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FATIONAL ADVISOMY COMMITTRE FOR AERONAUTICS

ADVATICE RWSTRICTTD RIPORT
THE EFFECT OF MASS DISTRIBGTION O TLE LATE&AL STaRILITY
AND CONTIICL CHARACTTRISTICS OF AN AIRPLANE ASlDE’ZRHIHED
BY TESTS CF A IIODEL IN THE FRER-FLIGET TULM
By John P. Camphbell and Charles L. Seacord, Jr.
SIPGIARY

The effacts of mass distribvution on lateral stability
and control characteristics of an airplane have been deter=
mined by fllght tests of a model in the NACA free-flicht
tunnel, TIn the investigatior, “the rolling and yawing moments
of inortia were increased froxm normal valucs to values up to
five tlmes normal. For each moment-of-inertia cordition,
eombinationa of dihedral and vertical-tall areg.reprqsentigg
a variety of alrplane confi~urations were testea.

The results of the flight terts of the model were cor-
related with calculated stability and control characteristics
and, in general, good agreement was obtained.  The tests
showed the following effects of increased rolling snd yawing

morents of 1lnertia: no appreclable change in sﬁirul sta=-,

bllity; reduntions In osclllatory =tability that ﬁere'

serious at high values of dibhedral; a recduetion im the
senslitivity of the model to gust disturbances; and a reduc-

tion in rolling acceleration provided by the ailerons, whicl




caused a marked increase in time to reach a given anple
of bank. /The general flirht behavior of the model became
worsc with inereasing moments of inertia but, with comblna-
tions of small effactive dihedral and large vertical-tail
area, satlszfactory flight characteristicas werec chbtalned at
all moment-of-inertia conditlions. "
INTRCDUCTION

A recent trend in design has boen to dlstribute welght
along, the wings of an alrplane instead »f concentrating it
in the fuselare. Thias redlstridbuticen of weisht, which

has been brought about largely by changes from =ingle-

engine to twin-engine design nand by the incresarsed use of

wing guns and wing fuel tanks, has resulted in greater

rollirng and yawing moments of inertia for the alrplane and
has thereby increased the difficulty of obtaining satisfuc-
tory lateral ntabillity. Because of this trend, theoretical
investigations (references 1 and 2) have recently bveen
mads to determine the effects of large increases in moments
of inertia on latersl stabllity. The reavlte of these
investigationa indlcated that the range of values of
dihedral and vertical-tell arvoa for catlafactory oscillatory
stability becones nrogrescivaely smaller with increasing
moments. of inertia,

In order to wvurify experimentally the results of asuch

theoretical investizatlons and to determine the effecta of




the indicated stability changes on general flight behavior,
an investigation has been carried out in the NACA free-
flight tunnel with a 1/10-scale, free-{lying dynamic model
loaded to reprasent s wide range of values of rolling and
yawing morents of inertia. For each moment-of-inertia
condition, a range of dihedral anglres and vertical-tall
areas that represented a varlety of airplane configurations
was covered.

Calculations were made to determine the theoretical
stability and contro). characteristics of the particular
model tested in order that the results obtained by theory
and experiment could be correlated. '

SYMBOILS3

radius of gyration about X axia, feet

redius of gyration about 2 axis, feet

moment of inertia about X axis, slug-feet? (mkxg)

rioment of inertia about 2 axis, slug-feet2 (mkzz)

mass, slugs

11ft coefficient (L/qS)

lateral-force coefficient (¥/q3)

yawing-monent coefficlent awing moment

q
rolling-moment coefflcient (&%——W
1i1ft, pounds

lateral force, pounds

dyhanic pressure, pounds per square foot (%pvé)




