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FLIGHT MEASUREIBNTS OF THE ELEVATOR DEFLECTIONS
USED IN LANDINGS OF SEVERAL AIRPLANES

By <¢oseph R, Venscl
SUMKEARY

A collection of dnta on the elevator deflections used
in landings of severrl airplancs is presented ir tabular
form, The physical characteristics of these airplanes are
also given., The elevotor deflection used in lardiag some
airplanes was found tc bs ss much ns 14.4° grenter tian
that used to stoll under the same flight ~nd loading condi-
tions,
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The purpose of this report is to present flighs-test
data on %the elevator deflections used in landing for o
numder of airplancs. Such information is not available in

published forum at the presont vime.

The clevator doflection required to land an airplanc
is of interest to dosigncrs, since the up-elevator deflecw
tion range is likely to be determined by the landing con-
dition, TFurther, if it should be desired to decrease the
elevotor hinge monments by use of narrow-chord elevators,
duc consideration must be givern the elevator deflection
necded for landing.~ The probler: is also of interest when
an attenpt is nrde to linmit the up-elevator travel of on
alirpleone so t“au it carnot te stalled in flight but will
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still be capadle of ucking o zood 11n01nu.

n the effeet of

Wind-tuvnnel investigati e
cnces 1 and 2) indicate
c

e

0
ground interference on trin ( £
that when flens arc uscd larze i
¢eflections may be reguired nuar
those at altitude in order to at
attack, These observations arc ve

tained in this revort,

ascs In up-elevator
sround as compared to

2 & given high angle of

ified in tne data cone

The limited nature of the tata avallable did not per-
it a complete investigation of ground interference on
triu, It is fully appreciated that the value of Cy for



stall at sltitvde and at landing is probably not the sanie,
However, the comparison of tne elevator deflectiong be-
tween shalls at altitude and landings under the sane loadl-
ing conditions is made. The designer should be able to
determine from tunnel tz2sts or calculations the elevator
deflection required to stall at altitude.

APPARATUS ATD TESTE

The data were collecceted Trom photographic records taken
in tests of the stalling characteristics and landiags of the
airplanas where the taLTS and landings were uasde under coll=
parable conditions. The records woere ovtainnd by installa-
tions of KACA recordingz irstrurments and » syaclkronized photoe
theodolite, The elevator delections 1scd in laanding were
deterninced by corrclating the clevator control-position rec-
ord with the normal acscoleration rocerd which shows a nariked
change at ground contact, IZEloxvator dcflections for land-
ings were taken frou the rocord an instant boforoc contact.

tics cof %tne airplancs for wkich
iven in tabls I, and linc drawings
angenent ~re shown in figure 1,

Paysical charactoris
data were avallable aro
showling their gencr-l ar

Pod
[
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REZSULTS AYD DISCUSSICN

Table II contains the data for cirnlanes 1 through 9.

This table includes the flap cetting, the elevator deflece-
tion just before ground contnct, tile vertical wvelocity

just tefore contact, the normal acceieration nn instont ve-
fore coniact, the naxzinmun nornnl accelerntion ot contact,
the attitude of the thrust axis at contact, the elevator
deflection required to produce on uunccalerated stall at
aliitude, the indicated air speed %to stall at n~ltitude, oand

the pilot's rewnarks on thc landing,.

L sunrary of %the matcrial in table II is given in ta-
ble III, wherc the averngoe elevntor deflcetion to unke o
thrce-point landing, the clevaior angle to stall ot nlti-
tule, and the aifference betwoen the elovetor deflection
for theso conditions are shown. Portinent data o2 & nun-
ber of airplancs not included in table II are also given
in table III.
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It will be noted fron table III that usually, when
flape arc usecd, the difference between the average clova-
tor deflection to ncke a threc-point landing and the cle
vator deflection to stall at altitude (A8,) is quite
large; for airplanc 2, with 50° flap defle ctlon, ASG
14.4°.
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n

