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NATTIONAL. ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

A STUDY OF THE USE OF CONTROLS AND THE RESULTING ATRPLANE
RESPONSE DURING SERVICE TRATNING OPERATIONS
OF FOUR JET FIGHTER ATRPLAWNES

By John P. Mayer, Harold A. Hemer, and Carl R. Huss
SUMMARY

Results from a limited flight program to obtain information on the
airplene response and actual rates and amounts of .control motion used
by service pllots in performance of squadron operational training mis-
sions with four Jet fighter alirplanes are presented. The results are
presented in the form of envelopes of maximum measured values and in
terms of frequencies and probabilities of occurrence, and flight times
before a glven value 1s exceeded.

Whenever feasible the results have been compared with present deslign
requlrements, methods of computetlon, and other test resutts. Compari-
sons Indicate that the maximm teall loads encountered in these tests were
less than those specified by the present requirements. When compared on
& probgbility basis, the results are roughly the same for each of the
test alrplanes and are also about the same as those of other operationsl
training teste. When compared on a time-to-exceed basis, 1t is shown
that the date of these tests and of the other tests represent the same
mgnner of utilization and that the dsta of the present tests are repre-
sentative of many more hours of flight time than were actuslly recorded.

INTRODUCTION

In the present methods for determining airplane design loads, the
meximum loads are calculsted by specifying what are believed to be the
critical motions of the controls or by specifying the critical alrplane
response. For the most part these critical motions are based on the
maximum amounts and rates of control physically possible. In operationsl
flight, however, the actusl maximm control motions and airplane response
may differ apprecisbly from the specifled variations.

)
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In order to obtain some information on the airplane response and the
actual amounts and rates of control used by service pllots in the per-
formance of operational tralning missions, the NACA with the cooperation
of the U. 8. Air Force and the Bureau of Aeronautics, Navy Depariment,
has been conducting a flight program with several jet-propelled fighter
airplanes. Information of this type is needed in order to determine more
realistic design-load criteris and to provide informaticn for use in
deslgning airplane control-boost systems. In addition, this informetion
is needed to determine the importent quantities and ranges of measurement
to be used in the design of instruments for statistical loads measurements.

This paper is a summary of the informstion obtalned with all the
test alrplanes of references 1 to 6 in addition to other date anslyzed
since the issuance of those papers. The data are presented, for the
most part, as envelopes of meximum values of the measured quantities
and, where feasible, the data are compared wlth present design require-
ments or methods. A limited statistical analysis is elso presented for
some of the measured quantities. The paper 1s organized in g manner
such that data pertaeining to speclific quantities, which are listed in
the "Contents," may be used without reference to the entire paper.

SYMBOLS
b wing span, £t
c wing mean aerodynamic chord, ft
Cy, wing lift<curve slope, per radian
o1
Cr “horizontel-teil lift-curve slope, per radian

(de/ECI)A rgte of change of pltching-moment coefficient with 1ift
coefficlent for complete ajirplane

Qmo zero-1ift wing-fuselsge pltching-moment coefficlent

meF wing-fuselage pitching-moment coefficient

CNWF wing-fuselage normel-force coefficient ‘
d distance from airplane center of gravity to aerodynamic

center of wing~fuselage combination, £t
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acceleration due to gravity, 32.2 ft/sec?

pressure altitude, £t

moment of inertis sbout lateral axis, slug-ft2

empirical constant denoting ratio of desmping moment of
camplete airplane to damping moment produced by taill

dimensional constants appearing in longltudinal equation
of motion

. Ty

piteching radius of gyration, = ki

horizontal-tail load, 1b

Mach number
alrplene mass, W/g, slugs

longltudinal load factor

transverse or lateral load factor

normal load factor

maximum allowable positive normel load factor as defined
by service V-n diagram

limit design positive normsl load factor

maximm positlive normal load factor as defined by
design V-n diagram

service 1limit positive normsal locad factor

actual ulitimate normal load factor

dynamic pressure, %pva, lb/sq_ £t

impact pressure, l'b/sq_ £t -

ORI
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dynsmic pressure in vicinity of tail, 1b/sg £t
totel wing area, sq ft
total horilizontel-teil area, sq £t

time to roll 90°, sec

true alrspeed, ft/sec
indicated airspeed, knots

meximum allowable indicated alrspeed as deflned by
V-n diagram, knots

eirplane gross weight, 1b

distance from sirplane center of gravity to aerodynamic
center of horizontal tail, ft

ailrplane angle of attack, deg
time rate of change of angle of atback, radians/sec

second derivative of o with respect to time,
radians/sec?

rate of change of horizontal-tall angle of sattack
wlth elevator deflection

airplane angle of sideslip, deg
increment

aileron deflection_(one aileron), deg
meximm availsble aileron deflection (one aileron), deg
aileron deflection rate (one aileron), radisns/sec

elevator deflection, deg

meximum availlable elevator deflection, deg

elevator deflection rate, radiansg/sec

maximum cslculated elevator deflection rate, radians/sec
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rudder deflection, deg

meximum gvallable rudder deflection, deg

rudder deflection rate, radians/sec

horizontal-tail efficiency factor, qt/q

pitching angular velocity, redisns/sec

maximm calculgted pltching asngular veloeity,
radians/sec

pitching anguler scceleration, radians/sec?

maximum calculated pitehing angular acceleration,
radians/sec?

time to reach positive pesk normal load factor, sec
mass deunsity of alr, slugs/cu £t

rolling engular veloeity, redians/sec

rolling angular scceleration, radians/sec2

yewlng angular velocity, radians/sec

yewing angular accelerstion, radians/sec?

Statlistical Symbols

symbol represents messured quantity (i-e., éE: e,
ny, etc.)

bar over symbol represents average velue of frequency
distribution

frequency of occurrence or number of cycles of normal
load factor

total number of observations for a particular quantity

number of normal-~locad-factor peeks per hour of flying time
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P probebility

T total recorded flight time, hr

t average flight time required to equal or exceed a
given value, hr

Qg coefficlent of skewness of frequency distribution,
1 x(a - 8)°
2 N

y, coefficient of kurtosis of frequency distribution,
1 z(a - )k
o N

G standard deviatlion of frequency distribution,

l};(a - 5)2]1/2
N

TEST AIRPLANES

The alrplanes used 1in this progrem were standard service airplanes.
They were the North Americen F-86A, McDonnell F2H-2, Republic F-8L4G,
and the Lockheed F-OUB airplanes.

The F-86A-5-NA is a single-place, swept low-wing, single-engine
Jet-propellied fighter. The airplane has automatic full-span lesding-
edge slats and partlsl-span slotted flaps and incorporates gpeed brakes
located on both sides of the rear fuselasge sectlon. The longitudinal
control system includes an adjustable stabilizer (used for control at
high Mach numbers as well as for control-force trim) and a hydraulically
boosted elevator. A rate restrictor is incorporated in the elevator
control system which restricts the elevator rate to sbout 45 degrees per
second. The alleron control forces are augmented by a hydraulic boosgter
mechanism. It was necessary to use two F-86A's during this program
because one was damaged during landing.

The FRE-2 is a single-place, straight low-wing, two-engine jet-
propelled fighter. A hydraulic boost ls incorporated in the aileron,
control system. Speed brakes are located in the upper and lower wing
surfaces inboard of the alleron and just ahead of the partial-span
flaps. o
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The F-84G-1-RE is a single-place, straight low-wing, single-engine
Jet-propelled fighter-bamber airplane. The alrplane is equipped with a
hydraulic aileron boost with a menuslly adjustable boost ratioc. A speed
brake is installed in the bottom of the fuselage.

The F-giB-1-I0 is & two-place, straight low-wing, single-engine
(equipped with afterburner) jet-propelled interceptor. The aileron con-
trol forces are sugmented by a hydraulic booster mechanism. Hydrauli-
cally opersted speed brakes are incorporated in the bottom of the
fuselsage.

Neither the external egppearance nor the welght and balence of the
alrplanes was altered by the additlon of the NACA instrumentation.
Three-view drawings of all the airplesnes mre presented in figure 1.
Physical characteristles and dimensions of the airplanes are given in
table I. The moments of inertis glven In tgble I are estimated from
the latest informastion availeble.

INSTRUMENTATION

Standard NACA photographically recording instruments were used to
measure (1) the quantities defining the flight conditions - that is,
airspeed, altitude, speed-brske position, and, in the F-86A, slat posi-
tion, (2) the imposed control motions , and (3) the response of the alr-
plane in terms of load factors, angular velocities, angle of sideslip,
and, in the case of the F-84G and F-94B, angular accelerations and angle
of attack., The recorders were synchronized gt l-second intervals by
means of & common timing circuit.

In order to relieve the pllot of any recording-instrument switching
procedure and thus assist In obtaining normal operation, & pressure
switch was employed to operate the recording instruments at ailrspeeds
ebove the indicated stalling airspeed. In the F-84G and F-94B a nose-~
wheel-door microswitch, which was actuated when the door closed, was
used in parsllel with the pressure switch to insure contlnuous operation
of the recorders at airspeeds below the indicated stalling airspeed.

A standasrd two-cell pressure recorder comnected to the ailrplane
service system was used to meesure the pressure sltitude and indicated
alrspeed. The service systems were of the ususl totel-pressure-tube
and flush static-pressure-~orifice type. The locagtion of the total-
pressure tubes and statle-pressure orifices for the four alrplanes
tested are indicated in figure 1.

A microswiteh, incorporated into the cockplt speed-brake control
handle in the F-84G and the first F-86A and sttached in the immediate

o)
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proximity of the speed brake in the F2H-2, F-94B, and the second F-86A,
was used to indicate whether the speed brake was 1in the open or closed
position. The open or closed position of the slat on the F-86A was
also indicated by a microswitch.

The control-surface deflections were measured with respect to the
chord line of the component to which the control surface was attached
by a control-position recorder having remote recording electrical trans-
mitters instelled near the surface. The elevator, rudder, and stablli-
zer (for the F-86A) transmitters were installed inside the fairings in
order to take measurements at the inner hinge. The alleron transmitter
was located at approximately the right-aileron midspan, with the excep-
tion of the F-84G. Inh this sirplane the transmitter was located at the
link arm connecting the right-aileron push-pull rod. '

Normal load factors were measured by an NACA sir-demped, single-~
component. recording sccelerometer in the F-84G and F-94B and by an NACA
air-damped, three-component accelerometer in the F-86A and F2H-2.
Transverse and longitudinal load factors were measured by an NACA air-
damped, three-component accelerometer in all the airplanes. The loca-
tions of the accelercmeters gre given in references 1 to 5. It should
be noted that the accelerameters were not located on the average "in
flight" center of gravity. Angular velocities and angular accelera-
tions were recorded by angular-veloeity and angular-scceleration
recorderg. Load factors, anguler velocities, and angular accelerstions
were recorded about three mutually perpendiculsr axes in which the longi-
tudinal reference axis is the one commonly used for leveling the air-
plane. (See fig. 1.)

Sideslip angles were mesasured by a flow-direction recorder in com-
bination with a vane mounted on a boom extending in fromnt of the left
wing on the F-86A and in front of the nose of the F2H-2, F-84G, and P-94B.
(See fig. 1.} An angle-of-attack vane was also mounted on the boom for
the F-84G and F-94B airplanes. The angle of attack is defined as the
angle between the longitudinal axis and the proJection of the relative
wind in the vertical plane of the airplane. The angle of sideslip is
defined herein as the angle between the longitudinal axis and the pro-
Jection of the relgtive wind in the horizontal plane of -the airplane.

