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4 MASS-DISTRIBUTION CRITERION FOR PREDICTING
THS EFFE0T OF COFTROL MANIPULATION ON
THE RECOVERY FROM A BPIN

By A. I. Neihouse
SUMMARY

Results of spin-tunnel tests of 65 models indicated
that when the airplane design simulated that of the ear-
lier single~engine type, witnh masg distrihuted chilefly
along the fuselage, alleron-with and eslevator-up settings
aided recovery, and the rudder was the predominant con- .
trol for recovery. Wheu the decsign approached the design
of multiongine airplanes (or the more recent single~engine
airplanes with wing tanks and wing armament) with the mass
distributed chiefly along the wings, however, alleron-

,I‘ \-againgt and elevator-down settings were conducive to the

;)o#g’ moest rapid recovery and the elevator was the predominant
. Iy - ocontrol.
» -4
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The primary importance of the mass distridbution of
an airplene in determining ite spinning characteristics
is demonstrated and a useful criterion for predicting the
optimum control manipulation for recovery, based on a non-
dimensional mass-digtribution parameter, is presented.
Oharts that should be useful for such predictions to both
the pilot and the designer are included.

INTRODUCTION

During the past b6 years, 66 models, representing air-
planes covering a wide range of dimensional and mass de-
8lgn characteristics, have been teasted in the NACA free-
spinning wind tunnel. is is to be expected, these models
have shown varied spin and recovery characteriastics, re-
flecting the differences in the proportions and mass dis-
tribution of the modele. A consistent difference, however,
in spin and recovery characteristics was early apparent



between models heavily loaded along the fuselage and those
ligatly loaded along the fuselage, or heavily loaded along
the wings. In an effort to estadlisk mass distribution,
and not sperodynamic characteristics, as the primary fac-
tor causing this differonce, a serios of specinl tests wns
undertaken for many of the models, and results of such
tests hnve becn accumulated for 19 represcntatlve dosigns.
For these tests, the mags distridbuticn of each model was
varicd and models whose wess distridbution was origllelly
ciilefly along the fuselnge woare r:loaded urtll the moss
wag dlatributed chiefly alonz the wingas. Modols loaded
chiefly along the wings likevise had their mass distridbu-
tlon reversged.

A qualitative analysis of the results was obtained
for 65 models tested in ths spin turnel, as well as of
the results of special tests for 19 of these models.
Dofinite rules have been forumulated concerning the effects
of control manipulation on the recovery from the spin, as
influenced by the airplace mass diustridution. 4 criterion
based on a2 nonditensional mass-dlistridbution parameter has
been established for prcdicting these effects.

AFFARATUS A¥D TESTS

The spln-testing technique in the NACA free-spinning
wind tunnel and the coustructlon of spln models are de-
scribed in detall in referencs 1. Tke models, constructod
of balsa, are ballasted for dynamic simllarity to the cor-
responding alrplane by instaliatlon of proper welghts at
sultabdle locations. An auntomatic clockwork delayed—action
mechaniasm or a magnetic remoto~control mechanlsm is in-
stalled in the model to actuate the controls for recovery.

The model with the ruvdder set with the srin is launched
in the spln by hand into the vertical upward alr stream of '
the tunnel. The alrspeed 1s adjusted to equali the vertical
rate of descent of the model #nd the model is thus kept at
a flxad height until recovery 1s attempted. BRecovery 1s
goenerally attempted by reversal of the rundder alone from
full with to full agalnst the spin, although the mochanism
may be arraunged to move any or all of the controls. Tho
recovery 1ls Judged by the numnber of turns from the move~
mont of the rudder to the cessation of the spinning rota-
tion. The effect of allcron setting on the spinning
charactoristics is usually evaluated by a comparison of
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.the number of turns necsesssry for recovery by rudder re-

versal alone from spine for whieh, for example, the aller-
ons are set (not moved) with the spin (right aileron mp

in a right epin) and the number of turns necessary for
recovery from spins for which the allerons are set agalnst
the spin. Results of egpins in which the elevator is full
up are compared with results obtained for epins with ele-
vator neutral or full down. In a few lnstances, for the
speclial tests, the effects of alleron and elevator set-
tings have been based on a comparison of the vertical
speed and the attitude of tho steady spin.

