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PREFACE

This history of the Rascal Weapon Systern deals primarily
with the procurement and production of major components. Some
of these components are the airframe, guidance system, propul-
sion unit, and dire ct.or_ ajircraft, Earlg) .re séarch and development,
as well as later development, are also discussed briefly. The .
sections on research and development are included for two

reasons--background material is ne cessary for a complete

‘understanding of the program, and development forms an im-

portant and integral part of the .Rascal procurement and produc-
tion story. Rascal development and production are so entwiﬁed
that it is impossible to discuss one without the other.

The terms Rascal and GAM-63 are used synonymously in
this history. Other words used interchangeably are Washington
for Headquarters USAF, Wright Field and center for the Wright
Air Development Center, and Baltimore for the Air Research and
Development Command.

The author gratefully acknowledges the cdoperation and
assistance of Colonel H. W. Lanford, Jr. and Captain F. J.

Barles of the Guided Air Missile Weapon Systermn Project Office.

vi
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I. THE RASCAL (GAM-63)™ _
WEAPON SYSTEM AND ITS5 MISSION
The Rascal is a rocket-propelied air-to—groﬁnd missile man-
ufactured by the Bel) Aircrafi Co:-por_a.tion_._ It can carry a 3, 000- -

Pound nuclear warhead a¢ a maximum speed of Mach 2. 95 ang 5

. 1 ) ;
maximum range of 0 nautical miles. A director aircraft must
carry the Rascal to within this distance of a target. The flight

:target consists of four phases—-launch, climb, mid—coursa, and
terminal dive,

The Rascal Weapon System

Four major corhpo:zents comprise the GAM-63 Weapon _Syé_-

tern. These are the missile, the DB-47 director aircraft, ground

~ support equipment, and training aids.

The Missile

. . The missile js divided into four major parts: airframe, guidance -

~ Systems, control or stabilization systems, and Propulsion system.

* The name Rasca] is derived from the guidanCe system used dur-
ing the missile's dive on the target. This system of guidance is-
referred to as a Radar Scanm'ng Link, and the word Rascal is
formed by combi_r?i_ng the unde rlined letters of the three words,
GAM is the abbreviation for Guided Air Missile. ' '
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Airframe. The missile airframe consists of a cylindrical
aluminum alloy fuselage and exterior control or wing surfaces.
These control surfaces are located at both the front and rear of
the missile and on 211 four sides. | .T}'.le forward horizéntal sur-
faces consisi of wings and elevators, The I_ront_t;értical surfaces
are ail-movéble r/udd-ers. The_-rea_r horizo.ntal surfaces are 'wings'

K : : K 3
with attached ailerons and the vertical surfaces are fixed fins.

Structurally, the airframe éonsists of fiv'é majér sections.

These sections, from front'to'rear', are the radome nose which

.h'oﬁse”s_ the search radar, the 'forward_b_od'y-which contains the

- guidance equipment, the warhead 5ection, the center body or

tank section, and the aft body"s_hell whi ch contains the propulsidn

unit Some of the principal dimensions of the airframe are:’

ow}'ét;all" length, 32 feet; maximum outside bddy diameter, 4 .
: 5

 feet; horizontal span, 17 feet; and height, 12.5 feet.

Guidance 'Sy'ste.ms. The GAM-63 is guided by two separate

syst!ems. An inertial system which emits no external signals {non-

-émémaﬁng) guides the 'missilé during tHe launch, climb, and mid-
course phases of flight., The MA-8 navigation system located in

the director aircraft feeds information such as the airplane's

* This is referred to as a canard cruciform wing configuration.
For a picture of this construction, see Appendix A. '

A
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velocity, head;ng and distance-to-ts arget into the inertial system
Just priar to lau_.nf:h. After the missile completes the launch and
climb phases of flight, the inertial system guides_tﬁe missile
alt\ng a pre-selécted ﬂight path, Acc_élerometc—rs Iocafcd in the

inertial systern rneasure the d1stance traVQled by the mis sile.

They also mchcafe when the rmssﬂe is to begm its termznal dive

phase of flight. When this terminal dive point is reached, the
6

mertxal system places the mis 511e in a 35- degree dive,

The second guidance system is automancally actwated as

‘the missile begins its dive. This one is a remote radar .relay

: command System which a130 can be turned on at any time by -

the gmdance operator located in the du-ector aircraft. It con-

. sists of a search antenna located i'n the nose of the Rascal and

electronic equipment capable of sending a radar picture from

the missile to the di_rectcr' aircraft. The search antenna scans

a 150—dé_gree sector in froht of the missile. The resulting radar

signal of the target area appears on a sc0pe viewed bv the guid-

.. ance operator. This picture shows the position of the missile

in relahon to the target, thereby permitting the guldance operator
P

‘to ma_'ke proper fhght -path corrections if the Rascal is off- -course.

Stabilization Systems. Servopilots, hydraulic valves, and

mechanical linkage systerns aerodynamically stabilize the GAM-63

- ¥
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in turn, move just enough to of.fset the roll.
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These control the roll, pifch, and yaw of the missile. while in flight,
Both of the Rascal's s guidance systems can transmit control signals
to these stabilization systems, _

..

The first step in maintaining roll control is accomplished hy

a vertical gyroscope which always maintain a vertxcal pD‘Slthn

This gyroscope Imeasures any dev1ahons ca.u';ed bv the rolling

mohon of the mzssxle It also tra‘nsiorms the measured amount

of deviation into an electric si'gnal, the strength of which is equal

to the amount of roll. The gyroscope then sends the sxgnal th?‘ough_ _

'an'a.mpl'ifier to hydraulic valves, ‘These valves move a distance
~equal to the strength of the signal. This moveme_nt'a'ctiva.tes those -

- me chanical links which move the missile's ailerons. The aile rons,

8

"As 1t does for roll, the vertical gyroscope prowdes the first
sk

step in mamtamlno pItCh control. It measures how much the

missile deviate s frorn' its l'a.teral axis. After measuring the devia-

tion, the gyrdscope sends an electric signal through an amplifier

to hydraulic valves, Again, the amount of deviation determines

- * The United States Air Force Dictibnary defines roll as_ "any

movement of an aircraft about its longitudinal axis.

*% Pitch is defined by The United States Air Force sztmnary as

""the movement of an aircraft about its lateral axis; the extent
of this movement, measured in degrees. "

-l
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the strength of the signal. The valves receiving the signal control

the mechanical links which position the elevators. The elevators
. _ | 9 ’

move a distance just far eénough to offset the pitch,

A free gyroscope is the Primary sensing element for yaw

i«

stabilization. This gyroscope measures the missile's deviation

_from'the pre ;selected course or direction it is to travel. Using

the same sequence of steps as in roll and pitch control, .the yaw

stabilization system then operates the rudder to"bring the missile
. 10 _ : : S
back on course, '

-.Pr"opulsion' System. The ‘GAM-63 uses a Bell-develoPed and_
manufactured liquid rocket engine designated the LR67-BA-9, This

engine consists of three identical thrus't_'char_nbers placed in a ver-

tical column at the rear of the missile. Low-pressure propellant

tanks and a gas turbine pumping unit feed JP-4 fuel and inhibited

red fuming nitric acid oxidizer into these chambers. Each of the

- thrust chambers produces 4, 000 pounds of thrust at an altitude of

. 40, 000 feet. Al three chambers operate during the climb or boost

Phase of flight. The three chambers stop operating when the

- missile réac_hes the half-way point of the mid-course Phase of flight:

% "The movement of an aircraft, projectile, or the like about its

vertical axis; the extent of this movement, measured in degrees"
is the way The United States Air Force Dictionary defines yaw.

=
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All three chambers dperate for a2 period of about 153 4 seconds,
: 11

Missile speed at this point is about Mach 2. 86,

Director Airecrafe

The Rascal Weapon Systemn uses modifie_d B—_é? éirplanes as -
director aircraft. These airplanes receive’the 53-47 designation
after modifi éati_or;. r.J:‘}:xe prima.ry purposes of the _DB--:-‘i_-7 ére to
cafry the_: Rascal to a point within 90 nautical miles of. a.target,
launch the missile, Ia'nd guide it éfter launch. -A standard MA-8

%‘“’ radar 'névigation-bombing sys'tex:n directs thé_ carfier to t.he ._correct.'

12 _ o, 1
. location for launching the missile. At the same time, this MA-8

.sy'stem computes and feeds.pre-.lauﬁ;:h daf.a into thé Rascal's iner-
t1a1 gui&;hce system. :
' Additioﬁal equipment, 'however, is .hec'essary for laun;hiﬂg
jénd'guidiné-the missile. Emplo}'ees of the Boei_hg Airplane Com-
: pény pléce..this_equi_pme'nt in and on the B-47 during ifs modification.

