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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS 88TH AIR BASE WING (AFMC)
WRIGHT-PATTERSON AIR FORCE BASE OHIO

25 July 2017

88 CS/SCOKIF (FOIA)
3810 Communication Blvd
Wright-Patterson AFB OH 45433-5706

Mr. John Greenewald
]
Dear Mr. Greenewald

This is in response to your FOIA request dated 1 April 2017, received at Wright-Patterson
AFB FOIA Office on 11 May 2017. Records requesting “I respectfully request a copy of
records, electronic or otherwise, of the following document: Accession Number: ADC800676
Corporate Author: KELLOGG (M W) CO JERSEY CITY NJ SPECIAL PROJECTS DEPT
Report Date: 13 Mar 1947 Descriptive Note: Progress rept. no. 4, Dec-Feb 1947 Pages:97
Page(s) Report Number: SPD-66 ( SPD66 ), XC -AMC-AF ( XCAMCAF) Monitor Series:
AMC-AF ( AMCAF ) Contract/Grant/Transfer Number: W33-038-AC-14221
(W33038AC14221) (Date Range for Record Search: From 12/02/1946 To 02/28/1947).”

The FOIA/Privacy Act control number assigned to your request is 2017-02862 ST3. We
reviewed 97 pages for release and determined they are fully releasable in accordance with 5
U.S.C. §552a. The responsive records are attached.

The FOIA provides for the collection of fees based on the costs of processing a FOIA request
and your fee category. In this case, we assessed no fees for processing this request.

If you decide to appeal this decision, you must write to the Secretary of the Air Force within
90 calendar days from the date of this letter. Include in the appeal your reasons for
reconsideration and attach a copy of this letter. Address your letter as follows:

Secretary of the Air Force

THRU: 88 CS/SCOKIF (FOIA)

3810 Communications Blvd
Wright-Patterson AFB OH 45433-5706

If you are dissatisfied with the service you have received from Wright-Patterson, you also
have a right to utilize the dispute resolution services offered by the USAF FOIA Public Liaison.




You may contact the Air Force FOIA Public Liaison Officer, Ms. Anh Trinh, for assistance at
usaf.pentagon.saf-cio-a6.mbx.af-foia@mail.mil or (703) 614-8500.

HQ USAF/FOIA
Headquarters Air Force/AAII (FOIA)
1800 Air Force Pentagon
Washington, DC 20330-1000
Phone: (703) 693-2735/692-9981
Email: usaf.pentagon.saf-aa.mbx.haf-foia-workflow@mail.mil

You may also seek dispute resolution services from the Office of Government Information
Services, and can find information on this Office at https://ogis.archives.gov/mediation-
program/request-assistance.htm. Using the dispute resolution services, will not affect your
appeal or appeal rights.

It is a pleasure serving you. The point of contact in our office is Ms. Teresa Corbin. I can be
reached at (937) 257-1436, e-mailteresa.corbin.1@us.af.mil or the FOIA Main Line
(937) 522-3095, e-mail wpafb.foia@us.af.mil.

ERESA CORBIN, Civ, DAF
Freedom of Information Act Analyst
Knowledge Operations Flight

88th Communication Squadron

3 Attachments:

1. Memo(s) from Defense Technical Information Center (DTIC)
2. Your FOIA Request

3. Releasable Records (97 pages)




Uf\ C‘.’bﬁﬁl i Feol

DEFENSE TECHNICAL
INFORMATION
GCENTER

Ur\d’zss\.ﬂe‘k

DEFENSE INFORMATION SYSTEMS AGENCY
DEFENSE TECHNICAL INFORMATION CENTER
8725 JOHN J. KINGMAN ROAD, SUITE 0944
FORT BELVOIR, VIRGINIA 22060-6218



Policy on the Redistribution of DTIC-Supplied Information

As a condition for obtaining DTIC services. all information received from DTIC that is not clear-
ly marked for public release will be used only to bid or perform worle under a U.S. Government
contract or grant or for purposes specifically authorized by the U.S. Government agency that is
sponsoring access. Further, the information will not be published for profit or in any manner
offered for sale.

Non-compliance may result in termination of access and a requirement to return all information
obtained from DTIC.

NOTICE
We are pleased to supply this document in response to your request.

The acquisition of technical reports, notes, memorandums, etc. is an active, ongoing program at
the Defense Technical Information Center (DTIC) that depends. in part. on the efforts and
interest of users and contributors.

Therefore, if you know of the existence of any significant reports, etc., that are not in the DTIC
collection, we would appreciate receiving copies or information related to their sources and avail-
ability.

The appropriate regulations are Department of Defense Directive 3200.12, DoD Scientific and
Technical Information Program; Department of Defense Directive 5230.24, Distribution
Statements on Technical Documents; National Information Standards Organization (NISO)
Standard 739.18-1995, Scientific and Technical Reports - Elements, Organization and Design:
Department of Defense 5200.1-R, Information Security Program Regulation.

Our Acquisitions Branch, DTIC-OCA will assist in resolving any questions you may have con-
cerning documents to be submitted. Telephone numbers for the office are (703)767-8040 or
DSN427-8040. The Reference and Retrieval Service Branch, DTIC-BRR, will assist in doc-
ument identification, ordering and related questions. Telephone numbers for the office are
(703)767-8274 or DSN424-8274.

DO NOT RETURN THIS DOCUMENT TO DTIC

EACH ACTIVITY IS RESPONSIBLE FOR DESTRUCTION OF
THIS DOCUMENT ACCORDING TO APPLICABLE REGULATIONS.
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Reproduction Quality Notice

This document 1s part of the Air Technical Index
[ATI] collection. The ATI collection is over 50 years
old and was 1maged from roll film. The collection has
deteriorated over time and 1s in poor condition. DTIC
has reproduced the best available copy utilizing the
most current imaging technology. ATI documents
that are partially legible have been included in the
DTIC collection due to their historical value.

If you are dissatistied with this document, please feel
free to contact our Directorate of User Services at

[703] 767-9066/9068 or DSN 427-9066/9068.

Do Not Return This Document
To DTIC
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fransfer Loci of Opa Roll Contral System Fox
Differest Altitudes And Spesin

Twe Deam Commend Control Systean Tor MX-800
Control Systsm For Homing With Soeker Cuidence
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Typigal- Values For Effeet of o Intsrnally
And Two Extarnally Stowed Migailes an Mothery
AMreraft Perforsance
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SEOTION I
FIRBGIE OF PRO.TEI_'

Froject MX-800 is a nins moptha’ study and resserch progrem calling
for "inveatigations in connection with the development of & auparsonic
2ir-to~air pilotless eircraft fur use an a guided mipdile for the de-
stryction of high performance hostila alroraft”. The study end regestsh
are to provide recommsndations for the ocntinued davelopment work reguired
for the completion of suitebls designe for all necassary ocmponents, and
will inclwde proposals far the additiopel enginsering studiusa, development
tosts, and construction necosaery for complete developmenut of this Pilot-
less afrcraft,

The mispils is to have e testioml range of 6000 yards, g spsed of tnhe
order of 1500 miles per howr, and 13 %0 be used againet V50-niiles per Dour
alrcraft,
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SUMMARY OF WORK CONUUCTED DURING THE PERIOD DECEHEER 1, 1946 TO FEBRUARY &, 1947
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SECTIOR IT

SUMMARY OF WORK CONDUCTED DURING THE PERIOD DKCEMBER 1 1946 T0
BRUARY &, 19547,

Buring the pest teo monthe the efforta of Profect MX~800 persennel have
besn devoted to tw following sctivitian;:

3. An Yvmetigation gr Besptback wings,

£. A study of the sffect or th® locatlon of the main wing, downwash
and 1el}l orisntation on performanca,

3. A ntudy of rolling momente,
i, Proliminery considerations in the design of the booatar,

%a R study of the effect or migsllas cn the mother sireraft parform-
anca,

b, Prelimirary mechanical degign of & nimeile with a guatainsr mo tor
end a detachablie booater.

T« Prelimlnary mechanlcal dealgn of B misgils, without s fugtalnay
motor and & retalned booater,

8. Miesille svalumtion end tectical analysis,

9., & study of the radlo equipment for the teo-bssm commsnd navigation
eyetan,

10. A atudy of, and degign condidarntions of, the mhort rangs seekar,

11. An Inveatigetion of ths miselle squlpment for the two-beam command
guldanca aystam,

12. A discusslon of the aperator training squipment necesaary for
miszile operatione.

13. & discusalon of apecial tsst equipment neceagary for the MX-800,

1. A vtudy of the radar ssta and ¢omputars nscessary in ihe lounohlng
Atreraft,

i5. A etudy and discusslon of reil Control and stabilleation.

16. A comparlsen of the contpe) of a mengwing and a erueiform wing
misnilan




* REPORT NO.
SPD. 56

SPECIAL PROJECTS DEPARTMENT PAGE_S

17. & study of the cohtrol system for the two-bem comwsnd guldance
aysteom,

18, A etudy of tha control syeiem for homing with mesker guldance,
1%. An inveetigation of tha affects of aerodynsmio parametars an design
20. A somparison of continuous and dlecontinucus sontrol sywtame,

21. A mathemstloal and electronic snalyser studies of thas control
problsa for two-beam command guldance,

#2. An estimate of the errors encountered in e two-beem sommand systesm,
23, A preliminary atudy of the launching problem.
Mgmbars of the Bnginsaring Staff visitsd organisetionsllisted below:

Organisation Vizited Subjest Digcusssd

Applied Phyaica Laboraiory Boosters and Control Devices
Stlwver Springs, Maryland

Applied Physiss Lahoratory Teeting groundn, methods and equipw
Fort Hilea, Dalawsre want

Parsonnel of the follbwing Organization vieited the M,W. Hellogx Company
to diacuse the problems noted below:

Organizntion Subjncts Niscusaed

Boeing Airsraft Co., Inc. Guidance Syztems

Wright Fleld {Ordnance Lab,) Control Equlpment
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AERODYEANICS

A, SUEPT BAOGK WINGS:

1% is known that relatively high lLift-dreg ratios can be obtained whem
the leading edge of the wing lics well underneath the ¥ach cone. To uchieve
the latter condition and, at the seme time, to avold sn unreasopably long
wing comparad to she relmtively short afr to eir nissile, & speed range
lower than the pravisus range will bs considersd, numsly 1400 to 2400 £t per
#e9. This apeed rapge and altitude requires that the forward vertex angls
of the half wing be not greater than 20 deg. The totul drag versus Lifte
veight vetio for a misalle with u deltn type wing of € sq Tt arce and a hally
wing forward verteX anglie of 20 deg is shown by curvea Fe) und ¥-2 Figurs
1. At u spsed of 1700 £t per ssc and an eltitude of 30,000 £t it is to be
noted from the latter curve thut the reductlon in total drsg over the totel
drag of missiles with wing planforms "Cm or "D® (Fig 2 ) 1s substential {11
and 1% par cent respoctfully) for lif$ weight ratio of %, However, 1t is
also ohserved thut the raquired apgle of stiack nesded to give m lift-weight
ratio of ¢ et 2 gpeed of 1400 £t per ace ot an altitude of 30,000 £t is 17.6
deg torpared to 11 deg for thaet raquired for the £.1 aspect ratio roctangue
lar wing, denoted a8 "“C" in Figure 8 . Thi® high angle of attack will caer-
tainly prove o be n grent Aisadvantuge if the loas pf 15ft oceurs ab tho
thaoroticel shock detuelment anglie of 9.5 deg corresponding to the fiight
Mach number. Only 1f proven thet it 1a the Mach number corresponding to ths
component of the flow normal to the lesding edge which rmore closely deter~
cinga the phenomsnon will this wing be capebla of glving resasopably high
ugenlorations at u reasoneble range of apesds. A& rough cheek of the possi-
ble "one clhance zonu™ for 4 missile using u 20 deg deltn type planfors indiw
cates that 1t pay be smaller than they for a nissile having a apesd range
betwean 166C end 2730 % per ace wlth a 2.1 aspeet ratic reclangular wing.
On the other hand the former missile hes a lawnching weight edvuntage of
spproxidately 50 1b over the higher apeed misaile.

