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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

THE LONGITUDINAL STABILITY, CONTROL EFFECTIVENESS,
AND CONTROL HINGE-MOMENT CHARACTERISTICS OBTAINED FROM
A FLIGHT INVESTIGATION OF A CANARD MISSILE CONFIGURATION
AT TRANSONIC AND SUFPERSONIC SPEEDS

By Roy J. Niewald and Martin T, Moul
SUMMARY

A flight investigation has been made to determine the longitudinal
stabllity and control characteristics of a 60° delte wing cansrd missile
configuration. The results include the longitudinal stability deriva-
tives, control effectiveness, drag characteristics, and control-surface
hinge-moment characteristics for a Mach number range of 0.7 to l.45.

~ The longltudinal stabllity derivatives showed no unususl trends and
& gradual veriation with Mach number at transonlic and supersonic velocl-
ties and appeared to be linear functions of angle of attack within the
accuracy of the data and for the small angle-of-attack range obtained in
flight. The aerodynamic-center position showed & rearward shift of
12 percent of the mean serodynamic chord between Mach numbers of 0.9
and 1.25.

Control pitching effectiveness was maintained throughout the Mach
number range, although 1ift produced by control deflection was slightly
positive at subsonic speeds and slightly negatlive at supersonic speeds.

Hinge moments were very low et all Mach numbers tested, especlally
at supersonic speeds; therefore, excellent aerodynamic balencing charac-
teristics can be ¢btained wilth all-movable delta control surfaces.

The varilatlion of minimum drag coefficient with Mach number showed
a sudden increase at a Mach number of 0.85 to & maximum value at M = 1.05.
The maximum lift-drag ratio et supersonic velocities was about 3.7,
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INTRODUCTION -

As part of the general research program on gulded missiles, the
Langley Pilotless Aircraft Research Division has been conducting a series
of flight tests to determine the stability and control characteristics of
a canard mlssile configuration. The aerodynamic parameters are necessary
for the analysis and design of various automatic stabilization systems
and will also provide useful aerodynamic design dates for estimating the
stability and control characteristics of similar configurations.

The longitudinal stabllity, control, hinge—moment and drag charac-
teristics obtalned from the flight test of a 60° delta wing canard missile
configuration at the Langley Pilotless Alrcraft Research Station at
Wallops Island, Va. are presented for a Mach number range of 0.7 to 1..45.
The results were obtalned through the use of a model utilizing a pro-
grammed control system. -

The rolling stabillty and control derivatives and aileron hinge-
‘moment characteristics of this configuration using wing-tip allerons
have been reported in reference 1. Results of the flight test of a model
incorporating a roll-stabilization system were presented in reference 2.

SYMBOLS
c wing chord, feet
3 wing mean aerodynemic chord (1.49 ft)
Ser total wing area in one plane (2.89 sq ft)
Ce canard control-surface mean aerodynamic chord (0.387 £t)
Se . canard control-surface exposed area (0.192 Bq ft) L
t wing thickness, Iinches; or time, seconds
W weight (115.L4 1b)
Iy moment of inertia about Y-axis _(?0.0 slug-ft2)
p mags density of alr, slugs per cubic foot
B coefficient of viscosity, slugs per foot-seconds
v velocity of model, feet per second _

etSr T

»l



NACA RM L50I27 R ETERTICE

g

a

da

CL=-6T_E-
Se

ay/e

a1/g

H

ac

C
Lirim

Aprim

speed of sound in air, feet per second

Mach number (V/V.)

Reynolds number (pVE&/p)

dynamic pressure, pounds per square foot (—%pV2> 3 or pitching
veloclty, degrees per second

accelerstion due to gravity, feet per second per secand

angle of attack, degrees

, degrees per second

canard control deflection, degrees
normal accelerometer reading, g units

longitudinal accelerometer reading, deceleration positive,
g units

hinge moment, foot-pounds

aerodynamic center

a
1ift coefficient ((-2—11- COo8 a = EZ- sin a) -—W—>

aSsr
a
drag coefficlent (—l cos a + 2n gin cc) l
g g qS,,
pitching-moment coefficient (%itChi:iE?°men€>
g

hinge-moment coefficlent H_.
@SeCe

trim 1ift coefficient

trim angle of attack, degrees
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oCy,

o da

oCm , . i
Cma =55 per degree - _ : :

