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Previous tests of the P-634-1 airnlané showed that
when the center-of-gravity range for desirable atnady~
maneuvering stick- force gradients was increased oy
resorting to experimental elevators of increased aero=-
dynamic oalance in combination with a bobweight, the
stick forces during rapid control movements became unduly
light and the control—free longlitudinal short-period
oscillations became too lightly darped. In order to
improve these control characteristics, a control-
feel device was developed which increased the stick force
necessary to deflect the stick ranidly without affecting
the steady-state stick force chara cteristics. Briefly,
this device consisted of a viscous damping cylinder and
a coll spring connected in series between the control
stieck and the airplane structure. Rapid movements of the
stick by the pilot deflected the spring which developed
resisting forces on the stick that could subside through
action of the damping cylinder if the stick was held
steady in any position. Therefore in making a rapid
pull-up, for instance, it was expected that the device
would supnly a stick force proportional to elevator
deflection in the initlal stage of the maneuver and that
this sticl: force would ﬁradually d’sawnear as the stick
force due to the bobweight increas As a result, the
over-all stick force variation hould approrimate the
satisfactory type of force variation obtained with a
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conventional unbalanced elevator. With controls free,
any rapid oscillation of the elevator caused the spring
of the control-feel device to deflect in such a nanner
that the oscillation tended to damp oubs

Flight tests of the device included determinations
of the characteristics of the airplane in steady turns,
in control-free short-period oscillations, in stick-
release pull-ups, and in rapid controlled pull-ups The
tests covered wide ranpes of both center- of-grav1ty
location and altitude. Brief tests were also made of a
device which supplied a umall amount ' of viscous friction
to the elevator control system.  Some important results
of the tests were the fcllowing

The center-of-gravity range for desirsble steady-
maneuvering stick force gruql nts with the experimental
elevators and bobweilght was 72 percent of the mean 8aero=-

dynamic chord as ‘compared to 3 percent of the mean aero=-
dynamic chord with the production elevators. Furthermore,
with the experimental elevators and bobweisht, the center-
of-grav1tv range could be 1ncre”ﬂpd avwﬁGCLably beyond

"7 a
(5 percent mean aerodynamic chord without encountering

steady-maneuvering stick force gradients deviating greatly
from desirable values (3 to & pounds psr 5) whereas with
the production elevators, excessively heavy or excessively
light stick force gradients would occur if the center-ofe-
gravity range was extended much veyvend 3 percenkt mean
aerodynamic chord, Addition of the control-feel device

to the elevator control system brought about marked
improvement in both the control feel and dynamic stability
characteristics, At some speeds, the control-feel device
increased the stick force necessary to deflect the stick
rapidly by a factor between 2 and 3 and caused &n othere
wiseé continuous control-free short-pzriod oscillation to
damp out within lé.cyclos. The other deviece, which

supplied a small amount of viscous friction (0.2 pound
stick foree per. inch per aceond .veloelby of fhe stick

grin) had no appreciable effect on the control-free dynamic

\stability.,

It was found from the teésts that although .the
control-feel device provided satisfactory control charac-
teristics at a glven 'speed 1t beccame less effectlive . .at
higher speeds, Also, ln the form tested, the device dld
not eliminate stick forces caused by the response of the
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bobweight to changes in normal acceleration in rough air.
To correct both of these shortcomings it is suggested

that the coll spring of the control-feel device be

replaced with a small airfoil or flap having prearranged
hinge moment characteristics.

The possible application of the control-feel device
to an elevator control system with a power booster which
normally reduces the pilots effort to zero is pointed
out.

INTRODUCTION

At the request of the Air Materiel Command, Army Air
Forces, an extensive flisht test prosram was undertaken
to develon elevators for the P-63A-] airplane which would
provide desirable longitudinal handling characteristics
over a center-of-gravity range of 10 percént of the mean
aerodynamic chord for any altitude Letween 5000 and
25,000 feet. The production elevators gave desirable
handling characteristics for a center-of-gravity range of
3 percent of the mean aerodynamic chord for the specified
altitude range. During previous tests, a combination
of a highly balanced elevator and a bobweight was developed
which provided desirable steady maneuvering stick force
characteristics over the specified center-of-gravity and
altitude ranges. However, the control-feel characteristics
of this elevator were considered unsatisfactory by the
pilots, mainly because the large aerodynamic balance
necessary made the control oversensitive in rapid
disturbances of the stick, whether these disturbances

"were inadvertent or intentional on the pnart of the pilot.

Also, the use of a bobweight or a large positive floating
tendency (which was necessary to raise the general level of
the steady-maneuvering stick force gradients) in com=
bination with the large aerodynamiec balance, was found to
cause poor control~free dynamic stability and undesirable
control-feel characteristics when flying through rough

air. A discussion of the tynes of control«feel difficulties
encountered may be found in reference 1. Reference 1
suggested the control-feel difficulties associated with

the combination of highly balanced elevators and bobweight
might be overcome through use of a mechanical device which
gwould increase the control forces only In ranid stick
movements.
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This renort presents the results of flight tests of
one such mechanical control-feel device. This control-
feel device consisted of a sbpring and dashpot connec*ed
in series between the cbntrol,sfice qnd alvwlﬂnc otruoture.
The device was tested. in combination with an e"noriﬂental
elevator and bobweight which gave unsabiofucto ¥ dynamic
stability and control feel characteristics in pre vious
tests. ‘Flight tests were made to determine tho ‘effect of
the device on the behavior of the airplane during control-
free short-period oscillations, uth“-releas pull-ups,
and rapid controlled pull-ups, The tests covered wide
ranges of Dboth center-of-gravity location and altitude.
Brief tests also were made with a second device to
determine the effect of viscous friction on the elevator=-
free rharacteristics.,

AIRPLANE, TLLVATOR AND CONTROL: SYSTLM

VCDIPICATIOPS_?LSTLD

The P-63A-1 airplanse is a conventional single-engine
pPOhellcvéd"fvcn fighter~type &airplane unijpdd with
tricycle lending gear. A side view of the airplane as
1low1 1At iglal dru;cnt tests 1s. reproduced Iin fﬂ'urp l; A :
threc-view drawing of the test eirplane (AFF Fo. L2-68889)
. is shown in flgure 2. This airplane. i oor>o‘¢F:d Lnt
enlarged “orl oLt 1 tail shown in figure S en u i SR
specifigations.-of general interest and ‘Gimensions pertinent
to a study of the lon“LLudlﬂal hunﬂIL‘g Cﬂdfdc+4rlufip°

are liutud in uUOLndiX A,

Firure 3 includes a cross scction- of the ¢xperimental
elevators used in the Tcsto.- Wh;se ulpVators were covered
with fabric and had a rib spacing .of h%‘ ncheés. The

plan form of the experimental clocvators was the same as
the nlan-form of standard production blLV&tOPO' incregsed
derodynamic b&alance ”uu.dcu]‘v d by thickening the ‘
trdwTLQg 6dis section to glive an 'ﬂCllwa uPquLﬂé~sdéb'
angle of Standard proauotlon ¢levators Had flat

ppor-ana lowor surfaces -aft of a ﬁOqu near the hinge
in o

b .

