UNCLASSIFIED

AD NUMBER

ADB805023

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;
Adm ni strative/ Operational Use; 30 APR 1947.
O her requests shall be referred to Air Force

Mat eri el Conmmand, Wi ght-Patterson AFB, OH
45433- 6503.

AUTHORITY

ASC AFMC Itr 29 Dec 2009

THISPAGE ISUNCLASSIFIED



UNCLASSIFIED

AD NUMBER
ADB805023
CLASSIFICATION CHANGES
TO:
uncl assi fi ed
FROM:

secret

AUTHORITY

DoDD 5200. 10, 29 Jun 1960

THISPAGE ISUNCLASSIFIED




Reproduction Quality Notice

This document 1s part of the Air Technical Index
[ATI] collection. The ATI collection is over 50 years
old and was 1imaged from roll film. The collection has
deteriorated over time and is 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









ﬁ

PROJECT RASCAL
CONTRACT W33-0380ci4/69

. ! ‘ '
B E L l()/%/ﬂ//t/ CORPORATION
A !

]
§
!
J
;

BI- MONTHLY PROGRESS REPORT ~ -
APRIL 3Q, 1947 |




SECRET

BMPR~6
- 0 REPORT NO. " ""°
copy No. A - UG1D OATE _April 30, 1947

RASCAL AIR-TO-CROUND GUIDED MISSILES
SIXTH BI-MONTHLY PROGRESS REPORT

Air Documants Divisian, 1-2
AMC, Wrigi.: Fizid
Microfiim No.

RC%WLHU@,

NO. OF PAGES 7S PREPARED BY 7%”%/&@«
CONTRACT No. ¥33-032 ac-14169 APPROVED BY 22

MODEL _MA-TTE_ APPROVED BY

SECRET

Cmm——




SECRET

B E LL_}//)Y’I‘;W/CMPMATIM

TABLE OF CONTENTS

P“rPOB.OfPNJOBt.-OoOOOOoooooooo--o

Summary of Work Conducted During Period -
Fobe 28 = Aprll 30, 1947 4 o o o ¢ o o 0o 0 ¢ ¢ 2 06 0 ¢ o

Aerodynamics
a, A Study of the Effect of Ogival Noses Angls on Range
be Gonerale o o s o s o o 6 6 606 6 060 060 00 s
e Falréd Radome o o o 6o ¢ 6o s s s 06 006 060 00 0o
Structures

a, Structural Comparieon of a Wedge (Diamond) Section
Alrfoll with a Flat Hexagon Section ¢ ¢ o o o o o o o

be Planform Selectlon . 4 o o o s o 6 ¢ 0 6 06 0 o 0 0 ¢ o

8s Wing Area for Minimum Weight of Fuel Used in Overcoming
WingDrlgPlusWingWeight. e e o 0o 0 0 0 5 0 0 0 u s

Propulsion ¢ « o + « s o o 6 6 6 6 6 060 050 50005 s s
Guidance and Control

2, Azimuth Computer o o o o o ¢ o
b, Radar Improvement ¢ o o o o o
0. Plexiglas Radome Construction

d, Mleeile Search Radar System

e, Flight Simulator . ¢ + ¢ »

f, AN/APQ-13-T1A Tralning Set

8¢ Raytheon Relay o ¢ o o o o

he Dive Angle Computer , ,
Flight Test

ay, Review of Flight Testing Program
be, Flight Test Summary . . ¢« ¢ ¢
0o Autopllot Evaluation , ¢ ¢ ¢ o o
d, Radlo Control Adaptlon o ¢ ¢ o o
Appendix I - Flight Teat Reports , .

o

REPORT NO, BWPR-6

PN i

SECRET




SECRET

B E '. l{)///rm/ CORPORATION

TABLE OF ILLUSTRATIONS

Rangs va, Ogive Noss Angle For a Missile of
Givan Length and Diameter at 40,000 feet , .

Typical Faired Radome 4 s o o ¢ o ¢ ¢ ¢ o o
Wing Deflection as a Function of Planform
Velocity ve, DampIng o« o o « o o ¢ s o o & »
Waight of Fuel Used to Ovarcome Wing Drag .

Weight of Fuel Used to Overcome Wing Drag
Ve WINg Arsa ., 4 o o o 06 s 06 06 06 05 0 s 0 0 s

Maximum Accelerating "g" vs, Altitude . + o+
Block Schematic Dive Angls Computer (Modified)

Miss1ls Ralay Link Housing o « &+ « s o s s o &

LIST OF TABLES

Table 3:1 < Range Performance for Various Ogivs Noses Angles
.t4°.°°°r’°t.....................

REPORT NO. BMPR-68
-t




SECRET

B E L I(;//)rm/ CORPORATION

PURPOSE CF PROJECT

7

Pro ject MX-776-1s a one-year study and research program
covering englineerinig studies, research, design, laboratory and flight
testing for the practical design of an air-to-surface supersonic
(M = 1,6) guided missile, It Is to ba carried and launchad from an
altitude of 20,000 to 45,000 faet by a B=29 seriee alrcraft against
atationary targets and maneuvering watar-borne targets at flight dis-
tances up to 100 milee from the launching point, The controlling air-
craft must ba able to take evasive action in any direction while con=
trolling tha missile and must be able to executa control from a dietancs
of at least 60 miles, Savanty-fiva percent hits within 500 feet of a
stationary target and seventy-five parcant diract hits on a water-borne
target are required, The warhead must contain an explosive squivalent
to at leaat 3,000 pounds of prasent TNT,

April 29, 1946 - July 1, 1947
SUMMARY OF WORK CONDUCTED DURING PERIOD - PEB, 28 - AFRIL 30, 1947

8, Engineers hava visitad outside organizations to diecuss subjects
pertinent to our research program:

Activity Visited Dats Sub jact Discussed

Raytheon Mfg, Co, 3/10/47 Radar Ralay
Waltham, Mass,

Laboratory for Electronics 3/11/47 K-Band Rapid Scan System
Boston, Mass,

Cambridga Field Station 3/11/47 Clearances
Cambridge, Mass,

M, I,T, 3/11/47 Search Antanna
Cambridga, Mass,

Stevens Arnold Co. 3/11/47 Ultrasonic Trainers
Boston, Mass,

Cal, Tech, and Johns Hopkins 3/11-12/47 Free Flight Symposium

Wright Fleld 3/18-19-20 Contracts and Equipment
Dayton, Ohio

Wright Field 3/26-27 /47 Radar Raceivaras
Dayton, Onhio

Stsvens Arnold Co, 3/31/47 AN/APQ-13T Trainsr
Boston, Mass,

Laboratory for Electronica 3/31/47 K-band Rapid Scan System
Boston, Mass,

Sylvania Electric Corp. 4/1/47 Missils Search System
Boe ton, Mass,:

Workshop Assoclatee 4/1/47 K-band Rapid Scan Syetem
Boston, Mass,

Williard Storage Battery 4/16/47 One Shot Batteries
Clsvsland, Ohio

Phileo Corporation 4/17/47 Radar Recalvars
Pniladelphia, Pa,

BuShips, Navy Dept, 4/18-21 Subminiature Tubss
Washington, D,C,

Radio Corp. of America 4/21 /47 Pulse Altimeters
Camdan, Nsw Jeresy ’
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Activity Vielited Date Subject Diacussed

Navy Research Laboratory 4/22/47 Radar Recelvers
Washington, D,.C,

be Pereonnel of outslide organizations visited this contractor to dise
cuss problems pertaining to Project "Rascal":

Visiting Activity Date Subject Discussed

Alr Materisl Command 3/7/47 Project Status

Sylvania Electric Praducts 3/7-8/47 Missile Search Radar

Discussions pertalning to a subcontract are still in progress with
the Laboratory for Electronics, Completion of negotiations are held up
pending procuremant of test equipment to be used In prosecution of the
subeontract,

At ¥,I.T. a study of dielectric lenses has indicated that a
limited apernture will be obtained and hence a study of zoned lenses
can be made, It wae brought out that, contrary to the conclusions of
A,I.,L,, satiefactory azimuth patterns may be obtainable over a range
in elevation of 110 degrees or greatser, Further study will be under=
taken to asacertain i1f such 1s the case.

Ultrasonie tralners were discussed at Stevens Arnold Company,
Several typos of ultrasonic tralners have been developed, the most
flexible of which 1s the most recent type for the Navy, the AN/APS-T3,
Other tyvpes are represented by the APR-7T1, APQ-13T1 (Mark III and VI)
and APQ-13T1A (Mark IV), The AN/APS-T3 1s capable of providing conical
acan and tilting reflectors; the ti1lt control is located at a central
station, Stevens Arnold felt that the APQ-13T1 waa the hest suited
for our needs, This opinion conflicted with a recommendation of AMC
that our cholce should te the APQ-13T1A., The -13T1lA was obtalned and
a consultant from Stevens Arnold brought in to mid in setting it up,
Further details on our use of this equipment 1a contalned in thie re-
port,

At Californla Institute of Technology and Johns Hopkins University
we attended a symposium concerned with problems of free rlizht testing
of full size and ecale model missilas,

At Wright Fleld the subjlect of auxiliary power supplise wae dlse-
cussed, It wae su;gested that a symposium on this subject for all
missile contractors and battery and generator manufacturers be held in
May or June at which the renqiirements of the missile field would be
alred to Industry in general,

Workehop Assoctatee' facilitles were Iinspected as a possible sube
contractor, Thelr organlzation is small, but they have adenumste shop
facilitles for buliilng mndel shop versions of antennas in a comparatively
short time, Thelr present test equipment is limited to X, S, and the
lower frequency bands, Thay speclialirze in finul development of antennas
rather than research and early development,

Our power requirements for equipment operation were ;iven to
Willard Storage Rattery Company in an effort to obtain an expendible
one=-shnt battery., The results of thiz fanquiry are expactsd in the
very near future,

Pnilco Corporation has determined that thelr losarithmic 1.f,
amplifiers are nqulte successful on the ground, »ut fli,ht tests have
not yet been made, The sub-minlature tubes used in conjunction with
this equipment have proved gqilte satisfactory; however, it i1s felt
that thelr general use cannot be possible unt!l toollng for mass prod-
uction 1e completed by the manufacturer, It becomes svident as a result
of this Pnilco effort that welpht, spuce and power can be conserved,
proving a great advantege to the missile field,
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Further studies have baen made of the effect of ogival nose
angles on missile range, A basic miasile of the welght and size
comparable to the Rascal rocket missilea wae selected for study,
Overall length, fuselage diameter, space for equipment and payload
were hoeld constant, and ths oglval nose-angle varied from 20 to 60
degrees, Basicelly the problem reduced to eclecting a compromise
fuselage configuration which would carry a maximum amount of fuel
for a minimum of nose drag. A curve of range versue cglve noase
angle wae plotted which indicates en optimum renge for an angle of
35 degress, An angle of 44 degrees which we had previously selected
euffers approximately only saven miles loss in range over the opti=
mum indicating the realisticness of our choice,

A Constant Incident Angle Radome was offered in BMPR-4 as a
missile nose conf'iguration, which constituted a reasonable compro=
mise between asrodynamics end guldance requiremente, In that vain,
another nose configuration 1s presented in thie report which we have
called a "Faired Radome", 1t is eesentially a hollow di sk contain=-
ing a "pill pox"™ antenna Insarted Into the nnee of the missile in
an attempt to segregate the guldance requirements and the aeroe
dynamiec requirements into individuel nose shapes and thereby (1)
reduce the nose dru%, (2) make possible a most favoratle antsnna
radome design, end (3) reduce to an absolute minimum the structural
problems assoclated with the radome, Wind tunnel tests are now
needed to clarify the extent of the deatabllizing effect which aero-
dynamic analysis has revealed for thls configuration, Tests were
reque sted for May 1, 1947,

