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SUMMARY

The longitudinel stabllity and control characteristics of a

B-29 airplane have been measured with a booster incorporated in the
Tests were made to determine the effects on

elevator control system.
the handling qualities of the test _airplane of variations in pilots?®

control-force gradients as well as fhé effects of variations in the
maximum rate of control motion supplied by the booster system.

The varlations of the elevator control force with normal accelers~
tion for the test airplame without boist were apprecisbly higher than
the upper 1limit of 60 pounds per g BPécified as satisfactory by present
handling-quelities specifications.” These control forces with boost off
were considered by the test pilotd to be tolersble but heavy. Use of
the booster to aijust the control force gradients to fall wilthin the
limits of 22.5 to 60 pounds per g gpetified as satisfactory by present
handling-quelities requlrements eppregiably Improved the control cherac-~
teristics of the test airplane. er reduction of these force gre-~
dients through use of the booster fos point where the gradients were

below the lower specified 1limit at’ low speeds but were above this limit
at high speeds still resulted In satisfactory control cheracteristics
These results

though not as desirsble as for the preceding condition.
indicate that the present specificstion as to the upper limit of elevator-

control force gradients for large a:'__gplanes adequa:bely approximates a
boundary between satisfactory and tolerable gradients, whereas the
lower specified 1imit appears omewhat high, rarticularly with reference
to flight conditions at low s (IB.
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During landings of the test airplane high rates of control motion
were used by the pilots both without the booster and with the booster
operating under conditions where high control rates were avalleble from
the system. The abrupt control deflections assoclated with these high
rates of control motion were held for such short time intervals that
no significent alterations to the flight path of the sirplane were
epperent from the test deta. Other landings which were made with the
rate of elevator motion restricted to velues as low as 7° per second
were satisfactory from the standpoint of the pllot's opinion of the
hendling quelities of the airplane. This result was also obtained for
other flight conditions such as teke-off and normal maneuvers. A point -
worth noting which may have a besaring on these results 1s that this
booster was rigged so thet the plilot wes afforded freedom of stick
movement within certain limite even when the rate of elevator motion
was restricted to low values.

From the results of thls control-rate investigation it appears
that large airplanes may have satisfactory handling quelities with
booster adjusted to glve much lower ::ates of control motion than those
normally used by pllots. Uz

INTRODUCTION

There 1is a current trend to the use of booster systems for opersting
the control surfaces of airplanes. The use of boosters results primarily
from a need for slleviating the large control forces assoclated with
large airplanes, for improving the meneyering capsbilities of high-speed
fighter airplanes where control deflections are limited by the pillot!s
physicel capsbilities, or for Improving the control force characteristics
vwhere the aerodynemic hlnge moments of the control surfaces have unsatis-
factory variations. e

Because the requirements for boosters involve consideration of the
alrplene and pllot, the National Advisory Committee for Aeronautics has
undertaken a flight investigation of.& booster system. An anslysis and
bernch test of this booster is presented In reference 1, and for this
investigation the booster was insta.]_led in the elevator control system
of a B-29 alrplane. -

When boosters are used, two altermslives exist wlth regard to the
provision of pilot's control forces. sFor many systems a given percentage
of the aerodynamic hinge moment on t§ control surface is fed back to the
pllot's stick while for other systemi, vhere the serodynamic hinge moments
have unsatisfactory variastions, there is no feedback of the aerodynamic
forces and the stick forces are creafed Bechenicaelly. The present inves-
tigation was concerned with the type of gystem which provides for a
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feedback of the serodynamic forces. The test booster system had pro-
vision for varying the megnitude of this force feedback over a wide
renge, and the effect of magnitude of the pllot's stick forces on the
handling quelitles of the test alrplane were Investigated.

Another importent booster parameter affecting alrplane hsndling
gqualities 1s the meximum rate of control motion supplied by the system.
The test booster had provisions for verying the meximum availsble
control rate, and the effects of such variations were Investigated.

