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PLANES TO GIVE NONSTALLING AND SHORT+ANDING

CHARACTERISTICS
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SUMMARY

Thti report descri.bes$igti and lumiingtests mude on a
group of conventional airplanes al th8 luboraiory of th8
Nattinui AdvisoqI Committee for AeronauiiGs. T?w
upward dq%m%n of tlw elevahrs was limded to the
point whew the.airplanes eowldnot be madeto spin m“th-
out the aid of power. Wdh theel.evdortravelthuslimited,
tlu airplane in every am had good luiera.+?stabi.i?iiyand
good ai+krone~eciivenms up to the highestanglkeof situ.ck
which cmdd be obtainedin a glidi+alilwughthti was not
true in any caxewihnd thalimitedcontrol. AU ordinary
jlight maneuverscould be performed wdh t?welevdor di.s-
pla.cem.sntlimited, but muul.ly there was not su#icid
control to get thatail dmvnfor a normu.?$poini landing.

In order to investigate h feam%i+?i-tyof making lad
ing8 @ gliding straighi to the ground &h thefdl but
limited amount of tail-depressing longitw.dinulcontrol in
use, glides were madaand thavertic-a.?velocitiesmeawred.
These werefound to rangefiom 12?to 34 feet per 8econd
for the various airpkmee tested; and since the La%ral
stabi.L?ityand con$rolin the gli.da with tb eodrol sticks
jwll baok to the limited potitti were 8atikfa4doIy,it
.eeemedthut /.anding8c& be 8atisfactody made in this
manm?rif remonably ~long-stroke 8?wck-ab80rbing.?.an.&
ing gear8were promkkd. In adiitian, a compari.wnw
M betweenthe computed d%ance re@red to glia%in
this manner over an averageobstructionand alight upon
tti ground and the distunce reqwwedfor th8 shorts-dcon-
venititype landing. For this pw~ose both nwdium
and 8hmt cunvenibnd kmdings were measured with a+?i
tlw airpf.ana tested, and the comparisw indicu$edthat
mwch8horterkmdings cuu?dbe made by gliding straigld
in unlh th%8tiekfuU back to tlw limited position.

As this type of I?unding8eemed to hum 8everd advan-

tages, ona of th airpiiuws (th VerviUe“AT”) m~ed
with long-travel8hock-absorber8trw%and aetwul funding
tests were made in which t)h distances, us d as tlw
accelerations upon coniact with th ground, were meas-
ured. 2%8glti lunding8with the conirol etiekfd back
to thi?limited position were 8atisf-, the hndi~ runs
as wd W?tlw air dhtanaa being eubstaniid.ly 8h0rter
thun tlu 8h0rte4t presen$o?uy conveq.timud fundiW8.
(hhar h.diw8 made by gliding 8traighiin ai higher air
speeds, and landing8 in which the jlighi patlM were
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gomhd leveledof jwt before codact were a.lao8atis-
fddy pt??fO?’7Wd.% VU?iOUShM1.di?l#t8StS8h13W8d
that with the airplane a-smod@d a safe kmding is nuuii
in. smooth air a-hn.08tregardih8 of th manna in which
the aiqh?.aneb broughi to the ground, a.8long as th air
speed ti held to within about 16 miles per hour oj the
minimum, the wings are held level laidy, and th
controik are not wed violently. In gusty air other
factor8 are encountered which complicate the problem,
and thk dition ti being stwdiedfurthr.

A$er ii hud been determinedthat mtisfadory kmo%_Lg8
eoui?dbe ?n.a&, more detadedj?’igh#ted8 were ?qack on
this aiqi?ane with the elevatorde$?ectianlimded. These
8howed thut the edrol limitation da not appretibly
afect th ability to perform acrobaii.cor ordinmy num.eu-
ver8in$?@d, and thd the a~h~ couik?be 8a&fad&g
mammverd in turns during glia%ewith tb stickfull back
to tlw limited poeitwn.

INTRODUCTION

The problem of improving the safety of flying con-
tinues to be of paramount importance. Accident re-
ports indicate that most accidents are still connected
with forced or bad landings or with the tendency of -
airplanes to spin under the very conditions in which
they should be most readily controlled; i. e., at the
slow air speeds and high angles of attack likely to be
encountered in a forced landing. The statistics given
in one of these accident reports (reference 1) show that
of the reported accidents in the Army, Navy, and com-
mercial activities up to 1929’slightly more than two-
thirds were connected with spins, stalls, or landings.
One-half of all the accidenti-am listed as caused either
by the deficiency of the pilot in regard to technique or
judgement or to carelessness. It ia therefore evident
that at the present time airplanes are too diflicnlt to
land and to control, particularly in oriticd situations,
such as forced landings. It is also evidant that the
safety of flying would be greatly increased if airplanes
(1) had satisfactory stability, (2) required leas skill
to land, and (3) required a smaller space for landing.

That present-day conventional airplanes have un- ~
satisfactory lateral control and stability at their slowest
speeds and at their highest angles of attack is well
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known. Ilngeneral, however, the bad conditions exist
only at angles of attack near or above that of the stall
(the peak of the lift curve). This difficulty has been
overcome in some cases by the use of special devices,
such as slots or auxiliary airfoils, that increase the
angle of attack at which the wing, or at least the tip
of the wing, stalls. If this angle happens to be above
that which can be maintained with the amount of
longitudinal control available, the Meral stability and
controllability should be at least fairly satisfac-
tory throughout the entire possible speed range.
In this ccmection a study of the problem of spinning
led to the conclusion that any airplane cm be spun,
regardless of the devices, such as slots, with which it
may be equipped, if it has soflicient longitudinal
control to maintain a high enough angle of attack to
actually still the entire wing.

All these points considered, the fact seems apparent
that if an airplane is to be laterally stable and con-
trollable throughout its entire range, it must meet tie
fundamental requirement of having the longitudinal
control insticient to maintain an angle of attack at
which the entire wing is stalled.

The results of a nnrpber of stalled glide tests with
ordinary conventional airplamx (reference 2) gave an
indication that most of the airplanes tested had only a
small amount of longitudinal control beyond that re-
quired to just stall them. It seemed that with several
of the airplamwonly a small limitation in the uptravel
of the elevators would be required to keep them horn
spinning without the aid of power, and that they would
probably still have sufficient control for all ordinary
flight maneuvers. Ii this connection an earlier testis
of interest. In this test the uptravel of the eIevators
had been limited on a V2%7 airplane to the point where
it could not be spun without the aid of power. This
test showed that all ordinary maneuvers in flight could
be accomplished satisfactorily with the limited control
except that there was not sufficient control to get the
tail down for a normal 3-point landing.