A1l recording instruments were damped to sbout 0.65 of critical
demping. The natural frequencies of the elements in all the instruments
were selected to give the best compromise value which would minimize the
magnitude of extraneous airplsne vibrations and still give correct
response to the maneuver.
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The maximum errors for the measured quantities for all the air-
planes are as follows:

Control-surface angle, deg . . . « &« ¢ ¢ ¢ ¢ o ¢ ¢ o o o o« = o = 0.7
Normal 1load £actor « « « o & « « o o = 4 o e o a s o« o a o o o « 0.1
Longitudinel and transverse load factors . . . . . . . . « . . . *0.03
Pitching angulsr velocity, radians/sec c e et e s s e e s e . . E0.03
Pitching angular acceleration, radians/sec? . . . . . . . . . . #0.1
Rolling angular velocity, radiamsfsec . . . . . . . . . . . . . *0.15
Rolling angular accelerstion, radiens/sec® . . . . . . .. .. . 0.5
Yawing angulasr velocity, radians/sec e s s s s s s e e 4 e s o « .02
Yewing angular acceleration, redians/sec® . . . . .. .. . . . 0.06
Angles of attack and sideslip, eg . ¢« & v ¢ ¢ ¢« ¢ « « o o s o« & 0.7

Camplete information on accurscies, instruments used, and natural
frequencies of the instruments for the individual airplanes ls given 1in
references 1 to 5.

TESTS

Al]l the flights obtained during thils progrem were performed in
conjunction with the regular squadron operstional training. Data were
recorded only during those flights in which the primery mission was
acrobatics, ground gunnery, aerial gumnery, or dive-bambing. The maneu-
vers performed during these tests Include most of tThe tactlcal maneuvers
that were within the capabilities of the indlvidusl airplanes. These
maneuvers were performed from ground level to altitudes of approximately
35,000 feet and at airspeeds varying from the stalling airspeed to the
meximum service limlt airspeed. Although not requested, most of the
maneuvers were performed in smooth air; however, in some cases gusts
were encountered. Other than 1o request that the airplanes be used in
ag many types of missions as were normally carried ocut by the squadron,
no attempt was made to specify the type or severity of maneuvers.

Approximstely 60 hours of flight time were recorded during these
tests and spproximately 18 hours of this recorded time have been pre-
sented as maneuvering time in time-history form in references 1 to 5.
This ratio of recorded time to maneuver time of 3.33 is not representa-
tive of normel operatlion because the pilois were requested to perform
as msny maneuvers as practical during each flight in order to minimize
the time required to complete the program.

The F-86A. &nd, with the exception of one flight, the F-94B were flown
without external fuel tanks, whereas the F2H-2 and, with the exception

L T
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of 2 flights, the F-84G were flown with external fuel tanks. In the
case of the F2H-2, however, all maneuvers were performed with the
external tanks empty.

A total of 42 service pilots participated in these tests: 8 in
both the F-86A end F-94B, 12 in the F2H-2, and 1k in the F-84G. No
pllot accounted for more than 20 percent of the maneuver time obtained
during the particular program in which he participated. During these
tests, anti-gravity suits were worn by most of the pilots. Although
the pllots were aware of the Imstrumentation, it was stressed that this
was not to restrict their normal handling of the alrplane since they
would not be personally ldentified with the test results.

METHODS OF ANALYSIS

In this paper the measured quantities are presented, as indicated
in the "Contents," in an order beginning with the pilot-imposed control
motions and following with the alrplane response to these control o
motions. The resulis are given, for the most part, in three forms:

(1) besic data and envelopes for each test airplane, (2) combination of
the envelopes for all the test alrplanes, and (3) statistical curves.

Basic data and envelopes for each test airplane.~ The basic results
are presented as plots of the maximum measured quantities and show how
the envelopes were determined for each airplane. Only those maximm
values which helped establish the envelopes are shown. In a few of the
figures it mey be noted that some of the high test points are not used
to establish the envelope. In these cases it was believed that the
inclusion of the isolated points within the envelope might misrepresent
the mass of the data. The maximum velues obtained as a result of stalled
maneuvers are Indicated only at the lower airspeeds since in most cases
the boundaries at the higher speeds were not materially affected by
stalls. The maximmm values obtained In take-offs and landings were
taken only when the airplane wasg completely airborne. No corrections
have been made to the indicated alrspeeds for position error.

Combination of the envelopes for all the test airplanes.- In a few
cagses, the envelopes for each of the test airplanes are compared; how=-
ever, for the most part, the data for all the test airplanes have been
combined and en overall envelope has been obtalned to represent the
boundary for all the airplenes. The oversll envelope consists of a
number of superimposed envelopes representing certain types of flight .
conditions which are defined as operational meneuvers, stalls, and
lateral oscillations. In a few of these figures the high values obtained
during snap rolls at the higher airspeeds with the F-84G alrplane, which
are indicated in the basic-data figures, are not included within the enve-
lope of operational maneuvers since in this- type of maneuver the airplane
is partiaslly stalled. The envelopes labeléd "stalls" include values
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obtained during stalls, spins, take-offs, and landings. The lsolated
points, which were not used to establish the envelopes in the basilc~data

figures, are shown in the overall envelope plots. Where possible, com-
perisons are made with design requirements or computing methods.

Statistical analysis.- In analyzing the data of this peper, stand-
ard statistical procedures such as described in references T and 8 were
used. The frequency distributions for the pertinent quantities are pre-
gented in tables IT to VIL. Also given in the tables are the total
number of measurements counted N, the totel flight time in hours repre-
sented by the date T, the average value of the glven quantity @&, the
standsrd deviation o, the coefficient of skewness oz, and the coeffi-

cient of kurtosis ay.

Frequency distributions were used to represent the data in the form
of a percentage of the total number of occurrences of a given quantity
oceurring in s given interval. The probablility or relative cumulative
frequency distributions are the summation of the frequency distributions
and are glven as the percentage of the total number of occurrences which
equal or exceed g given value of the measured quantity. The experimental
distributions were fitted with a-Pearson type ITII probablility curve and
in this paper the term "probability curve" will refer to a Pearson type IIX
curve.

RESULTS AND DISCUSSION

Control Deflections

Elevator.- The meximm elevabtor control angles for each airplane’
plotted against indicated airspeed are given in figure 2 and the ratios
of the maximum angles used to the maximm availeble sngles are shown in
figure 3. The largest elevator angles used were obtalned.in stalls,
take-offs, and landings. The maximum up elevator control limits were
approached in stalls for the F-86A and F-84G asirplanes. The maximum
down elevator used did not vary appreclably with alrspeed at airspeeds
above the stall except for the F-86A airplane. For the F-86A the mexi-
mm down elevator angle was reached at an alrspeed of 400 knots. Since
the F-86A has a movable stebllizer, the elevator angles shown are asso-
ciated with varlous stabllizer settings. The large down elevator angles
at relatively high speeds for the F-86A are associated with the particu-
lar stabilizer settings used for trim st those speeds.

Alleron.- The maximum aileron control angles (right aileron only)
for each slrplane plotted ageinst indicated alrspeed are given in fig-
ure 4. The ratios of meximum aileron aengles used to the maximm avail-
able aileron angles are shown in figure 5. For the F-84G airplene
almost full alleron was used in stalls and rolle at low speeds. Except
for the P-8UG airplane the aileron angles used did not approsch the

T
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control limits. The point shown above the boundary for the F-84G air-
plane was obtained in a maneuver during a flight in which the fuel
failed to drain fxggégqe_of the wing-tip tanks. The point shown above
the boundary for the F-OQ4B airplane was obtained during a very abrupt
turn.

Rudder.- The maximum rudder control angles for earh airplane plotied
against indicated airspeed are given in figure 6 and the ratios of the
maximum rudder angles used to the maximum avallasble rudder angles are
shown in figure 7. The highest rudder angles were obtained, for the
most part, in stalls, take-offs, and landings. The control limits were
reached with the F-84G alrplane and aspproached with the F-86A airplane
in low-speéd stalls. Throughout these tests rudder control was rarely
used with any of the alrplanes while maneuvering.

Control Rates

Elevator.- The maximum elevator control rates for each airplane
plotted agalnst indicated airspeed are given in figure 8 and the enve-
lope of the meximum rates for a&ll the alrplanes is shown in figure 9.
The meximm elevator rates used decreased with airspeed and the highest
rates were obtained in stalls and landings. The rates for all the air-
planes were gbout the same except for the F2H-2 alrplane. The elevator
retes used with the F2H-2 airplane were considerably lower than for the
other airplanes as was alsoc the case for the elevator angles. This was
partly a result of the rearward center-of=gravity position and partly a
result of the large value of elevator effectiveness for this airplane.
The negative rates were about equal to the positive rates for all the
airplanes. The highest rates were obtained with the F-94B airplane in
landings where elevator rates as high as 2.2 radlans per second were
megsured. At the low speeds these rates were generally assoclated with
short-duration impulses of large deflection which did not affect the
alrplane motion spprecisbly. The limits of control rate for the F-86A
ag imposed by the rate restrictor were reached st the lowest girspeeds.
It may be noted again that only the F-86A airplane was equipped with
elevator boost. The point shown above the boundary for. the F-84G alr-
plane was measured in a very abrupt pull-up. The point shown above the
boundary for the F-94B airplane was measured in the very abrupt turn
previously mentioned in the aileron-angle discussion.

The probability vaelues and the fitted curves for elevator rates
greater than 0.2 radian per second for the F-86A, F-84G, and F-9UB air-
planes and greater than 0.1 radian per second for the F2H-2 airplane are
shown in figure 10 for comblned positive and negative elevator rates.

The frequency distribution for elevator rates and the statistical param-~
eters on which the probabilities are based are given in table IZ. It
was found that the probabilities for positive and negative elevator rates

Lo
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ere about equal. (See table II.) In figure 10 it may be seen that the
probabilities for the combined positive and negetive elevator rates for
the F-94B are greaster than those for the other airplenes. Since it was
found that most of the high elevator rates for the F-94B ailrplene were
obtained in landings, an analysis was made for gpeeds less than 150 knots,
speeds gregter than 150 knots, and for all speeds. The probability curves
for these speed ranges are shown 1n figure 11; 1t may be seen that the
probebilities for a given elevator rate for speeds above 150 knots were
considerably less than those for speeds below 150 knots. TFor the other
airplanes it was found that the speed range did not affect the probabil-
ity curves appreciably. A comparison of probsbilitles for all the test
alrplanes is shown in figure 12 for all speeds except for the F-9iB

where the data are given for speeds less then 150 knots and greater than
150 knots. In addition, since the data for the ¥2H-2 sirplane were cal-~
culated from a lower initisl level, these date were adjusted to the

level of the other test airplanes for comparison. In figure 12 it can

be seen that, except for the F-94B at low speeds, the probability of
exceeding a given elevator rate is ebout the same for all the airplanes.

Aileron.- The maximum aileron control rates for each alrplane plotted
against indlcated airspeed are glven in figure 13 and the envelope of the
maximum rates for a1l the airplanes is shown in figure 14. The maximm
aileron rate used in these tests was ebout 1.46 radiasns per second wilth
the F2H-2 airplane. The veriastion of the maximum aileron rate with indi-
cated sirspeed was not consistent among the sirplanes and, except for the
F-84G, the maximum rates were reached at speeds greater than 200 knots
for all sirplanes. TFor the F-84G the highest rates were reached in low-
speed stalls. The highest rate for the F-94B airplane occurred near the
meximum airspeed. Thls point, which is associsted with the high aileron
angle shown at 440 knots in figure L4, and the other point shown above the
boundery for this airplane were obtained during very abrupt turns.