span, feet
chord, feet
ares, square feet
nf change of vawing-monment coefficlent with angle
sideslip, per radian (8Cp/A p)
of chanre of rolling-noment coefficlent with angle
sldeslip, per radien (601/6 a)
of chunge aof laterzl-force coefficlent with angle
of =sideslipr, per radlan (ecy/a (3)
rate 5f chunge of yawing-roment coeffleient with yawlng
velocity, per unit of rb/eV (ac,,/a %‘v’)
rate of chanre of yawing-morment coefficient vith rolling
veloclity, rer unit of ©h/2v (écn/é g%)
rate of change of rolling-rorment cosofficlent with rolling
velocity, per unit of ph/ev (éclfé 5%)

rate of chanre of rnllinpg-moment caefficlent with yawing

veloeity, per unit of rh/2V (601/6 -}‘-‘6)

angle of 3ldeslip, radlans

yawing angular veloncity, radianm per second

alrspeed, r'ecet ver second

rollirg anpular velocity, radians or degrees per second
air density, slugs ner cublec foot

period of lateral oacillation, seconds

time, secords




angle of bank, degrees

g
v angle of yaw, degrees
]

¢ flap deflection, derrees
R Routh's dilscrinirant
D,E coefflicients in s=tability quartic equation, given in
reforence 1
APPARATUS

The investigation was carried out in the NACA free=-
flight tunnel, which 1s equipped for testing free-flying
dynamic airplane rodels. A complete description of the

tunnel and its operation !s given in reference 3. Force

tests made tn determine the static leteral-stability derive:

atives were ran on the frec-flirht-tunnel six-component
balance described in reference 4. A photograph of the
test sectlon of the tunnel showiug a riodel in flight is
given as fifure 1.

A three-view drawing of the model used in the tests
is shown in figure 2, and photograpixs of the riodel are
presented in figures 3 and 4. The 1/10-scale model,
which in over-all dimenslons represented a modern fighter
airplane, wes constructed prinelpally »f balsa and was
equipped wilth rmovable control surfaces similar to those
described in references 3 and 4. For all tosts, the
model was equipped with a aplit flap 6C percent of the
wing aran and 25 mercent of the wing chord. The flap
was deflected 60°,

S tord B L i A G+ m e i




The rolling and yawing moments of inertia of the nodel
were varied by shifting lead weights from the fuselage to
the wing tips. The effective dlhedral wesa changod by alter-
ing the peometrie dihedral ungle of the outer panel, as
indicated in fipure 2. Four geometrically similar vertlcal
tails (fip. 2) wcre used on the rmodel to produce changes in
vertical-tall area.

METHODS

Stobility und Control
Calculations

Boundaries for neutral spiral stability (T = 0), neutral
osclllatory stability (R = 0), and neutral directinal sta-
bility (D = 0) were calculated for all rmoment-of-inertia

sonditions by means of the stabllity equations of reference 5.

Values of the static lateral-stabillity derivellves, C

n 2

fy » and C, ,used in the calculations were obtalned from force
tests of tue model. The value of the rotary derivatlve C

was obtained from frec-snscillation tcste of the wwedel In th:
free-flight tunnel (reference 6); where:s, the other rotary
derivatives, cnp, Cl , and Cl , were estinated fror the charts
of reference 7 no.d fror the formnulas of reference 1. Values
of the stability derivatlives used in the calculatlons are
given in tabhle I. All the calculated boundaries are shown

on the etabillity chert of figure E.




The period of the lateral osclllation was calculated

for some conditions by use of formula (21) given in

raference 5.

The Lanking motions of the model following abrupt

aileron manenvers with different moment= of inertia were
calenlated for a corndition of small positive dihedrdl
and larpge vertical-tall area. For there ealculations
the method of reference 8 was used snd tre model was assumed
to have freedorm only in roll.
Tesgting Procedurs

The model was flown at each test condition and 1its
stability and control cheracteristics were noted by the
pilot, In addition, notion-picture records were made
of some fliprhts in order to supplement tlie pilot's observae
tions with quantitative stability arnd econtrol datsa.

