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SYSTEM_ Il11~£ 

AB-STRACT 
' . } 

~ A suwmary of the R&D FUght Test performance of Bell Air

craft's Rascal (GAM-63A) air-to-surface missile, m.cluding the 

objectives and accomplishments, is presented in this report. The 

prQgram was. .concerned primarily with the ln-~ht evaluation of 

the· missile and the dil'ector aircraft, the basic purpose being to 

evaluate the .design and performance of Weapon System 112A, and 

to demonstrate its perfor.ntanc~ and capabU~ties according to con

tractual requir~ments~ By the completion of n..: p:rognm in October 

1957, 62 missiles bad been launcht'd, and weapon system performance 

in terms ot miSsile range, ·speed_, and accuracyexceE!ded .contractual 

requirements. 'Performance in terms of rellabilltyshowedimprove

ment, although further development is needed. ' 

":' 
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SYSTEM Illl~.& 

I. INTROD~JCTION 

The Rascal. Guided Aircraft Missile (GAM-63A), as well as other elements of Weapon 

System 112A, was designed and developecl by the Bell Aircraft Corporation 'Qllder cognizance 

of the Air Research and Development Command. This work was accomplished within the pro

visions of prime Contracts. V/33(038~-14169 and AF33{500)-:H948. Flight testing of SyBtem 

112.A was conoucted by Bell Ai:rctqft at the Air Force Miss:.le Development Center, Holloman 

Air Force Base, New Mexico. Summarized in this report are the objectives and accomplish

mE':~ts of the Rascal flight test program from its inception in September 1951 until its comple

tion in October of 1957. 

Section I includes a brief history of the research and ievelopment program, a description 

of the operational. configuration of System U2A, and an explanation of a typical Rascal mission. 

These data will provide the reader with an adequate insight into the Rascal progr~ before 

reviewi.Dg ~e .goals and results oi ·m.e flight test effort. 

Section II, the flight test summary, covers the entire Rascal R&D program separated for 

each gtoup or mi$Siles of similar configUration and miscellaneous supporting flight test pro

grams. The night test summary for each m~sile group includes a iescription of the missile 

ahd the director aircraft, the flight test obiectives and plans, a discussion of the test results, 

and conclusions. Supporting programs include the flight testing of gravity bomb vehicles and 

the use of auxillary piloted aircraft as simulated missiles and director aircraft. 

The conclusions contained in Section J1I were fomulated from the results of the entire 

flight test program. 

A. HISTORY OF SYSTEM U2A PROJECT 

The Weapon Syeoom 112A (Rascal) Project, formerly referred to as Project MX-776, was 
ini~ated by the Air Materiel Commard ~n 29 April 1946 as a study pro~am for the conception 

of a subsonic air-to-f!ur.face miSsile. The study program was later amended to intlud~ a 

supcraonic l"lissilc and eventually the subsonic missile phase was discontinued. 

5sWCOS 2298 
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From the beginning of the program., it was apparent that development of the Rascal guidance 

system would be the mostdifficultta.skand thus would set the pace lor development of the entire 

weapon system. Cor.sequently, the program was expanded in the early stages to include the 

development of vari.ous items of guidance equipment and the flight testing of existing radars for 

adaptability to the Rascal weapon. In January of 1948, the project was divided into two con

current efforts: theX-9 Shrike Test Vehicle Program, and the GAM-63A Rascal Guidance Sys

tem Development Program. 

The Shrike miss.Ue was a liquid-rocket-powered supersonic test vehicle (small-scale 

version of Rascal) with a 50-.mile range and capable of carrying a 1000-pound warhead. On 

17 May 1950, the first powered Shrike missile was launched successfully from a modified B-50 

dir~ctor aircraft. In January 1953, the Shrike program, which included the flight testing of 28 

powered .missiles, was successfully completed. 

Meanwhile, in the Spring of 1950, the Air Force authorized Bell Aircraft to proceed wit;, 

detaU design and fabrication of Rascal missiles. 

The first powered flight of Rascal (XGAM-63 No. 03-~7B•) took place at the Air Force 

Missile Development Center on 30 September 1952 with satisfactory results. This flight test 

had been preceded by two glide tests of unpowe1·ed missiles (Model A) during 1951. By the end 

of 1953, four Model B missiles (with high-pressure propulsion systems) had been launched 

successfully, In January 1954, the last of these missiles was night-tested. 

During the remainder of 1954, the capabilities of the Rascal Weapon System were demon-

strated with the fiight testing of 14 Model B missiles containing low-pressure propulSion 

' systems. Capabilities were demonStrated in search radar and microwave link operation, 

I propulsior . system performance and control, mlss'.lG perl~mar • .:.a at high altitudes, and remote 

I control of the miSsile during the terminalguidancephase. Pinpoint accuracy was demonstrated 

by missile 1626B which, under full guidance control, scored the first target bull's-e;y$ of the 

fiight test program. 

2 

*The first two digits of the missile number indicatE- firing order; the last twc digits 

indicate USAF airframe delivery number; the lett.er designates the model. 'l"Jr.Js, 

0307B is the 3rd mwsile to be launched, the 7th airframe delivered to the USAF, 

and is a B-series missile. 
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In the :first quarter of 1955, st<c M~del D missiles wera launched. Two missiles $COred 

satisfactory target hits. 

Up to tlle this point, th~ DB-50 was used exclusively to launch and to direct the Rascal 

missile. After co:m~letion of the D ... series missile program, the DB-50 was no longer used 

as a director aircraft. 

The :first operaticmal prototype of the Model F Rascal, missile 2849F, was launched on 

5 May 1955 from a DB-86 d!fector aircraft. The first missile launcheci from a DB-47 director 

aircraft was missile 3054F on 14 July 1955. 

Late in 1955, after nine unsatisfactory flight tests of Moqel F missiles, the prog:am was 
reoriented to etnphasize reliability. A comp:rehell$ive test program was established to determine 

the components which required improvement to providE! an over-all increase in ope~tional 

reliab-ility. Repetitive acceptance and life tests, hot ground firings, and captive flight tests 

provided a measure of attained reliability. Missile 4075F, launched on 11 June 1956, was the 

first Model F Rascal to be fiown after ground and captive testing under the. revis.A concepts. 

Between 1 January 1956 and 31 <>ctober 1957, .26 R&D m.il5siles were launched. This part 

of the flight test program was lUghlighted by four success~ve missiles impacting Within the 

desired target area during September and October 1957. The flight testing of missile 6296F on 

31 October 1957 CP!lCiUded the ~esearcll and de,~-:·~ent phase of the GAM-63A flight test 

:program. 

During the second quarter of 1957, the succe&s:ful launching of three Gravity Bomb Test 

Vehicl~s compr~ed another phaseoftheflighttestprogram. TheS.e tests were made to f:·valuate 

the flight · characteristics of a free-falling miSsile and thus to establish a gravity bomb capa

bility for the weapon sy~tem. 

Prior to· and concurrent with the Rascal flight test program, many airborne tests were 

conducted with simulated missile/director aircraft teams. Various aircraft coro.bi11ations 

were used primarUy to evaluate missile and director aircraft guidance system operation. 

From 1946 through 19501 two B-17ts and a B-25 were used extensively In this program. In 

1~50, tests were begun with an F-80/B-17 combination modified to simulate the Rascal and its 

directo1" aircrr>it. An F-89 x-eplaced the F-80 in June of 1954. The F-89 missile simulator was 

nlso tested in conjl,lnC~ton with DB-36 director aircraft during 1956 and 1957. 

The R&D flight test .Pr~ a.t the AFMDC1 f. om the arri-val of the first Shrike on 13 

April 1950 to the launchin~; of the final R&l> Rascal ort 31 October 1957, was completed with 

6~ wcos .22 9 8 
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a perfect flying safety record. During this titr.ie, fiei~ :flight operations used a total of 14 

support airplanes. Five B-50's, two B~36's, and three DB-4'1'.s were use~· as director air

craft; two F-80's and one F-89 as simulated missiles; and one B-17 as a simulated director 

airplane. More than 1500 miSsions were flown in these airplanes to accumulate approximately 

4000 hours of flying time. AJ.r Force and Army support aircraft included L-19 liaison airplanes 

and helicopters; F-80, F-89, and F-94 fighters; and B-4'1 bombers. These a.jrcraf.t, used for 

recovery and as chase aircraft, flew approximately 600 missions, accumulating more than 1400 

flying hours. 

B. DESCRIPTION OF SYm'EM 112A 

4 

The Rascal Wea!J()n System comprises four major elements: GAM-63A missiles, DB-47 

director aircraft, ground support equipment, and training aids. The flight test program was 

concel'tled primarily with the in-flight evaluation of the GAM-63A and the director aircraft. 

These ele:Qlents of the weapon are described in tbe ~ollnwilng paragraphs. 

1. GAM-63A MISSll..E 

The GAM-63A missile consists of tive major systems. These are the airframe, the pro

pulsion, the guidance, the servo-control, and the wn.rhead and fuzing systems. During the R&D 

phase of the R.ucal program, an instrumentati0.1 system was also an essential part of the 

miSsile configuration. 

a.. Airframe 

The GAM-63A missile (shown in Figure 1) bas an over-all length of 32 fec.t, a maximum 

body diameter of -4 feet, and a gross weight of approximately 18,500 pounds. Structurally, the 

airframe consists of five sections: the radome, forward body, warhead section, center or tank 

section, and aft body. 

The radome, a .fiberglass-reinforced plastic ogive, encloses the search radar antenna 

and is attached to the iorward body by a spllce ring. Tbe forward body section includes the 

ru~ders, forward wing and elevators, and houses electronic and mechanical units of the guidance 

and servo-control systeltts. Two large structttral doors provide access to the uppel' comJ.art

ment of the forward body. The lower cotnpartment is accessible by removing the lower door 

of the warhead section. 
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Figure 1. GAM-63A Missile 
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The warhead section consists of a fixed upper half-shell, and a removable structural 

lower door to facjJJtate installation of the warhead. In addition to the '\l!U'head and fuzing com

ponents, tWs section contains a series Qf stainless steel tubes that are curved to fit the inside 

contour of the body shell. These tube mmdles store high-pressure nitrogen gas used for pres

surizing the propellant tanks. A small access door, located on tne right-hand side of the 

missile, permits installation of warhead batteries while the missile is mated to the DB-47. 

The center body section ia a ring-stiffened cylindrlcai shell of aluminum alloy with 

integral oxidizer and fuel tanks compartmented to maintain center-of-gravity control. Addi

tional tube bundles for storage of :titrogen gas a.re located between the tanks. Nonstructural 

tunnels running fore and aft on top and bottom of the body enclose electrical cordages, and 

propellnnt, nitrogen1 and hydl'auUe lines. 

The aft body section inc&des the vertical and horizontal taU surfaces and ailerons, , 
guidance artd hydraulic equipment compartment; rocket er.gine, and a removable aft cowling. 

The rocket engine is ttlQUnted on a truss attached to, and supported by, the carry-t.'lrough 

e re of the aft .horizontal wing. The relay antem12' is mounted on the lower vertical fin. 

58WCOS 2298 
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La'!Ulching provisions cont.lst of three forged steel fittings used to attach the GAM.-63A 

to the director airct-aft by means of standard bomb shackles. One fitting is located at the for

ward end of the warhead section and the other two are located in the center body between the 
propellant tanlts. 

b. Propulsion System 

The GAM--63A is powered by a Uqud-prol)E!llant roc.ketpropulsion system incorporating 

a turbine pump unit. Thrust is pr~vided by three identical chambers that together develop 

12,000 po1U1ds thrust at an altitucie of 40,000 feet. The liquicl propellants, inhibited red fuming 

nitric acid oxidizer and JP-4 fuel, are pumped to the thrust chambers by the gas-driven 

turbine pump. The turbine, which incorporates a gas generator that operates on the engine 

propellants, develops sufficient power to drive a hydraulic pump and an. alternator in addition 

to the propellant pumps. The turbine pump may be operated independently of the thrust chambers 

bf passing the pumped- propellants back to the tanks. Thus, the turbine continues to furnish 

electric and hydraulic power for the missile during the periods when thrust chamber operation 

is not requirtld, A two-stage nitrogen gas regulator reduces high-pressure nitrogen to operating 

pr-es~s for regulator valves, actuating va.J,vea, and propellant tank pressurization. 

c. Guidance System 

The Rascal guidance scheme consists of two basic units: an inertuU range computing 

system (mcS} and a radar guidance system. T: e IRCS, in conjunction with the servo-control 

system, provides inertial ·guidance of the missile to the point of terminal dive. The radar 

guidance system enables the guidance operator in the- director aircraft to view the position 

of the target relative to the missile and to send missile !light corrections as necessary to hit 

the target. 

In a typical inission (see Figure 2), the DB-47 carrying the GAM-63A is nayigated to 

the launch area by means of the MA-8 bombing-navigation system. lmirtediately before launch, 

director aircraft velocity and range-to-target data are supplied to the IRCS oi the missile. The 

GAM-63A iS automatically launched following the orientation of the directional gyro along the 

proper heading. 'Ib·~ IRCS measures range in a horizontal plane in the direction Of the longi

tudinal axiS of the missile. During the midcourse phase, the autopilot maintains control in 

azimuth and altitude and the mcs computes range to go to the target. At a preset range-to-go,_ 

the dive signal is automatieally initiated by the mcs and the miSsile dives toward the target 

at a nominal35° angle from the horiZOntaL 
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Figure 2. System 112A Guidance ~cheme 

The dive signal energizes the radar system and .the target area is scanned by an un

attended X··oand search radar iJl the nose of the missile. Radar Video Qf the target area is 

transmitted to the director aircraft by means of an X-band relay link. The guidance operator 

accomplishes guidance by means of a tracking stick that positions range and azi~nuth cursors 

over the target video return on a radar scope. Displacement o1 the tracking sUck by the oper

ator determines the magnitude o! the command signals that are auto~tically computed, coded, 

and transmitted to the missile. AB the missile approaches the target, t. • .&Wtsion of the target 

video enables the operator to send command sign~ with increasing accura.cy. Security of the 

relay and command link is provided by directional anten."laa, coded siglials, and the title of 

different frequencies in opposite dir(lctions. Once the relay link is establlsbed during the mid

course phase, a command can be transmitted to energize the search radar set. Thua, tbe guid-

5~WCOS 2298 



ance operator can observe the progress of the mi$sile prior to terminal dive. It is then possible 

to override the autopilot conU"ol and to change the missile direction in azimuth or initiate the 

dive, if desirable, prior to the mcs dive signal. 

d. Servo-Control System 

The primary function of the servo-control system is to stabilize and control the missile 

during its flight to the target. Pitch, roll, and yaw attitude are independently stabiliZed to 

gyroscopic references. Separate aerodynamic control surfaces for each .degree-of-freedom 

are positioned.. by hydraulic actuators, Hydraulic power is provided by a pump mounted directly 

·On a power ~e-off pad of the turbine puDip unit in the propulsion system. 

After launch, a barometric altitude controller programs the mis.sile into a climb to a 

,preset level flight cruise altitude. Upon receipt of a command .from the IRCS, the missile is 

placed in a 35 o dive to the target. During the dive, pitch and yaw command signals can be sent 

to direct the lnissile to the target. 

e. Warhead and Fu;ing &ystems 

The GAM-63A is desigued to accommodate a 2800-pound special warhead mounted on a 

removable structural door that is located in the lower portion of the warhead section just aft of 

the forward wing. 

