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SECTION I
FURPOSE OF FROJECT

Project MX-800 is a nine months' study and resesrch program calling
for "investigations in connection with the development of a supersonic
air-to=air pilotless aircraft for use as a guided missile for the de-
struction of high performance hostile aircraft", The study and research
are to provide recommendations for the continued development work required
for the completion of suitable designe for all necessary components, and
will include proposals for the additional engineering studies, development
tests, and construction necessary for complete development of this pilot-
less aircraft.

The missils is to have a tactical range of 6000 yards, a speed of the
order of 1500 miles per hour, and is to be used mgainst 750-miles per howr
aircraft.
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SECTION II

SUMMARY OF WORK CONDUCTED DURING THE PERIOD DECEMBER 1, 1946 TO
FEBRUARY &, 1047,

During the past two monthe the efforts of Project MX~800 personnel have
been devoted to the following activitiss:

1.

An ivastigation of sweptback wings.

2. A study of the effect of ths location of the main wing, downwash
and tail orisntation on performancs.

Je
4.

A study of rolling moments,

Preliminary considerations in the design of the boostsr,

5

A study of the effect of missilss on the mother aircraft perform-
ance,

6, Preliminary mechanical design of a missile with a sustainar motor
snd a detachable booster,

7. Preliminary mechanical dsalgn of a miasile, without a sustainsr
motor and a retained booster,

8.

Missile evaluation and tacticsl analysis.

9, A study of the radio equipment for the two-bsem command navigation
system,

10,

A etudy of, and design considsrations of, ths short range seeker,

1.

An investigation of the missile equipment for ths two~beam command
guidancs

syatem,

12. A discusaion of the operator training squipment necssasary for
misaile operationa,

13,

A discussion of special tsat equipment necessary for the MX-800,

14, A study of ths radar ssts and computers nscessary in the launching
aircraft,

15.

A study and discussion of roll control snd stabillization,

16,
missils,

A comparison of the control of a monowing and & cruciform wing
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17. A study of the control system for the two-beam command guidance
system,

18. A study of the control system for homing with seeker guidance,
19. An investigation of the effects of asrodynamic parameters an design
20. A comperison of continuous and diecontinuous control systems.

21, A mathematical and electronic analyzer studies of the control
problem for two-beam command guidance,.

22. An estimate of the errors encountsred in a two-beam command system,
23, A preliminary study of the launching problem,
Members of the Enginesring $taff visitsd organizationslisted below:

Organization Visited Subjects Discussed

Applied Physics Laboratory Boosters and Control Devices
Silver Springs, Maryland

Applied Physics Laboratory Testing grounds, methods and equip-
Fort WMiles, Delaware ment

Personnel of the foll#wing Organization visited the M.W, Kellogg Company|
to discuse the problems noted below:

Organization Subjects Discussed

Boeing Aircraft Co., Inc, (uidance Systems

Wright Field (Ordnance Lab,) Control Equipment
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SECTION I1I
AERODYIIAMICS

A, SVEPT BACK WINGS:

It is known that rolatively high lift-drag ratios can be obtained when
the leading edge of the wing lies well underncath the Mach cone. To achieve
the latter condition and, at the same timc, to avoid an unreaeonably long
wing compared to the rolatively short air to air missile, a speed range
lower than the previous runge will be considered, namely 1400 to 2400 ft per
sec, This speed range and altitude requires that the forward vertex angla
of the half wing be not grcater than 20 deg. The totul drag versus lifte
weight ratio for a missile with a delta type wing of 6 sqg ft area and a Lalfs
wing forward vertex angle of 20 deg is shown by curves F-1 and F-2 Figure
1. At u speed of 1700 ft per sec and an altitude of 30,000 £t it is to be
noted from the latter curve that the reduction in total drag over the total
drag of missiles with wing planforms "C" or "D" (Fig 2 ) is substantial {1l
and 19 per cent respectfully) for lift weight ratio of 9, MHowever, it is
also observed thaut the required angle of attack needed to give a lift-weight
ratio of 9 at a speed of 1400 ft per sec at an altitude of 30,000 ft is 17.6
deg corpared to 11 deg for that required for the 2,1 aspect ratio rectangu-
lar wing, denoted as "C" in Figure 2 . This high angle of attack will cer-
tainly prove to be a great disadvantuge if the loss of 1ift occurs at the
theoretical shock detuchment angle of 9.5 deg corresponding to the flight
iach number. Only if proven that it is the l'ach number corresponding to the
component of the flow normal to the leading edge which rore closely deter-
mines the phenomenon will this wing be capable of giving reasonably high
uccelerations ut a reasonable runge of speeds. A rough check of the possi-
ble "one clance zone” for a missile using u 20 deg delta type planform indi-
catos that it may be smaller thun that for a missile having a speed range
between 1660 and 2750 ft per scc with a 2,1 aspect ratio rectangulsr wing.
On the other hand the former nissile hae a launching weight advantage of
approximately 50 1lb over the higher aspeed missile,

According to triangular and sweptback wing experiments run by John
Stack of NACA (Reference 1 )} a delta wing experiences erratic behavior of
the lift characteristie when the paramoter VAT - 1 tan w_ is near one, where
1 is the flight ilach number and w, is one-half the vertex angle of the for-
ward point of the deltu. ¥hen one examines Stewarts! Theory on delta wings
it is expected thut this phenomenon is similar to the inatabjility which a
straight leading edge wing experiencee when going thru the transonic range.
For the 20 deg delta wing under considerationv/li - 1 ten w, becomes equal
to one at a speed of 2920 ft per sec at 30,000 ft altitude., A maximum
boost speed of this missile wuy have to be limited to about 2400 ft per sec
in order to prevent the miesile from becoming unstable in the operating
range. For unlike the straight leading edge type wing, the delta wing mis-

sile does not have the advantage of huving the booster thrust available at
the timec when it could quickly push the missile through {ts transonic range.
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Finally a delta wing is indicated 4o be of queationsble value for highl
maneuverable air-to-air missilaa by Boeing's wind tunnal expesriments. Fven
when this wing was operating well undarneath the Mach cone, tha prasenca of
a short body appaare to aliminate its high lift-drag ratio advantage over
rectangulear wings. Howevar the prasence of a body did not aliminata this
advantage for the aweptback wing of constant chord with its leading and
trailing edge 21 dag undernsath the Mach cone. It appaars that operating
thia type wing 21 deg undar a 36 deg Mach come, corresponding to a Mach
numb:i’of 1.7, beocomes impracticel, particularly if the wing is to be made
movable,

B.  LOCATION OF THE MAIN WINGS:

In Progrese Report No. 3 (Reference No., 2) the effect of the locetion
of the main wing on thatotal drag, attitude of tha fusalage, and the angle
of attack of tha wing was shown, By ueing rasults of wind tunnel tests
conducted at Aberdeen for tha Boeing GAPA aircraft as a basis, tha affacts
of lateral accelerations, interference from the wing, and tall oriantation
were computed and are shown in Figure 3,

We may summarize tha reeults as follows:

l, For larga accelarationa, advancing tha wing forward by a small
emount results in a decreass in drag, en increase in the angle of attack
of the fuaelage, and a decreasa in the angla of attack of tha wing, Thase
affects are shown to be amall when the accelerations are lass than 5g or !
when tha wings ara not locatad further then 0.4 £t arft of the cg. i

i

2. Tha effact of intarfarence batween wing and tail ia to mova tha i
wing location for zaro trim sngle aft, This intarfarance hes littla affact !
on the reduction in drag which may ba cbtained through moving tha wing for-
ward, .

3, By rotating tha tail surfaces 45 deg from the wing surfaces the
intarference effects from tha wings, ara markedly reduced. Tharefora a
configuration with a tail rotated 45 dag will be adoptad.

It is to ba noted that for 13 g accalaration the raduction in the total
drag raaches a maximum whan the wing 1s locatad sbout 0.4 ft forward of the
cg; where a reduction in drag of aome 23 per cant is obtainad ovar the zero
trim location of the wing. Tha principal advantage of arrenpemant B (Ref-
arence 3) which ia tho identity of the fuselaga axis with tha flight path,
is not believed to ba seriously impaired. For t.is raason tha praaant de-
algn 1s based on the center of prassura of tha wing being locatad 0.4 ft
forward of tha cg.

C. BOOSTER DESIGN:

The co-axial type boostar will be tha only type considarad aarodynami-
cally, the parallal type booster baing disregarded bacausa of its more com=~

plex jettisoning problem aa well as its apparantly poor asrodynamic fastures.'
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The latter is most important because it is the prime fastor in affecting the
performance of the mother aircraft. Although the co-axial type at first hand
appears to be a less cammot design from a launching point of view, a de-
aign procedure to minimize thie disadvantage hes been eetablished.