An attenpt was nade to correlate the data by reducing
L8 to an equivalent change in angle of attack of the hor-
izontal tail surface, but Cue to the large number cf inde-
terninate factors involved, no consistent results for 11
the airplanes could be outa,lfl'v1

An important element that contributeg to the nao v ani -
tude of A6, is the piloting technicue cmploryed in the ex-
ecution of a landing., For example, if ~ landing approach
is made just above the stalling sweed in o henvily Fflaopped
airplane, it may be impogcible to pitech to a three-point
attitude and reduce the verticnl velocitr to zero even by
the use of full up elevator, whereans, if the »Hilot kceps
an approeciable wmargin of specd above stallirg, it usually
is found that the same alrplane can be landed in o three-
point attitude with no difficulty. Cr, if the airplanc is
stalled o few feet above the ground, full uwp clevator is
of no avail in attenptiang to produce a good londing; whare-~
as, if the same alrplane is stalled almost in contact with
the ground, the eleoevabtor travel may be gquite sufficient for
good landing, Londing in gusty air conditions also may de-—
mand large up-clevastor deflecctions,

TUntil o more comprehensivoe investigntion of ground
cffoct on trim is made, it is loped thot the daita containced
hercin will be helpful ia the design of new airplancs.

COJdCLUSIONS

Tre elevator deflections used in landings of some
eirnlanes are considerably larser bthan thes elevator deflec-
tion required to stall at sltitude, The maximum value of
this difference in the slevator angle required to stall at
altitude and to make & threc- cint larding of the airplanes
investigated was 14.,4° under tie same flight and loading
conditions,

Langley Memorial Aeronsutical Laboratory,
Tational Advisory Committce for Aeronautics,
Langley Field, Va.
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NACA : Table 1

TABLE 1
PHYSICAL CHARACTERISTICS
OF AIRPLANES TESTED

Alr- | Wing | Wing { Aspect] Taper] Horld Horid Aspecti Elevator asrea | Type | Flap | Center-
pla area, span, ratio {ratio zon-{ zon- | ratlio | Tota all ared of ares, | of~
(s (re) | of of tal | tal {of flap { (8q gravity
v wing }jwing | tail] tall | tail re) posi-
area,! span, tion,
(sq | (ft) , (per-
rt) cent
- l".c')
1 {2780 {s | 8.0 | 4.3 s05}45.0] 4.0 0.36 sp11t| 256 | 25.
2 1420 103 Z.e .z.g 25 %;.8 t.s .27 s§11t 139 23.?
i 965 89.5 A 2. 203 1 26.7 5 «30 Split}] 63 22.0
5&2 65.5{ 7.9 3.5 | 116 21.& ﬁ.l 3l Fouler| 93 30,2
2 23 3 5.9 2.5 L8 112.8 | 3., o33 Split| 25 26.7
15 1 3 7.5 1.0 28] 9.3 3.1 .39 Plain} 12 zg.o
T 169 | 3 T.7 1.0 25 | 10.2 3.1 . A6 None | «e- 28,1
8 180 | 36 7.2 1.0 26 {10.0 . Ji2 - N ——e 25.1
162 | 3l Z.z 2.0 | 25i10,8 3.3 .he ngg: - 22.0
10 15% ] .8 1.0 25 8.& 3. . Plain| 11 22.0
11 23 52.5 s.g 2.5 48 112, 3.Z .36 Split| 3 23,6
12 22 5. Edp. { 51 {13.8 . .56 Split} 2 28.5
RolE G |5 (| Rl | B e Ry E
15 | 260} 38 | 5. 122 | &5 {139 | 38 .38 shiisl 3.l 5832
Air— | Mean Helght § Heighfl Ground Up- Gross Angle Wing section
plane | aero- | at wing | elevad angle eleva-i weight,| of
dynamiq quarter+ tor of tor (1b) inet-
chord, | chord hinge | thrust travel dence Root Tip
(rt) point ebove { axis avail- of
above grounq (deg! able, wing ,
ground | in (deg) (deg)
in three-
three~ { point
point atti-
atti- tude,
tude, (re)
(£e) )
' NACA: NACA:
1 21.3 8.5 4.5 7.7 26 48,100 k.5 0018 0010
3 1. .0 7.5 2 39,000 3.5 0018 0010
3 11,7 Z.s ﬁ.s 10.5 2 20400 | 2° 221 07.6
4 9.2 .5 4.0 | 14.0 3 1,700 § 2 2301 23009
SN RN W AR
7 1.8 6 11% 13.5 3L 1,090 -1%\ Clark Y
NACA: ' ’
g 5.g 6- g.o 9.0 27 1,060 | ~--- 23012 23012
10 gzg A B0 B I 0 S - S 23 Bl B Sz
ol ERE, meds | B gk B B
8 7.8 5.3 ['2:7 | 149 21.5 | 9,280 | 2 232018 23009
18 ;:g g:g ﬁ.g ig.g Zg Z,Sgg g. NACA-CYH NACA~CYH
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. NACA

