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THEORETICAL INVESTIGATICON OF THE DYNAMIC LATERAL
STABILITY CHARACTERISTICS OF THE DOUGLAS
X-3 RESEARCH ATRPLANE, STUDY 41-B

By Charles V. Bennett
SUMMARY

Calculations have been made of the dynamic lateral stabllity charac-
teristics of the mock-up configuration of the Douglas X-3 research air-
plane, designated by the Douglas Aircraft Co., Inc. as study 41-B.
Because of a doubt as to the correct value of Cnp for the airplane,
duplicate results are presented for calculations made with the estimated
values of CIlp and with values based on experiment. The calculations
indicate that for the mass and aerodynamic parameters used, the oscll-
lation of the airplane would be steble for gll conditions investigated
but would not meet the Air Force damping requlrement for the majority of
the conditions. Less stabllity was calculated for all cases when the
values of Cnp based on experiment were used than when the estimated
(more positive} values of Cnp were used. The calculations indicate

that the damping of the latersl oscillation could be improved by
decreasing the wing incidence, by edding verticel-fin ares forward of

the center of gravity or by decreasing the dihedral, but no geometric
arrangement was found that would meke the airplane completely satis-
Pactory from the stendpoint of oscillation damping, ratic of roll to side-
glip, and asileron required to hold & sideslip. The calculations indicate
that a greaet Improvement in oscillation daempling could be obtained for all
conditions by use of an autopilot which artificislly produced Cnp

or Cp, and for the M = 0.75 condition with an autoplilot which pro-
duced. -Czp.

INTRODUCTICON

A study of the theoretical dynamic lateral stegbility characteristics
of the Douglas X-3 research airplane (study 39-C) was reported in refer-
ence 1. The final mock-up configuration (study ¥1-B), shown in figure 1,
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differs apprecigbly from that used in reference 1. 8Some of the mass and
geometric differences of the two studies are shown on table I. Because
of these revisions, additional calculations have been made of the dynamic
lateral stebility characteristics of the more recent mock-up configura-
tion. These calculations were made for Mach numbers of 0.75, 1.2, and
2.0.

A11 calculetions were based on the mass and aerodynamic parameters
supplied by the Douglas Aircraft Co., Inc. with the exception of Cnp,

the yawing-moment coefficient due to rolling. A recent study has shown
that there is ususlly & marked dissgreement between the measured and
estimated values of Cnp contributed by the vertical tall of the alir-

plane. The disagreement is apparently present at all angles of attack
and is such that the measured values are always either less positive or

more negative than the estimsted values. The dlsagreement is apparently
caused by the fact that present estimstion procedures do not teke into
account the sidewash over the vertical tail that is produced by the
rolling wing. In order to check this point for the Douglas X-3, experi-
mental values of Cnp for tail off and tail on were obtained at low

angles of attack for the free-flight-tunnel model of the alirplane on the
rotary balance in the Langley 20-foot free-spimming tunnel and were
compared with estimsted values. The results showed that the measured
tail contribution to Cnp was apprecisbly more negative than the esti-

mated value. As a result, all calculations of the present study have
been made for both the estimated values of Cnp and values of CnP

based on experiment.

An undamped residual (snsking) oscillation of small smplitude has
existed on several airplesnes. In some cases this oscillation was
caused by rudder motion or fuel sloshing. It is believed that other
cases were caused by nonlinesrity in the aerodynamic characteristics.
These factors have not been considered in this analysis.

SYMBOLS AND COEFFICIENTS

5 wing area, square feet

v airspeed, feet per second

b wing span, feet

p air density, slugs per cubic foot

qQ dynamic pressure, pounds per square foot <%PV2>
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Hp

weight, pounds
acceleration of gravity, feet per second per second

mass, slugs (W/g)

relative density factor based on wing span (m/pr)

angle between reference axls and principsl exis; positive
when reference axis is above principal axls at nose,

degrees

angle of attack of princlpsel longltudinal exis of airplane;
positive when principal axis is sbove flight path at nose,

degrees

angle of flight to horizontal axis; positive 1In a climb,
degrees

angle of sideslip, degrees; except in equations of motion,
per radian

rudder deflection, degrees

engle of bank, degrees; except in equations of motion, per
radian

engle of azimuth, degrees; except in equations of motion,
per radian

angle of geometric dlhedral, degrees
incidence, degrees

moment of inertia gbout principal longitudinsgl axis, pound-
inches?