The probabllity values and the fitted curves for aileron rates
gregter than 0.2 radiasn per second for each alrplane at all speeds are
shown in figure 15. The frequency distribution for alileron rates and
the statistical parameters on which the probgbilities are based are
given in table III. It may be seen that the probability curves for
aileron rates are asbout the same for all the airplanes with the excep-
tion of the F2H-2, where the probabillities are considerably higher.

Rudder.- The maximum rudder control rates for each airplane plotted
against indicated ailrspeed sre given in figure 16 and the envelope of the
maximum rudder rates for all the airplenes is shown in figure 17. The
highest rate measured was 2.8 radians per second with the F-94B airplsne
in take-offs and landings. The two relatively high rates shown above
the boundary for the F2H-2 airplane at 360 and 330 knots were measured
during a small-amplitude rudder oscillation and during an sbrupt turn,
respectively.

7
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The probability values and the fitted curves for rudder rates
gregter than 0.1 radian per second for all speeds, speeds greater than
150 knots, and speeds less than 150 knots for each of the test alrplanes
are shown in figure 18. The frequency distribution for rudder rates and
the statisticael parameters on which the probasbilities are based are glven
in table IV. It may be noted that the probabilities of exceeding a given
rudder rate are higher in the low-speed range. It can be seen that in
comparing the four test alrplanes for the entlire speed range there ia e
wide scatter 1n the probabilities; however, when comparing the probabil-
ities for speeds greater than 150 knots the scatter is somewhat reduced.

Airplane Angular Velocities

Pitch.- The meximum pitching velocitlies for each alrplane plotted
against indicated alirspeed are given in figure 19 and the envelope of
the maximum pitching velocities for all the airplanes is shown in fig-
ure 20, The highest pitching velocity measured during operational
maneuvers in these tests was gbout 0.5 radian per second. One value
of 0.8 radian per second was measured with the F-84G &irplane in a low-
speed stall. The posltive pitching velocitles reached a peak at about
300 knots for operatlonal meneuvers. The highest negative pitching
velocities were reached in low-speed stalls. Also shown Iin figure 20
are the maximumm positive pltching welocities obtained by the method of
reference 9. In reference 9 the maximum positive pitching velocity i1s
given as

-1 . - 1)g
nvm W/S +O.h8u2_.l.

8max = 1.95

In figure 20 the calculsted maximum positive pitching veloclities were
computed by using a time to reach positive peak normal load factor A
of 0.95 second, which was found to have been the epproximste minimum

value for these tests. The calculated values are seen to be in falr

agreement with the flight data.

Roll .- The meximum rolling velocities for each alrplane plotted
against indicated airspeed are given in figure 21 and the envelope of
the maximum rolling velocitles for ell the alrplsnes is given in fig-
ure 22. The rolling velocitlies reached a peak at a speed of about
250 knotg for operational maneuvers. The highest rolling velocity
measured was about 3.5 radians per second with the F-84G airplane.
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Helix angle ﬁb/zV: The mexjmum values of the wing-tip helix
engle ¢b/2V for each alrplane plotted against indiceated airspeed are
given in figures 23 and 24. The maximum value of ¢b/2V obtalned was

about 0.14 with the F-84G airplane in a stall. The value of @b/2V
obtained with the other slrplenes was about 9.08 at speeds up to

300 knots. Above this speed the values of $b/2V decreased with air-
speed. Included in figure 24 is the present U. S. Air Force minimum-
helix-sngle requirement (ref. 10) applied to the F-86A airplene. Since
the alrplanes of thls investigation were designed prior to the require-~
ment of reference 10, the applicable hellx-angle requirement (ref. 11)
as determined for the F-86A airplane is also given in figure 2hk. I%
can be seen in this figure that the Air Force rolling requirement glven
in reference 11, for which these alrplanes were designed, is reached
for most of the airplanes gbove a speed of 300 knotas. The present
requirement (ref. 10) is not reached at the higher speeds.

Since Mach number is perhaps a more significant parameter, the

envelopes of @b/2V are shown in figures 25 and 26 plotted against Mach
number. It is shown in figure 25 that high values of @b/2V are
obtained at the higher Mach numbers, whereas in figure 23 it 1s seen
that few large values of @b/2V are obtained at the higher alrspeeds.

It mey be seen in figure 26 that relatively high values of ¢b/2V are
maintained to higher Mach numbers with the F-86A airplane than with the
stralight-wing sirplanes.

Time to roll 90°: Recently i1t has been suggested that a more real-
istic rolling requirement than that presently used would be to specify
that the airplane roll 90° in 1 second (ref. 12). The values of the
minimm time to roll 90° from a steady-state condition for each airplane
plotted agalnst indicated alrspeed are given in figure 27 and the enve-
lope of the minimum time to roll 90° for all the airplenes is shown in
figure 28. Tt can be seen that the minimm time used by the service
pllots of these tests to roll 90° is about 1 second except at the lowest
and highest airspeeds. The peak rolling velocitles reached during 90°
of roll for each airplane plotted against time to roll 90° are given 1in fig-
ures 29 and 30. Included in figure 30 is the limit boundary showing the
lowest possible rolling veloecity n/2T90 t0 roll 90° in eny given time.

It may be seen that the maximum rolling velocities used in rolling 90°
are falrly close to the limit boundary.

Rolling velocity and normal load factor: One of the critical meneu-
vers for design of the verticel tail is the rolling pulilout type of
maneuver which consists of a rolling maneuver combilned with high normsl
load factor. The maximum rolling velocitles for each airplane plotted
against normel load factor are given in figure 31 and the envelope for
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21l the airplanes is shown In figure 32. It may be seen that the maxi-
mum rolling velocity reached a peak at a load factor of about 2 for
operational maneuvers.

Yaw.~ The maximum yawing velocitles for each alrplane plotted
ageinst indicated airspeed are given in figure 33 and the envelope for
all the airplsnes is given in figure 34. The maeximum yawing velocity
measured in these tests was greater than 0.56 radlan per second (the
limit of the recorder) with the F-84G airplane. For the other alrplanes,
the maximum yawling veloclties obtained during operational maneuvers were
about 0.3 radian per second. For the F-86A sirplane values as high as
0.5% radian per second were reached in low-speed stalls. For the F-84G
airplene all values gbove 0.35 radian per second at speeds greater than
200 knots were obtained in snsp rolls. AL the highest alrspeeds the
meximm yawing velocities for all the airplanes were the result of
lateral oscillations.

Airplane Angular Accelerations

Pitch.~ The maximum pitching accelerations for each airplane plotted
agelnst indicated alrspeed are given in figure 35 and the envelope for
all the airplanes is given in figure 36. The maximum pltching accelera-
tion reached in these tests was -2.0 radlans per gecond per second with
the F-84G airplane. In genersl the maximm pitching acceleration for
operational maneuvers increased with alrspeed to about 300 knots, a point
corresponding approximately to the upper left-hand corner of the V-n dia-
gram, and then decreased with further increase in airspeed. The maximum
positive and negative pitching accelerations are about equal, although
there was a tendency in these tests toward higher negative pitching
accelerations.

The probability values for combined positive and negative pitching
accelerations over 0.2 radian per second per second for each alrplane are
shown in figure 37. The frequency distributions for pitching accelers-
tiong and the statistical parameters on which the probsbilities are based
are given in table V. In analyzing the pltching accelerations statistl-
cally, 1t was found that the probabilitles of exceeding negative pliching
accelergtions were slightly higher than the probabilities of exceeding
positive pltching accelerations. In figure 37 1t may be seen that within
the limits of the experimentsal data the probebility of exceeding a given
pitching acceleration is about the same for all the test alrplenes. It
is seen that in only about 2 out of 1,000 maneuvers (0.2 percent of all
maneuvers), in which a pitching acceleration over 0.2 was reached, would
the pitching acceleration exceed 2 radians per second per second.

Camparison of calculsted or design piltching accelerations with test
results: A comparison of the maximm pitching accelerations reached in
these tests for all the alrplanes (camposite of positive and negative
envelopes given in fig. 36) with calculated or design values determined
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by six different methods is shown in figure 38. The six design curves
shown in figure 38 were calculated for the F-86A sirplane at sea level.
The curves for the other alrplanes used in these tests are similar to
those shown for the F-86A. The curve deplcting the Navy requirement
(ref. 13) 1s obtained from the specifications which state, smong other
things, that the airplane should be designed for maximum pitching accel-
erations of -6, -3, and 6 radlans per second per second at the alrspeeds
corresponding to the upper left-hand corner, upper right-hasnd corner,
and lower left- and right-hand corners of the V-n dlagram, respectively.

The curve illustrating a method of reference 1t is obtalned from
the empiriceal. relgtion

. 125
Gmax = ;:[/—2 (D.vm - l) (2)

Another empirical relastion given in reference 14 ie

Smax = 40200 (3)

For the average weight of the test airplanes this relationship results
in a value of maximum pitching acceleration of about 3 radians per sec-
ond per second. '

The curve which is established by Clvil Aeronautics Administration
design specifications (ref. 15) is obtained from the empilrical relstion.

Snex = 22 0y (o, - 1-5) ()

where V 1s true alrspeed in miles per hour and equal to or greater
than the value corresponding to the upper left-hand corner of the
V-n diagram.

The method of reference 16 for estimating meximum pitching accel-
erations is based on the equation

c 1/2 :
CA 2.56‘:3 oy Sy, ¥ —:-L—) (5)
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where 2.5 is an empirically derived constant. It should be noted that
the units for 5E and Vi 1n this equation are degrees per second and

miles per hour, respectively. The elevator rate used in figure 38 for

the method of reference 16 is 3.5 radians per second (200 deg/sec) which

is approximgtely the maximum elevator rate attalnable.

The curve labeled Method A was obtained from the method given in an
unpublished paper by Howard W. Smith of Boeing Airplene Company which is
based on the assumptions that (1) the maximum negative pitching accelera-
tion occurs at the instant the load factor is a meximum and that (2) the
elevator has been restored to the level-flight trim position at this same
instent. Thus, the fundamental equation of motion of an airplene in sym-

metrical pitching maneuvers

& + Kja + Ko Ao = K3 Adp

reduces to

Il
O

@ + Ko A

since & snd A8 are 0. Furthermore

G~ 6
so that
8 = -Kp Ao,
where
Lo WS
A = ————

(6)

(7)

(8)

(9)

(10)
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and

ac S.x,.2
qase < M X (11)

K2=cluka2-E£)A+cLa¢‘J$°%K me

Substituting equations (10) and (11) for Ax and K, into the equa-
tion for maximum pitching acceleration ylelds

: | 8.x,2
5 .8 Lu) _ ¢ 0 2% 12
S - 525 oy, (ch)A LT 8 K 5 (12)

The curve showing maximum pitching accelerstions obtained by the
method of reference 9 is given by the equation

w/s By, -1

Dy -1
+ro.95 8 tm (13)

Bmax = 6.5

where V is true sirspeed in feet per second. The meximum elevator
rate assoclated with the above maximum plitching acceleration is glven
approximately by the equation

¥
s = <nvm " l)§ 36.3 K1 K>

In this method the shape of the load-factor varietion with time and the
minimum time required to reach the peak load factor are assumed, based
on experimental data. For fighter-type alrplanes, the minimm time to
reach peak elevator deflection is given in reference 9 as 0.2 second,
which corresponds approximately to = time to reach peak load factor of
about 0.55 second. Thus, in figure 38 the calculations for the method
of reference 9 are for a value of 0.55 second to reach meximm load
factor, except where the elevator rates obtained by using this wvalue
would exceed 3.5 radians per second. In these cases the value of A
was adjusted s0 as not to exceed an elevator rate of 5.5 radians per
second. The values of the comstents in equation (14) are given only for
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the meximum positive pitching acceleration. Because of the shape of the
load-factor curve agsumed in reference 9, the maximum positive pitching
accelerastions will be greater than the maximum negative pitching accel-
erations; however, this result is somewhat unrealistic since maximm
negative pitching accelerations are probably at least equal to maximum
positive pitching accelerations.

