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FOREWORD

This volume re-publishes, A History of the Hexagon Program—The Perkin-Elmer Involvement as part of
the Center for the Study of National Reconnaissance’s (CSNR) Classics series. The introductory information
explains the corporate perspective and technical aspects of this history. Reading about the technical aspects
of the program should help the reader understand how this program was able {o make valuable contributions
to U.S. national security. The history cites examples such as SALT verification, coverage of crisis areas like the
Middle East, and terrain mapping for the Cruise Missile.

In 1983, the day that Perkin-Elmer shipped the twentieth Hexagon Sensor Subsystem to the West Coast, the
then Director of the National Reconnaissance Office (NRO), Edward C. Aldridge (who also was Under Secretary
of the Air Force), told a group of Perkin-Elmer employees, “The success of the Hexagon Program has established
the standard for all future satellite reconnaissance programs to emulate and a goal for our present systems.” This
history will offer you insight into the technology that made that possible.

The Center for the Study of National Reconnaissance Classics is a series of occasional CSNR publications
whose purpose is to inform our readers about classic issues from the past. The books and monographs in the
series most typically are histories, but they also could address lessons-learned topics, the legacy recognition
of people and programs, insights into historically significant artifacts, or tutorials on the discipline of national
reconnaissance. We issue the publications in the series on both an ad hoc basis, or in connection with a significant
event. We are issuing a Gambit-Hexagon collection of histories in response to Director of the NRO Bruce
Carlson’s decision in June 2011 to declassify the programs and his subsequent declassification announcement
on 17 September 2011. The Historical Documentation and Research (HDR) Section of the CSNR selected five
classic histories of the Gambit and Hexagon programs:

« A History of Satellite Reconnaissance—The Perry Gambit & Hexagon Histories (by R. L. Perry)
* The Gambit Story (by F. C. E. Oder, J. C. Fitzpatrick, & P. E. Worthman)

* The Hexagon Story (F. C. E. Oder, J. Fitzpatrick, & P. E. Worthman)

» Hexagon Mapping Camera Program and Evoiution (M. Burnett)

« A History of the Hexagon Program—The Perkin-Elmer Involvement (by R. J. Chester)

On 21 January 2012, the CSNR published the first volume in the Gambit-Hexagon CSNR Classics series,
A History of Satellite Reconnaissance—The Perry Gambit & Hexagon Histories. We did this in support of the
ceremony that marked the NRO turning over a collection of Gambit and Hexagon artifacts to the National Museum
of the United States Air Force (NMUSAF) and their exhibit opening of these artifacts to the public. The opening
of this exhibit represented the largest collection of satellite reconnaissance artifacts ever assembled and put on
public display. That exhibit can serve as a companion resource to those who read the histories in this CSNR
Classics collection.

Each of these histories offers a different perspective on the programs; the Perry Gambit and Hexagon histories
are from the viewpoint of a former Air Force historian at RAND writing in response to tasking from the then NRO
Program A (Air Force program); the Oder, et. al. Gambit and Hexagon histories are from the viewpoint of authors
with program experience working under the sponsorship of the Deputy Director of the NRO; the Burnett Hexagon
mapping system history is from the viewpoint of the Hexagon program office working under the direction of two
Air Force officers in the program and the NRO Program A Director; and the Chester Hexagon history is from the
viewpoint of Perkin-Elmer, which was an associate contractor for the Hexagon program.

All of the authors researched and wrote their histories during what some observers might describe as the
height of the Cold War, from 1964 to 1985. This influenced them to react to and focus heavily on the threat from
the former Soviet Union and its allies. Also, all of the authors had at least some degree of first-hand knowledge
about these programs, and in many cases, they had first-hand experience working in the programs. This gives
you a window into what it was like to be a participant-observer in the development and operation of these film-
return sateliite photoreconnaissance systems during the Coid War.
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Dr. James D. Outzen, the NRO Senior Historian and Chief of the CSNR’s HDR section, is the editor for the
Gambit-Hexagon CSNR Classics series. Dr. Ouizen selected the five histories for this CSNR Classics series
from the NRO Records Center and CIA archives that collectively best retell the impressive Cold War story about
these programs. He has prepared a brief preface and introduction for each history to provide context and explain
its significance.

When you read the histories you will note that some information is missing. Even though the Director of the
NRO authorized the declassification of almost all the programmatic information about these programs, some
information, because of its potential impact on other sources and methods, remains classified. Dr. Outzen usually
let the redacted text stand on its own, but in some instances he has done some editing for readability. For some
of the histories, Dr. Outzen has incorporated supplemental reference material into the publication.

Robert A. McDonald, Ph.D.
Director
Center for the Study of National Reconnaissance

Approved for Release: 2016/12/07 C05096580



Approved for Release: 2016/12/07 C05096580

Approved for Release: 2016/12/07 C05096580



Approved for Release: 2016/12/07 C05096580

PREFACE

Coinciding with the commemoration of the 50th Anniversary of the National Reconnaissance Office
(NRQ), the Director of the NRO, Mr. Bruce A. Carlson, publicly announced the declassification of the
Gambit and Hexagon imagery satellite systems on 17 September 2011. This announcement constituted
the NRO’s single largest declassification effort in its history. The Gambit and Hexagon programs were
active for nearly half of the organization’s history by the time of the declassification announcement.
Their history very much represents the NRO’s history—one that is defined by supremely talented
individuals seeking state of the art space technology to address difficult intelligence challenges.

The United States developed the Gambit and Hexagon programs to improve the nation’s means
for peering over the iron curtain that separated western democracies from east European and Asian
communist countries. The inability to gain insight into vast “denied areas” required exceptional systems
to understand threats posed by US adversaries. Corona was the first imagery satellite system to help
see into those areas. It could cover large areas and allow the United States and trusted allies to identify
targets of concern. Gambit would join Corona in 1963 by providing significantly improved resolution
for understanding details of those targets. Corona provided search capability and Gambit provided
surveillance capability, or the ability to monitor the finer details of the targets.

For many technologies that prove to be successful, success breeds a demand for more success.
Once consumers of intelligence—analysts and policymakers alike—were exposed to Corona and
Gambit imagery, they demanded more and better imagery. Consequently, the Air Force, who operated
the Gambit system under the auspices of the NRO, entertained proposals for an improved Gambit
system shorlly after initial Gambit operations commenced. They received a proposal from Gambit's
optical system developer, Eastman Kodak, for three additional generations of the Gambit system.
Ultimately the Air Force settled on only developing the proposed third generation because the proposed
second generation offered minimal incremental improvement and the fourth generation appeared
technologically unachievable at the time. The third generation became known as Gambit-3 or Gambit-
cubed while it was under development. Once it replaced the first generation, it simply became Gambit.
The new Gambit system, with its KH-8 camera system, provided the United States outstanding imagery
resolution and capability for verifying strategic arms agreements with the Soviet Union.

Corona was expected to serve the nation for approximately two years before being replaced
by more sophisticated systems under development in the Air Force's Samos program. It turned out
that Corona served the nation for 12 years before being replaced by Hexagon. Hexagon began as a
Central Intelligence Agency (CIA) program with the first concepts proposed in 1964. The CIA’s primary
goal was to develop an imagery system with Corona-like ability to image wide swaths of the earth,
but with resolution equivalent to Gambit. Such a system would afford the United States even greater
advantages monitoring the arms race that had developed with the nation’s adversaries. The system that
became Hexagon faced three major challenges. The first was development of the technology, which
was eventually overcome by the ltek and Perkin-Eimer Corporations. The second was bureaucratic,
deciding how the CIA and Air Force would cooperate in building such a system because they each
had strengths and weaknesses in the development of national reconnaissance systems. The third
challenge was to secure the resources that were required to build the most complicated and largest
reconnaissance satellites at the time. By 1971, the NRO overcame the challenges to successfully
launch the Hexagon satellite and fulfill, or even exceed, expectations for unparalleled insight into
capabilities of US adversaries.

At the time of the Gambit and Hexagon declassification announcement, the NRO released a
number of redacted Gambit and Hexagon documents and histories on its public website. One of the
histories is contained in this volume.

A History of the Hexagon Program was written in 1985 by Richard J. Chester of the Perkin-Elmer
Corporation. Perkin-Elmer took over development of the original camera system that would evolve
into the primary camera for the Hexagon program. The panoramic camera system, designated KH-9,
would image vast areas of the earth and prove an essential collection asset for verifying the Soviet
Union’s compliance with arms control treaties as well as address other intelligence questions.
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A History of the Hexagon Program is very rich in technical detail. Chester carefully documents
Perkin-Elmer’s efforts to develop the KH-9 camera system and integration with the other components
that would become the Hexagon system. Chester also documents the contributions of many individuals
who were responsible for the program’s success. Chester includes a trove of drawings, photographs,
and other visual content that enhance the narrative descriptions of Perkin-Eimer’s contributions to the
Hexagon program.

A History of the Hexagon Program is a unique program history in comparison to others written
about national reconnaissance programs. Chester documents the corporate perspective of satellite
program development. Compared to histories written by government contractors, Chester pays less
attention fo the politics surrounding competing broad area search satellite proposals. He also pays less
altention to the intelligence needs for the satellite. Despite the diminished attention to these issues,
Chester tells the technical development story in an unparalleled fashion. Consequently, we read in the
pages of this volume one of the most complete retellings of the efforts to develop and integrate the
components that comprise a reconnaissance satellite system.

A History of the Hexagon Program joins five other volumes of Gambit and Hexagon histories that
the Center for the Study of National Reconnaissance is reprinting in conjunction with the program
declassifications. Those other volumes include The Gambit Story and The Hexagon Story both written
by Frederic Oder, James Fitzpatrick, and Paul Worthman, Robert Perry’s histories of Gambit and
Hexagon, a history of the Hexagon mapping camera, and a compendium of key Gambit and Hexagon
program documents. In total, this collection of Gambit and Hexagon publications provides the public
with broad insight into previously classified programs. The volumes complement each other in providing
details not found exclusively in any single program history volume.

At the time of this writing, KH-8 panoramic camera system imagery has not been declassified.
| have included in a separate section of this publication a small number of KH-9 images that were
released in conjunction with the Hexagon declassification.

{ have chosen not to reprint pages that were redacted in their entirety in A Histfory of the Hexagon
Program. Those pages are; 176 —180. The unedited redacted A Hisfory of the Hexagon Program can
be found in the declassified records section of NRO.gov for those interested in reviewing a document
with the completely redacted pages.

The Gambit and Hexagon systems became reliable means for addressing difficult intelligence
challenges once they became operational. The Hexagon system, in particular, provided broad area
imagery that was essential for understanding the strategic capabilities and arms control compliance
of the Soviet Union and other Cold War adversaries. These national reconnaissance systems dutifully
provided the nation reliable vigilance from above until the next generation of imagery satellites
advanced US intelligence collection capabilities.

James D. Outzen, Ph.D.

Chief, Historical Documentation and Research
The Center for the Study of National Reconnaissance
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CENTER FOR THE STUDY OF NATIONAL RECONNAISSANCE

The Center for the Study of National Reconnaissance (CSNR) is an independent
National Reconnaissance Office (NRO) research body reporting to the NRO Deputy Director,
Business Plans and Operations. lts primary objective is to ensure that the NRO leadership
has the analytic framework and historical context to make effective policy and programmatic
decisions. The CSNR accomplishes its mission by promoting the study, dialogue, and
understanding of the discipline, practice, and history of national reconnaissance. The CSNR
studies the past, analyzes the present, and searches for lessons-learned.

Contact Information: Please phone us at 703-488-4733 or email us at csnr@nro.mil

To Obtain Copies: Government personnel can obtain additional printed copies directly
from CSNR. Other requestors can purchase printed copies by confacting Government
Printing Office (GPOY):

The Superintendent of Documents, U.S. Government Printing Office
internet: bookstore.gpo.gov Phone: toll free (866) 512-1800; DC area (202) 512-1800
Fax: (202) 512-2104 Mail: Stop IDCC, Washington, DC 20402-0001

ISBN: 978-1-937219-07-9

Published by

National Reconnaissance Office
Center for the Study of National Reconnaissance
14675 Lee Road
Chantilly, Virginia 20151-1715
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FOREWORD

At precisely 101 AN, Pacific
Zrandard Time, on June 15, 1971, the frst
of America’s fourth generation photos
graphic recounalsssnce satellites (Hemagon
program)  HBlied off & pad at  the
Vandenberg Alr Force Base in southern
California.> This event was the result of 57
months of intensiwe elfort to  desigs,
manafacturs, and sssemble a revelutionary
new  intelligenoe collection  system.
Thousands of scientists, engineers, tech-
picians, and sdmicistrators In  warious
government  and  industelal  facilities
throughout the United States weve Involved
in making it happen.

On July 12, 1983, the day the 20tk
Hexagon OSensor Subsystem was shipped
from Perkin~Elmer to the West Coast, The
Homprable Bdward . Aldrddgs, Under Ssee
retary of the Alr Forcs, Disector National
Heconnglssance Olfice, addressed a large
group of Perkin-Blwmer people who had
participated in the design and manilacture
gf the Sensor Subsystem. A part of his
speech follows.

“In June of 1971, the firgt of a aew
breed of satellite reconnaissance sysbems
was lasnched frowm Vaodenberg Alr Forge
Base and ushered in a new age in terms of
satellite photography. The program suc-
g has continged almeost unahated and
permits us to talk In glowing terms of
performance characteristics such ast up to
seven months on orbit; over 30,000 feet of
film (60 miles); toral mission area coverage
nearly squal to the landmass of the earth.

We dida't get to this  poist by
arcident; 0 was  schieved  throupgh
persevarance, techaical eomputence doad a
Iot of hard work. Mooy of you ln the
sudisnce, 1 am sure, can remember the
bustle of the initisl years. In comparison,
today must seem wery serens. That initial
iagnch in 1971 was not really the beploning
but rather the culmination of a desam.
This dream started in 1965 when your
company became lovolved ln & computition
to build o revelutivaare spacecralt capable
of handlng reconsalssance requirements
fostered by the emergence of Hussla and
China as superpowers.  In 1966, Perkin-

Elmer was chosen fo participate as an
associate contractor in what has become
one of our most important intelligence
programs. It &8 hard to believe that
seventeen years have passed sioce thet
date. However, the validity of that Initial
decision has been confirmed and recon~
fiemed with the passage of time. The
siccess of the Hesagon Program bas sstab-
lished the standard for all future satellite
rerousRissanCe progeams to swmadare and w
godal for our present $yStes.

This success can be measured in
many ways. For szample, since the fest
fauneh in 1971 &7 out of 68 buckets have
been recoversd (see Editor's comment);
imaging Hietime has ncreased over 800

percent; film capacity has increased S0

pereent;  misslon  sres  coversge  hms
increansd 100 percent. Even with these
bmpressive  facts, It b lopossible to
measure Hexagon's considerable contribu-
tisn  to  our  aational defense. This
importance can be sensed oaly U we cite
examples such as  BALT  werification,
coverage of crisis aress Hke the Middle
Hast, and terrain mapping for the Crodse
Missile."¢

The Honorable Edward C. Aldridge,
Ender Secretary of the Alr Fores
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This bistory tells the story of how
Perkin-Elmer was selected to participate
in the Hesagon program. 16 relales the
circimstances that led to Perlkin-Elmer'y
ipvolvement in dpate retonnalusance and
digcunses the events and milestones that
oomprred on the Hesagon program to the
end of 1983. Tt reveals Perkin-Blmer's
relatiooships with government program
managers, the associate conteactors
working on the project, and the major
subcontractors who helped to bulld the
squinment. It reviews the evolution of the
desipn of the ceomers aod the film
transport  system and  fhe pechnical
problemns that were faced and solved.

You will be taken through a tour of
the Perkin-Blwer facilities both in
Conpecticot and Callifornia and learn how a
large space reconbalsssnce camers iz
assembled, tested; and integrated with the
lagnch vehicle. Apd Hoally vou will read
of the escitement of the Dest flight and
jook at the sharp details that can be sesn

an photogesphs taken rowm sn altitude of
mors than 100 miles. It is the story of the
Hexagon Program  Gomn Perkin-Elmer's
giewpoint.