From a wing deelgn study it was detsrmined that 45 sq, feet of
horizontal wing area would permit an 8 g pull-out et 5,000 feet with
20 per cent fuel for a Raacal miselle groseing 11,500 pounds, and
that this area with a delte planform, end double wedge airfoil is
desirable from the standpoint of structure end the minimum weight of
fuel required to overcome the drag of the wing plus the wing waight,
A minimum section thickness of 2 per cent was shown to be satiasfacte
ory, but other consideretions dictated that 5 per cent is more reel=
istic, Thls study has taken into account structural, aerodynamic,
and productlon considerations; flutter was touched on lightly, but
missile atepility was intentionelly lgnored for aimplicity. Because
of this letter omission this anelysis cannot be conaidered conclusive
but only indicetive of wing des!pn parameters with which to work,

The Missile Relay Antenne and Missile Carrier Relay Antenna
Stabilized Pletforms shown in BMPR-5 ere undergoing modif ication,

Of the guldence end control equipment under development, the
azimuth computsr 1s complete except for the decoder and its essoci=-
sted servo. The AN/APQ-7 radap 13 being modified in the laboratory
to include e triple~tons circuit bacauge i1t has become apparent that
for attacks on land taryets gome form of target discriminatory circuit
13 essentlal, The small ten inch dlemeter conical radome described in
BMPR=5 1s etill being tested et Wright Fleld; in the meantime, a large
twenty inch diemeter 18 degree conicel radome is belng fabricated, It
18 intended thet thie latter radome will also be teated at Wright Fileld,
Sylvania is now active in a mlesile search redar system development,
which has produced to date preliminary sketches locating the complete
K-band system in the specific missile deelgn previously mentioned,

In the lapse of time batween the last report, the flight simue=
lator has undergone chenges w:ich appear to offer considerable improve-
ment over the earlier system., Also an AN/APQ-13-T1A Training Set has
been obtained und set up for modificetion into a flight simulation
device,

A recapulation of our flight test reeulte is contained in this
gublication. We have epproached the problem by reviewing the original
Rascal” Guidance Scheme that was present In BMPR-1 and commenting on
each of the items therein, We have covered the objectives and pro-
cedure of the talevislon alr-to-alr link, the missile search radar
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eystem, radar tracking and gulding of miselles, the use of a P-80 and
B-25 airplanee as miseile rl ight test vehiclee, and the equipment re-
quired, In general the status of the flight test Program can be
eummed up as Proceeding as planned with the one exception of materiel
Procurement,
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AERODYNAMICS
A Study of the Effect of Ogival Nose Angles on Range:

To continue with the program of an optimum nose configuration
selection which we have pursued in the preceding progreas report
perloda, a short study has been made to determine the effect of the
magnitude of the ogival nose angle on the total range of the missile,
Being ehort and limited in nature, it givee only an indication of the
desirable latitudes of ogival nose angles in which to wrk, but it R
does further substantiate our original selection of 44 degreee,

For purposes of comparison,a baslic missils of the weight and size
comparable to the Raecal rockst missiles wae selected, Overall length

and fuselage dlameter are hsld conatant, Space for motors, guldance

equipment, and warhead is fixed, and the configuration is further re-

stricted by the location of the search antenna, the position of which

is maintained at a point where the diameter of tue ogive 1s 90 per cent

of the fuselage diameter, Fuel cannot be stored forward of the ssarch

antenna and, therefore, the mtount of fuel which a missile can carry be=

comes a function of the oglval angle and in turn, ths antenna location,

The problem reduces to selecting a compromise fuselage configuration

which will carry a maximum amount of fuel for a minimum of nose drag. 1
The ogival nose angle was varied from 20 to 60 degrees, j

Since the effect of nose angle varliation was the desired objecte
ive in this short study, ths calculations were simplified by making
assumptions which eliminated eeveral of the usual performance compute f
ations: (1) The missile was assumed to be able to fly with no 1lifte
ing surfaces, which eliminated the form drag, attitude drag, and skin i

friction drag caleculations on these surfacee. {2) The missile was
aesumed to reach M = 1.6 aftsr 30 eaconds of boosted flight and was
consldered to fly at M = 1,6 at 40,000 feet until the fuel was ex-
! haueted,

°  With the total fuel for unaccelerated flight lmown, the ranges for
unaccelerated flight of the varioue misslle configuratione were calcu=
lated,
Table 5:1 gives a comparison of grose weighte, total fuel, and
range for the various noee angles selected, and Figure 3:1 shows the
variation of rangs with these nose angles,

Table 3:1

Range Performance for Various Ogive Nose Angles
at 40,000 feet

! Total iCruising# 'Drag at | Range

8 Ogive Missile Gross
(Deg,) |Wetted Area. Vol, i Fusl Wt, Fuel ‘M=1,6 | {ml,)
{sq., ft,) f{eu.ft.) ' (1lbe,) (1bs,) . (1bs,)

60 254,5 145.,3 6586 4801 © 1690 161
45 249,5 . 138,5 ' 8000 ' 4300 1320 185
30 239,0 125,0 4841 3301 i 976 192

1746 i 798 124

3021

20 ] 224.0 103,7

# Fuesl remaining after deducting fuel used to boost the misslle from
300 mph to M = 1,6 in 30 seconds,

Figure 3:1 provides a means of selecting an optimum basic body
for the Rascal missile, However, 1t should be emphasized that no

attitude, form, or skin friction drags of the lifting surfaces were i
included in this study, and that with increasing noee angle and the ’
consequent increase In groes welght, these drag components all increase i
and tend to counteract any benefits dsrived from greater fuel capacity. |
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It would seem, therefore, that for the complete missile, the optimum
point on the curve (namely, at an angle of 35 degrees) would move

toward ths left, This indicates that the final selectlon of an opti=-
mum nose angle can ba made only after a more detailed investigation,

RANGE~MILES

# CRUISING RANGE DNLY

] |

o} 10 20 30 40 50 60
OGIVE ANGLE~DEGREES

FIG.31 RANGE™ vS. OGIVE NOSE ANGLE FOR A MISSILE OF GIVEN
LENGTH AND DIAMETER AT 40,000 FEET

b, General:

Aside from the Ogive Angle Study presented in 3,a, above, the
recent investigations in the aerodynamic phase of the Rascal Project
have pertained chiefly to the preblems concerned with the preliminary
design of a specific miesile, These Include deeigning and locating
aerodynamic surfaces for ealliefactory static longitudinal and direct-
ional atability at both subsonic and euperaonic epseds, and having made
a wing eelection, investigating briefly the longltudinal characterie-
tics of the missile, The rangee attrinable when launched at varioua
attitudes and altitudes were then determined for performance etudy. To
complete the picture, ratee of control surface deflection, power re-
quirements and miseiles responee were inveetligated for given pull-out
specificatione, Further detaile will be publiehed in a special report
covering the whole of the specific miesile deelgn,.
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ce Falred Radome:

A constant 10 degree Ilncidance angle radume was presented in
BMFR-4, in which the calculated nose radoma contour with respaot to
rays emanating from .9 of the body radius, wae closely approximated
by an ogive, i.e,, by arce of circles, This nosa shape resultad in
an includad tangent noee angle of 44 dsgrees, which from the stand-
point of aerodynamics 1a rather blunt., From a conslderation of micro-
wave tranamiseion, a much more blunt nose would be prefarred, Prelime
inary results of still incomplete tests being made by Mr, Behrena, ANC,
indicate that the 18 degraa noee angle, straight-sidad plexiglas ocone
may exhibit acceptable transmiseion characterietics, At any rate, the
oritical couwpromiea betwean aarodynamica and electronics in respect to
tgo forward portion of Rascal supsrsonic body ramaine indeterminate at
this time,

In view of the uncartainty of this situation, 1t hae bean deoided
to explore the possibility of solving this crucial problem using a
different approach., Accordingly, a design as indicated in Figure 3:2
has been propoeed and invastigated insofar as possible without the aid
of wind tunnel information, Since tha search antenna is conceived as
& rotating mechanism sweaping a 28 inch diamater "disc" about 4 inches
deep, 1t 18 proposad to move thie "diec” forward in tha miseile nose
until the antenna radiating area extends outsida the missile contour,
Effeotively, this configuration attempts to eagregate the incompatibla
aerodynamic and alactronic characteristics, Tha antenna radome frontal
area has now been reduced to a minimum, Thus a blunt radome ehapa will
aot 80 seriocuely affect tha aarodynamic characteristice, since the
major portion of the frontal area may be disposad favorably by tha dice
tates of aarcdynamice, which means a longar, smallar-included-angle
nose shape,

It was hopad that this arrangemant, refarrad to as a “falred
radome” would (1) increaee the ueabla volume within tha fueelnge,
(2) reduce tha nose drag, (3) maka possible a most favorabla antenna
radome deeign, and (4) reduce to an absolute minimum the etructural
problems associated with the radome, Praliminary work indicatas that
the "usable"” fuselage voluma remains unaltered, due to the reduced
"total" fuselage volume reeulting from tha longar, eharpar noee, the
fuselage length being limited by bomb-bay dimansions,

Aerodynamic investigation revealad that the reeulting deetabiliz-
ing horizontal area at the forward fuselage location poeas a serious
stability problem, In respact to this and drag, a reasonable astimate
is not possible in that satiefactory theory for 3-dimensional supare
sonlo flow hae not been evolved, and no tests of a eimilar natura have
besn performed insofar as this contractor haa baen able to determine
from technical information both In this country and in Garmany,

For these reasons it was considered Imparative to investigate
this type of nose shapa in a supsreonio wind tunnel, and to that end
a requeat for one day's testing in the Aberdean tunnel on or about

May 1st was raquested in a letter to AMC dated March 6, 1947, To
date, no wind tunnel time has been assigned,
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STRUCTURES
Rascal Wing Dasign Study:

Selection of a auitable horizontal wing for the Rascal missile in-
volves, among othar thinge, consideration of the saction profile, plan-
form, and wing area to give a minimum waight of fual to overcome the
drag plue wing weight, and a wing area to accomplish tha raquired man=-
euvers,

A specification has been established for the missila for this par-
ticular etudy as follows:

Gross weight at launching .eeeessseccccsssccnses 11,500 1bs,
Averaga gross welight overr the flight path seeeee 8,000 1lbs,
Launching al%1tude seceesscssccscscssccsaccssane 40,000 ft,
Cruising altitude ,, 40,000 rt,
RANE® wcecsssssssscssescsse . 100 mi,
Speed for 60% of tha range seesesesesss 1,6 M

Maneuver in Pitch (20% fuel & 5000 fte) eececces 8 g

This specification only approximates the missila under consideration at
present,

Structural, aerodynamic, flutter, and production considerations
are among tha more important planform criteria on which a wing design
is to be based, Structurally, it must be analyzed with respect to
(1) spanwise banding moment, fz) deflection, and (3) torsional stiffa=
ness, Aerodynamically, minimum profila drag 1s desirad, Minimum
washout dua to spanwiae deflection of a sweptback wing, and pointed
tip within a trailing edge Mach cona are additional aerodynamic con-
sidarations, Flutter characteristics have baen touched on lightly,
although 1t 1s belleved that thay are of prime importance aven to the
point of determining wing ehape, Since we are working on an axpendable
vehicle, the desirability of production-ease influences tha dasign in
size and straight elemant development, Wing area was based on the
minimum weight of fuel necaeaary to overcome wing drag plus wing weight
and the minimum to accomplish the requirad maneuvars,

a, Structural Comparison of a Wedge (Diamond) Section Airfoil With
a Flat Hexagon Saction:

SECTION (D SECTION @)

o 333C e~ 333C =
— ]