The problem resolvee itself into arrenging a given weight booster im the
least spece by making the booster fins a continuation of the supersonic tail
of the misasile which minimizes the interference between theee two fins as
well as the interference from the main wings. In addition the og of the mie-
sile-booster combination is kept as far forward as possible by making the
booster of as short a length and as large a diameter as good rocket motor
design will permit. In this manner the destabilizing effect of the main
wing, 1s minimized. Murthermore a large enough span of the booster fin is
taksn so0 as to minimize the effect of aspect ratio on the 1lirt,

Based upon the above design conditions and having given the relation
between booster length and diameter for a given weight of booster the fin
area may be detsrmined as the solution of a pair of simultaneous equations.
These equations express aveilable fin area as a function of booster length,
and required area for neutral stability as a funotion of booster length.
This was done at a speed as high as availeble data would permit, namely at
Mach number of 0.7. The resulting 280 1b booster and fin design for boost-
ing the 350 1b missile in two sasconds is shown in Figure 4. It must be
stressed that the procedure outlined above is only a first approach to the
solution of thas problem of designing a tail suitable for the transonic range.
The problem of shaping the tail and possaibly the wing for stability still
remalos.

D.  ROLLING MOMENTS:

A cruciform missile or any other type which has radial symmetry appears
to have no aerodynamic moments which temd t0 roll the missile continuwously
about its longitudinal axis, However side slipping a wing causas asymmetri-
cal cone effedts on the tips of the wing operating at an angle of attack to
produce an unequal distribution of 1ift across the wing which in turn will
produce a rolling moment, A first approximation of ths rolling moments of
a 2.1 aspect ratio rectangular wing versus angle of sideslip is shown in
Figure 5 for several angles of attack and two Mach numbers, It was first
thought that a oruciform missile which was designed to trim out at an angle
of attack othar than zero might have a tendenscy to roll steadily when both
wings were operating at an angls of attack corresponding to a glven acceler-
ation. When this missile trims out in such & maneuvar, sldeslip ocours on
both wings such that the asymmetrical cons effects wroduce rolling moments
on each wing which are equal but opposite in dirsction. The approximate
analysis used shows this to be the case no metter what combination of angles
of attack of each wing 18 used simea the sideslip is here a linsar function
of these angles of attack., It is pertinent to mention hers that W.F, Hil-
ton of Johns Hopkins Applied Physics group has found & similar cancelling
of rolling moments because of the affect of a fusslags on radially symmetri-
cal wing or fin arrangements,
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An estimete will now be made of the maximum possible rolling moments
which may exist for the missile shown in Figure 6 when flying at 2700 £t per
sec at an altitude of 30,000 ft with one wing at a lift-weight ratio of 13
or 7.5 deg angle of attuck.

From Figure 5 it is fourd that a 100 ft per sec gust of wind across
the above wing, causing a 2,1 deg sideslip would produce a rolling rioment
of 30 £t 1b, In as much as the miesile is trimmed at an angle of 3,5 deg
for this case the tail would also produce a rolling moment of 4 £t -lb. A
wing dihedral of 2.5 deg resulting from the above load causes an additional
moment of 50 ft-1lb, Another source of rolling woment could be due to manu-
facturing tolerance of say 1/4 deg misalignment for each half of the eruci-
form wing and tail all adding to give a rollirg moment of 312 ft-1b. It
may further be conceived, for estimating purposes only, that the first ment-
ioned source of rolling moment exists for a very ehort duration of time omly.
This would come about by assuming that one set of wings of the cruciform is
first being sideslipped by virtue of the finite trim position produced by
the other wings and then the first set of wings is suddenly noved to its full
angle of mttack position (7.5 deg) before the missile has time to trim out.
The rolling moment which results from thie hypothetical case is 60 ft 1lbs,

Now assuwe all of the above conditions exist at the sane time to give
& possible maximum rolling moment of 456 ft~lbs. For the missile shown in
FPigure 6 , each half of a pair of the muin wings would have to move approxi-
mately, 1 degree differentially to stabilize this moment. A set of flippers
with & chord of 0,67 £t and hulf spun of 0.7 £t could stabilize this sarme
moment by moving each differentially to an angle of uttack of 16 deg. It is
to be noted thut the wauve drag of thesu flippers alone would increaee the
total drag of the missile 5 per cent.

Therefore roll stabilizing tle ndssile by moving the main wings differ-
entially is preferred merodynamically, unless this becones impiructical fromwm
the controls point of view,

E. ESTDJATED EFFECT OF !'ISSILES O HOTIER AIRCRAFT PIRFO.ZW CE:

An analysis was made to show the effect of two nieeiles on the perforn-
ance of the mother airplume. This analysis was made by asswaing a set of
aerodynamic characteristics typical of a modern fighter airplane and combin-
ing these with the thrust values of an actual turbo-jet ungine suitable for
a fighter desigh. The following table shows the values assimed for the per-
tinent airplane and missile churacteristics. 1Included in the eanalysis are
drag compressibility corrections obtained from data in Reference 4. The
data are results from high-speed wind tunncl tests conducted on a .3 scale
model of the P-47 airplene. Since the airplenc analyzed is agsuned to be
aserodynamically much cleaner thun the P-47 airplane, one-half the correct-
ions given in Referunce 4 was used in the analysis.

The thrust values used are those for a OllB turbo-jut engine vhich
furnished 3080 lbs of static thrust at SL (5)
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1, AIRPLANE

Grosa Weight, W, 1b

Wing Area, S, sq ft

Wing Aspect Ratio, R
Efficiency Pactor (Qawald), e

Parasite Drag Coefficient, cdo

2. MISSILE ( PR SIDE )

Weight, W,, 1b

Body Fron:al Ares, A,., sq ft

Paurasite Drag Coofficient, Cnes *

Induced Drug Coefficient, dcm.,
a o?

* Based on body frontul arca

AIRPLANL AND MISSILE CHAACTERISTICS
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Using these values in conjunction with compressibility corrections
obtained from Reference 4, the claesical performunce was galculated for
three configurations: -

1. Airplane (no missiles)

2. Airplane plus two missiles (internal stowsge)

3. Airplene plus two missiles {exte-nal stowage)

The results of these calculutions are shown in Figure 7.

Exemirution of Figure 7 leads to the following conclusions:

1. Internally stowed nissiles yield a reasonably small reduction in
mother airplame performance.

2, Externally stowed missiles produce censiderabdle reductions in
mother airplune performence, as indicated by Figure 7.

A comparison of the effects of internally and externally stowed missilel
on the performsnce of the airplane is given in Table 2,

In conclusion, it should be noted that the values are probably conser-
vative because no account of interference drag between airplane and the ex-
ternal missiles was taken. Ixperience with underelung bombs and droppable
fuel tanks shows that this effect may increase the resultant drag appreci-
ably.
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GW.
Q000 LBS. = AIRPLANE ALONE
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AIRFLANE PLUS AIRPLANE PLUS
2 MISSILES INTER- 2 MISSILES EXTER-
NALLY STOWED NALLY STOWED

LV max at S.L. -~ mph 40

.V max at 3C,000 Ft -~ mph 45

,_% max at S.L. Ft per nin 800

1_'% at 30,000 Ft. Ft per min 650

(T to 3000 Ft. rin
c
L,Bs (service ceiling), Ft

TYPICAL VALUES FOR ZFFECT OF TWO INTERIALLY
AND TWO EXTERNALLY STOWED MISSILES ON MOTHER
AJRCRAFT PERFORMANCE
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SICTION IV
STRUTURES

In the interim period covered by thie report the etructuree group concent*
rated ite efforts on combining all previoue mechanical design efforts and the
deeign requirements of the other groupe into the mechanical deeign of two
hypothetical miesiles. One a 350 pound miesile (booeter weight not included)
with a suetainer motor and a detachable booater and the other a 290 pound mie-
eile (weight after boost ) without a sustainer motor and with a booeter which
is retained after the booet period., This work wae done for the purpoee of
illuetrating the feasability of physically incorporating the varioue compon-
ents into this type of missiles and to bring to light the varioue prodlems
of a minor nature which may otherwise be overlooked. The results of this work
appear in the MXBOO Phaee I, Final Report (6).