C = é%%, per degree . - -
q a - - - - . - -
&N

o % L
mé: = a—az::, per egree
X

, per degree - - _ _ o

Ao

oCy, ' ' B _ L
CLS = —=, per degree o o ) e T

e OB

Cm_Se = —2, per degree
e

3¢y,
ChOL = 3o per degree

- oCy 5
= ——, per degree . ; —
Cpn - hinge-moment coefficient at 0° angle of attack and 0° control
0 deflection
CDmin minimum drag coefficient

(L/D) gy maximum lift-drag ratio

P period, seconds ' D

g damped naturel frequency, radians per second (2=/P)

GEIEIDFNTIAE",,
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b exponentiel demping coefficient in e‘bt, per second

Tl/2 time reduired for oscillations to damp to one-half amplitude,
seconds (0.693/D)

MODEL DESCRIPTION

Bixty-degree delta wings and canard control surfaces were mounted
on a cylindricel body of fineness ratio 16.3 with ogival nose and tail
gections. The solid duralumin wings were fixed on the all-metal air-
frame in a cruciform fin arrangement with solidesteel control surfaces
pivoted about a point on the body in line with and forward of the wings.
A gketch of the.model is shown in figure 1. Wing and control-surface
details are shown in figure 2.

The wings and canard control surfaces had modified double~wedge
airfoll sections with constant thicknesses corresponding to a thickness
ratio of 3 percent at the wing-body Juncture and 3 percent at the control-
surface root chord.

The canard control surfaces were pulsed by a hydraulic servosystem
in a square-wave motion from 50 to —5°. The control surfaces were actu-
ated by a hydraulic piston which was supplied from an accumulator and
programmed by a motor-driven valve. :

A hinge-moment balance was also incorporated in the linkage system
in order to measure hinge moments about a hinge line located at 64 per-
cent of the root chord of the control surface.

The physical characteristics of the model are given in the following
table:

Wing:
Sy Bauare feet o . . ¢ . . .t h i 4t e et e e e e e e e .. . 2.8
MAC.y, Feet & v v v v v v s e e s et s e e e e e e e e e e . . 1lho
t/c at wing-body Juncture . . . « « « o ¢« % ¢ « « « + « o « + « 0.03

Canard control sufaces:

Sgy; Bauare feet . . . & 4 ¢ ¢ 4 i i i 4 s e e e e 4 e s e e . 0.192
MACoy Feet & v v v v 6 e 6 4 e 6 st s e e e s e e e e e s . 0,387
t/c 8t Toot ChOTd « v 4 4 4 4 4 4 e s e e s e e e e e e ... 0.03
Welght, pounds . «-v v ¢ ¢ ¢ v ¢ 4 & 4 4 4 4 4 s o o o o o« « « o 115.4
IY’ slug—feet2 e e 8 e & s e 4 s s s s s e s s s 2 s e e e e e « 20,00
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INSTRUMENTATION - T

The model was equipped with an NACA six-channel telemeter which
transmitted a continuous record of the normal and longltudinal acceler-
ations, angle of attack, control deflection, control hinge moment, and
intermittent total and calibrated static pressures. A_free-floating
vane mounted on & sting attached to the nose of the body was used for
measuring angle of attack. Total pressure wes obtained from a total-
head tube extended below the fuselsage.

The trajectory of the model was determined through the use of a
radar tracking unit. The veloclity of the model was measured by a
CW Doppler velocimeter. Radiosonde data were used to obtain temperature
and atmospheric pressure throughout the altitude range traversed by the
model.

APPARATUS AND TECHNIQUE

The model contained no sustainer rocket motor but was boosted to
gsupersonic veloclties by means of & solid propellant rocket motor of
6,000-pound thrust end 3-second duration. Data were continuously
recorded as the model coasted through the Mach number range after
separation from the booster., Photographs of the model and the model-
booster combination before launching are presented as figure 3.

The longitudinal stability and control derivatives were obtained by
measuring the missile response to the step inputs of the canard control
gsurfaces. The method of enalysis used in the reduction of the data is
given in the appendlx.

