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NATTIONAL ADVISORY COMMITTEZ FOR AERONAUTICS

MEMORANDUM REPORT

fonnthe
Bureau of Aeronautics, Navy Department
FLIGHT INVESTIGATION OF MODIFICATICNS TO IMPROVE
THE ELEVATOR CONTROL-FORCE CHARACTERISTICS OF

THE GURTISS SB20-1C ATRPLANE IN MANEUVERS

By Maurice D. White and John P. Reeder
SUMM ARY

Three sets of elevators with various combinaetions of
section contour, balesncing tabs, bobweights, and control-
system mechanicsl rdvﬁntoge were tested on an SB2C~1C air-
plane in en attempt to improve the elevator control-force
characteristics in maneuvers. An arrangement was developed
which with a 3-pound bobweisht gave a varistion of
maneuvering stick forces of 6 to 18 pounds per g acceler-
ation over the operating center-of-gravity range of 23,2
to 27.8 percent mean serodynamic chord; this arrangement
consisted of elevators having & nose contour less blunt
than thet of the production °leva+or beveled trailing
edges, a geared balancing teb with a ¢1nkage ratio
d6,/dd, of -0.%3, and a control-system mechanical

advanuage that gave stick forces 22 percent less than
that of the production arrsngement for a given hinge
moment. For the production elevators with the standard
control system and a S5-pound bobweight the variation in
meneuvering stick forcms over the operating center~-of-
gravity renge was 5 to 2L pounds per g.

A set of elevators was tested that provided further
reduction in the value of Ch@e’ the variation of elevator

hinge~-moment coefficient with elevator deflection, in en
effort to obtain stick forces within the desired limits

of 3 to 8 pounds per g over the operating center-of-gravity
renge. These elevators in conjunction with an 8-pound
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bobweight were found to provide a stick-force variation
with center-of-gravity position in steady turms of about
this magnitude, but the control was comnsidered very
objectionable by the pllot because it resulted in involun-
tary overcontrol during tske-offs and rapid elevator
movements, Because of this consideration no reduction in
the veriation of maneuvering forces with center-ofwgravity
position below that glven by the improved arrangement
mentioned nreviously was possible.

INTRODUCTION

The opersting center-of-gravity range of the Curtiss
3B2¢-1 sirplane is being extended to the limits 23.8 to
22,2 percent mean serodynamic chord. Results of previous
tests by the National Advisory Committee for Aeronautics
on an SB2C-1 airplane indicate that with the production
elevator arrangement the maneuvering forces would be
excessive at the forward center-of-gravity limit and
negative at the resrward center-of'-gravity limit specified.
At the request of the Bureau of Aeronautics, Navy Department,
therefore, flight tests were mede on an SB2C-1C alrplane
to determine modifications to reduce the varistion of
maneuvering forces with center-of-gravity position to the
limits of approximastely 3 to 8 pounds per g that are
specified in the Navy hendling-qualities requirements for
thils claseyof sirplene,

Previous tests conducted by the NACA on other SB2C~1
airplanes showed an unaccountable difference in eleveator
hinge-moment characteristics between various production
airplanes, so it wes considered advisable to repeat these
tests on the present airplane in order to provide a standard
for evaluating the improvements effected by the modifi-
cations tested. These production elevators were not used
as a foundation for modifications, however, because in
high-speed dive recoveries during the earlier NACA tests,
they had evidenced undesirable tendencies for the stick
forces to lighten, which were attributed to chenging
pressure distributions over the blunt nose of these
elevetors. Instead the modifications were made on two
sats of elevators provided by the Curtiss company which
differed from the production elevators in that the nose
contours were less blunt and the rib spacings were halved;
the latter chenge was made in order to reduce the effects
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of fabric distortion. The modifications made to these
test elevators included changes in elevator trailing-edge
angle, balencing teb. linkage rstio, bobweight size, end
control-system mechanlcal acvantage. : '

The results of tests of the production elevetors and
of the wvarious modifications on the test elevator are
presented in the followirig revort. '

THE AIRPLANE

The Curtiss SB2C-1C alrplane (No. 1829M) shown 1in
figure 1 is a two-place single-engine monoplané, dimensions
of. which are given in reference l. As flown during the
present tests the gross weight varled from anoroxjmatuly
12,000 to 14,000 pounds, The flight conditlons used during
the test program are as defined in reference 1, with the
exceptlion thaet in the present tests the cowl fleps were
closed in the climbing condition.