The models tested in the spin tunnel have covered a
wide range of dimensional and mass characteristics and
include seaplane and landplane, biplane and high- and low-
wing monoplane types, and multlengine and single-engine
designs. The 19 models used in the special tests repre-
sent different types. ¥Yor the special tests, the mass
characteristics were varled by moving ballast welghts
from either the wing tips or the fuselage extremitles to
the genter of gravity or by moving dballast welghts to
elther the wing tips or the fuselage extremities from the
center of gravity, the position of the center of gravity
being kept constant,

RESULTS

The data analyzed are presented in figures 1, 2, and
3, These figures are an attempt to represent graphlcally,
by a single point, the important mase-distribution char-
acteristics of each model. In table I the models are
€iven numerical designations to permit their ldentifica-
tion 4in the figures.

In the Tuler equations of motion, the influence of
the mase dlstributlion depends on three factors: Iy - Iy,
Iy - Iz, &and Iy - Iy, where Iy, Iy, and Iy are the
moments of inertia about the X, Y, and 2 Vbody axes,
resrectively. For presentation in the figures, these e

factors have been made nondimensional by dividing by mbd
where m 18 the mass and b 18 the span of the airplane,

Ip -1
The parameter —5——3—5 was taken as the ordinate for the
md
figures, Thils parameter 1s a factor affecting the inertia



pitching moment and increases when mass 1s added along the

- X
Iy E“E 1s the factor affectlng
mb
the inertie rolling moment and the negative values numer-
1cally increase as welght ls added along the wings. Inas-
much as the sum of tke three mass parameters is equal to

fuselage. The abscissa

gzero, the value of the third parameter, EL— BIY. may be
mb

indicatcd by a third scale at 45° to the ordinate and ab-
sclesa scales. Thig third parameter ls a factor affect-
ing ths 1lnertla yawing moment, the large prositive values
indicating that the mess distribution is chiefly along the
winges and the large nezative velues 1lndicating that the
mass distridbatlon 1s chiefly along the fuselage. The three

kz®- ky®  ky? - k,°
parameters may also be written as -2 % X T _Z_ |

____;5-——. respectively, where kyx, kg. and kz aro

tho raedill of gyration abouvt the X, Y, and Z axes,
respectively.

and

Figure 1 shows the effect of nlleron setting on the
recovery characterlistics as indicated by routine tests,
Alleron dats were avellaltle for only 53 of the modals.

The type of polntas used to deslign~te the diffcrent mcdels
indicates whether sotting the allerons with the spin or
agalnst the saplin reducad the turns for recovery. DTFigure

2 gives similer information for the elevator, data being
avallable for 60 of the modelasa. Tke points 1ndlcate
whother elevator-ur settings or elevator-down settings

arc more favorable for recovsry. Flgure 3 prcosents the
rosulte of speclal tests of 19 models with altered mass
distribuntion. In this figure, dlfferent mass srrangemcants
of the same model are represented by the same number and
the letter "a" ls emnployed to denote the altcred or ebaor-
mal loading condltion. The symbole 1ndlcate the effects
of both allerons and elevator sgettirzs.

DISCUSSION

e e s e st e s

spectlion of the figures shows a dlstinct grouplng of the
Polnts representing the differect e¢ffects of control



settings. Partial separation of the effects is odbtained

by independent conslderation of each of the three maes
parameters. The most complete separation, however, appearas
to be glven by conslderation of the lnertla yawlng-moment

paraneter Ix = 1y

Examination of figure 1 indicates that at a value of

Ix -1 -
the inertie yawing-moment parameter AEEEF;! of -B0 X 10."I

almost complete separatlon of the alleron effects takes
place. TFor larger negative values, allerons with the spin
ugually hed a favorable effect on the recovery character-
lgtics and allerons agaxyst the spln hed an unfavorable
offecet., 4s the parameter value of -B0 X 10~* was ap-
proachod, instances were observed where alleron setting
ad no noticeable offect on the recovery characteristilecs.
For negative values of the parameter numerlically smaller
than =50 X 10~* and for posltive values, the alleron
effect reversed so that alleron settings against the spin
had a favorable effect on recovery: vhereas alleron set-
tiuge wlth the spln were detrimental. In the vicinility of
this reversal value, & critical reglon existed for which
1t appears that only slieght varlatlions 1in mass distridbu-
tion may completely reverse the alleron effect. An excen-
tlon to the general rule wasg obtalned in this reglon in
orly one 1nstance. .