: g -2 : 13
This equipment consists of the following:

‘4. A system for holding the missile to the air-
 plane while being carried to the launch point.

b. An Automatic Che ckout System (ACS) for
‘verifying that all of the missile's compo-
nents are operating pProperly and for auto- _

matically releasing the missile.

€. A system for maintaining constant guidance
contact with the missile.

-6 -
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d. A control station for allowing the guidance
Operator to monitor the missile's flight. -

Ground Support Equipment

Rascal ground support equipment can be sepé,rated into three _

categories--servicing, handling, and checkout. Servicing equip-

nent includes such items as fuel, oxidizer, and acid disposal

trailers. Carriages, dollies, assembly stands, and slings are

some of the items in the handling category. All test equipment

: for ma'intaining electronic, electrical, __émd _hydréu_lic systems-

14

‘comprise the checkout category.

The Rascal Missi.on

The Rascal mission is the de struc_tidn of peripheral targets

" having sti-ong.ioclal defenses, thereby reducing losses of manhed

aircraft because_-of these defenses. The missile will be used as

an initial attack weapon when time and the tactical situation permit.

: How_eve_r, only those targets which present well defined radar re-

15

_furn_s can be _atta'cked_with the Rascal. The DB—47'/GAM—63_

system may operate non-"stop to a target from its home base by
means of air refueling. Jf rex’ueii.ng is not possible or desired

by the Air Force, the mission may be'gin from a forward Zi or

- oversea base.

s
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In a typical maximum range mission, the DB-47 carries the
mis si1¢ to a predete;mined launch point 90 naufical rﬁiles from a
target. The DB-47's standard navigation-bombing system con-
stantly computes the distance and course to target while in ﬂight.
to the laﬁnch area. Immediately prior to _la.unch.{ the ACS checks
_Iall_ critical co’rripopents of the misgile to verify prdpe.r funétiéning"'
At ihe same time,' the MA-8 feeds data re-ga.rdiné the dir.ector air -
craft's ve.lo'city, headiﬁg, and d.is_ta_nce_'from ta-rgét into _tile i.ne_rt'i'z.z.l
guidance system., The 'ACS,': together \Qit};x 'the_. 'bB;47's nav.ig.ation’..
bo_mbing' system, automatical'l'y'_releases t.he rﬁissile when thé lauhc_h
'ﬁoin£ is reached. Minimum launch a_.l'ﬁtude is 35,000 feet and mini_—.

16 ' '

mum launch velocity is Mach 0. 79. ‘ |

As the rﬁiséile clears the'la\;l_n'c.h geé.x; of the_direétor ai.rcraft,_ :
its rocket .e.ng'i.ne' -ignite's. .Itlc]_.imbs at an angle of 19 dégreés t@s an
_I altitude of 'a.‘.b'o_ut_. 65,000 feet. The Rascal then leQels off and half—.
.way.through.thé'cruis.e' pha_sg its th.ree rocket chambers autorhatically
stoP‘operating. The ‘inertial system next guides the mis si1¢ to within
" about 17 _nautica.l miles of the'_tar_get. The .r.x;)issile'_. therefore, is
guided_by. the inertial system for a distance of about 73 nautical
-':rniles; or for a time period of about 195 seconds. The inertial Sy S~
tem places the missile in a 35-degree dive when the términal dive

17
point is reached.

-8 -

CONFIDENTIAL




off-course.

CONFIDENTIAL

The start of this terminzl dive activates the missile's.search
antenna which then scans a 150-degree sector ahea.d of the r-nissile.
A guidance operator in the difectof aircraﬂ determineé tha missile's
position by consulting the picture in the scope. 'Th.is ééeratzor can
either m.onit'or the flight or change the missile's c_?.ii'éc.tion if it heads

It i; possible for the bB--i? ‘to drop the mi.ssi'le as a gravity
bomb if a m’alfunctioAn. should o’ccﬁr_during the mis;sion. In the se
cases, the director aircraft'.__re'le'ases the m'issile. over a 1ess_

19

heavily defended alternate target. .

- 9.
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II. EARLY RESEARCH AND DEVELOPMENT

First Characteristics for arn
Ajir-to-Surfa.ce Missile

The Army’ Air Forces (AAF) publishcd thc'first friilitary

characteristics for an air-to- surface missile on 16 July 1945,

These characteristics called for a missile capable of bemg
Iaunched from a bomber at any altltude between: 20 000 and

45, 000 feet, reaching supersonic speed of at l'east 1, 200' miles

- per hour, traveling a distance of at least 100 miles, and hitting

within 500 feet of a target at least 75 per cent of the time . ‘This

_missile was to be guided either by a :remote or self- contained

1
guidance sys tem ”

- The characteristics did not specify what model bomber

should be used for carrying and launching the mis sile. They

did indicate, however, that the aircraft finally selected was to

suffer a performance penalty of no more than two per cent as a

2
result of transporting the missile.

The Bell. Goodyear, and McDonnell Aircraft Corporations

. Teceived Air Force letter contracts for a year's study leading to .
~ the development of an air-to-surface missile. Bell's contract

~ was dated 1 April 1946, Goodyear's 8 April 1946, and McDonnell's

-
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7 May 1946 Under the terms of these contracts, Goodyear was
required to study both subsonic and supersonic missiles; Rell, a
' 3

subsonic missile only; and McDonnell, a supersonic one. - As a

result of 2 general review of the guided mifasile program in May

1947, t.he Air. Materlel Command (AMC) te*‘mmated the Goodyear '

4

and MCDonnell pProjects. ' This left Bell as the orﬂy AAF air-to-

surface missile contractor.

Early Characteristics Changes |

)
If?&‘ y

B

The letter contract awarded to Bell carried the number

‘W33-038 ac-14169. It identified the air-to-surface r'mssne de -

velopment program as Project MX 776. This Ietter contract

_ changed the July 1945 charactenstlcs in two respects; it spem-'

-

ﬁed the B—_29 as the launch aircraft and it cha.nged the missile's

speed requirement from supersonic to subsonic. . The original
characteristics called for'a missile capable of a speed of at least

1,200 -miles per h'oux; but the letter contract changed this require -

. mient to 600 miles per hou:r

Two months later-_am'en'dm_ent No.' 2 to the letter contract

required Bell to conduct studies on both supersonic and subsonic
6

-versions of the missile.

The definitive cost-plus-fixed-fee (CPFF) contract awarded

to Bell repeated the requirement for both subsonic and supersonic

- 11 =
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I

studies. This contract, W33-038 ac- 1416‘: dated 14 Octobﬁx 1944,

did not receive Air Force approval until 11 April 1947‘ It placed
8 :

the cost of the studies at $1, 380, 108, 85. This amount, however,

did not include Bell's fixed fee of_seven per cent ($96, 607. 62).

A third change wasg made in the study program durmg the

first ‘qal‘ c»f 1047 . In this case, AMC asked Bell to stop all work

on the subsonic version of the missile and concentrate on de_velop-

-9

ing a supersonic one. ~ Supplemental agreement No. 1 made th1s ;

_ 10
program change official in May 1947.

‘In June. 1947 Headquartérs AAF assigned a _IA-priority to

" the development of a supersomc air-to- surface misslle with a

11
range of 100 miles. In July, however, Headquarters AAF pro-

posed that the range of the m1551le be extended to 300 miles.

.Wa.shxngton also proposed that the missile payloa_d capability

12

be mcreased ifrom 2, 000 to 3, 000 pounds In reply to these

p_roPosals AMC md;cated that a supersonic rmss;zle thh the

1 Sugg‘vested characteristics was not immediately feasible. It

: : _ _ 13
in the air-to-surface missile field revealed the following:
a. A missile carrying a 3, 000-pound warhead,
"~ and capable of sustained flight, will not fit

the bomb bay of any operational, experimen-
tal, or planned bombardment airplane.