EIEVATORS AND MODIFICATIONS -

Three sets of elevators were tested during the flight
program, the plen form and airfoil sections of which are
shown,respectively,in figures 2 and 3, The plen form of
all the elevators was the same. The production elevators
had e rib spacing of 8 inches to 9 inches; the test
elevators designested in floure 2 as "normel contour" and
"peveled trailing-edge contour! differed from the pro-
duction elevators in that the nose contours of the former
were less blunt and they had a rib spacing of L inches

to h— inches,

The elevators desiuznated as beveled tralllnt—adge
contour were constructed to the contour shown in figure 3
by modifying the tresiling-edge shape of the normal contour
elevators with belsa blocks and covering with fabric. The
trailing-edg c contour was modified to a2 uniform included

angle of 15— only over the portions.of the elevators out-
boerd of thu tabs. The original elevators had a trailing-

edge angle that varied from 11.5° at the outboerd end of
the tab to 9° nesar the tip.
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The designations 3-, 5-, and 8~pound bobwelghts,
indicate the stetic. stick forces and the number of pounds
per g added by: the bobwmr“htQ WhLCh were 1nsi°11 ds fop
the tests.

For rsome..of  the: tests the mechénicel advantage of the
elevator control system was incréaséd: by reducing the -
elevetor travel with respect.to tﬂ®~®tabllié er conter line

§ . e Y 3 Vi
from 22° down and 335 up to 16° down sand 27° up, without

chenging the stick travel,. This chenge resulted in a
22-percent reductlon in gtick forces for a glven hinge
moment. The mechanical advantage chenge was accomplished
by fitting to the bell crenk to which the ¢ontrol cables
are attached. at the aft end' of the fuselage an exteno;on
which lengthened the arms of +he bell olank. ;

In tests to determins the internal pressure in one
of the elevators, a dline was run from'a pressure recorder
teo.a polnt in,the interier 4ff the lefif @l°VthP at about
the midspan, midchord lacetion,

A 1ist of the eleveator configurations tested is given
in table I. It should'be noted thet, for convenience, the
production elevator was tested with the increassed mechanical
advantage in the present test program; the actual pro-
duction sirplene hss the orlblnal mechenical advantags.

INSTRUMENT ATION

Stendard NACA recording instruments were used to
determine airspeed, elevator-control force, elevator
angle, acceleration, sir pressure, and timey
Correct service indicated airspeed as uﬁed in the

eport represents the reading that would be .given by a
stendard AN airspeed meter if it were connected to a
pitot-static head that was free from position error, and
is defined by the relation:
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where
correct service indicated airspeed
o seaw~level compressibility factor

de dynamic pressure, obtained from the difference between
total?pressure and static pressure corrected for
position error on the airplane, inches of water

TESTS, RESULTS, AND DISCUSSION

Most of the results presented in this report were
obtained in steady turns performed in the climbing con-
dition, (flaps neutral, lsnding gear retrscted, end engine
operating_at about rated power (38 inches of mercury -
EEOO rpm) s+ In addition, tests were made investigating
the static longitudinal stability of the airplene in the
gliding (flsps neutral, gesar retracted, power off) end
climbing (flaps neutrel, gear retracted, rated power)
conditions of flight., During some of the latter tests the
Internal pressures in one of the elevators wass recorded.

In order to establish the adequacy of the reduced
elevator travel, seversl lendings, take-offs, and stall
recoverles were made with the center of gravity at the
most critical vosition for esach maneuver, U

Meneuvering Stability

Production elevators.- The results obtained in steady
turns with the production elevators on airplane No. 1829h
are shown in figures l and 5. Figure l.(a) shows the
variation of stick force with normal acceleration and
figure h(b), the varistion of elevator deflection with
girplane normal-force coefficient, In figure 5 the vari-
ation with center-of-gravity position of the parameters,
stick force per unit normal accelerstion, Fg/n, and
elevator angle per unit airplsne normsl-forcs coefficient,
dd¢/dCy, ere shown. The values of Fg/n and dé,/d0y
shown are determined,respectively,for an accelerstion of
g and for the value of (Cy corresponding to straight

flight.
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The deta shown in figures li and 5 were obteined with
a mechanical advantage of the elevator control system
greater than that of the production a;rplan e ercden
to permit comparison with the stick-force data obtained
from refesrence 1 for SB2C-1 sirnlane No. 00014, stick-force
data obtained with both airplsnes have been corrected to
correspond to the production mechanical advantage and
S5-pound bobweight. The results given in figure 5 show
that the variation in msneuvering stick forces over the
operating center-of-gravity range was 5 to 2l pounds per g.

