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S’uMMAm

A missile configuration having three stable Id-m positions which
produce positive, negatiye, and zero lift has been discussed, and the use
of this nonlinear stability characteristic as a possible meaus of simpli-
fying the required control system has been considered. This missile is
considered to operate at one of the-three trti positions at all tties, and
the purpose of the control is to chmge to the destied trim position and,
hence, the destied maneuvering. Two methods of controlling this on-off
or flicker operation of the aerodynamics ha’vebeen presented; namely, the
one-pulse method, where a constant control-actuation the is used when a
plus or minus contiol moment is applied to change trti positions, and the
two-pulse method, where a control sequence of two pulses of opposite signs
are employed. The shplification of the control system results because
the servo operation or sequence csm be preset and identical except for
sense for all input commands. Analog results demonstrate the system oper-
ation in changing from one tiim position to another. The use of such a
system in a guidsmce situation has been discussed to illustrate that s~li-
fied guidamce equipment csn alsa be used.

INTRODUCTION
*

The simplification of missile control systems has been recognized as
a Prtie requisite in increasing the operational reliability of guided IJ.KLS-

siles. Howev=, it must also be reslized that such simplification should
not unduly impair system performsmce h the ultimate accomplishment of the
desired ‘task. Several investigations (refs. 1 and 2) have been directed
toward particular features or ideas which should lead to less c~l?lex
internal requirements for the control system.

o
The simplification of the controL system might come ti my number

G
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ways. b this presentation a simplification of the control systti is
P

accomplished through a novel use of nonlinear aerodynamic stability char-
acteristics of a cruciform configuration. An aticraft capable of a posi- .
tive, ne~tive, and a zero lift charact=istics is used, sad a simple
control hpulse required to change trim positions is considered. .Theuse
of such am arrangement is also considered as a possible means of simpli-
~g the required guidance equipment. The purpose of this investigation
is to show how such a nonlinear system can be used so that the internal
control system will be more rugged and more reliable and the system oper-
ation will be simplified. It is not intended that the missile configu-
ration considered in this paper is an optimum one for such an application;
it is only used to illustrate the idea. Additional.aerodynamic develop-
ment would be required before a completely acceptable configuration could
be evolved for tactical consideration. This investigation was conducted
pr-ily by usimg the Reeves Electronic Analog Computer (RFAC) and the
Electronic Analog Simulator Ecjyipment(EASE). me phase-phe method of
nonlinear mechanics (e.g., refs. 3 and 4) was also used to illustrate the
conditions which lead to changes in trim positions.

SYMBOLS

angle of attck, radians unless otherwise noted

trim or steady-state angle of attack, radians unless otherwise
noted “

flight-path angle, deg

angle between missile-target line of sight and reference, deg

error angle, a - 7, deg

control deflection angle, radians unless

~ PitcU velocimj radia.ns/sec

comaud acceleration, g units

missfle acceleration, g units

control-actuation or dwell time, sec

Mch number

_.— —

otherwise noted
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cm pitching-moment coefficient, Moment/qS~

CL lift.coefficient, Lift/qS

t/c ratio of maximm wing tbiclmess to w3ng chord

3

q -c pressure, lb/sq ft

s total wing area, sq ft

E tig mean aerodynamic chord,

cm(b) control moment coefficient

AERODYNAMIC CONTROL AND

ft

GUIDANCE METHOD

The operation of the systems of control snd.guidsnce canbe briefly
summarized as follows: A missile having three trim positions of sngle of

* attack pro@cing positive, negative, and zero lift is consider~ to operate
at one of these positions at all tties. The purpose of the control is to
chsmge from one trim position to another as desired. The operation of the
missile in a positive-, negative-, or zero-msmeuvering state is used with a
guidance systa which calls for one of these states depending on whether
a positive, a negative, or a zero maneuver is required to bring the missile
veloci~ vector in line with the target. Hence, the seeker operation is
nonlinesr and has a central dead zone where the missile would Ue approxi-
mately directed towsxd the target and two sensitive outer regions which
comnsnd maneuvering of the missile to correct the heading error.