moment of lnertias ebout principal verticel axis, pound-inche52
moment of inertis about principal pitching axis, pound.—inches2
radius of gyration sbout principal longitudinal axls, Teet
radius of gyration gbout principal vertical axis, feet

nondimensional redius of gyration sbout principal! longitudinal

axis (I, /°)
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nondimensional radius of gyration sbout principal vertical
axis (kZo /b)

nondimensional radius of gyration ghbout longitudinal

stability axis (\/Kxoecosen + Kzoesinan)
nondimensional radius of gyratlon ghout vertical stability
axis (\/Kzoecoszn + Kx oesineﬁ)
nondimensional product-of-inertis parameter

<(KZ02 - Kxoe)cos 7 sin n)

1ift coefficient (Lift/qg8)

yawing-moment coefficient (YaWinis_nt;Oment)

Rolling moment)

rolling-moment coefficient 55

lateral-force coefficient (La‘beral force)

gS

rate of change of lateral-gorce coefficient with angle of
C
sideslip, per radian .SBE
rate of change of yawing-moment coefficient with angle of

3¢,
sldeslip, per radian -S—B—

rate of change of rolling-moment coefficient with angle of

sldeslip, per radian —aE?’—
rate of change of lsteral-force coefficieg,(t’ wilth rolling-
angular-veloclty factor, per radian =X
pb
5

rate of change of rolling-moment coefficient with rolling-

engular-velocity factor, per radian

&
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Cnp rate of change of yawlng-moment coefficient with rolling-
' C
angular-velocity factor, per radian [—2

%y

C1 rate of change of rolling-moment coefficlent with yawing-

Tr
angul ar-velocity factor, per radian —
rb
v
Cnr rate of change of yawlng-moment coefficiegg with yawing-
angular-velocity factor, per radian T]'l:'
%V
A taill length (distance from center of gravity to rudder hinge
line), feet
z height of center of pressure of vertical tall above Ffuselage
axis, feet
hs) rolling-angulaz; velocity, radians per second
r yewing-angular velocity, radisns per second
P period of oscillation, seconds
T /2 time for oscillation to damp to one-helf amplitude
Cl /2 cycles for oscillation to damp to one-~-half a@litude
M Mach number
h altitude, feet
Subscripts:
t tail

w wing
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CALCULATIONS

The equations of reference 2 were utilized to determine the period
and damping of the oscillation for the six basic level-flight conditions
as follows:

Condition | Mach mumber Al?;:?de Cp
T 0.75 0 0.15
II .75 35,000 .65
IIT 1.2 35,000 .25
v 1.2 50,000 .51
v 2.0 35,000 .09
VI 2.0 50,000 .18

The mass and serodynemlc parameters used in the calculations are
shown in tdble II. Some independent calculations of the aerodynsmic
parameters were mede for comparison with the values furnished by
Douglas Aircraft Co., Inc. Where direct comparisons were possible,
fairly good agreement was found between the two sets of wvelues with the
exception of the yawing due to rolling parsemeter Cnp- A complete
check could not be made, however, because of the uncertainty as to the
effects of changes in the tall-boom design on the static-stability
derivatives of the alrplane. Another questionable point was the large
variation with altitude shown for some of the stebillity derivatives
estimated by Douglas Alrcreft Co., Inc. Some additional calculatlons
were therefore made to determine the effect of possible errors masde 1in
estimating the tail-effectiveness factor CYBt and the damping-in-roll

parameter C;P. The tail-effectiveness factor CYBt was increased and
decreased 50 percent and the damping-in-roll factor Czp was Increased
and decreased 25 percent. The derivative cYBt wes chosen as one of

the varisbles since, for thils airplaene, it contributes over 7O percent
of the total value of the derlvetives Cnﬁ’ Cnys Cnp; and clr’ and

algo contributes fairly large esmounts to CZB and CYB. The derivative
Clp is an lmportant derivative that was varied because 1t 1s produced
mainly by the wilng and is not affected much by changes in CYBt'
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Calculations were also made to determine the effect on the period
and time to damp of some geometric changes to the airplasne which
included a decreasse in the wing incidence, & decrease in the geometrilc
dihedral, end a vertical-tail modification. The effect of an autopilot
(with zero lag) which chenged Cnyps Cnp, and Ci, was also studied.