Although it is likely that the provision of this %ni-
tation in the longitudinal control would ordinarily in
itself be a deiinite improvement in safety without seri-
ously s&cting the landing characteristics, a further
study of the landing situation was made. From this
study it seemed that an airplanehaving its longitudinal
controls limited to the point where it could not be ac-
tually stalled in a glide would be reasonably stable and
controllable with the full amount of tail-depressing
longitudinal control in use, and that such an airplane
could be safely landed by gliding in to the landing snr-
face with the control column full back if it were
equipped with a landing gear which would satisfacto-
rily absorb the shock. This kind of landing can not be
safely made in presentday conventional airplanes
without limiting their longitudinal control, regardless
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of the shock-absorbing capacity of the landing gear,
because of the poor lateral stability and controllability
at high angles of attack and the possibility of losing
control or filling inti s spin. It ‘also seemed likely
that an otherwise conventional ,airplane could be
landed in this manner with 1sssskill and in a shorter
distance, as well as without the particularly good eye-
sight (depth perception) required for the present+-pe
landings with their leveling-off step.

In order to study further the feasibility of this
combination of longitudinal control and landing, two
sets of simple flight teak were run and are reportod
here. Both sets were made on the same conventional
airplanes. In one set landings were made in the con-
ventional manner as a basis for comparison. The hori-
zontal distance required to get frcm a height of 60
feet to the ground was measured, and also the distance
required to come to a stop. With every airplane
medium 3-point landings were made first and then the
shortest landings which, in the estimation of the pilots,
could be safely made. In the other set of tests, the
uptravel of the elevators WS6 limited until the air-
plane could not be made to spin, tit without and then
with the aid of power. Then the vertical velocity and
the effectiveness of the aileron control were noted in
glides with the control stick full back to the limited
positions. The horizontal distance required to get
from an altitude of 50 feet to the ground by gliding in
with the control stick back at the limited position was
then estimated and compared with that required for
the shortest ordina~-type landing made with the same
airphme.

Inasmuch as the above simple teatsindicated that all
the airplanes could be flown satisfactorily throughout
the entire speed range with the controls limited to the
point where a spin could not be performed without
the aid of power and that with the glide-type landings
the lsmding distance could be materially reduced, a
more complete tial with actual landinga was thought
desirable. One of the airplanss, the Verv-illeAT, was
fitted with a long-tiaveJ shock-absorbing gear and
wasrepeatedly landed by gliding in from an altitude to
the lading surface with the control stick held baok
to the limited position. Other lsmdingawere made by
gliding to the surfaca at successively higher air speeds,
and also by gliding in at these higher air speeds to a
height of a few feet and then pulling the control stick
back to the limited position to flatten out the glide and
reduce the landing shock. In addition, more complete
tests were made on the effect of the limited control on
the various flight characteristics of the airplane.

It is desired to acknowledge the assistance in this
work of the committee’s test pilots, Wtiam E
McAvoy and Melvin N. Gough, particularly in sug-
gesting some of the latter tests on the flight character-
istics with the controls limited.
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CONVENTIONALLANDINGTESTS

A list of the airplan- tested, together with their
main specifications, is given in the following table:

LaBlond _____ ~?im
warner ______ ~twl
Wri@t E-2___ qbw
contlnanL3l___ !43W
Curtks D-12–– 2!W31

$?’%%?%%:: x%
P.& w. Wwp.. Ej220

100 &2
194 &2
m &9
m2 9.s
241 lL 6
261 12s
3?4 R o
m I&0

Open monoplane.
mD:iplana.

D;
Do.

Cabi$onoplam

Ahnost every field in which a landing is likely to be
made is surrounded by obstacles such as trees, build-
ings, or electric wires, which make it necess~ for the
airplane to have an altitude of about 50 feet or more at
the edge of the field. The comparison of the distances
required for landing should, to be of real value, there-
fore take into account the horizontal distance required
from a point where the airplane is over an obstruction
to a point where it touches the ground, as -wellas the
length of the ground run after touching. In these
teats the horizontal distance required for the airplanes
to get from an altitude of 60 feet to the ground waa
measured, aa well as the length of the ground run.
These distances were obtained for normil 3-point
landings and also for the shortest hmlings which the
pilots considered it safe to make, considering the
stability and controllability of the airplane while
landing and the ability of the landing gear to absorb the
shock without failure. These short landingsweremade
by gliding in as near the stall as possible but still with
sufficient speed to level off just before touching the
ground, so asnot to damage the landing gear. In the
case of the Fairchild, fast 2-point landings were also
made for comparative purposes. AU landings were
made on a reasonably smooth, level, and firm field
covered with grass.

In making the tests it was deshed that the pilqt not
actually be forced to fly over an obstacle, which would
not only introduce errora in that the exact altitude
while crossing the “obstaclewould be diflicult to mes
ure, but would require a part of the pilot’s attention
to direct the airplane to just the right position and not
leave him free to make the beat and shortest possible
landing. The landings were therefore made in a large
field (Langley Field) and a simple method was used to
mark the spot at which the airplane had an altitude of
60 feet when coming in to land. This marking w=
done by suspending a small paper bag filled with a
white powder (whiting) so that it hung 50 feet below
the airplane; as the airplane came down to that alti-
tude the bag struck the ground and broke, leaving a

white mark. The bag was supported by a line iish-
line cord and loaded with lead shot, so that at the
speds of the approaching glides it trailed back at an
angle of about 20”, this angle being considered, of
course, in determiningg the length of the cord. This -
length was such that the bag hung 50 feet below the
bottoms of the wheels. Another bag of powder was
suspended at the level of the bottoms of the extended
wheels, this on6 marking the spot where the airplane
touched the ground.

Most of the airplama testid were not equipped with
brakes; and since reasonably reliable data on the effect
of brakes on the landing run were available (reference
3, and unpublished tests with Fairchild), all these
landings were made without the use of brakes. Com-
puted ground runs are also given for all the airplanes

Wind ve/ocity, mph.

Fmmm L—Effed of bmkas on #e land@ rim

landing with the brakes on, the computations being
based on the above tests made with and without the
use of brakes. (An exception was made in the case of
the Verville, which was tested both with and without
brakes, because of the fact that it was used in the il.nal
glide kmdi.ng tests.)

The wind velocity was measured near the point of
landing with a vane-type anemometer and the results
of the landing tests were corrected to the condition of
no wind. This correction was made with the aid of
relations obtained from the above brake teds, which
are plotted in Figures 1 and 2. First, the lading run
with brakes is found for the same wind from the aver-
age line in Figure 1. Then the run with brakes but
with no wind is found from Figure 2. I?inally, the run
with no Rind and without brakes is computed by in-
creasing the run with brakea by 82 per cent, this being
the average value from the above tests. Although
all these corrections must -be con@dered approxi-
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mate, they apply to performances which are very
difficult to repeat exactly, and they therefore serve
their purpose Satisfactm?ily.