The fuzing system that arms and detonates the warhead consists of batteries, a lanyard 

switch, arming and firing baroswitches, alow-voltagearm-safeswitch, and a network of impact 

fuzes. This system provides for either altitude detonation iilitiated by clo<Jure of a barometric 

swttch, or ground detonation by self-powered impact fuzes. Safety iS provided by several pro

tective elements in series, while reliability iS provided by the use of redundant circuits. A 

standard T-249 control panel in the DB-47 enables the guidance operator to select the burst 

mode dw'1ng the prelaunch phase, as well as to perform the required arming functions. A 

warning light on the panel proVides a means of warhead monitoring. 

f. Instrumentation 

The basic telemetering system utiliZed during R&D flight te$tlng was an FM/FM tele

mete:r,-ing system. During the flight testing of the Model B and D missiles and through the first 

haU of the. F-series flight tests, the number of telemetering channelS was varied between six 

and twenty. By commuta.ting as many as four of the cha.rtnels, data transmission totaling 94 

functions was obtained, Typical instrumentation ineluded acc1. '~rometers, angle of ~uack a!!.d 
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sideslip angle vanes, pressure pickups, rate gyros; position potentiometers, a-c and d-e 

voltage u~its, vibration and temperature p~ckups, flowmeters:1 and strain gages. Power for 

operat.tng the telemete:ring package wa,s supplied by batteries or !rom missile power sources. 

l.t""l later Model F missiles (No. 4684F and sub~equent), the telemetering system utilized 

four subcarrier channels, three of which were continuous and one commutated. This system 

operated on a regulated power supply with inputfrom the 467 -cps 115-volt source of the mibe>ile. 

For R&D flight testing, an s-oaud and an L-band radar beacon we?e installed in the 

missile. Each beacon received and retransmitted radio frequency pulses within a specUic 

frequency range and pulse rex>etition rate. They were used to facilitate tracking by the groqnd

based J;"adarusedaspartoftherangeinstrumentation. The S-band beacon was normally powered 

by a .28-volt battery in the GAM-63A1 while the L-band beacon used 115-volt ac from the missile 

alternator. In addition to facilitating tracking, both beacons were designed to trigger the m,is

&.ile dest.-.ouct system when the P~ of the tracking radar. was changeq to 854 cps if .fligilt wr.nt-
~ . 

in afton was required for range safety. 

The destruction system was also a part of the ~trumentation systems providing a 

means of terminating misslle flight upOn the dec-i$ion of the ran~e safety QUicer. When a 

destruct coinmand is transmitted to the S-ban(l or the L-band beacoo, the destructor system i8 

activated. Activation of this system ignites two _pr~er cw,ges thus detonating a boost charge 

which, in turn, ignites a ring of explosive primacord located beneath the missile skin at the aft 

end Of the tank section. The explosion severs· i:he missile at this point and the missile sections 

fall to the ground. The system incorporates safety devices which preclude the possibility of 

destructing the miosile until approximately 16 seconds after launch. 

2. DB-47 DffiECTOR AlRCRAFT 

The director aircra!t are modified B-47 strate~ic bombardment airplane~J, redesignated 

as DB-47. Their primary miSsion iB to carry the GAM-63A missile to an area approximately 

90 nautical miles fl'om the target and to provide fOr its proper lalmching and guidance after 

launch. In addition to an MA. .. a bombing-navigational system, dir~tor aircraft ate equipped 

with (1) automatic equipment to cheek the GAM-63A before launch and to release the misaile 

auto:matically; (2) a relay 1~ system to establish and maintain microwave contact with t'le 

mis~Ue; (3) a guidance system, 'With a control station, that pe~its a guidan~·· operator to 

:monitor f:&'ie flight path of the missile relative to the target andj if ne4!essary 1 to init~ate course 

correction~ during the midcaurse and termiruU dive phases of flight. 

58WCOS 2298 
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C. TYPICAL RASCAL MISSION 

The mission of the Rascal Weapon System is to destroy strategic targets without exposing 

the director aircraft to local target defenses. This m~sion is accomplished by combining a 

high-performance DB-47 with a supersonic GAM-63A missile. 

Weapon system requirements were established to accomplish the basic mission. These 

requirements w~re based upon the following mQde of operation. The DB-47 carrying a fully 

located GAM-S3A is navigated to a prescribed launch area. During the flight, performance 

of components in the DB-47 and GAM-63A are monitored and checked. When within 50 nautical 

miles of the launch ailnpoint, corrected ground velocity and range-to-target data from the MA-8 

system is fed to the missile. 

After finzl checkout of the missile is accomplished by the automatic checkout system, the 

~ turbine iS automatically fired. When the DB-4'7 achieves the desi.red heading, the directional 

gyro in the missile is uncaged to establish ihe proper heading reference and the missile is 

launched. Separation occurs at an altitude _of a.Eou.t 35,000 feet MSL and at Mach 0.75. The 

range to h.rget at launch is 70 to 90 nautical ntiles based upon zero wind and an NACA standard 

atmosphere. Within 3 seconds after launch, full rocket engine thrust is attained and the pro

grammed climb begins to the level flight 3ltituds of 65,000 feet. The autopilot maintains 

stabilized flight along the predetermined flight path. Full-thrust duration is timed and the 

10 

propulsion system is transitioned into bypass operation. When the desired range to target is 

attained, the IRCS initiates dive which in turn activates the emanating guidance system. During 

the dive, the guidance operator can make corrections to the missile flight path. 'The missile 

intersects the horiznntal target plane within a CE?* of 1500 feet from the intended target. The 
I 

vertical accuracy of the fuzing system has a standard deviation** of not greater than ±405 feet. 

Missile speed is superso~c during the dive phase down to at least an altitude of 5000 feet MSL. 

After the missile iS launched, the director aircraft executes a proceduxal turn to a pre

determined hea,ding and maintains th:s heading until the .relay link is established with the mis

Sile. After the link is established, DB-47 maneuvers can be performed within vision-a11gle 

limits of the DB-47 relay antenna. 

*CIRCULAR PROBABL~ EAAOR: The limiting value, as the number of flights be

C">mes greater, of the radius of a right cirCUlar cylinder whose axis is a vertical 

line thrO'·.gh the target and vrithin which 50% of the detonations occur. 

**VERTICAL sTAlmARD DSVIATION: The limiting value, as the number of flights 

becomes greater, of the root-mean-squared distan:e between the actual and intended 

detonation altiv.tde. 

. ,; 
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I[. FLIGHT TEST PROGRAM 

The Rascal flight test program was conducted between September 1951 and October 

1957. In keeping With the dual mission of ''test vehicle" and "tactical weapon••, the Rascal 

flight test program was set up to provide an evaluation of the various missile systems and 

to develop launching and ground handling techniques peculiar to an air-to-surface weapon 

system of this size. Flight testing began With the evaluation of a simple glide test vehicle arul 

continued through the evolution of the operational weapon syste~ wbich d,emonstrated cap

abilities and met established requirements. A total of 65 missiles were expended in the flight 

test program, including three missiles used to demonstrate the gravity bomb capability. 

The test program was segregated into test phases based upon missile model designations: 

Models A, B, D, and F. The Model A Rascal flight test consisted of glide tests of the basic 

airframe. The Model B missiles were separated into two configurations. 'The first 'five 

missiles utilized a high-pressure thrust chamber feed system. ~..U remaining missiles 

incorporated tl.e low-pressure hrbine-fed propulsion system. Elements of the propulsion, 

servo-control, guidance, and warhead systems were fligbt-tested during the Model B tests. 

The Model D missiles were esser.tially the same configuration with minor system modific?.

tions. Emphasis was placed on the guidance aspect during this phase of flight test. The 

Model F missiles were essentia?ly prototype operational missiles. The DB-41 and DB·36 

aircraft 'vere utilized as directo1• aircraft replacing the DB-50 used on the Model A, B, and 

0 tests, '!'he inertial range-com:puting. system was installed and several missiles contained 

inert warheads. The Model F missiles are treated in tvlo groups: those flown before the 

reoriented .ability program (Nos. 3247 through 3964) and those flown alter the reorient

ation (Nos. 4075 through 61101). 

The detailed review of the flight tast p:rugram which tollow6 aeats separately the six 

groups of missiles: (1) Model A, (2) Model B, high-pressure, (3) ~-todel B, low-pressure, 

(4) Model D, (5) Early MOdel F, and (6) Later Model F. 

Concurrent with the flight testing of Model F n'lis!liles, three modUied airltE.'hes were 

utilized to evalt.ate a gravity bOmb capability which coUld be used operationally. Results 

of this progtan'i are discussed separately. 

Throughout 

to aid In the 

, ·. ~':tirJrf ~"6\f.\~0 
· -u~~ .. ·. :· 

the Rascal design and developm~nt. various m•craft were used primarily 

development :ln.!:! evaluation of Raacal guiduce equipment. TMse aitcraft, 
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simulating director aircraft and recoverable missiles, provided significant guidance per.. '(; 

formance data in suppori of the _missile flight test program. A review of these programs is 

also included. 

A. FLIGHT TEST CONCEPT 

12 

The basic purpose of the flight test program was to evaluat~ tne design and performance 

of the F..ascal Weapon System and to demonstrate its performance and capability in accord

ance with contractual requirements. Thi$ was to be accomplished by evaluating system per

formance under flight conditions and, finally, by attaining a satisfactory operational flight 

path with a prototype ,.,-!)apon system. In addition, flight testing furnished a means of es

tabliShing environmental limitations, launc~ng techniques, accuracy, and reliability. 

Aerodynamic data were requirett early in the prograln to establish satisfactory operation 

of the servp-control syJ;ten)' and adequacy of the airframe. The first two Model A missiles 

were unpowered glide vehicles dropped to evaluate separation fr.om the launch gear, to test 

the recovery system, and to obtain aerodynamic data. Flight testing of the high-pressure 

Model B missiles was concerned basically with aerodynamic and servo-control perform

ance wxler dynamic conditions. The mis$il~ attitude was programmed to provide dynamic 

flight conditions. An interim high-pt-essure propulsion system was utilized so that aero

dynamic and servo-control testing could be&J.n while the low .. pressure ;'')Vier plant was under

going acceptance-testing. The guidance system was also flight tested for the first time. 

The next step was to add the originally planned low-pressure propulsion system. Flight 
tests of th~ low-pressure Model B missiles were mainly concerned with obtaining aero

dynamic data and evaluation of the px-opulsion and servo systems. Guidance tests were con

ducted during this phase and guidance evaluation was a major objective during the Model D 

flight tests. These early flights were of limited range, speed, and altitude. Itowever, since 

the tests were for system evaluation, the limitations were of minor concern. 
"' 

With the advent of the Model F Rascal, flight testing emphasized the accuracy of guid

ance anct. fuzing and evaluation of the warhead inStallation. The Model F 'Jnissiles were 

essentially the operational configuration and launching from a DB-47 permitted the achieve

ment of performance levels necessary to aeeoxnp.Ush the required fligh~ .~rofile. These 

missiles were used to demonstrate guidance and f~in6 accuracyt range, anctw.U·head rn

stallation, thereby completing the· flight test phase of the Rascal R&D program • 
..,/ 
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L 



I 

e 

SYSTEM 1J[l~£ 

B. MODEL A MISSlLES 

Model A mis~iles were simple glide test vehicles launthed in the latter half of 1951. 

The group· consisted of two missiles, Nos. 0104A and 0205A, containlng only destruction, 

recovery, .and instrumentation systems. Ti~se Rascals we~:~ used to evaluate missile launch 

and performance prior to powered fl,ight; all test obj·ectives were accomplished successfully. 

The following paragraphs discuss the Model A 11ight test vehicle and the test objectives. 

Table I summarizes the test results in terms of copfigura.tion, objectives, anct results. A 

discussion of tbe test phase is then presented with conclusions b~~ upon the test results. 

TABLE 1 SUMMARY OF RASCAL FLIGHT TESTS· .-. MODEL A GLiDE MisSILES 

GAM Director Flight Systems No. of Objectives 
No. Aircraft Date Installec. Aborts 1 2 3 4 5 Remarks 

0104A DB-50 9~27 ... 51 a, b, j 0 Satisfacto:cy test; re-
covery partly effective. 

.Q205A DB-50 12-18-51 a, b, j 0 satWactory test; re-
covery !>;u:tly effective; 
4-point release did not 
function properly. 

SYSTEMS INSTALLED 
a. Recovery 

II J\,ccomplished ~ Not accomplished 

b. Destruction m Partly accomplished 0 No cnance 

c. Propulsion system (high-pressure) 

d. Servo control OBJECTIVES 

e. Relay-commane guidance system 
(two operators) 

1. TeSt the missile launch gear,. 

f. Inertial guidance 
2. Obtain aerodynamic data. 

g. Flight programmer 
3. Test the destn~ct system .. 

h. Inert warhead 
4. Test the recovery system. 

j. Telemetry instrumentation {b::tttery-powered) 5. Evaluate instrumentation .. 

k. Propulsion system (l6w-pre~re) 
~cndor turbine p<.tmp 

I. l~~lay-command guidance system 
(one operator} 

-at. T('lemctry instrurncntntion (missile 
gem:·r .ltor• powered) 

n. Pr(lpulsion~yst£<rtt llow-prcssurc) 
· - '~ll, ;).i .rci-aftkrbinc pump 

NOTE: Aborted fiights were t;mcelled 
launch attempts because of discrepancies 
in the missile taqt!eal systems or Ras
cal Weapon Syste1fi equipment installed 
in the director atrcn!t. 

.. ·.-· \i.V 
~<PI'£' ~i-~B) 

.\~r~L , · 
~ .. Y 
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1. CONFIGURATION 

The carrier airplane for Model A missUes wa3 a modified B-50 equipped with a four

point-suspension missile release syr;tem. Equipment for checking out missile components 

prior to launch was inst.illed in the waist compartment of the S-50. 

ConfJsuration details of Model A missiles were quite simple. Each missf.le contained a 

de~ltruction system controlled by a barometric switch. At a preset altitude, blastil!lg caps 

ignited a ring of explosive p!'imacord which separated the missile into t-lVo sections. On 

missiles 0205A through 2535D, an additional explosive ring separated the tank section from 

the aft body ~tion. The second :dng was added to induce instability in the aft section and 

thus enhance deployment of the aft recovery chute. A recovery system, using a 5-10-100 

foot parachute arrangement, was used to recover the forward and aft n;rlssile sections. This 

- system was being evaluated as a means of recovering missile hardware, in cases of missile 

failure, for purposes of analysis. In missile 0205A, provisions were added so that des

truction could be accomplished at the discretion of the range safety officer by means of a 

command received in the mistnle radar beacon. Telemetry consisted of a simple 217 .55-mc 

FM/FM system with five continuous channels and one commutated' channel. To ensure mis

sile stability during the glide tests, the airframes were ballasted with concrete (0104A) or 

water (0205A) for weight control and center -.of-gravity location. 

14 

2. OBJECTIVES 

T~ basic objectives included verification of aerodynamic data obtained from wind tunnel 

testing, evaluation of the destruction and recovery systems, evaluation of separation charac

teristics of i:he missile emergency relea:,-e system, and evaluation of the telemetering system. 

