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' NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MENORANDUIM REPCRT

for the

Bureau of Aeronautics, Navy Department

FLIGET NEASUREMEN,S (F THE LATERAL CONTROL CHARACTERISTICS
OF AM AIRPLAIZ D UIPPED WITH A CCIBINATION
AILERCI-SPCILER CCMTROL SYSTEN
Ey Lawrence A. Clousing and William H, ilcAvoy

SUTI.ARY

Flight tests were conducted to measure the lhateral-
control characteristics of an airplane, equipved with a
lateral-control system, in which as the flaps are lowered
the anilerons droop and a gradual transition of lateral
control from ailerons to spoilers takes place, The par=-
ticular airplane used in these tests was also equipned
with a Maxwell-typo leading-edpge slot. Tho tests showed
satisfactory lateral control except that at full dellection
of tho controls the values of pb/2V were less than C.07
for most sottings of flap, slot, and powoer; that stick
forces wore higher than desirablo in some conditions; and
that a reduction of control force and effoctiveness
gradients occurrcd nocar neutral when spoilers alone were
operative,

INTRODUCTION

Mueh study has been devoted to the attainment of
satisfactory latoral control whon full-span flaps are
employed to incroase tho maximum lift., Cuantitative
information on the lateral-control characteristics of
airplancs employling full-s~an flaps is thercforo desir=-
able, Flight tosts lwve been conductod to weasuro the
latoral-control characteristices of an airpleno equippod
with a lzteral-control systor: in whieh, as the flaps are
lowerod, thc ailorons droop end a gradual transition of
latoral control fror allerons to spoilers takes place,
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.'ﬁlbtn sorodynamic chord . . . . . o . 89.5 inchos

INCIAONEO « o o o o o o o o s o o o 5 0 0 50
Alloron aroa (aft of hingo, total) « . « « « 13,k squarc foot
Stabilizcr arca (including 3.5 sq ft

fusolege and 1.83 sq £t elovator

BAlaneo o « .« o s 6 0 4 o o s 0 e . 3L.6 square fcet

Zlovator nrou, aft of hingc
{including 1.78 sq ft of tabs). 2.0 squaro foot

Fin arec (incluvding 1.18
sq ft rudder balunco) 0 0 o 10.5 sauvaro foet

Rudder, aft of hinge
(including 0.35 sg £t tcbs) 11.5 squoro feet

Control surfucc movenonts 0
R“ddo!‘...llnnnoon o o s 25 eithersido

Rudder ﬁedula (rilot). . 5 311,16 inchos forward,
3-5/8 inches aft

Elovaters ., . . s & « & e o 0 30 up, Zoodom

Elevator controls . . . . T=1/} inches forward,
: " 10- 7/0 inches aft

Allecrons (norpnl) 50 G . . 32% up, 20° down
Allorons (drooped 290) . 0o un, 0 down
Right spoiler . . . . . .. 535° up
Loft spoilor .« o o o o & e« Lho® wp

Alleron control . . . . a o ﬂ inch s right,
. 3 inches left

Allcron droop ceatrol . « 22 megimun turns for
- 29" allecron droop

Elovator tabs . . . . . 10-3/4° up, 15-3/)4 down
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(Yota: Flaps arc spring loadod)
Tolorancc on 21l angloS o o o o o o« o o o s o o o o o 3_10
Toloranco on all control movements « « « o « « + 1/ inch

The mannor in which tho meximum movoments of tho
ailorons and spoilcrs arc affcctcd by change in flap sotting
i1s shown in figurc 6. Inasmuch as tho flap was spring
loadod, it wes freo to move up frer a full-dewn scotting
when air forcos excoeded the spring loading. Tho movomont
of tho flap in this manncr, however, cousod no cliango in the
rclativo movements of tho ailerons ond spoilers, provided
the sotting of thc lovor controlling tho no-load flap
position rcmalnod fixod, The friction in tho latoral control
systom in both loadod and unloadcd conditions is shown in
figuros 7 to 10, inclusive, for flop positions of full up,
ono«third down, two-thirds down, and full down, rospocctivoly,
It will Dbc noted that the valucs of friction crc indicated
by tho forco roquirod to move tho controls in cach diroction,
and that thorofore tho {friction forco is indicated by onc-
half tho diffcrcnco botweon the valucs of forcc shown.