In addition to the wind correction to the ground
- run, the horizontal distance required to get horn an
altitude of 50 feet to the ground was also corrected for
mind velocity, assuming that the wind velocity was the
same up to an altitude of 60 feet as at an altitude of
6 feet, where it was measured. On account of the
velocity gradient which is ordinarily present, the actual
wind velocity -was no doubt somewhat higher at 50
feet, and the correction for the wind was therefore
somewhat smaller than it should have been; but since
all these tests were run during lo-ivwind velocity (3 to
7 miles per hour), the tirrorin the correction does not
seriously affect the results.

FIGURE 2-Effwtofwind onthelandbqmn, brakcuwused to fnllextant

The results of the conventional landing tests are
given in detail in Table I. The horizontal distance
required -to get from an altitude of 50 feet to the
ground and also the total distance required to get tim
an altitude of 50 feet to a stop, corrected to the con-
dition with full use of brakes and no wirid, are listed
in the following table for the shortest lanihgs made
with each airpl~e.

4 F
Horfzon& db

wll&vll&l&~
-Y(fwt), ton ram

mhm
SunFuefoot) Wfmt 60400t

altltodej olkJtm#
tom

U-.--— —— .-.
al------- ?’l%%%Y–l-__.—

m
%?

S.&—------ Camlfw PwL--- E
9.6______

6M
Vervflfe AT_--—___ 434

1L6__.-.–- BmirIx PW-9------ S33 L%
12.3------ Cmtfm Falcon A-S--- ~ L.fOl
ls.o.---.––– FaircMd FC12W-fL--- ~ful
I&k--.—–– FaircMld F02W-2—_ 62S L2Z6
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The distance required to get from a height of 60
feet b the ground is from one-haLf to two-thirds of
the total distance, the average value being 67 per cent.
Several of these landings were accompanied by severe
shocks and bounces; and although it can not be
definitely stated that they were the shortest landings
possible without breaking the airplanes, they certainly
represent the shortest which could be made with
reasonable safety to the airplane in an emergency.
Those with the Doyle, the Consolidated ~T-1, the
Boeing H77-9, and the last one with the Fairchild
loaded to 15.9 pounds per square foot, were particu-
larly extreme. Considerable skill was apparently
required in all cases.

The distancea required for landing from an altitude
of 60 feet and coming to a stop are with one exception
in the order of the wing loadings, the heavier loadings
requiring the greater distances. The Consolidated
PT–1, which makes particularly short landings, is o
training plane with exceptionally high drag. Be-
cause of this high drag it has a steeper gliding angle
than the other airplanes of about the same w_@ lond-
~i i:hich accounts for the short distance obtained

.
From Table I it ti apparent that the lengths of the

ground runs were not greatly di.iferent for fast, me-
dium, or slow landings with the same airplane, and that
the difference between long and short landings was
almost entirely in the air.

It may be concluded from these tmta that for con-
ventional airplanes the shortest diatmce required to
land and come to a stop from an altitude of 60 feet in
a reasonably safe manner is rougldy proportional to the
wing loading, and rangea from about 700 to 1,200 feet
for wing loadings from about 8 to 16 pounda per square
foot. Also, these short landings require considerable
skill on the part of the pilot. The ordinary 3-point
kmlings require from 20 to 60 per cent greater distance
than the shortest landings.

SPIN AND GLIDETRSTS wJTH LONGITUDINAL
CONTROLLIMITED

ThW tests, in which measurements were made in
full ilight only, were for the purpose of (1) finding the
necea9aly mount of limitation of the elevatir travel
of a number of conventional airplanes in order to
prevent them from spinning; (2) fhii.ng the approxi-
mate effectiveness of the ailerons in a glide with the
stick back to the limited position; and (3) providing
approximate data for calculating the minimum hori-
zontal distance required to glide from a height of 60
feet to the grtmnd.

The-same airpkmes as were given the previous kmd-
ing teats WSIY) used. In each case, with the stabilizer
set at its maximum taddepreming position, the up-
travel of the elevatora was limited step by step until
the airplane could not be forced to spin-tit with the
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engine throttled and then with the aid of power.
(Since with most present conventional airplanes a
higher angle of attack can be reached with the power on
than without it, 8 greater devator limitation is re-
quired to prevent the possibility of spinning with the
aid of power than without it.) Then, with the
elevator Iimited to the point where the airplane could
not be spun without power, glides were made with the
control stick at the limiting position and the rats of
descent (or the vertical component of the velocity)
was measured by means of a sensitive altimeter and a
stop watch. Also, in these glides, the effectiveness of
the aileron control was noted and compared with that
of ordinary cruising flight, the comparison being
purely a qualitative one representing the judgment
of the pilot.

In regard to the tendencies of the airplanes to fall
into spins, a few of them could be put into a steady
glide with the control stick fully back and then turned
srdi.sfactirily, with no apparent tendency to drop a
wing or fall into a spin. There is the likelihood,
however, that in an unfortunate situation near the
ground one of these airplanea might be put into suoh
a position that it would start into a spin because of
a quick maneuver or possibly gus~ air. For this
reason, the criterion used here as a standard for an
airplane which is safe from the pomibili~ of falling
into a spin is that it can not be spun either horn
ordinary stalls or by means of any other rnanuevers,
such aa a stalled wing-over, which might get the
airplane into a spin with the aid of dynamic forces.

The amounts of limitation required to prevent
the airplanss from being spun are shown in the follow-
ing table. The elevator angles are measured from
the stabilizer chord with the stabilizer in the maxi-
mum tail-heavy position, and they depend to some
extent on its range of adjustment.

Mulnmm n ward dafImtIon ofOLdm

Ah-plane

Doyle O-2____________ ; L -“6
meet xN2Y-l__..--.._. 27 12
Oomltdsted PT-1--------- B
VerviUe AT--------------

-:
lE 2i’ 9

Boebw PW-fI _________ m –2 -8
Oartk FeImn A-3.---– ~
FaldIId F02W-2------ *: --J—.

In order to make it impossible to spin the airpkmea
without the use of power, and also to obtain satis-
factory lateral stability and conkol in a glide with

the control stick full back, it was necessary to reduce
the.maximum uptravel of the elevatom b~ from 4°
to 22° on the various airplanw. In every case the
airplane apparsntiy still had sufficient control with
this limited elevator movement to perform satis-
Eactorily all ordinary nonacrobatic maneuvers in
full flight.

A particnhwly interesting point is that in every
case the aileron control in a glide with the oontrol
stick full back to the limited position was surprisingly
good. k fact, in the opinion of the pilots the aileions
were very nearly as effective under these conditions
as they were at ordinary cruising speeds.