According $o triapguiar and sweptbmck wing experiments run by John
S5tack of NAGA (Ruforence @ |} a delte wing sxperiencos erratic behavior of
the lift cheracteriatio when the paremotar Wil - 1 %an w_ is nesr cne, whora
L 18 the flight [lseh number amd w, is opo-helf the vortdéx angle of the for-
ward point of the deltms. hen one examines Stewartsa' Thoory on delta wings
it 18 expected thut this phencuenon is aimilar to the instabiliity which a
atraight leediny edge wing sxperiences when going thru the transenic range.
For the 20 deg delta wing under considerstionvii - tan w, becomes egual
to one a4t a spead of 2920 £t per suva at 30,000 £t altitude. A maXimwm
boost speed af this misail}ls wmy have to be limited to ebout 2400 £t pasx sec
in order to prevent the nissile frow becoming unstable in the opersting
range, For unlike tho streight lasding edge type wing, the delta wing mis-
sile does not have the advantege of having the bposter thrust avallable ad

the time »ren it could gquickly push %he misslle through {te tramsonic rauge.
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Fipally a 2eltn wing 15 indicatsd o be of jusationsble value for highly
mansuverable air-to-air mizgilaa by Bosing®s wind tusnel sxperiments, Eﬂm
when thism wing was pperating well underneath the Mach come, tha prasenta of |
a short bhody appsare to alimiuate its high lift-drag ratio advantage ovar
rectangulayr winge. Howgevar tha prasence of A bedy 31d not aliminata this
advaniage for the awaptback wing of constant chord with its laading and
tralling sdgs 21 deg undernsath the Mach ooze. It appaars that cperating
thia type wing 21 deg unfar a 36 deg Mach comm, correspending t¢ a Magh
EMb::I!-nor 1.7, beoomes imprectiosl, partimularly if the wing is to be made
movabla,

B. LOCATION OF THE MAIN JLHGS:

In Progress Report No. D (Referemce No. 2} tha effect of the location
of tha pain wing on thatotal drag, attitude of tha fusslsge, and tha acglae
of attack of tha wing was sghown, By ueing rasults of wind tunnel tests
conducsted at Aberdeen for tha Boeing OAPA atireruft as 8 basis, the affects
of lataral aso¢elarationm, interfersnce from ths wing, and tail orilantation
wore computed and are shown in Figure 3,

We msy summarize tha results as follows:

1., For lergn nccelarationa, advanolng tha wing forward by a small
amoont resulte in & deoreass in drag, en ineresase 1n the angle of attack
of the fuealage, and & dscressa in ths angla of attack of tha wing, Thase
affeats are shown to be small when the aocalerTations are lasrs then S5g or
whon tha winge ara not locatad further then 0.4 £t aft of the cog.

g2, The effact of iatarfarsnce batween wing end tail 1a to mova tha
wing location for zaro trim rngle aft, This intarfarancs has littla affact
on the reduction la dreg which may ba cbtained through moving tha wing for- .
ward,

3. By rotetipg the tail surfaces 45 deg from the wiog surfeces the
intarfersnce sffects from tha wings, ara markedly reduned. TharefoTs a
aonfiguration with a tail rotated 45 dag will be adopted.

It ia to ba noted thet Tor 13 g agealarstion the raduction in the total
drag rasches a meximum when the wing is located about 0.4 £t forward of the |
cg; whers a reduction in dreg of atms 23 per cant 1s obteimed ovar the zero |
trim location of the wing. Tha pripcipal adventage of ervangamsnt B {Ref- i
arence 3) whioh ia tho identity of the fusslaga axis with tha flight veth,
is not belisved to ba serionsly impaired. For btois raspon tha prassnt de-
alen is bagad on the gehter of prassura of tha wing being locatad 0.4 It
forward of tha ng.

C. BOOSTER DESIGH:

The co-axiel type bocatar will e tha only type considarad aaredynari-

cally, the parallal typs booster baing diaregarded bacaues of its nora com-
plex jettisoning problem =a well aa its apparamly poor Sercdynamic fastures.
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The latter 1s most important because it 1a the prime festor in affecting the
rerformence of the mother aireraft. Although the co-2xial typs at first hamd
Appesrs 0 be o lose ocapeot deaign from a leunghing polnt of view, a de-
sign procedure to minimize thie dissdvantage hes basn establiched.

The probleam rosolves 1tself into arvepging a givon walght beoster im the
leaat gpaoe by making the bocstier fine a continuation of the muperacnis teil
of the mipallie which minimizea the interferense betwsen thece $wo fipn an
w#l]l as the interfersnmce from the main winga. In eddition the og of the mie-
#ila-booutar coxbinetion im kept aa far forward as possible by meking the
booster of s short a length end as lerge a diameter as good rocket motor
dealgn will permit, In this mapner the destabilizing affsat of ths aain
wing, 1s minimiged, Furthsrmore a largs snough span of the boostar fin ia
taken ao s to minimize the effact of aspact ratioc on the 1irt,

Baged upon the aboye design conditions and hawipg glven $bs relation
botwaen booster langth and diamater for a given welght of boomter ths fia
aran may be datarminad az tha soluticn of a pair of aslmultansous equationa,
These equations exproas availabls fin arsa as a funotion of boostsr length,
and reguired aree for neutral stability as a funotion of booster lengik.
This was domy at & speed aa high es availabhle data would permit, namely et
Mach nusher of 0.7. The resulting 230 1b boostsr end fin deslgn for boost-
ing the 350 1b mismile fn e ssoonds is shown in Fignre 4. It must ba
stressed that the proeedure cutlined abovs is only & first appromeh to the
solution of tha problem of designing a tail muitabls for the trangenioc rTengs.
The problem of ahaping tha tall end possibly the wing for stability still
rocal e

L.  ROLIING MOMINTS:

A oruciform missile oy any othar typs which hapg radial symwstyy appears
to heve no aercdynamio momepts whloh tend to0 roll the miseile coatlsmously
sbout its longitudinal mzis. However alds plipping e ®Wing causap asymnstri-
oal conp effedts on the tips Of tho wing opsrating at an engle of attaok to
produce an unequal distritgtion of 11f% scrosa ths wing whish ia turm will
produwe & rolling moment, A first epproximation of ths rolling mmsute of
a 2,1 agpact ratio rectunguler wing vareus angls of aideslip %s shoem in
MHgure 5 for several anglss of ettack amd two Mech nusharz, It wap firgt
thougat that & gruciform missils which was daesigned to trim out at an angle
of atteck othar than mern might have n tendancy to roll steedily when both
winge wore operating at sn sngls of attsok corresponding %o a glven acaalere
atlon. When this missile trime out in suth a mansuvaer, sideslip oocvara on
both wings sueh that the asymotrical comn affests yroduss rolling moments
con edch wing Which aTe egual but opposite in direction. 7The Approximate
analysis used ahows this to be the tass no motier whet corbinstion of angles
of attack of guch wing 18 usad sims the sidealip ig here a livesr function
of thase engles of attask, It ia pertinent to mnt ion hers that W.¥F. Hil-
ton of Jobns Hopkins Applied Fhysiss group has found a slmiler csnsalling
of rolling mamsnts becsuas of the éffect of a fusslags on redielly symmetri-
onl wing or fin arrangemsntE.
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An sstimate will now be mede of the maximms possible rolling moments
¥hilch mey axist for the miasile ghown in Figure & when Tlylng at 2700 £t per
oS at an altitude of 30,000 £t with one wing at a lift-weight ratio of 13
or 7.5 deg angle of attuck,

Fram Figure 5 1t is fourd that a 100 It par zer guat of wind ncroas
the ahave wing, causing a 2.1 deg sidesallp would produce o yolling riotent
Of 3¢ £t 1b. In as much as the miesllse is trimmed ut en angle of 3,5 deg
for thim omse the tall would alsc produce a rolling menunt of & £% -1b. A
wing dihedral of £.5 deg resuliing from the above load cmuses an additicnal
moment of 50 £i-1b. Apncther acwrce of rolling uoment conid be due to manu-
faoiuring tolerance of say 1/4 deg misaligomont for each huif of the oruci-
form wing and tall all adding to give & rollirg moment of 312 ft-1b. It
may further bs copcelved, for eatimating purposes only, %hat the first ment-
ioned spurce of rolling momdnd exista for a very ehort duration of time only,
Taia would come about by sssumlng thet one sst of wilngs of the sruciform is
firat belng sldeslippasd by virtue of the finile trlm position produced by
the othar wings end then the first aet of wings 1s suddenly poved to it full
angle of attack position (7.5 deg) bsfors the misaile hea time to trim out.
The rolling mement which results from thle hypothetical cage is 80 It lbs.

Row apsune all of the above conditions exist at the snne time %0 give
a rosaible maximum rolling moment of 456 ft-=1bs. For the missile shown I
Figure 8 , each half of a pailr of the main wings would have to move approxi-
mately, 1 degree differentially to atabilize thila moment, A set of Tlippers
with & ahord of 0,67 £4 and bulf apin of Q.7 It could atabilize this same
moment by moving each differsntially to an engle of atiack of 16 deg. It ia
to e noted thut the wuve dreg of thesu flippeors slone would increses the
total dreg of the misalle 5 per cent.