It msy be seen in figure 38 that the maximm pitching accelerations
reached in these tests are less than one~half of the calculated or design
values. It should be emphasized that the deésign curves shown represent
maximun values that could be obtained. A pitchling acceleration of
5 radians per second per second is within the meximum cepabilities of
the pillot and the airplane for most of these airplanes; however, the
test boundary represents what the service pllots used in the perform-
ance of their training missions in these tests.

Another comparison between experimentael and calculated maximum
pltehing accelerations is presented in figure 39. As in the case of
figure 38, the calculations are for the F-86A airplane at sea level.

In this figure the calculated values are determined by the methods of
references 16 and 9 for elevator motions which are more closely related
to the elevator motions used in these tests. In the first case the
maximum pitching accelerstion is calculated by the method of refer-
ence 16 by using the maximm elevator rates obtained in these tests. In
the second case the msximum plitching acceleration is calculated by the
method of reference 9 by using a value of 0.5 gecond for the minimum
time to reach peak elevator deflection, which corresponds to a minimum
time of approximately 0.93 second required to reach peak load factor.
Since the F-86A airplane is restricted to elevator rates of approxi-
mately 45 degrees per second, the maximum pitching accelerastion is also
calculated for an elevator rste of 45 degrees per second in figure 39
for both methods.

It may be seen in figure 39 that the meximum pitching accelerations
calculated by the methods of references 16 and 9 by using elevsator
motions similar to those obtelined in these tests compare fairly well
with the test resulits. Both methods predict the actual pliching accel-
erations very well at speeds beyond the upper left-hand corner of the
V-n diagram. At lower speeds it appears that the method of reference 9
1s somewhat better. It can be seen that, when the elevator rate is
restricted to 45 degrées per second (0.786 radian per second), both
curves are lowered elthough they sre still higher than the experimental
data at low speeds. : - '

The maximum elevator rates assoclated with the maximum pitching
accelerations given in figures 38 and 39 for methods of references 16
and 9 are shown in figure 40. In this figure the two curves which
reach maximum elevator rates of 3.5 radians per second correspond to
the meaximm pitching accelerations calculated by the two methods shown
in figure 38. The other elevator-rate curves given in figure 40

COp——
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correspond to the maximum pitching accelerations, also calculated by
these two methods, shown in figure 39. The test boundary shown does
not include the highest velues measured during stells, teke-offs, or
landings. B

It maey be seen in figure 40 that the actual elevator rates (com-
posite of positive and negative envelopes glven in fig. 9) are consid-
erably below the meximm design rates throughout the speed range. TFor
the case where the time to reach peak load factor was assumed to be
0.9% second in the method of reference 9, it msy be seen that the ele-
vator rates sre in fair agreement with the actual rates; however, the
calculated rates are lower than actuel rates at speeds greater than
300 knots.

Of the various methods of celculating maximum pitching accelers-
tions shown in figure 38 the methods of references 13, 14, and 15 are
empirical; the method of reference 16 is semiempirical; and the method
of reference 9 snd that derived by Smith (denoted a5 method A) are
based on theoretical considerations. It appears that any of these
methods could be fitted to the present test dats with falr accuracy.
The methods of references 9 and 16, however, seem somewhat more real- *
istic. Although the method of Smith is based on theoretical considera-
tilons, the assumption that the elevator angle has reached zero at the
time of meximum pitching acceleretion appears to be conservative on the
basis of the present tests since the actusl elevator motions were not
80 abrupt as would be indicated by this method.

In the method of reference 16, the maximum elevator rates must be
assumed, the stability paremeters Cr, Cr, , and dut/dSE must be

known, and an empirical constant must be determined. In the method of
reference 9 the time to reach meximum load factor or peak elevator deflec-
tion must be assumed and the value of CLu. must be known. Both methods

are easy to use if the proper parameters are known; however, the method
of reference 9 1s somewhat simpler to use in that only one parsmeter must
be assumed, namely the time to reach maximum load factor. In the method
of reference 16, the varlation of maximm elevetor rate with speed must
be assumed. From the results of these tests 1t gppears that 1t is not
sufficient to assume a constant elevator rate throughout the speed range.
It is fortunate in the method of reference 9 that in assuming a time to
reach maximum load factor the maximum elevetor rates vary approximately
the ssme as the results of these tests.

From the results of these tests, therefore, it appears that the
methods of references 9 and 16 best fit the test data; however, it
should be remembered that all the methods will result in piltching accel-
erations within the maximm capabllities of the pilot and alrplane if
the pilots control the airplane in the manner specified by the methods.

AN



22 G NACA RM 153128

The results of these tests indicate, however, that the service pllots in
performing their normsl training missions did not epproach these design
limits of pitching accelerstion.

Pitching acceleration and normal load factor: A relstionship between
pitching acceleration and normal load factor is of interest in the deter-
mingtion of horizontal-tail loads. If the normal losd factor and pltching
scceleration are known, the maneuvering horizontal-tsil load may be deter-
mined. For subsonic speeds the maximum up meneuvering teil load will
occur when meximum positive normal load factors are combined with maximum
negative pltchling accelerations. The maximum plitching accelerations
plotted against normel loasd factors for each airplane are glven in fig-
ure 41 and the envelope for all the airplanes is given in figure 42. The
point shown outside the boundary for the F-Q4B alrplane at a normal load
factor of 7 was caused by a gust. It can be seen in figures 41 and 42
that, in general, the maximum negative pitching accelerations increase
with normal lozd factor, whereas the maximum positive pitching accelera-
tlons decrease with normsal load factor. Since the tests were in the sub-
gsonic speed range, these date indicate combinations of loaed factor and
pltching acceleration for which maximum tall loads are obtained. The data
indicate, however, that the maximum pitching accelerations are small at
the highest normal load factor for each airplane.

Roll.- The maximum rolling accelerations for each aslrplane plotted
againet indlcated airspeed are glven in figure 43 and the envelope for
all the sirplsnes is given in figure 4#4. The maximum rolling accelera-
tion obtained in these tests was 7.5 radlens per second per second with
the F-86A airplaene. The maximm rolling accelerations reached a peak at
an alrspeed of sbout 300 knots. A few relatively high rolling accelera-
tions were measured with the F-94B and F-86A airplanes at high speeds,
as shown by the polnts above the respective boundaxries. The polnt for
the F~86A alrplsne was measured during a rolling pullout type of maneu-
ver. Of the three points for the F-94B airplane, the two points at 470
and 440 knots were measured during very abrupt turns and are associated
with the high alleron rates at these speeds shown in figure 13. The
other isolated point at 365 knots was caused by a gust. Although the
highest rolling acceleration was obtained with the F-86A sirplane, the
highest rolling velocities were obtained with the F-84G airplane.

Yaw.~ The maximum yawing asccelerations for each airplane plotted
ageinst indicated alrspeed are given in figure 45 and the envelope for
all the asirplanes is given in figure 46. The maximm yawing acceleration
reached in these tests was 1.05 radians per second per second with the
F-84G airplane. This point and the point at 305 knots which are shown
above the boundexy for the F-84G airplane were obtained during snsp rolls.
For the most part, the high yawing accelerations at high speeds were
obtained in inadvertent lateral oscilletions for all airplanes; however, the
acceleration shown sbove the boundary at 370 knots for the F-94B airplene
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was caused by a gust and the acceleration shown sbove the boundary at
455 knots for the F-86A airplane in figure 45 was obtained in the same
rolling pullout maneuver previously mentioned under rolling accelera-
tion. The point for the F-86A is shown below the lateral-oscillation
boundary in figure 46 since it was obtained during an operational maneu-
ver. The lateral oscillations were especislly prominent for the F-94B
and F-84G airplenes. When the yawing accelerations due to the inadvert-
ent lateral oscillations ere not included, it can be seen in figure 46
that the yawing accelerations decrease at speeds gregter than about

300 knots.

Angle of Attack and Angle of Sideslip

Angle of attack.- As a matter of general interest the maximum angles
of attack for the F-84G and F-94B airplanes plotted asgainst indicated
airspeed are given in figure 47. The largest angles of attack measured
in these tests were greater than 40° and -24° for the F-84G airplane in
spins. At these angles the limlits of the recorder were exceeded. The
maximum nose-up angles of attack messured varied fram sbout 27° at
100 knots to about 1° at 500 knots. The maximum nose-down angles of
attack varied from about -4° at 100 knots to about -1° at 500 knots.

The point outside the boundary for the F-84G alrplane was measured in
an abrupt push-down.

Angle of sideslip.- The maximum angles of sideslip and corresponding
indicated alrspeeds obtained in these tests for each airplsne are given
in figure 48 and the envelope for all the silrplasnes is glven in figure 49.
The angle-of-gideslip measurements were insufficient to define an enve-
lope for the F-86A sirplane. The highest sideslip angle measured was
over 32° with the F-84G airplane in spins. At this angle the limlts of
the recorder were exceeded. The meximum sldeslip angles reached were
about the same for the F-84G and F-9UB airplanes at the higher airspeeds,
whereas those reached with the F2H-2 were lower throughout the speed
range in these tests. The maximum sideslip angles which define the
operational-maneuver boundary in figure 49 were obtalned in rolling pull-
outs, aileron rolls, sideslips, and rudder kicks. No one type of maneu-
ver was more criticel than another although there are more polnts slong
the boundary obtained from rolling masmeuvers.

Alrplane Load Factors

Normal load factor.- The meximum positive and negative normal load
factors and corresponding indicated airspeeds for each alrplane are given
in figure 50. In this figure the operationsl V-n diagram for esasch air-
plane is included with the corresponding load-~factor data for camparison
of the test results with the operstional limits. In order to compere the

CONRES .
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regsults for all the test alrplanes, the measured load factor divided by
the meaximum allowable load factor ny, as determined from the V-n dia-

gram is shown in figure 51 plotted against the measured airspeed divided
by the maximum slloweble airspeed.

In comparing the maximum normal load factors reached with all the
alrplanes it msy be seen that the positive service limit load factor was
reached with &ll the alrplanes over most of the speed range; however,
the negative limit load factor was not reached at eny speed. The highest
negative load factor reached was -l.1 for the F-84G airplane (see fig. 50)
and occurred at a value of Vi/Vj of 0.43. (See fig. 51.) One con-

trivuting factor to the lack of negative load factors may be in the limi-
tations of jet-engine operation at negative accelerations.

Comparisons of the maximum normsl load factors obtained in these
tests with maximum normal load factors obtained during other tests with
F-86A airplanes (ref. 17) and unpublished V-G records from F2H-2 air-
planes are shown in figures 52 and 53, respectively. The dats of ref-
erence 17 for the F-86A sirplanes.represent about 1,150 hours of opera-
tional training and the unpublished date for the F2H-2 airplanes represent
3,821 hours of operational training.

In the comparison of the data obtalned in the present tests for the
F-86A airplane with those of reference 17 (fig. 52) it may be seen that
in both cases the pilots reach the positive service limit load factor
over almost the entire speed range; however, the negative limit load
factor was not reached in either case. In the data of reference 17 the
service limit load factor was exceeded 28 times, the design limit loaed
factor 5 times, and the design ultimate load factor twice. For the air-
plane of the present tests, the service limit load factor was reached
but not exceeded by an gppreciable amount. In the negative load-factor
region, there are very few points in both sets of dats. In the data of
reference 17 a load factor of -1.0 was reached once; whereas in the
present test program with the F-§§A the maximum negative load factor weas
about ~0.3. It is interesting to note in figure 52 that, below the
service limit, the two sets of data are very similar.