Measurements of the longltudinel stabllity and control character-
istics were obtalned for the test sirplane both without the booster and
with the booster opereting to provide various stick-force and control-
rate characteristics. Results obtained from these measurements sre
presented herein. .

BOOSTER INSTALLATION

A description of the booster and a discussion of 1ts operstion is
given in reference 1. The schematlc arrangement of the system 1s shown
in figure 1, and a photograph of the test umit 1s shown in figure 2.
The booster was installed on the pilot's side (left side) of the ele-
vator control system of the B-29 airplane. The orientation of the
booster in the alrplane is shown in figure 3. This booster system hed
been tested previously as a bench setup. Results of these bench tests,
reported in reference 1, show that this system is satisfactorily free
from chatter, deadspots, excessive lag, frictlon, and other undesirsble
characteristics which might adversely affect the pllotts opinion as to
the handling quelitles of the test alrplane.

Seversel Importent features of the flight-test version of the
booster system are not described In reference 1. With regard to varia-
tions in the megnitudes of the control forces, the part of the total
elevator hinge moment fed back to the pilot was maede adjustable through
use of a manual control. The ratio of total control force to pllot-held
force (boost ratio) is equal to the ratio of the length 1 +to the
length 4 shown in figure 1, and the manual control changed the boost
ratio by varying the position of the point A shown iIn figure 1. With
regard to veriastions in maximum availsble control rate, this booster is
built around & varisble displacement hydravllc pump and operates so
that the velocity of the control surface 1s proportional to the error
in position between the control surface and the stick. The flight-test

o
version of the booster was rigged so that a l% error in position
(referred to the stick) would produce the meximum available flow of
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fluid ‘from the punp. This condition corresponds to the maximum rate of
control motion when the control rate is not restricted by other means
that are discussed subseguently. Mechanical stops (see fig. 1) were

o
placed in the system so that on attaining this l% error in position,

the stick could be moved no faster then at & rate corresponding to the
meximum of the system (an elevator rate of 100° per second with no
restriction). In addition to these fixed stops & set of adjustable
stops were placed on the pump control axrm as & mesns for further
restricting the maximum control rate. The push~pull rod to the pump
control arm was not rigidly attached but was sttached with a preloaded
spring arrangement. This device was used so that, in spite of a rate
restriction, the pilot could still move his stick (egainst the spring
force) at any rate desired until the fixed stops were contacted

o
l% error in stick pcsition). These springs were preloaded to

8]2-'- pounds as measured at the stick. The ratio between mo_tions of the

control arm and the stick was 15 radisns per radilan.

A set of centering springs wess instelled on the pump control arm
to prevent a small residual oscillation from occurring in the boost
system. This oscillation has been encountered during bench tests
(see reference 1) and was eliminated through use of centering springs.
These springs, which supply & damping force at the stick proportional
to the rate of control motion, had = constent of 0.06-pound stick force
per degree per second rate-of-control motion. A small dashpot type of
viscous damper was connected to the control arm in order to smooth
further the action of the servovalve which operasted the pump. The
demper applied 0.065 inch-pound torgue to the control erm per degree
per second rate of motion of the control arm. The torque on the con-
trol erm required to overcome the statlec friction in the servovalve
was 0.047 inch-pound. The force required st the stick to overcome the
Priction in the linkages to the control arm was spproximately 1/4 pound.
Installation of & control-position pickup on the pump control arm,

however, increased the friction present at the stick to about l% pounds.

This control-position plckup &lso increased the constant of the cen-
tering springs by a small amount. The electric motor used to drive the
varisble dlsplacement pump of the booster unit is rated et 2 horsepower
end 4000 rpm. The pump delivers sbout 3.3 gallons per minute at mexi-
mm displacement and the maximum operating pressure is 1230 pounds

per square inch. The estimated increase in the gross weight of the
test alrplene resulting from installation of the booster unit is

80 pounds. No perticuler effort was made to minfmize the weight of

the instellation. ) ‘

The booster output was applied to a quadrant beneath the pilotts
stick and operated the elevator through the cable system in the airplane.
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(See fig. 3.) BSince the cable system to the elevator’ from the pilotts
end copilot's stick sre independent in the B-29 airplane, a camroperated
cable clamp was used as a safety device so that the pilot's cable system
could be disconnected from the quadrent in event of -boost failure. In
eddition, a menuslly operated hydraulic bypass wes provided.