The preceding table also shows that in order to
prevent the possibility of spinning with the aid of
power, a further reduction of the mmimum uptravel
of the elevators by amounts ranging between 6° and
29° was necessmy. This additional reduction is due
to the fact that present conventional airplanes are
so balanced that, for a given elevator setting, much
higher angles of attack are attained with power on
than with power off. The particular airplanes twted
did not have sticient tail-depressing control for
ordinary flight when the elevators were limited to
the point where no spin could be obtained with the
aid of power.

If it is of ticient importance for an airplane to be
incapable of spinning under any conditions, with or
without power, this condition can be satisfactorily
brought about without special devicas by designkg the
airplane in such a manner that for a given control set+
ting it balancea at approximately the same angle of
attack with the power either on or off. The elevator
limitation which yould prevent spinning without power
would .then also prevent it with power, and there would
still be su.fiicientlongitudinal control for all ordinary
flight maneuvers, with the exception of a short 3-point
landing of the pre9ent normal type.

The vertical velocity measured in a glide with the
control stick back at the limited position which pm- ‘
vented a spin without the aid of power is given for
each airplane in the first column of the following table.
The air speeds along @e flight paths, which were very
nearly the same as the minimum gliding speeds, are
given in the second column, tlmse being computed
values except in the cases of the Fairchild and the
Verville. These two airplanes were testad with trail- “
ing I?itot bombs in connection with other investiga-
tions. In the other cases it is thought that values
computed horn the probable lift coefficients as ob-
tained from the average results of many full-scale
tests on other airplanss are more accurate than those
given by ordinary air-speed indicator and are satis-
factory for the purpose of estimating the landing di9-
tance. The distance required to glide in the above
manner with the full limited amount of longitudinal
control in use tim a height of 50 feet to the ground is
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given for each airplane in the third column for com-
w’ison v@J.Ithe corresponding distance for the short-
e9t conventional landing in the fourth.

, II

P= I
Comrded bfeamrcdhori-
hmixontal mntel distana

_yd~& ypgggpNrplene
smnd tude to mkt umwn-

swmd =)d tionallyilm
I

— —
Doyle O-L-------- 12 73

7“

m
Flint lx2Y-l. ----- 16 78 255
CIJnwlldeted -1----- 73 KS %
VervEIe AT_______ ;: 37 174 434
Ba-= $lVVi-iz--::: ;: 90 343

90 m %
Fe.lrcMldF02W-L:---- 14 91 m 76!2sad 629

This table shows that the computed distances re-

The vertical velocities in the glides with the full
limited amount of longitudinal control in use ranged
from 12 to 24 feet per second. It may be that 24
feet per second is somewhat higher than is desirable,
in which case it could be cut down to a suitable value
by merely limiting the elevator travel a little more.
Although little information is available in regard to
the highest vertical velocities which can be used satis-
factofiy, it is know-n that at least one airplane, the
McDonnell entry to the Cluggenheim safe-airplane
contest, has been repeatedly landed at vertical veloci-
ties up to about 20 feet per second without difficulty.
It can therefore be assumed that with careful design
the landing-gear problem will not give rise to any par-
ticular difficulty other than the provision of long-travel

quired to glide from a height of 50 feet to the ground ] shock absorbers.

-?.—
,.‘

~,
-= ..- -AriP -

FIGURE 3.—ThevWV8h3 AT&h

with the full limited control in use are much shorter
than the distances required for the shortest ccmven-
tionaI-@8 landings. Thus it seems likely that if the
landing shock is absorbed satisfactorily, landings can
be made with practically all conventional-type air-
planes by merely gliding in to the ground with the full
limited taildeprwaing control in use, not only without
danger of lo~ con-ml or of starting to fall into a
spin but also in a considerably smaller space. In fact,
in many cams it seems that the horizontal distance
required to get from a height of ’50 feet to the ground
can be cut in half.

In this connection, each of the airplanes tasted had
an attitude in the “landing glide” ~th which a satis-
factory lamhg could be made. The fuselage atti-
tudes were such that the tail was slightiy below the
nose, but in no case was the tail skid as low as the
wheels.

Ii addition to shortening the gliding distance, it
seems m’obable that the ground run should be consid-
embly~horter with the @:de-@pe landing. This is due
to the fact that the rather high acceleration which
aecompaniea the shock caused by the high vertical
velocity can be expected to press the wheels onto the
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ground more firmly than in conventional landiigs, and
~herefore aid the braking effect.

CONYILETETRIALOF L~TED CONTROLAND GLIDE
LANDINGCOMBINATION

Inasmuch aa the foregoing prelimimwy flight teds
indicated that the combination of limited control and
glide landing might have practical value in connection
with most presenhday airplanes, it was thought desir-
able to make actual landing tests on an airplane having
its elevator travel limited and also having a-suitable
landing gear. The Verville AT was used for this
purpose because, of the airplanesavailable, it presented
the least difficulty to the provision of a reasonably
long-travel shock absorber in the landing gear. Mter
being fitted with long-travel shock-absorbing struts,
this airplane was landed by gliding to the ground with
the control stick held back at the limited position.
The accelerations upon striking the ground were
measured in these landings, as well as the distance
required to get from a height of 50 feet to the ground,
and the length of the ground run.

Additional landing tests were then made to find the
effect (1) of gliding in to the ground without leveling
off, at various air speeds somewhat higher than that
obtained with the stick full back; and (2) of gliding in
at these air speeds to a short didance above the
ground and then leveling off before making contact.
This latter method merged into the present normal
manner of landing when the air speeds in the glides
were 10 to 15 miles per hour above the minimum air
speed.

BmuEE 4-I.adfng WI wfth Im@z’oke shock+h.wrk struts

After the practicability of landing in an extended
steady glide with the control stick full back to its
limited position had been established, more completi
flight tests were made on this airplane to find the
approximate effect of the control limitation on the
general flight characteristics. These tests included the
ability to make turns in glides with the control stick
held full back to the limited position, the effect on the

flight path of pulling up suddenly from glides at various
air speeds, and the abili@- to perform acrobatics.

Modillcation of the Verville “AT” airplane.-The
airplane with its original landing gear is shown in
Figure 3. It is a conventional 2-place opti-cockpit
biplane with low-pressure tires (16 pounds per square
inch) and oleo struts. By merely replacing these
struts with a p@.r of long-travel “Aerol” oleo-pneu-
matic struts which belonged to another airplane and
happened to be available, the shock-absorbing ability
was increased to the point where it was thought
satisfactory for ted purposes. The landing gear did

FmmE 6.-ModfIMfandiu m with struts folly extandti

not, however, lend itself satisfactorily to as long a
stroke as was desired, because of the large change in
the angle of the wheelswith respect to the ground. For
this reason a stroke of only 13 inches was used although
the struts had a maximum deflection of 18 inches
available.