5
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b. A liquid rocket pPower plant is the only type
suitable for supersonic flight performance
at the present time, and probably for five
years to come, Fuel requirements for such
4 power plant will make it uneconomical and
Very poor choice for powering any missile -
designed for ranges in excess of 150 miles.

i : AMC also included a4 set of re_comr’ne_nded c_haractez-i_stics in
its r’éply to the Headquarters AAF _proposa.ls; T'hé'se called for a
"work-horse" missile capakble of carrying a 2, 000- pOLmd Warhead

a distance of 150 m1les This 2ype of rmss:le, commar’xd person.nel

felt, would "have the greatest degree of ec0norhy, utility and gen--
oyt ’

:eral_value as a potential offensive weapon. ' _

A conference was held in Wash_mgton D. C. durn';g September
194—7 to settle the problem of air- fo surface rmss;le char::cterwtms
AMC repre sentauveq indicated that a missile could be comﬁleted in
a relanvely- short time 1£ Headquarters USAF 1owe red the requ1re-

FIEN

© ments. These people estmuazed that a test missile could he completed

e

%
2 _before tI-e end of 1948 if the ra.nge requirement were lowered to 50
. iles and the pavloa.d wmghl were reduced to 2, 000 ‘munds Tﬁe
;:cnfer_ee.é demdc.d to leave the Hcadquarte*s AAF proposals in the’
15
de \'elopment pP¥ ogr...m and to consider them only as ultxmaf:e goals.
- As a result of r.he meeting, AMG asked Bell to stop all work -o.n thé .
: 150-mi_1§ range missile and start developing a .miss'ile with a range

_ 16
of 300 miies.

=13 -
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The Shrike Program

In January 1948, four months after the Washington méeti.ng,
AMC split Project MX-776 into two parts. One part, Project MX-
T76A, called for the developmentofa test vehicle capaﬁle b'f ééfr_y-
ing al, OOO-poimd payload for 50 miles. ’I;llfae test vehicle ca‘,lle.d
for under this part of.thr pro;rram ev Pntlually be céme kn;)wn as
thc.a- Shrike. The other half of the pProgram, de sxgnated PrOJECl
MX-"??{;B, called for t"e development of a guldance S}.stem which
would be capab.le of dire ctlng the Rascal a dlstance of 100 miles.
. When AMC informed Bell of the prograrn change it asked
that both pronram-: 'he prosecured s:mu.ltaneously and. w1th qua.l
18 .
emphasis . " At the same tlme, the command established a time-
table for the Shrﬂce proglam Th1= called for cornpletxcn o.f prl:;- 1
lxmmary des1gns by 1 April 1948, start of fabrication by 1 July .
1948, compleﬁi_;iqn of_the first missile by 1 March 1949, and start
L . _ 1
of the flight te st .progra_m by May 1949. ? Although the flight test
:"prog‘ran-.; stértéd on .séheduie, the f‘rbl‘ powtred Shrike did not fly
¥ 20
until May 1950.
AMC divided P'ro_ie.ct'MX—?76_into two pari‘.s in ord_er.to pro-

~vide the Air Force with a tactical air-to-surface missile as guickly

* Project MX-776 was the number assigned to the Bell program -
~fer development of an air-to-surface rnissile. See p. 11, '

o 1d =
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and as economically as possible. Command personnel believed
that a test vehicle was more economical and easier to produce
than the larger, more complicated Rascal. They also felt that

the test vehicle ‘would economicaliy produce needed technical

information for the Rascal program, and the Shrike could be ‘-

. e - |
used as a tactical weapon when fully developed.

In January 1949_. one year after Bell started work on the
test vehicle, AMC asked the Under Secretary of the Air Force

: 22
to approve the purchase of 100 Shrike missiles. Headquarters

' USAF took no action and returned the request because it did not

_ 23
comply with certain required procurement directives. AMC

~ submitted a2 second request two weeks later. In this, the com:

mand asked for permission to purchase 93 Shrikes. As a result,

Under Secretary of the Air Force A. §. Barrows authorized the :
' 24

: purcha.se of the 93 test vehicles at an estirmated cost of $6, 190, 000.

- Supplemental égreement No. 5 to contract W33-038 ac-14169
; : : : 25

' -officially authorized Bell to manufacture the test missiles., ‘This

agreement, dated 3 March 1949, also contained a Shrike delivery -

- schedule which required the contractor to deliver 12 Shrikes in 1949,

26 _ -

£lmost two vears after authorizing the manufacture of the 93

 vehicles, AMC decided that only 50 would be needed for the flight

= 15w
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test program because of rapid r‘d‘-" ances in Shrike developrpem
Command pe rsonnel, therefore, asked Headquarte rs USAF .to
authorize conversion of the remaining 43 test \ehrcles into
27

tactical weapons. Washington disapproved the request: on
the grounds that the Air Force had no requirement for an op-
erational Shrike. At the same time, Headquarters USAF

28
recommended that AMC procure only 50 test vehicles,

During the next few months, AMC reduced the pProgram even

below the level suggested by Headquarre:s USAF. Cne of the

l _ ' primary reasons for this steIS'was & reduction in funds. By

June 1951, the Shrike. ﬂlghr test program consisted of only 31
29 : '

missiles..  Hell tested the last Shrike in January 1953, -

Return to the Rascal Development Program

' De.velo'pment of 2 guidance system was the only work
- @"1} _ directly related to the Rascal performed bv the cﬁmtrarto:r

from January 1948 to July 1949. At the end of July 1949, AMC

) ask:ed Bell to submit a cost propoeal for perfo;mmg \.anous

| itemns of work For both the Shrﬂce and the Rascal. One of these
items called for the design of a2 supersonic missile capable of

30

delivering a 3, 000-pound payload a distance of 100 to 150 miies.

After receiving Bell's proposals, AMG wrote supplemental agree- -

ment No. 6 to contract W33-038 ac-14169. This agreement, dated
o 16 =
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25 August 1949, authorized Bell to continue its work on the Rascal
\ . ; 31
guidance system and to draw up the necessary preliminary designs.
In December 1949 AMC asked Bell to resume work on all
phases of the Rascal development program Two specific items
of work listed in the AMC request were: (I) dcwelop a misgile cap-

able of carr)mg a2 5,000- pound warhead for 150 nauhca] miles, and

(2) design the rnissile so it could be carried by either a B-36 or a -

~B-52, Because the B-52 was shl] in the desagn qtage TAMC sug-

gested that the contractor use v.l-:at information was avzilable on
32

the airplane as of 1 December 1949,

Headquarters USAF made another change in the Rascal devel-
opment ]_Sr'ogram in February 1950. Washington, in this case,
divided the progrém into two phases., The characteristics listed

_ 33
for each phase were as follows:

. Requirement " Phase | Phase JI
Range about 100 n. m. 150 n. m.
Speed : ' Mach 1.5t02.0 . Mach 3.0 _
Warhead -5, 000-pound atomic 5; 000-pound atomic
Carrier airplane B-50 ' B-50 and B-36
Inertial Guidance : :
Systems ; desirable _ mandaiory

Headguarters USATF recommended that the confractor work on hoth
Phases simultaneous] y. It also set January 1954 as the target date

for completion of Phase I and July 1955 as the completion date for
34
Phase II.

- 17 =
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- Four months later Headguarters USAF asked AMC to accel-
erate the Rascal program. Both phases. Washington indicated,
were to be completed six months earlier than the dates listed in-

February. As a result of the chahge, July 1953 became the new

. €ompletion date for Phase I and .Ianua.r\r 1955 the;ne_w_ completion

date for Pha.se II. Headquarters USAF also listed jts desired

completmn dates for Phase I and Phase II service tests -These
.35

~ were July 1954 ana Janua):-j,r 1956. = . AMC indicated that the new

dates could be met if wWa =h1ngt0n allocated sufﬁcxent funds to cover

36

' the cost of the accelerated program

' The Rascal - B-47 Marriage

Toward the end of 1951 the Air Force rea Jzed that changes
ould have to be made in the Rascal program. This resulted from

two factors- -the emergence of the B- 47 as the Air Force's Primary

_strateglc bombeér and the belief that local defenses of 2 potential

: enemy would be consj.derably strengthened in the future. The Air

Force felt that suc césafql attacks in the future would be possible

| only if the then Pxxstmg Weapon systems were contmuoush im-
proved. To meet this challenge, Headquarte rs, Air Research
" and Dw.elopmenf Command (ARDC), issued a development direc-

: tive which changeri the GAM-63 Program in two respects--the B.47

replaced the B-36 as the Primary missile carrier, and certain

-18 -
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engineering changes were made so the missile could be carried by

the B-47, ARDC, however, retained the B-36 in the program as
37

the alternate Rascal carrier. WADC personnel informed Bell
: 38 .
of the pProgram change at the beginning of March 1952, AMC
39 '
made the change official nne week later. -

ARDC 'calle_d 2 meeting in Baltimc;re .i.'or late Aprii . 1952;
: i
rep resenta_tives from five different organizations attended. The
burpom of this meeting was to eéfablish a ma:stei‘ plan for the de-
velopment of the Rascal We’apon: System.. During fhe. coniferer.xc'e,
_ LY 40
program had been divided into three objectives by that command.