The effect o0f elevator settlings, according to the
data of flgure 2, tends to reverse 1n tne nelghborhood of
o value of the yawlng-moment parameter of zero. There ap-
pecrs to be a critical reglon between the values of
20 X 10~ in which the effect of elevator settings may
be in eoither direction. For negative values of the param-
eter numerically greater tham -20 X 10 , elevator-up
settings were usually conducive to most rapid recovery.

In several instances, however, for models that gave either
very flat or very steep splns, the elevator setting had
little or no effect. ©For positive values of the parameter
&reater than 230 X 10, on the other hand, elevator-down
settings were very definitely instrumental 1n effecting
satisfactory recovery. 1In an extreme case, no recovery
could be obtalned from the elevator-up, alleron-neutral
Bpin by full rudder reversal alone; whereas movement of

. the elevator alone from the full-up to the full-down posi-

<,l’\:::n.on gave satisfactory recovery.

fp




The data from the special tests for 19 models, given
in figure 3, appear to prove thast the separetion indicated
for elevator and alleron effects in figures 1 and 2 depend
predominantly on the mass distribution of the models rath-
er than on aerodynamlic factors. The 19 models tested are
believed sufficlently representative of different alrplane
types to peruwit a generalligatlon of the concluslon. FKodel
16, for example, represents a lightly loaded, single-en-
&ine reconnalssance monoplane whereas model & represents
a high-gpeed, heavily loaded, twin-englinoc attack airplane.
It must be aprreclated that aerodynamic factors may modi-
fy the rosults for some combinatlions of mess arrangement

' and extreme serodynemie design to the extent that the con-
trol effects may be dlctated by the cerodynamlic character-
istics.

S8equence of control maninulation for recovery.- Tho
concluaions drawn from the figures are particularly sig-
;i\ nificant in that thoy 1ndlicate that the relative impor-
j tance of the different alrplans controls for recovery from
b the spln may change radlcelly between alrprlanes qf dlffer-
ent types. Prlor to the recont extonded appliecstion of
3’ wing armument for combat types, alrplane structural design
»
v

procedurc was such that the alrplane was characteriged
stracturally by rolatlvely light wings. Practically all

N~
I, T the disposable load was cerriod in tho fuselage, altkough
\ sowe gasoliuoc migat be carrled near tae center of the
$ wings. These characterlstics stlll apply to the private-
‘\\F‘ owner class of alrprlanes. Thls structural arrangement of
Q§\$ .the airplane results in 2 mass loading chiefly along the
e
N Iz- Ix
fuselago and the value of 5 willl tend to be largo
iy mb
N and posltive, whilc the value of the inertia yawing-moment

paramet er EEJ%EEI is negative. The 1installation of
. o
wing engines tends to 1necrease the welght along the wings
! and 1t can therefore ganerally be assumcd that multiengine
alrplanes have high negntive values of the parametor \

\ iy -1 Ix - IY. x\
ﬁf\ Y, mb° mb® ':
“ Present-day military design of silngle-engine eirplanes 1s
also toward heavy wings. The desire for increased range
has lncreasod the amount of gnsoline cnrried in the wings.
Guns and ammunitlon ere carried outboard of the propeller,
and the metal wings with tho mechenism for retracting the

» and posiltive values of the parameter



o -landing gear are inherently heavier than in older designa.
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The results of the model tests show that, for the
earlier slngle-engine m111tarf’EE?TEE_EEE—?EE‘breaent-day
privately owned airplanes, the rudder 1s generally the
predominant control for recovery from the spin and that
full rudder reversal is the most effective control manip-
ulation. ¥ovement of the elevator to the down position
before the reversal of the rudder tends to shleld the rud-
der and retard recovery; whereas, movement of the elevator
after the rudder has been completely reversed and rotation
has begun to slow up may offer a favorable pitching moment,
tending to ald recovery without adversely affecting the
rudder action. Movement of the elevator alone rarely gives
recovery. Because high rates of descent will probabdly be
assoclated with recovery with full-down elevator, the amount
the elevator 1is moved down will depend on how much assist-
ance is needed from the elevator to producé a satisfactory
rocovery. The effect of allerons will be contrary to the
offects cxpected in normal flight and holding the ailerons
against the spin will retard recovery; whereas holding the
aillerons with the spin will assist recovery.

