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(U) PREFACE

(U) This historical monograph chronicles the evolution of the
LACROSSE Guided Missile System from inception of the project in
September 1947 to the present time. It was prepared in accordance

with Ordnance Corps Order 12-58, OCTI 150-1-58, and AMC Directive 870-1.

(U) The scheme of treatment of the LACROSSE story is basically
chronological. The first chapter traces the origin of the project and
the events leading to the formal development effort that began in
February 1951. Chapter II deals with the organization and management
aspects of the program, with primary emphasis on weaknesses and
deficiencies which blocked effective control and coordination of the
over-all effort. The next two chapters describe the overlapping weapon
system development and production effort, along with the funding and
technical problems encountered and their impact on the program schedule.
Chapter V deals with the LACROSSE training program and Chapter VI with
deployment, field support, and system improvement program. A very brief
account of the program cost appears in Chapter VII, followed by a retro-

spective view of the over-all program in the final chapter.

(U) Unless ctherwise indicated, the references cited in footnotes
are on file in the Historical Division, Administrative Office, U. S.

Army Missile Command.

10 September 1962 Mary T. Cagle
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I. (S) EVENTS LEADING TO LACROSSE SYSTEM DEVELOPMENT (U)

(U) Origin of the Project

(U) The basic concept of the LACROSSE Guided Missile System was
conceived by the U. S. Marine Corps early in the postwar period to
supplement conventional artillery in close support of ground troops.
Specifically, the Marine Corps needed a highly accurate weapon capable
of destroying enemy strong-points such as concrete pillboxes and rein-
forced bunkers that could not be readily attacked or eliminated by
conventional artillery weapons. This guided weapon would also serve
as a useful supplement to naval gunfire and aerial bombardment in close
support of landing forces, as well as general support of ground oper-

ations against troop concentrations, supply columns, and staging areas.

(U) Like other guided missile programs of the late 1940's, the
LACROSSE was originated as a result of battle field experiences during
World War II. The need for a more effective close support weapon was
repeatedly demonstrated in virtually all campaigns of the war, but
particularly in the heavily fortified islands of the South Pacific.
Here, the Marines had to overrun fanatic resistance from swarms of
Japanese firmly entrenched in a honeycomb of pillboxes and fortified

caves.

(U) One of the strongest defensive systems encountered by American
forces was on the island of Iwo Jima. The Japanese had transformed this
island of eight square miles into a rugged fortress with interlocking
underground strong-holds, thousands of steel-reinforced concrete
blockhouses and pillboxes, and fortified caves, all cleverly camouflaged.
Before the assault troops landed on 19 February 1945, the island was
softened up by 74 consecutive days of naval and aerial bombardment, then
plastered with tons of explosives by a task force of battleships and a

screen of cruisers and destroyers.

(U) The naval and aerial bombardment was not very effective.
American Marines not only found themselves up to their ankles in loose
volcanic ash, but they also became the targets for an enveloping fire

from narrow apertures only a few inches above ground level It took
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them more than three days to cover 700 yards up sloping ground through

the flaming defenses. 1In an area only 1,000 yards long and 200 yards
deep the Marines smashed some 800 enemy pillboxes one by one, often in
hand-to-hand combat. Even with the continuing support of naval and
aerial bombardment, the battle lasted a full 26 days. Three Marine

Corps divisions suffered 20,196 casualties, including 4,189 killed.1

(U) It was, no doubt, with this battle in mind that the Marine
Corps began to formulate specifications for a more effective artillery
weapon shortly after the war ended. 1Indeed, the strong defensive system
encountered on Iwo Jima exemplifies the tactical mission for which the

LACROSSE missile system was later designed.

“
(&) Tentative Weapon System Characteristics (U)

(U) While the state of guided missile technology had not advanced
to the point where detailed military characteristics (MC's) could be
predicted with any certainty, the basic weapon system concept originally
envisioned by the Marine Corps was to remain unchanged. The initial
specifications were necessarily restrictive and somewhat arbitrary, but
they did provide a definite goal for the feasibility study program that
followed.

;é{ Briefly, the missile would be launched from a rearward position
(on the ground or a nearby ship) and caused to fly with preset controls
in the general direction of a target specified by a forward observer.
At an appropriate time, the observer would take over terminal control
of the missile and direct it by Command Guidance to the target.* The
weapon would have a circular probable error (CPE) of not more than five

%%
yards.

* (U) It was this guidance technique that gave the weapon system the
code name LACROSSE. In the game Lacrosse, goals are scored in much
the same manner, with the ball being passed downfield to a man in
position to hurtle it into the net.

Hx gsf In available source material the required accuracy or CPE is
cited interchangeably as 5 yards and 5 meters (5 meters = 196.85
inches or 5.468 yards).

1. (U) Snyder, Louis L., The War - A Concise History 1939-1945
(New York, 1960), pp. 472-75.

UNCLASSIFIED
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gzﬁ The missile would have a maximum range of not less than 20,000
yards and a minimum range-of not more than 1,000 yards. Anti-jam

devices and means for destruction of the missile in flight were to be

incorporated. The warhead would weigh about 100 pounds.
v

Zk? Target identification would be made by a forward observer
located on the ground or in an observation tyﬁe aircraft or in an off-
. ; L / .
shore craft. Forward guidance station equipment was to weigh no more
than 150 pounds and be capable of operation in front line position by
d -
not more than two operators. Inclement weather or poor visibility was

not to limit operation.

(U) Project LACROSSE Established

(U) Early in 1947, members of the Marine Corps presented plans for
investigating the feasibility of such a weapon to the Bureau of Ordnance
(BuOrd), U. S. Navy. -These plans eventually culminated in BuOrd
approval of feasibility study proposals submitted by the Applied Physics
Laboratory, Johns Hopkins University* (APL/JHU) .

(U) PZoject LACROSSE was established at APL/JHU on 15 September
1947. The Cornell Aeronautical Laboratory, Inc. (CAL) was brought into
the initial study program to investigate various means of achieving the
necessary guidance accuracy.3 Cornell was._later selected as prime con-
tractor for weapon system development——after some 41 months of

feasibility studies and predevelopment effort.

* (U) The Applied Physics Lab, Silver Springs, Md., was organized in its
present concept in 1944, when wartime efforts on the VT fuze program
were phased out and the Ofc of Scientific Research & Development was
abolished. A true non-profit institution, its financial support is
derived solely from funds made available from Govt-assigned tech pro-
grams and from such fees as may be allowed under the operating
contract with the Navy BuOrd. (Complete history of APL-JHU is given
in: Hearings Before a Subcommittee on Government Operations, House
of Representatives, Eighty-Sixth Congress, First Session, Feb/Mar 59,
pp. 439-40.)

2. (U) For full text of initial MC's, see Document 1.

3. (U) "LACROSSE ~ An Investigation of the Feasibility of a Guided
! Missile for Close Support," APL/JHU and CAL, 1l Jul 48, p. 2, Redstone
! Scientific Information Center (RSIC).

UNCLASSIFiED
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A L
(2) Feasibility Study Program (U)

Zbﬁ The primary objective of the initial LACROSSE study was to
determine the feasibility of the proposed missile system in light of
the existing state of the art. Investigations of unknowns involving
basic research were considered beyond the scope of this program. For
study purposes, it was postulated that the observer would be about
1,000 yards from the target with the missile launching point from
10,000 to 20,000 yards to the rear. It was also assumed that the
observer would have lightweight, portable equipment with which he could
either mark the target in some manner so that the missile could home on
the marker, or direct the missile onto the target by a command system

technique.

;%3 From the outset of the program in September 1947, the LACROSSE
study group was guided by two fundamental observations. First, the
accuracy specification (CPE not to exceed 5 yards) was recognized as
the '"dominant requirement." And second, the "stringency of this figure
suggests at once that the problem of guidance may be the most difficult.”4
Accordingly, the bulk of the study effort was devoted to possible
methods of achieving the desired guidance accuracy. The APL study group
investigated the feasibility of homing as a means of terminal guidance
for LACROSSE, while the CAL group concentrated on the non-homing (radar)
guidance technique. Subsequent CAL effort dealt with design studies of

a combination rocket-helicopter (or Shuttlecock) missile for LACROSSE.

/;éf'The results of these studies, published in a combined APL/CAL
report on 1 July 1948, showed that there were several possible ways of
achieving the guidance accuracy required for LACROSSE. Those believed
to be the most promising and therefore deserving of prime consideration
were: Homing, Guidance Along a Way established by Cycle-Counting (or
phase-comparison), and Shuttlecock development. However, each of these

techniques would involve secondary problemsof considerable importance

4. (U) Ibid., p. 5. These observations were remarkably sound and
prophetic, for problems still existed in the LACROSSE guidance system
more than a decade later.

UNCLASSIFIED
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and of a character requiring a different approach for their solution

than that used so far. The study group thus concluded that the choice
of a guidance system for intensive development should be postponed until
practical laboratory and field tests had given the answers to a number
of questions having both tactical and technical aspects. 1In this con-
nection, it was recommended that further investigations be conducted in

three specific areas, as follows:

Y
1. ;CT'Field tests by the Marine Corps which would attack the
problems of target survey and missile let-down, and which would attempt
to assess the maneuverability and vulnerability of the proposed rocket-

helicopter (Shuttlecock) missile under combat conditions.

U\
2. L8§ Follow-up of other projects (Kingfisher, Meteor, Raydist,
etc.), making arrangements for tests of particular significance to

LACROSSE.

3. ;ﬁf Modest development programs to determine whether the
remotely controlled helicopter would be feasible, and whether suitable

beacons could be built for marking or surveying-in a target.5

(U) Analysis of Feasibility Study Results

(U) For some unknown reason, the project remained dormant for the
better part of a year after completion of the initial feasibility study.
A program for continuing the LACROSSE investigation was discussed
between the Bureau of Ordnance and the Cornell Aeronautical Laboratory,
Inc., early in 1949, but work was not resumed until the middle of that

year.

(U) Under BuOrd Contract NOrd-10629, June 1949, Cornell was
assigned the task of selecting a guided missile system suitable for
development and conforming to LACROSSE specifications. In the course
of this Task I effort, Cornell was to analyze the results of the feasi-
bility study; select from two to four of the most promising systems for

complete evaluation; and submit a detailed plan for further development

5. (U) Ibid. See extract from report, Document 1.

UNCLASSIFIED
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of the system believed t> be the mest suitable for the LACROSSE mission.

(U) Systems Evaluated

(U) From a review cf the initial feasibility study and a limited
study of the general prcblem, a number of missile systems, incorporating
the best features of those previously analyzed, were selected for evalu-
ation in the Task T preogram. Two types of guidance systems were chosen:
1) command system - using angle tracking and radio ranging to the
missile, and 2) homing system - aszsuming the missile homing on a beacon
fired onto the target by a8 mortar. A secondary type of command system
using only angle measvrements was postulated for development in the

event that range measurement proved impractical.

(U) An analysis of the guidance systems showed that their funda-
mental problems could be classified intc five categories common to all
syscems. These components of the general LACROSSE problem were:

Target Survey Problems Investigation
Warhead Investigation
Airframe ‘nvestigation
Guidance Intelligence Systems Investigation
Dynamic 3e¢havicer of Complete Missile System
With the data from these five investigations, the LACROSSE missile

systems selected for consideration under Task I effort were to be

. . 6 e . . ,
investigated. Significant results cf these investigations follew.

(U) Target Survey Investigation

{C) The problem of surveving or marking the target with the
required precision wasz corszidered cne of the most difficult of the
LACROSSE pregram. The main difficulty encountered was that of either
determining the target range from the forward station or of firing a
beacon onto the target with the required range accuracy. Possible

solutions investigated were the use of optical range finders, firing

6. (1) Donovan, A. F., "LACROSSE Summary Report ... June 1949-March
1950," CAL Rept Nr. BE-€35-S-2, 22 Mar 50, pp. 2-4, RSIC. This document
hereinafter referred to as: Donovarn Rept 3E-€35-5-2.

.. . 5.;*?&-“:*”'*ﬂﬁi
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a beacon from a mortar, and firing a shell containing radio distance

measuring equipment at the target.

(U) Results of the target survey study showed that marking the
target with a mortar-fired beacon or ranging it in this manner would
require an excessive number of mortar shells and beacons. 1In addition,
the development of suitable beacons would be an extremely difficult

problem and the cost appeared to be excessively high.

(U) Target location by means of an optical range finder and sight
was considered practical in both ranging accuracy and cost. A study of
this problem indicated that a range finder of two-meter base length
would yield a probable error of two yards at a 1,000-yard range. It
was estimated that a range finder of two-meter base length would have
a minimum weight of about 125 lbs., less supporting base. Development

would take from two to three years and cost about $250,000.7

Y
}CS Warhead Investigation (U)

ﬁés Survey of the warhead problem indicated that the size of the
warhead should be increased from the original concept of 100 1lbs. to
500 1bs. This weight increase would yield a substantial gain in pay-
load with an increase of less than 357 in gross missile weight. More-
over, a 500-1b. warhead would allow some margin even if the impact angle
were not proper for obtaining the maximum effect of the shaped charge.
Studies indicated that the shaped charge would give the best results
against various types of stationary targets, especially point targets
such as pillboxes, concrete fortifications, bunkers, caves, etc.,

prescribed in the Mc's.8

(U) Airframe Investigation

(U) In conducting the airframe investigation, it had been planned
to study both the helicopter and conventional subsonic guided missiles.

The helicopter type vehicle, investigated during the initial feasibility

7. (U) 1bid., pp. 4-6.

8. (U) Ibid., pp. 6-7. UNCLASSIFIED



study, appeared to have many promising advantages both from the stand-
point of tactical application and the simplicity and accuracy of
guidance. Obvious disadvantages were greater vulnerability, a poten-
tially greater development cost, and lower reliability. It was
originally thcught that optical command guidance would probably be
practical for a conventional drone type missile, but impractical and
extremely difficult for a conventionmal drone type missile. However,
dynamic analyses of rhe command drone missile system proved this concept
to be incorrect. The study showed, in fact, that optical command
guidance of a drone cculd be made to have a high degree of accuracy.
It also revealed that the changs in warhead weight did not greatly
increase the complexity of the drone type missile, but increased the
helicopter problem several fold. Consequently, investigation of the
helicopter type missile was abandcned in favor of the conventional

. . 9
subsonic type missile.

{U)} The earliest concept of the LACROSSE drone was embodied in the

three designs presented in the initial feasibility study report. All

three of these were open to criticism cn the ground that they were tail
controlled configurations whose response to control signals,
particularly in yaw, was much too slow. An alternate design using
cruciform wing control was thus adopted. As originally conceived, this
missile was based on the Navy's LARK* surface-to-air missile system for

which extensive design and test data were availablec10 A sketch of the

# (U) The LARK, a guided weapon with command mid-course control and a
semi-active homing system, resulted from a Navy anti-kamikaze program
that began in late 1944. The Navy awarded the Fairchild Engine &
Airplane Co. a LARK development & production contract in Mar 45, and
later initiated a back-up LARK program at Consolidated Vultee Aircraft
Corp. The LARK eventually became a test vehicle (CTV-N-9) designed to
help sclve problems relating to radar, guidance systems, stability,
control, and launching. Ordway, Frederick I., III, and Wakeford,
Ronald C., International Missile and Spacecraft Guide (New York, 1960),
pp. 100-101.

9. (1) ibid., p. 7.

10. {U) Denovan, A. I.: "LACROSSE Final Repecrt - Task I, June
1949 - March 1950," CAL Rept Nr. BE-635-S-3, 1 Aug 50, pp. 57-59, RSIC.
This documert hercinafter referred to as: Donovan Rept BE-635-S-3.




proposed (500-1b. warhead) missile is shown in Figure 1. The LACROSSE
missile configuration later adopted for development is shown in the

inset for comparison.

(U) Guidance Intelligence Systems Investigation

(U) Effort in this phase of the Task I study was chiefly expended
on one command system and a homing system. Investigations started on -
other guidance intelligence systems were abandoned when major defects

were discovered.

(U) Investigation of homing intelligence systems was limited to
units developed in other missile programs. Data derived from this study
indicated that a conventional interferometer homing system such as those
developed by MIT* and the University of Texas would be best suited to
LACROSSE if homing missiles were to be used. The dynamic analyses of
complete LACROSSE missiles, using the MIT flight simulator, showed that
guidance by homing on a beacon was extremely accurate, an error of only
seven feet being anticipated. However, errors in placement of the
beacon and in the observer's knowledge of its position were so great as
to rule out the homing system for LACROSSE application. Another un-
favorable factor was the high cost estimate for development of an

adequate beacon.11

(U) The command guidance concept investigated—and finally recom-
mended for development—was the Sight Tracking, Electronic Equipment
Ranging (or STEER) system. As implied by its title, this system used
a combination of optical angular tracking by the forward observer and
electronic range measurement by Raydist** equipment. In the STEER
guidance scheme, the data derived from the angular tracking unit and
the range measurement equipment are fed to a computer from which

commands are transmitted by radio link to the missile control system.

* (U) Massachusetts Institute of Technology.

*% (U) A Radio Navigation & Tracking System developed and manufactured
by the Hastings Instrument Company (HICO).

11. (U) Donovan Rept BE-635-5-2, op cit., pp. 10, 11, & 13.
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Range to the target is assumed to have been initially determined by an
optical range finder, while azimuth and elevation are determined using
the same scope employed for tracking the missile. This target survey
information is then set into the computer which computes the appropriate
command signals from the missile track and range data.12 An artist's

sketch of this operation is shown in Figure 2.

(U) Performance of the LACROSSE STEER command system was determined
by combining results of investigations of the effects of optical tracking
errors made on a Reeves analogue computer with data on the effects of
other errors in this system obtained from the MIT simulator. The dynamic
analyses showed a potential error of about 46 yards. The difficulty in
achieving this result was likely to arise from the requirement that the
measurement of the missile range by the radio range system be improved
in accuracy. At the same time, there appeared to be considerable
probability that the accuracy could be improved by better tracking and

better smoothing of the tracking data.13

(U) STEER System Evaluation

(U) The STEER command system did not lend itself to all-weather
operation, but all LACROSSE systems required that the forward observer
at least be able to see the target. For night operation, it was
presumed that tracking a light on the missile would be possible.
Operation under low ceiling conditions would become possible in the
future, with development of small, lightweight radar tracking heads
of sufficiently high accuracy. On the other hand, it was recognized
that substitution of radar tracking could result in lower accuracy
compared to optical techniques. Possibilities for accuracy improvement
existed in automatic optical tracking and in modifications to the system
whereby the observer would feed data to the computer only at the times
that his tracking is good. The command guidance equipment used by the

forward observer could be kept to less than 150 pounds. The range

12. (U) Ibid., p. 8.
13. (U) Ibid., pp. 11-13.
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13

finder would have a total weight of about 200 pounds, including its
base. Both units could be broken up into smaller packages for ease of

transportation.

(U) One important advantage of the STEER system was that no warning
of attack would be given the enemy by mortar fire (as required by the
homing system). Therefore, the forward observer was less likely to be
subject to enemy counteraction while performing the operations necessary
to deliver the missile. The optical features of the guidance system
would not be vulnerable to jamming except by smoke screens or other
means detrimental to enemy operations, while the radio command link and
ranging system could be made relatively jam-resistant for the few

seconds of operation during flight of the missile.

(U) The majority of the components and the technical knowledge
required for development ofvthe STEER system were either already in
existence or attainable by a moderate expansion of existing techniques.
One possible exception to this was the radio range measuring unit which
required considerable improvement in accuracy. A logical approach to
this improvement appeared to be available, and while it would neces-
sarily involve considerable development, it was not of a radical or
unknown nature. Experimental information showing that a complete
missile system analogous to STEER had performed approximately according
to LACROSSE specifications was available in the results of the HERMIT
project conducted by the Army Air Forces near the end of World War II.
In the HERMIT project, radio controlled airplanes were flown into ground
targets on the basis of optical tracking information with miss distances
of only a few feet. Although the optical tracking was done from two
stations, there was no reason to suspect that one station could not be
eliminated if suitable range information and command computer could be

provided.14

(U) System Recommended for Development

(U) Based on the results of the investigation and evaluation

14. (U) Ibid., pp. 13-14.



described above, Cornell recommended thatr the 3TEER command guidance
missile system be developed fer LACROUSSE and that a similar all-weather
{AW) system using a8 radar tracker be devaleped for LACROSSF AW operation.
The total recommended system includzd an oprical rangs finder {(twe-meter
base length); an optical tracking sight: mizzile-te-chserver radiec range
measuring units; a computer; radio command zystem; and a high subscric
speed winged-type missile carrying a 500-pnund shaped charge warhead.
Since the system containirg the optical trackirg unit ould be put irto
operational use more quickly than that cecrntaining the radar tracking
unit, it was cencluded that the former =vstem should be developed and

. . 1
tested and then extended to include the radar tracking feactsure. >

(U} While a sufficiertly thercugh investigation had nonr been
possible to positively preclude that soms missile system might be cor-
ceived which would be bettzr than the LACRCSSE STEER system, it was
believed highly imprcbable that any mere effective svstem could be
achieved within the same time and cost in the currert stare of the
guided missile art. The Task I investigation was delibarately limited
to those systems that previcus werk showad 2> be the most premising. the
cbject being to find a system—though not rec=ssarily the bast possible
system—which could be devslcped teo mezt cr exceed LAGROSSE specifi-
cations. Since the STEER command system appeared te meet this require-
ment, Cornell concluded that develcpment should be commenced immediately,

. 1€
rather than search further for an ideal system.

{(U) Pursuant te prrvigzicrns cof the Task I contract, Cornell submitted

3
,.\.. ’)

a proposed preogram schadule for development and flight test of prctotype

LACROSSE missilez and guidarce equipment. ted program coverad

a three-year period begirring in July 1330 {7 1251) and ending in June
1953 (FY 1953). Thin time zcale, showr in Figera 3, was conzidzved the
£1

minimem achievable with reascnably comstant and cfficiert =ffcrr applied

15. {U) Borcven Rept 2E-635-S-3, op. cit. pp. 1-2.

16. {¥) Ibhid., p. 27. Alsn szee Iorovar Repr ZE=€33-S-2, op. cit.,
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to the resolution of known problem areas. In establishing the proposed
program schedule, Cornell made no allowance for such contingencies as
unforeseen development difficulties, contractual delays, and budgetary
limitations, but stated that these factors could "easily extend the time
scale by one to three years.”17 With the proposed development program

1
was an itemized cost estimate of $460,000 for first-year (FY 1951) effort.8

(U) Later developments proved this early plan to be overly opti-
mistic. Funds spent for FY 1951 effort nearly doubled the estimated
cost, the total expenditure amounting to some $800,000.* The three-year
period envisioned for the LACROSSE R&D program also doubled, chiefly
because of funding deficiencies, ccntinuing technical difficulties, and
delay in phasing in the production contractor. These aspects of the

program are treated in a later chapter.

{U) LACROSSE Project Assigned to the Army

(U) Late in 1949, while the second LACROSSE study was still in
progress, the Joint Chiefs of Staff (JCS) laid down a new policy
governing the development and use of guided missiles by the armed
services. As a general rule, guided missiles were to be employed by
each armed service in the manner and to the extent necessary to
accomplish its assigned mission, and each service would be authorized
to develop its own weapons. Under this policy, Army Ordnance was
assigned responsibility for antiaircraft guided missiles and for ground-
launched, short-range, surface-to-surface guided missiles supplanting or

extending the capabilities of conventional artillery.19 The LACROSSE

* (U) Navy funds spent in the three prior years (FY 1948-50) amounted to
$410,000, making a total contract cost of $1,210,000 through FY 1951.

17. (U) Donovan Rept BE-635-S-2, op. cit., p. 16.

18. (U) Ibid., pp. 15-17. For full text of the suggested develop-
ment program, see extract from rept, Document 2.

19. (U) JCS Memo 1620/12 for Secretary of Defense, 17 Nov 49, subj
"Assignment of Responsibility for Guided Missiles," cited in Report of
Army Field Forces (AFF) Board No. 4, Project No. GM-350, 3 Oct 50,
"Military Characteristics for Surface-to-Surface Missiles.' Also see
DA Pamphlet 70-10, 'Chronological History of Army Activities in the
Missile/Satellite Field, 1943-1958.,'" Sep 58, p. 23.
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project—then sponsored by the Navy—fell in the latter category.

(U) Shortly after Cornell finished the Task I effort im March 1950,
the Joint Chiefs of Staff recommended that the LACROSSE project be
transferred from the Navy to the Department of the Army (DA). The
Secretary of Defense approved the transfer early in August 1950 and the
project was formally assigned to Army Ordnance on August 31lst. Research
and development (R&D) effort was to be continued with the view of pro-
ducing "as early as possible' a tactically acceptable missile system for
employment in close support of amphibious and/or ground operations. The
program was assigned a DA priority of 1B and designated as Project

TU1-2001 (DOA Number 516-05-003).2°

(U) Meanwhile, the Korean War erupted in June 1950 and American
troops were committed to the battlefield with outmoded weapons of World
War II. Barely four months earlier, Senator Lyndon B. Johnson (D-Tex.)
had warned that the United States was far behind Russia in developing
modern weapons and demanded an immediate review of the entire rocket
research program, either by the Secretary of Defense '"or if necessary
by Congress.' Pointing out that the bulk of defense spending, five years
after World War II, was "still going for weapons originally designed to

help us win the war," he declared:

...We must not tie our future security to our past successes.
If guided missile warfare should begin within the next

two or three years, we—at our present rate-—~would be very

feeble participants. For a push-button war, we have neither

the push nor the button.Z2l

(U) Senator Johnson's observation was profoundly accurate, for
American participation in the Korean action was indeed feeble. The
short-range artillery rockets and guided missiles which could have

completely transformed the fighting in Korea were still in scale models,

in prototype stage, or on the drawing boards. With the postwar

20. (U) Ordnance Technical Committee Meeting (OTCM) Item 33399,
31 Aug 50, '"Surface-to-Surface Guided Missile (LACROSSE)."

21. (U) Quoted in The Huntsville Times, 14 Feb 50.
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reductions in military spending, the missile program simply had taken

a back seat to the less expensive conventional weapon programs and
remained a minor, almost obscure item in the defense budget. But in the
wake of the Korean emergency, Representative Carl Vinson (D-Ga.) ended
the partisan fight over defense reductions and won a standing ovation
when he declared: '"OQur great need right now is to get the ox out of the
ditch—not to spend a lot of time and effort trying to find out who

pushed him in.”22

(U) Interim Army LACROSSE Program

(U) With the impetus thus sparked by the Korean emergency, Army
Ordnance moved out on the LACROSSE project and started an interim pro-
gram at Cornell in July 1950, some 30 days before the transfer was

formally effected.z3

(U) This interim Army program was primarily concerned with further
investigation of the STEER guidance system selected in the previous
study and development of the command computer, optical tracker, and
radio link through the breadboard stage. Work performed under the
interim contract generally reaffirmed the technical feasibility of the
LACROSSE system, particularly with respect to the three key guidance
components, which were developed thrcugh the breadboard stage. Cornell
therefore recommended that Ordnance continue the LACROSSE project and
that '"full effort be applied to the development of a prototype missile
system based on the STEER ard STEER-1 concepts."24 The basic STEER

guidance system would use the optical tracking sight for fair weather

22. (U) Quoted in The Reader's Digest, Mar 61, p. 132.

23. (U) Contract DA-30-115-ORD-11 was initially awarded for
$75,595.50 and extended thru 10 Mar 51. This date was later moved up
to 15 Feb 51 by Supplemental Agreement Nr. 1, and the cost was reduced
by $1,180.12 under Agreement Nr. 2, leaving a basic contract total of
$74,415.38. Technical Report, '"Ordnance Guided Missile & Rocket Pro-
grams, Vol. VI - LACROSSE," inception thru 30 Jun 55, p. 81l. (This
document hereinafter cited as "LACROSSE Blue Book.'")

24. (U) Ahlirn, A., "Summary Report Project LACROSSE," CAL Rept Nr.
BE-712-S-1, 15 Feb 51, p. 33, RSIC.
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operation, while the STEER-1 would employ a radar tracking head for

all-weather operation.

£é5 Formal Development Contract Awarded

(U) Having thus reaffirmed the feasibility of the proposed guidance
scheme, Ordnance officials decided to continue LACROSSE system develop-
ment with the Cornell Aeronautical Laboratory, Inc., as prime R&D con-
tractor. Actual development work was initiated early in February 1951
by Letter Order Contract DA-30-115-ORD-47, which was later definitized

on a cost-plus-fixed-fee (CPFF) basis.26

* * * * * *

(U) During this formative period, from September 1947 to February
1951, the LACROSSE had progressed from a mere idea on paper, to extensive
studies and evaluations, thence to a.brief pre-development effort which

reaffirmed the tactical feasibility of the proposed guidance scheme.

j%f A review of the reams of paperwork and voluminous reports
generated in the ensuing decade reflects a moderately successful but
costly development and production program which managed to survive many
technical and administrative crises. Throughout the eight and a half
years preceding system development, the LACROSSE program was character-
ized by funding restrictions, unsolved technical problems, schedule
slippages, increasing contractor costs, mounting user criticism, and
gradual loss of confidence in the LACROSSE system as a tactically useful

weapon.

;%7 Although the LACROSSE T missile system failed to meet all the
criteria for a completely reliable, field-worthy weapon, it was finally

accepted for interim Army use in July 1959, pending availability of the

25. (U) Ibid., p. 4. A general outline of recommendations made
to OCO is presented in Document 3.

26. (U) Letter, Rochester Ordnance District to CAL, re Letter
Order Contract No. DA-30-115-ORD-47, RAD Order No. ORDTU-1-12833,
5 Feb 51; and LACROSSE Blue Book, op. cit., p. 12.

UNCLASSIFIED
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improved MOD I system thei under development. The deficiencies fielded

with the LACROSSE I (at one time numbering over 100) were neither new nor

r¢

surprising, for they were directly relatad te, or stemmed from, ths
original design concepts which turned eout to be much more complex, time-
ceonsuming, and expensive than initially anticipated. The Army had
already invested some $325 million in thz LACROSSE, and needed an
additional $66.1 million to correct existing deficiencies and satisfy

all safety and reliability rcrequirements.

;%5 Yet, the MOD I develcpment prugram—which had already cost over
511.4 million and which would have provided a weapon acceptable to both
the Army and Marine Corps—was cancellad by DA Staff in August 1959,
shortly after LACROSSE 1 deployment. This decision led te the immediate
withdrawal of Marin2 Corps support and later to a "kill or cure"
operatiornt which left the LACROSSE program in a reduzed-strength, buy-cut,
terminal status. Army LACI{SSE urits deplowad in thz Continental €nited
States and overseas were thus stuck with an interim, admittedly
deficient, and potentially dangercus weapon which the oyxigimal customer

(U. S. Marine Coxps) rafzzed to accept.

(¢) To apswer all the thoray quastions obvicusly evoked by the
foregoing brief would b2 extremely difficult, if not downright impossible.

In the succeeding chapters of this st n attempt is made to cover as

t a
many of the crucial issues as porgcsible within the bounds of time and
available evidence. The broad topics of syvstem development, production,
and deplovment will be treated in sequence after first cemsidering the

organization and management coacepte used in prosecution ecf the program.

¥ {

*‘}81 MODIFICATEION 1T or MZD 7 was the desigration for a radically
different guidance srstem desizned to decrease LACROSSE's
viulrerability to enemy ccuntermeasures and detesction, and to provide
mi:ltiple use capebilities.

Q,NCLAS"!WQ

B
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II. ;gf PROGRAM ORGANIZATION AND MANAGEMENT (U)

(U) The complications that thwarted the t#mely execution of the
LACROSSE program stemmed partly from the continuing technical problems,
most of which had been recognized and clearly identified in the feasi-
bility study phase. But there were other deterring influences that
probably had an even greater impact on the over-all program. Among
these were vacillating financial support, unrealistic program planning,
indecision at top management levels, and inadequate control and super-

vision of production engineering effort during the tramsition period.

y
(€y Contract Philosophy (U)

(U) Since the inception of its rocket and guided missile program,
Army Ordnance had depended upon American industry to perform the bulk
of R&D work, rather than build and staff new laboratories of its own.
Normally, the policy was to contract an entire weapon system program
with a prime contractor, one not only willing and able to develop the
system, but also capable of initial production. The prime contractor,
in turn, was free to subcontract as much of the work as considered
necessary, but there was one organization that could be held responsible—
one firm to praise or to blame. This "system contract' philosophy was
first applied with unqualified success to the NIKE AJAX Guided Missile
program in September 1945, and later to other major programs such as

the NIKE HERCULES and HAWK weapon systems.

(U) But the circumstances surrounding the LACROSSE program
dictated a radicdl departure from the tried and proved '"system contract"
philosophy, in tﬁat the contractor selected to develop the system had
no production capability. It was thus necessary to use the alternate
and less desirable "co-contractor' method, wherein the system contract
responsibility was split between two prime contractors, one being
charged with system development and the other with initial production.
Even under ideal programming conditions, certain interface problems
and some duplication of effort were inevitable. As will be noted in
more detail later, the programming conditions for LACROSSE were some-

thing less than '"ideal." Interface problems abounded; duplication of

UNCLASSIFiEp



22

effort was clearly excessive; program cost trends turned sharply upward;
and schedule slippages were soon a matter of fact. The lessons learned
from this co-contractor experience with TACROSSE fand similar experience
in the SERGEANT program) were almcst as numerons as they were expensive.
Summing up the situation in an impeccable understatement, the ARGMA
Commander later avowed: 'Our experience has indicated that this (co-
contractor) approach is not generally desirable and we do not intend to

L 1
use it in the future."

(U) Little is known abcut the writeria used by Ordnance in selecting
the R&D contractor, but it is fairly cbvicus that the Cormeil Aeroractical
Laboratory represented the only logical choice. In addition to a well-
established reputaticn in aercnautical research,* Cornell had been engaged
in studies of the LACROSSE problem since inception of the program in
September 1947. Though primarily an R&D laboratory, it did have a iimited
capacity for product design and fabricaticn as required to formalize
designs or conduct critical experiments o demenstrate the feasibility
of a system. The fact that Cernell was not equipped for full-scale
production did constitute a distinet disadvantage, but this, in and cf

itself, was not the real source of trocuble that later beset the prcgram.

(J) In proving the feasibility <of the LACROSSE system, it was
necessary to establish the accuracy to which the missile cruld be guided.
To demonstrate this peint, as well as numerous other critical areas,
Cornell had to produce well develcped items of special equipment and
conduct rather extensive field tests. It was therefore deeply invclved
in the detail design of equipment and had a somewhat more extensive back-
ground in LACROSSE than might be considered normal for a research
laboratory. To assure a smooth but rapid transition from development to

pilot productiorn, it was thus essential that a qualified c¢3-contractor

* See BRackground History of CAL, Document 4.

1. (¥) Speezh {Managing a Major Missile System R&D Pragram) by Cel
John . Zierdt, ARGMA Comdr, o the DOD Research and Engineering Policy
Council 6-8 Jal 60 Meeting, Ft. Mcnrse, Va.
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be phased into the program at a sufficiently early date to participate

in the actual R&D design and selection of subsystems making up the

tactical LACROSSE system.2

6%) Early in 1953-—a full year before design of the tactical
LACROSSE system was initiated —OCO-ORDTU asked Cornell to prepare a plan
for phasing in a co-contractor with R&D capabilities as well as produc-
tion know-how and potential for possible future industrial contracts.

In the schedule submitted on 15 April 1953, Cornell recommended that

the co-contractor be selected and phased into the program by January
1954, in order to assume complete technical responsibility for the system
by January 1956.3 But austere funding in 1953 interfered with this plan.
Implementing action was not initiated until April 1954, and phase-in of

the co-contractor was delayed until early 1955.
v

7] Following a survey of prospective contractors, the Glenn L.
Martin Company was approved as the LACROSSE R&D co-contractor and
Ordnance was authorized to proceed with contract negotiations in
January 1955. By the end of June 1955, the Martin Company had been
awarded three CPFF contracts for a total of $13,692,643, including a
fixed fee of $951,850. One was a small R&D contract ($699,982), signed
on 1 April 1955, which called for design, fabrication, testing, and
evaluation of the LACROSSE missile system through 31 December 1955.

The other two were large industrial contracts signed on 31 May and 1
June 1955, respectively.4 (The final weapon system contract structure

is depicted in the accompanying charts.)

u ,
LZf Meanwhile, Cornell started work on the tactical LACROSSE I

system during the early part of 1954, as planned. By the time the

co-contractor was named in the spring of 1955, Cornell had essentially

completed the design of the tactical model and had successfully

2. (U) Sacher, R. E., "Project LACROSSE - Final Report (ORD 47),"
CAL Rept Nr. BE-745-T-149, 30 Jan 60, p. 212, RSIC.

3. (U) LACROSSE Blue Book, op. cit., pp. 12-13.
4, (U) Ibid., pp. 13, 82, 83.
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demonstrated system feacibility. This delay in gelection cf the produc-

tion contractor, coupled with the lack of adequate contral over Martin's
initial production engineering effort, natvrally led to excessive dupli-
caticn of effort, sericus weapscn syctem deficiencies, and other assorted
program complications. The scurce of the trouble is very aptly described

in the fcllowing excerpt from a Cornell report:

It is believed . . . that the ¢o-contractor should
have been selected earlier, perhaps iz the spring cf 1954
when the LACROSSE I design wae initiated. This wonld have
proved mutually advantageous to CAL and Martirn. The Martin
Company engineers would have had an spportunity te partici-
pate ia the R&D effort that went intc the decign and selec-
tion of the subsystems that make up the LACROSSE I missile
system. At the same time CAL engineers wcould have had an
opportunity to berefit from the production know-how cf The
Martin Compary. Much cf the duplication of effcrt that has
occurred during the precgram cculd have been avoided.”
(Underline supplied.)

$2§ The end result was that Martin undereztimated the magrnitude cf

the production engineering effort required. Itz initial praduction
propcsal failed to cover the complete preblem, but only envisicned the
copying cf equipment fabricated by Cornell under the R&D prcgram. The
job of production engineering turzmed Sut to be much greater than
anticipated, and Martin was caught withcut an adequate engineerin

staff tc dc the work. Martin's eaginesre then went overboard in the
redesign area and reworked the cutire LASROSSE 7 syctem whizh Cermell
had already developed at a z:ot ~f 2ome $1%.7 millicw chrosgh FY 1955,
The main problem here was n2t the redesigrn effore, per ce, but rather
the lack of adequate countrazt-al coverage t6 assvre =ffwctive control

and supervisicn of such effore.

(U} The R&D contract, sigred with Marti: or 1 April 1955, provided
that the design effort weald be supervised and controlled by Corzmell.
flowever, the larger producticn enginmecring comtract ($4,934,074), signed

cn 31 May 1955, did not inziuade a bizdizg superviz-ry clause.

5. () Sacher Rept BE-745-7-149, p. in., p. 209.
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Consequently, Martin listened to Cornell in work performed under the R&D
contract and did most of the redesign work under the production engineer-
ing contract without Cornell's advice and guidance. To further compli-
cate matters, the LACROSSE project was shelved in FY 1957, then rein-

stated in 1958 without funds for production engineering.

(U) The untenable situation which thus developed was largely
responsible for the equipment deficiencies fielded with the LACROSSE 1
system in July 1959. It also caused much apprehension—and probably a

few ulcers—among management personnel at all echelons.

(U) In summary, the co-contractor approach did not prove ''generally
desirable" in the LACROSSE program, but neither could it be blamed for
everything that went wrong. On the contrary, the most damaging influ-
ences stemmed not from the contracting method, but from certain short-
comings on the part of the Government itself. Perhaps the most
singularly damaging influence was the 'stop-start' funding philosophy
which not only increased the over-all program costs, but also prevented
realistic planning and delayed delivery of operational equipment. Also
having an adverse affect on the program was the contractual omission
that precluded effective control of the redesign effort. These compromis-
ing conditions, combined with the built-in weaknesses of the co-contractor
concept, presented a formidable challenge throughout the Army's management

structure.

(U) Policy and Responsibility

(U) Introduction

(U) At the time of the LACROSSE transfer in 1950, the Army Ordnance
missile program was operating at a relatively low level. The Army had
started with one project in 1944, and by 1945 had expanded to five. By
1950, the number of programs had been reduced to four, including three

weapons and four test vehicles, which the Army was supporting at an

6. (U) ARGMA Hist Summary, 1 Jan 59/31 Dec 59, pp. 136-38; and
LACROSSE Blue Book, op. cit., pp. 82-83.
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anrual cost of about $36 million.7 Technical control and supervision of
these few R&D projects had been performed by an organization centralized
in the Qffice, Chief of Ordrance. But the rapid expansion ¢f Ordnance
missions beginning in 1950 dictated a radicsal change in maragement doctrine

and a more elaborate management structure.

(U) Realizing that the Ordmance facilities then operaticnal would
not be able to handle the projected volume of work, the Chief cf Ordnance
reactivated Redstone Arsenal at Huntsvilie, Alabama, on 1 June 1949.8
In performing its mission as the Ordrance Rocket Center, this World War
1I manufacturing arseral was to conduct bazic and applied reszearch,
development, and testing of free rcckets, 3olid propellants, JATO's, and
related items; administer R&D contracts placed with resident cantractors*
and exercise technical supervigica over cuo% projects; exercise technical

supervision over Ordnance R&D projects,

all scientific and technoslogical develcpment
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{(U) On 1 April 1950, the adjoining Haatsville Arsemal facility,
which had been inactivated by the Chemical Corps, was permanently trans-
ferred to Redstone Arsenal.IO Two weeks later, the Ordrnance Guided Mis-
sile Center was established in the old Huntsviile Arsenal Headquarters. 1
The Ordnance guided missile greup, headed by Dr. Wernher voa Braun, com-
pleted the move from Fort Bliss, Texas, in October 1950. Redstone's new
mission in the field of guided missiles included component and systems
development in aerodynamics, guidance and control, propulsicn, assembly

. . 12
techniques, transport, test, and launching.

sration zigned

* (U) The Rohm & Heas Compary and Triskel Chemical Zor
o era Grzernment -ownad

ontracts earlier in the year to staff and ope
R&D facilities within the ar al.

LJ’U

7. (¥) Draft Ms, OCO His:t Div, "Ordrnance Guided Missile Program,
1944-1954," pp. 30-31.

§. (1) DA GO 39, 18 Aug 49,

9. (%) Ord Dept Order 25-49, & Jul 49.

13. (U) DA &0 19, 14 Jun 59.

11, (U) RSA 0 1, 15 Apr 30.

12. (U) ARSMA Hist Summary, L Apr %/30 Jva 3

x

pp. 8-9.
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(U) With the Ordnance rocket and guided missile research programs
thus combined in a central location, maximum use could be made of the
German scientists skilled in these fields and further economies could be
effected through the elimination of duplicate or parallel efforts. But
the Redstone Commander still had not been delegated adequate authority
and responsibility to properly function as the Ordnance commodity center
for guided missiles. To do this he needed greater responsibilities in
over-all program coordination and increased authority over closely allied
phases of the program. National mission responsibilities for industrial
and field service activities were delegated to Redstone Arsenal early in
1951; however, responsibility for technical control and supervision of

13
current R&D projects was retained by the OCO R&D Division.

(U) One of the main difficulties affecting the Ordnance guided
missile program during the early 1950's was the lack of proper coordina-
tion among the divisions of OCO and the various field activities.
Personnel possessing the most experience and information on the over-all
program were in the Rocket Branch of R&D Division, 0CO, but their
interest was limited primarily to the R&D aspects of the program. As a
result, the industrial, field service, and training elements did not
receive the guidance and attention essential in the early phases of such
a radically new and highly complicated product. Adding to the confusion
was the relatively new 'crash'" program procedure, whereby the R&D, pro-
duction, training, and other phases of Ordnance were telescoped to
shorten the time required from weapon system conception to availability
in quantity in the hands of troops. Such a procedure would have been
confusing even with a more orthodox product. With the complexity of
modern weapons making the demand for acceleration more and more diffi-
cult, improved communication and liaison throughout the Ordnance struc-
ture was essential. Referring to the coordination problems that existed

early in 1951, one Ordnance administrator stated: ''The importance of

13. (U) Ibid., pp. 9-10; and memo, Lt Col William J. Durrenberger to
Maj Gen Alfred B. Quinton, Jr., OCO, 5 Feb 51, subj "Coordination of the
Ordnance Effort in the Guided Missile Program."
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the guided missile program to ths future -f the Ord Corps can hardly be
overemphasized, and with the pregram beirg expedited as it i3, we in
Ordnance are going tc have to move fast if we are to meet <ur responsi-

bilities in this‘field.”14

() One of the first steps to improve wvoordimaticon and ¢ontrol of
the expanding Ordnance effort was the formation of an Ordrarce €uided
Missiles Organizaticn and Training Committe: which heid its initial meet-
ing on 24 January 1951. This meeting nat culy pinpointed potential
problem areas, but als: demcnstrated certain wanagemert weakuesses that
had existed since inception of the guided missile program. IFor example,
it was the first gathering at which key representatives of all Ordmrance
guided missile activities were pregent, ard maxy of these individuals
had never contacted core ancther previsusly, even thiugh Ordnzrce had
been in the guided micsile business zince 19%%. As originally conceilved,
the mission of this committee was limited ¢ »rgamization and training
matters. However, the first meeting shwed that much culd be gaized by
broadening the mission to include c¢uosrdipation of all the guided missile
functions being performed or contemplated by the Ordrnance Corps. Thais
committee was regarded cnly as an interim szlution to the cocrdination
problem and was to be dissolved when sufficient experience had been
accumulated to permit the establishment of "m.rmal' chaanels within the

existing Ordnance struiture.