Objective I received first priority and called for incorporation

- of the B-47 as the basic misgile carrier,: development of a simplified

ine rtial guidance system, development of 2 terminal guidance system,

and initiation of atomic warhead tests. The completion date for this
' ' 41

first objective was July 1954,

Objective 11, which received second priority, called for in-
carporation of the B-36 as the basic Rascal carrier and c‘.ontinuation_

of inertial and terminal guidance system development and warhead

. ¥ These organizations were Headquarters ARDC, Headquarters

AMC, Headquarters WADC, Headquarters AFMTC, and the
6540th Missile Test Wing.

- 19 .
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tests. The completion date for this objective was December
42 -
1954,

The last objective received third priority and called for
development of alternate warheads, development of a moré so-
phisticated or improved inertisl guidance systern, and incorpora-
tion of the R-52 agd B-60 airplanes as n.-)issille carriers, The
contracter, however, was to éxpend no special effort on.fhe third

objective. Only tha.t information ohtamed by Bell from its work
' 43
on Objectives I and II was to he appli_ed to Objective IIl.
: : 44
-Headquarters USAF changed these objectives as follows:

a. Ohjective I: Marriage of B-63 with B-47
carrier; {B-63 with single- axis inertial,
- X-bhand radar and atomic warhead}

b. Objective II: Marria age of B~63 with B-36
carrier; {(B-63 with single -axis inertial,
X-band radar and atomic warhead).

gz Objective OT: Additional warhead capahility
in the B-63. :

d. Objective 1V: Improved tei'rnma]'radar and
mid-course s,rstem pOSblble additional

- carriers.

e. Objective V: Completely non- -emanating
" guidance systems for the B- 63.

During 1952, before and after the ARDC meeting, some Air

Force personnel felt that the usefulness of the Rascal Weapon Svs-

45

tem was marginal at best, Orne of these was General Curtis E.

« 20 -
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LeMay, Cornmanding General of the Strategic Air Command

General LeMay disapproved of the Rascal because he felt tPat
other missiles, such as the Snark, hag more to offer the Air
f‘orce thar the Rascal. He also believe_d tha.t the Rascal pre-

sénted operational Problems so severe _that; they made its

46

usefulness que Stionable, Other ohj ectwns that appeared at

the time were: {1) the Rascal system imposed pPenalties on the
Carrying aircraft, (2) it made’ the comp]ex B-47 hombmg and
nawgut:on s"stem even more complicated, {3) the system addead

$300 000 to the unit cost of the airplanes selected to Carry the

System He wa.g espeﬁxallv disturbed by Geperal LeMay's opin-
48
ions, After a.naly‘zing the situation, the Air Force Counci]

re cdmmended and the Air Force suhsequentlv approved rra.l one .

B-47 squadron be eliminated, but that one B 36 and two B-47
* 49

‘Rascal squadrons TYeémain in the Air Force program.

-Basirally, there were two reasons for thisg decisi_on, First, the

¥ See pp. 62-66.

- 21 -
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penalties imposed by the Rascal on the B-47's performance were
not serious. Second, the Rascal would allow the B-47 to deliver
atomic warheads at Supeérsonic speeds durihg a future period of
time when this might be the only way that some targets could be
50
reached.
The Air Force Council made its recommendations almost

two years after the Air Force and Bell éntered into a production

contract. - Bell and the Air Force signed two other contracts at

83 d : . % . .
' { : almost the same time the council Presented these recommendations.
_ One of these contracts provided for the manufacture of tooling for
[ : ' . ' %* '
' - the Rascal production line. The second contract called for the -

conversion of a B-36H airplane into a missile carrier,
Project .MX—776 research and déVelopmex{t did not stép ner
were all reéearéh pr.o'ble'.n;s solve& ky the end of 1952. Bell had
gi.;:) . not yet concluded the 'Sh.rike program, al.though 2? of the 31 vehicles
pl_aﬁned for the -'p.rogram hgci been te sted. No Rascal missiles, how-
.ever:, -had been flown. Bell's efforts to improve the GAM-63 continued

E

'throughomt almost the enfire life of: the missile.

# See Chapter INI
#% See Chapter V. | - _ _
J¥E% These later research pPhases are discussed in the sections of this
history devoted to the various components of the missile, Pro-
pulsion system research after 1952, for example, is discussed
in Chapter IV. See pp. 41-44.

- 22 -
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III. PROCUREMENT OF MISSILES AND
FRODUCTION TOOLING

Rascal Procurement

Letter Contract AF 33{038)-15069

A Bell letter sent to AMC in July 1950 marked the start of
z .

the Rascal procurement Program. - This letter contained the con-
tractor's cost proposal for the manufacture of 13 missiles and three
sets of interim guidance equipment. Bell placed the cost of this

: ; ] ;

lirnited productijon program .at'$2, 254, 993.96. - After a meeting

and an exchange of correspondence had reduced Bell's recommended

| program, both parties agre ed to a letter contract dated 8 August
* 2 s .

=

1950. It called for the manufacture of three recovery glide mis-
siles, four Rascal missiles, spare parts. and ithree sets of interim
. 3
guidance equipment at a cost of $850, 000.
AMC issued the first two amendments to this letter contract
during October 1950. Amendment No. i.added $850, 000 to the sum
5 = 4 .

initially provided, making the total $1i, 700, 000. Amendment No. 2

established a delivery schedule calling for one giide missile each in’

* Research failed to reveal whether this letter was preceded hy an
AMC Request for Proposal.,

n
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April, May, and June 1951, [t also called for the delivery of one

: 6
cal each in July, August, September, and October 1951,

n

Ra

Bell objected to this schedule because it did not correspond

"to one outlined earlier by AMC. The contiractor maintained that

this earlier schedule allowed 11 months for delivery of the seven
2 :
missiles. Amendment No. 2 provided only seven months. Bell
finally agreed to accept the latter schedule only if it were changed
8

in the definitive contract.

Definitive Contract Negotiations

Contractor and AMC personnel started their definitive negotia -
tions in the fall of 1950. .While the negotiators quickly solved the
problem of probable costs, a difference of opinion developed over
the cbntractor‘s rate of fee. AMC pPersonnel offered six per cent,
but Bell wanted seven per cent.. At a meeting held on 14 November
1950 AMC persdnnel offered the contractor a compromise fee of 6.5
per cent. The Bell representatives refused the coffer and requested
a meeting with the A.MC Procurement Committee. ) This meeting
was held the following day.

During the.meeting. the Bell officials presénte& their argu-
ments for a seven per cent fee. They claimed that the company

actually received a profit of only 2.5 to 3 per cent after taxes and

deductions, Bell planned to invest a great deal of money in facilities

- 24 -
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to produce the mis siles, and the contract really called for re-
search and development work and not production work. The
confractor personnel also stated that Br:ll had su.ffered a reduc-
tion in its sub-»contraclmo business and that it needed the sev en
per cent fee to remain in a relatlveiy sound financia’l Position.
After hearmg Bell's arguments, the committee offered the comn-
10
Pany a fee of 6. 5 per cent,

The Bell repre senta.t1ves stated that they dxd not pocsass

the authonty to negotiate a fee of less than seven per cent. 'I‘hey

"Ia.lso indicated ‘that this decision could only be miade h; Bell's Exec-

, 11
utive Committee. A.lthOugh Bell contmued to pre ss for the seven

per cent fee a.fter the meeting, the company accepted the 6.5 per

cent on 6 December- 195¢0.

Definitive Contract AF 33(038)-15069

The resultmn CPFEF definitive contract, AF 33(038)-15069,
dated 27 November 1050 called for the following items: {i) three
_rnockup rm_sslles, _(2) -three Tecovery glidé .missiles,. (3) four

rowered Rascals, (4) tooling, (5) three sets of interim guidance

‘equipment, and (6) spare parts. Thc_esti'ma.ted coct oif these items

was $2, 838, 372.28. Bel veceived a fixed fee of 6 5 per cent

($184, 494.20). The delive ry schedule outlined in the contract pPro-

13

vided for del:very of the 10 missiles over a 13-month peried.

- 55 _
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Procurement under Letter
Contract AF 33{038)—15069

The Air Force did not actually approve the cienmtwe contract
until 11 September 1951, ten monthb after the date hsted.on ’t. Bell
did not approve it until about one year later. Bell -delaved signing
the contract because it and AMC could no.t agree on some of the mis-
: 14

% sile specification changes made by the company.