3. TEST PHASE 

The Model A flights were characterized by launching the missiles from the modified 

B-50 at 30,000 feet MSL, followed by a planned missile glide to approximately 18,000 feet 

where the destructor system was activated. Missile speed increased during flight from Mach 

0.45 (initial) to 0.87 (break-up); range from launch to break-up was approximately 2.0 nautical 

miles. 

Ballasting the tniSsiles for static stability proved successful~ a near-zero lift trajectory 

was ohtained. The qualitative aerodynamic data from these flights, in conjunction with the 

wind tunnel test results, indicated that miSsile drag and stability parameters were satis

factory. Basic pressure measurements were obtained and various coefficients were de-
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termined from the telemetered data. The coefficient of ch·ag obtained along the missile 

axis provided the first information for compilation of drag data. 

The destruction system worked successfully in both cases and the break-up betw~n 

the two sectionf! was clean and effective. On 0205A, the aft secondary ring of expolsive 

primacord detonatt~d but failed to sever completely the skin of the missile between the pro

pellant tanks and the aft body. 

TM recovery system was only partly effective. On missile 01,04A. the forwarJ and aft 

sections were not recovered because the parachut~s failed to deploy as planned. On missile 

0205A> the krv-'...rd section was recovered successfully, but the aft section parachutes failed 

to deploy. Both flights :resulted in the loss of, or damage to, the '=-foot parachute. 

A third glide missile (06A) was scheduled to be launched at the AFMDC during this test 

phase. However, this missile was accidently dropped from the B-50 over New York State 

while conducting a captive flight test. A$ a result of this accident, the launch gear was mocU.

fied before launching missiles 01,04A and 0205A. The fo~-point-suspension release system 

was effective in launching 0104A with a clean flat drop from the B-50. On 0205A, the left 

side of the launch gear failed to release immediately. This caused the right side of the 

:Jnissile to drop, imparting a rolltng motion to the missile. 

Telemetry functioned successfully on botn flights. The units transmitted continuous 

signals from X-90 seconds to impact. Noise interference was considered to be well within 

tne desired limitations. 

4. CONCLUSIONS 

The Model A missiles provided the first colltplete information for study of the sub

sonic performance and stabim~ of the Rascal missiles. AerOdynamic data essentially sub

stantiated predicted performance. 

While the destruction system was adequate, the recovery system was unsatisfactory. 

Flight data anlysis resulted in adding a SL"'nplified reco\'ery system in subsequent miSsiles. 

The first flight evaluation of the missile emergency release system with four-point 

suspension did not meet the required reliability of a safe release bystem. The mecll~cal 

support hardware was modified to assure proper release capabilities for the powered vehicles. 

The Model A missiles accomplished the intended objectives and provid2d information 

and ass~ce required for launching "hot" missiles. 

58W~OS 2298 
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C. MODEL B MISSIL~S WITH HIGH-PRESSURE FUEL-FEED SYSTEMS 

16 

Five Model B missiles, incorporating the hlgb-pressure. propulsion system, were flight

tested between September 195.2 and. January 1954. The high-pressure propulsion system was 

substituted for the low-pres~ turbine-pump-fed propulsion system because of considerable 

.difficulty in obtaining delivery of satisfactory vendor-supplied turbine pumps. Substitution 

of the high-pressure propulsion system provided a rocket-powered vehicle with similar thrust 

characteristics so that flight testing of other missile systems could be accomplished without 

delaYing the p:r:ogram. Oiiginally, only three missiles were to be flight-tested during this 

phase (Nos. 0307B, 0409B, and 0510B); primary objective was to pl'Qvide data for aerodynamic 

and servo-control evaluation. However, two missiles were added to the program (Nos. 0615B 

and 0713B) to test emanating guidance equipment, while completing the acceptance-testing of 

the low-pressure propulsion system. The aeroaynamic and servo-control evaluation flights 

provided flight performance data, but guidance evaluation was limited on the last two flights 

because of servo-control malf\ttlctions. 

The following paragr~ describe these five Model B flight test vehicles and the test 

objectives. Table n summarizes tile llight tests in terms of config-t...u-atlonr objectives, and 

results. A discussion of the test phase is then presented with conclusions based upon the 

teat results. 

1. CONFIGURATION 

The DB-50 served as the director aircraft throughout these Model B missile tests. Con

figuration of the DB-50 was modified by incorporating elements of .:he dual-operator guidance 

system tncludf.ng midcourse guidance, terminal guidance, and relay and command components. 

A fou;r-poirtt-suspension (zero-rail) launch technique was Qsed during these flight tests. 

The Rascal missile for the first three of the five flight tests consisted of the basic air

frame with the high-pressure propulsion system. the three-axis servo-control system, and 

the destruction and recovery systems. Telemetering instrumentation was also installed to 

obtain performance data. 

The high-pressure propulsion system was a deviation from the low-precsure system 

originally piauued. With the high-pressure sysiem, the propelllmt tanks were pressuriz(!d 

with regulated nitrog~'11 gas from the '6000-pSi source. This pressure was suffiCient for 

supplying propellants P.t the 1'2qulred feed pressures, to t.'le three thrust ch.ambers. The 

higb•pres&Ul•e system provided the desired thrust level, but over a shortened time tnterval. 
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TABLE II 

SUMMARY OF RASCAL FLIGHT TESTS -
MODEL B MISSILES WITH HIGH-PRESSURE PROPULSION SYSTEMS 

GAM 
No. 

0307B 

0409B 

0510B 

061.5B 

0713B 

.O~rector 

Ai,rr.raft 

DB-50 

DB-50 

DB-50 

DB-50 

DB-50 

Flight 
Date 

9-30-52 

1-15-53 

3-13-53 

Systems 
installed 

a,b,c,d,j 

a,b,c,d,g,j 

a,b,c,d,g,j 

10-5-53 a,b,c,d,e,g,j 

1-12-54 a,b,c,d,e,g,j 

No. of 
Aborts 1 2 

0 

0 

1 

2 

2 

Objectiws 
3 4 5 6 7 8 Remarks 

Satisfactory 
test. 

Satisfactory 
test. 

Satisfactory 
test. 

Servo-con
trol failure 
shortly afteJ" 
dive entry. 

Servo-con
trol failure 
shortly after 
launch. 

SYSTEMS INSTALLED II Accomplished ~ Not accomplished 

0 No chance ... 
·""' 
b. 

c. 
d. 

e. 

f. 

g. 

h. 

j. 

k. 

1. 

m. 

n. 

m l?art~y accomplished 
Destruction 

Propulsion system (high pressure) 

Servo-control 

Relay-command guidance .system (two operators) 

Irertial guidance 

Flight programmer 

Inert warhead 

Telemetry instrumentation (battery-powered) 

Propulsion system (low pressure) vendor turbine pump 

Relay-command guidance system (one operator) 

Telemetry instrumentatlon (missile generator-powered) 

Propt.L\sion system (low-pressure) Bell Aircraft turbine 
pump 

• • • 1 •• (:' 
' .. . ·.• 

NOTE: Aborted flights were eanc~lled 
launch attempts because of discrepancies 
in the missile tactical systems or Ras· 
cal W~pOn System eQl.iipment installed 
in the director alrcralt. 

OBJECTIVES 

1. Demonstrate satisfactory prelaunch 
procedures and separation of missile 
from the director airplane. 

2. Obtain aerodynamic data. 

3. Obtain successful recovE'ry of the for
ward equipment section. 

-t.- Obtaln ep\'ironmental, vibration, and 
*rnperature data. 

5. Obtain sati...~~ctory operation of the 
pressurizea pro~~ion system. 

6. Te&t operation of the servo-coutrol 
system. 

'1. Test midcourse guidance. 

8. Test terminal guidance. 

58WCOS 2298 
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The thrust chamber assemblies were the same as thoce used in the low-pressure system. 

Considering the purposes of the modified progr-ctm, any undesirable aspects such as shorter 

range, additional weight, and the use of batteries ior deriving electrical and hydraulic power 
were considered negligible. 

The servo-control system was to be tested by programmed maneuvers during the flight 

testing of Nos. 0409B and 0510B. Pitch programming was incorporate in one missile and 

both pitch and yaw programming in the other. These prog .. •ammers provided a series of 

brief step-function commands to the pitch and yaw systems of the autopilot, thereby pro

viding a means of evaluating performance and respo~e under dynamic conditions. 

The recovery system was modified to provide for recovery of the forward equipment 

section only; tbe aft reco~ery parachute compartment was utilized for additional tube bundles 

for the storage of nitrogen gas. However, the destruction system was the same as trutt in 

missile 0205A. 

The -c,"'nfign..ration of missiles 0615B and 0713B differed somewhat from the first three 

Model B miSsiles. In addition to the high-pressure propulsion system, the three-axis sta

'JUization system, and the modified re\!overy system, these two missiles carried a radar 

g-.iidance System. A pitch-attitude pr~gnmmer was used to achieve the desired flight path 

and the aneroid sWitch in the destruction system was disconnected to allow flight to impact. 

The capability for beacon ~estruction of the rr 'ssile was maintained for range safety. 

The dual-operatOr gUidance system utilized on the two gu*dance evaluation flights func

tioned in the following manner: After launch, the search radar of the DB-50 tracked a "J"adar 

beacon in the missile and fed this information to a midcourse computer in the DB-50 which 

determined the position of the Rascal :missuce relative to a target. The midcourse guidance 

operator transmitted liZUnuth corrections to the missile through a microwave relay link. 

In this manner, the missile was guided to the dive point at a predEtermined distance from 

the target. The search :radar of the missile was ene~fzed at launch anti a video returr, 

signal was received in ~ director aircraft. This return was displayed on -an azimuth track

ing indicator and a dive-angle tracking indicator. The dive was inlt~ted remotely by the 

terminal dive operator or as programmed by the range computer in the missile. During 

the dive pbaS~1 a guidance operator at eaeh fttdicator tracked the missile's coUl"Se and in

initiated pitch and az1111uth corrections as required to hit the target. 
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2. OBJECTIVES 

The flight test obj~ctives were similar for the first three Model B missiles. Obj~ctives 

common to all three were (1) to demo~te satisfactory prelaunch procedures and separation 

of the missile from the director aircraft, (2) to obtain satisfactory operationof the high

pressure propulsion system, (3) to obtain aerodynamic and servo-control performance data, 

and (4) to recover the forward equipment section of the missile. Secondary objectives ili.f

fered £rom missile to missile depending upon the nature of the flight and the special in

strumentation Installed. In all cases, vibration data a.nd additional aerodynamic data were 

obtained. 

For the tWo missiles containing emanating guidance (Nos. 0615B and 07!3B), the !light 

test objectives emphasized evaluation of the different I?hases of guidance control, in ad

dition w the four objectives mentioned in the prececUng ~ph. Gu.idance systems in 

both the missile and the director aircraft were to be tested. During the dive phase, operation 

of the terminal guidance equipment '"-S to be tested, as well as missile response to trans

n'Utt8Q -"C'~.,...,.ndl!-. Gn~~~ seno7 and te~~meter~ sye-ams we~ instrumented to obtain 

internal temperahu'e data. as a s~ndary objective. 

3. '!':Est' PHASE 

Flight profUes for the five missiles were varied according to the missile configuration and 

the te$t objectives. The missiles were launcned from a DB-50 director aircraft at an altitude 

of 30,000 feet MSL and at Mach. 0,42. Flight range was 20 to 30 nautical miles. A prescribed 

misSile flight .:ltitude W34 reached by programming the pitom angle. Maximum speed between 

Mach 1.4 and 1. 7 wu to be att;Uned. The fi!'at tlu'ee tell.'ts were to be terminated in flight by 

actuation of tl e destructior.systemattheplannedaltitude. The last two missiles w\U'e to impact 

on the target and were controlled by the two guidance opetators in the DB-50 following the dive 

l".laneuvel'. The midcourse guidance operator was to track the missil~s. but no commands were 

to be sent prior to dive.. The clifector ~ to tni::k the missiles, but no commands were to be 

sent prior to dive. The director aircraft was to continue oJi the release heading for 10 seconds 

after launch and then tc .Wrn upWind a.t 2° per second until a 50° turn wae completed. The new 

heading was to be maintained until the end of the lniaane flight. 

The first three flights were accomplished with ~Jatiafa.etory results. The !itst powered 

flight of a Rascal missile, No. 030'1B1 was conduGt~ on 30 September 1952. All three missiles 

were launched cleanly and the flight paths were essentially &tB planned. The high-pressure 

58WCOS2298 
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propulsion system maintained the desired thrust level; the servo-control system maintained 

stabiUty; and the destruction and recovery systems operated satisfactorily on two of the three 

flights. Except for the one failure in the recovery system, all test objectives were achieved. 

Considerable preflight testing was performed on the missile and director aircraft cpmbin

ation before the launch attempts of the two missiles scheduled for guidance evaluation. Since 

' i these were the first guidanca control flights, equipment in both the DB-50 and the missile was 

functionally checked and adjusted to ensure proper contact and control. Nineteen captive flight 

tests were fiOWil with missile 0713B and the DB-50 to complete this checkout and to establish 

operating procedures. 

., 

20 

OWing to missile instability during the flight testing of the last two missiles with the high-

pressure propulsion system, there was no opportunity to demonstrate the effectiveness of 

guidance control Missile 0615B became unstable shortly after dive entry; missile 0713B 

became unstable shortly after launch. The directional gyro in 0615B was misoriented 90° 

causing severe cross-coupling eifects during dive. In the case of 0713B, the directional gyro 

tumbled. As a result of these discrepancies, an improved directional gyro unit was incorporated 

in subsequent missiles. The last flight test (0713B.) employing the high-pressure propulsion 

system occurred on 12 January 1954. 

Test objectives of these two guidance evaluation nights were only ~tlY accomplished. 

SatiEfactory launch and missile separation from t11e DB-50 were demonstrated during both 

missions. The high-p:ressure propulsion system functioned properly and three-axis stabilization 

was maintained prior to the malfunctions. Guidance equipment testing wa-s litD,ited to the pre

launch and midcourse phases. 

Of some significance is the number of attempts to achieve the launch of the five missiles 

containing the high-pressure propulsion system. Althoug}l theiirst two missiles were launched 

on the initial attempt1 a total of eight attempts were necessary to achieve the successful 

launching of the three remairung missiles. Three of the five aborted flight tests were due to 

problems in the guidance system and two were due to propulsion system malfunctions. 

Figure 3 illustrates the zero-rail launch technique used during this phase of flight testing. 

The figure shows the acid vapOr trail from the thrust chambers upon receipt of the rocket-fire 

signal, ignition of the Boost No.2 and cruise tbrUo;t chambers, and complete ignition of all three 

thrust cha.l:ilbers. 
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Ignition of Boost No. 2 Chamber 

Separation from the Director 
Aircraft 

SYSTEM llllai£ 

Acid Vapor Trail Prior to Thru:st 
Chamber Ignition 

All Three Thrust Chambers 
Ignited 

58 wcos :.!2 9 8 
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4. CONCLUSIONS 

The high-pressure Model B missiles fulfilled the primary purpose of providing early flight 

tests of powered Rascal vehicles for evaluation of aerodynamic and stabilization characteristics. 