() The establishment of such charmels revelved arcund the delega-
ticn of additicnal resprasibility and avthericy to Redstous Arsenal (RSA)
s¢ that it covid properly ard efficiently aperate as a true Ordnance
commodity center for grided missziles. ‘'whis was partially accomplished
with the assignment of iadustrial and field service missiozxs, as noted

above. After a thorcugh study of the problem, Lt Colonel W. J.

K

Durrenberger of 072 reosmmended that responsibility for RAD technical

(i) Col Durrerherger was later transfsrred to RSA and continued te
fight the ccnrdinati.= problems that had permeated the entire organi-
zation. He served as Dir of Pr-je:xts from Aug 51 t3 Sep 52, and as
Acst Dir of the Ord-ar 'e Mizaile Lab.rat.rics (OMLy froem Sep 52 to
May 53. {See RCA Cfficer Duty lards, Tile.)

14, () Mems, Lt 2oL Durrenherger
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supervision be transferred from OCO to RSA as expeditiously as possible,
and that such transfer be accompanied by three or four selected individ-
uals from OCO in order to effect a more equitable distribution of the
limited supply of qualified personnel. He also recommended that in-
creased efforts be made on the training of Ordnance personnel in the use

of new items of equipment.

(U) The basic principles and policies governing the transfer of R&D
technical supervision to Redstone were established in June 1951, but the
rate at which the projects were transferred was necessarily geared to the
arsenal's ability to effectively carry them out without any delay or dis-
ruption. The first two projects (NIKE AJAX and CORPORAL) were not
actually transferred to Redstone Arsenal until August 1951. (Technical
supervision of other R&D projects was assigned in a piecemeal fashion
over the next several years, Project LACROSSE being among those trans-

ferred early in 1954.)

(U) Under the policy outlined in the transfer letter of June 1951,
the RSA Commander became the sole source of instruction to the (NIKE and
CORPORAL) contractors and assumed responsibility for monitoring,
coordinating, and conducting the technical aspects of the assigned
projects. The OCO R&D Division retained responsibility for policy,
scope, and objectives of these projects, and for rendering decisions on
original approach and major changes in design, performance, and operation
of the missiles. Because of this division of responsibility and the semi-
vertical organizational structure for guided wmissiles within the Ordnance
Corps, it was essential that the closest possible liaison be maintained
between Redstone and the operating branches of OCO.16 This was not

accomplished with any degree of efficiency until after the general

reorganization of March 1958. More on this later.

15. (U) Ibid.

16. (U) Letter, ORDTU-0CO, file 0.0. 682/159, to CO RSA, 26 Jun 51,
subj "Transfer of Research and Development Responsibility to Redstone
Arsenal."
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() The initial training function was organized at Redstone in
March 1952. The Provisional Redstone Ordnance School, as it was origi-
nally known, remaired an integral part of RSA's mission and organization
urtil 1 December 1952. At this time it was redesignated as the Ordnance
Cuided Missile School, a Class II Activity located at Redstone Arsenal
and operated under jurisdiction of the Chief of Ordnance. Definitive
guidance for commodity managers with respect to new equipment training

responsibilities was not issued until August 1953,17

{1) Ordnance Policy for Prosecution of R&D Projects

(¥) In September 1952, nearly a year after the first twc projects
were transferred to Redstone, the Chief of Ordnance issued a policy
directive which ocutlined and defined the functicnal responsibilities
involved in the prosecution of Ordmance R&D projects '"in order to faci-
litate the complete understanding of all ccncerned." Obvicusly aimed
at the continuing problems in management coatrol and coordination, this
order divided the various functicnal responsibilities into four distinct
categories, each representing a logical group of duties both with respect
to the execution of R&D projects and to the level of command at which
the duties were to be performed. These four categories were: Policy
Direction and Control; Technical Control; Technical Supervision; and
Contract Negotiation, Execution, and Admiristration. The divisinn of
responsibility relating to technical supervision and contrcl f R&D
projects followed the same general pattern as that prescribed in the
earlier letter of June 1951. This formal directive, however., was much
more explicit and gave the OCO R&D Division more latitude for re-delega-

tion of certain autherity and respensibility to the field.

(V) Responsibility and authority for policy direction and control

was delegated to the Chief, R&D Division, OCO. Duties in this category

included the selectizn of the general approach to be followed;

17. (U) For backgrcund history of RSA's training missicn and the
mass of management problems encountered, see ARGMA Hist Summary, 1 Jul
60/31 Dec 60, pp. 14-25. LACROSSE training activities are discussed
in a later chapter.
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determination of priorities and the scale of effort to be applied;
establishment of target dates; coordination with related projects or
sub-projects and with other interested agencies; preparation of engineer-
ing test programs; acceptance or rejection of final prototype designs;

and other related functions.

(U) The Chief, OCO R&D Division, was also assigned the responsi-

bility for technical control of all Ordnance R&D projects, with "authority

to re-delegate Technical Control of entire projects or sub-projects to
the field." (The latter authority was rarely used.) Technical control
embraced these important functional responsibilities: 1) selection of
potential contractors; 2) determination of the scope of contracts; 3)
approval of technical decisions affecting cost, completion date, and
priority of competing MC's; 4) approval of proposed solution for satisfy-
ing desired MC's; 5) determination of the validity of proposed solution
in terms of the established basic design data; 6) within scope of
authority, making the decision to proceed with prototype and engineering
test models after completion of design; 7) delineation of technical
supervision delegated to another agency or agencies; and 8) delineation
of the areas of interest of mission arsenals jointly concerned with the

prosecution of the project.

(U) In the area of technical supervision, it was the policy of the

Ordnance Corps to assign technical work and the detailed supervision of
technical work to field installations. (In the case of rockets and
guided missiles, of course, the field installation was Redstone Arsenal.)
Duties in this category were primarily concerned with assisting, advising,
and directing the work of Ordnance contractors; establishing contacts
between the contractors and Ordnance and non-Ordnance agencies qualified
to contribute to the projects; and making "day-to-day" technical and

administrative decisions not affecting cost, delivery dates, or

satisfaction of MC's. In short, the technical supervisor or commodity
manager served more or less as a medium between the contractors and 0CO,
the authority for all major policy decisions being vested in the OCO R&D

Division.
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(¥) Finally, the respersibility for comtract negotiation, execution,

and administration was assigned to the cognizant Ordnance District, these

duties being conducted in accordancs with Ordnance Procurement Instruc-

;
tion 1-205.7, dated 1 September 1952,L8

(U) Though enacted in the fall of 1952, the above policy was not
applied to the prosecution ¢f the LACROSSE R&D program until Jaccary
1954-—a few weeks before Cornell began final design work oa the taciical
LACROSSE I system. Up to this puint, complete respensibility for the
project, including supervision of the comtractor, had rested with the

00 R&D Division. Little or nc action bad been taken toward the partici-
pation of industrial and field service activities in the system design

effort, chiefly because of funding difficcliies.

(a4
1=
©

(7) The OCO R&D Divisicn relinquished respomsibility for "tecknical
supervision" of the preject zo Redsture Arsenal on 11 January 1934, but

~hose not to exercise its authority tu redelegate "technical contrelil

functiens. In additiorn to the reutine sepervisory functions, the RSA
Commander was charged with maintaining ¢loiss technical liaiscn with cther

Government field installaticns invelved in LACROSSE dewvzlopment, these
including Edgewood Arseral, Aberdecen Proving Ground, Picatinmy Ars:znal,

and Frankford Arsenal.lg Responsibility for technmical coosrdimatien of the
fuzirng system and technical supervision of design and-development ¢of a
w>se impact switch and warhead had been deicgated to Picatinny Arsenal
early in June 1952. At the same time, Frankford Arscnal had been charged

with exercising technical supervieicon 3f development of the base element
20 ’
in the T1405 fuzing gystem,
(U) When comparirg the scope ¢f responsibility and decisinn-making
power retainmed at OCQ level with that delegated to the commodity manager

or technical supervis»r at Redstome Arsenal, the burden carried by the

18. (U) Ord Cecrps Order 43-52, "Responsibilities for Research and
Deve lopment Projects," 29 Sep 52.

19. (¥) Letter, ORDTU-0C0 to €& RSA, 11 Jan 54, subj "Acsigoment of
Responsibilities for Project LACROSSE ...." See Document 6.

20, (U} LACROSSE ic., p. lZ.




35

latter might seem small and relatively insignificant. This was not the
case. The Chief of the OCO R&D Division did, in fact, carry the greatest
burden, in that he held the controlling power and therefore could be
brought to account for both bad decisions and indecision, as well as the
consequent impact on individual projects. But he could not effectively
perform his duties without a current, accurate knowledge of project acti-
vities in the field. To render sound, timely decisions and/or recommenda-
tions to higher echelons, and to prevent 'out-of-control'"—and often
embarrassing—situations from developing, the responsible 0CO official

had to be kept currently informed of significant actions, problems, and

events affecting the speed, direction, or cost of the over-all effort.

The responsibility for providing this management information rested with

the RSA Commander. Thus, when considering that major decisions affecting
individual programs were necessarily predicated on feeder reports,
briefings, and recommendations generated by the RSA Commander, the latter's

burden of responsibility naturally takes on added depth and significance.

(U) The Weak Link in Redstone's Chain of Command

(U) To fulfill its diversified missions of research, development,
production, supply, and maintenance for Army missile systems, the arsenal
had to have the competence among its own people to control, coordinate,
direct, and techmically supervise all the work for which it was responsible.
With the bulk of the total effort being done by industrial contractors at
distant locations, this not only required a strong, centralized management
control system to coordinate the wide range of activities, but also a
broad in-house scientific capability to direct and evaluate the contractor's

efforts and assure quality results.

(U) By early 1953, the arsenal had accumulated a complement of
technical and professional personnel and had built up a sizable in-house
research capability. But the success achieved in developing an integrated
organization responsive to management control requirements was quite a
different story. While considerable progress had been made toward solving

the coordination problems that existed early in 1951, there were still
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many administrators in operating elements of both OCO and RSA "who paid

. . , . , ,21
only 'lip service' to the importance of coordination."

(U) The weaknesses inherent in the arsenal organizational structure,
and more specifically in the loosely controlled operating divisions,
served as a breeding ground for many problems and tribulations throughout
the 1951-58 period. Most of the problems stemmed from the fact that
there was no integrated management control system and therefore no
machinery for directing basic command policy or assuring cross-coordina-
tion of important mission program actions. To further complicate matters,
the four separate and generally uncoordinated divisions of OCO cut across
established command lines and dealt directly with their counterparts at
Redstone Arsenal. Each of the RSA mission divisions operated as a
decentralized functional enterprise; effective cross-coordinétion was
the exception rather than the rule. 1In effect, this placed the Arsenal
Commander in the unpalatable position of having to accept the burden of
responsibility without an opportunity to direct or control basic policy

decisions.

(U) The damaging influence of this disjointed type of operation on
telescoped guided missile programs had already become painfully apparent
as early as December 1952. Referring to problems in the NIKE and
CORPORAL programs, in general, and to the coordination problem in par-

ticular, Colonel Durrenberger declared:

Changes in the OCO coordination picture (retirement of
General Quinton and assignment of the additional duty of guided
missile coordination to Chief, R&D Division), plus the fact that
we have now reached the 'eleventh hour' in the program (equip-
ment about ready to be issued to troops), have made it imperative
that our coordination operations at this arsenal be improved
considerably. Failure to secure proper coordination at this
arsenal is actually threatening the success of the Army's entire
guided missile program. It seems unnecessary to point out what
effect this may have on the country's defense.

21. (U) Office Memo, Lt Col W. J. Durrenberger, Asst Dir OML, to
Brig Gen H. N. Toftoy, Dir OML, 12 Dec 52, subj '"Coordination of the
Guided Missile and Rocket Programs.'

22. (U) Ibid.
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(U) During the seven-year period ending April 1958, arsenal
administrators made several attempts to correct the situation, but their
efforts were largely neutralized by the pressure of dissentient division
chiefs. 1Invariably faced with accepting watered-down versions of the
desired control system, arsenal management had to apply superficial
remedies unbefitting the severity of the problem. The limitations imposed

on the so-called "

coordination offices" set up during this period* were
both frustrating and far-reaching. For present purposes, it will suffice
to say that the mission divisions continued to operate much the same as
they had before, while the headquarters staff office did what it could

to plan and coordinate arsenal missions "after the fact'" and within the

limits of its authority.23

(U) Project Management Under Redstone

(U) The functional organization set up for the LACROSSE project
could be no more effective than the command policy under which it
operated. 1In September 1955, some five months after the follow-on R&D
contract had been awarded to the Glenn L. Martin Company, the office of
the Redstone Resident Ordnance Engineer (RROE) was created at the con-
tractor's plant in Baltimore, Maryland. The chief of this office, Mr.
Edward Jungerman, reported directly to the Chief, RSA Industrial

e . . . 2
Division. His duties, in general, were as follows:

1. Provide engineering liaison between the mission arsenal and the
contractor.

2. Provide necessary administration of Engineering Change Order
(ECO) and Request for Deviation Approval (RDA) procedures.

* Arsenal Program Coordination Ofc (under OML) - Oct52/Feb53
Mission Planning & Coord Ofc (special staff) - Feb53/0ct55
National Mission Coord Ofc)
Arsenal Mission Coord Ofc)
Plans Coordination Ofc (special staff) - Feb56/Apr58.

23. (U) RSA Hist Summaries: Jan-Jun 53; Jul-Dec 53; Jan-~Jun 55;
Jan-Jun 56; and Jan-Jun 57.

(separate staff elements) - Oct55/Feb56

24. (U) Supplement I to LACROSSE Blue Book, op. cit., p. 19; and
Interviews with Mr. George E. Woodward, Antitank & Field Artillery
Weapons System Project Ofc, Army Missile Comd.
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3. Approve ECO's and RDA's except as follows:

a. ECO's and RDA's affecting MC's, system functions, system
design intent, safety or interchangeability.

b. ECO's affecting contract price in excess of $250,000.
c. ECO's affecting contract delivery dates.

4. Forward ECO's and RDA's beyond the RROE scope of authority to
Redstone Arsenal for approval.

5. Furnish advice to the contractor as to proper procedures and
channels on specific problems in dealing with Ordnance.

6. Review and approve or obtain approval on technical adequacy of
engineering work in progress on pertinent contracts.

(U) Experience had shown that the transition period in a telescoped
program represented an extremely crucial and exacting phase, even in
those programs involving only one contractor. In the LACROSSE program,
the normal transition and engineering liaison problems were magnified
several fold by the distance between the two contractors* and the ani-
mosity that existed between certain elements of the two orgamizations.
In the fall of 1956, when the phase-over of program responsibility from
Cornell to Martin was just beginning, Martin decided to move LACROSSE
production to new facilities which had been coastructed at Orlando,
Florida, at a company cost of some $40,000,000. This move, sanctioned
by a joint Army-Navy agreement, increased the distance between the two
contractors to more than 1200 miles and consequently amplified the
liaison problem. Moreover, some of the experienced engineers who had
been working on the project refused to trznszfer, and Martin was faced
with recruiting and training an essentizlly new production crew. The
move started with transfer of the adwinistrative staff in November 1956,
followed by rimnants of the engineering staff early in 1957. While the
new production facility was not fully operational until December
1957, the impact on the ovaer-all program was negligible. The
improved facilities and envivcnment at the Orlando site by far out-

weighed all of the attendant disadvantages. It should also be noted

# (U) Initially, some 345 miles from the Cornell Laboratcrv at Buffalo,
Nzw York, to Martin's plant at Baltimore, Maryland.
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here that the LACROSSE program had been shelved iﬁ FY 1957 and

reinstated with only limited funds in FY 1958.

(U) Meanwhile, Mr. Herbert R. Kelley replaced Mr. Jungerman as
senior representative in charge of the Baltimore RROE Office, in October
1956, and was transferred to the new RROE Office at Orlando in January
1957. Mr. Kelley continued to report directly to the Chief, RSA Indus-

trial Division until the middle of 1958.25

(U) The New Look

(U) The action necessary to correct the long-standing deficiency in
RSA's management control system came late in March 1958—right at the
time the LACROSSE program was in its most serious trouble and slightly

over two years before Army let the axe fall.

(U) On 31 March 1958, the Secretary of the Army created a new Army
Ordnance Missile Command (AOMC) at Redstone Arsenal and appointed as its
head Major General John B. Medaris, who had earned a notable reputation
for his command and administrative ability as Commander of the Army
Ballistic Missile Agency (ABMA). Placed under General Medaris' direct
control were: ABMA; the Jet Propulsion Laboratory at Pasadena, California;
White Sands Missile Range (WSMR); Redstone Arsenal; and the newly acti-
vated Army Rocket & Guided Missile Agency (ARGMA).

(U) Established as a subordinate element of AOMC on 1 April 1958,
ARGMA assumed responsibility for the technical missions (including the
LACROSSE program) formerly assigned to Redstone Arsenal, leaving the

latter with post support and housekeeping functions.

(U) The integration of primary research; development, test, and
logistical support installations under single direction, together with
the administrative streamlining, would provide the means to carry out
more effectively the existing and future priority Army missile programs.

The unity of command that Redstone Arsenal had never been able to

25. (U) Interviews with Mr. Herbert R. Kelley, Proc & Prod Directo-
rate, Army Missile(.Command.
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achieve thus become a reality under the AOMC structure—at the expense

of adding a new layer of authority.

(U) The foremost objective of the general staff type of organization
adopted by General Medaris was to insure effective staff control and
coordination of the total assigned mission. During his first staff meet-
ing on 1 April 1958, General Medaris pointed out that the function of
subordinate organizations was that of 'coordination for the commander of
all the elements of his problems so that they are handled as a command
package and not as a functional enterprise.'" Obviously aware that this
represented a drastic departure from previous practice, he went on to say:

. From the beginning of time the three major divisions of

Redstone Arsenal have operated as three separate empires.

General Shinkle is fully aware of the problem and is pulling

it together as fast as he can, and I want nothing to come out

of this headquarters that will hinder his efforts to pull it

together.

(U) It took considerable time, much patience, and many readjust-
ments—but "pulled together" it was. Among the first official actions
taken by the ARGMA commander was the establishment of a strong,
centralized management control system to be administered by the agency
Control Office., A significant part of the responsibility and authority
delegated to this staff element was concerned with the activities of
ARGMA liaison personnel permanently stationed at contractors' plants and

Government installations.

(U) Effective with the policy directive issued in late June 1958,
all agency liaison perscnnel were appointed by the Agency commander and
assigned to the Chief, Control Office. Liaison personnel located at the
respective plants and installations were placed under direct command of
a Senior ARGMA Representative (SXR) designated by ARGMA orders. 1In

carrying out his assigned responsibilities as senior spokesman and

26. (U) For background hist of the reorganization, see AOMC and
ARGMA Hist Summaries, Apr 58/Jun 58.

27. (U) Minutes of Staff Meeting Nr. 1 (General & Special Staff),
AOMC Hq, 1 Apr 58.
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contact between ARGMA and the contractor, each SXR operated under the
direct supervision of the Chief, Control Office. Matters relating to
the "formulation of new policy or resolution of policy conflict' were
handled through the Control Office for staffing and coordinated agency
decision. Other matters could be resolved directly with the agency

mission division involved, but with a single representatiye in charge
of all agency missions at the contractor level, effective control and

coordination of significant program actions was assured.

(U) As far as the LACROSSE program was concerned, the aforementioned
policy was partially implemented on 3 August 1958, when Herbert R. Kelley
was designated as the SXR at Martin's Orlando plant and transferred from
the ARGMA Industrial Division to the Control Office. Other agency liai-
son personnel stationed at the plant were transferred from their respec-
tive mission divisions to the Control Office and placed under direct
supervision of the designated SXR, effective 19 October 1958. The
LACROSSE liaison staff assigned at that time are listed below (by name,
title, and grade).29

Paul C. Noller, Guided Missile Engineer, GS-12
Charles H. Laney, Jr., Guided Missile Technician (Elect), GS-11
James L. McKinney, Guided Missile Technician, GS-11

Allen T. Smith, Guided Missile Technician, GS-11
Helen B. Statz, Clerk-Stenographer, GS-4

Jack D. Abercrombie, Ordnance Engineer, GS-11
Thomas M. Flanagan, Engineering Technician, GS-11
Adrian A. Wilson, Engineering Technician, GS-11
Josephine Keeton, Clerk-Stenographer, GS-4
(U) Both the LACROSSE liaison staff and operating policy remained
essentially unchanged until the fall of 1960. Paul C. Noller succeeded
Herbert Kelley as Acting SXR at Martin-Orlando in August 1960. A few

weeks later, operational control of agency field offices was transferred

28. (U) ARGMA Circular 7, 28 Jun 58. For full text of this directive
and details on other aspects of the new control system, see ARGMA Hist
Summary, 1 Apr 58/30 Jun 58, pp. 32-46 and 142-43.

29. (U) Disposition Form (DF), ARGMA Control Ofc to Chief Civilian
Personnel Ofc, 30 Jul 58, subj "Transfer of Senior ARGMA Representatives."
Also see DF, ARGMA Control Ofc to SXR Glenn L. Martin Co., Orlando, Fla.,
undated, subj "Transfer of Personnel."”
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from the Control Office and again relegated to mission division level.
Under the revised policy, operational control of SXR offices was vested
in the mission division having primary responsibility for the weapon
system involved. Liaison personnel were still appointed by the Agency
Commander and they were still assigned to the respective contractor
plants under direct supervision of a single SXR, as before. But the
formulation of new policy or resclution of policy conflict was no longer
handled or coordinated at agency staff level. All policy matters were
channeled to the appropriate mission division chief for staffing and
coordinated agency decision; other routine matters were resclved through
direct contact with subordinate elements of mission operations concerned.
This new procedure was implemented on 19 September 1960, when the func-
tions and personnel of the Orlando field office were transferred from

0
the ARGMA Control Office to the Director, Industrial Operations.3

(U) The absolute centralized control thus lost under the revised
policy was supplanted, in part, by a commodity management procedure
which had been established and implemented earlier in the year. This
procedure was designed to provide the Agency Commander with the
supplementary control, coordination, and monitorship necessary to assure
integrated commodity managership. The system consisted of individual
weapon system teams composed of one member from each of the mission
operations and one Control Office member who served as team chairman.
Members of the LACROSSE Weapon System Team included George E. Woodward,
Chairman; Major W. R. Morrison, R&D Division; Mr. L. N. Hightower,
Industrial Division; and Chief Warrant Officer E. J. Gonsalves, Field

Service Division.

(U) Actually, the revised management policies effected in 1960

were too late to influence the LACROSSE program one way or the other.

30. (U) ARGMA GO 45, 25 Aug 60; Ltr, Lt Col B. H. Schimmel, Chief
ARGMA Control Ofc, to Acting Senior ARGMA Rep, The Martin Co., Orlando,
Fla., 31 Aug 60, subj "Transfer of SXR Functions'; and ARGMA Circular
600-1, 19 Sep 60.

31. (U) ARGMA Circular 1-2, Agency Commodity Coordimation, 12 May
60.
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Cancellation of the MOD I effort the year before had caused the
withdrawal of Marine Corps support, and by late 1960 the LACROSSE
program had been reduced to a terminal, buy;éut status. None can say
for certain whether the course of the LACROSSE program would have
changed if AOMC management policies had been inforced several years
earlier. However, it can be said with reasonable certainty that a
more dynamic management system in the 1951-57 period could not have
done the program any harm, and possibly would have saved the Army much

embarrassment and the taxpayers a few dollars.




W_ | 45
L1

“u
I11. (%) DEVELOPMENT OF THE LACROSSE I PROTOTYPE (U)

“ .
527 Introduction (U)

(U) As mentioned earlier, preliminary LACROSSE development actually
began with an intermediate program at Cornell under Army Ordnance Con-
tract ORD-11 in July 1950. This interim phase, completed early in 1951,
was limited to further investigation of systems selected in previous
studies under Navy contract and to development, through the breadboard
stage, of the items required for a guidance system test. Having
reaffirmed the technical feasibility of the proposed STEER* guidance
scheme, Cornell recommended that full effort be applied to the develop-
ment of a missile system based upon the STEER and STEER-1 concepts—the

latter using accurate radar tracking in lieu of optical tracking.

(U) Formal development of the LACROSSE system was initiated in
February 1951 under Contract DA-30-115-0RD-47.2 The R&D program
proceeded under the assigned DA priority of 1B until mid-1952. The

Ordnance Technical Committee accorded it 1A priority on 31 July 1952.3

};;f The initial hardware phase embraced a series of pilot-monitored
flight tests using breadboard components of the basic STEER guidance
system. These tests, completed in November 1951, successfully demon-
strated the operational feasibility of the guidance system through
closed loop type airplane flights. The tactical LACROSSE I system was
subsequently developed and field tested in three successive stages, as

follows:

L(
1. 995 The Group "O" program used air-launched LARK (RV-A-22) test

vehicles to evaluate the terminal guidance accuracy of the system.

* (U) Sight Tracking, Electronic Equipment Ranging.

1. (U) See above sections dealing with analyses of feasibility
studies and with the interim Army program. Also see Document 3 for
full text of recommended development program.

2. (U) See Footnote 26, p. 19.

3. (U) OICM Item 34373, "Rocket Branch Projects - Assignment of
Priorities,” 31 Jul 52. Also see Footnote 20, p. 17.
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Eight modified LARK airframes, equipped with LACROSSE command and con-
trol equipment, were air-launched from a B-26 airplane and guided to the

target by ground equipment. This stage was completed on 19 January 1954.

2. ﬁéﬁ The Group "A'" program used the LACROSSE missile and guidance
station to demonstrate complete system performance and accuracy. It

included 15 flight tests at WSMR and was completed in December 1955.

u
3. (€) The Group "B" program used the Group "A" missile with
experimental prototypes of tactical guidance equipment to further
evaluate system performance and accuracy. It included six flight tests

and was completed in September 1956.

(U) Transfer of technical responsibility for the LACROSSE system
to the Martin Company was started in 1956, concurrent with the Group B
test program. After transfer of technical responsibility to Martin,
Cornell's effort was reoriented toward R&D on items which would improve
and extend the weapon system capabilities. In January 1958, the funding
of LACROSSE effort at Cornell was changed to the extent that a second
contract (DA-30-115-ORD-908) was granted, in addition to the basic
contract (ORD-47). These contracts ran concurrently until December 1958,
when the basic contract was terminated. Supplemental studies were con-
tinued under the second contract. Figure 6 depicts the funding of
LACROSSE from FY 1950 to the termination of activities under Contract

ORD-47 in December 1958.4

é@i Evolution of Weapon System Requirements (U)

;%5 From the inception of the program to 1951, the contractor was
guided by the restrictive and somewhat arbitrary weapon system specifi-
cations established by the Marine Corps in 1947,* Early in 1951, the
Marine Corps Project Officer for LACROSSE, stationed at 0CO, developed
a paper which embodied both Marine Corps and contemplated Army require-

ments. This paper, entitled "Ordnance Corps Development Instructions

* (U) For full text of original MC's, see Document 1.

4. (U) Sacher, R. E., Report BE-745-T-149, op. cit., pp. 8-11, 228.
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for LACROSSE Surface-to-Surface Close Support Guided Missile System,
XSSM-A-12," presented broad objectives for the missile system and served
as a guide to the developing agency. Significant changes from the
original requirements included an increase in warhead weight to.500
1bs., and an increase in minimum range from 1,000 yards (922 meters) to

6.67 kilometers required and 3.33 kilometers desired.5

jéﬁ By January 1953, LACROSSE development had progressed to a point
where the major elements of the weapon system were defined and it was
possible to formulate definite Ordnance Corps development instructions.
The revised instructions stipulated for the first time that a solid
propellant rocket motor would be used. Solid propellants were considered
much eagier to handle in the field and the logistics necessary to
accommodate a solid propellant motor were much less complex than for
liquid propellants. Another major change was an increase in maximum
required missile range from 16,000 to 20,000 meters, and an increase in
maximum desired range from 25,000 to 30,000 meters.6 The observer's
equipment was to consist of not more than six (6) individual items, each
item weighing not more than 50 1lbs.; all items to be integrally mounted
on the guidance station vehicle but capable of being rapidly dismounted
and carried for operation elsewhere. (Under the original specifications,
observer's equipment was to weigh not more than 150 lbs.; 7 loads not

more than 25 lbs. each.)7

A
;sf The Army Equipment Development Guide, 3 May 1954, stated the

. . . s s 8
following requirement for a close support guided missile system:

u

CS$ There is a requirement for a surface-to-surface guided
missile system with a maximum range of the order of 30,000
yards for the specific purpose of supplementing field
artillery fires for precision destruction attack with
decisive power on appropriate targets. The basic design
of the weapon system to fulfill the above requirement,

(U) LACROSSE Blue Book, op. cit., p. 8.
(U) Ibid. ,
(U) Sacher, R. E., Rept BE-745-T-149, op. cit., pp. 11-12.

O ~ ™

(U) LACROSSE Blue Bock, op. cit., p. 9.
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however, should be such that atomic and optimum frag-
mentation warheads may be adapted to the missile for
employment in a general support role if such a concept
evolves at a later date.

(U) In compliance with a directive from the Continental Army
Command (CONARC), Board No. 4, Fort Bliss, Texas, prepared the MC's for
a close support guided missile system in April 1955. Most of the techni-
cal guidelines furnished in the Ordnance Corps Development Instructions,
as revised 19 November 1954, were included in the CONARC statement of
MC's. Pending final DA approval, the MC's outlined in the CONARC

document were used as a guide in development of the LACROSSE system.

;&f The first formal statement of MC's for the LACROSSE missile
system was approved and published in OTCM Item 36066 on 19 January 1956.
The basic performance requirements set forth in the Ordnance Corps
Development Instructions were retained. However, these MC's included
a requirement that the basic design of the system be such that atomic
and optimum fragmentation warheads could be adapted to the missile,
permitting employment of the system in a general support role. This
extension of use affected, primarily, the maximum guidance range. The
new requirements for guidance ranges were as follows:

1. 636 Maximum Guidance Range - when using internal target survey

unit data: required, 5,000 meters; desired, 8,000 meters.

2. (£} Maximum Guidance Range - when using external target data:
required, 15,000 meters; desired, 20,000 meters.

3. 635 Minimum Guidance Range: required, not more than 250 meters;
desired, as short as possible consistent with other consider-
ations of the system.

b1 PR . . .

(23 With the extension of guidance ranges, the required accuracy of

the system was changed to specify a Circular Probable Error (CPE) of 5
meters at 5,000 meters guidance range, and a CPE of 30 to 40 meters at

an extended guidance range of 20,000 meters.

124
(26 The maximum missile ranges remained the same as stipulated in

the revised development instructions of January 1953; namely, 20,000

9. (U) Ibid.
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meters required and 30,000 meters desired. The required minimum missile

range was increased from 6,670 meters (or 6.67 kilometers, as stated in

1951) to 8,000 meters.

92) The specifications for warhead development gave first priority
to a shaped charge or other penetration type capable of penetrating a
minimum of six feet of reinforced concrete at 60° obliquity or 12 feet
at 0° obliquity. Development of a practice warhead for training

purposes was accorded second priority,lo

;éj The statement of MC's for a Close Support Artillery Guided
Missile System had been in effect less than three months when the
Department of the Army reclassified the LACROSSE as a General Support
Field Artillery Guided Missile System and placed a new priority on the
use of warheads. The DA directive, issued on 10 March 1956, placed
LACROSSE warheads in the following order of priority: atomic; controlled

fragmentation; and shaped charge.,11

éé) The revised MC's reflecting the expanded tactical mission of
the LACROSSE system were finally approved and published on 13 June 1957.
The General Support Field Artillery Guided Missile System was to be
employed as corps artillery in general support and reinforcing roles
against appropriate personnel and materiel targets, including heavy
fortifications. The system was to be capable of delivering accurate
close support fire and have the general support mobility to permit
tacﬁical employment similar to that of medium artillery. To insure a
high degree of mobility and flexibility of operations in certain tactical
situations, it was to have the capability of being transported by heli-
copter. Under the new operational concept, the forward observer sections
would be organized and equipped to work in conjunction with division
artillery in support of airborne, infantry, and armor units. All forward
guidance equipment was to be man-transportable and each section capable

of operating either dismounted or from a 1/4-ton truck.

10. (U) OTCM Item 36066, "Close Suppert Artillery Guided Missile
Statement of Military Characteristics," 19 Jan 56. See Document 7.

11. (U) Supplement I to LACROSSE Blue Book, op. cit., p. 3.
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;35 To satisfy the operational requirements of the expanded tactical

mission, it was necessary to modify certain performance characteristics
of the LACROSSE weapon system. Among these changes were substantial
increases in required missile range and in the extended guidance range.
The maximum required missile range was increased from 20,000 to 30,000
meters, and the maximum desired range from 30,000 to 35,000 meters. The
required maximum guidance range (using external data) was increased from
15,000 to 20,000 méters, and the desired range from 20,000 to 35,000
meters. System accuracy specifications called for a CPE of two (2) to
five (5) meters at 5,000 to 8,000 meters guidance range, and a CPE of

30 to 40 meters at extended guidance ranges of 20,000 to 35,000 meters.l2

;é? These changes in LACROSSE performance requirements, coupled

with the production effort stretch-out and delayed release of FY 59
production funds, led to a slippage of some four months in the Ordnance
Readiness Date (from December 1958 to April 1959). It should also be
noted that the initial effort associated with the extension of system
performance commenced in the 1956-57 period while the phased transfer
of technical responsibility was in progress. This not only amplified
the difficulties normally encountered during the transition period, but
also contributed to delays in solving key technical problems. As will
be noted . in:thé-next chapter, the LACROSSE I Service Tests began in
July 1958 and were suspended four months later, along with production
activity, because of serious weapon system deficiencies. The resulting

delay was responsible for another program slippage, this time to July

'1959. This Ordnance Readiness Date was actually achieved after a total

slippage of twelve months. Yet, the LACROSSE system issued to Army
units fell short of required performance capabilities in a number of
areas. The MC's established for a general support field artillery

weapon system were never completely fulfilled.13

12. (U) OTCM Item 36527, General Support Field Artillery Guided
Missile System - LACROSSE - Revision and Restatement of MC's, 13 Jun
57. See Document 8.

13. (U) Fact Sheet, "LACROSSE Ordnance Readiness Dates,' prepared
by ARGMA Control Ofc. Also see ARGMA Hist Summaries: Jan-Jun 60, pp.
98-102; and Jul-Dec 60, pp. 120-24
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éé) Demonstration of Guidance System Feasibility (U)

iéf During the 1951-53 period, the effort at Cornell was principally
concerned with the development and field test of LACROSSE guidance com-
ponents. From the very outset of the program in 1947, Cornell engineers
had recognized that the achievement of the required guidance accuracy
would be their most difficult problem. After considering a number of
possible guidance schemes they concluded that the STEER system could be
developed to meet or exceed LACROSSE specifications. While these early
investigations were not sufficiently thorough to positively preclude
that a better system might be conceived, the current state of the guided
missile art indicated that development of a more effective system within
the same time and cost would be highly improbable. Cornell thus recom-
mended in March 1950, that development of the STEER guidance system be

. . . 1
commenced immediately, rather than search further for "an ideal system." 4

LES The transition of LACROSSE from a feasibility study to a hard-
ware program occurred with the initiation of Project STEER in July 1950.
During this interim program, completed in February 1951, Cornell conducted
further detailed studies of the STEER guidance scheme and fabricated
breadboard models of key components, including the command computer,
optical tracker, and radio link.15 Having thus reaffirmed that the
proposed terminal guidance scheme was technically feasible, project
engineers turned to the more exacting task of demonstrating the

operational feasibility of the system in actual field tests.

y
963 Pilot-Monitored Airplane Tests (U)

22) The prime objectives of this early hardware test phase were to
establish the operational feasibility of the basic STEER control and
guidance scheme, and to evaluate performance of the interim system

components. Cornell chose to do this by guiding an instrumented

14. (U) See sections dealing with studies conducted under Navy
contracts, Chap I. The operational concept of the STEER system is
described and illustrated on pp. 11-13.

15. (U) See section dealing with the interim Army program, Chap I,
p. 18. Also see Document 3.
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Beechcraft AT-7 airplane, which simulated the missile, along a pre-
determined flight path. Data on the aircraft's position in space were
obtained from an optical tracker and electronic Distance Measuring
Equipment (DME), and fed to a guidance computer which determined
position error with respect to the "control line."* The error signal,
transmitted to the airplane through a radio command link, was displayed
to the pilot by cross-pointers on the instrument panel. By maneuvering
so as to keep the cross-pointers at zero, the pilot attempted to reduce

the off-beam errors to zero, thus replacing the airborne servos.

(U) Using the stringent LACROSSE system MC's as a guide, project
engineers wrote tentative specifications for the various components in
the fields of electronic DME, the optical and radar trackers, and the RF
(Radio Frequency) command link. Since the ultimate goal of LACROSSE was
a military missile system, they had not only the objectives of STEER in
mind, but in addition the more acute problem of component suitability in
terms of size, weight, and reliability for the interim and prototype
missile systems. Realizing that the state of the art in these fields
did not fully meet the LACROSSE specifications, they decided in the case
of the STEER program to accept on-the-shelf components that would require

a minimum of modification by the manufacturer for qualification.

(U) As an expedient necessary for an early demonstration, a
Government-furnished MK-51 Gun Director was modified at Cornell to serve
as the optical angular tracker. Other items of Government-furnished
equipment (GFE) included a K-60 truck to house the ground station equip-
ment, an AT-7 aircraft, and an M-10 ammunition trailer. Air Associates
supplied an appropriately modified RF command link. The range or
distance measurement equipment (DME) used was the Hastings Company's

*k
(HICO) Raydist system, which had some limited field survey usage.

* In STEER Guidance, the '"control line" is a fictitious line ex-
tending from the target to the region where terminal guidance (or
forward observer) takes over control of the missile, the latter being
launched from a rearward position. The forward observer is supplied
with tracking, ranging, computing, and radio command link equipment.

*% (U) Also known by the code name HICO-DME. See identifying note on
p. 9.
UNCLASSIFIED
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(U) Preliminary evaluation tests  of the HICO-DME showed that the
equipment did not measure range with the consistency and accuracy
required, and that the calibration did not hold from day to day. Under
optimum conditions of propagation and equipment adjustments, a 25-foot
accuracy was obtained on the fine (500-foot) channel. inability of the
equipment to hold calibration forced the adoption of an in-flight
calibration technique, and the constant range error of about 500 feet
was accepted rather than incur the costs in time and equipment necessary

to improve performance.

u
(@) During the period 9 August to 19 November 1951, 11 pilot-

monitored flights were made, most of them including about seven test
runs. The duration of each flight was about two hours. The test locale
for the second and eleventh flights was near the Buffalo Airport; all
other flights were made at a Cornell-owned ten-acre site on the south
shore of Lake Ontario, near Wilson, New York. The Wright Air Develop-
ment Center provided theodolite services, including the instruments and
a technical crew for operating them. The hypothetical target was
located 2,500 feet off-shore at an altitude of 2,000 feet. Equipment
located on the ground consisted of the HICO-DME, the MK-51 optical
angular tracker (specially modified by Cornell), the interim computer,
the radio command link, and auxiliary communication equipment to
coordinate the tests. Carried in the Beechcraft AT-7 were the command
link receiver, electronic DME transponder, the pilot's cross-pointers,

and auxiliary communication equipment.

(U) The general opinion of those participating in the tests was
that the HICO-DME represented the weakest link in the STEER guidance
system. An analyéis of the test data showed that this equipment was
the largest source of error and that the miss distances recorded would
have been much less if the equipment had provided correct range. It
was concluded that STEER guidance was a "practical system' and, with
improved components, the over-all accuracy would meet reasonable

performance specificationso16 A table showing the general results of

16. (U) Cook, S. P., "Pilot Monitored Airplane Flight Tests of the
LACROSSE STEER Guidance System,'" CAL Rept Nr. BE-745-T-105, Jan 53,
RSIC. Also see Sacher Rept BE-745-T-149, op. cit., pp. 89-95.
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‘nach flight is presented in Document 9.

Zé) Group '"0" Program (U)

(U) The design phase of the Group O non-tactical prototype guidance
system actually began in late 1951 and continued until March 1953.
Field tests began in April 1953 and continued through late January 1954.
The level of effort for FY 1952-53 was established in January 1952. 1In
a memorandum to the R&D Board, the Assistant Secretary of Defense recom-
mended that the LACROSSE R&D program be funded for $3.7 million in FY
1952 and $3.2 million in FY 1953. Actual programs released for these
two years were $3.9 million and $4.0 million, respectively. But with
the austere funding of $3.1 million for FY 1954 effort, FY 1953 funds

had to be stretched out and the level of effort reduced accordingly.17

e}) Possibly contributing to the reduced funding decision were
comments and recommendations made during a conference on surface-to-
surface missiles (SSM) held at Fort Monroe, Virginia, late in April 1953.
The purpose of this conference was to review the current Army SSM pro-
gram, to develop a priority list of SSM projects,* and to make recom-
mendations as to the desirability of these projects for Army use.
Significant comments and recommendations concerning the LACROSSE

program are quoted below (underline supplied).

v
() . . . Technical problems include ranging and acquisition
of missile. The cost to date is 8.8 million dollars with
an estimated total cost of 20-27 million dollars. Handling
problems include heavy forward observer equipment. Mainte-
« nance is complicated. Limited employment foreseen.
() . . . Fourth priority - This missile will partially fulfill

a requirement . . . for a highly accurate close-support
missile. This project should continue on low priority
until feasibility of guidance system and components are

* (U) Including the CORPORAL, HERMES A-2, HERMES A-3, LACROSSE,REDSTONE,
and HERMES C-1—1listed in the order of established priority.

17. (U) LACROSSE Blue Book, op. cit., p. 7; and Letter, ARGMA Dep
Comdr to 0CO, 15 Jul 60, subj "House Committee on Appropriations -
LACROSSE," w/10 Incls (including Presentation ofi 'LACROSSE Development
and funding tables). Compl file of latter document in AT & Fld Arty
Weapon System Proj Ofc, Army Missile Command.
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demonstrated. The LACROSSE project should be terminated

as a weapons project. 1If the guidance system is success-
ful, project should then be reoriented to meet new require-
ment for a light weight inexpensive missile capable of high
accuracy with great destruction power utilizing forward
observer control.l8

(U) During the design phase of the Group O program, R&D effort was
focused on the selection of existing hardware that could be modified
for use in the program, the investigation of problem areas in existing
equipment, and the development of a field test program. Two basic
systems using STEER guidance were developed: an All Weather (AW) system
and a Fair Weather (FW) system. The latter system used some optical
components, while the AW system used only electronic components except
for observer-to-target ranging. Once the AW system was set up its
operation was completely automatic, in that the electronic DME and
angular tracker operated without manual assistance other than mohitoringg
The FW system, on the other hand, required a human operator to operate
the optical angular tracker. Each set of forward guidance station
equipﬁent included a tracker, a ranger (DME), and associated computers.
The command link between the guidance station and missile was designed

to operate with either system.

ﬁéj AW Forward Guidance Station (U)

633 Radar Tracking System. The AN/APG-26 radar, built by Dalmo

Victor under subcontract to Westinghouse, was selected as the interim
AW radar tracker on the basis of lightweight and ease of modification.
This radar was an X-band unit weighing 155 lbs. and using a 10-inch
rotating dish as a radiator. Its tracking accuracy was 4.4 mils in
azimuth and elevation. Modifications ccnsisted of converting the radar
from an active tracker to a passive tracker, and cutting off half of one
gimbal ring and substituting an 18-inch dish for the 10-inch dish, the

latter change increasing the tracking accuracy to 2.0 mils. The

18. (U) Ltr, Chief of Army Field Forces to OCO-ORDTU, et al.,
28 May 53, subj "Letter of Transmittal No 21-5-9." w/Incl: Memo for
Record, subj '"Minutes of Conference on Surface-tc-Surface Cuided
Missiles, Fort Monroe, Virginia, 22-23 April 1953."