TABLE II
LANDING DATA FOR AIRPLANES 1 TO 9

Table 3

Landing) Flap Elevator| Vertical |Normal jMaximumiAititude|Elevator|Indicated|Type of landing and remarks
positionjangle velocity|accel- [normal f{of angle tolairspeed
(deg) Just instant |eration{accel~ jthrust stall at{at stall
before |before instant{erationlaxis altitudejat
contact,| contact, [before |at at (deg) faltitude,
(deg) (fps) contact) contactjcontact, up mph
up (g) (g) (deg)
AIRPIARE 1
1 4] 12.8 0.9 1.03 1.38 7.2 -- - Tail first, partial power
2 o] 16.3 2.6 +96 1.60 7.9 - - Tail first, partial power
3 25 - 2.1 .98 1.32 6.9 8.0 54 Three point, partial power
4 25 19.0 2.1 1.00 1.39 7.6 8.0 54 Three point, mild partial power
) 25 18.5 - 1.03 -— 8.1 8.0 54 ¥heels first, partial power
6 28 19.2 1.9 1.01 1.53 7.5 8.0 54 Three point mild, partial power
7 26 18,7 2.6 1.00 1.35 7.5 8.0 54 Three point mild, partlal power
8 27 18.5 2.1 1.03 1.35 8.1 8.0 54 Three point mild, partial power
9 60 17.5 3.7 1.00 1.60 3.6 17.5 59 PWheels first, bounced, partial
power 1in appronch, power cut
10 60 16.5 2.5 1.07 1.64 3.2 17.5 59 Just before contact
) AIRPLANE 2
(All three-point landinga}
1 0 8.0 2.7 - 1.45 7.5 6.5 86
2 0 8.4 1.2 1.00 1.33 8.1 6.5 86
3 30 11.3 4.4 - 1.48 8.1 4.5 -
4 45 112.5 4.1 1.12 1.29 7.9 -- -
s 80 18.2 2.1 1.11 1.47 8.7 5.4 73
6 60 21.1 - - - .- 5.4 73
7 60 20.1 - - - - 5.4 73
- AIRPLANE 3
1 [+} 12.2 3.3 0.98 1.53 12.5 - - Tail first
2 59 12.6 3.1 1.00 1.12 11.0 10.0 70 Three point
3 59 14.3 2.9 «90 1.09 11.5 10.0 70 Three point
4 59 - - <95 - - 10.0 70 Three point:
) 59 12.6 6.0 .90 1.40 8.7 10.0 70 cecvmmec -
6 59 18.6 4.3 63 - 11.7 10.0 70 Tall fix-st
7 59 8.5 4.8 .95 1.33 10.3 10.0 70 Wheels first
8 59 - 3.2 - - 6.1 10.0 70 Wheels first
AIRPLANE 4
1 og®) 19.4 1.9 1.00 | 1.41 | 14.9 -- -- Tail first
2 zogi:), 21.0 "1.0 - - - -- - Almost three point, power dreg in
3 20% 14.0 1.6 - - - - -- Wheels first bounced
4 vs,zf:)l 14.3 .3 1.02 | 1.20 9.1 - - Wheels first bounced
8 100¢ 23.0 1.0 1.00 1.22 10.6 - - Wheels first bounced
AIRPLANE §
1 30 22.2 - - - -- - - Three point
2 30 22.0 2.6 0.93 2.02 12.3 - - Slightly tall first
3 30 21,0 1.6 1.00 1.61 12,6 -~ - Normal three point
4 32 19.8 1.4 1.00 1.40 12.0 -- -- Slightly tail first
S 45 14.8 2.2 1.08 1.79 11.0 12.0 © 66 Flared wheels first bounced
6 45 22,3 2.8 1.08 2.28 13.4 12.0 66 Three point (held off)
7 45 23.3 1.8 1.00 1.65 11.3 12,0 66 Steady tail first
8 45 22.2 1.2 .95 1.43 11.7 12.0 66 Short burst power, steady thres point
9 45 24.0 1.8 1.00 1.58 11.2 12.0 66 Fower approach, wheels first btounced
10 45 18.7 1.7 1.00 1.47 11.3 12.0 66 Floater, three point
11 45 2¢.4 1.9 1.00 1.54 11.0 12.0 66 Power awg in, amooth tall first
12 45 18.0 4.6 1.00 2.08 11.0 12.0 66 Wheels first bounced
13 45 22.6 2.3 .94 1.63 10.9 12,0 €6 Smooth three point
14 45 21.8 .9 .98 1.32 12.1 12.0 66 'I‘hree point
15 45 28.0 z.7 .99 1.61 14.3 12.0 66 14 tail first
16 45 25,7 3.6 .95 1.92 12.8 12.0 66 Three point slight power
17 45 28.0 2.3 .84 1.88 13.1 12.0 66 Tall first slight power
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TABLE II (CONTINUED)