INSTRUIZIRT IFSTALLATION

Itoms chsurod ' Instrumcnt

Timo n VACA timor °
Alr spcod NACA airspood sontrol
Rolling vclocity NACA rceording turnmstor

Manifold prcssuro o Standard airplonc manifold
- prassurc gaugo

Rpnm Stondard airplano
tachomoter

Frco-alr tomporatwro - Standard airplano indie
cating thormomotor
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Alloron and spoilor anglos NACA control-position
*  rocordcr

Stick position NACA control-rosition
rccordor

Flap yosition NACA control-position
rocordcr

Sideslip =snglo RACA yaw-anglc rocordor
Stick forco NACA stick-forco rccordor

Tho airspocd rocordor was comncoted to a swivoling
plitot-static hoad, which wus frco to rotatc in piteh,
locatcd on o boem oxtending about a chord longth choad
of tho loft wing tip. All »eccording instruments wore
synchronizod by the timoer, and thec reccords wcrc ot tainod
photographically. ’

The alleron and spoilcr control-pesition rcocordors
worc mountcd at the control surfaccs, and thus rocordod
accuratc angles of theac swrfocos irros:ncctive of tho
dofloction in tho control systom. 7The¢ stick-position
rc¢ecorder wos mountid at the reor stick, ncar the control
stops,

RESULTS ARD DISCUSSION

Tho latoral oontrel moazsurcrments aro comparod with
tho roquircments for suatisfactory laterzsl oontrol sot up
in rofercnco 1,

One racquiroment of roforcnec 1 (II-B=1l) spocifics
that,at any given speed, the moxinum rolling veloelity
obtainod by abrupt use of tht ailorons should vary smoothly
with the aillcron doflcetion and should be apnroximatoly
proportional to the aileron deflcetion. The ability of the
latcral controls to moot thls rcquircment is indicated by
rlotting ths rolling volooity in abrupt rudder-fixcd
ailcron rolls as a funcdilon of stick detflcotion for tho
following conditions: ‘




Flap Position Slot Position Powcy

11 Full up Closed
12 Full up Opon
iz Ono=third down Closed

and Off
and Off
and Off
and Off
and Off
and Off
cnd Off
and Off

] Oncethird dowm Open
12 iwo-thirds down Closcad
1 Twoethirds down Opon
lg Full dowa Closod
1 Full down Opon

S989888R8

Tho roqQuircmont appcars to bo mot for all conditions
oxcopt tho flap-full-doim condition (laterzl control contircly
by spoilors). In this coandition 1t will bc notcd from ligurcs
17 and 18 that ths movorent of the stick whon ncar its
noutral position did not rroducu the samc change in rolling
volooity as when displaced from ncutral, This condition was
considnrcd unsatisfactory by thc pilots,

Anothor ruquircront of referonco 1 (II-B-2) spceifics
that tho variaticn of rolling nccoloration with timc following
‘an abrupt control doflcction should always be in thu corrcet
dirosction and should rcach ¢ maxinmum valuo not later than 0.2
sceond after the controls have rcoched their givon defloction.
Tho nbility of the lateral controls to mect this rcquircmont
is indioca"cd by the timo historics of two typiecal abrupt,
ruddor-fixcd, ailcron rolls., In figurc 19, control is obtain-
od ontircly by tho ailerons, and in figurc 20 control 1s
obtainod ontiroly by thc spoilors. Figurcs 19 and 20 show
that those requircmonts orc nict for control by olther
ailoron or spoiler. It nmay bo presumcd that theroforc this
roquircmont is mct for any combination of ailleron and spoilors,
Tho pilots noticcd no advorsc rolling accolcration or notico-
cblo lag in any of tho abrupt ailsron rolls mallo.