The spiral stabllity of the riodel was determined by

visual observation during sideslips across the tunnel with

contrels fixed. Increacsing inward sideslip wasz taken as
an indication of spiral instabllity.

General oseillaiory stabilit; characteristics with
econtrols fixed were noted by the pilct, and the damping
and period »f the lateral oscillations erter abrupt rudder
deflections were recorded by the cameras for each teat

eondition.




The directional stability was fudged bv the yawing
behavior of the model after guct disturbances and by the
amount »f sdverse yawing produced by aileron control.

The steadiress, or the reaction of the model to the
normal pustineas in the alr stream, was noted for all test
conditions. This characterintic was appare;tly not very
closely related to other =tahllity cheracteriatics and was
therefore Judred independently.

The effsctiveness of the ailerons in rolling the model
was noted by the pilot and was neasured from camera records
of abrupt aslleron maneuvars, The effect of adverse yawing
on alleron control for the various test conditlons vas
determined by visual observation,

Throughout the investiratlon, an efiort was made to
determine the hert corbinations of dihedrnl and vertical-~

tall area for each morient~of-inertia condition and to

establish on the lateral stability chart ('Clp against cn )

the boundaries htetween replons of satisfactory ard unsstis-
factory flight behavior, Might-bebavior ratirgs Lased on
the pllot's opinion of the general atebility and control
characteristlcs of the rnodel were recorded for each test
condition. Although the accuracy of theze rotinge depended _
upon the pilot's ability to recognize unsatisfactory condl-
tions, 1t iz belleved that the ratings give a true indica-

tion of the effect of changes in the varlahles invslved because

each reting was based on a8 number of separate flights.




RANGE OF VARIABLLS
The parameters varied during the investigation were
rolling «nd yawing norents-of inertia, effective dihedral

|
na) e The

Lcl , and effective vertical-tail area \C
weight of the model was held constant to sinulate an alr-
plane wing loading of 30 pounds per esquare foot. All the
tests were made at an alrspeed of §1 feet per second,
which corresponded to a 1lift coefficlent of 1.0.

Because the rollines arnd yvawing moments of 1lnertila
were changed by varylng the radil of gyration, Kk, and
kZ’ while the welpht was held constant, the insrtia chanses
in thiz investigation are expressed in terms of kv/b and
kz/b. Th.ese ratios or their reciprocale are the conven-
tional nordimensional expressions for radll of gyratlion in
stability calculations.

In malkline the noment-of-irertia changes, kv/o and

k /b were varied 1n such a manner that the value of

G;y Eﬁy remnained constent. Changing the rioments of

inertia In tkle way correspcnds to changing the propsrtion
of welght carried in the wingsa. In the tests with high
values of @w/b and kz/b, the model therefore repreacnted
an alrplane with such loads as puns, ermmunition, ani fuel

tanks Installed in the winres instead of the furnelage.




Three moment-of-inértiu conditions weve tested corre-
t

sponding to the values of Ky/b and k;/b in the following table,
in which the relative values of moments of irertia are also
given ir order to afford a tetter indlcatlion of the magnitude

6f the inertia changes: .

I

Condition| ky/b | - 1. (Condl~
élon A)

A 06127 0 LI & 1.0

B .200 b e2an 1.57
H

c .288 P g2z | 2.87

These morent-of-inertia condltionrs are represcnted on

the graph of kx/b agalrat kp/b in fipure € by the polnts

A, B, and C. Corcltion A 48 lntcnded to ~imulate an aver-
age mass dlstribution for rmodern single-ergine fighter
airplanes, Conditlon B represents the probable upper
1imit of moments of inertia for present-day conver.itional
airplanes, Condition € represerts the extremely high
values of the parametors kx/b and kz/b that result in the
case of airplanes with very small svan or with excen~
tionally larpe loads in the winga, Cornd~tion € very

nearly simulates the riomentas of inertia of a flying wing

with uniform spanvise mass distribution.