ACCURACY

The accuracy of the various aerodynamic parameters determined from
the flight records depended on the accuracy of measuring individual com-
ponents such as dynamic pressure, angle of attack, and normal accelera-
tion. Since the stability and control derivatives define the missile
motion in flight, the accuracy of the analysis technique was indicated
by comparing the measured missile response with the response calculated
by using the derivatives. The calculated and measured angle-of-attack
and normsl acceleration responses are shown at & Mach number of 1.35 1in
figure 4. Good agreement was obtalned between the measured and calculated
responge curves; this agreement indicating the validity of the equations
of motion used in determining the derivatives and the accuracy of the

eRONTIDENTIAY
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stability and-control derivatives in determining the measured motions.

The maximum difference between measured and calculated normal accelera-
tion is about 0.8g or about 5 percent of the maximum acceleration obtained
during the pulse cycle. The maximum difference between mesassgured and
calculated angle of attack is about 0.8° or 8 percent of the maximum
angle of attack obtained during the pulse cycle.

The aerodynamic coefficients are subjected to possible errors in
the telemeter and Doppler radar. Velocity ls measured with an accuracy
of approximately 1 percent and the error in dynamic pressure is then
2 percent, the error belng propertional to the square of the velocity.
The accuracy of any telemetered quantity is within 2 percent of the total
calibrated instrument range. The resulting possible errors in the
stability derivatives, drag and hinge-moment coefficlents are tabulated
at two Mach numbers as follows:

Percent of given value
M
CLU. Cma CLse Cmse Cmq + Cm& Ch CD
0o.80] 3| x| w | 6 16 |5 ]s
1.40] 2 L ko 6 10 0l %4

The accuracy of C is poor because, for the configuration tested
LS J g J
e

the magnitude of C is approximately L4 percent that of Cp .
Is, L

DISCUSSION OF THE RESULTS

The Reynolds number veriation with Mach number for the flight-test
conditions is shown in figure 5. Reynolds number was based on the wing
mean serodynamic chord. The scale of the flight tests is indicated by
a range in Reynolds numbers of 6 to 15 million.

A typical section of the time histories obtained in flight of this
model is shown in figure 6. The angle of attack, normal acceleration,
and hinge-moment varlations show the typical damped oscillations as the
missile responded to the step control input. The longitudinal decelera=-
tion of the model is indicated by a Mach number decrease from M = 1,38
to M = 1.21 'during & complete pulse cycle. All staebility and control
derivatives presented are partial derivatives based on total wing area
in one’ plane and are referred to the wing mean aerodynamic chord. Hinge-
moment derivatives are based on the control-surface exposed area and are
referred to the control-surface mesn aerodynamic chord.

aEOXFTOENTTAY—
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Longitudinal stability derivatives.- The_lift-cu;?e slope CLa was

obtalned by measuring the slope of 1ift coefficient plotted ageinst engle
of attack. Lift coefficlents were determined from the normal and longi-
tudinal accelerations. The angle of attack measured at the nose of the
model was corrected for flight-path curvature and pitching velocity to
determine the angle of attack at the model center of gravity (reference 3).

Typical curves of 1lift coefficlent plotted against angle of attack
are shown for Mach numbers of 0.89 and 1.25 in figure 7. The curves are
smooth and show & linear variation of 1ift coefficient with angle of
attack within the range tested. The data. also show & displacement of

the 1ift variation with angle of attack for an increasing and decreasing-__

1ift. The hysteresis-like effects presented in figure 7 result from a
time difference between the angle of attack and normal acceleration of
from 0.002 to 0.004 second or. an instrument phase difference of from 3°
to 59. However, an investigation of the instrument responses did mot
explain & phase lag of this magnitude. Aerodynamic calculatlions have
shown that only part of the apparent hysteregis (less than 25 percent)
can be attributed to the 1ift proportional to pitching velocity and the
1lift proportional to the angle-of-attack variastion with time. Similar
hysteresis-like effects were noted in drag and hinge-moment responses
and have been observed on two other pulsed-control models reported in
references 1 and 4. Other configurations have been free of this effect.

The variation of lift-curve slope CL with Mach number is shown
o .
in figure 8. The values of Cy, obtained are average slopes between
o .

angles of attack of 1° and 6°. A linear lift-curve slope was indicated
for this angle-of-attack range within the accuracy of the date. The
results show a gradwal variation of CLOL wlth Mach number. The maximum

lift-curve slope was 0.057 at a Mach number of 1.05.