Given the above sections which have the eame chord but different t's
(both sections are solid), it is desired to compare the drag, strength,
welght, and deflection of these sections,
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Section Properties

Section (1) (2)

2 x 333 Ctp
A .5 Cty +666 Ctg ————= + ,333 Cty

I 0208 Ct,% 0418 Ct53 2 x 333 C x ,0208 t,3

1/y 0416 Ctq2 0832 Cty2 + ,0832 x 333 Ctg®

)

A beam, 1in bending, will fall st a stress wiich calculates to be
higher than the ultimate of the material, provided all of the material
is not concentrated at the extreme fibers. This is true because the
material undergoes some plastic flow and therefore the classical beam
bending formulae break down, The apparent stress at whlch the beanm
falls depends on the shape of the beam cross-section, or on a "form"
factor,

The following information comes from an article in the Institute of
Aeronautical Sciences Journal, May 1943, by Cozzone, "Bending Strength
in the Plastic Range",

Apparent fy = fp + o (K-1) = ;I

K = form factor
1.5 for u rectangular cross-section

2,0 fer a  wedge wmection

= bending stress
= ultimate tenslon or compression streas

= intarception, with stress axis, of a trapezoid drawn
on a stress-strain diagram such that the trapezoid
covors the same area as that under the stress-strain
curve, Ono peak of the trapezold 1s at Tt

STHESS‘

For dural, fq5 = ,5 f; 30 f}, becomes
Ly = o + o5 fp (K-1) = £ (45 + ,5K)

The beam does not ever reach the apparent atréss,
instead, conaldering two elements of area at the exw
treme fiber, when the outer-most area reaches the
ultimate streasas, thiere 1s some plastic flow, and be-
fore 1t falls the rwxt area reaches the ultimate, amd
50 on until no more flow is possible and tne beam
breaks, It can be seen from the accompanying sketches
that the ratio of the area of the 1rm<r increment to
the outer increment, for the rectangular section 1is
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1:1; for the diamond 3:1, A scale drawing of the hexagon being con=-
sidered givee a ratio of 1,22:1,

Plotting the bending moduli against the area ratio for extreme
fibere, gives a bending modulus = 1,28 for the hexagonal section,

]
128
SENDING
Wotuoss | A
]
128

2 3
AREA RATIO

The etrengths of the two beams, wedge and hexagon, will now be
made equal, The etrength of any beam would depend on the bending
modulus times the I/y,

1.5 x ,0416 Ct,2 = 1,28 x ,0832 Ct,?
1 2

t] = 1,307 tp

The wing drag 1s made up of three parts, skin friction, attitude
drag, and profile drag, Of these, only the latter will vary with the
two eectlione under considsrntlon. For the profile drag, the only
varying factor ie K,(t/C)<,

Drag Propertiee

Section (1)

Profile drag

form factor = K 4

t2 £12 _ 1.3072852 1,71 t52
e e ¢ c®

Profile dra
factor = Ky(t)2 4 x 1.71 to?  6.84 52

~r
c© c<

From this table it oan be seen that the increase in profile drag
caused by ueing the wedge section 1s 6a84 times that for the hexagon,

providing that the strengthe are equal,

It hae been found, very approximately, from a previous analysis
of a eimilar alrframe that the wing drag = 1/2 total drag, profile
drag = skin friction, and the attitude drag = 2 x profile drag (or
ekin friction),

Then letting the profile drag = A

wing drag = 4A
and airplane drag = 8A

the increase in total airplane drag from using a wedgo shape 30,7%

REPORT NO. BMPR=6
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thicker than a hexagon shape

= — A = BA = 013 or 1.31 (This ie negligiblo, being within the
T'(l
limite of error of the method),

For comparing deflections of the above two eectione, as deeigned
for equal strength, the moments of inertia may be compared,

For (1) I = ,0208 Ct13 For (2) I = ,0416 Ctp3
.0208 C 1,3073tp3
= ,0466 Ctp3
Oor (1) will have .:%%%g = 1,12 more rigidity or 12% lesa
deflaction than (2).

= 45 Cty = o5 C x 1,307 tg For (2) I = ,666 Cty

.653 Ctp
Or A (or weight of (1)) = Lg%% X Ay

= ,980 Ay (or weight of (2))

To sumnarize:

Item 1 Wedge (1) i Hexagon (2)

Allowable Load L L
t/c 1.307 x x
Alrfoil Welght .98 W w
Total Airplane Drag D D
Wing Deflection | B | 1,12 §

b. FPlanform Selection:

Since deflection becomee very serioue with emall thickneee alr-
folle, a study wae made to determine the beet planform; that 1s, the
planform which, for a given aepect ratio, thickness ratio, and area,
hae the least tip beamwise deflection,

Assume, for asimplicity, the following wing:

Constante:
Aspect Ratlo or b (= eemi epan of exposed ares)
S (= area of 1/2 exposed wing)
% (= load on S}
50/ chord _L_ airplane
w = uniform loading

= X =
Cg + F(CR C¢)

I 1 Moment of Inertia
r .0208 ct3

= ,0208 25 c4

_l where Z = .é
.0208 z3(c, +X[cg - ¢y )4

REPORT NO. BMPR-8
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x%c,,

x%c
The moment at any point, X, = (—5— + T), which formula can be
arrived at by calculus or, more simply, by geomstrical calculations,
The tip deflection 1s equal to the moment, about the tip, of the
area unier the M/EI ourve,
b
x%c, x2%c
Fa— v ) T ax
E .0208 2°(Cy + B[Cg - C¢])*
°

w
Lat Xy = ————————
1~ E ,0208 25

b
ctx3dx

1 . X3 ax
8(Cy + g[Cr - Ce])*
Q

300y + 3o - C

K

K

Upon integrating this and eubetituting in the limits, the follow-
ing equation is found:

c c - Cy2
et [108% , 8C%CR - %" _, ]
{cp-C)3 C 2 Cg2

[- + 3

———— [ cg-2 C¢ 1og
Cr (cn'ct)a(

C¢ + C
ButS:LE-—Rb orcR=E‘:-ct
And Cy can be put into terme of .?1_5 or C¢ =

K R [ 1 1
tip = - +
Poasa-em) L 283, k)2 (28)3(1-2x)°

(208 3 + 22" - 200)]

K bt [ 1 3

- + X
E2a-0®  @8%a-2x)®

Setting the first derivative of this equation, with reepect to
K = 0, would give the optimum wing planform from a deflection stand-
point on the minimum deflection, However, this 1s a long tedious
procese and it 1s simpler to substitute a given condition or given
values of b and % « Then different values of K can be assumed and

28
6 r(1-2K)
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a curve or5up plotted, The minimum deflection point can be found
directly on this curve,

Using a typical wing, b = 36", S = 1330 8q.in,, the following
results are obtained:

K [ stip/x}d

«01 1,299
«05 1.222
<10 1.216
.20 1,351

The curve, Fig, 4:1, plots these values and shows the optimum
point to be K = ,075,

4
|

i i - i i A o !

o} 02 04 .06 oe 10 12 14 16 18 20 22

K
WING DEFLECTION AS A FUNCTION OF PLANFORM
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2075 %.%

28 _ 28 _ 28
£ - o075 83 = 025 23

28
= .:92_553‘7 = 12,33:1

<075 ¢~

By previous considerations the optimum sweepback angle has been
found to be 45°, for the quarter chord line, at M = 1,6, The ratio
12,33:1 1s along the neutral axis, For the above condition the ratio
of the root chord to the tip chord, for the chords parallel to the lipes
of flight is found to be 14:1,

Optimum Wing Planform
For Minimum Deflection

The torsional twist of a 2,3% solid magnesium surface of the fol-
lowing planform was studied, The trailing 20,8% of the surface was
considered to be an elevator. On the basis of preliminary estimates,
the fixed surface loading was assumed to be 8.3 psi (limit) snd the
elevator 2 x 8,3 = 16.6 psi,

2% % C LINE

7/"" 50 % € LINE (MAX. THICKNESS)
-4 missiLE
NEUTRAL AXIS (85% C LINE)

€ HINGE (79.4 %)

L
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Torsion was taken about the elastic axis (which was assumed to
coinecide with the neutral axis), The pressure distribution over the
wing was assumed uniform, Since ths twist decreased the angls of
attack, @ , the effective wing area was lowered, or more sxactly, the
Cp, along the span was lowered. A plot of the chord x %32 agalnst
the span compared with & plot ot‘ chord x span showed an effective de-

erease in wing area of about 30%. (The elevator was agsumed to have
four hinges,)

Approximats Twist (0) in % of o

Exposed Seml-Span o ' 17,5 | 35,1 52.6 | 70.2 | 87,8 | 100
(o) 0 [,103 »207 « 331 «600 [ 1,00 |1,36
- 0 1 |.89'7 o793 | .669 +»400 o] o=

#Actually the surface would never twist more than o ,

It can bs seen from the above that, structurally, 1t would be
very desirable to use a completely movabls surface, rather than an
elsvator,

However, the present trend heres ia toward a 5% section, Since
the torsional deflsction 1s approximately proportional to the cube of
the thickness, the twist will be materially reduced,

A wing of the following planform was designed (1) as solid
magnesium, (2) hollow dural, (3) hollow magnesium, and (4) hollow
steel,

ASSUME
CENTER PANEL 25% C LINE
CONSTANT AND SWEPT SACK 43°

THE FORE AND i 50 % C LINE Max. t
AFT BOUNOARIES

TO SE 30% ¢ 3
AND 70 % C

1.'

[t sTiFreners (39

The wings were designed for a design loading of 12,8 psi, Temp=-
erature was considered to be 250°F, at which the E, and UTS are con=
sidered to te reduced to BO% f.nose of room temparnture.

The following tabls summarizes results:

| Approx. Tip
Section Parallsl C | Weight By

| o am
Wing Misslle (both sides) | Deflection

2,35 Magn, | Solld 1854 20 "
5% Dural = to 5% Cty = 4.56% C 1094 | 3,39"
5% Magn, | t, 5% Cty = 4,40% C 95# 4,01"
5% Steel | to 54 Cty = 4.64% C 2264 1.68"

o = outside thickness at 50% C line,
1 = inside thickness at 507 C line.