In order to illustrate the trend of present-day
airplanes toward higher moments of inertia, various
other points are also plotted in figpure 6. The squares
connected by arrows show this trend in successive models
of single-engine fighter airplanes of the sanme design.
The triangles represent mass distributicns of several modern
twin-engine and rmultiengine designs.

&n example 13 piven in fifure 6 to show the effect
on moments of inertia of adding large borbe or extra fuel
tanks to the wings of a typical fighter alrplane. The
position of the ma=ss distribution of this airplane on_the
plot is changed from Y to % by the addition of e
2000=-pound bortb or fuel tank midway out on eachk wing. It
is evident that an installation »f this %ind substantially
increasea the rolling and yvawlng moments of inertia.

Three valueg of dihedral were ured in the tests: a
larpe positive dihedral, a small poslitive dihedral, e&nd a

moderate negative diliedral, which are represented by the

symbols L, S, and N, respectively. The value of CL for
a

each dihedral varied slightly with vertical-tail arca, as
shown in figure 5. The four vertical tails used in the
tests and desirnated by the numbers 1, 2, %, and 4 (fif. 2)
provided a ranpe of Cn from 0,01 to 0.12. Txact values
of Ch and C for each rodel confipnration were deter-

1
mined by force tests of the model and are shown in figurc 5.




The various configurations are represented'by combinations
of symbols, for convenience and brevity; for example, condi-
tion 823 has snall positive dihedral S, vertical tail 3,

wand_moment-of-inertia condition B,
RMSULTS ATD DISCUSSICN
Spiral Stability

The spiral stabllity of the model was not affected by
changes in moments of inertia. The flight tests agreed with
theory in this respect for, as indicated in figure &, the

theoretlcal spliral stebility boundary !s not changed by

varietion of kx/b and kz/b. Ratings for spiral stanility

for the various model confipurations are nresented in
figure 7.

It was intereating to nnto that, for tke nepative
dlhedral condition, 1lncrearing the rioments of inervrtia
dld not materially increase the difficulty of flying the
model. - It might he expected that, because of the spiral
instability with namative dihedral, increasing the rolling
moment of 1nertia, und consequently redusing the rolling
_acqelerstion produced by the allerong, would cause diffi-
culty in recovering from a banked attitude. Such was not
the case, however, probably hecause the acceleration of the
dropping wing after a pgust disturhance was also smuller with

. the increased inertias. At tirnes thies reduced rolling
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acceleration even caused an apparent improvement in eplral
stability because the rodel seemed to diverge more slowly
following & rust disturbance.

The flight-teat resulte emphasized the fact that, for

the range of corndltlone tested, spiral instabllity has
virtually no sipgnificance in determining prenaral flight
characteristics. Tt can be seen from figure 7 that the
model was splrally unstable with both the small positive
and the negative dlhedrsls. Yet even with the negative
dihedral, no rapid spiral divergence was noted and the
model was not appreclably harder to fly than with the
large positive dihedral.
Osclllatory Stability

Increasing the ronents oflinértia definitely reduced
‘the oscillator—T etahilitr ~f the model and far some model
confirurations introduced conditions of danferous oscllla~
tory instability. The data of flgure 8 show prraphlcally
the changes in the darping of the lateral oscillation with

change 1in mass diatribution for various zombinations of

and
dihedral/vertical-tail area, Inasruch as an accurate

Quantitative measure of the damping could not be obtained for
all condlitions, the results are sresented 1n the form of
qualitative ratings for darcing at cech condition. The

approximate quantitative eaulvelents of these rutings arer
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: Qualitative Arvroximate
Rating rating quantitative equivalent

A Stable Damps to ore-half
’ amnlitude In leaz
than two cycles

S1iphtly stable Damps to one-half
amplitude in two
cycles or rore

lisutral Zero damping

Slichtly unstable Bullds up to double
amplitude in rore
than one cycle

Dangerously unstable Bullds up to doudble
amplitude in one
cycle or less

A comparison of the theoretical oscillatory stability
boundaries (R = 0) in figure 8 with the ratings for damping
of the oscillation obtained in the flipght tests of the model
indicates good sapreement betweer theory and flight reasults.

