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THE LONGITUDINAL STAB~ITY, CONTROL EFFECTIVENESS,

AND CONTROL HINGE-MOMENT CHARACTERISTICS OBI!AIN3!DFROM

A FLIGHT INVESTIGATION OF A

AT !TRU?SONICAND

By Roy J. Niewald

CANARD MISSllE CONFIGURATION

SUPERSONIC SPEEDS

and Martin T. hfOld

A flight
stability snd

SUMMARY

investigation has been made to determine the longitudinal‘
control characteristics of a 60° delta wing canard missile

configu~tion. The results include the longitudinal stability deriva-
tives, control effectiveness, drag characteristics, =d control-surface
hinge-moment characteristics for a Mach number ramge of 0.7 to 1.45.

&
The longitudinal stability derivatives showed no unusual trends and

a gradual variation with Mach number at transonic snd supersonic veloci-
. 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 a rearward shift of
I-2percent of the mean aerodynamic chord between Mach numbers of 0.9
and l.=.

Control pitching effectiveness was maintained throughout the Mach
number range, althou@ lift produced by control deflection was slightly
positive at subsonic speeds and slightly negative at supersonic speeds.

Hinge moments were very low at all Mach numbers tested, especially
at supersonic speeds; therefore, excellent aerodynamic balancing charac-
teristics canbe obtained with all-mmable delta control surfaces.

The variation of minimum drag coefficient with Mach number showed
a sudden increase at a Mach number of 0.85 to a maximum value at M = 1.05.
The maximum lift-drag ratio at supersonic velocities was about 3.7.
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As part of the general research program
Langley Pilotless Aircraft Research Division

on guided missiles, the
has been conducting a series

of =li&t tests to determine the stability and control characte~istics of
a canard missile configuration. The aerodynamic parameters are necessary
for the -lysis and design of various automatic stabilization systems
and till also provide useful aerodynamic design data for estimating the
stability and control characteristics of similar confi-gurations.

The longitudinal stability, control, hinge-moment, and drag charac-
teristics obtained from the flight test of a 600 delta wing canard missile
configuration at the Langley Pilotless Aircraft Research Station at
Wallops Island, Va. are presented for a Mach number range of 0.7 to 1.45.
The results were obtained through the use of a model utilizing a pro-
grammed control system. ‘

The rolling stability and control derivatives and aileron hinge-
‘moment characteristics of this configuration using wing-tip ailerons
have been reported in reference 1. Results of the flight test of a model’
incorporating

c wing chord, feet

a roll-stabilization system were presented in reference 2..-

SYMBOLS

Se

t

w

Iy

P

wing mean aerodynamic chord (1.49 ft)

total wing area in one plane (2.89 sq ft) ~

canard control-surface mean aerodynamic chord (0.387 ft)

canard’control-surface exposed areq (0.192 Sq ft) _

wing thickness, inches; or time, seconds

wei@t (115.4 lb)

moment of inertia about Y-axis (20.0 Slug-ftq

mass density of air, slugs.per cubic foot ‘

P coefficient of viscosity, slugs per

v velocity of model, feet per second

.

foot-seconds

J.

-..

—

-,—

3.

b:

.

--- —

.

.

●

.
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v=
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M

R

&=QQ
dt‘

H
●

ac

●

CL

CJ)

cm

Ch

CL
trim

b atrim

w

speed of sound in air, feet per second

Mach number (V/Vc)

Reynolds number (pVF/W)

()
dynamic pressure, pounds per square foot *V2 ; or pitching

velocity, degrees per second

acceleration due

angle of attack,

degrees per second

to gravity, feet per second per second

degrees

canard control deflection, degrees

normal accelerometer reading, g units

longitudinal accelerometer
g units

hinge moment, foot-pounds

aerodynamic center

reading, deceleration positive,

((lift coefficient ~
al

cos a - —

))

w

g g
sins ~

((
~cosa+drag coefficient

))

bsfia ~
g g qsw

( )

Pitching moment
pitching-moment coefficient

qw-

()
hinge-moment coefficient &

qSeCe

trim lift coefficient

trim angle of attack, degrees
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acL
cLa = ~ per degree _. .:_ . .,

?

