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NACA RM H56C20 CONFIDENTTAL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

TIME-VECTOR DETERMINED LATERAL DERIVATIVES OF A
SWEPT-WING FIGHTER-TYPE ATRPIANE WITH THREE
DIFFERENT VERTICAL TAILS AT MACH
NUMBERS BETWEEN 0.70 AND 1.48
By Chester H. Wolowicz

SUMMARY

As part of the flight research program conducted on a swept-wing
fighter-type airplane, rudder-pulse maneuvers were performed at altitudes
from 30,000 to 43,000 feet over a Mach number range of 0.71 to 1.48 to
determine the lateral stability characteristics relative to the stability
axes, in general, and the lateral derivative characteristics, in partic-
ular. The time-vector method of analysis was used. Four configurations
were employed in the investigation. Three configurations involved three
different vertical tails with varying aspect ratio or area, or both. The
fourth configuration employed a large tail, which had been used in the
third configuration, and an extension of the wing tips.

The time-vector method of analysis 1s capable of producing good
values of the lateral derivatives CYB’ CnB ) CZB , and Clp providing

the damping ratio is less than approximately 0.3. Relisble values of
lateral deriveatives (Cn_r - Cnﬁ) are difficult to determine because of the

sensitivity of this quantity to other factors. The expected effects of
increasing vertical-tail size, resulting in increased magnitudes of CnB,

CZB’ and Czp, were realized. The addition of wing~tip extensions had

small effects, except for a fairly large increase in the magnitude of the
damping-in-roll derivative Clp' Theoretically calculated derivatives

showed fair to good agreement with flight results in the subsonic range
with the exception of high angle-of-attack values of (Cnr - Cné) deriv-

atives. Wind-tunnel data for the static derivatives for a Mach number

of 1.41, when corrected for torsional flexibility and air-intake effects
of the jet engine, showed good agreement with flight results. The experi-
mental rate of decrease in the magnitudes of CnB, CZB’ and Clp with

Mach number at Mach numbers greater than 1.25 was larger than estimated.
This increased rate of decrease in magnitudes appears to be the result
of possible shock wave and flow interference at the wing tips.
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2 CONFIDENTIAL NACA RM H56C20

INTRODUCTION

This paper presents an application of the time-vector method of
analysis in the determination of static and dynamic lateral derivatives
of a 45° swept-wing fighter-type alrplane. Detalls of the application of
the time-~vector method of analysis employed are also included in this
paper as are same considerations of the limitations of the method. ALl
data were obtained as part of a camprehensive investigation, conducted
at the NACA High-Speed Flight Station at Hiwards, Calif., of the lateral
characteristics of this airplane.

The quentity of data obtained from the flight test program provided
the first opportunity to perform a falrly detalled investigation of the
stability characteristics of an airplane in the transonic and supersonic
regions and to provide scme comparison with available wind-tunnel data
(ref. 1). Previous reports have presented the directional stabllity as
determined by simple relationships (ref. 2) end the results of-roll cou-
pling investigations (refs. 3 to 6).

The flight rudder-pulse data for the determination of the lateral
stability characteristics were obtained for four configurestions. Three
configurations employed the original wing and three different vertical-
tail areas (original, extended, and large) while the fourth configuration
employed an extended wing and the large tall. The data were obtained at
altitudes between 30,000 and 43,000 feet over a Mach number range extending
to 1.48. Most of the tests were performed at & naminal value of 1 g load
factor, but for a few tests at nominal Mach numbers of 0.83 and 1.14 load
factors within the range of 0.5g to 1.8g were used to investigate the
influence of angle of attack on the lateral stability characteristics.

The results of the analysis of the data are compared with available
wind~tunnel data and calculeted derivatives.

SYMBOLS AND COEFFICIENTS

The results of thils investigation are referred to the stability
system of axes, which 1s defined as an orthogonal system of axes inter-
secting at the airplane center of gravity in which the Z-axis lies in the
plane of symmetry and is perpendicular to the X-axis. The X-axis is in
the plane of symmetry and is the projection in the XY-plane of the rela-
tive airstream onto the XZ-plane of symmetry. The Y-axis is perpendicular
to the plane of symmetry.
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The coefficients are referred to the original wing area and wing

span.
an normal acceleration, g units -
a4, corrected transverse acceleration, g units
atq indicated transverse acceleration uncorrected for instrument
position, g units
b wing span, ft
Crq trim 1g 1ift coefficient, W/qS
C rolling-moment coefficient, Rolling mament
1 aSb
C damping-i 11 derivati ég% adi
am -in-ro erivative er radian
lp plng ) ag_: Y
2v
Clr rate of change of rolling-moment coefficient with yewing
3¢,
angular velocity factor, SEE, per radian
2v
BCZ
ClB effective dihedral derivative, SE—, per radian
Clé rate of change of rclling-moment coeffigéent with rate of
change of angle-of-sideslip factor, —E%, per radian
=
C rate of change of rolling-mament coefficient with respect
lg 3
to control-surface displacement, Sgl, per deg
Cp yawing-moment coefficient, Yawinisgoment
Cnp rate of change of yawing-momggt coefficient with rolling
angular velocity factor, —2, per radian
3L
2V
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rate of change of yawing-mament coefficlent with yawing angular'

-n
rb’
v

velocity factor, per radian

oC
directional stability derivative, =2, per radian

B

rate of change of yawing-moment coefficient with rate of change
of angle-of-sideslip factor, é%%, per radian

57

rate of change of yawing-moment coefficient with respect to

oC
control-surface displacement, it per deg

& 2

Lateral force
qS

lateral-~force coefficient,

rate of change of lateral-force coefficient with rolling

angular velocity factor, , per radian

ofe |,

rate of change of lateral-force coefficient with yawing angular

Y
veloclty factor, SEE, per radian
2V

lateral-force derivative, —=, per radian

op
rate of change of lateral-force coefficient with rate of change

of angle-of-sideslip factor, ég%, per radian
o

rate of change of lateral-force coefficlent with respect to

control-surface displacement, Sg!, per deg

chord, ft

mean aerodynamic chord, ft

CONF IDENTIAL



NACA RM H56C20 CONF IDENTIAL 5

g acceleration of gravity, ft/sec2
hp pressure altitude, ft
Iy moment of inertia of airplane about stability X-exis,

Ix, cos2n + Iz sin21, slug-ft2

Ixo, product of inertia referred to stability X- and Z-axes,
-1/2<;ZO - Ixcbsin‘2n, slug-ft2

Iy moment of inertia of airplane about stability Z-axis,
IZO cos2n + IXO singn, slug-ft2

IXO,IYO,IZO moments of inertia of airplane about principal longitudinal,
lateral, and vertical axes, respectively, slug-ft2

ig incidence angle of horizontal tail, positive leading edge up, deg

M Mach number

m mass of airplane, W/g, slugs

Mg mass rate of air intake of Jet engine, Wa/g, slugs/sec

P period of damped natural frequency of airplane, sec

p' rolling angular velocity factor, pb/2V, radians

q dynamic pressure, oV2, 1b/sq ft

:gp: q

r,p,B rate of change with time of V¢, ¢, and B, respectively,
radians/sec

r,p rate of change with time of r and p, respectively,
radians/sec2

r' yawing angular velocity factor, rb/2V, radians

S wing area, sq ft

Tl/2 time required for absolute value of transient oscillation to

damp to half amplitude, sec

t time, sec

CONF IDENTTAL
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airspeed, ft/sec
transverse acceleration, ft/sec?
weight of airplane, 1b

weight rate of air intake of jet engine, Ib/sec

distance from center of gravity of airplane to alr intake of
jet engine (measured parallel to body X-axis), 25.1 ft

distance from center of gravity to transverse accelerameter
(measured parallel to body X-axis), positive when forward of
center of gravity, 5.37 ft