LANDING DATA FOR AIRPLANES 1 TO 9

Table 2 (continued)

Landing! Flap Elevator| Vertical|Normal |Maximum{Attitude|Elevator|Indicated|Type of landing and remarks
position] angle veloclty|accel- {normal {of angle tolairspeed
{deg)- | just instant [erationjaccel- [thrust atall at{at stall
before | before instant]erationjaxis altitudgjat
contact,| contact, {before |at at (deg) {altitude,
(Qeg) (fps) contact, contact,jcontact, up mph
up (g) (g) (deg)
AIRPLANE 6
1l Q 24.1 1.6 €.90 1.78 12.2 16.0 48 Mild three point
2 o] 25.3 3.6 .90 1.80- | 12.8 16.0 48 Tail first partial power
3 0 25.3 9.5 80 4.00 13.2 16.0 48 Dropped 8 f{ partlal power
4 [o] 24,1 9.5 - .72 4.863 9.0 16.0 48 Wheels first bounced
[ (o] 4.8 4.8 93 2.53 2.8 16.0 48 Wheels first bounced
6 o] 7.7 1.6 .95 1.30 4.4 16.0 48 Fower on, wheels first tangential
7 0 6.5 1.3 97 1.18 7.6 16.0 48 Power on, left wheel tangential
8 (o} 11.7 1.3 .96 1.18 8.3 16.0 48 Fower m, right wheel tangential
9 0 25.3 6.0 -- - 12.2 16.0 48 High level off, hard on left wheel
10 31 23.6 .9 .93 1.34 11.7 16.0 44 Three point mild
11 31 25.3 £.6 77 2.92 11.2 16.0 44 Dropped in partial power
12 31 6.0 4.8 03 "} 2,67 1.3 16.0 44 Wheels first bounced
13 31 25.3 9.1 7 4.35 7.0 16.0 44 Dropped in £ ft
14 31 10.5 1.4 .96 1.30 10.9 16.0 44 Normal on left wheel
) AIRPLANE 7
T T T
1l None | "*.2 | 0.8 1.00 : 1.61 10.4 22.7 43 Three point -
2 pro- <« " 1 1.8 .98 1.47 9.6 22.7 43 Three point -
3 vided 17.0 - 1.08 1.44 - 22.7 43 Three point, perfect-
4 25.6 T.5 1,02 2.06 11.6 22.7 43 Full flare to three point
5 10.8 4. .99 2.58 4.5 22.7 43 Wheels first bounced
© 4.0 - .84 1.61 - 22.7 43 Wheels first bounced
7 14.9 5.4 4,089 2.01 7.3 22.7 43 Unchecked glide
8 19.5 -- 1.08 1.70 - 22.7 43 Left wheel
9 30.3 4.8 .90 2.17 10.5 22.7 43 Dropped 3 ft, three point