Although the History of the Hemagon
program will be resd indtially by a select
fow who can benefit by the information it
containg and perhaps apply this knowledge
to existing and future programs, these
pages will also preserve the story of the
Hexagon program for the day that it can be
revealed o the Amesican people.  Only
then will they understand and appreciate
the total dependence of s delesss

system -~ and thelr feeedom -~ on the
B
DroErams.

of  ohr  space meconndissance

BI¥ 00V-0253-85
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MERD APFRIVED FOR

INTRODUCTION

The history of space recommaissapoe |

may be thought of a8 three separale
histories: the evclution of spacecralt, the
development of reconnalssance equipment,
and the transformation of the intelligence
comtoundty  ioto  orpanizations  largely
dopendent 1 automated srliting
electronlc snd optical sessors commanded
awd controlled by bigh-speed computers

Lompared o Furopesn amd  Asian
nations, America 8 & pewcomesr o
ceptralized intellipence. It waz during
World War I that we lewroed our future
survival depends on  our  ability  to
antivipate the moves of aggressive and
expansionst counteies.

On Jasusey 28, 1946;  President
Truman establisbed the Central Intelli-
ponce roup to act a8 a cenbeal repogitory
for intelligence nformation and to analyze
and fit all the pleces together into a
cobmrent  ploture. But  the Central
Istelligence Group merely added one more
peport o those aleeady flowing over his
desk. The real change came on July 16,
1947, when the Central Intelligence
Ageney  was  fermed by the National
Securitly Act. But this time it was
differsnt. The sgency bad s ows budget
and was pesponsibde to a mew National
Beourity Councils

In addition to wifving the sromed
services under a wnew Depariment of
Delense, the National Becurity dot of 1947
established the United States Alr Porce
and in 1949 under a separate amendoent
wf the act, the Alr Force was made a
meilitary division within the Department of
Defense with equal status to the Army and
Mawy.

Frior to and durisg World War 1L the
e Adr Poroe was @ beanch of the Army
and  consequently  sulfered  Insdequate
suppwrt b fuonds,  personssl, med  in
organizgational sbatus. I wes pot untdl
Hovember, 1940, that an  Intelligence
Division was created at the Chief of Air
Gorps stalf lewel.  This division berame
A3 [Aspistant Chief of S5taffl within the
newly organized Army Alr Forces o 1941
with = responsiblity for both assessment

Hz TOPRIECREL

and dissemination.®

Today; the National Reconnsissance
Office (HROY opeeates satellite programs
for the intellipence community. The Adr
Fores, with its  large  intelligence
organization, supports the NRO, and has o
special  responsibility  to pased  against
surprise.

Space reconnalssance had s genesis
n & 3dd-page report published o May &
1948y by a group called Alr Force Proect
Hand al the Douglas Alrcralt Company in
Galifornia, later o become the Rand
Cerporation. The report concloded that
fechoology had advanced to o point wherss
it was feasible to undestake the design of a
satellite vehicle® However several events
bad to scowr belore this work could beging
the lavention «of the trasgistor, the
development of powerlul roukel boosters
amd  the avallability of  high-spend
compuaters. I June, 1956, the last plece
fell into plave. Hand scientists completed
a poport proposing & bol new idea fow
physically returning photogeaphic  Hlm
from orbit == the resntey vehbicle.

By late 1958, plans were made fo
launch sxporimental recoverable satellites
by the Thor/Agena space booster, given the
family name Discoversr. AL the same
tlmes, work begasn on the construction of
launch and lnstrumentation facilities at the
Cooke Alr Foree  Base, Californis,
sulmeguently  resamed  Vandenberg  Alr
Force Base; and most receutly given the
title of Western Test Honge. On February
28s 1959, the Tirgt Digcoverse was laonched
into a succsssfil orbit. Uslortunately, the
satellite began to tamble amd was lost, but
it was 2 promising beglnning.”

Host of the serial photopraphy i the
surly 1920% wis accomplished by Woeld
War 1 cargerss. TF waen't wntil 1921 that
the X1 focal plase shutier, 9-lsch film
asrial camera was available, In 1958 the
first photographic reconpaissance svstem
to be designed and built gnder the weapon
gystem concept was dewsloped for the
supersonic RB-58 Hustler alrcralty the
FALS, KALG, awd the KALY ﬁammm.f

Perkin-Elmer designed the Trang-
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werge Panoramic Camera, Type E«l in
1952, I was the first camera of the
panoramie type employing a rotating prism
for sconning. Poanoramic coameras offer a
sawing o weight over & malti-camera pat>
up for wide area coverage.

The U-2 Recowssissance alroraft
surcessfolly  wtilized  brasverse-scanning
pancraimic comeras wade by Perkin-Elmer
diring the 19501960 pericd; stmilarly,
such designs were incorporated In camerss
Perkin-Eler bullt for the UsTh suoressor,
the ALl airerall. The wulnerability of
alroralt, even high-altitude slroralt, o
attack and the imostly peychological)
impact of intrugion into denied "ale space®
added urgency to  the deployment of
untowchable® aatellite-borae camaras hav-
ing the same Wide-arens  COvVERage,
irangverse-soanning designs.

Richard C. Bobish, Project Engineer of the
Transverse Ponoramic Comera, Type E-l
in 1982,

By late 1960, the slements of space
reconnaiseanes began to mesge.  The
capsule of Discoversr 13 was the Fest
man-made obieet recoversd from space
fowe Footuote®™). Navy feogmen Gfted the
precions cargt Deot the Pacllic Oesan and
put it safely abpard the USE Haitl Wetoey.
A week later; the Discoverér 14 capsule
was the fHrst to be recovered in midair as
it descended by parachute over the Pacific
Ooenn.

In late 19565, the stage was being set
for the final study of a sew generation
photographic satellite. It would bW #e
guired to provide the resclution of earlier
cloge-look satellites while slwultoncously
providing the broad ares coverage capa-
Bility of previows searchisurveillance sy~
tegns. O July 31, 1966 proposals for the
Hexagon sensor were submitted o the
goveroment by both Ttek and the Perkin-
Eloer Corporation. At 1700 on Qetober
1% e, Robert Sorensen, thes Senlor Vies
President, Optical Oroup, received  an
Important phons call from Me.  Jolm L
Crowley, Director of Special Prajects,
Cia, == Perbip-Elmer's proposal  was
accepted by the government.d This s a
stowy of the eventy that lollowed.

w07 genergl interest 3 g book weitlen by
Allstair Moclean, “lce Station Zebra®,
which uses apaee recorpalsumpe as s
basic plot. Perkin-Elmer Iz mentioned
fpoge 2520 and reference [s mude Iy
Fgnother Americon firm™ (apparently ekl
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1 PROGRAM OVERVIEW

EARLY BACEGROUND

It was sarly swminer, 1964 Perkin-
Elwer was In s I5th vewr, ad o addition
to its expanding commercial lpsteument
business, it had succssslolly participated in
mumerosus govermmest programs, both clas~
sified and unclassified.

A young enginesr, who managed the
Engineering Department on &  covert
project at an outlying plant in Norwalk,
Compecticut, was busily engaged i pee-
paring a report. Things were going well an
the program and he was formulating plans
for finsl equipmenst tesis. At that
moment, the phone rang and the recentions
st informed him that he had ves visitors.

Alter hesring thelr nwwes, Milton
Hosenau, dechled fo greet them in the
lobby isstesd of walting for them to be
saenrted to his office. The btws wigitors
were  customer representatives oo his
progeam, Lestie G, Dirks and Jack Maxey.
These three, all young and creative, had
developed 3 spesial rapport during the life
i their program. Mt Rosensu was a
Cornell Uraduste with a B.S in Engluser-
g awd Physies. Les Divks and Juck Maney
were Systerns Analysls Staf! Engineers in
the Central Intelligence Agency OIA
Directorste for Belence and Technology.

5B e

Since this meeting had not been
planmned, Milt wondered about the purpose
of thedr eiait.  After the usual amenities,
dack Masey gob inbo the real reason for
thelr wisit. A new recoomalssanos peogram
was underway and their agency felt that it
might be o the wutual benefit of Perkin-
Elmer and the Agency i Perbin-Elmer
became ionvolved.

Gince the late 1940% Perkin-Blmer
designed many electro-optical lnstruments
for both febler and bomber aireeaft. It
was now thpe, sald Jack Maxey, that the
sompany  comsdder getting  into  space
programs.  He hestily added that the
current program had already been awarded
to a Perkin-Elmer competitor aed that
Ferkin-Bloer's role in the program would
bee to generate ideas that wmight be used to
spur their vendor's thinking.

Milt's initisl thought was that thelr
approach to getting Perlio=Elmer involved
was unorthodox but he realized that the
Mghly secrelive nature of the space
program  warsanted  special  treatment.
After thelr meeling was f:mahem hEile
stopped  off af his supervisoers office.
Richard ©. Babish, Divector of Specisl
Projects and one of Perkin-Elmers most
prodific  soginsers,  Hstensd  to Milk
Rogsenau's  story. Milt  zepested  Ehe

The Perii-Bmer bullding In which the Initlal contoct woas sl invelving
Perkin=Elmer in jpace recornaiismnee.  Thiz bullding also served a3 o base of
gperations Nor severdl alroralt reconnalssancs programs.
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pusiomer’s proposition  asd  fedt that e
although the peogram  was  already
contracted, 1 was an opportunity for

Space program,

Lem THeks and Jack Mazey did aot
reveul the exact nature of the program o
thelr vendor. Perkln-Ehner would be glven
sufficient inlormation 10 4o their 100 - andd
no more-  After getliog the full details of
the weeting, ok Babdsh arranged a
meating that day  wilth D Kepelh
Macleish, Vice Presidest snd Director of
Englneering of the Rlectro-Optical Divi-
wen. The Special Projects Department was
part of that division. Dick repeated the
wustomer's peopisal. Do Macleish agreed
that it was 3 wonderTul opportunity and set
up a mesting with the Viee President and
Lremeral Mapsger of the Eleotro-Optical
Diwlsion, Robeet H. Sorensen.

This was the beginning of & chain of
epents which ocan best be revealed by
sxcerpting leom o memo writtes by De.
Henneth G. Maclelsh to the Presidest and
Chairman of the Bossd of Peskin-Elmer,
Richard 5. Perkin. It Is dated September
19, 1904,

Sgbject: Chronology

The other ewening you suggested put-
i down & history of the situabion we
were  discmssing. The Iollowlng Grief
chronology covers the period Drom June 18,
1954 £o date.

dume 184 - Hod Scott amd 1 went to Wash~
imgton to talk with Jack Maxey and
Les Dirks (of Bud Wheelon's staff)
sbout & poteslinl contract, al their
roquest-  Juack and Les oullined the
broad requirements for & certain
gystenm mnd rivgeenbed o praposa fue a
study program of about three months
quration. The sbjeclive was lo arrive
at not mors than tes alternats con-
Bigurations within 30 days aod then to
praceed with preliminasy designs.

& w Jack and Les visited us i the
evening Tor Turther discussion of the

June

Juky

July

Aungs

Aug.

28, week of lapprozimately] — A
study contract was negotiated mmd
work was begun.  The final repost
was dus Seplember 28, Earle Brown
wis appointed peaject manager, 1o be
guided by & commities consiating of
ek Babish, Red Sestt, Milt
Rosenan, Bob Hulnagel, and wysell.

& {approximately] ~— A verbal peog-
ress roport was glven to Jack and Les
in Washington.

L7, evening -~ Verbal progress peport
to Jack and Las, in Wilton.

14 = Frank OGorwan, from  Hob
Grewe’s organization (Alr Foroel tales
phooed me to ask i we would care o
propose oo & study program for them.
The regquirersents sounded ke what
we were slready doing for Masey but
it was bard to tell for sure over the
phone. I agresd to wisit Feank the
following week for further informas
L.

17 == Bob Lewis, Chester Nimitz, Bob
Sorensen and I discusged the potential
dilemma of belng asked to do the
same thing for two dilferent apencies
wnder security restrictions probibit-
ing us from informing «ither of the
other's activity. It was obvious that
we could npot legally or ethically
apcept payment twige for the same
work.  On the other band a gooss
undercharge to one or both customers
would likely have o be explaioed,
and such esplasation wight vislate
fheer security restrictions placed upon
e 0 owas agresd that 1 shoald vt
Frank Gorman as plasned and find
out mwore about the proposed new
study.

18 - Further discussions along this
Hus betweesn Bob  Borensen, Hed
Seott, and myself, We decided that
Rod should telephone Bdwin Lasnd
Chatrman of the President’s Seience
Advigory Boprd subeommittes on

reconnaissance  programsl, tell him

proposed study. Fhee story, and see 3 Land cared to
. BIF 007-0253-85
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Aug.

HAnrgs

Septs

wdvise wa. Hod did so and reported
that Land suggested we tell our Brst
customer about the proposed new
study. We decided to deler further
sotion ot after the wisit to
Gorman. I asked Hod to come with
me on the Gorman visit.  Since Milt
Fosmeman was going to be In that area,
1 arranged Doy bw to come alsp.

21 = The three of us were briefed by
Gireer's poople and their technical
alvisers and asked o submit & pros
posal for a parameter study and pre-
Hminary design to be completed by
Februsry, 19658, It was expected that
& go-ahead might be possible during
the flrst week in September. In a
confersnce after the briefing, Hod,
Milt, and I upanimously sgreed that
the bwo  studies  were  sssentially
isdependent amd that oo potential
canflict or duplication existeds Cur
conciusion wan based on the lacts
that (1} there was to be little or no
awerlap o time batwesn the two, and
{2} the technicsl requirements dif-
feped in many lmportant respects
which would estall much additional
work on the second study over and
above anything accomplished in the
first one. We therelore deciled to
submit the requestsd new proposal
without informing either customer of
the other's work.

B = Sept. 10 — We submitied a
proposal to the second customer and
negotiated a contract.

M o~ We were visted lo Wilton by
Jack  Mamew, Les  Dirks, Johs
MoMahon, and John Crowley for a
brieling on the Dest study. Jack said
we had not proseeded ax far as he
had boped toward decidlag on a slagle
configuration we were still studving
threel and asked thet by September
a8 we furnish bim 3 proposal fop
wneh  discussion e suggested that
the follow-on atady should include
preeliminary  design of all  theee
sonfigurations plus some component

Septs

S!:.’Pta

Sept.

Sept.

He TOP-SEROREP-

dewalopment and experimentation.

15 - of Bob Creer's
crganfzation telephomesd me v come
municate a changs in one of the basic
parameters in  thelr specilication.
The parameter change brought the
seope of the second customer's study
very elose to that of the first
customers

held among us concernlng the lmpli-
cations of thess recent events. It
was clear that the cheanpges proposed
by both customers would bring about
an overlap and deplication that bad
wot existed previously. We therelore
decided to tell D MeMillan [Under
Secretary of the Alr Forcel or Jack
Mawey or both what the situation was
and ask for relief of some sort. Hod
believed that by this time both Jack
and Die.  Webiilian wers sware of
both activities so that the danger of
a seourlty vislation would have dis-
appeared,

18 {morpning — Bob Sorensen and T
met with Mawey, Dirks, and MeMahon

trying to pet ap appointment with De.
MeMillan that day, and we told sbout
the proposed study foe Oeeer and our
resulting problem.  Jack revealed a
geed on hiz paet for a considershly
expanded and  accelerated design
effort and lovited us to convinoe hiw,
during the next few days, that we had
the mwanpower 1o stall such ap sffort
woder o extession of our esisting
coniracts He said  that Dr.
MoMillan's office would be and had
nean receiving techedcal seports and
regular briefings oo his (Mazey's)
aotivites.

18 {afternoon) - Bob and 1 talked
with D MedMillane He sald that
MeUone (Director of the CLA) had
complained to him about engaging us
to do the same work we wers already
doing for MeCone. He asbed i we
could weite him a letter stating that
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i fact there was no duplication. We
sald that up to o few days previously
war could hows weitten such a lettes
but that the rules had chasged and
there sow appestwd to be potential
duplication. I beiefly summarized the
whole sequence of svents deseribed
in this mowmo. Ur. McMillan sald he
had been aware of the other program,
But had mot konown that we were
involved ip it He seemed to under-
stand our situtation clesrly and with
sympathy and sadd be would call Bob
Greer forthwith to get us off 1he
hook. We said thet we would hke to

practicables way and we sugpested
that the scope of our proposed Greer
contract might be wodilied to be a
study of the specilic spplication o
bBlg  system of any  conliguration
developed by us ander the other
contract. Dr. MeMillan agreed that
this might be possible and sugpested
that we commusdcate directly with
Geonr on the subject aflter he had
meade bis own phooe call.