distance from center of gravity to sideslip vane (measured
parallel to body X-axis), positive when forward of center of
gravity, 30 ft

distance from center of gravity to transverse accelerometer
(measured perpendicular to body X-axis), positive when below
center of gravity, -3.6 ft

distance from center of gravity to sideslip vane (measured
perpendicular to body X-axis), positive when below center
of gravity, 2.5 ft

angle of attack of airplane, angle between reference body
X-2xis and stability X-axis, deg

corrected angle of sideslip, deg or radians

indicated angle of sideslip, measured from relative airstream
to X~-axis, positive when X-axis is left of airstream, deg

rate of change of sideslip factor, Bb/2V, radians

contribution of intake air of jet engine to directional
=11, aVX a

stability derivative,
qSb

, per radian

contribution of intake air of jet engine to lateral-force

A
derivative, ——%—, per radian
Q:

total alleron deflection, positive when left aileron is down,
deg

CONF IDENTIAL
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Or

rudder deflection, positive when rudder deflected to left, deg

angle between reference body X-axis and principal X-axis,
positive when reference axis is above principal axis at the
nose, deg

ratio of actual damping to critical damping

angle of inclination of principal X-axis of airplane relative
to stability X-axis, positive when principal X-axis is above
stability axis at the nose, a - €, deg :

mess density of air, slugs/cu ft

time parsmeter, m/pVS, sec

angle of sldewash, radians

rate of change of angle of sidewash with angle of sideslip,

da/dB

rate of change of angle of sidewash with rolling angular

velocity factor, g

) |°’
o

phase angle, deg

damping angle, deg

angle of roll, positive when right wing moves down, radians
angle of yaw, positive when airplane turns to right, radians

undamped natural frequency, radians/sec

damped natural frequency, wp\l - §2, radians/sec

Cy »{Cn , ete. contribution of flexible, vertical tail to the

lateral-force, directional-stability deriv-
atives, etc., respectively

Cy s»{Cn , ete. contribution of the rigid, vertical tail to the
Pv/xr Pv/g

lateral-force, directional-stability deriv-
atives, etc., respectively

CONFIDENTTAL



8 CONFIDENTIAL NACA RM H56C20

NG AC etc. change in the contribution of vertical tail to
YB b nB )
F F lateral-force, directional-stability deriv-
atives caused by flexibility of the vertical
tail, etc., respectively

The symbol |j| represents the sbsolute magnitude of a § quantity
and is positive. When employed in an equation, the equation is consid-
ered to be a vector equation.

The phase angle of a vector relative to another vector k 1is
indicated by the subscript ojk. The second subscript k is used as

the reference. For example, in the expression Q?W = -150° the roll
displacement vector lags the yaw displacement vector by 150°.

ATIRPLANE

The airplane is a fighter-type with a single turbojet engine equipped
with an afterburner, a moderately low swept wing, and a low horizontal
tail. A three-view drawing of the airplane with the original vertical
tail, tail A, is shown in figure 1. Figure 1 also indicates the extended
wing. A photograph of the airplane is shown in figure 2.

The tests covered the following four configurations:

Configuration | Vertical tail Wing
A Small (A) Original
B Extended (B) Original
o Large (C) Original
D Large (C) Extended

Figure 3 presents a photograph of tails A and C. Drawings of the three
vertical tails are shown in figure 4. The same rudder was used on all
tails.

The airplane is equipped with automatic leading-edge slats in five
intercommected segments. At subsonic speeds the slats generally started
to open at 3° to 6°. At supersonic speeds the slats generally remained
closed at Mach numbers above 1.25 for the angle-cof-attack range of the
tests.

The physical characteristics of the various configurations are pre-
sented in table I. The estimated variation with airplane weight of the

CONFIDENTIAL
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principal moments of inertia and inclination of the principal axes
(fig. 5) is based on the manufacturer's estimate (ref. 7) for design
weight and empty weight conditionms. ’

INSTRUMENTATION AND INSTRUMENT ACCURACY

Standard NACA instruments were used to record airspeed, altitude,
rolling and yawing velocities and accelerations, normal acceleration,
transverse acceleration, angles of attack and sideslip, and rudder,
alleron, and stabilizer positions. The airspeed, altitude, and angles
of attack and sideslip were sensed on the nose boom. All records were
synchronized at O.l-second intervals by a cammon timing circuit.

The turnmeters used to measure the angular velocities and acceler-
ations were referenced to the body system of axes of the airplane and
are considered accurate to within t1l.0 percent of scale range. Mounting
direction errors were 0.50 or less.

The indicated normal and transverse accelercmeter readings were
corrected to the center of gravity. The accelerometers are considered
accurate to within $1.0 percent of scale range.

Indicated sideslip angles and angles of attack, measured by vane-
type pickups, were corrected for roll and yaw rate, and pitch-rate
effects, respectively. The pickups were mass damped and had dynamically
flat frequency-response characteristics over the frequency range of the
airplane. The pickups are statically accurate to +0.1°.

The ranges, dynamic characteristics, and scale of recorded datas for

the angle of attack, sideslip, velocity, and acceleration instruments are:

Scale of recorded Undamped natural |Damping
Function Range data (per inch A
deflection) requency, cps ratio
a, deg . . . . . .|=20 to 4O 10.55 8 0.70
B, deg . +32 10.75 8 0.70
r, radians/sec . $0.5 0.543 10 to 12 0.65
t, radians/sec® . . t1 1.01 8 0.65
p, radians/sec . . plt 4.19 20 0.64
p, redians/sec? . . 7 6.33 7 0.65
an, gunits . . . .| =lto T k.92 819 80.43
ar, g units . . . . 1 2.30 P13 Po.38

830,000 feet.
040,000 feet.
CONFIDENTIAL
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Rudder, aileron, and stebilizer positions were measured by standard
control-position transmitters linked directly to the control surfaces.
The transmitter-recorder system had a flat dyneamic response over the
frequency range of the control movements encountered. The transmitters
are considered to be accurate to within 10.1°.

The nose-boom installation for measuring the airspeed was calibrated
by the NACA radar phototheodolite method. The Mach numbers presented are
considered accurate to +0.02 at speeds below ebout M = 0.90 and accursate
to $0.01 at speeds sbove M = 0.90.

Instrument phase-lag corrections were applied to all data employed
in the analysis. Also, position corrections were applied by time-vector
methods of analysis to sideslip and to transverse acceleration data.
Details of the application of the time-vector method are considered in
a later section of this paper.

TESTS

The test procedure for this investigation consisted of recording
the airplane response to abrupt rudder pulses performed with other con-
trols fixed. Attempts were made to maintain constant Mach number and
altitude and to prevent inadvertent movement of the control surfaces
during the transient portion of the maneuver. Such attempts were not
always successful and required careful selection of usable portions of
the flight record. TFigures 6(a) and 6(b) present typical time histories.
Small changes in altitude or Mach number did not appear to influence
materially the results except in the region of the critical Mach number;
however, moderate control movements in the transient portion of the
maneuver influenced the analytical results. The most troublesame data
resulted from maneuvers performed at high angles of attack or at other
than lg.

Maneuvers were performed at 1 g £0.lg conditions for the four con-
figurations at altitudes ranging from 38,000 to 41,000 feet over a Mach
number range of 0.73 to 1.35. To extend the Mach number range of the
tests to 1.48, maneuvers were performed following a pullout from a dive.
These maneuvers were performed with configurations B, C, and D at
35,000 3,000 feet over a load factor range of 1l.2g to L.7g.

To investigate the effects of angle of attack on the lateral sta-
bility characteristics maneuvers were performed with configurations C
and D during turns and pushovers at Mach numbers of 0.73 to 1.18 at
40,000 +2,000 feet and for configuration D at 30,000 £2,000 feet.