In the following two sections, the proposed.aerodynamic contiol,
including the missile aerodynamics aud the control scheme of operation,
and the proposed guidance method will be discussed in detail.

Proposed Aerodynamic Control

The proposed method of control is based on a missile configuration
having three stable trti points in a usable angle-of-attack range. These
trim points are at positive, negative, and Z=O tiues of @e of attack.
Such a situation is ho~m to exist (ref. 5) snd canbe determined ration-
ally. In general.,such a configuration has low-aspect-ratiowings and
tails of emal span with a lsrge ratio of bdy diameter to span and the
wings int=-digi&ed 45°. Such characteristics
of the missile in or on sm airplane cud, hencey.
The three stable trim positions result from the

ease the storage problem
me of great interest.
changing interference
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. . : 1,:



—.. . — .

4 NACA RM LA106a

effects of the wing on the tail as the angle of attack is changed. The 1.
extent of the nonlineari~ is of course determined by the interference
effects at vsrious angles of attack and by the center-of-gravity location.

IYgure 1 is a draw3ng of the missile configuration considered in this
paper and is tskeq from reference 5. For the calculations made .’herein,
the model was scaled to a body &meter of 8 tithes and the mass and aerody-
namic parameters used sre tabulated in table 1. The flight condition is
M = 1.93 at an altitude of 30,~ feet; the ~~~ values result in fiO.kg

maneuvering acceleration. Figure 2 presents the variation of ~ with a
for this configuration at M = 1.62 and M = 1.93 at a center-of-gravity
station of 4.963 inches ad was determined from the wind-tunnel results.
The pitchhg-mmnent coefficient herein is based on the total wing area in
one plane sad the mean aerodynamic chord of the wing. Because of symmetry
only the positive an@.e-of-attack re@on is shown. Reference 6 indicates
that tests of this scale in the same tunnel compare very favorably with
free-fli~t large-scale results.

The systa operates in such a
three trim positions at W tties.
aerodynamic trim lift leads to the
system.

—

way that the missile is at one of the
Thus, this on-off way of using the

designation, as an aerodynamic-flicker
“

To change from one titi position to another, some form of control
torque is required to disturb the missile in the desired direction of
a and 6 enough to assure reaching the desired trim position; then the
control moment is reduced to zero. The s3mplest form of controlling
action w?ul.dbe to use a single control impulse; then, depending on the
sense of the input, the control impulse is preset to act in the identical
mamner for each signsl wi~ the dtiection of conlrol being determined by
the sense of the input signal.. Another approach that has been tried and
will be discussed is a two-pulse control action wherein the control would
be first one sigQ to initiate the angular motion to a new trim position,
then the other to stop it, and then zero. Dwell times for a control
sequence would be fixed but not necessarily equal. Then, upon receipt
of a contiol signal the same sequence would be used, but the direction
of control would be determined by the sense of the input signal.

The possibility of ustig a servo-actuator programed in this way upon
receipt of an input signal affords a simplification in the operation of
the contiol system and -should lead to hcreas~ reliabili~ of operation.
Although the preceding discussion has tmiicated the use of an aero@smic
control surface as the means for appl@ng the impulsive torque, in reali@,
all that is reqtied is some torque applied to the missile which might, ‘
of course, come from a metered jet or jet mesj depe~~g on tie aP@i-
cation. This step toward simplification of the contiol system is possible
because of the use of.a specific aerodynamic charact=istic. It is quite .
probable that other aerodynamic characteristics, not necessarily linear,
or preset servo operations can also lead to less complex control equipnent.

*

— .—. —————.—— .—. .
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Proposed Guidmce Method

me proposed method for guidahce of the aerodynamic-flicker control
missile is basically nonlinesr and shple. The tsrget seeker is assmel
to have a central dead zone. If the target appears in this dead zone,
no cammand acceleration is reqwlred and the missile flies with zero com-
mand lift and consequently‘a straight flight path. If the target appears
outside of this dead zone, an acceleration comnand is given to the missile
to reduce the error in heading. As the missile maneuvers and the target
again crosses into the dead zone, the comand is removed and the missile
heads approxhately straight toward the tmget.

