OF THE TEST AIRPLANES

21

Alrplane
Component Item Unit -
F-B6A FaH-2 P-8ic F-94B
Serlal numver {ggg ',:g-_ggs b USAF 51-835 USKF 51-53004
Hifotu srea (including portion .
covered by fuselsge) 8q ft 287.9 ogh.1 261.0 258.0
Span {without tip tanks) in. LS. 500.8 438.8 451.5
Mean acrodynamic chord in. 97.0 8.4 88.8 80.6
Lateral location of mean
aerodynamic chord normal to in. 98.7 111.0 98.5 92.0
fuselage reference line
Yertical location of mean
aerodynanic chord normal to
and belov fuselege in, 5.7 0. 2.4 130
reference 1line
Distance from nose to leading
edge of mean aerodynemic in. 164.3 197.0 169.6 210.9
Wing chord
Aspect ratio L.19 5.89 5.10 5.96
Taper ratio, Lipchord 0.51 0.52 0.57 0.38
Root. chord
Bweepback of 25-percent- } . | L, | _____._ RN R
chord line deg 35-2
. Incidence of root chord deg 1.0 0.5 0.0 1.0
Incidence of tip chord deg -1.0 0.5 =-2.0 =0.5
Dihedral deg 3.0 3.0 5.0 3.5
Root airfoil section "?g:dfg}ﬁ;‘)"‘ RACA 65)-r12 (éh;c'f?;:zie[{zck) HACA 65132-213
Tip atrfoll section “mgﬁ' RACA 63-209 (1‘;’*;’3;:::2;}-3“) NACA 65y10-213
Total area {one) Bq £t 18.6 9.4 16,1 8.8
Mleron
Btatic limits of travel deg gg “11515 ggvneom gg vnlx.rlé 2 gg“:om
Total area (including
portion covared by aq ft 35.0 6.8 ug.h ¥7.8
fuselage)
8pan 1n. 153.0 224.7 179.3 199.0
Mean serodynan/  -hord in. .7 474 Lo.1 38.2
Lateral location of mean
asrodynanic chord normal in. 38.5 49.6 k1.5 3B8.5
to fuselsge reference line
Vertical location of mean
asrodynanic chord normal to
and above fuselage in. 35 58.0 s 8.4
reference 1ine
Horizontal
tail Tail length (29 percent of
wing M.A.C. to 25 percent in. 222.3 205.1 217.0 190.5
of horizontal-tall M.A.C.)
Aspect ratio 4.6 4.65 L.65 5.75
Taper ratio, Lip.chord 0.45 0.60 0.56 0.36
Root chord
Swespback of 25.percente [ oo o O
chord 1ine dog ».6
Incidénce deg MJustrble o.b 0.0 0.5
Dihedral deg 10.0 0.0 5.0 0.0
Alrfoll section KACA 0010-0k RACA 65(10)-011 RY4,40-010 NACA 65-010
Total arua (one) og 2 5.1 9.4 8.5 kb
t gy
Fevater Btatic limite deg {55."’.51-,.; gg\nllslj g{.’mﬁm 2“}18 17.5
-
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TABLE I.- DIMENSIONS AND PHYSICAL CHARACTERISTICS OF THE TEST AIRPLANES - Concluded
- L
Alrplene
Component Item Unit -
F-86A FaH-2 F-846 P-G4B
eading-ed i . -
Stabllizer bﬁa:gle ge linits of deg 1‘;};': io} Fixed Fixed Fixed
Total area (including -
rtion above fuselage
l:u'l excluding dorm]ig 5q ft 354 38.9 30.9 22.5
or ventral area}
Span (fron ruselage tn. 90.2 8.0 8.0 7.0
Mean aerodynamic chord in. 57.5 67.3 63.0 48.3
Vertical location of mean
serodynamic chord above in. 38.5 37.6 28.3 23.5
fuselage contour
Vertical tail Vertical location of mean
ertica. serodynemic chord normal
to and sbove fuselage in. 21 7.6 43.5 58.1
reference line
Tail length (25 percent of
ving K.A.C. to 25 percent in. 201.3 205 .4 218.3 19%.5
of vertical-tail M.A.C.)
Aspect ratio 1.74 1.34 2.25 1.8
Taper ratlo, Lib chord 0.36 0.45 0.39 0.ko
Root chord |
Sweepback of 25-percent-
chord 1ine deg 35.0 m————— Bt me——
Arfoll section NACA 0011-64 BACA Rl ,40-010 RACA 65-010
65(20)-011 ’
Total arce 8q ft 8.1 10.1 10.0 5.3
Rudder
Right 27.5 Right 20 Right 23.5 Right 30
} Static Urits deg Left 7.5 Left 20 Left 23.5 Left 30
Total length (excluding
nose boom) in. n2.h 181.8 614 L81.3
Fuselage Maximum width in. 60.0 6.9 %9.9 56.0
":2:;1 area (excluding 8q £t 20.0 (approx.) 15.7 17.0 17.0 (approx.)
DY
Total effective frontal n.6
Speed brakes ares sg £t 8.6 including 3.0 5.0
* cutouts
Weight cmpty (one) b1 cmmemm e —— 200 178 190
Tip tanks
Capacity (one) gal mmccsm - 200 230 230
Welght apd Measured airplane weight 1b 814,220 b17,940 15,440 213,160
location of
center of Center-of-gravity
ravity lucation corresponding p;r:egt 20.8 26.8 23.8 271.5
?i‘ull aerviee) to above weight e
Corresponding veight 1 812,600 016,520 215,440 833 650
Estimated
moments of Iy (ron1) slug-£t2 6,700 19,000 18,600 11,900
inertin for
welght as Iy (piteh) slug-rt2 16,500 26,300 21,400 26,600
given
1z (yaw) slug-ft2 21,700 42,700 38,900 37,800
Allison
Poverplont Generel Electric Vestt:ghouae Alligon J;:};ﬁ?}
- - o A r-
g J-3h-WE-34 MEC ‘dbumere