CONFIDENTTIAL
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Effects of angle of attack were also investigated over a Mach number
range of 1.03 to 1.31 for configurations A and B at altitudes fram 39,500
to 41,500 feet with a load factor of 1l.7g to 2.lg for configuration A,
and an altitude range of 37,500 to 39,500 feet with a load factor of 2.lg
to 2.4g for configuration B.

ACCURACY OF RESULTS

In considering the probable errors in the analysis of the lateral
characteristics of the airplane, attention must be given to instrument
accuracy as well as to readability of the records, possible influences
of variation in altitude and Mach number, influence of inadvertent move-
ment of the controls, and accuracy of estimated derivatives.

The readability of the records was a strong potential source of
error. Since the ranges of the instruments and scale factors employed
were governed by the roll-coupling investigations being conducted at the
time, the deflections on the roll records were small in general and very
small at Mach numbers in excess of about 1.3.

With all factors considered, the probable errors in the flight data
employed in the determination of derivatives are EStimaped to be:

Probable error, percent

P:
BEM = 0075 v v v e e e e e e e e e e e e e e e 0.5
At M = 1.35 . . . 2
Ty /5 .. S T = R O
Bg ¢ttt e e e e e e e e e e e e 3 to0 6
Lol
|¥]
Subsonic region %%% = 3.0 . . . .« e e . 3
Supersonic region %%% = 1.6 . . . e . . 6
o)
Q@W e e e e .. e e e e e e e e e +3

The probable errors in the lateral stability derivatives obtained
from flight data are dependent on the degree of error in the estimated
values of Cnp and Czr, in the moments of inertia, and in the direction

CONFIDENTIAL



12 CONF IDENTTAL NACA RM H56C20

of the principal axis, as well as ‘the errors presented in the previous
paragraph. The probable errors in the derivatives, exclusive of the
influence of errors in the estimation of Cnp and Czr, which will be

discussed later, are believed to be:

Derivatives Probable error, percent

CnB e e e e e e 4 e e s s s e e e e e e e e e e e 3%05
CYB . . . . . 10
ClB

From M = 0.70 to L.30 . . . + v v ¢ v v o o o o+ & 10

At M =147 . . . v v e e e e e e e e e e e e e 50
C

p

FromM = 0.70 to 1.30 . . « ¢« ¢ ¢« v ¢ v o 4 o o « & 10

At M =147 . 0 ¢ v v i e e e e e e e e e e e e e 20
(Cnr - Cné) s 1 T o I~

PROCEDURES OF ANALYSIS

The originel wing area and wing span were employed for all config-
urations in analyzing the flight data for the laterel stability deriv-
atives. To convert the derivatives of the extended wing configuration
(configuration D) to the actual wing area and wing-span bases, the
CYB derivative should be multiplied by 0.975, CnB and CIB by 0.925,

and Clp and Cp. by 0.876.

Inasmuch as the maximum sideslip and roll angles of the tests were
of the order of 2° and lOo, respectively, and since no significant non-
linear or cross-coupling influences were noted, the following linearized,
small disturbance forms of the lateral equations of motion of the air-
plane appeared applicable to the analysis of the data:

Way = m(v + rV - g9) (1)

Wag = (CYBB + Cypp' + Cyyr' + CYBQ')qS (2)

Igp - Lyt = (CZBB +Cpp' G rt cléé')qu (3)
Igt - Iggh = (ane +Cpp' + Cpr' + CnBB')qu ()

CONFIDENTTAL
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Three methods were originally considered for the determination of
the lateral stability derivatives. The frequency-response method of
reference 8 was highly desirable because of the number of derivatives
which can be determined from it; however, because of the time factor
and same doubt as to the wvalidity of the results which would be obtained
using the available flight data, it was decided not to employ this method.
The method of reference 9 is a time-vector approach to the solution of
the derivatives; however, it is a tabular procedure employing successive
approximations and therefore is not as desirable as the relatively rapid
graphical time-vector method of analysis explained in references 10 to 12.

The graphical time-vector method of references 10 to 12 was employed
for the determination of Oyg, Cng; (cnr - Cng), Cyp, and Cy. The

required precision of phase-angle data precluded the possibility of
reliable values of (CYr - CYQ) or CYP; therefore it was declded, on a

selective basis, to employ estimated values of CYP and to lgnore
(CYr - CYé) in the solution. The values of C; and Cnp which were

required for the time-vector solution of the other derivatives were
obtained from theoretical estimates.

Application of the Time-Vector Method of Analysis

No attempt is made in this paper to present the detailed mathematical
aspects of the fundamental time-vector properties inasmuch as reference 10
accomplishes this quite thoroughly. -Suffice it to say that the time
invariance of the phase relationships and amplitudes relative to each
other permits the representation of any one of the linearized equations
of motion by vectors. In the four lateral-directional equations three
degrees of freedam are involved in each equation; namely, sideslip, roll,
and yaw, each with the same frequency and damping characterlstics. The
amplitudes of the various degrees of freedom in each of the lateral-
directional equations have the same shrinkage rate and the phase angles
remain constant; thus for vector representation, the various amplitudes
and phase relations are time invariant.

The vector properties described 1n the preceding paragraph, plus the
requirement that the vector polygon representing any one equation must
close, makes possible the determination of two unknowns in any one equa-
tion. Inasmuch as it 1s desired to determine the stabllity derivatives
from flight data, it will be convenient to introduce new notations for the
stability equations and to establish the equations in the form of ampli=-
tude ratios. All equations in this paper having absolute value notations
will be considered to represent vector equations. Hence
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18l Ir| _ o] 12t] _ ‘
2T |BI + 2T Fa—}» CLO |B| CI—O W 0 (5)
.ﬂ. - el - Cure E =0 6
%o T~ %o ol ~ (%~ %) o ~ e (6)

L 1+ Ig |t x| -
e T B o i (e o) e @

o'l . (Clr - ClB) el Cqq = O (8)

><4:I—l
el
H
K
e

The derivatives with respect to r and é have been combined in
equations (6), (7), end (8). This was done because  |r| is similar to
|B| and is approximately 180° out of phase with IB .

The amplitude ratio representation is convenient, inasmuch as it
simplifies flight-data reduction and enables a more direct determination
of some of the derivatives.

The period of oscillation P is determined directly from the tran-
sient portion of the flight record. To determine the indicated phase
angles, the measured time differences of the different peaks of the
various degrees of freedam were averaged and the simple expression

o =t %(5600) (9)

was utilized.

To determine indicated amplitude ratios relative to the body axes,
the envelopes of the transient oscillation records are plotted on a semi-
logarithmic plot, such as figure 7, as a function of time. The linearity
of the curves indicates that the linearized differential equation is
applicable. The indicated amplitude ratios are then calculated as shown
in Tigure 7.

The values of Tl/2 are determined as indicated in figure 7. The
damping angle &3 1is related to the damping ratio { by one of the
relations

CONF IDENTTAL
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"l{,

sin
cos'lVl - §2 (10)

The determination of @3 or £ requires the use of the logarithmic
decrement which masy be expressed in various ways such as

8=ﬁg—=2xtanod -(11)
1-t¢°
and
0.693
§ = o222 p (12)
T1/2

Equating (11) and (12) and transposing

—— = 0.1102 —— (13)

Since wpy = anl - §2, then from (10)

= wnd 2% (14)

“n = Zos 3 " P cos o3

Correction of Indicated Amplitude Ratios and Phase Angles

Amplitude ratios are subject to corrections for dynamic magnifica-
tion, instrument location, and reorientation when the data are to be
considered relative to axes other than the body axes about which the
instruments are oriented. Phase angles are subject to corrections for
phase lag in the electronic system, phase error caused by instrument
location awsy fram the center of gravity of the airplane, and reorien-
tation when the data are to be consldered relative to axes other than
the body axes. The phase lag of the instruments was based on the
relation

CONF IDENTTIAL




16 CONF IDENTIAL NACA RM H56C20
2w
Phase lag = -tan™l! oy 5 = deg (15)
1 - [
®ny
where
s frequency of the airplane, radians/sec
Wny undamped natural frequency of instrument, radians/sec

The indicated phase angles were corrected for the difference in the phase
lag of the instruments involved.