Figure 9 shows that increasing the monments of inertia
caused an increase in the perlod of the lateral orfcllla-
tion, as indicated by theory. The experlimentally deter-
rined values for the period were slipghtly smaller than the
calcunlated values.

The ratings in figure 8 show that, althourh lncreasing
the moments of inertia reduced the ozclllatory stability for
virtually all rodel configurations, the ma;nitude of the
reductlon varied greatly for the different combinations of

dihedral and vertical-tail area. In general, the effocte of




moment of irertia on the oscillation damping were more
pronounced with the large dihedral and tlie small vertical-
tail areas. This variatiorn in the magnitude of inertia
effects with model confiruration was in good agreement with
the variation indlcated by the shifting of the theoretlcal
oascillatory stabillity boundarics shown on the stabllity
charts (-C; ugainst G, ) in figure &, ~With increasing
moments of inertia the boundaries move upward and inward

on the charts and thereby show the greatest inertia effects

at large valuers of -CL and srall values of Cp . It

B
anpears both from these boundury shifts and from Eho flight

ratings for oscillation damping that a cormplete picture of
the effects of increascd moments of inertfa oun oscillatory
stability can be obtained only by an analysia of the effects
over a wide range of model confilgurations.

Small positive dihedral.- Witk the small positive

dihedral, thé effect of incrensed nomente of inertia on
osclllatcry stability was relatively small for all valuss
of verticel-tuil area. Kven for the condition of least
oscillatory darping with thls dihedral {condlition S1C),
no unstable oacillations were notsd although the danmping
wae very light. Viith the two largecst vertical talls
(tails 3 and 4) and the srall dihedral, the oscillatory
stabllity for conditlons B and C, though less than that

for condition A, wa= conridered satisfactory.




Lerge poslitive dihedral.- With the large positive dihedral,

increasing the moments of inertia caused pronounced reductlons

in osclllatory stability for all values of vertkcal-tail area.

Conditions of dangerous oscillatory instabllity were encoun=-
tered with the smellest tall (tall 1} at loading condltion B
and with all talile except the larceat (tall 4) at londing
condition C. These unstable conditicns were consldered
danmerous because sustained flights werc Inposzitle as a
result of osclllations that insressaed in arpliinde desplte
intensive efforts of the pliot to control the rmodel. For
some conditions, such ss L3B and L2C, unstakhle ocacillatlons
were encountered in flipnta with ccatrols fixed, tut these
oscilletione could he termtnated at will by control applica=-
tions and were therefore not considerecd rarticularly danger-
ous.

The nreonounced effect of moriente of lnertia on oacll=
latory stability with the larpe ncasitive diliedral is 11llus-
trated graphically in figure 10 by photographlcelly recorded
time historles of flirhts at conditiona L34, L23, and L3C.
The two upper sefs of curves in figure 1C are records of the
lateral osclllations with controls fixed, which were atarted
by abrupt rudder deflections. 4 comparison of the curves
shows that changing fron momcnt-of-inertla condition 4 to
moment-of=-incrtia condition B cansed the model to become

oscillatorily unsteble in fliphts with controls fixed. As




pointed cut in the preceding paragraph, however, this
ﬁnstability was not ospecially dangerous when the lateral
controls were used properly.