The longitudinal control system of the test airplane was selected
for the boogter investlgation because elevetor force varletlons were
felt to be the most critical from handling-qualities considerations and
because rate-of-elevator.movement is Important at least during landings
and take-offs. The B-29 alrplane was chosen for thege tests becsuse it
represents & laerge sirplesne having Inherent elevetor force varlations
that are satlsfactory, but having elevator forces that are somewhat high
in relation to the present handling-quaelitlies requirements. The test
airplane was flown st a gross weight of sbout 108,000 pounds and with
the center of gravity at about 25 percent of the mesn aerodynamic chord.
A three-view drawing of the B-29 airplane 18 presented in figure 4, and
some general specifications of the airplene sre listed in table I.

TINSTRUMENTATYON AND MEASUREMENTS

Standerd NACA instruments were used. The followlng teble presents
a list of these Instruments and the quantities that were measured:

Measured quentity NACA instrument

Stick position Mechanical—control—position
recorder

Flevator position Electrical-control-position
recorder

Booster control-arm position Mechaniceal-control-position
recorder

Stick quadrant position Mechanical-control-position
recorder

Elevator control force Strain-gage wheel force
recorder

Booster hydrsulic pressure Hydreulic pressure recorder

Alrspeed Airspeed recorder ard
indicator

Normal accelerstion Recording and Indicating

normal accelerometers

Pltching velocity Pitch turmmeter
Time Timer sychronizing all
records

The airspeed system utilized in theseé tests wms the sirplene’s
service system. The flush static orifices of thls system are located
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on the side of the fuselege Just rearward of the pllot's cockpit. These
orifices were celibrated for position error through use of a trailing
airspeed bomb. The airspeed used herein 1s that corresponding to the
reading of & standard Alr Force-Navy indicator connected to a pitot-
static head which is free from position error. This airspeed 1s equal
to true airspeed under standard ses-level conditions. - :

RESULTS AND DISCUSSION

Gereral.- An Inltial phase of the Investigation wes concerned with
tests to determine whether the incorporsdtion of the booster system in
the B-29 alrplane altered the control characteristics in any way other
than to change the magnitude of the control forces.

The measured static-longitudinal-stability characteristics of the
test airplane are presented in Pigure 5 for conditions of boost ratio 1
(no boost), boost ratio 2.8, and boost ratio 4.6 where boost ratic is
defined as the ratio of the total control force to the control force held
by the pilot. In the figure, pilott!s elevator force divided by Impact
pressure Fe/q. &nd elevator deflection from neutral B¢ are plotted
ageinst sirplane normel-force coefficient Cx. Results measured in
steady flight for the clean condition are shown in figure 5(2), and corre-
sponding results are presented in figure 5(b) for the lending condition.

As would be expected, no alterations in stick-fixed cheracteristics
(8e against CN) resulted from use of the booster. Although the ele-
vator force veriations with normal-force coefficlent were reduced
approximately In inverse proportion to the hoost ratio, the general
behevior of these varilations were not significantly altered by the
booster. Note, for exsmple, that the results for the’clean condition
(fig. 5(2)), both with and without boost, show that the control forces
tended to lighten as the stalling speed was approached. The flight
data obtained from these static-stebllity tests showed sppreclably more
scatter with boost off than with boost on particularly at high normal-
force coefficilents (low speeds). The difference In the scatter obtained
between boost-on and boost-off tests is a.reflectlon of the fact that
the pilots could attein and hold a given trim speed more easily with
the booster operating. This result probebly derives from the large
magnitude of the friction present ln the elevator control system of the
test alrplane (about 25 1b as measured on the ground). This friction
was reduced along with the serodynamic forces through us€ of the booster.

