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INFLURNCE OF CUT~-OUTS IN ELEVATOR
ON THE STATIC LOHGITUDI¥AL STABILITY
AND OW THE STATIC ELBVATOR EFFECT*

By Curt Bilechteler
SUMMARY

The rudder effect of a gport airplane at high angles
of attack was to be improved., This made it necessary to
maike a cut-cut in the center of the continuous elevator
so as to enlarge the rudder dowaward., This cut-out which
reduced tie rudder area by 12.5 percent changed the static
stability of the airplane as well as the elevator effect.
Flight measurements showed the stability zone with locked
elevator to be 1.8 percent less at full throttle and at
idling %0 be 1.3 percent less than the mean wing chord,

The effect of the cut-out on the control Torces could not
be determined owing to insufficient instrumental accuracy
at the extremel; low existing forces. The measurement of
the static controllability resulting Trom the cut-out mani-
fested an 18 percent drop in elevator effect at full throt-
tle and a 10 to 20 percent drop at idliag, depending on

the 1ift,.

INTRODUCTION

The airplane shown in figure 1 had a poor rudder ef-
fect at high angles of attack. The fuselage tapers to a
horizopntal knife edge which terminates in a continuous
elevator with the rudder above it (fig. &). The poor rud-
der effect is duc to its veing partially blanketed Dby the
one-piece horigontal tail surface at high angles of attack.

*Pinfluss eines Ausschnittes im H%hﬁnruder avf die statische
Lgngsstabilitgt und die statische Hohenruderwirlzung." Luft-
fahrtforschung, Vol. 11, Fo, 1, lay 15, 1934, pp. 1-4.
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The improvements consisted in malring a cut-out in the
middle of the elevator, which reduced its area by 12.5 per-
cent (fig. 2). The rudder hinge was set to the rear thus
deepening the fin. The rudder was erlarged so as to extend
below the elevator surface, and the height of the vertical
fin reduced by 16 cm to avoid stiffening of the fin attach-
meat fittings (fig. 4).

In order to determine the effect of the modified ver-
tical tail surfaces on the rudder we measured the elevator
deflection necessary for level flight at full throttle and
idling with respect to the dynamic pressure, Previous ex-
periments of this kind on the Junkers A 35 (reference 1)
already manifested a certain scatter of the test points,

It was found that minor aileron displacemeants scarcely per-
ceptible to the pilot himself, had a profound effect on the
magnitude of the rudder deflections. The examined airplane
(type BFW M 23Db) had an even better aileron effect than the
A 35, so that this effect was even more promounced, The
results of the flight tests showed the scatter of the test
points to be within the limits in which any improved rudder
effect through enlargement of the tail surface could be an-
ticipated.

The investigation thus narrowed down to the gualita-
tive valuation by several pilots, Tze airplane was flown
by three pilots of the DVL, and they were unanimous in their
claim of better rudder effect especially at high angles of
attack-

The cut—-out in the elevator modified the elevator ef-
fect, and the purpose of this report is to determine the ,
effect of this cut-out on the static loangitudinal stadbility,
the elevator forces and the static elevator action,

TEST PROCEDURE

The particular airplane was fitted with the instruments
‘necessary for recording ithe dynamic pressure, the elevator
setting, the stick force, the altitude and pitching of tae
airplane. The measursments were effected in unaccelerated
flight for four different c.g. positions of the airplane,
The method was the same as in previous tests, The first
serics pcrtaincd to mcasurements with the original, the
second with the modified elevator.
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 RESULTS OF TESTS

_ Effect of cut-out in élevator on static longitudinal
stability.- The evaluation of the data gave the 1ift coef-
ficient versus elevator setting shown in figures 5 and 6.
Figure 5 gives the curves for full throttle, figure 6, for
idling at four different c.g. positidns with elevator cut-

out. The slope of the curves, that is §~§—, reveals in-

stability for c.p. positions r and r, and stability
for r,° and 1r,. The trend df the curves in the upper
range shows that at fvll throttle only minor elevator de-
flections are needed to produce great 1ift changes in con-
trast t0 the very great deflections necessary at idling.
Conseguently, the response of the elevator increases at

full throttle as the 1ift increases and decreases at idling.

In order to determine the neutrally stabdle c.ge. posi-
tion we defined the moment coefficient . ¢, vrelative to the
lift coefficient ¢, and plotted the slope of this straight
line against the c.g. position (figs. 7a, b, and 8a, b).

. According to previous test data (referemce 2) the change
of stability with elevator locked is linear with the c.ge.
position at full throttle and idlinz, in Ffact, these
straights have the same slope for all airplanes investigat-
ed heretofore. We also included the c.g. Dosition versus
the slope of the elevator deflection curves for c, = 0.4,
Comparison of the test data, (figs. 7 and 8) manifests a
drop in longitudinal stability as anticipated: the neu-
trally stable c.z. pDosition at full throtile was reduced
by 1.8 percent of the mean chord (from 35.4 to 33.6) and
at idling by 1.3 percent {(from 37.0 to 3Z5.7).

Figure 9 shows the recorded control force against the
dynamic pressure for four different c.g. positions at id-
) ling and at full throttle. The curves are straight up to

qa e~ 70 kg/m?. The slope of the straight,. i.e., value %—E'
q
changes with the c.ge of the airplane, iie slope is less

as the c.z. moves backward., The coatrol force is not af-
fected by the cut-out in the elevator as far as could be
observed, because of the very small recorded control forces
the anticipated change (about 10 percent = 0.1 to 0.2 kg)
remained within instrumental accuracy.

The result of the pitching records is shown in figure
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10, as 1ift coefficient versus angle of pitching. TFor id-
ling the test points are on a straight line. This depend-
ence changes under slipstream effect. At high ¢5 in
full-throttle flight a small change in inclination is equiv-
alent to a great 1ift change, and vice versa at low cge
Influence of cut-=out in elevator on static elevator
effect.~ The criterion of the static elevator effect is

B, - It denotes the magnitude of the pitching moment re-

silting from a 1° elevator displacement., Figures 1l and
12-give the static elevator effect at idling and full
throttle for the elevator with and without cut-out against
Che At low 1if%, that is, at high speed, the elevator ef-
fect is approximately the same for idling as for full
tharottle. The explanation is that at such flight attitudes
the dynamic pressure difference at the coantrol surfaces is
stall with and without slipstream. At full throttle and
increasing 1ift the elevator effect rises cousiderably and
drops at idling. The elevator effect is as much greater

as the ratio: dynamic pressure in the slipstream to dynam-—
ic pressure q 1s greater,

The ratio of elevator effects with and without cut-out
ig illustrated in figure 13. It averages 0,82 for full
throttle, that is, the cut-ont vitiates it 18 percent. Al
idling this detriment depends on the 1ift; it amounts to
about 22 percent for a 1ift coefficient of ¢, = 0.2 and
drops to 10 percent for cy, = 1l.2.
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Engine performance N = 90 hp.
Wing area P= 14,7 n@
Wing span b=1ll.8m
Mean chord tm = 1l.34nm
Net welght Gr = 380 kg

Full load (depending on c.g. position) GF = 529 to 571 kg

Figure l.- Airplane with modified tail surface.
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Figure 2.~ Outline of original and modified elevator,
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" Figure 3.- Original rudder and  Figure 4.~ Modified rudder and
elevator. elevator.
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Figs. 9,10,11,12,13
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