The landing gear with the special struts is shown in
F~e 4. The slack cables shown with the struts
were for the purpose of biting the stroke to 13 inches
when the wheels were off the ground. The s@-uts
operate by compressing air on the down stroke and
snubbing the return by means of oil. With the air-
plane resting on the ground the air pressure in the
struts was adjusted so that they were extended about
8 of the possible 13 inchca. Figure 5 shows the landing
gear fully extended and in Figure 6 it is fully com-
pressed. In the latter case the tires are deflated to
represent the condition in which they are pressed to
the rim in a hard kmding. The great variation in the
angles of the wheels with respect to the ground is
apparent. This would not, of course, be tolerated in
a landing gear designed for the stroke used.

The airplane was originally equipped with a small
tail wheel with an oleo strut having a stroke of 3
inches. This strut was replaced by an oleo-pneumatic
strut having a stroke of 8 inches, the static air pressure
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being adjusted to give an extension of about 5 inches
with the airplane resting on the ground.

Modification of the landing gear to make it capable
of withtmding much greater vertical velocities than
usual might naturally be expected to entail an appre-
ciable incrwe h -weight. If the greater amount of
energy is absorbed by proportionately increased

Fmum 6.-MadMed ladlng geyw&stmta fully mmpmsed and tfrm

shock-absorption properties, however, the loads on the
various parts will remain the s=e, and any weight
increases wii be due directly to the shock-absorbing
gem. In this connection it is interesting that modi-
fying the Verville landing gear by replacing the three
shock-absorbing struts incr-ed the weight by a total
of just under 8 pofids.

From the spin and glide tests it will be recalled that
the Verville AZ’ had a vertical velocity of 24 feet per
second in a glide with the stick fullback to the limiting
position with which the airplane could not be spun
without the aid of power. This, it seemed, was too
high a rate of descent for the shock to be satisfactorily
absorbed with a landing+gearstroke of only 13 inches.
It was thought that for the landing gear as modified
the verticil veloci~ should not be greater than about
16 feet per second. b order to fid the limiting
elevator position for this vertical velocity, a seriw of
glides were made with the elevator deflection tied at
various angles. The results of these glide tests are
given in Figure 7, which shows aIso the indicated air
speeds. A vertical velocity of 16 feet per second was
obtained with an elevator deflection of something over
10°, and the following tests were all made with the
upward deflection of the elevatma I.ircitwlto 10°.

It is interesting that the minimum value of the air
speed is obtied with this elevator angle, any further
deflection being accompanied by a slightly higher air
speed. The minimum air speed in.a glide, = measured
by means of a trailing-bomb Pitot, w= found to be 59
miles per hour. This k a rather high value for au
airplane with a wing Ioadigg of 9.5 pounds per square
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foot, but is,somewhat advantageous in this investiga-
tion b that it makes the test conditions for the glide-
type lding more severe.

k the glide with the stick held back to the limited
position, the fuselage k inched at an angle of 6° ot
which attitude the tail wheel is about 2 feet above the
level of the main wheek. In these glides the airplane
sometimes took up a slight longitudinal oscillation
when the stick was held fixed either in the full-back
position or in any position back of neutral. The
oscillations did not always occur, but could easily be
induced by abrupt use of the controls. They could
always be stopped by a slight use of the control, and
unless forced by abrupt control movement they were
probably not large enough at any time to prevent a
safe landing. This tendency should, however, be
eliminated in airphmesintended to land in this manner.

Glide landings with stick full back in limited poti-
tion.-For these landings the airplane, at an altitude
of 200 or 300 feet, wss put into a steady glide with
the stabilizer full tail heavy and the stick back to the
limited position. Although the stick was held approxi-
mately full back, it was moved forward very slightly
when necessary to prevent a longitudinal oscillation

I

..7” of 10” 20” 30”
Posifion of ele vafors relo five to stabilizer,
siobiflzer h m mim um toil heovv oosition..,

born developing. The airplane was then merely held
m a straight course in this glide until it came in con-
bact with the ground. The horizontal distance re-
yired to get fim a height of 60 feet to the ground
and the length of the ground run were measured in
the same manner as for the ordinary landings previ-
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ously described. In addition, the maximum accelerat-
ions at the. center of gravity and at the tail wheel
were measured in each landing to give an indication
of the loads setup by the impact.

The results of three of these landing tests, one of
which was made in a 12 miles per hour wind but is
included for comparison, axe given in the following
table.
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The horizontal distance required to get from a height
of 50 feet to the ground, when corrected to the condi-
tion of no wind, was only about 225 feet for each of
the three landings. This is just about half of the
distance required for the shortest landing with the
unmodified airplane, which was 434 feet. (Table I.)
The ground runs are also much shorter with the glide-
type landings, but the percentage reduction is not
quite so great. Without brakes the ground run was
613 feet as compared with 860 feet for the shortest
landing with the unmodified airplane.

The average vertical veloci~ fxom a height of 60
feet to the ground, it wiJlbe noticed, was in the neigh-
borhood of 19 feet per second as obtained from the
measured time intervals. Although this is not an
accurate method of finding the velocity, it is au indi-
cation that the rate of descent at the time of lading
was somewhat higher than the average value of 16
feet per second found in the steady glides with the
stick back at the limited position. This fact can
probably be explained by the fact that the wind
velocity was no doubt appreciably less near the ground
than at altitudes greater than 50 feet, sad conse-
quently as the airplane approached the ground its air
speed became km than the minimum required for a
steady glide and its rate of descent became somewhat
greater.

The glide landings with brakes are not repremnta-
tive of proper braking conditions, for the pilots did not
feel it safe to apply the brakea until about half the
ground run had been completed. This is particularly
disadvantageous with this @e of landing, for it
would be expected that the greatest braking eflect
would be obtained during the first few yards of cmtact
where, on account of the vertical acceleration, the force
pressing the wheels onto the ground is much greater
than just ‘tie we”~ht of the airphme. & shown by the

ndb.mm accelerations rehrded in the preceding table,
hhispressure against the ground rose to an instan-
taneous value of four or five times the weight of the
@lane in the test landings. In addition to ‘the tend-
mcy to nose over which caused the landing runs in
these teats to be longer than those which could have
been obtained with a properly located landing gear,
tie landings were accompanied by a bounce in which
the wheels were off the ground by as much as a foot
or a foot and a half for a distance m great as 80 feet.
her this distance the brakea could obviously have had
no e.fleet. The bounce is thought to be due to the
unchecked rebound of the large low-pressure tires, and
could probably be reduced, if not entirely eliminated,
either by the use of high-pressure tires or with the
proper coordination of tires and shock-absorber struts. .