For nultiengine airplanes and for the more recent
single-engine military designe, the elevator tends to be-
come t.ie predominant centrel for recovery. The movement
of the elevater down 18 essential to e rapld recovery
Rudder reversal, although of less importance than eleva—

«» ' tOF reversal, will generally improve recovery. Allerox
,g,“'position i8 critical and ailleron settings =ith the spin
L may greatly retard recovery; whereas aileron-against set-
tﬁ& tings will be favorable. 4all controls for airplanes of
these types have the effects that would be expected of
them in normal flight.

It may be saild in summarising that, for airplanes of
relatively light loading along the wings, full rudder re-
versal before moviang the elevator down is imperative; mov-
ing the elevator down after the rudder reversal is desir-
able. Tor airplanes heavily loaded along the wings, mov-
ing the elevator down 1is lmperative; full rudder reversal

= is desirable.

Application to fiight.- The values of the eriterion

at which the alleron and elevator effects in the spin
reverse, as shown by the flgures, apply strictly to mod=
els only. The general conclusions, however, should bde
applicadle to flight, although, because of possible scale




effects, the reversals may occur in flight at somewhat
different values of the criterion than ere indicated by
the tunnel data.

The meager comparative flight date available indicate
that the values for the reversal of elleron and elevator
effects will rrobably be chaaged somewhat bdbut there are
not enough full-scele date avelleble to fix the flight val-
ues. .It 18 dAesirable thet more flight data be obtained in
an effort to estadblish definitely the values in flight at
which the alleron and elevator effects reverse.

of the dependence of the ef’ectiveneaa of the elevator
and aillerons on the masgs distribution is prcesented briefly.

Theo epplication of Euler's dynamicel equetlons to the
case of an airplene in a stesdy spin g2ives, for the inor-
tie yawing moment about the body axis, the expression

(Ix - Iy) ein¢ cos aQ?

e S G

where
Nﬁh¢ is the angle of wing tilt to the horizontal,
’ﬁ -positive when right wing is down
a aengle of atteck '
Q angular veloeity sbout epin axis

For a spin in eny given directionrn, the algebraic sign of
the isertia yawing momert deperds only on the mlgedraic
signs of Ix - Iy and the angle ¢ . 1In a right apin,

the tunnel results indicete that setting the allerons with
the spin leeds to a positive value for ®; whereas setting
the ellerons agaednst the sypin leads to & negative value
of ®. Tor models loaded so that Iy - Iy 1ig negative,

setting the ailerons with the spin will produce a favor-
able effect in that the inertia yawing momezt will be neg-
etive and will act to turn the eirplane away from the di-
rection of rotation (ageinst the spin). GConversely, for
designs where Iy - Iy 18 positive, milerons set with the
spin will produce an inertia yawing moment in the direction
of the spin. The fact that, for the resulte presented in
chart 1, the reversal of aileron effeect does not take place
when Iy - Iy 1is gero can be attridbuted to secondary
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aerodynamio factors. A similar explanatiorn ®a¥ v¥“Zphlled
to the elevator effect, as the model results indicate that
setting the elevator up usually leads to a posltive value
of ¢ and elevator down to a negative value of ¢ for
a right spin.

For the present, only the qualitative effects of the
controls are oonsildered. No attempt:-1s made to predict
the magnitudes of these effects which are probabdly influ-
enced by many seoondary factors, such as the autorotation
characteristics of the wings or the yawing moment due to
sldeslip. The values of the inertia pitching and rolling
moments also undoubtedly influence the spln and recovery
characteristics, ealthough on the basis of exlsting data
they do not appear to be of primary importance in the pre-
diction of the direction of the control effects.