In order to determine whether the booster sltered the conmtrol
characteristics of the test airpleme under conditions of rapid control
movements or wilth the controls free, a series of abrupt pull-ups were
made, each followed by releasée of the control stick. These maneuvers
were made both with boost ratio 2.8 and without boost. The available
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rate of control motilon -for the tests with boost on was 100° per second.
Time histories of the airplene motions, control motions, and control
forces obtained during these tests at an indicated alrspeed of 160 miles
per hour are presented in figure 6(a), and time histories obtained at
250 miles per hour are presented in figure 6(b). The curves showing
the rate of control motion presented in the time histories with boost
on were determined from meessurements of the position of the pump control
arm which is proportional to control rate. Similar varilations were not
obtalned for the boost-off tests hecause the method of meesurement was
not gppliceble to the direct control system.

Comparison of the boost-off and boost-on time histories at both
airspeeds shows that the pllot epplied a much more sbrupt control
deflection when working ageinst the smaller forces encountered with the
booster In operation. In both cases the pilot intended to epply con-
trol as abruptly %as possible. Even for the rapld control motions used
in the boost-on tests, no apprecisble lag existed between motlion of the
stick and the control surface. (See fig. 6.) For the ebrupt pull-up
at 160 miles per hour with boost ratio 2.8 the stick-force variation
shown in figure 6{a) exhibits a pesk which is not present for the pull-up
without boost. This force peek, which is in phase with the rate of con-
trol motion, results at least In part from the use of centering springs
on the pump control arm. This component of the control force opposes
the control velocity. The force 1s of significant megnitude only when
this rate of comtrol motion is very high as may be seen by the lack of
this force peak for the gbrupt pull-up, boost on, st 250 miles per hour
where the stick was moved at a slower rate. This characteristic was not
objectioneble to the pllots. Results of other handling-qualities inves-
tigations have indlcated that such forces may be advantageous since a
more adequate werning of possible large normdl accelerations 1s presented
to the pilot whenever control is applied rapldly. Another point worth
noting from these time historles is that the largest control rate used
by the pilot, when he purposely attempted to apply abrupt control, was
about TO° per second.

The stick-free dynsmic characterlstics of the test airplane are
also indicated by the time histories presented in figure 6. For both
airspeeds and for both boost conditions the motlons of the controls and
airplaene following release of the stick were deadbeat. At an Indicated
ailrspeed of 160 miles per hour, both with and without boost, the elevetor
did not return to 1ts trim position following release of the -stick. This
condition results from the aforementioned control friction, and since the
friction exlsts between the booster and the elevator, the use of boost
does not affect the centering tendency. At higher speeds the centering
tendency of the elevator was much improved due to the larger magnitude
of the serodynemic hinge moments in relation to the control friction.
(See fig. 6(b).)
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Control-force investigation.- The veriations of elevator force with
normal accelerstion (in g wmits) es measured in turns are presented in
figure 7 for verious values of boost ratio. Veristions are shown for
indicated alrspeeds of 160, 200, and 250 miles per hour in figures 7(a),
T(b), and T(c), respectively.

The use of the booster in the B-29 alrplane decreased the elevator
force gradients In spproximately Iinverse proportion to the boost ratio
but otherwise 4id not significently affect the control characteristics
of the test alrplane in steady turning flight. As indiceted in figure T,
the control force gradients of the test alrplane increased with incresasing
airspeed. -Withoult boost end at sn indicated alrspeed of 250 miles
per hour the force gradient 1s about twice the maximm velue of 60 pounds
per g normel accelerstion specified by the present requirements for satis-
factory handling qualities (reference 2); whereas at 160 miles per hour
the force gredient approaches this maximum specifled velue. The pllots
conducting these tests felt that the control forces encountered without
boost were tolerdgble but heasvy., The decrease in force gradient with
decreasing airspeed, however, hed the advantage of Improving the handling
qualities of the test alrplane during landings over those existing for
several other large airplanes. Because of this decresse wlth speed, the
test ailrplene could be landed, boost off, with one hand on the control
wheel and without the necessity for retrimming when the power is cut
prior to ground contect elthough the forces were high under this con-
dition. The large force gradlents at high speed limited the maneuvering
capgbilities of the airplane.