The transverse accelerameter and B-vane records were subject to phase
error caused by instrument location. These phase errors were determined
in a wvector approach to the correction of indicated amplitude ratios to
true amplitude ratios.

The amplitude ratios will, in the case of carefully selected instru-
ments, be subject to negligible dynamic amplification error. In the case
of properly oriented gyroscopic instruments, the position error will be
negligible and location error is not a factor to be considered. In the
case of the transverse accelerometer and the B-vane instruments, location
error may be important as on the present airplane.

To correct the B record for vane location, the following expression
was employed

ha Z
B=Bl-}%—va+—E§—h (16)

In terms of vector notations

Qo % 1%l % IR
181] L-5 151 Ty B (17)

The graphical time-vector solution of (17) is shown in figure 8(a).
The solution is obtained by first drawing in the direction of the vectors
relative to B using the indicated phase angles corrected for instrument
phase lag. The numerical values of the terms in (17) are then drawn in

as vector quantities. The magnitude of the ng% vector and its direction
1

represent the magnification factor by which all the amplitude ratios taken

CONF IDENTIAL
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with respect to B should be divided to correct for B position error,
and the phase angle error of all of the phase angles taken with respect
to B.

To correct the indicated transverse acceleration for position error
the following expression was used

Zatf)b _ Xa_ti'b

at = at) + —3 5 (18)
In terms of vector notations
leel _ 1%l | Zey |Bpl ey [B L
R T e - i (19)
where
|ﬁb| _ |2l
Bl ~ 8 P
and

5] I
0 ’TB%L“’“

The time-vector solution of (19) is shown in figure 8(b). The solution
is approached by first drawing in the directions of the Py and T, vec-

tors. The directions of the acceleration vectors ﬁb and ib are then

located (90° + ®3) shead of the velocity vectors. The remainder of the

solution is as shown in figure 8(a). It can be seen that the position
correction is significant in the illustration representing actual test
data of an average condition.

Determination of the Lateral Stability Derivatives

The stability derivatives being determined and the equations of
motion employed in the present analysis are referenced to the stability
axes. Inasmuch as the flight data are referenced to the body axes, it
is necessary to transfer the flight data from the body exes to the sta-
bility axes. Had the stability derivatives sought been referenced to the
body axes, then the stability equations referenced to the body axes would
have been employed. In the appendix are presented the equations for the
transfer of the amplitude ratio %%% and the phase angle ¢pr from the
beody axes to the stability axes. The appendix also outlines the vectorial

CONF IDENTIAL
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procedure employed in obtaining refined magnitudes of +%+ and +§+ as

well as phase angles with the aid of the transverse acceleration equa-
tion (5). Figure 8(c) illustrates the final vector solution for these
magnitudes.

After correcting the data for various sources of error and trans-
ferring the data to the stability axes, as shown in the appendix, it is
a simple matter to proceed with the determination of the derivatives.
Since the positions of the displacement, velocity, and acceleration vec-
tors are known, the three lateral-stability equatioms ((6) to (8)) may
be applied to the solution of the lateral derivatives.

Figure 8(d) shows the vectorial solution for CYB and (CYr - CYB).

Although a solution for (CYr - CYé) is shown in the figure, this deriv-

ative was not included in the results of the analysis because of the lack
of the required precision of the value of ¢, 8 which would be needed
t

to obtain a fairly reliasble first approximation of this derivative.

Figure 8(e) shows the vector diagram for the determination of Cpn
B
and (Cnr - Cné)' No attempt was made to determine Cnp in place of one

of the other two derivatives, since same preliminary work appeared to
indicate there would be no advantage in doing this. The section entitled
"Discussion" in this paper considers sensitivity of some of the derivatives
to experimental errors as well as limitations in the application of the
time-vector method of analysis. Figure 8(f) shows the vector solution

for CZB and Czp. In this solution Clé was neglected since

Clr = (Clr - CZB).

Estimated Derivsatives

For the static derivatives CYB’ CnB, and ClB available tail-off

estimates based on wind-tunnel data were obtained from manufacturer's
estimates. Wing contributions to the dynamic stability derivatives were
estimated from the methods of references 13 to 18. The vertical-tail
contributions to the static and dynamic stability derivatives were calcu-
lated, using the method of reference 19 and calculated lift-curve slopes
(refs. 14, 17, and 20).

Manufacturer's estimates were utilized (fig. 9) for the effect of
torsional flexibility on vertical-tall contributions to CYB, CnB, Cnr’

and CYr for tail C. The flexibllity corrections were also applied to
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the calculation of ClB. Figure 10 shows the estimated change in the

derivatives caused by vertical-tail torsional flexibility in configura-
tions C and D.

Two sidewash influences were considered to be acting on the vertical
tail. The sidewash factor caused by roll op was, on the basis of ref-

erence 19, estimated to be 0.25. The sidewash factor caused by side~
slip cB has been shown in references 21 and 22 to be a function of wing

position and influences the values of CYB’ Cnﬁ: ClB, and (Cnr - Cné).
From reference 22, o0g was estimated to vary samewhat linearly for the

angle-of-attack range of flight tests and was considered to vary fram
approximately 0.07 at a = 0° to 0.1l at o = 6°.

The side force at the engine duct inlet resulting fram the momentum
change caused by bending of the intake air to flow along the duct axis
was also taken into account in calculating CYB and CnB of configura-

ations C and D. No air-intake effects are considered when calculated
derivatives on a rigid tall basis are presented. The air-intake effects
were approximated by the equations

-m,V

(ACYB)a T TaS (20)
GORE = )

Figure 11 shows the estimated weight rate of air required by the Jjet
engine to maintain cruising speed. Figure 12 shows the estimated contri-
bution of the intake air of the jet engine to CYB and CnB.

PRESENTATION OF RESULTS

Following is a summary of the figures presenting the results of
this investigation:

Iimitations of the Time~Vector Method

Figure
Influence of Cnp and Clr e e e e e e e e e e e e e e e e e e 13
Influence of tl-percent change in CnB e e e e e e e e e 1
Influence of t5-percent change in Qpr e e e e e e e e e e e 15
Influence of +0.5° change in Dy - - e e e e e e e e e e e 16

CONFIDENTTIAL




20 CONF IDENTIAL NACA RM H56C20

Static and Dynamic Characteristics

Figure
Fligzﬁl%:ta rpip .| PeTiod | Amplitude Static and
< ’l and ratios and |dynamic lateral

Configuration | demping |[phase angles| derivatives

A 17 18 19 20

B 17 21 22 2%

C 17 24 25 26

D 17 27 28 29

Comparison of A, B,
C, and D - 30 51 32

Comparison of C and D
with theory and
wind tunnel - - - 35

Angle-of-attack effects
at M= 0.85 and
M=1.12 - 3l 34 35

The data for configuration A, shown in figures 18 to 20, are meager
in the subsonic region and most are subject to inadvertent control move-
ments which, although not affecting the periods (fig. 18(a)) appreciebly,
do affect the damping (fig. 18(b)) and the phase angles (fig. 19(b)) so
that no attempt was made to analyze these data for the 40,000-foot con-
dition. The three test points at M = 0.71 constitute the only reliable
damping characteristic points in the subsonic region and, as a result,
the amplitude ratioc curves of figure 19 indicate approximate values only.
Despite the lack of sufficient subsonic data, the experimental stability
derivative characteristics shown in figure 20 are considered to be reli-
able within the accuracy indicated previously.

Although period and damping curves are shown in figure 18 for a
load factor of 1.8 at 40,000 feet, the amplitude ratios and phase angles

for this condition were not sufficiently well defined to obtain derivatives.