Bob Sorereen and 1 are setting up &
plassing session for Monday wmorsing
September 21, after which 1 plan 16
telephone Bob Greer.  Maxwy sod
Dirks will be avallable on Seplember
2% and 34 to recelve ouwr proposals

e whoe wis ot intupately volved
in the situstion spelled out ln this menmo
will have dilficulty “resding belwesn the
Hnes” Since the development of the U2
reconnalssance alroralt and the camers
equipment that it careled, there has been
an ongoing institetional conflict betwesn
the CIA and the Usited States Al Forge
{UBAF).

In 1985, scon alter the Hest Dight of
the U3y the operation of the recosnals-
sance program was assigoed fo the Clhs
Slnee the CIA bad no facilities, the USAF
was mige& 1o take care of operations and
Togistics.

This partnership carrled over Into the
space reconpaissance programs when that
sume year the USAF, under the sponsership

He FOP-HECHET

of the CLA, fssued 3 formal operational
reguirement for a steategic satellite pro-
gram, code mumber WH-11%1Ls the actual
heginming of America’s satellilts recon-
BAISSARCE PROQTANS,

Before the story of Perkin-Elmer's
fnvolyvement in this program can be cop-
thaed, one additionsl aspect of this situa-
tion wust be clarilieds

The fourth participant in the sacly
istory of the Hexagon program s an opti-
val company which was already lnvolved in
the deslpn and masufacture of space
reconnalasance cameras In the 1960%, the
Itek Corporation: Io the spriog of 1964,
Ttek was approached by the CIA o develop
an information-gathering system that could
periorts the operalions ol both the areas
surveillance and the close-losk satellites
already in  operation, with improved
resolution  and a  capability for  longee
missions.® There was ene significant
problews  that  plagued photo setellifes
already in operation and that was thermal
contrel. This was to become @ lmportant
factor which would oliimately lead to the
selection of & purtieular camera conlipura~
tion.

Irek completed o study (Tteh peoient
SU096) and concluded that an optical syatem
working in  the wvisible region of the
slectromagnetic spectrum was the hest
tholce. Having made the basic selection,
Ttek sabmitted o proposal to the CIA ek
proposal No. 3233 completed sowetime in
May 1964  Howevern before funding =
full=scale development program, the CI4
asked Dtek to establish the [easibility of
the critical sspects ol thelr proposed
system. This was acoomplished o an 1k
study (Jtek ptﬂgﬁﬁt F204) completed In 26
Felevary 1965

Itek was also working with the USAF
in thelr wersion of the lourth generation
recopnaissance system. Do understand the
relationship betwesn Ttek and the USATF, i
is helpful to bave some knowledge of the
formation of the ek Corporation.

In the sarly days of World War I the
Atr Corps took over one of Harwerd's large
Hbrary buildings, apd formed an optical
laboratory, manned by some of the Goent
aptical desigoers and techaicians i the
country: Within o short thwe, lenses of
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eyery description wers being developed and
produced for the oversess forces.  Alter
the war, the laboratory was moved to the
Boston Usiversity. Usfostunately, in 1957,
the USAF reduced s funds for the support
wf the Boston Laboratory in fawor of added
support of rader snd lalrsred develop-
mienta.

The laboratory was taken over by a
teams of top sclestists In the Boston ares
and became the nueleus of the new Rek
Corporeation.  So there existed a sieong
bond between the USAF and Itek. One
sdditional factor strengthened this bopd.®
Brigadier General George W. Goddard,
VSAF potived, became a speclal assistant
ter the peesident of the Itek Corporation in
1964, Goddard, through Werld Wars Tand I
and the Koresn conflict, was Instramental
in developing many of the technigues and
egquipment lusdeswmental to aerial recon-
Bl s ST 2

W can now resume oue story of the
eyvents  that ovcwred when the CIA
contacied Perbin-Elmer in Juse 1964, Az a
result of the meesting on 18 Juse 1964
among  Drs.  Boderie  Bootty,  Besseth
Maeckeish and the CIA, & study conbract was
awarded to Perkin-Elmer; via 4 message on
23 June 1964 to begin work wnder Task ¢
to contract CH-900. The contract sathos
rxzmgl the work was seceived on 30 June
1964

#a mentioned fn Dr. Maclelsh's memo
to Br. Richard Perkin Earle Browsn wag

selected as Program Manager of the new .

study.2l A project team was formed and
mamed the "Ad Hor" preoject. {(The ClA
eode nathe Tor this project was "Fulorum.")
B oconslated of 12 of Perbin-Elmer’s most
eompetent camera designers.  In addition
¢t Darle Hrown and Milton Hosenan, the
group included Willlam 4. Welch, Jobe L.
Rawlings, Hov Stoll,; Robeet WM. Lendsman,
Mivhae! H. Erim, Grabam F.o Wallacs,
Walter Augusiva, O Dozald Cawkﬁk Rarl
W. Hering, and Walter McCammond.t

The program was planned I theen
steper & paramelrle study of & pholo-
graphic system to accomplish the desired
whiectives) lnvestigation of alternate cons
Digorations within the constrants ol size,
waighty and other factors lmposed by the
vehicle and the misslon; and a determing

tiomn of the significant peoblem  aress
imvolved in the final cholces The original
intent of the study was to complete all

i Ahree steps and submit & Hosl repoet by IR

%gtembﬁr 1964. However, work did not
procesd at the anticipated pace and on
that date, the program was nearly through
Step 2, with pmlimiﬁ,m WOrE  aocome
plished oo Step 3.4

A wal&mmm survey of possible
configurations by the Ad Hoe project team

regulted  dn the  selection of  these
panoramic copfiguwrations, code-named

Martchbox, Scarecrow; and Ferrls Wheel
The ipitial effort was divected toward
entification of representative designs
capabde  of high eesolution o both
refeactive and catadiopiric types. Of all
the systems considersd, the folded
Maksutoy, and an unlolded variation of it
were found o be most suitable. AL that
point o time, however, 1o sound techrdeal
basis had beon established Tor the choive of
oo of these alterpate systens.

During a visit 1o Perkin-Elomer on 14
September 1964 by Maney, Dicks, McMahon
and Crowley, Mazey professed disappolnt-
ment at Perklo-Elwer's lack of progress
toward & single system and asked Perkin-

Elmer to lurnish the agency with a
praposal  for  three-months  sdditional
work. 19

Mesowhile, the Iiek Company had
embarked on 1 September 1964 on a study
Itek  Project 92040 whivh was fo be
completed 26 February 1965.16 On 18
Septempber 1964, the day  that Me
Sopengen and De Maclelsh nformed the
CLA of Perkin-Elmer's proposal on the
USAF project, Maxey revealed 4 need for a
comaiderably ewpanded effort and accel-
erated design sftort with & much lasger
engineering st aff 17

The extent of the CIA program and
the progress bedng wade fn other aress {e.
spececrali  and  reentry  webiclel was
revealed by & memo recsived by Barle
Brown frow Leslle Dicks ldated & July
19640 It stated that on 1 September 1904,
Phase © of & program to demonstrate
techoical and mechanical feasibility of the
overail grogram had been Initlated and was

scheduled to be completed on 31 Janpary

1965. The selected vendor would begin
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The initial studies on the AD HOU Project were condueted in
Perkin-Elmer's Research owd BEngineering Center, 30 Donbury
Rood, Wilton, Connseticut In June 1864,

development and prodouction of flight uaits
on 1 March 1968, The fest launch was to
woeour in November 1966, with theee flipht
tests lome per monthl asd subsequest
operational flights (one per month),18

The proposal exhiblt attached to the
Dirk's memo alss contained the fiest
reference to a bystem Enpineoring, Assem~
iy and Check-out (BEAC) contractos. This
group was to play an important part both
technfcally and politically at Iek and
Perkin-Elmer.

An interirs report on the Perkin-
Elmer 44 Hoo study wes submitted to the
CIA on 28 Beptember 19464,  Delivery of
the final report which was originally
gobeduled for that date was dulivered on 16
Hovember 1964. The study contragt was
closed-out. 20

On 28 September 1964, the CIA
awarded Perkin-Elmer a four-month study
to wndertake the work proposed by Perkin-
Elmer In thelr statement of work MW-C-
3141 Essentially, Perkin-Elmer was to
select the single most desivable system for
detailed Phase 1 study and design by 19
Ootobier 1964 and procesd with debsdl
drawings sultable to produce an englnesr-
ing wedel amd prepare & program plan to
achieve a production run of 40 units at a
rate of one per mopth, almed at & flest
flight on 1 Hovember 1986. Al items
specified n the work statement were to be
completed by 1 February 1965.22

& message [row the CIA to Perkin-
Elmer also mentioned that the camers
coniractor was to be selected by 1 March

1968 and revealsd that a  spacecraft
eontractor  would be selected v sarly
Hovember 1965.23

The Perkin=Elmer program manager
selected for this new fouwr-momth elffort
was Milton Bosenan. However, throughout
the sotire Bfe of this prograw wntil his
retirzment In 1976, Barle Brown, a brilllant
optical Instrument enginesr, was a malor
contributor of bleas. He gproduced a
substantial amount of engineering work not
only on the ploneer eifort of the Hexagon
progream, but sleo participated in the final
proposal and the design of the Hexapon
CHRINEHE. After his relirement, Earle
worked e Perkin-Elmer s3 a copsultant
until his death in 1981,

nper, led the first AD HOUO sbudies thot
worg conducted «of Perkin-Elmer on the
Hexagon Program.
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Work on the new stuly moved at a
fast pace. In 13 weels, over 22,500
manhours of engineering and experimental
work were expended. Almost 1400 hours
was unpaid overtime — efloet of over 40
Perkin-Elmer people dedicated to this
fmportant program.

In support of this study, 30 supple=
mentary coploeering reporls were pre-
pared, and 16 techndcal memoranda and 10
breadboard test reports wers writhon.

Preliminary parameters for the pho
tographic system peoposed in this study
were established durlng Phase 0. It was
shown in the coorse of that eflort that a
syatem which would reliably resolve pround
targets in the 2 to S-feet rangs should
have s focal leagth of approximately 80
fonches and a relative aperture of /4
These values were adopted from  the
systems selections study which initiated the
Phase 1 offort and which i3 reported in
Eupplementary Englneering Heport Ne. 101
prepared by Earle Brown.£%  After con-
gideration of & oumber of possible
approaches, 3 Maksutov-type catadioptric
system was selected as best mesting these
roquirements.

Dwwring the course of the Phase T Ad
Hoe study, John Crowley and  other
proagram office personpel visited Perkin-
Elmer. A formal presentation was given by
Ferkin-Elmer management and sngineering
persomnel on 16 December 1964 Both
techrdcal progress and & dscussion oo
proagrarg  schedule and costs weve oo
sented.

The lmportance of Perkin-Elmer's
wark was smphasized in mid=Jasuary 1965
In & message from Miltos Rosensu to Jobn
Crowley, the Agency was informed that all
contractual required documentation would
be completed on the Phase I effort on 1
Februsry 1965 Rosensy alss peguested
permisaion o dizassemble the breadboards,
reschedule  progrars  persosnel to other
activities, and termivate all leases lor
eguipment and contracts for seourity guasd
service.50  Johm Crowley's veply was that
the disassenbly of the beeadboards and the
reassipnment of personoel and termination
oif Exi&tixg; leases and contracty should be
delayed.®

The CIA was in the procoss of pre-

paring a beisfing for the Land Ponel on 24
Febraary 1965  The objectives of the
meeting, as stated by Jolm MeCone (DCL,

o, Wag. to examine the feasibility of the

Fulcrum system to meet the requirements
of the next generation searchfsurvsillance
syslem.

The Fuleram program was presented
by the Special Projects Oifice and it
proposed contractor team: Sensor {Ttell,
Spacecraft (GE), Reentry Vehicle {(AVCO),
apd Systems  Enginesring aod  Assembly
{TRW

subseguent to the presentation and
while the Land Panel was in caucus; ek
management, Frask Lindsay and Jobn
Wolle, reguested & private sulience. They
then stated that Itek was withdrawing Irom
the Fuleewss  Program o and  would not
sntertain 2 contract with the Agescy to
produse the Bensor.

Perkin-Elmer would shortly become
aware of Itek's withdreawal from the CIA
program. During a luncheon conference st
& local seafood restaugrant, Bob Sorensen,
Ko WMaclelah, and Dick Werner (o program
manager who bad just loined Perkin-Elmer]
were in the process of ordering lunch when
Macleish recelved s phone oall Drow Jack
Maxey.?vg Maxey was calling from Bradley

. Pleld pear Hartford, Tt apd asked bow

soun Sorensen and Macleish could get to
the ailrport. Macleizh sald they would
leave in two minutes and then informed
Sorensen. After apologizing to Werner for
stranding him, Sorensen and Macleish
headed for the alrports

Arviving at the aleport in recoed
time, Macleish apd Sorensen met with Jack
Maxey and Les Dirks in a small conference
wosn by the alrport terminal.

lLes Dirks asked i Perkin-Blrmer
could step up thelr =ffort on the Pulcrum
program and assige Wilt Rosenau as the
program manager. Sorensen replied, "Yes
and yes -~ wnequivocally.” The CLA wepre-
sentatives did not explain why there was a
vhange of direction, only that it was a
matter of grest wgency. Les Ddrks then
asked Sorensen and Maclelsh to meet thews
in Washington in 2 day or btwo to discuss
the detalls of the accelerated effort.

Shortly  alver the Bradley Fleld
meeling, Ur. Wheelon appesred in Chester
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Himitz's office and asked ¥ Perkin-Elmer
could take ower the CIA space reconnais-
sanoe program started by Diek.  Nimite
mtcepted the challenge.

During  digeussions  In Washington
apong Milt Hosensg, Tharlie Hall,

made to sxtesd Perkio-Elmes's lovolee-
mant in the program theough the mosth of
February., Additional tasks were sutlined
in a message from Perkin-Blmer o the
Agency. In addition, Milt relterated that
the data from the two contracts awarded
durlng the Phoge | study would be deliversd
to the agﬁnw on | Febeusry 1965 as
scheduled. 29

Showtly  alter Wheelon's vt 1o
Cheater Nimits, Jrs 8 message was sont by
the Agenoy (eede nem ke the other
asspciate  conteactors onn the Program
inclading the Geperal Hleelric Company
_ and BEAL | The mesage
reatly Perkin W eods namel s
currently peviewing | (tek Cowmpanyd
campara and i b there newmbent upon
the project offlce and the other smociate
contractors to convey Yo them complele
details of all aspects of the Folosus
Program- Do line with this concept, AVE
(Heentry weldcle ocondeactor) snd |
project mansgers and engioeering
agers will arrive a s the morning of
16 March to present respective svstems
briefings, O particular interest will be
stutus of interlace of 5/C ispacecralt) and
BV freentry  webiele)  with  payload
leameral, bat any area of watual technical
interest may be discussed.  AVOD repre~
sentives will be present at the detalled
brteling by ROA represeptatives on thele
sheet-fed hasdlisg svitom fo be prosented
o 17 March.”30
The GE representative wha belefed
the Perkin-Elmer tean ab the meeting was
Paul Pelty, then Director of Eogineering

~Eh

Program. Petty was later to play o key
pole in the development of the Hewagon
sensor at Perkine-Elmer a3 Pl Bodel
Disweter, Hesagon Program  Manages,
Deputy Geseral Manager Operations, ssd
then Vice President, General Manager of
LT

The Cla was now fully commitied to

Hx TOP SECRET

P E. Peity was Director of the firgt
flight (SV-1} wnit and luter become Viee
Brogident, General Monoger of e Qpticd
Technology Divigion,

wark with Perkio-Blmers During a visgit to
CIA project headguarters, Perkin-BElmer
masagement  was  luendsbed  with ek
reports.*!  Soon after, a group of Perkin-
Elwer technlclans and adudnistrative per-
sonnel made several secret trips n trucks
to the Iek Company. They refurned
lvaded  with ithe large optical ber
brassboasd, test and bandling equipment,
wptizal glass, opticel fxturss, amd 2 large

guantity of reports and recoeds.  This
material was translerred fo a8 special
woeden  platformm which  hed  been

cunstructed o the parking ot of the 30
Danbury Hoad Facility by Wilton, Conne and
then moved to the project ares on the
second floor.?