—.
acm

C% = ~ per degree

cm
acm

= — per degree
q *’

.—

—

ac.
C% = ~ per degree

2?3

.—

.- .-
>

—.— .-.

bcL
CL8 = ~ Per degree

e e

acm
C%e a~

= —, per degree
e

-. ..

coefficient

.

ac~
%=s7 ‘er degree

. . .

s-

w~
ch8e= ~ per degree

e
—.. .—

.

at 0° angle of attack and 0° controlCho

C%in

(L/D)mx

P

%d

hinge-moment
deflection

minimum drag coefficient

.- .-maximum lift-drag ratio

period, seconds
..
-.

damped natural frequency, radians per second (2fc/P)

.



,.

NACA RM L5U127

b exponential damping coefficient in e-bt, per second

5“”

%/2 time re&ired for oscillations to damp to one-half amplitude,
seconds (O.693/b)

MODEL DESCRIPTION

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

The wtngs and canard control surfaces had modified double-wedge
airfoil 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 5° 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:
s square feet . . . . . .
M%.C. , feet . . . . . . .
t/c at wing-body juncture

Canard control sufaces:
Se, square feet . . . . . .
M.A.C., feet . . . . . . .
t/c at root chord . . . .

Weight, pounds . ... . . . .

Iy, slug-feet2 . . . . . . .

. . . . . .0.

● . . . . . . .

. . . . . . . .

. . . . . .00

. . . . . . . .

. . . . . . . .

● ✎ ✎ ✎ ✎ ✎✎☛

. ...* . . .

. . . . . . . . . . . 2.89

. . . . . . . . . . . 1.49
● ...*. . . . . . 0.03

. . . . . . . . . . 0.192

. . . . . . . . . . 0.387

. ...0 . . . . . 0.03

. . . . . . . ..O 115.4

. . . . . . . . . . 20.00



6 NACA RM L50127

.

INSTRUMENTATION
—
.-

●

The model was equipped with an NACA six-channel telemeter which
transmitted a continuous record of the normal and longitudinal acceler-.

.-J._
—

ations, angle of attack, control deflection, control hinge moment, and
intermittent total aid calibrated static pressures. A_free-flm.ting
vane mounted on a sting attached to the nose of the body was used for
measuring angle of attack. Total pressure was obtained from a total-
head tube extended below the fuselage.

-.

The trajectory of the model was determined through the use of a
radar tracking unit. The velocity of the model was measured by a
CW Doppler velocimeter. Radiosonde data were used to-obtiin 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
supersonic velocities by means of a solid propellant rocket motor of
6,000-pound thrust and 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 ,launchingare presented as figure 3. .

The longitudinal stability and control-derivativeswere obtained by
e

measuring the missile response to the step inputs of the canard control
surfaces. The method of analysis used in the reductioriof the data is
given in the appendix. ----

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, singleof 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 fiseile respcmse with the response calculated =
by using the derivatives. The calculated sz.idmeasured angle-of-attack
and normal acceleration responses are shown at a Mach number of 1.35 in
figure 4. Good agreement was obtained between the measured and calculated “

.-

response curves; this agreement indicating the validity of the equations - ‘~
of motion used in determining the derivatives and the Accuracy of the > -..
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stability and--controlderivatives in determining the measured motions.
The maximum difference between measured and calculated normal accelem-
tion is about 0.8g or about 5 percent of the maximum accele~tion obtained
during the pulse cycle. The maximum difference between measured 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 is measured with an accuracy
of approximately 1 percent and the error in dynamic pressure is then
2 percent, the error being proportional 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 coefficients are tabulated
at two Mach numbers as follows:

.
The

the

Percent of given value

M
cl& c% c%

e C%e c~q + c% Ch CD

0.80 3 6 16 5 8
1.40 2 : E 6 10 10 4

.

accuracy of cLbe is poor because, for the conf@ration tested,

magnitude of CL5 fS apprO~Utely 4 percent tkt of CLa.
e

●

DISCUSSION OF THE RESULTS

The Reynolds number variation with Mach number for the flight-test
conditions is shown in figure 5. Reynolds number was based on the wing
mean aerodynamic chord. The scale of the flight tests ie indicatedby
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 variations show the typical damped oscillations ag the
missile responded to the step control input. The longitudinal decelera-
tion of the model is indicated by a Mach nuniberdecrease from M = 1.38
toM= 1.21 Iduring a complete pulse cycle. All stability 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 mean aeroec chord.



8

..-

NACA RM L>O127

.

Longitudinal stability derivatives:- The lift-curve slope CLa was

obtained by measuring the slope of lift coefficient plotted against angle #

of attack. Lift coefficients 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 pit@ing velocity to
determine the angle of attack at the model center of gravity (reference 3).

Typical curves of lift coefficient 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 a linear variation of lift coefficient tith angle of
attack within the range tested. “The data,also shows.displacement of ______ ._
the lift variation with angle of attack for an increasing and decreasing
lift. 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 5?. However, an investigation of the instrument responses did not ‘“–
explain a phase lag of thi~ magnitude. .Aero@ynamiccalculations have
shown that only part of the apparent hysteresis (less than 25 percent)
can be attributed to the lift proportional W pitching velocity and the
lift proportional to the angle-of-attackvariation 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 configurationshave been free of this effect.

The variation of.lift-curve slope cLa , with Mach number is shown L

in figure 8. The %dUC?S of CLa
.-

obtained are average”slopes between - :

angles of attack of 1° and 6°. L linear lift-curve sl”~e was inticate~
~z

for this angle-of-attack range within the accumcy of the data. The -
results show a gradual variation of cLa with Mach number. The maximum :. __

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

The damping of the oscillations 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

0.693
one-half amplitude may be determined from the relationship T1/2 = ~.

At supersonic velocities %/2 would be about 0.2 second as”compared to

0.35 second at subsonic-velocities. The values of the damping-in-pitcl”
derivative Cm + C

%
were determined from.the values of b and are

q
shown as a flinctionof Mach number in figure 10. A decrease in the
damping in pitch from subsonic and supersonic values is indicated at a
Mach number of about 1.0. The value of Cm +

q
number of 1.25. A comparative value at a Mach

c%was -0.22 at a Mach
% “

number of 1.25 for a

w
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conventional unswept-tapered-wing configuration is -0.29
and for a tailless-delta-wing configuration the value of

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

The static stability is a function of the frequency
the short-period oscillation. The periods measured from

9

(reference 4),

c% + c%

or period of
the short-period

oscillations obtained in flight are shown from a Mach number of approxi-
mately 0.7 to 1.45 in figure 1-1. The curve shows the decrease in period,
or the increase in static stalility with increasing Mach number. A
slower decrease in period at supersonic speeds is shown with a slight
irregular variation indicated at a Mach number of 0.93. The damped
natural freauenc~ of the configuration varied fran 1.8 cycles per second
at a Mach number of 0.74 to 4.4 cycles per second at a Mach number of 1.45.
The static pitching-moment derivative

c%
was obtained from the plot of

period against Mach number and is shown in figure 12. A rapid increase
in static stability is inticated at a Mach number of 0.93 and a nmximum
value is reached at a Mach number of 1.05.

The aerodynamic center of the missile was determined from the static
stability derivative Wd lift-curve slope. The variation of aerodynamic-
center position with Mach number is shown in figure 13. The value of the
aerodynamic-center position Is 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 a Macl.number of 0.9..
A gradual rearward shift of the aerodynamic 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 lift and in producing a pitching moment is
illustrated in figures 14 snd 15. The lift produced by cont,roldeflec-
tion CLbe was small throughout the test Mach number range. The accu-

racy of CL is low, since it is a small percent of CL . However, a
be . a

negative value of cLbe indicates that the negative wing lift caused by

downwash from the deflected canard surfaces was larger than the positive
lift produced by the control surfaces themselves.