TF
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SECTION V

PROPULSION

isted of the comparison of weights and
having various thrust schedules

work appear in the KX800 Phase I

and motor combinations,
» Final Report (6),

ranges of missilss

The results of this
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SECTION VI
INTELLIGENCE

A. RADIO EQUIPMENT FOR THE TWO BEAM COMMAND NAVIGATION SYSTEM:

The two bsam comsand navigation system discussed hsrs is for the purpose
of guiding a eupersonic pilotless airoraft toward collision with a high
performance airborne target. The guidance equipment described operatss in
conjunction with a target acquietion system and a short range target sssker
to guide a missile of either oruciform or monowing configuration along soms
selscted trajectory, The operation of ths system as part of ths closed cycls
missile control system and the selsction of trajectoriss and computation of
the command eignals is discussed slsswhere (7). The systsm to be dsscribed
here may be used with a number of different trajsctory choicss and provides
data tranemission channele for a number of differing methods of computing ths
command signals,

Miseiles of the cruciform configuration are equipped with two sets of
movable wings or fine which may be turnsd to give the mlissile accclsrations
along two mutually perpendicular axes fixed in the missile. Monowing -uunqi
achieve the desired turns by rolling about the longitudinal axis and turning
wings or fins to give an acceleration perpendicular to the longitudinel axis,
In either case, two eete of control signals are required in the command
eystem. It is aleo possible that in the cass of a missile powered by a
sustainer motor it may prove to be desirable to control the accelsration clonﬁ
the longitudinsl axis, Thie would require a third control channsl. As
development proceeds, a need for edditional control, such as adjusting the
senaitivity of a control umplifier as a function of range may bs discovered
or one or more of the exieting needs may be eliminated. Preliminary work has
bsen done on the basie of four proportional chennels, or sight on-off ehanneﬁ
in the design of the transmission circuit,

A fector which 1limita the number of channels which may be carrisd on one
transmiesion syetem is the meximum permissible time delay in transmieeion of
a command. Since the command transmission link is a part of a closed cycle
control eystem, the time delay must be held to a minimum. If, for example in
ths pulsed command eystem, we use 1,000 pulaes per sscond, and a train of 10
pulses ia required for a complete set of commend signale, then the complete
eet ie eent 100 times per second, and the maximum delay between insertion of
the command in ths tranemi tter and its reception at the recsivsr is 1/100 of
a second plus the time of transmission through the circuits and space between
the receiver and transmitter (50 microseconds at 10 milee). If two ssts of
puleee bearing the same command are rsquired for escurity, the overall trans-
mission time is a little more than 1/50 second under the given assumptione,
If the number of channels is increased, increasing ths number of pulsee per
set, then the overall tranemieaion time is also increased,
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Figure 8 is a block diagram of the major elements of tha two bLeam
command navigation system., In this syetem, ths target is observed contlnu-
ously by a tracking type of radar set mounted in the launching airecraft, the
miesile is observed continuously by enother tracking set, and the command
signale required to make the miseile follow a given trajectory are computed
at the launching aircraft and transmittsd by radio to the miesile, In
practice, sach of the blocks shown is fairly complex because of the compli-
cated operations carried out, snd because of the three primary coordinste
systems ussd, Since the miasile and the launching aircraft are both moving
with respect to a fixed frame of reference, and the air through which the
flight is carried out is a fixed or rather slowly moving medium, we need
coordinate systems fixed in the missile, the launching aircraft, and the air
(or space). The coordinate systems listed are all free to rotate with respecty
to sach othsr, and we must therefore carry out transformation from one to
another in order to relate the data observed in the aircraft coordinate to a
command signal which ehould be given in missile coordinates, This problem is
discussed from ths standpoint of the computer in another report (7), but it
also touches on the design of the command radio equipment, since it shows
that one or more channels for information from the miseile to the lsunching
airocraft may be required. Following the terminology of a captured German
report on the subject (8), we may have the command signals referred to any
one of the three sets of coordinates and evaluated either at the launching
alreraft or at the miesils, Figure 9 shows block diagrams for the following
casss: @s, misgile referred missile evaluation; 9, missils referred air-
eraft evaluation with the assumption that the miselle is roll position stabil-
ized and flies along its longitudinal axis; %o, missile referred alrcraft
evaluation with roll position transmittsd from missile to aircraft and with
the assumption that the missile flies along ite sxis; 9d, missile referred
aireraft evaluation with the missile roll position stabilized and with the
miseile attitude transmitted to the launching aircraft, The last syetem list-

ed will require two date channels from the missile to the launching alrcraft
to provide coordinate transformation data,

As we may see from Figure 7, a command which is sent to the missile
influences the direction of flight of the missile and thus its space position
at any instant, The change in apace position is observed by the missile
tracking radar set, and the position data fed into the computer is one of the
things used in computing further commands to the mieeile, This means that
the miseile control system contains & feedback path, The operation of the
entire syetem is thus that of a closed oycle control system or servomec hanism,
The existsnce of the feedback imposes certaln conditlions on the operation of
some of the components ussd, These are discussed in a report on the overall
control problem. It must be remembered, however that changes in any of the

parts of the cloesd loop may have an adverse effect on the stability or
accuracy of the loop,

The equipment for a typlcal two beam command system includes a target
tracking radar set, a missile tracking radar set, a command computer and
auxilliary equipment installed in the launching aircraft; and a command

recelver, demodulator, beacon, and auxillliary data transmitter instelled in
each missile to be controlled,

PAGE____
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The target tracking redar set may beomeof the type now normally used for
gunfire control from aircraft, It must track very sccurately in angle at low
angular rates, Range accurasy should also be good, but it is of secondary
importance to angular accurasy, The antenna system is probably of tha moving
axis typs, using either a conical scan or ths newer monopulse technigue for
acourats direction finding. The servos which drive the antenna may contain
extra smoothing circuits to improve the accuracy in slow tracking rates at the
sxpense of repid angular tracking. The radar antonns may ealeo have data
resolvers directly attached to transform the radar tracking dats from the
coordinatss of the launching alroraft to ths coordinates of the missils or of
fres spacs, depending on the type of computation which may be smployed.

Tracking of the missils with a simpls radar sct may be possibls to the
dssired ranges, but tho dopendability of the aystom can probably be improved
considerably by the use of a radar sst which tracks a beagon in the missile.
The missile tracking radar may then be a fire control radar set similar to
that ussd to track the targst, except that the missils radar receiver may be
tuned to a bsacon fregqusncy diffsrent from the frequsney of its own tumnltt{
sr, and the antsnna systom may be modifisd slightly in view of the higher
received power availabls from the besoon and the possible desire to stabilisze
the polarization of the transmitted onergy from the missilc tracker, The
stabilisation requirement will ariss only if it is not possible to supply
sufficient power to the missile to trigger the beacon from all parts of the
contesl scan. In cass the monopulss type of tracker becomes avallable in time
for uss, the stabilisation will havs been accomplishsd. It will probably
preve cconomical to uss the missilc trecker tranamission to carry commands to
the missiles and the respunss of the missilc. beacon to bring necessary guidan
data back from the missile to ths command computer.

It is possible to describs. the separats components cf the complstec
systsm quits fully in terms of prssent tschniques, A complete discussion of
the squipment for data transmission from aircraft to missile and from miseile
to aircraft, using the pulscd transmiesions of the mlesile tracker and beacon
and the recsivers of the missile and the tracking rader may be found in referd

snes (9).

B, SHORT RANGE SELKER:

1. Introduction, In an sarlisr report (10) the fundemental aspects
of the sosker problem weres developed and a gsneral procsdure for selecting
the optimum sesker type was outlined, In ths interim period covered by this
repcrt, a detailed study of the trajectory problem was conducted, tasntative
performance spocification for a sesker were presented and the devslopment cf
a nevsl fixsd-axis relativs-amplitude sseker was proposed.

26 From a study of the errors encount-
ered in the two 7) it is quite clear that barring a
subetantial (about 5:1) inecrease in radar set accuracy, a relagation of the
present 30 foot miss distance requiremsnt, or a restiriction of launching air-
oraft to dstonation point range to 10,000 feet or less, a seeker of some sort
will definitsly be required in the MX-B00 Missils, The 5:1 improvement in
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radar set accuracy is a possible but not a probable outcoms of rsfinemsnt of
the monopulss tracking technique, The 30 foot miss distance now specifisd
can be shown to be vsry nsarly optimum for a non-atomic warhead, If the miee
distanes is increaded by some fastor K»1, the present 90 1lb warhead weight
must bs multiplied by & factor roughly squal to K2 in order to maintain the
same kill probability, Tactical analysis for MX-800 have shown that the majo
portions of the lethal sonse must bs at distances grsater than 20,000 faet f
the launching point for effsctive missile deeign, The launching aircraft
travele at leass than half the miesils spsed and the launching aircraft
detonation point range will therefore, exceed 10,000 fsst for dstonations
more than about 20,000 feet from the lsunching point. There appsars to be
1ittls likelihood that use of & eeeker in MX-800 can bs avoided,

3. Trajectories. In making e dutalled study of sesker design features
(17), including welght and spacs requirements, it was nscessary to establish
tentative specifications covering the required essker performance, An
analyeis of the seeker trajectory problem and relative consliderations was
meds and the approximate translational behavior charactsristics which the
MX-800 must have during the seeking phase ars tabulated below:

8, Seeking Initiation Pro « Seeking ehould be initiated at a
constant missile-target distance for all approsch angles, This procedure is
nearly optimum from & trajectory view point and 1s simplsst from an equipment
point of view,

b, Seeking Initlation Range, The optimum mlsslle-target range
for initiation of seeking varies with the navigation and sesking systems
details and appears to be betwesn 4000 to 2000 fast for the conditions ulumﬂ
The optimum range is the range at which the sseker's ability to recognise
trajectory errors first becomes equal to that of the navigation eystem,

¢ce Missile Course. The trajsctory analysis indicates that an
approximated zero rate of changs of bearing angle course ¥, = O is best,
The ability of MX-800 to make a kill is severely limited during the seeking
phase by the poor resolution of any practicable seeksr and by the large mini-
mum turning radius of the missile, Full control muet be applied quickly
whenever the trajectory error becomes great enough to be observed by the
geeker if the missile ie to be effective,

de Seeker Angular Resolution, The trajectory analysis indicatee
that, for the a.uumpdonl etated, an angular resolution width of between
1/2 deg and 1 deg will provide sufficlant seeking accuracy.

e, Smoothing T™me, For the conditions assumed in the trajectory
studies the optimum data smoothing time for the control of translational
motion in the seeking phase is about 0.5second. Because of servo and control
system limitations, discussed in a parallel report on the MX-800 control
system, it may be advisable to make the seeker smoothing time as short as
precticable and effect the necessary smoothing in the missils control system,
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fo. Response Time. The trajectory analysis indicate that the
translational response time of the missile to guidancs data during the ssek-
ing phase should be of the order of 0,1 sscond or lese, Control system and
angular stability considerations may require that the response time of the
sseksr itsslf be considerably shorter that 0,1 second.

he Sesker Circuit Considerations: In considering the specific seeker
design it was nscessary to chooss Detween various possible methods which
offsr nearly equal advantages. In order that the most promising systems may
be chossn for future study the various possibilities were inveetigated (17)
and some of the results are preeented here,

On the basis of an advantage in the relative sizee and welghts of the
pulss radar sseker and the unavailability of the necessary components for the
CW redar seeker, it was decided that further inveetigation of specific seeker
desigms will be dsvoted principally to pulsed seekers, Thie does not dis-
continue all consideratione of CW radar seekers for many of the basie princi-
pals of pulssd radar ssekers apply with slight modifications of tschrigus to
CW ssskere as wll,

At the pressnt time it ie not clsar whether it will be more desirable to
1llsmirate the target by a radar transmitter carried in the missile or by
snsrgy from the parent plans. The principal faults in the parent plane il)ums
inated systsm are that the varying illumination of the target reeulting from
conical scanning of the transmitter antenna beean of the launching aireraft
will be difficult to cope with and that difficulty may be encountered at the
sseker discriminating between the energy arriving directly from the. launching
aircraft and that reflected from the target, especially at close range when
ths times of arrival nearly coincide. These difficultiss are not insurmount-
abls and the parent plane illumination system may prove to be advantageous by
reason of weight and space savings in the missile,

The choice between fixed and movable axis antenna systems for the eeeker
involves comparison of the relativs sizss and weights and the relative
sccuracise of the two systsme. A movable axis antenna sesker is probably
somewhat larger and heavier, but fixed axis seekere composs a relativsly new
field whose potentialities are not yet fully known., In general, thes fixed
axis sesker is probably lsss accurate than a movable axie seeker smploying
relative amplitude null-seeking for bearing determination.

In addition to the problems just discussed, shers arise qusstions as to
the manner of obtaining bearing data from the signals received at the antenna,
sspeclally in the case of ths fixed axis antenna sesker, the form which the
seeker output eignsls should take, the coordinate syetem in which the output

data should be preeented, stc,

As previously indicated, a final decision as to ths type of eseker to.
be smployed in MX-800 muet wait further information and invsstigation, How-
evsr, more detailed discueelon of some of the various possibilities, includ-

ing block diagrame of representative circuits ars given in reference (11).
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The receiver shown by the solid lines of the block diagram of Figure 10
represents s typical receiver for the simpleet form of pulsed seeker employ-
ing either target illumination by ths miesile or by the launching aireraft,
It consiets of a scenned antenna, which msy be of sither the fixed or movable
axis typs, and a conventional superhsterodyne receiver for the recsption of
pulsed signals. Automatic frequency control of the local oecillator ie
employsd and autometic gain control is applied to the six stage intermediate
frequsncy smplifier, One or two stages of video frequency smplification
supply video signals to the date reduction eystem.

A bloecked osclilletor and m cathode follower are provided to eupply short
duration blanking signals to the intermediate froquency amplifier. The
blocked oscillator recsivee triggering voltage from the transmitter master
oscillator in the case of missile illumination of the target or from the
command receiver in the case of launching alroraft illumination of the target

The required eensitivity and genersal sxcellence of ths automatic gain
eontrol circuits is to some extent a function for the data reduction method
employed., A number of systems for sesker data reduction have been studied
and a complete discussion of thase systems may be found in referencs (17).
Figures 11 and 12 are block diagrams typical of these systems, Figure 11 1ie
a block diagrem of a seeker data reduction syetem, which is particularly
suited for use with & movable axis antenna system and Figure 1B is a blook
disgram of a seeker whish might be employed with a fixed axis antenna,

5. Heat Seekers., Use of a heat rather than a radio sesker offsrs a
number of advantayges, particularly for short rangee whers atmosphere attsnu-
ation does not limit performance ssriously. Perhaps ths most important
advantage in the case of MX-800 is that the wave-lsngth of the radiation
involved is shortsr with the result that the seeker antenna or reflsction
directivity is limited by the ratio of antenna dimension to detsctor dimen-
sion rather than by the ratio of antenna diwension to wave-length,

Digadvantages of the infra-red or heat sesker are that the present non-
existence of eujitable sources preclude the use of a reflection type seeking
eystem, and make the seeker dependent upon radiation originating at the
target, Since there are many other possible escurces of heat radiation,
notable the sun, inability to select and track the desired target may detract
seriouely from the reliability of the heat eseker,

Data reduction or evaluation circuits for the heat eseker approximate
closely those required for ths corresponding radio eseker. Ths basic class-
ifications of seeker systsms, as dsscribed slsewhers, hold squally for the
heat and radio seeker, Given a sufficiently small detector of adequate
eensitivity, the antenna or reflector problsm is simpler for the heat sesker
than for the radio eeeker., Elaboration of the abovs gensral comments must
await a detailed study of the heat seeker,
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6, Sesker Antennas, As a result of the trajectory studies which have
besn made, a tentativs angular resolution requirement of 1/2 to 1 deg have
been estabilished for the seeker, Under favorable condiiions thie angular
accurasy requirement cen be met with a flexible axis seeker of conventional
dssign incorporating a paraboloidal antenna of 6 inch diameter, It is belliev
ed that this requirement cen also be met with the lees conventional sesker
deeigns propossd in thie report and in the references, The flexible axis
sseker may be more subject to angular errors caused by the presence of a di-
electric nose cap, which according to current aerodynamic data must be in the
form of & cone with half angle of 12.5 degrees or lsss,

Except for the preliminary surveys of the seeker antenna problem report-
ed on in references (10)and (11), antenne developement for MX-800 has awaited
specification of sseker accuracy requiraments and classification of missile
dimensions and nose shape, An active antenna ressarch program is now being
initiated on the basis of available information.

C. EQUIPMENT FOR THE TWO-BEAM COMMAND QUIDANCE SYSTEM:

The overall plan for guidance of the MX-800 missile envisions the use of
redar for target detection and tracking before launching. Pre-launching
mansuvers will be directed by a computer so that the missile may be launched
in the most favorable direction and at the optimum range from the target.
After, launching, control of the missile will be by a two-beam command radar
system, in which one radar beam tracks the targst and another the miesile,
and ths control signals directing the missile are detsrmined in the launching
aireraft through the operation of a command computer. The commands will be
sent to the miesils through the missile tracking beam, and a beacon located
in the mieeile will respond to the tracker and transmit missile data to the
tracker for computing purposes, At the end of the trajectory, control will
be iransferred to a target seeker, probably of the radar type, which will
make last minute corrections in the flight path of the miseile, and as the
missils approaches the target, it will be detonatsd by a radio type of fuss,

The radar sete and computers which must be mounted in the launching air-
oraft and the missile in order to accomplish the above functione have been
studied and ars described and discussed in references (18) and (19),

D. SPECIAL TEST EQUIPMENT AND OPERATOR TRAINING EQUIPMENT;:

While it is still to early in the development of ths MX-800 to design
the test and training equipment in detail, a preliminary study of the situa-
tion was conducted in order to help in estimating the magnitude of the needs
and in the laying out of a program of development to go along with the missile
development, Ths results of this study may be found in reference (18).
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SECTION VII

CONTROLS

A. ROLL CONTROL AND STABILIZATION:

In preceding reports and discussions one important buasic aesumption
was made that the missile is roll stabilized or roll controlled. Roll as
here interpreted means pure roll of the misaile about its longitudinal
axis in contradistinetion to an apparent roll which might result from a
maneuver. itoll stabilization thus infers that, ideally, in the cuse of a
eruciform missile that the axias of one pair of control surfaces remaine at
all times horizontal. Roll control as applied to the monowing type miesile
implies that the missile rotatee ubout ita longitudinal axis in such & man=
ner as to maintain the mein wing in *the correct plune of orientation to give
the desired trajectory.