Theref sre roll stabilizing tlce nissile by wovipg the meln wings differ-
entially is preferred serodynamically, unless this lLecomes impiaetlenl frow
the contrals polnt of view,

R. ESTRMATED EFFECT OF I'ISSILES O OTIIER ATRCRAFT PERFO.T-.CE:

An anmlysls was made to show the affact of two miselles on the perforn-
ance of the mother alrplume. This analysis was nade by aspundng & sab of
asrodynamic characteristics typicel of & mederp fighter alrplane ané combin-
ing thess with the thrust vuluss of en actus]l turbo-Jet vngine suitable Tor
& Tighter desigh. Tha following table showa thy values assimed for the per-
tinent silrplane apd misaile churacteristics. Included in the analysis arw
dreg compressibtility corrsctions obleined frow date 1n Reference 4. The
data ara rosults from high-speed wind tunnul teats conducted on m .3 scala
moda) of the P47 airplans, Sipee the pirplenc unalyzed is sssuned to be
serTodyneamically much clsaner thun the P-47 airplune, one-half the corract-
jons glven in Referonce 4 wes used in the apelysia.

The thrust values used are thome far a DL1B turbo-jut ongine which
furpished 2080 lbs of atatic thrust it SL (5)
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Y. AIRPLAME

Groes Welght, W, 1%
Wing Ares, S, aq £t
Wing ispact Ratioc, R
Efficiency Factor {(Qawald), e

Purasite Drag Coefficlent, cdc

MISSILE { PER SIOE )
Waight, "‘IJ' 1b

Body Fronzal Aroa, A, =g ft

Purasite Drag Goafficiuvnt, CDC"

Induced Drog Coefflcient, dcl'!.!
1 o*

* Basod on body frontul erea

AIRFLANE MNT YISSILE CHARACTERISTICS
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Using these walusws 1n conjumctlon with compressibility correations
obtained from Reference 4, the claesical performunce wge galculated For
thras configurations:

1. Airplane (no nissiles)

2, Alrplene plus two misniles {internal siowsga)

3.  Afrplene plum two missiles {external stowsge)

The results of these valculutions sre shown in Flgure 7,

Exemircuiion of Figure 7 lseds to the following conclusionss

1, lnternally stowed nimslles yiald a Ioasopably small reduction in
mather airplane performance.

2. Extornally stowed missilsg produce cenmiderables redustions in
mother airplene performance, ss indicated by Figure 7.

A caupsrison of the effects of internally und externally stowed misallg
on the parformunte of the airplane is given in Tabls 2.

In conelusion, it should be noted that the valuss are probably conper-
votive because no account of interfarence drug betwesn airplana and the ax-
tornal miselles way taken, ixperience with underelusg bomba and droppadble
fuel tanks shows that this offect may inerease the resultsot drag appreci-
ably,
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BECTION XY
SIRDTURES

In the interim pericd covered by thie repart the etrusturee group concends
rated ite offorts on ocosbining all previcus meshanioal design erforts and the
deeign requiresments of the other groupe into the meschanioal deeign of %wo
aypotheticel missilew., Ome a 350 pound miesils (booceter welght not inoluded)
with & suetainer motor mand & detmchabla booster and the other a P80 pound zmiew
aile [waight atftsr boost ) mithout & sustainer wotor end with a booeter wiich
is retained after the boost pariod. Thia work wae dong for the purpoev of
illuetrating the feamsability of physically inecorperating the wvaricue ¢ompon~
anta into thia type of mlasiles and to bring to light the various problems
of a minor mature which my otherwise bte ovarloocked. The results of this work

appear in the MXA00 Phmee I, Fipal Report (8},
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SECTION ¥1

INTELLIGENCE

A, RADID EQUIPMENT FOR THE W0 BEAM COMMAND MAVIGATION _srsm:

The iwo bsem command navigation aystem discussed hare ls for the purpocs
of guiding n cupsreoni¢ plilotless alrorart toward collision with a high
performanos mirborne target. Ths guldenes sgulipmont desoribed oporater in
oenjunction with a target woquiotion syatwm anéd & short rengs target cooker
to gulde & mismile of sither oruolform or monaming configurstion along soma
saincted trajectory. The operation of tha systow so part of ths slosed csyole
mioeils control aystem and thw sslection of trajestories and computation of
the comeand signels iz discuesed slaswhere {7). The oystsm to be desorived
hoers mey ba usad with & numbar of diffevent trsjactory choices and provides
daets tranemdission chenneis for a numbsr of differing methods of computing tha
gommand algnala.

Hisellas of the orucifors coanfiguration are squipped with two sete of
mavable winge or fine which way be turnad to glve the mleeile asscelarations
along two mutuslly parpendisuler axee fixed {n tho migwils. Monowing missils
wchisve the desired turne by roiling about the longitudinal arls mnd turning
wings or finz to glva an acetslaration parpsndicular to the longitudiral axis,
In aithar cesa, twe mate of control signals are required in the somwmand
eystem, It i aleo possible that in the oass of o misgile powersd by A
suatainsr motor it may prove to be deairable to contral tha ageslaration alo
tha longltudinal axie. Thies mould raquire e third control chmnnal, Ao
development proceeds, n noed for sdditional sontrel, such as adjusting the
senaitivity of A control emplifier as a funotion of range may be dintowverad
or ane or smre of the exiating needn majy ba silminnted. Prelisinary work haw
boan done on the basie of four proportionsl chennels, or aight on-off uhanm].11
in the design of the trensmlasion aireuit.

A faotor which limita the nusber of ehannsle which may be carri®d on one
tranemioaion syotom ie the maxioum psreiveible time delsy in irenemiesien of
s cozmand. Since the gosmand transmlasion 1ink is o part of & closed cycle
control egatem, ths timd deley must ba held to a minmimum, If, for sxabple in
the pulsed command ayetam, we ums 1,000 pulsws per ssocond, and & traln of 10
pulass 15 requirad for & couplots set of comwend signale, then the ecomplate
vet le sent 100 timas por macond, and the saximum delsy bmtiween inserilon of
the command in tha tranemi ttsr end ite reception at the regaiver ia 1/100 of
a sacond plus the times of transmisaion through the cirguite and space batwean
the rogsivar and transamittier {50 misrosseonds at 1l wilee), If two Bots of
pulese hoaring the same command are required for escurlty, the owerall trans-
mispion timy 1 a Iittie more than 1/50 sscond under the given samumptione,
If the number of channels is incremsed, incressing the number of pulsas par
ast, than the overall tranemiesion tims 1s alpo incrsased,
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Figere 8 1s a block diagram of the msjor glemsnts of tha twve beam
tosmand nevigation syetem. In this syetem, the terget 1e observoed continu-
cusiy by a tratking typs of roder set wounted in the launahing eirsraft, the
missile is cbmsrved continucuely by snothar tracking met, and tho command
signale required to make ths mlealle follow a given trajectory are computed
at the laupshing edroraft and tranagittad by radio to the omlesile, In
pradtice, sach of the bloske shown iz felriy complex basausa of the compli-
aatad oporations carried out, and because of ths thres priwary coordinate
Writemy uped, Slnce tha missils ond the launching alirgraft are both moving
with respoot to a fixed frame of reference, end tha air through which the
flight iep carrisd cut is a fixed or rather slowly moving medlue, we need
coordinato oyatema fixsd Iln the miseile, the launshing airaraft, and tha slr
{or apace). The coordinats gystems pietad are all frae to rotats with raapact)
to gach othar, and we must therafora carry ocut traneformation from one to
anothar in order t¢ relate tha data chaerved In the airsraft coordinete to s
sowmand signal which should ba given Lln misslle coordinatee, This problem ie
disaussed from the standpeint of tha computer in enother report {7), but 1%
alpo touthaa on the degign of the command radio equipmsnt, gines it ahows
that ons or more chennels for information from the miaelle to the launching
sirsraft sy be preguirad, Following the torminology of 2 onptursd Serman
raport on the subject {8}, v way have the command slgnals referrsd to any
ond of the threa pats of avordinatez and pvalustad elithar st the lsunshing
glraraft or at the misalle. PFigurs § ohows blcok diagrams for the followling
¢avga: Oa, mipeile raferred mizselie avaluation; %, miasslle referrad alr-
ereft evaluation with the asgumption thet the miselle fs roll position wiabild
180d and 110w along ilte longitudinal axis; %u, sdeslle referred alrcraft
evalyation with roll pasition transmittod from mlasile to eiroraft and with
the assumption that the misolle flles slong ite sxis; 54, misslle raferrad
slroraft evaluation with the misaila roil position etabllized snd with the
miBgile attitude tranamitted to the leunohing eircraft, The last gyotem llz
ad will raguira twos date chennels from the mlopila t0 the launching mlroraft
to provide goordinmte tranaformation dets,

de wo pny maa from “?‘" 1, n command which 12 ment to the mizalle

tnfluences the drection of flight of the wiseila and thus itz spaoce poslition
at any instant, The ochange in space posltlon ls ctwerved by tha miumile
trosking roder set, and 1he poidltlon data fed lnto the acwputer 13 onn of the
things used in gomputing furthsr oommands to the missiie. Thim means that
the miselle aontrol sywiem dontains & faedback path. The opsration of the
sntire pystow Lo thus that of & cloped o¥cle control aysism or servomschaniom.
The axistence of the fesdbeck lmposes c@rialn conditions on the operatlon of
somx of the somponents ustd. Théca sre discusesd In e Feport on the ovarsll
sontrol problem, It myst be remembesred, hovever thet ahangss In any of the
parte of the cloged loop may heve en advarse effeet on the stabllity or
accyracy of the loop.

The equipmant for a typilcal two baam onmmsid symtsm intcluden a target
tracking radar pot, & misulle traoking rader sat, a comsand computsr and
suxililiary eguipmant lnstalled in the leunching alircraft; snd a command

receliver, dewmodulator, beactn, and aurllliiary data transmittar instaelled in
aach mlasile to De controlled,
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The tergat tracking reder set mey Wamed the type now normally used for
unfire sontrol from slreraft. It mst track vory asouratsly in anglo at low
angular rated, Range socureoy should sleo be good, but it is of sacondary
importance to angulsr ascurssy, Tha antenns oyatem ig probably of the moving
exle typo, using oither a conical asan or the no¥er monopulse teshnique for
ageursts diraction finding, The sarvom which drive ths antenns way sontaln
axtre sEcothing elyouits to impreve the mecurAcy in slow treoling retosz at th&
axpenaa of rapid angular tracking. The radar antenns aap aleo have data
resolyers directly atisehed to traneform the rader tracking dete from the
ccordizates of ths launohing slroraft to the soordinates of the micsils or of
fros epaca, dapending on the typa of eomputation vhich may be amployed.,

Trecking of the missils with a simpls radar 20t way ba posaibls to tha
dsoired renges, but the dopendsbillilty of the myotowm can probebly be improved
coneidarably by the use of & radar esi which tracke & beagon in tha missils.
The mioeila trasking rader amy then be g fire eontrnl redar set similar to
that uzad to trask tha targst, ¥X0gpl that the Bissile radar Peosiver may be
tuned t0 & beasen frequiney differsnt from the frequanoy of 1tz own tranemitt-
ar, and the catsvne Systom may be modifisd alightly in view of the hWlghar
meoived poser ovallsbls from tha bsscon end the possikle dsairse to otabilise
the polarimation of tho transmitted cpargy frem the misslls tredier, Ths
etebilisetion raguiresent will aries only if it is not posaible to supply
suffiolent pomer to the mlaails to triggar the beason from all parta nf the
conieal scan, In osed the monogsdss iype of teeckur beoowss svallable in tiee
for ues, ths atabilisation will have been accomplished. It will probably
preve oconomjonl to vea the miesile iragker tranamisgion to darry commonde to
the misslile and the respunss of the miesile, bamoon to bring necesapary guldan
duta bask from the migeils to the comzand computer.