The results of the analysis for configurations B, C, and D (figs. 21
to 29) are based on the availability of a larger amount of pulse data for
each configuration. The data for configuration C were sufficient to
define characteristic curves for trim level flight at 31,000 feet from
M=0.77 to M= 1.0 as well as for trim level flight at 40,000 feet
(figs. 24 to 26).
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DISCUSSION

Iimitations in the Application of the Time-Vector Method of Analysis

Although the time-vector method of analysis requires the simplest
of equipment in its application and is capable of providing good results,
it does have definite limitations. In considering the limitations, it
is presumed that flight records have clear, sharply defined traces, and
that the ordinates have ample magnification in relation to the period
scale to produce well-defined peaks in the oscillations.

One of the limitations in the application of the method is the
insbility to work with records of heavlily damped airplanes without
resorting to other methods of analysis, such as frequency-response anal-~
ysis, to obtaein amplitude ratios, phase angles, and angular frequency
of the motion; and the use of template aids or analogs to determine the
damping ratio. When the damping ratio { exceeds 0.2, the accuracy of
defining Tl/2 begins to decrease. When ¢ exceeds approximately 0.30,

it is somewhat difficult to determine the period accurately and the Tl/2

values become increasingly doubtful. Also when { exceeds 0.4, relia-
bility of P and Tl/2 becames poor.

For controls-fixed conditions, the method depends on the analysis
of the transient portion of an oscillatory motion. Any inadvertent .
application of a forcing function during this transient oscillatory
motion, even though it may be small, will tend to influence the results.
In instances where the forcing function is deliberate and is of a pure
sinusoidal nature, the time-vector method is applicable providing the
CYS’ Cng: and 016 derivatives are available.

A third limitation of the time-vector method lies in the fact that
only two of the three derivatives in each of the lateral equations may
be determined by means of the vector diagram.

1
In the case of transverse equation (6), the secondary terms CYp lﬁﬂL
1
and (CYr - CYé>lﬁﬁL are generally neglected and the result is
a
, tl (22)

This simplified expression for CYB provides answers which are high;

however, the error probably does not exceed 4 percent. The principal
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difficulties in obtaining refined values of CYB have been in the read- -

ability of the records and the phase lag error of the vane itself. It
should be recognized that the unknown phase lag of the vane would enter
into the problem and affect the answers for CYB’ regardless of the

method of analysis employed.

In the case of the rolling-moment equation (eq. (8)) it was deemed
_ advisable to estimate the values of Czr and to obtain CzB and Czp

1
from the vector diagram. The Clr %%HL vector 1s relatively small,

especially at high Mach numbers, and a normal error of 50 in opr would
result in no accuracy in attempting to determine Czr.

A limited investigation was made of the sensitivity of the deter-
mined derivatives to variations of the assumed values of CnP and Ci,.,

to #5° errors in ¢ to $0.5° error in damping angle, asnd to a t1 per-

pr’
cent change in Cnﬁ' This investigation was considered for configura-

tion C at M = 0.80 and M = 1.20 at 40,000 feet.

As shown in figure 13, Cnp has a relatively small effect on CnB
and a fairly large effect on (Cnr - Cné)- The effect on (Cnr - Cné) was

of the order of 0.029 and 0.017 units per 0.0l unit change in Cnp at

M =0.80 and M = 1.20, respectively. The results of figure 13 show
that ClB is affected less .than 0.0004% units per 0.0l unit change in

Czr and that CZP is affected 0.0037 and 0.0052 units at M = 0.80
and 1.20, respectively, per 0.0l unit change in Clr‘

Normally, in dealing with the yawing-moment equation (eq. (7)),
attempts are made to determine the (Cnr - Cné) derivatives fram vector

diagrams. Thus, either Cnp or Cp. must be obtained by other means

to permit completion of the solution. In the present paper a theoret-
ical estimate of Cp, Was made and used to obtain both (Cnr - Cné) and

Cnﬁ- Inasmuch as there is usually some question of the accuracy of Cp
estimations, some vector solutions of Cnp and (Cnr - Cné) were obtained

using CnB as determined from

_wfLy 0.693 Iy
Cng = 5 E,_z ¥ ;;( -Clp = (23)
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In considering the possibility of employing calculated values of Cnﬁ
to determine Cnp and (Cnr - Cné)’ values of CnB were obtained from
equation (23) using faired flight data and vector solutions of CZB.

The influence of a fl-percent change in CnB on the lateral stability

derivatives Cp, and (cnr - cné) is shown in figure 1. On the basis
of the vector diagrams shown in figure 14, the influence would be appre-
ciable. In view of the influence of small errors in CnB plus the
effects of the possible magnitudes of errors in opr and ¢g 1t was

decided that, insofar as the present analysis is concerned, it would be
better to employ theoretically estimated values of Cnp'

Although the errors in the phase angle °pr are believed to be

generally within +3° in the present paper, the error may approach +5°.
Figure 15 shows that a 159 error had negligible influence on Cnﬁ: had

a moderate effect on ClB, and pronounced effects on Clp and (Cnr - Cné).

A study of the vector diagrams in flgure 15 will show that & decresase in

the magnitude of +%% will reduce the influence of phase angle error
in C and (C - Cng but will also increase the influence on C
g (Cny - Cng)> lg

and Clp' When the phase lag of the D wvector QﬁB decreases toward
900, the influence of the #5° error on both CIB and Clp increases.

A t0.5° error in the damping angle &3 showed small to moderate
influence on (Cnr - Cné): as shown in figure 16. In instances where

Cn.. - Cp:) would be of the order of -0.10, the error would be pronounced.
r ng ’

Comparison of the Four Configurations

A summary of the results of the analysis of the flight data of the
four configurations to show the influences of the various modifications
on the stability characteristics is presented in figures 30 to 32.

The period characteristics (fig. 30(a)) show an appreciable decrease
in the period when the original tail of configuration A was extended to
form configuration B. Replacement of the extended talil by the large tail
to form configuration C showed a moderate decrease in the period over the
Mach number range. The extension of the wing in configuraticn C to form
configuration D had a small uncertain effect on the period. The effects
ol the various modifications on the period characteristics are reflected
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in the characteristics of the directional stability derivative Cnﬂ as
seen in figure 32.

Although the damping characteristics (fig. 30(b)) show that Ty /2

was decreased in the subsonic range and increased in most of the super-
sonic range with each increase in tail size, the damping ratio { showed
a decrease with each increase in tall size throughout the entire Mach
number range investigated. The addition of wing-tip extensions, to form
configuration D, appears to have negligible effect on both Tl/2 and ¢

from M= 0.71 to about M = 0.9. Between M = 0.9 and M = 1.37, the
addition of the wing tips appears to increase the damping.

The influence of the increase in vertical-tail sizes and the addi-
tion of the wing-tip extensions on the damping parameters Tl/2 and ¢

is perhaps most effectively expressed in terms of derivatives as shown

by approximate relationships based on the analytical expressions of
reference 23. Although not exact, the following relationships, applicable
to low angle-of-attack conditions, appear generally adequate for quali-
tative purposes:

- g5 - 1
v[e Z(cnr cné) + = CYB:\
b2 1
5 (E(Cnr " Cng) * i CYB)
e (25)

4b T
X7
\ﬁ“ﬁ Tt

A study of equations (24) and (25) indicates that at any one value
of dynemic pressure, Tl/2 is dominated by <Cnr - Cné) and the damping

retio ¢ is dominated by both (cnr - Cné) and Cpg. The (cnr - cné)

derivative characteristics (fig. 32(b)) show qualitative trends with
configuration which are, in general, compatible with the Tl/2 trends

shown in figure 30.

The pertinent amplitude ratios are shown in figure 31. The character-

istics curves of lrﬁL for the various configurations are somewhat erratic
relative to each other because of the poor readability of the transverse
acceleration flight records and the B-vane errors discussed previously.
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In the subsonic range the large values of L—l of configuration A

Bl
were markedly reduced by the various tail and wing modifications. In
the supersonic region'configuration A showed the lowest %%+ magnitudes

and an increase in vertical-tail area increased the ratio; however, the

addition of extended tips decreased :B| slightly.