All calculations were made with the values of Cnp cobtained from
the Douglas Aircraft Co., Inc. and also with the values of Cnp which

were estimated at the Langley free-flight tunnel. The wvalues of Cnp

which were estimated at the Langley free-flight tunnel were based on
unpublished experimental values of Cnp which were obtained for the

free-flight-tunnel model of the X-3 (reference 1). These experimental
data indicated that the values of Cnp estimated by the method of

reference 3 for this model were too high by an Increment of sbout 0.125
over the engle-of-attack range under consideration. The value of CYB £

for the free-flight model {-0.30) was apprecisbly different from the
estimated values of CYB t for the airplane for the six flight condi-

tions because of the differences in Mach number, because of the low
scale of the free-flight-tunnel tests, and because of the differences
in tail size and tall location. Since Cnp is directly related to

CYB P the incrementsel value of CnP (0.125) was multiplied by the ratio

(CYBt)Airpla.ne

Cy
( BtjModel
values of CnP for the airplane, as illustrated by the following

formula:

to obtain the value to be subtracted from the estimsted

Cnp( free-flight estimate) = Cnp(estima:bed from ref. 3) -

s i
-0.30

Although the values of C:nP based on experiment were used, it should

be pointed out that they are probsbly not guantitatively correct because
they are based on low-scale data. The uncertainty as to the correct
values of CnP for the high-speed conditions, which are included herein,

make 1t necessary to consider the results as belng only of a qualitative
nature.
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The tall contribution to damping in roll Czpt should also be

expected to be different because of the effect of the rollling wing on
the tail effectiveness, but this effect should be small and has therefore

been neglected.

RESULTS AND DISCUSSION

Spirel Mode

The splral mode is stgble for all conditlons investigated, as shown
in table II, and, therefore, easily satisfies the Air Force requirement
for spiral stability.

Osclllatory Stability of the Basic Airplane

The results of the calculated oscillatory stability cheracteristics
are shown in figures 2 to 4 and are also summarized in table II. The
results show that wlth elther value of Cp. the damping for the majorlity
of the conditions would not be great eno 1o meet the Alr Force damping
requirement but indicate that the alrplane would be stable for all condi-
tions. In all cases, the calculations indicated less stgbility when the
values of Cp_ bPbased on experiment were used than when the values esti-
mated by the Dougles Aircraft Co., Inc. were used. The data also indi~
cate that an Increase in tail effectiveness decreased hoth the period
and the time in seconds to damp to one-half amplitude so that the
damping in terms of cycles (or the distance from the criterion boundary)
did not change nearly so much as the damping in terms of seconds.

The effect on.the period and dasmping of the lateral oscillation of
increasing or decreasing Czp by 25 percent for Mach numbers of 0.75,
1.2, and 2.0 at 35,000 feet is shown in figure 5. These data indicate
that for either value of CFp’ en increase in Czp for the M = 0.75

condition resulted in an incresse in stability; whereas an increase in
Czp for the M = 2.0 condltion slightly decreased the demping. There

was virtuslly nc change in the damping for the M = 1.2 condition when
Czp was increased or decreased 25 percent. The data slso indicate that

the damping weas appreciably decreased for all conditions when the values
of CnP based on experiment were used lnstead of those estimated by the

Douglas Alrcraft Co., Inc.