Tho cbility of thc latoral controls to meot anothor
roquircmont of roforenco 1 (II-B-3) i2 indicated in figures
21 through 28. This rcquiromont specifics that tho meximum
rolling vcloecity obtaincd by tho usc of zilcrons alonc
should bc such th~t the¢ heliz angle generatced by the wing
tip pb/2V is cqusnl to or greotoer than 0,07 where p o is
tho maximum rolling vcloeity in radions per scecond, b 1s
thc wing spzn, and V is tho truo airspcod in fout por
socond, It will bc obscrvod that the curves of figurcs 21
through 28 do not includo tcst points for rolls of full stick




doflcction but that tho curvos aro novortheloss oxtra-
poleted to full stick doflcction, The cxtrapolation of

the curvc to full stick defloction with the control system
under load is considcrced valia, The stickeposition rceorde-
cr was mountod In *h. control syst.m ncar the coentrol stops,
Thus, the limiting valuces of sticl: wovoment roecorded wore
the samu wndorr load 2s under no lond. The range ol angles
over which the oxtrapola<licn is carricd out is smnll.,

Rolls wore not actuully wicde =t full stick doflcction in
ordur that the econtrol forces which werc also measwurcd
during th: roils might not ineludc an indotcrminate omount
of forec duc Lo holding thc contircl zgninst tho stops. Tho
¢xtent to which tals reoguiroment is mct for full stick
daflcction at the laost fovorable spceds for vorious cone
ditions is summari%ed in the following tabulation:

Mnx, Max,

pb/av pL/2v
Figuro Flap Slot Specd right 1cft
numbcr position position Fewor mph roll roll

21 Up Closod ors 108 .05 0.062
21. Up Closod On 78 Mol .06
Up Opon ort 10 WOL7 . 035
i) Opun n 6 .03 .C51
Down Closod off 79 L0656 .022
Down Clozcd on 071 .068
Dotm  Opon ofre : .0L8
Down  Opon On . <051
Down Closod ore { .030
Down Closecd On

Down Cpon ore _ L2 .0 g
Down Opon On N
Down Closod ore 75 043
Down Closod On 070
Down Opcn ofre 9 «080 . ogo
Down Cpen Oon 073 .080

It will be noticed thot the pb/2V rcquircments of
roforonco 1 arc not rct, fThorc 1is considorablc variation
in the maximum valucs of ph/2V for tho various conditions,
It appcars that highcet values of pb/2V aro obszined in
thc flap-full-down condition with thc flape-two-thirds-down
condition giving tho lowest valucs of pb/2v.
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The extont to whiech doflection of the control system
rosulted in loss of rossible rolling velocity is indicated
by figures 29 through %6, ia which the relation between
rcecorded stick position and the aileron and spoiler positions
wher under load in actual Tlight are compared with the noe
load rclzationshiy obszrved on the ground. It will bo notod
that the deflcctions of the cilerons and spoilers uvnder load
worc relatively osmall, ané aro nrobably as amall as ordinary
structural desian practico in latoral control sysirms will
permit., With contrel by tho nilcron (fleps-up condition),
figure 29 would indicata that prrobably not more than 10
percont of the pos3aitls rolling vclocity is lost duo to
deflcetion of the control systum. (7ith control by the
spoilers zlone, figure 36 would indicate that probebly not
more than 1% ocrcont of the peszible rolling velocity is
lost due to deflcctien uwiider load,.

In considering tho loss cf possible rolling veloeity
duo to doflection in the centrol systen, it should be
apprcciatcd that the position cf the control stops are an
important factor. If tho control stops were 2t tho control
surfacos thcmsclves, dofluction of the control systom would
not provent tho attainmont of maximum rolling velocity provid-
ed froodom of stick mevement provailed. In tho tost airplano,
the dofloction of tho froant stick with rolation to tho lateral
control surfaces was much greuter than is indicated in fijures
29 through 36 as tho stick-nosition rccorder was mountod at
the rear stick noar which th: latcral control tubos into tho
wings arc attachcd, Thus, tho dofloctions shewn in fisurcs
29 through 36 do not includu th: additional deflcetion butween
front and rcar sticks. For rocord purposcs to allow the front
stick position to bc detorminced if desircd, figure 37 1s
included to show the deflcetion botwecn front and rcar stick
positions when o forco is apnlicd at the front stick as indi-
catod by thc stick forcc and is rosistod by woeights placed
on thc right cileoron,