o ama

ANo external tanks.
bPMp tenks on but empby.
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Figure l.~ Three-view drawings of test alrplanes.
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F-86A

Limits,deg

-Stabllizer
angle = QO deg

up 385 —
down |75

up)

\Q,.

\ G

Stabllizer angie = J
2 deg(nose ——/

e

O Operational maneuver

A& Take-off or landing

F-846

Limits,deg

down 10

up 25|

4
Indicated airspeed,V, knots

25
F2H-2
Limits,deg
up 15
down I5 —1
Test boundary
I +—
~— ——Maximum for stall or service
limit normal load factor
A
A G
L\O - { .v!.;_‘\{l)
O Stall or spin
I
F-94B
Limits,deg
up 38 __ |
down 175
2 2
6xl10° 0 2 4 6xi0

Figure 3.- Comparison of test results with maximum elevator angles
needed to reach stall or the service limit normal load factor 4n
gradual maneuvers.
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Figure 7.~ Maximum control and respor - values calculated for the
F-86A airplane maneuvering sinue~ .~1lly between the upper and

lower limits of the design V-n di gram for an alrspeed of
300 knots at sea level.
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20
O Neg limit 2nZ pos limit
O — — | 20 pos limit
N
|16 — . .
$g. (3.5 radians /sec)
iim
/
/
12—