UNCLASSIFIED




air-borne beacon selected for use with the AN/APG-26 radar was a modified

AN/DPN-12 free-running X-band pulse modulated beacon, designed by the

Pacific Division of Bendix Aviation Corporation.

'..(
(2J Radio Ranging Equipment. At the conclusion of the subcontract

with HICO, the ranging equipment still was not suitable for immediate
application to LACROSSE and several major problems were yet unsolved.
Among these were miniaturization of ground and air-borne equipment,
development of an output range transducer, and the determination of
accuracy performance of equipment. Consequently, Cornell placed a sub-
contract with HICO to conduct field tests of "range only" equipment and
perform necessary modification to obtain satisfactory operation in range
measurement, provide technical liaison during Cornell tests, and design

and construct a suitable range output transducer.

633 In view of the importance of electronic distance measuring
equipment, Cornell conducted a survey of DME manufacturers and obtained
a comparative evaluation of the various devices available. It was found
that Convair had under development suitable DME operating at 72 and 144
megacycles. Cornell gave Convair a three-month contract. for delivery
of DME similar to that already under development for the AZUSA system.
The ground station for this equipment was in a standard relay rack and
weighed about 600 1lbs. 1In this form it was not considered suitable for
ultimate LACROSSE use; however, it did represent equipment that could
be made available in a very short time. The only change required was
a shift of operating frequencies to 36.5 and 73 megacycles to make the
ground equipment compatible with antennas already built into the test
vehicle airframe. Because Convair was not interested in further
LACROSSE work-—namely, the redesign of equipment for LACROSSE
application—Cornell gave fhe Cubic Corporation a subcontract for

further DME development.

;35 The Group O DME was similar in design to the original Convair
equipment. Its operating frequencies were changed to 44.8 and 89.6
megacycles to be compatible with the radio frequencies allocated the

LACROSSE project at White Sands Missile Range. To meet the time
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schedule for the Group O firing program, Cornmell had to accept the Cubic

Corporation equipment before all specifications had been met. The
"debugging'' and final engineering of this set of equipment was done by
Cornell engineers. Five transponders for use in the control test
vehicles were received as part of the Cubic contract. Cornell selected
Sylvania Electric Products, Inc., as the production subcontractor for

the remainder of the transponders required for the Group O program.

(U) AW Computer. The AW computer for use with the AN/APG-26 radar
tracker and DME was developed by Professor W. E. Meserve, of Cornell

University.

¥
526 Command Link. The Collins Radio Company developed command link

equipment for missile control under subcontract to Cernell. The Collins
standard AN/ARW-55 transmitter and AN/ARW-59 air-borne receiver were

used with new modulator and demodulator units to provide two proportional
channels and six "on-off" channels of information. This equipment

proved to be very satisfactory. It was used not only in the Group 0
program, but also without change in the Group A program which followed.
In redesigning the Forward Guidance Station (FGS) equipment for proto-
type use, the Federal Telecommunicaticns Laboratory (FTL) repackaged the
original Collins design, adding the required circuit fer continuous wave

(CW) ranging.

éés FW Forward Guidance Staticn (1)

625 Optical Tracker and Ranger. An optical system was originally

selected for angular tracking of the missile for a FW system because

the errors inherent in such a system were generally less than errors
resulting from the then current radar angular tracking systems. Optical
tracking also offered a virtually jam-proof system, while radar was
susceptible to jamming by the enemy. In the course of investigating
optical trackers and distance measuring equipment, Cornell found that
the Farrand Optical Company, Inc. (FOCL) had developed, under a Navy
contract, a pulsed light range finder which operated by measuring the
transit time of a light pulse from observer to target and return. It

appeared possible to use the distance measuring equipment to measure

EE—
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target range initially, and Tﬁ h@ﬁ%inue with the missile
A ¢

tracking and ranging assignment. Consequently, Cornell gave FOCI a

subcontract for a pulsed light range tracker and two computers—a

guidance computer for missile control and a rate prediction computer
for tracker elevation and azimuth drive. Specific functions of this
equipment were to provide for semi-automatic tracking of the missile,
whenever weather permitted; to measure continually and automatically
(by pulsed light technique) the range to the missile; and to compute

signals which would direct the missile along predetermined guide beams.

(U) Although the LACROSSE performance specifications required that
the system be capable of all weather operation, the fair weather
guidance system was developed on the basis that it would be ready for
field test operations in advance of the all weather system. The
operational limitations of the FW guidance system, coupled with the
development status of the optical tracker and the FY 1953 funding
restrictions, led to a decision in August 1953 to drop the FEvapproach
in favor of the all weather guidance system. At this time, three flight

tests had been made using the FW guidance equipment.

(U) Group 0 Control Test Vehicle

(U) Since it had been established in earlier studies that the
prototype LACROSSE missile would be a cruciform, winged type similar to
the LARK, it was decided to procure LARK airframes from the Fairchild
Engine & Airplane Company* for the Group Zero test program. These air-
frames were readily availabde and could be modified to simulate the
LACROSSE missile. The major work required was installation of LACROSSE
guidance and telemetering components. Aerodynamic control in pitch and
yaw was by flaps on the vertical and horizontal wings, respectively;
roll control was by flaps on all four ruddervators. A cut-a-way drawing

of the LACROSSE Group Zero Vehicle is shown in Figure 7.

(U) The Army requested that the unpowered RV-A-22 test vehicle be

made ready for air drop tests with a minimum of design effort.

* (U) See note relating to t’e_}%ﬁﬁ%wn p. 8.
UNCLASSIFIED
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Environmental conditions were relaxed, since very low levels of vibration,
shock, and accelerations would be seen by the missile except for the
short time at pitch down. This was important since it permitted the use
of off-the-shelf items for the power source and gyros; and the remaining
flight equipments did not have to be developed to a high state. The
object was to get a controllable missile having the necessary perfor-
mance with a minimum of effort and time. For later missiles, however,

it was recognized that high performance and size reduction, rather than
moderate performance coupled with best availability, would be the

objective.

w Group Zero Test Program (U)

(U) The basic objectives of the Group Zero test program were to
demonstrate conclusively the feasibility of the proposed terminal guidance
system and to study the operation of the various guidance system com-
ponents from the viewpoint of their ability to meet the required accuracy

and performance specifications.

(U) The LACROSSE terminal guidance phase begins at the point where
control of the missile is acquired by the guidance equipment at the
forward observer station. To separate the study of this phase from
dependence upon the launch and midcourse phases, the Group 0 plan was to
ferry an unpowered RV-A-22 test vehicle into the terminal region using
a modified B26 bomber. When, after release, the test vehicle had safely
cleared the aircraft, a dive command was given, and the resulting
maneuver brought the vehicle into the terminal path. Guidance along
this path to the target was thereafter maintained by control from the

forward guidance station.

(U) The White Sands Missile Range was selected as the base for

Group 0 tests partially because of the availability of hangar and

19. (U) The full story of LACROSSE Group 0 design effort is re-
corded in the following CAL Progress Repts, prepared by A. Ahlin, Asst
Guided Missile Coordinator: Rept Nr. BE-745-T-5, Jan-Mar52; BE-745-T-6,
Apr-Jun52; BE-745-T-7, Jul-Sep52; BE-745-T-8, Oct-Dec52; and BE-745-T-9,
Jan-Mar53, RSIC. Also see Sacher Rept BE-745-T-149, op. cit., pp. 63-86.
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maintenance facilities for the B26 aircraft at nearby Holloman Air Force
Base. Cornell made arrangements through 0CO for an assembly building
and range facilities at White Sands and for hangar and maintenance
facilities at Holloman. Components of the forward guidance station were
set up on a concrete pad located about 2,600 feet scuth and 1,500 feet
east of the target pole. The position in space of the test vehicle was

tracked by available theodolite stations in the range area.

(U) Between 24 April 1953 and 21 January 1954, eight RV-A-22
LACROSSE test vehicles were air-launched in the ¢roup Zero program,
three of them using FW guidance components and the other five using the
AW system. Original test plans called for a total of 10 flights;
however, Redstone Arsenal, 0CO, and Cornell jeintly agreed that the
results of the first eight flight tests had satisfied the program
objectives by demonstrating the accuracy obtainable with the terminal
guidance system. Flight testing of the last two rounds was therefore

postponed indefinitely.20

Y
LZj FW Guidance Tests. Of the three flight tests using FW guidance
components, two (S/N-1, 24 Apr 53; S/N-4, 10 Aug 53) were considered

essentially successful in over-all operation, though impact errors were

excessive.

éé) In the first test flight, the FW guidance components performed
very well from the standpoint of ranging, computing, and transmission of
command signals to the vehicle. Response of vehicle controls to command
signals was equally good. However, the vehicle velocity at release was
lower than preflight calculations had assumed, and the terminal guidance
control line erected to an angle lower than originally intended. Aero-
dynamic 1lift was insufficient for the vehicle tc acquire the control
line, with a resulting impact point 2,052 feet short and 372 feet south

*

of the target.

* 631 CAL engrs made these changes beginning with S/N-4: Vehicle center
of gravity moved back to 25% of mean aerodynamic chord to increase
maximum 1ift; vehicles released earlier with respect to control line
position to minimize overshooting the beam; an accurate calibration
of control line position made before each launching.

20. (U) sacher Rept BE-745-T-149, op. cit., pp. 99-110.
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Figure 8. Preliminary Check
at Bldg N-64, White Sands
Missile Range.
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LACROSSE S/N2 ATTACNED TO B-26 AIRCRAFT (Left-rear view)
Figure 10
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;E% During the controlled portion of flight, S/N-4 followed a
course closely approaching the ultimate objective of five meters CPE,
but a malfunction in the roll servo system at 16.7 seconds after launch
caused the vehicle to go out of control and it impacted about 1,200 feet

short and 300 feet to the left of the target.

;é) The other FW guidance test (S/N-3 on 17 Jun 53) was marred by
a wiring discrepancy in the servo valve control coil. The %ésulting
divergent control system caused the vehicle to turn sharply and dive,

impacting far short and to the left of the target.21

“
963 AW Guidance Tests. The five flight tests using the all weather

guidance components culminated in a convincing demonstration that the
LACROSSE terminal guidance system would meet performance requirements

of the tactical weapon. Vehicle S/N-6, air-launched on 19 October 1953,
was the one and only flight in which the terminal guidance system

failed to achieve closed loop control, the AW tracker losing the missile
about one-half second after release. In two of the tests (S/N-2 on

10 Jun 53 and S/N-5 on 21 Sep 53), the control system was able to over-
come certain operational difficulties and return the missile to the Qggf
vicinity of the control line, with resulting miss distances of 9 yardg
and 47.8 yards, respectively. But the real proof of control system
capability came with the flight test of S/N-8 and S/N-7, in January 1954.
Although a four-second launch delay caused S/N-8 to overshoot the control
line by about 600 feet, the control system recovered completely with
only five seconds of flight time remaining and achieved a radial miss
distance of 6.5 yards. The last flight was a complete success, with a

radial miss distance of 6.8 yards.22

)
;63 Summary and Evaluation (U)

21. (U) Orlando, P. J., "Flight Test of Air-Launched LACROSSE
RV-A-22, Serial No. 1," Mar 54, CAL Rept BE-745-T-109; and Smith,
Robert, Flight Tésts of RV-A-22 Missiles S/N-3 thru 8, 24 Aug 55, CAL
Rept BE-745-T-122, RSIC.

22. (U) Smith Rept BE-745-T-122, op. cit:; and Orlando, P. J.,
Flight Test of RV-A-22 §/N-2, Jun 54, CAL Rept BE-745-T-110, RSIC.

Also see Document 10.
Q!!QEJ5§§ﬂfl§£l'ij N
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SE% From the very outset of this program, Ccrnell engineers realized
that perfect performance could not be expected from the Group 0 system.
They believed, however, that the experience necessary to specify what
was actually required for a tactical weapon system could be gained only
by working with the equipment and by means of actual flight tests such
as the Group 0 series. From this viewpoint, the LACROSSE Group 0 program
was very successful and certainly worthwhile, for it not only proved that
ground guidance of a missile with a high degree of accuracy was techni-
cally feasible, but also provided the experience and technical data
necessary for selection cf a practical missile system to fulfill LACROSSE
requirements. Significant conclusions and recommendations for system

improvement were as follows:

1. dé} Radar Tracking. Test data showed that sufficient tracking

accuracy at X-band could only be achieved at the expense of a large
parabolic antenna. Since it was essential that the size and weight of

the tracker be held to a minimum, the use of K, band was recommended.

2. ;2% CW Ranging. Though not proved by actual field test,
analysis showed that a higher degree of ranging accuracy could be
expected by changing the DME carrier from a 44.6 - 89.6 mc frequency
doubling system to a 420 - 450 mc off-set system. At higher frequencies
and with more directional antennas, the multipath propagation possibly
would be reduced. 1In addition, this frequency was more acceptable to

the military.

3. gz% Guidance Computers. While the use of an analogue computer
without resolver boosters was attractive in terms of increased relia-
bility and lower power requirements, temperature and loading effects
resulted in zero drifts which made this practice unsuitable for LACROSSE

. . 23
application.

$§k Design of the LACROSSE Prototvpe System XSSM-A-12 (U)

QE% This phase of the LACROSSE R&D program embraced the design,

development, and demonstration of the pre-production LACROSSE I prototype

23. (U) Sacher Rept BE-745-T-149, op. cit., pp. 114-15.
UNCAASSIHED -
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system, including target location, 1aunchiﬁé; missile control to the
point of acquisition by the forward observer (midcourse guidance), and
terminal control onto a ground target. The first prototype model of the
tactical system* evolved from two specific design groups. The Group A
experimental system, designed and built by Cornell, represented the
first complete set of LACROSSE equipment. It had the characteristics of
a performance demonstration model and was not properly packaged for
tactical use, but all elements of the tactical system were accounted for
functionally. The Group B program represented the interim step from
Group A to tactical LACROSSE I development, in which packaging require-
ments, ruggedness, ease of maintenance, and lightweight wefe giveh
primary emphasis. The objective of this interim program was to establish
the accuracy of the second generation guidance equipment (pre-production
tactical model) in guiding the missile to a pre-selected target. Basi-
cally, the Group B missiles were Group A test vehicles with LACROSSE 1

terminal guidance components incorporated.

&3 Program Plans and Schedules (U)

(Ek In planning for full-scale development effort, Cornell
recognized that a considerable quantity of research equipment would have
to be built and tested. 1In mid-April 1953, when Group 0 tests were just
beginning at White Sands, Cornell submitted to OCO a proposed R&D flight
test program, together with a plan for phasing in the co-contractor.

The R&D test program proposed at that time consisted of 25 Group A
firings (as follow-on research vehicles to Group 0) and about 15
LACROSSE I tactical prototype firirdgs, all to be completed by the middle
of CY 1956. To carry out this program, Cornell requested $5.0 million
for FY 1955 and $10.0 million for FY 1956. The proposed co-contractor
plan called for selection of the contractor by January 1954 and transfer

of technical responsibility for the project by January 1956.24

Q
(@Y Following a DA Staff review of the LACROSSE Project at Cornell

* (U) Designated as the LACROSSE XSSM-A-12 (Experimental Surface-to-
Surface Missile, Army--).

24. (U) LACROSSE Blue Book, op. cit., pp. 12-13.
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Laboratory, the Assistant Chief of Staff for Logistics (ACS/G-4) recom-
mended in December 1953 that the experimental guidance system be con-
clusively demonstrated before cbligating the $5 million requested by
Cornell for FY 1955, and that the $10 million requested for F¥ 1956 not
be obligated until Group A flight tests provided conclusive evidence
that the LACROSSE I would fulfill accuracy objectives. The condition
specified for release of the FY 1955 funds presented nc immediate
problem, for the terminal guidance accuracy of the experimental (Group
0) system was successfully demonstrated in the last two firings during
January 1954, as noted above. A few weeks later Cornell commenced
design work on the tactical LACROSSE 1 system and prepared to begin the
series of Group A firings at White Sands early in August 1954. Funds
actually obligated for the FY 1955 R&D effort amounted to $5.937 million.
Because of major program changes effected during the spring of 1955, the
R&D funds allocated for the FY 1956 program were cut from the requested
$10 million to $4.3 million, with an additional $2.210 million in

-

*
PEMA/S funds for initial production engineering effort.23

;37 During the early part of FY 1955, a minor slippage occurred in
the original schedule for delivery and flight testing of the 40 R&D
missiles (25 Group A and 15 LACROSSE 1), because of problems encountered
in preliminary checkout of Group A test equipment and the delay in
selection of the co-contractor. The first Group A R&D test firing took
place at White Sands on 17 August 1954. Some three months later, the
RSA-CAL survey of prospective contractor companies ended with a recom-
mendation that the Glenn L. Martin Company be chosen as the new R&D
co-contractor. By the time contract negotiations were completed with
Martin in the spring of 1955, Cornell had essentially completed the

design of the tactical LACROSSE I prototype and had test-fired seven of

* (U) Procurement of Equipment and Missiles, Army/Support.

25. (U) Ibid., p. 11; Sacher Rept BE-745-T-149, op. cit., p. 209;
and Incl to ARCMA Ltr, 15 Jul 60 (see fcotnote 17 above).

UNCLASSIFIED. -
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' 635 Meanwhile, Redstone Arsenal learned that the over-all FY 1955
bucy.t, prepared as of 11 October 1954, had been reduced and that
LACRYN.SE R&D funds would have to be conserved. As a result, Redstone
submiitﬁd a new program schedule whereby R& (Cornell) would only build
the resairch vehicles and allied equipment and the new co-contractor :
would bu:ild the first tactical prototypes, which would then be allocated
to R&D for flight testing and evaluation. This approach eliminated the
15 LACROSSE I missiles which Cornell had originally planned to build,
and the number of Group A research vehicles to be fabricated by Cornell
was later reduced from 25 to 18. (One of the latter vehicles was held

for laboratory use and two were reassigned to the Group B program.)

Y
(25 The first official LACROSSE Weapon System Plan (Figure 11) was

. *
piblished by Redstone Arsenal on 25 March 1955. It depicted project

scheduling through 1958, including 50 LACROSSE I missiles and 4 sets of
»round equipment to be built by the Martin Company and an Ordnance
keadiness Date of July 1958. By the end of FY 1955, three contracts
totaling $13,692,643 (including a fixed fee of $951,850) had been
awarded the Martin Company, as follows:27

1. ;E& Contract DA-36-034-ORD-1892, 1 Apr 55, $699,982, for

research,development, design, fabrication, and evaluation of LACROSSE
Guided Missile System; delivery period, 1 Apr 55 to 31 Dec 55.

2. (ET Contract DA-36-034-O0RD-2000, 31 May 55, $4,934,074, for
Phase II Product Engineering Study on LACROSSE I Missile; deilivery
period, May 55 to May 57.

* (U) Subsequent revisions in this weapon system plan were primarily
concerned with the industrial program and will be discussed in the
chapter dealing with that subject.

26. (U) LACROSSE Blue Book, op. cit., pp. 13-14 & 35; and Sacher
Rept BE-745-T-149, op. cit., p. 209. Also see: Lein, H. S., "Quarterly
Progress Report - Project LACROSSE, July-September 1954," 15 Oct 54,
pp. 20 & 22, RSIC. The latter report hereinafter cited as: Lein Rept
BE-745-T-15.

27. (U) Incl to ARGMA Ltr, 15 Jul 60, op. cit.; Sacher Rept BE-
745-T-149, op. cit., p. 193; and LACROSSE Blue Book, op. cit., pp.
13-14 & 82-83.
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3°/£2% Contract DA-36-034-CRD-2013. 1 Jun 55, $8.058,587, for
delivery of 50 LACROSSE I Missiles and associated equipment; delivery
period 1 Jun 55 to 30 Nov 57.

@E% The R&D flight tests of Martin-built LACROSSE I prototypes were
originally scheduled to begin concurrently with termination of Croup A
tests. However, because of the necessary production lead time, the
first LACROSSE I missile could rot be delivered urtil June 1956. To
bridge the gap between availability of the LACROSSE 1 guidance system
(January 1956} and the iritial LACROSSE I productiocn prototype {(June
1956) , the Group A missile test program was terminated with the 15th
firing in December 1955 and an interim Sroup B test program was es-
tablished. Ir additicn to providing the transition from the Cormell
field test program to Martir’s test program, the Croup B test series
would establish the accuracy of the pre-production LACROSSE 1 tactical

model ground equipmert in guiding the missile to preselected targets.

/;éﬁ The Cornell-Martin Croup 3 program included a total of six
flight tests at White Sands, using (‘roup A missiles with a LACROSSE I
guidance package. Twc of the six missiles were reassigned from the
f‘roup A test program and the other f:ur were fabricated by Martin from
Cornell specifications ard drawings. This interim Croup B test program

began on 29 March 1936 and cortirued through 2 September 1956028

&
gzﬁ Weapon System Emplcovmert Concept (¥

déf Since the immediate objective of the LACROSSE &roup A program
was to develep and test a complete system, the guidance equipment had
the characteristics of a performance demonstration model and was not
packaged for tactical wuzs. However, the missile and launcher require-
ments were sufficierntly defired to permit the development of a pre-
preduction tactical missile mobile launcher and missile shipping

container early in the program. Early aralysis of the missile loading

28. (U} Sacher Rept »E=745-7-149, op. cit., pp. 205-06 & 219; and
Szabo, W. J., "Quartarly Progress Report - Project LACROSSE, January -
March 1956," 15 Apr 56, pp. 9 & 53, RSIC. he latter document herein-

after cited as: Szab> Rept %E-*47-7-21.
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and launching problem showed that a missile battery consisting of four

active launchers and one spare could maintain a sustained rate of fire

of 12 missiles per hour.

d% The Forward Guidance and Observation Unit was packaged for
Group B (Group A type missiles with LACROSSE 1 guidance equipment) such
that nine man-packs were required when operated away from the Forward
Guidance Station (FGS) jeep. One officer and twelve enlisted men com-
prised the total complement of the Forward Unit. Mobile equipment
included three jeeps: one FGS, one radio jeep, and one cargo jeep with
trailer. Four men were required to set up the operating condition once
the equipment was in position, but only one man (the Power Supplies
Operator) had to remain with the equipment once it was readied for
missile firing. The tactics and technique of employment of the Forward
Guidance System were developed for three modes of target engagement:
direct observed fire; indirect observed fire; and indirect unobserved
fire. These applied to both the on-vehicle and off-vehicle modes of

equipment operation.

ﬁ;f Forward area test equipment for use with the FGS was "built-inf
where feasible and not separately housed, the single exception to this
principle being the beacon simulator. The Martin Company later
developed a Missile Automatic Checker capable of automatically checking
the operational readiness of the LACROSSE missile while on the launcher

on a simple go-no-go basis.29

d;f The Missile (U)

aéf Early missile design studies were centered around the develop-
ment of a subsonic configuration requiring the use of a liquid rocket
sustainer motor. However, it was soon apparent that the use of liquid
rocket propellants would involve a number of objectionable handling and
storage problems for which there appeared to be no satisfactory solution.
Realizing that the tactical operation of LACROSSE could be considerably

simplified if liquid propellants were not used, Cornell initiated flight

29. (U) Sacher Rept BE-745-T-149, op. cit., pp. 116-17.
1
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path and design studies towafeaﬁﬁggaSﬁheﬁé:of a missile configuration

suitable for use of solid fuelnpropellants.

;27 By the end of 1953, after two series of wind tunnel tests, it
was firmly established that the Group A missile would be a 500-pound
warhead carrier with a maximum tactical range of about 30,000 meters.
As finally developed and used in Group A flight tests, the XSSM-A-12
missile was of cruciform, swept wing configuration with interdigitated
wings and tails. The wings were fixed with respect to the missile body,
and the tails were all movable to guide the missile in pitch, yaw, and
roll. Attached to the missile body were four shoes which engaged the
launcher rails. Propulsion was provided by a single, solid propellant
rocket motor located in the rear of the missile body. A total impulse
of about 100,000 pound-seconds was delivered by the rocket motor over a
period of 2.8 seconds. Figures 12 and 13 show the construction details

of the major subassemblies making up the missile airframe. Major nominal

characteristics of the XSSM-A-12 missile are shown below.31
ééj Total Weight.......... ... .. ..... 2350 1bs.
Booster Fuel Weight............. 500 1bs.
(T52 integral booster)
Warhead Weight.................. 500 1bs.
Body Length.......... .o 19 ft.
Body Diameter........cccveuven.n 20.5 in.
Wing Spam. ... ..vieiiiiinenenns 9 ft.
Tail Span.......vviiiiiiiiiennnn 55 in.
Booster Thrust.........c..cov.n.. 38,000 1b.
for a nominal 2.8 sec.
Maximum Speed............... . ... 1400 ft. per sec.
Maximum Control Speed........... 850 ft. per sec.
Minimim Control Speed........... 400 ft. per sec.
Minimum Radius of Turn.......... 3500 ft.

U
’§27 Warhead Development (U)

£}5 In developing the LACROSSE warhead, the Ordnance Corps used a

30. (U) Ibid., p. 117.

31. (U) 1Ibid., pp. 124, 138; and Sacher, R., "Summary Analysis of
Flight Tests of LACROSSE XSSM-A-12 Group A Missiles," 15 Oct 57, CAL
Rept Nr. BE-745-T-137, pp. 10-12, RSIC. The latter document hereinafter
cited as Sacher Rept BE-745-T-137.

4 +
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relatively new approach. Normaily:'tﬁe warhead package for a missile

is designed by Ordnance to fit into a nose section designed by the prime
R&D contractor. This was not feasible in the case of LACROSSE, because
the warhead made up the complete nose section as an integral part of the
missile. Cornell therefore designed and fabricated the metal parts of
the warhead, including the shaped charge liner, and Picatinny Arsenal

furnished the explosives and tested the completed warheads.

dgf Since the LACROSSE was originally conceived as a weapon to
reduce strong points of resistance, the warhead receiving the highest
priority was a high explosive type incorporating a shaped charge at the
forward end. A cross section of the Type I (500-1b. pure shaped charge)
warhead design finally adopted in shown in Figure 14. Cornell fabricated
the first lot of eight nose warhead metal parts and shipped them to
Picatinny Arsenal for loading and subsequent testing at Aberdeen Proving
Ground (APG).

UNCLASSHHED
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9;8 Early in 1953, two of the loaded warheads were fired at APG to
demonstrate penetration capabilities. The target was a concrete pillbox
type structure. One of the warheads penetrated seven feet of wall, plus
13 feet of air, plus one-half inch of steel; the other, fired at 55°
from the normal, penetrated over 12 feet of concrete with some unexpended
momentum remaining in the slug. Accompanying these penetrations were
large amounts of thick dust raised in the pillbox, about a cubic yard of
rubble and bits of concrete thrown about from the spalling of the wall.32
In a later test at Aberdeen, the warhead was tested for penetration into
a simulated mass of concrete, the target consisting of five 7' by 7' by
4' reinforced concrete blocks. Penetration of nearly 13 feet (three
4-foot thicknesses and 11% inches of the fourth) occurred, and the entire

group of blocks was pushed forward about six or eight inches.33

ééf These and other similar tests showed that the destructive power
of the shaped charge warhead would meet LACROSSE requirements. But
before adopting the warhead, its useability in the field had to be
verified. In the late summer of 1953, two loaded warheads: of the con-
figuration being considered were safety tested. When dropped from
various heights up to 40 feet onto an angle iron, the warhead shells
ruptured but no low or high order explosion occurred. Bullet impact
tests, conducted with 30 caliber bullets, apparently caused no high order
explosion. Several single shot bullets and a tracer caused slight burning
and shell rupture. A burst of machine gun fire did cause an explosion
which destroyed the warhead. Tests with 50 caliber bullets caused a
partial explosion. From these tests it was‘éoncluded that the Type I

warhead design shown above was acceptable for field use.

o

gef Other types of conventional warheads, such as the Type 2
(shaped-charge-fragmentation combination) and the Type 3 (shaped-charge-
incendiary combination) were not developed since it was impossible to

establish firm requirements until the capabilities of such combinations

32. (U) Sacher Rept BE-745-T-149, op. cit., pp. 125, 155-56.

33. (U) Lein, H. S., "Quarterly Progress Report - Project LACROSSE,
October-December 1953," 15 Jan 54, CAL Rept BE-745-T-12, p. 60, RSIC.

UNCLASSIFIED = 340 g,
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were more firmly realized by experimentation. The Army Chemical Center
started development of a shaped charge warhead backed by incendiary

material, but sufficient funds were not available to complete the project.

éé) A change in the LACROSSE MC's te include the concept of a
general support weapon led to the requirement for an atomic warhead.
The initial feasibility study was made jointly by Picatinny Arsenal,
representing the Department of the Army, and the Sandia Corporation,
representing the Atomic Energy Commission in coordination with Field
Command, Armed Forces Special Weapons Prcject. Data gleaned from this
study indicated that it would be feasible toc use the LACROSSE missile
for delivery of three different warheads of varying yields. Development
of the warheads was done by the Sandia Corporation and ¢eneral Electric.
Cornell effort was directed toward the development of a method for
reduction of burst point dispersion by use of a "volume-in-space' con-

cept for "on target command" to armo34

;éf Fuzing System (U)

Qz% The T1405 fuzing system developed for the LACROSSE was a
combination of an electric point initiating, base detonation fuze and
a mechanical inertial base detonating fuze, with the necessary electrical
energy being furnished from the missile power supply. Both the mechani-
cal and electrical portions of the fuze are detonator safe and remain so
until armed through a radic command system. Arming time is under 0.5
seconds, and arming by radio command is rot possible until after five
seconds of flight. An acceleration actuated switch is used in series
with the command switch, thus preventing accidental arming of the warhead
fuze by spurious signals when the missile is on the launcher or during

early part of the flight.

92{ Included in the fuze program was the design and development of
a nose impact switch and warhead wiring system. The latter system con-
sists of an electrical lead from the radio command arming relay to the

fuze base element, a "hot" lead from the missile power supply to the

34. (U) Sacher Rept BE-745-T-149, op. cit., pp. 125, 156.
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fuze base element to energize the electrical detonator, and an electrical
circuit from the nose impact switch to the fuze base element. Picatinny
Arsenal developed the nose switch and wiring harness. Frankford Arsenal

had development responsibility for the base element.35

;E& Rocket Motor Development (U)

le The T-52 rocket motor used with the XSSM-A-12 missile was
designed and developed by Picatinny Arsenal. Aside from an apparent
grain weakness at certain temperature extremes, this rocket performed
satisfactorily in the field experimental program. However, it was
apparent that the T-52 motor would not meet performance requirements of
the ultimate LACROSSE I system. Cornell engineers voiced this opinion
during a conference at Picatinny Arsenal on 21 September 1954, shortly

after the first Group A missile firing.

ézs To provide a rocket motor which would meet LACROSSE I require-
ments, Redstone Arsenal entered into a contract with the Thiokol Chemical
Corporation on 26 May 1955 for initial development of the XM-10 motor.
This initial effort, costing $96,296, was completed early in 1956 and
12 of the XM-10 motors were statically fired in March. The results of
these static tests showed that the motor performance fell short of
established requirements in total impulse, allowable thrust variation
(from average), and ignition interval. A resonance condition also

occurred which was not eliminated.

s

Pursuant to decisions made during a rocket motor coordination
conference at Redstone Arsenal on 12 March 1956, work on the XM-10 motor
at Thiokol was reoriented toward development of a suitable tactical
motor to insure proper operational characteristics at low temperature,
and a product engineering effort on the T-52 E1 rocket motor was
initiated at Picatinny Arsenal as a backup program. The T-52 El motor
was to be used as an interim motor until a new one could be completely

proved.

35. (U) Ibid., p. 157.

36. (U) LACROSSE Blue Book, op. cit., pp. 14, 82, and Supplement 1
thereto, p. 7. Also see Szabo Rept BE-745-T-21, op. cit., pp. 57-58.
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(@) Forward Guidance Station (L)

gz% Angle Tracker. Procurement of a suitable angle tracker started

in late 1950 with the writing of preliminary specifications for a CW
radar operating in the K-band, havirg an 18-inch dish antenna, and
weighing about 100 pounds. In reviewing these specifications with
leading radar manufacturers, Cornell found that most companies were
reluctant to attempt building such a tracker on the time schedule pro-
posed. One of the companies contacted, the Federal Telecommunications
Laboratories (FTL), was already working on a K-band radar and had knowl-
edge of a British 0.86 cm magnetron with a reputed output of 9-10 watts.
Cornell thus awarded FTL a subcontract for development of the prototype
angle tracker. Development of the 5789 magnetron operating at 0.86 cm
by Sylvania Electric Products assured a multiple source for the beacon
magnetron. Although early work was done on both the pulse and CW

systems, the pulse system was finally selected.

/zéf The beacon and tracker units were designed as an angle tracking
system capable of measuring both elevation and angles to an accuracy of
+1mil at low tracking rates and of operating at ranges from 250 meters
up to 25,000 meters. The LACROSSE tracker was of the conical scan type,
which senses and tracks the angle of arrival of missile-beacon trans-
mitter pulses. Acquisition is accomplished within five seconds after
the missile appears within the 20° cone scanned by the acquisition horn
antenna, and tracking thereafter is continued within the specified
accuracy to within 1° of the horizon. The tracker was equipped with a
monocular to aid in sighting the target and aiming the antenna within
an accuracy of + 0.3 mil. Also, a mechanism was included to allow
leveling the tracker to within 0.5 mil whether the operating site was
on level ground or on a 20° slope. The beacen and tracker units were
capable of satisfactory operation under the various environmental
conditions specified for the airborne and ground-based LACROSSE equip-

ments.

2
jﬂf In general, the above specifications for the Group A tracker

were similar to those for the CGroup ® program. Differing primarily were
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the known and controlled test conditions at White Sands (such as simple

trajectory, reduced temperature, humidity and altitude problems, size
and weight tolerances), which allowed compromises in the design and
operation of the Group A equipment. The tactical requirements and
features, as applied to the Group B equipment, account for the signi-
ficant design differences. The major changes were mechanical, electrical
modifications being incorporated where substantial improvements in
accuracy, ruggedness, and reliability could be assured.37 A brief

account of design changes made in the Group B tracker is presented below.

1. (€) The narrow beam, parabolic antenna employed a front-type
feed mechanism. This assembly was smaller and more rigid, and permitted
the use of a higher scan frequency; namely, 60 cycles per second (cps)

instead of 35 cps.

2. ;37 The higher scan frequency not only led to the simplification
of filters, detectors, etc., but also generally improved the servo

system operation.

3. g;%'The squint angle of the '"dish'" antenna was changed to
increase the depth of scan or error signal modulation about 3 decibels

(db) at a 1 mil off-beam pointing angle.

4. ;éﬁ A British Type VX-5023 klystron was used in place of the
QK-406 because of its frequency stability and low current demand. The
lower current demand allowed a reduction in size and weight in the
klystron power supply. A new thermostatically controlled unit was

installed to cool or warm the klystron, as required.

Yy
5. (23 The power supply-.section of the tracker met the klystron
power requirements only. All other power was supplied directly to the

tracker from the electronic power supply.

(U) The Group A and Group B prototype trackers are shown in

Figure 15.

37. (U) 1bid., pp. 158-60.
38. (U) Ibid., pp. 166-67.
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J}ﬁ’Electronic Distance Measuring Equipfent (DME). As a part of

the original subcontract for the 44.8 and 89.6 megacycle (mc) DME used
during the Group 0 program, the Cubic Corporation also developed the
420-450 mc DME for the Group A program. In going to the 420-450 mc
equipment, it was felt that this frequency would be more acceptable to
the military and that at these higher frequencies multipath problems

would be minimized and higher accuracy achieved.

;éf When the subcontract with the Cubic Corporation was terminated
in December 1952, only two transponders had been delivered to Cornell.
The transponders used during the early portion of the Group A program
were built by Cornell; other Group A transponders were built by FTL.
These units followed the basic Cubic Corporation design with some minor

changes. The Group B DME was built by FTL as part of the integrated FGS.

;éf The electronic DME measures the range of the missile from the
FGS for computation of guidance orders. The DME ranging operates by the
FGS transmitting a modulated continuous wave signal which is then re-
transmitted by a transponder to the ground station. The modulated
envelope of the received signal from the missile is then compared in
phase to the so-called reference modulation of the ground transmitted
signal. The phase delay during the transit time to and from the missile
is a measure of range to the missile from the ground station. The
LACROSSE DME consists of ground transmitter-receiver equipment and a
missile-borne transponder. The ground equipment consists of radio
frequency unit and a range servo (indicator). The transponder is

essentially a receiver and off-set frequency transmitter.

j%T'Although the Group A DME specifications were similar to those
for the Group B, the Group A DME was representative of laboratory equip-
ment instead of field gear. The Group A DME ground station unit
(including direct current power supply) weighed about 400 pounds and
occupied about eight cubic feet. In contrast, the Group B DME packages
weighed 100 pounds total, occupied a total volume of less than two cubic
feet, and performed the command link ground function as well. Aside

from complete repackaging and miniaturization of the ground station unit,

u’“: ;;r,~‘EI)
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the DME and the command M‘Mﬂed to the extent that a common

RF carrier was modulated by both command and DME intelligence.39

Y
;27 Command Link. As noted earlier in this chapter, the command
link equipment for Group A was supplied by the Collins Radio Corporation

and represented "

ruggedized" versions of the @roup 0 equipment. The
Group B command link used the DME RF system instead of a separate trans-
mitter and receiver as in Croup A, and was therefore built by FTL as
part of the electronic distance measuring equipment. This feature had

a distinct advantage in terms of reduced size, weight, and complexity.
Two intermediate instruments, the modulator and demodulator, are
required to transform DC control sigrals from the computer to subcarrier
amplitudes, and to transform the subcarrier amplitudes to DC control

signals in the missile.

Yy
LZT Command Guidance Computer. The computer used in the Group A

program was very similar to that used in the Zroup 0 program and was
built by the Farrand Optical Company. The transfer chassis, providing
the necessary signal shaping networks for ccntrol of the missile, was
built by Cornell. The prototype (iroup B) computer was designed in the
Cornell Laboratory.

‘zéf Electronic Power Supply. 1n the Group A pregram, the electronic

power supplies for the several F{:S comporents were a part of the in-
dividual units and as such were supplied with the unit. In the Group B
program, the BGS was designed as an integral unit and a common power
supply was used to supply all DC power for the FGS except the high

voltage required by the tracker klvstror. This unit was built by FTL.

£g5 The input to the electronic power supply is obtained from the
primary power supply which has a 400 cps, 3-phase, 120-volt line-to-
neutral system and a total rated ocutput of 3 kw. Five different DC
voltage levels are developed from the rectified AC input; namely +300,

+250, +28, and -150 volts. The unrectified AC is distributed at 120

39. (U) 1Ibid., pp. 167, 169. Also see Sacher Rept BE-745-T-137,

op. cit., p. 13. i
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volt and 6.3 volt levels. m“‘u

iﬁf While the electronic power supply was designed to meet all of

the environmental conditions imposed by the LACROSSE specifications,

the size, weight, and heat dissipation problems are particularly diffi-
cult with this unit. 1In the first place, power supply components are
always large and heavy. Also, the entire power requirements for the FGS
are being distributed through the electronic power supply, yet the
standard case size of 7" x 12" x 19" is used for the power supply as

well as for several of the other components.

LE} Target Locator (U)

;57 Group A. As originally conceived, the LACROSSE system was to
use an optical tracker-ranger to determine missile position, the tracker-
ranger having the dual function of target location and missile guidance.
As noted earlier, the fair-weather optical tracker system was dropped
in favor of 'the all-weather tracker in August 1953. This resulted in a
requirement for a pulsed light target locator independent of the guidance
equipment. Hence, the Farrand Optical Company was instructed to stop
work on the second generation tracker-ranger and concentrate on a self-
contained target locator. The 18-inch experimental system developed
under the Extended Range Feasibility Study was the basis for the early
work in this program. At the close of the contract, the Farrand
instrument wasﬂéble to range out to about 3100 meters with prescribed

accuracy.

;57 Group B. Upon completion of the Farrand contract, it was
apparent that considerable improvement could be made in the electronics
of the target locator unit. Of prime concern was the marginal performance
of the power supply. Cornell decided to design and build the Group B

Target Locator in its own laboratory.

’agf The optics and lamp used for the Group B unit was identical to
that developed for the Group A target locator. Two separate power

supplies were developed, one of them an inverter set and the other a

40. (U) Ibid., pp. 174-75, 179.
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transistor set. Early inverter sets proved toc be unreliable because of
dynamic unbalance in the inverter armatures; however, with improved
manufacturing techniques, later units were much more reliable and
operated for periods in excess of 500 hours with no maintenance. Al-
though the transistor supplies were found quite satisfactory in operating
characteristics, conversion efficiency, and circuit impedance consider-
ations, the transistor and transformer reliability when used in these
circuits was significantly poecrer than that of the inverter supply. For
this reason, the transistor supply saw little service in the Group B

unit.41

Gy
(¥ Launcher Development (U)

;E% Cornell decided in early 1952 to design a mobile launcher which
would impart an initial spin to the missile during free flight prior to
guidance, thereby reducing the dispersion effects of thrust and aero-
dynamic misalignments. Investigation revealed that a 6X° helix would
rotate the missile through a total angle of 42° at an approximate rate
of 480° per second at the time the missile left a six-foot length
launcher rail. Original plans had called for a zero length launcher
using a 105-mm howitzer carriage, mounted on an M44 truzk chassis;
however, early laboratory studies indicated that the zero length launcher

would not be suitable because of high missile instablility at launch.

zéf The decision to use a helical rail type launcher posed major
problems in both design and production. The use of rails, plus the need
for spinning the missile during launch, ruled cut the use of the howitzer
carriage because of excessive elevating loads arising from the weigﬁt of
the missile in motion. Anticipated missile reactions were of such
magnitude as to require an exceptionally rugged launcher structure.
When the launcher was elevated a rotating force in azimuth would be
introduced and the helical rails would impart a rolling moment to the
launcher. Forming of the rails into a helix accurate encugh to keep

friction forces to a minimum also presented a fabrication problem.

41. (U) Ibid., pp. 181-82.
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(2Y¥ The LACROSSE mobile launcher subsequently developed was mounted

on the chassis of a standard 2%-ton Army truck (Figure 16). The launcher
rails can be elevated up to 790 mils and trained in azimuth to + 213 mils
by means of hydraulic actuators. Aiming of the launcher mechanism is
achieved by using a standard howitzer sight. The 6%-foot guide rails
have a 6° helical twist which imparts a spin to the missile, causing it
to leave the launcher with a rolling velocity of about 480 degrees per

second. A typical missile handling operation is depicted in Figure 17.42

(U) Support Equipment - Ground Control Station

(U) Group A. The forward guidance equipment, together with
instruments and communications equipment, was installed in a 3/4-ton
maintenance type vehicle. An M56, 3/4-ton, 4 x 4 truck chassis was
furnished by the Government and the special body was built to Cornell
specifications by a local subcontractor. Figure 18 shows the forward
guidance side of the vehicle; the angle tracker and other auxiliary

equipment were carried in the well of the vehicle.

(U) Group B. To achieve complete mobility of the Group B FGS, all
the equipment necessary for successful operation of the station was
mounted on a standard M38Al, 1/4-ton truck (jeep). Two main units were
installed on the jeep: a shock mounted tray carrying the DME, computer,
secondary power supply, target survey unit, and battery eliminatbrs;
and a tracker antenna and receiver mounted next to the driver in place
of the passenger seat. The guidance station equipment was designed so
that it could be removed from the jeep, hand-carried to a forward
position, and set up for operation using a portable wire harpess. _
Because of the bulk and weight of the tracker antenna-receiver assembly,
the unit had to be man-packed in two separate loads. Figure 19 shows

the Group B prototype ground station in the operation mode.43

jéf Group A and B Flight Test Programs (U)

©w
$95 Group A Program (U)

42. (U) Ibid., pp. 45, 182.
43. (U) Ibid., pp. 187-90.
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FIGURE 16 LACROSSE MOBILE LAUNCHER (GROUP A)
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;37 Initial field testing of the LACROSSE Group A forward guidance
station equipment began at Buffalo, New York, in September 1953 and
continued until May 1954. This phase of the program consisted of closed-
loop type airplane flights very similar to the pilot-monitored guidance
tests conducted in late 1951, preceding the {roup 0 program. The
suitability of guidance equipment for use in full-scale tests at White
Sands Missile Range was successfully demonstrated in some 30 flight testy

using an AT-7 airplane to simulate the missile.44

;éf Meanwhile, Cornell completed preparations for full-scale testing
of the LACROSSE missile system at White Sands Missile Range. The full
field crew moved to the test site in June 1954 and the first Group A

missile was launched two months later.

£37 The Group A ground guidance station was set on a concrete pad,
with a 120-volt, 400-cycle, gas-driven portable power unit located about
25 feet away. The LACROSSE launcher was set up on the east pad near the
Navy Blockhouse at White Sands. For S/N-1 and 2, the launcher was
mounted on pedestals which were instrumented with strain gages to
measure loads and deflections. These two tests indicated satisfactory
launcher performance and subsequent missiles were launched with the
truck wheels resting on the ground as would be the case during combat

operations.