The two lower sets of curves in figure 10 show that

inereasinrg the roments of inertla from condition A to

condition € produced an unatable oscillation that could
not be stopped by alleron and rudder control. At condi-
tion L3C, the oscillation not only continued to build up
despite alleron-control rovements but also was of such
strength that its period was not appreciably altered by
the control applications. The flirhts at this condition,
of course, vere of very short duration and were usually
terminated by an abrupt sideslip to the floor of the
tunnel after the rodel had attained a very steep angle

of bank. The rotion-picture record for condition L3A,
which 1s in sharp contrast with that of condition L3C,
shows the positive and almost instantaneous effect of the
allerons in returning the model to level flifrht with
‘normal moments of inertia and serves to emphasize the
marnitude of the instability that effectively nullified
the aileron control at condition L3C. The apparently
unstable yaving rnotion shown in the record of condition
L3A was probubly caused by the fact that the rudder

control applied simultaneously with the alleron control
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used to bank the model was not always of the reduired magni=-
tude nor in the proper direction for returning the model to

unyawed flight,

Nepative dihedral.- VYith the negutlve dihedral, the

effects of moment of inertia on oscillatory ztahility were
less than w'th the po=itive dlhedruls and weore small forx
all values of vertlcal=tall area. With this dinedral, the
lateral oaclllation appeared to have a satisfactory rate of
damping for all corditions excent with tle smallest tall
(tall 1). A pecnlia» and sometires violent for of insta-
bility was encountered st conditions N1A, N1R, and N1C.
The inatebility, which mpppenred to be more directional than
osclllatory in nature, was usually evidenced by yawing
motions that inereared 1n mapgnitude even when the allerons
and the rudder vere used for control. In some flights at
this unstable condlitlion, the riodel yawed to a large anrle
and then rolled off abruptly with the leading win; going
down. It was Interesting to note that the flirht behavior
of the model with the negative dinedral =znd fall 1 irmroved
with 1lncreasing monents of 1nertla. This surprising cffect
appeared to be a direct result of slower, and therefore more
easlly controlled, yawlng rotlons of the model with the
higher rorments of inertla.

The ratings for demping of the oscillation in figure
8 for conditlons N1A, N1B, and N1C are given in parentheses
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because of the uncertainty as to whether the inatability
was osclllatory or directional in nature. It should be
noted that these conditions on the stability diagram fall
very near the boundary for neutral directional stability

(D = 0). In the negative dihedral range, and in fact for
811 apirally unstable conditions, the R = O houndary is

not an indication of neutral nscillatory stability because
B, one of the coefficlents of the stability equation, 1ias
negative. An examination of the roots of the stability
equations for several negative dihedral conditions, however,
reveale that oscillatory stability theoretically exists '
well below the D = O boundary. It appears, therefore,

that over the negative dlhedral range dAirectional diver='

gence will occur before oscillatory instabllity as indicated

by the flight tests of the model.

Reaction to Gusts

The reaction of the model to the normel gustineas
in the air stream was improved by increasing the momenta
of inertia. Vith the high values of ky/b and k,/v, the
model was less sensitive to puat disturbances during,
smooth flight and appeared to be steadier both in roll and
in yaw than with the lower moments of inertia. This
effect, which was apperently purely inertial, was considered
beneficial from a stahility standvoint, but like sone aero-
dynamic stabllizing effects was detrimentel to lateral

control, as will be shown in the following mection.




It should be pointed sut that the beneficial effects
of high moments of inertia on the lsateral steadiness of
the model were present only during smooth flight. Once
the smooth flirht of the model was interrupted by a partlc~
ularly violent fust or control disturbance, the high moments
of inertia prolonged the effect of trhe disturbance and
increased the difficulty of returning to steady flipht.

Lateral Control

Increasing the moments of inertia caused marked
increases in the time to reach a riven angle of bank with
alleron control. It is evident from the time histories
of abrupt sileron maneuvers shown in figure 11 that this

reduction was caused by decreamsed rolling acceleration.