The phase angle ¢@B did not appear to be influenced in the sub-

sonic range by the range of vertical-tail sizes covered, but the addi-
tion of the wing extensions had a more significant influence on the phase
angle (fig. 31). In the supersonic region configuration A showed less
lag in phase angle than did configurations B and C, which had practically
identical phase-angle characteristics. Extension of the wing tips tended
to decrease the lag.

In the Mach number range beyond M = 1.2 or 1.25 +the amplitude
ratio and phase-angle characteristics appear, in general, to be changing
at an increasing rate. These changes in characteristic trend are reflected
in the derivative characteristics shown in figure 32.

Figure 32 .shows that an increase in both vertical-tall size and
aspect ratio had desirable influences in the trim level-flight static
derivative characteristics. Configuration C had practically double the
directional stability of configuration A at M = 0.7, and approximately
a 70-percent increase throughout the supersonic range. The influence
of the different vertical tails on the directional stability has been
reported previously in reference 2 relative to the body axis. When the
CnB curve of this paper for configuration C and 40,000-foot altitude

was transferred to body axes and compared with reference 2, excellent
agreement was evident over the entire Mach number range.

The effective dihedral CZB was also subject to substantial increases

with each increase in vertical-tail size. Wing-tip extensions had negli-
gible effect. The rather sharp reduction in the negative value of Cy

in the vicinity of the critical Mach number of sbout 0.96 is caused by
the tail-off characteristics of the airplane. The deterioration of
effective dihedral with increasing Mach number from M = 1.23%, when con-
sidered in conjunction with the break in the Clp curves for configura-

tions C and D, tends to indicate the possibility of shock wave and flow
interference near the tips of the wings which influences the 1ift distri-
bution across the span of the wing. Such an influence would reduce the
effective dihedral C; which tends to become negative in the region of

M=1.38 to M= 1.47, depending on the configuration.
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The major influence of wing-tip extensions (configuration D) appeared.

to be on the Clp derivative. In the supersonic range between M=1.05

and 1.30, there appears to be a falrly large increase in the negative
value of the damping-in-roll derivative Clp‘ This indicated increase

is based on the original wing area and span. When based on the actual
wing ares and span, the damping in roll for configuration D is larger
than for configuretion C up to M = 1.31.

In view of the difficulty in obtaining (cnr - cné) derivatives and
in an effort to check roughly the magnitudes of the (Cnr - Cné) deriv-

atives as obtained by the time-vector method, equation (24) was trans-
posed to the following form to solve for (Cnr - Cné)‘

~ _ 2Lz 1.386v
(cnr - cné) ~ - {)—2—<QST]_/2 +1 CYB> (26)

Utilizing the T, /2 and CYB values for configuration D (figs. 30
and 32), (Cnr - Cné) was computed by using equation (26) and compared
as shown in the following taebulation, with the values of (Cnr - Cnﬁ) as
determined by the time-vector method.

Mach number 0.90 1.05 1.15 1.25
(Cnr - cné) (eq. (26)) | -0.34 | -0.257 | -0.239 | -0.262
(cnr - cné) by vectors | -0.29 | ~0.200 | -0.205 | -0.210

Inasmuch as equation (26) is approximate and tends to provide
<Cnr - Cné) values which are high (especially at higher angles of attack),

it appears that the vector solutions for (Cnr - Cné) are within reasonable

limits and & rough insight as to the influence of the wvarious configura-
tions may be justified.

The negative magnitude of (Cnr - Cné) appears to increase with

increase in vertical-tail size in the subsonic range. Supersonically
there appears to be a decrease in negative magnitude with increase in
vertical-tail size. The addition of wing-tip extensions decreased the
negative magnitude of (Cnr - Cné) to some extent; supersonically the

influence appears to be negligible.
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Comparison With Calculated Characteristics and
Wind-Tunnel Data

Two sets of calculated characteristics curves are shown in figure 33.
The results show that air-intake effects and torsional flexibility of
the tail have a pronounced influence on the calculated stability
characteristics.

Beyond M = 1.25 all the flight-determined derivatives except
(Cnr - Cné) experience a deteriorating break in magnitude characteristics.

The calculated CYB and CnB characteristics indicate this break clearly,

calculated ClB characteristics show only slight but similar trends
starting at M = 1.15, calculated CZP characteristics indicate that
damping in roll begins to deteriorate in the vicinity of M = 1.35.

Inasmuch as Clp is practically dependent on wing alone, the break
in the Clp curve not accounted for by calculated values of this deriv-

ative appears to indicate, as mentioned in the previous section, the
possibility of some shock wave and flow interference near the tip of the
wings of both configurations which influences the 1lift distribution
across the span of the wing. Such an influence would reduce the effec-
tive dihedral CZB which tends to become negative at a Mach number of

approximately 1.47.

A comparison of the calculated derivatives with flight results
showed fair to good agreement in the subsonic region for all derivatives
except (Cnr - Cné)- The calculated values of <Cnr - Cné): similar to

the low-speed wind-tunnel values, were much lower than flight results.

Unpublished wind-tumnel static-stability data for M = 1.41 were
corrected for vertical-tail flexibility and air-intake effects of the
jet engine and are plotted in figure 33. These modified wind-tunnel data
show good agreement with the flight-determined trend of CnB and CZB.

It is difficult to compare the low-speed wind-tumnel data with the
subsonic flight results (fig. 33) because of the large Mach number differ-
erice. As will be pointed out in the following section, the variation
of CYB’ CnB’ and Clp with angle of attack shown by wind-tunnel data

is the opposite of trends shown by flight results; however, it appears
thet the magnitudes of CzB and Clp from flight and wind-tunnel data

tend to agree.
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Variation of Stability Characteristics With Angle of Attack

Although available flight data permitted the presentation of con-
stant load factor curves for several of the lateral characteristics in
the supersonic region for configurations A and B (figs. 18 to 21), and
data were also available for the presentation of the lateral character-
istics in the subsonic region for altitude effects for configuration C
(figs. 24 to 26), no attempt is made in this paper to discuss the results
inasmuch as other flight data provided a more detailed insight into the
variation of the lateral stability characteristics with angle of attack
at Mach numbers of 0.81 and 1.1k.

The variation of the lateral stability characteristics with angle
of attack at M = 0.83 at altitudes of 40,000 and 31,000 feet for con-
figurations C and D, and at M = 1.14 at an altitude of 40,000 feet for
configuration C are shown in figures 34 and 35. Also shown in figure 35
are the variations of Cng, C1g Cips and (Cnr - Cné) with angle of

attack as obtained from reference 1 for a Mach number of 0.13.

As shown in figure 34, flight data indicate a decrease in period
with increasing angle of attack regardless of the Mach number or altitude.
The damping charsascteristics improve with both increasing angle of attack
and decreasing altitude.

The amplitude ratio lQL and the phase lag of Q@B increase with

| Bl
angle of attack. Increasing angle of attack tends to place the roll
and sideslip displacements in phase. This tendency, plus the increase
in roll angle per unit sideslip angle, tends to accentuate Dutch roll
tendencies of the airplane.

Figure 35 shows the trends of the variation of the derivatives with
angle of attack. The CYB derivative is not included because the scatter

of the flight results precluded the possibility of presenting a definite
trend of CYB variation with angle of attack at constant Mach number.

Although low-speed wind-tunnel data from reference 1 are shown for cam-
parison with flight results at M = 0.83 and M = 1.1k, a direct compar-
ison for the same Mach number conditions is difficult because of the
presence of automatic leading-edge slats on the alrplane and the large
difference in Mach number which would make extrapolation unrelisble.

Flight results indicate an increase in directional stability and
effective dihedral with increasing angle of attack.