;1? The immediate objective of the Group A program was to evaluate
the combined performance of the complete LACROSSE system, including the
XSSM-A-12 missile, the helical rail launcher, missile guidance during
midcourse flight, and terminal guidance accuracy. A block diagram of
LACROSSE terminal guidance is shown in Figure 20. Between 17 August
1954 and 13 December 1955, fifteen (15) missiles* were flight tested in
this program, all of them using the T-52 rocket motor. The launcher-to-

FGS range was 13,000 meters for all missiles except S/N-16 which had a

% §/N's 1, 2, and 4 thru 16—S/N-3 was reserved for laboratory test.
44, (U) Ibid., pp. 190-92.
45. (U) Ibid., pp. 193-96.
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short range of 9,000 meters. The FGS-to-target range was 935 meters
for S/N-1 and 2, and from 1,580 to 2,770 meters for all other rounds.

Significant results of these tests are briefly described below.

“

;27 System Accuracy. An excellent demonstration of system accuracy

was achieved in five of the tests, with actual miss distances of 2.0,
3.2, 4.3, 4.9, and 5.5 meters, respectively. The desired impact accuracy
was not achieved in other flights because of various component mal-

functions.

j;% Warhead Performance. Of the 15 missiles fired during the Group

A program, nine carried fuze elements and three of these (S/N-11, 14, 15)
carried live warheads. The warhead arming sequence failed in only one
(S/N-16) of the nine flights, faulty missile wiring preventing completion
of the launch arming sequence in this case. 1In the first live-warhead
test (S/N-11 on 19 Aug 55), ground guidance was lost during the last 16
seconds of flight and the failsafe features of the arming circuit
prevented warhead detonation, as desired. The second missile carrying

a live warhead (S/N-14, 10 Nov 55) completely destroyed its target, a
log-earth bunker. S/N-15, fired on 29 November 1955, failed to achieve
the desired impact accuracy, but warhead arming, detonation, and blast

effects were satisfactory.

;éf System Reliability. Malfunctions in the LACROSSE system were

attributed to both failure resulting from the inadequacy of equipment
used and gross failure of specific components. As the program progressed,
the necessary repairs or modifications were made and the reliability
index showed a generally upward trend. As previously noted, the equip-
ment used in this program was of a resecarch and development nature and
was not designed or packaged for tactical use. The success of the
program was, in large measure, credited to the efforts of skilled
engineers who operated the equipment. In future equipment, the require-

ments for operator skills would have to be reduced and substantial

46. (U) Sacher Rept BE-745-T-137, op. cit., pp. 2, 4, 26, & 101.
47. (U) 1bid., pp. 26, 34-37, 99, & 125.
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improvements would have to be made in electronic design for a simpler,

more reliable system.

73
§C$ Group B Program (U)

}§5 The objective of the Group B program was to establish the
accuracy of the pre-production tactical model ground station in guiding
the missile to preselected targets. As the program progressed, the
objectives were extended to investigate the minimum and maximum range
capabilities of the system. A general description of both Group A and
B equipments is presented above and will not be repeated here. Some of
the equipment changes were aimed at making the system simpler and more
reliable; others were concerned with extending the maximum guidance

range to meet revised performance requirements (see Figure 21).

MISSILE RANGE 8,000 - 30,000 METERS : S

-

MAXIMUM GUIDANCE LIMIT 20,000 NETERS‘

. MINIMUM GUIDANCE

. FORWARD GUIDANCE EQUIPMENT

J l(

FIGURE 21 LIMITS OF OPERATION (MODIFIED)

TSU OPERATION
PRIOR TO LAUNCH

iéj The redesign of equipment for tactical use involved three ma jor

changes in the over-all electronic system:

48. (U) 1Ibid., pp. 127-31. For further details relating to the
Group A flight test results, see Document 11.
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1. /§2§ The total time required~from launch to the initiation of

terminal guidance was reduced to a minimum, since with late acquisition

(X + 20 seconds) the missile down range distance at pitch down would be

about 5,000 meters and minimum range shoots would not be possible. This
was done by initiating roll stabilization and internal guidance six

seconds earlier than in the Croup A program.

2. gcj The method of pitch midcourse guidance was changed from a
fixed beam generated by the ground-based guidance computer to an
altimeter system within the missile. This resulted in a less complex

system.

3. kCY The computer was modified to extend the maximum guidance
range of the FGS from 10,000 meters to 20,000 meters to accommodate
special warheads. This was done by reducing the computing scale factor
by .4 and resulted in a like reduction in the gain of the system when

operated in this mode.49

Lef Accuracy limits of the Group B system fell in two categories,
depending upon the range of the target from the forward guidance equip-
ment and the target surveying conditions. For targets within 5,000
meters of the FGS and which could be seen by the Target Survey Unit
(TSU), the accuracy limits were: 5 meters CPE at 1,000 meters guidance
range; and 10 meters CPE at 5,000 meters guidance range. For targets
within 20,000 meters of the FGS and which could not be seen by the TSU,
the accuracy limits were 5 to 30 meters CPE, depending largely upon the
error in the coordinate system location of targets with respect to the

guidance equipment.

ééf The Group B flight test program began at White Sands on
29 March 1956 and ended with the sixth firing on 21 September 1956.

An account of these tests is given below with primary emphasis on

49. (U) Sacher, R., "Summary Analysis of Flight Tests of LACROSSE
. Group B Missiles," 28 Apr 59, CAL Rept BE-745-T-144, pp. 3-4,
RSIC.

50. (U) Ibid., pp. 5-6.
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performance of the tactical “putdamce—tquipment and technical deficiencies
yet to be corrected. A summary of each firing, together with major

changes made in the equipment, is presented in Appendix Document 12.

;ET All six of the Group B missiles* were launched from the LACROSSE
mobile launcher, elevated to 790 mils. Propulsion was provided by T-52
rocket motors, all temperature conditioned prior to firing. The average
missile height attained during the ballistic phase was 5,496 feet, the
spread ranging from 5,145 feet for missile S/N-18 to 5,980 feet for
S/N-22. Yaw dispersions at the time of initiation of internal guidance

varied from 1,552 feet east to 600 west .0of the guide beam. >l

j;%llnternal guidance performance of all six missiles was very
satisfactory. Data gleaned from the tests showed that roll stabilization
could be'initiated as early as X +12 seconds without degrading the
system, and that the time required for,rollstabilization could be reduced
to two seconds. While the yaw gyro control unit was apparently satis-
factory in returning the missile to its launch heading, the short samples
of yaw gyro guidance'precluded any conclusions regarding the performance

of this unit during a long period of missile flight.52

,§37 Terminal guidance performance of the Group B system was also
considered very satisfactory. The effective use of the LACROSSE system
at extended guidance range was successfully demonstrated; however, the
over-all impact accuracy was not as good as expected. The required CPE
varied from 4 meters to 16.2 meters. Of the six missiles fired, only
two (S/N-18 and 20) impacted within the required CPE. A third missile
(S/N-19) impacted slightly beyond the established tolerance largely
because of an error in zeroing the missile DME transponder, which pro-

duced a discrepancy between indicated range and actual range.

* (U) Serial numbers a551gned in consecutive sequence beginning with
S/N-17, the last Group A missile being S/N-16.

(U) Ibid., p. 51. A complete analysis of the effects of
missile dispersion on system performance can be found in "System
Dispersion Affecting Operation Performance of LACROSSE," by R. Mirsky,
LCM~-0210, 16 Aug 56.

52. (U) Ibid., pp. 61-62.
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2%5 Missile S/N-21 had a relatively large impact error because of
low command link gain and excessive climb angle at pitch down, resulting
in a large oscillation about the terminal beam. Had this missile been
fired at a normal launch-to-target range,* the impact error would have

been greatly reduced.

}i}f The excessive impact errors recorded for missiles S/N-17 and
22 were the result of guidance in the pitch plane only. In both cases,
yaw command signals were generated in the computer but failed to reach
the missile control surfaces. The failure of S$/N-22 was attributed to
a relay malfunction in the computer which prevented yaw signals from
being transmitted to the missile. 1In the case of §/N-17—fired on
21 September 1956 in a LACROSSE demonstration for the Industrial College
of the Armed Forces at APG—a malfunction of the missile transponder
resulted in no yaw guidance. The exact nature of this failure could

not be determined because the missile was never recovered.

)&%f The following table shows the required CPE and the actual miss

distance recorded for each of the six Group B flight tests:53
FGS-to-Tgt Required Actual Miss
Missile Date Range CPE Distance
S/N Fired (Meters) (Meters) (Meters)
19 3/29/56 927 4.0 5.6
18 4/5/56 927 4.0 2.6
20 5/24/56 6,662 9.8 9.3
21 6/29/56 3,691 6.8 37.7
22 7/8/56 13,229 16.2 2253.0
17 9/21/56 588 4.0 1670.0

j;ﬁﬁAs a whole, the operation of the command guidance equipment
was very satisfactory, though several problem areas still existed. The
angle tracker-beacon performance was very good. All missiles were

acquired within one cycle of frequency search. Although not proved by

* ;éf In this case the launcher-target range of 7,825 meters was
slightly below the minimum requirement of 8,000 meters, with a medium
FGS-to-target range of 3,691 meters. To achieve this range, the
terminal dive angle was necessarily 45°, 1Ibid., p. 35.

53. (U) Ibid., pp. 29, 35, 76-77, 103.
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the program itself, aircraft experiments with a drone type aircraft

indicated that acquisitions at ranges up to 22,000 meters were possible.
The accuracy of the angle tracker in terms of pointing error was well
within specifications. No low angle problems were encountered during

the extended guidance range flight.

;EJ’Performance of the DME I indicator was excellent; however,
some marginal performance was noted in the DME/Command Link. Acqui-
sition of the missile by the DME was successful in each of the missile
flights. Time required for the DME to slew to the proper operating
range was much less than that required for a complete acquisition by
the angle tracker. The ranging accuracy of the DME was estimated to
be about 2.5 meters. At times, the gain of the command link was

marginal.

};%,While performance of the guidance computer as a whole was very
satisfactory, the circuits controlling the insertion of integral control
needed improvement. The relay failure noted in the flight of S/N-22 was
a case in point. The ability of the guidance computer to operate at a

scale factor of .8 millivolt/meter was successfully demonstrated.

zaf'Again, the success of the program was partially attributed to
the highly skilled engineers and technicians who operated the ground
guidance equipment. Further effort would be required, not only to reduce
the need for skilled operators, but also to eliminate existing technical

. . . . s i1 5
deficiencies and achieve a greater equipment reliability.

Y
gef Program Summary and Conclusions (U)

«
}Qf Despite the marginal performance of some prototype components,

the basic objectives of the Group A and B test programs were successfully
achieved. An analysis of the over-all flight test results clearly
indicated that the LACROSSE Weapon System was capable of delivering a
warhead on a preselected target with the specified accuracy, and that

the various components, individually and working together, were capable

of behaving as intended. The program was therefore regarded as "highly

54. (U) Ibid., pp. 101-103.
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satisfactory.”

1537 LACROSSE I Prototype System Limitations (U)

ééf Strictly from a tactical viewpcint, the LACROSSE prototype
weapon system had certain operational limitations and failed to meet the
established MC's in a number of major areas. Some of these limitations
stemmed from the physical nature of the equipment used, but most of them
were the result of design compromise made either to provide the user with
an early available system or to satisfy one criterion at the expense of
another. The major areas in which the system did oc did not meet the
MC's are reflected in Table 1. 1In an effort to define the major short-
comings of the prototype system, Cornell made a study of existing
deficiencies and recommended the system improvements cutlined in Table
2.56

be The project had progressed from its inception along the lines
of developing a system with a high degree of accuracy. By producing a
design acceptable to development engineers for detailed refinement, it
had seemed to Cornell that the performance goals could be attained. Be-
cause of the stringent accuracy specifications, it became necessary to
trade simplicity for accuracy. Another limiting facter that made the
problem difficult was that the terminal guidance equipment had to be
reasonably simple, rugged, and light in weight. Also affecting the
development effort, as originally planned, was the decision that R&D
(Cornell) would not build any LACROSSE I missiles because of a reduction
in R&D funds and the advantages to be realized from having industrial

support early in the prcgram.

Jﬁ&r It would have been relatively easy for Cornell, along in
1953-54, to have initiated programs for development of more refined
equipment, particularly as far as the guidance system was concerned.

But this approach, while very nice outwardly, would not produce results

55. (U) Ibid., p. 104; and Sacher Rept BE~745-T-137, op. cit.,
p. 131. Also see Sacher Rept BE-745-T-149, op. cit., pp. 207-208.

56. (U) Sacher Rept BE-745-T31497
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TABLE |  LACROSSE | SYSTEM APPRAISAL

THE TABLE BELOW REPRESENTS THE MAJOR AREAS IN WHICH THE LACROSSE | SYSTEM DOES OR DOES
NOT MEET ITS MILITARY CHARACTERISTICS:

CHARACTERISTICS EVALUATION

A. SYSTEM PERFORMANCE I. MEETS MC'S FOR ACCURACY, TRANSPORTABILITY, SAFETY, AND
SIMPLICITY.

2. DOES NOT MEET MC'S IN THE FOLLOWING:
a) NO ECM IMMUNITY.
b) RELIABILITY LESS THAN 81% FOR LAUNCHED MISSILES.
c) LESS THAN MAXIMUM RANGE FOR AIR BURST.
d) LIMITEOD TARGET LOCATION CAPABILITY.
e) NO DEEP TARGET LOCATION CAPABILITY.*
f) MINIMUM RANGE GREATER THAN DESIRED.®
g) NO BALLISTIC VERSION.*

8. MISSILE MEETS ALL MC'S EXCEPT RELIABILITY AND ECM REQUIREMENTS OF
AVRBORNE GUIDANCE EQUIPMENT.
C. LAUNCH AND HANDLING MEETS ALL CHARACTERISTICS EXCEPT RATE OF FIRE AND TIME
SEQUENCE REQUIREMENTS.*
D. FORWARD GUIDANCE MEETS VERY FEW OF THE REQUIRED MC'S. DEFICIENT IN:
STATION a) ANTENNA COVERAGE OF GUIDANCE EQUIPMENT.

b) RANGE AND WEIGHT OF SURVEY EQUIPMENT,

c) RESISTANCE TO ECM.

d) EQUIPMENTS HEAVIER THAN DESIRED INCLUDING TSU, PPU
AND GROUND STATION VEHICLES.

e) CANNOT HANDLE OFFSET OR UNOBSERVED MODES OF TARGET
ENGAGEMENT AND MEET TIME SEQUENCE REQUIREMENTS.®

E. FIRE DIRECTION CENTER GENERAL REQUIREMENTS ARE MET BUT TOOLS ARE DIFFICULT TO USE
AND MISSION PROCESSING TIME IS MUCH GREATER THAN OESIRED.*

F. COMMUNICATIONS - STANDARD EQUIPMENT SEEMS TO BE ACCEPTABLE FOR LACROSSE

. | APPLICATIONS, EXCEPT FOR ECM YULNERABILITY.

G. TEST AND MAINTAINENCE EQUIPMENTS FOR §ST AND 2ND ECHELON ONLY ARE ACCEPTABLE EXCEPT
CERTAIN MISSILES PARTS ARE NOT INTERCHANGEABLE.

H. AUXILIARY EQUIPMENT EQUIPMENT COVERS AND KITS APPEAR ACCEPTABLE, EXCEPT FOR
FORDABILITY KIT.

1. ENVIRONMENTAL GENERAL COND!TIONS OF WIND, HUMIDITY, PRESSURE, STORAGE, ETC.,

CAN BE TOLERATED. EXCEPTIONS iNCLUOE:
a) TSU CANNOT WITHSTAND MAXIMUM STORAGE TEMPERATURE.
b) CERTAIN EQUIPMENTS MAY NOT WITHSTAND AMPHIBIOUS
OPERATIONS.
c) [INTERFERENCES BOTH BY FRIENDLY AND ENEMY ELECTRONIC
ACTIVITIES IS A STRONG POSSIBILITY.
d) GUIDANCE RANGES ARE LIMITED BY HEAVY PRECIPITATION.

*Narine Corps MC'g only
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TABLE 2 MISSILE IMPROVEMENT ITEMS
I TEM DEFICIENCY PROPOSED CHANGES TIME
SCALE
I. ALTIMETER CONTROL a) ALTIMETER SENSITIVE TO YAW MANEUVERS, RELOCATE PITOT TUBE (NOSE 6 MONTHS
RESULTING IN EXCESSIVE PATH OSCILLA- CONE)
TIONS.
b) MANEUVERS IN TRANSITION FROM LAUNCH USE OF A CLAMP-TYPE ALTI- 6 MONTHS
TO MIDCOURSE PHASE RESULTS IN REDUCED METER AND REOPTIMIZATION OF
MAXIMUM RANGE CAPABILITIES. TIMER SETTINGS.
2. ELEVATOR BIAS REQUIRES MEASUREMENT OF DYNAMIC PRES- USE OF PRECESS!BLE GYRO 1 1/2 70
SURE AND SETTING AT THE LAUNCHER, CONTROL SYSTEM WOULD ELIM- 2 YEARS
INATE NEED FOR ELEVATOR
BIAS MEASUREMENT. MEMORY
WOULD ALSO BE PROVIDED
DURING TRACKING LOSSES
CAUSED BY TERRAIN MASKiING.
3. COMBINED MANEUVER INDUCED ROLL CAUSED BY COMBINED MODIFY MISSILE NOTCH NET- 6 MONTHS
CAPABILITY MANEUVERS AT LOW SPEEDS RESULTS WORKS TO VARY WITH DYNAMIC
IN LOSS OF ROLL CONTROL. PRESSURE (Q), WHICH WOULD
REDUCE ANGLE OF ATTACK
OYERSHOOTS.
MODIFY MOTOR TO INCLUDE 2 1/2 YEARS
SUSTAINER. THIS WOULD
PREVENT MISSILE FROM
REACHING THE LOW YELOC!ITY
REGION.
4. MOTOR a) [IMPULSE INSUFFICIENT FOR MAXIMUM MODIFY MOTOR (AS ABOVE) TO 2 1/2 YEARS
RANGE REQUIREMENT. TWO STAGE TYPE.
b) MINIMUM RANGE REQUIREMENT NOT MET. SAME MODIFICATION COULD
ALLOW CONTROL FROM LAUNCH,
MAY EVEN ELIMINATE LAUNCH
ROLL REQUIREMENTS.
5. GUIDANCE EQU!PMENT a) PRESENT ANTENNAS WILL NOT ALLOW MODIFY ANTENNAS TO INCREASE 9 MONTHS
LOCATION OF FGS IN MANY AREAS. COVERAGE.
b) GUIDANCE EQUIPMENT YULNERABLE TO ECM, REPLACE ENTIRE GUi{DANCE 3 YEARS
+ COSTLY, HIGH POWER REQUIREMENTS. SYSTEM WITH A PASSIVE ONE OF
THE LUNEBERG LENS TYPE.
6. WARHEAD LACKS NON-ATOMIC CAPABILITY AGAINST DEVELOP ANTI-MATERIEL 2 YEARS

LIGHT ARMORED TYPE VEHICLES.

WARHEAD.
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and coincide with prescribed schedules. Thus, instead of deferring
schedules, Cornell approached the problem with a hardheaded but very
practical view: Use what was known to work and, with supplementary
budgeting, institute parallel programs. Unfortunately, the planned
parallel programs never materialized because of budget restrictions.
As a result, the LACROSSE I system was developed—and later deployed—
with serious operational limitations, the most important of which
centered around the vulnerability of guidance equipment to enemy

electronic countermeasures.

57. (U) LACROSSE Blue Book, op. cit., pp. 17, 24.

Y £€Y To resolve the ECM problem, it was decided in early 1956
to develop the MOD I system using all-pulse ranging and tracking
techniques in the Ka band region. This effort was started by FTL under
subcontract to Martin, but was never completed. LACROSSE I equipment
was issued to Army units in Jul 593 MOD I development was terminated

by DA Staff decision in Aug 59.° %73 M4
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IV.‘EET’DEVELOPMENT AND PRODUCTION OF THE FINAL TACTICAL SYSTEM (U)

;Z& Introduction (U)

;éf The development of the LACROSSE experimental system (XSSM-A-12)
into a complete combat-ready general support weapon system was the
responsibility of the Martin Company, as prime contractor, with Cornell
exercising a certain amount of supervision and control over redesign
effort. It was in this phase of the program that an inordinate amount
of duplication cccurred, chiefly because of the delay in selection of
the production contractor and the lack of adequate supervisory provi-

sions in Martin's production engineering contract.

jéf’Like the experimental prototype model, the final tactical
system evolved from a progressive series of investigations, design
refinements, and R&D proof tests. Because of funding problems, Cornell's
over-all program had been limited to research activity, and development
of final tactical hardware was delayed. In April 1955, the Martin
Company was brought in to refine the Croup A prototype system in con-
junction with Cornell. This was partially accomplished through the six
Group B missiles that incorporated certain guidance system refinements.
The initial industrial contract for production of the LACROSSE I system
was signed in June 1955, and Martin's field c¢rews were phased into the

LACROSSE firing tests during the Group B program in 1956.

(U) There is neither time nor space to relate the full technical
story of LACROSSE during this 1956-59 period. The files are filled
with evidence of numerous component changes and redesigns, scme of them
not coordinated with or concurred in by Cornell, and some resulting in
degradation of system performance capabilities and reliability. To

make a long story short and te dispensze with personality conflicts,

* (U) While there was, quite naturally, a certain amount of animosity
and friction between elements of the two contractors, available
evidence does not indicate that such conditions actually hindered
the program and the subject therefore transcends the scope of this
study.

1. (U) See discussion of Contract Philecsophy, Chap II, pp. 21-27.
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the technical portion of this chapter will be confined to a brief
description of the various LACROSSE models, with primary emphasis on
system performance in flight tests. Other parts of the narrative will
be devoted to the development of, and significant changes in the
LACROSSE industrial program and weapon system plan; the extent of
Cornell control over system redesign effort; the procedure used in
transfer of technical responsibility; and finally, the supplemental R&D
effort carried on by Martin and Cornell to improve and/or extend system

performance capabilities.

ﬁgf The LACROSSE Industrial Program (U)

(U) Pros and Cons of the Telescoped Program

(U) In any telescoped program, where a complex missile system such
as LACROSSE is placed in production before completion of the R&D phase,
Army planners must consider the elements of risk involved and be pre-
pared to pay the price, not only in dollars but also in initial quality
of the product. The pitfalls normally encountered in such a venture are
as numerous as they are expensive, and the end product can be-—and very
often is—more of a liability than an asset. As a general rule, con-
siderable duplication of effort can be expected in such areas as
engineering, component design, tooling, and documentation. Until the
R&D design is completed and proved, spare parts requirements cannot be
firmly established. Frequent design changes generate Engineering Change
Orders (ECO) and result in spiraling hardware and contract administra-
tion costs. In programs where the co-contractor concept is applied, a

further increase in duplicated efforts and over-all costs can be expected.

(U) One of the key advantages of the telescoped R&D-industrial
program is that it provides preparedness insurance. Early industrial
entry into a program not only accelerates development of a missile
system, but also establishes a production facility and necessary manu-
facturing know-how that can be called upon to produce a military weapon
when required. Hence, if there is adequate assurance that a proposed
missile system can be developed into a tactically useful weapon and

produced in quantity at reasonable unit cost, the basic Army policy is
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to "crash'" the program regardless of the attendant disadvantages. The

underlying philosophy in support of this policy can best be summed up

in the words of Lieutenant General Carter 3. Magruder:

(U) In a period of great scientific progress such as the
one in which we live, wars may well be won by major advances
in equipment and weapons not equalled by the enemy. It is
very difficult to keep any major advance entirely secret.
Accordingly, advantages over the enemy are of relatively
short duration and it is therefore essential tc maintain
progress by improving our equipment and weapons faster than
he can improve his. Wars are not won by weapons or the draw-
ing board or even weapons which have been fully develcped but
not produced in adequate quantity. It is therefore of critical
importance that . . . measures /be determined and implementei7
that will reduce the time required in the development of new
items from conception to availability in quantity in the hands
of troops.2

Yy
Y Early Planning (U)_

A;ﬂ The Redstone Arsenal Commander received the initial LACROSSE
procurement plan from OCO in late April 1954, a few months after assum-
ing responsibility for technical supervision of the project. At that
time the plan was to effect two procurement actions in FY 1955; namely,
the negotiation of a contract by 1 January 1955, covering an indoctri-
nation program for the contractor chosen, and a second contract or
supplemental agreement for pilot production using FY 1955 funds. By
the end of July 1954, Redstone had completed plans for selecting the
industrial contractor and a committee was appointed to carry out these

plans in conjunction with Cornell Laboratory.3

(.l

;CS On 30 August 1954, the Chief cf Ordrance advised the ACS/G-4
that the LACROSSE weapon system had progressed to the point where it
was necessary to extend the program beyond the R&D phase. At the same

time, FY 1955 funds were requested for the purpcse of establishing an

2. (U) Memo to Maj Gen J. H. Hinrichs, COFORD, from Lt Gen Carter
B. Magruder, Dep Chief of Staff for Logictics, 14 Apr 58, subj
"Ordrnance Objectives."

3. () LACROSSE Blue Bock, op. cit., p. 5l.
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industrial contractor, obtaining at” l2ast pilet lot production, and

converting developmental drawings to Ordnance production drawings. The
Group A flight test program having started some two weeks before, it
was anticipated that sufficient R&D drawings of the missile and ground
equipment would be available in time for negotiation of the initial
industrial contract by 1 April 1955. To allow sufficient procurement
lead time and prevent any delay in the Engineer-User (E-U) test program,
initial procurement in FY 1955 was essential. An examination of re-
quirements to support the program after phase-out of R&D established

the following as the very minimum for FY 1955 procurement:

;37 50 MissileS.....uovevivienennennennnns $ 3,500,000
4 sets Ground Equipment............. 5,200,000

2 sets Maintenance Equipment for
Ordnance Support Companies........ . 1,400,000

Production Engineering, Drawings,
Technical Reports, Production Engineer-
ing Tests, & Interim Manuals......... 3,000,000

$ 13,100,000

zbf In requesting authority to proceed with procurement of the
above listed items, the Chief of Ordnance pointed out that the quantity
of missiles had been reduced from the originally planned 200* to 50.
This resulted in a higher unit cost, principally because the smaller
quantity of missiles would have to absorb the cost of special tools,
dies, fixtures, and gages. Also added to the original estimate was
the $3 million for production engineering, drawings, reports, etc.
The 50 missiles proposed for procurement in FY 1955 would be produced
at the rate of 12 per month for use in the E-U tests. This quantity
would be barely enough to support the program until delivery of the

150 missiles then planned for procurement in FY 1956.5

* (U) Included in the Schedule of Commitments, Procurement & Production
(P&P) Army Appropriation, 1 Jun 54.

4. (U) Ibid., pp. 41-42.
5. (U) Ibid., p. 43.
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2}5 One month later, on 30 September 1954, the ACS/G-4 returned

the above request without action and asked that it be resubmitted with
additicnal information. Specifically, he wanted a study comparing

costs if the production rate for the first lot of 50 missiles were held
to six per month versus the planned ratevof 12; and an Ordnance proposal
for accomplishing initial production at a rate of six per month, increas-
ing to higher rates only after E-U test firings "establish beyond reason-
able doubt that this system will attain the required Circular Probable

Error."6

;L7 With the requested additional information, sent to ACS/G-4 on
22 December 1954, OCO furnished a revised FY 1956 schedule, reducing
the quantity of missiles to be procured in that year's budget from 150
to 42. Based on the planned missile firing schedule of six per month,
it was believed that this lesser quantity would be sufficient to support
the program until delivery of missiles planned for procurement with FY

1957 funds.7

(U) Meanwhile, the RSA-Cornell survey team visited the plants of
four potential co-contractors in August and September 1954, and prepared
individual scoring summaries with particular emphasis on the company's
experience and ability to do the LACROSSE job. On the basis of this
data and an evaluation of contractor proposals, the RSA Technical &
Engineering Division selected the Glenn L. Martin Company as the new
co-contractor for LACROSSE. Early in November 1954, the RSA Commander

sent the final report to OCO with a formal recommendation for approval.

W
;ZT R&D Industrial Contracts (U)

(U) In January 1955, following a presentation by Ordnance repre-

sentatives on the R&D-Industrial plans for LACROSSE, the Assistant

6. (U) 1Ibid., pp. 43-44,

¢ (8Y The skepticism reflected here was no doubt engendered by the
disappointing results of the first Group A flight test on 17 Aug 54: the
missile went out of control and landed some 14 miles from its target.

7. (O) Ibid., p. 44.
8. (U) Sacher Rept BE-745-T-149, op. cit., p. 211.
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Secretary of the Army (ASA) approved the Martin Company as the co-con-

tractor and authorized the Chief of Ordnance to proceed with contract
negotiations.9 By the end of March 1955, Redstone Arsenal had received
program directives authorizing FY 1955 funds in the amount of $13,193,750.
Negotiations between the Philadelphia Ordnance District and the Martin
Company resulted in the signing of three CPFF contracts* during the

period 1 April to 1 June 1955.10

}Ef Under Contract ORD-1892, signed on 1 April 1955, Martin agreed
to provide those services, materials, and facilities necessary to per-
form the LACROSSE R&D work specified in RSA Technical Requirements Nr.
15, 13 August 1954, as revised, and in the Ordnance Corps Development
Instructions for LACROSSE, revised 19 November 1954. The basic contract

3

*
was for $699,982 and covered the period through 31 December 1955.

(:éf Contract ORD-2000 was signed on 31 May 1955 for $4,934,074, "
including $350,000 for the fixed fee (7.6351% of cost), $40,000 for
facilities, and $4,544,074 for services and supplies. It called for a
Phase II Production Engineering Study beginning in June 1955 and con-
tinuing through May 1957. The basic objectives of this contract were

to have the contractor perform such redesign and production engineering

* (U) These contracts have been mentioned briefly earlier in this
study to tie in the over-lapping CAL-Martin effort during 1955-56
(see summary of Program Plans & Schedules, Chap III). They are
described in more detail in succeeding paragraphs of this chapter.

*% (U) As of 30 Jun 60, 53 supl agreements had been signed, increasing
the total cont value to $27,488,000. Some of this money was al-
lotted for studies and development effort to improve and/or extend
LACROSSE capabilities. For example, $11 million went to the MOD I
program which was started and terminated under this cont during
1956-59. Other such programs included the Airborne Control System
(ABC) and the Helicopter Transportable System (HTS).

%% (U) As of 30 Jun 60, the total value of Cont ORD-2000 was $7,078,053,
this including a fixed fee of $477,824 or 7.2395% of cost. Note the
reduction of .3956% in contractor's over-all profit (from 7.6351%
for basic cont to an over-all rate of 7.2395%).

9. (U) Incl to ARGMA Ltr, 15 Jul 60, op. cit.
10. (U) LACROSSE Blue Book, op. cit., p. 46.
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as necessary to develop essential economical techniques and processes
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applicable to producing in volume completely interchangeable components
for the LACROSSE I system. In performing production redesign on the
missile, Martin was required under the contract to maintain functional

reliability of all components.

VY
(2% The FY 1955 production contract, ORD-2013, was signed on 1 June
1955 for $8,058,587, including a fixed fee of $550,000 or 7.3255% of

cost. Delivery of end items listed below was to begin in August 1956

and extend through September 1957.11

U
{£€) 50 LACROSSE I Prototype Missiles
25 Missile Containers (Reusable)
50 Warhead Compartments
70 Propulsion Units
4 Sets Ground Guidance, Launching, & Handling Equipment

Special Tools & Test Equipmernt:
2 Sets for Organizational Maint (1lst & 2nd Echelon)
2 Sets for Field Maint (3rd & 4th Echelon)
Spare parts to support scheduled firing to 50 missiles and
to maintain ground equipment for a period of one year.

Complete set of Ordnance drawings on all the above items
excluding the missile.

Handbooks

(U) Coordination between the FY 1955 production contract (ORD-2013)
and the Production Engineering Study (ORD-2000) is depicted in Figure
22. The extent of Cornell control over Martin's redesign effort will

be discussed later in this chapter.

Y
;Cf Fnllow-On Production Orders and Schedules (U)

;éf The first official Weapon System Plan, published on 25 March
1955 (Figure 11), had been developed on the basis of the above FY 1955

# (U) Subsequent PEMA obligations during period FY 1956-60 increased
the total value of Cont ORD-2013 to $44,171,010, this including an
actual hardware cost of $41,747,602 and a total fixed fee of
$2,423 ,408 or 5.8049% of cost. Note reduction of 1.52067% in con-
tractor's over-all profit rate (from 7.3255% for basic cont to an
over-all figure of 5.8049%).

11. (U) 1bid., pp. 46-48, 82-83; and Incl to ARGMA Ltr, 15 Jul 60, -
op. cit.
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COORDINATION BETWEEN PRODUCTION ENGINEERING
STUDY AND PRODUCTION CONTRACT FOR FY 55 PRODUCTION
OF LACROSSE MISSILE

1955 1956 1957
A M J J A 5 O N D J FM A MJ J A S ONDUJ F M A M J J A& S O

- CONTRACT DA-36-034-0RD-2000 {PRODUCTION ENGINEERING STUDY)
% TASK |  TASK 2 Task 3 TASK 4 TASK S
; FEASIBILITY PROPOSE REDESIGN. PREPARE CONTINUE REDE- |CONTINUE REDE- |RE-EVALUATE
STUDY TOOLING DRAWINGS. FABRICATE 2 |SIGN. FABRICATE |SIGN. FABRICATE
iﬁ' MISSILES. 3 MISSILES. { MISSILE.
’ RELEASE OF FIRST SET OF RELEASE SECOND [RELEASE THIRD |RELEASE
A DRAWINGS. SET OF DRAWINGS. | SET OF DRAWINGS. | STABILIZED
o . | orawings.
DA-36-034-0ORD-2013
{PRODUCTION CONTRACT) A S O N D J F M A M]|J J A S
MISSILE SCHEDULE b1 2 2 304 5 5 5 (6 6 6 3.y ag
PRODUC-
GRD. EQUIP. SCHEDULE R T T TION
LoT | LoT 2 T 3
TOTAL 10 9 21

601

FIGURE 22
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industrial program. While follow-on prsauction was planned at that
time, neither the program objectives nor the funding level for FY 1956

had been firmly established.

égf During FY 1956, the Army decided to continue the LACROSSE
program, though firm objectives for tactical requirements were yet to
be established. Based on plans to initiate training activities, and
to provide equipment for other non-tactical efforts, Ordnance recom-
mended the procurement of 42 more missiles, seven more sets of non-
tactical ground equipment, and prototype Ordnance Maintenance Test
Equipment. Industrial (PEMA) funds obligated for these and other
miscellaneous items in FY 1956 totaled $19,344,000, of which about
$17,220,000 went to the Martin Company.12

;éf As the result of a cut-back in FY 1957 procurement funds, the
LACROSSE program lost momentum. Although R&D work was to continue,
the level of FY 1957 procurement funds available and contemplated budget
restrictions for FY 1958 and subsequent years made it necessary to
reduce the over-all industrial effort. Only a minimum of engineering
effort was to be performed sufficient to complete LACROSSE as an on-
the-shelf item. An additional 108 prototype missiles were tc be pro-
cured with FY 1957 funds making a total of 200* misgiles for completion
of all tests. Industrial funds authorized and obligated in FY 1957
totaled $10.977 million, in contrast to $19.344 millien in the preced-
ing year. About $8.567 million of the FY 1957 obligation went to the

Martin Company.

;85 The expected funding shortage for FY 1958 prevented the
establishment of firm tactical objectives; however, preliminary plan-
ning early in FY 1957 called for 16 full Army battalions ultimately,
the first four of which would be activated at reduced strength with

the LACROSSE I and later converted to the improved MOD I system.

¥ zéf The 50 from FY 55; 42 from FY 56; and 108 with the FY 57 program.
These missiles and the 11 sets of ground equipment (from FY 55/56
programsg) were considered to be non-tactical equipment.

12. (¥) Incl to ARGMA Ltr, Ibid.
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Following release of the FY 195;'program to the field in January 1957,

111

the budgetary outlook appeared brighter for FY 1958 and the Army decided
to go ahead with firm plans for a tactical LACROSSE. Accordingly, ‘
Redstone Arsenal published a revised Weapon System Plan in June 1957,
this one superseding the original plan of 25 March 1955. The new plan
reflected current program planning for both the LACROSSE I and MOD I,
the latter appearing on the schedule for the first time. To place sub-
sequent developments in proper pergpective, the key target dates

established in this plan (Figure 23) are briefly described below.

;éf Perhaps the most outstanding feature of the LACROSSE I schedule
was a slippage of six months in the Ordnance Readiness Date* from July
1958 to December 1958. Delivery of non-tactical production prototypes
was to be completed in September 1958 (instead of September 1957),
followed by the first tactical deliveries in October 1958. With esti-
mated completion dates for documentation and training extended accord-
ingly, the earliest ORD for the system would be December 1958, the
difference of two months being allowed for administrative and prepara-
tion time. Tactical equipment deliveries would include 279 missiles
and four reduced-strength battalion sets, all planned for procurement

with the FY 1958 program.

zgf The over-all Ordnance Readiness Date established for the MOD I
system was January 1960. Non-tactical deliveries (204 missiles/19 sets
grouﬁd equipment) were to begin in April 1958 and continue through
March 1960. Tactical deliveries (765 missiles/16 sets ground equipment)
were planned to begin in October 1959 to fulfill the 16-battalion Army
objective. Beginning in early 1961, LACROSSE I equipment in the field

* (U) The Ordnance Readiness Date (ORD) is defined as the date by which
the Army plans to furnish the first acceptable complete weapon system
to the field, and to have all initial capabilities (e.g., trained
manpower, technical publications, repair parts, equipment, and faci-
lities) needed for sustained supply, maintenance, and other Ordnance
support consistent with the plan or program for that weapon system.
It is here that the key disadvantages of a telescoped program began
to show up.
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would be converted to MOD I by use of retrofit or adaption kits. The

initial MOD I buy was to be made with FY 1958 funds and would provide

the equipment for test, training, and octher non-tactical requirements.

ﬁéf Although the next official revision of the weapon system plan
was not approved and published until June 1958, there was abundant
evidence of a production effort stretch-out the minute the FY 1958
program hit the field in November 1957. Based on the level of effort
provided in this program and the requifed production lead time of 15
months, the earliest that LACROSSE I tactical equipment could be
delivered was February 1959. This, coupled with a corresponding
stretch-out in deliveries of non-tactical equipment from the FY 1957
buy, led to an extension of the Ordnance Readiness Date to April 1959.
The same effect carried over into the MOD I program, but the over-all
slippage was much greater because of technical problems and delays. As
a consequence, the MOD I readiness date was changed from January 1960
to October 1960, and it was necessary to defer the first MOD I procure-

ment to the FY 1959 program.

,Zéf.Following this delay in availability of MOD I, and to provide
a capability in FY 1960, the Army objective for LACROSSE I was revised
from four to eight reduced-strength battalions with a corresponding
increase in tactical missiles. These additional items of TACROSSE I

equipment were to be procured wich the FY 1959 program.

jlf But the funding situation in FY 1959 showed little imprcvement.
Funding guidance was not released to the field until the year was half
gone and the funds provided were $10 million short of total program
requirements. To procure the additional LACROSSE I items and the first
non-tactical MOD I equipment, as mentioned above, a total of $65.0
million was needed in the FY 1959 program. Only $55.0 million was made

available.

7l

,Lef Meanwhile, the LACROSSE I service tests were suspended in
November 1958 because of system deficiencies. Production of LACROSSE
1 itemes were immediately suspended and a series of special tests (known

as Operation "Pickle Barrel') was conducted to determine corrections
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and fixes required. Appropriate fixes were established in January 1959

and production was resumed. This delay dictated yet another change in

the readiness date, this time to July 1959, where it remained for the

balance of the program.

‘227 Because of the funding shortage and program delay mentioned
above, and the funding levels expected for follow-on years, a hold order
was placed on procurement of MOD I items. At the same time, the Army
reduced its tactical objectives from 16 to 12 battalions. The LACROSSE
weapon system plan as revised in January 1959 (Figure 24) reflected the
new readiness date of July 1959 for LACROSSE I and extended the readi-
ness date for MOD I from October 1960 to July 1961. Also, the first
non-tactical delivery of MOD I items was reduced (it is shown on the
chart as it would have proceeded with the FY 1959 program prior to the
hold order).

;éf Early in 1959, the Army conducted a complete review of the
LACROSSE program. A study compared the costs of providing 12 LACROSSE
battalions from the going LACROSSE I program, to continuing the MOD I
to an ultimate objective of 12 battalions. This study showed that 12
MOD I battalions would cost over $100 million more than 12 LACROSSE I

battalions.

j%f With the Army already short of funds to carry on other projects,
the figure of $100 million was definitely out of the question. The Army
subsequently recommended termination of further effort on the MOD I;
the Chief of Staff concurred in August 1959. Cancellation of the MOD I
program left the LACROSSE I without the one crutch which could have made
it a completely reliable, field-worthy weapon. For this reason, the

U. S. Marine Corps announced its immediate withdrawal from the program.

(U) As Brigadier General H. C. Tschirgi, USMC, ACS/G-4, later told

the Subcommittee on Department of Defense Appropriations:

(U) It takes a very simple device to interfere with
the control of the LACROSSE. LACROSSE, as you know, is

13. (V) Incl to ARGMA Ltr, 15 Jul 60, op. cit.
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controlled by a forward station and it must have the radio
signals going back to it. If any radio transmitter gets
on the same frequency, the missile is lost.

(U) If you put a nuclear warhead on one of these
things, it is going to be a little bit unfortunate if some-
body guided it to the wrong place, or if it got to the
wrong place without any guidance. It is a $70,000 missile
and it can be interfered with by another local station.

‘jéf The Production Prototype System—Tasks II & III (U)

;éf Extent of Cornell Control.Over System (UI).

525 Under terms of the R&D céntract (ORD-1892) between Redstone
Arsenal and the Martin Company, prime responsibility for technical
development of the LACROSSE system resided with Cornell, and the effort
was therefore directed by technical work authorizations originated by
Cornell.15 The production engineering contract (ORD-2000) between RSA
and Martin did not provide for this element of control by Cornell;
however, in performing redesign on the missile, Martin was required
under the contract to maintain functional reliability of all

components.

jés Pursuant to its delegated R&D responsibility, Cornell gave
Martin a subcontract for LACROSSE I planning early in February 1955.
This contract called for over-all program planning and liaison in
cooperation with the laboratory; initiation of preliminary design of
LACROSSE I missile and launching system; and preparation for fabrica-
tion of Group B missiles, including commitments for procurement of
critical items, as required.17 The Group B missile program was also
covered in Martin's production engineering contract with Redstone, but

with no provision for control by Cornell.18

14. (U) Hearings Before the Subcommittee of the Committee on
Appropriations, House of Representatives, Eighty-Sixth Congress,
Second Session, 25 Feb 60.

15. (U) Sacher Rept BE-745-T-149, op. cit., p. 212.
16. (UG) LACROSSE Blue Book, op. cit., p. 48
17. (U) Sacher Rept BE-745-T-149, op. cit., p. 212.
18. (U) LACROSSE Blue Book, op. cit., p. 47.
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(U) The Cornell Laboratory was primarily'a research activity and

had no capability for mass production; however, it did have a limited
capacity for product design and fabrication as required to formalize
designs or conduct critical experiments to demonstrate the feasibility
of a system. Once the feasibility of the LACROSSE system had -been
demonstrated, further development of the system was to be accomplished

by the Martin Company.

(U) In establishing the accuracy to which the LACROSSE missile
could be guided, Cornell had to produce well developed items of special
equipment and conduct rather extensive field tests. Therefore, it was
deeply involved in the detail design of equipment and had a somewhat
more extensive background in LACROSSE than might be considered normal
for a research laboratory. For this reason, a primary objective of the
LACROSSE activity at Cornell during the 1956-58 period was the complete
and efficient transfer of technical material to the Martin Company. As
a part of this transfer, it was essential to assure that full use was
made of such material and that Martin could efficiently carry on the
development. Further, it was important that the Martin Company ''be able
to recognize and solve LACROSSE system problems using the past experi-
ence of Cornell . . . and their acquired LACROSSE background."19 When
this had been accomplished, technical responsibility for the LACROSSE
project was transferred from Cornell to Martin in a phased, item-by-

item manner as described later in this study.

;25 Extent of Cornell Design (U)

j;%“Aerodynamically, the LACROSSE I missile remained unchanged
from its Group A design. Structurally, the detail design changed
drastically to accommodate production techniques. The system changes
dictated by the LACROSSE I concept were recognized by Cornell and
carried through to the breadboard stage prior to transfer of missile

responsibility to the production contractor.