1 end had an included tra iling-edge angle
Characteristics of the elevator.control system are

illustreted in figsures li and 5. Figure li shows. the
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elevator-stick gearing relation. Figure 5 shows the
variation inh stick force with elevator angle due to
addition of the bohbweight (dash curve). The force added
by the bobwecight is seen bto vary with slevator position
but over the range of elevator angles end airplans

att itudes encountered in these tests the bobwelght force
may be talen as epproximetely 3.7 pounds pull stick force
per g normal acceleration. The data of [lcure H &also
show that statiec friction in the elevator control system
was about t1 pound.

A diagrarmatic sketch of the device to improve the
elevator control-feel characteristics 1s cshown in fifure 6.
As can be seen from this figure, the device consists of
a viscous damping cylinder connscted to the airplane
structure through a coil spring. When the stick 1s
deflected rahidly the resistance to fluid flow through the
piston restricts relative moticn setween the piston and
the cylinder so that the cpring is forcibly deflected and
its resisting force is felt on the stick. When the stick
is held steady for any &appreciéble interval, the piston
automatically adjusts 1tself In the cylinder to the
position required for no spring tension. Hence the device
acts to increase the stlck force necessary to deflect the
stick rapidly without altering the steady-state stick
force characteristics., Filgure 7 contains two photographs
of the device mounted in the &irplane, As shown by
these photographs, provision was nade for the pilot to
attach cr detach the device from the control stick i1n
flight, Hence the pllot was ablc to make consecutive
test runs with and without the device so that data could

be obtained under comparable {licht conditlons,

The mechaniceal cheracteriztics of the control-feel
aid dre shown in firures 8, 9, and 10. Figure 8 shows
the variation of stick force with @levator position dus
to the spring in the device, when the viscous deamping’.
eylinder is inoperative (piston locked in cyliqder). The
elevator angle for zero stick force in ficure 8 was chosen
arbitrarily. If some other slevator angle had been chosen,
the slope of the curve would be slightly different because
of the slight nonlinearity in the relation between the
stick and elevator travel (refer tofig. li). Picure 9
shows the calibration of the control-feel aid in terms of
the rate of subsidence of a rapldly applied stick force.,
The measurements were made by abruptly releasing the
cylinder of the control-feel device from & position with
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the spring deflected and the stick chained to the airplane
structure. The two curves labelled orifice 4 and orifice B
refer to two different orifice srrangements in the piston
of the viscous damping cylinder. Frou the data of

figpures 8 and 9 1t has been célculated that 1if the spring
was replaced by a rigid member stick forcés of about 1.9
and %,2 pounds per inch per second vceloclity of the stiek
grip would be required to move ths stick at a stecady rate
with orifices A and B, respcctively. It should be noted
here that the gquantitative valuss shown in figure 9 do not
necessarily apply te the flicht data because of temperature
differences. The cffsct of tempsrature on the viscosity
of the S.A.E. Yo, 20 damping oil caused marked changes in
the rate of subsidence of stick force contributed by the
mechanical device. o records of the temperature of the
damping fluld were obtained in the flight tests so that a
quantitative study of the flight data regarding the
transient effect of the control-feel aid on the stick
forces was impossible., In thils connection, the free Zhilie
temperature on' the ground varicd betwesn extromes of

500 and 80° F during the flight tests, with by far the
greater number of tests performed when the ground
temperature was between 60° F and 70° F. Even in going
from 60° F to 70° F the viscosity of S.A.L. 20 oil
decreases by about one-third. Pilot's opinions indicated
the cockpit temperature did not deviate much from the
ground temnerature even for the high-altlitude flights,

In spite of the fact that the data of fisure 9 apply only
approximately to the flight data, the figure is included
to illustrate the characteristic shapcs of the curves of
stick force subsiderce as a function of time. Figure 10
presents a time history of an abrupt deflection &nd
relcase of the control stick m&de on the ground at zero
airspeed., It is secen that the combination of control
system and bobweight inertila and the spring it EnE GEaileE
caused an oscillation of the control heving & short
period (&bout 0.33 second) and rcguiring about 2 cycles
for complete damping.

For some tests viscous friction wés led to the
elevator by means of a closed hydraulic cy nder filled
with fluid and mounted betwoen the airplane structure and
tho elevator push-pull tube (fig. 11l). MNotion of the
push-pull tube caused fluid to be pumped from onc side
of the piston to the other through a restrictor valve in
an extsrnal by-pass tubz. The ount of viscous friction
used in the flight tests 1s defined approximately by the
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date shown in figure 1l2. Because the viscous friction
cylinder was exposed to temperature variations the
amount of viscous friction it contributed was subject to
variation due to changes in viscosity of the damping
£ludd,

INSTRUMENTAT ION

The following quantities were measured with the aid
of standard NACA recording instruments: airspeed, pressure
altitude, normal acceleration, elevator angle, and stick
foree.

A special boom extending 1 chord length ahead of
the right wing near the wing tip was used for the measure-
ment of airspeed. The static pressure measurements from
the pitot-static head were corrected for error caused by
the local pressure field around the airplane. Airspeed
is defined through this report &as

Ve = 15.08f /A

wherein
Ve callbrated airspeed, miles per hour
fo sea-level standard compressibllity correction
factor
qc difference between total-head pressure and correcteld

free-stream static pressure, inches of water

This airspeed corresponds to the reading of a standard
Army or Vavy airspeed indicator without instrument error
which is connected to a pitot-static systom free from
position error., Under seca-level standard conditions,
calibrated ailrspeed 1s also true airspeed.

Elevator angles were measured by two instruments. One
Instrument was connected directly to the elevator; the
other instrument was connected tc the elevator push-pull
tube near the tall. Ground tests indicated errors
arising from control system flexibility were negligible
for the latter instrument installation.
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The elevator stiek force was measured by an instrument
which reecerded the sbtrain In the s8tick a2t & position near
the bottom of the stlick. Because of this arrangement the
recorder. responded toratralns’ . cRused by inertdis ol that
portion of the stick above the strain gages. Therefore
it should be pointed out that in rapid maneuvers
involving abrupt release,of the stick, the force at the
stick grip actually reaches . zero almost instantly even
though the recorder may indicate & somewhéat slowe
attainment of zero stick force.