In December 1950 Bell forwarded a cost pr0posa1 to AMC for

o, the manufacture of 20 adchtwnal mis sileg, T}:us occurred. about

;three weeks after AMC wrote defxm.tlve cﬁntract 15069. . The con-

! 3L _. ; tractox also asked AMC to ~authorize productlon of these missiles,
_Tlus authorlzatlon,. Bell indicated, was needed 1mmedlately becaUSP

: _valu.mable.manufacturmg time had already been lost. The company
said it 13 questionable whether thls time can be made up by extfa

~ effort, extréme cooperation from our suppliers, and ex’cellent.

: - 15
' Progress in the Research and Development Program,. '

-
=
st
e

.AMC tssued a number of amendments to letter contract 15069
'_ in reply to Bell's requestb -Distribution of t.hese amendments cov-
ered a time span of 17 months. Command pPersonnel issued the flrst
16
one in December 1950 and the last one in May 1952 ~AMC 1s<ued

-the se amendments because both parnes had not yet a_pproved the

definitive contract

S
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The amendments authorized the contractor to manufacture
38 additional missiles and certain iterns of ground support equip-
ment. They also allowed Bell to procure the necessary materials
' 17

for the eventual manufacture of 16 additional Rascals. Bell, in

the area of ground support equipment, recewed pe rmission to

construct the following_; (1) 6 missile carriages, (2) 6 sets of

missile checkout equipment, (3) 4 sets of B-50 lift ramps, (4) 5
high pressﬁre trailer's, (5) 12 sets of hoist slmgs (6) 18 field

assembly tra,nsport skids, (7) 24 field as sembly leture cradles,
18 ' ;

and (8) 12 sets of component Cradl-es_,

Bell disagreed with the requlrements listed in amendment

No 9, wh.tch called for installation of a final guldance system in
19

all missiles after the 30th.  The contractor indicated that his

plans d1_d not call for inclusion of final guidance until the 51st mis- _
sile. After a conferénce with command personnel, Bell agreed to
revise its plans and start devel_oPing a final system. Bell emphasized,

however, that it still feit a minimum of 51 missiles with mtenm guid-
20

~ ance should be used in the Rascal program.

' Procuremeng under Definitive
Contract AF 33(038)-15069

AMC and Bell personnel held numerous conferences between

-

December 1950 and December 1952 to negotiate supplemental agree-

ments for basic contract 15069, Command personnel wrote six

=27 -
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supplemental agreements during this 23-month period. The de-
finitive coniract and these supplements did not replace the letter
contract and its amendments as the official contractual documents,
however, until AMC issued supplemental agreement No. 6. The
delay was caused by Bell's failure to sign the definitive contract
until just before AMC issued this égreement, which was dated 10
, : - 21
November 1952 and approved on 9 February 1953, '

By the end of 1952 the AMC Rascal procurement program

called for the manufacture of 48 missiles. This included the 10

contracted for in the definitive contract and the 38.c_'alled for by

- supplemental agreements No. 1, No. 4, and No." 6. The 'p_r_o-. :

gram also called for the procurement of materials for 26
édditional missiles. This placed the totai_numbe_l_‘ of Rascal

missiles to be manufactured by Bell at 74, representing an

increase of 1'0 miss_ilés ‘over the number called for by the re-

placed letter contract and its amendments.

‘In the years after 1952 AMC issued three more supplemental

| agreements which provided for the manufacture of Rascals. Sup- -

plemental é_greement No. 7, dated 16 March 1953, authorized Bell .
e M 22

- to manufacture five missiles. It also allowed the contractor to

23

purchase the necessary materials for 40 additional missiles.

Supplemental agreement No. 10, dated 30 June 1953, called for 61

- 28 =
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up to a2 cost of $200, 060.
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misgiles, This agreement provided for the greatest singlé pro-
curement in the Rascal program. Supplemental agreement No. 47,
dated 21 December 1956, authorized the manufacture of 22 missiles.

This brought the total number of Rascals to be manufactured by Bell

to 136,

Procurement of Production Tooling and Mate rials

Initial Procurement

In October 1950 Bell informed AMC that it needed special tools

and equipment., The contractor stated that these materials were

necessary for the successful completion of Project MX-776 research

and development. AMC, however, decided that this €quipment should

‘be procured under the terms of a production rather than a research

26

contract.  As a result, command personnel wrote amendment No. 3

to'le'tter_"contfact 15069. This amendment, dated 24 October '.1956,

. allowed the contractor to manufacture or procure special equipment

27

Letter Contract AF 33(038)-20402

In December 1950, two m'onths after AMC auth_orized Bell to

procure special equipment, the contractor prepared a cost proposal

‘for creating the Rascal productidn line. The company placed the

. _ 28
cost at $1, 206, 746,27 for the first eight months of 1951. Bell's

cés! proposal covered only an eight-month period because the company

- 29 -
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29
understood that funds for this type of work were limited. This

problem of limited funds for plroduction tooling appeared later
during definitive contract negotiations and again in 1954.

AMC issued letier contract AF 33(038)-20402 on the last day
of January 1951, This contract allowed Bell to begin its prepro-
duction planning, design, manufacture, and procurement of tools

30
and machinery. It also required the contracior to formulate the

necessary methods and processes for the production of 20 missiles

per month on a one-shift basis. The letter contract's time schedule
31

listed 31 December as the completion date for the production line.

This gave the contractor 11 months' time. The letter contract allo-
: 32

cated $940, 000 for this work and the necessary egquipment.

Definitive Contract AF 33{038)-20402

Bell and AMC negotiated for almost two years before agreeing
on terms of a definitive contract. At first, Bell had difficulty in
33

estimating the cost of the production planning and tooling programs.

A second problem encountered during the nego'tiations was the lack of

34
funds to cover Bell's program. Later on, command personnel felt
35 _
that Bell's estimates were too high. The parties finally solved
36

their differences in November 1952. '

- 30 -
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The definitive CPFF contract was dated 10 December 1952
and approved on 9 January 1953. It i'equired Bell to perform .five
tasks--redesign the Rascal to allow the production of 20 a month
o a one-shift hasis and 50 on a three-shiit ba.sis_» develop missile
production methods and technigues, manufacture or procure all
necessary toois fo.r the production lin_e,_ design and manufacture

37
all necessary test equipment, and submit progress reports.

s

The contract allocated a total of $8, 190, 999. 26 for the work.

Al 38
ﬁ*' This figure included Bell's fixed fee of 5.5 per cent.
- In February 1954 AMC asked Bell to reduce its monthly
missile production capability. The new rate fixed production
at four missiles a month on a one-shift basis and six per month
39
on a multi-shift basis. Fund difficulties were again encountered
and Bell used its own money for almost two months to keep the tool-

40
ing program alive. AMC reimbursed Bell and, at the same time,

v
4

T

-

! requested that all future price quotations be submitted on a monthly
] 41
basis.

¥ The contract placed the estimated cost of the five items at
$7,763,980.34. This figure plus Bell's fixed fee of $427,018,92
made the total §8, 190, 999.26. The estimated cost figure listed
in the contract represented 100 per cent of the cost and fixed fee
of four of the items, but only 86.65 per cent of the estimated
cost and fixed fee for the other item. The amount allocated by
the contract, therefore, represented only 97. 33 per cent of the
expected total cost.

- 8E =
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IV. PRODUCTION OF RASCAIL MISSILES

Delivery Schedules and Changes

As noted earlier, production contract AF 33(038)-15069,

dated_ 27 November 1950, authorized the ménufacture of 10 mis-

-siles and three sets of interim guidance equipment. - The contract

specified that the 10 missiles would consist of three mo'ck-up
models, three recovery glide miss'iles, and four powered vehicles.

It scheduled delive ry of the first Rascal for 28 February 1951 and
3 2 . 3
the last one for 31 March 1952. Bell delivered the first missile

on 6 July 1951 and the last one on 5 February 1953. The con-

: _t;ractor'. therefore, acmélly delivered the last missile almost one

year after the date specified in the contract.