In a spinning cruciform missile the missile is cuused to spin about
its longitudinal axie and e:ch of the four control surfuces chanss2s from
rudder-action to elevator-uction every quarter of & revolution. A vertical
reference is necessary to traneform guidance control signuls to wing angle
eignals as the missile rolls. The umount of instrumentation necessury in
a spinning miesile is not essentiualliy reduced in umwunt from that neceesury
in a roll stabilized type and the nethod of intelligence duta tranemission
is more complex in nuture, Becsuse of the changing of uction of euch wing,
there is a high power loss in the main wing control servo for u highly ran-
euverable miesile. For example, & control eurf:ce may be required to charnge
from one extreme posi:ion to the other extreme positin in u time represent-
ing one-quarter of the period of rotation of the miseile., Thus, in general,
the control surface would oscillate buck and forth und abaordb relatively
lurge amounts of power which would not directly vontribute to the maneuver
of the miassile,

In e cruciform type missile utilizines the two-beur: cortnnd system of
guidance, roll staLilization is not absolutely necessary but it is highly
desirable since it prevents the "flip-flop" of the wings described above,
and it makes the data trungaission and interpretation aystem eimpler. The
former is true since one varticular control surfuce uc*s either as a rudder
or &n elevetor and retains ita sinpgle uction ut ull times. The lutter ias
true since guidance data sent to a control surfuce, to effect a rmneuver of
the missile, if computed on the busis that the control eurface conczrned ha%
a definite norual oricntation at all Limes, r:quires less rodificution than
if these detz must be m>dified to tate into scccunt wotion of ihe control
surfece as the niissile rolls.

The uee of u turget seeker does not require a vertical refercuce, but
lack of stabilization imposee serinus conditions on %the sceker. Hince a
turget seeker will not be used salore but only in corjunction with a two-bear]

command phase, it will be neceesary to huve a verticul refere:nce in the
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missile.

In the stabilized missile a gyroscope or similar devics is used to es-
tablish a refersnce vertical. The roll stabilization system has the func-
tions of detecting deviations of the vertical axis of the missile from this
referencs vsrtical and correcting these deviations in such a mannsr as to
restore the missile to normal attitude in roll in the shortest practicabls
time. The roll stabilization system 81so has the impo-teant function of es-
tablighing ths vertical refererncs as quickly as possible after the missils
is launched from the parent plans s0 that lateral and vertical maneuvers
can bsgin early in ths flight.

For one missile under consideration thers will be a 2 second boost frol
a speed of 500 £t per sec to a spsed of 2600 ft per sec and for the remain-
der of the trajectory it will coast. It sssms, in view of uncertainties in
the prediction of wing loads in the subsonic and transonic regions of niss-
ile speed, that roll control might be ineffectivs or unsatisfactory prior
to the time that the missile reaches a speed corresponding to & Mach number
of one. In this cass, roll stabilization would have to be established in
the time between missile velocities of 1100 ft per sec and 2700 £t per sec.
Agsuning that a lineer variation of speed exists during boost, the time to
8stablish roll control would be 1.45 seconds. [is appears entirely fsasi-
ble and will allow lateral control at the instant the boost is ended.

Some of the problems in ob%iaining good roll stabilization are:

1. The natural presence of wing misaligmant torques which vary with
speed and altitude. The prescnce of such torques indicates the desirability]
of a torque compensatsd roll control which will develop a steady control
torque without requiring an error in stabilization. It is proposed to in-
clude an amplifier gtage sensitive to the integral of its imput as well as
to its imput to saccomplish this.

2. The possible appeasrance of oscillating torques caused by simulta-
neous slip of the missile in yaw and pitch planes. These oscillating tor-
ques will be worse if the pitch and yaw controls are poorly damped, It is
therefore advisabls to make the roll control system have a high resonant
frequency (7) and a lead networ: is recommended for imclusion in the roll
control to aid in accomplishing this, as well as to improve the dsgree of
stability of roll control.

3. The merodynamic coefficients change with speed and altitude and
alter ths dynamics of the missile., In Figure 18 ere stetched severel
transfer loci of a roll control system showing the changs in its performancs
as a function of speed and altitude. The worst cases between 15,000 £t and
50,000 ft are shown,

4, If a free varticaul gyro is used, the roll control system sensiti-
vity must be compensated as a secunt function of the angle of climb or divs
and becomes ineffective when these naneuvers are vertical, Since this is

a possibility according to the tactical analysis it is recommended that an
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integrating rate gyroscope be used for the basic reference.

5. There is inadequate viscous damping from roll rate torques to
provide good stability of the roll control without servo compenssting net-
worke.

A detailed mathematical development of one roll control syater is de-
cribed in Reference (7)

B.  COMPARISON OF MONOWING AKD CRUCIFORM CONFIGURATIONS:

Moat of the atudies made as & part of the MX-800 project have been
based on a cruciform configuration of the airframe. Several months before
the end of the study phase of the contract the mechanical design group and
the aserodynamicists proposed that a monowing configuration might have an
advantage as carried by a parent plune, The possibility of using the mono
ing configuration was then referred to the guidance apd control groups.

The ma jority of the work on the nonowing configuration thus far has
been a librery research to study the efforts mede by the Germans in this
direction. Two technical papers were found (References (8) and( 12 )
which proposed to compare the monowing with the crueiform from the point
of view of control. In introductory compnrison of the aerodynamic prop-
erties of the two configurations References{13) and {14) do not exactiy

agree,
Per Unit WBi%t_\_t Per Unit Drag
Ref Refl2 Ref Ref 12 MX-800
Monowing 0.8 0.9 0.87 0.65 0.85

Crueciform 1.0 1.0 1.0 1.0 1.0

But Ddoth indicate a tremd which has been checked by uerodynamicists for
the MX-800 project (calculations based on a 350 1b 9 inch diemeter missile)

The control signals for a roll ssabilized cruciform missile are quite
simple to cunceive Bince one can reason without considering a guldance in-
teraction between pitch and yaw axes as a first order effect. In the case
of a monowing configuration the asituation is somewhat more difficult.
Obviously, the aircraft must be rolled so that the main wing axis will be
at right angles to the required lift. Considering incremental quantities,
and an initially correct missile flight, an error vector cen be thought of
in terms of components along the main wing axis and perpendicular to it
and to the longitudinal axis., Alternately the error vector cun be assign-
ed a magnitude and an angle with respect to a line perpendiculuar to the
plene of the rain wing axis and the longitudinal axis. The former would
be called rectilinear riissile evaluetion and the latter polar coordinate
missile evaluation. In the latter case the roll control mauy act to keep
the angle aero, but then there is an indefinite cuntrol when the errar
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integrating rate gyroecope be used for the basic reference,

S. There is inadequate viscous danping from roll rate torques to
provide good stability of the roll control without servo compensating net-
works.