The following values of Ch@e and Chan the variations

of elevator hinge-moment coefficient with deflection and
with angle of attack of the horizontal tall, respectively,
2 (I

«
were obtained from a comparison of the data in figure 5:

* Alrplene Ch@e Chy
SB2¢-1 No. 0001l (reference 1) ~-0.003%3 . =-0.,0012
SB2C~1C NWo. 1829l ol -0,002l -0.0005
These differences in the values of Chg . and - Cha which
: ; AT Wil i) 1
result in a shift in meneuver point of about 27 percent

me an aerodynamic chord are of the same order as differences
that have been found between other SB2C-1 airplanes tested
at the NACA. '

Normal contour elevators.- For the normal contour
elevators the varistions of stick force with normsl acceler-
ation for seversal bal)n01ng tab linkages ere shown in fig=-
ure 6. The corresbo1u3n~ variations with center-of-gravity
location of stick force per unit normal acceleration are
shown in figure 8(a).

With the balancing tab locked, the maneuvering forces
varied from about 1 to 28 pounds per g acceleration over
the center-of-gravity range from 3%5.2 to 2%
gerodynamic chord. This variation is
obtained with the blunt nose elevators
expected.
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With increasing bslancing-tab linkage ratio the
variation of maneuvering forces with center-of-gravity
position was progressively reduced (fig. -gﬂ)) and for
a tab linkege ratio d@t/da equal to -1, the
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b variation a2t high speeds was reduced to a magnitude which
would be considered acceptable for an sirplane of this
size. However, as indicated in figure 0, at the lower
speeds a tendency for the stick forces to lighten at high
accelerations became increasingly evident as the force
gradients were reduced by the increased tab linkage ratios;
this tendency would have resulted in overbalance of the
control at more rearwerd center-cf-gravity positions.

The control feel was considered by the pilot to be some-
what undesirable with the largest tab llnkege ratlo, becouse
of .the llghiness of the stick forees reguired ’in rapld
elevator movements. 7

Beveled trailing-edge elevators.- The results of tests
with The elevators having beveled trailing edges are shown
in figures 7 eand 8(b). A comparison of the data in fig-
ures S8(2) end 8(b) indicates that, as expected, the beveled
trailing edges made both Chg and Cng for the elevator

' e

less negative, as evidenced, respectively, by the reduced
varistion of meneuvering forces with center-of-gravity
locations and by the higher maneuvering forces experienced
‘ at rearward center-of-gravity locations.

With the balancing tab connected the meneuvering
forces were reduced and the tendency for the stick forces
to lighten in turns at low speeds which was experienced
with the elevators heving the normsl contour wes less
\ pronounced. However, with this control arrangement it
? was found that when the balancing tab linkage ratio wes
’ increased to = magnitude thet ylelded a desirably small
|

location (fig. 8(b), dét/dée = -1.29), the elevator
characteristics became very undesirable for abrupt control
movements. It appeared to the pilot that there wss a lag
in response of the airplane to elevator movement. This
sensation of lag in response is attributed to the fact
that, owing to the small value of chée’ the pllot was

able to move the control abruptly and with little force

to a considerable deflection before the airplane responded

end the stick force due to the bobweight wes felt. TFor

the balancing tab linkege ratio of -1.29, 2lso, the lack

of the ususl varistion of control force with deflection
* ceused the stick forces due to the bobweight and due to

inertia effects to predominate. When the pilot attempted

to control the sirplsne longitudinally, these forces were
“ in an unfamiliar phase relation to the elevator movement,

varistion of meneuvering force with center-of-gravity
i
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and as a result the pilot tended to overcontrol. This
difficulty led to dangerous pitching oscillations of large
amplitude during the first take-off with this arrangement,
and as 8 result no further flights were attempted. i#ith
the balencing-tab retio reduced to =-0.7, and with a 5-nound
bobweight, the eirplene wes not considered dangsrous to
fly, but the elevator forces were still considered some-
what too light in repid maneuvers,

In order to obtsin reduced stick forces without the
undesirable control characteristics due to very small
values of Ch@e’ the mechanical advantage of the control

system wes inereased so that for a given hinge moment the
stick forces were reduced by 22 vercent; this change was
recommended in reference 1. The results of tests of the
elevators having beveled trailing edges with s 3-pound
bobweight, the balancing tab geersd at dét/dée = =0w55,
and the incressed mechenical advantesge ere shown in fig-
ures 9 and 10, As indicated in figure 9 the veriation of
stick force with scceleration was approximately linear

for all the speeds investigated, and the pilot reported
no asbnormal control feel for the srrangement. It, there-
fore, appeaers thet this belancing-tab linkage ratio is
sbout the largest that could be used without introducing
undesirable control feel. The maneuvering forces varied
frem 6 to 18 pounds ver g acceleration over the opersting
center-of-gravity renge of 33.2 to 23,8 percent mean aero-
dynsmic chord (fig, 10). A force gredient of 18 pounds
per g is lsrger then is usually specified as desirabls,
but was not considered an unressonable velue for this air-
plane. By reducing or eliminsting the bobweight it would
be possible to reduee the force gradients at 2ll center~
of-gravity locations somewhat, but this chenge e o
recommended because the nilots cmseidered a force gradient
of about 3% pounds per g too low for this airplane.