AMC issued supplemental agreement No. 1 sixteen months

" after writing the contract. This supplement, dated 5 March 1952,

5

‘authorized the manufacture of 20 missiles. Command personnel

distributed éupplemental:agreement No. 4 {ive months later. It

. 4
called for 15 additional missiles. The schedules in the contract

and these two supplements specified the following Rascal deliveries:

* See Appendix E.
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Table I
Delivery Schedule for First 45 Rascals

Jan Feb Mar Ap* May Jun Jul Aung Sep Cct Nov Dec Totals

1 0 0

1951 1 1 0 1 1 0 1 a .
1952 1 1 2 0 6 o o 6- 0 0 2 6
1953 2 2 2 3 P2 z 2 2 1 3 4 4 29
1954 4 4
- 45

AMC issued still a third supplemental agreement in 1952 calling
for the prbduct_icm of Rascal missiles. This was supplemcntal agree~
ment No. 6, dated 10 November 1952, It authorized the contractor to

manufacture three missiles and procure all necessary materials for

6

‘the eventual production of 26 zdditional Rascals. It contained a

schedule which listed the delivery dates for the 48 missiles Bell
was authorized to produce and the 26 for which the company was to
procure materials. In addition, it made slight changes in the sched-
ﬁles published in earlier supplements. The new schedule was as

7 :

follows:

Table 11
Missile Deliveries According to S. A. No. 6

Jan Febh Mar Apr May Jun Jul Aug Sep Oct Nov Dec Totals

1951 1 1 0 f{f 1 o 1 ©0 1 o0 O 6
1952 1 1 0 0 o 0 0 0 0 0 1 0 3
1953 1 2 1 2 3 4 3 4 3 4 4 32
1954 5 5 6 7 7 .3 ; - 337

* Includes the 26 for which only materials were to be procured.
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Although this schedule called for completion of the 48 mis-
siles by February 1954; Bell actually delivered only 16. The
contractor did not complete the 48th missile until August 1955,
one and one-half years behind schedule.

After 1952, AMC issued three more supplemental agreements

for the manufacture of additional Rascals. These were No. 7 dated

16 March 1953, No. 10 dated 30 June 1953, and No. 47 dated 21
: 8

December 1956, The schedules were as follows:
Table III

S. A, No. 7 Delivery Schedule
(5 missiles - material for 40)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

1954 _ 4 8 7 T e T . 40
Table IV
S. A. No. 10 Delivery Schedule

(61 missiles)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Totals

e,

1954 L SR Al S RS B -
1955 9 8 2 19
61

Table V :
S. A. No. 47 Delivery Schedule
(22 missiles) :

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

1958 1 4 3 3 3 3 3 2 22

* Sce Appendix E.
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The Rascal procurement program remained stable for
the thrée and one -half years between supplerﬁental agreenﬁent
No.. 10 and supplemental agreement No. 47. The command
had distributed five documents which authorized the production
of missiles before it released supplemental agreement No. 10
in June 1953. These five documents, tpgether wifh supplemental
agreement No. 10, provided for the manufacture of 114 missiles.
This number did not increase until AMC issued supplemental |
agreemen£ No. 47 in December 1956,

The schedules in the contract and supplements which pro-
vided for the 114 missiles called for delivery of the last one in
September 1954. In February 1954, however, AMC authorized '
a schedule change which listed March 1956 as the delivery date
for the 114th rnissile.‘9 This new date extended the original sched-
ule by 18 months. Nine months later, in November 1954, AMC
issued another schedule change. This one authorized delivery of
the 114th missile in January 1957, slipping the delivery date for

10
the 114th missile an additional 10 months.

_ 35 -
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Table VI
Original Rascal Delivery Schedule

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Totals

1951 0 1 : ‘8 % 1 B Y @l 9P 6
1952 1 1 a8 & o 0 & 6 9- 0 1 ©® 3
1953 1 1 2 1 2 3 4 3 4 3 & 4 32
1954 5 5 6 T 7 9 15 12 13 13 14 9 115%
1955 9 8 2 O © 0 O ©O0 O 0 0.0 19
1956 0 o0 O ©0 o 0 o0 o0 0 0 0 0 0
1959 ¢ 6 © ©O ©0© © o O 0 @ 0 O 0
1958 0 1 .4 3 3 ¥ 3 3,2 0 9 D 22

197

Table VI lists in consolidated form Fhe delivery schedules
included in the contractual documents. If re_ﬂects- changes made
in earlier: schedules by later supplements. For example, sup-
plemental agreement No. 4 changed the delivery schedules listed
in the contract and supplemental agreement No. 1. The table does
not list these earlier schedules, but it doe s'. include the schedule
which appeared in supplemental agreement No. I4.

A.lthough the table calis for a total of 197 missiles, AMC
bought only 136. One reason for this diﬂ'ereﬁce is the fact that
supplemental agreement No. 6 authorized the manufacture of

three missiles and the'procurement of materials for 26.

% This figure includes the 66 missiles for which Bell was to
procure materials. It is actually five lees than what it :
should be. This occurred because supplemental agreement
No. 7 called for a total of 45 missiles, but its delivery sched-

ule listed only 40.

o 5b =
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The supplement's delivery schedule included all 29 missiles. A
second reason for the difference is that supplemental -agreement
No. 7 called for a total of 45 missiles, but the delivery schedule
accounted for only 40. Adding five missiles td the total listed in
Table VI produces a new total of 202. Subtracting the 66, for
which only materi;l was to have been procured, from the new
total of 202 gives the actual total. of 136.

| Table VII
Revised Rascal Delivery Schedule

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Totals

ig51 © ¢ @ o o ‘o 1 ® 1 9 © 1 3
1952 3 o0 O0 O ¢ O 9 o & H:-8 1 6*
1953 0 1 o0 ©O0 o 1 0o O 1 O o 3 . &F
jusd. W™ & * o A M2t e A& 3 2 16
1955 2 3 3 3 4 3 4 3 4 3 4 3 39
1956 3 3 3 3 3 4 4 4 4 4 4 4 43
1957 1 0 ¢ o o 0.0 O ¢ 0 © D 73
1958 0 1 4 3 3 3 3 X Zz B 4 0 ¥
136

Table VII lists the missile deliveries authorized by the
change made in November 1954. It algo includes the 22 wissiles
procured by supplemental agreerment No. 47. A comparison of

this table with Table VI shows how the changes AMC authorized

# BRell delivered these 26 missiles before 1 November 1954 in
the months indicated in the table. ' ;

% These were the 22 missiles called for by supplemental agree- '
ment No. 47, dated 2! Decembher 1956.

=37 =
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in 1954 expanded the delivery schedule for the first 114 missiles.
The numbers marked by a single asterisk indicate those missiles
Bell delivered before the November 1954 change.

Production Problems and Delays

Changes in Missile Characteristics

' Changing- requirements led to delays in the Rascal produc-

tion pr0gram. Near the end of 1949 when Bell returned to full-_

scale Rascal development, the Air Force wanted a missile with

the following characteristics: (1) capable of carrying a 5,000-

11

- of being carried and launched by either the B—3_6 or B-52 airplane.

Early m 19580 Headquarters USAF divided the Rascal develc»p-
ment program into two phases. Phdse I called for a missile with a
range of 100 nautical. miles, a speed .of Mach 1. 5to2.0, and a
5, 000-pound payload capability, while having the additional cap-
: 12

abil'ity of being carried by a B-50 airplane. The Phase II

program called for a missile with a range of 150 nautical miles,

a 5peed-of Mach 3.0, ~and a 5, 000-pound paylo-ad capabiiity, to be -

i3
ca.rned and launched by either the B- 50 or B-26 airplane.

Toward the end of 1951 the Air Force introduced the B 47
14

into the Rascal program as the primary missile carrier. AS

- 38 -
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a result, the contractor had to make changes in the missile to

-t

adapt it to the Stratojet.
In the middle of 1952 Headquarters USAF outlined a Rascal
development program with five objectives. Basically, these ob-

jectives were 2 B-47/GAM-63 combination, a B-36/GAM—_63

combination, development of alternate warheads for the Rascal,

development of improved inertial and terminal guidance systems

and inc__oi-poration of new carriers into the progrém, axid_ dévelop-.
«f 15 '
ment of a completely non-emanating guidance. system.

" The ﬁro.gram re.mainéd'stable_ for _three_ years. Irlx f‘ne
x;widdle of 1955, however, Headguarters USAF made another
change.- This one called for the cén.celiatio:; of ébje ctives iII_,

IV,. .and V; caf\cella.tion of the ol*aj:ective II Operé.tional Suit.abi.l‘%ing'
T.est'{OST). -Prog.rarn; c.anc.ellation of the D'.B-36/.GAM—6?~ operel-..
tional squé.dfon_; orientation of all work on ot-jecti‘;e Il toward

e*x;pl'editing completion of objective I; and establishment of okjec-

16
tive' VI. . The new-objective VI called for development of 2

' Rascal with an extended range.

This reorientation forced AMC and WADC to stop the Ras-

- cal development prograrn so it could be re-evaluated, reorientate

the flight test program, incorporate about 70 changes in existing

17
guidance equipment, and modify director aircraft. As a result,

- 38 -
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missile deliveries, director aircraft deliveries, squadren augmen-
i8

tation, and the OST program were delayed.

Delays Produced by the R&D Program

The Rascal production and development prografns were closely
allied. The development program used almost three-fourths of all
the missiles produced. In July 1952 WADGC estimated that 94 Ras-

' i9

cals would be needed for the research and development phase.