With the booster operating at boost ratio 2.8 the control force
graedlents In turns were reduced to about 20 pounds per g at 160 miles
per hour and to ebout 50 pounds per g at 250 miles per hour. This range

of force gradients falls roughly within the range of 22% to 60 pounds

per g specified &s satisfactory by handling-qualities requirements. In
the opinion of the test pilots, force gradients of these magnitudes were
much superior to those encountered without boost. The maximum permis-
sible normal acceleration could be obtained at high speed, and the
gradlents at moderate and low speeds were still large enough to provide
the pilot with adequete feel, The longitudinsl control characteristics
of the airplane during lendings were considered excellent. With the lower
force gradients the pilots found that 1t was easler to correct for errors
In the epproach. Just prior to ground contact enabling good touchdowns

to be made even with relatively poor approaches.

As shown in figure 7, use of boost ratio 4.6 resulted in force
gradients of the test alrplane of ebout 35 pounds per g at 250 miles
per hour (above the lower specified limit) and sbout 9 pounds per g at

160 miles per hour (appreciably below the lower specified limit). The
pilots, however, still considered force gradients of these magnitudes
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satisfactory, and although these gradients were not as desirsble as
those obtained with boost ratio 2.8, they were superior to the gradients
obtained without boost. Possibly thils opinion might have been altered

if the force greadlents of the test airplane had not iIncreased with speed.
This contention is borme out to some extent by the test results for boost
retio 8.2. Under this condition the force gradlents were neer the lower
specified 1imit at 250 miles per hour, but were extremely low at lower

speeds and were considered undesirably light by the pllots throughout
the speed range of the tests,

The effect of the msgnitude of the elevator force gredients on the
handling qualities of the test airplane during landings 1s indicated
in figure 8. Time histories of three landings are presented. A landing
without boost 1s shown in figure 8(a), a landing with boost ratic 2.8 is
shown in figure 8(b), and a landing with boost ratio 4.6 is shown in
figure 8(c).

The time histories indicate that pilot technique in performing
lendings 1s similar regardless of the magnitude of the control forces.
In general, coftrol wes spplied during the test lendings by & series of
gbrupt applications of pull force followed almost immediately by a
partiel releesé€ tf the force without actuaelly pushing on the stick. The
peak Hull forces ¥hich were spplied during the landings without boost
were sbout 80 pourds. This peak velue is high in terms of the physical
capebilities of & normal pllot when using one hend for control applica-
tion. Because.control was applied In an almost continuous serles of
gbrupt force applications, the magnitude of these peak forces 1s also
indicative of &pfrecisgble work required on the part of the pilot.

During the landing with the hooster operating at boost ratio 2,8
(fig. 8(b)) the pesk pull forces used were sbout 4O pounds. Although
the peek force reduction over the zero boost condition 1s apprecisble,
the force redfEion 1s not as great as would be expected from the
difference in*%ost ratic. These results Indicate theat the pilot used
larger eleva.tor Qeflections to control the airplene when the forces were
reduced. For thélanding with boost ratio 4.6 the peak pull forces were
gbout 20 pounds (Mg. 8(c)) except immedistely before ground contact
where the pillot dplied rapid corrective control. This characteristic
of applying rapld corrections just before touchdown was noted for several
other landingg where the booster was used while without boost such action
was rarely t y epparently because the forces involved were large.

Control-rateéinvestigation.- There are several sdditionsal results
concerned with Jl_ibt technique during landings that are worth noting.
As shown In ¥ 8, the largest rate of elevator motion used during
the sbrupt cogrol applications was sbout LO° per second. In spite of
these rapid cfilrol movements, however, the time histories show that the
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control deflections were applied over such short time intervals thet the
flight path of the alrplane wes not significantly altered. These obser-
vetions Indicate that the rapid control application is merely a feature
of pilot technique.
PRSI

The preceding ‘stetements concerning the usual pilot control tech-
nique used in lsndings meay have en Important besring on the maxImum
control rates that are required in a booster system. Since the alrplane
does not significantly respond to control applications applled over a
short time interval, possibly satisfactory landings could be made with °
smoother control movements involving much lower rates of control motion.
In order to investigaete this possibility, a serles of boost-on landings
were mede with the maximum control rate of the system restricted to low
values. Time histories of three landings using restricted control rates
in the booster system are presented in figure 9. Landings with rate
restrictions of approximately 20°, 10°, and T° per second are shown in
figures 9(a), 9(b), =and 9(c), respectively.