EXTENT AND PURPOSL OF TESTS

The flight teats covered -the followlng btiype

v

es o
maneuvers in the order of Subsequent date pressntation.
A, Steady left- turns.
3« Short-period elevator-free oscillations.
Ce. Stick-release pull=-ups,
D. Rapid controlled pull-ups.

The last three of the above types of maneuvers were
performed both wlth and without. the control-feel aid,

The foregoing maneuvers were performed at calibrated
speeds of approximately 200 and 300 miles per hour. The
steady turns were made at 5000 feet altitude for take-off
ecenter~-of=gravity positions of 25:0, 30,1, and 33,2 per-
cent ‘mean aerodynamie chord and at 25,000 feet altlituds
for take-off center-of-gravity positions of 2%.6 and
3%.2 percent meén aerodynémie chord., Because of fuel
consunption, the center of gravity moves forwerd a maximum
of between 2 and- 3 percent mean aerodynamic chord during
flight; howover, the center-of-gravity positions
accompanying &all.data shown 1In this report liave been
corrected -for the effect of fuel consumption,., In generel,
the short-period oscillations and stick release pull-ups
were performed for the foregoing center~of-gravity
positions at 5000 and 20,0000 feet dltitudes, Thesrapid
controlled pull-ups were made for the three presviously
given center-of-gavity positions for 5000 feet altitude
but only one set of.data was obtained for 20,000 feet
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altitude with a take~-off center-of-gravity position of
5342 percent mean aerodynamic chord.

The steady turns were made only in the left direction

because preliminary tests showed a negligible difference

between the characteristics in left and right turns and
the pilot was able teo make left turns with greater
crecision then right turns., For the turns at 200 miles
per hour, power for straight, wings-level flight was
used; at 300 miles per hour, normal rated power wa

used and 1t wes necesqary to dive the airplane Sl]Lhtl
to obtain the calibrated speed, c.pe01a11y for the highe
altitude runs, The purpose in making the stszady turn
tests .was to determine the steady-statle-maneuvering
stability and control characteristics. In the present’
investigation, the control-free dynamic stability and
the control-feecl characteristics were meidsured in Soile
configuraticne for which the steady-meneuvering stabllity
and control charactericstics were unsatisfaectory to the
pilots. . It should be remembered, rowever, that the only

-configurations of practical importance are those for

which the steady-maneuvering characteristics arec desirable.
The dynamic characteristics 2re therefore of less inteérest
in cases where the steady-maneuvering charccteristics
were uncatisfactory.

The short-period oscillation tests were made according
to the usual procedure which consists of abruntly
deflecting and releasing the stick from trimmed conditions
in straight flight at the chosen speeds (200 and 300 miles
per hour). These tests were made to investigate the
control-frec dynamic longitudinal stebility. A theoretical
investigation of dynamic longitudinal stability with free
cohtrols is glven in reference 2.

The ctick=-release pull-up was uced in the present
tests because this maneuver had been suggested ce a simple
meane of investigating the control-feel Lroulem. As the
name implies, the stick-relecase pull-up 1s performed by
intentionally trimming thce sirplance tail-heavy in steady
straight flight and then abruptly relessing the stick.
Providing the short-period oscillation is dumjed, the
airplane will eventually reuch a steady pull-up condition
2t @ normal acceleration determined by the amount of the

"initial out-of-trim stick force and the steady-maneuvering

stick force gradient. Immedlately following zgleawe of
the gtick howéver, both the elevator engle und the normal
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acceleration might be expected to overshoot their

resnective final steady values. The asgree of this over-

shooting would bé expected to depend on the aerodynamic
balance characteristics of the elevator and on various
possible control system modifications just &as the 4
control-feel characteristics depend to & large extent
on these same variables. For example, in & case where
the steady-maneuvering stilciy force gradient is obteained
primarily from a bobweight or a large positive floating
tendency of the elsvator and the elevator resistance to
deflection is low, a large amount of overshooting in
stick release pull-ups might be ezpected to ccecur. The
same combination is known to exhibit poor control=feel
characteristics in rapid longitudinal mancuvers or in
usty air. In passing it might be well to point out

that the stick-releese pull-up corresponds.to & theoretical

maneuver involving the instantaneous application Qi 8
given stick force.

The rapid controlled pull-up is & maneuver in which
the stick is moved rearward from trim repidly and returned
to trim equally rapidly and held. &t no time during the
performance of these pull-ups 18 the stick released. . Two

typical controlled pull-ups are shown in figure Jdaw &L
each speed tested (200 and 300 mph) controlled pull-ups
were made using various rates of control motion ranging

from very slow movements of the stick to extremely rapid
movements of the stick., The resulting data were analyzed

by plotting the ratio of meximum stick force divided by

maximam resultant acceleration as & fnc bl on fof it e ame

required to move the stick away from, &nd return 1t to,
trim. Definitions of the quantities used in analyzing
the data are indicated in figure 1%s Thig method ol
analyzing the data was used also in reference 3 which
presents a theoretical study of the aerodynamnic factors
which affect stick forces in rapid pull-ups similar to

I

the controlled pull-ups used in these flisht tests.

Controlled pull-ups were made in the prescnt
investization because it was in similar control motions

that the pilots first reported poor control-feel charac-

teristics. Such control motions are normally used to

correct small disturbances due to :usty air or to make
a fast entry into a stcady &ccelerated turn or pull-up.
According to the pilots, when the stick force required

to deflect the stick rapldly was too low, 1t was difficult
to predict the airplane response following & rapid move-
ment of the c¢levator control. This characteristic caused




the pilots to feel uneasy and uncertain even when merely
flving the airplane straight and level. The control-feel
aid was expected to remedy the lack of stick force in the
early stages of a rapid longitudinal maneuver because it
was desipned to supply an increment of stlck force which
1s essentially in phase with the stick travel for very
rapid stick motions,

JESULTS AND DISCUSSION

A, Cheracteristics in Steady Turns

The charsacteristics in steady left Lurns of the
P-63A-1 airplane incorporating the IWACA experimental
elevators with a2 3,7-pound bobweight are shown in '
figures 1l through 18. Figure 1!y shows the variation of
stick force and clevator angle with normal acceleréation
at 5000 feet altitude for the various center-of-gravity
positions tested. Figure 15 is a gimilar plot for
25,000 feet altitude, In figure 16, the stick force data
from figures 1l and 15 have been summérized to shiow the
variation of steady maneuvering sbick-force gradicnt with
center-of-gravity position. The sticlk force gradients
plotted in figure 16 were obtained from the increments in
stick force required to go from lg to 3g and lig at
200 miles per hour and 300 miles per hour, respectively.
These acceleration ranses were chosen ln order to keep
within flight conditlions where the clevator hinge moments
were anproximately linear (as indicated by linearity of
the stick force versus acceleration curves) and to avoild
any extrapolations of the data, Figure 17 shows the
elevator angle data of figures 1} and 15 plotted &agéinst
airplane normal force coefficient, Finally, flsure 18
is a summary plot of the data of figure 17 showing the
variation of the change in elevator angle per unit
airplane normal force coefficient with center-of-gravity
location. The slopes of elevator angle versus normal
force coefficient plotted in fizure 10 &re based on the
increment in elevator &ngle required to go from lg to
3g and lig at 200 miles per hour and 300 miles per hour,
resvectively. Therefore the. stick-free &@nd stick-fixed
meneuver points indicated by figures 16 and 18,
respectively, are directly comparable although they are
not, in the usual sense, mancuver poiants for & definite
value of the airnlane normal force coefficient but rather,
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average meneuver points covering most of the range of
airplane normal force coefficient tested.