It 1o poaslibla to deacriba. tho zaparnte components of the completo
ayatem quito fully in terme of prasent tuchniquea, 2 oumplate dlecuseion of
the squipswnt for deta tranemicsion from sirgraft to missile and from misells
to alroraft, uping the puleed transmiesions of the mispile tracker and beacon
end t!(u }ﬁeslwrs af the maails and tha tracking rader may be found in refars
enex (9},

B. SHORT RANGE SEEKER:

1. Introduetion, In mn aariler repert (10) the fundemsntel sapects
af the ecaker problsm surs daveloped snd ¢ gzneral procedure for selasting
the optimum sesier type war outlinsd, In the intorim pariod coversd by this
report, & detailed study of the trajectory problet was scnduoted, tentetlve
perforsmnce spacificetion for & saaker wers presonted and the devalepment of
e noyrl fixudeamisg rolative-amplituds seoker ves proposed.

2, Rslation to Navigation Systewm. From a atudy of the srrors encount-
arad in th two Geam ama syaten II?! it &5 qulite sloar that harring o
gubrteniiel (about $:1} inordase In Fader ot accuresy, a rejegstion of the
prazant 30 foot mima dintence raguiremsnt, oF & restriction of lsunching air-
oreft to detonation point range to 10,000 femt or less, a meakar of gome soit

will dsfinitely be roquired in the MX-H00 Miseella, The %:1 improvemsnt in

L ‘f]
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rader aot egsourney 148 & posaibles but not & probedle outdoms of Mefinswant of
the scnopules treaking teshnique. The 30 foot miae distance now speeifled
san bhe ahowm to be very nesrly optimum for o non-atomlc warhsad. If the Bl
diatanwa 3o inoreaded hy some fantor X¥1, the present 90 1b warhesd seight
munt be multiplled by o feator roughly dqusl to K3 in order to maintain the
et k111 probabllity, ‘Tectical analysla for MX«BOO have shown thet the mm)
portions of the lethel sons must be at distences greater then 20,000 fwot
the launching point for affsotive missils deeign. The launching sirsraft
travole ot Jese than helf the mtselle apeed and the leunshing airoraft
datongtion point range will therefora, exceed 10,000 fest for detomations
msra than about 20,000 feet from the launching point. There appears to be
1ittls likelihood that use of a eseker in HX-B00 can b8 avolded.

3. Trajectorics., In making & dotelled mtudy of sssksr dealgn features
{17}, 1nclua§ng welght and wpaes raguirementa, it wes nsoasEary to eatabliah
tentative speclificatione covering ths rogqulirsd ssaker perforsmonce. in
enalyels of the eeeker trejectory problem and relative conslderstions wan
mads gpnd thes approximate translational behavieor cheractaristlos whioh the
MX-800 murt have durlng the mesking phass ars tabulated below:

8. Saoking Imitlation Pro . Sgeking chould be inltiated st o
constant miamile-targat diwtence for 51 approaeh angles, This procedurd la
nlarly optimum from & traleotory view pelnt and is oleplest from an egqulpment
point of view,

b, Sesking Initlation Renge, The optimum missile-targst range
for inltiation of ssahing wvaries with the navigetlion and sesking nyatems
details and appeara to bs batween 3000 to 2000 fopt for ths svonditions savume

The optimun range 1o the range at which thz gsaker's abllity to recognise
irejectory errors flrat hecomes equel to thet of the navlgetion eyatem,

ce Misgile Courses. Thy trajsctory snslysis !gdioms thet an

approximated zera rate of chengs of bearing angle courss bor = O ie bewt,

The ability of MX-B0C to make a k11l im severely llamited during the seaking
phaae by the poor resolutlon of any practicable seeksr and by the large mini-
mm turning rediue of the wmlueile, Full control muet be applled quickly
whanever the trajsotory orror bacomes prast eancugh to be obearved by the
geeksr 1f the miasile jie to be affentive,.

d. Gegker Angular Resslution. Tha trajectory anelyales indicates
that, for the asoumptions otated, an anguler peaclutlon width of betwean
1/2 dog and 1 deg will provide auvffloiwnt ceeking accuraoy.

s, Smoothing Time, For the condltions sssumd in the trajectory
studles the optimum date smvothing time for tha control of translational
motion in the seeking phase is about 0, 5second, DBecause of servo and control
pyatem limitations, discuwsed in & psrallsl raport on the MX-800 control
ayatem, 1t @ay be advisable to make tha seaker emoothing time se shori as
practisable and affect th® necessary smoothing in the misalle control aystem,
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f, Hesponas Timn., The trajectory mnalysie indicats that the
troaslatlonnl responye tima of the missile to guidence dets during the saske
ing phese #hould be of the order of 0,1 wsqond or leass, Control system and
angular stabillity conwiderations may require that the rogponse time of the
ssoker iteslf be oconsiderebly shorter that 0.1 second.

h, Sgeker Circuit Considerationa! In conaidering the specific seeker
deplign 1t wat nECOASERTY L0 ahoose betesen various poasible mathods whlch
effer nearly equal advaningee. In order that the momt promioing oyateme may
be chosen for future study the verlous peoesibllitiss wore investigated (17)
and some of tha reamults are pressnted here,

On the hasls of an pdwantege in the reletive sizes end walghts of the
pulos radar egeker and tha unavailsbility of the mecessary companents for the
C¥ redar geeXer, it was dsoldad that further inveaetigntion of spacific aasker
dsciges will be davoted primolpelly to pulaed gaskara. TFhio doss not die-
aontinue &l) conpiderstions of CW radar saskers for many of the basieé princl-
pale of pulgsd rader essisrs epply with slight modificmiions of techrigus to
CW mockere as woll,

At the preeant tims it ie not ¢lsar whether it will be mors dealreble to
11ikminats the tearget by a redar tronemittsr cearried in the miosils or by
energy from the parent planb. The Pprinclpal faults in the parent plane 11lume
lasted systom sre that the varying illumination of the target reesuvlting from
conical gcanning of the transmitter antenna bean of the ilsunohing nlreoraft
viil be Aiffioult to pope with end that diffloulty may be endcunterad at the
agseXer disowiminuting betwaen the eneprgy erriving dipsctly from the  lsunching
alporaft and that reflected from the targst, especlally at 6loso renge when
the times of arrival neariy solncida. Thape difficultise srv not insurmount-
abla and the parsnt plans illusminstion ayetom may prove to be advantagecus by
raason of weight pnd spmee savings In the miseile,

The cholee hotwean flxed and movabla axip antenns systema for tha esaker
involves ooemperigon of tha ralative sises ond welghta and tha relative
accuracins of the two syotems. & movable axie anténne soeker iz probably
sopswhat largsr and heavier, but fixed axis ssskere composs & relatively now
fiald whose potaptialities are pot yot fully kmown, In general, the flxed
axie sagker 1o probably isss ascurats than o movable axlie ssokay smploying
relative asplituds null-meeking for bamring detersinstlon.

In edditlon ta the problese just dlecusssd, shere srima queotions as to
the manner of obiaining bemring data from tha elgnele reocsiwed at the antenns]
sopecially in tha ceme of the fiywd exis antsnna asgker, the form which tha
gaoimr output eignela ehould teke, the ooordlpate system in which the cutput
dats should be preesntad, etc.

Ag previously indlcated, & finel declaion as to ths type of eesker to_
be smployed 1n M{~BUO muet walt furthar informetion end investigetion. How-
aver, mare detailed discuesion of som2 of the various posalbllities, inelud-

ing bloek diagreme of repreceniatlve ojrcuits are glven in refarsnoe {17).

i
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The ressiver shown by the oolid Jines of tha bPlogk diegrum of Figure 10
represents p typlosl recelver for the simploest form of pulsed Goaker employ~-
ing aither targst illusination by the mlesils or by the launshing alraraft,
It conolate of a acsnned antannm, shich eny be of sithar the fixed or movabls
sxle 1ype, and a convantlonal superhetsrcdyns receivar for the reception of
pulesd signale. Autemetio frequency sontrol of the local secillator ie
oaployod and sutomatio gain control ie applied to the aix otegr intsrmediate
frequansy amplifier, Ome or two otages of video froquonsy esplification
supply video signals to the date redustion systom,

& biosksd oaclllator und & cathode follower are proyided to supply short
duration blanking eignale to the intsresdiate froquency smpiifier. The
blosked cmeillator recnives triggering voltege from the transmitter maator
neoilletor in the ense of miaeile illumination of the target or froa the
asommand racoiver in the saws of leunshing aireraft i{llumingtion of the target

The roguired eonsitivity end genaral sxcellonce of the automatie gain
sontrol circulte isx to aome axtent a function for the dats reduttion mothod
etployed, K& numbar of ayotema for susher deta redustlon have baen studied
and o gomplate disgusaion of thetse amystoma ey be found in raferance (17).
Figures 1) and 18 are block diagrame typieal of theee sysiema, Figurs 11 ie
E block disgram of a aseker date reducstlion system, whish is partioculerly
euited for ues with e moveble axia antonns syeiewm and Figure 12 is a blook
disgram of a meeker whlgh might be employed with a fixed axio anténna,

5« FH=at Seakers, Ume of a heat rathor than a redio soxkar offors
nusber of advantages, particularly for ghori rengee whare atmosphers Bttsnu-~
atlon dosa not limit performsance mericualy. Forhaps the wmoot important
pdvantege in the cage of MX-800 is that tha veve-lsngth of the radlation
involved lz shorter with the result that the seeimr antenna or reflaction
dirsctivity is limited by the ratic of antenne dimension to detsstor dipan-
elon rathar than by the ratio of antonne diwmension to wave-length,

Disadvantages of the infre-rod or wat eesker are that the présent non-
exigtante of vuitable souraes precliude the uvaa of A reflection typa nepking
syatem, &nd make tha eseker dependent upon radiation originating at the
target. Since thero are many othor poasible sourees of haat rediation,
noteble thes gup, inability to select and track the desired target may deiract
woriouely from the reliabllity of the heat esaker,