The damping of the osclllatlons is indicated by the exponential
damping constant b, as shown In the appendix. The values of b are
shown for the flight-test conditions in figure 9. The time to damp to
one=-half amplitude may be determined from the relationship Tl/2 = 0'593

At supersonlic velocities Tl/2 would be about 0.2 second as compared to

0.35 second at subsonic -velocities. The values of the damping-in-pitch
derivative Cmq + Cm& were determined from the values of b and are
shown as a function of Mach number in figure 10, A decrease in the
damping in pitch from subsonic and supersonic values is Iindicated at a
Mach number of about 1.0. The value of Cmq + Cmd was =0.22 at a Mach

number of 1.25. A comparative value at a Mach number of 1.25 for a

w
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conventional unswept-tapered-wing configuration is -0.29 (reference k),
and for a tailllegs-delta-wing configuration the value of Cmq + Cmd

is -0.04 at the same Mach number (reference 5).

The static stability is a function of the frequency or period of
the short-period oscillation. The periods measured from the short-period
oscillations obtained in flight are shown from a Mach number of approxi-
mately 0.7 to 1.45 in figure 11, The curve shows the decrease in period,
or the increase in static stability with increasing Mach number. A
glower decrease in period at supersonic speeds is shown with a slight
irregular variation indicated at a Mach number of 0.93. The damped
natural freguency of the configuration varied from 1.8 cycles per second
at & Mach number of O.T4 to 4. cycles per second at a Mach number of 1.U45.
The static pitching-moment derivative Cma was obtailned from the plot of

period against Mach number and is shown in figure 12. A rapid increase
in static stebility is indicated at a Mach number of 0.93 and a maxlimum
value is reached at s Mach number of 1.05. '

The aerodynamic center of the missile was determined from the static
stability derivative and lift-curve slope. The variation of aerodynamic-
center position with Mach number is shown in figure 13. The value of the
aerodynamic-center position 1s expressed in percent of the wing mean aero-
dynamic chord. The aerodynamic center was located 24 percent ahead of
the leading edge of the mean aerodynamic chord at & Mach number of 0.9.

A gradual rearward shift of the aerodynsmic center of 12 percent of the
mean aerodynamic chord occurs between Mach numbers of 0.9 and 1.25 and
is followed by a gradual forward shift with increasing supersonic
velocities.

Control effectiveness.- The effectiveness of the canard control
surfaces in producing model 1ift and in producing & pltching moment is
illustrated in figures 1k and 15. The 1lift produced by control deflec-
tion CLSe was small throughout the test Mach number range. The accu-

racy of C is low, since it is a small percent of C; . However, a
L6 ) _ . La 2

e
negatlive value of CL8 indiceates that the negative wing 1lift caused by
e

downwash from the deflected canard surfaces was larger than the positive
1ift produced by the comtrol surfaces themselves.

Pitching effectiveness, represented by the derivative Cms , was
e

positive through the Mach number range tested in flight. The increase

in downwash above a Mach number of 0.9, which was indicated in the

reversal of the values of CL6 s 18 evidenced in the increesed values
e

of C at supersonic speeds. Since the wings on this configuration

mae
w‘ d ; =
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are well behind the center of gravity, the negative wing 1ift produced .
a pltching moment which added to the pitching moment produced by 1lft

on the control surfaces. Thus, it can be seen that nearly all of the
canard missile lifting response results from the angle of attack pro-
duced by control-surface deflection. - ‘_' :

The canard control-surface lift and pitching-moment derivatives
were obtalned from the trim 1ift and trim angle-of-attack variations
obtained in flight (see appendix). The trim 1ift coefficients and the
trim angles of attack are shown as functions of Mach number for a con~
trol deflection of 5° in figures 16 and 17. Small out-of-trim values,
occurring at a = 0° and & = 0° and probably resulting from glight
asymmetries in model construction, have been subtracted from the curves.
The increase in trim angle of attack and trim 1ift coefficient shown
between Mach numbers of 0.8 and 0.9 is to be expected since control
pitching effectiveness and lift-curve glope were increasing and static
gtabllity was decreasing in this range. -

The steady-state normal acceleratlons and angles of attack are
shown in figures 18 and 19 for a unit control deflection. Calculated

values of ngzg are shown at sea level and at 20,000 feet and show
e

the ability of the configuration to produce steady-state lifts. The
effect of altitude can be seen in the curves of normal acceleration per