This method of guidance is not new inasmuch as similax ideas were
applied to glide bombs in World War II. This method is also essentially
that used for path corrections in the system of reference 2. The upper
part of figure 3 illustrates the two-dhensional graphical relationship
between the missile-target line-of.sight angle U, the missile flight-
pathmgle y,and the error e. a-y. This figure has been tiawn with
a dead zone of 10° which might, of course, be a design variaqle in a partic-
ul.excase. Wee error situations are shown (figs. 3(a), (b),,and (C) ),

and the command accelerations for each are illustrated in figure 3 (d) which
is a sketch of comnand acceleration against error. The basic block diagram
of the seeker-missile combination is shown in figure 3(e).

It is also reslized that such a guidance method is basically a vsri-
ation of a pursuit navigation comse. As indicated in reference 2 and by
the previous discussion, the results of kinematic studies on pursuit navi-
gation, which have shown that inftiite rates of turn may be required, have
been perhaps overemphasized, and as a result only a meag= smount of
research has been directed toward such systems. A statement of reference 7
is worthy of reiteration: “However, the extreme.practical shplicity of
pursuit courses is greatly in thefi favor, hence one should not decide
against their use before considering carefully the extent to which the
conclusions of point kinematics can be applied to actual missiles and
targets.” Indeed, it seems quite probable that variations of the basic
pursuit navigation might eliminate those undesirable featues predicted
by the point kinematic studies of the pure pursuit course.

RESULTS AND DISCUSSION

The characteristics of the aerdyuamic-flicker contiol system have
been primarily studied through the use of analog-computer equipment. Both
the REAC and the EASE were used in this study and are essentially identicsl
in operation (see ref. 8). .In this work, however, the method of representing
the nonllnear variation of Cm against a differd in the two setups..
In the REAC solutions the nonlinearity was represented on an input-output

..—. ..-—.. -.- ———.. —--— ——. —. —.. ——- —- .—. — .— — ——...—
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table by the actual curve by using wind-tunnel data. la the EASE solutions .
the nonltiesri~ was generated by circuits containing dide vacuum tubes. -
Hence, h this latter situation the nonltiearity is represented by stkaight
lines with relatively shsrp breaks. The straight lines used in such a
representation were adjusted to have the correct a-intqcepts and the cor-
rect slope at the a-intercepts. !lhismethod of representation is shown in
figure 2 where the short+lashed line is a work-up of the record of the out-
put of the nonlinesr element Cm for the variation of input a. The
accuracy of the REAC transients was estimated to be approximately 2 percent
while those from the EASE w=e probably about 5 percent.

In the presentation to follow, the free oscillations of the missile
sre described from transient results and through the use of a phase-plane
approach. Fhally, the results of two methods of control action in
changing trim positions are described, namely the one-pulse method and
the two-pulse method.

As sumptions.- In the analysis herein the following asswnptions were
made regsmling the missile abd control system operation:

(1) All the stabili~ derivatives except, of course, the variation
of cm agatist a were considered as constants for the one Mach number

used, M

(2)
veloci~

(3)

(4)

= 1.93.

Tim longitudinal de~ees of freedom were assmed, the forward
betig held constant (ref. 9).

The control action @ all cases was a sharp-edge step.

Deflection of a trailing-edge flap on the tail surface was
consid=ed to apply the-control moment to the missile, and the nonlinear
stability characteristic was not changed with control deflection (ref. 10).

Data sre presented in reference 5 which show that for the present
configuration the nonlinear stability characteristic does change with
sideslip. This change is not consid=ed herein but does represent a
factor that could cause difficulties in a three-dimensionalmsaeuvm.
The damping h pitch is almost certainly a function of singleof attack,
the variation and consequent effect of which is not investigated here.
Data W reference 5 also tidicate that ~+m

probably has a lower

value at l~ti values than at a = O with a probable increase in this

psrametm h the region O <u< ~~.. Such a vsziation is relat~,

of course, to the interference effects and could be expected; however>
the level and shape of the variation with a is not consider~ s@fi-
cientl.ywell.known at the present to warrant inclusion in these results.
Possible effects of-such variations sre discussed in later sections. ..