Deflection is at 1imit load,

t
t
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From the foregoing analysis it can be seen that the double wedge
section compares very favorably with the hexagon in weight, drag, and
wing deflection, In planform, the delta configuration with a Cp equal

Ty
to 12,33:1 proves to be the most desirable structurally, Optimum
sweepback for minimum profile drag is approximately 40° at K equal to
1.6 design epeed, (Ref, RAC 02-942-07)). Since the attitude drag ie
aprreciably lesa with higher angles of eweepback, an angle of eweep=-
back of 45 degrees hae been arbitrarily chosen as a reasonable comp=
romiee, A delta planform wing is proposed to minimize the decrease in
lift caused by washout, This becomes apparent when one considera the
case of & sweptback rectangular planform wing where the washout is in-
duced progressively toward the tip in proportion to the amount of
spanwise deflection, The delta configuration offera less area to be
affected by washout toward the tip and therefore less adverse effect
of washout due to tip deflection, Production considerations have in-
fluenced the selection of a planform to one of stralght leading and
trailing edpes,

© CRITICAL MODE I
A NON-GRITIGAL MODE

e | i 1— {
| VELOCITY~ M PH
100 200 300 400 S00 600 700 800 900 1000 1100 |

DAMPING

»
Q

DOUBLE WEDGE AIRFOIL

2% MAXIMUM THICKNESS |

CHORD LENGTH AT INTERSECTION OF
FUSEL AGE AND WING = 82 INCHES

TIP CHORD* 22 INCHES

SEMI- SPAN TD § MISSILE = 8O INCHE S

SWEEP: 399 T T

| ]

FiG.4:2 VELOCITY VS. DAMPING
SUBSONIC INCOMPRESSIBLE FLOW COEFFICIENTS
(SWEEP BACK NEGLECTED)
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A simplified flutter analysis has been made for a wing similar to
the one in question to anticipate aero-elastic problems which will in-
fluence the design of 1ifting slemente, It wae believed that high
subsonic speede might be most critical, and therefore the analysie wae
made agsuming eubsonic incompressible flow, No compressibility cor-
rections were made for the two dimensional bending-torsion flutter
considered, A spot check of pointe in the supersonic region indicates
no flutter for these check points, but a complete supersonic analysis
has not been made, A two percent and three percent wing were con-
eidered:

Wing Thickness Bending Toreion
2% 650 cycles/min, 2500 cycles/min,

3% 760 cycles/min, 3250 cycles/min,

For either wing the ratio of torsion to bending is sufficiently high
to indicate that no flutter problem will be anticipated, A plot of
velocity vereus damping, Fig. 4:2, indicates that damping in the high
eubsonic region ie inherent,

0, Wing Area for Minimum Weight of Fuel Used in Overcoming
Wing Drag Plus Wing Weight:

Next to be considered is wing area for minimum weight of fuel
used in overcoming wing drag plus wing weight, Equation (4:1) is
derived from equations for wing drag presented in RMPR-4 and -5,

(1) (2)

Weyw = Key 4 Spx  [2C¢ + 4(%)2 0003/\ -l + Ky | (Ky x w2 |+
}

=i

“r Mzct—);2 A --:|:_1'
__(3)

§ tre [g?: (5— + 2r)}

Where: Term (1) = Weight of fuel used in overcoming ekin friction
and profile drag

(2) Weight of fuel ueed in overcoming attitude drag

(3) = Weight of a solid wing of double wedge croee
section profile, delta wing exposed planform
and rectangular planform for the portion of the
wing enclosed by the fuselage

and Key 18 fuel consumption in pounds per pound of drag.

THICKNESS tr,
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This study is based on a missile average weight of 8,000 lbs,
and a canard arrangement where the aft horizontal surface is assumed
to contribute two thirds of the total horizontal wing lift,

Values of S were assumed and corresponding values of Vlr' were

calculated, A plot of the individusl terms as a function of "S" with
the exception of term (3) is presented in Fig., 4:3,

| | |
PARAMETERS RANGE:100 MILES AT MACHMC | 8
ASPECT RATIO=2 8| | [ |
feoggg 480 ————— T
fg:50,000 LBS./SQ.IN. |

ALTITUDE » 40,000 | |

S FC.:18 LA /LB THRUST /HOUR |

AIRFOIL SECTION<= -SOLID

|
T | | {
_~+~WEIGHT OF FUEL USED TO |
| OVERCOME TOTAL WING DI1
1 |

+ +
. LWEIGHT OF FUEL USED TO OV
|'.“ II1T|TUNI DRAG

3
o

8
S

»

8
o
4
X
o
w
=
o
2

8
o

[ .
+——WEIGHT OF FUEL USED TO
OVERCOME WING PROFILE DRAG

0 50 60 70
SQ. FT. WING~."S"

F1G. 4:3 WEIGHT OF FUEL USED TO OVERCOME WING DRAG

Fig, 4:4 is the aggregate of the fuel required to overcome wing
drag plus wing weight, An estimated curve (dash line) has been added
merely to emphasize the fact that these curves were prepared on the
basis of equal stresses (50,000 psi) which gives excessive tip deflect-
ions for the larger surfaces,

From Fig, 4:4 an area of 30 sq, ft, is selected as the optimum
for the horizontal aft wing, The corresponding total horizontal wing
area is equal to 30 x 2/3 = 45 sq, ft. To determine the maneuver ac-
celerations possible with this ares, Fig, 4:5 was plotted, Forty-five
square feet will permit the missile to pull 8 g at altitudes of 16,125
feet under full gross weight and 27,500 feet under a 20 per cent fuel
condition,
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|
PARAMETERS RANGE = 100 MILES AT MACH NO.1 6
ASPECT RATIO:2 5
. 28c" 450 T 1 1
fg1 50,000 LBS /50Q.IN.
ALTITUDE » 40,000'
S.F.C.:18LB /LB. THRUST /HOUR
AIRFOIL SECTION<> -soulu
]
{ " |
|ESTIMATED TO TAKE
| ACCOUNT OF TIP
DEFLECTION
4 4 +
|

~ + +
- CALCULATED fg* 50,000
LBS. /5Q IN NEGLECTING
TIP DEFLECTION

+ '

|
i
|
l

| +
- inlsnf OF FUEL USED TO
| OVERCOME TOTAL WING DRAG
|

FUEL WEIGHT~LBS

‘l:mns WEIGHT |

{
+
|
|

|

100 -

20 40 60 70
SQ.FT. WING "s"

268 133 106 2 884 76
W/S LBS/SQ FT.

FI1G. 4:4 WEIGHT OF FUEL USED TO OVERCOME WING DRAG

PLUS WING WEIGHT VS. WING ARE A

From this study it hes baan determinad that horizontal winga of
delta planform, double wedge cross section, and 45 sq, feet total area,
ara satisfactory from tha standpolint of structura and the minimum
welight of fuel requirad to overcome the drag of the wing plus the wing
weight, The area is more then sufficient to fulfill tha requiramdnt of
an 8 g pull out at 5,000 feet with 20 per cent fuel, A minimum aection
thickness of 2 per cent 1s shown to be satisfectory, but anginearing
judgmant dictstes that 5 par cant is more reasonable, This study, be-
cause of its Incompleteness can be considered only preliminary, giving
limiting criteria on which e design can be besed, It is realized that
the wing deaign will finally be selected only when stability raquire-
ments ere considerad with those above,
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40,000 1 : ‘ ' f 1 t 1
HORIZONTAL WING AREA: 45 SQ FT
CLmax' 00 | |

+

2
]
8

ALTITUDE~ FEET

[¢] 2 4 ©

9
FIG. 4:5 MAXIMUM ACCELERATING"g" VS. ALTITUDE

PROPULSION

An internal report covering the dasign of a specific "Rascal®
missile will be published in tha near future, Inasmuch as the Pro=-
pulsion Group devotad its entire time the past period to the desipgn

of rocket motors for tha specific missile, thalr activities will be
relatad in the internal report,
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GUIDANCE AND CONTROL
a, Azimuth Computer:

The Azimuth Computer is complets except for the decoder and assoc-
iated servo, The Synchro hus been mounted on the antenna but has not
yet been zeroed, All the cablea have baen made up, The autopilot tle-
in has been completely assembled but not {light tested,

There nave boen two flight tests of the computer using the mech-
anical cursor, Tne operation wus satlafactory. On one run over a
target the ﬁﬁ control, which corresronds to the galn wntrol of a

a

servo-mechanism, wis set at 1ts maximum position, As might be ex-
pected, the system was unstahle and ocecillations occurred, Further
flights will be necessury to determine tne optimum setting of thla
control under various conditlona,

It is expected that the electroniec cursor and autopilot control
will be tested extenslvely during tne next two months,

b, Radar Improvement:

During the past several months it has become apparent that for
attacks on lund targete some form of target discriminatory clrcuit is
eseential, Work has started on an investigation of several possible
circuits including logurithmic TF amplifiers, peak-ridar video channels,
triple-tone, pulase=lergth liscriminators and cother anti-clutter cir-
cults, An AN/AT«="7 radar !s being modified in t.c laboratory to in-
clude e triple=-tene circuit, Other circulits, including taose mentioned
above, will be set up and flisht tested to determine the one wost
suitable for this project.

¢, Flsxiglas Hulome Consatruction:

The emall 17 inch diamater, 17 degree conical radome described in
BMPR-5 has been deliversd to F, H, Behrens of Wrignt Field for teating,
Although preliminary t«sts have ylelded relatively poor transmlesion
characteristics, these teuts are not considered indicative for two
reasons: (1) The tolerance on the tip «f ¢he radome nose deviates
conaiderably from the required tolerance of 10,006 inch, It is =0,020
inch in epots, and (2) The klystron used in the test equipment was
considerably erratic in behavior and failed altngether before compe
letion of the teste. Upon receipt of & new klyatron, Wright Field
intends to con*!nue tests, If results are still negative, the radome
will likely be returned to Bell Alrcraft for a new tip.

Progresas haa been slow on the large size 20 inch diameter 18 deg=
res conlcal rilome, as the I'rime Contractor has no lathe with a suitable
taper attachmert to turn an objact this size, Consequently, the maohin-
ing !8 beiny d.ne by an outside vendor, To date, the plastar form 1s
being machined, If found to be within tolerances, plexiyles will be
formed about th!s Jig. It will thon be neceseary to return the readoms
to the vendnr for machining, As we have no assurance that the vendor
will be able to perform this work satisfactorily, it is not posslble
to estimate a completion dete,

d, Mlesile Search Radar System:

A Purchase Order has been isaued and made payable to Sylvanla
Electrioc Products, Inc. to cover the cost of a study for the davelop=-
ment and possible construction of a eearch radar system to be instal=-
led in the missalle,

Exhibit "A" of thils Furchass Order lists the activities included
in this study and are reprodiiced ae followe:

1. Follow portinent developments at the plant of the Buyer,

2, Construct a wcoyden mock-up of a propoceed radar recelver-
transmitter unit,
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Do miscellaneous leboratory testing of proposcd materiels

end schemee,

Vigit ¥right Field and Nevel Heseerch Laboratory to secure
aid in conducting saild study,

Study especinlly the rccciver=-trensmitter unit, but give

eome ettenticn to antenna end indicetor problems, and auto=
matic operation requiroments,

Sutmit brief monthly reports of Sellert's studies and progress,
Write a set of specifications for a proposed development con=-
trect,

Submlt by April 1, 1947, e preliminary estimate of weight,
elze and shape of components, end power requirements of the
complete system (assuming power supply of 28 volts d,c, and
400 cycles 115 volts a.c,),

Submit e final report showing in detuil the study, work,
rasulte and recommendations of the Seller, Such report

ehell include reproduciblo copioce of all drawinge made and
used in the performance of such study end work,

A preliminary estimete of weipght, size end ehape has bsen received
per Item 8 end is as follows for e K-band system,

Totel estimated welyht (less c8bles) eesessccscscses 95 1bs,

Total estimated vOlume seseeccsccccscscscscs eeees 1.8 cu.ft,

Power consumption see.. 30C wetts of 115V e.c, and 2 amps of
24V d.c,

The K-bend system includes svnchronizer, moduletor, transmitter,
all recelving componente Including ARC, receaiver with anti-clutter
features and all power supplies, It does not include the antenna,

Preliminary sketches heve becn made locating the complete K-band
system ebove the search antenna in the missile nose, Additional
sketches place only the r.f, components above the antenne, the other
components having been removed to the misalile mid-section,

Similar sketches including welght, size and spece requirements
are being rrepered for the Ky-band,

e, Flight Simulator:

In the previous progress report (BMPR-5) the serodynamic equetions
for pitch and roll were developed and a servo eystom indicated for pro=-
viding a mechanical solution for the eerodynamic equations, Another
method of simulation has been devised which may offer certain practicsal
advantegee in providing sood simulation,

Roll Simulator
JxP+Lp P=Lg B Ly
0(S), Ls .