Perkin-Elmer was now embarked on g
wewr phase of the Falersm Program loode
name  Protem st Peskisn-Blmer! which
wold eventually culisinate b 4 progénti-
tiom in Washdpgton, DO to the Land Panel
{subcommittee on reconalssance programs).
This commities would review the Perkin-
Elper configurations and other ¢ompeting
systems and wake 2 recomwmendation to
the Exlomm on continuing activity in this

ik
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In the following wesks: Perkin-Elmer
mecame move deeply bvolved with the
other assoclate contractors. Om 1 April
1965, o bwrleflng was held to permit the
variouws confractors 0 gel acqualnbed, to
diseuss roles and  responsibilities, start
initial team tasks, and to discuss methods
of program coutrel. Une of the revelations
of this wmestiog was that the BEAC
coptractor (TEW-5TL] would serve a dual
function. Fiest as o CIA Bysbems Engioeer-
ing consultant not  only  participating
technivally but also reportiog the progress
of the other associate contractors; and
gsecond, as the Assombly Checkout con~
tractor. BEACTH

Thizs was 2 doal function which 3EAC
served during Itek's tenure as the camera
contractor for the agency, and wss an
arrangement to which Itek mbjact@dwﬁg
Some fnel it was a factor in lek's denision
to withdraw from competition since Itek
was reluctant to allow another company to
gain  access to its  operations  and
‘t@chnﬁqu%ﬁ b

Perkin-Elmer was now fully im-
mersed in the program. However, & s
sage which Perbin-Elmer received from the
agemoy, 13 Apeil 1965, indicated  that
Perkin-Elmer's proposed designs weve to be
compared with proposals  from  other
companiesd’  In faect, in that same
mersage, the ClA project office informed
Perkin-Elmer that, "This office has come
t the considered judgement that the
transfer on Pulerum prodect information
which has taken place I the wmawimum
which the government can  foesish
consistent with the presesvation of &
competitive environment. Effective lm-
mediately, detatled interactions: with the
govermment on Poleram will be enjedaed
and Hmited to the bsuance of a written
statement of system and procuwrement re~
guirements which will be issued prompily.
We will of course entertain  written
requests for clarification of thet docu-
mrerts”

in that same message, Perkin-Elmer
was instructed to submif a formal proposal
of their selacted designs by 7 May 1965
The Ageocy was apparently preparing foo
the gpooming "Lamd Panel™ meeting which
was initially planned for 45 June 1965, The

Hx TOP-SRCRET

commitiee wak to review the Fulorum,
Matchbox, and other competing configura-
tions. The message also noted that Perkin-

gl er should position itself for possible
prdgram termination on 30 Jupe 1963

Om 4 May 19658, a preliminary preosen-
tation was given by Perkin-Elmer manage-
ment to Dr. Wheelon at G4 beadguarters.
He was brieled on the two guite different
systems which were emerging from the
Perkin-Elmer studlest a wodifled version
F7 of the original Ttek (F) design, and a
modified version (M7 of Perkin-Elmer's
Matechbox (M) configuration.t® The formal
techoical presentation al the agency was
given on 19 May 1965.39

It was during the course of this
activity that a change in the managerial
direction of the Fuerwsn program  at
Poerkin-Elmer began 1o ocous Alter
completing the Ad Hoe Phase 1 stady
program and preparing the proposal for the
7 May 1948 presentation, Milton Fosenan
contioed to lead the sngloeering effort om
the program reporting to Richasd Babish,
and theough him  toa D Maclelsh.
However, in order o place more smphasis
on this activity, the masagement of the
program  wes changed feowm Hosenau to
Macleish.

The pericd from the beginning of
March 1965 to the end of July 1965 was
very active. In addition to studving the
Itel (F] systesm, Perkin-Blmer oxsmined
oiher systems. The customer favored the
PR osysiem concept. However, Perkin-
Elmer was reluctant to follow theough on
that design since it hed many short-
comings. It did, bowerer, bave one sigaifi-
cant advantapge. Az mentiomed previously,
ome af the critical problems of space
camera systems s thermal conteal- The
faptical bar® desigo of the "F° svebem was
an mnswer to that problem. The “optical
bar” was frst noted in an engioeering
notebook of an Itel enginesy in preparation
for Itek Proposal No. 3233.90 The aptical
bar not only helped to maintain thermal
onteol of the optical system, but also
provided the seanning motion.  Unforty-
mately, the Itek Dlm trassport design
prowed to be unwieldy and cumbersome.
The optical bar also reguired a large
perioeated optical flat. The mesufactur-
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ability of the fat had not as yet been
demonstraled by ek,

Although the customer realized the
shorteomings of the “F* gystem; it still
fawored the “optical bar® concept.  An
warly advocate of the “optical bar® at
Perkin-Blmer was Dre Rod Scott. In addi-
tiom, Robert M. Landsmeny a young and
rompetent  slectrical engineer recom=
mended a "one-pass® modified F' design®!
and Milton Hosenauw wrote a two-page
report proposing that Perkin=-Elmer recom-
mend the “optical bar® desige with a "one-
pass® film trassport system.4Z  Periin-
Ehoer manapement, bowevern, felt that a
more thorough study was required before a
final decision conld be made.

The Land Panel meeting was mowed
up & month to 21 July- Db proparation for
this mesting, a dry run attended by the
customer; Perkin-Elmer, General Electric,
and SEALD representatives, was held oo 20
July‘s43

Adter the Land Panel meeling: the
LA sent & message lnstructing Perkin-
Elmpsr to owmmbark on & program definition
and final cooliguration study phase which
would last these months. The Project
Office requested Perkin-Blwer to select a
final esnfiguration by 18 August 196535 A
modified threesmonth  work  stalement
Jater changed this requirement to 14
Septermber 1965

In & summbaey report, Perkin-Elmer
documented the principal cossiderations
entering into their recommendation st the
B ws M briefling at CIA headguerters op 14
September 1965 The recommendation was

further work on the W' ayﬁts‘:mﬁf’ A
message  from  the Agency dated 1Y
feptember 1965 nstructed Perkin-Elmer to
terminate all work on the M system A7
This conclusion was the result of a
long and careful esamibnation of Itek and
Perkin-Elmer systems which Perkin-Elmer
bepan on 1 March 1965 It was a Jifficult
decision since some of the pasticipants at
Perbin-Elmer ware opposed fo the Itek
systems  under any clroumstasces, while
afwocates of the modifisd Itek (B aystem
argued that Perkio-Elmer lmprovements
made it a feasible design. The major
impeovements to the F' system weret Ul a

practical method of trassporting the film
ofi and off the rotating "Bar®, and 12 a
method of manufacturing the fat.

Perkin-Elmer, the Projest Office,
and the associate contractoers could now
concentrate all thelr efforls o8 one
conliguration, the F' system. Do Baclelsh,
whoe directed the program peesonally since
May 1945, dechled that this was an
opportune time fo reorganize the Engineer-
tng Departivent so that more attention
conld be concentrated on the Fulorum
Program. He placed W. Richurd Werner in
ehagge of the Special Projects Branchs The
Ad Hoo Group was part of that branch and
reported to W. Richard Werner.48

The pew study program, which was
started om 1 August 1965 required a
reporting sysbem. Ou 27 Aupust 1965, the
flrst  meossage (Blweskly TWE Reporth
prepared in acoosdance with Tagk 14 of the
thres-month study work statement, was
sent to the customer.®? Shortly after the
12 September meeting in which the P
system was selected, Richard Bablish, who
prepared the Dest three bowsskly TWX
reports, started 3 new series of peogress
reports In accordance with Task § of a
revised  work | statement  dated 21
September 196550 From that point to the
present, thers has been an unbroken chain
of reports of technical progress, propram
costs, and peaject schedules. As & matter
af nberest, the Hest TWX report indicated
that 58 Perkin-Elmer people were assigoed
o the program on the week ending 13
Appust 1945.

The new study programs wis sched-
wled for completion on 15 Hovemher 1965,
it altimately lead 19 & summpary report and
i presentation to an NHO task gooup by
Ferkin-Elmer on 9 December 1965.30  The
presentation deflimed the study objectives
and the resulls of the theeo-wonth effort
which included (1} the preparation of a
detailed proposal describing the design of
the proposed system 12} the accomplish-
ment of a series of experiments selected to
explore and solve key problems and (3} the
interchange of techoical findings among
the associate contractors ln the lnteresis
of devising v Intepral ssarch/surveillance
BYSLO.

A final report which sumwarized the
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work mocomplished during the three-month
perind was submitied to the Customer on
16 Febwuary 1966.5¢ It included a plan for
a gix-week period Lor the proposal pressie
tation which would commence with the
receipt of the foemal reguest for &
proposal (UFF Brow the Government. The
plan included the femation of a division
within the newly organized Uptical Geoup
formed in June 1965 and besded by Robert
He Sorensen. The new division responsible
for the progream wonld be called the
Optical Technslogy Divislon {(OTD) and
would be managed by W. Richard Werner.
The Ad Hoo Projects formed in June 1964
o the bnital study contract, wes to be
alavated o depastmoent level within the
diwision; headed by Michael Maguire.

Perkin-Elmer was now geariog for
the final phase of the Fulerus program,
preparation Tor the final regquest for
proposal (BRFPL As thoe went ony program
peescanel started getting anxiows.  An
internal progress sepoet dated 16 Februasy
1966 stated, “The progeanm office lows-
tomer] does sot have any additional bdor-
mation to support the date that sn RPP
will be forwarded or contract awarded.”33
But the day fmally arelved. On 19 May
1966 Perkin-Elmer pecelved an BFP from
the Goversment reguesting that & proposal
be submitted by 21 July 1966, The 156
Perkin-Blmer people assigned 1o the
program at that toe bepas s procling
effort that woald estell worklng overtime
and spending weskends foaliziog reports
ard completiog sgperiments.

From that summer day in June 1964,
when Las Dirks and Jack Mazey frest
approached Perkin-Elmer, to the day the

Covernment  BBausd  the RFP,  Peskine

Elmer's modest Involvement fn the program
changsd to & company positisned to make &

SJogmfweant contribution to our aational
duelonse.

Michoel Mogulre moanoged the AD HOLOD
Deparbmert i 1985 ond gverdunlly became
Vice President, General Mangger, Optical
Group  Eost o Optioal Techmlogy
Bivizian., Hiz engineering leadership was
the driving foree o the Hexagon Program
at Perkin-Elmer.
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ORGANIZATIONAL PERIOD

At the time that Perkin-Eloer flest
became mvolved o the ClA reconnalsgance
study (Fuleram), later to become the
Hewagow Program, the company was under
the leadership of Richard 8. Perbing
Chalrman of the Board and co-founder of
the  company. Hobert B Lewls was
President of the company and Chester W
Himite, Jro  had just been promoted o
Executive Vice Pregident of Operations
felevted Pregddent and ohiel execubive
oiflcer on 1 Jaouary 1905 Hobert 1.
Sorensen wias Vice President and General
Manager of the Hlectro-Optical Tlivision,
U Boderic M. Scott was Vice President
and Chief Scientist, and D Kennsth G
Macleish was Viee Prosident wd Digector
of Englopeering of the Eleotro-Optical
Divisionsl These were the major partici-
pants in a series of events that would have
an impact on g oritical national defense
program and the futuee of Perkin-Elmer.

Just wight vears prior 10 the start of
the Ad Hoo prolect, the company separabed
its Fumctions into & commercial division
and & government divisions The Blectro-

Crptical Division, under the direction of
Rodl Seott, developed a stropg base of
axperience On government programs  nd
murtured a ceeative enplncering Torce. In
June 1965, this aren ol cowmpany business

was olewated to Uroup stabus, when the
Blectro-Optical Division asd the newly
eutablished Astro-Optical Divishon became
part of the Electro-Uptical (;'xmupaz The
wew Geoup was hesded by Robert
Sarengen, Group Viee Presidest, who alse
coptinued as Ceneral Manager of the
Bleotro-Ciptical Divislon.

Spem after Uwe Maclelsh joined the
company in Jaouary, 1962 he recrganiped
the Engineering Depariment in  the
Electro-Uintical  Divislon  lnto  several
branebes.  Branch D was masaged by
Fichard ©« Babish and lncluded a Special
Projects Section responsible for classified
reconnalsgance Drogramss Wilton D
Bogenay was in charge of the Eogineering
Department  reporting fo  Richaed O
Babish.? The project team for the camers
study, which started on Juse 23, ]E‘}Eﬂ;i WS
Formed frow personne] in this seotion™

Earle Srown, & Btall Esginesr
reporting to D. Maclelsh, was appoisted
project manager of the initial these-month
gludy-  He was puided by 3 commitiee
consisting of Dick Babish, Hod Boots, Milt

Fomenon, Pob  Hofnegels and  Heooeth
Macleish.
Perkin-Elhmer recelved  additional

contracts on September 29, 1994, for
follvw-on work to the original thres-gmonth
sty  The new four-month effort was
directed by Milton U Hosenan. The engl-
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neering force was expanded to 40 people,
alsp from the Special Projeots Bection. A
final report on  the four-momth. stady
imeludes an organization chart listing these
paople.5 V

At the emd of this activity, in
Februgry, 1965 the CI& coontracted with
Forkin-Elmer for an additional moenth to
keep the project team topether and to
work on particulse problems.  This effort
was soon expanded by additional contracts
which remained in force until the award of
the Hexapon Fropram to Perkio-Blmer on
Oetober 10, 1966,

I the pericd from June to December,
19465, Dr. Macleish directed the program
with the aseistance of Richard €. Babish
and WK, Werner, who was being prepared
to  teke over program  direction in
Dacember.

Un December 8, 1965 & day belors
an fmportant bigh-level presentation to the
ciggtomer, Renneth Maclelsh sstablished
the Ad Hoco Program Department, origi-
nally called the Ad Hoo ﬁrnjagt.? By this
time, the name of the Eogineering
Department, headed by Dr. Macleish, had
seen changed to Program Operations, and
the letter desipnations of the hwanches
were chasged o more descrlptive titles.
The Ad Hoco Group, which was elevated to
department status, was to be mansped by
Michae!l Maguire who previcaly managed
the Systems Department in Program
Operations.

W.H. Werner was made responsible
for the lne management of both the
Gpecial Instruments Deparbment and the
pew Ad Heoe Departiment, repirting to
Kenneth Macleish.  Milton Hosenau was
made Manager of the Advanced Develop-
ment Bection fn the Special Instruments
Department.

The December 9 1965 presentation
included a discussion on a proposed project
srganization establishing the Uplical
Techoology Division. Although thers were
changes in the lower mapagement levels,
the basic project strocturs  remained
unchanged through the proposal phm.g A&
pew orgenization chart appesred in the
proposal which Perkin-Elmer submitted to
the government on July 21, 1966.7 Since
then the OTD orpasization bas been fine

aitadents and  capabilities of

Hx TOP SECRET

tuned to respond to the needs and pricrities
of the Hesagon progeam. A i any
activitys the needs of the project and the
the peapls

sssociated with the project usually dictate
the mammer o which an  activity is
organized: {See Appendixz Hd

Dr. Boderic Scott (left), Chiel Scientist in
184, monaged  the  ewrly  alreraft
recompaizsance  sysiems af  PerkineElmer
g made major design contributions to the
Hexagon Sensor Subsystem. Dr. Kenneth
. Maclelsh, Vice President and Direclor
of Ergrinesring, Electro-Optleal Division In
ingd, manoged the esorly  engineering
slurdies o the Herogon Program.