During landings with restricted control rates, Just before ground
contact the pilot Invariebly called for higher rates then were avallsble.
This condition is indicated in figure 9 by the dashed lines representing
the maximum svailable control rate. For these conditions, the pilot
moved the control stick faster than the rate at which the elevator was
moved by the booster, but these differences in stick snd elevator rate
did not exist over s sufficliently long time Interval to cause the

pilotts stick to contact the fixed stops 1In the system (lé error in

position). The lag In the elevator motion even for the largest rate
restriction wes never large enough to be detected by the pilot in terms
of the airplane response.

Also indicated by the time histories In figure 9 1s & progressive
reduction in the rate which the pilot moved the stick as the available
elevator rate was reduced even though the stick could be moved at any
desired rate within the fixed stop limits. This result apparently
derives from the force Pfeedback of the prelosded springs which connected
the push-pull rod to the pump control arm. These springs deflected when~
ever higher rates then maximum were called for by the pilot. Although
this force feedback was not objectionsble to the pilots, there is a
possibility of meking this force feedback small (wesk springs) and
eliminating the fixed stops in the system. With such modifications the
pilot could move the stick without 1limit at any rate even though the
system rate was restricted. The pilot would then have no indication of
a restricted rate of control motion unless the restriction could be
detected 1n the response of the alrplane. -

With the system as used for the present tests the pllots felit that
the handling qualities of the alrplane were satisfactory even with the

——
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control rate restricted to the lowest value of T° per second. As
mentioned previously, some detectlon of the rate restriction was possible
because of the forces applied by the preloaded springs. Apparently no
resl sense of lack of control was encountered, however, possibly because
the pllot could continue to move the stick ageinst the spring force.

During several landings with restricted control rates the pilot
intentionally started the landing flare well off the ground and hed to
correct for this error. Other landings were made In which -the flare
was delayed beyond the point where it would normelly have been iInitiated.
Even with the lowest avallsble control rates used in these tests ho com-
plications were Involved in correcting for these conditions.

Although results are presented herein only for landings, which were
felt to be the most importent maneuver from the standpoint of rate of
elevator motion, the handling characteristics of the test alrplane with
restricted control rates were quelitatively investigated for other
flight conditlions. No unsatisfactory chaeracteristics were evident during
normal take-offs where the control stick i1s held forwerd until take-off
speed 1s approached, end then graduslly pulled back to 11ft the nose
wheel. Another take-off technique waes also investigated as being more
critical than the normal procedure. For this test, the stick wes held
full back from the beginning of the teke-~off run. Under these con-
ditions, the airplane hag an unstable piltching tendency when the nose
wheel rises off the ground, but even with the lowest avalleble rate of
elevator motion, the pllot experienced no difficulty in controlling this
pitching tendency. During the tests, the pllots could easily contact

the fixed stops (L— error in stick position) during texying end also

in flight by purposely moving ‘the stick in an gbrupt menner. In normal
maneuvers, other then lendings, however, the elevator rates used 4id
not exceed & value corresponding to the grestest rate restriction of

T® per second.