Pitching acceleration, © ,radians / sec

O 100 200

300 400 500

Indicated airspeed, V;, knots

Figure 8.~ Comparison of test results with maximum calculated pitching

accelerations obtained by maneuvering the F-86A airplane sinusoidally

within the V-n diagram at sea level.
20,000 feet.)
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Figure 9.- Comparison of test results with maximum calculated pitching
accelerations obtained by maneuvering the F-86A airplane sinusoidally
within the V-n diagram at sea level. (Symbols are for altitude of
20,000 feet.) )
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Figure 10.- Comparison of test results with maximum calculated pitching
accelerations obtained by maneuvering the F-86A airplane sinusoidally
between & load factor of 1 and the upper limit of the design V-n dia-
gram at sea level, )
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Figure 1l.- Comparison of test results with maximum calculated piltching
! velocities obtained by maneuvering the F-86A alrplane sinusoidally

] within the V-n diagram at sea level. (Symbols at 400 knots are for
| altitude of 20,000 feet.)
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Figure 16.- Comparison of test results with maximum rudder angles
obtainable in steady sldeslips uslng maximum control force of

180 pounds.
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) Figure 17.- Comparison of test results with maximum angles of sldeslip
! " obtalnable in steady sideslips using maximum rudder control force
‘ of 180 pounds.
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Figure 18.- Comparison of test results for the F~86A airplane with
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Figure 19.- Comparison of test wesults for the F-84 airplane with
maximum calculated values of sideslip during fishtall maneuvers.
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Figure 20.~ Comparison of test results for the F-86A alrplane with
maximum calculated values of vertical-tail load parameter Bgq
during fishtail and rolling pull-out maneuvers.
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Figure 21.- Comparison of test results for the F-84 airplane with
maximum calculated values of vertical-tall load parameter Bgq
during fishtall maneuvers.
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Figure 22.- Comparison of test results for the F-86A airplane with

maximum calculated values of transverse load factor during fish-
tail and rolling pull-out maneuvers.
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Figure 25.~ Comparison of test results for the F-84 airplane with
maximum calculated values of transverse load factor during fish-
tail maneuvers.
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Figure 24.- Comparison of test results for the F-86A airplane with
maximum calculated values of yawing veloclity during fishtaill and
rolling pull-out maneuvers. .
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Figure 25.- Comparison of test results for the F-84 airplane with

meximum calculated values of yawing velocity during fishtail

maneuvers.
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Figure 26.- Comparison of test results for the F-86A airplane with
maximum calculated values of yawing acceleration during fishtail
and rolling pull-out maneuvers.
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Figure 27.- Comparison of test results for the F-84 airplane with
maximum calculated values of yawing acceleration during fishtaill

maneuvers.
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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS AIR FORCE MATERIEL CTOMMAND
WRIGHT-PATTERSON AIR FORCE BASE OHIO

FEB 19 2002

MEMORANDUM FOR DTIC/OCQ (ZENA ROGERS)
8725 JOHN J. KINGMAN ROAD, SUITE 0944

FORT BELVOIR VA 22060-6218

FROM: AFMC CSO/SCOC
4225 Logistics Avenue, Room S132
Wright-Patterson AFB OH 45433-5714

SUBJECT: Technical Reports Cleared for Public Release

References: (a) HQ AFMC/PAX Memo, 26 Nov 01, Security and Policy Review,
AFMC 01-242 (Atch 1)

W_,% (b) HQ AFMC/PAX Memo, 19 Dec 01, Security and Policy Review,
AFMC 01-275 (Atch 2)

(c) HQ AFMC/PAX Memo, 17 Jan 02, Security and Policy Review,
AFMC 02-005 (Atch 3)

1. Technical reports submitted in the attached references listed above are cleared for public
release in accordance with AFI 35-101, 26 Jul 01, Public Affairs Policies and Procedures,
Chapter 15 (Cases AFMC 01-242, AFMC 01-275, & AFMC 02-005).