Use of the high-pressure propulsion system proved worthwhile a,s data. were obtained ~n missile 

systems operation. The missiles demonstrated the ability to maintain stability and to perform 

required maneuvers. Evaluation oi the guidanr:e-control system was precluded by· pramature 

termination of the two guidance evaluation flights. However, some insight into the nature of 

guidance =:~ystemperformance was provided.nuring the captive tests, during the prelaunch checks, 

and, to a limited extent, during the final flight tesUng. Performance data indicated that the 

Rascal miSSile and DB-50 director aircraft would \lltimately perform as e:ypected. , 

b addition to these accomplishments, some indirect benefits were derived from the high

pressure Model B missile tests. Ground handling and servicing techniques were evaluated; 

field test personnel received experience in handling the over-all operation; and instrumentation 

and data-processing techniques were developed and improved. 

D. MODEL B MISSn.ES WITH LOW-PRESSURE FUEL-FEED SYSTEMS 

22 

The remaining 15 Model·B missiles were flight-tested between May and December of 1954. 

The planned program called for ~sting the operation of the newly incorporated low-pressure 

propulsion system during the initial flights. Subsequent tests were to be conducted to evaluate 

all syste~as of the missile and directoi" aircraft, with emphasis on guidance evaluation and war

head fuzing operation. Evaluation o1 the weapon system was precluded on 11 flight tests by 

maUunctions during prelaunch, launch, or midcourse. However, the gUidance control technique 

was demonstrated on four flights. One missile (No. 162GB} impacted 290 feet from the desig

nated target. 

Th~ following paragraphs describe the low-pressure Model B missiles and the test objec

tives. Table m summarizes the fiight test results In terms of missile configuration, test 

objectives, and r .esults. A discussion of the test phaSe is then presented with ccncl~sions 

baaed upon test results • 
.. 
. -
·•· 

... 
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OAM 
No. 

00118 

0812B I 

09148 I 

• 10168 

1117B 

1~21B 

1319B 

14248 I 

15228 I 

16268 I 

• 1728B I 

18258 I 

19238 I 

202~B I 21208 

TABLE lll 

SUMMARY OF RASCAL FLIGHT TESTS - MODEL B MISSILES WITH LOW-PRESSURE PROPULSION SYSTEMS 

Flight Syst~ms 

Date Installed 

3- 16-54 a,b,d,g,j,k 

DB-50 15-12-54 a,b,d,g,J,k 

DB-50 6-22-54 a,b,d,g,j,k 

DB-50 7-27-54 b,d,e,g,j,k 

DB-50 8-9-54 b,d,e,g,j, k 

D&-60 10-18-54 b,d,e,g,j,k 

DB-60 10-14-54 b,d,e,g,j,k 

DB-50 110-22-54 

I 
b,d,e,g,j, k 

Dll·50 110-28-54 b,d,e,g,j,k 

DB-50 111-4-54 I b,d,e,g,l,k 

DB-60 111-10-54 I b,d,e,g,J,I: 

08·50 111-29-54 b,d,e,g,j,k 

DB-50 112-3-54 b,d,e,g,j,k 

DD-50 112-8~ 54 b,d,e,g,j,k 

DB-50 12-17-54 b,d,e,g,j,k 

No, of 
Aborts 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

2 

• Accom{lllshed 

Objectives 
456789 Remarks 

Propulsion system failure tn ground 
test, 

Propulsion system failure; missile 
jettisoned prior to launch. 

SekVo-control failure near end of 
Hight, 

Propulsion system failure at launch. 

Propulsion system failure at launch, 

Servo-control failure shortly a(ler 
launch, 

Servo-control failure shortly after 
dive entry. 

Propulsion· ~ystem (allure durtng 
mldcourse phase • 

Propulsion system failure prior to 
dive entry, 

Satlsfactorv lllght: Impact 290 feet 
from large!; range 35 N.M. 

Servo-control failure near end of 
lllght. 

Servo-fontrol failure shortly after 
launch. 

Satisfactory test; guidance operator 
error caused mlssUe to miss target 
re;;lon. 

Propulsion system faUure and pre
rnatut·e Initiation of destrur.t sysl~m 
during mldcouriiL. 

J9 Partly acNmpllslted 

~ Not accomplllihed 

0 N0<'h3UCI} 

ul\lc 

~~"'I'll:"' ~· ~~.. ~--CONf~ IA:-bc ~ ~-~- -
" '-/ 
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SYSTEMS INSTALLED 

a, ;Recovery 

b. Destruction 

c. PropulRion system (high-pressure) 

<'. Servo control 

.. 
I .. ,, 

e. Relay-command guidance system (two operators) 

f. Inertial guidance 

g, Flight programmer 

h. Inert warhead 

j. Telemetry Instrumentation (battery-powered) 

It, Propulsion system (low-pressur<~) vendor turbine pump 

I, Relay-command g~~ldance system (one operator) 

m. Telemetry instrumentation (missile genarator-powered) 

~ 

·( .... · .. 
~;;.. 
'~ 

"'"' 

n. Propulsion system (low-pressure) Bell Aircraft turbine pump 

OBJ,li:CTIVES 

1. Demonstrate free-drop launch procedures. 

2. Oblatn structural load data, 

3. Evaluation of pressure-s&nstng system. 

4, Obtain environmental data. 

5, Test the operation of the propulsion system. 

6, Test the operation of the servo control system. 

7. Test the guidance system. 

8. Obtain aerodynamic data. 

9, Obtain environmental data In the warhead 
compartment (Sandia CoXP,oration) 

NOTB: Aborted fllahts were cancelled 
launch attempts because of discrepancies 
In tho missile tactical systems or RI<S• 
cal Weapon System equipment Installed 
In tho director alrcrnlt. 

5~WCOS 2298 2~ 
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1. CONFIGURATION 

The DB-50 equipped With elements of the dual-operator guida.nce $ystem and the four-point 

launch gear served as the director aircraft for the Model B missiles with the low-pressure 

propulsion system. 

Except for the propulsion system, the low-pressure .tnislsile coDfigUration was essentially 

the same as the last two :Mo4~1 B high-pressure missiles. 

The low-pressure propulsion system consisted of three thrust chamber assemblies, pro

pellant tanks, tube bundles for nitrogen gas storage, a nitrogen pressure-regula~ system, 

and a :vendor-supplied turbine pump asse~bly. An alternator and hydraulic pump were driven 

by the turbine to proVide internal electrical and hydraulic power for the missile. Following a 

fa.~e of the nitrogen stouge tube bundles on missile-- llB during preparation for flight, all 

subsequent Model B and D missiles were modified, as an interim measure, to incorporate 

nitrogen storage bottles while improved tube bundles were being developed. On missiles without 

guidance equipment, .the bottles were mOUnted in the nose section. In the missiles carryillg 

guidance equipment, the recovery parachutes were removed from the aft section and this com

partment was used to house the nitrogen storage bottles. 

The servo-control system in these 15 missiles was the same as that used in the Model B 

high-ptessure :missiles. Pitch and yaw programmers ,~ere used to wry the attitude on the six 

missiles that were flown with no guidance operatQr control Pitch at~tude was programmed on 

all flights to achieve a satisfactory flight Pa.th. 

The emanating guidance system was incorporated in the last 12 of the 15 Model Blow

pressure missiles. However, the guidance systezn. was disconnected from the servo-control 

system In three of the missiles and programmers were used to provide flight maneuvers for 

strucl:ln'al load measurements, During these three tests, the emanating system was energized 

and its operation. was monitored by instrumentation, but the guidance operator had no control of 

the missile flight path. Full in-flight control ol tlie missUe by the guidance operator was exer

cised with the remaining nine missiles. 

For range safet:t, tte missile destruction capability wu maintained throuibout the Mc:odel 

B flight testa. Both S-band and L-band beacona were Inatalled In the musilea to facilitate 

tracking, as well as to permit the ·eml!rgency <ie~etion circuitry to be en~t-g.br:ed. necovery 

of the forward equipment section wu to be achieved on the ai.x flights with no guidance controL 

On the nine Uights with gui~~· control, the aneroid •tiitcbea were dlaeonnected to ~tJiUt 

guidance to impact. 
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Insnmnentation was int:luded in 12 to 15 missiles to obtain rJ.Zing pressure-sensing data. 

Three of these missiles contained fuzing baroswitches. 

Telemetering instrumentation was incorporated in all missiles to obtain data on systems 

operation. A battery-powered FM/FM transmitter, employing from 14 to 18 subcarrier chan

nels, was useel. 

2. OBJECTIVES 

The initial fli~ht test objective for the 15 low-presS"..tre missiles was to establish satisfac

tory operation of the propulsion system. Three missiles were scheduled to evaluate propulsion 

system performance, ·including the efficiency of propellant tank expulsion during climb and dive 

and during pitch and yaw maneuvers. 

For the remaining 12 flights, evaluation of the dual-OJ?erator relay a."ld command guidance 

system, the fuzing baroswitches, and the pressure-sensing $ystem were of prime concern. 

During tlu:ee of these flights, the guidance system was operated as an open loop without servo 

response to guidance control. A new free-drop launch technique was evaluated on the sixth and 

all subsequent low-pressure missiles. 

Evaluation of the servo-control system waS. a secondary objective on all15 missiles. This 

was to be accomplished on six mi:lsiles by programmed pitch and yaw maneuvers. On the 

missiles to be controlled by the guidance operator, stabilization data during the terminal guid

ance phase were desired. 

Additional secondary objectives involved special insU'umentation to obtain structural, 

aerodynamic, and environmental data. Three missiles were flown to obtain warhead structural 

load information. One missile was tested to obtain zero lift-drag data. Vibration instrument~

tion was installed in various positions on two missiles and three missiles were instrumenteQ i.t. 

record temperature data in the radome and in guidance and servo equipment. Three mls$t -~~ 

were instrumented by the Sandia Corporation, the prime warhead contractor, to obtain envir ,._. , 

mental data from the warh.;a.t ~O!!'.l.PN"tment. 

8. TEST PHASE 

Flight teatir.~ coiu!Jiated t4 launchinC lrom al>B-50 d!reetor aircraft at an altit.Jde of 30, <·.trr.' 

feet and at Maeh 0.~5. 1'he Jnilaile entered a climb and leveled -off at a predetermined f . · l.} 

altitude (varied between 40,000 and GO,OOO feet}. 'l'he midtOill'~e phase o£ flight was mon1t! >'. ~ 

by the guidant!P o~ntors and .the te .. ·miJ!Udivewu Initiated either bY tM guidance opet:'. -r 1 

by thll!' p~~r in the Jlll!,tlf. 

:,\~~ . I . 

...... v ............ 56~913 -3at ~ * • 
llltll~frtJJ'~ • ,. .. 

~ 
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weapon system was accomplished during four Model B flights which en to red terii'linal dive. The 

capability of the weapon system was satisfactorily demonstrated by the flight teat of missile 

1626B, Following the dive maneuver, the guidance operators succe$sfully controlled 162GB 

to impact 290 feetfrCim the prescribed ground target. Guidance control was demonstrate<! on the 

other three flights until various malfunctions precluded a completely accurate evaluation. In 

one case, guidance operator error caused a missile to impact six nautical miles from the 

target. Servopllut mal!unctions occurred late in the dive phase on the other two teste causing 

loss of m}osile control. 

Two of the three flights to teJJtfuzing.baroswitch operation provided useful vertical accuracy 

data.. ~ing e flight tests of missiles 1626B and 172851 all of the baroawitche• actuatecl 

within 80 and 30. feet of the planned altitude. 

Twenty-one attempts were required to achieve the 13launchings. One missile was destroyed 

on the grOWld and another was jettisoned prior to launch due to propulsion system failures. Of 

the six remaining aborted flight tests, four were due to servo-control problems and two were 

due to guidance system failures. 

4. CONCLUSIONS 

The 15 missiles scheduled to be flown during this phase met with only limited success in 

terms of satiSfactory completion of b'iivicr.W. flight tests. Since proper operation of the pro

pulsion system was a prerequisite for satisfactory evaluation of other missile performance 

aspects, the seven failures involving the propulsion system contributeo to the fact that the 

desired test objectives were not accomplished aatiafactol'ily. Design changes ellmin~ted the 

propulsion system problems; especially noteworthy is the free-drop launch technique which 

waa uaed on the la.lt 10 Model B flight testa, as well aa all aub1equent Iaunchinga. 

The seven failures on the remaining ei&ht :fU&htB, in addition to the eight aborted attempts, 

~'.:ried in nature and involved eoinponents of the director alrcra!t ~ipment and the miaaUe 

~2rvo, &Uidance, andbea.coneomponertta. f31lureao!t:llW nature were not comp1ete1)1 unexpected 

t~~I\Ce the Model B fli&ht telt phaae wu clearly a rYeareh aud development stage in the Rascal 

p •ogram.. The problema enewnter~.i led to ad:llt!onal dtvtlctlmental work and eventual ayatem 

;sitodtfieaUOb.. 

Mettuale ewm&tiofi .of miHUe ayatemt 1JU Mt accott~pu.hM ~lng the Model s low· 
~t~:ll'l.ll'e mi.latte Ctght teaUJ~ Hawev~r, the fttght te!lt of mlUUe 1&2&B; in -parttcum. and the 

\hre:e tither C'J~ce ~~ttcl~ tlfl!!,!!, &rn~rJJtrated Ute ~a~illty an:f the fea8ib!llty cl the 

ltMcillwtiltiOft lifJt••· 
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During tb~ t~l'minal dive phase, the miSsiles wer::- ~ither programmed in pitch and yaw or 

c;:onuolled remotely by the guidance operator. The missile ~ts were terminated by actuation 

of the destruction system, or by impacting in the target area. Planned flight ranges varied 

between 40 and 60 nau.tical miles. The director aircraft continued on the launch he~ for 

5 seconds after launch, then turned upwind at 2° per second until a 65 o turn was completed. 

This heading wa.a maintained until the conclusion of the missile flight . A similar postlaunch 

procedure was used for the DJJ-50 during the remainillg Model B and D missile iligh~. 

The fil'st two misSiles scheduled to be launched were :rendered unsemceaole owing to 

propulsion system discrepancies. MlssUe -- llB was destroyed on the ground by an exploston 

of the rJ.trogen storage bundles. The second missU~, 0812B, was jettisoned from the DB-50 on 

12 May 1954 when an explosion occurred in the turbine pump .case during the turbine fil'ing 

sequence. The neJ¢ missile, 0914B, launched on· 22 June 1954, was suc~essfully flown for 130 

seconds befor.e becoming unstable due to a failure in the servo-conb;'ol system . 

.After the flight test of 0914B, the rocket engine shut down imm~tely after launch dur~g 

two successive missile flights. Malfunctions in the thrust chamber safety circuitry shut down 

the _propulsion system as the missile separatedfrom the PB-50. Thia sa:t~t!- c1rcuitry had been 

incorporated as a protective measure for the aircrew while the missile was either attached to 

the DB-50 or was in close proximity to the airplane. With proper operation of the circuitry, 

failure of any one of the 1brust chamQe.J,'s to ignite caused immediate shutdown of the propulsion 

system. As. a result of the two successive failures in this circuitry, the sixth missile (1121B), 

as well .as all later missiles, incorporated provisions for the free·drop la.unch technique that 

had been developed for Model D and subsequent missiles. In the new launch procedure, rocket 

fire was ini~t~ by a-,Umer after the m.i8sile was released from the DB-50; thus, the need 1or 

the thrust chamber safety circuitry was eliminated. During the fllght test of missile 1221B1 

.~:.t•"()~~n :..·,.,~the J.av.\th gear ~a.cleanandt~~ Eelease opfU'~tion wa!$ {.;O.tnpletely ~rueeeuful. 