Richard 8. Perkin (left), Chatrman of the
Bogrd ol Co-Tounder of the comparny, and

Chester W. Nimitz, Jr., Erxecutive Viee
Pregident of  Operations,  headed  the
sompemy during Perkin-Elmer's entry o
spoce recorurissoncs aotivities in 1964,
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EARLY TECHNICAL DEVELOPMENT

The development of the L5 fewih
generation photographic space recobnils-
samee camera started In the spring of 1964,
Preliminary  work began et the Itek
Corporation, Burlington, Mamsachusetls on
an  Information gathering system which
coubd  achieve the growed  resolution
necessary  for  spotfing  reconnaissance,
while at the samwe Hme, provide the wide
eoverage needed to carey out A search
weisslon from an erbiting satellite.

The pargmetery alfecting microwaws,
infrared, and wiseal spectram band sensors
and  the resolution capabilities of these
deviges were examined. The cosclusion
was  resched  that an optizal  system
working in the wlaible repion of the
electromagnetic  spectoas was the best
.

After making the . basic selection
ftek submitted a proposal in Moy 1964
recommending a pasoramic fype cumeras
with a capability of providing high ground
resobption and wide area coverage.  The
sonfiguration selected was terioed the
“uptical baz.l The arranpement i3
bagically s  reflestive  system with
refractive slements used only to correct
aherrations and flatten the focal plase. A
seanning or pasoramic type of camers was
salected sinoe it allows uwse of a high
gquality optical systen with s inberently
varrow Tweld 1o s browd coverage system.

This type of gvstem bas  the
advantage of a large scannlog aogle Hmited
ooy by vebicle window size of vignetting
by sn wljscent camers used In stereo
coverage. Tradeofl studies lovolving depth
of focus, esposure time for Bastman
Bodak Type 4404 films avallable wehbicle
space and weight lmitations resalted in
the selection of a G0-inch focal lengths
/3.0 optical system. The newly emerging
science  of  asing Modulstion Transler
Functions for the selection of system
parameters and film characteristion guided
the selection of focal length and aperturs
Blze.

Bt was at this point that the ClA
decided to fund & parallel study (Fulerem]

He TOP-SEGRED

gousual since the government freguently
has several companiesr worklng oo the same
problem to lusure the development of the
most elfective system.

On 23 June 1964, Perbio-Elmer
started work on a three-month study of &
satellite-borne  pholographic  reconnals-
sanre camera  with  the  following
aperational requirsments.

a=5 fest
100 nautical miles
Comtinuous swath,

approsimately
200 mim wide

Loronnd resolution:
Ciperating Altitude:
Coverage wilh stereot

The wystem was to wse Hastwan BEodek
Type 4404 filw with suitable allowance for
potestial loprovement In exposurs index.
Turget contrasts as observed from the
aperture of the camerg, were o be 21l
Additionsl requirements mentioned in the
fioal veport wms & spoce  restriction
imposed by a Il-foor diameter wehicle
size, a 309 sheren convergence angle and 5
total scan angle of 909,

The attention of the Perkin-BElmer
study was directed toward definltion of the
optimum foem or forms of systems, powaes
and environmental requirements, compati-
bility with Sl recovery systewms, conbrol
methods, operational reliability, aed G
identification of special problem areas.

A parametric study resulled in the
selection of 3 photographle system with an
aperture of 20 inches, & focal length of 120
inghes, coverlog & B-boach film format and
scanning a  200-pautical wmile  swath
capable of o ground resslution of § feet at
nadirs This set of paramelers represented
an upper Heodt of system size, weight, and
performavce level and was wed as the
basis for the Investigntion of alternate
confliguration concepts.

M the possible camera types, the
frame camera and the slrip camera were
eliminated as candiates in the early stages
af  the study asd  the  effort  was
eoneentrated on developing configorations
of warious panoramis cameras.

Ar the outzet, It was apparent that
an eptical desigs of high performuancs

af Perkin-Elmer s a backup to the work woudd e reguired B0 mest  the
bedng performed at Ttek.  Thiz was sot specifications. Study of previous work by
14 007-0253-85
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Early sheatehes of the "Optical Bar®
takenn from an ek engineering
notebook duted 22 Moy 1954,

The top sheteh shows the pelmary
miFror [right sidel, the disgonal
mirror and the corrector plate
feenter), ond an outline of the
mipply  ond  toke-up fllm ool
fefo.

The genter ghetch idertifies the
vorious pordz of the Oplical Bar.
Mojor ports include the primary
mirror assembly (2], the diogons]
mirror (B, angd the  fleld lens
wasernbly (12).

The lower skelch shows  the
soavecrult soovelope vontalning two
aptical bars.
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Perkin-Elmer of large near-diffraction~
limited optical designs suggested  the
further study of theee types for detailed
comparison: the Patzwal, a3 Iolded
Maksutoy, and the Flat Fleld Schmidt. Of
the three designs considered; the folded
Maksutor and ap unfolded warlation were
the most suitable for use in the system.

It also became apparest in the course
af the study that the lncorporation of a
transber lens in the system woubd provide
substantial adeantages o nearly every
possible configuration. The basic choice of
an optical arrangement was a catadioptric
gystem conslsting of an objective mirror
and a correction lens at the entrance pupil.

A transfer lens system hes the function of
transferring the image from the focal
plane of the primary optical system to &
gooond focal plane in which the film is
pasitioned.

A large wuober of posible confign-
rations wers studied aod included factors
sach as method of scanming and fils
transport technigues. One systews charac-
teristic given copsiderable weight In this
lnvestigation was  the capability of

extracting film from the supply at a
constant rate during the pholographic
period. The Perkin-Elmer study resulted in
three alternste configurations: Matchboz,
Searervow, and Ferels Whesl.

Matchbox: This svstem scans with an
gscilloting mirrogr.  Its optival gystem,
fitm supply, and take-up are fixed in a
stobilized wvehdcle, [0 provides Two
independant systems which ocon be
operated separalely v the event of
Jallure of one.
this gvatem wes 2800 pounds.

Estimoted welght o

Focal length L20 i,
Aperture diameler 24 .
Bty eyele L8
Film welucily g ips
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Scarecrow:  Thiz svatem scons by Focal length 1240 .
rotating o ssction o the vehicle, ] ,
which inclodes the film toke-up and Aperturs diameter 20 in.
the reentry veldele. Film tronsport Is Duty evele i
over g counter-rolaling drum. The
sutimated weight of iy sbale gvstam

eonliguration was 3150 pounds.

Film veloaity 201 ips

Ferris Wheel: Thiy svetem scons by Foval length 88 in.
rotating lenses. The [im supply and ‘
the take-up are fired in a stabilized Aperture diameter 20 in.
wvehicle. Film tronsport s over g iy ‘
counter-rotating drum. It provides Duty cycle !
gstimuoted weight of Wils wvslem was
3080 pourals,
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The study report was to be completad
by 28 September 1964 However, work did
not procesd at the asticipeted pace and as
# wemult, no sound techrical basis had baen
established for the choloe of wwe of the
alternate systems.

At & mesting on 14 September 1964,
the CIA asked Perkin-Elmer to submit a
proposal for three-months additional work
o the dnitial study, Incleding » preliminary
deslgn of all theee conligurationg selucted,
plus  some component develovment  and
experimental work. Howewver bebween that
meeting and 5 September, Perkin-Elmer
received new Instroactions,

Perkin-Elmer was Lo select the single
mieat desivable system for detadled Phaae 1
study and design by 2 Oclober 1984, In
addition, the work statewent Included a
requirement for a programe plan that would
regult in a production eon of 40 unils at a
rate of one per month, almed at o flest
fight an 1 November 1966  This was
eractly the same acbivily that Ttek began
on 1 September 1904, Two other com-
paniss were involved on this efforts The
Gensral Electele Company was developing
# spacecralt and the Aweco Company was
working on o reestry webicle for the
proposed  camers system.  Perbine-Elmer
was pow o direct competition with the
ltek Corporation for & recossalssancy
Fystem.

Wilton Hosensu was  selected as
Program  Manager on  the new stody
program. The project team was increased
from the nitial geoup of approximately 1
people to ower A0 engineers  and
bechnicians.

The CIA  established  preliminaey
Polorum camera performance  specifica-
tloms which ncluded the Tollowing:

The camera paylosd was te be
Jaunebed In & Titan I vebicle. Tt was
to be an area coversge lsearch
system  with  the best  possible
resolution and  Jochide  oontlovous
steren coverage with egual quality
pales at 309 coovergence angle. The
aystess  was e be  eapable i
mgnsseopie oparation Rlagle camera)
using Hastwan Hodak Type 4404 film.
The meximum sytem weight was

22060 pounds with o filw supply not
excesding 900 pounds la requirement
arrived at on the besls of a 10-day
mission lifetime). The ground resslu-
biom ab nedir was to be betler than &
foot, and the scan angle specified foe
the systerm was 12409 It was also
desgirable to obtain the wmaximum
posaible area coverage per misslon,
although so e wdsioun coverage
requirement was  spocified. The
specification also poted that the scan
angle (1209) and the stereo angle

1309 were under study and might be

revised downward. The speciflication

also  eevealed that the gproposed

design had 1o be compatible with a

bate 1966 fiest Jownchs piven s March

1965 program approval.  The space-

cralt contractor was 1o be selected

by sarly Novewmber 1964,

The parameters for the optical
aystem eatablished tn the inithal theese
month study [(Phase O} were the basis for
the Phase 1 Stedy. It was shown in the
course of the Phase 0 eliort that & system
whaich would rellably resulve grouwsd Largets
in the two o five foot range should have a
focal length of spprovimately B0 doohes
and & relative aperture of the oeder of 1/4-
These values were adopied in the sysiem
selection study which initiated the Phase I
sifort and were reported in the Ad Hoo
Bupplementary Heport 101.%2  This was a
continuation of Earle Brown's study in the
Phase § effort.

The Farle Deown weport provided a
classification of ponoramic camers
wyuntems with the characterisiics required
by the Foloum  specifications. The
classification  idemtified 576 posaible
aystem arrangements, some of which were
illogiesl, but some of which oould be
realized in several variations of form.

Slaty  ayvstems  wers selocted  fop
consideration In chooslog  the optimum
conliguration. A Maksutove optical system
with a relative aperture of /4 was
selected. Helractive systoms were nof
congidersd  fpasible for  the Fulorum
application ssd the Malmotov sysiom v
sutficiently roprosentative of catadiopteic
wystems for the purpose of the study.

First stage elimivation reduced
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considerationg to five  calegories: The following are the sgtswm gpoacilications
Omcillating Twrnstile, Rotating Turnstile, of the Pulerum syatems

Cmcillating  Beoowstlck, Hotating Brosw-

sticky spd the Hotatlog Feerls Wheel .+ Focal Length T8 inches

After consideration of components peeded Aperture g4
in the varlous forms (3 process in which the Spaed 118
peed for o large Dal wireor was @ Camera Weight 1700 pounds
significant fastor), the Jormel cholce Film Welght 1108 pounds (34,000
eventually fell to an Oscillating Turpstile foat w 5.0 inch
system as poosessing the most advantages Coverage
and the least disadvantages. =Rieren 5.8 x 106 namtical
suare miles
=M ono 11.6 = 106 nautical
sguare mwibes
Payload Siee 114 inch diameter x
132 inches long

Exposure Time 17200 second on 4404
Filen (309 sun angle)

She Width 3315 meh

Film Velocity 63 inchesfsecond st
¥it = 0048 rad/sec

Besolution at Zto 3 leet

nadi
Braveo Angle dge
Bean Angle +45 {009 poral)

Orbit Altitude 100 nautical miles

While the fusdamestal desigs
approaches adopbed on the Phase 1 progran
represested techniques which were proven
affective o prior bardware devslopment
efforts, there were o sumber of areas in
which it wai deemed advisable to design
and  construact  beeadbourds o prove
feasibility of the deslpn appeosches) to
make guintitative weapeements o assure
meeting the camera speeilications; and to
muore effectively visualize the system In a
three~dimensional form %o that stroctural
désign and space utilization could be
optimized. Seven  design  aress  wers
bremdhosrded and tested:

{1} The filw fraveport svstem,
from supply through the camera
to takeup, was breadboarded in
full seale {this was called the
*rockiall shaker™.

& A small optical wockup was
consteurted to demonstrabe the

The Turnstile conflguration has «a
roller film transport at the focal
plang.  The fold s taken in o plone

normal to the slit, and the escillation corvectness of the image orien-
parallel to the film plane, which {31  Two structural mockups of the

avoids the necessity for twisters. complete system were made; a
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small-scale "Mecoans” wmochup
fo ald In space wisualizabion,
sodn opeling  techilgueds, asd
strustural concepts, and a full-
scale lens come mockup loock-
tail shaker] to furnish the
effective viauslization of the
owerall syebem e and waight,
to demonstrate the sature of
the dynamic interactions  ine
volved, and to furnish a
dynamic vebicle for the full-
scale tranaport syvsten mockup.

{41  An electromechanicsl  funes
tional breadboard of the essen-
tial elements of the film
velocity cootrol system; in=
cluding the reguirements for
setting of the sowmisal welocily
by a focal length adjustment
ool and for modulation of
the film velogity during scam,
was constracted and tested.

{5 A dynamic hunctional wmodel of
the camera syslem was cop-
structed to study the dynamics
of the scan oyele, as an dnpat to
the effective design of =
minimum snergy camera deive
contral, was buiit.

6] A small-scale wmockup of the
film transporr deive mechanism
and the exposure st ares was
ponstracted and tested to wid in
the development of the film
tramaport  control serve  syse
tems, and to demomstrate ihe
sifectivensss of the dilferen-
tial flm  tesslondng  device
which maintains sdeguate fens
slon In the platen ares without
the expenditure of luge
gquantities of emergy at the

7y A Honeh Grating  Inters
ferometer was constructed to
meaggre film fatness in the
platen ares fo determiine the
tension reqguirement o main-
tain camera focus wilhin the
established tolerance.

The Perkin-Elmer four-month study
ropart sond proposal were submitted to the

He TOP SECRET-

CIA on 1 February 1965 as scheduled.®
While Perkin-Elmer was working on
the Fulecrums ek was nvolved in the
feasibility stwly of 8  coslipwration
{Popticel bar" concept) they bhad proposed
o fhe LA do thelr May 194 peopossl
ek starked Phase 1 af the Pulesum
program  on 1 September 1964 and
sonsbructed various breadboards and a full
seals working model of the "apticsl bus®
ek submitted & flnal report to the
Cla on 26 Febrawry 1965, o wonth alter
Porkin-Elmer submitted thelr wersion of
the Fuolesuss  system.S Unlike the
Perkin~Elmer system which consisted of
two leas cones using an oscillating scanndng
motion, Irek's “optical bae™ scapned in a
contineous motion. The basic ldes of the
optical bar® was deweloped by Dek in a
1962 study. The configuration i known to
muost optical compenies, howewver, 11 was
Itelk that [iest applisd It to the Puloram
wysteim. The proposed design was o §0-lnch
foral length, 8730 optical system, with &
tramsler lens system. The lollowing are

the system specilications of the ltek
Fuleruns desipn.
Foeal Length &l inches
Aperture ER
Spead %
Camera Welght L340 pownds
Filmm Weight ®
Coverage
~Bleren 58 x_10% nautical
milea
~hf ey 116 x 105 nautical
mbben
Payload Slge *
Exposure Time ®
Slit Wadth *
File Velocity b
Fesolution at Nadis #
Steren Angle ®

w50 {120 total)

Bean Angle s
100 pautical miles

Orbit Altitade

*Not included in report.”

Itek’s design was based on experience
acgulred durlng development and test of a
full-seale filw transport brassboard and
critical optical eloments.

Isitially, 1 March 1965 was the date
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Popkine-Elmer *Falorum?® Comerg

Phase [ Design Proposed in
Juruiary [965

-

Fitm Path for Phase |
Aft~Looking Camera System
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Full scole mockup of Perkin-Elmer's Phase [ design.

Due o its

configuration and eperation, it was nicknamed the "eocktall shaker®
it contained a film traraport system consisting of rellers and alr bars,
and transferred film from a supply spool to a take-up spool.

on which the camera contractor was 1o be
selected. However, just pelor to the date,
Ttek decided o withdeaw from the (OIA4)
comperition.