19. (U) Sacher Rept BE-745-T-149, op. cit., pp. 212-13.
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The tactical version oI the guidance equlpment developed by

FTL while under subcontract to Cornell, was successfully tested during
the Group B program. These tests showed that no major redesign was
required for LACROSSE I, though further development effort was necessary

to improve system operation in the presence of electronic countermeasures.

zéf The LACROSSE launcher developed by Cormell for the Group A and
B programs was not a production item. The crane rails were rolled to
shape by Bethlehem Steel Company and were supported by a web configura-
ticn. For production purposes, Martin found it preferable to cast the

rails - and rail supports as a:single section.

ﬁds The missile shipping container developed under a GCornell sub-
contract had a fiberglass impregnated outer shell with a pressurized
aluminum inner shell. This container met all specifications; however,

to reduce cost, Martin chose to develop a steel container.

zéf Except for the FGS vehicle, the prime responsibility for
development of support equipment was assigned to Martin. Cornell
activity in this area was limited to reviewing Martin's plans to

determine compliance with the basic LACROSSE concept.

iéf Martin's R&D Test Program (U)

'

'fﬁf Following production of the Group B missiles, Martin started a
series of -design refinement and'production tasks (Figure 22) leading to
the ultimate tactical design. The first task was a feasibilitybstudy
of materials; methods, and processes of manufacture, and did not include
actual hardware production. From results of the Task I study, eight
Task II first production prototype missiles were developed and flight
tested with an engineering goal of 60% of the ultimate missile design.
Task III, in turn, was a refinement of the Task II design and included
21 second production prototype missiles. (Task IV effort embraced
further design refinement and production cf finmal tactical missiles

used in the composite Flight Test Program.) The LACROSSE missile and

20. (U) Ibid., pp. 209-210.

UNCEASSIEE




R 121
UNCLASSIFIED* .,

airborne guidance development program included a parallel effort on the

ground guidance station. Missile ground guidance components were

developed in lots concurrently with the missile.

Q) Corﬁell's participation in the Task II and III flight test
program consisted of evaluating test data and discussing results with
Martin personnel at system analysis conferences. To assist Martin, a
Cornell representative remained at White Sands during the program.
Except for lightweight launcher tests, Cornell's participation in
LACROSSE I flight test at White Sands was terminated with the transfer

22
of engineering responsibility for the Task IV program in March 1958.

jéf Task II Program (U)

ggf Flight testing of the eight Task II production prototype
missiles began at White Sands in January 1957 and continued through
13 June 1957. The FGS used in these tests was the Group B equipment
developed by FTL under subcontract to Cornell. All eight of the Task
II missiles used the XM-10 rocket motor developed by the Thiokol

Chemical Corporation under contract with Redstone Arsenal.

Z%f The primary objective of these tests was to demonstrate the
over-all accuracy and performance of the LACROSSE I missile. Four of
the missiles impacted within the required accuracy, and one other was
considered successful but impacted outside the required CPE (8.7 meters
low in pitch and 14.3 meters to the left in yaw of the target).
Hydraulic system failure downed one of the missiles several thousand
meters short of the target. The remaining two missile flights were
also marred by component malfunction, one having a yaw error of 54.6

meters and the other a pitch error of 4,448 meters.2

21. (U) "LACROSSE System Description,' by Martin Co., Jan 61, p. 5,
RSIC.

22. (U) Sacher Rept BE-745-T-149, op. cit., p. 218.

23. (U) Martin Rept OR 6-1, LACROSSE Semiannual Rept for period
ending 30 Jun 57, 17 Oct 57, p. v; and Szabo, W. J., "Quarterly Progress
Report ... April-June 1957," CAL Rept BE-745-T-26, 15 Jul 57, p. 38,
RSIC. See table of Task II firings, Document 13.
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Figure 25. LACROSSE MISSILE UNVEILED AT REDSTONE ARSENAL—The above
photo of the Lacrosse missile was the first released by the Army in
February 1957. Shown alongside the missile are three Redstone men who
played leading roles in its development: (left to right) Norman Bucholz,
Lt Col Bruce Pierce, and Johnnie Lynch. (Redstone Rocket, 5 Feb 57)

-

. ; o 4

Figure 26. These photographs show a pinpoint hit and destruction of
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jES Task III Program (U)

537 Within a week after the last Task II firing, Martin had com-
pleted delivery of the 21 Task III (second production prototype)
missiles and was ready to begin flight tests on 20 June 1957. The FGS
used was the LACROSSE I, lot I equipment developed by FTL under sub-
contract to Martin. Two of the 21 rounds were reserved for special
firings; three were used in unguided missile flight tests to evaluate
the lightweight launcher; and the remaining 16 were used in Martin's

R&D evaluation program.

ééf Of the 16 R&D evaluation firings, five or about 31% impacted
within the required CPE. One other flight was considered successful
but outside the CPE (yaw error 13.1 meters; pitch error 5.8 meters).
The remaining 10 flight tests were marred by malfunctions in the
guidance and control system. All of these firings were completed by
19 March 1958.

;Ef The three unguided flight tests were conducted by Cornell to
evaluate the lightweight launcher being developed for the Helicopter
Transportable System. Test objectives of the first firing, on 13
December 1957, were not achieved because of a malfunction in the
stabilizer element. The second test, on 21 February 1958, was com-
pletely successful. In the third test, on 8 May 1958, an oscillograph
’ failure caused the loss of test records; however, the launcher and its

redesigned stabilizer appeared to function properly.

(U) Transfer of Technical Responsibility (U)

(U) At the end of the Task III program, the transfer of technical

responsibility from Cornell to Martin had been essentially completed.

(U) The transfer of responsibility was effected in an orderly and
progressive series of discrete steps. When a particular area of

technical activity was sufficiently defined, with its scope and schedule

24. (U) Spangler, G., "LACROSSE Semiannual Progress Report,
January-June 1958,' CAL Rept BE-745-T-29, 15 Jul 58, pp. 33, 70-72,
RSIC; and Sacher Rept BE-745-T-149, op. cit., p. 218. See table of
test results, Document 14.
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established, a target date for the transfer“was set. The transfer
process for each item included a detail check-off list covering objec-
tives and standards of performance for concurrence of both contractors.
The target dates established in the original list represented the latest
time at which transfer should be effected. It was Cornell's desire to
complete the transfer as early as possible and to reach a reasonable
degree of technical agreement on each item two or three months in
advance of the appointed date. Responsibility for a specific LACROSSE
system was transferred with full concurrence of Redstone Arsenal when
each technical area of the system had been transferred to and accepted
by the Martin Company, and when the Martin Company had demonstrated an
adequate R&D ability to insure the continued development and product
engineering of that system to the full satisfaction of RSA Project

Engineers.

(U) The transfer of technical responsibility for any item of the
system or for a complete system indicated to Redstone Arsenal that the
R&D effort on that item or system was progressing satisfactorily and
that further detailed monitoring by Cornell was unwarranted. It did
not mean, however, that the R&D was necessarily complete, nor that the
-item or system was ready for '"production release'" by the RSA R&D
Division.

(U) Once an item or system had been transferred, Cornell no longer
maintained close liaison with Martin. However, in accordance with its
responsibilities to Redstone, Cornell did continue to monitor the entire
program until transfer of complete responsibility had been effected and
asked to be kept advised of all design changes affecting the perform-
ance characteristics, schedules, scope, or tactical utility of the

LACROSSE System.25

Supplemental Development Effort (U)

QZ%'With the transfer of technical responsibility for the LACROSSE

weapon system to the Martin Company, Cornell's effort was reoriented

25. (U) Sacher Rept BE-745-T-149, Ibid., pp. 219-21.

U
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toward R&D on items which woul&.improve andVBr extend system
capabilities. Late in 1957, Redstone gave Cornell a separate contract
(DA-30-115-ORD-908) for this supplemental work, some of which had been
started under the basic R&D contract (ORD-47). The basicrconttadtiwash ™
later terminated and the unfinished projects transferred to the new

R&D contract.26

;af Most of the supplemental development effort was concerned with
the extension of system performance capabilities to meet the revised
MC's for a close and general support weapon system. The two items of
prime importance here were the Helicopter Transportable System and the
Airborne Control System, both developed by Cornell in coordination with
the Martin Company. Equally important, if not more so, was development
of the LACROSSE MOD I with the objective of improving system perform-
ance in the presence of electroni¢ countermeasures (ECM). The latter
effort was conducted by FTL under subcontract to Martin, Cornell's
responsibility being limited to feasibility studies and technical
monitoring and advice on design development. While the total LACROSSE
program embraced numerous other special studies and developments, time

will only permit a very brief coverage of the three just mentioned.

(B’ LACROSSE MOD I (U)

zé) The LACROSSE MOD I was selected for development early in 1956
to provide the LACROSSE system with an electronic counter countermeasure
(ECCM) capability. The requirement for incorporation of "anti-jam

devices" in the guidance system had been established in the very first

26. (U) 1bid., p. 228.

(U) Effort under ORD-47 was extended thru 30 Sep 59 by Mod 33
dated 5 Aug 59, at which time the cumulative contract value was $20.958
million. After final settlement had been made and the contract closed
out, the net value (including Mods 1 thru 33) was $20,278,082.

(U) As of 1 Jul 62, delivery under Cont ORD-908 had been com-
pleted but final settlement was yet to be made. At that time the con-
tract value (including Mods 1 thru 22) was $6,231,518. Ref: List of
Active and Closed Out Contracts, 1 Jul 62, published by the AOMC

Industrial Directorate.
UNCLASSIFIER) .
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set of tentative MC's issued by the Maritie Corps in 1947; however, in

the early stages of development the state of the art was not sufficiently
advanced to provide this capability and still meet the stringent accuracy

specifications.

,Eé) In connection with the ECM problem, Cornell considered the
possibility of using all-pulse radar techniques for ranging and tracking
as early as 1953, but the state of techmology at that time indicated
that the specified accuracy requirements could only be met by use of
CW ranging. The use of all-pulse techniques for ranging and tracking
was again considered in the first half of CY 1955, during the early
part of the Group A test program. At that time, it was decided that
the change from CW ranging to radar ranging would result in one to two
years' delay in providing an operational weapon. Consequently, Cornell
continued development of the LACROSSE I system using CW ranging and
formulated plans for a parallel system improvement program. These
plans called for a study of the guidance system with the objective of
making it an all-pulse system in the K, band region. As an alternate
approach to the ECM problem, the propésed parallel study program would
consider the incorporation of noise correlation techniques into the

guidance equipment.

435 A review of the LACROSSE R&D program as of 30 June 1955 indi-
cated that the contemplated FY 1956 budget would permit only preliminary
feasibility studies at the very best, and that programs for system
improvement would have to be phased into the project with supplementary
FY 1956 and subsequent year funding. The evaluation summary went on
to say: "If any system modifications come about, it is not foreseen

that these changes will Qe incorporated into the equipments issued
to the initial user units. CY 59 should see some equipments which have

been modified to some extent."

# (U) See Document 1.
27. (U) Ibid., p. 213; and LACROSSE Blue Book, op. cit., p. 24.
28. (¥) Blue Book, Ibid., p. 37.

‘4.



tions Laboratory conducted feasibility studies of advanced guidance
systems using the proposed all-pulse K, band and correlation techniques.
These studies, completed in February 1956, indicated that the all-pulse
Ky band system—designated the MOD I—offered the greatest ECCM capa-

bility with the least delay in engineering and production.

;37 The Federal Telecommunications Laboratory began development of
the MOD I system under subcontract to the Martin Company in March 1956.
The _practical application of the MOD I concept involved, among other
things, a complete redesign of the missile center section and an
extensive redesign of forward guidance station equipment. In March
1958, FTL delivered the first design of MOD I components (called the
Series 100 equipment). Martin conducted closed-loop and ground-to-air
tests on the equipment through termination of the program in August.
By this time, the Martin Company had completed one set of refined MOD I
(Series 200) equipment.30 R&D funds spent on MOD I development through
FY 1959 totaled $11.403 million.>!

C1
¢€f Airborne Control System (ABC) (U)

;27 The initial concept for a close support weapon of the LACROSSE
type called for control of the missile by an observer in observation
type aircraft. Targets for the LACROSSE weapons system were generally
limited to those which could be observed or surveyed from friendly
territory. However, artillery experience demonstrated that many targets
not visible from the ground could be spotted from the air. Therefore,
to insure the utility of the LACROSSE system, DA Staff directed the
Chief of Ordnance to investigate possible methods of missile airborne
control for close support of land forces. Cornell began a formal study

of the over-all problem in January 1956.

29. (U) 1bid., Supplement 1, pp. 8-9.

30. (U) Incl to ARGMA Ltr, 15 Jul 60, op. cit.; and AOMC "Briefing
Notes for Mr. Holaday - 6-7 October 1958."

31. (U) Incl to ARGMA Ltr, Ibid.
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7]
gef Based on the results of this study, Cornell concluded that a

line-of-sight guidance mode was immediately feasible, and that an
inertial navigation system might prove feasible with further development.
In October 1956, DA Staff approved a two-phase program, the first phase -
to include development of the line-of-sight airborne guidance system,

and Phase II the inertial navigation system.

2}7 In Phase I Cornell placed primary emphasis on providing the
Army with an early ABC system capability (for demonstration in 1959)
with high utility under most battle field situations. This effort con--
tinued throughout FY 1957, somewhat hampered by lack of funds. Then,
in the middle of FY 1958, Cornell received authority to develop a com-
plete prototype system of the Phase I type. By the end of October 1958,
this effort had been completed and one missile (out of eight originally
scheduled) successfully flight tested at White Sands. At this point,
word came from Washington that no FY 1959 funds would be available for
the ABC program. Although the program remained in a stand-by state
throughout FY 1959, funds were provided for flight test of two addi-

tional missiles at the request of the Signal Corps.

;éT'The ABC program was terminated for lack of funds in October
1959. At this time, the Phase II effort had progressed to the point
where major subsystems were well defined and subcontractors selected.
R&D funds obligated under the ABC program from FY 1956 through FY 1959
totaled $5.644 million.>?

(eY Helicopter Transportable System (1))

227 Early in 1956, the Marine Corps established a firm requirement
for a Helicopter Transportable System (HTS) and submitted interim MC's
for such a system in mid-1956. The Army MC's for LACROSSE, as revised

in June 1957, included the HTS requirement.

o
§C§ Development of the HTS began at Cornell Laboratory in 1956.

Before all required components could be air transported, two major

32. (U) Ibid.; and Sacher Rept BE-745-T-149, op. cit., pp. 235-36.
The ABC effort was funded under Cornell contracts ORD-47 and 908.
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modifications of the current LACROéSE systéﬁ were neceésary. The

launcher had to be totally redesigned to fall within the weight limit,
and a new method of both handling and loading the missile was required
to eliminate the 2%-ton capacity wrecking crane used for this purpose.
Aside from the missile, launcher, and missile handling equipment, the
system consisted of checkout units and firing panels, power supplies,
forward guidance stations, and fire direction centers. The design
weight limit for the heaviest piece of equipment was set at 2,500

pounds.

637 Design and development effort continued throughout 1957, and
Cornell delivered one prototype launcher and handling dolly in January
1958. Subsequent firing tests on these items proved that the system
was operationally acceptable. Design of a tactical pre-production
system was then begun early in October 1958. This equipment was de-
livered in August 1959. Arctic tests on the system were successfully -

conducted in January and February 1960.

;&f Because of funding limitations, no Army requirements for pro-
duction type systems were established. It should also be noted here
that the HTé was developed to meet requirements established by the
Marine Corps. As stated earlier, the Marine Corps pulled out of the
program when development of the MOD I system was terminated in August
1959. Development funds spent on the HTS from FY 1957 through FY 1960
amounted to $2.732 million. Marine Corps contributions to the LACROSSE
program during Fiscal Years 1957, 1958, and 1959, totaled $4.354

million.

}87 LACROSSE I Tactical Weapon System—Task IV (U)

Yy
(€5 The Task IV phase of LACROSSE I development was the sole
responsibility of the Martin Company. Having relinquished engineering

responsibility for the Task IV system in March 1958, Cornell withdrew

33. () Sacher Rept, Ibid., p. 228.
34. (U) Incl to ARGMA Ltr, 15 Jul 60, op. cit.
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its representatives from the test site at White Sands and ceased to
participate in the flight test program, except for those firings involv-

ing evaluation of the HTS launcher.

225 This final tactical stage of LACROSSE development was actually
a continuation of system testing begun with the Task II and Task III
missiles in 1957. The Task IV system, however, represented the ultimate
tactical configuration which would have to pass extensive firing and
non-firing evaluation tests preparatory to troop issue. The physical
and operational characteristics of the missile system finally released

for deployment are depicted in Figures 27, 28, and 29.35

})’ LACROSSE Composite Test Plan (U)

(U) The primary purpose of the integrated test concept adopted for
the LACROSSE was to provide an accelerated missile system test program

which would result in an approved weapon system with a minimum expendi-

ture of time and funds. The main theme of the plan centered around f;

interparticipation, mutual confidence, and free exchange of data among é
.

the participating agencies. Under the integrated test procedure, one °i

N

agency (the Martin Company, WSMR, or the Artillery Board) was designaggaﬁ
as the principal test agency for each firing and delegated responsibié 'i?
lity for conducting that firing. Other agencies were invited to monitor
the test, and to specify secondary objectives as long as the primary
objective was not compromised. At the beginning of each quarter, ARGMA
generally scheduled a meeting of the firing test subcommittee to analyze

. 36
past tests and resolve details for the next quarter.

(U) The scope cf the composite test program, as revised in April
1960, is reflected in Figure 30. It was designed to provide a thorough
evaluation of the technical adequacy of the system, including accuracy

and over-all effectiveness, and to determine maintenance suitability,

35. (U) For a detailed description and discussion of the operational
LACROSSE Weapon System, see Martin Rept OR 1312, "LACROSSE System
Description,' Jan 61, RSIC.

36. () LACROSSE Composite Test Plan, AOMC TP-1, revised 1 Apr 60,

pp. 1-2.
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J LACROSSE COMPOSITE TEST PROGRAM
] March 1958 - August 1960
i Total Nr. of Missiles 20545 Spares=210

| , I
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performance deterioration under field conditions, and maintenance

requirements for test equipment. Other objectives of the program were
to determine performance of the production engineered missile with
respect to system requirements, and to establish whether any failures
were attributed to shortcomings in the industrial inspection or quality

control programs.

A
_key Task IV Firings (U)

.ﬁéf Task IV evaluation firings started at White Sands Missile
Range on 19 March 1958. As of 9 April 1960, 181 of the scheduled

missile firings had been conducted by agencies indicated below.38
Agency Nr. Missiles Test Period
Martin Co. (R&D) 59 19 Mar 58 to 11 Sep 59
Artillery Board 44 23 Mar 58 to 2 Feb 60
STD-0M" 55 2 Sep 58 to 25 Mar 60
Army _Ei 29.:Jan 60 to 9 Apr 60
181

;%5 The fact that Martin had not been able to maintain functional
reliability of missile components in performing\redesign became evident
very,early in the evaluation program. Of the fif;t 13 Task IV missiles
fired through July 1958 (12 by Martin; 1 by the Artillery Board), eight
were unsuccessful because of varicus component failures.39 In addition,
what appeared to be serious deficiencies had shown up in the non-firing

cold weather tests conducted at Eglin Air Force Base.

* (U) System Test Division of the Ordnance Mission (WSMR).
37. (U) 1Ibid.

38. (U) Martin Rept OR 1294, "LACROSSE TASK IV Flight Test Program,"
22 Nov 60, pp. 66 ff, RSIC.

39. (U) Ibid.
40. (U) AOMC TP-1, op. cit., pp. 61-62
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at the Pentagon on 30 July 1958. The results of this meeting* revealed
general problem areas in engineering, quality control, and maintenance,
as well as a lack of satisfactory communication channels among Ordnance
agencies and the user. Based on a review of known technical problems,
Ordnance could see no reason for delay in supply cf equipment to troops
(the LACROSSE I Ordnance Readiness Date at that time being April 1959).
It was concluded that deficiencies occurring in missile firing tests
could be corrected and fixes applied tc initial equipment for troop use,
and that deficiencies revealed in cold weather tests were not serious
enough to delay the tests then scheduled at Fort Churchill during the

winter of 1958-59.41

“ 4
€3 By 27 November 1958, a total of 38 TASK IV missiles had been

flight tested*x with a disappointing score of 21, or 55.3% unsuccessful.
Of these 21 failures, 19 were aborts resulting from such conditions as
noise and radio interference, DME ranging errors, and malfunctions in
the transponder, beacon, and battery.42 As a result of firing diffi-
culties being experienced by the Artillery Board, the Commanding General
of CONARC recommended that further testing of the LACROSSE system be
suspended and that plans for cold weather tests at Fort Churchill be
delayed until the winter of 1959-60. The reasons given for the recom-
mendation reflect the unsatisfactory state of the over-all program at
this point:

1. ;éf'Low reliability of LACROSSE system. Of the 13 missiles

fired, 8 were unsuccessful. Delays in firing of from 30 minutes to
4 hours were encountered in mest tests.

* (U) Attended by representatives of 0CO, CONARC, Deputy Chief of Staff
for Legistics (DCSLOG), Deputy Chief of Staff for Operations (DCSOPS),
and Office, Chief of R&D (OCRD). ’

*% (U) 17 by Martin, 8 by STD-OM crews, and 13 by the Artillery Board—
these including the first 13 firings mentioned above.

41. (U) Ltr, Col 3. J. Lecn Hirshorn, 0CO, to ARGMA Comdr, 8 Feb
60, subj "LACROSSE Case Study,'" and incl thereto, same subj. (The
latter document hereinafter referred to as LACROSSE Case Study.)

42. (%) Martin Rept OR 1294, cp. cit.
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2. gé? Development agencies did not have immediate solutions to
the in-flight problems encountered in the user tests.

3. ééf Continued modifications to the missile, guidance station,
missile automatic checker prevented testing of a truly tactical item
ready for troop issue.

4. ;%& More and more restrictions were being placed on the Board's
firing parameters by the developing agencies in an attempt to overcome
system peculiarities.

5. éﬁﬁ Only a few of the necessary non-firing tests have been made
by the Board because the Ordnance post firing examination and pre-firing
checkout keeps equipment away from Board personnel for days at a time.

6. jﬁﬁ Complicated procedures involving the use of an aircraft are
being taken to check the missile and guidance equipment before the user
firings.

7. A reasonably high standard of system performance to be used
in analyzing cold weather test results have not been achieved.43

627 Operation Pickle Barrel. In view of the above circumstances,

LACROSSE firings and production were suspended effective 28 November
1958. From this date through 12 December 1958, Martin and ARGMA con-
ducted a special firing program (known as Operation Pickle Barrel) to
determine and establish fixes for existing deficiencies. 1In additionm,
ARGMA undertook an intensive quality assessment program beginning at
the contractor's plant and carrying through to the firing site. 1In
this exercise, quality control deficiencies during manufacture were
noted and corrected. Twelve missiles were fired under this special
program (10 by Martin and 2 by the Artillery Board). Many technical
problems were discovered in the operation, some of them having long
histories and others appearing for the first time. Four out of the 12
missile firings were marred by in-flight malfunctions. Transponder
failure caused two missiles to abort; yaw loop malfunction caused one
to abort; and one missile lost control after a beacon failure. The
remaining eight missiles were successfully delivered to the target

with desired impact accuracy.

43. (U) Quoted from LACROSSE Case Study, op. cit., pp. 9-10.
44, (U) Martin Rept OR 1294, op. cit., pp. 56-57.
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(#f During the first half of January 1959, the Martin Company
completed its analysis of the above firings and presented the results
and recommended corrective actions to a joint meeting of ARGMA, WSMR,
Artillery Board, Ordnance Guided Missile School (OGMS), and Cornell
representatives. Because of the interrupticn of LACROSSE production
and firing programs, and the time required to install corrections to
equipment in the field, it was impossible for Ordnance to meet the
April 1959 readiness date. The number of R&D warhead tests and Ordnance
engineering tests which could be c»aducted prior to April 1959 would be
insufficient to permit an adequate system evaluation. Moreover, the
first set of 3rd Echelcn production test equipment would nct be avail-
able until 30 June 1959, and OGMS could not adequately train direct
support detachments until that date because of the shortage of Type 1V
Test Equipment. Cecnsequently, the LACROSSE program schedule was
reoriented on 19 January 1959 and the Ordnancze Readiness Date extended

tc 1 July 1959.%
C‘

467'Martin completed the installation of appropriate equipment
fixes and resumed R&D firings under the composite test program on 27
February 1959. This was followed by resumpticn of LACROSSE production
and Ordnance evaluation tests early in March 1959. To assure delivery
of a complete tactical system by 1 July 1959, ARGMA dispatched a task
force to Martin's Orlando plant, in March, to monitor the contractor's
effort in the areas of engineering, quality assuraace, field service
' documentation; and hardware deliveries. 1Irn addition, an ARGMA team
performed a thorough evaluation of Martin's quality control program,
and agssisted in the establishment of improved management controls within
the contractor's complex. A new ingpection manager was added to
Martin's Quality Division, and a Weapon System Test Department was

created to perform acceptance inspection ¢f major end items.

45. (U) LACROSSE Case History, op. ¢it., p. 10; and "LACROSSE
Missile System Monthly Preogress Report.' ARCGMA, Jan 59, p. 1.

46. {7) LACROSSE Progress Rept, Mar 59, p. 1.
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As a result of the foregoing actions, Task IV equipment began

to show a great improvement both in reliability and accuracy. Out of
41 evaluation firings conducted between 27 February and 26 June 1959
(19 R&D; 22 STD-OM), all test objectives were achieved in 28, including
three successful T52 warhead tests. The Artillery Board then resumed
its evaluation program on June 26th and conducted six flight tests
through June 29th. All of these missiles were successfully guided to

the target area, with CPE accuracy ranging from 0.9 to 2.1 meters.

fﬁr LACROSSE equipment for the first reduced-strength Artillery
battalion and its Ordnance Support Detachment was delivered to Fort
Sill, Oklahoma, on 1 July 1959.48 The Ordnance Readiness Date thus had

been achieved, but many field support problems were yet to be solved.

eéf Upon completion of the R&D portion of the Task IV evaluation
program in September 1959, ARGMA had most of Martin's firing test crew
withdrawn from WSMR, leaving ten personnel to furnish technical assist-
ance and plant backup as required for components and parts.49 While
the results of subsequent user and Ordnance engineering tests showed a
drastic improvement over earlier firings in 1958, the system reliability
index continued to fluctuate from poor to fair and never fully met user

requirements.

ééf LACROSSE Production Summary (U)

feJ" The tactical equipment delivered on 1 July 1959 for activation

Sdenl saad 7

of the first LACROSSE battalion at Fort Sill was made up of the follow-

ing items:

47. (U) Martin Rept OR 1294, op. cit.
48. (U) LACROSSE Case History, op. cit., p. 10
49. (U) AOMC TP-1, op. cit., p. 2.

50. (U) Results of the 181 Task IV firings conducted under the
Composite Test Program between Mar 58 and Apr 60 are presented in
Appendix,Document 15.
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Launchers 4 Missile Automatic Crackers
Generatoer Trailers & Associated Equipment
Vans (Type IV Test Equipment) Primary Power Units
3/4-ton Trailer Trucks Target Survey Units

Jeeps Ferward Guidance Stations

En SV IV, BN
NN

All of this equipment was considered "tactical' with exception of the
Primary Power Unit (PPU), which ARGMA personnel described as an unreli-
able "soft engineered item.”51 Among the irregularities noted in the
unit were cracked frames, poor igriftieon, and poor voltage and frequency
control. To eliminate these deficicncies and make the unit more field-
worthy, extensive last-minute changes were necessary, including complete
change of the ignition system to an aircraft type, modification of the
engine frame to provide more strength, and variocus other changes to

improve reliability and reduce breakage and vibration.52

{U) Subsequent deliveries of LACROSSE missiles and equipment were
maintained on or ahead of planned monthly schedules. The status of
LACROSSE production and other phasges of the program through 31 March
1961 is depicted in Figure 31.

51. (%) TT, GF AOMC to COFORD, Jun 59.
52. (i) LACROSSE Progress Rept, Aug 59, pp. 5-6.
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V. (U) THE LACROSSE TRAINING PROGRAM

(U) Development of the Program

(U) The responsibility for the LACROSSE training program, like all
other new items of equipment, was included in the over-all mission of
The Ordnance Training Command. Established in October 1950, The Ordnance
Training Command was charged with the mission of rendering direction,
guidance, and surveillance necessary to accomplish the Ordnance training
mission. Ordnance Corps Order 30-53, dated 27 August 1953, further
assigned Redstone Arsenal the responsibility of insuring the initial
transfer of knowledge from the developer to the appropriate military
using agency for all items for which it had commodity management

responsibility.

(U) Early planning for LACROSSE training centered around, and was
dependent upon the Ordnance Readiness Date. From this date, personnel
of the RSA National Mission Technical Training Branch worked backward,
allocating time to each of the different phases outlined in the general
training concept. It was their responsibility to provide trained
personnel to operate.and maintain the new equipment in accordance with

planned deployment.

(U) LACROSSE training was divided in two specific phases: New
Equipment Training and Resident Training. The purpose of new equipment
training was to provide a staff of trained instructors for technical and
user service schools and to train key maintenance personnel requiring an
early knowledge of the weapon system. The Resident Training Phase had a
two-fold objective: 1) to train selected m%}itary personnel in Ordnance
service schools in Military Occupational Specialties (MOS's) as required
to activate units to support and maintain LACROSSE missile systems in the
field; and 2) to train military personnel in user service schools as re-
quifed for firing units to operate and perform organizational maintenance

on systems in the field.

(U) As the producer and co-developer of the LACROSSE weapon system,
the Martin Company was expected to train key personnel in the operation

and maintenance of the system. The Martin Company submitted its training
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Figure 32. Martin Company instructors Jess Sweetser, Jr. (foreground),
Bob Burrow (at jeep), and Gil Baten (background) are shown demonstrating
operation of LACROSSE equipment at Redstone Arsenal's Training School.
(RSA Photo, July 1957)

EESE T ped

Figure 33. LACROSSE training session at the Ordnance Guided Missile
School. (QGMS Photo, April 1958)
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proposal and cost estimate to Ordnance in September 1955. The Philadel-
phia Ordnance District awarded Martin two training contracts early in

CY 1956. Contract 2216 provided for preparation of 150 Staff Orientation
Manuals, 100 Guidance Manuals, 75 Mechanical Manuals, and 225 Operators'
Manuals. Under Contract 2244, Martin was to provide Ordnance with 4072
hours of classroom instruction-* Martin assigned ten qualified instruc-

tors to Redstone Arsenal in October 1956.1

(U) New Equipment Training Courses

(U) The initial transfer of knowledge of the LACROSSE system from
the developer to key civilian and military personnel was accomplished in
New Equipment Training Courses conducted at RSA by Martin instructors.
The courses began at the RSA New Equipment Training Center on 24 October
1956 and ended in November 1957. The courses taught and the number and
source of personnel completing each course are shown in Table 3°2

Table 3
NEW EQUIPMENT TRAINING COURSES

Course Titles/Number of Students

Organization Electro-Mech Guidance Operators Total
Fort Sill.....cveevess 5 3 17 25
Fort BlisS.eeeeeeeccnss 2 : 3 10 15
WSMReovoscsonoasonnan 10 18 21 49
Erie Ordnance Depot.. 1 1 0 2
Aberdeen Proving Grd. 0 1 0 1
Benicia Arsenal...... 1 2 0
Pueblo Ord Depot..... 1 3 0 4
OGMS cvenvenososannnns 10 17 1 28
Redstone Arsenal..... _6 7 3 _16
TOTAL v+ eovevoesorons 36 55 52 143

Three-day Staff Orientation Course - 134.

* (U) See list of Martin contracts in Document 26.

1. (U) LACROSSE Blue Book, op. cit., pp. 73-74, and Supplement 1
thereto, pp. 31-32. Also see LACROSSE Missile System Plan, ARGMA MSP-3,
31 Mar 60, p. G-1.

2. (U) ARGMA MSP-3, Ibid., pp. G-2 and G-3.
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(V) Resident Training Progran

(V) Training of individuals and uvnits required for Ordnance support
of LACROSSE was accomplished through resident training at the Ordnance
Guided Missile School, Redstone Arsenal, Alzbame. Individuals and units
required to support LACROSSE firing units and battalions were trained in
resident courses at the Artillery and Guided Missile School, Fort Sill,
Oklahoma. LACROSSE training began at O3S on 3 March 1959 and at Fort
Sill on 18 June 1959. Both of these training programs were continued as
long 2s a requirement existed. Table &4 shows a breakdown of courses,

with corresponding MOS =numbers, length, an? number of students per course.

Tzole &
RESIDENT TRAINING COURSES

Ordnance Courses (OGMS) MOS Length Nr. Students
SUDEr ViSOl eaevonresnoaccosoaconescees LBLE 29 wesks 36
Internal Guidance..e.csrcascvssosonvo 247 11 weeks 112
External Guidanceocecscccesvvvosvonss 248 18 weeks 182
Electro-Mechanical...cecvocoeccrosens 434 9 waeks 122
Usar Courses (Fort §ill)

LACROSSE Officer's Course..ococesvans - 4 weecks 20
LACROSSE Firing Battery Control...... 166.6 4 weeks 20
LACROSSE Fire Control Qperations..... 167.6 5 weeks 12

(V) The three user courses at Fort §ill were condueted concurrently.
The First Field Artillery Missile Brigade conductad advanced individual
training for filler personnel to be assignesd to LACROSSE battalions.
Upon completion of individual training, thay participated ia unit train-
ing conducted in accordance with the LACROSSE Army Training Program
6-585. TUnit training wzs conducted by the batizlion commander under
supervision of the First Field Artillery Brigade. Upsa completion of
thic traiaing cycle, the unit was ready for preparation for overs

movement and deploymant to meet Departwent of

I-h
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1
>
=
3
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3. (0) I3id., pp. G=3, G-k,
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VI. QKS LACROSSE DEPLOYMENT AND FIELD SUPPORT (U)

(U) Introduction

(U) As noted earlier in this study, the 1 July 1959 readiness date
for Ordnance support of the LACROSSE system was achieved. Equipment
deliveries and activation of Artillery battalions and Ordnance support
detachments were keyed to that date. Unit deployments, based on equip-
ment deliveries and activations since the readiness date, are shown in

Table 5.

(U) Prior to mid-1955, paréicipation of the RSA Field Service
Division in the LACROSSE program consisted mainly of planning future
activities, training of personnel, formulating documentation and repair
parts requirements, and keeping informed on system development progress.
To fulfill Ordnance requirements for participation in the design and
development of materiel, the Field Service Division assigned a Project
Engineer to LACROSSE in May 1955. Field Service participation became
much more active in June 1955, when the industrial contract was signed

with the Martin Company.1

j;b Field Support Problems (U)

(C) Throughout the first 18 months after initial delivery of
tactical LACROSSE equipment to the user, the ability of Ordnance to
provide full and effective field support was severely impaired by hard-
ware and documentation deficiencies. These support problems stemmed
largely from the decision to press the weapon system into field use
before all the 'bugs'" had been worked out. 1In a telescoped program
such as this, some technical deficiencies could be expected; however,
the nature of deficiencies still existing in LACROSSE equipment at the
time of deployment far exceeded the normal ""Product Improvement' type
effort. Some of the more serious deficiencies had been disclosed in
the flight test program the year before, but the lack of adequate and
timely funding guidance prevented a satisfactory level of corrective

action. This problem was not necessarily confined to the LACROSSE

1. (U) LACROSSE Blue Book, op. cit., p. 67.
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TABLE 5
LACROSSE UNIT DEPLOYMENT (U)
DEPLOYMENT SUPPORTING
ARTILLERY UNIT DATE AREA ORDNANCE UNIT | DEPLOYMENT DATE
5th Bn, 4lst Arty | Dec 1959 | CONUS 17tk
5th Bn, 42nd Arty | Mar 1960 | Europe 18th March 1960
4th Bn, 28th Arty | Apr 1960 Europe 169th April 1960
6th Bn, 8th Arty Apr 1960 | Korea 177th April 1960
Eurocpe 7th (GS) April 1960
Stk Bn, 40th Arty | Aug 1960 STRAC 572nd
5th Bn, 39th Arty | Sep 1960 Europe 178th July 1960
5th Bn, 33rd Arty | Oct 1960 | Euxope 163rd QOctcher 1960
2nd Bn, 22nd Arty | Nov 1960 Europe 165th Novembar 1960
CONUS 167th September 1960
ABBREVIATICNS: SOURCE:

Arty - Artillery
Bn - Battalion

CONUS - Continental United States
G5 - General Support

STRAC - Strategic Army Corps

LACROSSE Weapons System Evaluation
Report, ARGMA, April 1960.
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system, but prevailed throughout the Ordnance guided missile program.
Indeed, as late as December 1958, the Chief of Ordnance had told DCSLOG:
(U) I have continued to stress telescoping of development

and procurement to reduce the time required from conception to

availability of an item. The broad rules which are in effect

today are workable and the desired telescoping can be accom-
plished within them. Funding and program decisions can, and

have, caused delays in the past, and my efforts are directed

to making these delays, and the individuals who cause them,

conspicuous. However, I should like to emphasize that we pay

a price for crash programs, both in dollars and in initial

excellence of product, and speed and ease of training. I do

not suggest that we bemoan these facts. I do suggest that we

make everg effort to educate all echelons to recognize them

as facts.

(U) The 68 DA Technical Manuals (TM's) and 26 Supply Manuals (SM's)
required for initial support had been printed and distributed at the end
of September 1959. Field Service then began the task of revising these
publications to keep them current with equipment changes. For example,
nine '"quick changes" to TM's, resulting from test equipment modifica-
tions, were forwarded for printing in November 1959, and ten other
changes were in process.3 A continuing effort of up-dating Supply and

Technical Manuals would be required through the life of the system.

;éf Repair parts deliveries moved much slower. Delays in this area
continued to present major support problems for well over a year after
unit deployments, partly because of the steady stream of ECO's that had
to be cranked into the system. To cite a typical example of the result-
ing problem, the LACROSSE battalion which had been shipped to Korea in
April 1960 still lacked 1874 line items to complete its basic load as of
5 November 1960. Reported the Ordnance Officer at that site: '"So far
with two missile systems in Korea, . . . and Lacrosse, we are batting
absolutely zero." 1In addition to the shortage of line items mentioned

above, he noted: '"The Lacrosse launchers are deadlined for a Signal

2. (U) Memo from Major Gen J. H. Hinrichs, to Lt Gen Carter B.
Magruder, DCSLOG, 11 Dec 58, subj "Ordnance Objectives."

3. (U) LACROSSE Progress Repts: Sep 59, p. 5; Nov 59, p. 8.
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(U) Through the concentrated efforis of ARGMA and contractor per-
gonnel, repair parts delivery was gradually improved and the problem
eventually solved. While early planning for LACROSSE support did not
include the use of contractor representatives after the Ordnance readi-
ness date, it later became appavent that some technical representatives
would be necessary. Three were provided to Post Ordrance at Fort Sill,
two a2t Fort Bliss, and one at ARCGMA. One techaical representative was

, - 5
also required for each Ordnance support unit.

i

Y
;Bf-LACROSSE Improvareat Program (U)

jéf The LACROSSE system initially placed in the hands of Army
troops in July 1959 was conszidered a basically acceptable weapon, but
it was by no means 2 fully raliable, pzrfected system. The Commanding
General of AOMC was fully aware of thic as early 2s May 19592 and advised
the Chief of Ordnence of the improvements needed to bring the system in
lire with user requirements. 1In the improvement plan submitted at that
time, he pointed out that the curreat LACROSSE system could not be
gacizfactorily improvaed in the ECM area without essentially reinstating
the MOD I program.* The cest of the MOD I program was estimated to be
about $250,000,000¢ for system development, test, and delivery of 12
full-strength battalions with associated test equipment and missiles.
This figure also included the cost of retrofitting eight reduced-
strength LACROSSE I battalivns to MOD I type. The Chief of Ordnance
subsequently approved t improvement plan and accepted it as the
official Ordnance position. However, DA Staff rejected the plan and

directed termination of the MCD I program on 18 August 1959.6 This was

* (U) As noted above,
MOD I items in Jaz I

kold crder had been placed on procurement of
becavze of funding problems.

a2
]

&, ééf Ltr, Lt Col Frank E. Na»per, Ord Off, 7th Logistical Com-
mand (C), APO 612, to ARCMA Couwdr, 5 Nov 69.

5. (U) LACROSSE Weapons Sysiten Evaluation Rept, Apr €0, p. 1.

6. (II) LACROSSE Case History, op. 2it., p. 1l
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followed in quick succession by the withdrawal of the Marine Corps from

the LACROSSE program.7

537 During a briefing to the Chief of Ordnance on 11 November 1959,
the ARGMA Commander emphasized that the LACROSSE system then in the
field was not a solid, dependable weapon and would not be until funds
and authority were provided to make it so. Less than a week later, the
Artillery Board submitted a report on "Service Test of the LACROSSE
Missile System," pointing out certain equipment deficiencies yet to be
corrected. Convinced that positive action would be required at higher
level, the Commanding General of AOMC wrote to the Chief of Ordnance,
in December, calling his attention to the Artillery Board's complaint.
"It is significant," he éaid, "that the major shortcomings in LACROSSE
.« +« « approximate those which we have long known. Our proposals for
correction have not been supported by DA staff and so we are left with
serious defects in the system such as its ECM vulnerability. . . . I
strongly urge that you again focus the attention of Staff on this

, . 8
problem and try once more to prod them into action."

;%5 In response to further user queries, General Medaris sent the
Chief of Ordnance a l4-page teletype in January 1960, which outlined the
current LACROSSE limitations in terms of the MC's.9 After a careful re-
view of this message, the aforementioned Artillery report, and the AOMC
letter of 18 December 1959, General Hinrichs concluded that AOMC should
.have a qualified team conduct a review of the progress being made toward
eliminating LACROSSE problems. 1In a letter to AOMC on 22 January, he
observed: "As I look at this program I am astounded at the similarity
between LACROSSE and DART. You remember how the improvements on the
latter were always 'just around the cornmer.' To me, the fundamental

difference is that LACROSSE is basically a good system. The difficulty

7. (U) See footnote 14 and discussion relating thereto in Chap 1V.

8. (U) Ltr, Maj Gen J. B. Medaris to Lt Gen J. H. Hinrichs, COFORD,
18 Dec 59. See Document 16.

9. (U) TT ORDXR-CR-503, CG AOMC to COFORD, Date-Time-Group (DTG)
07/1800Z Jan 60. See Document 17.
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is that the correcticns for the known deficiencies . . . to date are
marginal.”" To the extent permitted by available funds, he urged AOMC
to actively pursue means of improving the LACROSSE, with emphasis on
getting scund corrections for known deficiencies. With this done, it
would then be time '"to comnsider the forther improvements incorporated

in our 29 May proposal.”lo

jﬁf During a conference held at Martin's Orlando plant, 17-18
March 1960, Ordnance and Artillery representatives outlined critical
problem areas remaining in the LACROSSE system and received assurance
from the contractor that every effort would be made to expedite solu-

tions. In a concluding speech, Mr. H. R. Staudt, LACROSSE Project

Director at the Martin Company, reitersted that the outstanding problems

could be cleaned up "with proper suppost! in the immediate future. He

went on to say:

225 I am greatly concerned, however, that when we have
solved these problems . . ., you will not be satisfied with
LACROSSE because of the basic deficiencies which go back to
fundamental limitations which have never changed . . . [here
referring to the ECM problem which the MOD I was to correc£7.
We, together with Ordnance, have gone a long way . . . toward
the development of a soluvtion for this problem, and are at
the present time almost in suspended animation due to lack of
programming authority. The /MOD 17 prcgram was terminated due
to lack of funds last August, and we have been working with a
skeleton crew for the past six menths, and my time has run out
for permission to continue to use company funds.

;éj Our plar at present is a 'pour man's approach' for a
three phase program to get all then existing airborne and
ground units retrofitted in the field where they will exist.
. +» » The basic difference in the proposed program as dis-
tinguizhed from the LACRCSSE program planning of the past
is that we would like to have time to solve problems in our
own back yard and then give you, the customer, a finished
product instead cof delivering hardware to you, the user,
prematurely shcrtly after it has reached a development mile-
post. One of the basic reasons that we are having so many
little difficulties with LACROSSE I in the field today is
the fact that we were forced to deliver . . . hardware to

1C. (U) Ltr, Lt CGen J. B. Hinrichs, COFORD, fo Maj Gen J. B.
Medaris, 22 Jzn 60. See Document 18. '
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the field before we had had the normal minimum_ time span to
solve and debug the problems in our own shop.