A detailed mathematical development of one roll control syster. is de-~
eribed in Reference (7)

B, COMPARISON OF MONOWING AKD CRUCIFORM CONFIGURATIONS:

Moet of the svudies made as a part of the MX-B0OO project have been
based on a oruciform configuration of the sirfreme. Several months before
the end of the study phase of the contract the mechanical design group and

advantage as carried by a parent plane, The possidbility of using the mono
ing configuration was then referred to the guidance apd control groups.

the aerodynamiciets proposed that a monowing configuration might have an 'ﬁ'

The majority of the work on the monowing configuration thus far has
been & librury research to study the efforts m:de by the Germans in this
direction. Two technical papers were found (References (8) and({ 12 )
which proposed to compare the monowing with the cruciform from the point
of view of control. In introductory compurison of the aerodynamie prop-
erties of the two configurations References{13) and (14) do not exactly

agree,
Per Unit Weiigt Per Unit Drag
Ref 8 Refle Ref Ref 12 }MX-80O
Monowing 0.8 0.9 0.87 0.65 0.85
Crueiform 1.0 1.0 1,0 1.0 1.0

But Uoth indicate a trend which has been checked by uerodynamicista for
the MX-800 project (calculations based on a 350 1lb 9 inch diameter missile)

The control signals for a roll stabtilized eruciform missile ars quite
simple to conceive since one can reason without considering a guidance in
teraction between pitch and yaw exes as a first order effect., In the ocase
of a monowing configuration the situation is eomewhat more difficult.
Obvicusly, the aircraft must be rolled so that the mein wing axis will be
at right angles to the required lift. Considering incremental quantities,
and sn initially correct missile flight, an error vector can be thought of
in terms of components along the main wing axis and perpendicular to it
and to the longitudinal axis. Alternately the error vector cun be assign-
ed a magnitude and an angle with respect to a line perpendicular to the
plane of the rain wing axis and the longitudinal axis. The former would
be called rectilinear missile evaluation and the latter polar coordinate
missile evaluation., In the latter case the roll control muy uct to keep

the angle aero, but then there is un indefinite cuntrol when the error
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vector approaches zeroc. In the former case the roll control acte to roll
the mimsile at a rate proportional to the error vector along the main wing
and in a direction which reveraes when the error vector is perpendicular
to the wing axis can be oconsidered ae going from above the wing to below
the wing, In this way there is no neceesity of indefinite control, partic-
ularly if rate gyro feedbasck be included in the roll eontrol.

The use of a monowing configuration for a highly maneuverable missile
has been queetioned on the basis of the rapidity with whioh it can act to
correct deviations from the desired trajectory. This question ie basad on
the procedure of the monowing of rolling before acquirimg 1ift in the prop-
er direction whereas in a cruciform the 1lift ie obtained directly by eetting
the perpendicular wings st appropriate angles of attack. A detailed apalyele
has not been made of this aas a part of the MX-800 project because of lack of
time, and because also it can be done more easily with an analyser than by

. mathematice becauae of the complioation introduced by the guidance inter-
action among axes in the monowing caae.

In Reference {14) a comparieon was made in the calculated performance

of a beam gulding system of s low speed {200 m per sec) F25 missile and an
equivslent crucifornm.

It was concluded that there exists no essentisl differenoce between
control half periods with rudder and aileron control of the monowing. How-
ever, the cruciform missile was characterizad by a faeter responae having
a half period 40 per cent less than that of the monowing. This would eeem
to favor the cruciform from the point of view of speed of response.

In concluding this discussion of the monowing two factors should be
pointed out:

' 1. That guided miasiles of the glide bomb type such as the "Bat" have
been built with monowing configurations and successfully flown (Reference
{15).

2. That supersonic flight should offer the possibility of improving
tremendously the apeed of respomse im roll, but that the sucecess of monowing

control dspends on good precision in roll control which has not yet been ds-
monatrated for this class of missile.

Ce CONTROL SYSTEL FOR TWO-BEAM COMMAND GUIDANCE:

It has been reconmended, as a result of guidance atudies, that at least
the initisl stages of flight of an air-to-air supersonic missile should be
commanded from the parsnt plant by a two-beam command syatem. In this type
of flight there are two control loops which merit investigation. The firet
of these considers target motion as an independent variable and missile
motion as the controlled variable, The controlled variable is adjuated so
that there is no rotation in spacc of the line joining the misaile and the
target. The second control loop is a subsidiary to the first and deale with
the ubility of the misaile to carry out the commands received by it and pro-
duce a stable flight. As 4 psrt of this second problem it is recommended
that 8 roll stubilized cruciform missile be developed.
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Ths mathematical requiremen%e of the commund computer to be carried in
the parent plane ie diecuesed in Reference (7) . The inter-connection of
the components of a proposed control eystem for the miseile is shown in
Figure 14 . Control signnls are received from the command receiver and
after demodulation are sent to the pitch and yaw channels. 'Wing motion
control of a cruciform airframe hes been assumed with difforential control
of the motion winge for roll stabilization. Fere, the roll control is ehown
as operating differentially on the seme winge which receive the command yaw
signals. Absolute motion transducers are used in the pitch and yauw control
syetems in order to improve stability of the miesile fligh%. The unalysie
of the two-beam command eyetem implies that the desired feedback at abeolut
motion can be accompliehed by the use of two linear aceslerormetere placed
on either side of the center of gravity. This need for improved etability
etems fraom tho little, or no, inherent stability of & highly muneuverabile
air-to-air miseile.

A theoreticul analysis hae been made of the eyetem described in Figure
14 and some eupporting dats obtained from an electronic control unalyzer.
From theee studies some eetimate can be made of the dynamic requirerients
of components of the control system, and also of an optimum position for
the locution of the main winge of the aircraft. These cetimatee are, of
course, dependent upon the estirmted uerodynemic coefficient for the air-
frame. In Table 3 ars given the squatione of motion of the aircraft in
the traveree plane, the equation used for motion of the aireraft about its
roll axis, and the valuee of the coefficients ueed for the presant studice.
These numerical values are purely estiruates made for the purpose of ullow-
ing a demonstration of the arulyticul technique which would be used to sys~
thssizs a control system were theee the knowr coefficionte.

In Table 4 8are itemized the estimated rejuirer:nts of the dynamic
propertiee of system components. As the actual equipment is designed and
developed more complete analyscs will he performed corntiruousiy which will
alter the atsTe rerommendntione ir & manner particularly suited to the uir-
eraft.

The control eystem that is racommended is not of the discontinuous
{vang-bang) type, The elements urs expected to act in a linour menner up
¢o eaturation. Justificstion for this ie lese poeitive in the case where
no eeeker ie anticipated than in the cuse where a eeeker will be used., This|
is 30 beecauee of the direc! effecct of oscillations of the miesilee longit-
udinal axis on the performance of = eeeker, If Further developmunt indiw-
cates that the airfrare can be made to have & reassonuble amount of inherent
stability, and if no eeeker ie required then it ie poesible thai a more
simple control system of the discontinuous type could be devised, For this
reseon it is recommended thut studice be continued on discontinuous type
control eysteme for a two-beam cormand guidunce system. More dutu pervinent
to discontinuous control will be obtuined from & wind tunnel and flight
tes+s on the performence of the airframe,
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ROLL CONTROL
Allowabdle time lag of wing sontrols 0.02 sec

Load petwork time constant (Attenuation ratio of 10) 0.16 aec

Integral nstwork time constant (Amplifier charaotsristioc
K(e ‘4’]‘ dr) T = 0,18 pec

Rssonant fraquency of missile in roll (30,000 £t alt
2700 £t per seq) 6 cycles/ssc

Magnification of sinusoidal varijation of apparent vertical
at rosonanns 2

PITCH AND YAW CONTROL FOR T10-BEAM COMMAND GUIDANCE

Approximating wing controls, which uee positioh feedback, by
a simple quadratic rssonant system

a, Undamped natural frequoncy of wing control 50 rad/sec

b. Damping ratic of wing controls 0.5
Percentage longitudinal axis angular acceleration faeddback 10
Percentage longitudinal axis angular velocity feedback 0
Percentags of wing load availabls for guidance 90

PITCH AND YAW CONTROL FOR HOMING WI™H SEEKER GUIDANCE

Approximating wing controls, which use position feeddack, by

a simple quadratic resonant aystem
a. Undamped natural frequency of wing control 50 rad/sec
b, Damping ratio of wing control 0.5

Charaoteristics of anplifier preceding command controle K, = 18.8
Amplifier obaracteristioc §- Ky o 5,0t Ty = 0,05

Resonant fraquenoy of Antenna servoes 12 rad/sec

DYNAMIC CHARACTERISTICS JOR CONTROL SYSTEMS By_HI®
AND COMPONENTS ESTIMATED AS SATISFACTORY FOR ONE

SET OF AERODYNAMIC COKFFICIENTS (TABLE 1 l=0) |[CHOETM___
DATE feb. 1. 1947
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D. CONTROL SYSTEW FOR HOMING W SEEKER GUIDANCE:

Should a seeker be required to improve the accuracy in the final atages
of flight then the control system should operate aatisfactory either with a
two~beam command system or with a aeeker., It is proposed that in a system
uaing secker guidance the oontrols regulate the angular wvelocity of the
line of sight to zero. A block diagram for the reoommended oontrol system
is shown in Figure 15. It will be noted that the same essential alements
are used in this system aa for control from two-beam command guidance. The
seeker shown achematically uses s movable dish antenna with a servo drive
for automutic tracking. A tachometer is used to measurs the angular rate of
tha antenna relutivs to the airframe, In aome seaker systems under oonsidee
ration this angular rata would be measured alectronically and the assker
antenna would be fixed, In order to obtain the desired trajectory with seeks
er guidance {(apace anmgulur velocity of line of sight = O ) a signal indicat-
ing the angular velooity of the longitudinal axis is fed back regeneratively
and added to the tachometar to obtain the space angular velocity of the line
of sight. A theoreticul snalysis was made on this type of control system
(7) and the following was concluded,

l. The systsm is likely to be unatabla with wings as far forward of
ths center of gravity as 0.8 feet. Calculations show absolute instability
for the csse of an oncoming target.