Refcronee 1 furthor spccifies (roquiremont II-B-l) that
tho veriation of aileron cortrol force with aileron defloction
should be a smooth curvg, and that tho forec should cvery-
whorc be grent cnough to roturn tho eontrol to trim position.
Tho ability of thoe latural centrols to mect this roquircment
is indicated in figurcs 3 throvgh L1, These figurcs show
that this rcquircmont is mot, cxecont perhaps in the flap-full-
down position for which condition figurc L1 shows a slight

Be-:  JENS
LR R
. g

I o X S Sy T

g g e
D £ e s A
R Y "" A > WU DR .

-t

IR

; Wipomion, 42 - T T e R e e ., i, S SO
ESE whyT 8T S g : RO
R ST e T e NS Ry, T et L L

Z B St v } =t

. e
ceeen - s .
v [ S e g g

s . - s . PO
[ i L S ermesge L __:_#':L_‘-_e_..,___ Tean



infloection in thc forco curvos noar the noutral position,
This inflcction was noticcchlc to the pilots in flight,

Anoticr requircment of rofcrence 1 (II-B-5) srocifics
that ,at cvery spsod below OC pereont of maximunm lcvel flight
swccd, it sliould Lo possiblc to obtnin theo speecificd value
of ph/2V witheut oxcucding + 30 pounds applled ot tho
grip of tho sticx. Tho ability of the latersl controls
to mout this roguircmont is illustrated in figurcs li2 and
42. The maxinum 1n-11c'~tu~. 1r8pood in lovcl flight 1is

9 milos per howr. Tigwres 2 and 43 show that this
roquiromcn‘r. is not m.t.

Pigurcs L)y through L7 1llustroie the ability of tho
latoral controls to w .JCJ'L & recquircmont of roeforcnee 1
(II-C) which spceifiocs trat ty with ruddor locked at 110
pcrecnt of the mininum srcod, the sideslip developed
rcesult of full ailcron dcfloction should not cxcocd 20,
The minimum spocds for the various conditions and the maxi-
rum ongle of sidoslip obtrincd aro tabulatcd os fellows:

loxirmum
Hinirmun Anglc of
Flgure Flap Slot Spced Sidoslip
Numbcer Position Pogition Powcr #aph Dearces

Up Closcd orf 70.5=77 5 at
Up Closod On - 5 at
Up Opcn off 79.0=32 15 at
Up Onen On - at
1 Down Closod orr 19 at
1/3 Down Closcd On ot
1/3 Down Opcn ofs at
1 Down Open tn at
5 Dewm Closcd ore J0 at
Down Cloaed On at ¢
5 Down Onen offr ntod
2/5 Down Opcn On 5 at
Full Down Cloasecd orr 60, q-62 5 nt
Full Down 2loscd Cn 29 o-?o o 1.5 at
M:ll Down  Open ore 5 0 11,5 at
Full Down  OUnen tn 18.5-L5.0 13 ~t 59 mph

# Minimun spocd dopondcnat upron cowl flap, and hood positions,

X
.. lcii.-"“"‘_.
e n




10

It will bo obsorvod from tho tobulation that 20° of aldos%ip
uns cxtouded in only onc condition at whiech a valuo of 22
sldoslip was obtrineé. It aproars, howover, that the spood
¢t which tliis valuc wos cobtained was lowor than 110 rercont
of thc minimum spucd, althoush this is not cortain as the
sinimem sposd wes not ohtained for tho condition concceriod,
Bcezusce of the mony varicd valucs of minimum Spood of this
airplane, it is not possiblc to state dofinitcely whether or
not.this rcquiriment has beon niet for all conditions, In
genoral, however, it acppeors thet the roquircment is nmct
sctisfoctorily,