8(S) S{Lp +Jx S) s(|+£>
Lp

The following block diagram showe the approximate solutlion of this
equation in terms of prectical components,

AMPLIFIER AND
TIME GONSTANT SERVO
[ 1 (s ]

[ S— (1] ,9(5)1

S.L.S)..I _Tp _ A
Sdy

4

| + o— I
{ Le | A 1

|
c |
L I s ]

VELOGITY FEEDBACK
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€ (9 = S(S) ) ? (S)

ST
€l | w5 _ ___tp
8(S) S 5(S)

|+S’L—:)'

Thus the accuracy of =olution of the equation !a detarmined by
the integral of the servo error,

Pitch Simulator

t
K0é+Kr9+KpB=K58+Ki/5df
<]
Ki.
O(s) . ks + 3 o ki+Ks$S
8(S) HKp*tkrS+kaSZ S(kp +Kr S +Kkgs®)

Tha following bloc dlajram shows an electronic method of aclving
tha equation (the Interrntor may be olectrenic or mechanical),

AMPLIFIER AND TIME CONSTANT

g b,
8(s) J‘ - 1.4 . | |e(su
e e % |+sr |+51

t [ | 4 ! f L J i

15 ol i

INTEGRATOR

In order to determine the variables 1o oy T1y To and C, we
eatablish the reletionship:

_ MHiye
| __(__:ST|)(I+ST2) _ Cu, ¥,
kp +kp S+Kq 52 '“ M Mo T{1+ST ) (1+ST,) +u 4,
(1 +S7,)(1+5T,)

HiMg

& AR IP.T]
S(T, +T?) *_Tl T, §2
I+ My B, I+ My He

QZ

T T 1 .c Hy Ho
T+ My Hp T+ My M,

This provides three eauatliona in flve uninowns permitting the various
time constents and amplifications to be adjusted to meest other require-
merte, It sheuld be notad thiat the electronic pltch simulator, although
Including a feedback loop, solves the equation with no inherent arror,
Cn the othor hand, since tha output 1s a voltege, it cannot ba usod
directly with gyroscopas and etter guldance and control equipment, To
avold this difficulty, an position type servo ceuld be utilizad but it
18 rether difficult to design a poaltion servo to accurately respond
to tho relativaly high framencles involved in simulation of e missile
alrframa, The serve problem can be considerebly minimized if we con-
vert to a velocity type servo as in the roll simulator, or if wo are
able to supply & large, true error derivativa to the servo,
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A block diegrem showing a msathod utilizing error derivative
follows:

AMPLIFIER AND
TIME CONSTANTS SERVO

(G € (S) ’j_e_(sy
nsr,

- - S l——-<

—

INTEGRATOR

|+ST [5(5) (I\s +%)c—(|izsﬁ> (6(S)+[|+ST2]G(S)>]=E(S)+6(S)(| +5T,)

'Y Wi\ [(1+ST)(+STp)+H, Hp
(HST.) 5(5) C(K8+ s)‘ S T ][5(5)+e(5)(|+5T2)]

LY G M,
Eia s IR | A S
5)_ (”’ S> g, Ee(s)
8(S) +‘5(T-*sz)+s2 T, T2 &(S)(1+ST,
1+ ) H2 |+ M2

As before, the eccurecy of simuletion 1s determined by the magni-
tude of the servo error,

A velocity type servo can be utilized if the k; integrator is dis-
pensed with es followa: T

AMPLIFIER AND
TIME CONSTANTS SERVO

e e eesy

8(s)
1 §
|
“
{"STZJ

{5621
]
|+ST [K, C, 5(S)- |+ST (e(S)+c se(5)>] €(5) +8(5)5C,

B (14ST)(1+5To )+ My
ES A BT S AT A J[e +ersrsc,]
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My X
o(s) (Hp.pz)c' Ki{i+STa) € (S)

8(S) ( S(Ti+Tz) S-71, T, )"" SC2 56(S)
SC, e

- ———

T+ 3, B, T Tem B

In the above equetion for simulation,

NN TR
I+8 Ha Cp  Kp

K
T2='R'8T

LiTe  Ka
T+T2 Kr

_TiTe kg
I+Hy Ho " Kp
The appearanco of the number C, in the arror expression merely

means that the servo loop galn should be &3 high as possible for
accurate simulation,

Although the peneral angular aimulation methods outlined in this
description have not boon comrletely evalueted, a few inherent advant-
ages are readily apparent,

(1) The system requires no mechanical counterpart of the alrframe
inertia, nor doesa it regulre any acceleration measurements,

The fesdback quantities associuted with the servo can be
determinad orimarily from the standpoint of best smervo per-
formance, As e result, no compromise of servo performance
need Ye experlenced because of changing asrodynamic conatants,

Since vnlocity siynals are availablo to foed the servo,
cons idorably better porformanco cun be expected than if
positional informution alone were availeble,

f. AN/APG=13-T1A Training Set:

An AN/APQ-13-T1A Training Set has been procured and set up in the
laboratory for preliminury tests to determine its arplicebility to our
simulator program, It ia hoped thnt this tralner, in conjunction with
our missile simulector and AM/APQ-13 radar search set will simulate the
complete guldance program of tho Rascal Project at 1200 mph, As this
trainer was designed to simulate radar bombing problems, It 1!s not
directly suitaed for supersonic missile flight simulation, But it is
now being studied and evaluated to determine whether or not is 1s prac-
tical to make tho necessary modifications,

For erample, the prosent maximum horizontal velocities of 400 mph
for the airplane and 75 mph wind must be increased to 1200 mph and 200
mph by increasing tho X und Y velocities of tho trolley, The maximum
vertical velocity must be increassed from 30 mph to 850 mrh by cnanging
the altitude drive in the trolley, There is excensive backlash i{n al-
most ell the gearing thet must be reducod to a minimum or eliminated,
The azimuth drive servo system will not follow a 5 cycle per second,
plus and minus 45 degreo soctor scnn rate, which means a change in the
azimuth drive pearing and,//or motor, As the present motions of the sim-
ulator antenna are the same us though the antenna was stablilized in the
misgsile, 1t 1s desirable to move the antenna to simulate an unstabil-
ized antenna in the missile, "o mccomplish this on the trainer will
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roquire major modificetion in the trolley antenna system,

Aa the diving portion of the f1lipht la the only part thet n=aeds to
be aimulated, the maximum slant range will he 20 miles at 50,000 faet to
a slant renge of 1 mile, wrich le near the present range of the trainer,
This will enable us to determine target recognition and reaction times
at supsraonic velocities, As beam pattern study necessltetes grindins
new glass reflectors, ‘ie cptimunm target recognition time mey not
determined,

£« Raytheon Helay:

The video relany equlpment has baen comploted and has passed elect-
rical tyre tests cat!sfacterily, During v!bration tests it was found
thkat several minor modifications were necessary in order to insure
proper cperation under flifht conditions, These modificetiona have
oeen made on the "missile" equipment which 18 now be'ng set up in the
Bell electronics laboratory.

Considernble trou:ble wns experienced in the launching airpiene
parabolic enterna due (o vibration, A new and much stronger antenna
has been constructed and is now ready for vibration teating. Upon
satisfactory completion of these tests, the antenna and 1ta easoclated
receiver will be shipped to Rell for cur teats,

The command link from tte launchling airplane tc the missile is now
scheduled for completion at tre end of May, Two different receivers
are being supplied for the missile end of tnis I1ink, Ore 1s e con-
ventionel suparhetrodyne uaing 60 me, 1,1, and the ather a crystal video
recelver,

The c¢ryatal video recelver will have two sscticns of tuned pre=-
selector cevities feeding Inc two ceparate crystalas, The pre-sslector
cavities heve a bandwidth of e;iroximately 10 mec and will be tuned so
one will recelve the seerch rader frequency end the other the ccmmand
1ink frequency, This recelver !s much smaller and lighter than Lhe
conventional {,f. recelver,

h, Dive-Anyle Comruter:

In BMPR-4 a computer called "Elevation Computer" was introduced;
1t was further described in BMPH-5, Thls computer 13 now being called
"Dive-Angle Computer” in order to permit assigning "Elevetion Computer"
to an item better sulted to that rame,

The Dive=Angle Computer 1s of the Henge-Altitude vaorlety, Its
purpose 1s to determine the proper dive engle for the missile peth,
and to combine this angle with the actual missile pltch angle es meas=
ured by & vertical gyro, If the misslile Is not on the correct course
in pitch, these two anglea will not cancel end there will be & correct-
ion tv the eutopilot,

The modified Dive-Angle Computer 1s shown in block diagram form
in Figure 6:1 , The mejor recent additions are tre incorporation of
an sutopillot converter, end proviciona for utilizing an APG=5 range
unit for tracking ettitude automatlcelly,

The computer may be dlvided into two nerta; the calculetor, which
determines the dive angle, ©; and the mixlng system, which censires the
original caiculation by comblning the dive angle with the pltch angle,
and sends the result to the autopllot,

The calculator works on the equetion, Rc,5in @ - H = O,

where: Ry ls slant range

® 1is the dive angle
H 1s eltitude
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This equation is set up by corventional means, utilizing potentiometers
and a servo loop. The desired solution !s the angle called "8", In
order to track altitude and range, some mosns must bo on hand to dater-
mino when tne potentiometers are at the correct position, In order to
occemplish thla, linear rotentiometers are gongad to tha range and altl-
tudo potentiomotars, ncross which a direct voltage 1s impressed, This
voltage feeds Into a clicult which haa the property of developlng a
marker, delayad in direct proportion to the rpplisd voltage., By this
method altitude and range pilps ore placed on the P,P,1, screen, With
the "R " servo motcr driving the range potentiometer and APG=E servo
driving the altitude potentlometer, the operator neod adjust only tha
elevation angle (sine potentiometer) to furnish complote information to
the computer,
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FIG.6:l BLOCK SCHEMATIC DIVE ANGLE COMPUTER (MODIFIED)

Ganged on the arm of the sine pot 1s a linear pot with an altar-
noting voltage Impressed across {t, This voltage s then combined with
an out of phase voltage from a vertical gyro, The combination of these
two voltapgesa !s fed into a summling amplifier and then to an outopllote
converter, The converter thon jioes direetly to the C-1 autopilot, If
the sum of thesa voltages Is zaro, the missile will be on the deslred
courso,
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FLIGHT TEST
&, Review of Flight Teeting Frogram:

In the first bimonthly progrees report, BMPR-1, dated June 29,
1946, pagss 21 through 25, a flight teeting program was outlinsd, This
program has been followed, with minor rsvisions, for ten months, It is
the purpvee of this review to analyze our progress in following the
program, which is as follows:

"l. Tslevision Link, Air-to-air
A, The objectives are:

(1) To demonstrats that an aip-toeair televieion link is
feasible,"

Two typss of air-to-air vidso links have besn investigated; the
Block 3 Tslsvision System and the Raythson Video Relay Link,
Block 3, ueed to tranamit a telsvieion picture, has been demonstrated
alr-to-alr at ranges in excess of 100 nautical miles, A link for trans-
mitting & radar picture, manufactured to our specifications on a sub-
contract, hae been designed and built, as a breadboard, and is being
inetalled in ths flight test veniclss,

"(2) To develop a method of synchronization,

Thie refsrs to synchronization of a radar picture tranemitted
over a video link, A method of sweep synchronization has been devel-
opsd and demonstrated and a method of azimuth synchronization is in
work,

"B, Procedurs:

{1) Obtain and install microwavs transmitter and re~
ceiver, (Block 18 or X-Band); adapt to sector Pl
(APQ-7) scanner and indicator,"

Block 18 has not been avalilable so Bsll Aircraft let a subcontract
to Raythson who has delivered a breadboard Vidso Relay Link which oper-
ates In the X-Band region, It i1s being bench tsated prior to instal-
lation, Tn addition, a Block 3 television link wae obtained, installad,
tested, and modified for air-to-air transmission of telsvielon picturee
at rangas of 60 to 100 nautical miles., The Video Relay Link has yet to
be flight tsstsd,

"(2) Deeign, build, and inetall gyro stabilized
transmitter antenna,"