Pitching effectiveness, represented by the derivative Cwe’ -s

positive through the Mach number range tested in fli@t. ‘I%eincrease
in downwash above a Mach number of 0.9, which was indicated in the*
reversal of the values of CL5 ~ is evidenced in the increased values

e
of Cma at supersonic speeds. Since the wings on this configuration

e
,>

.
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are well behind the center of gravity, the negative wing lift produced ,
a pitching moment which added to the pitching moment produced by lift
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 obtained from the trim lift and trim angle-of-attack variations
obtained in flight (see appendix). The trim lift coefficients and the
trim angles of attack are shown as functions.of Mach nu@er for a con-
trol deflection of 5° in figures I-6and 17. “Small out-of-trim values,
occurring at a = 0° and 8 = 0° and probably resulting from sli@rt
asymmetries ip model construction, have been subtracted from the curves.
The increase in trim angle of attack and trim lift coefficient shown
between Mach numbers of 0.8 and 0.9 is to be expected since control
pitching effectiveness and lift-curve slope were increasing and static
stability was decreasing in this range.

The steady-state normal accelerations and angles cifattack are
shown in figures la and 19 for a unit control deflection. Calculated

%lhvalues of — are shown at sea level and at 20,000 feet and show
tie

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

%Ig ~d & VELryiHVersely
unit control deflection. The values bf ~

e AK

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

(Aa )~~@n/glocation producing higher maneuverability ~— - .
e Abe

Hinge moments.- Control-surf’acehinge moments were measured in
flight about a hinge line at the 64 percent root chord. Maximum hinge
moments obtained in flight were 18 inch-younds for a = 6.3° and be = 5°

at a Mach number of 1.4 and, 70 inch-pounds for a = 9.1° and be = 5°
at a Mach number of 0.89.

-.

Hinge-moment coefficients were obtained as a function of angle of
attack for the constant control deflection of 5° and are plotted in
figure 20 for a Mach number range of 0.85 -to-l.45. The results show a
nearly linear variation of Ch with a at the lowest and highest Mach

numbers tested, but nonlinear slopes are noted bet~en Mad n~bers of
0.88 and 1.0. The average slopes were meas@ed and the variation of

c%
with Mach number is shown in figure ~. The larger value of ~, 0.007

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

.

-.
-.

.—

.

.

—

.-

—
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indicates the subsonic control-surface a&odynamic center was
forward from the hinge line than was the supersonic aerodynamic ,

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

plotted against 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 about 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 smd repotied in reference 5.
The Chbe for the all-movable delta control is -0.001 at a Mach number

of 1.3. The comparative value of ch~ ‘forthe trailing-edge flap was

-0.03 at a Mach n~ber of 1.3. A rock%propelled missile employing a
60° delta variable-incidence wing has been flight-tested, and unpublished
hinge-moment data indicate a

%e
of -0.001 at a Mach number of 1.3,

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 indicated
by the increment between the curves of

Cha
and Ch

~e”
The larger positive

.
hinge moments due to amgle of attack were probably the results of a more
forward center of pressure and a greater lift force caused by upwash from
the body..-

From the curves of hinge-moment coefficient plotted against angle
of attack, Ch at 0° sngle of attack and at 0° control deflection were

determined, a linear variation of hinge moment with control deflection
being assumed. The variation of out-of-trim hinge-moment coefficient
with Mach number is presented in figure 22. Except for the Mach number
range 1.00 to 1.14, C~ has a negative value. At a Mach number of 0.8

Cho represents a hinge moment of 11 inch-pounds of is equivalent to a

control deflection of -3°.

a“ - The primary purpose of this model was to determine the longi-
tudinal stability and control characteristics; however, drag character-
iktics were also measured and are presented herein.