The model uccelerated go 2lowly during alleron maneuvers

at conditions B and ¢ that maximum rolling wvelocities
could not he reached durins the limited time and space
available for* the maneuvers.

fgure 11 showa that the test results were in excellent
agreenent with calculations of the pure banking mntlion
of the model. These calculations, which were based on,
the assumption that the model had freedom only in raoll,
Indicate that the maxirmum rolling veloclty 1= not affected
by changes in rioments of inertia, Comylete caleculations
of the banking rmotion of an alrplane with three degrees

of freedom (unpublished data) show, however, that increasing
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the moments of lnertla reduces the final rolling velocity

&8 vell as the acceleration in roll. In any event, 1t
appears that, with a very high rolling moment of inertias,
the reduction in rolling acceleration alone 1s sufficient
to lengthen noticeahly the time required to attain a given

angle of banlkt with alleron control.

The teat data of flgure 11 are made applicable to
the alrplene by additional scales for rolling veloclty
and time. By means of these scales, a better lndication
can be obtained of the effects of high momernts of inertia
- on the angle of bank reached in a given time or on the
time required to reach a glven angle of banl: for ths full=
scale alrplane.
General Flicht Behavior

The general flight behavior became worse wlth lncrease-

ing monments of inertla, as shown by the flight-behavior

ratings 1n figure 12. It appeared that osclllatory sta-
"bility was the predominant factor influencing the pillot's
opinion of the greneral flight behavior, as ie indicated .

by the siwllarity of the ratings on figures 8 and 12 for

corresponding test condltions. The magnitude of the

detrimental effects of increased inertia on reneral flight

behavior, as on osclllatory stabllity, was dependent upon
the model configuration; the greatest effects were observed

with the larpe positive dihedral and the least effects




were noted with the large veértlicel tulls (tails 3 and L) used
in combinatton with the nezative or small positive dlhedrals.

Combinations of dilhedral and vertical-tall area that
gave satisfactcry flipht behavior at the different moment-
of-inertia conditions are indicated in figure 12 by approxie
mate bcundaries that separate satisfactory and unsatisfactory
reglons on the stabllity charta. It is a»narent from the
mannsr in which the boundaries shift that the number of satls-
factory combinatione of dihedral and vertical-tail arca '
decreased with increasing inertia, one model configuration
{small positive dikedral and vertical tail l), however, pro-
vided pood general flight behavior for all moment-of-inertis
condltions tested. | '

CONCLUSIONS

The effects of Inoreased rolling and yawing moments

of inortia on the lateral stability and control c¢character-
isties of an airplane as détermined by tests of a model
in the free~fligzht tunnel may be summarized as follows:

1. In general, the test results were in géod agreo=—
ment with theory in regard to the effecta of moments of

inertia on lateral stability and control.




2. Increcasing the moments of inertia did not
affect aspiral stability and did not incresse the
difficulty of flying at a conditinn of sriral incsta-
tility.

3. Increasing the moments of inertia reduvced

onsclllatory stabillty. ¥ith negative or snull

positive dihedral the reduction in stabllity was not

great even with the small vertical tailn. Vith the
large positive dihedral, however, large increases in
e nomente of inertia introduced dangerous oscillatory
instabhility, especially with the smaller wvertical tails,.
4. With high noments of inertia, the model was
less senaitive to gust disturbances and consequently
flew more smoothly than with the normal rioments of
inertia.
&, Ircreasing the moments -f inertia reduced
the rolling acceleration provided hy the allerons
and thereby caused a marked increase in the time
required to attain a given angle of bank.
6. The reneral Tflight behavior became worae
with increasing moments of inertisu. The greatest
effects of increased inertia were ohserved at
conditions of large dihedrzl and small vertical-

tail area.




7. Satisfactory flight characteristics for all momernte
of-inertia conditions were obtained with the small dihedral

(c,.‘a = «C,0%8) and the large vertical tail area (cnp = 0,11).

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Asronautics,
Langley Field, Va.
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Figure 3.~ 8ide view of model ueed

in mase-distribution investigation in the
NACA free-f1ight tunnel.
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