The f . ef=· ±rop 1: ·1rr':a techniqt• 1 · tas \.\SEr.i 1f,~, IIout f~ .... ~4Ltlr a..:l rem'_:nint: JtlzD my,.~~~ Fo)--. 

lowing :tattnch, the Hight of 1afs was te:r..!hlnated wht:a servo i%.<t~illty was ... ·1vsed b) ~~ 1·~ 

of the roll-rate gyro • 
. 

Of the remainin-g nine missUes., five :fllght tests were· terminated prior to dive .tntrJ and 

foul:' flights were guidance controlled duringtheterminaldive phase. CJf the five flights tumin• 

ating prior to dive, three 'Were directly attributable to propulsion system malfunetion, one "trU 

a flight-control problem, and one flight was terminated by premature inltfation ot the deatruct 

Liroit~ :Ptrlormance data were obtained on the .servopi'~t and prllpulalon syaultl 
during the- mideourse phase of oparation. Evaluation of the guidanc~ conttot · t~t:t. "•1 t.C~ t'.:=. ':!:~ 

~------- -/···-
-------------·-·-------·-.,---~-~. W~l.•. :-v ._ .___.,. ~,.""· · -· ----.w 

j --~· 
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E. MODEL D MISSILES 

During the first quarter of 1955, six MQdel D missiles were flight tested. Early fligllt 

planning .ealled for the installation of the single-operator guidance system in the ~odel D 

missUes. The free-drop launch technique was also to be evaluated. Later planning rescheduled 

the single-operator guidance system lor incorporation in the Model F missiles, and the free

drop launch t~hnique was successiully demo~trated on tb later group of Model B missiles. 

Consequently, the Model D missUes maintained tlle configuration, test objectives, and flight 

plans of the later Model B missilesJ. and can be considered a continuation of Ute earlier group. 

Test objectives emphasized continued evaluation of the guidance system and pressure-sensing 

components of the !uzing system. Two missiles comp!etely satisfied the planned flight objec

tives and ~cored "bull's-eye" hits on the target. Limited evaluation was possible on four 

missiles which experienced propulsion failures during flight. 

The following paragn.pbs· describe the Modell) flight test vehicle and the test objectives. 

T~le IV summarizes the flight test results in terms of missile configuration and test objec

tives and results. A discussion of the test phase is then presented; followed qy conclusions 

based upon test results. 

1. CONFIGURATION 
, 

The DB-50. director aircraft containing dual-operator gaic:\aJlce components and the four-

point launch gear was used throughout the flight testing of the Model D missiles. 

The configUration of Model D missiles was similar to the later Model :a missiles except 

for mino.r modifications of .some components. The dual-operator guidance system was main

tamed, with azimuth. control ca.pabil!ty for the complete !light and pitch control capability for 

the terminal dive phase. Timers were used for pro;wlsion system and other controlled fl.lnc

tlons, and programmers provided pitch control. The parachute ~ecovery system was retained 

for the forward miSsile section. However, the aneroid swi.tclies were disconnected (except on 

misalle 26340} and recovery was attempted only in cas.es of missile maililnction. One change 

wu made in the propulSion i'JYSt~: the 65 L* thrust chambers were repla~ed by '15 L* cham

bers using modified injector heads (L* = cbaracter~tic thrust chamber length in inches}. An 

addition to the telemetry system included an R-F transmittez for telemetex-ing impact !uze 

data for which receiVl"lg station facilities were established in the target uea. Special inatru

menta.tlon was also provided to measure and record strueturalload tf.ata du:ring tha flight of 

2634D. 
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TABLE IV 

SUMMARY OF RASCAL FLIGHT TESTS - MODEL D MISSILES 

GAM Director Flight Systems No. of Objectives 
No. Aircraft Date Installed Aborts 1 2 3 4 5 Remarks 

2231.P B-50 1-13-55 a,b,d,e,g,j,k 1 Impact 320 feet 
from target; 
range 38 N.M. 

2332D a-so J.-·28-55 a,b,d,e,g,j,k 2 Propulsion sys-
tern failure dur-
ing midaourse. 

2430D B.-50 . .2-12-55 a,b,d1e,g,j,k 0 Impact 1160 feet 
from target; 
range 39 N.M. 

2535D B-SO 2-16-55 a,b,-Q.,e,g,j,k 0 Propulsion sys-
tem failure 
shortly after dive 
entry. 

2634D B-50 3-1·5-5 a,b,d,e,g,j,k 0 Propulsion sys-
tem failure dur-
ir.g midcourse. 

2'133D B-5o 3 ... 29-.55 a,b,d,e;g,j,k 3 P:ropuliJion sys-
tem failure 
sho..!'tly :Jter 
launch. 

SYSTEMS INSTALLED II Accomplished Not accomplished 

a. 

b. 
c. 

d. 

e. 

f. 

g. 

h. 

i. 

k. 
l. 

\.· · 
m •.. 

n. 

Recovery 

Destruction 

~~ Partly accomplished No chance 

Propulsion system (high pressure) 

Servo-control 

Relay-command guidance system 

Inertial .guidanc;:e 

Flight programmer 

Inert warhead 

(two operators) 

Telemetry instr-Jmentation (battery-pOWered} 

Propulsion system (low-press.u-e) vendor turbine pump 

Relay-c<?mmand guidance system {one operator) 

Telemetry instrumel'ltation (misslle generator-powered) 

Propulsion system (low-pressure) . Bell Aircraft turbine 
putnp 

OBJECTIVES 
1. Test airframe-autopilot response to 

commands from director aircraft. 

2. Obtain warhead environmental data. 

3. 1-est operationof dual-operator 
guidance system. 

4. Test pressure-sensing system, baro
sWitcnes, and impact fuzes. 

5. Obtain structural load data. 

NOTE: Aborted Wghts were canMlled 
launch attempts beeause o! diserepancles 
in the missile tactical systems artd Ras
cal WeapOn System equipment installed 
in the director aircraft. 

29 
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2, OBJECTIVES 

The flight test objectives for the Model D missiles were a continuation of those !or the 

Mbdel B missiles, with emphasis remaining on additional flight evaluation of the dual-operator 

guidanee syste~ during the midcouriJe and teJ;'Jilinal dive phases. Evaluation continued on the 

presSUl"e-sensing "Ystem, barometric pressure SWitches~ and impact fuzes that were intended 

for use in the warhead fuzing "Y&tem. Missile 2634D was instrumented to obtain in-flight struc

tural loa,d data under programmed guidance CODI.JXWlds during the ter~inal dive. Sec~ndary 

flight te•t objectives were (1) to obtain environmental data in the warhead compartment using 

SandU. instrumentation ~ (2) to evaluate further the servo-control and propulsion systems and 

to obtain aerodynamic performance data. 

3.. TEST PHASE 

The typical .flight plan UMd for the Modell> missiles can be generally described as follows! 

The miaslles w~e free-(irop launched from 30,000 feet MSL at Mach 0.45, and a.t a range-to

target of about 38 nautical miles. Following launch, the mis~:Jiles were programmed to climb 

and attain a level flight altitudeofapproxilnately4't,OOO feet MSL. At approximately 14 nautical 

mile• from the target, a 30° dive was. to be initiated either by the guidance operator or by the 

midcourse coml'Uter. The mts&lles·were guidance-controlled during the midcourse ~ d terminal 

dive phases. 

hvora'ble teatrea1,1ltawereobtrlnedfromtwoofthe Model D flight tests, and these satisfied 

the te•t objectives. :Missile 2231D, ~e first of this series,. was launched successfully on 13 

January 1955. During. the midcourse flight, the missile demonstrated good airframe/ servopllot 

response to programmed .eommanQ$. The guidance o.I)erators clearly identified the target 

during the latter part of the midcourse pbaae and, with minor flight path cor~ections immedi

ately after dive, the missile was directed to a. point 320 feet from the center of the target. This 

event Dlal'ked the second bull's.-eye ot t)).e Rascal fligbt teat prograln. Successful performance 

waa again realized on 12 Feb%'UI.l'y 1955 when the third Model D missile (2430D) was guided to 

impact 1160 feet from the target centet. These two mii,Csiles demonstrated complete aehieve

m~t of all fllght objectives except for limited data obtained from the components of the 

prea~e-senaing ry•tem. The flitht test of mis•Ue 2430D provided inforn1ation on pre~JSUl"e

senamc error~ inthereg.tonofaltitudeandl4ach number of interest to fuzing. The baroswitches 

actuated between 23(' .and 253 feet lower than planned. Impact fttze data. indicatoo that perform

ance 'WU satiJfactory. 
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Evaluation was limited on the J:et:naining fo~;r flights because of discrepancies in the pro

pulsion system. Flight data established that the failures were due to the following conditions: 

(1) &.spended sollds in the oxidizer clogged: the inlet-line filter of the oxidizer pump causing 

a gradual decay of performance until the engine malfunctioned; (2) the,gas generator ceased to 

ope~ate either because of an interruption in the propellant flow caused by the pitch attitude un

pQ;rting the suction line in the propellant tanlts, or because of a failure in the propellant valve 

actuating $ystem of the gas generator; (3) failure of the aft bearing of the alternator gear re

$1lted in loss of electrical power; .and {4) two thrust chambers failed to fire and, as a result, 

a flight was made With one thrust chamber firing. This last difficulty was traced to a faulty 

electrical connection in the propl].sion system timer. 

The guidance operator transmitted minor flight path corrections prior to -tailure on two of 

- the four failed flightsandmissileresponsewassatisfactory. The flight of missUe 26340 repre

sented the thir(i attempt to obtain structural load data. under programmed guidance commands 

during the terminal ·dive phase. 
·; 

~ • 

I 
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During the ModelDfiighttesteffort, there were six aborted nights attributable to equipment 

of the Rascal Weapon System; four were guidance Jystem problems, one was a descrepancy m 
the servo-control system, and one was a failure in the propulsion system. 

4. CONCLUSIONS 

Propulsion system malfunc"ons with Model D missiles proved costly since thQ- apparent 

low-reliability of the s1stem limited the evaluation of other missile syitems, particularly in 

the term~ dive phase. 

Enough pressure-leiUJing and ·baroswitch data were coUected to begin complete fuzing 

system evaluation with the .Model F missUJes. 

Results of the Model D flights, in .combination with data: from the preVious missile flights 

{now numbermg 27), wer~ not 8ufflei~nt to evaluat~ completely all miaaile systems. However1 

additional data were provided for verifying performance of -e;xisting designs with respect to the 

airframe and the servo-eontro~ guidance,. and propulsion systems. The two target hits showed 

that System 112A was fundamentally sound and that the required a.'-CUl i1cy could be aehi•ved. 
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F. EARLY MODEL F MISSILES 

The twelv.e Model .f IP.issiles in \his group were flight-tested between May 1955 and May 

1956. The original objective of the Model F missile program was to demonstrate performance 

and capability of the operational Rascal weapon. Bowever, after nine unsuccessful flights, the 

program was halted tempo.rarily to- l'eortent the testing effort by placing greater emphasis on 

individual system reliability both iL the factory test area and in the- fitHd test area. While the 

test program was being reOriented, three interim missnes were approved for flight testing, 

primarily to obtain environm;ental data. One of these missiles was successfully guided to the 

target region. The other two missiles did not attain a satisfactory flight path, rut useful en

vironmental data were obtained . 

The following pa.ragrapus describe the configuration and the flight test objectives of these 

first twelve Model F mlssll~s. Table V summarizes the flight tests in terms of missile con

figuration and flight test objectives and results. A discussion of the test phase is. then pre

sented and this is followed by conclusions based upon the test results. 

1. CONFIGURATIO~ 

Botll. th~ .DB-36 and DB-4'7 were scheduled for use as director aircraft during the testing 

of Model F miSsiles. The DB-36 was oi'iginally designated the first priority operational 

director aircraft, with the DB-4'7 as the second 'Priority a,irplane. Later, however, the DB-36 

was dropped from the program and the DB-47 was u.sed exclusively. 

The Rascal missile was carried differently by these two direct\lr airplanes. The missile, 

in the D~-36) was carried parUy wi~Jn the bomb bay a,nd was mounted with the longitudinal 

a.xis of the miaiSUe parallel to that of the airplane. Roll angle of the Rascal was zero degrees 

with respect to the airplane. On the i:>B-41, the missile was attached to a pylon. protruding 

from the fuselage below the right wing. The longitudinal axis of the Rascal was parallel to that 

of the DB-47 and the miss-ile was mounted with a 13 o angle of counterclockwise roll. A two

point suspension launch gear was utilized on both the .OB-36 and the DB-47, rather than the 

four-point launch ge:lr used on the D.S-50. 

The AN/ APW -17 guidance system installed in· the director a ircraft featured a single

operator guida.-'lce scheme to control the missile flightpath instead of the dual-operator __ »ystem 

~ uaed With the Model B and D missUts. Use of t-adar guidance in midcourae was eliminated; 
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the Model F miasUes were guided bl mideourse by the servo--control system and were· placed 

in terminal dive by the new inertial range-colliputing system. RW!- guidance was used only 
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GAM 
No, 

2849F 

291itlY I DB•:Ia 

3054F I DB-47 

3155F I DB-47 

3247F DB-36 

3356t I DB-36 

3451F I 
n}).se 

3662F DB-~6 

3663F I DB-47 

3758F I DB•~7 

3863F I DB-47 

3964F I DB-47 

u~c 
.y .A~·liBJ llepo~ 

CONADENTI ~ 

'~ 

I 

I 

I 

I 

TABLEV 

SUMMARY OF RASCAL FLIGHT TESTS - EARLY MODEL F MISSILES 

Systems 
lnstalled -

b,d,f,h,j,k,l 

0-11-65 I b, cl,I,j,k, I 

7-14- 55 1 l>,d,f,h,J,k,I 

7-19-55 b,d,f,j,k,l 

8-5-66 b,d,f,h,j,k,l 

8-16-65 b,d,f,j,k,l 

8-30-55 b,d,f,h, I k,l 

9-2-55 b,d,f,j,k,l 

9-29-55 b,d, f,h,j,k,l 

!1-7-50 I b,d,f,h,J,k,l 

4-24-56 l>,d,f,j,k,l 

5·8-56 b,d,f,j,k,l 

No. of 
Aborts 

0 

2 

0 

9 

3 

6 

4 

1 

• A~rompllahed 
111111'1\rtly accomplished 

Objectives 
ll 4 6 

~ Not accomplished 

0 No chlnce 

Remarks 

Set·vo-control failure shortly after 
launch. 

Propulsion system failure during 
mldcourse. 

Propulsion .system !allure shortly 
after dive entry. 

Propul11ion system failure during 
terminal dive. 

Servo-control failure during mid
course. 

Servo-control failure during mid• 
course. 

Propulsion system failure shortly 
after dive entry. 

Servo-control failure shortly after 
launch, 

Propulsion system failure during 
mldcouroe. 

Satisfactory flight; owing to tracking 
error, radial mias distance in tar
get plane was 3014 feet; range 53 
N.M . 