2. Please direct further questions to Lezora U. Nobles, AFMC CSO/SCOC, DSN 787-8583.

WMW&@_,

LEZORA U. NOBLES
AFMC STINFO Assistant
Directorate of Communications and Information

Attachments:

1. HQ AFMC/PAX Memo, 26 Nov 01
2. HQ AFMC/PAX Memo, 19 Dec 01
3. HQ AFMC/PAX Memo, 17 Jan 02

CC.
HQ AFMC/HO (Dr. William Elliott)



DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AIR FORCE MATERIEL COMMAND
WRIGHT-PATTERSON AIR FORCE BASE OHIO

OEC 19 2001
MEMORANDUM FOR HQ AFMC/HO

FROM: HQ AFMC/PAX

SUBJECT: Secunity and Policy Review, AFMC 01-275

1. The reports listed in your attached letter were submitted for security and policy review JAW

AFI35-101, Chapter 15. They have been cleared for public release.
2. If you have any questions, please call me at 77828. Thanks.

ES A. M%p

ecurity and Policy Review
Office of Public Affairs

Attachment:
Your Ltr 18 November 2001



18 December 2001

MEMORANDUM FOR: HQ AFMC/PAX

Attn:; Jim Morrow

FROM: HQ AFMC/HO

SUBJECT: Releasability Reviews

‘1. Please conduct public releasability reviews for the following attached Defense
Technical Information Center (DTIC) reports:

a.

Emergency Fuel Selector Valve Test on the J47-GE-27 Engine as Installed on F-
86F Aircraft, January 1955; DTIC No. AD- 056 013.

Phase II Performance and Serviceability Tests of the F-86F Airplane USAF No.
51-13506 with Pre-Turbine Modifications, June 1954; DTIC No. AD- 037 710.

J-47 Jet Engine Compressor Failures, 7 April 1952; DTIC No. AD- 039 818.

Evaluation of Aircraft Armament Installation (F-86F with 206 RK Guns) Project
Gun-Val, February 1955; DTIC No. AD- 056 763.

A Stizdy of Serviced-lmposed Maneuvers of Four Jet Fighter Airplanes in Relation

to Their Handling Qualities and Calculated Dynamic Characteristics, 15 August
1955; DTIC No. AD- 068 899.

Fuel Booster Pump, 6 February 1953; DTIC No. AD- 007 226.

Flight Investigation of Stability Fix for F-86F Aircraft, 8 September 1953; DTIC
No. AD- 032 259.

Investigation of Engine Operational Deficiencies in the F-86F Airplane, June
1953; DTIC No. AD- 015 749.

Operational Suitability Test of the T-160 20mm Gun Installation in F-86F-2
Aircraft, 29 April 1954; DTIC No. AD- 031 528.

Engineering Evaluation of Type T 160 Gun and Installation in F 86 Aircraff,
September 1953; DTIC No. AD- 019 809.

pﬂ;ff(‘ Ji=x -~

Ve
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¢

k. Airplane and Engine Responses to Abrupt Throttle Steps as Determined from

Flight Tests of Eight Jet-Propelled Airplanes, September 1959; DTIC No. AD-
225 780.

. Improved F-86F: Combat Developed, 28 January 1953; DTIC No. AD- 003 153.

m. Flight Test Progress Report No. 19 for Week Ending February 27, 1953 for
Model F-86F Airplane NAA Model No. NA-191, 5 March 1953; DTIC No. AD-

006 8

06.

2. These attachments have been requested by Dr. Kenneth P. Werrell, a private

researcher.

3. The AFMC/HO point of contact for these reviews is Dr. William Elliott, who may be

reached at extension 77476.

13 Attachments:

DTIC No

DTIC No

DTIC No

DTIC No

—te oo MO RO O

DTIC No.
DTIC No.
DTIC No.

DTIC No.
DTIC No.
DTIC No.
DTIC No.

. DTIC No.
m. DTIC No.

. AD- 056 013
AD- 037710
AD-039 818
AD- 056 763
. AD- 068 899
AD- 007 226
. AD- 032 259
AD- 015 749
AD-031 528
AD- 019 809
. AD- 225 780
AD- 003 153
AD- 006 806

HN D. WEBER
Command Historian