The data of figure 16 indicate why it wos necessary
to incorporate a hobweight in the control system when the

-experimental elevators were used. Because of the design

loading conditions of the eirnlane, 1t was desired to
obtain a stick force gradient of at least 3 pounds per g
at 25,000 feet altitude with the center of gravity at

30 percent mean aerodynamic chord. It should De noted
that the stick-fixed maneuvering stability was positive
for these altitude and center-of-gravity conditions

(fig. 18). However, because of the small rate of change
of stick force gradient with center-of-gravity position
and because of the loss in maneuvering stability due to
increasing altitude, the center of gravity would have

had to be at least as far forward as 22 percent mean
aerodynamic chord to obtain 3 pounds per g at 25,000 feet
altitude without a bobweight. The use of a large center-
of =gravity range ahead of 22 percent mean aerodynamic
chord was out of the question because the elevator control
available for making minimum sveed landings quickly became
inadequate as the center of gravity was moved forward
from 22 percent mean aerodynamic chord. This situation

is typical for a fighter type alrnlane.

From figure 16 it is seen that the relatively low
rate of change of stick force gradient with center-of-
gravity position afforded by the exnerimental elevators
provided stick force gradlents between 3 and 3 nounds
per g between 5000 and 25,000 feet altitudes for a

O

center-of-gravity range of eabout Ti nercent mean aero=-
dynamic chord. It might be noted, furthermore, that this
center-of -gravity range could e increasedanmreciably
without encountering éxcessively heavy or excessively
light stick force gradients. With the production elevators,
the ellowable center-of-gravity range for desiratle stick
force gradients was 3% percent of the mean aerodynenic

chord and any appreciable widening of this renge led to
either excessively heavy or excessively light stick force
gradients. The rate of change of stick force gradient

wlth center-of-gravity position for the experimental
elevators is 0.38 pound per g ver percent mean aerodynamic
chord, Previous tests showed that a minimum value of this
slope of 1.0 pound per g per percent mean aerodynamic chord
was required with the P-63% airplane in order to have
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satisfactory control«feel characteristics in the absence
of mechanical control-feel,

The hinge-moment parameters of the expnerimental
elevators were estimated with the aid of the 5000 feet
altitude data of figures 16 and 18, the dimensions of
appendix A, and some of the charts of reference U - -
was found that the rate of change of hinge moment
coefficient with elevator defle ction Ch6 was about

~0,0025 per degree. From this value and the difference
between the stick-fixed and stick-free maneuver points
without bobweight, the rate of change of hinge-moment
coefficient with change in angle of attack Cha was

estimated to be 0.0003% per degree. Assuming that a
value of Opg of -0,0100 would be obtained for an elevator

without aerodynamic balance, it may be concluded that
the experimental elevators had three-quarters of the
unbalanced value of Ch@ balanced out. The results of

earlier tests indicated no more than one-third of the
unbalanced value of Ghé could be eliminated without

causing noticeable deterioration of the elevator control-
feel cheracteristics of the P-63% airplane., 4As noted
above, the experimental elevators had only & very slight
tendency to float against the relative wind when a

change in the angle of attack occurred.

B. Short-Period Oscillation Characteristics

1. Characteristics without bobweight,~ Figure 19 shows
the short-period oscillation characteristics of the air-
plane without the bobweight in the control system for
forward center-of=-gravity positions at low and high
altitudes. Figure 19(a) includes data obtained with the
control-feel aid attached. Note that in flgure 19 and sub-
sequent figures the control-feel aid is referred to as
"demner." The steady-maneuvering stick force gradients
were about l. and 2 pounds per g, respectively, for the
5000 and 25,000 feet altitude date shown in figure 19.
Although the steady stick force gradients were low, it is
seen that the shorte-neriod oscillation characteristics of
the elevator without control system modifications were
satisfactory since the oscillations of both elevator angle
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and norm&l acceleration were caompletely dariped within X

¢ycle following release of the contrels 'Addition of the

control~feel aid_caused the os¢illation in elevator angle

to persist for 1% cycles at 200 miles per hour. However,
b ; ;

this ogcillation had a very short period similar to the
period of the elevator oscillation caused by .the device
with the airplane on 'the ground (fig. 10)., ' Because of the

short period, this elevator oscillation did ﬂot Cause any
noticeable airplane response. Of noteworthy interest in
figure 10(d) is the very appreciable increase in stick
fTores reduired to defleet the elevator»rdaldTy when the
control=-feel device wag attached. The t1 sk force to
deflect the elevator & given amount was increase
Pactor of between 2 and %, .. Fhis increase in stick force

9

reduced the "touchiness" of the control, The pilot was
gble to gage more accuratély the acceleration response
from & rawluly dpoll@d stiek force because he had a
greater range of stick force to deal with in covering the

same réange of resultant maximum &ccelerations.

2., Effect of additlon of bobweight.- Figure 20 shows
the short-period oscillation charédcteristics for forward

.L
center-of-gravity positions at low &nd high altitudes
with the Z.Z-nound bobwelght in the elevator control

system, With this arranQOnwnt the steady force gradients
were satisfactorily high, réanging from G to 6 pounds

per g ‘from H000 Ho 29 'OOO feat eltlitudes, respectively,
Addition of the bobwnjght which wes locats d near the
girplane center of gravity gredtly reduced the damping;

in faect at high altltudes fFor H00-miles per hour, sddition
of the bobweight caused the occ¢urence of steady undamped

short-period oscillations as 1is -shown in figure 20(b).