Gulda.nce failure; no relay contact 
';taring flight; ·missed target by 4 
N. M. 

Propulsion system failure; missile 
jettisoned prior to launch, 

·-~~·, 

SYSTEMn~~ 

!..: 

SYSTEMS INSTALLED 

a. Recovery 

b. Destruct 

c. Propulsion system (high-pressure) 

d, Servo-control 

e, Relay-command guidance system 
(two operators) 

f. Inertial guidance 

g. Flight programmer 

h. Inert warhead 

j. Telemetry Instrumentation (battery-
powered) 

k, Power plant (low-pressure) 
vendor turbine pump 

-. . 
·' 

o; ,_.,_ 

't~ -. ,. 

I. Relay-command guidance (one operator) 

m. Telemetry instrumentation (missile 
aenerator-powered) 

n. Propulllon system (low-pressure) 
Bell Aircraft turbine pump 

OBJECTIVES 

1. Check prelaunch procedures and mis-
sile aeparatlon characteristics. 

2. Teat Inert special warhead installation. 

3. Test warhead fuzing system. 

4. Obtalo environmental data. 

5. Teat accuracy of Inertial guidance 
system. 

6. Teal the single-operator gu1da.1ce 
system, 

NOTE: Aborted flights were cancelled 
launch attempts becaUie 01 discrepancies 
In the missile tactical systems or Rascal 
Weapon System equipment Installed In the 
director aircraft. 

5~WCOS 2298 ~3 
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;Ute!" dive entry. The target was tracked during terminal dive and both pitch and azimuth 

cou:unancls ~ould be ~;Jent by the guidance operator to correct the missile flight path as required 

to hit the target. 

An automatic checkout system (part cf the 4N/APW-l"l) was installed in the director 

~rcraft to check various missile functions in sequence and, in conjunct~on with the MA-S 

bombing navigation syatem, to launch the missile upon $atisfactory completion of the checks. 

If a misslle function .failed to check out during the f·inal countdown, the launch was halted 

automatically. 

The Model F tnissU.e wal$ essentially tne p~ed operatio~l configuration, except for an 

i:tnproved propulsion system tnat was to be phased into the program at ~ 1at~r date, The air

fr.ame w~ modified to atcoblinodate tne warhead installation and the parachute recovery system 

was eliminated. However, the S-band and L-band ~aeons and the destruction system were 

ret.ained for range safety, 

The propulsion system for the early Model F missiles was similar to the system installed 

in .Model D missiles. The $ame engine assembly, 'usL,g the vendor-supplied turbine pump, was 

incorpotated. E.einforced tube bund.IP.s w.ere used forJiigh-.!l.r~Sl,lre nitrogen storage instead of 

the .storage bottles used tempora;rUy in the Model B "i.nd D miqUes. 

The servo-control system, except fbr minor ~odiftcation& and repackaging, -was similar to 

tb~ system uqd in Model :a ucl . .D miJ~slles. A baro.bl.etric altitude con!rol unit '\!Vas added for 

programming the mis•Ue· clln:ib and fot matn~ining level altitude in the midcourse phase. 

The ~dditton ·Of the inertial ranp-com.pqting system ·:~IRCS) was the major change 1n the 

guid;mce system of Model .r i'liaalles.. The servo-control system stabUized the missile flight 

froD1 launch to initiation ot term~ dive; at this point, the rl!.ve signal was initiated by the IRCS 

and the 8earch radar 'h8 automatically energized, The guidance ·operator then assumed 

control of "Ute missile by m~ of the rada.r-tela.y 1~. As an added feature, the guidance 

operator cOUld Initiate ~ command to energize the ~manattng system. any time aftor the relay 

link was eatablished. The relayed video information could be used to .check and correct the 

missile's. progress. Also, the terminai diVe coulcl be initiated through the command link, 

Six of the twelve early :M:odel F Rascal$ .had inert nucl~ar warheads. Special instrumenta

tion W.ls m.~ed with the warhead IJQ that the Sandia Corporation could obtain data for evalua

tion of missil~/'hl'~d compa.tibillty and envlroninental conditions in the watheac:l cbmpartment. 

..1 
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2. O:e.JECTIVES 

Tbe primary flight test objective w~s to demonstrate the ability of the Ra~ca.t missile to 

accomplish its assigned mission. These objectives were: (1) to evaluate the single-operator 

guidance system, (2) to evaluat~ the inertial range-co~ting system, (3) to test the warhead 

!u~ing system, and (4) to test the compatibility of the warhead with the missile and its systems~ 

Checking .of prelaunch procedu.J'e~$ including the automatic checkout syst~m and la1,1Jlch sep;u-a

tion characteristics from both th'e DB-36 and the DB-47, were secondary objectives. 

After the need lor reorienting the !Ught test p-i'ogram became apparent, the flight test 

objectives for- the last three· mi~;siles wer~ chaRged. One missile was flown to test only the 

warhea4 install&tion. Two othn missiles were launched to obtain temperature, vibration, and 

acceleration da,ta under o~rationalflight condition~, 

3. TEST PHASE 

Fligbt plann~ for this group of missUes included a launching fr.om a director aircraft at 

an altitude ·of 40,000 feet .MSL. Launch Macb number was to be 0.60 for a t>B-36 launch and 

0.'15 for a DB-47 launch. Follolking launch, the altitude controller would initiate a climb to the 

desired level flight altitude (65,000 feet MSL) and maintain that altitude until terminal dive. 

The IRCS would automati~y place the missUe into a dive at the prescribed range-to-target. 

Terminal dive could also be biitiated by the guidance operator at the deslred rans•-to-target aa 

irtdi¢~~ by the radar presentation. Stabilization of the Dilasile was to be pl'CIVided by the 
"""' ··· 

serv*iloti pitch and azimuth. contfo1 waa to be provided by the altitude controller, the in~rt~ 

range-computing ayatem, .ntt the termln..,: guidance operator. M~ile Q~Rration- wa• to be 

demonatrated at ranges up to 75 nautical miles. It WU. l_)li.nned that the director aircraft, .. ~ . 

followtng-la,unch, would turn at .2° per second \intil ~ ·curn angle of 180° to 205° was completed 

(the turn angle 'Varied with the individual flight plane). This beadiill was maintained until the 

end of :ni~aile flight. 

Nine fJ.iCht testa, including five missiles with JMrt warheads, were completed before the 

pragram waa tempornUy halted. The first missile to be tested, No. a848F, wu launched on 

5 -Way 1~~5 from a n:B ... 36. TM !ir•t !light to uti!be .a DB-47 :&s· thf: -director aircraft was the 

te8ting of No. 30UF -on 14 July 1955-. Sattafactory .misaile aeparation and la\Ulch on all nine 

miaaions indicated satisfactory performance of the ACS and the two-point launch gnr. How

ever, all nine flights were ~tiafactory owing to failure• prior to, or ahortly after, the 

misJ&ile• entered terminal diYe. The prime objectin• were not accomplished. Fhre of these 
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fiicht failllJ"es we~ ~ttrlbuted to p;ropulsion .system discJ"epancies and four were caused by 

improper operation. of the sel'Vo-control system. The ninth m~ssile in the series, No~ 365~F, 

'At telted. on a9. September 1955. FiFre • illustrates tbe ''free-drop'' techp.iq\le llsed to 

lalUlCh GAM-$3A's from the DB-36. direetcr aircnft, The uppet' photograph in Figure 4 shows 

No. 33$6-F, with ~e turbine runnmg, dx'opptng clear of the DB-36. The lower photograph shows 

thi'U8t cham~~ ~tion. and the ,missile in f.-ee flight. 
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AlthOl.lgh performance of the U\issile systems were apparently ea.tisfactory, the number of 

system failures J)Qinted..o\lt the need for a major improvement in relaibility. Consequently, th~ 

fUght test program Waif halted tempo~rily while a compreh~nsive investigation was made. As 

a result ot this investigation, the reliabiUty ·program was greatly expanded throughout ;tll 

pba$ea of development from initial research and design through flight testing of the finished 

product. 

While the reliability program was getting pnder way, three inteJ'iJD missile flights were 

sched\lled to test the warhead lnstallation and to obtain aclditio~l environmental data tor use in 

establishing reliability teat criteria. ).fissile 37·58F1 fiownol!- 7 Mareb 1'956,. agatn demonstrated 

the capability and accuTacy of the .Rascal weawn. T~ barometric fuzing sy~em actuated 

wilhin 4.•7 feet ·of the. planned ~it\ld~ ~r !s.!-!! ge!~e~t..~~ -the t&.:5~::t, ta'ie iill.:Jsi1e 

flight re~lted in .a. raduu Dljss distance ot 3014 feet. A tracking erJ'()r by -the i:Uidance opeJ:ator 

contributed to a. greater-than-expected ranee devia.tioil. The i'J.i~ce system falled during the 

flight of mi15sile 38.63F; hQwe:ver, env;~ental da*-wereobtained. The third interim-missile, 

No. $964F" tet~~ on. 3 May 1956:, was jettisoned be!ore launch because of a p~Qpul•lt:n SJ!iiem 

~alfqnction prior to turbine fi_re . -

Although warhead performance and environmental data were obtained on the six flights 

witQ the inert nuclear warheada in4talled, the Sanc:Ua- Corporation .reported that the reaulta did 

not conclusively {':r<l()f-teat the installation. Theee were the only flights 1Jith this warhead; 

later missiles incotporated.-a new warhead of improved .demcn. 
In addition to the miasile in-flight fallurea, launch cancell:Uiona were necesary durin' 

r . 
~8 la'un(:h. attempts. The suidance system -.. re81)0D8ible for 15 of the aborted mi .. ions, the 

pr~iOn ayate!Q. for four, the servo-control ay.tem fOr four, and mbtcella:necUa electriea.l 

problema for five. 

4. CONCLUSIONS 

,Result. tro.-n the 12 early .Model F miaalle f.Uchta clearly ·indicated the need !or improvtnc 

th~ reliability-of the miUHe and director aircraft ayateDia. The lut three flight teats provided 

environmental data 'lrbich helped to eatabllah new ground teat requirements fer the missile 

systems. 

Eleven of the miMUes in this group failed too early in flight to accomplUh the pri.lbary 

objectivetl. The secondary objecti-ve;, conce ... 'iilag evalUation of the lau.n<:h technique and mihile 

separation ·char&cteriatica, wa1 aecompllabed. The flilht teat of No. 3758f' again demon

strated the :acCuracy of the .Ra~ eutdaa<:e and fusU. ayatema. 

~Q 
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G, LATER MODEL F MISSILE$· ~ 

Tbe lut group of Rid) qrl.s,ues, fiJPt .. te$ted between June l95CJ and October 1957, 

·. encompa••ed miutles 4075F through 61101F. Airbo~. flights in this group Included 23 

=-ne ~s, ~ capUve fllchta, and .38 .OO.rted launchings. The ~ssile and director 

ai~ -r8teJQ were of theplalmed•rationalcoa!iguntionand the over .. an testing emphalltil 

was pJac;ecl OJl deiDOD8fratin& ~:oat!obal.perto..-mance and improving reliabUity. T-est ob.jecti.ve• 

W.fe ~o~liabed througbcl~Qt the entire prognm, in particular during the last few missile 

~ 1i'btch Clemonatrated improve(~ Y~ a.rstem reUabUlty and perfOrJDAAce bi repeated 

suece_.. -.. 

~ ~QUP.~ paragrapha. .. ~r!b! the~ !!-!;!!t ~:t :o:ehl~le• jiiUad ~ test oojectivn. Table

VI ~· ·u- fl1cbt tHt re~lt• 1n terms of miuil,e configu;rati()n and test objectives· and 

tetult.. A .. ~on Of tb.e test p.bale. is then presentfld, foUowed by c()ilClustons ~ ~n .· 
tbe •• resulta. 

na. mtnUe Qel· .d.lrectot aircraft were es.entially of the Operational cOJtfi&uratton -~ 

dtiKr~ earlier In fhll repOrt. Ho-.ever, •ipifi~t chances ineorporated in tbe later Model 

l' mlMUe .yatellla pe ~cusaed :briefly.) 0 

Tbe DB-38 ..,... discontinUed ~ a dir.ector aircraft after the first two l&Une~ aD4 wu 

replaced by tbe DB-4'1 CJ.rl'ier. 

Ia the pidance 8Jat8Dl; tbe ~iil drive system for the search radar antenna was conve~ e ~Dl .,a ele!:tzo~ to IL h)tdra.ullc:: syatem ope.rating in coojuncti® with the mls8Ue hydraulic 

sy8te •• 

11ae p.rcpdaion .system ~ IIIOdlned couiderably. A new ~n .. delllipecl t.lrbme pump 

&aH~Dbiy, ~rporatitie JI,Wlf . tmpJ;OYed deslp feature•, replaced the ft.Ddor .. funlisbed 

. ., __ . ..........,. n,e Jatse--~propellaDt ~werereplacedby small-cone tanka which permitted -t ~ m tbl fllcbt plap Ylth iDCreued pX"Opellant tank elflcletsey. Mt .. u.- U7iF 

- ......... GAII-AA'• ••J.oJecl IL *1 tank Witb- a biadder-type expulsion sr•m . 
.lfcbt Jlii8llllet were IC(IIIpptd ltlth fnertprotottPe• Ql. ~ new apecial .-rhead. In•trwDin

tatkla _. iDatalW with the "ftrbeacliiOtbattM 8uiUa Corporatioll c:ould p.ther data. for nalli

atlaC ~ ~ aad environmesdal cooditloDs. 'tbe a:atuUes wltbout wa.rhtada 

nn ._, .. ....,for weipt abd c•tn..Oif-lravit1 coatro1. 
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~ ? ,~ .No. 
w 
~ 40'151' 

• ·., ... 41'111' 

C'I'IP 

~'ltr 

441:1' 

45&11' 

41141' 

-i'!Ni' 

-~,. 

411151' 

50171' 

51101' 

IIMI:F _,. 
5HOF 

SWlP 

:IMU 

5'7HJ' 

IIIHF 

511001' 

IOMF 

111011" 

G:IMF 

. 
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-·· -:· T~YI 

lltlllbiAHYOl!' ~FLIGHT TSSTS LATDIIIQDCL I' .IIISSlLES 

Ill-lor 
.Aircnft 

-. .. 
J".JPI 
.DIU 

-.u-w Goocllllcbl to tupt; mlu 

~ w.u 410 l'HI; -
Mll.lll. 

D&-SI 1-I-M b.A,I,J,l,a,ll 0 Goocllllcbllo tarpt; mlu 
cllotaAce wu 105 feet; J1lll&e 
KN.M. 

D&-47 t-11-M 

D&-4T 11-S-51 b,d,!,l,l,m,a 

DB-41 li-2'1-51 

D&-47 1-7-57 

DB-41 1-ll-57 l>,d,!,l,lll,& . 