Ths antennas for the Video Relay were supplisd by the subcontractor,
Bell Aircraft hae desijmed, built, and 1s now bench testing gyro stabe
1lized platforms to support these antennas, In addition, a yagl
antenna was deeigned, built, and installsd with the Block 3 tranemitter
in order to attain long rangs opsration, The Video Relay Antsnnas have
yet to be flight tested,

"(3) Study effect of ground raflections, phase inter=-
ference (fading) and time delay (ghosting),"

Thus far, fading and ghosting teets havs been mads aip-to-air with
Block 3 tranamission. Tests have indicated that fading, if present, 1s
not evident, and that ghosting, ver:y much evident for certain condite
ions at short ranges, is not troublesome at runges in excess of 60
nautical miles, Simlilar tests are scheduled for the Video Rslay Link,

"(4) Test various methods of sweep eynchronization,"
A method employing a microsecond pulse coder and decoder hae been

developed and tassted in the laboratory for use with ths Video Relay
Link. The Block 3 supplies its own sweep synchronization, Synchron=-
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ization signals sent over the Video Relay Link lave yet to be flight
tested,

"2, Missile Search Radar System
A, The ohjJectives are:

(1) To obtain first-hand experience and data on the
optimum relations which exiat between misaile
spoed, scanning rate, resolution of scanning
system, tize required at various ranges to find
and track various targets, ete,”

Efforts to accomglish these objectives iave bheen numerous, An
Eagle (AN/APQ-7) search radar system has been flown ae a narrow (0,4°)
beam radar, and a bombineg (AN/APG-23) search radar system, as a wide
(1,4°) beem radar for terminal guidance, The M,I.T, K-Band Rapid Scan
Search Radar has been resurrected and 1s being put in shape by a sub-
contractor for future installetion and dive testa, A Projection Term=
inal Guidance Analyzer is belng ursembled to project f£ilms of both
television and radar presentations talten during dive tests, Thie filma
will be projected at incrensed speed so as to simulate conditions at
1200 mph, for analyzing A hwasn opsrator's ability to read the pre-
sentations at superssnic sveeds. Aa Ultrasonic Terminal Guidance
Analyzer Js beling male from a modified AN/APQ-13T1A bomblng trainer
to simulate 1200 mph terminal suidance conditions, These various
projects will cover all of the objsctives quoted above,

"(2) Effect of rapidly varying aspect on target
recognition,"

Roll and pitch varliastions havs intentionally been introduced
during dive tests, Large magnitude variations confuse the present-
ation, but variations assoclated with normal course corrections are
not objectionstle, Mors data is to be ni:talned from the Terminal
Guidanca Analyzars,

- "(3) Requlrements and usefulness of offset techniques,”

Offset points giving distinctive radar return have been used
visually for initially locating less promlinent targets, However, more
attentlon will be directed to this problem when direct target approaches
have been invaesticated more thoroughly,

"{4) Disturce to begin search; maximum range rejuired,"
This 1 a function of alrsgpeerd and target charactoristice, of
which more ~{11 be learned with the Terminal Guidance Analyzers, At
B=17 spceds, 20 miles is sufficient for average targets,

"(5) oDeslrable range scale variation for tracking
method chosen,"

It has heen found that continuous range scale expansion, so as
to keep the taruget two-thirds of the way from the bottom of the PPI
sector, gives an easily readabls picture with present tracking methods,

"(6) Evaluation of alternative methods of tracking
and computing,"

Various methods of tracking and computing have been considered
and breadboard models for Loth the azimuth and pitch problems are
being flight tested and revised as the tests progreas,

"{7) Frequeney and continuity with which scope must
be checked, for these alternatives,"

Tests to date indlicate continuous observation and tracking of the
scope presentation to ba preferable, and alded tracking to be desirable,
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"(8) Requirements for roll and pitch stabilization of
gearch antenna,"

B=17 tests included pitch changes of five degreas, at retas allow=
able with the aircraft, which showed little or no adverse affect, Rolls
which were naceesary for B-17 twrns in correcting the coursa to target
tended to confuee ths radar picture but do not result in loss of tar-
get, However, for these teste the target could not be along the roll
axis of the aircraft becauss of the antenna configuration, It is ax-
pected that tha K-Band Rapid Scan System will provide bettar data,

"(9) S5tabllity and suitability of the range-altitude
syastem for computing tha approach glids angle . "

A model of such a computing aystem 1e being Clight tasted and has
been suitable in initial teats, Tests ara continuing to determine
limitations and to improva tha modal,

"(10) Faasibility of steering to collision at 600 mph
relativa velocity by constant bearing principle
(optical and radar) sighting, with baacon carry=
ing plana as target."”

Such air-to-air tests have not baen attsmpted, nor ars they
presently intanded, Tha contract has been changed to raquire 1200
mph, which would raqu..s two aircraft flying 600 mph reciprocal
headings, Instead, an AN/APQ-13T1A bombing trainer 1s being modi-
fied to attack the problem under simulated 1200 mph conditions, as
a Terminal Guidance Analyzar,

"B, Procedure:

(1) Ply with APQ-7 and APR-16 systems to becoma familiar
with operation and application possibilities,”

Repaatad attampte to obtain demonstration flights with AP3-16
have been uneuccessful, APQ-7 familiarization was accomplished aftar
we procursd an installation,

(2) Study desirabla methods for obtaining data
modificatione aprropriata to Q-=7, layout
program,”

This study and planning was accompliened prior to recaipt of an
AN/APQ-7 system,

"(3) Modify Q-7 syetam to provide optimum (variable)
range scalaa, PRR, scopa aspot siza, etc,, for
flight sxperimantation,”

These and othsr modifications wsre triad on a bench sstup of
AN/APR=T befora ths f1light installation arrived. Laboratory work
has continuad since thsn, interlaced with flight tests ae needed,

"(4) Install Q-7 in B=25,"

Sueh an installation was inveatipgated and startsd, but then
eliminated in favor of an AN/AP2)-7 alrcady instalied in a B-17,

"(5) Flight teeting: directed toward above
objectives,”

Mors than 30 flights have baen aceomplished aince the flight
test vehicla was receivad in January.

"(6) PFurther study and approprlata flight tasting,"
Flight teating and laboratory work ere continuing in a coordinated

program to study the Rascal Guidsnca Schema and to provide information
for the final design, The present AN/APG-7 model will be raplaced or
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supplemanted with ths K=Band Rapid Scan System whaen the latter ia
avallable for flight tests,

"(7) Check item (10) of objectives as aarly as
possible {a) with just two alrplanas; (b)
with Eagla with or without a baacon in target,"

This has yet to be checksd and is presantly assignad to the
Ultrasonic Terminal Guidance Analyzer as stated above,

"S. Radar Tracking und Guiding of Missila
A, Tha objectivas are:

(1) To damonstrate the error in dstarming relative
location of a heacon-carrying missile or airplane
and target, at a range of 60-100 miles,”

Tests have shown that either a target or baacon can be located
within 21 degree and 11000 yards at thase rangas, However, thase
data are nof yet avallable in usable form for the guidanca schame.
Data in usable form 1s available at much less accuracy,

"{2) To demonstrate the accuracy with which missile
may be staered to target using variovs methods
of tracking and computling staaring algnals:
must scope be tracked continuously?"

Many differant methods have boaen considered and a simple mathod
i1s being testad, It involvss instantaneous reading of bearing from
migsile to targat and relaying it as a compass heading to the missile,

"(3) To damonstrata probable maximum angles betwean
misslle heading end launching plane-to-target
line durlng (2) for use in datsrming rsguired
talevision antsnna pattern,”

- Tests have indicated that tha guldance schema imposes minor
limitations on this angla, The major limitations on tha relay link
{Cormerly called tslavision) antenna pattsrn are imposad by the aero=
dynamic turning raeponse of the missila and the aerodynamic limit-
ations on untenna size and shaps,

"B, Procadurs:

(1) Becoms familiar with APQ-23 (and APQ-24)
operation,"”

The APQ-23 was banch checked bafora installation and APQ=24
davelopmants hava been followad at Wrlght Fisld,

"(2) Modify, If necassary, and install 4-23 in a
B=17, and beacon (APN=1l) in missila,”

The AN/AP-23 was modified for simultaeneous baacon and radar
operation and both AN/APQ=23 and AN/APN-11 wera installed.

"(3) Install also in the B=17:
(a) Talasvision recaiver and indicator.”

Block 3 television and its indicator have been installed and used
with the misslile having television "ayes", A video relay link receiver
and indicator have yet to be inatalled for use with the missile having
radar "eyes",

"(b) Tracking systsm and computer,”

Tracking syatems and computers have been constructed in bread-
board fashion and installed where nasded, In ordar to simplify the
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layout, the computing system has been divided ao that some com;ment:
are in the mother and some in the missile, Work on computers is cone
tinuing,

"(¢) Control Transmitter,"

A radio tranemitter has been installed for controlling the miss’le
with television "evea"., The miaaile with radar "eyea" will be con-
trolled over the two-way video relay link,

"(d) Antennas,"

Antennae have beenr installed as necessar:, In addition to tun
GFE antennas supplied, a video relay link antenna .xa8 beern desi ned
and 1s being gyro stabilized,

"And in tne miscile:

(e) Autorilot-servo syatem with directicnal gyro
and/or corpass,"

In the B-25 television missile, an autopilot which 1s slaved to
ecompass hae been installed and adapted to remote control, In the B=17
radar miasile, an autepilot #i:ich came installed In the airceraft 1is
slaved to a directional gyro, and iz being adapted to remote control,

"{f} Televicicon transmitter and artenna,”

Block 3 televisicn haa been installed in the B-25 missile and a
new antanna designed and inetalled for 100 nanticnl mile transmission
rangea., The Be=l7 radar miselle will have a video relay link installed
between it and the B=17 mother, 1Its antenna has been designed and 1is
belng gyro stabilized,

"(r) Control receiver,”

A contrcl receiver has been installed in the B-25 telavieion mia=
sile, The two=way video relay link will carry control aignals to the
B=-17 radar misaile when it 1e installed,

"{h) MWiscellaneous control equipment
{(including APQ=7)",

AN/APQ=7, the Eagle radar, came installed in the missile B=17,
which wae a major factor for using auch a large airerart to eimulate
a missile, Othker equipment has been 1nstalled ae needed,

"(4) Plight Testing:

(a) Relat%va poeition error, misaile seen from
B=17,

Both air-to=ground and alr-to-air tests have been made ueing the
missile beacon and the ¥other search radar at ranges of €0 to 100 naute
ical miles, Tests have indicated that relative positiona are determe
ined within accuracy of reading search radar preasentation, With 100
mileg, full ecale range, the error 1s in the order of plus or minue one
mile in range and plus or minus one degree in azimuth, Using range de=-
lay and short range acale, the range accuracy can be increased, but a
map preasentation no longer exlste, Theee tests are esaentially com~-
plete,

"(p) Error when pguided by various eystems
(APQ=-23 only),"

A desired missile heading may be determined from the Motiher
search radar by determining relative poeltione of Mother, mieeile,
and targat, with errore as mentioned in the parasrarh above, These
errors combine to make the inaccuracies In the computed missile
heading increase as the missile nears the target, The resulte of the
combined errors have yet to bhe determined,
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Determining a desired missile course corrcction requires, in
addition to the above, the plotting of a preset missile course,
Thia alternate system of gulding does not loock promising but may be
tried should the first system prove difficult,

"(c) Stability of various guidlng systems
(APQ-23 only)."