.

— ..— ——— .



NACA RM L~U16a

General Description of Free Oscillations

As the missile is required ti change from one trim position to
another, the oscillatory characteristics of the miss.$leplay an important
part in the system operation. ~ese characteristicswill.be discussed in
terms of the results of a transient study and the phase-plane approach
for the illustration of the system operation.

Trmsient study.- The dynpmical characteristics of the missile are
determined herein by two-degree-of-freedomlongitudinal response, and the
equations for lift and pitching moment sre the ssme as presented in
reference 9. From such a consid=ation the oscillatory characteristics
of the aero@smic-flicker system cm be generally described.

Near trim or steady state, the oscillatory features canbe determhed
frcm a linesx analysis, d the period of the oscillations is a function
of the slope aqb at trti. The damping at trim remains constsmt since
the lift-curve slope and damping-h-pitch parametcn% sre held constant.
Thus, as the steady state is approached a damped oscillation is expected.

In the regions of static instability (~m/ba > O), the dynamic
chsractmistic is sm aperiodic divergence. Bence, these regions represent
conditions where energy is put into the system, and the system therefore
does not tend to stsy in these regions.

In general, therefore, the trsmsient characteristics can be summsrized
as follows:

(1) Some form of control disturbs the missile from a steady state.

(2) At the time that control actuation is brought back to zero,
certain conditions of a and 6 exist.

‘ (3)- Depend@ on-these values, which might be considered as initial
conditions for the free oscillations, one of the three trti or steady-state
positions is finally reached.

As an illustration of this last statement, consid~ a control deflec-
tion applied to the missile for a very short time where initially a = 6 = O.
Upon release of the control, the singleof attack and pitching velocity
sre still small and the linear range about a . 0 is not traversed, and
the motion therefore returns to the central trim position, a = 6 = O. If
the control is held longer, the central region is traversti and possibly
the unstable region is entered in such a way that when the control is
bro@t to zero, the transient proceeds to the positive ~. position.

If the control is held still longer before release and the outer stable
region is well entered, it is possible that the motion will not remain
about the ~rti position but will enter the unstable region and finally

stabilize at the central trim position:

,- - -- —-.—-- —-———-—-——- ~..—— —. . — —. ——— -.—.— — ... .
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There are three stable regions of sagl.eof attack separated by two
.

unstable regions. It is @ossible for this system to develop a constant
hunting oscillation (see ref.‘3, p. 227); the free oscillations always
ds3npto a steady-state position. Reference 9 discusses a similar situation ‘
where the pitching-moment curve results in a system having two stable
regions separated by an unstable one, and rmnarks simikr to reference 3
apply.

To illustrate the effect of control-surface-actuationtimes on the
transi&nt responses of the aerodynamic-flicker system, figure 4 is pre-
sented in which the initial.conditions at ~~ are considered. The

six transients in this figure illustrate how the various trim positions
can be successively approached. These are actual records tsken from the
EASE analysis and depend on the assmption that the nonlinear stabili~
characteristic is unaffected by control deflection.

Phase-phe approach.- The phase-plane method used extensively in
nonlinesr mechanics (refs. 3 and 4) affords further insight into the
details of the tiansient characteristics. Reference 9 also discusses in
some detail the methcds used to determine the phase-phe characteristics

. derived herein. Briefly, the phase plane is immediately applicable to
those dynamical situations, linear or nonltiear, where two variables will
completely define the system operation. This is the case for the two-
degree-of-freedom longitudinal res~onse of a missile since angle of
attack a and pitching veloci~ 8 completely characterize the motion.
ThuE a plot of 6 against a could represent the successive states that
the missile might take and is therefore a logical phase plane for this
study. The trajectories in the phase plane represent the successive
states that the motion takes folJ_ow3nga given set of Mtial conditions
although the the at which the states exist is not usually known.