Data roaduction or evaluation cireults for the heat casikar approximate
clesgly those required for the correaponding radio essier, Tha baslc claes-
{ficetlone of peaker oyuisns, an describad slaawhara, hold sgumily for tha
heat and radio sseker. Glven a sufficlsntly saall dotector of adéguate
eenpitivitiy, the antapna or reflector problsm 13 olmpler for tha hoat sesker
thean for tha radlic sesker. Elwboration of the sbove general coxmonts cret
awnit a datailsd mtudy of the hoat saakar,
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6. Spekor Antennae, 4% a result of tha trejectory studles which heve
boan made, a tentative angular resolution requiremsnt of 1/2 to 1 deg have
bean sstebiliahed for the sesker. Under favoreble eonditlone thie angular
sccurady requiremsnt cen b mat with a flexible exle sepkar of aonvantionad
daaign ineorporating & pareboloidal antenna of & laoh dismetor., It is beliew
ed that this requiremsnt ocan also be m#t with the loee conventional seoker
designs proposed in thie report and in ths referenses, The flexible axie
saekar may be more eubject to &ngular errors cmused by the presance of o die
eleotrio nuse cap, vhich mocording to currsnt asrodynsmic deta must ba in the
form of & aone with half angle of 12.5 degrasa or isou,

Excopt for the preliminary wurveys of the sesksr antenna problam report-
ad on in references {0)and (i3}, antenne developemant for HX.800 has awaited
apecificatlon of sseker acsuracy requirsments and oleseification of miseoile
dimanaions and nosd ohape, An active antenna research program la now heing
inltlated on the basis of avallable information,

C. BQUIPHENT FOR THE TWO-BEAM COMUAND QUIDANCE SYSTEM:

T™he ovsrall plan for guldance of the MX~-800 miesile envislons the uae of
radar for target detectiom and tracking before? launaohing. Pre-launching
meneuver? wlll be directed by a computer so that the missile may bs launched
in the most favorsble direction and at ths optimum range from the target.
After, launching, eontrol of the miassile will be by & twowboum command radar
oretam, in which one radar beom tracke the targst spd anothsr the missile,
and the scontirol aignele diresting the mizsile are detsvrmined in the launching
airersft through ths operaticn of & command somputer. The commbds will be
sont to the misalls through the miseils tracking beam, end e boeaon losated
in the mimella will respond to the tracker and trenemit miseile date to the
tracker for coemputing purposes, At the end of the trajectory, control will
be irsnaferrsd to e target seeker, probably of the reder typa, which will
make lant minute corrections in the fllght path of ths mleslle, and ar the
mleelle spproaches the target, 1t will be detonated by o racilo type of fuss,

Tha rodar sete and computers which must he mounted in the laynching air-
araft end the mlesile in order to accomplish the abows functiong have hwen
atudled end are degcribad and discuseed in references {18) and (19},

D, SPECIAL TEST EQUIPMENT AND OPERATOR TRAINING EQUIPMINT;

While it i still to early in ths development of the MX-800 to deslgn
tha test and treining aguipnent in detail, & preliminary study of the pitua-
tion was conducted in ordor to help in satimating the magnitude of the needs
and in the laying out of & program of davelopmant to go along with the mloails
development, The results of this study may be found in rafsrence (18).
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SECTION VII
GONTROLS

A.  ROLL CONTROL AND STABILIZATION:

In preceding reporte and diacusaions one important bmajc ussumpbion
wag made thut the migsile ia rell stabilized or roll controlied. Roll ms
hore interpreted mamns pure roll of the misaile about its longltudinal
axie in contradistinotion to an apperont roll whish might rasult from u
oapeuver. loll stebilization thus infers that, ideslly, in the cuse of =
cruciform ninsile that the axis of one pair of control aurfaces ramaine af
Bll times horizontal. Roll control ma applied to the monowing type miesile
implles thet the missile rotatee ubout ita lonkitudinal azis in such & man-
nor &s to meintein the main wing in the correct plure of orientation to give
the dealred trajectory.

In a aplupning eruciform missiis the missile i1g cuused to spin about
its longitudinal axie and e-ch of the four control surfuces changse from
rudder-action to slevator~uaction every guerter of a revolution. A vertical
refarence is necessury to traneform guldance control slgpula to wing angle
signals an the misslle rells. The emount of imstrumentation uecessury in
e gpinning mieaile is not esssntinliy reduced fn wwunt from thet neceesury
ln & roll stabilized type end the method of intelligence dute transmisaion
i3 mors complex in nature. Beoauge of the chunzing of action of euch wing,
there im & hlgh powsr loasd Iin the wsln wing centrol servo for m highly van-
euverable missile., For oxewple, a sontrol eurfnce msy be required %o change
Irom on® extreme posiiion to the other extreme position in u time represent.
ing one=-quarter of the pericd of rptation of the miazsile, +Thus, in genersal,
the control surfacu would oacillate buck and forth snd absorb relutively
lurge amounta of power which would not direstly vontribute to the maneuver
of the miaaile,

In a cruciform type ;missile utilizipe the two-beun corm-nd gyatem of
gulduance, roll staLilization ia not absolutuly necessary but it ia highly
desirable since it prevents the "flip-flap” of the wings described above,
and it mexes the date trapgiisgsion and interpretation ayastem elmpler. Tha
former i true mince one varticulsar control surfuce uc*s either as & rudder
or An mlevator and reteing 1ts single wetion % a]ll timos. The latter ia
trus gince guldance data sunt to a control surfuce, %o effect 4 1unsuver of
the miasile, if computed on the bdusia that the control surface Concernsd ‘-ruaﬂ
a definite norual oricntation at all limea, r:guires lesa nodificution than
if thege detu must ba mixdified to tute into acewunt motica of “he control
surfece a3 ihe nissile rolls.

The usd of u turgat aseXor doas not require & vertioml refer-uce, but
lack of astabilizution Lmposoe serinus condiiions on the sgpker. Sincw a
turget geekeor will not be used aloroe but only in esrjunction with & two-bean
eommand phaso, it will be necsesery to have o varticul rafereuce in the
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missile.

In the stabilized missile & gyroscope or elmilur devics ig used to os-
teblish a referance wvartical, The roll mtabilization system has the func-
tioneg of detacting deviations of the vertical axim of the miseile from this
raferancs vaptloal snd porrsciing these deviations in auch a manner as to
rogtara the mlasile to normal attitude in roll in the shortest practicabls
tims. The roll atabilization aystem mlec han the important function of ea-
tablishing the vertica) refererncs as gquickly s possible efter the missile
is launched from the perent plona o that lateral and vertical mansuvers
can bagin early in tha flight.

For one miapile under comsideratiorn therms will be u & meoond booat

a ppasd of 500 ft por eep to u speed of 2600 ft per sec and for the ramain-
dor of the trajectory it will cofist. It asems, in view of upcertainties in
the prediction of wing loeds in the subBonic and transonic regions of miss-
ile gpeed, thet roll ocontrol might be ineffectiva or unsatisfectory prior
t0 the timae that the missile reaches a apmed corresponding to & Mach number
of one, In this case, roll stabilizetiop would have to be entahlished in
the time besteden missile velorities of 1100 ft par aec and 2700 £¢ per amec.
Aspuming that & linesr variation of speed existe during booast, the time to
establish roll conirol would be 1.45 seoconds., is appears entirely fsasi.
ble and will allow lateral control at the instant the boost im ended.

Some of the problems in obtaining good roll stabilization are:

1. The natural presence of wing miseligmant torques which vary with
speed and altitude. The presonce of such torques indicaten the denirablility]
of a torgue compangatad roll control which will develop a stsady coatral
tarque without roquiring an error in atabiligation. 1%t is proposed to in-
clude an amplifisr stege ssnsitive to ths integral of its imput a8 well as
te its imput $0 uccomplish thia,

2. ‘The possiblea eppsersnce of oscillating torquos caused by ajisulta-
necug 8lip of the mlssile in yaw and pitch planas, Thesa oacillating tor-
gues will be worse 1f the pltch and yaw conirols mre poorly demped, It is
therefore advisahls to maks the roll control systen have a nigh resonant
frequency (7) end & lead metwor: i8 rocommended for inglusion in the roll
control to aid in scedmplishing this, as well As to improve the degres of
stebility of roll control.

3. The asorodynamice cosfficisnts chenge with epeod and altitude and
alter the dynemios of the missile. In Figure 13 ars sketched several
tranafer loci of u roll centrol system showing the changs in its performenca
az o funotion of spesed and altitude., The worst casea betwsen 15,000 £t and
80,000 It are shown,

1, If a free vsrticel gyro is ussd, the roll control aystem sensiti-
vity must be compensated us a ascunt function of the angle of climb or divs

and becomea ineffactive when those veneuvers bre vertlicul, Since this 1s
a pomaibility according to the teetical epalysis 1t i8 recommended that en
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intagrating rate gyroscope be uasd for the basic references,

5. There is insdequmte viseoug damping from roll rate torques to
nrovide good siability of the roll contrpol without serve companasting not-
works.

A detatled mathematicsl development of one roll control syater is de-
eribed in Rafersnce {7}

B.  COMPARISON OF MONOWING AND URUCIFORM CONFIGURATIONS:

Moat of the swudi{es wmede =o & part of She HX-B0O praject have baen
besed on & aruciform sonfiguration af the airframs. Several montha befors
the and of the atudy phase of the contract the mechanical design group and
tha merodynexicists propesed that a wonowing configuratlon might have an
sdvantags as oarrisd by a parent plune. The poasibillity of uaing the monow
ing configwation was then raferred to the guidance and control groups,

Tha mejority of the work on the monowing configuration thus far has
bean & librury research to study the efforta mude by the Germéns in thia
direction. "wo technicsl papers were found (Roferonces {B) and( 12 )
which propossd to corperas the momowing with the eruciform fran the polnt
af view of ocontrol. In {ntroductory comprrison of the aerodynemic propw
arties of the two configurations Refsrences{l3) and (14} do not exactly

agrae,
Per Unit Weiqht: Per Unit Drag
Ref Refie Ref 8  Ref 12

Honowing 0.8 0.9 0.87 0.66
Grueiform 1.0 1.0 1.0 1.0 L0

Bu¥ BPBoth indicate a trapd which has been checked by uerodynamicists for
the MI-800 praject {calculetiona besed om & 350 1b 9 inch diaoeter misaile)

The centrol aignals for & roll etabilized cruciform rissile are guite
gimple to csunceive Binne ona can raasen without considering u guidancs jn-
tarmction bstween piteh apd yaw exsx aa s first order offect. In the caee
of a movowing configurstics the situmtion is somewbat more difficult.
Obvipualy, the sircraft must be rolled so that the main wing axls will be
at right mngles to the reguired lift, Considearing incrementel queantities,
apd an inltimlly correct miselle rilght, an error vector can ba thought of
in terms of eccwponenta along the muln wing axies and perpendiculer to it
und to the longitudinael axis. AHltarnately tha error vactor cun be masign-
sd 8 magnitude aml an angla with respect to & line parpsndiculur to the
plane af the rain wing axis and the longitudinal axis, The former would
te called rectilinear nigaile evaluetlon 8nd the latter polar coordinate
mispile evelustion. In the latter case the roll control muy wet %o keep
the angle garo, bdut then there is wo indefinits supntrol when the arrar
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intsgrating rate gyroscopo be used for the bealo refersnce,

S. There ia inadequate viscous damping from roll rAte tarquoea to
rovide good ssability of the roll control without sarvoc componsating net~
works.