Lan/g A

as the stability of the missile, a more rearward center-of-gravity

vary inversely

unit control deflection. The values of
i * e

location producing higher maneuverability (2‘—5— and Ag )
e e

Hinge moments.- Control-surface hinge moments were measured in
flight ebout a hinge line at the 64 percent root chord. Maximum hinge
moments obtained in flight were 18 inch-pounds for o« = 6.3° and & = 5°
at a Mach number of 1.4 and, 70 inch-pounds for a = 9.1° and 8 = 5°
at a Mach number of 0.89. . -

Hinge-moment coefficlents were obtained as a function of angle of
attack for the comstant control deflection of 5° and are plotted in
figure 20 for a Mach number range of 0.85 to 1.45. The results show a
nearly linear variation of Cp with o at the lowest and highest Mach

numbers tested, but nonlinear slopes are noted between Mach numbers of
0.88 and 1.0. The average slopes were meastured and the variation of Cha

with Mach number is shown in flgure 21. The larger value of Cha, 0.007

at M = 0.8, as compared with an average value of 0.002 at supersonic

WONTIDENT TR
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speeds, indicates the subsonic control-surface aérodynamic center was
farther forward from the hinge line than was the supersonic aerodynamic
center.,

The average slope of hinge-moment coefficient with control deflection,
as determined from Cha and the trim hinge-moment coefficients, is

plotted ageinst Mach number in figure 21. The center of pressure due to
cohtrol deflection was ahead of the hinge line at subsonic speeds and
shifted rearward at a Mach number of sbout 0.9. A center of pressure
behind the hinge line was indicated at Mach numbers greater than 1.15.
An interesting comparison of magnitudes is afforded by data obtained

on a trailing-edge flap on a 60° delta wing and reported in reference 5.
The Chse for the all-movable delta control is =0.001l at a Mach number

of 1.3. The comparative value of Ch8 Tor the trailingeedge flap was

~0.03 at a Mach number of 1.3. A rocket-propelled missile employlng a
60° delta variablee-incidence wing has been flight-tested, and unpublished
hinge-moment data indlcate a Ch6 of =0.001 at a Mach number of 1.3,

e

comparable to results reported herein. The hinge line was located at
62 percent root chord.

_ The effect of the body on control-surface hinge moments was Ilndicated
by the Increment between the curves of ChOL and Ch8 . The larger posltive
e

hinge moments due to angle of attack were probebly the results of a more
forward center of pressure and & greater 1ift force caused by upwash from
the body. ‘

From the curves of hinge-moment coefficient plotted against angle
of attack, Cp at 0° angle of attack and at 0° control deflection were
determined, a linear varlation of hinge moment with control deflection
being assumed, The varlation of out-of-trim hinge-moment coefficlent
with Mach number is presented in figure 22. Except for the Mach number
range 1.00 to 1.1k, Ch, bhas a negative value. At & Mach number of 0.8

Cho represents a hinge moment of 11 inch-pounds or is equivalent to a
control deflection of -3°.

Drag.~ The primary purpose of this model was to determine the longl- .
tudinal stability and control characteristics; however, drag character- '
istics were also measured and are presented herein.

The variation of drag coefficlient with 1ift coefficlient is shown in
figure 23 for Mach numbers ranging from approximately 0.8 to 1.45. The
induced drag coefficients vary directly with the square of the 1lift
coefficients at subsonic and supersonic velocities. In the transonic
reglon the shape of the curves 1s altered by the rapid increase of wave

SCUNFIDENTTAL
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drag with increasing Mach number. Maximum lift-drag ratios and minimum
drag coefficients obtained from these curves are shown in figures 24
and 25,

The maximum lift-drag ratio was about 6.5 at a Mach number of 0.75.
Lift-drag ratlo decreased sharply through the Mach number range of 0.8
to 1.0 and remained constant at a value of about 3.7 at supersonic
velocities.

Figure 25 shows the sharp drag rise of the model with the peak
. minimum drag coefficient of 0.06 occurring at & Mach number of 1.05.
CDmin decreases gradually with increasing Mach number to a value of

0.04T at a Mach number of 1.45. This high value of CDpy, Tesults in

a lower (L/D mex &t Mach numbers greater'thaﬁ 1.0, Tﬁé'minimum drag

coeffliclents are for the condition of zero 1lift with a 5° control
deflection. —

CONCLUSIONS

Results of the flight test of a 60° delta wing canard missile con-
flguration indicated a gradual variation and no unusual trends of the
longitudinal stabllity derivatives at transonic and supersonic velocities.