CONCLUDING REMARKS

Dete presented indicete that mass distribution is a
primary factor 1n determining the direction of alleron
and elevator effects in recovery from the spin and that
the dlrections of the effects and the optimum control pro-
cedure for recovery, therefore, may be predicted gqualita~
tively on the bagls of the mass-distrlbution parameter.

When the ailrplane deslgn simulates that of the ear-
ller slingle-engine airplane, with mass dlstributed ohlefly
along the fuselage, alleron-with and elevator-up settings
can be expected to ald recovery. When the design approaches
that of a multiengine airplane (or the newer single-engine
airplane with wing tenks and wing armament), with mass dis-
tributed chiefly along the wings, alleron-agalnst and ele-
vator-down settings will be conduclve to the most rapld
rocovery.

From the normal control configuration for spilnning
(rudder full with, elevators full up, and allerons neutral),
the most rapld recovery for any airplane will generally be
obtained by full, rapid rudder reversal followed immediate-
ly by rapid movement of the elevators to the full-down po-
sltlon and of the allerons in the direction determined by
the mass criterion. ¥or airplanes loaded chiefly along




Figurs 1.- Prediction of aileron effect,
d.ring recovery, by use of
moc~ po-ameter.

Mass added along fuselage

250

350 400 x 104

300

100 150 200

50

VOVN

O — Ailerons with spin favoruble

b — Ailsrons against spin favorable

f}\ﬂ
58
(o)
53,
7
//
ERY)
44
D,
s dPdp
s Can & 38
3! Ol63 4 B5
490 42 _376i 1957%6 '
) 45U"31| ’55 z!uc _5‘5
,// 40 '%;%t° Ve 8 b
B 2 b ZAIWAE 2
5 -
T4 AR
5 s 57
|
A
be O —No reilative’ difference
0 -50 -100 -1sc -200  -250 -300 -350 -400 x10~4
LY;%ZI‘Z Mass added dlong wings

181




<
1
Q
x
o
1)
.
o
n—]
l 0
A%
g
o)
0 ]
o =
3 ol
Figure 2.— Prediction of elevator o
! effect, during recavery, 3 o
by use of mass parameter. “ o S lory Ty
op 44 52
(C) £ 435
E 8 5 S| 1:6 ’7!9
~N =1
'8 49 Z zuu /# /
| aigy 36 % /lows
Y o e :H P A 5
0 37 2gp \y [{' 2
g)’ O3 . )
g e * 5
) 8 TE © — Elevators up favorable
2% b — Elevators éown favorable
1
N
N g o ' O~ No ralative ‘ differsnce
. N
o i
0 -50 -100 -150 -200 -250 -300  -350  -400 xi0~4 ;
ly-1 . / = |
—x—f—mb Mass added along wings ca
. N




pe— —
U AT0- 8064

TITLE: A Mass-Distribution Criterion for Predicting the Effect of Controi Manipulation Ey—
one

on the Recovery from a Spin
AUTHOR(Sk: Nethouse, A. 1. {00, acswcy Fo,

ORIGINA'HNG AGENCY National Aggjigrz Committee lr; Aeffai_:_t!cs, Washington, D, C.] ARR-¥,-188
[Eam= R PACTS DINSTATIONS
Aug "4 I Um U8, Erg, | )4 table, graphs
ABSTRACT:

The primary importance of mass distribution of an ajrplane in determining its
spinning characteristics is demonstrated. Useful criterion for predicting the
optimum coatrol movements for recovery, which is based on a nondimensional
mass distribution parameter, i{s presented. Charts useful for such predictions
are included. Results of tests indicate that when the design distributes the mass
chiefly along the fuselage, alleron-with and ¢levator-up settings aid recovery.
If the design distributes the mass chiefly along the wings, the opposite settings
give the most rapid recovery. .

DISTRIBUTION: Request coples of this report only from Originating Agency

DIVISION.Aerodyna.mi (2) SUBJECT HEADINGS: Alrpianes - Spin characteristics (08484.5)
SECTION: Stability md Controi (1) Alrplanes - Spin recovery (08485)
ATl SHEET NO R-2-1-49

Ak mm.:’l' Command AR TECKKICAL (DI wdshb’unonou.' Aalr" Jores Baso E