1t sppears from these results that small errors 1ln the estimation
of Czp or of the tall-effectiveness factor CYBt will not greatly
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effect the accuracy of predicting the dynamic lateral stability of this
eirplane in the terms of cycles to demp to one-half amplitude and hence

in terms of the distance from the criterion boundary. It does appear,
however, that an accurate estimation of Cn_p 1s necessary to predict

the lateral stgbility with ressonsble asccuracy. It is also necessary
to have very accurate kmowledge of the inclinetlon of the principal
longitudinal axis of inertia of the alrplane as shown in reference 1
and in calculations made by the Douglas Aircraft Co., Inc.

Oscillatory Stability of Modified Airplane

The results of calculations made to determine the effect of several
possible geometric modifications to the airplesne are shown in figures €
end T and are summaerized in tsble ITI. Computatlons of the period and
time to damp to one-helf amplitude for only the M = 2.0 condition at
35,000 feet were made to determine the effect of these changes. The
value of CnP calculeted by the Douglas Aircraft Co., Inc. was used

for the points of figure 6(a) and the value of Cpn, based on experiment

was used for the points of figure 6(b). The C) points of this figure
show that the period and time to damp for the original M = 2.0 condl-
tion st 35,000-foot altitude would not meet the Alr Force damping
requirement for either wvalue of Cnp~

The effect of a 5° reductlon in dihedral is shown by the points
of figure 6. The 5° reduction in dihedral was Investigated both as a
possible means of increasing the damping and as a means of reducing the
ratio of oscillatory amplitude of roll to sideslip which, for this condi-
tion was relatively high (about 5) because of the high ratic of yawing
inertia to rolling inertia. Figure 6(a) shows that when the value of
Cnp estimated by the Douglas Alrcraft Co., Inc. was used, the damping
was decreased when the dihedral was decreased but when the value of Cp.
based on experiment was used the demping was increased when the dihedrsal

was decreased. The opposite effect of decressing the dihedral for the
two velues of Cnp 1is partly caused by the fact that the term

(CDP - ECLKZQ) was poslitive for the value of Cnp estimated by the
Douglas Aircraft Co., Inc. and negative for the value of Cnp which was
based on experiment. A more complete discussion of this effect is given
in reference L. TFigure 7 shows that the ratioc of roll to sideslip weas
reduced from approximately 5 to 2.5 when the dihedral was reduced. The
reduction in the ratioc of roll to sideslip was approximately the same
regardless of the value of CnP used. Although it is not known if the
large ratio of roll to sideslip for the original dihedral condition would
be considered undesirsble, some Investlgators have thought that the ratio
should not be more than 2.5. The ratico of roll to sideslip which was
obtained from figure T by measurement of the amplitudes of the bank snd
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sideslip angles for the two dlhedrsl configurations can elso be approxi-
meted by the following formula:

|2 oW1
B nv 22
1+ P
Hply
where
Cy
zv=__‘3_
DKy ?
CIl
n.V:_-—%
Ky,
C
zp=_22_
Micy®

The data of figure T indicate also that with either value of Cnp the

airplane would initially bank in the wrong directlon after a rudder kick
for both dlhedral conditions. Thils initial edverse rolling due to =
rudder kick is not unusual and is caused by the high location of the
rudder with respect to the center of gravity. With the original dihe-
dral, the alrplane reversed thls direction of bank because of the dihe-
dral effect; whereas in the reduced dihedral condlition the alrplane
remalned banked in the wrong direction after a rudder kick because of
insufficient dihedral effect. Further analysis indicates that, for the
reduced dihedral condlitlon, aileron control opposite to that normaslly
required would be necessary to hold a steady sideslip and the airplane
would not meet the Alr Force flying-qualities requirements in this
respect. It is shown in the appendix that for the M = 2.0 condition,

CzB must be greater than '%CDB to meet this requirement. The ratio

of C1p %o ~Cpng for the reduced dihedral condition (table III) is
less than 1/k.