In the caomparison of the data obtained in the present tests for the
F2H-2 airplane with that of 3,821 hours of unpublished V-G records obtained
during training (fig. 53) it may be seen that the 3,821 hours of V-G data
resulted in positive and negative load factors larger than those obtained
from the present tests over the entire speed renge. The positive design
and service limit load factor was reached once in the present tests;
however, it was exceeded 31 times in the V-G data. The design ultimate
load factor was not exceeded .in either test program. Most of the large
negative load facto.s from the V-G data were obtained from gusts.
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Applicability of Pearson type I and type III curves to normal-load-
factor data: The probgbilities for normsel load factor are shown for each
airplane in figure 54 where Pearson type III curves have been fitted to
the dats as counted by method B of the sppendix. In analyzing the normal-
load-factor datae it was found thaet the dats fell more closely into the
Pearson type I class. Therefore Pearson type I curves were flitted to the
normal-load-factor dats for each airplane. An example of this is shown
in figure 55 for the F-86A airplene. For comparison, the type III curve
is alsoc shown. In this figure it may be seen that the Pearson type I
curve does fit these data somewhat better than the Pearson type III curve
for the P-86A airplane. (Similar fit was found for the other test alr-
planes.) It may be seen, however, that the limlts of the type I curve
are at load factors of about 0.8 and 9.2; that is, the probability would
reach 1 at a load factor of 0.8 and would reach O &t a load factor of 9.2.
This extrapoletion would be unrealistic since 1t indicates that a load
factor of 9.2 would never be exceeded with the F-86A airplane. The maxi-
mum load-~factor limits computed for the other test airplanes using Pearson
type I curves were 13.1 for the F2H-2, 10.2 for the F-84G, and 12.7 for
the F~94B. In view of the unrealistic limits for the F-86A airplane and
the similerity in fit for the Pearson type I and type IIT curves, the
Pearson type III curves were considered adequate for this anaiysis. The
frequency distributions of normsl load factor and the statistical param-
eters on which the probabilitles and times to exceed are based for all
the test airplanes are glven in table VI.

Comparison of normal-load-factor statistical deta for the test air-
planes: In order to compare the probabllity of equaling or exceedlng =
glven normal load factor for all of the test alrplanes, the probabilities
obtained by counting method B of the sppendix are given in figure 56
plotted against normal load factor and in figure 57 plotted against a

Ny ~ 1
ratio of measured load f O o o v -
meas &, actor to service limit load factor E;g—:ﬁr

In figure 56 1t msy be seen that the probability of equaling or exceeding
a given load factor in these tests is greater for the F-94B and F-84G air-
planes than for the F-86A and F2H-2 airplanes. The greatest difference
between the probabilities at a load factor of 6 is of the ratlio of about
10 to 1. It will be noted in figure 50 that the service limit load factors
for the F-86A and F2H-2 alrplanes are lower than for the other test air-
prlanes. In figure 57 it may be seen that when the data are compared on
the basis of the gervice limit load factor the results sre fairly close
throughout the load-factor range.

In order to compare the probability of g load factor being less than
a glven value for each airplene, the probabllitles were computed by using
method A of the eppendix and are shown in figure 58. It can be seen in
this figure that the probabilities of load factors being less than zero
are very low. For instance, for the F-84G airplane the probebility that

o
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a load factor less than 0 will be reached is about 0.005 or 1 maneuver
in 200, and sbout 1 maneuver in 7,000 will result in load factors less
then -l1. It cen be noted in figure 58 that the probabilities of a load
factor being less than a given load factor are about the same for all
the test airplanes.

Camparison of normal-load-factor statistical data with other test
results: In order to obtain an indication of the epplicabllity of the
results cbteined from these tests in which only a relatively few hours
were flown with those of other tests where considerably more flight time
was obtained, a comparison of load-factor data is glven in flgures 59
to 67. For these comparisons the positive-load-factor results for the
tegt data are based on counting method B of the gppendix. In the case
of negative load factors, all values less than zeroc were read and classi-
fied in a manner similar to that used for the other test data.

In figure 59 a comparlison between the probabllity curve obtained for
the F-86A airplane of these tests and the probaebility curve and test
points for 1,150 hours of operationsl training with F-86A airplanes
(ref. 17) is shown for positive load factors. Imn this figure the proba-
bility curves are given for load factors greater than 2. A comparison
of the flight time required to equal or exceed a glven load factor for
these cases is shown in figure 60. Also included in this figure is the
faired curve for ground- and aerisl-gunnery missions only, as obtained
from reference 17.

Since there were very few negative load factors reached in both
cases, g Pearson type probsbility curve was not computed for the negative-
load-factor points. A comparison of the time required to exceed a given
negative load factor is shown in figure 61 where the test points only are
glven. The test points represent the total recorded time divided by the
number of occurrences greater than s given load factor.

For the F2H-2 sirplane unpublished V-G records of 3,821 hours of
operational training were used for a comparison. In figure 62 a com-
parison of the flight time required to exceed a given load factor is
shown for the test alrplane and the airplanes for which 3,821 hours of
V-G data were available. Data are shown only for load factors greater
than 5 for the 3,821 hours of date since individual load-factor peeks
at the lower load factors are obscured due to the nature of V-G records.
A comparison of the time required to exceed a given negative load factor
for the test alrplane and the 3,821 hours of data is shown in figure 63.

A comparison of the flight time required to equal or exceed a given
value of positive load factor for the test F~84G airplane with that for
F-84B and F-84E airplanes used in operational tralning is shown in fig-
ure 64. The curves shown for the F-84B and F-84E airplanes were obtained
from the only data presently availsble (ref. 18) and are falred curves.



NACA RM I53L28 T e . 27

The data for the F-84B represent 270 hours of flight time and the data
for the F-BLE represent 235 hours of flight time. These dats are prob-
ably not representative of normal training operations since the F-84B
was restricted to a load factor of 5 because of a pitch-up tendency and
the dsta for the F-84E were obitained mainly during high-altitude per-
formance tests.

Data are not avgilable for a direct comparison with the Lockheed
F-94B test data; however, a comparison is made with 1,212 hours of opera-
tionel training with the Lockheed F-80A and B sirplenes (ref. 19) and
with 1,04k hours of operational training with F-80A, B, and C airplanes
(ref. 20). In figure 65 a comparison of the probability values obtained
from these different sets of data is shown for positive load factors.
Also included are values from 253 hours of dive-bombing and ground- and
aerial-gunnery training with F-80A, B, and C airplanes (ref. 20). These
data along with 220 hours of ground- and aerial-gumnery date with F-80A
and B airplenes are compared on a time-to-exceed basis in figure 66.

In figure 67 a comparison of the time-to-exceed values obtained from
thege different sets of data 1s shown for negetlve load factors. Because
of the lack of other F-84 negative-load-factor data, the date points for
the F-8LG test airplane are also presented in this figure.

The results shown in figures 59 to 67 indicete that up to the service
1dmit normal load factor the probebility of exceeding a glven normal load
Pactor for the test airplanes is gbout the same as that of other tests
even though the data of the other tests represent consliderably more flight
time and different types of missions. The results also show that, in gen-
eral, the average flight time required to equal or exceed a given normsal
load factor for the test airplanes of thils progrem is less than that of
the other tests, except when gunnery or dive-bombing only are comsidered
for the other tests. In this case the results seem to merge, which would
be expected, since the maneuvers of both sets of data are of similar
nabure. The time-to-exceed curves for this program are, for the most part,
about parallel to those of the other tests; this parallelism indicates
that both sets of data represent the same mammer of utillzation. It is
indicated that the data of the present tests are representative of many
more hours of flight time than were actuslly recorded.

Bypothetical case illustrating reversal of probabllity curve at high
normal load factors: In many probability and time~to-exceed plots for
normal load factor the experimental data show a tendency to diverge from
a typical probability or time-to-exceed curve at high load factors as
shown by the data for the F-86, F-84, and F-80 airplanes (figs. 59, 60,
64, and 66) and also for other airplanes (ref. 21). This type of reversal
in the curves is similer to the results obtalned when two frequency dis-
tributions are superimposed. In figure 68 two frequency curves are shown
on a semilogarithmic scale. The dsta for the 1,150 hours of operational

p s NS
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training for the F-86A airplane (ref. 17) were used and the test fre-
quencies were multiplied by 10 to spproximate roughly the results for
eabout 11,500 hours of flying.

The two assumed frequency distributions shown in figure 68 are
defined as f; end f,. The frequency distribution f; was faired
through the test data. The frequency distribution f2 was arbitrarily

assumed to be a normal distribution centered st the design ultimate load
factor of 11 and then fitted through the two experimental points. The
square symbols Indlcate the assumed or calculated frequency and the
circular symbols indicate the test frequencies multiplied by 10. Im
figure 69 the probsbility curves P, end P,, corresponding to f;

and fe, are shown with the total probability curve Pﬁ' The total
prcbability curve is given by

PN P
1+ N 1t N2

Also shown in figure 69 are the experimental points from reference 17.
In figure 7O the combined probability curve is shown on a time-to-exceed
basis. It may be seen that the type of curve cbtained by combining two
distributions is similar to the curves found experimentslly at high load
factors.

A possible explanation of the two distributions ig that the first
distribution is the ordinary one to be expected up to the limit load
factor, whereas the second distribution is one based on load factors
reached inadvertently and in emergencies. For tThis reason none of the
probebility curves in this paper have been extended beyond the limits of
the data.

It 1s believed that even though the date may be represented by com-
bining two frequency dlstributions, enough dats to determine the second
or inadvertent distribution could not be obtained on fighter alrcraft
since many thousands of hours of flight time would probably be needed.
It 18 therefore indicated that the loads to be expected could not be
predicted by standard statistical methods.

Transverse load factor.- The maximum corrected transverse load
factors plotted against the indicated airspeed for each airplane are
glven in figure 71 and the envelope for all the airplsmnes is shown in
figure T72. In general, the meximum transverse load factors reached a
peak at an sirspeed of about 300 knots for operational maneuvers. The
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maximum transverse load factor measured was 0.5Lk with the P-OUB airplene.
This point which is shown above the boundery for the F-QUB alrplane was
obtained during an abrupt uncoordinated turn when entering the landing
pattern. The design requirement of reference 13 states that the airplane
shsll be designed to withstand a transverse load factor of 2.

The probability polnts for tremsverse load factor and the fitted
probability curves are showm in figure 73 for each alrplane. The prob-
abilities are given as the percentage of the total number of transverse-
load-factor peaks that equal or exceed a given load factor if the load
factor is above 0.05. The frequency distributions of trensverse load
factor and statisticel parameters on which the probabilities are based
are glven in table VII. In figure 73 it may be noted thet the proba-
bilities of equaling or exceeding a given transverse load factor are
about the same for all the test airplanes, except for the F-O4B ailrplsne
for which the probsbillitles are considersbly higher.