The CLA was now placed dn &
dilemma. It favored Tek's coooept of the
“sptical bar” over Perkin-Elmer's "oocktall
shaker™, but wanted the Tull 12079 scan
which ek copsidered unvecesssry sinoe it
wimid be wsed Inbrequently.

The CIA decided to ask Perkin-Elmer
to  continue  the development of  the
“optical bar® copnliguration. On 1 Masch
1965, Bud Wheslon, head of the Sclence

and Technology Group of the CIA, wisited

in Horwalk, Connecticut to dlscus this
poasibility. Mr. Nimits agreed to contious
the programi however; e was reluctant to
do so without s thorough analvsls of the
Trek system.

Perkin-Elmer engineers began thew
review of the Polerum or "F system lalso
code named Protem at Perldon-Elmer) and
after working oo the analysiz for almost 8
wanks; Perkin-Elmer developed a modified
vorsion of Itek's concent, Ihe "F-Prime”
system. In addition to the F desipns,
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Trale's Engineering Brossboard of the Optical Bar

Perkin-Blmer also developed an entirely
different eonfiguration called the M
system. A system called the Matchbox or
"24® gyatem Had been stodied during the
PorkineElmer Frase "0 effoer from June-
September 1964, An "M" syatem design,
funded by the USAF, was alse developed by
the Eastman Kedak Company. This study
contract was transferved to Hek sometime
after March 1965,

The concept was resurrected, and
with modifications and Improvements, was
developed to fulfill the new reguirements
of the Falerum system. At the thoe that
Perkin-Elmer developed the F' design.
Macleish felt that it was an wmecessarily
big: heavy, and expensive gystem and
decided that it would be o good ides 1o
Inok into o shmpler system and compare the
two systems (Lo the ¥ system and the M

system {based on the Matchbox
configurationl. These were defined in a
ClA WE%%E to Perkin-Blmer dated 14
April 1965.

The new Fuolerum camers system
reguirements were to be the basis fow
evalpation of proposed designs which were
scheduled to be presented to an KBEOD study
pasel. The speciflcations were espanded
and refined but essentially contained the
original Fuleram reguirements.  The 14
April wemssage specified that the camers
scan angle had to be at least 909 with a
scan angle capability up to 1207%adlustable
prior $o launch. The camers system design
walght colling was established at 3408
pounds,  becheling Hlo and  camera
mwownting  structure, but  not  apcillary
camera hardware such as the Stellar/Inden
it and the secovery takeup assembly.
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Profile of Ited’s Brosshoord Conflguration

S

Profile of Iek's Camerg Conflipuration
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Outline of the Perkibr-Elmer
B Comera Configaration.

Outline of the ek
Fulerum (F) Camera
System.

Outlineg af the
Perldr-Elmer  modl-
fied wersion () of
dtelfs  (F}  camers

svatem,
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Porkin-Elmer presented both the ¥
and the W systems st the Land Panel
briefing which was held on 21 July 1965
The purposs of the pans] mesting was 1o
review the UIA's proposed systems (F" and
8% and other competing systems which
included & pew Ttek desipn sow sponscred
by the USAF, and an Bsstman Fodask
concept {also funded by the DSAFL

The Land Parel decided that a three-
month  system  delinition  phase was
necessure to fleos up the desipes of the
competing systems. Peckin-Eliner was to
waabie 4 Hoal choles Between the ¥ and the
W' systems prior to 18 August 1965. On 14
September 1905, during a presentation to
the Clas, Perkin-Eloer recommended drop-
ping the M system and continuing work on

Hx TOP-SECREP-

the ¥ svatem.
Cra2

A revised work statement  was
Forpaulated by the CIA on 17 September
1965 to define the work that was to be
scoomplished on the F' system design.
Various engineering and experimental tasks
were gutiined and completion dates wore

This was approved by the

apacifieds
There was to e ope  moes
‘preliminary  review of all  competing

systems by the MNational Reconnalssance
Cllice prior to the releage o the Reguest
For Proposal (BFP for the  fourth
gensration reconpabsance cameras  The
Director of the HEQO established 2 task
group to provide him with information
which would be used fo assist him in

Inftial Concept Drawing of Perkin-Elmer's Sensor Sdbgvstem Design

B O07-0453-85
HANDLE VIA BYEM AN
He TOP-SECHETD- CUNTROL SYSTEM ONLY

Approved for Release: 2016/12/07 C05096580




Approved for Release: 2016/12/07 C05096580
A HISTORY OF THE HEXAGON PROGRAM

NEO APPROVED FOR e TOP-SECRET.
KELEASE 17 Seplember 2017

a7 BIF 007025385
HANDLE VIA BYEMAN
He POPSECRET CONTROL BYSTEM ONLY

Approved for Release: 2016/12/07 C05096580



Approved for Release: 2016/12/07 C05096580

NRO APPROVED FOR

RELEASE 17 September 2011 Hx

e B iy Wal

-
LN R
s - . . I R b
e e .
- iy . .
. e e - }.
s N e e

e
B g
Rl B R W

| =

The Conceprugl Drawing of Perkin-Elmer's Hexogon Camera System

determining the course of action at the guirements of the pew recossnalssance
camera contractor companies before and cammers, bat abse detailed requirements for
during source scelection”  The task group program  contrel  and  administrative

was scheduled to visit Perkin-Elmer on 9 funetions. The proposal request ncluded a
December 1965 and Dtek on 10 December further relinement of operational and

1965, The Perkipe-Elmer presentation o pariormance requirements praviously
chaded the status of the F° design activite stated in fupded studies and work
& bried historical sceount of the company’s statements.

aotivities Falovant o e new The weguired pround resolution for
searchisweweiilance systein, and  the the system Drom design peripee altitude

projected state of the project in the time was b be 2.7 feel or better at scan padie.
span hetween 1 January 1966 and 1 Apedl Breren coverage of at least 209 but not
1966, greater than 30° was to be provided. The

After the presontation to the HNROD sodn angle was Lo Be st least #4587 but not
reprosentatives, DPorkin-Blmer eoontioued o emcesd  +A00, The required daily

its work om the F osystew and made coverage was over 566,500 nautical square
preparations for the final proposal.  The e ilen.
RFP for the fourth peseration systen @as The specilied ground resolulion pe-
finally reloased to the camera conteactors wilted from work performed by Frank Scolt
on 21 May 1965.10 in Perkin-Blmes’s Hesearch Deparfment
For the nest 8 wesks, the major Working with Des. Dosald §. Buckosr and
effort at the vewly formed Ad Bog Depart~ Al Harabedian of Human Pactors Ressarch,
ment was proposal preparation. Eagloeer- through & sehoontract, Scott conducted
ing analyses and expeorimental tests were prvchophysioal  sssessments  of  photo-
conducted fo support the technlcal pro- Interpreter performance (ot pecessarily
gl

. proferameel  as a function of  ground
The 127-page RFP contained sot only resadotion. A series of such studies

the design criteria amd perfoemance re= womducted for Les Dhrks.
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Early Perkin-Elmer Sketch of Hexagon Camera Showing Major Components

and of the National Fhoto-
granh tion Center ssaisted and
made  awatlable practicing  prolessional

photo-interpreters to serve a3 subjecis
Likewise, studies showed phuoto-
interpreters performed best with stereo
convergence angles of about 109 while
photogrammetrists minimized mensuration
srrors with large angles, greater than 309
to satisfy both kinds of users of the
prospective Hexagon Systers images, Les
Drirks decided on 209,

The new camera was to be launched
in & Titan TID aed capable of operating 40
minates puar day. The imitial plaoned
mission durstion was now 30 days, with a
capability of extended missions to 50 days.

The technival evolution of the fourth
generation reconnalssance camers, Spok
soved and funded by the CLA, dovolved the
techaical participaticn of both the Dtek
Corporation and the Perkin-Elmer Corpor
vation. Beglsning with the Dtek study in
the gpelag of 1964, to the fisal dmproved
verslon of the "sptical bar® configuration
developed by PerbineBlmer, reguired over
twe and one hall years of engioesring
wifort.

Poerlin-Elmer sabmitted fts propossl

for the new camera on 21 July 196511
However, this was anol the end. Alter an
imitial  ewvslustion, the NRO reguested
additional supporting data from the camera
contractors  and  asked that techoical
personnel from these companies attend a
three-hour telefing and be prepored to
angwer gquestions. The meetings were held
an Z and 3 August 1966.12

Dt & and 9 Awgust, teo propossl
avaluation  teams, both techoical and
operations, visited Perkin-Elmer,l3 In
addition o a formel pressotation by
Perldn-Blmer wmonagement and prograt
personnel, the task groups held working
sesions  wilth  wariouws  production  amd
logistios  porsonnel  and  evamined  the
faciiities which were scheduled to be used
on the new program.

On 1 Beptember 1966, the Sourcs
Selection Board, headed by Chalrman
Leslie . Dirks, reported thelr findings to
De. Flax {Director of the HRO). The
report suggested that certain deficiencies
sxlsted in the proposals and indicated the
nead for & carefal reassessment of the
fmpact on oost and schedule to rectify
these deficiencies.}4

Members of the Office of Special
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Projects/CIA visited Perkin-Elmer on 8
September 1966 to establish ground rules
for the reassessment of the development
sehedules and assoctated costs.  Perkin-

Elmer's response was hand-carried to the

Bouree Selection Board on 26 September
1966,

Program personnel al Perkin-Elmer
continged to work on useful engineering
analyvees and experimental tasks 1o the day
the winning proposal was announced by the
MNRO.

AWARD OF CONTRACT

O 10 October 1966, & phone rang in
Bob Sorensen’s office. The call was from
John Crowley, Divector of Special Projects
in the CIA. Usfortunately, Bob Soretsen,
who at that time was Senior Vice President
of the Optical Goup, was attending a
weeting outside of the plant. However, his
secratary was Bnally able to resch him and
inform him of the phons esll. Upeon
contacting John Crowley, Bob Sorensen
was given the good news. Perkin-Elmer
had won the competition Iyr the fourth
gensration reconnaizsance camera, the
Hexagon program:  Two days latern, the
award of contract was confirmed officially
by a TWX message that read In party "This
is to advise that your proposal has been
poviewed amd svalusted by the povernment
and you have been selected {or the award
aof & contract for essentially the efforl as
cutlined in reference proposal.”

As soon a8 Bob Sorersen learned of
the award, he called Dick Werner who
headed the propossl activity and was to
beoome the Gensrsl Manager of the new
Optical Technology Division desipnated to
implement the Hexapon peograms. It was to
be the third division iIn the Cptical Group.
The following morning, Dick Werner called
all his program people together in a lasge
engineering work area. He jumped up on a
table, Lt up the largest cigar aoy of them
had ever seen and anpounced that Perkin-
Elmer had won the competition. After a
momentary sigh of rellel, thers was an
immediate shout of joy that echoed
through the balls. After the hand-shaking
and back-slapping were over, THck Werner
said, "How let's roll up owr sleeves and get

Hx TOP-GEGRET-

to work." And work they didl The waiting
period was over and they could now move
full spead abead.

W. Richord Werner heooded the Hexagon
proposal team and later became the first
General  Manager of the  Optical
Technolegy Division.

The techuical and adoministrative
problems abead, howewer, would prove to
be ten times more difficelt than anvone
had eovisioned. In many instances, this
prograss was to change the carsers of
many in the company, and to some extent,
have a perscual Impact on thelr lives. This
was not to be a9 to § job. It was a task
that would test the temper and characiér
of mapy assigned to the program. Some
womdd become stromger because of their
involvement, somes would be  hurt
emetinnally and physleally, and some would
fall by the wayside b0 be replaced by
slronger Ones.

Ume thing was clegr at the outgst —
the suceess of this program could never be
compromised becavse of any individual or
gituwation. The progrem came first and
accommodations were made by program
persoumel ot all lovels. IF i1 meant working
straipht through o 2d-howr day to solve a
eritical problem or finlsh & wital test, there
was no hesitation on anyone's part. This
attitude prevails to the prosent.

The weeks following the award were
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very active. A kekoff mecting wos held
19-20 October 19662 It was a complete
seview of the Hexagon program organisas
tions  dpcleding the ClA; the System
Enginesring Contractor (CIA  techaical
consultants), and the Sessor Subsvstem
Coptractor (Perkin-Elmer). Hemagon pro-
gram responsibilities were discussed and
interim operating ground  wales  wers
established. Working group sessions
fncladed the Assembly and Checkout
Groupy  the Security Geoup, and  the
Contracts Group.

A preliminery  event st was
ecompiled. Among the EKey milestones
satablished were the letler contract award,
the completion of the program plan, and
the issuance of the formal contract award.
To cover the period betweesn 10 October

1966 and the day that the formal contract '

wan to be lssued {4 19671, negotiations
were beld wit {ClA Con-
tracting Officer) and Thomas Kindilien
{OTD Director of Conteact Administeation
and  Purchasingh Perkin-Blmer was
authorized to procesd with the Hesapon
program i accordance with 2 statement of
work outhlned o a TWX message for a
gix-mponth pﬂi@:ﬂij‘* A letter ocontract was
awentually received by Perkin-Elmer on 23
Movember 1965,

The organization of the new Perkin-
Elmer divigion waz now in aflect, Dick
Werner, General Masager of OTD reporied
o Bob Sorensen, benior Vice President of
the Optical Group. On the day that the
canteast was awarded, OTD had & total of
«17 puﬁ:ﬁpimé .

To understand the status of the
Hewagon program at OTD the day the
contract was awerdedy; i i belplel o
review the tasks that were worked om from
the begioning of the program {23 June
1964y to 10 October 19661 During this
period  most  program  personnel  wore
located in the Wilton facilities, both 50
Danbury Hoad and 77 Danbury Road.

The Hest statement of work covering
Phase 0 {June 19064 fo Bept 1964) specified
that, "The attention of the study effort
will be direcied toward definltion of the
optimum form or forms of system, with
particular amphasis on factors such as size,
welpht, power, and soviconmental require=

ments, compatibility with fillo recovery
systems, conirol wethoeds, operational
reliabitity, and the delineation of special
problem areas.” The program was planned
in  three steps; a  parametsic  stody,
investigation of altersate configuration
concepts, and determination of the signifi-
cant peoblem aress.  The criginal intent
was to complete all three steps and subumit
2 final report on 28 September 1964
Howsver, work did sot proceed at the
asticipated pace with the result that on
Ehat detey the program hed progressed
nearly through step two, with preliminary
work sccomplished in step three.

Al & wmeeting between ULA represen-
tatives and Perkin-Elmer on 14 Beptember
1964, i was decided that the program be
comtineed watil 1 January 1965 A
additiemal statement of work was agreed
o6 and ncluded the fﬁllﬁwingﬁﬁ’

{1l Contipuation of preliminary
design  effort oo the three
alternate systems to the point
where 3 choioe can réasonably
be made on technical grounds,

{3 Completion of optical design
investigation of travsfer lens
wyaten.

{3 Investigation of  automatic
focus control feasibilitys

(4} TFeasibility and sffectivensss of
Exposure control.

{8 Study of technlgues for closed
loop Image Wotion Compensa-
Hon

B} Determinstion  of  desirable
characteristios of an optimum
£l

M Asalysis  of  interfaces  and
interactions ol photographic
sgstem with vebicle in the case
of all three svatems  legw
mmeenbvemy, roll=joints, attitodle
coniral, st

The delivery schedule of the fnal
report on Phase O was changed to 15
Cotober 19640 1L was deloved and lnally
deliversd op 16 November 1964,

During the time that the Phase 0O
wotivity was In progress. the GlA also
reguested Perkin-Elmer's involvement in a
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detailed Phase [ atudy sod design effort for
#  production  model of  the fourth
genaration reconnelssanes  camerd.  The
work statement agreed on by the Cla wd
Perkin-Blomer on 39 September 1964
included the mimwmg@?