.It.also eS'timated that the 94th article would be tested in December

20 _ |
1954. A little over two years later, in August 1954, the Air

Force reduced the number of missiles to be used in the develop-

! 21 .
ment program to 74. The Air Force listed April 1956 as the
22

‘delivery date for the 74th Rascal. ‘The contractor did not de-

liver the 74th Rascal until January 1957 and the 94th until

December 1957 \

Early Delays. Bell analyzed the re sults of each flight test

‘and made whatever engineering changes were necessary in the

_ next missile. The refore. practically all of the early articles

23

were entirely different. This program of continuous change

delayed the production of early Rascals.

The lack of suitable gyroscopes alsa delayved the contrac-

tor's first research and development efforts. In June 1951 WADC

% See Appendix E.
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personnel pointed out that, in addition to the small number avail-

able, the late delivery of gyroscopes had delayed the ilight test
24 ¢ ” . .

program, Six months later WADC indicated that other factors,

primearily propuision and guidance difficulties, were holding up

the dewelopment program. Gyroscopes were held to bhe only a

f
Z5

_contx‘ibuti_ng factor.

Propulsion System Difficulties. Bell encountered propul -

‘sion devéloPment problems during a large part of the Rascal

production program. At the start of Rascal development in

26

1946 the contractor worked only on turbojet power plants.
l.ater, when evaluating all poséible power plants, Bell listed
ramjet engines as least des_irable_. AMC, however, listed the
ramjet as most desirable.  The command placed the rocket

engine in second place and put the turbojet at the bottom of the
28 ' -

.. list.

In the fall of 1947 it appeared that a rocket power plant

would be needed to propel the missile. Both AMC and Bell

agreed that the Rascal's weight and range requirement poinied

" to the use of rocket propulsion. Bell requested AMC's permis-

sion to secure bids for the development of the necessary rocket
29
power plant.

= #§1 ~
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At the beginning of 1948 Bell asked AMC for approval to
build three rocket test cells. These cells, the company indi-
cated, were needed for the development and testing of rocket

30 :
engines, AMC replied that it could not approve Bell's request.
The command pointed out that it "did not regard with favor" the
31
idea of airframe marnufacturers producing power plants. - All
necessary engines, the command indicated, would be provided
as Government Furnished Equipment (GFE). AMC also asked
the company to stop all rocket re search being performed under
: 32
the terms of contract W33(038) ac-14169.
Bell immediately discontinued its rocket engine research
33 .
and development work. However, it stated that it did not
understand AMC's attitude, since the company had worked for
_ 34
years on this type of research. In addition, the company
pointed out that it was already recognized as a weil-established

producer of rocket engines. AMC changed its attitude in Septem-

ber 1948 and gave Bell full re sponsibility for de#eloping the Shrike's
35
liquid rocket motors.
Two years later, in September 1950, Bell placed a sub-
contract with the Aerojet Engineering Corporation which called

for the developmnent and production of pump-drive assemblies.

These assemblies formed an integral part of the Rascal's rocket

- 42 -
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engine. The subcontract, No. 314, dated 1 September 1950, pro-
36

vided for the production of three assemblies. Bell subsequently

placed two additional subcontracts with Aerojet raising the total
37 .
on contract to 67.

However, Aerojet encountered development difficulties which

’

delayed production and raised costs. These technical difficulties

affected the company's delivery of pump assemblies. The orig-
' 38
inal schedules in the subcontracts called for the following:

Table VIII ,
Original Delivery Schedule for Pump Assemblies

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Totals

1951 2 0 0 4 Z % T OB O%Y 406 B 32
1952 7 17 T 3. % 35
' 67

Bell revised this schedule at the beginning of 1952. The change

placed delivery of the last unit 10 months behind the date orig-
39

inally scheduled. The new schedule called for the following:

Table IX
Revised Delivery Schedule for Pump Assemblies

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Totals

195t 0 0 6 O O O O 0 0 O0 0 1 1

1952 5 4 2 0 0 I 3 4 6 6 7 7 45

1953 7 7 7 y E
| | SRR
A3
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Difficulties with the Aerojet turbine pump continued to harass
40

the Rascal development program zs late as November 1955, The

late delivery of pumps still held up the'p_rod.u::tion program in Octo-
41
ber 1954, ' Bell finally completec‘ a successful test of the LR67-

BA-9 engine in August 1956,

Guidance System Difﬁculties._ The Rascal Characteristics

released in July 1945 listed three possible types of guidance sys-
.43 - _ :

teme. Contract 14169, dated 14 October 1946, listed the same

three types mentioned in the characteristics. The three types

were an independent system, a remote control system, and a -

45

He'ﬁdqu.arter_s USAF specified director aircraft or remote
. 46

‘control for the Rascal in the July 1947 characteristics. AMC

perso’nn'él, however, recommended that the Air Force place pri-
. 47

mary emphasis on a preset or independent system, . They

-suggested that the director aircraft system should receive only

48

secondary consideration.

The Air Force did not accept the AMC suugestlon, for the.

command asked Bell to develop a radar relay or remote system

in January 1948 at the tirne it divided the Rascal developmeni:_

* 49

‘prograrn into two parts.

% Research failed to produce any documents which contained

Headgquarters USAF's disapproval of the recommendation,

=
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Bell started two separate development programs to construc:
the requiregd relev system. The first was for development .of a
systern for successfully sending a radar picture from the missile
to the director aircraft. The Air .Force wanted a ‘._ystém capzble

_ >0 _
of transmitting thz picture at leasi 100 miles. The other pro-

grarﬁ aimed to develop 2 method for producing clear pictures of

the target area in the director aircraft. Air Force requirements

stated that the systerh had to permit target identification in adverse
51 o '
weather. These requirements also called for a systemn that

wduld allow this identification when the missile was at Ieasf 25

: b2
miles {from the target.

In'F\ebruary 1952 ARDC changed the Air Force positi_on_: on
Rascal guidanée. It Tequested that emphasis bé placed on devel-
oping an inertial or independent system rather than the remote

53. ' ' '

system. = ARDC indicated that the relay system could be used,

but 6n1y {for the te rminal p'ortion of flight, and allowed the relay

_sy'sfem to remain in' the program so that Bell could meet e;:isting'

54 .
schedules. The command pointed out that the Bell-developed

“ine rtial system'héd to be compatible with the 0K series boinbing

-and navigation system. It also stated that modifications to the "K"

55

-system had to be held to a minimum.

-.45 -
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AMC had prepared fo; the change in guidance systems almost
two years bei’or_e it actually occurred in February 1952. Command
personnel had issued supplemental agre_el;nent No. 8 to reéear'ch
contract 14169 in Juné 1950. Among other things, No.'.. 8 c;ued for

: : 5
a study leading to the developrﬁent of an 'me'rtial. guidance system. i
4 -.Threex'years after it issued No. 8., A:MC _issuéd supplementél.

agreement No. 18 dated 12 May 1953 and approved 26 June 1953.

It provided for the design and manufacture of three director air-

craft terminal guidance systems, manufacture of three spare
& -s'ystems, construction of production todli'ng and test equipment,

and the engineering design for modification of elght bombmg-
57
navigation computors.  The supplement called for delivery

" of one terminal guidance system each on 1 November 1953, 1
B
Decemb'er 1953, and 1 Jariuary 1954. It liste_d 1 February
B 1954, -1 March ‘1954, and 1 April 1954 as the delivery dates for
W = . 59

the three spare systems. The agreement also contained a de-

live'ry schedile for the eight cornputors. This schedule listed

only two da.tes——November 1953 as the delivery date for the first
60

unit and April 1954 for the last one.
Production contract AF 33(038)-15069, dated 27 November
1950, provided for the manufacture of three interim gu1dcmce

61
sets. Supplemental agreement No. 9, dated 29 May 1953,

- 46 -
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authorized the manufacture of 34 B-47B and 22 B-36F director

62 . it
aircraft guidance systems. Spares accounted for 28 of the 56
systems. The supplement also authorized the contractor to supply

63
tools and additional equipment for the 56 guidance systems.
Suppleméntal agreement No. 9 contained three separate de-
live r'j- schedules. The first outlined the del-ivery dates for 17
: : 64

B-47B guidance systems as follows:

Table X
B-47B Guidance System Delivery Schedule

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Totals

1954 0 o O 0 O 0 0 O 2 1 0 1 4

1955 3 3 Z X2 5 . RN AT R R

- The second schedule listed the delivery dates for 11 B-36F guid-

b

ance systems as follows:

. Table XI
B-36F Guidance System Delivery Schedule

Jan Feb Mé.r Apr May Jun Jul Aug Sep Oct Nov Dec Total

1954 o 3. 3 3 2 1 1 0 o0 @ o © 11
The last delivery schedule dezlt with the 28 spare systems called

for in the supplementi. - This schedule did not list spacific delivery

- dates; it authorized delivery of the first spare system on 15 July

65

1954 and the last one on or before 1 May 1955,

- 47 -
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In October 1953 AMC received informal information from
contractor personnel that guidance syvstem deliveries would be
delayed. This occurred only five months after the command
issued supplemental agrecment No. ¢ whkich zuthorized produc-
tion of the guidance vnits., AMC asked Bell to verify the informa-

66 .
tion and submit a new schedule.