Vertical-tall load parameter pBq..- In order to estimate the rela-

tive magnitudes of vertical~tail loads over the speed renge, the maximm
values of vertical-tail load parameter Bq, obtained in these tests for
each airplane are plotted against indlcated elrspeed in figure T4 and the
envelope for all the airplanes is given in figure 75. Angle-of-sideslip
megsurements for the F-86A alrplane were lunsufficient to define an enve-
lope. The product ﬁqc is plotted in these figures lnstead of Bq, the

usual vertical-tail load parameter, since at a given indicated airspeed
the values of Ba, and Bq are nearly the same. The maximum vertical-

tall loads indicated in these tests by the value of ch were obtained

at speeds which correspond roughly to the upper left-hand corner of the
V-n dlagrem. The relatively high values of Bq, obtained at the highest
speeds were obtained in inadvertent alrplane latersl osclllations and

were not the result of one of the critical maneuvers mentioned under the
discussion of sideslip angle. These lateral oscillations were especilsally
noticeable for the F-O4B alrplane. (See fig. Th.) It is interesting to
note thet stabllity deficiencies, such as uncontrolled lateral oscilia-
tions, may produce loads as high as those cbtained in controlled maneuvers.

A comparison between the test results end the Navy rolling pullout
requirement for Bq, that a full aileron roll be made at 0.8 of the
design 1imit load factor is also shown in figure T75. It may be seen
that the values of Bg, obtained from this requiréement (calculated by

the method of ref. 22) are greater than those obtalned in these tests.
Another design requirement which states that the airplane be designed
for 5° of sideslip angle at limit diving speed results in a value of Ba,

of about 5,000 which is more than twice the largest value obtained in
these tests as shown in figure 75.

SR
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It would be of value to have a statistical instrument which would
measure fq; however, since exterior equipment would be necessary to
measure the sideslip angle, it has been suggested that the transverse -
load factor could be used in place of the angle of sgideslip. In order
to show the correlation of transverse load factor with sideslip angle,
the corrected transverse load factors are shown plotted ageinst the
verticael-tall load parameter ch in figure 76. It can be seen that

the correlation between the corrected transverse load factor and Ba,
ie fairly good. The scatter is caused partly by using 4. in place

of q, partly because of reading inaccuracy of load factors and correc-~
tion terms, and partly because of other variables entering into the
side-force equations. Although the correlation between the corrected
transverse load factor and the term Bq, is good, it has been found
that the correlation between the transverse load factors uncorrected for
angulear-velocity and angular-acceleration effects and the term Bg is
very poor.

It is of interest to note in figure 76 that, for the F-84G airplane,
all the large transverse load factors which are outside the mass of data .
were measured in snap rolls. - .

Longitudingl load factor.- The maximum longltudinal losd factors for
each aslrplane plotted against Indicated alrspeed are gliven in figure 77 -
and the envelope for all the airplanes is shown in figure 78. The high-~
est longitudinal load factors reached in these tests were about 0.85
forward and about 0.55 rearward both with the F-86A airplane. In gen-
eral, the maximum forward longitudinasl load factor reached a peak at an
airspeed of sbout 250 knots. The maximum forward load factors were due
mostly to the time rate of change of flight-path angle in longitudinal
pull-up type of maneuvers. The meximum rearward longltudinal load factors
measured in these tests increased with sirspeed up to the highest speeds.
The maximm rearward load factors at the highest sgpeeds were due mostly
to the use of speed brekes in filight. Rearward load factors as large
as 1. were measured in landing Impacts. These data are not included in
the figures.

Load-factor combinstion (np and ny).- Fram the plots of trans-

verse load factor sgainst normal load factor in figures 79 and 80 1t can
be seen that relatively high values of transverse load factor may occur

at high normel load factors as well as gt low normal load factors. The
highest transverse load factor measured in these tests (0.54) was obtalned
at a normal load factor of sbout 6 for the F-O4B airplane. The points
above the boundaries for the F2H-2 and F-QLB airplanes, with the exception
of the lateral-oscillation value, were cobtained in sbrupt turns when
entering the landing pattern. These turns may be considered as rolling
pullout type of maneuvers.
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Airspeed and Altitude

The time sgpent in various altitude and sirspeed ranges is shown in
figures 81 and 82. The time is given in percent of the total maneuvering
time which was spproximately 3.6 hours for the F—86A, 2.5 hours for the
F2H-2, 8.0 hours for the F-84G, and 3.9 hours for the F-9iB airplane. In
the airspeed frequency chart it is indiceted that, in general, at least
65 percent of the maneuver flying time for all the test alrplanes occurred
&t speeds between 200 and 350 knots. The maximum alrspeeds reached for
the straight-wing alrplanes were gbout 500 knots and the maximum sirspeed
reached with the F-86A was about 600 knots. It may be seen in figure 82
that most of the maneuvering was done gt altitudes less than 25,000 feet.
Altitudes greater than 35,000 feet were seldom reached in these tests.

SOME APPLICATIONS OF RESULTS

Stgtisticsl Losds Tnstruments

One purpose of the present test program was to determine the important
quantities and their ranges for use in designing ingtruments for statisti-
cal loads measurements.

In general, if accurate loads Indicaetions are desired, all the meas-
urements made on these test alrplanes would be necessary in sddition to a
knowledge of the stabllity derlvatives for the airplanes. Since it would
be Impractical to obtain all these measurements with operational alrplanes,
some compromise must be made.

Wing loads.- Measurements of normal load factor, speed, and altitude
are gufficient for determining overall wing loads. At the present time
such measurements are being made by means of VGH recorders and flight
anglyzers. For statistical measurements the present tests indicate that
a simple acceleration threshold counter would be adequate for most pur-
poses. Such a counter, however, would not be satlafactory for obtalning
time-to-exceed curves unless an empirical factor relating number of pesks
to number of threshold points could be determined. From the results of
this paper this factor is between 5 and 6 for a load factor interval
of 0.5. (See table VI.) -

Horizontal-tall loads.~ The simplest form of the horizontal-tail-
load equation is

(16)

i
w;

- L a _
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or

- c , oW Coyp Iy
= Cno28 & + & i 9 (17)

Therefore, if the variation of the pitching moment of the wing-fuselage
combingtion.with 1ift coefficient and Mach number 1s known from other
tests, the tall load is a direct function of airspeed, load factor, and
pitching accelerastion .

zm=a—liq+§ET_nv-§E_Ta a8

Thus, an instrument that measures alrspeed, altitude, load factor, and
pltching acceleration on a time scale would glve a good measure of both
the loads on the wing and the horizontal tail.

If only maximum loads were required, an instrument which would give
envelopes of normal load factor against airspeed (V-G recorder), pitching
acceleration against ailrspeed, and pitching acceleration against normal
load factor could be used.

Vertlcal-tail loads.- Perhaps the simplest measurement that would
indicate the magnitude of the vertical-tall logd 1s the angle of sideslip
in conjunction with the airspeed and altitude. The term PBq is roughly
proportional to the vertlcal-tail locad and an instrument thax could
record this quantity would be of value. ~ "~

Since the sideslip-angle measurement would have to be made externally,
it would be convenient 1f some other means could be used to obtain this
parameter. One way would be to measure traunsverse locad factor; however,
from the results of these and other tests, 1t has been determined that,
in order to measure transverse load fector with any accuracy, the accel-
erometer must be located at the sirplane center of gravity. Distances
as close as 2 feet from the center of gravity result in large errors due
to the angular motions of the alrplane. Therefore, 1t is believed that
an external measurement of the sideslip angle is necessary. Such meas-
urements could be made with a unit that would not materially slter the
exterlor appearance of the airplane.

Thus, 1f a time recording of airspeed, sltitude, normal load factor,
pltehing acceleration, and sldeslip angle were made, & rough indicatlon
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of most of the sir loads on the airplane could be obtained. The results
from the present tests could be used as a guide to determine the ranges
of the instruments.

Fatigue

Although the results obtained from these tests are not directly
applicable to the fatigue problem for fighter-type alrplanes, certain
rhases appear to be of some interest. For Instance, in figure 57 it was
shown that the probability curves for normsl load factor are approxi-
mately the same for all four airplanes when based on the service limit
load factor. Also in figures 59 and 65 it msy be noted that the results
from other tests of service airplanes are about the same at load factors
up to the service limit load factor. Therefore, it would seem feasible
to use & standard probabiliby curve to represent the msmmer in which
loads are imposed on fighter aircraft in order to arrlve at g fatigue
life. Such curves are shown in figures 83 and 84. In figure 83 the
probability wvalues for load factors greater than 2 are shown for the
four test ailrplanes together with probability values for the F-864 and
F-80 airplanes of references 17, 19, and 20. The probabilitles are

-2
plotted ageinst the ratio 22;———5 for caomparison. It may be seen that
. Vg "

all the combined dabtse eaxre spproximately equal at load factors up -to the
1imit load factor. Therefore, a curve was falired through the data and
for purposes of 1llusitration was extended linearly beyond the limit load
factor. In figure 84 the standard probebility curve is shown for load
factors greater than 1 where the probabilities are plotted against the
Dy - 1

nvs -1
figure 84, an average service limit load factor of 7 was used. Slightly
different curves would be ocbtained for other service limit load factors;
however, for fighter alrplanes having service limit loud factors from 5
to 8, either of the curves given in figures 83 and 84 would be satisfac-
tory. The differences obtalned in using either curve are within the
scatter of the experimental datsa.

loasd-factor ratio In transferring the curve of figure 83 to

The number of cycles of load imposed on the sirplane in any load-
factor interval may be given as

£ = PpT _ (19)
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where the probability of exceeding a glven load factor P 'is obtained
from curves such as shown in figures 83 and 84, and the number of hours
of flight time T is specified. The term p is the average number of
load-factor pesks per hour of flying time for the type of flying for
which the airplane 18 used. This factor could be ohtained from a sta-
tistical study of load factors on fighter asirplsnes in average opera-
tion. (The present test results should not be used since the maneuvers
were somewhat more concentrated than average.) Fram the results of ref-
erences 17, 19, and 20 it has been found that the value of p for those
tests varles from about 13 to 29 load-factor peaks per hour above a load
factor of 2 for all types of training migsions. It is to be noted that
& glven meneuver will usually have seversl losd-factor pesks. If gun-
nery training only were used to determine p, the velue would be con-
siderably greater (as high as T70); however, it is belleved that the
value of p should be obtained from date which present an overall rep-
regsentatlion of the manner in which the sirplane is normally used. It
was found from the present test results that the valve of p for load
factors greater than 1 is about two times the value of p for load
factors greater than 2. Therefore, a tentative value of p would be
about 30 for load factors counted above 2 and about 60 for load factors
counted above 1. These correspond to the highest value found 1n refer-
ences 17, 19, and 20 and are probably conservatlve.

In order to i1llustrate the posgible use of the present resulis in
determining the fatigue life of fighter airplanes, two examples of pos-
sible types of fatigue failure are shown in figure 85. In this figure
the ratio of applied load to actual ultimate load nv/nvv_ 1ls plotted

against the number of cycles f applied. The fatigue-failure curve
shown is a typical curve for a fighter airplane (ref. 23) and is given
for purpose of illustration only. It does not necessarily represent the
failure curve for any of the test airplenes. It is assumed that, when a
load~factor distribution curve reaches the failure curve, a fatigue
failure will occur. The distribution curves shown in figure 85 were
adjusted so ag to reach the fallure curve by changing the flight time T
in equation (19).

Of the two cases presented in figure 85, the load-factor distribution
used for curve A is that of figure 83. This curve represents a normal-
strength airplane where the service-limit load factor is 7.33 and the
actual ultimate load factor is 11. In thls case a fatigue life of about
2,100 hours is obtained, based on the assumed fallure curve. The load-
factor distribution used for curve B 1ls s case where s reversal at high
load factor occurs. This curve represents an overstrength airplane where
the gervice limit load factor is 6 and the actual ultimate load factor is
assumed to be 14. This case is similar to that for the F-86A alrplane and
the probability curve used is that lebeled Pp in figure 69. In this

case, where the service limit is low and the ultimate is high, no fatigue
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failure occurs; but the airplaene fails when the ultimate load factor is
reached on the average in about 1,850 hours.