A detailed wathemstical development of one roll control syetesr. ta ds-
erived in Referspos {7}

B, COMPARYCON OF MONOWING AKD CRUCIFORM CONFIGURATIONS:

Moat of the audies made as a part of the MX-BOO project have besp
based on & orueiform configuration of the airframe, Several months befars
the end of the study phase of the contract the mechsnieal dasipn group and
the aargdyneamloiets proposed that s momowing eonfiguratiocn might heve an

edventuge as carried by & parent plane, The passibdility of nsing the mopowt

ing configuration was then refarrsd to the guideance and contrel groups.

The mhjority of the work on the nomowing configuration thus far has
boen & library research to study the offorta meds by tha Germans in this
direction. ‘Two teohnionl papers were found {Referonces {8} mna{ 12 )
which proposed to compars tha monowing with the crunifarm from the point
of view of oontrol., In introductory comp.rison of the mergdynamio prop~
srties of the two configurations References(13) and(14) do naot oxmactly

Bgrae.
Per Unlt Woight Por Unit Dr
Baf & Eg_giz Ref B  Ref 1% HL-B00
Monowing 0.8 0.9 0.87 0.65 0.88
Cruciform 1.0 1.0 1.0 1.0 1.0

B woth indicate s trend whick has bean chesoked by sercdynamiciats Tor
the MA~800 projeat {caloulationa based on a 330 lb 9 inoh diameter nlssile)

The control aignala for & roll esabilized erualfnem mimnile ars auite
slmple to conceivs sinos one can resson without considering s guldance in.
teprantion batwesn piteh and yew axes as s first arder effect, In the oise
of & monowing configuration the situation 1a samewhat more difficuls.
Obviously, the aircrarft mist bs rolled so that the main wing axis will be
at right anglea %o the required lift. Considering incrsmental quantities,
apd &n initislly carrect migsile flight, an error vector can ba thought of
in termy of corponents along the main wing axig avd parpepdiouler to it
and to the longitudinal axis. Alternetely the srror vector cun be sasign-
8d a magnituds And an engle with respect to & lins perpandiculur to the
plans of the rain wing axis and the longitudinal axis,., The former would
ba callad rectilinear miselle svalustion 4nd the latter polar coordinate
missile aveluetion, In the latter cese the roll control may uct to keap
the angle gero, but then thsre 1a #n indefinite cuntrol when the error
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vector approaches Zero., In the former came the roll acntrol acts to roll
the mizaile at a rate proportiomal to the error vector along the =zsin wing
and in a direc¢ion which reverses when the error vastor is parpopdicular

%0 the ving axis oun be ooneidered ae going from abowe the wing to balew
the wing. In this way thare 1s no nacssaily of indefinite sontrol, partis~
ularly if rate gyro fesdback be included in the roll comtrol.

The uae of a monowing configuraticn far » highly mapauverabls misatile
has been queetioned un the baain of the rapidity with whioh it cen aet to
correct daviations from the desired trajectory. This questlon is bassd on
the procedurs of the monowing of rolling bafers acquirémg Xift in the prop-
or direction wheraas in a cruciform tha 1irt ia ocbtained diresatly by estting
the parpendicular winga ot Approprists angles of attack. A detalled apalyedls
haa oot been made of this use & part of the MX-800 project becaune of Iack of
time, apd because alzo it can be done gore sasily with an pnalyser thas by
mthematice bhecanae of the complication introduced by the guidance inter-
aetlon amang axes in the monowing casa.

In Refarsnce (14} & comparietn was made in the salculated parformance
of a beanm pulding eystem of s low apesd {200 m per pec) F25 misslle and an
equivalent orucifarm.

It Bas coneludad thmt thepe exivis nc esssntisl differencs between
eontrel half periods with rudder apd aileron control of the mocnowing. Home
ever, the cruciform minaile mas charagterized by o faster response having
a half period 40 per cent lesa than that of the monoming. Thia would asem
%o fuver the eruciforn from the point of wiew of apeed of recponss,

In comcluding thia discuseion of the monowing two Tactors should ba
pointed out:

1. That guided mimsiles of the glide bomb type sueh as the *Bat" have
been built with wonowing confipurations and successfully fiown [Refersmoe
{15}

2.  Thet superacnic flight should offer the possibility of improving
trezendousty the apeed of response in roll, but that the suceavs of monowing
cotrol dapenda on good precision 1o roll control which bam mot yat baen de=
monatrated for thia class of misaile,

C¢. CONTROL BYSTEW FOR TWO-B 4] Et

It has veen recwmuended , us & result of guldances atudiea, that st leust
the Inltial eatages of f1lght of 2o air-~to-air supersonle miasile shonld he
commonded from the parsnt plant by a two-beam colmand avatem. In thia type
of fligiht there are two control loops which merit investigation. The first
of these conslders target motion es ap independent variable and missils
motion as the conirolled warlable, The controlled wvariable ia adjusted so
that there ia no rotaticn ir apac¢c of the line jolning the missile and the
target. The asgond control loop ie a subhaidiary $¢ the Tirst and deals with
the ability of the misaile t0 carry out the sommands reseivad by 1t end pro-
duce a4 stable flight. As o psrt of thia second problem it {s recommendad
that 8 roll stabilized eruciform mise{le be developed,
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The mathematical requiremente of the commund computer to be carried in
the parect plane is diecussed 1n Reference {7} , The inter-conpoction of
the compoments of & proposed aontrol eystem for the miseils is shown in
Figure 14 . Control signnls are received from the commend receiver and
arter demodulatiod are sent ta the pitch snd vaw okAnnels. Wing motion

control of & cruciform airfreams has been essumed with differentiel control
of the motion winge for roll stabilizatian. Here, the rcll sonirol is eho
a8 oparating differentially on the seme winge which receive the command yaw
eignals. Absoluts motion transduoers ers ussd in the plteh and yuw eonsrol
syetems In order to improve svability of the miesile flizh%. The unmlysla
of the two-boam command eyetem impliss that the desired feedback ut shesolut
motion cen b8 accomplishes by the use of two lineor aceswlsrometers placed
on aither side of the center of grevity. This need for inmproved stability
etmng from tho 1itile, or no, inherent stebility of 8 highly maneuverabile
&ir=to-uir miassile,

A theoretical 8nalysis hae been made of the syetem described in Figure
14 end some mupparting dute obtulned from sn elecironic control snalyzer,
From theea atudles some eetinate can be made of the dynmamie requirenents
of components of the control system, and algo of un optimum poaitlon for
the locutlon of the muin winge of the sircraft. ‘These eetimates ure, of
course, dependent upon the eatimatud serodiynemic ccefficlent for the air-
Trmwe. In Table 5 are given tha squatione ¢f motion of the airceraft in
the traverse plane, thke squetion used for motion of the eirceraft about its
roll axis, and the values of The ocefficienta ueed for the preesnt studice.
These numericel yalues apre purely sstimates mude for the purpose of ullow-
ing & deponstration of the mnulyticul techniqua which would e used to ays-
thsaizd & control system were thees the kmown coofficionte.

In Pable 4 are ltemized the astimnted reguirercnts of the dynamic
Froparties of ayster. comporents. As the actual squipment s deajgned and
daveloped more compiete anulyscs willi he performed continugusiy which will
altoxr tne absTe recnmendations in & menner particularly suited to the sir-

eraert.

The control eystem thet is recammended is mot of tho diseontinuous
{bang-bang} type. The elements nra expacted to sct in & linpsr manner up
to emturation, Justificetion for this L{e less pogeitive in the cnae where
no esoker le anticlpated than in the case where a eesker wiil be uged. Thig
ie mo bocaues of the direct affcct of oscilistions of the miesilee longlit-
udinal axis on the performance of a2 eeaker, IFf Further developmunt indiw
cates that the eirfreme can be mmde to have & ressonuble amount of inherent
stability, and if po eeexer ie required then it ie poesible that a mors
simple control aystem of the discontinuous type could be devised. For this
roaaon 1t 18 recommended thet studiee be cantinuad on discontinuous typea
control eystems for a two-beam command puldarce syatew. More dntu perzinent
to discontinuous control will be obtained from a wind tunnel ard flight
tesss on the performence of the sirframs.
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ROLL. GONTHOL
Allomable timo lag of wing econtrole 0,08 sec

Lond petmork timam copatant {Attonuation ratio of 10} 0.16 seg

Integrel natvork tims oonmtant {Amplifier charaotaristio
Kig 4_1'_,:&1) Tf e 0,18 gm0

fAsgonant frequency of misszile iz roll (30,000 £1 alt
2700 £t per ges} 5 cyclos/mea

Hagnifisation of sinuecidgl veriation of spparsnt vertioal
At TAazonaAnnn 2

PETCH AND YAW CONTROL FCR TO-BRAM COMMAND GUTDARCE

Approximsting wing controls, whioh uea positioh feecdbaok, by
& 2imple quadretis rasonant ayates

a. Unéampai patursl frequoncy of wing control 50 rad/pos

b, Deaping ratis of wing controls 0.5
Porcentage lopgituding) axis anguler agoelerationm fasdbaok 10
Purdentags longitudinal sxis angular velocity feadbask 0
Porgontagy of wing loed mvmilable for guldance 90

PITCE AND YAW CONTROL ¥OR HGMING WI™H SEEKER GUITANCE

Approxiwating wing controls, whiok use position fesdbsck, by

a sinples quedretia rogonant nystam
a. Undamped astural freguwenocy of wing control 30 rad/ace
b, Dessping ratie of wing sontrel 0.9

Charsotorigtice of amplifisr preesding command controle Kﬂ- iB.4
Auplifisr obaracterietic fu Kt&f%— 8% ry = 0.08

Repeuant froqeancy of Antonna mervos 12 rad/aes

DYRAHIC CHARACTERISTIOS FOR' COHTROL SYSTEMS By_MTH
AND COMPONENTS ESTIMATED AB SBATIGFACTURY YOR OME

SET OF AERODYNAMIC GOEVPICIRN®S (TARLE 1 {-o) (Cxo BT ___
DaTE fe. 1. 147
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D.  CONTROL SYSTTR FOR NG W 1 GNCE :

Should s aseker be required to isprove the accuracy in the fipal atages
of flipht then the control system should opsrate astisfastory either with a
tuo-bean command system or with a seeker, It ia Iropomed that in a syostem
uging secker guidancse the oonirels regulate the angular welooity of the
line of sipght to gZero. 4 block dlegram for the reopmmended control aystem
is ehown in Figure 15. It will be noted that the aame esgentiel olemsats
are used in this system ua for control from two-beoam comeand guidance. The
seeker shown mchemtically uses s movéble diah antenmns with a serve drive
for uutomutic tracking. A tachomster is used to mausurs the angular rete of
the untenna relutlvs to the airframe, In some aeaker aystems under considew
ration thia angular rata would be meosured alestronigally antt the assker
antenns would be rixed. In ocrder to obtaln the desired trajectory with semke
er puidance {apace angulcer velocity of line of sight » 0 } a sigoal indicat-~
ing the angulnr velooity of the longitudinal axis 1s fed back regeneratively
and added to the tashomstar to obtain the space angular velocity of the line
a” airht. & theoreticul cnalysis was made ox this typs of control system
{7) and the rollowing was conaluded.

l. The systsm is likely to be unatabla with wings as far forserd of
tha center of gravity as 0.8 feet. Calculationa show absolute instability
for the csae of an cncoming target.