The variation of drag coefficient with lift coefficient 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 lift
coefficients at subsmic and supersonic velocities. In the transonic
region the shape of the curves is altered by the rapid increase of wave
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.

drag with incr~asing Mach number. Maximum lift-drag ratios and minimum
drag coefficients obtained from these curves are shown in figures 24 a
ad 25.

The maximum lift-drag ratio was about 6.5 at a Mach number of 0.75.
Lift-drag ratio decreased shar@y 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 a Mach number of 3..05.

%.”.- decreases gradually with increasing Mach number to a value of
—JLuL1

0.047 at a Mach number of 1.45. This high value of

a lower (L/D)mx at Mach numbers greater-th& 1.0.”

coefficients are for the condition of zero lift with
deflection.

CONCLUSIONS

.—

c~n
results in

The minimum drag – ‘“

a 5° control
—

●

Results of the flight test of a 600 delta wing ca&d missile con-
figtmation indicated a gradual variation and no unusual trends of the
longitudinal stability derivatives at transonic and superscmic velocities.

The lift-curve slope and the static stability were linear within the
accuracy of the data for the angle-of-attack range (*6°) obtained in .

flight,

Lift-curve slope reached a maximum of 0.657 at M = 1.05 and
decreased gradually with increasing Mach number. The c6ntrol surfaces

%/g
produced a maximum steady-state normal acceleration —

Me
of 1.8 at a

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 derivative Cm + C% showed about a 20-percent

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

Pitching effectiveness of the control surface was maintained through-
.-

out the Mach number range with a maximum steady-state a/8e of about 0.7 .

~“
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occurring at M = 0.9. Lift

at all Mach numbers tested.

due to control

Hence, most of

was obtained from the augle of attack
control surfaces.

Control hinge moments were small
tested, the values of Cha and Chb

e

13

deflection CL
Be

was small

@l/$the normal acceleration —
me

resulting from deflection of the

throughout the Mach number range
never exceeding 0.009. That C

ha

and Chb were restricted to such a small r=ge of values is indicative
e

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

Minimum drag coefficient had a pe~ 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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APmIX -

METHO~ FOR ~ING STABILITY, CONTROL, AND

HINGE-MOMENT CHARACTERISTICS

The methods for determining stability, control, and hinge-moment
characteristicsare presented.

The following additional symbols

Y flight-path angle, deg

e angle of pitch, deg

acL
CL = ‘j per degq, b=

m.

acL
cL& = —

g ‘er‘eg

are”us-ed:

‘LO out-of-trim lift coefficient

dC~dCL static margin

al>a2Ya3>

}

amplitudes used

‘l~A29~3~x
oscillations

.—

—

in determj_ningtrim line and damping of

The symbols * and “* uver “aquantity represent the first and second
time derivatives, respectively, of the quantity.

The longitudinal stability and control.derivatives were obtained
by measuring the various angular and translator responses of the missile
to a step input to the control surfaces. ; v..

The longitudinal equations of motion for two degrees.of freedom are

(1)
.

.

.

—
-.

—

—-

.

.’ -=

—
—

●

- -.
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-c 9LC
mq 2V %. 5 & - C%a = c%e8e

(2)

The following limitations must be obsened in the application of
the foregoing equ~tions for any particular calculation:

.

1. The aerodynamic coefficients remain constant.

2. Forward velocity does not chamge.

3. Disturbances are of small order.

Calculations were made at several Mach numbers to investigate the
effect of

all cases
the total

the terms CL& =d CL on the theoretical responses. In

the maqitude of these ~wo terms was negligible compared with
lift. Since the angular relationship exists,

e =a+7 (3)

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

.
a(t) = ~ e

%d
‘bt(~ cos ~dt + Qa sin ~~ + ~rti (4)

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

and qa are functions of the missile derivatives and depend on the

magnitude of the step input.