The (:) points of figure 6 indicate that a reduction of 1° in wing
incidence increased the damping of the oscillation and that for the
calculation made with the Douglas estimated value of Cnp the ,increase

in damping was great enough to meet the Alr Force damping requirement.
When the CnP based on experiment was used, however, the increase in

damping caused bylo incidence decrease was not nearly great enough to
meet this damping requirement. When Cnﬁ was reduced by 50 percent in
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combination with the decreased wing incidence (points @ ), the demping
was further improved for the calculatlon made with the Douglas estimated
value of Cnp but was not changed when the value of Cnp based on

experiment was used. The @ points also show that the perliod was
Increased gbout 1/2 second by decreasing an by 50 percent for either

Cnp- The ratio of roll to sideslip was not improved by decreasing
either an or the wing incldence. 1In fact, the condition shown by the

@ points, resulted in & larger ratio of roll to sidesllip because of
the reduced CnB'

The (E) points of figure 6 represent the airplane with 1° negative
wing inclidence, wilth Cn‘3 reduced 50 percent, and with -5° dihedral.
The only difference in the airplane configuration between points @
and @ is the 5° decrease in dihedral and therefore a similar effect om
the damping is shown as was shown and discussed for points (&) and .
The ratio of roll to sideslip was not decreased sppreciably from the
original value of 5 because the decrease In dihedral -CzB was sbout
balanced by the decrease in Cnﬁ. Even with this reduced dihedral the
aileron to hold sideslip was in the desired direction because CZB was
s8t111 greater than -%Cng-

The @ points of figure 6 represent the eirplane with 1° negative
incidence, with the dihedral epproximately -7°, and with a vertical fin
added on the nose of the slrplane in such a menner that Cnﬁ was reduced

50 percent and Cnr was increased T5 percent. For this configuration

the ratio of roll to sideslip was decreased to 2.5 and the damping was
made satisfactory for both values of cnp. As in the case of the
points, however, the aileron control required in a steady sideslip
would be reversed.

Although these calculations for the airplane with the geometric
revisions were made only for the M = 2.0 condition which was considered
critical, it is belleved that similar trends would be obtained for the
M=0.75 and M = 1.2 conditions with the exception that the opposite
effect of Czp on the damping would be expected as has been discussed

previously.

Autopilot edditions.- The effect of varying the rotary-stability
derivatives Cnp, Cnr’ and CZP to simulate the addition of a rate

gyro autopllot with zero time lag and installed in the alrplane so as to
vary only one derivative at & time was investigated for Mach numbers of
0.75, 1.2, end 2.0 at 35,000-foot altitude and the results are shown in
figures 8 to 10. The derivative Cn.p was varied from -0.10 to 1.0;
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Czp from O to -3.0; and Cnr from 0 to -10.0. The mass and aerodynamic

parameters used for these calculatlons are those shown in table II except
that Cnp values of -0.105, 0.084, and 0.047 were used for the Mach

numbers of 0.75, 1.2, and 2.0, respectlvely. The different values of
Cnp were used for the autopilot calculations because at the time these

calculations were made a different method was being used to correct the
experimental CnP data of the model to high-speed full-scale values.

Since it is not known what the correct values of CnP for the airplane

are and since the effects of autopilot lag have been neglected, these
results should be considered as of a qualltative nature only. In some
cases the curves representing the damping of the spiral and rolling
modes (aperiodic modes) are not shown for the complete range of vari-
gbles because in these cases the aperiodic modes .combined to form a very
long-period osclllation and then reappeared as a very slightly unstable
eperiodic mode.

The calculated data of figures 8 and 9 indicate that incressing Cnp
in the positlive dlrection or Cp,. 1n the negative directlon increased

the demping of the oscillation, had virtually no effect on the periocd,
increased the damping of the spiral mode, and only slightly decreased
the demping of the rolling mode for all Mach numbers investigated. The
data of figure 10 show that increasing the demping-in-roll parameter
—CZP increased the demping for the M = 0.75 condition uvwp to a value

of CZP = -1.2 and thet a further increase in -CZP slightly reduced

the deamping. No effect on the damping is shown for the M = 1.2 condi-
tion. A slight destabilizing effect of increasing the damping in roll
is shown for the M = 2.0 condition up to velues of Cy = -0.6 and' a

further increase in the damping in roll for this condition was slightly
stabllizing. Increasing -Czp 8lightly increased the period for only

the M = 0.75 conditlon. The damping of the spiral mode was decreased
by increasing -Czp and the damping of the rolling mode was increased

by increasing -Czp.