The damping-in-roll derivative Clp appears to attain its maximum

magnitude at an angle of attack of about 50.
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CONCILUSIONS

From the analysis of flight date obtained for four configurations
of a swept-wing fighter-type airplane over the Mach number range fram
0.7 to 1.48 the following conclusions have been reached:

1. The time-vector method of analysis is capable of producing good
values of the lateral derivatives CYB’ Cnﬁ: CZB, and Clp providing

the damping retio is less than approximately 0.3. Reliable values of
lateral derivatives (Cnr - Cné) are difficult to determine because of

the sensitivity of thls quantity to other factors.

2. The expected effects of increasing vertical-tail size, resulting
in increased magnitudes of CnB, CZB’ and Clp’ were realized. '

3, The addition of wing-tip extensions had small effects, except
for a fairly large increase in the magnitude of the damping-in-roll
derivative CZP'

4. Theoretically calculated derivatives showed falr to good agree-
ment with flight results in the subsonic range with the exception of
high angle-of-attack values of (Cnr - Cné) derivatives. Wind-tunnel data

for the static derivatives for a Mach number of 1l.41, when corrected for
torsional flexibility and air-intake effects of the jet engine, showed
good. agreement with flight results.

5. The experimental rate of decrease in the magnitudes of CnB’

CZB’ and Clp with Mach number at Mach numbers greater than 1.25 was

larger than estimated. This increased rate of decrease in magnitudes
appears to be the result of possible shock wave and flow interference
at the wing tips.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,
Edwards, Calif., March 9, 1956.
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APPENDIX

TRANSFER OF, AMPLITUDE RATIOS AND PHASE ANGLES

FROM BODY AXES TO STABILITY AXES

The transfer of the amplitude ratios and phase angles from body axes
to stability axes was accomplished by the use of equations for the trans-

fer of lEhL and ¢ to the stability axes, and the use of the vector

[ T| PpTh
method to obtain -}%{-, %{U L

P
To transfer I bl and & to the stability axes, the following

Y o’

equations from reference 9 were employed

7| ° (7 °
Ip| T?ET cos Qpbrb + tan o + |rb| sin ®Pbrb (Al)
] ~ 2 2
|Po ool .
(l - T;g+ cos ®pbrb tan o + (T?;T sin Qpbrb tan o

and
[ [P |
b : b
sin ¢ - —— s5in ¢ tan o
_1/ [Ty Pp™p _ Ty PpTy
Qpr = tan - tan
D
b cos ¢p r t tan o 1l - l—El cos & r tan o
Iy bv'b |Tp] Py
(A2)
The amplitude ratios g and g and the phase angles @rB and
©WB were obtained vectorially with the aid of the transverse acceleration

equation (5) as shown in figure 8(c). In approaching this analysis the
directions of the a; and p vectors are drawn as shown and, since nei-

ther %%% nor the direction of the ¢ vector is known, first approxi-

mations are made for these quantities as follows:
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lo| . Ip]
~ A
. 0 »
P0p = Opy + 180 (ak)
and
0
L)
vB =~ 180 (A5)
where
el _ @l ~
=T = and B =¥
EIE]
As a result of these first approximations, the vector diagram is
drawn as shown. The closing vector 2Tt ;—E:— determines the first approxi-

mation of the direction of the r vector from which the second approxi-
mation of the ¢ vector direction is determined to obtain the second
approximation of the @ vector direction using ‘Dpr'

To obtain the second approximation of I%I-, divide 2t -l%-i— by

2T -L&I- to obtain the first approximation of ¥l and multiply this

8] 8]
value of -I—‘u b lﬂ
EINREL
Using the second approximation of CL‘ and direction of the V wvec-

tor, the second approximation of CIO %- is determined and redrawn on

the vector diagram to obtein a new value of 271 Il and direction of the

18]

ITl 55 now used to obtain

Bl
a second approximation of —H» and a third approximation of M

1Bl
It has been found that the direction of the r vector and the
magnitudes of jl—g'—i- and -ll%)-- determined by carrying the successive

r vector. This second approximation of 2t

approximations thus far are quite close to the values which would be
obtained had the successive approximation procedure continued to complete
convergence.

Having determined «P’—}-, -'ﬂ, and the direction of the r wvector,

B
it is a simple matter to obtain the phase angles © and ¢

VB PB°
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557

A

462

438 -

Figure 1l.- Three-view drawing of airplane with original vertical tail and
the extended as well as the original wing. All dimensions in inches.
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Tail C
Taeil B §|
~ _ - 7
7 Y
/s
Tail A J / / //
/s
/
Assumed root chords J/
For supersonic calculations s
For subsonic calculations —)(\
/ —_ ]
- d
R g
//” 7/
o
L 1/’://
,/’/—‘-“ SLOAATNNAN \\\
R S A AN B\

Area blanketed by fuselage (Toit C) B

— 4 N
e 7 \
7 C/4 for tails A ond B
c/4 for tail C ____,J

Figure L.- Sketch of vertical tails A, B, and C. Refer to table I for
physical characteristics of the vertical tail.
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Figure 5.- Approximsted variation of principal moments of inertia and
inclination of principal axis relative to the body axis. Clean
configuration.
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(a) Configuration C. M= 1.45; b, ~ 32,500 feet.

Figure 6.- Time histories of lateral oscillations induced by a rudder
pulse.
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(b) Configuration D. M = 0.78; hy, =~ 40,400 feet.

Figure 6.- Concluded.
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Film scale factors per inch

P = 4.19 radians/sec
r = 0.543 radians/sec
8 = 10,75 deg

ay = 2.30 g

[

NACA RM H56(C20

L<—T1/2 = 2,40 —>
20 '
J {
. : <———-11,F units
19 ~ ]
T R0NY

9 AN 6.9 ini;\\\\
6 LJ\ ° 1 L} B
5 D —oe
4 L

‘1L\\\\\\:ﬁﬁ>:$:;i:7 Tnits 4\\\\\\jb
> 7.0 anits ——»\A% ;
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|

t,sec

;
:

Tp| © 6.9 X O.543 = Helb

%] _ 6.9 0.543

8] T 11.7 7 104

10

75 X 57'3 = 1071

Dy lag, | _ 2.82  _2.30 _
ﬁ'jl' = l'{':% x I%':'"}g x 5703 = 7.08 I ‘31| - 11.7 x 10.75 X 57'5 - 2’95

Figure T.- Typical use of the semilogarithmic sheets for determining Tl/g
and amplitude ratios. hp = 30,280 feet; M = 0.775; P = 2.98 sec;

T1/2 = 2.40 sec.
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Corrected phase angles

=& & = =215.1 =5.0 = =-220.1°

mpbB BBy

PP

- = =75.1 -5.0 = -80,1°

? rbﬁl BBy

r B =
- - - - - (]

(a) Determination of phase lag and magnification factor of B-vane due

to vane location.

Figure 8.- Typical sequence employed in the determination of lateral
derivatives using flight data and the time-vector method.
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(c) Determination of

= =11,8
\ o Ll
| lyl _ gl -1
| Bl ™ oLl ™~ =-12,17
= 0,802 - 2T
L, X B ’\ I-&
',". = 0.97
|a| ///{ Vr
Pream—t" U o
-k Bl ~ (vl |8l
= 3.0u x 0'97
= 2.95
Qpﬂ = =322,5°; !rﬁ = =-81,5%;

v lel

and positions of the
Bl TEP 2P

tors relative to 8.

Figure 8.~ Continued.
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)
) 35 - o = 0

‘WDe

ag | '

Cy, = 04573
r'
(Cy, = Cya) T Q.00
C -C = = = .
Ir Y Irt | o.0498 - °-080
Ie |

() Determination of Oy and (Cy, - cyé>.