These trends corroborate the theoreticél analysis of the
effeet of both bobweight and altitude &as set Forth in
reference .2, "Although no' recends arsspresenteds;. the

pilot found that the undamped oscillations &lso occurred

at low altitudes at speeds above 300.miles per botr. Ag

the altitude was decrsased the calibrated spesd for the
Firstioceureenee ‘ot undanpediosdiclislaitiions increassidi
Attaching the control-feel device to the stick - -always
resulted in complede damping el the shorte-period: oselilations
although approximetely lg cyclas were requlred. The

ability ef the control=feel deyice to ilmprove demping of
the short-period oscillations is probably explained by the
fact .thet it inecreased the self-centering tendency of the
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control system insofar as rapid control movements are con-
cerned. This change may be likened to an increase in the
negative value of the elevator hinge-moment paramcter G

116
It is known from the theory that the parameter Cué has
a powerful influence on the damping of elevator-
free short-period oscillations.(See reference 24

3. Effect of center-of-gravity position.- Figure 21
gives the short-period oscillation Charoctbliutlcs f'or
extreme rearward positions of the center of gravity at
low and high altitudes with the 3.7-pound bobwelght in the
elevator control system. For these runs the steady stick
force gradients were still acceptably high sinco tney
ranged from about 5 to 3 pounds per g in goling from
5000 to 25,000 feet altitudes., Compé&rison between
figure 20 and figure 21 shows that meoving the center of
gravity resrward "had a beneficial effect on daemping of the
oscillations since in the most eritiecal condition
(300 mph, high altitude, damper off) the oscillation
damped in % cycles instead of being undamped. This exXperi-
mental result of the effect of center-of-gravity position
eonfllicts wlth the theoretical resulta of reference &
which indicate rearward movement of the center of gravity

P Uk e s g

should reduce the damping slightly

lie Effect of viscous friction.- Pigure 22 gives the
short-period oscillation characteristics for forward
center- of-ﬁravnty positions with the 5.7=-pound bobweight
and the viscous friction incorporated in the slevator
control system. For these tgsts the stecady stick-forcs
gradients ranged from &bout 8 to 6 pounds per g. Con=-
sldering the differcnces in magnitude of the initial
disturbances used in the runs of fizures 20 &§nd 22;, it
may be concluded that the addltion of viscous 'rict on in
the small amount tested did not apprsciably effect the
short-period oscillation characteristics either with or
without the control-fesl device attached. 1In flight
conditions where differences were @appérent, the ¥onfi'u-
pEslion with wiscous friction pogsedact et gliessen de;Lpu of
damping. Refercence 2 points out that even for
center-of-gravity positions there may exist a l maited
range of hinge-moment combinations for which ths addition of a
gmall emount of viscous friction 18 dctrlmuatal to damping,
In these cases, the use¢ of & large amount of viscous
friction probably would be beneficial, Whether or not the
use of a large amount of viscous friction would be
practical, however, is not known. It scemed probable fr

]- o t-hy
O
ST
2C

¢ n'l
=
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1

the present tests that if viscous friction had been used
in an amount large enough to improve the dynamic stability,
the pilots would objeet to the large r631stdnce to stick
motion during such maneuvers as the landing flare.

C. Stick-Release Pull-Up Characteristics

1. Characteristics wilthout bobweight.~ Figure 23 shows
the stick-release pu11-ub characteris L;Co,fof Forward
center-of-gravity positions with and without the control-
feel aid at low altitudes. Fopr these tests, the steady-
turn stick force gradient was about h_ ﬂounau per-g

which 13 8acceptably high. | 4t.h fhér nltlthdﬁo or for more
rearward center- of gravity locations, however, this
configuration would provide unsat sfluuorljy low stick
force gradients. Figure 23 shows theat very little or no
overshooting in elevator travel or accclerut”on response
occurred following release of the stick. The absence of
overshooting 1s explained by the facts that, without
bobweight, the steady maneuvering sticlk: force gradient
resulted almost entirely from the small variation of
elevator hinge moment with elevater deflsction and the
stick-fixed stability was great. In spite of the g ood
cheracteristics shown in: the stick release pull-ups.the
pilot noted poor control-feel characteristics due to the
small self- C6WtbP‘P” tendency of the control without. the
control-feel device attached. Thsrefore 1t may be con-
cluded that the degree of overshooting in stick-release
pull-ups is not always a reliable indication of the
control-feel characteristics.

2, Effcet of addition of bobweisht.- Fisure 2L gives
the stick-release pull-up characteristics at forward
center—oi—graVLty positions and low altiltudes after the

T=-pound bobwelght had been installed. Because of the
bObWGl”ht the qL‘adv sitieckifeprce  gradientiwasiraisedNce
the des 1fablv high value of' abon t Ot pounds: psr ;g " for
these tests. A comparison between figure

25 and ficure 2l
shows the effect of the bobweight was to mﬁcrcasc ”pbreci-
ably the overshooting of both clevator ang
acceleration.  This oveprshoeting is & direct “opicqurnce

of the response of the bobweight as &affected by the lag
between changes in elevator position and resulting chun e s
in normal acceleration.  In the steady pull-up state with
free controls, the elevator position 1is determined by

both the bobweight and the elevator hinge-: oncat perameters
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whereas in the instant following sticlk release, the
elevator position tends to be determined solely by the
elevator hinge-moment parameters since the normal
acceleration does not change éppreciably and conoeqnontly
the effect of the bobweight is not felt. Figure 2l shows
that the control-feel device, by slowly d*SSluutln' the
stored-up energy in the out-of- trim control systrm,
succeeded in eliminating the overshooting in accelerati
response which was caused pPLJdTLlV by tbn bobweizht. nt
high altitudes, addition of the 3.7-pound bobweight caused
the occurrence of an undamped uhOPL-DePlOU oscillation
during pull-ups following relcase of the stick at speeds
of 300 miles per. -hour -or more, This typleal charaoteristic

1s shown in & later figure { Eipa 2DHN “When the control-
feel aid was used in conjune tjuq with the bobweignht
however, the undamped oscilla no longer occurred and

the dlfJTune appeared to perform a smoother transition
from the initial to the final acc<leration fqm' it «did
without éeny control system modifications.

3, Effect of center-of-gravity position.- Fijure 25
presents the stick-release pull-uo charscteristics for
rearward center-of-gravity positions at low altitudes
with the bobweight installed. Eecause of the bobwaight,

he suead stick force gradient was noar~y 6 pounds per g
for thess tests even bhough the center of Qrav1ty was at

a far rearward position. A comparison between fijures 2l
and 25 indicates that, as was the case in the nsual short-
period cscillation tes ts, the oscillations of both
elevator angle and acceleration were more nighly damped

at the rearward than at the forward c,nue;-of-grav ty
DOSJtiODu tésted. It may bs noted from the 500 mileu por
hour data of tigure 25 that addition of the control-feel
aid at the rearward oenter—of-ora71ty position reduced the
total change in clevator angle and, consequently, the
rate of growth of normal accclsratlon followling release

of the stick. However, it is alsc apparent that the
control«feel aid did not roticeably rudqve the amount of
overshooting in acceleration at this cxtreme rearward
center-of-gravity position.

