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FLIGHT INVESTIGATION OF MODIFICATIONS TO IMPROVE

THE ELREVATOR CONTROL-FORCE CHARACTERISTICS OF

_ THE CURTI3S SB2C~1C ATRPLAWE IN MANEUVERS

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

Three sets of elevstors with various combinations of
section contour, balancing tabs, bobweights, and c-ntrol-
system mechanicsl adventage were tested on an 3B2C-1C air-
plane in en attempt to Improve the elevator coutrocl-force
characteristics in maneuvers. An arrangement wes developed
which with a 3-pound bobwelzht gave a varistion of
msneuvering stick forces of © to 18 pounds per g acceler-
ation over the opersating center-of-gravity range of 3%.2
to 27.8 percent mean zerodynamic chord; this arrangement

" consisted of elevators having a2 nose contour less biunt

than thst of the production slevators, beveled tralling
edges, a geared balancing teb with a linkage ratio
d&t/déé of -0.3%3%, =nd a control-system mechanical

- advantage that gave stick forces 22 percent less then

thaet of the production arrengement for s given hinge
moment. For the production elevators with the standard
control systam and a S5-pound bobweight the variation in
meneuvering stick forces 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 Chggs 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 1ln conjunction with an 8-pound
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bobweizht were found to provide a stick-force variaticn
with center-of-gravity nosition in steady turns of about
this magnitude, but the control was considersd very
objectionable by the pilot because it resulted in involun-
tary overcontrol during teske-offs and rapid elevator
movenents., Becsasuse of thls consideration no reduction in
the verintion of maneuvering forces with center-of~-gravity
nosition below that given by the improved arrangsment
mentioned nreaviously was possible,

INTRODUGTION

The operating center-of-gravity range of the Curtiss
SB2C-1 sirpleane is being extended to the limits 23.8 to
33,2 percent mean aerodynamic chord. Results of previous
tests by the National Advisory Committee for Aeronsautics
on an SBR2C-1 airplane indicate that with the production
elevator arrangement the maneuvering forces would be
excessive st the forwsrd center-of-grevity limit and
negative at the resrward center-of-gravity limit specified.
At the request of the 3Bureau of Aeronsautics, Nevy Depsrtment,
therefore, flight tests were mede on an SB2C-1C airplane
to determins modifications to reduce the varistion of
maneuvering forces with center-of-gravity position to the
limits of aporoximately % to 8 pounds per g that are
specified in the Navy handling-qualities requirements for
this class of airplane.

Previous tests conducted by the NACA on other SB2C~1
airplanes showed an unsccountable difference in elevator
hinge-moment characteristics between various production
airplanes, so it wses considered advisable to repeat these
tests on the present airplane in order to provide a standard
for evaluatine the imoprovements 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
precsure distributions over the blunt nose of these
elevetors. 1Instead the modifications were made on two
sets 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 chsnge 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, belencing tab linkage retio, bobweight size, end
control~system mechanical acvantave.

The results of tests of the production elevators and
of the various modifilcations on the test elevators ere
presented in the following report.

_ THE AIRPLANE

The Curtiss SB2C-1C alrplane (No. 1829l) shown in
figure 1 is s two-place single-engine monoplane, dimensions
of. which are given in reference l. As flown during the
present tests the gross welght varied from aooroximatuly
12,000 to 14,000 pounds. The flight conditions used during
the test program are as defined in reference 1, with the
exception that in the present tests the cowl flsos were
closed in the climbing conditien.

'EIEVATORS AND WODIFICATIONS -

Three sets of elevators were tested during the flight
prograem, the plen form and airfoil sections of which are
shown, respectively,in figures 2 and %. The plen form of
all the elevators was the same., The production slevators
had e rib spacing of 8 inches to 9 inches; the test
elevators designeted in figure 2 as "normel contour" and
"beveled 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 designeted as beveled trailing-edge
contour were constructed to the contour shown in figurs 3
by modifying the treiling-edge shape of the normal contour
elevators with balsa blocks and covering with fabric. The
tresiling-~ edﬁe contour was modified to 2 uniform included

angle of 15— only over the OOPthﬂS of the elevators out-
board of thv tabs. The origxnal elevators had a treiling-

edge angle that varied from 1ll. 59 at the outboerd end of
the tab to 9° near the tip.
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The designations 3-, 5-, and 8-pound bobwelghts,
indicste the stetic stick forces and the number ol pounds
per g added by: the hobwelc“htq mhlch were 1nstflled for
the tests. .