2, The system should be satisfactory with wings approximately at ths
center of gravity if downwssh is negligible. The calculstions for the case
of an oncouing target also indicste satisfactory performance.

3. The system can be made stable over a satisfactory range (missile
to target) change.

4, The system speed of response is limited primarily by the dynamies
of the seeker,

S The sume components used in the two-bcum command system can be
used after a switching operstion in the oontrol system for seeker guidance.
This is indicated in Figure 15 .

6. The dynamics of the seeker must bs matched to those of the air-
frame by the appropriate parameters of a proportionil plus integral amplifier
preccdirg the command loop.

E. EFFECTS OF AERODYNAMIC PARAMETERS ON DESIGN:

The dynsmics of a missile control syatem must match those of tha gui=-
dance system with those of the aircraft to produce a satisfaotory flight.
Consequently whare it is feasible the requirements of the control system
should be taken into account in dstermining the dynsmics of the sirframe.
Where the dynamics of the airframe are determined by othsr considerations

s thorough knowledge of its behavior is a prerequisite of the intelligent
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design of thw flight control system. oeveral phases of the aerodynamic be-
havior of the missile have been investigated as a part of control atudies.

Certuin charucteristics of the airframe are chosen with only secondary
consideration of the control system such as the maximum lift available
(which hus been tauken from trajectory considerations) and the general size
and snapu of the missile (which has been taken from overall project con=-
siderations). uther aspects of the airframe more directly affect ths can~
trols work such as, the arrungement of the control wings on the airframe &nd
tae location of tne uuin wings relative to the center of gravity.

The location of tie main wings to be used for control is important in
determining the dynamic rssponse of the missile to control signals. This
is illustrated in Firures 16 snd 17, for an altitude of 30,000 fset as the
dynamic response of ths longitudinsl axis of the missile to sinusoidal
changes in main wing position relative to longitudinal axis and slso the
response o7 the missile flight pata ungulur velocity, due to sinusoidal
changes main wing sngle relative to the longitudinal axis for five differsnt
wing locations (7). These calculations ars based on ths aerodynsmic cosf~-
ficisnts described in Table 3 and downwash has been neglected., At the pre-
scnt time it is not practical to muke s recommendation for the best wing
location, although it appears that the two most dssirable locations are 0.4
feet forvard of the center of pruvity and st the center of gravity. actually
most of the calculations for control systems were based on the wing location
0.8 feet forward of the center of gravity. Calculutions were slso made for
15000 fcet snd 50000 feet altitude. .

The relutive importance of effects of the oscillating airfoil at super-
sonic speeds was investigated as it affects the control theory of the air-
frame (16). This study indicated that the equations of mwotion based on sta-
tionury flow should be adequate in the frequency range importunt for auto-
matic control of the misaile.
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A. ERRORS IN TWO-BEAM COMMAND:

An estimate of errors encountered in a two-beam command system was
made., Ths method of guidancs considered is one besed on the value of 8
(= ds/at) (ses Figurels a), (18 computed at the control station from the
meseured velues of Ry, Ry, KT, Ru, AT, SM, and ¥ (s 5p =4y). The camplete
mathematical consideretion is given in Appendix A.

From the considerations in Appendix A we have:

a. From the figures given in Appendix A it appears that tbe
worst errors are likely to be those due tos)y andsp. It ie true that as
R gete amaller these errors incresse approximately as R-l, whereas the er-
ror due to y increases as R-2, end so this last error may be the dscisive
one whsn the missile gets close to the targst. But in a given exampls
(Appendaix A) this would not occur until R was less than a half second away
from the target, and in thies short time intervel no apprecisble guidance
could be done anyway.

b The possible effect of an srror 1nﬁ' cen be very roughly
estimated by considering a missile moving in a straight line so as to miss
a etationary target by am emount h, (FigurelS8b). We have

b - -fﬁ- .
For 4 = ,04, R = 3500 f£t, v = 2000ft per sec, this gives h = 200 ft. As-
suming that the errors here are oomparable to the ones obtained in Appendix
A this would bs an upper bound to the miss that might be obtained. Actual-
ly, the average miss would bs much smaller than this, for the ovsrell accu-
racy of the missile will depend on the values of dG over a considerable
period of time, and as thess can be expected to vary in a more or less rean-
dom manner the averege accuracy will be much greater than the crude estimats
above, The statistical problem involved in estimating the accuracy has not
yet been solved.

¢. A suggestion has besn mede that the srror in S might be de-
creased by installing in the migsile a simple device to give an accurate
measurement of R, and possibly R. That this is not the cpse follows from
the fact that most of the error in £ is due to errors infSy end Sy, and
these quantities do not enter in the expressions for R or g.
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A.  GENERAL:

During the boost period (trensonic rangs) present indications show
that there can be 1ittle or no guidence on the part of the missile opera-
tor ovsr the missile. It is neceseary to assume, thsrefore, that only
eimplified control may be attained by automstic means (i.s., gyroecopes)
causing the missile to traverse s predstermined course. Such a course
might have to be sst by the operator before the time of launching accord-
ing to the conditions fixed by the particular launching. This requires
provisions in the booster design to accomodate such adjustment.

There is some indication that subsonic control of the missils can bs
attained by use of sufficiently large lifting surfaces to support the mis-
sile from launching epsed to the bsginning of the transonic speed rangs,
at which time these eurfaces can be jettisonsd., If thise is poasidle, a
configuration may be arrivad at which sllows maneuvering at eubsonic flight
speeds, thus permitting launching to be rsetrictsd to one direction only
with respect to the carrier aircraft. Guidancs to the proper attacking
poeition is achisved during this period., Such s system might be composed
of a miseile and a three stage booster as follows;

l. A jsttisonable subsonic propulsion unit with subsvnic lifting and
eontrol surfaces,

2. A jettisonadls booster for operation in the traneonic range so as
to bring the missile up to supersonic speed.

3, Missile with sustainer rockst (intsrnal),

It is important to note that the complaxity of the foregoing arrangs-
ment may be reduced if it is possibls to use ths missile 1lifting surfacss
(supersonic wings) during subsonic flight. The booster can be designed to
exert a low propulsive effort during the time required to turn and then a
high propulesive effort which is required to attain supersonic velocitiee,
Another point to be considered is that the subsonic surfaces may be rstained
until the end of the total boost period, thus simplifying the mechanical
design of the booster. This would give a missils configuration of a tandem
monoplane, The practicality of this proposal depends on the effscts of such
an arrangement on the total drag during ths boost period and also the sffects
on static stability of the missile,

The problem of launching may be clarified by subdividing it into two
general cases; launching for offsneive uses and launching for dsfensivs
uses, These two cases determine ths missile arrangement required and also

the provisions necessery in the carrier airplsne to provide for launching.
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The problem of defensive launching, although not directly related to the

¥X 800 requirements, is considered here to show that this missile can easi-
ly be adapted to defensive use by bomber type aircraft. These considerations
also apply to the offensive missile should it be neceessry to fire it in
other than the line of flight direction.

B. OFFENSIVE USES:

It is assumed that for offensive usee, the carrier airplane locates the
target and ie able to maneuver so a8 to aim the miesile approximately at the
target, it ie alaso assumed thet the release attitude of the oarrier is such
as to cause the miseile and carrier to separate,

For external stowage, the preeent "zero length”™ launchers mey be used
on the condition that sufficient clearance detween the missile and the wing
of the carrier ean be msintained., 1f this is not poseible, displacing gear
may be neceesary to allow sufficient ground clearance during take-off while
allowing for missile-wing clesrance during launching.

For internal stowage such displacing gear is also necessary since
gravity release may mot provide sufficient accuracy and centrol.

The design of such mechanisms ies feasible and have been used previous-
ly, notably in releasse of bombe from dive bambers.

For offensive uses, present launching methods and equipment mmy be
ueed ae i8 or may be adapted to accomodate the MX 800 missile. This use,
therefore, presente no eerious problems and only influences the miesile
design to the extent that clearances between missile and ground or missile
and airplane must be provided for.

C. DEFENSIVE LAUNCHING:

In defeneive launching, it is necesesary to sssume thet the miesile is
carried in a long range, medium speed type of airplane (i.e. bomber at
speeds e;ual to 300 mph, approximately). Xor this type of use it is fur-
ther assumed that the carrier airplans remeine on a given couree during
launching and that the target plane may be at any azimuth position with
reepect to the carrier airplane, Several possidble methods of launching are
noted below:

1. The mieeile is aimed in the direction of the line of flight of
the carrier and is guided along the correct flight path required to engage
the target.

a. The miesile negotiates the turn at esubsonic velocities (up
to 700 mph).

b. The miesile negotiatee the turn at traneonic velocities
{during the boost period).