The oscillation damping data of figures 8 to 10 have been summarized
in figure 11 to show the relative merits of the three zero-lag autopilots
consldered. In this figure the lncremental values of each derivative
(produced by the autopilot) is plotted as the abscissa. It appears from
these results that on the basis of the required change in the magnitude
of the derivetive to meet the Alr Force damping requirement, an auto-
pllot which artificially produced Cnp would be most effective in

improving the damping of the lateral oscillstion for the three conditions
investigated. This comparison involving only the magnitude of the
changes in the derivatives is not believed toc be completely valid, how-
ever, because of the limitations to the control moment availsble for the
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autopilot; that is, for the higher values of the derivatives the maximum
possible control-surface deflection would be reached before the maximum
rolling or yawing velocities would be reached and a nonlinear condition
would therefore result. Since the ratio of rolling velocity to yawing
velocity is rather large for this airplane, it should be expected that
this nonlinear condition would occur for a smaller value of Cn_P than

Cny,+ Since this comparison is for autopilots with zero time lag it is

likely that 1t may not be completely valid for autopllots with appreci-
gble time lag. Further study 1s required to establilsh more definitely
the relative merits of the different type autopllots.

CONCLUSIONS

The following conclusions are drawn from the results of the theo-
retical study of the dynamic lateral stability characteristics of the
X-3 research sirplane, study L41-B.

1. With the mess and aerodynamic paraemeters used 1n this investi-
gation the oscillatlon of the alrplane wouléd be stable for gl11 conditions
but would not meet the Alr Force damping requlirement for the majority of
the conditions investigated. Less stabllity was celculated for all cases
when the values of CnP based on experiment were used than when the

estimated (more positive) values of CnP were used.

2. The damping of the lateral oscillatlion of the airplane can be
improved by decreasing the wing incidence, by adding vertical-fin area
forward of the center of gravity, or by decreasing the dihedrsl, but no
geometric arrangement was found that would make the airplene completely
satisfactory from the standpoint of oscillation demping, ratio of roll
to sideslip, and alleron requlred to hold a sideslip.
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3. Great Improvement can be obtained in oscillation demping for all
conditions by use of an autopilot which artificielly produced Cnp or

Cn,. and for the M = 0.75 condition with an autopilot which produced

C1..
p

Langley Aeronsutical Laboratory
NWational Advisory Committee for Aeronsutics
Langley Air Force Base, Va.
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APPENDIX
ATILERON DEFLECTION IN A STEADY SIDESLIP

The Air Force flying-quallties requirements state that in a steady
sideslip, up-aileron deflectlon on the forward wing shall be required.
Thls means that right-aslleron deflection or right rolling moment is
requlired to hold a right sideslip. It is necessary, therefore, that In
a right sideslip the sum of the rolling moments produced by sideslip and
by the rudder should be negative, or

(czﬁs) + (Clsrar) <o (1)

For a right sidesllp, the term CZBB is usually negative and the term
CZS 5 1s usually positive, so the requirement might be restated &s
r

CigB > - (clsrsr) (2)

If the aileron yawing moments are neglected, 1n a steady sideslip

CngpB
.= (3)
05
Substituting equation (3) in equation (2) and dividing by B glves
Cis
DSr

Assuming that the rudder moments are proportlonal to the rudder-moment
arms

Czar Z - 18ilna

Cnsr = 1 cos a . (5)
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For the X-3 airplane at M = 2 this ratio is approximately-%. Substi-
tuting this value in equation {(4) gives

Clp > -3 Cng (6)

or, Czﬁ must be greater than --Jﬁ CnB + to meet the Air Force requirement
for aileron deflectlion in & steady sideslip.
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TABLE T
FUNDAMENTAL DIFFERENCES BETWEEN STUDY 39-C and 41-B

Ebther geometric changes Include the fuselage
shape, the tall boom cross sectlion, and
the vertical tail size and location ]

Study 41-B
Factor Study 39-C Mock-up
(reference 1) airplane
Wing incidence, deg . . . 1 o
b, £t . . « ¢ ¢ . . . 21.92 22.69
W, 1b . ¢« ¢« o & v v & o . 14,153 20,800
IXg = v v ¢ o o « s s o & 817,258,400 17,694,000
IZ0 = o o o o o o o o o . 8297,737,760 | 298,424,000
I¥g o o o v o o v e e a>g7,598,400 | 285,187,000
€, deg « « - 4 s s 0 s o« . 2 3

8These inertla values were approximately two times too
large for the weight of 1L,153 pounds.