D&-47 2-11-57 ._,d,:tJ,J,m,n 

1)11-47 3-lS-$7 

1)11-47 4-1().5'/ 

l>JI..47 S-14-51 lt,l>,d,f,l,m,n 

DB-47 6-U-5~ b,d,t,l,m,a 

DB-4T T-1-57 

DB-4.7 '1-l-5'1 

DB-t? 7-1().57 h,b,d,f,l,m,al 

DB-47 8-1 ... 57 

DU...7 t-4-57 h,l!,<l,!,.l,m,n 

DB-47 t-U-57 b,d,f,l,m,n 

DB-47 l().i-57 h, b,d,!, l,llf,ll 

DB-47 10-11-57 b,b,<l,t,l,m,~> 

D&-47 10-18-57 b,d,I,l,m,n 

1)-7 10-28-57 

DB-4.7 lG-31-57 

~llilrl'ALLSD 

a. lltco.ary 

..... I>Hinoct 

c. l'ropulaloa aptcm (IUP-p...,..llft) ... --... Jlolay-__ ,...._.-

(toooopentora) 

f.. loutiol....-. ,_ :rupt-r 
lL. -rt-a.j. 

j. Tel.-ry laatnooeiiQiion(bailery-
-...u 

lt. ~ ., ...... (1-·prar.U'W) 
Y-l-JlGIIIP 

Q 

0 

T 

0 

10 

0 

Q 

lleKOil deatn.ct by -..lhor
iaecl.ovce ahortly ..rter 
lalmch. 

l'«>polaiool ay- mal!IIDC• 
"lion after .dive entry ... 

lmpac~ 2.5 X.M. from tare<!; 
Hlo.yllnlt loat. 

Servo la1llue at a:.tnch. 

llilpt.ct 2.i N.'l4. from tar

pi; l>oadloc - cul4ooce operator •nor .. 

21ectncal !allure clwiJil 
cl!luiJ·pbaae o! mld..,.>roe. 

Good~ i-ct 3Ti0 feet; 
ranee so M.:.t. 
Goocl tlliDt to tarcet;: maa 
cllatance 14i5 feet; <aDP 74 
)!.lot. 

Electrical !allure clurmc 
mldcourae. 

-..-destruct by nose 
aa!ety olt1cer ~ort.tv alter 
l2o=h. 

JaerttalliJcbt; lmpa<:t 8836 
feet !rom larset; """C• 72 
lUI. 
servo fa!lure dw-J.na' -dlv.e ~ 

Electrical failure cllll'illg 
clim.Uphuf. of midcounc. 

j Good lllgbt to tuset; m.t.sa 
diataoce 1512 tut; range 

j75 N.M. 

l Electrical !allure dur1Dg 
miclcovae. 

Good .flicbl to target; miA 
dlstoncc (69 feet; range '9 
N.M. 

Good !light to tuset; miss 
diabnce '130 teet; ~· 75 
N.lol. 

Good IU.o:ht to target; miss 
mat:mce 710 feet; nnge 75 
N.lol. 

Good filgbt to target; miss 
4ialaa&:e 7'11 teet; rUJ• 1'5 
N.'lol. 

. Eleclrical fltilure durlu&' 
climb pJaase. oJ mldc:ourae. 

P.ropW.ion sy.ltem mal!UDC-
• !loll at launch. 

.Accompllabe<l 

Iii Partly acco~d 

1, Evaluate IJ167-BA-9 Propulsion &yatem 
UDder -rat!~ .lllcbt ~t!Dna. 

2. Obtaln OAYirOilmeatal data. 

~. Conducl opentkmal-type -

4. Evaluate iautial ranp-computil:tc ay&U!m. 

5. EYaluate tenlllDall\lidall<e ayatem. 
f • .,..,..,.. ....... .,.-. 

"1. Evaloate mlMIIe ayalema. 

a. Evaluate wai'Uad. .laltaUatiaz:l. 

i . Eval.,.,. IR6'!-BA-i- - red fwDillc 
Ditr:l!: ac:id. 

10. ec-ct P""!~Jo llllaaioA. 

I. ~lay-~- plcluce {ODO -.rator) 
11. Evalllllte cllnctor aircraft -'>lllt)' to -

polllt arpt u lalaocb aimpoiDt. ... 
.. 

Telemetry a.n...,toi!Oil (Jolulle 
pwnlor--) 

p._1a1aa ay.ot.m {low-preuve) 
Bell Aircnllllorblne -

MOr.£: Al>ortecllllcbla ...... cancelled lauacb 
aU..mpta bec:aue oC diKrepuadea illl the 
mlaalle l&ctlcal aptcma or R:uQl Wea)XX) 
Sy.tem eqiUja~ne..t 1uta1led in tbe 'CU.rector 
aircralt. 
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The first eight missiles ~d tl)e basic telemeter~ system: the 16-c~el unit operated 

by battery powel' ~ the 4-channel unit operated by ~Jsalle power. Su~ent missiles used 

the 4-c~l un.it and monitored only bU1c missile parameters. 

2. OBJEC'J;'lVES 

Th~ prim~ test Qbjective of th~ later Hodel F missiles was to demonatr~ operational 

performance with improv~ J'eUabllity. Toward this end, pr.IJilaty fUgbt o.QjecU.v:es included .. 

(1) accu~cy deznonstraU()n8 of tM JUldance syate~ in the targ~t area, (~) an increue 1.n 

missile. nnge t& 90 nautlcal miles, <•> fliiht e~uatlon of the p.fOPUl*l()n sy.tem utill~lng .W-i 

and inhibited l'ed fum~ i11trlc acid u propellants, (4} ~valuation of th~ new wir~ad installa

tion, and (5) -.n operatioaal profile miJ&ioza. 

OWmg to the many ~es in the propulstQn unit, contlmled evaluation of tbia system was 

necessary. Thus, the first eight m.iUUee •ere uaigned for propu:laion system evaluation. 

The laat .three of tM!u eight ~tulles Yere .aulfned addJ,tional objectives which included 

.obtain- en.vt~nznental. data Ud Wo~atioo ~ J"trfOrmance ~f tbe i.nertial range-co~ 

system, terminal pidiUU!e *Y•tem, .and servo-control system. lutrWt!lentatlon wa* oriented 

to acco~llah. ~h objectbea. ~ tbe r.eJU,lnlni flft.n miu(les we~ flown to evaluate missile 

•)'atema lf'blle conducting aJ1 opf!rattonal .. type mi .. ion. Wi~ these obj~tlw• accompliabed~ 

th• Air Force authotized tbe '~bil·· of the JUt~· mi.Nilea to ·cMek ~t a new mi•sUe 

la'llllChine technique. 

3. 'i'BST PHASE 

An .operational flight plan ·!U ~ eax:luaively dlarlDI thta teat pbue. A description aDd 

Uluetration Ol a twtc~ mi••too are preiMS'lted earlier ~ tills t~~- .. I?!.Wl4!<1. Bight pla.Da 

~ed for variations m )fac~. ttuame~ behJetn. 2.51Dd 3.0, level fillbt altibidea between eo,ooo 
and '102000 feet ~~ Q4 tangea ot "15. arid ~ autical mile•. The profile ·Jiliaioft progrbl 

included both prea~t-lke 1M _..Ike miaaionJ ol five- to aenn .. .hour ilfpt duration., with the ~. 

miMile UCl direetor lull1 prtpared for a "hot" mlMloli. n. atrib let at.o included blllfaht 

dtreetor alrenft refueliDI frOm a XC-i't ~l" • . 

Ftte J~tbiailea {N~. 4075!', 4171F, 4J'l'll, 4fttJ'; and 51801) Yere lalmched.primarfly for 

proput.loD .,._m ~tlon. Objecti'M• were aecompu.Md on the fintt two fliChta, wbUe the 

remaittf• three proYided a lt.=ittd ftablatloa ~ to mlAilie ayM:em falbarea. Tbe first t1to 

miaauea were auto.-.tk&lly cbecked by tbe ACS aDd U.W:hecl without lllddent at a ruce-to

tarJet oC ea and il iWltlcal mile~. All •.:rateJU operat.cl aaeethlully u tbe mlaiU.• were 
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guided. a,lung Ule planned flight p&th. A clear radar presentation of t4e target area, as well as 

propeJ" guidance anct aervo·eonn-ol, .reaulte<lln thetnissUeabelng gulded to the target area with 

.-.dial m~• 4tataDC:ea of * and 605 feet. Propulsion ayatem, operaticn was a~ planned on 

both flight.. Ttle Ulr" re~ile miiSile• Ot the five PJ'OVi~ lim.lttMI evaluatio~; one failed 

bf:C&llae of ~ ptopulaion .-y.Um malfunction aru!. twQ wt:ie 'de,atrueted shortly after launch, 

K#Aaile- •!'19F, atte.i" a atWactoey Ul$bt "Ulrougb the pqweJ"ed pbaae, malfunctioned during the 

.dive ~ver. NltroJe' PJ ·trapped b1 the propellant •ur~ ~i from the fuel tank entered the 

fqel rlllP· 'The t'OCket -eqlne . .-lfunctl~ O'Wbli t9 unloa,di.Qg, of the fuel pump and tbe flight 

t.rmU..ted. ThiJ waa Ule flrat flicht~•t of the bladder .. type .fuel tank; teat results indicated 

ihat ~ fuel fUl pl'QC~r• 'trUe lbad~te. ReviAd prQCedutea were etfectively used on 

~·- llli .. llea. W~ ayatell;l· QpeJ'IltiOil ft8 Atiafaetory Oil ~\e t'WO !JliS.BilU de~Jtructed 

and• tbelle iU'e ' ~~ifit!6 . u t•QO-cbaneeil m\QU•a. The f~~ ~J.-Ue -.. unintentionally de

$tructed b1 llJUI'lqu• radJO. fNCtQe~1 ~ em.n&I to th!t weapon syatem. Modifications to 

~ .y$teJD ~C;_. the wmepbUlty of.. later ~iBU.a to jplch .ndlo interference. The otll~r 
'· ,. 

miaaue waa &tatructect u a, lafetr meuu~byftaae ·pet.aoonel ~ ~ s-band tacklng signal . . 

F~ objttettYi8 tor the. ·ne.t ~ee mli•U" yere to •valuate the propulalon _,stem, the 

IRes, tbe M.rYO-C'Oilt:ol 8Jatem, Ud .tb. tem.tnalptduee ay•tem. ~e mia•il• (No. 4482F) 

.ac;~oqal~ the objtctt•e• Wbe.Q: a •tl811Cto~"Y fllibt wu c~c~ to the target area; how-

, . net, tb9l fl11bt ... witboOt emaoaUac pidanee ~ .. of • ~re ot the relay mqnetron 

dllr .. aldcour•• m.ht· SJ•em eftluatlOil wu llm'tted ·Oft the Qd.aer two ml .. Uea! No. 4581F 

1ttad a. .NI'VO·~l aJ'•tem faUU" at ~UDCh; tM . other (No. 4'iaiF) txperlenced a failure in 

tbe e!ectrieal ayatem u caued'bJ arc~ • tM mlUUe alte~r. 

rltcht teiJt-·wu JiuLllllJ Qf a deiDQPiittatioJl ~for the rtJD&iDU.15 UU..iles Of the 

flilbt tnt Pl'Oiftm. ld a te-.ult ol tbe inteulliecl :reu.:blUty .Prt)iram, .thea misailes re

eel-..d the b8Mflt of 1110re coiDp~lve .IDspectiODU4 testlbi a.t .tbe component and compoaite 

.,-.m teilt ln,tl. Miuile soa'fJ' ud ~twe.re IUb,fec~ to a liUDimum 0( 15 eompoaite 

1y.tema tnta aDd a NqUtrecl 1-.ouDt ol ·~time to· e.tablitb reliability of eomporients 

before- the •'-Ut• wen MIM* tor fiDal filibt. The .rea.llta ot. tbia effort were indicated by 

the fawnbl . ...... ol ~ ~ b7 tb.e mtuUe• &*I directoA' aircraft during this final 

Rid> teat pha.M. 
.. •' ...... . 

Ieven ol the 11 •~MUe• COIIIpletecl all teat abjectlY., t.Dd demoUtr&teci an obaerved 

reUabllity ol100'1 trom lunch to tarc-t. T.belie DdNU. at.o cfemoutratecl cuidance accuracy 
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instability following the dive maneuver. Four missiles experienced (::Lilures in the electrical . .. 
system similar to missile 4783F. Labratory tests detected arcing when a missile alternator 

was tested in a combined environment of altitude and vibration. These test results were 

obtainf'd too late for incorpot·ating changes in the R&D missiles pt·ior to flight; however, all 

production missiles were immediately serviced to correct the malfunction and specifications 

we1·e amended to include a simultaneous altitude and vibration test at the functional test level 

on all production alternators. 

Eight missiles contained inert warheads and utilized Sandia Corporation instrumentation 

for evaluation of the warhead installation. Testing began with missile 5987F and the objectives 

to be accomplished were: (1) to obtain additional warhead environmental data while conducting 

an operational mission, (2) to verify compatibility and in-flight operation of the missile/warhead 

combination, and {3) to obtain impact detonation data that would verify operation of the warhead 

for a typical ground burst. The first two otjectives were accomplished with the first six 

warhead test missiles; five of the fli.ghts were successful. The third objective was accomplished 

with the remaining two missiles, both of which were successfully guided into the target area and 

impacted at the planned Mach number. Sandia Corporation indicated that all three test objec

tives had been accomplished. 

The fuzing system that arms and detonates the warhead was evaluated through the Model F 

missile flight test phase. Objectives of these tests were to establish compatibility with the new 

warhead and to demonstrate fuzing accuracy. Satisfactory performance and reliability of the 

existing design and compatibility with the warhead were verified and the vertical accuracy of 

the fuzing system was demonstrated satisfactorily. Five missiles of this group (Nos. 4176F, 

4982F, 4684F, 5288F, and 6099F) provided useful fuzing data. Vertical accuracy of four 

missiles was within 186 fp ~t and the fifth was 625 feet, compared with a one-sigma requirement 

of 405 feet. Data fro:n other flights were unsatisfactory owing to loss of telemetering, too 

low a Mach number, or premature flight termination. 

In compliance with Air Force requests that System 112A demon.trate capabilitie1 (1} to 

perform a tactical profile mission, (2) to operate the propulsion syatem on JP-4 and inhibited 

red fuming nitric acid, and (3) to increase the miaaile range to 90 nautical milea, 1pecial 

flight tests were scheduled into the program. These objectives were successfully accompliahed. 

The profile mission demonstration was conducted between 19 September and 16 October 

1957. A series of three strike profile and four prestrike profile fll.ghta were conducted prior 

to the launching of missile 6099F on 16 October. The missile waa launched following a captive 
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in the target area; four were guided to within 771 feet of the target. Figure 5 shows the 

impatt of missile 59100F in the target region. 

Two additional missiles reached the target area. A guidat;ce operator error in one case 

and loss of emanating guidance in thE. other case precluded achievement of the desired accuracy. 

Six of the final 15 R&D missiles failed. One failure resulted from a propulsion system 

malfunction at launch; a broken wire to the by-pass propellant valve prevented the rocket 

engine from making a normal ignition at rocket fire. A second missile failed when a decay in 

hydraulic system pressure, due to accumulator gas leakage into the system, resulted in missile 

. . .;: ... . .. ·• - ~ -

.... 
> ..•. ., ~ . -:·:"-

Figure 5. Impact of Missile 59100 in Target Area 
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flight with a duration of more than five hours . All systems operated normally from launch to 

impact in the target area. This was the first Rascal missile flown by a SAC guidance operator. 

Figure 6 shows an in-flight refueling of the DB-47 from a KC-97 tl!nker during a strike profile 

mission. 