For some, of-the tests the mechénicel sdventage ol the
elevator contrecl system was incresszéd by reducing the
elevstor travel with respect to thei stabilizer center line

. o} , )
from 22° down and 52% up to 16° down and 27° up, without

chenging the stick travel.. This change resulted in a
22=percent reductlion in stick forces for a given hinge
moment. The mechanical advantage chenge was accomplished
by fitting to the bhell crank to which the ¢ontrol cables
are attached at the aft end of the fuselege an- extenu;on
which 1cnathened the arms of the bell orank. ‘

In tests to determins the internsl pressure in one
of the elevators, 2 line was run from a pressure recorder
to a2 point in the interior of the left elavntor at about
the midspan, midchord lacetlon,.

A list of the elevstor configurstions tested is giver
in table I. It should be noted thet, for convenience the
production elevator was tested with tne increesed mbch anical
advantage in the present test program; the actual pro-
duction seirplene hes the original mecnenical ﬂdv ntag}.

INST QUMﬁNmA“IOP

v

Stendard NACA recording instruments were used to
determine airspeed, elevator-contrcl force, elevator
angle, accoleratio“, air »ressure, and time,

Correct service indicated airspecd as used in the
report represents the reading that would be .given by a
stendard AN airspeed meter 1f it were connected to a
pitot-static head that was free from position error, and
is defined by the relation: :

Vi = L5.08 fo4qe
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where

Vs

3 correct service indicated airspeed

s seawlevel compressibility factor

de dynamic pressure, obtsined from the difference betwden
. total?pressure and ststic 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, lending gear retracted, end engins
operating at sbout rated power (38 inches of mercury -
EEOO rpm),+ In addition, tests were made investigating
the static longitudinal stability of the airplane in the
gliding (flsps neutral, gear 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 was recorded.

In order to establish the adequacy of the reduced
élevator travel, seversl lendings, take-offs, and stall
recoveries were made with the center of gravity at the
most critical position for each maneuver, ) -

Meneuvering Stability

Productlon elevators.- The results obtained in steady
turns"with the production elevators on airplane No. 1829l
sre shown in figures Ly and 5. Figure‘h(a) shows ‘the
variation of stick force with normal acceleration and
figure li(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 sacceleration, Fe/i, and .
elevator angle per unit alrplsne normal-force coefficient,
dd¢/dCy, ere shown. The values of Fg/n end dog/dCy

shown are determined,respectively,for an accelerstion of
g and for the velue of Cy corresponding to straight

flight.
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The deta shown in figures l. end 5 were obteined with
3 mechmical sdvantage of the elevator control system
greatpp thsn thet of the production airplane. 1In order
to permit comperison with the stick-force dats obtained
from reference 1 for $B2C-1 sirnlane No. OuOlh, stick-force
data obtained with both airplasnes have been corrected to
correspond to the production mechanical advantage and
5-pound bobweight. The results given in figure 5 show
that the variation in msneuvsring stick fo“c & over the
overating center-cf-gravity range was 5 to 2l »ounds per g.

The following velues of Chée and Cha’ the variations

of elevator hinge-moment coefficient with deflection and
with ancle of attack of the horizontel tail, rasspectively,
were obtained from & comparison of the deta in figure 5:

*Alrplene Gh@e Chy,
SB2C=1 No. 0001l (reference 1) ~0.0023 . =0.0012
SB2C~1C ¥o. 1829& o -o.ooau | -0.0005
These differences in the vslues of  Crs & and - Ch which

result in a shift in meneuver noint of abbut 2; percent

gan aerodynamic chord ars of the same order =s differences
that have been found bstween other SBSC-1 sirplanss tested
et the NACA.

MNormal contour elevators.- For ths nOPMrl contour
elevators the vsrisztions of stick force with normel scceler-
ation for seversl balsncing tab linkages sre shown in fig=-
ure 6., The corresnonding variations with center- -of-gravity
location of stick force per unit normel scceleration are
shown in figure 8(a). ‘

With the balancing tab locked, the mansuvering forces
veried from about 1 to 28 pounds per g acceleration over
the center-of-gravity range from %%.2 to 23,2 percent mean
eerodynamic chord. This varietion is g reater than was
obtained with the blunt nose elevators, which is to be

expected,

With increasing balancing-tab linkage rstio the
variation of maneuvering forces with center-of-gravity
position was »nrogres SqulV reduced {(fig. Z(a)), and for
a tab linkege ratio d@t/da equal to ~1.,26, the
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variation at high speeds was reduced to a magnitude which
would be considered acceptable for an sirplane of this
size. However, as {ndicated in figure 6, 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 ratics;
this tendency would ‘have resulted in overbalance of the
control at more rearwsrd center~of-gravity positions.