li. Effect of viscous fricticn.- Figure 26 shows the
stick~release pull-up characteristics for & forward center-
of-gravity position at high altitudes at )OO miles per
hour with viscous frlctlon and the bobwecight 1In the
elevator control system. Although compdraolc data are not
shown for the characteristics without viscous friction,
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there was no noticeable difference from the characteristics
shown by figure 26; the undamped short-period oscillation
occurred either with or without the viscous friction
cylinder installed. Furthermore, in eilther case, attach-
ment of the control-feel ald resulted in almost ianstan-
taneous damping of the oscillation as is shown in
figure 26,
D, Characteristics in Rgpid Controlled Pull-Ups

1, Charscteristics without bobweight.~ Figure 27
shows results from rapid controlled pull-ups (similar to
those shown in fige 13) made with the experimental
elevators at 5000 feet altitude for forward center-of-
gravity positions. A curve from reference 1, depicting
results from an airplane wnich had satisfactory control-
feel characteristics, is included on figure 27 and sub-
sequent figures for comparative purposes, The "satisfactory"
airplane has a larger chord elevator that has little
aerodynamic balance, ASs was pointed cut previously, such
an elevator cannot provide desirable steady stick force
gradlents over a large center-of-gravity range. It
may be seen from the data for the P~63 in figure 27
that in 2ll conditions tested, the ratio of maximum
stick force divided by maximum acceleration always
increased as the rate of stick movement was increascd,
This trend is to be expected in a condition where the
steady stick force gradient is obtained almost entirely
from the hinge moment due to clevabtor deflection
because, &¢ the maneuver is made more rapidly, a greater
change in clevator angle is necessary to produce the same
accoleration rocsponsec. It may also be seen from
figure 27 thet attaching the control-fecl ald approximately
doubled the stick force necessary to produce an acceler-
ation change rapidly., Pilots noted a corresponding
marked improvement in the control-feel characteristics,
Even though the two curves for the satisfactory airplane
and the P-583 with the control-feel aid 2t 200 miles per
hour are nearly identical for rapid stick deflcctions,
the pilot noted that the P-63 had a smallér self-
centering tendsncy of the control sticke. This apparent
contradiction is oexplained by the differcnt stick-fixed
stability of the two airplanes. For the data shcwn in
figure 27, the satisfactory airplane w 13

sag tested with the
center of gravity about 2 percent ahead of the stick-
fixed mancuver point whereas for the P-63, the center
of gravity was about 11 percent ahcud of the stick-fixed
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maneuver point., This difference made it necessary to use
considerably more stick travel to produce the same maximum
acceleration in the P-63; and since about the same stick
forces were required to produce 2 glven maximum &acceler-
ation in the two alrplanes, i1t is obwvious that the stick
force ner unit stick travel was lower for the P-63 than
for the satisfactory airplane, As will be shown later,
when the stick-fixed stability of the two airplanes was
comparable, the P-63 with control-feel aid exhibited
smeller transient stick force gradients (éﬂ\ than did

the satisfactory airplane, g/

2, Bffect of addition of bobweight.- Data obtained
in rapid controlled pull-ups after the bobweight was
installed are shown in figure 28, Here it may be seen
that - the stick-force gradient did not always increase
with increasing repidity of the control motion, especially
for the case without the control-feel aid attached. At
300 miles per hour, except for extremely rapid pull-ups
(where inertia of the control system had -8 large effect
on the maximum stick force reached) or in very slow
pull-ups (approximating the stcady maneuvering condition),
the stick force gradient was lecss in the controlled
pull-ups than it was in steady turns. This trend is
explained by the lag between the inerement in stick
force due to elevator deflectlon and the 1lncrement in
stick force contributed by the bobwelght. These two
stick force increments are in phase, respectively, with
the clevator deflection and the normal acceleration. In
the steady-maneuvering condition the two stick force
lnerements occur simultaneously so that their effects are
additive but in rapid pull-ups the stick foree due to
elevator defleetion leads the stick force due' to bobweight
because of the lag in acceleration response following &n
abrupt clevator deflection. (See fig. 13.) Because the
maximum change 1in anglc of attack or normal acceleration
lags the maxirmm change 1in elevator angle in a2 rapild
pulleup the total stick force may be.less than the sum
of the maximum stick force increcments due to change in
elevator angle and change in normal acceleration. There-
fore it 1s possible to have lower stlick force gradlients
in rapid pull-ups than 1in stecady maneuvers if a large
portion of the steady stick force gradient 1is obteained
from a bobwelght, Also in this connection, & large
positive floating tendency of the clevator would have
essentially the same cffect as the bobweight on the stick
forece characteristics in rapid ‘pull-ups, (Siee reference 3.)
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It is generally conceded that arrangements which show
smaller stick force gradients in rapid than in steady
maneuvers are undesirable, Figure 27 indicates the
control-feel aid gave a substantial improvement at

200 miles per hour on the undesirable characteristic
introduced by the bobweight but the beneficial effect was
small at %00 miles per hour, The beneficial effect of
the control-feel device at 300 miles per hour could be
increased by using a stronger spring and by further
restricting the orifice in the viscous damping cylinder,
If such & change were m&ade, however, the device would
probably cause too heavy stick forces at lower speeds
unless provision was made for a variation with speed of
the characteristics of the device. Such an arrangement
1s discussed in a subsequent section of this report.

3. Effect of center-of-gravity position.- Figure 29
shows the characteristics obtained in rapid pull-ups
after the center of gravity wés moved rearward about
9 percent mean aerodynamic chorde. The effect of the center-
of-gravity shift was to lower the stick force gradients
for all rates of stick motion. Such & trend is to be
expccted because theory shows that to producc the same
maximum acceleration response, the necessary magnitude
of elevator motion of a given duration decrecases as the
center of gravity is moved rearward (reference 5).
Incidentally, as regards a comparison between the P-63
and the satisfactory ailrplene, the data of figure 29
are for conditions in which the two airplanes possessed
comparable stick-fixed stability.

li, Effect of altitude.- Figure 30 prescnts data from
rapid controlled pull-ups similar to the data of figure 29
except that the altitude was increased from 5000 to
225000 -feety The effeast of 'altitude was to lower {urthew
the stick~force gradients for all rates of stick motions
This effeet 1s the same as that. which would be expected
from a further rearward center-of-gravity movement at the
low altitudes Hence 1t appears the effect of altitude
on either rapld or steady-state-méaneuver characteristics
was similar because for elther rapid pull-ups or steady
turns; @n lngrease ln s8ltitude caused & decrséasge in gtiel.
force gradient.