The lift-curve sloﬁe and the static stabllity were linear within the
accuracy of the data for the angle-of-sttack range (£6°) obtained in
flight.

Lift-curve slope reached & maximum of 0.057 at M = 1.05 and
decreased gradually wilth increasing Mach number., The control surfaces

produced a maximum steady-state normal acceleration Ag/g of 1.8 at &
e
Mach number of 1.4 at sea level.

The effect of Mach number changes on static and dynamic stability
was very small for this configuration. The maximum shift in aerodynamic-
center position was 12 percent of the mean aerodynamic" chord.

The damping=-in-pitch derivatlve Cmq + Cma showed about a 20-percent

variation between Mach numbers of 0.9 and 1.25. The time required for the
oscillations to damp to one-half amplitude at gea level and supersonic
velocities remained comstant at about 0.2 second.

Pitching effectiveness of the control surface was mainteined through-
out the Mach number range with a maximum steady-state a/8 of about 0.7

SREFTDFENTTAT
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occurring at M = 0.9. Lift due to control deflection CLB was small

e
Lan/g
AB

e
was obtained from the angle of attack resulting from deflection of the
control surfaces.,

at all Mach numbers tested. Hence, most of the normal acceleration

Control hinge moments were small throughout the Mach number range
tested, the values of Cha and ChS never exceeding 0.009. That ChOL
e

and, Ch8 were restricted to such & gmall range of values is Indicative
e .

of the excellent aerodynamic balancing characteristics obtainable with
all-movable control surfaces.

Minimum drag coefficient had a peak value of 0.06 at a Mach number
of 1.05. Maximum lift-drag ratio was about 3.7 at supersonic velocities.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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APPENDIX

METHODS FOR DETERMINING STABILITY, CONTROL, AND
HINGE-MOMENT CHARACTERISTICS
The methods for determining stability, control and hinge-moment
characterigtics are presented..

The following additional symbols are usged:

7 flight-path angle, deg
e angle of pitch, deg
op = 2L a
er deg -

v _ . S
. L _
L& = ZF per deg e —

v
CLO out=of-trim 11ft coefficient
dCp/4cy, static margin -
81,8p,83, amplitudes used in determining trim line and damping of
Al’A A3,x oscillations
The symbols + and °** over a quantity represent the first and second

time derivatives, respectively, of the quantity.

The longltudinal stabllity and control. derivatives were obtained
by measuring the various angular and translatory responses of the missile

to & step input to the control surfaces. : N . =

The longitudinal equations of motion for two degrees of freedom are

mV
5T.345

LR

- CLd.a = CLSeSe (l)

@CHFTDENTIAL”
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mg o7 & = O = Cpg Be (2)
_ e

The following limitations must be observed in the appllcation of
the foregoing equations for any particular calculation:

1. The aerodynamic coefficients remaln constant.

2. Forward velocity does not change.

3. Disturbances are of small order.

Calculations were made at several Mach numbers to investigate the

effect of the terms Cp. and Cjy on the theoretical responses. In
@ q
all cases the magnitude of these two terms was negligible compared with

the total lift. Since the angular relationship exists,

6 =a+7 (3)

the differential equations may be solved for a, 6, 7, or their derive
tives when a unit step input is applied to the control surfaces. The
solution for any of the variables as obtained from reference 6 has the
following form:

a(t) = Eig_e-bt<§b cos ahdF + Qg sin.ahdf> + Qi (L)

This is the equation of a damped sinusoidal variation of a with time,
a osclllating about a trim value., The exponential damping constant
is b, and the damped natural frequency is mhd. The constants Py

and ¢, are functions of the migesile derivatives and depend on the
magnitude of the step input.

Lift-curve glope, C; .= Lift coefficient is determined by trans-
2 Lcr.

ferring the accelerations measured along the body axes to the stability
axes. The angle between the two sets of axes is the missile angle of
attack (a). Then

a
1 W
C. = (22 cos @ - =% sin a ) — (5)
L (s g aSy

CONFITERTTAL—



16 SRNTIDERIAT NACA RM L50I27

The lift-curve slope CLa is obtained by cross plotting the Cj

and o variastions with time at a constant control deflection.