REPORT NO.
SPD_66

SPECIAL PROJECTS DEPARTMENT PAGE_ia. -

2, The missile is aimed opposite to the direction of the line of
flight of the carrier and is guided along the correct flight path required
to engage the target.

3. The miseile ie aimed direoctly at the target (in ezimuth), regarde
less of approach angle.

4, The miesile is aimed in some optimum direction and then its
flight path ie directed to sngage the target.

It should be noted that in all cases except (3), sbove, it is neces-
sary for the missile to negotiate a turn of comparitively small radius.
For practical considerations, this should be done during the low epeed por-
tion of the flight, In order that these turne may be accomplished during
this period it is necessary either to provide low speed control surfscee,
as deecribed previously, or to provide soms means for turning and stabilize-
ing such as vanes in the exhsust of the booeter rockets. The latter is une
der consideration in connection with a Navy research program.

D, SUMMARY;:

The effect of the offeneive launching msthod is not a controlling fac-
tor in the design of the MX 800, The effects of the e xhaust gasee on the
wing structure of the carrier have besen found to be negligidls by the U,.S.
AAP in tests conducted recently ueing "Tiny Tim"™ rockets. Thess rockets
bave a starting thrust of about 30000 1b which is 1COper cent greatsr than
that contemplated for the MX 800 missile. The missile design for this type
of use will, therefore, bs limited by other considerations, such as range
and thrust schedule deeired.

From an examination of the verious methods of defensive launching con-
sidered the following conclusions can bs drawn:

Method (1)-a. The missile is requirsd to negotiete the initial turn
toward the target at velocities below 700 mph. The time required to make
the maximum turn of 180 degrees ie approximately 6 seconds.

Also it is to be noted that the use of subsonic surfaces materially
complicatee the missile both as to stowage and design of the booster re-
quired. For this type of arrsngement, it may be possible to etore the mis-
siles externally under the carrier airplane’s wings, thus ovsrcoming some
of the space requirsmente incurred by internal stowage.

Method (1)-b. If the problem of stability during eubsonic flight and
the problem of dynamic stability of the missile at launching can be eolved,
this method presente a better launching program, eince the initial meaneuver-
ing time can be materially reduced from 5 seconds minimum for method (1) to
approximately 0.1 second for method (l)-b.

This method considerably simplifies the design of the booster arrangs-
ment, eliminating the subsonic wings and poesibly the need for any fins on
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the booster at all, The price for this simplification is the need for
rocket blast vanes and the necessary mechanism for their control. It
should be noted, at this point, that the loads on these wvanes are high and
that they must be resisted when the vane materisl is at an elevated temp-
erature.

Method (2). This method includes all the problems of methods (1)-a
and -b in sddition to the problem of accelerating the missile through sero
velocity to its mormml flight velocity. This method of launching, however,
serves the purpose of imposing the most severe conditions for the booster
design; thus indicating the upper limit on the sise of the booster, Rough
caleulations show that a booeter capable of exerting approximately 24000 1b
of thrust for 2 seoconds ie maximum required when a 2 second boost period is
used for e missile plus booster weighing 600 1b.

This method imposes no new conditions on the design of

Mathod ‘5).
the missile and booster but does indicate the size and weight of the re~-
quired launching gear. Preliminary strength considerations indicate that
a suitable launching mechanism should weight in the order of 200 1lb.

E. CONCLUSIONS:

From the discussion in (B), Offensive Uses, considerations of offensive
launching are not ths controlling factor on the design of the missile, and
will in general effect only the design of the missile supports and launching

gear,

The largest number of problems relating to the design of the missile
were encountered in (C), Defensive Launching.

The follwing conclusions may be drawn from the discussien in (D),
Summary:

1. Method (1)=b or method (3) presents the most promising launching
procedure for defensive uese,

2. A booster sxerting a maximum of 24000 1b for 2 seconds is the
upper limit of the required booster size.

3, In method {1)=b or method {3) the nsed for fimns on ths booster
may be eliminated by use of vanes in the exhaust of the booster rocket.

4. The structural weight of a launching mechanism need not exceed
200 1b.
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SECTION X

WARHEAD INSTALLATIONS

The design of the warhead has not been considered in any datail as
yet. Up to the present, a 90 pound warhead has been assumed, Warhead
shapes wore assumed in representing the MX-800 pictorially. This was
done simply to producs a reasonsble piocture and does not represent a war-
head of proper design. The warhead problem will not bs studied in de-
tail until the missile design is further orystalized.

THE M. W. KELLOGG COMPANY
SPECIAL PROJECTS DEPARTMENT
JERSEY CITY, NEW JERSEY

PREPARED BY: APPROVED BY:

E. S. WENDOLKOWSKI D. B. ROSSHEIM
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APPENDIX "A"
ERRORS IN TWO-BEAM COMMAND

The method of guidance ocnsidsred is one based on ths value of ﬁ
(= as/at), (See FigureAl.) A is computed at the coptrol station from the
measured velues of Rp, Ry, By, By, S, Sy and ¥ (=P =Fy),

¥s wish to estimate the error in ths computsd velue of 4 due to ob-
ssrved errors in ths measured quantities.

The Formulas.
Ws have
R%S = RyPfp + m’m + (RTRM - RuRT) siny = mu(ﬁ'-r ] M) cos vy,

where

% « By® 4 R - 2RpRyc0s .
This gives
RE35 = Rpsiny, RZ ¥ = - Rysin 7,
Ry

3Ry
Rz-;;,é = B - RyRpoosy, nza_E.Té- Ry? - RyRpoosy ,
RODS = [(Ruf + Bfloosy = 21‘\'1‘3‘1-] Bp 7~ (B - REIR siny
% Ry
= 2(Ry = Rpcos 'y)R-p!'mun Vs
R42j5 = = [(Re2 + R2)oos y = 2RyBy | Byy = (ReE - REIR.S1n ¥
- [ i)

+ 2(Rp ~ Ryoos v )Ryfipein 5,
R‘_g_é - (Byfu - Bufin) [(Re® + RuP)oos - 2Rubr ]
Y .
= (Re® - Bf) RyRpsin o
By introducing the anglesy 7 and'yu (Figureal), thess can bs reduced
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Rzﬁ = Rpsiny , R?-Fy; = = Rysin 7y,
Ry

Rg%f = RRycos ¥ 1, R‘}%ﬁ = RRqpcos ¥ yy

R24 = (-Bpeomyy - Rcomy) By
+ (~2Rqliycomyp - (Rpcosyy - Rycosyn)Rp)sinvy .

R:;_%Té = = (~Rpeosyp - Rycosyy) Ry ¥
+ (2R Rpcosyy - (Rpcosyy - RncosyT)R.n)lin ¥

R"%é_ - Rz(RTﬁM - RyRp) (cos y = 28injysinyy)
27
- RyRp(Rp - By ) (Bp + Ry) sin %

If 7 1s emall, then?”y is also small and ¥ p is near 180 degrees.
we can put approximately

cos Y= coVy = 1

cos)p = =1,

Rp - Ry = R,

Then we get approximatsly

R23f = Rpsiny, B2 2= = KMsin ¥
o .

RZ 3 = = RRy, RZ 5 = RRp,
u L

235 a s R - : :

R ';: R_7v ERTRy (gT + Ru)RT siny .

R225 = = R+ 2RyRp - (Rp + Ry) Ry siny,
?"g!' 7 R g

Rz_z_é = R/R,, - Raé-r - ByRp (2’1‘ * Ry) sinyy o
Y

So
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In moat cases the last term of the last equation is negligible.

An Example.

We take the following values as probable errors of the measured
quantities:

dRy = 4Rp = 30 ft,

4y = ,004 rad,

dFy = dRp = 120 ft per ssc,
d[;u = d,l;or = ,01 rad per sec.

Figure 2 shows a sample trajectory. Regardless of whether the con-
trol ship pursues a straight course or turns we heve roughly

R = 3500 rt Rp = 12300 ft,

Ry = 8800 ft Rp = = 700 ft per sec,
Ru = 1600 ft per sec

v = =15 deg, 7 = ,015 rad.per sec
ainy = «,025, Rysiny = -200 ft, Rysiny = ~300 ft.

These give, roughly,

34 dR,= -,003 3/ abp = 002
kp

35 df4 = ~,025 36 afm = 035
o gt cy

3 ARy = ,000 3£ dRp = ,000
Sy T

284y = 008
oy
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