Even with these unfavorable braking conditions, the
corrected ground runs in the two measured glide land-
ings with par@ use of the brakes were only 352 feet
and 380 feet ascompared with the braked run of 446 feet
in the shortest landing with the unmodified airplane.

The accelerations of about 5g which were mmsured
in these landings are probably somewhat higher than
deshable horn a structural standpoint, although the
landings were not so uncomfortable as an ordinary bad
bump in an automobile. These accelerations can be
reduced to a smaller value by providing the shock-
absorbing gear with a longer or more effective stroke.

In these landings the front shock-absorber struts
deflectid about 10%inches out of a possible 13 inches,
as shown by grease marks on the telescoping tubes, and
the tail strut deflected about 7 inches out of a possible S
inches.

A comparison of Figures 5 and 6 reveals the fact
that the tread increases a large amount as the struts
are compressed, this change being about 3 feet. Since
tracks on the ground after one of the landingwshowed
that ti change of tread took place with a forward
movement of only about 4 feet, it is apparent that the
tires must have been subjected to very large side
loads, and that the particular landing gear used h
unsatisfactory for this type of landing. A few feet
farther along marks in the landing surface made by
the brake levers indicated that the tireswere completiy
depressed. Apparently the tires were not damaged in
any way. In fact, the landings were made repeatedly
with no failures of any kind, and with a properly
designed landing gear there seems no re=on why such
landings could not be made a regular procedure under .
smooth air conditions if desired.

Other forms of landings,-The above glide-@pe
landing with the control stick held full back to the
limited position throughout the entire maneuver
represents one extreme of the range of landings which it
is possible to make with an airplane so m9diiied.
Although it is the shortest form of landing, it is accom-
panied by a rather high acceleration which could easily
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be eliminated in the general run of landings, where
sufficient space is available, by flattan@g out som~
what in the usual manner. The glide landing with
the stick full back would then be used mainly as an
emergency measure, and fortunately would be not only
the shortest landing but would be properly made by
the natural reaction of the pilot; i. e., by paling the
stick all the way back. This is in contrast to the
present conditions in which many experienced pilots
have serious accidents apparently because this natural
tendency overcomes their training and they pull the
stick tOOfar back.

In order to investigate the gentler landings which
would probably be made under ordinary conditions,
tests were made in which the airplanewas glided in at a
series of d.iiTerentair speeds somewhat above the mini-
mum and then at a few feet above the ground was
leveled off as much as possible by moving the stick
back. The accelerations, which were memed in
each we as a measure of the severity of the landing,
are listed here:

For the cases in which the approaching glide was 9
miles per hour or more above the minimum gliding
speed, the accelerations were within the range of those
obtained in ordinary conventional landings with pres-
ent+day airplanes. The landings in these tests, how-
ever, were appreciably shorter and had higher rates of
descent than average conventional landings, the low
accekations and smooth hmdings being due to the
long-travel shock-absorbing gear.

Several conventional-type landings were also made
with the elevator travel limited, and these were quite
satisfactory as ordinary 2-point landings-with the
tail wheel between 1 and 2 feet above the ground as the
resin wheels touched.

In connection with the glide-type landings it was
thought desirable to tid the effect of gliding straight
in to the landing surface at speeds somewhat higher
than the minimum. & shown by Figure 7, the verti-
cal velocities are below 20 feet per second in glides up
to about 80 miles per hour, so that it should be pos-
sible to make kmdings by gliding straight in without
leveling off at speeds well above the minimum, and to
absorb the shock satisfactorily. WW Suf6cient excess
speed, however, the @lane would leave the ground
again, possibly in a dangerous manner. The teats
showed that glide landings could be satisfactorily made
in this manner up to a speed about 10 mikx per hour

above the minimum. The landings in this range were
always accompanied by a bounce, sometimes as high
as 2 feet, but the accelerations were not high, ranging
hvm 1.9g to 4.3g. In a landing with the gliding speed
16 miles per hour above the minimum, however, the
bounce seemed dangerously high and uncontrolled,
although no damage was done to the airplane.

Summarizing, these series of preliminary kmding
tests indicate that an airplane having this combina-
tion of limited control and long-travel landing gear
can not only be landed in a shorter distance and with
somewhat less skill than a conventional airplane but
that ordinarily it can be landed as gently and in a
much shorter distance; furthermore, a safe if not
aIways graceful landing is made ahnost regardless of
the manner in which the airplane is brought to the
ground as long as the air speed is within about 16
miles per hour of the minimum, the airplane is held
level laterally, and the controls are not used violently.
(Smooth air conditions are assumed.) If the glide
landings axeh be made with the minimum of skilI,the
airplane should have good longitudinal as well as
lateral stability in a glide, with the stick tied back at
the limited position. It should glide in a smooth path
without an appreciable tendency to oscillate or hunt,

More detailed tests on the flying oharaoterisths of
the Verville “AT” with limited elevator travel,—
Since the lundings were satisfactory with the upward
elevator deflection limited to 10° and the protilon of
a long-travel shock-absorbing gear, it was thought
desi.rable to investigate in somewhat greater detail
the flying characteristics with the limited control.
The first preliminary tests had shown only that in a
glide with the stick full back to the limited position
the lateral stability was satisfactory and the aileron
control was just about aa tiective as in ordinary
cruising flight. These later tests comprised three main
groups:. A seriesof glides at dMerent air speeds to find
the effect on the @ht path of suddenly pulling the
conhol stick full back in a glide and holding it there;
a series of turns of diilerent degrees of sharpness in
glides with the stick bald full back, to ilnd the vertkml
velocity in the turns and the altitude required for
recovery to a straight glide suitable for landing; and,
iimdly, tests to show the effect of the limited control
on acrobatic maneuvers.

Abrupt pull-up tests in glides,-These are extreme
examples of the eflect of one kind of violent handling
of the controls in landing. They are of interest mainly
in showing what kind of landing could be expected if
the stick were pulIed back suddenly at any aItitude in
the approaching glide and then held full back. Each
test was started from a steady glide during which, at
a signal horn the observer, the stick was suddedy
pulled full back and held there. The maneuver was
performed twice at each of several different air speeds.
The iirst time the manuever was performed,. the verti-
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cd velocity in the steady glide and then throughout
thepull-up was obtained bygetting the time interval for
each 50 feet of descent by means of a sensitive alti-
meter and a bank of six stop watches, all of which coold
be started at once. (See reference 2.) The second
time, the air-speed variation was noted.