Control lifting effectiveness, C .- Control lifting effective-
] L5e

ness CL5 is obtained from the variation of trim 1ift with Mach number.
e

The trim 1ift coefficient is represented by the following equation:

CLtrim = CLaatrim + CLaeBe + CLO - (6)

vhere CLO is the out-of-trim 1ift coefficient. Since the controls are

pulsed to give positive and negative trim conditions, out of trim can be
determined if the assumption is made that cLa and CL8 are linear

e
within the angle~of-atbtack range and control deflections obtained

/ +8e

e T "= = —— out of trim

C
Lirim [ — —

M

The value of CL8 is then determined from the differences in CLtrim
e
for positive and negative control deflections by the following equation:

o CLa<mtrim>

CLee = oo (7

It can he seen that the actuasl slope of GL6 cannot be determined by

e
this technigue but the value obtained represents an average slope between
the positive and negative control deflections.

SONFITENTIAS,
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Static and dynamic stability.- A typlcal response of a +to a step
control input is shown in figure 26.

Before the exponential demping curves can be obtained, a steady-
state or trim value of ap or o must be obtained. This trim value
may be determined by any of several methods, two of which are presented
here. If at least three or four oscillations are present, an exponential
damping curve can be faired through the peak amplitudes and s mean value
determined which represents the trim value., The trim value and damping
may also be determined over & time interval in which only three peaks
are available if it is assumed that the trim value remains constant over
this interval.

The exponential damping constant b 1s determined by measuring
amplitude differences from the trim value, Then

) ) o

'b_

tl-tz

By assuming any trim amplitude

al-x &2+X

8o + X 8.3—X

2
x= L1372 (9)
ay + 2&2 + a3

where x 1s the increment between the true and the assumed trim value.
The constant a4 in equation (4) is simply

g = F (20)

The constants Uy and b represent the period and damping of the

motion and are related to the aerodynamic derivatives and the mass and
Inertia characteristics of the model. The damping-in-pitch derive-
tive C + C is related to b 1in the following manner:

mg mgs, .
C Cp., = |= ——tfe—o _.EE_._ 11
Tq * Ty [: 57.3quc . mve¢ (11)

OOONEIRENTIAL
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The static stability derivative is determined by the followling
relationship:

E -
Iy 2 v
Cn = - ____@nd + b2> . —aa ' (12)
57.3a85,8

The second term of equation (12) is usually about 1 percent of the value
of the first term and, consequently, can be neglected. ~The static margin
and serodynamic center are then determined by the relationship

dc C
o Ty : (13)
aCy, CLa
Pitching effectiveness.- Pitching effectiveness Cm6 is determined
e
from the trim angle-of-attack variation with Mach number
Coe (B rim)
Cpe = = —————% - - (14)
e ABg :

Variatioh of hinge-moment coefficient- with angle of attack.- Cha

is obtained by plotting hinge-moment coefficient at a comstant control
deflection against angle of attack.

Variation of hinge-moment coefficlent with control-surface
deflection.- Ch8 is obtained in a manner similar to CLS s Ch6 being

an average value between the control deflectlons tested. ﬁf time histories
of trim hinge-moment coefficients and trim angles of attack’ at both posi-
tlve and negative control deflections are plotted, then an average Ch5

is determined from

ANC - C fato SR
Birim ha( tr1m>

e £Bg -
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Figure 2.- Wing and control-surface detail. (All dimensions are in
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Figure 3.- Model alone and model-booster combination.
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Figure 5.~ Scale of flight test, based on wing M.A.C. of 1.49 feet.
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Figure T7.- Variation of 1lift coefficient with angle of attack at
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Figure 8.- Variation of lift-curve slope with Mach number.
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Figure 9.- Variation of exponential demping constant b with Mach number.
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Figure 10.- Variation of zerodynamic damping-in-pitch derivative Cmq + Cmu
with Mach number.
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Figure 12.- Variation of static pitching-moment derivative Cmu with
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Flgure 13.- Variation of aerodynamic-center position with Mach number.
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Figure 16.- Variation of trim 1lift coefficient with Mach number Ba = 59,

40

PN
3.2 — <

2.4

Lty
1.6

8

)

y 7 8 9 Jo L Jz2 /3 /4 /5
Z

Figure 17.- Variation of trim angle of attack with Mach number Se = 59,
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Figure 20.- Continued.
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Figure 22.- Variation of out-of-trim hinge-moment coefficient with
Mach number.
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Figure 23.- Lift-drag polar.
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Figure 24.- Variation of msximum lift-drag ratio with Mach number.
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Figure 26.- Angle-of-attack response to step control input.
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