For the anaJysis hereti, the nonltiesr curve of Cm against a was
approximated by straight lines with the correct intercepts and correct
slopes at the intercepts. Actually this made the system representation
linear in the several regions, or “piecewise linear.” Families of iSO-
clines, where each isocline is the locus of points where the trajectories
have a given slope (ref. 3, pp. 10 snd 24-8),were drawn for the several
regions of @e of attack. Erom m inspection of the isoclines in the
regions of instabU~, it was possible to denote a petit where the motion
would go back to the centrsl trim position but where a very small variation
to one side of this point would result in motion to an outer trim position.
Frcm this point a boundary could be determheli between those regions where
the motion would go to one trim position or another. Figure 5 is a phase-
plane diagram for the missile considered herein for the conditions previ-
ously noted, and the boundary curves are shown. It is remembered that
at the two outer trim positions the missile is pulling lift and hence has
a steady-state value of pitchhg velocity 6.

.

— .- ——. —. . . —
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The cross-sectional and dotted regions of figure > represent those
regions wherein an initial condition would result in a free oscillation
smd finally in the steady-stite positions shown. The clear regions be-
tween the other shaded regions applies to those conditions which result
in a steady-state position at the origin. The arrows indicate how the
vsrious regions are traversed in approac~g the steady state. Since the
motion nesr steady state is oscillatory, the trajectories themselves
encircle the trti value as the ticreases. ‘Atrajectory is shown (dashed
curve) h figure 5, where the initial conditions were a = 8.00, 6 = -0.65
radian per”second, and the resultant motion is oscillatory about a = 6 = O.
A trajectory is also shown with the hitial conditions of point a.

The solid curve starting at the ~ti point is the trajectory for

the case when b = 5°. If the control is held deflected to points b, d,
or f, the motion goes to steady state at a = 6 = O. ~Similarly, if the
control is held to points a or e, the motion goes to ~ti; and if held

to point c, the motion goes to -a~ti. If the control were held even

longer, a petit would be reached to the left of the figure where the
motion would go to the ~ti position.

The points a to f are the actual conditions at the time the control
is returned to zero from the cases shown ti figure 4. Thus, the tran-
sients of figure 4 dtiectl..ycorrelate with the information determtied
from the phase plsme of figure 5.

More accurate results may be obtained from a slightly more laborious
phase-plane malysis. This would require am analytic expression for the
curve of ~ against a titead of a representation by straight lines.

This is the approach generally tsken in nonlinesr mechmics (refs. 4, 5,
and 9) for which the methcds are most useful. Following thiS initial
analytical step, the graphical analysis could stdll be used.

One-Pulse Method of Control Operation

It has been indicated in a previous section and in figure 4 that a
single control pulse, or impulse, is sufficient to change the missile from
one trim position to another. The characteristics of this method of
control me now discussed.

First, it is realized that there is a minimum control moment reqtied
to change from one trim position to another. If the contiol moment is
less than this value, the stabili~ of the configuration about the trim
value from which the motion was stsrted will be sufficient to balance
out the control moment. Thus, no fitter how long this control moment

. is applied, neither of the other two trim positions could be attained.

/

.. . . . . .. -—- -.————. -.——. — — —- .-—-. —. --— —-- —. —.—— —— -—
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For control moments above this dllimum,“there are definite control-
actuation tties, or dwell times, that restit ti c~ges from one ~~
position to snoth=; or, in other words, certafi mom~t @?~ses res~t
in changes in titi position. For example, h changing from u = O to
positive ~-, minimum actuation time At just allows the missile to

go h %rim. For At less than this ~j the motion oscillates

back to a = O. A madmum value of At also results in the motion
remaining finally at ~~. If this maximum At is exceeded, the
motion again goes back to a = O. Thus, a rmge of time between these
minimum and maximum values at At results in the desired change from
a=o to ~~. Similarly, H initially the missile is at ~ti, a

range of time between minhum and msxbuum values of At results in a
change from ~~ to a = O.