Figure 8.- Continued.
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49

C, = 0.0712
"B
r'
(Cnr - Cn. )
C, =~C..= g_ipgl _ =G.017 _ _
“r P r! 0.0498 ~ 0.3k
B

(e) Determination of Cpg and (cnr - cné>.

Figure 8.- Continued.
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(f) Determination of Cig and Cypp.

Figure 8.~ Concluded.
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Figure 1l4.- Influence of il percent change in CnB on the lateral
bility derivatives Cp = and (cnr - cné) for configuration C at
M=0.80 and M=1.20 at hy = 40,000 feet. Basic values of

used were obtained from faired flight data, vector solutions of
and equation (23).
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Figure 16.- Influence of 10.5° change in 03 on the lateral stabllity

derivative (Cnr - Cné) for configuration C at M= 0.80 and M= 1.20
at hp = 40,000 feet.
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(a) Period characteristics.
Figure 18.- Period and damping characteristics of the airplane as func-

tions of Mach number, altitude, and angle of attack per load factor.
Configuration A.
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(b) Damping characteristics.

Figure 18.- Concluded.
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Figure 19.- Amplitude ratio and phase angle characteristics of the air-
plane at its natural frequency as functions of Mach number and alti-

tude.

(a) Amplitude ratio characteristics.

Configuration A.

CONFIDENTTIAL

CONFIDENTIAL NACA RM H56C20
6
hp, ft
5 O 42,000
. - O 40,000
Tol & O 38000
5 /ﬁo > | A 36,000
— N 34000
181T L 32000
p — Add to
hp, f1
o~ 500
o 1,000
6 - 1,500
5 ==
P N ‘40,000 feet, on= 1.0
410
P \
3
N S
2 — OO
1 ~
| \D\\-‘Q/ O
6
5
///v
4z
)
3
D
: EJ\ /, P
1.00 |
98 — S
.96 O
o B
407
947 8 9 10 L 12 13 4 15



NACA RM H56C20

CONF IDENTIAL

200
— -
] A
e @— B
®q,8 180 T
160
-100
hp, ft
40,000 feet, an= 1.0 | O 42,000
20 N " 0 40,000
- \ O 38,000
Cgy o\ : ~ A 36,000
— 1" 1 © | b 34,000
: il D 32,000
-140 0 30,000
04 -
i o
pv
-160 0O 500
01,000
-0 1,500
-300
T AF
®gp -320 =
0‘
)
-340
-I70
& 9
'z o o Ny O
-1907 9 10 1] 12 13 14 15
M

(b) Phase angle characteristics.

Figure 19.- Concluded.
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(a) Static derivatives.

Figure 20.- Variation of static and dynamic lateral stability derivatives
with Mach number. Configuration A.
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(b) Dynamic derivatives.

Figure 20.- Concluded.
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(a) Period characteristics.

Figure 21.- Period and damping characteristics of the airplane as func-
tions of Mach number, altitude, and angle of attack per load factor.

Configuration B.
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(a) Amplitude ratio characteristics.
Figure 22.- Amplitude ratioc and phase angle characteristice of the air-

plane at ite natural frequency as functions of Mach number and alti-
tude. Configuration B.
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(b) Phase angle characteristics.

Figure 22.- Concluded.
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(a) Static derivatives.

Figure 23.- Variation of static and dynamic lateral stability derivatives

with Mach number.
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Figure 23.- Concluded.
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(a) Period characteristics.

Figure 2L.- Period and damping characteristics of the airplane as func-

tions of Mach number, altitude, and angle of attack per load factor.
Configuration C.

CONFIDENTIAL




JP

NACA RM H56C20

6.6
6.4
4.4
4.0
3.6
3.2

Ty/2
2.8
2.4

2.0

1.6
.16

.08

.04

(b) Damping characteristics.

Figure 24.- Concluded.
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Figure 25.- Amplitude ratio and phase angle characteristics of the air-
plane at its natural frequency as functions of Mach number, altitude,

CONFIDENTIAL NACA RM H56C20
- .
2R
‘sn: = 2—:;"_\ .A—ﬁ><>/
6 4
}-Lg\ } . Bpr £
'2.6_\ L2 ﬂ‘_/p/ S 38,000
T NEE T S de
PTapSE T T D %
2 call =l %% aad o n, £
AR 8.8
22 ‘l‘-‘—'% 2—:@_%
O .
2 ‘ N ey }/I%_Q"\ﬂ’fp'\
W A \ 3
L 140,000 £t, &, = 1.0—N Lr\'}—
—31,000 £%, &y = 1,0
0 R
4
2‘&’5 TR | /[';,.-M}—Q.\_f\\
T .
o I
1.00

B i il

T

4

96 g%‘
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(b) Phase angle characteristics.

Figure 25.- Concluded.
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(a) Static derivatives.

Figure 26.- Variation of static and dynamic lateral stability derivatives
with Mach number. Configuration C.

CONFIDENTIAL



NACA RM H56C20 CONFIDENTIAL
a,deg
4 4 q, deg
2 B 4.0 0
c : iinte it Skt ity o 2
Yo 0 1 1 1o a
0 T T T T T T T 17 T7 "1 a 6
N 8
) Add to a
O~ 05°
1.0°
| -1 15°
' o
Cnp 0 b=-=tb—g-=1-—4---1---d___1_ __|.__] N N D
4
N _____ Calculated, rigid tail
— 40, feet, ap = 1.O
— 31,000 feet, an=1.0
|
-2 iy D
|§ CF“£L7§$~£L G M 45
Cl -3 ad \? J ] .~
P G- ":%m = 135
-4 I~ 43
-5 =i
M=0.13, B=0and -3° (Ref I)
.2
-H$ S e e S S t}i__"________"__ _____ -
G, ol® e i e . o) _ [ By B &
NaL--TT
-l
-1 I
2ip ' En=t i '$‘— ety 1
. T 1- » i3 LA T
& B T E *" ﬁ% =}
Cy ~Cng ot ® |°
- S 0]
-5
-6 Lﬁ? .8 .9 10 11 12 13 14 15

M

(b) Dynamic derivatives.

Figure 26.- Concluded.
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(a) Period characteristics.
Figure 27.- Period and damping characteristics of the airplane as func-

tions of Mach number, altitude, and angle of attack per load factor.
Configuration D.
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(b) Damping characteristics.

Figure 27.- Continued.
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Figure 27.- Concluded.
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(a) Amplitude ratio characteristics.
Figure 28.- Amplitude ratio and phase angle characteristics of the air-

plane at its natural frequency as functions of Mach number, altitude,
and angle of attack per load factor. Configuration D.
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(b) Phase angle characteristics.

Figure 28.- Concluded.
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(a) Static derivatives.

Figure 29.- Variation of static and dynamic lateral stability derivatives
with Mach number. Configuration D.
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(b) Dynamic derivatives.

Figure 29.~ Concluded.
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Figure 30.- Summary of period and damping characteristics of configura-
tions A, B, C, and D as functions of Mach number at

an = 1.0,
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(b) Damping characteristics.

Figure 30.- Concluded.
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Figure 31.- Summary of the characteristics of the amplitude ratios i—El

|8
and %%%, and the phase angle q$6 of configurations A, B, C, and D

as functions of Mach number at hj = L0,000 feet; a, = 1.0.
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(a) Static derivatives.

Figure 32.- Summary of the lateral stability derivative characteristics
of configurations A, B, C, and D as functions of Mach number at

hp = 40,000 feet; a, = 1.0.
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(a) Static derivatives.

Figure 33.- Comparison of the variation of the lateral stability deriva-

tives of configurations C and D with Mach number as determined from
flight with calculated variation. hp = 40,000 feet; ap = 1.0.
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Figure 34.- Period, damping, amplitude ratio

characteristics as functions of angle of attack at constant Mach num-

ber.
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Figure 35.- Static and dynamic lateral stability derivative characteris-~
tics as functions of angle of attack at constant Mach number. Con-
figurations C and D.
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