/;%7 Less than 30 days later, an ARGMA team completed the program
review suggested by 0CO and published its findings in the "LACROSSE
Weapons System Evaluation Report,” in April 1960. The report contained
a detailed discussion of some 133 deficiencies, the most serious of
which were in guidance package calibration, air-borne component design,
and ECM vulnerability. Among the calibration problems were the exten-
sive maintenance operations required to repair, align, and calibrate
the guidance loop of the system in order to maintain the required system
accuracy. The team concluded that the enemy did possess equipment
capable of jamming LACROSSE with cognizant or brute force techniques,
but such equipment would have to be deployed properly and its operation

timed to the critical portions of the LACROSSE trajectory.12

;;6 On 27 April 1960, General Medaris sent the evaluation report to
0C0O, strongly recommending immediate diversion of funds toward provision
of a Second Generation LACROSSE system within three years, in lieu of
mere improvement of the existing system over the same time span. The
estimated cost of a three-year improvement program within the current
system limitations was $17,441,000.13 Despite continued Artillery Board
complaints about system deficiencies and low reliability, OCO rejected
this proposal in July 1960 on the basis that the price tag was too high

and the risk too great. In view of these and other factors, 0CO indi-

cated that consideration was being given to recommending to DA Staff

¢ that LACROSSE procurement be held to the current eight battalion

k3
commitment, and that the LITTLEJOHN or MISSILE A be considered for

* (U) If LITTLEJOHN were selected, Marine Corps requirements still would

not be filled. 1In February 1960, Gen Tschirgi of the Marine Corps had
told the Appropriations Subcommittee that the LACROSSE and LITTLEJOHN

systems ''were not satisfactory for our purposes and, therefore, we are
out of those two programs. . . .'" See footnote 14, Chap IV.

11. (U) Minutes of Artillery-Ordnance~Martin Meeting on Lacrosse,
17-18 Mar 60.
12. (U) LACROSSE Evaluation Rept, Apr 60, op. cit.

13. (U) Ltr, CG AOMC to COFORD, 27 Apr 60, subj '"LACROSSE Weapons
System." See Document 20. ‘
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additional trocop requirements in this area.
‘4 L} . . -
{#J Meanwhile, the Martin Compzny had submiited a formal recommen-

dation that the 3-phase "poor boy's" plan described during the March

% .
1560 conference be adopted in lieu of spending more money on correction
of LACROSSE I deficiencies. The Chief of Ordnance balked at the price.
Ancther version of the plan was then csubmittad, in August 1960, which
proposed to incorporate the improved guidance system into the LACROSSE
program on an expeditad, low cost basgisz. Martin zrgued that failure to
reorient the program would result in the production of unmodified hard-
ware and this would further complicate and ircrease the cost of the

ultimate retrofit program.

(U) ARGMA refused to accept Martin's new plan until it had been
»evised to include all necessary elemerts and refined to a2 minimum
possible cost. The revised plan totaled $9€.7 million; however, in
considering the $22.3 million budget for FY 1961, 1962, and 1963, and
the funds recoverable from possible contract fermination, the three-

year requirement was reduced to $66.1 millicn additional funds.16

ZET‘On 5 September 1960, ARGMA sert OCC a brochure on the status
of the 133 system deficiencies which had been repcrted earlier in the
year. By October, 43 of these deficiencies had been completely cor-
rected; 32 had been erginecred and were nearing completion; 40 had been
determined to be either "nice to have" or urcorrectable; 7 were still
under investigation; ard no action could be taken on the remaining 11

deficiencies because of the long lead times required.

Yy
(Sf’But as ARGMA saw it; the oaly solution to the bigzest head-

achas=—vulnerability to ECM and inability ts provide adequate

s

% (V) See footnote 1l and quetation from Stend: speech, above.

14. (U) Liz, OCO OG/6CS 3645 to €7 AOMC, 22 Jul 60, subj "LACROSSE
Program. See Document 21.

Ltr 60-7775 to ARGMA Comdr, 25 Aug 60, subj
m - Lacrosse Weapsn System.”

15. (U) Mzrtin Co.
"Improved Guidance Progr

16. (U) ARGMA His

it

ummary,AJulf ec 60, p. 122,
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maintenance for the system—was to revive the MOD I program. With $66.1
million additional funds, all eight LACROSSE battalions could be retro-
fitted to the improved guidance concept, including direct support units
and training devices. Moreover, the LACROSSE could be fielded with 90%
effectivity instead of the existing 60%. LACROSSE had already cost
Ordnance ‘over $300 million, and an additional $66.1 million, or 20% of
the initial investment, would provide a battle-worthy, reliable weapon

to the troops.17

6}7 By late October 1960, the LACROSSE had been subjected to a
"kill or cure" exercise which left the program in a reduced-strength,
buy-out, terminal status in early 196l. The basis for the final
Ordnance/DA decision was a brochure prepared by ARGMA in response to
36 pages of handwritten questions concerning six possible courses of
action that could be taken with LACROSSE.18 The DA Deputy Chief of
Staff for Operations took the position that Ordnance could go one of
four ways on LACROSSE: 1) continue with the present version without
additional funds for correcting deficiencies; 2) continue the present
version but include the $7 million needed to correct deficiencies;

3) go to the MOD I program—$66.1 million; or 4) terminate the program.
DA Staff members ruled out the fourth alternative as not feasible, and
the third alternative as not feasible for lack of dollars. This left

-, . . . 19
the first and second alternatives or a combination of these.

Y

}87 The final decision was to continue the LACROSSE I version and
provide §7 million for correction of deficiencies. Anything beyond
this would not be considered.20 The MOD I program was dead, but the

ECM problem was still very much alive.

].7- (U) Ibidc’ ppe ].20"23.
18. (U) 1ibid., pp. 120, 123. See Document 24.

19. (U) Journal Entry, E. K. Charlton, Dep Chief, ARGMA Control
Ofc, 20 Oct 60.

20. (U) Journal Entry, ARGMA Comdr, 2 Nov 60.
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,965 Revized LACROSSE Iaventory Objectives (1)

iéf The axe officially fell c¢cn 4 January 1961. The DA Staff

decision, sent to AOMC by teletype from OCO, established ten inventory
objectives for the LACROSSE system. When translated into units and
equipment, the decisicn meant that eighi reduced-strength battalions
(Eurcpe - 3, Pacific - 1, CONUS - &) would be maintained. The missile
inventory objective was 95 per battalion (as oppcsed to full-strength
of 120) by the end of FY 1962, with tke following years' inventories
reduced in proporticn. Support, ground, test, and ancillary equipment,

. . . . 21
and parts inventories were to be curtailed accordingly.

21. (U) TT DA 9881(C0, quoted in OCO 7T to CG AOMC & ARCMA Comdr,
DTG 04/1539Z Jan 61. Se= Doziment 25. For details relating to final
prceurement and inventory actionz, ses ARCMA Hist Summary, Jan-Jun 61,
po. 108-109, 118-2C, and 207.

NCLASSIFIED

UNCLASSIFIEL,



157

VII. (U) LACROSSE PROGRAM COST SUMMARY

(U) The net cost of the LACROSSE program from September 1947
through June 1962 amounted to about $295,491,000 (see Table 6). At one
point, the total funding program exceeded $300 million, but a good por-
tion of this amount was recovered through termination of certain de-

velopment contracts and cut-back in LACROSSE I production.

(U) Based on available contract data presented in Appendix Document
26, about 83.87% of the total net expenditure went to two contractors—-
$220,900,569, or about 74.7%, to the Martin Company, and $26,934,015, or

about 9.1%, to the Cornell Aeronautical Laboratory.

TABLE 6
LACROSSE COST SUMMARY

Research, Development, Test & Evaluation

Army - FY 62 & Prior.............cuu... $73,600,000§M
Marine Corps - FY 1957-59.............. 4,354,0009/
Navy = FY 194850 .. ...'ooeeennnnen.n. 4100002/
Total RDT&E . . i et i ittt et ettt eaeeaeaeennanas $ 78,364,000

Procurement, Equipment & Missiles, Army
Missiles, Adaption Kits, Warheads...... $152,000,000
Launchers, Type IV Test Equipment, Etc 57,000,000

Industrial Facilities.................. 4,400,000

Total PEMA = FY 1962 & Prior. . eeueneuenennenenenennns $213,4oo,oooi/
Operations & Maintenance, Army

FY 196162+ v ve e e e e e e e e e 3,727,000%

GRAND TOTAL. ... iiiiii ittt ietieennasstosaassonans $295,491,000

a/ Information provided by Mr. G. S. Wicker, Office of the Comptroller
& Director of Programs, U. S. Army Missile Command.

b/ LACROSSE R&D Funding Summary, FY 60 & Prior (Incl to ARGMA lLetter,
15 Jul 60, op. cit.)

¢/ Information provided by Mr. W. B. Stuart, General Support Division,
Directorate, Proc & Prod, U. S. Army Missile Command.

« .
¢ .
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VITI. L€J SUMMARY (U)

227 In summary, the LACROSSE Weapon System was in the field, and
it was still having its troubles. It was not a perfect weapon by any
means. But it could have been made so with some additional time, a

little more patience, and a relatively small amount of additional funds.

2%7 Though originally based on a technically sound concept, the
LACROSSE system turned out to be technically deficient and unacceptable
to the user for which it was developed. It was the victim of financial
anemia and acute indecision and inaction. If adequate funds had been
provided for the improved guidance system when the need became apparent
in FY 1956, or if the MOD I program had been reinstated as AOMC sug-
gested in May 1959, the LACROSSE story no doubt would have had a much
brighter ending. As General Hinrichs told DA Staff in May 1959:

(U) As a result of inadequate funding, we have frittered

away over a period of time considerable sums of money on some

development programs with very small returns. . . . I have

advised the C/R&D that I believe the initiation or continua-

tion of any development project at a funding level less than

that necessary for efficient prosecution of the project is

not worthwhile, and that, if necessary, we should do fewer
things in a more complete manner.

(U) Funding controls, in most instances, the quality as
well as the rate of progress. We cannot expect limited funds1
to fund unlimited programs regardless of how promising. .

(U) General Hinrichs was probably tempted to recite this philosophy

in testimony before the House Appropriations Subcommittee on 23 February

1960. During these hearings, he heard the LACROSSE alternately referred

to as "a pile of junk," "a highly questicnable weapon,' and "half a
weapen." Though admittedly deficient in certain respects, the LACROSSE
system even at that time was far from a "pile of junk.'" And the very

members of the House Subcommittee who were so critical of the system
in 1960 probably voted against the funds needed by the Army in and

after FY 1956 to correct the deficiency. One of the committee members

1. (U) Memo, Maj Gen J. H. Hinrichs, COFORD, to Lt Gen Carter B.
Magruder, DCSLOG, 29 May 59, subj "Ordnance Objectives."
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stated: '"'The LACROSSE missile in its development has gone on and on

like Tennyson's brook, it has slipped and slipped and slipped.”2 This,
of course, was perfectly true. But the fact that the project had existed
on irregular funding all these years was not mentioned as one of the key

contributing factors.

ﬁay An excellent retrospective viéw of the LACROSSE program is
given in the following excerpt from the LACROSSE Case History prepared
at 0CO level:

The funding and planning for the LACROSSE system has
fluctuated from one extreme to the other, with the results
that Ordnance and the contractors have been unable to estab-
lish, maintain, and execute a logical progressive development
schedule. It is not meant to imply that the funding was
solely responsible for all slippage or deficiencies which
have resulted. Technical problems have also contributed to
the difficulties, although these difficulties would probably
have been different if the funding had been completely ade-
quate throughout the program. (For example: It is believed
that additional reliability work would have been performed
at a higher level of funding.)

When requirements were changed it was considered
that they would not seriously interfere with the program.
However, it is doubtful that a realistic assessment of the
impact was always made. It is believed that the changes and
new requirements contributed to the difficulties.

In addition, it is felt that the move of the Martin
Company from Baltimore to Orlando, as well as contractor
personnel transfers from the project, also contributed.

2. (U) see footnote 14, Chap 1IV.
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LACROSSE IN ACTION gl

Ordnance Magazine, Vol XLIII No. 231
November=December 1958

Alter assembly and preliminary test, the mistila is elevated
und the firing cahle is attached o5 shown above. This eable
will putf off as the Lacrosse leaves its Juuncher when fired.

The Lacrosse warhead, abova, is baing hoisted
}

by s mobile crane to be sffixed to
le an its truck-mounted leuncher.

moved ta the
, above, uses
checked, below.

launching site and t
antenns tent tool while cireuits

ing cable while tachnician l Furel Uting & solid-propellant rocket motor, Lacrosse
it taster mounted on truck. d get d|ruled by & mobile forward
ted in preparation for Righe. on, resulting in accuracy of a higb order.

as shown sbove, then th.
below. The fins are movab)

o Figure 34 -
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DOCUMENT 1

EXTRACT

LACROSSE
AN INVESTIGATION OF THE FEASIBILITY OF A
GUIDED MISSILE FOR CLOSE SUPPORT (U)

1 July 1948

THE JOHNS HOPKINS UNIVERSITY, APPLIED PHYSICS LABORATORY
and

CORNELL AERONAUTICAL LABORATORY
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* * * o S * * *
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2. INTRODUCTION

2.1 Early in 1947 discussions of a guided missile for close support of
ground troops were initiated by the U.S. Marine Corps. These culminated
in the approval, by the Bureau of Ordnance, of proposals, submitted by
the Applied Physics Laboratory, for a study of the feasibility of the
development of such a missile. On 15 September 1947 there was established
at the Applied Physics Laboratory, the Project Lacrosse, and the Lacrosse
Board was appointed to formulate the program of study and advise in its
prosecution.

The Lacrosse Board consisted of:

Ennis, APL, Group Supervisor - BBD
Larsen, APL, Unit Supervisor - Task B
. Massey, APL, Ass't Group Supervisor - BBG
. Mooney, APL, Group Supervisor - CL-7
. Morton, APL, Group Supervisor - BBW
. Munro, APL, BBG-7, Analysis
Stevenson, APL, Group Supervisor, Project Lacrosse
Sunde (Alternate for P. J. Larsen)
Swartzel, CAL, Head, Engineering Physics Dept

REOTEHOWY S Y
ol NeoNe NN NETD]

Subsequently, the participation of the Cornell Aeronautical Laboratory,
Buffalo, N. Y. in the Lacrosse study was secured.

The thinking of the Lacrosse Board and the direction of effort of
the working groups have been guided and influenced by the basic
philosophy and military characteristics following:

2.2 Basic Philosophy of Lacrosse Study

Determine the feasibility of a Lacrosse missile in the light of
the present state of the art; investigations of unknowns involving basic
research are beyond the scope of this study.

2.3 Military Characteristics of Project Lacrosse

2.3.1 General

(a) A ground-launched guided missile is envisaged which will
serve as a useful supplement to artillery, naval gunfire, and aerial
bombardment in the close support of landing forces.

(b) It is intended that the missile should be launched from a
ground position (or from a nearby ship) in response to a request from a
ground observer (or from an air-borne or shipborne observer) who has
sighted an appropriate ground target.

(c) The missile would be caused to fly with preset controls in
the general direction of the target. At an appropriate time the
observer would take control of the missile and direct it accurately to
the target.

2.3.2 Launching

(a) Launching Site - Ground position in rear of front lines

1-2
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(or ship lying offshore). UNCLASS‘HED

(b) lLaunching Equipment - Readily transportable and easily set
up under field conditions.

(c) Missile Handling - Missile to be of sufficiently small size
that power handling equipment is not required. Missile to require a
 minimum of assembly or preparation at the launching site. No special
fuel handling equipment to be required.

2.3.3 Control

(a) Target Identification - By observer located on ground (or in
observation type aircraft or offshore craft).

(b) Initial Control - Preset guidance carrying missile into
field of view of observer.

(¢) Terminal Control - Command guidance exercised by observer.

(d) Control Station Equipment - to be capable of bperation in
front line position (or in observation type aircraft of offshore craft).
To require not more than two operators, including observer. To weigh
not more than 150 pounds. To break down for pack-board carry into not
more than 7 loads, each weighing not more than 25 pounds. To be capable
of servicing under fiéld conditions.

(e) Inclement weather or poor visibility not to limit operation.
Consideration to be given to illumination of target and missile by such
means as radar, infrared, etc.

(f) Means to be provided for destruction of the missile in flight,
either on receipt of signal from controlling observer or on loss of
control.

(g) Anti-jam devices to be incorporated.

(h) Command link to be used for communication between observer
and launching site if practicable.

2.3.4 Range
(a) Maximum - Not less than 20,000 yards.
(b) Minimum - Not more than 1,000 yards.
2.3.5 Accuracy
(a) Probable error in any direction not more than 5 yards.

2.3.6 Flight Performance

(a) Subsonic velocity with high maneuverability.

(b) Combination of velocity, time of flight, and trajectory to
provide maximum immunity from antiaircraft fire.

2.3.7 Warhead

(a) Type - Interchangeable at launching site. Choice of armor-
piercing, shaped change, high explosive, incendiary, or chemical.

1-3
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(b) Weight - Approximately 100 pounds.
{(¢c) Fuze - Impact, delayed impact, VI, or observer controlled.

2.4 TInitial Attack

2.4.0 The dominant requirement, recognized as such from the outset is:

Accuracy - Probable error in any direction not to exceed 5 yards.

The stringency of this figure suggests at once that the problem
of guidance may be the most difficult. At its first meeting, the
Lacrosse Board recommended that work begin with a study of terminal
guidance, and with the simplifying assumption that the target has been
completely identified.

2.4.1 First CAL Assignment

The proposed military characteristics suggest command guidance
from the forward station. This would require tracking of the missile,
and pulse radar techniques are believed to be the best so far developed
for this purpose. Pulse radar is such a logical contender for a place
in nearly any proposed non-homing system, that it was thought best to
investigate the limiting accuracies of ranging and tracking of which the
method is capable, before the synthesis of a particular system was under-
taken. Accordingly, the Cornell Aercnautical Laboratory agreed to carry
out this. assignment as its first problem under a program of study of non-
homing guidance.

2.4.2 First JHU/APL Assignment

Although guidance by homing introduces unique problems of target
marking or survey, the belief by many that only this method of guidance
might be capable of meeting the accuracy spefification, required that
some consideration be given to it. Mathematical analyses of homing
guidance systems for the Bumblebee CTV were already being carried out
by Dr. Munroe of APL, so the APL Lacrosse working group undertook as
its first assignment the preparation of a homing dynamic analysis
problem for a Lacrosse missile.

The accomplishments of these initial undertakings and the
succeeding investigations are reviewed in Sec. 3.1 - 3.5 and written up
in detail in the Appendices I - V.

* * * * * * * %

3. REVIEW AND SUMMARY OF THE SEVERAL INVESTIGATIONS

3.1 Homing Guidance

3.1.1 The investigation of terminal guidance accuracy by homing was
begun with the assumption that the target could be accurately marked.

Basic control loops . . . were drawn for systems using two types of
homing signals: (1) the time rate of change of true bearing of the
target line-of-sight . . .; and (2) the interferometer characteristic
signal

3.1.2 The non-linear set of differential equations describing the




167

motion in pitch of a typical airframe was entered in the differential
analyzer at the University of Pennsylvania, and the best values of the
parameters were determined for which rapidly damped stable motion
resulted. When preliminary runs showed a high-speed missile to have
only marginal stability, attention was directed to a missile having a
speed of 200 ft/sec. Using the optimum values of the parameters found
for this missile, arbitrary imperfection in the performance of the system
was introduced in the form of lumped dead space, equivalent to a minimum
value of the error signal. The resulting steady-state motion, after the
initial transient had disappeared, was a slightly damped nearly
sinusoidal oscillation of the missile's velocity vector about the target
line-of-sight. The amplitude and frequency of the oscillation were
functions of the magnitude of the dead space. A statistical analysis of
the curves obtained for various values of the dead space indicated a
tolerable upper limit of 0.0l rad/sec for this quantity. With this much
dead space equivalent, half of the missiles having the assumed flight
characteristics would strike a target circle of 5.0 yds. radius if
control were lost at a residual range of 275 feet.

3.1.3 Drift of the missile due to wind was investigated by introducing
target velocity in some cases. No adverse effects were observed.

3.1.4 Although motions in roll and yaw were not studied extensively it
is believed that the results of the pitch investigations may be used in
formulating design specifications which, if met, will yield satisfactory
over-all aerodynamic performance.

3.1.5 The homing investigations lead to the conclusions that: Seeker,
gyro, servo, etc., components exist which, if incorporated into a slow-
speed highly maneuverable airframe, can be expected to make the missile
home upon a suitably marked target with an aerodynamic precision of
guidance satisfactory for Lacrosse. The homing signal may be that
obtained from a seeker which holds the line-of-sight to the target or
that given by the dual horn interferometer. However, homing as a
guidance system for Lacrosse should not be adopted until field tests
have shown that a workable beacon can be placed accurately upon the
target by a method tactically acceptable to the Marines.

3.2 Radar Accuracies, Weights, and Volumes

3.2.1 The search (Appendix II, Sec. 4) for estimates of the best
accuracies to be expected from radar measurements began with a study of
those existing sets having the greatest precision, notably automatic
fire control radar. Significant data were obtained from results of
field tests of the SCR-584 (X and S-band), Mk. 35, and AN/APG-3; all
conical scan pulse radars. Experimental results with short pulses, of
the order of a few hundredths of a microsecond, were also reviewed; and
the opinions of recognized authorities were sought.

3.2.2 The following conclusions were drawn:

1. Measurements at the minimum ranges envisaged for
Lacrosse can be made by radar.

2. Under the present state of the art, the best

1-5 .‘ A ji".'u /'-fq
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accuracies obtainable are:

Range + 5 yards

Azimuth & Elevation angles 4+ 1 mil

Range rate + 5 yds/sec.) with 2 sec.
Angular rate 4+ 0.25 mil/sec.) smoothing time.

3. Maximum improvement to be expected within the next two or
three years:

Range error reduced 50%.
Angle error reduced an order of magnitude.

3.2.3 Correlations were made of weight and volume as functions of the
accuracies of measurement of existing radar sets (Appendix II, Sec. 5),
and the conclusion was reached that a satisfactory tracking radar of
conventional design and operation would be too heavy and bulky to meet
the Lacrosse specifications for the forward control equipment. However,
it was shown (Appendix II, Sec. 5.3) that the use of a responder beacon
in the missile should so reduce the ground station power requirements
and improve the accuracy of tracking that portable control equipment
could be built. Also further advantages might be expected if the radar
were designed specifically for the chosen guidance system and if the
possibilities for cooperative behavior of the missile were fully
exploited.

3.2.4 Because the best radar measurement accuracies are only marginal
for Lacrosse, and because the suggested extrapolations may be over-
optimistic, the recommendation is made that the use of radar in a
Lacrosse system of guidance should not receive top priority.

3.3 Radar Guidance of Lacrosse Missile

3.3.1 Having found that the best radar measurement accuracies to be
expected in the near future are not seriously deficient for guidance
purposes (Appendix II, Sec. 4); and having found that radar field equip-
ment required at the forward control station might be built to the
specifications for size and weight (Appendix II, Sec. 5.3), it was
decided to carry through analyses of typical systems of guidance by
command employing radar at the observer's position in order to have
estimates pf the probable errors of miss at the target. A machine was
not available for handling the complete set of non-linear equations
describing a system, but it was possible to treat the system as a com-
plex servo mechanism whose behavior, in some respects, could be
predicted well enough by servo mechanism theory using linearized
equations. Specifically, the stability of each system was investigated
and the principal contributions to the total error were estimated.
(Appendix III). /See extract from Appendix III.7/

* * * * * * * *

3.4 Range-Only Radio Location Accuracies

3.4.0 A realization of the limiting accuracies of measurement which can
be had with radar pulse techniques naturally forced attention to phase
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comparison (cycle-counting) methods where the indicated precision of
range measurement was orders of magnitude better.

3.4.1 1t was found (Sec. 7, Appendix II) that practical field tests
have already proved conclusively that range measurements between a
roving test point and fixed ground points could be made to % 0.5 ft.

with compact, light equipment which meets all Lacrosse requirements in
these respects.

3.4.2 The analysis of a terminal guidance system, employing cycle-
counting missile-to-control-point range information only, requires a
knowledge of the accuracies to be expected in -the computation of the
three-dimensional position coordinates of the tracked missile. These
accuracies have been investigated (Sec. 8, Appendix II) in order to
determine the dependence of their magnitudes upon geometry, and, hence,
the required ranging station configurations.

3.4.2.1 Range data give the following information:

(1) Single range station - Spherical surface position;
the zone of uncertainty being the spherical shell
of thickness equal to the uncertainty in range.

(2) Two range stations - Circular "line" of position;
the zone of uncertainty being:

(a) The annular space common to two intersecting
spherical shells, or

(b) The annular space common to a hyperboloidal
shell (range difference) and an intersecting
ellipsoidal shell (range sum).

(3) Three range stations - "Point" position; the size
and geometrical shape of the zone of uncertainty
depends upon the magnitudes of the range errors
and upon the particular combination of ranges,
range-differences, and range-sums used to define
the position.

3.4.2.2 It was found (Sec. 8.2, Appendix II) that regardless of the
treatment given the range data, if only range stations on the ground are
used, the position in the vertical will be known with the least precision
as the missile approaches the target, and, specifically, the quality of
the altitude position measurement deteriorates rapidly as the ratio:
(ground range / missile altitude) exceeds 4 of 5.

3.4.3 1t is concluded that to have adequate control in the vertical,
three ranging stations must be established within 500 feet of the target,
if range measurements are uncertain to 0.5 foot. From the tactical view-
point these conditions are very severe, and probably unacceptable. How-
ever, position accuracies in ground range and azimuth would be extremely
good under realizable station configurations so that the discovery of an
auxiliary means of controlling the missile in let-down would permit the
synthesis of a Lacrosse system in which nearly all the final error in
striking the point of aim would be due to aerodynamic error.
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3.5 Shuttlecock

3.5.1 Although Mr. Swartzel proposed a helicopter for the lacrosse
missile in the early discussions of the problem of terminal guidance,

its potentialities were investigated seriously only after the limitations
of alternative schemes appeared. The Cornell Aeronautical Laboratory's
studies (Appendices 1V and V) considered the two important questions:

(1) Can a rocket-helicopter (Shuttlecock) be
designed which would serve for Lacrosse?

(2) What are the possibilities for guidance of
this type of vehicle?

3.5.2 Shuttlecock Design

3.5.2.1 The proposed shuttlecock (Appendix IV) combines the character-
istics of a rocket in its launching and mid-course phases; and the
controllability, maneuverability, and speed range of a helicopter in the
terminal phase. It consists of two main assemblies indicated in Fig. 1,
Appendix IV: (1) the tail unit of rocket and stabilizing fins; and (2)
the helicopter head consisting of rotor ram-jet powered at the blade
tips, fuel, controls, intelligence system, and warhead. When the pro-
jectile reaches the control area over the target, the tail section is
cast off; the rotor blades unfold; and the helicopter proceeds under
either authoritative cr powered flight.

3.5.2.2 The composite design applies principles already successfully
employed in rotor sustained aircraft. When under power, stabilized
motion in the vertical may be varied from 20 ft/sec climb to 80 ft/sec
descent by means of collective pitch control of the rotor blades.
Horizontal velocities to greater than 150 ft/sec can be attained by axis
tilt of the rotor. It is estimated that a helicopter capable of deliver-
ing a 100 1b. warhead will have a gross weight of about 325 1b. and its
rotor span will be 10 ft. in diameter. The additional weight of the
rocket assembly for a missile having a total range of 12,000 yards

would be 525 1bs.

3.5.3 Helicopter Guidance

3.5.3.1 There is no suggested method of terminal guidance, from the
simplest to the most complex for which the helicopter, because of its
unique maneuverability, is not ideally suited. The report (Appendix V)
is devoted largely to a consideration of the fact of the forward
observer's visual contact with the target, and of the possibility of
using simple optical equipment for acquiring and tracking the helicopter
missile. Command guidance by signals from a manually operated controller
would be feasible with this system, because of the ability of the
helicopter to hover.

3.5.3.2 Since the helicopter can come into the target on a steep, or
even vertical, trajectory, automatic control utilizing range only data
should be easy to achieve.

3.5.4 Warhead

3.5.4.1 Any system of command guidance will require the establishment of
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a "known' direction in the missile for purposes of control. It seems
entirely possible to work from this reference to orient the shaped
charge warhead in any desired direction and thereby increase the useful-
ness of the missile against a variety of targets.

3.5.5 Vulnerability

The most serious question of the acceptability of a helicopter
type missile for lacrosse is its vulnerability during the finmal approach
to the target. Given the time to maneuver the craft as slowly as is
required to settle it upon the target, or the opportunity to make
successive approaches, there is little doubt that a satisfactory hit
can be made. The missile's small size, and its ability to come in high,
low, or from any angle are factors in its favor; but it is believed that
field tests should be made to place this point of debate outside the
area of pure specwlation.

3.5.6 Taken together, the shuttlecock proposals show that this missile
would meet admirably many of the Lacrosse Military Characteristics most
difficult to achieve, but no analysis leading to a numerical estimate
of the accuracy of guidance is possible without data on an actual small
unmanned helicopter. Development of the latter is a research problem
which must be the first step if these proposals are followed up.

4. TARGET SURVEY PROBLEM

4.0 Proper identification or survey of the target would remain an
inescapable duty of the forward observer, even if automatic guidance
were to relieve him of all responsibility for controlling the missile.
No matter what system of guidance is chosen, the estimate of the total
error of miss must also include the errors of target survey. Figures
for the latter are still largely speculative, and more reliable ones
can be got only after a precise statement is made of what is required.

4.1 For Homing Guidance

4.1.1 This survey problem consists of making or illuminating the target
by placing upon it something which the missile can identify and use to
home upon. The statistical probable error of maker placement is the
fundamental quantity required. This is a measure of the random
dispersion existing after the announcement is made that a marker has
been placed on the target.

4.1.2 Systematic errors of observation are possible, but it is expected
that the principal elements will be the primary error of miss in
throwing, lobbing, and dropping, or shooting the beacon or flare; and
the secondary error of bounce or roll after impact. With radio beacons
there is also another possible source of secondary error; namely, the
spurious indications due to reflected images. Determination of the
latter may be most difficult.

4.2 For non-homing guidance

The problem here is to assign to the target three numbers which
are its position coordinates with respect to a given set of coordinate
axes or a known reference point. The fundamental quantities required
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are the probable errors of each of the three numbers which are placed in
the computer.

4.3 Many systematic errors may be eliminated if the guidance system
employs the same instrument or technique for determining the missile
position as is used to locate the target; but there will remain the
accumulated random error due to errors of observation, scale reading,
translation of data, etc.

4.4 1t should be pointed out here, that where let-down is a serious
problem (Sec. 3.4), the same difficulties in locating the missile in the
vertical direction are encountered when the vertical position of the
target is sought.

5. GENERAL CONCLUSIONS AND RECOMMENDATIONS

5.0 This study has shown that there are several possible ways of
achieving the guidance accuracy required for Lacrosse. It is believed
that the most promising, and therefore deserving of first consideration,
are: Homing, Cuidance Along a Way established by Cycle-counting, and
Shuttlecock Development. Each of these has secondary problems of con-
siderable importance and of a character requiring'a different approach
for their solution than that used so far.

5.1 The choice of a system for intensive development can better be
made after practical laboratory and field tests have given the answers
to a number of queptions having both technical and tactical aspects:

1. For the purpose of homing, can a beacon be
placed upon the target by a method which is
accurate enough and also tactically accept-
able?

2. For guidance from a control point or along a
way, can the target position coordinates be
determined by a method which is accurate
enough and also tactically acceptable?

3. Can missile let-down be achieved by inde-
pendent guidance method which is accurate
enough and tactically acceptable?

4. From flights with a manned helicopter is it
possible to judge the acceptability of the
proposed shuttlecock as regards accuracy and
vulnerability?

5. Can the calculated limitations of measurement
in the vertical by cycle-counting techniques
be verified by experiment?

6. 1I1f used against a fixed ground target suitably
marked, would homing systems now under develop-
ment be accurate enough for Lacrosse?

7. To what extent would a beacon in the missile and
further cooperation of the missile improve the

UNCLASSIFIED  1-10

LI rI Y




| Hnuwamri—"-“ BIzA
; : ggﬂi_‘,}:MJm 173

tracking and reduce the size and weight of
ground station radar equipment?

8. Are there existing airframes of conventional
design which would serve for Lacrosse?

9. Can the helicopter part of the shuttlecock be
build?

10. Can beacons suitable for homing or for cycle-
counting target identification be built?

5.2 If the same basic philosophy, hitherto followed, is retained. in
seeking the answers to the above questions and in choosing and synthe-
sizing the Lacrosse system, a very close liaison must be established
with other projects so that their most recent results may be used at the
time of final decision. Specifically, the flights now being carried out
in the Meteor, Kingfisher, and Bumblebee programs will provide im-
portant design data on airframes, seeker systems, and control equipment
as well as information on guidance performance; field tests now being
made by Raydist and others employing cycle-counting techniques are of
particular significance to the Lacrosse survey and guidance problems;
unmanned remotely controlled helicopters have many military applications
other than Lacrosse, and, if their development were undertaken by Bell,
Goodyear, Hiller, McDonmnell, or CAL, for mine-laying, beacon placement,
etc., the results would be very valuable in the proper evaluation of
this proposed vehicle.

5.3 It is recommended that further investigations in the following
three directions be undertaken:

1. Field tests by the Marine Corps which will attack the
problems of target survey and missile let-down, and
which will attempt to assess the maneuverability and
vulnerability of the proposed helicopter under combat
conditions.

2. Follow-up of other projects (Kingfisher, Meteor,
Raydist, etc.,) making arrangements for tests of
particular significance to Lacrosse.

3. Modest development programs to show:

(a) That the remotely controlled helicopter is
feasible; and

(b) That suitable beacons can be built for mark-
ing or surveying-in a target.

1-11 {54,

AU UnCLASSHD




174

*

3.

3.5.1

5

APPENDIX T

Homing as a Means of Terminal
Guidance for Lacrosse

The Johns Hopkins University
Applied Physics Laboratory

1 July 1948

* * * * * * *

Summary and Conclusions of the Homing Guidance Analysis

Differential analyzer investigations of the equations of the

pitch motion of a slow speed conventional type airframe have shown that
the probable aerodynamic error, using homing guidance signals of the
rate of change of target bearing or the interferometer approximation
thereto, will probably lie within the Lacrosse specifications even with
considerable allowance made for system ''dead space".

3.5.2

Seeker, gyro, and servo components exist which may be expected

to meet the performance specifications assigned to them by the mathe-
matical analyses.

3.5.3

Although motions in roll and yaw were not investigated with

comparable thoroughness, it is believed that the results for pitch may
be used to set design requirements which, if met, will yield satis-
factory performance in roll and yaw. These requirements do not appear
to be overly severe.

3.5.4

The problem of target survey for homing, i.e., the placement

of a suitable beacon or marker upon the target by a method which is
accurate enough and tactically acceptable, has not been investigated,
and the adoption of a homing system for Lacrosse is not recommended
until practical field and laboratory tests have supplied survey data
upon which a fair judgment of homing in comparison with alternative
methods of guidance can be made.

UNCLASSIE D, 1-12

_’k




LASDIEILD ‘ 5
? NLLASI C2l “%‘-‘J’L 175

APPENDIX TI
SUMMARY REPORT ON
INVESTIGATIONS OF NON-HOMING GUIDANCE TECHNIQUES FOR LACROSSE

Cornell Aeronautical Laboratory, Inc.
Buffalo, N. Y.

Report No. UB-524-P-3
Contract No. NOrd-10057

30 June 1948

By Engineering Physics D. T. Hamilton, Project Engineer
Department H. G. Iddings, Section Head
K. D. Swartzel, Department Head
* * * * * * * *
3.1 Investigations have shown considerable evidence of feasibility

in utilizing a helicopter type missile in Lacrosse applications. The
proposed Shuttlecock (combination rocket-helicopter missile) offers a
means of bringing together extremes in technical specifications for
missile guidance which are dictated by the military need for a highly
maneuverable close support missile, capable of being guided with high
precision to a pinpoint target. Of the several non-homing guidance
techniques investigated during the course of this project, the Shuttle-
cock technique is considered to be the most promising for Lacrosse.

3.2.1 Radar accuracy investigations have led to the conclusion that
the best accuracies associated with the present state of the radar art
are as follows: + 5 yards p.e. in range and + 1 mil p.e. in angle;

+ 5 yards/sec. p.e. in range rate and + 0.25 mils/sec. p.e. in angle
rate for 2 second smoothing time. On the basis of estimates and opinions
from several sources, the most optimistic forecast on improvement in the
state of the radar art during the next few years may be expressed as
follows: wunder favorable operating conditions, microwave radar may be
improved by about fifty percent in range accuracy and by an order of
magnitude in angle accuracy. It is concluded that pulse echo radar
offers marginal accuracy as a measurement method for the use in Lacrosse
and that equipment weight would be excessive for Lacrosse.

3.2.2 If the Lacrosse missile is equipped with a radar beacon, the
possibility of designing portable radar equipment for a Lacrosse
guidance system appears quite favorable. However, the + 5 yard p.e.
desired for Lacrosse accuracy at the target is not considered a fea-
sible goal for the near future if the radar guidance equipment must be
of the man-pack variety.

3.2.3 Investigations of the possibility of guiding a Lacrosse
missile with required precision were conducted on the basis of assuming
(a) radar performance somewhat better than that presently attainable,
and (b) reasonable allowances for engineering compromises to obtain
rugged, portable equipment. In the case of guidance along a preset
trajectory, the ground radar is simple and amply accurate, but the
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missile response to control orders is such that the overall accuracy
cannot be securely met. In the case of guidance along a homing-type
course, the missile performance is adequate, but measurement and com-
putation noise appear almost too high. The utilization of radar for
Lacrosse is regarded a fair (even if costly) gamble, which should take
less than top priority as compared with other promising methods.

3.3 Range-only radio location accuracy investigations have
established that both the measurement accuracy and bulk characteristics
of phase comparison ranging equipment satisfy Lacrosse specifications.
Representative range-only guidance systems were analyzed on the basis
of investigations dealing with the inter-relation of uncertainties in
range measurement, uncertainty in missile position, and range station
configuration. It was concluded that if three-dimensional terminal
guidance based on range-only radio location of the missile were subject
to Lacrosse accuracy requirements, the forward stations would have to
be very close to the target - exactly how close depends upon the magni-
tude of range-measurement uncertainties encountered under tactical
conditions. For an uncertainty in range measurement of 0.5 feet, it is
doubtful that the forward stations could be more than a few hundred
feet from the target. With the realization of anticipated improvement
in the precision of phase comparison ranging methods, the possibilities
of utilizing range-only radio location in Lacrosse terminal guidance
would be more favorable.
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APPENDIX III
RADAR GUIDANCE OF LACROSSE MISSILE

Cornell Aeronautical Laboratory, Inc.
Report No. UB-524-P-2

28 May 1948

By M. G. Foster
Karl D. Swartzel

* * * * * * * *

Discussion and Recommendations

5.50 The residual uncertainties of any theoretical design study are
large or small according to the availability of similar systems or ex-
perimental data from which to extrapolate. In the case of this report,
several of the essential data had to be prophesied rather than reported,
and the residual uncertainty is therefore not small. Furthermore, the
results do not speak with assurance that the accuracy specified (+ 5
yards probable error) can or cannot be obtained, although they do leave

a slight bias in favor of their possible future realization. Because of
the augmenting effect of simultaneous error in both pitch and yaw motions
of the plane, the bias in favor of realization is small.

5.51 The possibility of developing Lacrosse as a weapon usable in
combat is barely good enough to justify the cost of the enterprise if
there is real tactical need for such a device with its inherent
limitations. Some of these limitations are the following:

(a) Guidance outpost exposed to enemy fire.

(b) Radar dish must usually be able to see the target and
will probably be above the horizon at all times while
in use.

(c) Missile moves 200 ft/sec, which is a fairly slow air-
plane speed; thus the missile is vulnerable to enemy
fire.

(d) Electro-mechanical computers of the required accuracy
are precision instruments whose engineering into
mud-proof shock-proof units is not impossible, but
will require very careful engineering to have a chance
to provide weapons as rugged as they should be. Field
maintenance will be difficult.

(e) The training and experience required by personnel
of the forward party are not small. The acquiring of
a missile would be difficult and exacting work for
men under fire.

(f) The system is vulnerable to know radar countermeasures.
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5.52 It appears that the key decisions as to whether experimental
and development work should be done on the Lacrosse radar problem are
that of whether (a) radar guidance is the best available, and (b) the
infantry needs the Lacrosse weapon badly enough to gamble a million
dollars or so (and two or three years time of a competent crew of
scientists) on what appears practically an even chance. This theore-
tical investigation shows that such a program would provide a missile
guidance system whose accuracy might be as good as present requirements.
(There is scant margin for the future refinement of performance which

is usually demanded in practice.) It is recommended that the decision
on Lacrosse radar development future be sought on the basis that it is
a reasonably good gamble, but no certainty. Any other method that looks
better should take priority.

5.53 The point where this investigation is least conclusive is in
the angular noise level of simultaneous-lobing tracking radar. Further
exploration of this problem is recommended as more performance data

became available from such projects as that described in Reference (m) .

5.54 The time and data available did not permit a conclusive
investigation of overall guidance error in the homing-type course to
be made. It is recommended that the noise level and loop-stiffness
result specified in Section 4 be scrutinized in connection with homing
data in possession of APL/JHU so as to establish the estimate of
accuracy (paragraph 5.42) on firmer ground.
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APPENDIX IV
DESIGN STUDY OF A COMBINATION
ROCKET-HELICOPTER MISSILE FOR LACROSSE

Cornell Aeronautical Laboratory, Inc.
Report No. BE-365-5-3

12 May 1948
By Aero-Mechanics Department Prepared by: H. Hirsch,
Section Head
Approved by: A. F.Donovan
Dept. Head
* * * * * * * *

GENERAL DESCRIPTION OF SHUTTLECOCK

The Lacrosse problem requires a missile which, after launching from a
rear base, can be guided with extreme accuracy to the target by means of
a portable guidance system carried by a forward observer. Desirable
characteristics of such a missile appear to be:

1. High delivery speed, preferably supersonic, to the
point where the forward observer assumes control.

2. Extreme controllability and maneuverability during
the period of terminal guidance to the target.

Light weight, low cost, and simplicity.

4., Adaptability to a simple command guidance system in
the terminal phase.

A missile configuration, designated the '"Shuttlecock' because of the
similarity of its flight path to that of the badminton shuttlecock, has
been conceived specifically to meet these requirements. Whereas an
aimed, unguided rocket would meet the requirement of high speed delivery
to the general region of the target, extreme accuracy in final placement
of such a missile would require a very complicated guidance system. By
contrast, a slow speed, highly maneuverable missile can be positioned
very accurately by a simple manually operated command system. The
Lacrosse problem, therefore, appears to require a missile which has the
ballistic flight path of a rocket in its launching and mid-course phases
and the controllability, maneuverability, and speed range of a helicopter
in the terminal phase. The Shuttlecock is a hybrid aircraft which
possesses these properties. Essentially it consists of the two main
assemblies indicated on Figure 1 These are (1) the tail assembly unit
consisting of launching rocket and stabilizing fins and (2) the Shuttle-
cock helicopter unit consisting of sustaining rotor and controls,
intelligence system, and warhead. The Shuttlecock helicopter unit re-
mains airborne at all stages following launching. Following delivery of
the Shuttlecock projectile to the target area, the tail unit is dropped
and the Shuttlecock helicopter remains in flight. Control of the
Shuttlecock helicopter following separation from the tail unit can be
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accomplished partially by automatic means and partially by radio command
signals from the ground operator, as described in Reference I.

CONCLUSIONS

It is concluded from the foregoing investigation that the proposed
design of a Shuttlecock missile fulfills the requirements of Lacrosse.
It is indicated that the development of a satisfactory Shuttlecock
missile is practical, and that such development can be accomplished by
combining a series of separate developments which have been successfully
demonstrated to date. It appears that an adequate Shuttlecock develop-
ment would entail a basic research and development program which, in
turn, would require major substantiating experimental and flight test
investigations.
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APPENDIX V
GUIDANCE OF HELICOPTER-TYPE LACROSSE MISSILES

Cornell Aeronautical Laboratory, Inc.
Report No. UB-524-P-1

12 May 1948
By Engineering Physics Dept. Prepared by: R.E. Reinnagel
D.T. Hamilton
Approved by; H.G. Iddings

Karl D. Swartzel

* * * * * * * *
2.0 INTRODUCTION
2.1 In considering a helicopter type missile for Lacrosse, it is

well to reflect momentarily on the basic Lacrosse philosophy as formu-
lated in early meetings of the Lacrosse Board: In the Lacrosse oper-
ation, visual contract of a forward observer with a selected pinpoint
target must enter into the terminal guidance of a Lacrosse missile if
the guidance accuracy requirements are to be considered feasible.