In addition to & superimposed distribution caused by inadvertencies,
a gust frequency could also be superimposed on the maneuver frequency
distribution. This was not done in the present case since the data used
to obtain the standard probability curves included load fectors due to
gusts as well as maneuvers. It is not known 1f the proportion of gusts
encountered in these tests is representative of that obtained during
normal service operations.

It should be remembered that the preceding discussion does not rep-
resent any particular airplane and that the fatigue lives given are for
purpoges of 1ilustration only. Actual fatigue lives would depend upon
the shape of the particular fallure curve and load-distribution curve.

CONCLUDING REMARKS

From the results of the more than 2,000 maneuvers performed in the
present tests of operationel training with Jjet fighter airplanes, it has
been determined that the service pllots utilized the positive V-n enve-
lope but, in the flight time recorded in these tests, did not approach
the negative V-n envelope. The masneuvers which are critical for horizontsl-
and vertical-tall loads appesr to be less severe than any present design
requirement. This observation does not mean that the present design
requirements are overly conservative since these airplanes could reach
the design limits if the pllots controlled the airplane in the memmer
specifled by the requlrements. The data presented do indiecate, however,
that in these tests, the service pilots in performing their operational
training missions did not approach the design limits of the airplanes.

From the limited statistical analysis presented it is indicated that,
- for most of the measured quantities, the probablility of exceeding & glven
value 1is roughly the same for all the test alrplanes. In the case of
normal load factor the probabilities of exceeding positive load factors
for all the test alrplanes were about the same when based on the alrplene
service limit normal locad factor.

When compeared with normal-losd-factor data of other tests of opera-
tional airplanes representing considersbly more flight time and different
types of missions, the results indicate that up to the service limit normal
load factor the probgblility of occurrence of a given normal load factor for
the test alrplanes is about the same as that of the other tests. When the
two sets of data are compared on a time-to-exceed basis, 1t is indicated
that both sets of data represent the same manner of ubtillization and that
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the data of the present tests are representative of many more hours of
Flight time than were actually recorded.

It is 1ndicated that the extrapolation of probaebility or time-to-
exceed curves beyond the 1imits of the dgtea is doubtful. For normal
load factor it is shown that a possible reason for the change in shape
of the probability curves at high load factors may be due to the combi-
natlon of two separate frequency curves, one a regular distribution and
the other caused by ilnsdverténcies or emergencies.

Some possible espplications of the results to the problem of fatigue
and to the design of statlstical loads instruments are also included.

Langley Aeronautical Laboratory, )
National Advisory Committee for Aeronsasutics,
Langley Field, Va., December 7, 1953.
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APPENDIX
COMPARISON OF METHODS OF COUNTING NORMAIL 1.OAD FACTORS

In meking a statistical analysis of the normsl load factors obtained
in these tests three different methods of counting the load factors were
used. These methods are illustrated in figure 86. The solid symbols in
the figure define the polnts counted in each method and the number of
points counted at each interval is given in the table below the figure.
Tn method A normal-losd-factor thresholds were counted at intervals
of 0.50. A count was made at évery point at which a threshold value was
intersected by the load factor. This method is similar to the simplest
type of acceleration or load-factor counter. In method B only peak load
factors were counted. For a peak to be counted by this method two cri-
teria had to be fulfilled:

1. The load factor had to increase an amount equal to or greater
than cne-half of the amount that the load fachtor decreased following the
previous pesk counted.

2. The load factor had to decrease en amount equal to or greater
than one-half of the amount the load factor increased following the pre-
vious peak counted. '

This method is best shown by the i1llustration in figure 86.

The third method (method C) is ome in which the load factor is
assumed to be made up of several superimposed load-factor dlstrlibutions.
Increments of load factor are superimposed on the maximum loed factor.
In using this method only incremental values are read es shown in fig-
ure 86; therefore, in the figures and tables pertaining to this method
a load factor of 1 has been added to the increments for purposes of
comparison.

There are other methods of counting peaks and all are somewhat arbi-
trary. The three methods selected for this paper were chosen arbitrarily
to show any differences in the frequency distribution due to different
methods of counting.

The frequency distributions of normal load factor and the statisti-
cael parameters on which the probabllities are based for all the airplanes
are given in table VI for methods A and B and also for the F2H-2 airplane
by using method C. The thresholds used in method A are the filrst numbers
in each of the intervals given in the table. Negative load factors were
not counted by methods B and C.

Commm—,
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A comparison of methods A and B is shown in figure 87 where the
frequency of occurrence in percent of the total number of occurrences is
plotted against normal load factor for each of the test alrplanes. The
symbols connected by straight lines repregent method A and the rectangles
represent method B. In this comparison (on a percentage basis) it may be
seen that there are no appreciable differences in the results obtained
by either method except near a load factor of 1. At load factors near 1,
of course, an infinite number of points could be counted; therefore, the
differences shown in figure 87 at load factors near 1 are not signifi-

cant. (For this analysis the points glven at-a load factor of 1 were
counted only when the load factor increment was greater than 0.25.)
There appears to be some tendency at high load factors for the relative
frequencies from method A to be somewhat lower then those from method B.

Probability curves for each alrplane cbtained by using methods A
and B are shown in figure 88. In this figure the probsbility is given
as the proportion of load factors exceeding e given load factor. For
example, the probability curve for the F-84G airplane obtained by using
method B indicates that in 1,000 maneuvers in which the pesk load factor
1s greater than 1.0, one maneuver would have a load factor greater
than 7.0. The probabllity curves based on methods A and B elso compare
reasonably well with each other as shown in figure 88. It must be remem-
bered that at the highest load factor the difference of about 3 to 1 as
shown for -the F-86A, F2H-2, and F-84G airplanes is based on only one or
two points at these high load factors and therefore is not a reliable
basis for comparing the methods. On the other hand, st the lower load
factors the probebilitles are based on many polnts and the differences
are more significant.

For the F2H-2 alrplane all three methods of counting were used. The
probabllity plots for all load factors above 1.5 for the three methods
are shown in figure 89. It may be seen in this figure that there are no
great differences in probabllity obteined from methods A, B, and C for
the F2H-2 airplane.

For individusl meneuvers such as shown in figure 86 the various
methods will result in much different frequency counts (es shown in the
table of fig. 86); however, when the mass of data is analyzed it appears
thet, although the three methods of counting are significantly different,
the relsgtive frequency distributions and probabllity curves obtalned from
all the methods are similar. Therefore, it is believed that the simplest
method would be preferred 1n the design of statistical instruments.
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TABLX I.- DIMENSIONS ARD PHYSICAL CHARACTERISTICS (F THE TEST ATHPLANES

5

Alrplars
Caoponent Ttem Unit
r-86A rPE-2 r-&ha P-GhB
UBLF k8- Bukaro munher
Berfel mumber {umr hg_g’} prer: URAF 51-833 USAF 5153804
Total m‘h;‘;“u‘-‘;‘i“] )F""""’" ag Tt 287.9 29h.1 261.0 238.0
Span (without tip tanks) 1m, AR Y 500.8 &38.8 K15
Mean aercdynsmic chord in. 97.0 88., 83.8 80.6
Lateral location of mean
@arodynanic chord normal to in. g8.7 111.0 98.3 92.0
fuselage reference line
Vertical location of mean
and below :u:elags te ia. .7 ok ah 15.%
reference line
Diatence from nose to lesading
elge of mesn aeroiynsmic in. 165 197.0 169.6 210.9
Wing chord
Aspect ratio k.19 5.89 5.10 5.96
Tagar ratic, Lip chord o.51 0.52 0.5 0.38
Reot chord
Breack of -9 s ».2 —
Incidence of root ehord ang 1.0 Q.5 0.0 1.0
Incidence af tip chord dag -1.0 =0.5 -2.0 =0.5
Dihedral deg 5.0 3.0 5.0 3.5
1! -
Root airfofl sestion oA oS KA 65;-212 (1’:‘52“252'“3&) WCA 637,0-213
EACA 00116k Bk ,45-1512-.9
Tip alrfoil section ; o2} HCA 65-209 (2 * ehtok) NACA 63)710-213
Total ares (cme) sq £t 18.6 9.k 16.1 8.8
Alleron .
Tp I3 Up X2 Up I7.2 Tp' 20
Btatic limits of travel deg 15 20 15.2 20
Tota) area {(including
portion covered Ly 8qg £t 3.0 6.8 P8 k7.8
fuselage)
Bpan in. 153.0 %7 179.3 199.0
Masn serodynamic chord in. *».T AT »0.1 8.2
Lateral location of mean
e chord normal in, 38.5 k3.6 .5 38.9
to fuselage raference line
Vertical location of mean
W:u:?m normal to 1n. 25.5 58.0 1.5 o8 4
reference line
Borizantal
talil Tall length (25 percent of
wing M.A.C. ‘to 25 percent in. 2.3 205.1 2ET.0 190.5
of horizontal-tail M.A.C.) .
Aspect ratio ».68 .65 k.65 5,75
Iip chord . . K .
Taper ratio, 0.45 0.60 0.56 0.36
Sweepback of 29-percent- —— ———— ———
deg .6
Incidence deg AMJustadble ok 0.0 a.5
Dihedral dag 10.0 0.0 5.0 Q.0
Afirfoil section WACA 0Q10-Gk NACA 65(10,-0:.1. 2k, 40-010 NACA 65-010
Total area {ore) sq £t 5.1 9.k 8.8 ki
Elevator un Tp 15 Up 25 38
Static limits deg {m,?r,,, Dovn 15 Dovn 10 Upncn 7.5
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TABIX I.- DIMENSIONS AND PAYBICAL CHARACTERISTICS OF THE TRST ATRPLARES - Concluded

Airplans i
Component Ttem Unit =
o r-86A F2H-2 7-8ha F-9kB
Stebilizer I‘:‘;—;—:“S_"’“ limits of deg {UPD l'?.o Fixed Fixed Fixed
Total area (inciuding
m:::hmng g;:u 8q £t 3.4 38.9 50.9 22.5
or Yentral aree)
Bpan {from fuselsge tn. 0.2 86.0 86.0 7.0
Megn aercdynamic chord in. B57.% 67.3 63.0 18.3
Vertical location of mean
¢ chord sbove in. 8.5 37.6 28.3 23.5
fugeleage oont9\n‘ .
Varticel tail Vertical location of msan
sorodymmic chord permal | g, .7 .6 b3 8.1
reference line
Tail length (25 percent of
wing M.A.C. to 25 percent ‘in. 201.3 2054 218.3 193.5
of verticale~tail M.A.C.)}
Aspect ratio 1.7 1.3% 2.23 1.83
Taper ratioc, oy 0.36 o.hs 0.39 0.40
Sw:]gxck of 25-percent- deg 35.0 ———— —— ————
RACA
Alrfodll section RACK 0011-6h 65(19)-011 Ri 40-010 WACA 69-010
Total area ag It 8.1 10.1 10.0 53
Rudder Statd ta e Right 27.5 Right 20 Right £3.5 Right 30
¢ Ml & Left 27.5 Left 20 Laft 25.5 Left 30
Total length (excluding 1, M2k ¥81.8 h6LL 4813
Fusalags Maoclonm width in. 60.0 46.9 k9.9 %6.0
rr::xivare‘ (excinding sq ft 20.0 {approx.} 15.7 27.0 17.0 (approx.}
11.6
Bpeed brakes | TOtal effoctive frontel aq £t 8.6 incInding 3.4 5.0
cutouts
Welght empty (one) b r——— 200 178 190
Tip tanks -
Cepacity (one) L gal [ 200 230 230
Weight and Measured airplane veight 1 2)h, 220 bi7,940 b15,440 813,160
location of
center of Canter-of-gravity
vity location corresponding peresnt 20.8 26.8 23.8 7.5
?rﬁ‘u.l. !emu) to above weight R
Corresponding weight b 212,600 b6, 520 b5, 400 213 650
Batimated
momants of Iy (roll) slug-1t2 6,700 19,000 18,600 11,500
inertia for
weight as Ty (pitch) slug-ft2 16,500 26,300 21,300 26,600
glven
Iz (yaw) alug-£t2 21,700 k2,700 8,900 37,800
Allison
vant General Elsotric w"?ﬁg‘;"“' Allison J-33-A-33
Poverp JI-kT JShoE-h J-35-A-25 with after-

)0 external tanks.
byfp tenks on but empty.