NACA,
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TAELE 11

FACURS UEED TN CALCULATIONS OF PEHIOD AND TIME TO DAMP

19

! K 0.75 1.2 2.0
¥
3 3 35,000 35,000 20,000 35,000 50,000
Ly . .S 232.6 232.6 M7k 232.6 W7h.5
K
(%, 01148 -012.48 .011M8 01158 -C1148 -02148
izoa
(T) 193 1933 193 293 -1939 193
In, g -9 6 15 3.6 -.99 1.3
Ky 01152 01348 01148 o122 01152 01136
K2R 193k ST 1935 1927 1933 1932
o -.00286 01892 00043 o011k -.00296 -00k12
Cr, .15 S ok 509 090 .184
Egg 1.95 7.2% k.52 9.2k 2.7 5.5%
e
qrﬂ%c“ar-r o0.5] 1.0l 1.5f o5 1.0 1.5 o8 1.9 1.3 .5 1.0 1.5} o5 1.0/ 1.3 o5 1.0 1.3
cyﬂm -2l| -k2| -.63] -.23 -.w5 -] -.37 -5 -1.12 ~.39 -8 -1AT| -8} -.36| -5 -9 -.38] ~.57
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TABLE IIT
EESULTS OF GECOMETRIC MODIFICATIONS TO ATRPLANE

[ = 2.0; h = 35,000 feet]

Alleron to

Condition| T |ty | %l | Omg | OPr | ®Pp iDamping I%I hold sideslip
(a) I(b) (c}
_ _ 0.175 U U 8
A o[ 0 [-0.094|0.269 |-1.02 555 T T S
5l ol -. .269 [-1. 172 U s U
B 5 051 9-1.02 s o 2 =
ol-1| -.o94| .269{-1.02} 2172} S U S
¢ o el .025 U U s
175 s U s
D o|-1} -.094} .135[-1.02 “o05s = 5 =
175 s U S
E -5]-1} -.051 .135i-1.02 o5 5 5 =
75 S S U
F ~T{-1} -.024 .135}{-1.79 555 = 5 =

8The demping is considered satisfactory (S) when the Air Force
damping regquirement is satisfied and unsatisfactory (U) when
the requirement is not satisfiled.

bThe values of | were 2.5 or less for the cases marked satis-

factory (S) and 5 or more for the cases marked unsatis-
factory (U).

CThe aileron to hold a sideslip is considered satisfactory (S)
if up alleron on the forward wing is required and unsatis-
factory (U) if down aileron on the forward wing is required.

NACA,
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Figure 1.- Three-view sketch of Douglas X-3 research airplane, study 41-B.
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M=1.2

CYﬁt by 50 percent for values of Cnp that were estimated and for

Figure 3.~ Effect on the period end damplng of increasing or decreasing
those that were based on experiment.
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(b) Cn, estimaled by Douglas Alrcraft Co., Inc.

v’

Figure 5.~ Effect on the perlod and time to damp of lnereasing or
decresain;: C1,,. = 35,000 feet.
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M= 2.0.

of several geumetric changes to the Douglas X-3 airplene.

h = 35,000 feet.

Figure 6.~ Effect on the period and time to demp to one-half amplitude
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Figure 8.- Effect on the period and damping of varylng Cnp to simulate

the addition of a rate gyro autopilot with zerc time lag.
h = 35,000 feet.

-
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Figure 10.- Effect on the period and damping of varying CZP to simulate

the addition of a rate gyro autopilot with zexo time lag.
h = 35,000 feet. e
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Figure 11l.- A comparison of the effects on the damping of the lateral
oscillation of adding three types of sutopilot. h = 35,000 feet.

NACA - Langley Field, Vua.