In eaoh case after the stick was pulled baok the air-
plane lost some of its rate of descent and the flight
path was leveled off to some degree, the amount de-
pending on the speed in the original glide. When this
speed was 16 miles per hour greater than the minimum
gliding speed, the flight path was flattened out to the
point where it was approximately level at one portion.
At the end of this flattening-out process the speed of
the airplane in each case went below the minimum
steady gliding speed, the amount depending on the
speed in the original glide, and in regaining its mhi-
mum flying speed the vertical velooity and the air
speed both inoreased to values above those for a steady
glide. Thus an oscillating motion took place, which,
although it became 1ssswith eaoh oscillation, was still
appreciable after the third, even in the mild cases.
In this connection it will be recalled that this airplane
sometimes oscillated mildly even in as steady a glide
as could be maintained with the elevator held fixed
in this position. This degree of dynamic stability is
not uncommon in presentiay conventional airplanes,
and it is thought that the oscillations following a sud-
den pull-up are probably common to all of them.

The main results of these tests are given in
lowing table:
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The first column gives the conditions in a steady glide
with the control stick held back at the limited position.
The air speed varied within a range of about 1 mile per
hour and the vertical velocity varied from 14 to 18
feet per second, or +2 horn the mean value. This
variation was probably due partly to the tendency to
oscillate and partly to the condition of the air which
was a little gusty, for the variations were not entirely
regular. The last column is for the other extreme, for
it was made from a glide of 101 miles per hour, and the
nose went up until the fuselage was vertical at an
altitude about 80 feet above the pull-up. The first
oscillations in this case were very severe and the air-
speed values could not be accurately determined, but a
maximum vertical velocity of about 84 feet per seecmd

was reached as the airpkme pined the level at which
the pull-up had been started.

Iu the pull-ups made from glides between 3 and 16
milesper hour faster than the minimum, it is interesting
to note that in each case the minimum rate of descent
occurred at about 30 feet below the level at which the
stick was pulled back. This is an indication that still
gentler landings could have beeg made iu the flattened-
out landings reported in the preceding section if the
leveling+ff process had been started at 30 or 40 feet
instead of about 10 feet above the ground. Ii apply-
ing these results to possible landings, however, it
should be kept in mind that the tests were made at an
altitude of about 2,OOOfeet, and that they do not
include the eflect of the reduction of the wind velocity
near the ground due to surface friction.

An appreciable reduction in the vertical velocity
was obtained by pulling the stick back even in the
glidw which were only slightly faster than the mini-
mum. In the cases where the original ,glide was not
over 5 miles per hour above the minimum, a landing
eonld probably have been made at any point before or
after the pull-up without damaging the airpkme if
the stick were pulled back and held there. With the
faster glides, however, the airplme falls off more
rapidly after the pull-up, and at altitude-s50 or 60 feet
below the point where the stick was pulled baok the
vertical velocities begin to get dangerously high.
These high vertical velocities can, of course, be avoided
by the use of the elevator control after the pull-up, but
they are included here to show what might be expected
in the worst case where the stick is suddenly pulled
full baok and held there. Even this could apparently
be done without damage if the original glides were not
more than 15 miles per hour faster than the minimum
and the sudden pull-up were made at a height of 50
feet or 1sssabove the field. II the pull-up were made
at a height greater than 50 feet, however, the airplane
would hit the ground in a dangerous manner.

The flight paths of the Verville AT throughout two
of these pull-ups are given in Figure 8 as worked up
from the data measured. They are of a more or less
approximate nature, but are thought to represent the
conditions suiiiciently w-allto show how the two cases
compare. In the one which started with a steady
glide 5 miles per hour faster than the minimum gliding
speed, the best point i% make a landing would be at
about 30 feet below the pull-up, where the vertical
velocity would be about 8 feet per second, or half that
in the steepest landings made in a steady glide with
the stick full back. The worst point at whioh to
touch the ground would be at about 120 feet below
the pull-up, where the vertical veloeity would be about
24 feet per second. This is probably about the maxi-
mum whioh could be withstood by the premnt long-
travel landing gear, and inasmuch as the fuselage was
about level at that point, it probably repreaents about
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the extreme cmdition in which a landing without
damage could be made. In the other pull-up shown
in Figure 8, which was made from a glide at 15 miles
per hour above the minimum speed in a steady glide,
the tlight path became horizontal at about 30 feet
below the pull-up. At the worst point, however, the
airphme was nosed down 20° in what amounted to a
dive at 35° below the horizontal, and its vertical
velocity was about 60 feet per second. Striking the
ground in that condition would undoubtedly result in
a very serious crash. As stated before, however, this
condition can easily be avoided by the proper use of
the elevatm control and is only included here as an
example showing the limits outside of which the con-
trols can not be used improperly with safety, even with
the combination of limited longitudinal control and
long-stroke shock absorbers.

Turns of various sharpness with stick held full back
to limited position.-Theso tests were made to inves-
tigate the possibilities of making turns satisfactorily

COMMITTEE FOE AERONAUTICS

The radius of each turn has been found from the
relation.,

w-here
R—radius in feet.
t—time for one turn (360°) in seconds.
V—velocity along flight path in feet per second.
v—vertical component of veloclty in feet per

second. .

The main results for the various turns me tabulated
in the following table.
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in glides with the stick full back to the limited position.
This information is of interest from the standpoint of
maneuvering into a diflicult forced landing, or of
quickly deflecting the. course, just before landing, in
order to avoid an unforeseen difficulty. Steady turns
of various degrees of sharpness, ranging from very
mild to as sharp as possible, were made and the air
speed, rate of descent, time for one complete turn,
angle of bank, and longitudinal attitude were measured.
Then at a @nil from the observer the @lane was
taken out of the turn and put into a s@ght glide as
rapidly as possible, the stick being held fullback to the
limited position throughout. The variation of the
vertical velocity in the recovery horn the turn was
obtained by means of the sensitive altimeter and bank
of stop watches used in the previous tests on pull-ups.
The lateral and longitudinal attitudw in the steady
turns were found by sighting over pivotad straighb
edgca and adjusting them to be prwallelto the horizon.
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The radii, it will be noticed, varied from a quarter
mile tma’ minimum of about 230 feet, and the come-
sponding angles of bank from about 6° to 63°. The
longitudinal attitude was about the same in all the
turns having angles of bank up to 34° as in a straight
glide with the stick full back; i. e., the nose was up
about 6° or 7°. With the steeper banks the straighh
edge could not be sighted against the horizon, but the
attitude appeared to be about 6° nose down in each
case.

The altitude lost during each complete 360° turn.
dminished as the turns became sharper, although the
rate of descent increased. The rnbimum height re-
quired for one complete turn was found to be 466
feet.