Three missiles using modified rocket engines, previously ground tested for operation wi•n 

red fuming nitric acid, were flown utilizing this propellant during October 1957. Satisfactory 

propulsion system operation with the red acid was demonstrated during all phases of fligb.t; 

Ft~ure 6. In-Flight Refueling of I>B-4'1 from KC-97 Tanker 

44 I 

" ~·. '~ 
ltep(ltt 
CON~IC 



SYSTEMnn~£ 

performance levels were as planned, thus satisfying this test objective. The change from 

white to red acid provides the advantage of a considerably lower freezing point. 

To demonstrate the increased range c-apability, four missiles were launched at approxi

mately 90 nautical miles from the target. One of the four missiles impacted short of the target 

owing to an electrical failure. Missiles 4891F and 5794F were successfully operated through

out the flight profile and provided satisfactory vertical and horizontal accuracy. Owing to a 

failure in the emanating guidance system during the flight of missile 4482F, no course cor

rections were applied during the terminal dive. All three missiles complied with the 90-

nautical-mile range requirement. 

Several captive flight tests were conducted to evaluate the feasibility of a new simplified 

launch technicque. After the results proved favorable, the Air Force authorized the launching 

of the last two R&D missqes, Nos. 61101F and 6296F, by this method. Both missiles were 

successfully launched within the required tolerance and indicated the feasibility of the new 

launch method. A detail discussion of the method is found in Reference 8. 

Sixty-one atten.. ,; were required to launch the 23 missiles in this group. Of the 38 

aborted flights attributed to weapon system malfunction, 22 were guidance system problems, 

7 were propulsion system failures, 4 were servo-control discrepancies, and 5 were miscel

laneous electrical problems. 

4. CONCLUSIONS 

The flight testing of the 23 later Model F missiles, brought to a close the Rascal R&D 

flight test program. This phase of testing attained a more favorable degree of success and 

the required operational performance of equipment in both the missile and director aircraft 

was demonstrated. 

The improved propulsion system utilizing the Bell-developed turbine pump was success

fully operated during the various flight phases with onl_y two failures; one failure was caused 

by inadequate servicing procedures. All other miaaile systems were operated with a higher 

degree of success. The new warhead proved to be compatible with the missile and fuzing 

system and both guidance and fuzing accuracy were repeatedly demonstrated. 

Flight objectives designed to evaluate various perfo.rmance capabilities of the airborne 

weapon system were accomplished successfully. These capabilities included: conducting a 

tactical profile mission. propulsion system operation utilizing red acid as the oxidizer, and 

a missile range of 90 nautical miles. 
' 
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the existing system designs and the ability of the missile and director a.ircraft to perform an 

operational flight plan, but also satisfied the required performance capabilities of System 

112A. 

H. SUPPORTING FLIGHT TESTS 

1. SIMULATED MISSILE FLIGHT TESTS 

The necessity for auxiliary flight test programs as a source of information to fill the gaps 

in guidance and control knowledge was established at the outset of the Rascal program in 1946. 

The use of manned aircraft as a proving medium provided a much closer approximation of mis

sile flight conditions than laboratory testing. Moreover, in the flight testing effort, the Rascal 

missile was a one-shot vehicle which limited the amount of quantitative evaluation that could be 

accomplished. The basic pattern of the flight test program involving the support aircraft was 

first to investigate the various methods of guidance control and to develop the most feasible 

systems. Packaging problems . were then resolved and modifications were made to fit the 

equipment into the space limitations of the missile. The repackaged and modified equipment was 

also installed in airplanes simulating the missile and carrier, and subsequent flight tests were 

conducted to evaluate performance and establish specifications. Seven types of airplanes were 

involved in this program. 

a. Flight Testing 

In 1946, an F-63 was utilized in preliminary evaluation of autopilots, adaptation of auto

pilots for radio control, and the development of radio control techniques. A B-1 '1 and a B-25 

were obtained for research work late in 1946. Early flight teats wi~ these aircraft were con

cerned with evaluating various radar and television equipments, and establishing systems that 

were feasible for maintaining contact between a simulated missile and director aircraft, for 

target searching and recognition, and fer radar tracking and guidance of a missile. The B-25 

served as the missile and the B-17 as the director airplane. 

Another B-17 was added to the program in July of 194'1. A flight test effort was set up 

with the two B-17's to test guidance equipment which was in work, being modified, or being 

developed and built as "breadboard" units. The two B-17's, simulating the missile/carrier 

airplane combination, were used for more than two hundred flight tests between July 1947 and 

March 1950. 
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The failure r.· .e of components and subsystems was reduced and a large percentage of 

these failures were of a repetitive type for which solutions are now known. 

Increased reliability of the missile and director aircraft is evidenced by the preceding 

discussion of the flight test results. This 1s also indicated by comparing the test results 

from missiles prior to No. 4075F and missiles subsequent to No. 4075F. Of the 25 missile 

launchings (one no chance) prior to 4075F, eight were guided to the target area. Of 23 missiles 

launchings (two no chance) subsequent to 4075F, twelve were guided to the target area. The 

last eight Model F missiles launched were of a similar rel iability configuration containing 

substantial impJ;"ovements over missiles previously flown. Fiv.e. of these missiles completed 

the planned profile with satisfactory 1uzing accuracy and an observed CEP slightly over one

half the predicted 1500-foot requirement. The accuracy performance of the last eight R&D 

missiles is presented in Table VII. 

Thus, the later Model F missiles were succ.essful in accomplishing their ,intended purpose. 

The higher degree of success in flight performance provided an opportunity for evaluating the 

various missile systems so often delayed by the unfortunately poor success of the earlier 

phases of the flight test program. These evaluations not only substantiated the adequacy of 

TABLE Vll 

VERTICAL AND HORIZONTAL ACCURACY PERFORMANCE 
LAST EIGHT R & D MISSILES 

LAUNCH CONDITIONS TERMINAL CONDITIONS 

Absolute Burst Radial Miss Vertical Miss 
GAM Range Altitude Mach Altitude Distance Distance 
No. (N. M.} (Feet-MSL) No. (Feet-MSL} (Feet) (Feet) 

5597 74.8 40,580 0.77 8000 1512 ----
5794 89.1 39,960 0.77 800'0 469 +625 

5898 74.6 39,240 0.77 4804 730 +212 

59100 74.9 39,427 0.75 4804 710 -225 

6099 74.8 39,490 0.76 8000 771 +168 

Required Accuracies: Horizontal 1500 feet , Vertical ~ 405 feet 

NOTE: T,\\.·o missiles failed electrically during flight and one failed at laun<'h because of propulsion 
system malfun<.'tions. 
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To obtain a more realistic simulation of missile performance, a jet-propelled F-80 

was pha.sed into the program in October 1948. Installed in the F-80 recoverable missile was 

previOUfily tested guidance equipment that had been miniaturized to fit in the Rascal missile. 

An ogive radome with radar scanning equipment was installed on the nose, while wing-tip 

tanks housed components of the relay and command system. In addition, fins were installed on 

the wings to permit flat turns so that missile performance could be more closely simulated. 

This airplane served as an airborne platform on which missile guidance and control equipment 

was tested to establish the final specifications for Rascal. The first flight tests with the F-80 

and B-l'l were made in June of 1950. Approximately 100 flights, predominantly guidance con

trol tests evaluating the complete Rascal guidance system, were conducted at Bell Aircraft's 

main plant tn Wheatfield, New York. InNovember of. 51, the B-17 and F-80 were transfened 

to the Air Force Missile Development Center (AFMDC), New Mexico, to take advantage of 

more-favorable flying weather. More than 100 additional flights were made in New Mexico to 

evaluate terminal guidance accuracy and to establish a target recognition capability. 

Late in 1952, a series of guidance derr ·mstration flights was scheduled for the benefit 

of observers of the Strategic Air Command. To demonstrate the potential of the Rascal term

inal guidance system, several simulated dives were made on complex target areas in El Paso 

and Amarillo, Texas, and in Alburquerque, Ne"!· Mexico. 

Concurrently with the program at the AFMDC, another F-80/B-17 combination was being 

uaed at Bell Aircraft's Wheatfield plant. · In addition to guidance control flights, the F-80 was 

flown to check out the DB-50 as a director aircraft prior to actual missile launchings. The 

B-17 was equipped as a flying laboratory to assist in development work on guidance equipment 

such as automatic gain control circuitry, missile search radar with increased power, antijam 

devices, and Ku band radar. These developmental flights were continued until February 1957. 

In mid-1954, an F-89 was modified to replace the F-80 simulated missile primarily 

because the F-89 waa capable of operating at a higher speed and a higher altitude (50,000 feet 

as opposed to 30,000 feet). The F-89 was used to evaluate the guidance system configuration 

installed in Model F missiles; more than 100 F-89 flights were made at Wheatfield, New York. 

In January of 1956, the F-89 and a B-17 were flown to Whitman Air Force Base, Missouri, 

where 11 flights were conducted over Kansas City, Missouri. Photographic data were obtained 

to compare an actual in-flight scope presentation with that of the Rascal guidance operator 

trainer which uaed a metallic simulator map of the Kansas City region. Results indicated that 

the simulator map technique wassatisfactory. lnaddition, the radar scope films were delivered 

to the Air Force for train·n, , SAC guidance operators in target recognition. 
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Next, the F-89 was used in the Target Acquisition Program at Phoenix, Arizona. This 

program was conducted to obtain a measure of the guidance operator's ability to recognize and 

track a target within a metropolitan complex. With a DB-36 servicing as a director aircraft, 

the F-89 made 18 dives on targets in the Phoenix complex. Three SAC Air Observers and one 

Bell Aircraft engineerparticipatedintheprogramasguidance operators in the DB-36. Scorable 

results obtained on 11 of the 18 flights indicated that the Rascal guidance system is capable of 

directing the GAM-63A to within approximately 700feetof a recognizable target. The accuracy 

demonstrated for a target unidentifiable by itself within a complex is within 3000 feet, where 

position coud be located only by reference to surrounding returns in the complex. 

Following the program at Phoenix, the F-89 was used in combination with a DB-36 

during the Electronics Vulnerability Testing (EVT) Program at the AFMDC. The F -89 replaced 

the F-80 which had served in the initial stages of wlnerability testing. The EVT program was 

conducted by the Air Force with Bell Aircraft support to determine the susceptibility of the 

Rascal weapon to interception by jamming and deception. In all, 48 flights were conducted with 

the F-80, 38 flights with a DB-36, and 15 flights with the F-89. A report has been published 

(Reference 9) by the Missile Countermeasures Latioratory of the AFMDC covering the results 

of this program. 

b. Conclusions 

Hundreds of simulated Rascal flight tests were conducted without a serious accident. 

These tests contributed substantially to the early development of the Rascal guidance and 

servo-control systems with great savings in time, man-hours, and material. The use of re

coverable aircraft was invaluable in the statistical evaluation of guidance accuracy and reli

ability; obviously, the expenditure of missiles for this purpose was not practical. Training 

di rectly by actual flights for SAC and Bell Aircraft guidance operators, as well as indirectly 

by providing films and other data for the training aids such as the Rascal Guidance Operator 

Trainer, was a significant contribution to the over-aU program. 

2. GRAVITY BOMB PROGRAM 

Missile modifications were evaluated in a separate flight test program to provide Rascal 

with an alternate gravity bombing capability for use when normal launch could not be accom

plished operation:tlly. This program included the launching of three modified full-scale Rascal 

airframes from a DB-47 under typical launch conditions. The program was conducted at the 

AFMDC between 5 April and 13 June 1957. Three Model B miaailea wen modified to include 

only telemetry, electr~cal, and hydraulic ayatem; ballasting provided the same gross weight 
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II[. CONCLUSIONS 

1'wo _primary conclusions can l%e draft fl1>1ll th& .reautte of the Bascal IWl f:Uabt test. pro

#a.m: .... (1) the wea»on system, aa ;;t the coxnptettcn of tbe J.):topam. la maratuat fro•.a. "11 .. . . . . 

ab11lty atalidpomt ancf {2) weapon 8Y*:m ~e& ilfterma of mf..sailc ~, *Jeecl, and 

-.ccuracy ..... COt\traetuaJ. r.eqt.dr.Jilutt .. 

An indte•tfO!l of tile reUabulty tail beobtameaiJ'Gm the test reaalts of thQ laSt 23. ~tswile8. 
SUdJ-on& ~attempts w~r~ requited •:~the ~l mJMUts that W a .em-nee, lf sacceedeci 

m reaemng the target nre1... Nfnt tlll$JiU!S. {~) wet-~ p1ded to tllf •••t wt~' ~ . 
... Improv~ment occurred ncar the end of the prop'lm yhtm fivad tbe last eJPt UdhUea (6~£). 

were tOOiweeeillul, ~ell launch atte~D)U were- requit'«L 

·. 

.... . 
·· ' -· -. Relatl~ ttl pel'formaneeii seven in!a$llca fn thept-opa:us~:rno~ tbe 15-~·mile 

mt~e ~~.d!ty; t!tt~ r;;~ttt:S of twr ~Men w~ pr~iol" su na.Utital rauea da!ned 

tM.t range. Speed and .:ltitwJe re~nce ~:r~ repeatedly de~ Twelve~ '. 

With tOJIU)!ete gutclanee operat!o:l achieved 'a CQ of 'l14) feet~ c:o.,Od WitJl ~ ~-foo~ 
rectUfretr..at. Twelw~ mtssU.ea -.rith use...ful to.zmg data demr~ a ~»fpla value Of 300 
fftt Yerilcal error u ~ed lflth the requite.-t C3140& feet .·. 

~ major raetot.s CODtr!bUted to the U:DJted ew:"*-1· Of the ltalcalflilht telt ~ 
.: 

(l} 1!te eu)! f)bale~ of the teet procram 'ine ac.telerated too rapidly, in that~ 

·: - ·CU!danee ,Sf6tem ~atmg was a~ptect br!.tore tlie miasJ!tth2d becoMe a. reuabl& f!~ 

!Jltehfr.e. :rtr-etrolpeet, tt can be seen that lbla ~ abOQt ~-ewe~• 

c.reate.l bt aucceaa of - &at tew ·~.ue• ud bJ t1lt lfDera1 uaency plactd u!K)n 
tbe ptOpaaa.:· 

(I) While the mte.u-afted renabllity p.ros.r;uD pH'rided aa tmpr~=e.n m pe~ 
repatabllft)', the dfott waa phas!d·Bl too Jattt ~tile weAptm 81~ to attam the 
d8lred remta- b1 the end.¢ the~tt proiram. ~ dcwelO,p~ent ,_ ue.edesJ 
l!ld waa reeo~~UD~ bJ _&U Alrcratttolml'l"Gve.,_ re~at2bUftJ ot the ~~e 
wll1cb ll:d beetl ~ 

Largely beeau4e of theae two fattcr•1 the aa.al Weapoa s;.tem. w!Ul tta $0•JiaUtlc:l~mUe 
. :tandotf eal*bilittuct itt dem.Oilltrated pinpOint acc:uracy, Jlld a ~..nal rellabJWy ~. ~-opezo-

auoaal.._ ~ tltell 0\'0' 0, u.e·'~.tr Fol"ee at t1!it eD4 of tile UD ptOCS'Ul- ·-
. . . ' · . -· .. --,.. 
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