{1 By 2 October 1964 [changed fo
19 October}d; select the single
most  desirable  system  foe
detalled FPhase I study and
desipns Therealier:
fal Proeeed with the detailsd

aptical  desigs  (studyl;
complete Class A" drave-
inge of the optical ale-
wents, determine lsad
times and specily manu~
facturing tooling aod fest
provedures.

b} Proceed with the desipn
of & film transport zub-
gystem. Breadboard ele-
ments of this subsystem
for delivery and deliver
an evaluation report with
test rosults.

fe}  Prooeed with the camera
deslpn to the point where
deawlogs suilable for the
engineering wodel can be
prepareds Some mockups
will be made.

fdl Accomplish the necessary
theorstical asalyges 0
define the thermal, stress
and other savironmental

parameters oritical o
syatem desipn aod perfoe-
it e o

el Complete detailed peefor-
mance predictions.

{1 Inwestigate and  define
welpht, powes, Inlerlaces
{thermal, mechanical, and
electricalls coverage, snd
reliability

{2} Carry out a design of relmaging
optios.

13 Desigs and breadboard an autos
focus wechenism for delivery,
and deliver an evaluation repost
with test results.

{4} Propare a program plas o

Hx TOP SECRET-

inchde:

{a} Schedule for engineering
model  and  protolype
wEi s

fb}  Schedule of funding and
oither resources reguived
to achisve & production
run of 40 usits af & rdte
of one per month; almed
at & Hest  Hight 1
Hevember 1966
(e} Milestone schedule or
PERT chart for critbcal
TLBIE.
{5/ Deliver a final report covering
all the abowe.
6} Submit wonthly letter reporis

covering  technical progress,
muanpower loading and fund ez
penditure.

The Hoal report oo Phese [ was

deliversd to the CIA on 1 February 1965.

Howseer,  based  on  discussions In
Washington, DwCwy 26 Jaouary 1965 Perkine
Elmer was asksd to do additional work on
the followisg tasks during the month of
February.?

{al  On existing | samples,
meaiare critical physical prop-
erties. Analvee opti ghraes
ture angd the

{b]  Mockup #ige figwre §
dynamic systern for ook cone {0
warily  leasibility. Study
tradecll of duty oyels and
accelerations.

{c}  Complete analysis of film posis
tion when supported by teo
rollers in piaten.

{df  Investigate and entily ceuse
of high frequency Sl flutter
in wacuum by experimentally
wvarying hole patterns [in gas
barsl. Measure gas flow.

fe}  Obraln further laboratoey data
on autofocus breadboard to test
theory threough wider rangs of
eonditions. Extend the bresd-
board to nclude Phase sensitive
demodulation for signal pro-
Cossing.
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Y Project mansgement reports on
the above [ive tasks, trawel,
axtension of leases on equip=
ment for one wmonth: guards fop

o meonthy, amd phones.

In the same message lsting the above
tasks, a Perkin-Elmer lotter i relerenced
MW-aH-33, 21 Jemwery 1965 discussing
GEME and ADM.  These acBivities for the
CIA began on 21 Jasuary 1965, were o be
completed by 30 March 1965, and later
extended to ¥ June, 1965 and inchuded two
Faales, LU

Task 1 Preparation of 11 GEMS.
Bach Gem shall be a
simulated enlargement of
a camera negative. The
detailed gensral deserip-
tiom apd detailed specifi-
gations are specilied In
Abttachment 1 t0 the subs
ject contract

Task I To measure the 3-bar tar-
get  modelation detect-
ability of Hodak films
type 4404, type BU-LG,
wod type BO-1Z1 a5 &
function of swposure, pro-
esgsimg, and  shape of
modalation ransier func~
thon curwe. The detailed
reguirements  are  specis
fied a0 Attachwment 0 of
the sublect contract.

O 1 March 1965, Chester Nimits, Je.
received  an important  phosne call
dobp Crowley of the CLA asked um o

"pptical bar® concept developed by the Jtek
Gorporation.  The CI& apperently had a
stromger nterest in the oplical bar concept
than it had o Perkin-Bloers Phase |
desdgn, the "cockiall shaker.”

{Later Eastrosn Bodak's "M system,
ajgo developsd in Phase 1 of the buloram
program; would be contipued by the ek
Corporation becauwse of Kodak's lavolve-
ment in the Manped Orbiting Laboratory

opportumity fo review and asalyse the
sptical bor system. The QLA agreed to this
srrangement and 5 statement of work
eovering this activity at Perkin-Elmer was

Approved. I included the following
taskssll
{a) Commencing | March 1965 con-

e wseful work as outlined |

Bel. 1 {TWX Messags

3421 plus review of material

fleek design reporis) furnished

{(Perkin-Elmer] at {

headguarters) on 5 March. This

review to omntihowe then 22

Marah 1965,

Commencing 22 March 1968

and contisuing thra 20 Apeil

1965 (changed to 7 May 1965112

complete the following tasks s

indicated.

{1} Contimee analysis of Pul-
erum gystem as described
Wy reporis,  drawings,
breadboards, eic. fur-
wisked a3 GFE incloding
appropriale experimenta~
o
In eonjusction with CIA
technical persoomed {oon
sultants] and  associate
somtraciors, introduce

©omew Dullding blocks where
wseial.

Lavpaut facility and
program plan for produce
Yien program by May
1565,

Lot inie baxildup o
wanpewsr a5 indicated
during 44 Muarch mesting
at Perkin-Eloer.

b}

L

(3

(4

The abowe statement of work was
later revised as follows:!3

Followlng 1s revigion to TWX
2450 velerencing statement of work for
letter contract based on TWR 1382
and TR

program.)  Ohester Nhwits, Joo seplied lal  Commenchsy 1 March 1965 con-
that Peskin-Bloer would be unible to bimise pertinent tasks  under
antept the assigrement unless 1t had an work statement in {contract)
34 BIF 007-0253-85
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AMSTO0L and veview matevial
furnished us {(Perkin-Elmer] at
wir 5 March 1965, This
review to continge theough 22
March 1965

Commencing 32 March 1965
and continuing thra 20 May
1945 complets the following
fanks 46 indicated.

{1} Conthmme  asadysis of
Puloeum system as  de-
seribed by reports; deaws
ings, breadboards, eto,
furnmished 83 GFE in-
clading  appropriate  ex-
perimentation.

i conjunction with your
technical persommel and
asspciate contraciors, ln-
teoduce wmew  bullding
blocks where uselul.

I additien to  above
furnish preliminary design
layont foe saeond
configuration.

Furaish a peogram plan by
0 May 1965 covering the
following: gl
techoical content and
Justification Lo ther
system approach, bl the
schedule and ROM oosts
for the system proposed
alomg  with carefully
stated assumptions, amd
ey a complete prosentas
tion of resources apoli-
cable, Loy facilities and
mangower, buth corporate
and subcontract and the
proposed management ar-
rangement  intersal s
WOLEE COMPBABY.
Commencing 21 May 1968
the conteactor shall con=
tinue design effoet and
brasshoarding and coordi-
nation with asssciate con-
tractors leading to ioler-
face delindtion o the
axtent possible by 1 June
1965,

{2

35

(5

Dme of the bmportant additions in the

35

revised statement of work was the lnclhu-
siom of a second configuration ["M°
systeml. This system was peoposed by Des
Keaneth Macleish (Vice Fresident, Engi-
medfing, Optical Group! who was concerned
about the complexity and cost of the
Fulerutw design. He folf that it was
important to abow the CIA that there way
an altevnate solution. The "F® design way
predicabed oo beldoy able to see 1209 in dne
swasp and a8 2 result it was poorly adapted
to sesing small angular dectors.  He wag
proved correct in later years sinoe 1L was
troublesome to program i swall Mlooks”
efi‘ia‘;iﬁmry‘;l‘i

During ithe Phase 1 efforty Perkin-
Elmer alss segotiated 3 contrast with the
CIA o perlorm  the followlng  tashks
between 15 January 1965 and 30 Nevember
1045.45

Fask 1~ Continuous Polishing

(1 Contineed  experimentation of
polishing peocess with bread-
board and leased machines.

{2} Continued development of lap
interierometer.

{3} Completion of suvironmentally
controlled pollsbing rocum.

4 Braluation of the provess, due
15 May 1966.

(5] Fimal  weitien  pepost (487

Tapeaster) doe 15 May 1966

Task II - Selective Coating

{1} Continaed development of the
coating technigues with an
objective of sucoessfully oo
renting moderate size wmivvons
diring this phass.
Lombined development of sull-
able coating materials  and
coating parameters.
Ewaluation and written repori
due on 15 May 1966,

&

{3

Task I - Optical Test Technigues

{1} Develop Holograwm interferom-
aber and prove technlque which
will show devwistion of test
piees from master. Application
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to selective coating deposition;

saplbiarie  manulacturing  and

eontinuous polishing activn will

be dotermined.
(&) Bepowrt due on 18 May 1966,
Task IV = Image Cuality

i Conduet studies and tests in the
continaation of the search for a
summary  messure of lmage
guality in sccordance with con-
bractor's  proposal  dated 2
August 1965, Badd  proposal
being Incorporated herein by
relorence. Heports shall be
submaitted on a wmonthly basis
aad fisal reports submitted on
the completion of each task.
All work shall be completed 30
Hovember 1968,

Task V- Herriott Interloromater

amendment 1 - started 1 Apsil

1964
Task Vi<  Flzeaw Interferometer Inchuding
Skip Interiervmeter -

fAmendiment 2 - started 15 Jwwary
19k

By the beglening of Jume 1965,
Pervin-Eltner was  prepaving  for a4
presentation which was to be glven to the
Land Panel, & subcommittes of the HRO
formed o study varlous groposed systems
for the fowsth generation reconnalssance
gystem,y to declde the directios of ihe
program. A statement of woek which
coverad the activities for the montk of
June 1965 contained the following tasks 1o

He TOP-SEGHET

sign the current F-Prime
configuration only to the
extent that these lnter-
faces dictate.
Task 2 Comdust sullicient inter-
facing with the assoclats
comtractors such a2z fo
have a wvalld integrated
Matchbox system by 30
Junes  {(The ™M™ system
was  the configuration
pecommendsd by U
Macleishl-  Bedesign the
current  malchbox  cone
figuration only i5 the
sutent that these [nter-
faves dictabe.
Task 3 Perform sullicient analy-
sl 1o support the Malch-
box performance predic-
floms so that & mesndophal
Somparison San be wmade
with the F-Pelme perfor-
manee predictions.
Task 4 Deslgn and comstruct a
breadboard of the 18D
degree twister as  dis-
cossed with oo 4
Jupwes  Bubject breadbosrd
will be completed and
vesilts deliversble to the
pamel by 30 June.  (The
Land Panel mewting was
eventually held on 21 July
1965).

Fulerars  program activities sl
Perkin-Bluowe for the month of July 1965
wire coversd by & work stalement which
included the following tasks.17

Tase 1 Londuct  the maximum Task 1 Complets construction
amount  of  isterfecieg and debug of breadbosrd
with the assoclated gon- of 1807 vwister by T Julys
tractors such a5 1o have Subemit test plan to Head-
the best pousible inte- guasters by 7 July. Com~
grated F-prime system by plete tests by 16 July.
30 June. [Feprime was Bubmit  repozt on fest
the Perkin-Eloer redesign results by 20 July.
of Ttek's “optical bar®
Fulorum system).  Rede- Task & Deslgn the Matchbox
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Task 3

Task 4

Tauk 5

Camera Bystem such as to

include those electronic
features best sulted fow
total systen porformance
{ftrey pervomechanisms foe
deiving  the oscillating
mirrar andfor MO Do
tions incleding earth rota-
tiond. A dual approach
fmechanical and  elee
tromie] will be maintaioed
wotil such 4 time as the
Project ffice ad
Perkin-Elmer can make &
clegr cholos.

Conduct a complete ther-
wmeal  mmalysis of  the
Matchbox Camera Syalom
for worst case conditions
during mamioum  pholo-
praphic  wsepeescing  awd
during  Tstorsd”  pesisd.
Report of results is due
20 Julys

Formolate dymemic mod-
els for the F-Prime and
Matchboz Lamera  Dys-
tems. ldentifly the dis~
turbance pulse shapes and
perform & dynamic re-
sponse analysis. Uenersls
patical bar tolersnce ori-
feria tm the case of
FuoPrime showing allows
able slopes and dellscs
tions at ceitical locations.
A preliminary wersion of
each model iz dus by 9
ke

Propace & threswsigma
spatematic  and  random
fmage blor semmery o
Both the scan and forward
diractions with the
sguivalent error budget.
Prepare a {hoee-migma
focus esvor budget sum~
waeys  These suomaries
are reguired for both
camers  systems by 20
Jﬂiy»

Task &

Task ¥

Task B

Task 9

Task 10

Task 11

Task 14

Provide to the resotry
vehicle contractor revised
welght estimates of pay-
Ioad equipment to e
houned within the resntey
yehicle. Conduct suffi-
cient  experiments o
ascertain for the reeptry
webicle contractor the
amount of e offset
from the spool axis due to
sperational film  takeup
conditions.

Institute A g oing
welght,  balance,  and
power distribution report-
ing aystem  to  provide
mich information to the
SEAC contractor.

Perfors & pevised pali-
ability study based on the
raliability bogey provided
by the SEAC contractor.

Eize, in detall, the steuc~
tural system for both the
FePrimme and the Match-
box Camera Systemss

Hegin System  Specilica-
tions Books for both the
F-Prime and the Match-
bow Camera Systems.

Inwestigate in detail the
gynchronigation of the op-
tionl bar of the F-Prime
System to the oscillating
Haten and  prepare &
report on the techanigue
selected  with  assipgeed
tolsrances by 16 July.

Beetermine  ihe cestral
aperture obscuration for
the F-Prime oplical sys-
e Describe in detail
why the 13% flipure deter=
mined by liek canpot be
wmed, i this is true.

i 31 July 1965, the ClA sent a

Hx TOP SEGCRET-
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message to Perkin-Elmer confirming tele-
pons ko the ellect that the Puleram
Program would embark on 3 Program
Definition apd Fioal Conliguration Study
Phase.18  The following work statement
defines the tasks to be accomplished in a
three-month period.l?

This statement of work defines the
wirk 1o be sccomplished by the Perkin-
Elmer Corporation during Augusty Septen-
ber and October. The contractor shall
provide all necesssry manpowsr  and
wateriel to support the tasks defioed
hersin in accordance with the attached
wekedules Durlng this period, the peimary
im of all tasks shall be the presestation of
8 cumplete accouwrate design report oo or
sbout 22 Movembes. The following con-
figurations are delined for this pariod.

Configuration & - Titan IL 60° Fl.
camerty 15 day wissdon, 880 pounds
ol file, one H/V.

Configurations B -~ Titan SX/SHM,
approsimnte 60F Bule camera, 30-day
mission, 3100 pounds of filoy two oe
more B/ V8.

Configuration © - Titan SX/50M, 60"
Fiole camersy 45-day mission, 2508
ponnds of film, teo or more B/ Vs
Task 1 Prapare 2 brieling to be
gleen 14 September 1965
for Headoguaetees come
parkeg the F'oasd M sy
tems  with recomomenda-
tion of system for further
study sz configuration
A% A sumimapy report
documentiog this beiefing
ahall be submitted by 1
Oetober.

Task 2 Define the selected "A°
eomfiguration payload de-
sign and present a design
eevivw  for  custower
approval on 15 Cetober.
A deslgn review package
shall be prepared and
submitted to fthe ous
tomer by 11 Ootober.

38

B TOPSECRET-

Task 3

Task 4

Task &

Hx TOP SEGRET

This destpn review pack-
age shall contaln bul not
e lmibed to spstem
description, layout deaw-
fngs, system  block dia-
gram, parks oot oand
system  reliability  esti-
mate, parformance caleg-
lations, and mass properss
ties and power estimatess

Propare 3 program plas
for the acouisition and
gperational (3 vears)
phases  of Configuration
A" to be submitted on 1

Ootober.  [This mesns 3
years  supply  of  High
wribeles, 1.,  one  per

month or 36 units). This
progeam plan shall include
but not be Lmited o
detailed schedules, cost,
development  test plan,
and {dentification of long-
iead items with schedules
and cost by manth for the
first siz months, inclheding
facilities and bardware.

Conduct &  couceptual
design and performance
eatimate for an enlarged
pavload {Cantiguration
"B based on the selected

& Pl persion.
GConceptual  design o
gmphasine  the optical
gypstem design and
avaluation ol film

bandling problems.  Gone
duct a briefing on this

“design sn 15 Ootober.