lK@me 6 is a summary of the actuation times At, both maximum and
minimum, as a function of %he control moment coefficient Cm(b). The

actual variation of Cm against a was used to obtati these results

from the REAC. The region betwem the upper dashed line snd the lower
solid line ig values of At that are satisfactory for operation from
either a = 6 = O to ~. or from ~ti, Gtiti to a = 0. ~ere-

fore, this region”satisfies those conditions which should lead to a
simplification of the servomotor, because} for a given contiol mom~t~
the servo would have the same actuation the for either sense of oper-
ation. For the traiMng-edge flap considered, the deflection in degrees
is also indicated by the lower abscissa scale. ‘15isregion presents a
very close, though probably not impossible, tolerance on the servo oper-
ation (e.g., at S = 6°, the value of At must be between 0.175 second
and 0.211 second). Since this tolersmce is so very close, the possible
vsriation of the dsmping-in-pitch parameters with angle of attack would
probably be important for the one-pulse method of control.

For such a one-pulse method to be useful, it would have to apply
for some range of Mach number and altitude. hsmuch as this At region
is very small, additional requirements might make such an approach
impossible. For the cases studied, however, it is possible to find values
which sre satisfactory for both M = 1.93 and M = 1.62.

‘Changes in trim from +fi to -~~ have not been tabulated
becauqe the system operation would never require such a chmge in the
guidance scheme of control as previously discussed;

It is retized that the control motion in actualim would not be
as abrupt a step as those of the analog method but would probably be
more trapezoidal.in shape. However, if the trapezoidal pulse had the
same area as the rectanguhr pulse, the results would probably be essen-
tially identical.

.

,.
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Two-Pulse Method of Control Operation

In addition to the single-pulse method for changing from one trti
position to another, it is possible to use a two-pulse method of control
actuation and to improve considerably the response the of the missile.
Instead of moving the control from zero to a deflection and later ’back
to zero, the two-pulse methciirequires a control motion from zero to a
deflection, then to an equal but opposite deflection, sad later back to
zero. The two-pulse method uses the second pulse to retard the motion
and can result ti no overshoot, or smaller overshoot, of the desired
trim position.

In figure 7(a) the deadbeat response h changing from a = O to
~~ is shown with the control action which produced this change and
represents the mintium response time (0.5 second) possible with the
two-pulse method where 5 =~5°. It is noted in figure 7(b) that the
ssme control actuation produces a somewhat oscillatory chsnge when used
from a&~ to a=o. (Compare the the-scale change of figs. 7and8

with that of fig. 4.) In figure 7(c) the deadbeat response from ~.

to a= O is shown with the corresponding contr@ actuations. Again,
this is the ndnimum response the (0.47 second) possible with the two-
pulse method when b = ~5°. Figure 7(d), however, shows that this control
sequence is not satisfactory when the initial.condition is a = O because
atrj.m is not reached.

Figure 8 shows a compromise sequence which gives about the same
response times for both initial conditions for a total contiol-actuation .
time of 1/2 second. Additional EASE cases such as these tidi.catea much
wid= toleramce in actuation times allowable to assure satisfactory oper-
ation from a=O to ~~ and from ~~ to a=O. !Ibemore critical

dwell time is that of the first pulse because it must be long enough to
assure the motion from a = O to ~ti; the duration of the second pulse

is much less critical. For example, in 35 additional cases which quickly
surveyed the dwell times reqtied for the two-pulse method to operate

+50, a v-due ‘fsatisfactorilywhen b = - At of 0.30 second was about
the minimum time required for the ftist pulse to go from a = O to

%rim. The range 0.30 second< At< 0.40 second proved very satis-
factory for the first pulse in both directions of operation (i.e., from
a=O to ~ti and from ~~ to a= o). The range of value of

At for the second pulse for either direction of operation was from
0.08 second <At < 0.28 second. It is believed that these are not the
complete ranges for either dtiection of change since the absolute limits
of operation for the second pulse at a given dwell time for the first
pulse was not established. It is emphasized that in this Becti?n, as in
the previous one, reference to ~~ necessuil.y means that 8 = ~~fi.