The results of this investigetion indicate that alrplanes mey have
satisfactory handling qualities with booster heving much lower control
rates available than those normally used by pllots. These resulis,
however, are not intended to provide a quantitative Indicastion of minimum
satisfactory control retes since they apply strictly to the test alrplame
in the configurations used In the tests. The static stability charac-
teristics of the teat alrplane shown in figure 5 indlcate that at the
test center-of-gravity position only moderate variations of elevator
deflectlon with normsl-force coefficient were required. Posslbly with a
more forward center-of-gravity position somewhat larger control rates
would be necessary in order to provide satisfactory control character-
istics., In eddition, past handling-qualities experience on other air-
plane types Indlcates a possibility thet higher rates of control motion
would be required on smsller airplanes.
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. Measurements of the longitudinel stability and control character-

2o oo, istics of a B-23 alrplane have heen made with a control-surface booster

b Incorporated in the elevator control system. Effects of varlations in
the magnitude of the pilot!s control force were determined as well as
effects of varistions in the maximm rate of control motion supplied by
the booster system. The followlng concluslions were cobtained:

(1) The longitudinsl stebility snd control characteristics of the
B-29 airplane were not significently altered through use of the booster
other than to reduce the magnitude of the control force variations.

(2) The elevator force variations with normsal acceleration for the
B-29 airplane without boost were about 140 pounds per g &t sn indiceted
airspeed of 250 miles per hour and 80 pounds per g at 160 miles per hour.
These values are appreciably higher than the upper l1imit of 60 pounds
per g speclfied as satlsfactory by the present handling-qualities
requirements. - The pilots conducting these tests felt that the comntrol
forces without boost were tolersgble but heavy.

(3) Use of the booster to adjust the control force gradients to
. gbout 50 pounds per g &t 250 miles per hour and gbout 20 pounds per g
at 160 miles per hour asppreclebly improved the haendling gqualities of
the test alrplane. These values of control force gradients fall roughly

within the present specified limits of 22% to 60 pounds per &.

(4) Further reduction in control force gradlents through use of the
booster to sbout 35 pounds per g at 250 miles per hour and about 9 pounds
per g at 160 miles per hour still provided satisfactory control forces in
the opinion of the pillots. These force gredients were considered superlor
to those encountered wilthout boost but were not as deslreble as the range
indicated in conclusion (2).

(5) The highest rate of elevator control motion used by the pilots
during landings of the test alrplane was about 40° per second. The
highest rate.of control motion obtalned when the pilot purposely moved
the control rapldly in sn sbrupt pull-up was sbout TO° per second.

(6) During the part of the landings where high control rates were
used, laige c¢ohtrol deflections were held for such short time intervals
that the flight path of the alrplane was not significantly seltered.

(7) During boost-on landings with the available rate of control
motion restricted to values as low as T° per second, no unsatisfactory
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control characterisitlcs were encountered. The pillots did not note any
undeslirable restrictlons on theilr ability to move the control stick
rapldly regardless of the rate of control motion avallsble possibly
because the stick could be moved at any rate desired (egainst light

o
preloaded springs) until a stick-control-surface error of l-;—‘

attained. This large a value of error was not encountered during these
lendings.

(8) Qualitative iInvestigation of other flight conditions such as
take-offs and normel flying Indicated that no unsatisfactory control
cheracteristics resulted from restricting the rete of control motion
to T° per second.

(9) Incorporation of the booster in the longitudinal control system

of the B-29 airplene resulted in no undesirsble effects on hendling
qualities.

Langley Aeronauticel Leboratory
National Advisory Committee for Aeronesutics

Langley Alr Force Base, Va.
<}AALAJLLO W ’7”1151%&235

Charles W. Mathews
Aeronasutical Research Sclentist

Ctégzy'/ﬁéiéﬁa4haz o
nald B. Talmage .
Aeronautical Research Sclentist
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Jdames B. Whitten
ineer Test Pilot
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Chief of Flight Research Division
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TABLE .I

-:"'E GENERAT. SPECIFICATIONS OF B-29 ATRPLANE -
......