On thc whele, tho pilots regardod tho lateral controls
o8 unsatisfactory., ‘/ith controls ontircly by thc ailcrons
(flaps up), control rorccc wore too hoavy and the controls
sccmed to mrovide insuffieciont rolling volocity. With
control ontirely bty tho sroilers (flaps down), control
sccnmod uncertain, It is belicvod that this offoct was causod
by thc nonlincar charncteristics of tho latoral control when
noar tho ncutral position as is shown by figurcs 17, 18, 27,
28, 2nd Ll., It was tho improssiuvn of tho pilots thnat 2s tho
stick was moved boyond 2 cortain region noar ncutral tho
rolling vcloelity rosulting would not tcnd to bo the cinet
valuc dosircd by the pilot, Anvorently, the nonlincar roll
and forco charactcristics made smeoth control difficult, It
is not belicved that figurcs 17, 15, 27, 28, and L1 show this
oharactcristic to the cxtent that it is fclt by tho pilots,
orobably beecauseo an insufficivnt number of tcst points woro
obtaincd with controls ncar th: ncutral position, Control
forcos worc most satisfactory when obtained by a combination
of ailorons and spoilors in the flap-ono=-third-down position.
However, in this condition as in other conditions tho .
improssion was goined that lateral control was insufficiont,

CCI'CLUSICHS

l. Tho variation of moximum rolling volocity with
lzterol stick movomont as obtaincd in abrupt ruddor-lockoed
rolls was satisfactorily smooth cxcopt whon control was by
spoilir alonc, :

2. There was no lag in the attainment of maximum
‘rolling ncceloration with any combination of ailorons and
spoilcrs.,




1

3. PFor full deflection of the controls, the values of
pb/2V obtained wore lcss than the requirod valuo of 0,07
for nost conditions ef flap, slet, and pewer,

Li. Tho variation of latcrsl-control ferce wiih
lateral stick movement was satisfactorily smooth except
when ocontrol was by the spoilers alcone, '

5. The force was evorywhere great enough to return
the contrel to trirm nesitlen,

6, It was not mnessible to obtain a value of pb/2V
of 0,07 at every spaod belew 80 percont ef maximum level-
flight spoed witheut cxecoeding 30 pounds applied at grip
of thc sticis,

7. The sideslip doveloped as a rosult eof full

doglection, rudder~leocked, ailoren rells did not exceod
20” at 110 pcercent eof tho minirmum spood.

Amos Aeronauticael ILaboretory,
National Advisory Committec for Aeronautics,

Meffatt FiolZ, California,

y-

RLFERENCE -

1, Gilruth, R. R.: Roquiroments for Satisfactory Flying
Qualities eof Airplenocs. NACA ACR, April 19h1,
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WATIGNAL ADVI SOAY
TTEL POR ABRBRMITICS

Pigure 3.~ Test alsplane, pinu view.
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Pigure 4.- Plan view drawing showing location and
approximate dimensions of high-1ift devices and
lateral control.
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Variation of maximus movements of allerons and spolilers

rigure 6.-
with change in flap position.
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INCHES FROM NEUTRAL
ALOMG A0C OF MOVEMENT

Pigure 7.- Friction in the lateral control system, flaps up, as
indicated by the stick force required to move the ocontrols
on the ground.
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8.~ Friction in the latersl control system, flaps one-
third down, as indicated by the stick force required to
move the controls cn the ground.
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AYI0uAL ADYI SOR
TTEE FOR AERONA

Figure 9,.,- Friction in the lateral control system, flaps two-
thirds down, as indicated by the stick force required to
move the controls on the ground.
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Figure 10.- Priction in the lateral control system, flaps full

down, as indicated by the stiok force required to move the
ocontrols on the ground.
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AT IONAL ADVISORY
TTRE FOR AEROWAJTICS