2, The system should be satisfactory with wings approximetely at ths
center of gruvwity if downwsah is negligidle. The caloulstions for the cape
of' an oncouing target also indicete antinfactory performance,

3» The aystem oan be made stable over a satisfactory range {misuile
ta target} change.

4, 'The system speed of response is limited prisarily by the dynamisse
of the seeker,

3« The sume components used in the two-beunm coxmand system can he
used after a gwliching operation im the pohitral system for sseker guldence.
This 13 indisated in Figure 15 .

6. The dynamics of the seeker mist bs matehed %o thoee of the 8ir-
frase by the appropriate perameters of & proportionul plus integral amplifier
preording the comtand loop.

E. [EFFECTS OF AFRODVNAMIC PAXAMETERS ON DESIGN:

The dynamica of a missile control syatem tugt mateh those of the gui-
dance system with those of the aireraft to produca 8 satisfaotory flight.
Copaequently whare it la feasible tha Xequirements of the control aystom
ghould be tuken into acepunt in dsteruining the dynemics of the sipfrane.
Whepre the dynamics of the ailrirame arc determined by othar cohaiderationa

s thorouph knowledge of 1ts behavior is o prerequisite or the intellipent
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deslgn of the flipht control ayatem. several phases of the asrodynamic be-
havior of the miasile have been {nvestigated as s part of coatrol atudiles,

Certuin chaructertatics of the airfreme are chossn with only secomdary
conaideration of the control syatem puch as the maxlmnm 1ift available
fwhich hus heen taken from trejectory considerationa) and the general ajze
and snepu of the misaile {which has been taken from overall project cop~
aiderations). uther saujects of lhe airframs more directly affect the con=-
trols work puch am, the arrangement of the contrul wings on the air{frame &nd
tue locatlon of tne wiin wings relutive to the center of gravity.

The locatlon of the mutin winps to be used for comtrol is iumportant in
detenidining the dynamic response of the missile to control signalas. Thia
18 1llustrated in FiFures 16 2nd 17, for on altitude of 30,000 feet na the
dypanic response of the longitudinsl axis of tie miasile to sinussidel
ehalges in malk wing pomition Telative to longitudinal axis and slsa the
response ol the missile flight patn wungulur velocity, due to sinusoidal
chenges muain wing angle relative o the longitudinal axis for five differant
wing locations (7). Theee calculstions ars based on the aercdynswnic cosf=
ricients deascribed in Tmble 3 and downwash has heen neplected, 4t the pre-~
sent time it 1s not practicul to mske o recozmendation for the best wing
location, ulthouph 1% appears thet the two mont dasirsble locations are C.4
feet forvard of the center of gravity and st the center of grawity. JActually
most of the caleulations for control systems were based on the wing location
0.8 feet formard of the center of pravidty. Calculutions were slso made for
15000 fcet and 50000 feet mititude,

The relutive importance of effects of the oseillating airfoll at super-
poRie speada was investigated as it arfects the control theory of the air-
treme (L6), This study indiecated that the equations of lotion bazed on sta~
tionury flow should be adequate in the frequency range inportunt for auto-
matic control of the missile.,
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Swg = Angla In radiens Betwoan tha aianilae axla and the wing chord,
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As  ERBOR3 IK TWO-BEAM COMZAND:

An egtimete of orrors encountered in a two-bsam cogmend system wag
mnde, The method of guideneg coneidered ie one besed on the walua of &
{= d4/2t} (ses Figure1® a). 1@ computed at the control statfon from the
momeured velusa of Ry, Ru, BT, By, A1, fu, end ¥ {efp ~fy). Tha ccmplets
mathemetioal eonaideration ie given in Appendix 4.

Fron the comsiderations in Appendix A wo have:

a. Fron the figures given in Appendix A 1t eppesrs that the
woret errore are likely to be thoss due togsy ands . It ie trus that oe
R gete smaller these orrors inoreses approximately w6 R-l, wheross the er-
ror due to o inoreases as R*2, and 6o thia last error may be the dsoleive
one when the missile gate oloss to the tergat. PRut in a given exsmpls
(Appendix A} thie would pot oeceur until R weo less than o half seoond mway
from the target, and in thias short time intervel no appracimble guldsunas
oculd ba done anyway.

b. The possible affact of anh srror 1n£; can be wvary roughly
eatimated by considering e miseile moving in w strmight line ec as to misp
a atatlonary targst by an smount h. [(FigurelB b}, W& hawe

i - _%. .
For f m= J0é, R = 5500 £t, v = BOOOM par esc, thie gives h « BEDO ft. Ag-
suming that the errurs here are comparable to the ones obtalned ip Appepdix
A thiz would bs an upper bound Yo the miea that might s cbtainod, Aotual-
ly, the snvorsge misg would b much amaller than thip, for the oversll asau.
ragy of the misaile will depand on the valuss of dF over a eonsiderable
pariod of time, and as thams aun be expgcted o vary in a mors or léas ren-
don peaonar the avarage sccouracy will be much groater than the orude ssatimats
above., The statistioal proublem involwed in vetimating the acouraey has not
yot baan solved.

e, A suggestion hus been mede that tha error in 8 might b da-
creasad by installing in the migsile a gimple device to give gn aocurate
meacuremsnt of X, and poselbly R, That thie 1» not tha epse follows from
the fact that most of the error in £ ia dus to errore inSy end Sy, and
thera gquantities do not snter in the expressions for R or R.
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SROTION IX

LATRGRING

A. OENEBAL:

Luring the bogst peried {transonic rsugs) presant indications show
that there can be litile or mo guldance on the part of the misaile opora-
tor ovar the misslle. It i9 necessary to cpsume, therefore, thet only
oimplified contrel may be attained by autematic mesne {1.8. gyroscopen)
amusing the missila to iraverss a predstermined couras. Suoh a coures
wight have to ba sat by the oparator before the time of launching acoord-
jog to the conditicas fized by the particular lsuxching. This requires
PrOTigions in the boostar design to accomodata such adjuatmont,

There is posa indlication that aubsonie eontrol of the wissils oun bs
nttained by use of sufficientiy large 1lifting surfaces to support tha mis-
gile from leunching opasd to the bagioming of the transomie Epoed rangs,
at which tims thece eurfacas can be Jsttisonsd. If this is poesible, =
configuration may be errivad at shich allowe mansuvaripg at oubsonis flight
apeeds, thus pormitting leunching to be restrictnd to ope direction only
with respset to the cmrrier aireraft. Guidsnee to the propaer attacking
pogition 1z achiaved duriug this perlod. Such g pystem might be compomed
of & mizeile am o three stege booster ae followa:

l. A Jottisoneble mubsonic propulsion unitv with subaonic lifving end
sontrol surfaces.

2« A jattisonebls booster for operation in the transonic range 8o se
to bring the miesile up %o suparsonic speed.

3. Missile with austainsr rockst (intarnal).

It 1e important %0 no¥e that the complexity of the foregoing arrangs-
meut may be reduced if it is poesible to uwse ths wminsile iifting surfaces
{supersonic wings) during eubeonic fiight. The booeter can be designed to
exert o low propulsive sffort durtng the tim® regquired to turs end then a
kigh propuleive effort which iz regquirsd to mttain supersoniv walocities,
Another point to be gonsidersd is that the subsonic surfacss Doy be retnined
until the end of the total boust poriod, thus aimplifying the mevhanical
deplgn of the booster. Thla would give @ missila configuraticn of a tandem
wonoplane. The practicality of this proposal dspends on the effsgtz of such
an arrungenent on the totwl dreg during ths boost pericd and 2lsc tho affects
on etatlc stability of the miasila.

The preblem of leunching may be cimrified by gubdividing it {ato iwo
general cagesa; luuncning for offansive uses and launching for dafeunsive
uses. Those two cemen determing tho mispile arrsngement required end also
the provisions neceasary in tm earrier sirplane te provids for lsunching.
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‘The probdlen of defensive launching, although not diyuntly related to tha

X 800 requirements, i considered here to ghow thet this mlssile onn easi-
1y b3 edmpted to defonsive uee by bombar typs miroraft. These conaiderstions
al80 apply to the offonaive missila should it Le neceesary to fire it in
othar than the line of flight direction.

B. OFFENSIVE USES:

It is madumsd that for offensive used, the czrpier alrplans lcoatas tha
terget and i@ able %o mensuver so m3 to alm the missile spproxiomioly at the
target., It ie alac apsumwd that the rajesass attitude of the carrier 12 cach
as to cauwe the mieeile end sarrier to seperate.

¥or extermal stowage, the presant rzere length” launchers moy be used
on the condition that sufficigst clearance betwssn the missile apd the wing
of the sarrisr ¢an be mainteizad. 11 thls 1s not poascibls, displacing gear
may be nacessary to e&llow sufflclest ground clearanss during teke-off while
sllowing for mianila-wipng oclearance during leunohing.

For iaternal astomege such displacing gear ia slgc neosspary zince
£ravity rolease may not provide sufficlent avcurecy snd centrol.

Tha dealgn of such mechenisme 1e fessidle and have besn ussed provious-
1y, notabdbly in relesse of tombae from dive bombders.