Lift-curve slope, CLa.- Lift coefficient is determined by trans-

ferring the accelerations measured along the body axes to the stability
axes. ‘The angle between the two sets of axes
attack (a). &en

.
CL = (% al Sti

—cosa-—
g g

is the missile angle of

(5)
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The lift-curve slope cLa is obtained by cross plotting the CL

and a variations with time at a constant control deflection.
b

Control lifting effectiveness, CL8P.- Control lifting effective-

ness cL5e is obtained from the variation of trim lift ~th Mach-n&ber. —-

The trim lift coefficient is represented by the following equation:

cLt~ = c~%r~ + cL~ebe +

where CT_ is the out-of-trim lift coefficient.
J+J

pulsed to give positive and negative
determined if the assumption is made

within the angle-of-attack range and

c% “ (6)”

Since the controls are

trim conditions, out of trim can be
that CLa ~d CLb are linear

control deflectionseobtained

~+’e
/ —-g_

cLtrim
—— out of trim

—-

-t5e

M

The value of CL8 is then determined from the differences in CLtrti

for positive and ~egative control deflections by the following equation:

ACl+~m - cLa(htfim)
A5e

(7)

It can be seen that the actual slope of’ CL
be

cannot h..determined by

this technique but the value obtained represents an average slope between a

the positive and negative control deflections.

.
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Static and dynatic stability.- A typical
. control input is shown in figure 26.

17

response of a to a step

Before the exponential
state or trim value of ~
may be determined by any of
here. If at least three or
damping curve can be faired
determined which represents
may also be determined over

dsmping curves can be obtained, a steady-
or a must be obtained. This trim value

several methods, two of which are presented
four oscillations are present, an exponential
through the peak sm?plitudesand a mean value
the trim value. The trim value and damping
a tjme interval in which only three peaks

are available if it is assumed that the trim value remai& const%t over
this interval.

The exponential damping constant h is determined by measuring
amplitude differences from the trim value. Then

(JAl.%
t, - tm P

. .

By assuming any trim

-L

amplitude

al-x

a2+x

x

where x is the increment between
The constant ~d in equation (4)

%d

w
a3-x .

aa-a 2
13 2

al + 2a2 + a3 (9)

the true and the assumed trim value.
is simply

= 2s
T

(lo)

The constants ~endb 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 deriva-
tive C + C is related to b in the following manner:

‘q %.

(11)
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The static stabilitv derivative is determined
relationship:

c4t=- ,7:..6%’+‘2)-
w

mkcAmfL50127

by the following

CL C ~ x’.3qswz-
(X%N.

(12)

.—
.. L

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 aerodynamic center are then determined by the relationship

dCm
_=!%
dCL CLa

Pitching effectivene6s.- Pitching effectiveness
c%

from the trim angle-of-attack variation with Mach

c%(&triml
c~e=- A~ ““”

e

number

—

(13)

is determined
—

(14) ___

Variation of hinge-moment coefficient with angle of attack.- c& .

is obtained by plotting hinge-moment coefficient at a c“onstantcontrol
deflection against angle of attack.

Variation of hinge-moment coefficient with control-surface
—

deflection.- Chbe is obtained in a manner similar to c% J & being
an average value between the control deflections tested. ?f timeehistories
of trim hinge-moment coefficients and trim angles of attack-at both posi-
tive and negative control deflections are plotted,

is determined from

Ach
trim - cha(~trim)

Cha .
e A6e

then an average ~
~e

(15) -:

.
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Figure 9.- Variation of exponential &mping constant b with Mach number.
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Figure 10.- Variation of aerodynamic damping-in-pitch derivative ~ q+%
with Mach number.
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Figure 14.- Effectiveness of canard control surfaces in producing
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Figure 18. - Trim normal acceleration produced by a unit control deflection.
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Figure 19. - Tri.m angle of attack produced by a unit control deflection,
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Figure 26. - Angle-of-attack response to step control input.
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