-. . ..-. -...—. .--— — -.-. ..— -.-— ..-— .— . . —. ———.
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The two-pulse method therefore has the distinct advantages of having -
greater tolerances on the required dwell times and shorter response times
with less oscillation. The greater tolereace wouid tend to make the effects
of damping-in-pitch variations with angle of attack, I&ch number, and ,<

altitude changes less critical for the two-pulse method of control. This
method would reqtie a three-position fixed-sequence servo for control
operation.

Simplified Trajectory Result

B order to il.luslratethe operation of a missile in the guidance
scheme previously discussai, a s~lified _&ajectory smalysis was made.
me missile-to-target velocity ratio was assumed to be 2 with a missile
speed of 1,8~ feet per second, and both velocities were considered
Constsllt. me initial missile-target rsmge was 25,000 feet in a beam-
attack situation, and the target was assumed to be nonmaneuvering. The
seeker dead zone was ~5°, the cremand accelerations were tlOg, and the
tsrget seeker was always aWned along the velocity vector. The missile
characteristics were simplified in that the missile acceleration was
considered to occur instantaneously, 1/2 second after the accelwation
command WtiS given. Obviously this only takes care of the approximate
response time of the missile and does not consider the oscillatory char-
acteristics of the missile attitude and the way in which the seeker is
mounted. This shplified trajectory led to a miss distance of 1.2feet.
While, admittedly, this represents an oversimplification of the actual
si~tion, such a scheme of guidance affords much promise toward simplic-
ity and reliability and is worthy of further considerations.

CONCLUDING REMARKS

The use of a missile configuration having three stable him positions
at positive, negative, and zero @es of attack has been discussed as a
possible mesas of simplif@ng the required contiol system. Such a config-
uration has been studied, and the required S-O operation for changing
the missile from one trim position to another is presented for one illus-
trative flight condition from analog computer results. Two control methods
have been illustrated; mmel.y, the one-pulse method, where a constant
actuation time is used when a plus or minus control moment is applied to
chsmge trim positions, and the twu-pulse method, where a control sequence
of first one deflection, then an equal but opposite deflection, and finally
zero deflection are employed. The two-pulse method was shown to have
great= tolersaces in the actuation times required of the servomotor with
resultant motions having shorter response times with less oscillations,
thus leading to a system capable of handling a wider variety of flight
conditions. This operation of the missile at either of the three trim

.

——-..



NACA RM LfiL06a
u

13

.

positions at all tties has led to the designation as an aerdynamic-flicker
system. !lMeuse of preset control actuations which operate identically in
sequence for all comands affords the simpltiication of the titernal control
equipment. The use of such a system in a guidance situation has been.dis-
cussed, and indications are that simplified guidsnce equipment can also be
employed.

Langley Aeronautical.Laboratory,
National Advisory Comnittee for Aaonautics,

Langley Field, Va., November 30, 1954.
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3.05
1.55
1.24
31.3
2.95

-26 .Io

-.61

1,925
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wing
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4 L15? L 60°
Tall 0.250

(t/o)up ■ O.w

‘Vo)root -0.093 Wings intardigltitd 45° (t/o) tip - o.@9

(t/o)r;t - 0.C49

Figure 1.- Sketch of ccmi?lguration having three stable trim positions.

(DinienEionsare in inches. )
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Figure 2.- Pitching-moment
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Mgle of attack,a, deg
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data (ref. 5).
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Target
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Pitch-down

Missile Missile

(b) ~ = 2.7. (c) E = 10°.

.
Acceleration
Command,~

U:::y

5“

(d) Command“ accelerations.

Seeker

. r–——&.u. y % Y

-i
/ MissileL?‘——— —.

Kinematics

4 Target motion>

(e) Block diagam.

Figure 3.- Description of seeker operation in guidance problem.
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Figure 4.- EASE records showing variation of transient response of missile
with changes in control-surface-actuationtime.
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Figure 6.- Actuation times for one-pulse control method as determined
from REAC data.
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