MR No. L6E20 23

EVALUATION AND POSSIBLE FURTHER APPLICATIONS

OF CONTROL-FEEL DEVICE

" Both ot the basis of the results described in the

preceding section and on the basis of pilots! opinions

1t was congluded that the control-feel device tested )
had a.decidedly beneficial effect on the dynamic stability
and coﬁtrcléf&elJcharacteristics'of-the-P~ %3A-1 airplane
with.the experimental elevators and bobweight tested. '
The. eharacteristics: of the airplane in rapid maneuvers,,
which were definitely unsatisfactory without the control-
feel ald, were satisfactory with the control-~feel aid
installed at speeds up to 200 miles per-hour with the
exception that stick forces due to the response of the |
bobweight to rapid changes in normal &cceleration in
gusty air were not eliminated., With increasing speed
the gradually decreasing effectiveness of the device

was noticeably apparent so that at 300 miles per hour

the characteristics with the control-feel ald installed
were not entirely acceptable. Some means of changing

the characteristics of the device with changing alrspeed
therefore appecrs desirable.

It is to be noted. that the device as tested added
a given stick force increment for & given instantansous
deflection of the control stick. In the case of an
elevator that possesses inhérently satisfactory controle-
feel characteristics, the stick force for a glven
instantancous stick deflection (neglccting control
gystem 1lnertia) varies sssentially as the square of the
airspeed. Hence, in the form tested, it was possible
for the control-feel device to be adjusted to give
excellent control-feel characteristics at only one speed;
at lower speecds the control-force Increment from the
device was too great and at higher speceds the control
force increment was too small., In order to have the
force inecrement from the device vary as the squére of
the speed it would be necessary to incorporate means for
changing, as a function of speed, the stick-centering
tendency provided by the spring. This characteristic
might be obtained either by use of 2 sultable méchanical
device or by the usec of a vane mounted 1n the air stream
to provide thc necessary stick-centeéring tendency. With
the vane system it might also be possible to obtain
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aerodynamic forces due to angle of attack change that
would offset the objectionable stick forces arising from
the response of a bobweight to thé rapid changes in
normal acgceleration which occur in gusty air,

Tt is pointed out that a control-feel device
incorporating the improvements suggested might have an
important application.tb a nower-boost control in which
all forces from the elevator are overcome by the booster
system. In thils case the proper control feel would be
supplied entirely by a control-feel aid and a bobweight : .
so that an irreversible control could be used to actuate
the elevator. This arrangement might be desirable for
very large airplanes or for airplanes subject to, large
compressibility trim and stability changes because 1t
would eliminate the need for obtaining close, uniform
asrodynamic balance on the elevator control surface.

CONCLUSIONS

From an investigation of the longitudinal handling
characteristics of the P-63A-1 airplane with highly
balanced experimental elevators, & bobweight, and &
control-feel aid consisting of a spring &nd & viscous
damping cylinder connected in seriles between the stick
and the airplane structure, the following conclusions
were indicated:

1. The experimental elevators and the bobweight
provided steady-maneuvering stick: force gradients between
2 and 8 pounds per g at any altitude between 5000
and 25,000 feet over & center-of-gravity range of 7% per-

cent mean aerodynamic chord as compéred to a center-of-
gravity range of 3 percent mean aerodynamic chord pro-
vided by standard production elevators. Furthermore the
allowable center-of-gravity range for the gxperimental
elevator configuration could be increased appreclably
without encountering excessively heavy or excesslvely

ight stick-force gradients whereas such was not the case
for the standard production elevators. However, the
control-feel characteristics in rapid maneuvers and thae
control-fres dynamic longitudinal stability of the air-
plane with the experimental elevators and bobweight were
unsatisfactory.
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2. The control-feel ald effected marked improvement
in both the control-feel characteristics and the control-
free dynamic longitudinal stability of the airplane with
the experimental elevators and bobwelg qt. Addition of
the control-feel aid increased the sticlk force in a rapid
pull-up by a factor of between 2 &nd 3 1In some flight
conditions and, with controls free, caused &n otherwise
undamped short-period oscillation to damp out completely
in about l% cycles, The control-feel aid also P(duced

overshooting and the rate of grcwth of normal acceleration
following release of the controls with the airplane trimmed
tail heavy; these effects were considered to ve desirable
by the pilot. As a result of the fact that no provisions
were incorporated by which the characteristics of the
control-feel device were changed with varying &irspeed,
however, it was found that the effectiveness of the device
became inadequate as the airspeced was increased from

200 to 300 miles per hour.,

3, Further development work is required in order to
make the control-feel ald equally effective at all flight
speeds and in order to make 1t capable of reducing or
virtually eliminating undesirable stick forces arising
from the response of a bobweight to the rapid changes in
normeal acceleration which occur in flifnt through gusty
air,

li. The addition of viscous friction to the elevator
control system in an amount which caused about 0.2 pound
8tick force per Inch per second velocity of the atick
grip had a negligible effect on the control-free dynamic
stability characteristics

Lengley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va,
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APPENDIX A

GENERAIL SPECIFICATTONS AND DIMENSIONS OF AIRPLAVE

Neme and type o« o+ » o « « o+ o o o Bell P-63A-1 fighter

En{_:in-e ° L] . . ° . . ° . . . . . . .Lf‘xllison \7’-1710-95
Rating: : .

Pakewoff | a biie il o = 1328 hp ab 5000 ropme Sl lns

. Hg at sea level

hp at- 2600 rpm, 13 in.

Heg ab 10,0006

Military rated. . . . 1180 hp at %000 rpm, 52 10

- Hg at 21,500 ft

Supercharger gear r8EI0 s era v wis s M

et
=)
\J1
(<)

Normail ratedih v o -

Blame beri e e e sl e e e e P AR 1n.
Number of blades. « « v e o

Engine-propeller gear ratio .

\_

Proneller (special aeroproducts type)
. L] . . . . 2 23
Fuel Capacity (without belly tank), gal « « « « . 136
Welght BupEys 0| ' si s 5 a3 s 5 & @ Eas o #es 5910
7650

Wing loading (normal gross wt), 1b/sq GRS 50.85

Normal gross welght, 1b « s o o s ¢ & o« « o« o

Power loading (normal gross wt, 1050 hp), lbo/hp  7.29
Over-all height (taxiing position) . . . 11 ft L in.

Over-dall Jenghh & e, s s s iy oo o » sl B2 FE 8% i

W :LI'lg .