Bell subsequently informed the AMC that guidance system
deliveries would be delayed. It indicated that the last unit would
not be delivered until December 1955, seven months behind sched-
ule. The contractor said the delay was caused by three factors--
AMC had failed to sign and issue coniractual documents on time,
the company had miscalculated the time needed to transfer a
system from engineering to production, and Bell had under-
estirnated the time needed by sﬁbcontractors for ordering

_ 638 '

materials and manufacturing components.

Bell requested and AMC authorized a nuinber of schedule

69 '
changes after November 1953. By October 1955 AMC had
_ ~ 70
authorized delivery of the last unit in October 1956. In Feh-
ruary 1956 AMC again changed the delivery dates for the guidance
_ ' 71

systems, allowing Bell to deliver the last unit in April 1957.

It slipped the original delivery date in supplemental agreement

No. 9 almost two years.

- 48 -

UNCLASSIFIED




Iy

CONFIDENTIAL

v

The Strategic Air Command objected to the design of certain
components soon after Bell began to manufacture the guidance sys-

tem. SAC requested that the contractor redesign the tratking
. 72

handle system to eliminate unnecessary operator confusion.
5 ’ . J ol ?:‘.

Also, SAC objected once again to the Rascal Weapon System.

On the one hand, the command indicated that it _did'not want the

‘Rascal in its inventor y: on the other hand, it requested that the

_ ; : T - _ 73
change be made to increase the weapon's effectiveness. SAC

wanted the best weapon possible until the Air Force officially

cancelled the Prdgram.

Fu'ndixlg Problems

Eariy Overrun in Production Funds. -Bell notified AMC

early in 1952 that the company needed more funds than it had

74

Tequested to manufacture the first few missiles. A few

months later AMC gave Héadquarters USAF an indication of

how badly Bell had unde re stimated actual costs The command

; poiﬁted out that the .c_ontractor had underestimated direct labor

hours By 210 per cent, tool labor hours by 350 per cent, tcol de-

sign 1a_.Bof hours by 123 per cent, direct material costs by 2.2

"per cent, tool material costs by 909 per cent, and direct expense

* For SAC's first objection, see pp. 20-21.

- 49 .

CONFIDENTIAL




UNCLASSIFIED

75 _
costs by 169 per cent. The average for the six categories was

v

293.8 per cent. In addition, Bell had overestimated engineering
: 76 ' '
labor hours by 16. 8 per cent.

The commpany did not offer any concrete evidence to AMC to

explain its error., However, it did list three possible reasons.

First, the company's engineering department underestimated the

weight of the airframe by 1,900 pounds. Second, the company
underestimated the cost of installing and modifying missile elec-

tronic systems. Third, the company based fooli_n_g cosls on -
17

producing a 1, 800-pound airframe and not one of 3,700 pounds.
78

Bell summarized its position on the overrun as follows:

our original conception of the missile was
that it was quite simple in structure and light in
- weight, serving only as a coéntainer for compli-
cated and intricate mechanisms. We have sub-
sequently learned that this was not the case,
but that this missile is a complex and expensive
airframe requiring far more precision and man-
power input than the average airframe required
for fighters We further believe that an average
cost of approximately $85. 00 per pound is not
unreasonable for this type of work,

An AMC representative discussed the problem of overrun with
Bell officials immediately after the contractor asked for more money.
The se conferences verified that the reasons offered by the contractor
did cause some of the overrun. They also produced two otl.l.er poss-

ible reasons for the higher production costs. These new factors were

- BO -
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poor coordination among the various departments at Bell and de-

79

lays in the develcpment and production programs. The AMC

representative concluded his report on the conferences as

80

follows.

In conclusion the undersigned would like
to go on record as stating that his general
opinion leads him to believe that the Contrac-
tor [ sic] was so anxious to obtain a contract
for the building of these missiles and the re-
lated components of equipment that they were
willing to agree toc do almost anything as well
as sign almost anything in order to commit
the Governinent so as tc assure continuance.
of this program. It also seems to be the feel-
ing of the undersigned that a feeling exists in
the Field Office that Washington is "'missile
minded" and the Government will bail all
mis sile producers out of any financial diffi-
culty as they have previcusly bailed such

~contractors out of difficulties on similar

projects in the past,

AMC issued change order No. 3 to contract 15069 to cover

the overrun. This order, dated 15 January 1952, added $2, 80€, 820. 55

It was given Air Force approval on 19 March 1952,

Shortage of Fiscal Year 1953 R&D Funds

A second funding problem appeared a few months after AMC

cient Rascal development funds for Fiscal Year 1953 which WADC

feared would prevent the Rascal from meeting its planned operational

82
WADC informed ARDC of this sitvaticn in July 1952. The
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center also offered a solution to the problem. It proposed that
83

AMCGC support the development program with production funds. -
- 84

WADC placed the cost of this support at nine million dollars.
ARDC presented the problem to Washington. Headquar-

ters USAF, in turn, attempted to secure the funds from the
o x 85 - R
Department of Defense.

In October 1952 WADC placed Fiscal Year 1953 Rascal
' : 86 _ %,

costs at 31.575 million dollars.  The center indicated that it

" needed 8.. 025 million of the 31.575 million dollars for various .
- 87 A
:d_evel_'opment programs. Lack of funds, WADC pointed out to.
ARDC, \_Vou.ld not only dela'y RaLscal resea;ch and dev'elopx.'nent,
bL\t the entire procurement program. WADC also reported that
the 'amount.of delﬁy would depend on the amount of money pro-
' gg - - _
vided for development. '
WADC ‘asked Bell to'prepar? cost estimates for reduced
devéldpment.prcgrams, The centerh'made_these reque.sts in
: _. ; 89 :

October 1952 and again in December. In December the center

asked for a cost cstimate after the contractor terminated 24

* Headquarters USAF apparently did not receive the requested
funds from the Department of Defense, for WADC later asked
Bell to reduce its development program. How-
ever, rese¢arch failed to produce any concrete evidence to

substantizate this.

= B2 =
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projects, limited the scope of five, and transferred the cosfs_ of 10
9G.

projects to director aircrait production contracts. Two months

Jatar WADC stopped all work on 10 projects and limited the scope

91 _ _
of 10 more. The center pointed out that Bell's Fiscal Year 1953
; 92

costs were not io exceed 22. 602 milliocn dollars.

Lack of Fiscal Year 1955 Funds

During an ARDC meeting at Wright Field in Jandary 1954,
AMC personnel predicted that research and dev.'elcpment funds

for Fiscal Year 1955 would fall 1.5 million dollars short of the
: .93 : : '

required amount.

Research contract 1'4_1169 expired on 15 October 1954 and

AMC plan.'ned to issue a mew contract to replace the old one.’
S of ' ' ' 94

However, Bell and the commané could not agree on terms.

Consequently, AMC issued letier contract 14169 designated
supplemental agreement No. 28 as a temporary measure. This

supplement, dated 15 October 1954, allocated 7.5 million dollars.

It _ailowed the contractor to continue his development eiforts from

. 95
15 October 1954 through 1 January 1955.

RBell and AMC representatives met in the middle of Decem-

-~ ber 1954 to discuss development costs for 1955. AMC pérsonnel

discovered during the conference that Bell's esiimates were comn-

96 .
siderably higher than the 23.809 million dollars available,

- 53 -

CONFIDENTIAL




.,

UNCLASSIFIED

IV

Command personnel estimated that §. 837 million dollars more
97
were needed to meet Bell's estimates. The AMOC decided to

reduce the contractor's development efforts in 1955 to the level
98 . ; :
allowed by available funds. WADC agreed that no other alter-
29

native existed. It recommended that AMC "Purchase all work

o

under Objective | and II and approximat-ely 1. 5 million under Ob-

jective V for that length of time which present authorized funds
100 -
will permit. "

In February 1955 AMG criticized Bell for the way it had
101

managed two financial aspects of contract 14169. First, Bell
had failed to notify the Air Force on sched<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>