For the turns with angles of bank of 18° or less the
air speed, vertical velocity, and longitudinal attitude
were about the same .ss in the straight glide with the
stick full back in the same fore-and-aft position.
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In each recovery to a stiaight path, the quick
change started an oscillation in pitch Mar’ to those
following the pull-ups. In all the cases except that
of the sharpest turn the airplane could probably have
been landed without damage at any time during the
oscillations. Following the sharpest turn, however,
the oscillations were much more severe and the
maximum value of the vertical velocity rose to the
excessively high magnitude of 45 feet per second.

In addition to the above series, two other turns
were measured. Ln both of these the airplane was
first put into a straight glide with the stick back at
the limited position, and then at a signal from the
observer the direction of flight was changed approxi-
mately 90° as quickly as possible and the path straighb
oned out again. The purpose of these was to show
the ability to maneuver rapidly as if avoiding an
obstacle while in a glide with the stick full back.
The @at turn was performed satisfacknily except
that the familkm longitudinal oscillation w-as set up
with a maximum vertical velocity of about 36 feet
per second. The normal amount of bank was used
in this turn. k the second trial the amount of bank
was slightly lower and was reduced more gradually
before straightening out. In this case there was no
appreciable oscillation and the mfium vertical ve-
locity was 28 feet per second. The altitude required
to make the complete 90° turn and recover was
approximately 200 feet.

The tests showed that the airplane can be satis-
factorily maneuvered in turns with the elevator fixed
at its maximum limited upward position, but that,
unless the control movements me made gently,
undesirable oscillations will occur in the recovery.
These oscillations can be immediately stopped by use
of the elevatom, but would be dangerous under certain
conditions near the ground if the stick were held hard
back following a violent maneuver.

Oscillations such as these, which are the result of
rather poor dynamic longitudinal stability (insuflkient
damping) at high angles of attack, are apparently
common to many prwenhday aircraft. Although
this condition is not iroubleaome in the operation of
these airplanes as they are now controlled, .$he con-
dition is undesirable and should be eliminated in
connection with airplanes having a limited amount of
elevator deflection if they are expected to be flown
in glides with the stick full back.

EEeotof the elevator limitation on aorobatic maneu-
vers.—In order to fid whether acrobatic maneuvem
would be hindered or made impossible by fie limited
elevator deflection, tests were made of loops, rollE,
and minimum-radius turns.

Loops were made quite satisfactorily with the
limited control and did not require the full amount of
the limited control available.

The. minimum-radius tdrna with power were also
made satisfactorily, the full amount of control avail-
able not being necessary except with the engine
throttled below 1,200 revolutions per minute.

Satisfactory rolls could not be obtained on this
airplane even with the full original elevator deflection
available. The mmeuver was apparently the same
with the limited elevator deflection.

Effeot of gusty air conditions,-A short time after
the foregoing tests had been ccmpleted, the temporay-
shock-absorber struts installed on the Verville AT
airplanewere replaced by a new pair of shock-absorbing
struts having a usable stroke of 12 inches. (The re-
duction of 1 inch from the original 13-inch stroke was
necessary on account of new end fittings.) With this
equipment additional glide landings were made.
Finally, three were made with the elevator-limiting
device removed on a day in which the wind happened to
be particularly gusty. It had an average veloci@- of
from 12 to 15 miles per hour as found by me- of
an anemometer at a height of 5 feet, but the speed
at any instant apparently varied widely, probably
from about 5 to 25 miles per hour. Two satisfactory
glide landings were made under those conditions, -but
in the third approach to the ground the glide path was
exceptionally steep and the vertical velocity was “
obviously high, although the fuselage and wings
apparently had their normal attitudea. In this
landing one side of the landing gear failed, and the
airplane slid along on one wing tip and the opposite
wheel for a distance of about 90 feet to a stop.

The two bags of white powder were fortunately being
used in this landing, and “theirmarkings ahowed that
the borizontil distance required to get horn a height
of 50 feet to the ground was only 100 feet. Allowing
for a .40-foot wind correction, this givw am average
flight path angle with respect to the air of just under
20°, and assuming that the airplane was traveling
along the flight path at its minimum speed of 59 miles
per hour, the average vertical veloci@- horn a height
of 50 feet to the ground may be calculated as just
under 30 feet per second. This is about 10 feet per
second, or 50 per cent higher than that measured in
previous landings.

A glide kmding of this type with a normal attitude
and a high vertical veloci~ can be accounted for in
two ways. It could be caused eithar by pulling the
contiol stick somewhat back of the position corre-
sponding to a vertical velocity of 16 feet per second
in a steady glide or by the gusty air conditions. The
explanation of the pilot is as follows:

During the approaoh from approximately 600 feet the airplane
paeaed inta a gust whioh cauaed ittoacceleraterapidly to a
high vertical vslooity. Thih gust condition started at 75 to
100 feat from the ground and apparently continued up to the
point of landing. Fortunakily, ti @ was of suoh a nature
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that no appreciable local forces were evident tending to disturb
the attitude of the airplane, and the iimt indication of the effeot
of the gust waa a sensation of the airplane dropping away.

This statement horn an experienced test pilot mak=
it seem probable that the high veQical velocity was
caused entirely by the gusty air conditions and that it
would have been attained whether or not the longi-
tudinal control had been limited.

The investigation is being continued along two lines.
The Verville AZ’ airplane is being fitted with a landing
gear having a substantially longer travel, and the
fuselage is being simmgthened to enable the airplane
to withstand landings at higher vertical velocities.
Further glide landings will thwibe made under various
air conditions. A study is also being made of the
variation of the wind velocity and direction under
Wty air conditions.

\ CONCLUSIONS

1. This prelimimq investigation indicates that
most premm%day conventional airpl~es, if modfied
by (1) limiting the uptravel of the elevators to the
point where they could not be made to spin without
the aid of power; and (2) providing them with long-
stroke shock-absorbing landing geara which would
satiafactmily absorb the shock of landing in a steady
glide with the control stick held full back, would
make posible:

a. @ides with satisfactory lateral stability and
control throughout the entire range of angles of
attack possible to maintain.

CO~E FOR AERONAUTICS

b. Landings without power under normal condi-
tions without the possibility of falling into a spin.

c. Landing over average obstructions and com-
ing to a stop in one-half to two-thirds of the dis-
tmce required for the shortest presentday
conventional landin~.

2. The above-mentioned control limitation on the
Verde AT airplane had no appreciable effect on the
abili@ to perform acrobatic or ordinary maneuvers
in 3ight.

3. Investigations should be carried on having the
aim of decreasing the tendency to bounce in landings
with high vertical veloci~, of improving the dynamic
longitudinal stability at high angles of attack, and of
determining the effect of gusty air conditions on glide
landings.

NATTONU ADVISORY COMMImD FOR AERONAUmOS,

LANGLEY MmIomAL AERONAUTICAL LABORATORY,

LANGLEY FIWD, VA., Januaqt 26, 193?.
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