10 32.0 7.4 .65 3.18 - 22.7 43 Dropped § ft
11 32.9 -- <91 ! 1.96 - 22.7 43 Tail first
|
AIRPLANE 8
1 None 17.4 0.7 0.94 l.28 9.1 21.0 38 Perfect three point
2 pro- 21.2 1.5 .98 1.79 T.2 21.0 38 Held off, dropped in
3 vided . 24.8 4.3 .85 2.68 7.5 21.0 8 Held off, dropped in
4 2.1 4.2 1.00 2.08 .3 21.0 38 Unchecked glide
5 2.4 3.9 1.02 2.25 2 21.0 38 Unchecked glide
6 27.0 3.2 .64 2.10 13.5 21.0 38 Held off
© "7 27.0 4.6 72 2.81 6.4 21.0 38 Held off to stall, dropped in
8 27.0 3.5 .88 2.10 9.3 21.0 38 Tail first )
9 =<3 2.4 .89 1.74 -1.3 21.0 38 Unchecked glide .
10 10.¢ 5.0 .98 2.49 2.6 21.0 38 Unchocked glide
11 .1 1.3 .89 1.70 4.7 21.0 38 Unchecked glide
12 1.% 1.7 .98 1.49 4.7 21.0 38 on pight wheel
13 Ss.1 .8 .94 1.83 4.3 21.0 38 On left whesel
14 2.1 2.3 .98 1.45 4.0 21.0 38 On right wheel
15 4.6 3.3 .98 2.25 1.8 21.0 38 Unchecked glide partial power
16 3.9 3.1 .98 1.70 2.2 21.0 38 Unchecked glide psrtial power
AIRPLANE 9
1 None 13.0 0.7 1.03 1.30 10.9 17.0 52 Three point dropped in
2 pro- 13.0 2.0 1,08 1.11 9.7 17.0 52 Three polint
3 vided 7.3 5.3 .99 1.87 5.0 17.0 52 Two point
4 8.3 3.3 .95 1.72 8.5 17.0 52 Two point
S i 8.3 8.3 1.11 2.59 3.9 17.0 |, 82 Two point
6 9.3 .9 .97 1.68 8.8 17.0 52 Two point, partial power
7 8.3 3.8 1.03 1.77 5.5 17.0 52 Two point, partlal power
8 T3 3.4 1.18 1.54 5.4 17.0 52 Two point, partial power
9 17.0 1.2 .99 1.11 13.4 17.0 &2 Tall first
10 16.5 2.0 1.00 1.18 12.2 17.0 52 Tall first
11 17.Q 1.2 1.11 1.17 13.3 17.0 52 Tall first
12 17.0 2.3 1.02 | i1.28 13.2 17.0 52 Tail first
13 17.0 2.3 .99 1.07 12.3 17.0 52 Tall first
14 17.0 1.6 .93 1.49 12.1 17.0 52 Tall first, partial power

*
Flap deflections in percentage of full deflection.




"USTTJ Ul pe3seq soUBTAAlR JO SSUIMBID UL -*T oJyB1J

i

2

r S/ W21 .
[ g 17 ar ..|.Q b1 m\.
<

[

-1

=

B72~1