%



TABIE IT.~ FREQUENCY DIOTRIBUTION (F ELEVATOR RATE

Frequency
8g, radiens/sec F-86A F2H-2 F-84G F-94B
Poeitive | Hegative | Total | Positive | Regative | Total | Positive | Negative | Total | Positive | Negative | Total |vy < 150 | vy > 150
0.1 to 0.19 13 18 31 '
2 to .29 - 5 ] 8
S % 21 21 ko " " 5 T1 105 76 50 ] 95 23 72
B to b9 0 3 3
7 19 26 15 16 31 % 20 5 25 22
5 to .59
6 to .19 3 6 9 8 3 u 13 13 26 17 9
B 8 ta .99 1 2 3 3 b 7 5 5 10 8 2
1.0 to 1.19 0 0 0 ] 1 1 2 k 6 5 1
1.2 to 1.39 0 1 1 1 0 1 2 0 2 2 0
L.k to 1.59 0 1 1 1 3 b b 0
1.6 to 1.79 1 3 4 L 0
1.8 to 1.99 1 0 1 1 0
2.0 to 2.19 1 0 1 1 0
2.2 to 2.3 1 1 2 2 "0
X 32 ko 8L e2 28 50 98 130 228 102 g 196 90 106
n .3 *.5 | 4.3 17.8 7.8 11i71.8 19.6 19.6 (19.6 7.9 7.9 7.9 7.9 7.9
gx 0.400 | 071 |03 | 0.209 0.221. |0.216 [ 0.392 0.368 [0.378 | 0.543 0.568 | 0,535 [ 0.7H9 0.395
B 0.158 0.202 |0.189 | 0.0778 | 0.106 |0.0951] 0.179 0.176 |0.1768 | 0.388 0.372 | 0.392 | 0,488 0.163
o 1.518 17k |1.730 | 0.362 112 | L2k2 | 2,395 3.592 {3,047 | 2.504 1.909 | 2,260 | L.hkal 1.6851
o k480 T.025 | 7.004! 2.170 2.715 |2.,976 | 9.5T6 18.250 (14,163 12.811 | T7.578 | 8.327 | 4.438 6.303
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TABLE III.- FREQUENCY DISTRIBUTION

OF ATLERON RATE

Frequency
5, radians/sec
F-86A F2H-2 F-84G F-9k4B
0.2 to 0.39 57 36 T3 277
I to .59 11 10 151 Ly
.6 to .79 9 9 a7 15
.8 to .99 1 4 12 5
1.0 to 1.19 . 2 3 1
1.2 to 1.39 3 1 1
1.k to 1.59 1
N 78 65 967 343
T 14.3 17.8 19.6 T.9
8 0.382 | 0.512 | 0.353 0.357
% 0.148 0.306 0.124 0.137
oz 1.631 1.501 3.012 3.064
a, b 473 4. 445 14.358 %.357
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TABIE IV.- FREQUENCY DISTRIBUTION (F RUDDER RATE

Frequency

i:ép, redisnsfeec F-86A FaH-2 F-8%G F-g4B

¥i < 150|vy > 150|Total{vy < 150wy > 150|Total vy < 150ivy > 150 v1 < 150|vi > 150(Total

R

C.1 to 0.19

¥
%
&

.2 to .29

3 to W39

A to k9

5 to 59

.6 to .69

.T to .79

8 to .8

9 to .99

1.0 to 1.09

1.1 to 1.19

wlole|lo|lelrir|rlo|n]|r]|w
ololo|lo]|olo|le|ole|lm|a]|R
wiolo|leloelw|r|r]lo|le]|<]|R
Hlo|lo|mlo|lo]lo]|lalolo|w]F
olo|ojo|lo|jofr|w]|F|r|w

rlolofrlol|lo|r|uw|le|r|bB®

1.2 to 1.29

vlololo|lo|lo|lr|m|m|w|R|B
5
Hooooomprﬁy\&ﬁg

elojo|o|ejo|r|Oolm]|~

1.5 to 1.39

1.4 to 1.9

1.5 to 1.59

1.6 to 1.69

1.7 to 1.79

1.8 to 1.89

1.9 to 1.99

2.0 to 2.09

2.1 to 2.19

2.2 to 2.29

2.3 to 2.39

2.k to 2.49

2.5 to 2.59

2.6 to 2.69

2.7 to 2.79

rlrlojololo|rlelolo|rlofelr|mlrlr|lo|rle|les|luwlr|BIR|B|[R|&
HHOOOOHOOOHOOHHHHOFW#\IO\B‘\E\#&\E

2.8 to 2.89

ROOOOOOOOOOOOOOOOOOOI—'DOI’D-WN\O—Q

5
¥
E
S
3
B
3
3
&
5

k.3 .3 {1k.3 7.8 17.8 17.8 19.6 19.6 19.6

-3
.
0
-3
.
0
3
0

0.592 0.183 [0.300}| 0.368 0.246 [0.269 | o.25k 0.150 |0.21k | 0.k53 0.369

§

:

0.425 | 0.0597 10.296) 0.3%% § 0.155 (0.213 | 0.165 | 0.08%% |0.121 | 0.439 0.37T

0.521 1.602 |2.416] 1.711 3.433 E.521 5.356 2.9% [3.741 | 5.010 2.58)  (3.556

ﬁ\ﬂj-'g"rsu

1.815 L5k }7.782] h.2k1 |8.868 10.2517 20.428 | 13.931 |27.196} 13.705 | 9.505 |19.680




TABLE V.- FEEQUESCY DISTRISUFION OF FITCHING ACCHLIRATION

Frequency
i, Tedlans/sec? F-B6A -2 r-Bhg ok
Positive | Fagative | Total Tositive | Megstive | Total Posttive | Fegutive | Total Fositive | Eagstive | 'otal
0.20 to 0.%9 ki 101 6 27 ] 62 103 182 311 58 =] 123
20t VB 77 o 6L 12 0 22 2] Bo 5 16 18 3k
40 to B9 1.1 2 » 8 6 W h 55 i ] 11 20
W50 to 59 13 6 18 & 3 17 20 ho 60 9 T 16
60 to .69 5 5 8 6 o 6 19 1 33 1 w n
S0 te .79 1 3 & 3 0 3 1 16 -1 ¥ - 13 [
B0t B 1 1 2 ¢ 2 2 3 6 9 o 3 5
.50 to .99 1 1 2 0 0 0 2 T 9 ’
1.00 to 1.09 0 s} [ o 1 1 2 L 6
1,10 to 1,19 a 1 1 (] o 0 5 0 3
1.20 to 1.29 1 0 1 ] 1 1 1 1 2
1.30 ta 1.%9 0 1 1 o ] 0 0 1 1
140 to 149 0 [*] 0 Q 1 1 Q /] 0
1.50 to 1.59 0 1 1 0 1 1
1.60 to 1.68 ] o 0
1.70 to 1.79 1 0 1
1.80 to 1.89 0 0 o
1.50 to 1.59 0 2 2
X 136 b L] 511 60 (1] 19 31 oy &8 9% 1ns B
T .5 .35 .3 17.8 171.8 17.8 19.6 19.6 19.6 TS 7.9 79
8 0.5%9 0.3 a.%9 0580 .39 0,291, 0.500 040k a.ko2 0.329 0.368 0.330
o 0.15% £.186 0.175 0.157 0.5k 0.802 0.815 0.22T 0.822 0,121 0.167 .15
o 2.517 3420 3.18" 0.980 2.5l 2,300 2.318 2,827 3,361 1506 1301 1.505
Y 11970 18,057 16.9%% 2,717 9.8% 1D.2h5 10.30% LR, 13897 h.S01 5.610 360

gTIeqT W VOVN




"EABLE V1.~ FERCKENDY DIETYIHOTION OF ICRHAL IOAD FACT(R

Frequanay
ny 864 re-2 r-tho F-hB
it § | mhodd | mtbin | kel | wsedd | mhad | sy | eeay | o
(-)1.0 2
(=)0.5 2 bH] 1
0 to 0.9 1 3 5l 17
3t 99 %2 194 w5 160
1.0 to 1,49 928 e ay 36 5,016 & 1,186 11
L% to 1.9 1,321 207 1,065 8B 168 2,990 il 1,209 173
£.0 to 2,89 1,170 190 B9 L] 1 2,57 306 1,182 158
2.4 to 2,99 836 94 598 w06 [+ 4] 1,8k 204 95 nus
5.0 to 349 ne8 TL M B b 1,h5 179 700 100
3.5 to 5.99 3 W 205 el % %5 150 Lre i
b0 to kA5 190 = 05 22 ) 631 110 308 18
k.3 to k.99 fe 9 b b1 b} m o 195 »
5.0 to 5.8 4 ;1 12 2% [ 9 150 A 1k 17
5.9 te 3.9% o7 2 § 3 L 1 78 bl 68 12
6.0 to 6.49 5.1 2 2 1 1 4% 12 3 b
6.% o 6,99 15 L] 3 )
T.0 to T 6 3 b3 3
X plLs . 1,082 N, 577 29 b Ik, 329 2,373 6,680 1,062
.3 %.3 17.8 17.8 17.6 19.6 19.6 7.9 7.9
o 2,100 2,09 1.9% 2,85 2103 2,21 2.261 2.9
ng 0.9% 0.987 0.922 0,963 L.086 L1% L1657 1,017
oy 0.880 Lhe 0.771 1.0 0.685 1.1%9 .99 L.087
oy 3.56 LN, 3.602 3.710 3.65¢ 3.907 3,545 3.028

d.i
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TABIE VII.- FREQUERCY DISTRIBUTION OF TRANSVERSE LOAD FACTOR

Frequency

o F-86A F2H-2 F-84aG F-9O4B
0.050 to 0.099 21k 66 L1k 66
.100 to .149 79 163 67
.150 to  .199 8 )t 39 48
.200 to .249 L 2 7 31
.250 to .299 L 20
.300 to  .349 3 12
.350 to .399 3
L00 to  .4ho o]
L450 to 499 0
.500 to .549 1
N 309 81 630 248

T 4.3 17.8 19.6 7.9

By 0.0949 0.0892 0.0983 0.160

Oy 0.0362 0.0335 0.0391 0.079%

a3 2.506 2.537 2.311 1.020

@, 10.886 8.911 10.350 }.108
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Figure 1.~ Three-view drawings of test airplanes.
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Figure 60.- Comparison of the average flight time required to equal or
exceed a glven normal load factor obtained for the F-86A test airplane
with that obtained from 1,150 hours of USAF training operations.
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Figure 70.- Time to exceed curve for hypothetical case illustrating
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