The control feel was considered by the pilot to be some-
what undesirable with the largest tab linkage ratio, bscouse
of the lightness of the stick forces required in rapid
elevator movements., .

Beveled trailing-edge elevators.- The results of tests
with tThe elevators having beveled trailing edges are shown
in figures 7 and 8(b). A comparison of the data in fig-
ures 5(a) end 8(b) indicates that, as expected, the bevaled
tralllng edges made both Ch5 eand Cn, for the elevator

less negative, as evidenced, roSpectlvely,by the reduced
varistion of maneuvering 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 maneuvering
forces were reduced and the tendency for the stick forces
to lighten in turns at low speeds which was e: iperienced
with the elevators heving the normul contour was less

pronounced. However, with this control arrangement it

was found that when the balancing tab linkage ratio was
increased to a magnitude thet yielded a desirably small
varistion of meneuvering force with center-of-gravity
location (fig. &(b), 36 /da = -1.29), the elevator

characteristics became very undesirable for abrupt control
movements. It appeared to the pllot that there wes a lag
in response of the airplene to elevator movement. This
sensation of lag in response is attributed to the fact
that, owing to the small value of Chée the pillot was

able to move the control abruptly and with little force

to a considerable deflection befors the airplene responded
end the stick force due to the bobweight wes felt. TFor
the balancing tab linkesge ratio of ~-1.29, a2lso, the lack
of the ususl varistion of control force with deflection
caused the stick forces due to the bobweight and due to
inertia effects to predominate. When the pilot attempted
to control the sirplane longitudinally, these forces were
in an unfamiliar phase relation to the elevator movement,
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and as a result the pilot tended to overcontrol. This
difficulty led to dangerous pitching oscilletions of large
amplitude during the first take-off with this arrangement,
and as 2 result no further flights were attempted. With
the bslencing-tab retio reduced to -0.7, and with & 5-nound
vobweight, the 2irplene wss not considered dangsrous to
fly, but the elevstor forces were still considered some-
what too light in rspid maneuvers,

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

system weas incressed so that for = given hinge moment the
stick forces were reduced by 22 osrcsnt; this change was
recommended 1In reference 1. The recsults of tests of the
elevetors having beveled trailing edges with s Z-nound
bobweight, the balencing tab geared at d8i/dée = -0.3%,
and the increesed mechenlcal advantzge ere shown in flg-
ures 9 and 10, As indicated in figurs 9 the veriation of
stick force with acceleration was approximetely linear

for all the speeds investigsated, and the pilot reported
no abnormel control feel for the srrengement. It, there-
fore, sgppresrs thet this balancing-tab linkage ratio is
sbout the largest that could be used without introducing
undesireble control feel. The maneuvering forces varied
frem 6 to 18 pounds per g acceleration over the opersating
center-of-gravity renge of 3%.,2 to 23%.8 percent mean aero-
dynemic chord (fig. 10). A force gredient of 18 pounds
per g is lerger then 1s usually specified as desirabls,
but was not considered an unreasonable vslue for this sir-
plene. By reducing or eliminsting the bobweight it would
be possible to reduce the force gradients at =211 center-~
of-gravity locations somewhsat, but this change is not
recommended because the nilots cosidered a force gradient
of about % pounds per g too low for this airpleane.

Compsrison of Production &levstors
and Recommendsd Arrangement

The reconmended elevstor control system consisting
of the heveled-trailing elevator with belencing tab geared
dd

at Tz = -0.33, the increased mechenical advantage, and
e

3=-pound bobweight, which wes found to be the most satis-
factory arrangement on the basis of maneuvering
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characteristics,. was tested to determine its effect on
static stablllty and its adequacy for control in stalls,
landings, and take-offs. -

Pomnnratﬁve statie 1onaitud1na1 stabillity data for
the modified elevstors snd the production elevstors are
presented in figures 11 and 12 for the climbing and
giiding conditlons of flight, respectively. The varistions
f elevator angle snd stick force with sairspeed indicate
no important differences in either the stlck- ixed or
stick free stability, :

The adequacy of the reduced down-elevator travel of
the modifijed elevator arrangement was determined by meaking
teke-offs end stall recoveries with the center of gravity
at the rearmost position. The incresased stick motion due
to the incressed mechenical advantage was particularly
apparent to the pilot in stall approaches with power on
end the center of gravity st the rearward limit where
extreme forward movements of the stick were required,