For offensive uSasa, prasant leunching methode mad oquipmont my be
usad as 1ip or may bs edapted to accomodats the MX 800 niseile. This usa,
thorefors, prescnte no serlous problems end oniy lofluencos the miesile
deaign to the sxtent that olearances betweon wispile znd ground or misdgile
snd airplane st ba provided for,

C. DEFERSIVE LAUNCHING:

In defenelve launching, it i85 Raceesary to masuma thut the wiesfle is
carrled 1n a long range, medlizs speed type of airplape (i.e. bowber at
spereds aqual to 300 mph, approximetely). FNor this type of use it 1s fuwr-
ther assumsd that the cerrier alrplans reuaine on a glvan ocures during
lzunching ant that the target plans may be at any azimuth poaition with
roepect to the carrier airplane, Savers] poswibla meshods of lacpebing ere
noted bolow:

1., Ths mieeile 18 aimed in ths direction of the ling of flight of
the sarrier and is gulded along the corract flight path required to angega
the target.

@, The mleolle negotiatees ths turn at subsonic veisuitles (up
to 700 mph).

b, The missile negotistee the turn at traneonlc valocitios
{during the boust pericd).
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2, Theo missile ip aiesd uppodite to the dlraction of the line of
fTiight of the oarrier and is guiSed along the correat £1ight path reguired
to engeg® the target.

3. Tbo missils la qimad direotly at the terget in ezimuth}, regerd-
less of approach angle.

4. The miceile io almdd in soow optimue direction and then ite
flight peth is directsd to engogs the turget.

It should be noted that in all cases excopt (3), shove, 1t ip nsoen-
sery for the missile to negotiate a furn of oomparitively small rediua.
For practical coneiderationa, this should bu 4cne duriog the 1low epoed por=-
tion of the flight. Ia order that those turne may be ecoomplished Aduring
thic period it 18 necossary either to provide low speed ocontrol surfacse,
69 desaribed proviously, or % provids come psapa for turaing end stabilis-
ing suoh ad vanes inm tha exhauet of the bogoter rockets. The lettar is une
dey consideration in toapsotion with o Eavy research program,

D. sSmouEy

The effect of tho offeneivs leunghing method is not a controlling fao
tor in the design of the MX BOQ., The effeots of the oxhaust gesees on the
wing stracture of the sarrier have besa found %o be neglipibls by the U.S5.
AAF in teats conducted recently usipg *Tiny Tim® rockets, Theuss rookets
dave a starting thrust of sbout 30000 1b wkish is 100per csnt greatsr than
that oovotemplated for the MK BOO missilo. The missile dosizz for this type
of waew will, sharefore, be limited by other conslderations, such as range
apd thrust pehedule desired,

Froa an exspinstion of the verious muthods of defonaive launching con-
alderad the fullowing conolusions can bs dramm:

Hstg;g (L}-z. The missile is reguired to nsgotiete the initia) tura
t the target at velocitiaa below 700 mph. 7The tims requirsd to maks

the mayimms turn of 180 degrees ie approaimately § seconde.

Algo 1t 18 to bo noted thet the uge of subsonlc surfaoss meteriglly
complicates the miselle both ad to Gtowage and design of ths booster ro-
quired. For this type of arrapgemont, it may be possible to otore the mias-
siles oxternally upder tha garrier eirplans’s wings, thus overcoming soms
of the Bhace mwquirements incurred by internal stowags,

iathed {1}-b. If the problem of stability during eubspnic flight and
the problem of dypamls stebility of the missile at laupching can be eolved,
this method pressnte e bettor leunching program, eince the initinl mpeneuver-
ipg time can by materielly reduved from 5 ceconds minlmpm for methed {1) te
opproximately 0.1 second for methed (1)-b,

This method considersbly simplifies the design of the booster syrrangs-
mont, olimipeting the subgonic winge end poeoidly tho noed for sny fins on
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tho booater at all. The price for this eimplification is tbs pesd for
rocket blast vanes and the nadeszery moohaniem for $balr control, I$
should ba acted, at this poin$, that the loadw om thore venos are bigh end
that they suat be rosisted when the vane materisl 12 at an elavated tonp-
eraturs,

thod {8]. This sethod inciwdes all the protleme of methods {1l)-a
apd b in eddition to the problem of sooslerating the misgile throvgh mero
veloaity to 1t2 moresl flight veloclty. 7his method of lauwohing, howsver,
sarve? the purposs of imposiog the post sevare conditiona for the beoster
design; thus ipdicating the upper limit on the wiss of ths bopastar. Rough
caloulations show thet 2 booster sapableof ezorting spproximately 24000 1b
of thrust for £ seconda le maximm required whep & 2 sesond baost period ia
used for e missils plus booster waighing 660 1b,

This method iuposes no new sonditions on the design of

Eathod !3!.
the miseils mnd booster but doss indicate the eize ond weight of the re=-
quired leunchipg goer. Freliminery strangth considerations indicate that
a mitable lasunching mechanism should welght in the order of 20O lb.

E. CONCIMSIONS:

From the discussion in (B}, Offensive Uscas, consideraticne of offonalve
letufiching are not the controlling factar on 3he deaign of the mizaile, and
will in general effaect only the design of the missile supports snd launohing

goar.,

The largest number of problema relating to the dasign of the missile
wore encountered in {C}, Defeneive Launahing,

Tha follwiug coocluBiocns may be drawn from the discusaisn in (h),
Summary:

1. Method (1)=P or method {J) presents the mcst promising lsunching
procadure for dafeasive usea,

2. A booBter smTting a maximum of 24000 1b for 2 sgoonds i the
opper limit of the required Looster sizae.

5., In mothod (1)-b or method (3} the nood for fins on the bopster
may be alimineted by use of vanes in the axheust of the byoster rooket,

4. The siructural weight of a Jaunching mrohanism noed not exoeed
200 1b.
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FABHRAD INSTATLATIONS

Tho dusign of the warhesd hag not boen considered in euwy datail eg
yot. Up to the pressnt, & #0 pound warkzad hes been acopped, Warhsad
ghapas Weore appumad in reproseating the I{-800 pietorislly. Thia waa
done aimply to produsa o reasonsblas ploture &nd dees not reprosent & wEre
heed of proper Sesign. The werbesd problem will not b studied in de-
tadl until the missile devisn fa furthesr orystalixpd.
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MX-800, Secret (Report HRB-103, SPD-28)

The M.W, Hellogg Company. °Survey of Intelligence Deviess", September
3, 1946. Secret {(Report SPD-35)

Correll, Invsstigatioen of & Haam-Guided Anti-Alreraft Rocket, HRsel No.
(0-127 (German No. Fb 1847) The 4,¥, Hoellogg Company Trans)ation C-3/
264T, JFume 1943,

The M.W. Kellogg Compmny, Raport of Prograse on e Study of Controla for
AN Jir-to=hipr Pilotlese ajrersft {M(-800)Novembar 1, 1946, sSscret
(Report SPD-4l)
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MIT. Davelopmsnt of & Sarvo-Control Syptem for Guided Hisalles. Raport)
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The M.%., Kellogg Company. Harmonie Osclilation of Alrfbils in Tero~
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Tho .9, Kellogd Compeny. Short Range Sseker for KX-800 culdance Syntm[
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Guldance Syotem for the EX-800, February 6, 1947 Sserot  (Report HRB-
112, 3PD-T1)
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ERRORS IN TWO-BEAM GOMMAND

The gathod of guidtnes oomsidared id one bmsed on ths velue of £
{= 45/as). (Bea PigureAl.} £ is scuputed at the o?tmlﬁ staticn from the
monsured velues of Ry, Ry, Bre By, S, Sy, sed v (= Pp = Ay,

¥s wish to eotimate the error inm the computed wvnlue of 5 dus %0 obe
gsrved errors in the psasured Suantitiss.

Ihe Formmiss.
¥n hawe
¥4 = pePhy + R + (RpSy - Rar) siny ~ mpmulfy *"‘u) cos ¥,
whore

Rz uBTB+ mg..aWosy.
™ie gives
RE34 = mpstiny, RZ_ % = - Rysia 7,
e =

n*.%f'waﬁ—w“y. Eaa_%é-ﬂrz-wy.
a:%.. [ine® + Bfloosy - 2Byfy | Bp 7~ (Be® - REIR B1ny

~ 2{Ry ~ Bpeos y)R@ﬁgﬂin Y
g&}é [ [{B,Ix + Ryf)oos y = 2“14“’1'] By~ {Rof - Bﬂsln',,pm ¥
By

* B{Rp - Ryoos ) Edfein v,
HIS = (Brfy - Bfir) [(Rr® + RePlooa s ~ 2y |
Y .
- (5 - ) RyRpein 5

By introducing the mlas‘y‘r and-yu {Figuresl), theas can be roduced




COR3emmiay,  E3je_agiy,

R%%é" W“'y Tl | : "mpau 7 1

-R“ﬁiﬁ' (~Bpsosyiy ~ R 00wy By
+ (~ZRpfiyooiyy = {Roonyy = = Rysosypifylsiny .

a.ﬁ- = {=Rpooyp - Rysosiy) Ry 5
* (BRgfipeomyy - (Rpoomyy = Byposyy)fig)oin ¥

H‘%& 2 Rzm‘!ﬂll - Ryftn} {oos yw 2e1inyyeinpg}
4
~ BRr(Rp - Ry ) (Bp » B stn

If 7 12 amell, thea”¥y is elic gmall avd ¥ {0 near 180 degreos, So
we can yut approximately

coaYe gody = ]

conlp e ],

Bp -~ By = R,

Then =e gat apnroxinately

R22 4 = Rpatny, 2 3 fiwm ~ RuBip ¥
3 B 3

B 3e mg,
e

R 3w v xﬂri'y‘_— {RT + Ryditp siny.
The T B

‘Rz%gr B - R’Q-’é 2% *‘ﬁl“ﬁa’ Ell;ain)' .

R”_z__é * ReR - R R - BuPy (Rp *+ Ryl pyp
.'}‘
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e fake the follewing valdss a8 probatie exvore of the meastred
quanbities - L R T .
dRy « 4By » 30 18,
&7 a 004 pad,
Qi = dfiy » 120 2% per éao,

Qfyy = dfiy = (OL rod por sec.

. Tgure 3 shows o semple trajectory, Regardiess. of whetber the con-
trol ship pursues » straight course or turtis we levs roughly

R = 3600 £3 Rp = 12300 rt,

Ry = 8800 £t fip « - 700 £t per sec,

R » 1600 £t per sec

v & =1.0 deg, v W L0135 rad.per sec

8iny » -, 028, Rysiny = -200 f1, Rysiny = ~300 £t,
Th#sa give, roughly,

3 R = -,003 35 afp = L002
T 3
a%d}:'h * - OR% 3%161‘ - O35
%&dﬂu = ,000 BEE;T:RT - 000

3 Ady = 008
2y
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