Genersal: §
Menufackurer « o« « ¢« « ¢ « o s «

Iype . . . . . L] . . . [ 3 . - . nz‘ . - e . . . L3 TB'$-56-BW'
Alr Force number . + ¢« « « « & + &

G e e e s e s e e . s .. kegTOO

Engines:

Menufecturer .« « v« « « s « « o« « o« s« o« s « o Pratt & Whitney Alrcraft

me e & o ® & & ® o & ® & & s s e 8 e &4 e & & e &= . e R3350-23A-

Noma.lrating..................2000hpat2400rpm
Propellers: -

Manufecturer « « « ¢« « « o« « o« ¢ o« ¢ o« ¢« ¢« o o o « o Hemilbon Standard

H‘llb NO. « s = @ . . -. . . 4 & & ¢ 8 & ¢ e @6 ¢ 5 s & ¢ & s 2"[""F60"'25

Blade No- . - L] [ [ - [ ] . . . . . [ . [ [ ) [ ] [ ) ] . L] - ] . - . 6521A.-6
Wing:

Area (including silerons), sq ft . 1739

L L] - - . L] memg’ Aircraft Com L]

Area (flaps extended), 8g £ « « « « « = « o+ ¢ « o s ¢« = o « « « 2071
Aspect TEEIO ¢ & 4 ¢ ¢ 4 4 e b s e s e s 4 e e s s e s e s s« 11.5
Taper ratio . . . « + « & e e e s s s o o e e s o e e e e« « 043
Aileronarea(total),sq_ft...................129

i Flap erea, 8 £t « « o« « « 2 & e e o o o = e s o s s s s s e o s 332
Horizontal tail:

. Area, sgq £t . . « « . . & e » s o o s s s o s s &« s s e« s e« o « 333
Aspect ratlo . . 4 ¢ i i 4 4t e 4 e s s e e s s e e s e s e 5.5
TADET TAELIO + v o o o o o « o o s o« o o e« o o o o o o s o o o o 0k2
Elevator areg, 8¢ £ . ¢ ¢ &« « o o ¢ ¢ o o o s o s s s ¢ s o« = ¢ « 115

Vertical tail: .
Fin aree (including dorsel), sq £t . . . . . e e e s e . 115
Rlldd.er aI'ea’ Sq ft * - - . . - . - L] L] L] . - - L] L L] - - L ] - L] - 65.5

W
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VARIABLE DISPLACEMENT

HYDRAULIC FPUMP

CENTERING SPRINGS

ADJUSTABLE STOFS

PRELOADED SPRINGS

(THESE FOINTS NORMALLY COAXIAL)
R N

FIXED 5TOPS

A
HYDRAULIC

— CYLINDER

CONTROL - SURFACE VELOCITY UP

CONTROL-SURFACE VELOCITY DOWN

W

HYDRAULIC — FUMP  OFERATION

Filgure l.~ Schematic arrangement of the booster unit used in the elevator
control system of the B-29 alrplane.
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Figure 2.- The booster unit used in the elevator control system of the

B-29 airplene. RN v
_ . e : I-5120.1
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Figure 3.- Orientation of booster unit in B-29 airplane. ~RKA~
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Figure L.~ Three-view drawing of B-29 airplane.
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(2) Clean condition - flaps and geer up, normsal rated power.

Figure 5.- Effect of the booster on the static longitudinal stebility
characteristics of the B-29 alrplane.
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Figure 5.~ Concluded.
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Figure 6.- Time histories of ebrupt pullups of the B-29 sirplane each

followed by release of the control stick showing the effects of
the boogter.
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(a) Indicated ailrspeed - 160 miles per hour.

Figure T.- Effect of the booster on the variatlon of elevator control
force with normal acceleration for the B-29 airplane as measured
in turns.
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Figure 8.~ Time histories of landings of the B-29 airplane ghowing the
effects of variastion in control force gradient through use of the
booster.
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Figure 8.- Continued.
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Figure 9.- Time histories of landings of the B-29 alrplane showing the
effects of variation in maximum availsble rate of control motion
supplied by the booster. Boost ratio - 2.8:1.
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Figure 9.- Continued.
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ABSTRACT

The longitudinal stebility and control characteristics of a
B-29 sirplane have been measured with a control-surface booster incor-
porated in the elevator control system. The measurements were obtained
with the booster operating to provide various control force gradients

and various maximum rates of control motion.

Results are presented

vwhich show the effect of these booster parameters on the handling

qualities of the test airplane.
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