This condition was not considered objectionsable, however,
because the elevator travel available was sdegueste for
recovery from the stsalls., The adeguacy of the up-elevator
travel was determlned 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 1ncreased mechanical advantage were used in
conjunction with the production elevatars, the variation
of force per g with center-of-gravity position would be
only slightly greater than that obtained with the recom-
mended  earrangement. The recommended arrangement has a
slight advantage, however, in that a 3- Dound pobwelght
rather than a 5-pound bobweight is required in order to
obtain sufflciently heavy mansuvering forces with the
rear center-of-gravity position. Furthermore, the modi-
fied elevstors incorporate a less blunt nose shspe and
closer rib spacing than the production elsvators, which
would be expected to make them more satisfectory in high-
speed dives. :

Internel Elevator Pressures

The results of meaourementq of the internil pressures
in the modified elevators ere presented in figure 13 as a
function of indicated airspeed. The data,1nq¢cate that
at high speeds the internal pressures are sporoximately
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n percent‘of: qc .above free-stream static. These data
are presentsd es an sid to estimating possible effects

of febric deflection if it is desfred to test these
elevators In high-speed dives. The elevators were sealed

at the hinge geps and venupd with E—lncn holes locsated

near each rib on. the lower surface near the b *alling edge.
BEach vent hole was covered by & small scoop-s hmped shield,
opening reesrward. A change in venting to give lower
internal elevator pressures seems desirsble. No tests
were made of the modified elevators in high-speed dives

to evaluate the effects of the chsnged nose shape, the
beveled trailing edge, and the closer rib soaclng on the
control chﬂchteristlcs at high Spped '

CONCLUSTONS

ll?ht tests on a uurtlsa SB2C=-1C airplsne indlcate
the f0110/1n oonclucions~

l. TImproved meneuvering stick forcus'vay be obtained
with elevsators heving a nose radius, smsller then thet of
the production elevators, tralling edg s beveled to en

included engle of 15 é , 8 bslancing tab geared at a linkége
ratio, d8;/dd, = -0.33, a 3-pound bobweight, and en increase

in mechanical advantage that reduced the stick forces by
22 percent. With this srrangement the maneuvering forces
varied from 6 pounds per g accelerat1cn et 33%3.2 percent
meen =zsrodynamic chord to 13 pounds per g at )5.8 percent
mean asrodynemic chord.

.

2. Turther reduction in the vslue of Cugg s the

varistion of elevator hinge-moment‘coefficient with elevator
deflection, which decreaced the variation oi maneuvering
forces with center-of-gravity positiocn, also resulted in

a control feel during sbrupt elevator movemesnts that was
considered objecticnable by the pilot. This consideration
may establish a lower limit to the value of bh@ that

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

%2, Stick-free static instability noted st low speeds
in the climbing condition of flight was not afil=scted
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appreciably by the mocdified elevator sarrangement.
increased stick movements required with the modifie

The
d

11

elevator arrangement, while apperent to the pilet, were

not objectionable since adequate elevator travel wa
provided for critical flight conditions.

Langley Memoriel Acronsuticel Laboratory
Netional Advisory Committee for Asronautics
Langley Pield, Va.
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TABLE I

TEST CONFIGURATIONS

Elevator ContouP;Balancing tab BobweightiElevator travel
(Seo fig. %) |linkage ratio| pounds . (deg)
. - 1 d8g/dg, at stick | pown Up
5 ) ;
Production 0 5 ;1 27
L 1
Normal 0 5 22 335
.- 1
DO """"""" ‘ -0-7 5 ‘:a 55-2
DO=-m rem -1.26 5 2 55%
! . . 1
Beveled trailing e ¢ 22 325
edge !
| fig } o Z .:!:
DOommmmmem i ~0.7 5 TS i 152
DO=mmmmmmm -1.29 8 -E %3%
DOo=wmmen— - -0.33 2 v lo | 27

NATION AL ADVISORY
COMMITTZY FOR AERONAUTICS
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ABSTRACT:
Three sets of elevators, designated as production, normal-contour, and beveled
trailing-edge elevators, were tested on the SB2C -1C Curtiss Hell diver in an
attempt to improve elevator control-force characteristics. Results indicate that
improved maneuvering stick forces may be obtained with an arrangement including
a nose contour smaller than that of the production elevators, trailing edges beveled
to an angle of 15-1/29, and an increase in mechanical advantage that reduced the

stick forces 22%.
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