2.2 A guidance system which makes direct use of the forward
observer's visual contact would conceivably achieve greater accuracy
than one which must accept errors in the target survey or target marking,
and which also must accept errors in the application of this observed
information to missile guidance. A homing guidance system must utilize
the forward observer's visual contact in marking the target, e.g., in
lobbing a beacon or flare onto the target. The non-homing systems
considered thus far for Lacrosse must utilize the forward observer's
visual contact in making a survey to obtain target position data. With
a helicopter type lLacrosse missile, direct use may be made of the

observer's visual contact to accomplish target demolition coincident
with target marking.

3.0 DISCUSSION
3.1 General Guidance Considerations
3.1.1 Several possibilities for guidance or remote control of a

helicopter type missile can be conceived, involving degrees of automatic
control ranging from typical drone operation by remote radio to fully
automatic control based on automatic tracking, homing, or some other
guidance medium. Remote radio control of a helicopter type missile is
considered to be of first interest in Lacrosse, however, because such
control is highly compatible with the basic Lacrosse Philosophy, as
reviewed in Section 2.1.

* * * * * * * *
3.4 Shuttlecock Guidance
3.4.1 As described in reference 1, the Shuttlecock is a helicopter

type missile which would be launched as a projectile, and would continue
1-13 UNCLASSIFIED
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in flight along a selected trajectory until within visual range of the
forward observer. At that time, the aft section (rocket motor and tail
section) of the projectile would be shed, leaving a sub-unit, the
Shuttlecock helicopter, which would be flown along an auto-rotative
guide path into the immediate vicinity of the target, employing a lift-
ing rotor which would unfold after the separation. (Note sequence A, S,
B, C along the trajectory in drawing P-1-2695). At an appropriate time,
subsonic ram jets in the rotor blade tips would be placed in operation,
and the Shuttlecock flown into or hovered over the target.

3.4.2 To facilitate visual acquisition by the forward observer, it
would be desirable to have the delivery of the Shuttlecock projectile
occur along a trajectory terminating at a region in space specified by
the forward observer. Of course, a region as close to the target as
possible would be selected not only to facilitate the forward observer's
visual acquisition but also to minimize the vulnerability of the
Shuttlecock to enemy fire. The forward observer could exercise wide
choice in selecting such a region, thus allowing target attack from
almost any direction.

3.4.3 Many field situations may be conceived where the Shuttlecock
projectile may be delivered on the basis of ballistic data with suffi-
cient accuracy to "hit' a region in the sky specified by the forward
observer. Visual acquisition would thus be facilitated not only by
delivery to a point specified by the forward observer, but also by the
fact that conversion from a high-velocity projectile to a low-velocity
helicopter missile would occur at a time best suited to aid visual
acquisition. Equipment at the launching site probably will include
facilities for tracking the Shuttlecock. Accordingly, the launcher may
aid visual acquisition by the forward observer if necessary. That 1is,
Shuttlecock position data could be sent over the communication link
between the launcher and the forward observer to keep the latter in-
formed of Shuttlecock position until visual acquisition had been con-
firmed. After visual acquisition, the forward observer would guide the
Shuttlecock as a drone, utilizing its hovering capabilities as required
during the final let-down.

* * * * * * * *
4.0 SUMMARY AND CONCLUSIONS
4.1 Investigations conducted thus far have shown considerable

evidence of feasibility in utilizing a helicopter type missile in deal-
ing with the Lacrosse guidance problem. The proposed Shuttlecock
Lacrosse missile offers a means of bringing together extremes in
technical specifications for missile guidance which are dictated by the
military need for a highly maneuverable close support missile, capable
of being guided with high precision to a pin-point target. It is
recommended that the Bureau of Ordnance consider development of the
Shuttlecock and other helicopter type missiles.
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SUGGESTED LACROSSE MISSILE SYSTEM DEVELOPMENT PROGRAM

In this section a program is outlined leading to development and
flight test of prototype Lacrosse missiles in a three year period. It
is proposed to accomplish this result by first developing the guidance
system and flight testing it in a piloted airplane. Tests of the
guidance system by having it control an airplane through an autopilot
are believed to be advantageous in shortening the development time,
reducing the test cost, and permitting more complete instrumentation and
evaluation of the system. Basic design of the system would be
accomplished before flight tests through use of analogue computer studies
and by the construction and operation of a simulator. Following
successful airplane flight tests the actual missile design would be
completed and flight tested.

A chart listing the steps believed necessary for the development
program and the proposed schedule is included as Fig. 12.* The pro-
posed program begins with the extension of the analogue computer
studies, performed under the current task, to more nearly optimize the
system. Concurrently with the analogue computer studies, design and
construction of the simulator for use in testing the actual system
components would be started. Operation of this simulator upon its
completion would serve to optimize the system constants and test out the
components as they are developed. During this period a radio pure
range measuring system, suitable for use in airplane tests of the
complete system, would be designed and built by a suitable contractor.
As a first phase in the development of this equipment, helicopter
flight tests of the effects of altitude on the accuracy of radio range
measuring equipment would be made. An available optical tracking unit
would be selected and adapted for use in the airplane flight test
program. The computer necessary for converting the iracking and range
data into missile commands would be developed and suitable standard
radio command equipment for operating the airplane autopilot would be
selected. An SNB airplane, or equivalent, equipped with autopilot is
believed suitable for the flight test. Following simulator tests of
the combination of radio range equipment, optical tracking unit, and
computer and command link, installation of the necessary equipment
would be made in the airplane and flights commanded through a designated
point in space. The performance of the system would be evaluated by
measuring the miss distance with photo-theodolites or equivalent
equipment. It is contemplated that work up through the preliminary
stages of the flight tests could be completed during fiscal 1951. 1In
addition to this flight test of the basic components of the system to
evaluate the suitability for continued development, design of the final
optical tracking unit, of the optical range finder, the missile air-
frame design and development of the miniaturized range measuring system
would be instituted. It is also believed that a small effort should be

*This chart is included in the narrative as Figure 3.
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devoted to the study of alternate radar tracking heads to replace the
sight system for possible all weather operations. Some effort should
also be devoted to following the developments in recoilless direct fire
weapons which might be applicable to beacon placement and maintaining
contact with possible developments in the field of microwave beacons
capable of withstanding extreme accelerations.

In fiscal 1952 it is proposed to perform the majority of the
flight tests on the piloted airplane and to complete this phase of the
project. The development of the packaged radio range measuring equip-
ment would be completed and flight tested as part of that work.
Construction of the optical tracking unit and an improved range finder
would be undertaken. Concurrently, design of the airframe and
packaging of all equipment would be completed. Selection and tests of
a preset gyro stabilized mid-course guidance system would be made.
Problems of launching and launcher design would be treated. A few
basic airframes would be constructed and flight tested to obtain missile
aerodynamic response characteristics. While it has been possible to
define the work for fiscal 1951 quite accurately, that outlined for 1952
is necessarily somewhat more vague and will require subsequent revision
as the work proceeds. Assuming, however, the items outlined are
completed in fiscal 1952, the principal work remaining for fiscal 1953
is the construction and flight test of a small quantity of prototype
missiles. This work would encompass, of course, the elimination of
bugs and the improvement and refinement of the Lacrosse missile.

The time scale presented is believed to be on the order of the
minimum achievable with reasonably constant and efficient effort
applied to the resolution of the problems. Unforeseen development
difficulties, contractual delays and budgetary limitations might
easily extend the time scale by one to three years. As required by the
task statement, estimates of the cost of the various items in the
development program are given on page 17. While believed to be of the
right order of magnitude, the figures listed are in many cases based on
incomplete data and are not to be considered for contractual purposes.

2-3 UNCLASSIFIED
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APPROXTMATE COST ESTIMATE - WORK OUTLINED FOR FISCAL 1951

STEER Command System Flight Tests in Piloted Airplane

VS WN

~N O

Analogue computer studies $ 25,000
STEER simulator design and construction 50,000
Simulator tests of system 10,000

Radio ranging equipment - breadboard development 150,000
Optical tracking sight - adaptation of existing
unit. 5,000
Command computer development 25,000
Radio command link - adaptation of standard units 5,000
Install system in airplane and make preliminary
test flights 40,000

Total for Guidance Test $310,000

Preliminary Work on Final System Components

SO -

Special optical tracking unit design studies $ 10,000
Optical range finder design 50,000
Missile airframe design 10,000
Miniaturized radio range equipment development 50,000
Total for Final Components $120,000

Miscellaneous Items

Coordination of work of associated contractors § 20,000
Continued study of direct fire beacon items for

possible future alternate homing system 5,000
Study of alternate radar tracking head for bad

weather operation 5,000
Total Miscellaneous $ 30,000

Total Estimated Cost - Fiscal 1951 Program $460,000
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EXTRACT

(pp. 33-36)
SUMMARY REPORT
PROJECT LACROSSE
CORNELL AERONAUTICAL LABORATORY, INC.
Report No. BE-712-S-1

Contract DA-30-115-ORD-11

BY: A. Ahlin APPROVED: R. Schedvin

DATE: 15 February 1951
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RECOMMENDATIONS

Generally speaking, the work performed under this contract has re-
affirmed the tactical feasibility of the Lacrosse system, particularly
with respect to the action of key components. As a result of this work,
it has been recommended to the Office, Chief of Ordnance, Department of
the Agmy, that the Lacrosse Project be continued and that full effort be
applied to the development of a prototype missile system based on the
STEER and STEER-1 concepts. The following summary is a general outline
of these vecommendations:

1. System Tests -

It is recommended that a flight test program be conducted using a
Beechcraft airplane, or equivalent, to act as a simulated missile. The
purpose of this test program is to determine the prospective accuracy of
the system using interim components such as the optical tracker, pro-
portional command radio link, distance measuring equipment and command
signal generator.

2. Simulator Tests -

It is recommended that an analogue computer be adapted to serve as
a simulator for dynamic analyses of system performance. Machine
computations would permit evaluation of system components prior to full
scale tests and would permit selection of the most promising components
while they are still in the breadboard stage.

3. All-Weather Operation Studies -

The all-weather operation aspects of Project Lacrosse will require
electronic components such as high frequency electronic angular trackers.
Currently available radar equipment will not satisfy the requirements of
Lacrosse but will suffice for interim tests of the feasibility of
electronic tracking. It is recommended that a radar tracking device be
developed or procured suitable for tests with the Beechcraft and that a
development program be undertaken for a high frequency electronic
angular tracker suitable for Lacrosse accuracies.

4. Missile Development -

Although the Beechcraft flight tests of the Lacrosse system will
provide a check of total system performance, it will be necessary to
conduct tests with a Flight Test Vehicle, incorporating miniaturized
airborne components, to permit analysis and evaluation of operations
with a missile. The FTV should be fully instrumented to record this
operation of the missile and its response to the radio command link.
Tactical conditions could be simulated during the FTV tests to
demonstrate the probable success of the system.

UNW£D~ "" 3-2
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The FTV program should be paralleled with a prototype missile
development based to a large degree on the FTIV results. This development
program should be coordinated with the development of all components into
miniaturized tactical configurations for both ground based and airbprne
equipment.

Therefore, it is recommended that airframes be procured for Flight
Test Véhicles and that these airframes be practically 'off-the-shelf"
variety to permit testing of the system as soon as possible. Development
of a full scale prototype missile should be undertaken, to meet the
requirements of Project Lacrosse, consistent with results of the FTV
test program.

Anent the above recommendations, it is proposed that a development
and test program be pursued as follows:

PROPOSED LACROSSE TASK STATEMENT

“C.A.L. shall undertake a research and development program of ten
months duration which is to be part of a longer program directed towards
the development of a direct support guided missile system designated
Lacrosse. This program shall first complete the design and construction
or procurement in breadboard form of the guidance components of the
Lacrosse system recommended for development at the conclusion of the
evaluation phase of Lacrosse under Contract NOrd 10629 and initiated
under Contract DA-30-115-ORD-11. The components of this system
consisting primarily of a radio command link, electronic ranging
equipment, an optical tracking unit, and a command computer shall first
be tested individually. Dynamic analyses of the system performance
shall then be made by procuring and adapting an analogue computer to
serve as a simulator.

"Following simulator tests, the system shall be connected to a
conventional airplane which shall be adapted to respond to the guidance
control system. Pilot-monitored, system evaluation, flight tests will
be run to determine the prospective accuracy of the guidance system.
Instrumentation and other essential equipment for the airplane tests
will be provided as required.

"In addition to the work on the development and test of the system
with an airplane, studies of means of operating system under all-weather
conditions shall be made. Design and possibly development or procurement
of a radar tracking device to replace the optical tracker shall be under-
taken. System performance analyses and design studies employing radar
tracking means and other promising alternate approaches to direct
support missile guidance shall be conducted.

"Preparation for tests in a missile control test vehicle and for
subsequent development of a prototype Lacrosse system will be under-
taken. Accordingly, procurement and necessary redesign of a control
test vehicle shall be accomplished along with such preliminary studies,

3-3 UNCLASSIFIED -
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tests, procurement and evaluations of the prototype missile system, its
components and its operations as are necessary to an over-all integrated
Lacrosse development. The desired Lacrosse system performance
characteristics are to be defined in consultation with the Office, Chief
of Ordnance, U. S. Army, as the work progresses in accordance with the
objective of obtaining a useful direct support weapon of high accuracy
in the shortest feasible time.

"The work shall include cooperation and joint activity as may be
feasible with those groups in the Armed Services and other agencies
which are actively concerned with the development, testing, production
and use of similar or related weapon systems and missiles for the
United States Government. The work also includes responsibility for
selection of subcontractors and assignment of subcontracts as well as
the technical supervision and guidance of subcontractors selected to
work on the Lacrosse program.'

UNCLASSIFIED
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DOCUMENT 4

(U) HISTORY OF CORNELL AERONAUTICAL LABORATORY, INC.

The Cornell Aeronautical Laboratory (CAL), a wholly owned sub-
sidiary of Cornell University, Ithaca, New York, operates under a
business franchise of the State of New York. The laboratory located
at 4455 Genesee Street, Buffalo 21, New York, was a gift to the
university by the Curtiss-Wright Corporation.

The prologue to CAL reaches back to February 1943, when the Air-
plane Division of the Curtiss-Wright Corporation dedicated its Research
Laboratory and appointed Dr. Clifford C. Furnas as director.* The early
organization was comprised of three technical departments, 124 personnel,
and 90,000 square feet of laboratory space. 1Its tasks included investi-
gation of problems of aircraft and associated equipment under develop-
ment by Curtiss-Wright and some contract research for the armed forces.

At the end of World War II, Curtiss-Wright sought to convert its
Research Laboratory into a public research organization. 1In December
1945, Cornell University accepted the laboratory and equipment as a
gift from Curtiss-Wright and simultaneously six eastern aircraft
companies contributed generously to a working fund. The Research
Laboratory was then given the name of Cornell Aeronautical Laboratory
and dedicated to "the interests of aviation and the welfare of the
nation."l It was incorporated as a nonprofit stock corporation of New
York in 1958, and thus became an independent unit not involving the
university in its business transactions, though a subsidiary of the
same.

By May 1954, the laboratory space had been expanded to some 240,000
square feet. Assets of the corporation were valued at $6 million, about
one-half of which was invested in a variable wind tunnel and the rest in
research tools and equipment, real estate, and working capital. Gross
sales in FY 1954 exceeded $10 million. A large part of these sales came
through Government R&D contracts, including such projects as the PLATO
and LACROSSE. Cornell did not participate in production of any kind.

By mid-1956, CAL was ending its first decade of growth. 1In these
progressive years, its annual volume of research had increased from $2

* Dr. Furnas remained in this position until 1948, and served as
Executive Vice President until his resignation in 1954. He was
appointed Assistant Secretary of Defense in 1956.

1. Bibliography, Reference 1, p. 8.

»
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million to $12 million; the number of technical departments had expanded
from three to ten; and its personnel had grown from 124 to 1100. The
volume and diversity of CAL's technical accomplishments had more than
tripled. And in the process the laboratory had indeed served "the
welfare of the nation" through its immeasurable contributions to the
advancement of aeronautical technology.

BIBLIOGRAPHY

1. "A Decade of Research, 1946-56," CAL, Buffalo 21, N. Y., 1956,
AOMC Tech Library

2. Alvin E. Green, Assistant Contract Manager, CAL, letter to CG,
Redstone Arsenal, subj "Facility Data - Cornell Aeronautical
Laboratory, Inc.,'" 26 May 54, ARGMA Industrial Operations File.

3. Henry K. Moffitt, CAL Assistant Director - Business, '""The Business
Operation of Cornell Aeronautical Laboratory, Inc.," 1 Jul 53 and
19 Nov 54, ARGMA Industrial Operations File.
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DOCUMENT 5

*
HISTORY OF THE MARTIN COMPANY

The Martin Company is almost as old as powered flight itself.
Today, its products and activities have gone far beyond aircraft to
include the design, development and production of missiles and space
systems, electronic components and systems, and specialized nuclear
power applications.

The Company began when Glenn L. Martin, a 19-year-old son of a
hardware dealer of a Santa Ana, California, read a newspaper account
of the Wright Brothers' early flights. To him, the Wright machine was

simply a boxkite with a motor and closely related to the boxkites that
he had built since he was six.

By 1908, young Martin had decided to build an adaption of the
Curtiss biplane. Through hard work and extensive research, he saw it
to a greater future. On August 1, 1909, the boxkite airplane was flown
over meadows near Santa Ana, California. To combat public skepticism
and finance his continuing efforts, Mr. Martin began a series of flight
exhibitions in November, 1910.

His search for backing reached fruitation on August 16, 1912, when
The Glenn L. Martin Company came into being as a business. With the
formal incorporation of the business, the first Martin plant began
operation in Los Angeles, California, with 14 employees. Buyers for
Martin planes were scarce—Lincoln Beachey, an outstanding flyer; and
William Edward Boeing, who was to later build planes in his own name.
Into the business came some of the best brains of the time—Donald
Douglas, a chief engineer; Lawrence Bell, as factory superintendent;
and J. J. '"Dutch'" Kindelberger (North American), all of whom were later
to head their own aircraft companies. The combination achieved some
notable results.

In 1916, Mr. Martin merged interests briefly with those of the
Wrights in the Wright-Martin Company. The merger was dissolved the
following year and Martin was again an independent company. With the
backing of Cleveland financiers, the plant was moved to Cleveland,
Ohio, in 1918. Here the Martin-Douglas-Bell-Kindelberger team built
the MB bomber, the first step in the U. S. in the production of "a
useful article" for air warfare.

*Information pamphlets covering the history of The Martin Company
furnished by the Martin Company Branch Office, Huntsville, Alabama.
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By 1929, the Cleveland facilities had outgrown the Company's
venture. The plant was moved to Baltimore, Maryland, for its proximity
to Washington, D. C., where most of its business originated with the
Armed Forces, and for a water front to test the new Martin seaplanes.
Here was also afforded a mild year-round climate for flying and good
rail connections. At Baltimore were built most of the planes that made
the name '"Martin' an aviation byword. Among these were the BM~1, the
first practical dive-bomber; the B-10 of the early 1930's, a revolu-
tionary bomber which made almost every other military aircraft in the
world obsolete overnight and which won the Collier Trophy; the inter-
nationally famous CHINA CLIPPER; the rugged B-26 MARAUDERS of World
War 1I1; the giant MARS flying boats; and the independent Navy seaplanes—
from the PM-1 of 1930 to the P5M MAKLIN of the 1950's. 1In 50 years,
Martin, a major manufacturer of military and commercial aircraft, built
more than 12,000 planes.

Following World War I1I, fast-changing military technology brought
about an equally vast change in the nature of Martin products. The
shift was so profound that it became a new firm, with emphasis on
missiles, electronics, nucleonics, guidance systems, and space vehicles.
The Company now has production facilities at Baltimore, Maryland;
Denver, Colorado; and Orlando, Florida, along with a separate division
at Cocoa, Florida, created to supervise field testing of missiles at
Cape Canaveral. Martin employes some 40,000 people, including more
than 7,500 engineers, 3,000 of whom specialized in electronics.

One of the Martin Company's first significant post-war projects
(in the late 1940's) was the Navy's VIKING, a single-stage, high alti-
tude research rocket, which established Martin as a leader in this
field. Experience gained in this program gave valuable background for
Project VANGUARD, under which the Company designed and built three-stage
rockets to launch significantly-instrumented, earth orbiting satellites.
On March 17, 1958, a VANGUARD test vehicle lifted a radio-equipped
satellite into orbit. Two additional satellites were subsequently
launched by Martin-built VANGUARD rockets.

As the Air Age gave way to the Space Age, Martin was in the fore-
front of new developments. As part of its shift to the new era, the
Company simplified its name on April 22, 1957, to The Martin Company.
In 1959, 72 per cent of the firm's backlog was in missiles. After half
a century, Martin was still a pioneer—but in fields far different from
that in which it began. As stated by Board Chairman George M. Bunker:
"For practical purposes, we are out of the aircraft business.... You
might say we were the first in and the first out." The Company phased
out of aircraft production in 1960 and now concentrates entirely in the
advanced aerospace technologies.

In October, 1961, Martin and American-Marietta companies were

consolidated to form Martin Marietta Corporation. In the new corporate
organization, Martin Company is the aerospace division of Martin Marietta

5-2
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The corporation operates other divisions in the construction materials,
chemical and paint fields.

The following shows the financial and personnel status of The
Martin Company, based on 1961 figures:

FINANCIAL:

PERSONNEL:

Sales: $830,000,000

Annual Payroll: $322,500,000

Purchases: $371,400,000

Purchases from small business firms: $119,300,000
(32 per cent of total)

Number of suppliers: 7,694

Total employment: 40,365

Baltimore area (includes Space Systems, Nuclear, Electronic
Systems & Products Divisions, RIAS, and General Offices):
10,888

Denver Division: 17,813

Orlando Division: 10,682

Canaveral Division: 982

Scientific and engineering personnel of all types account
for approximately 12,000 of total Martin employment.

5-3
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WAR DEPARTMENT
OFFICE OF THE CHIEF OF ORDNANCE
Washington, D. C.

ORDTU 11 January 1954

SUBJECT: Assignment of Responsibilities for Project LACROSSE,
DA-516-05-002, TU1-2020

TO: Commaniing Generezl
Redstone Arsenal
Huntsville, Alabama

REFERENCE: a. Ordnance Corps Order 43-52, dated 29 September 1952.

b. RSA letter 322/56, subject: "Transfer to RSA of
Technical Supervision of Rocket and Guided Missile
Projects, " with lst and 2nd Indorsements thereto.

1. Reference a. vutlines and defines the functional responsibilities
involved in the prosecution of Ordnance Research and Development Projects.

2. Reference b. recommended that research and development
responsibility of all guided missile projects be transferred to Redstone
Arsenal.

3. Responsibilities as defined by reference a. are hereby assigned
to Redstone Arsenal for technical supervision of Project LACROSSE.

4. Assigned responsibilities include close technical liaison with
other Government field installations involved in developments related to
the LACROSSE Missile System. Current related projects are:

Dept of Army Project Title Responsible Field
Number Agency
416-16-014 500# Incendiary Chemical and Radio-
Warhead for logical Laboratories
LACROSSE Army Chemical Center,

Edgewood Arsenal.

.. UNCLASSIFIED
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ORDTU
SUBJECT: Assignment of Responsibilities for Project LACROSSE,
DA-5-16-05-002, TU1-2020.

Dept of Army Project Title Responsible Field
Number Agency
516-16-009 Warhead for Aberdeen Proving Ground

LACROSSE Surface- and Picatinny Arsenal
to-Surface Guided

Missile

517-10-028 JATO 3ES32000 Picatinny Arsenal
T 52 Booster

505-02-023 Fuze, Warhead Frankford Arsenal
T1405

5. Part of the LACROSSE development is being conducted by
installations which are under the control of the Research and
Development Division Branches other than ORDTU. It is desired that
recommendations be submitted through ORDTU regarding changes, improve-
ments, cancellations or accelerations that may be required to maintain
proper phasing within the LACROSSE Project.

BY COMMAND OF MAJOR GENERAL CUMMINGS:

LESLIE E. SIMON
Major General, USA
Assistant Chief of Ordnance

cc:
Cornell Aeronautical Laboratory
Project LACROSSE, Buffalo, New York

Rochester Ordnance District
Sibley Tower Bldg, Rochester, N. Y.

CG, WSPG, Las Cruces, New Mexico

CO, Picatinny Arsenal, Dover, N.J.

CO. Frankford Arsenal, Phila. 37, Pa.

CG, Aberdeen Proving Ground, Aberdeen, Md.

UNCLASSIFIED 6-2
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DOCUMENT 7 U682
ORDNANCE COMMITTEE 1
ITEM 36066
19 JAN 56

DEPARTMENT OF THE ARMY
Office of the Chief of Ordnance

MAHawkins/gta /54091
4 October 1955

FROM: Subcommittee on Guided Missiles

TO: The Ordnance Technical Committee

SUBJECT: CLOSE SUPPORT ARTILLERY GUIDED MISSILE SYSTEM - DOA Project
516-05-002 (TU1-2020) - Project LACROSSE - Statement of
Military Characteristics (U)

1. REFERENCES:

a. OCM 33399, 31 August 50, "Surface-to-Surface Guided Missile
(LACROSSE)".

b. OCM 34980, 24 Sep 53, "Security Classification of Guided
Missile Projects".

c. OCM 34981, 24 Sep 53, "Warhead for LACROSSE (XSSM-A-12),
Surface-to-Surface Guided Missile - Initiation of Development'.

d. File 00/5S-5871, 5 Jul 55, "Military Characteristics for a Close
Support Guided Missile System'".

2. DISCUSSION:

a. Project LACROSSE was established by the Department of the Navy
to fulfill a requirement of the Marine Corps for a highly accurate
surface-to-surface guided missile system which would be tactically
acceptable for employment in the close support of amphibious and or
ground operations. In 1950, the Secretary of Defense, upon recommen-
dation of the Joint Chiefs of Staff, transferred the LACROSSE Project
from the Department of the Navy to the Department of the Army for the
continuation of research and development (ref la).

b. Reference 1d forwards military characteristics for a close
support guided missile system and recommends that Project LACROSSE,
DOA 516-05-002 (TU1-2020) be continued to meet these characteristics.

3. RECOMMENDATIONS: The subcommittee recommends:

a. That military characteristics for a Close Support Field
Artillery Guided Missile System outlined in attached project card
(Appendix 1) be approved.

o OASSEES
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b. That Project LACROSSE, DOA Project No. 516-05-002 (TU1-2020),
Priority 1A, Technical Objective LC-16, and Modernization Code X be
continued to meet these military characteristics.

c. That security classification rules contained in attached
Security Check Lists (Appendix 2) be approved.

d. That this subcommittee report be classified CONFIDENTIAL, and
that the Security Check Lists (APPENDIX 2a, 2b, and 2c) be UNCLASSIFIED.

Action by: Rocket Br, Ord Res & Dev Div
Approval of higher authority is required.
APPROVED
/s/ CHARLES L. REGISTER
Col, Ord Corps
Chairman Pro Tem
APPROVED BY ORDNANCE COMMITTEE

19 JAN 56 APPROVED BY ORDER OF

/s/ A. W. STODDARD THE SECRETARY OF THE ARMY
Col, Ord Corps
Secretary /s/ CHARLES L. BEAUDRY, Col, GS

For the Chief of Res. and Dev., OCS

UNGLASSIFID
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EXTRACT

RESEARCH AND DEVELOPMENT PROJECT CARD
(Appendix 1 to OTCM 36066)

* * * * * * * *

21. BRIEF OF PROJECT AND OBJECTIVE

a. Brief:

(1) Operational Concept: The primary mission of this close-
support guided missile system is to destroy heavy fortifications and
other stationary "hard" targets with precision fire. A secondary
mission may be the attack of materiel and personnel targets with
appropriate warheads. Forward observer teams for this system will be
organized and equipped to work in conjunction with division artillery
in direct support of infantry battalions. All forward guidance equip-
ment will be man-transportable, and each forward observer team will be
capable of operating either from a 1/4 ton-truck or dismounted. It is
not contemplated that this missile system will be used against any
target which could be attacked more economically or efficiently by
another weapon.

(2) Organizational Concept: The basic fire unit for the
close support guided missile system will be a separate battery capable
of independent operation. A battery will contain four self-propelled
launchers, two sets of assembly and loading equipment and two forward
guidance stations. The basic load of missiles will be four per launcher.
The basis of allocation will be one close support guided missile
battery per corps. During the period when only the shaped charge
warhead is available, the close support guided missile battery may be
attached to a division for specific missions. Following development of
atomic and/or optimum fragmentation warheads for this weapon system,
the basis of its allocation will be reviewed to provide battery strength
support per division. This might be by assignment of one battalion per
corps, Or one separate battery per division.

(3) Consideration of Tripartite, Navy, Air Force, and Marine
Corps Development Activities: A review of development projects of
other services and tripartite nations discloses no system whose
characteristics are such as to fulfill the requirement for a surface-
to-surface missile as herein described.

(4) Feasibility of Development: The development of the close-
support guided missile system having the characteristics herein
described is considered feasible and practicable. If during the
development phase it appears to the design agency that the character-
istics listed herein require the incorporation of certain impracticable
features and/or unnecessarily expensive and complicated components or
devices, costly manufacturing methods and processes, critical materials
or restrictive specifications which serve as a detriment to the military
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value of the item, such matters will be brought to the immediate
attention of Department of the Army and Continental Army Command for
careful consideration before incorporation in the final design.

(5) Configuration:

(a) General - The size and weight of all major components
of the system shall be the minimum attainable, compatible with their

intended employment, characteristics specified, and subject to such
limitations as are imposed by:

(1) SR 705-30-10
(2) AR 700-105 (use loading table on page 9, column

headed "Most Foreign Lines (Berne International) Standard Gauge").

(b) Guidance and Control. The equipment required in the
forward guidance station shall be as light as possible, and shall be
capable of being broken down into man-transportable loads.

(6) Performance:
(a) Ranges.
. (1) Maximum missile range.
(a) Required. Not less than 20,000 meters.
(b) Desired. Not less than 30,000 meters.
(2) Minimum missile range.
(a) Required. Not more than 8,000 meters.

(b) Desired. As short as possible consistent
with other requirements.

(3) Maximum guidance range (using target survey
unit data).

(a) Required. Not less than 5,000 meters.
(b) Desired. Not less than 8,000 meters.

(4) Maximum guidance range (using external data)
(see subpara g below).

(a) Required. Not less than 15,000 meters.

(b) Desired. Not less than 20,000 meters.
(5) Minimum guidance range.

(a) Required. Not more than 250 meters.

(b) Desired. As short as possible consistent
with other considerations of the system.
[ ]
(b) Midcourse guidance. Provision will be made to guide

the missile by inertial means between launch and acquisition by terminal
guidance equipment.

UNCLASSIFED
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(c) Accuracy. Since this assault guided missile system
is required specifically to destroy hard "point targets," accuracy and
lethality are its most important characteristics. The degree of
accuracy which can be achieved by the system has a very important effect
on the flexibility of employment of the system in that accuracy governs
the size of target which may be attacked effectively. An extremely high
degree of accuracy will permit the efficient attack of relatively small
fortifications which are far more numerous than large fortifications:
hence accuracy will determine to a major degree the usefulness of the
weapon. If a forward guidance station is employed it is believed that
certain of its elements will normally be emplaced so that they are
masked from the target by terrain, in order to minimize hostile counter-
measures. This usage of the system shall not cause degradation of the
missile accuracy. Under all conditions specified in this and in
paragraph (1) above, the system shall have the following accuracy:

(1) Required. CPE not to exceed five meters.
(2) Desired. CPE not to exceed two meters.

However, if the system is utilized to fire upon targets located by
external sources (see subpara g below), the desired accuracy requirement
of the system will be 30 to 40 meters CPE at 20,000 meters.

(d) Lethality. Assuming a direct hit on a hard target,
the missile warhead shall have sufficient lethality to destroy fortifi-
cations of the type normally encountered in a deliberately prepared
defensive position. A capability of penetrating a minimum of six feet
of reinforced concrete at 60° obliquity or twelve feet at 0° obliquity
is required. 1In addition, warhead design shall be such as to produce
beyond-penetration effects rendering inoperative personnel occupying
the defeated fortification.,

(e) Speed. 1In order to reduce the vulnerability of the
missile to small arms and antiaircraft artillery automatic weapons fire,
the speed of the missile shall be the maximum commensurate with the
maneuverability and control required to accomplish the accuracy
specified in subparagraph c above.

(f) Propulsion. A solid propellant rocket motor is
required and shall be integral to the missile.

(g) Guidance and Control. Any system of guidance which
will accomplish the accuracy requirement stated herein throughout the
required range will be acceptable. The following characteristics are
desired of the guidance system:

(1) The system shall permit engagement of targets
within a 360 degree sector around the forward guidance station.

(2) Line of sight will not be required between
launcher and ground guidance equipment.

., UNCLASsiFED




Q_NMW"'

(3) Suitable antijamming features shall be designed
into the missile and into the ground guidance equipment to minimize the
effect of enemy electronic countermeasures and effectively reduce
interference from friendly control stations or other electronic devices.
It shall be possible to operate simultaneously two or more guidance
stations, each controlling a missile, in the same vicinity without
mutual interference.

(4) It shall be possible that two or more sets of
launchers can support the same forward guidance station, when required,
with no more than minor adjustments in the system.

(5) It is required that the guidance system be
capable of successfully attacking targets not observable from the
forward guidance station because of darkness, inclement weather, or
terrain masking; or targets beyond the range of the target location
equipment. For this reason, the ground guidance equipment must be
capable of accepting firing data obtained from outside sources such
4y wap or survey data, or target location data previously determined
'y the target location equipment. It is realized that the system
accuracy will be degraded by terrain masking, target location error,
and extended ranges. It is required that the equipment accept such
sata for targets as far as 15,000 meters from the ground guidance
equipment, but it is highly desirable that this capability be extended
to 20,000 meters.

(h) Rate of Fire.

(1) The cyclic rate of fire shall be not less than
four missiles per hour per launcher provided the launcher is loaded at
its launching site.

(2) A single guidance station shall be capable of
handling 8 missiles per hour where each missile is guided to a different
target.

(i) Launcher. Because of the smoke and dust stirred up
by the exhaust gas of a rocket motor and the cone of flame emanating
from a burning rocket motor, guided missile launching positions are
highly susceptible to location by hostile observation facilities.
Furthermore, a missile launcher with a missile in place prepared for
launching is highly susceptible to detection by hostile aerial
observation. These conditions dictate that the missile launcher for
a relatively short range guided missile system will probably have to
be moved frequently and must have high mobility to permit this movement
in as short a time as possible.

(1) A self-propelled launcher for this application
is very desirable.

(2) The missile launcher shall be capable of
transporting an assembled missile cross country from an assembly area
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in the vicinity of the launching site to the launching site.

(3) Being in close vicinity to a prepared launching
site and loaded with a previously checked out missile, in traveling
position, no more than fifteen minutes shall be required to emplace the
launcher, orient in azimuth and elevation, make final missile check,
and fire.

(4) The missile launcher shall be capable of going
"out of action" and into traveling position in not more than ten minutes.

(5) The missile launcher shall be equipped with the
necessary sighting, traversing, leveling, and elevating mechanisms to
permit rapid positioning of the missile for launching. The launcher
and/or its on~-carriage fire control system shall compensate for cants
up to 10° and forward or reverse slopes up to 10°. Standard field
artillery sighting and laying equipment are desirable for laying in
azimuth and elevation. Provision for manual elevating, traversing, and
leveling is required. Power assist is desirable.

(6) The missile launcher shall provide for traversing
the launching rails at least 10 degrees (15 degrees desirable) either
side of center without moving the launcher mount and without the use of
outrigger stabilizing jacks, The missile launcher shall be capable of
being repositioned rapidly throughout 360 degrees to a new center when
azimuth shifts greater than the capability of the on-carriage traverse
is required. It is desired that this repositioning be accomplished in
less than two minutes.

(j) Missile.
(1) Ssafety to crew members and ease of handling

shall be stressed in the missile design.

(2) The missile shall be so designed that it may
be removed from its container and assembled with the expenditure of not
more than one man hour of labor.

(3) The missile shall be so designed that rapid
functional tests can be performed with the expenditure of not over one
man hour of labor.

(4) The missile shall be designed so that a '"go-no-
go" check can be made immediately prior to firing in an elapsed time of
not more than five minutes.

(5) Warhead.

(a) The following warheads shall be developed
in order of priority.

(1) Shaped charge or other penetration
type with lethality as specified in subparagraph d above.
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(2) Practice warhead for training. This
warhead should be of the cheapest inert construction that will permit
normal performance of the missile. No spotting charge or fuze is
required.

(b) Feasibility studies should be conducted to
determine the practicability of the use of the following warheads with
the missile system:

(1) An atomic warhead whose development
time scale will be commensurate with the missiie system development
gime scale.

(2) An optimum fragmentation warhead that
might be developed.

(c) Fuzing and Arming.

(1) The warhead fuze shall be armed by
command while the missile is in flight.

(2) The warhead and fuze system shall be
so designed as to prevent detonation, or at least high-order detonation,
of an unarmed warhead on impact.

(3) The fuze systems required with the
warheads, listed in subparagraph (5) (a) above, shall be designed so as
to maximize standardization of components.

(7) Duratility and Reliability.

(¢) Ruggedness. All elements of the system,
including the wmiceciles, must be sufficiently rugged to withstand without
damage those conditions of transportability and environment as required
in paragraphs (8) and (10) below

(b) Reliability. The reliability of the missile
system should be such that:

(1) At least 90% of the missiles removed
from six months storage (depot or field) must pass all prefiring
checkout tests with only minor adjustments or component replacement by
battalion or battery personnel.

(2) Of the missiles which pass the pre-
firing checkout tests, not more than 5% may fail to launch at the
designated time due to system malfunction throughout a 72 hour period
following checkout. -
(3) 1In the absence of effective counter-
measures, those missiles which launch must have an in-flight reliability
of 957, This is the degree of assurance that after launch, the missile
will not abort due to failure of missile or ground components, but will
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deliver its payload to the specified target within the normal dispersion
limits associated with the required accuracies.

(c) Simplicity. Insofar as possible the
missile and its associated equipment shall be designed so that all
operations from removal from storage to firing can be accomplished
with the minimum of personnel. It shall be possible to train operating
and maintenance personnel quickly and easily. Checks and tests shall
be accomplished by simple test equipment, preferably of the "go-no-go"
type, usable by semiskilled personnel.

(d) Readiness.

(1) Total preparation required at the
launcher shall be held to a minimum.

(2) The missile shall be capable of
standing on the launcher in a 'ready'" condition for at least 24 hours.
The reliability requirement stated in subparagraph (7)(b)(2) above,
applies if the missile is fired at any time during the period of
readiness.

(3) Missiles shall be capable of being
removed from "ready-to-launch" condition and returned to storage.

(4) Electrical components which have a
significant delay after being turned on, due to warm-up before operation,
should be capable of being kept in a ''ready-to-launch" state for
extended periods.

(e) Safety. Maximum safety provisions shall
be incorporated to reduce hazards to using troops, friendly personnel
and installations.

(8) Tranmsportability. It is required that the com-
plete system be highly mobile and all elements of the system including
missiles be capable of being transported without damage by:

(a) Organic transportation over unimproved
roads and field terrain. It shall be at least as mobile as medium field
artillery. Specially designed transport, if any, should employ standard
chassis to the maximum extent possible. If practicable, standard Army
trailers will be used. The weight, dimensions, and wheel loading of the
vehicles adopted or designed for this missile system shall not exceed
the limitations prescribed in Section II of AR 700-105.

(b) Air. 1In Phase II of the airborne operation
(SR 705-30-10). The design of major items of the missile system shall
provide for center of gravity markings, and the necessary tie-down

fittings required for transportation in military cargo aircraft.

(c) Rail. (AR 700-105).
s UNCLASSIFIED
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(d) Ship.

(e) Landing craft. In amphibious operation
(SR 705-125-10).

(9) Associated Equipment.

(a) Checkout and test equipment.

(1) General. All test and checkout
equipment shall be as simple, reliable, compact and rugged as possible,
and shall be designed to:

(a) Permit functional type tests
which will, in themselves, indicate whether the item being tested is
operating properly.

(b) Utilize multi-wafer or "gang'"
switches, labeled functionally.

(¢) Trouble shoot, calibrate, and
prepare all individual major elements for the system for operation
except during final checkout when test equipment will indicate
"go-no-go"'.

(2) Missile test equipment. This test
equipment shall be designed so that:

(a) Rapid functional tests on the
missile can be performed.

(b) Major missile components, which
are non-functioning or operating beyond tolerance limits are immediately
indicated.

(c) Any defective, plug-in type,
components can be rapidly isolated except during final checkout when
test equipment will indicate "go-no-go".

(b) Training equipment and manuals. Con-
currently with the development of the missile system it is required that
training aids necessary for the conduct of troop training and Army
school training be developed. These include:

(1) Manuals. For all equipment not
standard to the Army on:

(a) Theory of operationm.

(b) Maintenance and repair.

(c) Operators instructions.
(2) Wall charts and slides.

UNCLASSIFIED
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(3) Mock-ups and breadboards.

(4) Practice and dummy warheads.
(5) Dummy missiles.

(c) Tools and parts lists. Concurrently with
the development of the missile system it is required that there be
developed:

(1) Standard and special tool lists.
(2) Spare parts lists.

(d) Packaging. The missile system shall be so
packaged as to withstand transport by rail, ship, or aircraft, by motor
vehicle over rough roads and cross country, landings through surf and
across beaches, and the normal hazards of loading, unloading, and
handling incident to transport and storage.

(10) Environmental Conditions.

(a) General. The missile system shall be
capable of operation and storage under environmental conditions as set
forth in SR 705-70-5 and MIL-STD-210, 1 June 1953.

(b) Special requirements.
(1) Operability.

(a) The equipment is required to
have the inherent capability of acceptable performance within an air
temperature extending from 125°F (minimum exposure of 4 hours with full
impact of solar radiation (360 BTU/sq ft/hr)) down to -40°F (minimum
exposure of 3 days without benefit of solar radiation).

(b) If it can be accomplished with
relatively small increase in cost and without material increase in size
and weight, it is desirable that the design provide acceptable perfor-
mance in air temperature down to -65°F.

(2) Storage and transport.

(a) The equipment is required to be
capable of safe storage and transportation without impairment of its
capabilities from the effects of temperatures from -40°F (for periods
of at least 3 days duration) to 140°F (for periods as long as 4 hours
per day).

(b) If it can be accomplished with
relatively small increase in cost and without material increase in size
and weight, it is desirable that the equipment be susceptible to safe
storage and transportation without impairment of its:qapabilities from
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the effects of temperatures from -80°F (duration of 24 hours, preceded

and followed by equilibrium at -40°F) to 160°F (for periods as long as
4 hours per day).

(3) Barometric pressure.

(a) It is required that the equipment
shall be designed to permit launching at atmospheric pressures
encountered from sea level to 10,000 feet altitude above sea level.

(b) It is required that the equipment
shall be designed to withstand, without damage, pressure encountered at
25,000 feet altitude while being air traunsported.

(4) Humidity. It is required that the
system perform its intended function at all relative humidities up to
100% at all temperatures below 90°F and in those temperatures above 90°F
at all relative humidities up to the maximum obtainable (not in excess
of that corresponding to a vapor pressure of 36 inches of mercury if
necessary).

(5) Wind. The system is required to
withstand, without damage, surface gusts up to 75 miles per hour, and
be capable of design performance in gusts up to 50 miles per hour and
steady surface winds up to 40 miles per hour.

(6) Other conditions. The system is
required to withstand without damage and be capable of acceptable
performance when subjected to:

(a) Wind blown objects such as snow,
sand, and dust.

(b) Extreme precipitation in form of
rain, snow, sleet, hail, and freezing rain.

(c) Salt spray as encountered in a
beach location.

(d) Swarms of insects.

(e) Fungus.
(11) Kit Requirements.
(a) Low Temperature operations. The develop-

ment of kits that may be necessary to permit an operating range down to
-65°F shall not delay the systerm.

(t) Fordatility. Waterproofing iits as way te

reguired Ly SR 705-125-i0 to meet the fordability characteristics
required for combat and tactical operationms.
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(12) oOther Requirements.

(a) Over-all system. This shall be an inte-
grated system of equipment which will provide for haundling, servicing,
launching, guidance of the missile to the target, and destruction of the
target. Necessary tools, checkout equipment, spare parts, training aids,
instruction manuscripts, SNL's and TM's shall be included.

(b) Blackout. The system shall be capable of
performing its mission effectively under all conditions of weather and
visibility both day and night where the position of the target can be
accurately fixed by visual or other means. The system shall be designed
for operation under conditions of complete blackout.