Compserison of Production Elevstors
and Recommended Arrangement

The recommended elevstor control system consisting
of the beveled-trailing elevator with beslencing tab geared
ddy

at 36s & -0.3%, the increased mechanical advantage, and
Oe

z-pound bobweight, which was found %o be the most satis-
factory srrsngement on the basis of maneuvering
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characteristics, . was tested to determine its effect on
static ntﬂbLlltV and 1ts adﬂquacy for eontrol in stdlls,
landings, and take-offs.

Fumwarat1ve statie loﬂmltuﬂlnal stability data for
the modified elevstors and the production ﬂlevutors are
presented in figures 11 and 12 for the climbi ing and
gliding conditions of flight, respectively. The varistions
of elevator angle and qtlck force with sirspesd indicate
no important differences in either the stick-fixed. or
stick~-free stability. :

The adequacy of the reduced down- elevetor travel of
the modirfied elevator arrangement was determined by meking
teke-offs end stall recoveries with the center .of gravity
at the rearmost position. The 1ncreaoed stick motion due
to the increased mechenical advantage was particularly
apparent to the pilot in stall aﬁproacheu with power on
and the center of gravity at the resrwerd limit where
extreme forward movements of the stick were required,

This condition wes not considered objectionable, however,
because the elevator travel available was =sdequate for
recovery from the stalls. The adequacy of the up-elevator
travel was dstermined by making landings with the center
of gravity at the most forward position. The elevator
travel was found to be sufficient for this condition.

If the increased mechanical advantage were used in
conjunction with the production elevators, the variation
of force per g with center-of-gravity OO°itJOﬂ would be
only slightly greater than that obtained with the recom-
mended crran&ement. The recommended arrangement has a
slight advantage, however, in that a 5-houga bobweight
rather than a 5-pound bobweight is required in order to
obtain sufficiently heavy maneuvering forces with the
rear center-of-gravity position.. PFurthermore, the modi=-
fied elevstors incorporate a less blunt nose ‘kfa* and
closer rib spacing thean the production elevators, which
would be expected to make them more datisfactory in highe-
speed dives.

Internal Elevstor Pressures

The results of meagsurements of the internal pressures
in the modified elevators are presented in figure 1% as a
function of indicated airspeed. The data indicate that
at high speeds the internal pressures are approximately
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I percent of q, .above free-stream static. These data
are presented es an eid to estimating possible effects

of fabric deflection if it is desired to. test these
elevators in high-speed dives. The elevators were sealed

; i E
at the hinge gaps and vented with r-lﬂCﬂ holes located

near each rib on. the lower surfece near the trailing edge.
RBach vent hole was covered by & small scoop-shsaped snlela,
opening reerward. A change in venting to give lower
internal elevator pressures seems desirable. No tests
were made of the modified elevators in high-speed dives

to evaluete the effects of the chsnged nose shape, the
beveled trailing edge, and the cloaer rlb gpacing on the
control cbﬂchtep aties BY high spne

CONCLUSIONS

. Flight tests on & Curtiss $B2C-1C airplsne indicate
the following conclusionsg

1. TImproved meneuvering stick forces may be obtained
with elevators heving a nose radius, smaller then thet of
the production elevators, tralling ed:es beveled to an

included angle of 15 ; , & bslancing tab geared at a linkage
ratio. dét/dﬁe = «0.%3 a 3-pound bobweight, and an increase
in mechanical advantage that reduced the stick forces by

22 percent., With this srrangement the maneuvering forces
varied from 6 pounds per g acceleration st 3%3%.2 percent
mesn asrodynamic chord to 18 pounds per g at 23,8 percent
mean aerodynemic chord. '

2. TFurther reduction in the velue of Cyg , the
varistion of elevator hinge-moment coefilcl nt with elevator
deflection, which decreazed the variation of maneuvering

forces with center-of-gravity position, also resuligecs jn

a control feel during asbrupt elevator movements that was
considered objectionable by the pilot. This consideration
may establish a lower limit to the value of Gh@e that

may be used, and, hence, a lower 1limit to the variation
of msneuvering forces with center-of-grevity position.

%5¢ Stick~free static

instability noted st low speeds
in' the elimbing condlition of f

tabi .
"light was not affected
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appreciably by the modified elevator serrangement. The
increased stick movements required with the modified
elevator arrangement, while appaerent to the pilot, were
not objectionable since adequate slevator travel was
provided for coritical flight conditions.

Langley Memorial Aeronsuticel Laboratory
Netional Advisory Commlttee for Aeronautics
Langley Field, Va.
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Figure 1.- Three-quarter rear view of Curtiss SB2C-1C airplane, No. 18294.
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