With the syetem of julding which 1s presently being worked out,
only two fixed migssile headings are determined by the Mother search
radar: one at the time of launching and anothor when the missile 1is
about 20 miles from the tarret, Kere there s no stnbility problem
involved, Should an alternate systom be trind later, which requires
that the miscile course corrsctions be determinwd from the Nother
search radar system, then the stnhility prohlem will enter,

"{d) Time required for control (contlnuous or
intermittant ) (AP-23 only),"

As presently planned contrnl will be Interrittent, requiring two
courae determinations, i'or the flret, prinr to launching it 1s neces-
sary to deterrlne the wind and cem:ute a corrected heading to get the
proper missile coursne to the tarpet, Tests have indieatnd that wind
determinations, eitiner radar or optleral, tuke sheut 18 minutes, after
witich the calculution consumes a ne;ligible one minute.

It 1s expected tlat t-e second missile course detsrminution, when
the missile 1s akout 20 mlles from the taryet, can be read directly
from the Motler searsh r.dar, this operalion requiring; about one minute
set-up time, However, further tests are requiroed to measure the time
for the second determination,

"{e) Error in crulsing presget,"

A serlies of lights have been made with the Mother B=17 during
which i1t determined, at 100 miles from the target, a wind corrected
missile ccurse., Tre Mothner B-1Y then flew this cowrse simulating the
missile after launchin;, Of course the B-17 flew the launching-point-
to-target conrse at about one 3ixth of 1700 mph, thereby effectively
inecreasin,: the actual wind factor hhy six ti-es for the simulated case,
Tests mude werc with winis vp to 50 mph, wiich miltiplied hy six wenld
sirulate winds up to 300 mph, #rrore in the crufsing precst course
were a maximum of twelve ruuitleal m!les; a minimum of less than 1000
feet, and an avers,e of two or three nautieal m!les to one side or the
other of Lhe dealred course for e 100 nautical miles dlstunce, The
maximum error was csused by a wind shift associatcd with a weather
front and wenuld mve reuuirad a & derree correction at 20 miles from
targoet, Avera e errcrs indlcate tha coorss correction just prior to
terminal ;midance will often be unnecessary, bueing of the order of 5
to 9 degrees, lMora data will be forthecoming from two aircraft missions
which will simuiate conditions with separate missile and MNother alre
craft,

"(f) Accuracy of rirst vourse correcting signal,"

This refers to the coursc correetion just prior to terminal puid-
ance, which {s determinad in the mother and relsyed to the missile,
Initial tests have indicated difficulty in determining the proper cor=
rection from tha Yother asurck rndar, With sultable antennas for the
missile radar hteacon, i1t is pousitle to get positive 1dentifleation of
missile poajtion, #ith auituble chary'es to the Mother search radar,
it 13 poaslible t¢ read both beacon and the search radar map eimultane=-
ously, However, the problem of sharp tarpget definition 100 nautlcal
miles away, from diirect radar return or from offset tar;et return, 1s
8t111 being investigated for necessary improvements,

"{g) (b), (&), und (d) with radar-television syetems
1.e., with complete mystem),"

The complete system of puldance from the Nother prior to terminal
guidance 18 presently having fts initlal tests, Terminal ruidence is
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ineluded in these tests with only television miesile "eyes," Results
are not yet significant, After completion of the radar relay, the com-
Plete system will be tested uslng radar "eyes" for temminal guiiance,

"(h) Time to yaw misaile and lateral acceleratiun,”

It has been found in flight tests that the time alapsed between
determining a correction from the Mother search radar and the execution
of the correction by thn =mieslle is serious even at the speeds of the
present flight test vehicles, The problem is presently in work,

"(1) Observe maximum angles of mieslle heading
and launching plane-to-target line during
above tests,

These tests are in the tnttial stage, with the angles yet to be
determined,

"4, P-8S0 or B-25 !'Miasile!
Three possible uses are:

(1) As missile with target seeker and autopilot, Such
4 system we are consldering only in case the radar
television scheme proves impracticable,”

Instead, the orogram ls using both s B-25 and a B-17 as missiles,
Television is used as the "eyes" for terminal guidence in the B-25 and
radar i{s used in the B-17, Tar;tet seskars have been considered, but
have not yet been ised because of their inherent tactical limitations,
They require that the target have some 1light, heat, or radar roflecte-
ing characterlstic which is different from the surrounding area,

"(2) As a beacon-carrying miesile, radio-controlled
and gulded only by APQ-23 information, as 1in
3-8, 4=b, c, d."

AN/APN-11 beacon equipment is used tn the B=25 missile in con-
Junction with the APR-23 Mother search radar to proviie a course
correotion to target just prior to terminal puldance, One of the
functiona of the Video Helay Link In the B-17 missile will be to proe
viie a similar beacon slignal,

"(3) Aa misalle in full television system,"

The B-25 and B=17 missile are beln§ used In working towards two
complete systems, one using television "eyos" in the missile and the
other using radar "eyes",

"S, Equipment Required

(1) GFE as requested in letters to Wright Fleld,
References (c) and (e)."”

A time lag of from three to nine months exlisted in obtaining the
major portion of the initial requests, Since then a system has been
worked out with which the time between request and receipt of GFE items
i1s usually kept down to a minimum, which is primarily the time consumed
in freight shipments, Express shipments would alleviate this condition,
This lag in receipt of equlpment has been a major difficulty at times
and continues to be troublesome,

"(2) Additional test equipment and material,"

It has been obtalned or substituted for as needsd,

"(3) Additional GPFE: Command Link and auxiliarles, etc."

Additional GFE continues to be requested as the need arilses, and
in due time 1t usually arrives,
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%(4) XeBand television link,
(5) XeBand commend link,"

Por the television miseiles, two separate GFE systems have been
procured end ueed, For the radar missile, the Video Reley Link built
to our specificetions by Raytheon on e subcontract 1s expected to per=
form both functions,

"(6) Antennas:

(e) Missile Seerch gyrostabllized,
(b) Command and Television Receiver for B-17,"

The missile search entenne hes not been gyrostablilized because of
the obvious difficulty to be encountared with the Eagle antenne, Teets
to dete iIndicete Jdittlo advantage in stabilizing present flight test
models, The Video Relay Link entennas, however, are being stabilized,

"(7) Interim Search Radar for Miselle, perhaps 3~-4 mmn,
or 9 mm, saystem,"

The closest evallebls system 1s the K-Rand Rapid Scan System
which 13 belng resurrected by e subcontrector,

"(3) Research on 3-4 mm, radar systom,"

Alrcreft Radlation Laboratory started to initlato this work, but
when the program did not materialize, eubccntracts woere let to study
possibilities for tlLe missile search radsr, These subcontrecta ere
presantly in work,

"(9) Renge-altitude computer system for glide path
control,"

A model of this computer nas been bullt and flight tested, Im=
provements are now in work,

"(10) Other computers:

(a) For rirst course correction,
(%) GPI system,
(c) Acnelerometer system,"

The first courae corroction 1s presently being attempted by a
method which docs not renquire computation, However, a GPI system,
such as AN/APA-44 might be edepted to meterlally aid the case; hence,
ths accuracy of the corrnction, Accelerometers have been studisd and
a model bullt, but as yot they have not been incorporeted into the
computers presently belnp developed for the missile,

"(11) Telemctering proportional control, for television
and cormmand svsteme,"

Two types of proportional control ere in work, One, belng in-
stalled in *he B~ missile, operites from an off-on signal with a
10 cycle por second tuniamental freauency, The other, being developed
to work over the Videc Relay Link, uses microsecond pulses end e time
base of the rrder of milliseconds,

"(12" Timers"

As yet the problem of timers hes had only preliminary investi-
gation, Timcrs have not yet been necessary in the flight test program,

b. Flight Tast Summery:
A total of 43 flights heve been completed during the period of
this report, Of these flights, 6 were duel miesions pertelning to the

Mother and Televiaion Missile; 10 were by the Mother alone; 4 by the
Television Missile alone, und 23 by the Reder Miesile elone,
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Of the 16 Mollar test flights, O wers for preset puldance chscks,
2 were beacon antenna pattern end meximum range checks, 3 wnre tele=
vielon ghosting and meximum range checks, and 2 for complnte Mothera
Missile missions,

The 9 proset guldance flights (50-38, 53-41, 57=43, 57=44, HR-45,
59=46, 5947, R1-48, A2-49) made up a series 1n whlch the AN/AP;-23
equipped airplane served as both Mizslle farrler and Mlezsila; !l.e,,
served as Miasile Carrler In navigating to the launcriing point, leler=
mined windage and proper heading from the launching point to Lhe tar-
get, and flew the course the Missile would hava flown from the launche
ing point to the target, Optlcal end radar wind determinatfon pro=
cedurss were compared and evalueted, and accurecy of preset courses
determined, It was found that radar determined winds are rellable and
that 100 nautlcal mile runs on presst courses to targete could be
flown with an average accurecy of about 2 to 3 miles lateral miss, 1In
one extrems case, in which e weather front was encountered, a wind
change of 17 degreas in direction end 65 per cent In megnltuie gave a
lateral error of 12 mlles, Thia lest s not considerad sericns, slnce
errors caused by weather fronts could be expected and compensuted for
by careful perusel of evallable meteorological date,

The beacon horn antenna beam width, in the horlzontel planc was
determined on flight 48«36 in wiillch the heacon=ajulpped B=2s remained
on the ground while the radar-aquipped B-17 wae airborne, The wiith
was 50 degreaes at e nominel ran;ir of 60 nautical mtlas und at an altlia
tude of 19,000 feet, The beam width wss messured sjalin durlng flight
53-42 In which both ships were a!rborne, The heum wi-dth was 35 degraecs
at a seraration distance of 90 naiticenl miles range and an altitude of
10,000 feet, Also on th!s rlisht a maximum beacnn range of 150 neuti-
cal milea was obteinad, In wilcn rereptlon was Intcrmittent and not
consldered rellablae, *Howevar, consistently ;00d raturn was had at 130
nautical miles, and this le considered the rellable maximum range,

Flights 49«37, 50=39, 51=40 ware flown ln conjunction with tele=-
vision testing and the beacnn was used to furnish ranges betwaen the
two aircreft, UYeacon rangea up to 110 nautical miles were obhtatned on
thase flicnts,

The Mother-M!aslle mlsslons are mentlionad later In connection with
television,

The twenty=-threa flizrnts made wnlle testing the AN/APG-" (iHegle)
radar can be broken dcwn Into several categorles,

Satisfactory results were obtained on fliphts 50B=-(16) and 56B=
23) from a mechanlcs]l azimuth computar whose Indications were fad Into
a FUI on tne flight punel, Development of an elactronle az!muth cursor
is proceeding in the laboretory, Tile In with the C=l autspllot azimuth
coni~ol awaits completion of laboratory tests,

on flights 52B-(18), ~'R={(24), 5¢B«(2"], S9B=-(28), sud 60B={29)
flight test and daalgn analyals of the ranse altlitude compuier =:ave
satlafactorily solved the problem of accurate corrected misslle angles
to tarpgets, Wilth the computer output feeding a meter {ndicator on the
flight parael, simulated colllsion runs on selected targets were suc=-
cessfully complatad, Since thase flifhts were mnde, work nas progressed
toward coupling tha computer ontput diractly to the C=1 autopllot ele=
vation control,

A modi”led triple tone tergat discrimlnator clrecult was flipht
tested on f.'gnts $5B=(22) and A2B-(33), and found to give unsatis-
factory resu::.ts, A circult, redesigned on the bestie of observed re-
sults, I3 now awefting test,

Saveral I'! {yats, 62B=(31), 62B=(32) and 62B-(36), st 20,000 feot
levei have bran =nmprlated In order to obsarve the opereting limitations
of target locat!.n and approech, Consletant results have not been ob=-

talned; tnerefurs, further teets at thle altlitude and above are indi-
cated,
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Simulated collision epproaches, flights 47B-{13), 49B-{14), 4.B-
(1n), 51B={17), 53B={19), H4B(21), 58B=-{26), to observe the eflfect of
varlous range swaep modifications ware tested and satlsfactorily Ime
rrovad operation was obtelned, Tnis Improved operation wes obtained
a3 u rasult of the flipht anulysis und redesipgn of various systems,