Pigure 1l1.- Rolling velocity as a function of lateral stick
position, flaps up, slots closed,
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Pigure 12.- Rolling velocity as a funct
1 1o
position, flaps up, slotz open, ihaihnt chtbb o
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Figure 13,. Rol1t
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Figure 15.- Rolling velocity as a function of lateral stick
position, flaps two-thirds down, slots closed.
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Pigure 16.- Rolling velocity as a function of lateral stick
position, flaps two-thirds down, slots open.
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Pigure 17.- Rolling velocity as a function of lateral stick
positlon, flaps full down, slots closed,
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Flgure 18.- Roiling velocity as a function of lateral stick

position, flaps full down, slots open.
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Plgure iY.- Time “istury of an ubrupt rudder locked alleron
roll, flaps uy, slots closed, power off.
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Plgure 20.- Time history of an abrupt rudder locked roll by use
of spcilers, fiars fuill cown, slcts 2iosed, power off,




NATIONAL ADw) SOw
COWMI 1746 30W afuOnan’

T a0

o83 Kravet

RS
Nas

. ME

B PN

it

"‘vi o Wﬂf_

position, flaps up, slots closed.

Pigure 21.- Helix angle, gb, 2V, as a function of lateral stick
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Pigure 22,- lelix angle, pb/2V, as a function of lataral stick
position, flaps up, slots open.
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Flgure 23.- Hellx angle, pb/2V, as a function of lateral stlex
position, flaps one-thirc down, slots closed.
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Figure 4.~ lielix anple, pb/2V, a3 a function of lateral stick
position, fla}a one~third down, slots open.




. Ak £59.D 0

r

-
<

e spedc £

Nt IINAL e udnt
CIUMITTRE o= aomina °

Figure 2B8.- Helix angle, pb/2V, as a function of lateral stick
position, flaps two-thirds down, slots closad.
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Figure 26.- Hellx angle, pb/2V, as a function of lateral stiex
position, flaps two-thirds down, slots open,
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Figure 27.- Helix angle, pb/2V, as a function of lateral stlck
position, flaps full down, slots closed,
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Figure 28.~ Helix angle, pb/2V, as a function ~f lateral stick
position, flaps full down, slots open.
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Figure 29.~ Relation between alleron angle and lateral stick
position when under no load and when in fli lit, flaps up.
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Flgure 30.- Relation between spoller angle and lateral stick

pPosition when under no load and when in flight, flsps up.
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Figure 31.- Relation between aileron angle and lateral stick
poaltion when under no load and when in flight, flaps one-
third down,
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Figure 32,- Relation between spoiler angle and lateral stick

position when under no load asnd when in flight, flaps one-
third down,
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Figure 34.,- Relation between spoller angle and lateral stick
position when under no load and when in flight, flaps two-
thirds down,




Pigure 35.- Relation betwsen alleron angle and lateral stlck
position when under no lcad and when in flight, flape full
. down,
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FPigure 3C.- Relation between spoiler contrul and luteral stick
position when under no loau and when in tligat, foaps full
down,
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Pigure 38.,- Variation of aileron stick force with lateral stick
position, flaps up,




figure 39.- Variation of alleron stick force with laeteral stick
position, flaps one-third down,
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Flgure 10.- Variatlon of allercn atick force with lateral atick
position, flaps two-thirds down,
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Pigurs 41.- Variation of alleron stick fores with lateral stick
position, flaps full down,




WA IONAL Aswit, w0
MM TTEE Fla srauN ALt iLh

Figure 42.- Maximum helix aagle, pb/2V, for lateral stick
of 30 pounds or less, all puwer-off conditions.




Pigure 43.- Maximum helix angle, pb/2V, for lateral stick force
of 30 pounds or less, all power-~on conditions.
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Figure 44.- The angles of sideslip developed as a result of
lateral stick movement, flaps up.
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Flgure 45.- The angles of sldesiip developed as a result of
lateral stick moverient, flapa one-third down.
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Mgure 46,- The angles of sideslip developed as a result of
lateral stick movement, flaps two=-thirds down.
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Figure 47.- The angles of sideslip developed as a result of
lateral stick movement, flaps full down,
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