(c) Arctic clothing. All elements of the
equipment must be operable by personnel dressed in heavy arctic clothing

(d) Minimum operating personnel. Consistent
with other requirements of the system, it should be so designed to
require the minimum of personnel both for operation and maintenance.

(e) 1Interchangeability. Where practicable,
due consideration should be given to the use of standard items and/or
components which would permit interchangeability with similar components
of other standard systems or equipment.

(f) Storage. The missile system must be
capable of dead storage for periods of three or more years and storage
under field conditions for at least one year with only minor main-
tenance and preparation for active use.

(g) Alternate employment. Studies should be
made concerning the feasibility, both from a technical and tactical
viewpoint concerning all possible combinations of launching from
ground, ship or Army aircraft (including helicopters) and guiding from
ground, ship, or air (including helicopters) with changes in equipment
being minimized.

(13) Order of Priority. 1In the case of competing
characteristics, the developing agency will give priority ian the
following order of absolute essentiality:

(a) Accuracy.

(b) Lethality.

(¢) TImmunity to countermeasures.
(d) Reliability.

(e) Safety.

(f) Simplicity.

(g) Range of effective guidance.

(h) Minimum size and weight.
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DOCUMENT 8 U770a
OTCM 36527 1
APPROVED - 13 JUN 57

DEPARTMENT OF THE ARMY
Office of the Chief of Ordnance

EHayer/bh/73916
16 May 1957
FROM: Subcommittee on Guided Missiles

TO: Ordnance Technical Committee

SUBJECT: GENERAL SUPPORT FIELD ARTILLERY GUIDED MISSILE SYSTEM -
LACROSSE - DOA Project 516-05-002 (TU1-2020) - Revision and
Restatement of Military Characteristics (U)

1. REFERENCES:

References pertinent to this project are contained in paragraph 2la
of attached Appendix I, DD Form 613.

2. DISCUSSION:

a. The approval of the operational and organizational concept for
the LACROSSE General Support Field Artillery Missile in reference to
atomic and conventional warheads requires a revision in Military
Characteristics to include the additional requirements for the missile
system. This subcommittee report, in addition to a statement of the
Military Characteristics reflecting the expanded tactical mission, also
includes the modification of certain characteristics to reflect the
results of system performance being achieved during development and
test. This subcommittee report is a complete rewrite of OTCM 36066

b. Appendix I, DD Form 613, attached, includes other information
pertinent to this project

¢. Security check lists for components of the LACROSSE system were
published as OTCM 36482, dated 14 March 1957.

d. Funds for this project are available in the Ordnance Corps,
Department of the Army

3. RECOMMENDATIONS:

The Subcommittee recommends:

a. That the revised Military Characteristics for a General Support
Field Artillery Guided Missile System - LACROSSE, be approved.

b. That Project LACROSSE, DOA Project 516-05-002, (TU1-2020) with

Priority 1A, Technical Objective LC-16 and Modernization Code X, be
continued to meet these revised Military Characteristics.
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c. Tﬁét éééurity classification of CONFIDENTIAL for the project be
continued but that this paper be classified SECRET.

* * * * * * *

This item is of interest to the USMC.
/s/ Edward Hayer
C. W. CLARK
Col, Ord Corps
Chairman, Subcommittee
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RESEARCH AND DEVELOPMENT PROJECT CARD
(Appendix I to OTCM 36527)

* * * * * * * *

21. b. Approach:

Additional requirements of the missile system envisioned for
LACROSSE in respect to atomic and conventional warheads requires a
revision in Military Characteristics to include these added require-
ments. The expanded tactical mission as reflected in the revised
Military Characteristics attached and the modification of certain
characteristics as recorded in results of system performance presently
being achieved will influence the development now underway.

¢c. Subtask:
(1) TU1-2020A - LACROSSE Missile and Related Equipment

(2) TU1-2020B - JATO, XM10 for LACROSSE Missile.

* * * * * * * *

e. Other Information:

* * * * * * * *
(3) The following nomenclature has been assigned:
(a) GUIDED MISSILE, ARTILLERY, XM4 (OTCM 36066)
(b) JATO UNIT, XM10 (OTCM 36066)
(c) FUZE, WARHEAD, PIBD, T1405 (OTCM 36066)

(d) LAUNCHER, GUIDED MISSILE, TRUCK MOUNTED, XM398
(OTCM 36066)

(e) CONTAINER, SHIPPING, MISSILE BODY, XM374 (OTCM 36066)

(f) WARHEAD, GUIDED MISSILE, T34, T34El, T34E2 (OTCM
36218)

(g) WARHEAD, GUIDED MISSILE, T34E3 (Same as T34El except
for modifications to provide a new method of attachment).

(h) WARHEAD, GUIDED MISSILE, INERT, T47 (OTCM 36218)

(i) WARHEAD, GUIDED MISSILE, T48 (OTCM 36218)
(j) WARHEAD, GUIDED MISSILE, INERT, TS50 (OTCM 36218)

(k) 1IGNITER, JATO UNIT, XM47 (IGNITER for JATO UNIT, XM10
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serving as an arming and disarming device for the missile propulsion
system) .

*(1) ELECTRONIC SHOP, TRUCK MOUNTED, XM41ll (Consists of
TRUCK, VAN, SHOP, 2%-TON, 6x6, M109 containing special tools and test
equipment for the Ground Guidance Electronic Equipment).

*(m) ELECTRONIC SHOP, TRUCK MOUNTED, XM412 (Consists of
TRUCK, VAN, SHOP, 2%-TON, 6x6, M109 containing special tools and test
equipment for the missile electronic guidance and control system) .

*(n) MAINTENANCE SHOP, SEMI TRAILER MOUNTED, XM413 (Con-
sists of a SEMI TRAILER, VAN SHOP, 6-TON, 2-WHEEL, M146, containing
special tools and equipment for field maintenance of the hydraulic,
electrical and propulsion system of the XM4 guided missile body, and
also for the wings and fins).

(o) TRUCK, HAND, GUIDED MISSILE BODY, XM4l4 (A welded
tubular steel frame with pneumatic tires and capable of being separated
into three separate units for supporting the forward sections, aft
section and Jato during repair and maintenance.

(p) SLING, JATO UNIT, XM7 (A steel "strong back" type
sling for use during installation and removal of the jato unit from the
missile).

() SLING, GUIDED MISSILE, XMG (A steel '"strong back'
cype cling for use in handling oi the LACROSSE missile body).

(r) SLING, GUIDED MISSILE, XM9 (A steel 'strong back"
type sling for use in handling of the XM4 guided missile).

f. Future Plans:

Development of Mod I and Phase I and Phase 11 Airborne
Guidance Systems is to be continued. Work will be performed to meet
the additional requirements as contained in the attached Revised
Military Characteristics.

* These items will be revised upon determination of the final test shop
requirement.
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REVISED MILITARY CHARACTERISTICS FOR A GENERAL SUPPORT FIELD
ARTILLERY GUIDED MISSILE SYSTEM (S)
(Inclosure 1 to Appendix I, OTCM 36527)

1. Operational Concept:

a. The General Support Field Artillery Guided Missile System
will be employed as corps artillery in general ‘support and reinforcing
roles against appropriate personnel and materiel targets, including
heavy fortifications. The system will be capable of delivering accurate
close support fires. The mobility of the General Support Field
Artillery Guided Missile System will permit tactical employment similar
to that of medium artillery. In order to insure a high degree of
mobility and flexibility of operations in certain tactical situations,
the system will have the capability of being helicopter transportable.
Although the General Support Field Artillery Guided Missile battalions
will normally be attached to artillery group headquarters to facilitate
control by corps artillery, a battalion may be attached to a division
in special situations. A LACROSSE battery having an assault landing
capability during Phase I airborne operations will be organic to the
new airborne division if the missile system proves to be the best
general support weapor.

b. The General Support Field Artillery Guided Missile forward
observer sections will be organized and equipped to work in conjunction
with division artillery in support of airborne, infantry, and armor
units. All forward guidance equipment will be man-transportable and
each of these sections will be capable of operating either dismounted
or from a 1/4~ton truck (with minimum number of items dismounted).

¢. The battalion will be capable of a maximum rate of fire of
at least four (4) missiles per launcher per hour for one hour provided
the launcher is loaded at its firing position and a sustained rate of
fire of at least eight (8) missiles per launcher per day.

2. Organizational Concept:

a. The basic General Support Field Artillery Guided Missile
unit for corps artillery will be a small, separate battalion consisting
of a headquarters and service battery and a firing battery. The
battalion will have two sets of assembly and loading equipment
(presently each set contains one (1) launcher), four launchers, and
four forward guidance stations, and will be organized so as to be self-
sustaining to the maximum extent practicable.

b. The basis of allocation will be three General Support Field
Artillery Guided Missile battalions per corps. If the missile system
proves to be the best general support weapon, one LACROSSE battery will
be included in each airborne division.

c. The battalion will have 100 per cent tactical mobility.
o-s UNCEASSIFIE
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3. Consideration of Tripartite, Navy, Air Force, and Marine Corps
Development Activities:

A review of development projects of other services and
tripartite nations discloses no system whose characteristics are such
as to fulfill the requirement for a surface-to-surface missile as
herein described.

4. Feasibility of Development:

The development of the close-support guided missile system
having the characteristics herein described is considered feasible and
practicable. If during the development phase it appears to the design
agency that the characteristics listed herein require the incorporation
of certain impracticable features and/or unnecessarily expensive and
complicated components or devices, costly manufacturing methods and
processes, critical materials or restrictive specifications which serve
as a detriment to the military value of the item such matters will be
brought to the immediate attention of Department of the Army and
Continental Army Command for careful consideration before incorporation
in the final design.

5. Configuration:

a. General. The size and weight of all major components of
the system shall be the minimum attainable, compatible with their
intended employment, characteristics specified, and subject to such
limitations as are imposed by:

(1) SR 705-30-10

(2) Loading dimensions contained in Berne International
Agreement ('"Most Foreign Lines (Berne International) Standard Gauge").

b. Guidance and Control. The equipment .required in the
forward guidance station shall be as light as possible, and shall be
capable of being broken down into man-transportable loads.

6. Performance:
a. Range:
(1) Maximum missile range:
(a) Required. Not less than 30,000 meters.
(b) Desired. Not less than 35,000 meters.

(2) Minimum missile range:

(a) Required. Not more than 8,000 meters.
(b) Desired. Not more than 4,000 meters.
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(3) Maximum guidance range (using target survey unit data).

(a) Required. Not less than 5,000 meters.
(b) Desired. ©Not less than 8,000 meters.

(4) Maximum guidance range (using external data) (see
subparagraph g. below).

(a) Required. Not less than 20,000 meters.
(b) Desired. Not less than 35,000 meters.

(5) Minimum guidance range:

(a) Required. Not more than 250 meters.

(b) Desired. As short as possible consistent with
other considerations of the system.

b. Midcourse guidance. Provision will be made to guide the
missile by inertial means between launch and acquisition by terminal
guidance equipment.

c. Accuracy. The degree of accuracy which can be achieved by
the system has a very important effect on the flexibility of employment
of the system. An extremely high degree of accuracy will permit
efficient and effective close support fire by the system; hence,
accuracy is a determining factor in the usefulness of the system. 1t
is anticipated that certain elements of a forward guidance station will
normally be emplaced so that they are masked from the target by terrain
in order to minimize hostile countermeasures. This usage of the system
shall not cause degradation of the missile accuracy. The accuracy of
the system shall be a function of the forward guidance station to target
range. Under all conditions specified in this and in paragraph 1 above,
the system shall have the following accuracy:

(1) Using integral equipment data at range as specified
in subparagraph 6.a.(3) above.

(a) Required. CPE not to exceed five (5) meters.
(b) Desired. CPE not to exceed two (2) meters.

(2) Using data from external sources at ranges as

specified in subparagraph 6.a.(4), the accuracies herein specified are
those required o6f the system exclusive of target location accuracy.

(a) Required. CPE not to exceed 40 meters.
(b) Desired. CPE not to exceed 30 meters.

d. Lethality:

(1) Lethality with shaped charge warhead. Assuming a
direct hit on a hard target, the missile warhead should have sufficient
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lethality to destroy fortifications of the type normally encountered in
a deliberately prepared defensive position. A capability of penetrating
a minimum of six feet of reinforced concrete at 60° obliquity or 12 feet
at zero degrees obliquity is required. 1In addition, warhead design
shall be such as to produce beyond-penetration effects rendering
inoperative personnel occupying the defeated fortification,

(2) Lethality with controlled fragmentation warhead. The"
lethality of the warhead shall be as high and uniform as practicable
within a given maximum effects radius, and as low as possible outside
this radius, and shall be such that the system accuracy and the
lethality of the warhead shall produce an efficient and economical
method of achieving the desired casualty effect.

e. Speed. 1In order to reduce the vulnerability of the missile
to small arms and antiaircraft artillery and atomic weapons fire, the
speed of the missile shall be the maximum commensurate with the
maneuverability and control required to accomplish the accuracy
spetified in subparagraph c¢. above.

f. Propulsion. A solid propellant rocket motor is required
and shall be integral to the missile.

g. Guidance and Control. Any system of guidance which will
accomplish the accuracy requirement stated herein throughout the
required range will be acceptable. The following characteristics are
desired of the guidance system:

(1) The system shall permit engagement of targets within
a 360 degree sector around the forward guidance station.

(2) Line of sight will not be required between launcher
and ground guidance equipment.

(3) Suitable antijamming features shall be designed into
the missile and into the ground guidance equipment to minimize the
effect of enemy electronic countermeasures and effectively reduce inter-
ference from friendly control stations or other electronic devices. It
shall be possible to operate simultaneously four guidance stations, each
controlling a missile, in the same vicinity without mutual interference.

(4) Any launcher shall be capable of operating with any
forward guidance station, and any forward guidance station shall be
capable of operating with any launcher, with no more than minor adjust-
ments in the system.

(5) 1t is required that the guidance system be capable
of successfully attacking targets not observable from the forward
guidance station because of darkness, inclement weather, or terrain
masking; or targets beyond the range of the target location equipment.
For this reason, the ground guidance equipment must be capable of




accepting firing data obtained from outside sources such as map or
survey data, or target location data previously determined by the target
location equipment. It is realized that the system accuracy will be
degraded at extended guidance ranges when using data external to the
system. It is required that the equipment accept such data for targets
as far as 20,000 meters from the ground guidance quipment, but it is
highly desirable that this capability be extended to at least 35,000
meters.

h. Rate of Fire:

(1) The maximum rate of fire shall be not less than four
(4) missiles per launcher for one hour provided the launcher is loaded
in its firing position.

(2) A single guidance station shall be capable of handling
8 missiles per hour where each missile is guided to a different target.

i. Launcher. Because of the smoke and dust stirred up by the
exhaust gas of a rocket motor and the cone of flame emanating from a
burning rocket motor, guided missile launching positions are highly
susceptible to location by hostile observation facilities. Furthermore,
a missile launcher with a missile in place prepared for launching is
highly susceptible to detection by hostile aerial observation. Those
conditions dictate that the missile launcher for a relatively short
range guided missile system will probably have to be moved frequently
and must have high mobility to permit this movement im as short a time
as possible.

(1) A self-propelled launcher is required for support of
sustained ground combat. If the self-propelled launcher cannot be
helicopter transported, an additional special purpose helicopter
transportable launcher is required.

(2) The self-propelled missile launcher shall be capable
of transporting an assembled missile cross-country from an assembly
area to the firing position.

(3) If a separate helicopter transportable launcher is
required, the launcher shall be capable of being towed by a standard,
light automotive vehicle. Ground mobility is required of the launcher
and ancillary equipment to accomplish displacement necessary for the
continuous support of ground operations in a moving situation.

(4) Being in close vicinity to a prepared launching site
and loaded with a previously checked out missile, in traveling position,
no more than 15 minutes shall be required to emplace the launcher(s),
orient in azimuth and elevation, make final missile check, and fire.

(5) The missile launcher(s) shall be capable of going "out
of action" and into traveling position in not more than five minutes.
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(6) The missile launcher(s) shall be equipped with the
necessary sighting, traversing, leveling, and elevating mechanisms to
permit rapid positioning of the missile for launching. The launcher(s)
and/or its on-carriage fire control system shall compensate for cants
up to 10° and forward or reverse slopes up to 10°. Standard field
4rvziilery sighting and laying equipment are desirable for laying in
azimuth and elevation. Provision for manual elevating, traversing, and
leveling is required. Power assist is desirable.

(7) The missile launcher(s) shall provide for traversing
the launching rails at least 10° (15° desirable) either side of center
without moving the launcher mount and without the use of outrigger
stabilizing jacks. The missile launcher(s) shall be capable of being
repositioned rapidly through 360° to a new center when azimuth shifts
greater than the capability of the on-carriage traverse are required.

It is desired that this repositioning be accomplished in less than two
minutes.

j. Missile:

(1) Safety to crew members and ease of handling shall be
stressed in the missile design.

(2) The missile shall be so designed that it may be removed
from its container and assembled with the expenditure of not more than
one man hour of labor.

(3) The missile shall be so designed that rapid functional
tests can be performed with the expenditure of not over one man hour of
labor.

(4) The missile shall be designed so that a "go-no-go"
checl. can be made immediately prior to firing in an elapsed time of not
more than five minutes.

(5) Warheads:
(a) Types of warheads in order of priority are:

1. Atomic for use against personnel, instal-
lations, and any other appropriate tactical targets.

2. Controlled fragmentation for use against
personnel and materiel.

3. Shaped charge or other penetration type with
lethality as specified in subparagraph 6.d.(1).

4. Practice Warhead. This warhead should be
the most economical construction that will permit normal performance of
the missile, and will provide fuze setting lknobs, response-type
receptacies, and compariﬁ openings similar to the atomic warhead

UN

Goni e T 50



223

section. No airburst or impact fuze is desired. 1If, when developed,
the fuzing system for the optimum fragmentation warhead proves to be
sufficiently economical to permit use in a practice warhead, an airburst
capability utilizing this fuze is désired.

5. Chemical for use against appropriate targets.

6. Incendiary for use against appropriate
targets.

(b) The atomic warhead and adaption kit features for
the atomic warhead section are described in appropriate military and
technical characteristics.

(¢) Provisions shall be included in the missile to
permit detonation of the warheads at heights compatible with warhead
and fuzing requirements.

(d) Fuzing and Arming:

1. The warhead fuze shall be armed by command
while the missile is in flight except fuze arming for the atomic and
controlled fragmentation warheads may be accomplished.

a. By variable arming time which can be set
prior to launch.

b. By arming at a minimum fixed time prior
to detonation.

lo

At a fixed point on the trajectory.
d. By command.

Choice of arming system for the atomic and con-
trolled fragmentation warheads should be based on the arming system
which provides a maximum combination of reliability and safety.

2. The warhead and fuze system shall be designed
so as to prevent undesired detonation, or at least high-order detonation,
of an atomic warhead on impact.

3. The fuze systems required with the warheads,
listed in subparagraph (5)(a) above, shall be designed so as to maximize
standardization of components.,

7. Durability and Reliability:
a. Ruggedness. All elements of the system, including the
missiles, must be sufficiently rugged to withstand without damage those
conditions of transportability and environment as required in paragraph

8 and 10 below.

b. Reliability. The reliability of the missile system should
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be such that:

(1) At least 90% of the missiles removed from six months
storage (depot or field) must pass all prefiring checkout tests with

only minor adjustments or component replacement by battalion or battery
personnel.

(2) Of the missiles which pass the prefiring checkout
tests, not more than 5% may fail to launch at the designated time due
to system malfunction throughout a 72 hour period following checkout.

(3) In the absence of effective countermeasures, those
missiles which launch must have an in-flight reliability of 95%. This
is the degree of assurance that, after launch, the missile will not
abort due to failure of missile or ground components, but will deliver
its payload to the specified target within the normal dispersion limits
associated with the required accuracies.

¢c. Simplicity. Insofar as possible the missile and its
associated equipment shall be designed so that all operations from
removal from storage to firing can be accomplished with the minimum of
personnel. It shall be possible to train operating and maintenance
personnel quickly and easily. Checks and tests shall be accomplished
by simple test equipment, preferably of the "go-no-go'" type, usable by
semiskilled personnel.

d. Readiness:

(1) Total preparation required at the launcher shall be
held to a minimum.

(2) The missile shall be capable of standing on the
launcher in a '"ready" condition for at least 24 hours. The reliability
requirement stated in subparagraph 7.b.(2) above, applies if the missile
is fired at any time during the period of readiness.

(3) Missiles shall be capable of being removed from
"ready-to-launch" condition and returned to storage.

(4) Electrical components which have a significant delay
after being turned on, due to warm-up before operation, should be
capable of being kept in a '"ready-to-launch" state for extended periods.

e. Safety. Maximum safety precautions shall be incorporated
to reduce hazards to using troops, friendly personnel, and installations.

(1) The atomic warhead, with associated fuzing and arming
components, and the missile system shall include safety features
required to give the highest possible assurance that a nuclear explosion
will not occur at unsafe altitudes over friendly troops. In any case,
the probability of such an explosion shall be less than one in 10,000.
These safety features shall also be effective for missiles which burn
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on the launcher or impact in friendly territory. Th& missile system
shall be capable of providing a self-destruct signal to the atomic
warhead installation in case of loss of missile control over friendly
troops.

(2) The controlled fragmentation warhead, with associated
fuzing and arming components, and the missile system shall include
safety features required to give an over-all probability of the warhead
functioning prior to the intended point of detonation in space,
including tolerances, of less than one in 10,000.

8. Transportability. It is required that the complete system be
highly mobile and all elements of the system including missiles be
capable of being transported without damage by:

a. Organic transportation over unimproved roads and field
terrain. It shall be at least as mobile as medium field artillery.
Specially designed transport, if any, should employ standard chassis
to the maximum extent possible. If practicable, standard Army trailers
will be used.

b. Air:

(1) In Phase I airborne operation (SR 705-30-10) delivery
of complete battalion by assault Janding aircraft is required. Delivery
by parachute is desired.

(2) Delivery of a lightweight system, to include the
missile and test, checkout, handiing, loading, and launching equipment
by helicopter transport is reguired (subparagraph 6.1i.(1)).

c. Rail.
d. Ship.

e. Landing craft. In amphibious operation (SR 705-125-10).
9. Associated Equipment:
a. Checkout and test equipment.

(1) General. All test and checkout equipment shall be as
simple, reliable, compact and rugged as possible, and shall be designed
to:

(a) Permit functional type tests which will, in
themselves, indicate whether the item being tested is operating
properly.

(b) Utilize multi-wafer or "gang" switches, labeled
functionally.

(c) Trouble shoot, calibrate, and prepare all
individual major elements of the system for operation except during
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final checkout when test equipment will indicate '"go-no-go'.

(2) Missile test equipment. This test equipment shall be
designed so that:

(a) Rapid functional tests on the missile can be
performed.

(b) Major missile components which are non-functioning
or operating beyond tolerance limits are immediately indicated.

(c) Any defective plug-in type components can be
rapidly isolated except during final checkout when test equipment will
indicate "go-no-go".

b. Training equipment and manuals. Concurrently with the
development of the missile system it is required that training aids
necessary for the conduct of troop training and Army School Training be
developed. These include:

(1) Manuals For all equipment not standard to the Army
on:

(a) Theory of operation.
(b) Maintenance and repair.

(c) Operators instructions. *
(2) Wall charts and slides.
(3) Mock-ups and breadboards.
(4) Practice warheads.

(5) Operator Handling Trainer. A rugged replica of the
missile for field handling which can accept test equipment for checkout
training.

(6) Flight simulator.

c. Tools and parts lists. Concurrently with the development
of the missile system it is required that there be developed:

(1) Standard and special tool lists.
(2) Spare parts lists.

d. Packaging. The missile system shall be so packaged as to
withstand transport by rail, ship, or aircraft, by motor vehicle over
rough roads and cross country, landings through surf and across beaches,
and the normal hazards of loading, unloading, and handling incident to
transport and storage.

10. Environmental Conditions:

M A 8-14




a. General. The missile system shall be capable of operation
and storage under environmental conditions as set forth in SR 705-70-5
and MIL-STD-210, 1 June 1953.

b. Special Requirements:
(1) Operability:

(a) The equipment is required to have the inherent
capability of acceptable performance within an air temperature extending
from 125°F (minimum exposure of 4 hours with full impact of solar
radiation (360 BTU/sq ft/hr)) down to -40°F (minimum exposure of 3 days
without benefit of solar radiation).

(b) 1If it can be accomplished with relatively small
increase in cost and without material increase in size and weight, it is
desirable that the design provide acceptable performance in air
temperature down to -65°F.

(2) Storage and transport:

(a) The equipment is required to be capable of safe
storage and transportation without impairment of its capabilities from
the effects of temperature from -40°F (for periods of at least 3 days
duration) to 140°F (for periods as long as 4 hours per day).

(b) If it can be accomplished with relatively small
increase in cost and without material increase in size and weight, it is
desirable that the equipment be susceptible to safe storage and trans-
portation without impairment of its capabilities from the effects of
temperatures from -80°F (duration of 24 hours, preceded and followed by
equilibrium at -409F) to 160°F (for periods as long as 4 hours per day)

(3) Barometric pressure:

(a) It is required that the equipment shall be
designed to permit launching at atmospheric pressures encountered from
sea level to 10,000 feet altitude above sea level.

(b) 1t is required that the equipment shall be
designed to withstand, without damage, pressure encountered at 25,000
feet altitude while being air transported.

(4) Humidity. It is required that the system perform its
intended function at all relative humidities up to 100% at all
temperatures below 90°F and in those temperatures above 90°F at all
relative humidities up to the maximum obtainable (not in excess of that
corresponding to a vapor pressure of 36 inches of mercury if necessary)

(5) Wind. The system is required to withstand, without
damage, surface gusts up to 75 miles per hour, and be capable of design
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performance in gusts up to 50 miles per hour and steady surface winds
up to 40 miles per hour.

(6) Other Conditions. The system is required to withstand

without damage and be capable of acceptable performance when subjected
to:

(a) Wind blown objects such as snow, sand and dust.

(b) Extreme precipitation in form of rain, snow,
sleet, hail and freezing rain.

(c) Salt spray as encountered in a beach location.
(d) Swarms of insects.
(e) Fungus.

11. Kit Requirements:

a. Low Temperature Operations. The development of kits that
may be necessary to permit an operating range down to -65°F shall not
delay the system.

b. Fordability. Waterproofing kits as may be required by
SR 705-125-10 to meet the fordability characteristics required for
combat and tactical operations.

12. Other Requirements:

a. Over-all System. This shall be an integrated system of
equipment which will provide for handling, servicing, launching,
guidance of the missile to the target, and destruction of the target.
Necessary tools, checkout equipment, spare parts, training aids,
instruction manuscripts, SNL's and T™'s shall be included.

b. Blackout. The system shall be capable of performing its
mission effectively under all conditions of weather and visibility both
day and night where the position of the target can be accurately fixed
by visual or other means. The system shall be designed for operation
under conditions of complete blackout.

c. Arctic Clothing. All elements of the equipment must be
operable by personnel dressed in heavy arctic clothing.

d. Minimum Operating Personnel. Consistent with other
oo ulrerenis 0f the cysier, it should be so designed to require the
winlli . 0 personne. Lo:ir Zor operation and maintenance.

~.  Taterchangeatility. Where practicable, due consideration
clousa Te given to fiie use of standard items and/or components which
Voure nermit interchangeabi%}ty with similar components of other
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standard systems or equipment.

f. Storage. The missile system must be capable of dead
storage for periods of three or more years and storage under field
conditions for at least one year with only minor maintenance and
preparation for active use.

g. Alternate Employment. Studies should be made concerning
the feasibility, both from a technical and tactical viewpoint concerning
all possible combination of launching from ground, ship or army aircraft
(including helicopters) and guiding from ground, ship, or air (including
helicopters) with changes in equipment being minimized.

13. Order of Priority. 1In the case of competing characteristics,
for the system less warheads, the developing agency will give priority
in the following order of absolute essentiallity:

Accuracy.

a.
b. Reliability.

¢. Immunity to countermeasures.
d. Safety.
e. Simplicity.

| f. Range of effective guidance.

g. Minimum size and weight.

Complete concurrence to this report has been received from all
members of the Ordnance Technical Committee, including the specific
Subcommittee members listed on the report.

/s/ E. DERICKSON

Executive Secretary

APPROVED
/s/ GLENN E. NIDA
Col, Ord Corps
Chairman Pro Tem
APPROVED BY ORDNANCE TECHNICAL COMMITTEE
13 JUN 57
/s/ JOHN G. REDMON
Lt Col, Ord Corps
| Secretary /s/ NICHOLSON PARKER, Major, GS

For the Chief of Res. and Dev., 0OCS

APPROVED BY ORDER OF
THE SECRETARY OF THE ARMY
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SOURCE:

DOCUMENT 9

PILOT MONITORED AIRPLANE FLIGHT TESTS OF THE LACROSSE STEER GUIDANCE SYSTEM

CAL Report No. BE-745-T-105, subject as above, January 1953, pp. 29-32.

(Work performed under

Contract DA-30-115-ORD-47. Report prepared by S.P. Cook, LACROSSE Project Staff, CAL Aero-Mechanics Dept.)

FLIGHT #1

FLIGHT #2

FLIGHT #3

Date

9 August 1951

29 August 1951

10 September 1951

Test Locale

Wilson,NY, on Lake Ontario

Near Buffalo Airport

Wilson,NY, on Lake Ontario

Duration 2:15 hours 1:40 hours 2:00 hours

Object Airplane shakedown & oper- Shakedown on HICO DME and Additional functional checks
ational check on Command Command Link Equipment. on HICO DME and check out of
Link & recording equipment. vertical control channel.

HICO DME Not checked. Incomplete check. Checked.

Command Link

Fuse holder defective.

Signal strength low.

Operating.

Vertical Not checked. Not checked. Sensitivity increased.

Control

Horizontal Not Checked. Not checked. Not checked.

Control

Pilot's General functional check of | Three straight and level A series of straight and level
Comments the airplane made enkoute runs flown directly over runs flown to adjust the HICO

to Wilson. Aircraft in good
condition. Slight leak on
static side of airspeed
system. Several straight
and level passes flown.

Transit Road from south to
north. Several passes then
made over airport runways.
Ground station advised on

passing check points.

DME. After this some runs

made in which the pilot at-
tempted to fly the vertical
control channel. He found

this rather difficult.

Engineer's
Comments

Visual and radio contact
established with ground
station at Wilson. Fuse
holder on the Command Link
receiver defective. It
proved impractical to hold
the fuse in by hand.

HICO DME and Command Link
equipment warmed up prior to
flight. Command Link carrier
signal strength low; it was
recorded for each check
point on Transit Road.
Circuit breakers in airplane
cut out. This caused termi-
nation of the tests of this
flight.

HICO DME checks made; the
check point was not always
visible in the drift sight.
The sensitivity of the verti-
cal channel adjusted during
the flight.
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FLIGHT #4

FLIGHT #5

FLIGHT #6

Date

12 September 1951

14 September 1951

16 October 1951

Test Locale

Wilson, on Lake Ontario

Wilson, on Lake Ontario

Wilson, on Lake Ontario

Duration 2:30 hours 2:10 hours 2:25 hours

Object Check out of vertical con- Check out of vertical con- Operational flight on both
trol channel and theodolite trol system and theodolite the vertical and hori-
operation. operation. zontal channels.

HICO DME Checked. Checked. Checked. Malfunctioning.

Command Link | Signal strength low. Checked. No time signals received.

Vertical Not functioning properly. Too sensitive for pilot. Not checked.

Control

Horizontal

Not checked.

Not checked.

Not checked.

Control
Pilot's A series of straight and Several deviations from the A series of flight runs
Comments level flights on E-W heading | flight plan were made at the | was performed to check

2500 feet offshore made to
adjust instrumentation,
Then pilot attempted to fly
the vertical channel. He
was unable to do so.

request of the ground station.

The vertical crosspointer was
too sensitive for the first
recorded pass. 1Its sensi-
tivity was decreased.

operation of the HICO DME.
Since this equipment was
not functioning properly
the remainder of the test
was canceled.

Engineer's
Comments

After the HICO DME checks,
and after one dry run to
check the timing, five re-
cord runs were made. During
flight the engineer was
unable to trouble shoot the
vertical control channel.
The cross-pointers were off
scale.

This was a repeat of Flight
#4. The flash bulb failed to
fire every time. Four
Command Link record passes
were made. Exclusive of the
flash bulb circuit, every-
thing appeared to be
operating properly.

HICO DME checks made per
flight plan. No time -
pulse or flash bulb sig-
nals were received on any
of these runs. No flight
records were taken. The
HICO DME range indicator
on the ground was not
operating properly.
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FLIGHT #7

FLIGHT #8

FLIGHT #9

Date

18 October .

1 November 1951

11 November 1951

Test Locale

Wilson, on Lake Ontario

Wilson, on Lake Ontario

Wilson, on Lake Ontario

Duration 3:45 hours 3:15 hours 1:20 hours

Object Operational flight on bothgv Checkout flight on both the Demonstration flight on both
the vertical and horizontal | vertical and horizontal the vertical and horizontal
channels. A continuation of | channels. channels.
Flight #6.

HICO DME Checked. Checked. Flight canceled.

Command Link { Checked. Checked. Flight canceled.

Vertical Not operating properly. Sense of indication Flight canceled.

Control inverted.

Horizontal Too sensitive. Checked. Flight canceled.

Control

Pilot's After HICO DME checks, The pilot managed to zero After the flight began it

Comments vertical & horizontal runs the two cross pointers. Both | was discovered that one of

made. At zero count the
pointers would be at one of
two extremes. After a large
correction the pointers
would go the other extreme.

cross pointers were very
sensitive and required con-
stant attention to hold at
or near zero.

the HICO DME antennas was
missing from the airplane.
Flight canceled. Weather
conditions unsatisfactory
also. (Snow squals, etc.)

Engineer's
Comments

No time pulse or flash bulb
signal was received, at
first; trouble was found
and repaired in ground
equipment. Pilot found it
impossible to fly so that
the cross pointers were
zeroed.

A number of runs were re-
corded. The sense of the
vertical cross pointer was
inverted. A secondary hori-
zontal indicator was used to
help the pilot to locate the
guide beam. Last two runs
best to date.

Flight canceled. No runs
made or records kept.

Ratd 13
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FLIGHT #10

FLIGHT #11

Date

9 November 1951

19 November 1951

Test Locale

Wilson, on Lake Ontario

Buffalo airport

Duration 2:30 hours 1:10 hours

Object Demonstration flight on both | Maintenance flight check
vertical and horizontal on airplane.
control channels.

HICO DME Checked. No check.

Command Link | Checked. No check.

Vertical Checked. No check.

Control

Horizontal Checked. No check.

Control

Pilot's On this flight a wire The purpose of this flight

Comments recorder was used to record was a general functional

the pilot's comments after
each run. The pilot attempt-
ed to zero and hold at zero
both cross pointers. Run 2
was regarded as the best.

check of the aircraft and
pilot proficiency. No crab
items were noted and the
flight was completely suc-
cessful.

Engineer's
Comments

It is necessary for the
sensitivity adjustment to

be very low in order for the
pilot to zero the cross
pointers. A number of runs
were made with recording
equipment connected. Among
these are probably the best
runs to date.

No comment.
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FLIGHT TESTS OF AIR-LAUNCHED
LACROSSE RV-A-22 (GROUP O) MISSILES

S/N and Radial

Test Date M/D¥* Remarks
S/N-1 141.5 Vehicle fell free for a 2-sec. period and was roll-
24 Apr 53 yds. stabilized about 3 secs after release as planned.

The FW computer properly showed that the vehicle

was far above the control line. At 5.5 secs after
release, the control line should have been rotated
thru the proper 30 angle and the pitch-down signal
reduced to bring the missile within reasonable dis-
tance of control line. However,othe control line
did not erect to the required 30  angle and the full
pitch-down signal persisted until the vehicle
approached close to the control line at about 7 secs
after release. Upon removal of erroneous signal,
vehicle pulled hard up throughout the remainder of
flight. Erroneous persistence of pitch-down signal,
together with a lower vehicle velocity at release
than preflight calculations had assumed, caused the
vehicle to impact 2052 ft short and 372 ft south of

the target.
S/N-2 9 yds. An erroneous setting of the angle for release guide
10 Jun 53 beam caused the vehicle release signal to be

generated and transmitted from ground station about
2.25 secs. later than intended, this introducing a
large initial error. Vehicle separated cleanly
from airplane; fell free for 2 secs.; and was roll
stabilized about 3 secs. after release, as planned.
The AW guidance equipment proceeded to compute posi-
tion of vehicle with respect to the control line
and to generate and transmit corrective signals to
vehicle. System performance was sufficiently good
to remove the large initial error and to guide
vehicle into the near vicinity of target.

* Source: CAL Report Nos.: BE-745-T-109 (S/N-1); BE-745-T-110 (S/N-2);
and BE-745-T-122 (S/N-3 thru 8).

*% Miss Distance. (Accuracy Specification: CPE 5 yards.)
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S/N & Date M/D

S/N-3 --
17 Jun 53

S/N-4 412
10 Aug 53 yds.

S/N-5 47.8
21 Sep 53 vyds.

S/N-6 --
19 Oct 53

S/N-8 6.5 yds.

19 Jan 54

S/N-7 6.8 yds.

21 Jan 54

Remarks
This test, using Fair Weather (FW) guidance system,

was unsuccessful. An inadvertent reversal of 180
in phasing of the pitch and yaw servos resulted in
a divergent control system. This caused the test
vehicle to turn sharply and dive, impacting far
short and to the left of the target.

A highly successful demonstration of FW control
system accuracy was achieved in this test. During
controlled portion of flight, the RMS distance from
desired path closely approached the ultimate objec-
tive of 5 meters. However, at 16.7 secs after
launch, a sudden failure in the roll servo system
caused the vehicle to go out of control and it
impacted about 1200 feet short and 300 feet to the
left of the target.

Although the AW system performed well in a qualita-
tive sense, poor accuracy was achieved and a miss
distance of 47.8 yds. resulted. Two operational
difficulties were discovered. Spurious oscillations
of + 30 ft. amplitude were observed in both the
pitch and yaw control signals. In addition, a seri-
ous curvature was discovered in the vertical projec-
tion of the control line. After appropriate cor-
rective measures were taken, field tests showed that
both of these effects had been eliminated.

A combination of excessive rolling of the missile
between release and roll stabilization, and below
normal tracking sensitivity, caused the AW tracker
to lose the missile about one-half second after
release. As a result there was no closed-loop
control during this flight.

Feasibility of the AW system was clearly demonstrated
in this test under conditions more severe than
intended. A four-second delay in launch due to mal-
function of the release mechanism caused the test
vehicle to overshoot the control line by about 600
feet. However, the control system was able to
recover completely with five seconds of flight time
remaining, resulting in a close miss distance.

This test, using the AW system, was a complete
success. Each component performed properly, as
did the over-all closed loop system.

-4 +AUNCLASSIFIED




LACROSSE GROUP A FLIGHT TEST PROGRAM (U)

SOURCE:
CAL Report No. BE-745-T-137 (pp 26, 38-41)
Prepared by: R.:Sacher Date: October 15, 1957

Approved by: R. Reinnagel
LACROSSE Project Engineer

W. E. Crowell
Head, Weapons System Design Dept.
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LACROSSE GROUP A FLIGHT TEST PROGRAM

FGS-TO- OFF BEAM
MSL | LAUNCH | TGT RGE* M/D (Meters)
 S/N DATE (Meters) TEST OBJECTIVES YAW PITCH REMARKS

1 8/17/54 935 Demonstrate system -- -- All components performed properly except

performance. tracker which failed to acquire in fine
mode. Msl remained on internal m/c guid-
ance, impacting 14 miles uprange from
target.

2 10/18/54 935 Same as S/N-1. 2.4 -2.2 Excellent demonstration of system accuracy
without integral control.

3 -- -- Not flown - Used -- --

for lab tests.

4 12/9/54 2770 Check performance -- ~- Power supply relay failure after launch
at longer range. led to msl maneuver at high speed, causing

structural failure.

5 1/18/55 2770 Determine effect 156.81 3.3 Comd link thermal relay in yaw channel
of integral con- failed to close automatically. Manual
trol on terminal closure occurred too late for correction
trajectory. of large yaw error. Pitch guidance

functioned properly.

6 1/28/55 2770 Same as S/N-4. 7.5 21.4 Tracker unlocked for 5.4 sec after pitch
down resulting in off-beam errors too
large to be removed before impact.

7 3/3/55 2770 | Examine angle -0.1 -4.3 DME range flutter at 4 CPS. (Newly design-
tracker perform- ed transponder installed for subsequent
ance more closely. firings.)

8 4/26/55 2770 Check performance -- -- Tracker fatled to acquire. Msl remained
at steeper dive on m/c guidance, impacting 10 miles up-
angle & higher range from target.

m/c altitude.
9 6/10/55 1950 Check performance -29.91 -27.8 Faulty grounding of computer cable caused

of body-mounted
pitot-static tube.

large shift in guide beam, accounting for
most of M/D. (Pitot-static tube redrilled
to reduce sensitivity to angle of attack
changes.)
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SUMMARY OF SYSTEM IMPROVEMENTS

During the course of the fifteen Group A missile firings, several
important changes in the system were accomplished. Each change was the
result of experience in missile or concurrent flight tests. The major
technical modifications follow:

A. ANGLE TRACKER

Early aircraft flight testing and S/N-1 missile firing disclosed
the existence of tracking noise introduced by ground reflections which
prevented the switch from horn to dish which is the normal acquisition
process. A ground plane was installed such as to reduce low angle
coverage of the horn thus eliminating the difficulty.

S/N-5 and S/N-6 missiles showed momentary tracking failure at a
coincidental aspect with respect to the ground station. Analysis and
experiment revealed the cause to be amplitude modulation induced on the
received pulse by missile and wing motions. Susceptibility to this
modulation was reduced by a band pass filter centered at the scan
nutation frequency added before the null detector which switches the
tracker from the horn to dish mode. The AGC assist voltage was also
increased by 100% to insure against loss of signal during the switch
from fine to coarse tracking.

Some difficulty was encountered in the automatic frequency search
circuit (AFS) with the search servo pausing at the unstable image
frequency. This condition was corrected by increasing the ratio of the
anti-stop-to-~stop signal.

B. DME TRANSPONDER

During the flight of S/N-1 the operation of the DME transponder was
marginal. Igniter shock during launch was suspected as the cause. A
ruggedized, higher "G", model was designed having a slightly higher out-
put and was used for missile flights S/N-2 through S/N-7. At the same
time, development was started on a transponder incorporating a crystal
controlled oscillator to replace the reactance tube oscillator originally
used. Flight of S/N-7 was accompanied by a flutter in range measurement
of about 4 cps and 25 feet peak-to-peak amplitude. Investigation dis-
closed the source of this error to be associated with a beat frequency
between the airborne and ground 400 cycle supplies. This difficulty was
eliminated in subsequent flights by using the transponder with crystal
controlled oscillator mentioned above.

C. GROUND DME

Several missile firings showed errors in range cyclically related
to the 1000 feet per revoluation rate of the highest modulatiom
frequency. S/N-12 missile impacted about 40 feet in error, and the
source was traced directly to DME cyclic error. This impact error was
confirmed by REAC studies and resulted from a system resonance excited
by the range cyclic error of about 12.5 feet half amplitude. By the
addition of filters to remove the 400 cycle servo modulating frequency
from the 500 kc DC error channel and by replacing a faulty tube the

UNCIARSIBIER, 1




UNCLASEIE 201

cyclic error was reduced to about 3.5 feet half amplitude.
D. BEACON

Aircraft flight tests at WSPG indicated that arcing occurred in the
pulse forming network at altitudes above 7500 feet, resulting in beacon
failure. By replacing the open network with a hermetically sealed unit
and making further modifications to reduce coronma discharge, satisfactory
performance was achieved at altitudes of 15,000 feet.

E. COMPUTER

S/N-9 and S/N-13 missile firings were subject to impact errors
traced to computer zero drifts. In the first instance, a ground current
caused by a defective cable-to-panel connector mating was blamed. The
second deficiency was traced to drifts within a booster amplifier. The
specific cause of drift in the computer amplifier (supplied as a unit)
was a defective subminiature capacitor. Because of tracker deacquisition
in the fine tracking mode during the flights of missiles S/N-5 and S/N-6
the computer was modified to permit guidance by command during coarse
(horn) tracking as well as during fine (dish) tracking.

To reduce oscillations in the flight path during terminal guidance
the damping in the shaping network was increased by replacing the 1.9 mfd
capacitor with a 2.2 mfd capacitor in both the pitch and yaw circuits.
This modification resulted in a transfer function identical to that now
used in the Group B and the LACROSSE I computer.

The insertion point of integral control originally set at 4+ 100 feet
was decreased to 4+ 60 feet after the firing of missile S/N-10." The
original cir