On fliphts 53B={20)}, 57H={25) and 61R={30) the operating limit=
aticns of turget location were observed in simulated misslle drons
from 10,000 feal at ranges of 20 to 25 miles, Evaluation of the data
obtalnad has Ind’z2ated a rellable accuracy within spec!ification limlts,

Phaotogrannic radar scope record!ings have beon made on severul
flisnts, Dus to errutlic cumera operation, satisfactory fllms have
nnbt been attalnad, Since the fault appears to be inherent in the
camere neslgn, enother t:pe ol camera hus been ordered,

I'reparations for installation of the relay link, togsether with
asasociated AN/APJ=" synchronizing components are proceadlrnyg as raplily
an laborator;: davelopment and the arrival of componenta wlll permlit,

e installation of add!tional power fecilitles In the K=17 ewanlts
arpival ol OGS ~qulpmant, Flgure T:1 shows the new tall moidiflicatlons
for noasing the relay link,
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In tho course of thr 10 B=25 alirplane Tlight teats parformed durling
this perlod, tha first alr-to-alr telovision transmissions were porformed
sinca the B-25 alrcraft wus cquipped as a mlssile,

On 10 March (flight 49A-(19)) the telavision transmitting equipe
ment was given 1ts flirst alr check since the AXT=3 modifications had
been made, By thls change, it was possiblo to choosa a picturse of the
terrain aheed of the elrcreft, or a ptecture of a bank of flight moters
sot in a photo-penel, Operation was satisfactory et 60 statute miles,
On the naxt flight (flight 50A=(20)) end on the following ona (flight
51A={21)) 1t wes found that ghosting would offer no troublo et ranges
beyond 60 statuta mlles and thet signals were roedablo up to 125 stat-
ute miles, These limitations ware accentable In view of the fact that
tha mothor plane will operate at 60 to 190 nauticul miles from the
target,

The B-25 missile was groundad on 13 March to allow Installatlion
of the F-1 Bendix autopilot in as short a time as possibla, During
this perlod the Image ortnicon television camera racelved its final
chock=out in the lavboratory and was placed 1n the B=25 nosa on a
speclally deslgned shock mount, Tho mount was so constructed that
the operator, by a cholce of switches, could vary Its position in
pltch and yaw, or canuso 1t to be stabllized by wind vancs mounted on
booms in the nose of the ship,

On 10 April, alr chacking of the autopilot wag begun (flight 63A-
{23)). AdJustment of the various controls continuad in rlight 64A-(24)
and tho now image orthicon was srlven {ts irnitial alr cneek, In the
next flight (65A-(25)) tho F=-1 eutopllot installation proved satlsfect-
ory and rejulred no further adjustment; tho Image orthicon, howaver,
daveloped a fault and falled to operate, With tha image ortnicon re-
pairad and working satlsfactorily, flight 66A=(26) 1llustrated the
camera's nigh dagreo of usefulness wien It producad a plcture of such
clarity that tho talevision observor in the B-25 could gulde the snip
iInto flve direct hits, In this flight the F-1 control head was cper-
ated from the television statlon, simuleting conditions under radlo
control,

In flipht 67A-{27), flown In conjunction with 67-(50), a prelim-
Inary flisht was made, controlllng the B-25 verbally from the B=17,
with all units Installod except the tie=1n from redlo control to euto-
pllot, Control was mainteined by oral instructlons to the B=25 pllot.
In two of tho three dlves attempted, the tolevislion oparator falled to
distingulsh any target at all, Thls was caused by a mist in ona case
and by an arror in previous "ailming"” of tho missilo iIn the other, Tha
third d'vo, on Nlagera Falls Alrpori, showod dist!ngulaning landmarks
at riva miles range, from which point tha missile wus succossfully
directed over the target,

On 24 Aoril, flights 68A-{28) and 68-(51) ylclded usoful data on
the porformance of tho entire television gystem, In fowr controlled
dlvas, the everaga rango at walch large objects, shorelinos, etc.,
could be dlstingnished cleariy was ten to fifteen nautical miles, Ab=-
solute targot ldentification was quite difficult, and could ba adjudged
completely reliabla only within fiva miles, In the casa of a ship on
the water, or a target located near a band in the rivar, hits should
be scored consistontly from ten miles,

In tha line of conclusi.ns and results, no difficulty has yat bean
experlenced with the television equipment from cross wind effects, Any
chosen ob ject on the telavision screen can ba hit within limits, Tha
problem of distingulshing a spoc!fic terget from such a thing es a
fleld 1s much more difficult, howevar, and will require a great daal of
experlenca on the part of the operetor as well as e thorough familliar-
lzatlon with the terratin. This need for experiaence and familiarization
1s llkaw!se true for operation of the radar equipment, sinca & markad
Improvemant In the opersator's ahility to "seo" targets has baen meni-
fostod since this rflight testing progsram was orlgtnated,
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ce Autopilot Evaluation:

No further evaluat!ion of the P=1l Bendix Autopilot has been
realized as components romoved from the P-63 have been in use in the
lsboratory Radio Control mock-up and B«25 Azimuth Control programs,

Evaluation of the Sperry A-12 haa been discontinued in the ine
terests of economy, but the following performance and limitations
were observed:

{1} The particular vertical gyro supplied, developed minor meche
anical difficultiea but after these were corrected performed
perfactly as a source of pitch and roll intelligence within
the 1limits of its design, Tumbling occurs at approximately
85 degrees pitch or roll with re-erection requiring about
two minutes, No means of caging is provided and therefore,
it ia not adaptable to high maneuverabllity gyropilot con-
figurations,

Two aervo sizes are available with four power gear ratioa
optional, thus allowing for a wide range of servo speeds,
Six ratios of repeathack gear clusters are aiso available
to match the response characteristics of the aircrart, In
addition to ths gear cluster changas rur “tle, g simple
<change of volt age divider values in the repeatback network
allows additional latitude of adjustment, Application of
surface at all times was exceptionally amooth,

The A=-12 Gyrori{lot was primarily designed for multi-cngined
crafrt where no torque problem is presented and coordinaticn
i3 accomplished by zeroing rudder servo output, Coordination
of this type should be satisfactory also ror !et and rocket
powered vehicles, but was definitely unsatisfactory for the
P=-€3 where torque varies proportional to air speed and cer-
tain conditions may require left rudder for right turns, A
yaw intelligence pick-off from a Ball-Esnk indicator or a
pendulous mass could be devised to accomplish coordination
under torque conditlons,

Altitude control can be made to maintain altitude in level
flight or turns to plus or minus fifty fect even under tur-
bulent conditions at low altitudes,

The Sperry system of rate derivation from displacement errors
provicdes a wice ranpge of rate changes by simple voltage div=
i1sion that can be carried still further if integration compe
onents are altercd,

In the interests of economy the proposed program of recording
response to transients injacted in series with gyro intelligence was
cancelled and all) evaluation was made by obaervation of pilot and
engineer,

d, Radio Control Adaptation:

The Bendix Radio Control Program is to proceed with a complete
check of functions by laboratory mockup end installation in the P-63
airplane, Work on the basic radio control configuration plus Azimuth
selection by proportional control i1s to be the rirst objective with
research of altitude control, rate of climb control and acceleration
limiting held in abeyance,

Analysis of the Lear Autopilot is awalting the receipt of design
data and autopilot components,
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APPENDIX I

(FLIGHT TEST REPORTS)
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Evans, John H, DIVISION: Guided Missiles (}) .. @) . 17/000 [ORIG, AGENCY NUMBER
SECTION; Design and Deseription (12) 7 BUFR 6
((I L{ CROSS REFERENCES: Missiles, Guided - Design (62909); ,\
s Missiles, Guided - Range (63550); Missiles, Guided - | REVISION
UTHOR(S) Structural design (63700); Rascal (62909);# L -~

ARER. T z:cal air-to-ground guided missiles - Sixth bi-monthly progress report

Gu thd Mirsqiles, Kodo b o T

ORIGINATING AGENCY: Bsll Aircraft Corp. /97_) MQ—,
TRANSLATION: / 7

COUNTR LANGUAGE IFORG'N.CLA! U. SCLASS. | DATE [PAGES| iLLus. FEATURES
. Secr. Apr'b?l 79 | W [photos, diagrs, graphs
ABSYRAEY :

Design of supersonic guided ‘missile with range up to 100 miles is discussed, Studiee
are continued on effect of ogival nose angles on missile range and curve of range versus
‘ angle indicated optimum range for 35 degrees. Concerning suitable nose configurations,
new design based on structural, aerodynamic, and production considerations, are outlined
for Rascal missile groasing 11,500 pounds. AN/APQ-7 radar will include triple-tone cir-
cuit deemed essential for attacks on land targets, Flight test reports are appended.
# Target seekers, Electromagnetic ($2000)
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Evans, John H. DIVISION: Ouided Missiles (1)
SECTION: Design and Description (12)
CROSS REFERENCES: Missiles, Guided - Design (62909);
Missiles, Guided - Range (63550); Missiles, Guided - ™ mwviadd
UTHOR(S) Structural design (63700); Rascal (62909);*

AMER. TITLE:  Rascal air-to-ground guided missiles - Sixth bi-monthly progress report

FORG'N, l'lTl.Ex_

ONGINATING AGENCY: Bell Aircraft Corp,

TRANSLATION, i
COUNTIR UAGE G'N.CLA! . S.CLASS. | DAI AGES | ILLUS. FEATURES
U.s, Eng. ] Secr, Apr'i7] 79 | 1k |photos, diagrs, grapha

. ADSYRACY
' Design of eupersonic guided miesile with range up to 100 miles is discussed, Studies
are continued on effect of ogival nose angles on missile range and curve of range versus
' angle indicated optimum range for 35 degrees. Concerning suitable nose configurations,
new design based on structural, aerodynamic, and production considerations, are outlined
for Rascal missile grossing 11,500 pounds. AN/AFQ-7 radar will include triple-tone cir-
cuit deemed essential for attacks on land targete. Flight test reports are appended.
# Target seekers, Electromagnetic (S2000)
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DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AERONAUTICAL SYSTEMS CENTER (AFMC})
WRIGHT-PATTERSON AIR FORCE BASE, OHIO

29 Dec 09

88 CS/SCOKIF (FOIA)
3810 Communications Blvd
Wright-Patterson AFB OH 45433-7802

Defense Technical Information Center
Attn: Ms. Kelly Akers (DTIC-R)

8725 John J. Kingman Rd, Suite 0944
Ft Belvoir VA 22060-6218

Dear Ms. Akers
This concerns the‘following Technical Report:

Technical Report number: ADB805023

Technical Report Title: Project Rascal

Technical Report Date: 30 Apr 1947

Previous classification/distribution code: UNCLAS

Subsequent to WPAFB FOIA Control Number 2009—03587,‘the above record has
been cleared for public release.

The review was performed by the following Air Force organization: AFRL/RB and
88 ABW/IPI.

Therefore, the above record is now fully releasable to the public. Please let my point
of contact know when the record is available to the public. Email:
darrin.booher@wpafb.af.mil If you have any questions, my point of contact is Darrin
Booher, phone DSN 787-2719.

Sincerely,
Y
// ,2 .i(fu., 1;’ "/[:},]»JL’ é‘w
KAREN COOK

Freedom of Information Act Manager
Base Information Management Section
Knowledge Operations

3 Attachments

1. FOIA Request # 2009-003587

2. Citation & Cover sheets of Technical Report #ADB805023
3. Copy of AFMC Form 559