Stang Fh . oh Bile e w sl w s e . A 38.33
\rea (incluvding section through Iug<1ufo) Cyel iy ai
Airfoll sectionyd vool ' o » « o 0 HACA 6u,¢x 116
Airfoll seeblong BiP  sifs . s & ¢ s @ NACA 66,2x-216
Mean aerod;namic SHOEAL e b & % ias lbion el i O2a5k

Leading edge M.A.C., in. aft L.EZ. root chord 6.11
ASpech WETHO " Gla 5 o % dsss & ¢ & -8 b w e a RS2
Taper ratio et et el B w  w mlalel W B AL T
Dihedral (35 percent chord, upper surface), deg 3.67
Root incidence, deg « s '« s s s ¢ ¢'a o » s a 1.?0
Tip incidente, | dep "« oMo s o oo v ol wte g - =OEG
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fordzontal .talls
span, in, i ey Terl e Soel DR Sl
Botal area’ Sq STy e« o o . e
melebillzer grea; 3@ £5 o @ = 6.»
Total elevabor -areea :-gq 0 Jete . .
“levator area aft of hinge center line
Including tab, sq £t BT
Elevator area forward of hinge center
llne, S At e & W ¢ ik el
LlGVator trim tab apes; [sq FE FSHEE. 1
Elevator root-mean- square chord aft of

e & o o

L]
.
‘0"
L]

e ‘e . . . .

hinge center line, 1lms o« o it e
Distance Plevator hinge center line to
LinBe 0F M. A, Co, T1ite @ e -genih .o e

Elevator. travel from stabilizer, deg down
Elevator travel from stabilizer, deg up

Stabilizer incidence from thrust akls dmg up

25
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Figure 2.- Three-view drawing of the P-63A-1 airplane. <




< 875 >
1
Al
- |

A
18.5° SEcTION A A !
| |

e @ — %:;
/ :
<— 18-

>

Figure 3.- Planform of horizontal tail and cross-section of experimental elevators
Section AA located 15 inches from airplane center

tested on P-63A-1 airplane.
Tine.

‘ON MW

0GH9'T



Up
I

y i

[aY]

S

o

gle from fthrust axis,deq

S <

o}

L 10 -

0 o

K ]

- | ] NATIONAL ADVISORY

Q3 COMMITTEE FOR AERONAUTICS

wQ ~0

0

8 7 4 b 0 R - o 8
Forward Stick grip travel, inches Rear

Figure 4.- Elevator-stick gearing relation for P=63A=1 airplane,
21 3/8 inches,

Effective stick length
Slope of curve at zero stick travel is 3,07 degrees elevator angle per
inch stick travel,

‘ON HW

03H91



MR No. L6EZ20

< Full stick travel-

= I2

)

Q.
Q P
Q)n ° .
8 //g . -7
S / - gy
k3 4 W’/O/F/-—f““’/ N
X _/O/‘/":_—\—"'” ‘‘‘‘‘ i /
3 e o Tt Y RN O N S = S
.tB [ =
o 0
S
C
© NATIONAL ADVISORY
< COMMITTEE FOR AERONAUTICS

n 4

=)

Q.

L0 10 O |10 20 30
Down

Elevator angle from sz‘ab///zer,d@g

Figure 5= Variation of stick force with elevator angle for P=63A=-1 airplane
incorporating bobweighte Thrust axis 8.2 degrees up from horizontal,
Stebilizer incidence 41,1 degrees, Service stick force is messured stick
force corrected to apply to stick length used in service airplanes.
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Figure 7.- Photographs of elevator control-feel device tested on
P-63A-1 airplane.
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Figure 8,- Characteristics of spring used in demping device. Measurements made
with piston locked in cylinder, Arrows along curve show direction measurements
| were taken. Note discontinuity in curve around zero stick force caused by sum
| of static frictiors of control system and that between cylinder and tube of
- control=-feel device.
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Figure 9= Variations with time of stick force increment added by control=-feel devices
Measurements made by abruptly releasing cylinder of device from position with spring
deflected and stick chained to airplane structure.

‘ON W

03H91




Elevator angle,deqg

Q ::- o
S a |<——— Stick released
Q
~ A
L 20 bl
S /1
+ /
[ L
= [0 / \
> LAAN
U 4
QJ 56 \ I= o
Sh v // 8
S &
O 5 4 .0 8 -0 .2
7"/me, sec NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Figure 10.- Simulated short=-period oscillation made on the ground at zero airspeed with
bobweight and demping device with orifice B attached to elevator control system. Period
of elevator oscillation is about 0.33 seconds. Filure of stieck force to become gzero
immediately upon release of stick caused by inertia of portion of stick above force
recorder which was located near base of sticke
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MR No. L6E20

Figure 11.- Photograph of viscous friction cylinder
installed in rear of fuselage of P-63A-1 airplane.
Elevator control push-pull tube hidden by the
lower portions of bulkheads.
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Figure 13.- Typicel examples of repid controlled pull=ups showing quantities

used in analysing data.
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Figure 14.= Concluded.
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Figure 15.,- Steady turn cheracteristics at 25,000 feet pressure altitude with 3.7
pound bobweighte. Power for level flight et 200 mph; normal rated power at
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Figure 16.= Stick force gradients in meneuvers as functions of center of gravity position.
Stick force gradients based on 2g acceleration increment at 200 mph and on 3g acceleration
increment at 300 mphe
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(a) Low altitudes.

Figure 21.- Short-period oscillation characteristics with 3.7 pound bobweight for extreme rearward center-—
of-gravity positions. Control-feel device with orifice B.
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(b) High altitude, V. = 200 mph.

Figure 21 .- Continued.
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(c) High altitude, V¢ = 300 mph.

Figure 21.- Concluded.
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(a) Low altitudes,

Figure 22,- Short-period oscillation characteristics with
control system for forward center of gravity positions.

Ve = 200 mph.

3.7 pound bobweight and viscous-friction in
Control-feel device with orifice B,
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Figure 22.- Continued.
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Figure 23.- Stick-release pull-up characteristics without bobweight at
device with orifice A.
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Figure 2U,- Stick-release pull-up characteristics with 3.7 pound bobweight in elevator control system at

low altitudes. Control-feel device with orifice A.
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Figure 25.- Stick-release pull-up characteristics with 3.7 pound bobweight in elevator control system at
low altitudes for rearward center~of-gravity positions. Control-feel device with orifice B.
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Figure 26.- Stick-release pull-up characteristics with 3,7 pound bobweight and viscous friction in elevator

control system at high altitudes for forward center-of-gravity positions.. Control-feel device with
orifice B.
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Figure 28.= Ratio of maximum stick force to maximum acceleration in controlled pull-ups at various
rates at 5,000 feet altitude. With 3.7 pound bobweight, forward cemter of gravity positions,
Control=feel device with orifice A.
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Figure 29,= Ratio of maximum stick force to maximum acceleration in cpntrolled pull=ups at various
rates at 5,000 feet altitude. With 3.7 pound bobweight, rearward center of gravity positions.
Control=feel device with orifice B.
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Figure 30.- Ratio of maximum stick force to maximum acceleration in controlled pull=-ups at various
rates at 22,000 feet altitude. With 3,7 pound bobweight, rearward center of gravity positions,
Control=feel device with orifice B.
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