Documentation of this
brieling to be submitted
by 28 Cetober.

Londuct & design review
of  the selecied large
parload  jextended sers
vice! configuration "B or
*® for the customer on
17 Hovember. A design
raview package ay des
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Task &

Tagk B

Task 9

Task 10

Taak 11

Task 12

tailed i Task 2 shall be
submitted by 12 Novem-
b,

Frepars a program plan
for the acguisition and
operational {3 poars)
phases of the large pay-
Ioad las defined in Task 4
to be submitted on 17
November.

FParticipate In a formal
briefing on or abest 12
Howember 1965 sed other
briefings as necossury.

Support BEALD and olher
assoclate comtractors as
required int  (a) Factory
to launchk  systems  ees
gquirements anelysis  for
Configuration "A" {This
mesns the flow from fac=
tory to launchis (b)) devel-
oping overall system pro=
gram  planst (ol owerall
system planningy @) reli-
ability allovation  and
sssesyment; {o) definition
af  loterface  coeguire~
ments: and 0 malste-
pance of Dalson with
other agencles.

Maintaln waight, balance,
and power disteibution re-
porting on all configura~
thems.

Comduct reliability stud-
ion om all conbigurations
hased o1 reliabilivy
bogeys peovided by the
SEAC contractor.

Gontisue twiiter sxperds
mente  to the  degres
necessary to demonstrate
deasipn feasibilite.

Initiate experiioents o
dewelop selected designs
In critical areas.

Task 13 Study feasibility of wse of
autofocus a5 applicable fo
the selocted configura-
tiemig.

Task 14  Bubmit informal weskly
TWE  progress  Peposts
starting 20 Augast 1965,

Task 15 Prepare and  submit 2
finad report summarizing
the work performed wndes
the contract.

Bhowtly after the 14 Ssptember 1945
briefing, given to the CIA by Perkin-Elmer
in  whick Perkis-Elmer selected the
F+~Prime syatem, & revised work statement
was weitten and fncluded the following
taske.20 Tasks 11 and 1Z were later added
to the work statement.

Task | Propare & briefling to be
given 14 September 19565
for Headguarters oome
paring the F* and M sya~
toms with  reoommenda-
tion of system Tor further
study  as  Configuration
"A&% {Titen T » &l-inch
Fole  camers -~ 15-day
misslon - 880 pounds of
film - ome WV A same
mary report decamenting
this  brieling shall be
submitted by 1 Cotober
1965,

Task & Prepare proposal on se-
lected configuration and
prasent & design review
for customer approval on
15 Oetobwr. A desipgn
package shall be sub-
mitted to the customer by
11 Gotober.

Task 3 Sgpport custemer consule
tants and associate cop~
tractor’s & required to
develop overall progeam
plans and interfaces.

Task 4 Comduct reliablity stad-
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ies on all configurations
based on current engi-
weering status and rell-
ability allocations.
Task 5 Initiate experiments 1o
support selected designs
in gritical areas.
Task & Brudy feasibility of use of
autolocus as applicable o
the selected oonfigora-
tons
Thak 7 Prepars System  Specifi-
cation Book Incorporatiog
previcasly woncollated mas
perial  which will  be
sugplemented by add
thomal specificution mate-
ridl dn prodiced. Prelimi-
mary e AHES-1145.
Submitted 1 Nov 19465
Task 8 Additional project office
sk,
Task 4 Bubmit informal biweekly
THX roport.

Task 10

Prepage sl submit &
final report summarizing
work  performed under
this ernteact.

Tank 11

1965 report  submitted
033 2 Dec 19650

Task 12 (new task
How 1965 lmape gualitys

Gems

Amendment He. 2 on  Contract
Fi=20587  gcoverad  the  period  of
performance  from 1 August to 31
December 1965 and ncluded sxperiments
which were to  be contihhesed  and
initiated.2h22 Syatem  sEDerimants in
vhuded  the Tollowing: Tilm  Hatness
experiments:  Hlm  transport  propertiss,
file handliag in vacuwms, flo outgsssing
aid  autoloons  experbpants. Cptical

gaperiments inclueded material stability,
Herriot interfercmater development,
Flzony glass lovestigations, and continueus
polishing, selsctive coating and optical test
techolgues.  Support activities inchaded
system test planning, reliability studies,
wnd guality control plansiogs

fm 13 Joouary 1500 Perbis-Blmer
submmitted a program plan to the CLA which
imcorporated all of the cureent and planned
proprars  tosks and activities at Perkin-
Ehmer.td This program plun was the busis
of all the effort at Perkin-Blmer theough
the following months Effort  wan
econtinasd theough the proposal preparation
Dibieh bogan on 23 May 1956 whes Peckin-
Elmdr secdived the EFPF, to the day the
propossl was submitied to the government
an &1 July 1968) to the award of contract
on L0 October 1906,

COVER AND BECURITY
CONBIDERATIONS

Perkin-Elmer's inwolvement i
classilisd programs began even belore the
reorpanisation  of ity activities  into
commercial  and  government  business.
Prior to divisionalization, In the speing of
1956, the responaibility for the security
amupects  of clessilied programs  resided
primarily lo project wmanagement and
administration. With the exception of a
program  codenamed Projector  Project
loptical instruments for the U-2 girorafth
most of the programs at Perkin-Elmer at
that time were elther uwnclassilied or
classified at lower levels [oonfidential o
restricted)l and dd not reguire  special
secure facilities. Perkin-Elmer received
its secest facilities clearance on 13 March
1956,

Bhortly after Perkin-Elmer received
its secrat facilities clearance, the company
hired Pareick Murphy to  overseo the
secueity requirements of 2l classified
programs at Perkin-Elmer. After Murphy
lzfr  the company, James Melamara
assurmed this solee  After his resignation,
Herbert Duncing, who was bired in 1965,
became Thief Security Officer. Howwrer,
it was oot uotil Bobert Wackin joined the
company B Jene 1966 that a full-time
geourity sdwivistrator was asdlgned o the
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Hexagon program. Markin was Dunaing's
assistant for theee weeks and then became
the Sscurity Chief of the Hesagon
program. He had worked at the Central
Intelligence Agency {(CIA) prior to joiding
Perkio-HElmer.  Alter Perkin-Bloer was
awarded the Hemagon programs Markin
became the OTD Security Chief.

At the heginsdng of the space
recomnalssance program  (Discovery  mis-
shong), teers was me fomal seourity condral
system.  Althouph there were socurity
personnel at the CIA who managed this
activity amd provided security accommos
dations For “black™ proprams, a formal
industrial security wamsal  for netionsl
palicy puidance of gpade reConBaEsEnce
programs dHd  not exist. Clasgified
contracts awarded to lodestry sl ressarch
laboratories contained only  general
instructions and guidelines on managing
program  securily. The details Lo
providing a secure aces and developing
palicies to protect  classified  program
wmformpation was the responsibility of the
company awarded the contract.

The U.8. &fr Force began to develop
the "Byeman” Industrial Security Conteol
Svstem Maoual for overbead space recon-
malssance programs in the early 1960
ClA  established secwrity  policy was
implemented through the Byeman Manosal
In addition both the CIA and the UL.S. Alr
Foree adepted the procedures issued by the
U8 Intelligence Board on physical security
congtruction ceriteria. It should be noted
that guite & few of the insteactions during
the imibial  stapges of  the overhesd
reconnalssance programs to the indesteial
contractors were theough "word of mouth”

Dhersog the fiest fow yowrs that Lhe
Byewan manual was belng developed, a
mymber of povernment intelligence and
industry security representatives, including
Markin: participated in mestiogs to dscuss
the varlous aspects of peotecting “black”
programs. Owver a dozen meetings wers
hasld;y both on the Bast Cosst and the West
Coast, to create a  practical  and
functioning dooument. The Byeman
Manual is now the basic seourity doowment
used on all programs related to covert
overhiead reconnaissance.

In 1946, when the Hesmagon progeam

He FoP-E80RET
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was awarded to Perkin-Elmer, company net
sales wers SEBO00,000. The Hexagon
program Bad ao initial conteact walue of
Whea Perbio-Elmer was
fnstructed to "make the money disappear™
and wot let apyose culside of the propram
kmow that a massive contract had besn
awarded to Perkin-Elmer, it faced a
difbicult problem. For o swall 388 million
company to fry to hde | | worth
of activity was a task squivalent to frying
to hide an elephant in & closet. And the
guestion becamey, “How do vou hide an
slephant?™ I Perkin-Elmer had been a
lazpe cowmpany doiog two to these billion
dodlars worth of business anpually, it would
be a relativaly simple task to shield the
existence of the Hexagon program.
Perkin-Blmer's solution to the problem of
hiding & mwassgive covert program was to
deny its existence and aoswering the
guestion with ascther question: "What
alephant?®

At the thme [Jawusry 1965) that the
Phase [ proposal was belop weitten by
Pegltin~Elmer, only  pgeneral  securiby
isstructions wore provided by the agenoy.
A section of the Perkin-Elmer proposal
which was submitisd to the agency in
Japoary, 1965, discussed, in gencral terms,
how secarity o the program would be
handled if the contract was awarded to
Parkin-Elmer.* The iniroductory para-
graph In  the report slated, “Secwity
measures to be followed on this program
will, in pgeneval, follow the patierns
established on previous covert progrars.
The work will be done, for the largest pasty
in a separate secure area and every effort
will be made to keep woanthorized paraons
from learning what is belng dones what It Is
to be used for, its capabilities, the dentity
of the customer or associsted conteactors,
gr the Hnal schedale of operations.® Tt
mire or less expressed the security policies
followsd opn the PFulorum program from
June 1964 to the awaed of the Hesagon
contract in Ootober 1986,

The secusity writenp in the Fhage 1
proposal  alse addressed  the problem of
concealing the program from the public
and unclearsd Perkin-Elmer employees.
"The size of the program will maks it
impossible to hide the sxistence of the
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progeam  within the company. Thus a
cover story must be deriwedd. Aoy cower
story comprebensive enough to explain all
the items reguiving esplanation [bumber
and type of perscrmel, pature of wmaterials
cpdered,  ebod  must  descrdibe  specific
bardware to be cowvincing. Yeb aoy
specific cover story s subject to sasy
refutation since all firms alresdy working
o slmiler sytems would be aware that the
story s false, and all the milltery sharing &
legitimate interest in whalever iype of
gpecific bardware iz deseribed wonld claim
& legitimate speed-to-know  about  the
program. The proposed basic story theme,
theralors; s that 3 nomber of projects are
being worked on: sowme to be classified;
some Company Private, and some open.

wondd be a number of smaller  ones
reguiring less ewplanstion. They would be
grouped; more or less, together with an
explanation that there is an overlapping of
personnel  on the  varfous  projects.
Separate iaterns] work orders would be
written to cover the wvarious programs.
This procedurs s similar to that wed oo
other covert programs asd s well with
the pattern of work, accounting, and
eonteol within the comparry.” Thiz section
of the report also discussed the wmethod of
handling cowmunications, guard personasl
alarm systems, and doownest asd vislior
control  avalems. It was a carefully
eonsidered securily plan.

The CIA%s Beguest For Proposal
{RFP! for the Hexagon Program sent to
Perkin-Elmer on 23 May 1966 contalued
ey general fstrgetions on bawdlieg a
classified pmgram‘z One of the require-
menin of the EFP was 2 company plan for
a security progeam. The plan submitted by
Perkin-Elmer was almast o verbatin copy
of the security approach conlalmed in the
Fulerwm [Januaey 19680 proposal, with a
few modifications.

After the Hexmagon Jprogram wis
awarded to Perkin Elmer in Ootober 1965,
the CLA requested the OTD Becwity Olfice
for design 8 detailed security plan for the
program. Markin respoaded by writiop 2
General Security Bl Guard  Grders,
Clagsifivation of Project documents, and 2
Becurity Classification Guide and a Courler

F‘rwp&sﬁ«iﬁr&@ﬁ Dharing discussions with
Agency ropresentatives  responsible for
overall program  security, several basic
guidelines were established. Porkin-Elmer
could not reveal that 1t had any association
with satellite surveiliance or that & camera
was being desigeed for the CL&. [t was
reslized by all lnvolved that the technical
problems of designing one of the most
sophisticated and complicated camerss
#yey o envigioned would be  exiremely
difficult. However, solving these technical
problems, and at the same Hme meeting &
tight schedule and wmaintaining complete
HECTRCY magnified the  dillfcolties
tremeniously.

Perkin-Elmer wed an  in-house
eontract mumbering systern called the Bales
Parchase Owder [P0} system. The
Electro-Optical Divislon lstiag at thet
thme contained over 50 BP0 and about 20
internal Work Orders (W'l It was
Perkin-Elmer's plan to establish a separate
diwision for the Hesagon program uging 3
similar BPD and WO listing. Alter OTD's
ergation fn  Octeber 1966, the OTD
Lantracting Oftice reviewed the entive
Hexagon program and established almost
20 separate tasks which were reguired o
desipn, develop and fubricate the six senuor
subsystems thet Porkin-EBlomer was initlally
costracted fo deliver to the Cl&.

This system encompassed a large
gariety of tasks such as the construction of
the Danbury facility, thermal design,
interface activity with associate con-
tractors, and the design and falyrication of
the major camers compopents sl assem-
blies. Perkin-Elmer created a separale
contract order for each of these tasks, and
then using the theory of "plausible desial”
created a cover story and made the new
Optical Technolopy Division agpesr shuilar
to the other Perbin-Bloer divisions. By
"plausibly denwing” the troe nature of the
camera components and assemblies that
were being bullt or purchased, in total or in
part — simply by calling them something
#ha mormal  white™  procurement
procedures could be used. This theory was
nsed throughout the program activities o
minimize the need for time-copsuming and
expengive covert procedures. While It was
important to keep inviclate the security of
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the prograby, the maln objective was to
budld and fly workable bhardware, within
schedule; and 4t o minimum costs

At the time the Hexagon program
was awarded to Perkin-Elmer, the newly
eatublished Optical Technolegy Division
was understalled and did pot bave s
adeguate nuwber of people with the
sppropriate disciplines to assige to the
program. Staffing s growing division is a
difficult fask wnder norwal conditions
espacially o & strong economic climates
Providing a work force for 2 very seceelive
fechoical peogram created major problems.
Cipe fact made knows to people brielfed by
the OTD Security Offlcer was that dAgency
appeoval for thelr "access™ 1o the program
was not a "clearance.”

Mot only did the receuitment program
dilute the efforts of accassed
sdministrative and  fecludoal  people
already assipned to the program, bul the
people  Gavolved  dn recruiting  new
employess for the program were doing the
job with "one hand tied behind their backs.®
The malor question was, “What do we Tsll
these guys about thelr assigresents il we
can't divalge the nature of the program?®

The recreitment advertisements o
pewspapers and trade mapgazines bad to be
sufficiently accurate Lo attract the
reguieed dieciplines, and 8t the same time
conceal the true purpvse of the program-
The first step in the cover story was that
the new division was recruiting people not
for a single wmajor program, bat for 2
wigltiplivity of contracts. The potential
emplovess were told that they would be
assigned to & number of programs, some of
which  were  classified and  some
s lasailied.

The new hires were fsked to £l oul
various employes guestionoaizes, including
& seourity clearance form. However, they
conld not be teld that thelr smployment
was based on the successful completion of
& background security check or that they
would be placed in o "holding area® until an
access was granted by the spencys These
requirements created many problems. The
mere fact that all hires would be bolated
in one area for perlods up o twe to three
months, and in some instances as much as
ten months, and that as time passed by

B TOPEBCRET-

they would see theilr co-workers ledve the
holding area ome by one, produced a
compromising situation- The remaining
sumpccessed employees would soom realize
that they needed an access before they
tranalerred to 4 permasent aesignment.

Perkin-Bloer was  placed in &
dilewrna. The CGIA's reply 1o this problesm
was: "They may speculate about their
gituationy bt they cessot be told that
approval is required for thelr travsler out
of the holding area.*® Perkin-Elmer could
mot  tell the new hires  that their
esplovment was confiogent Upon BN ACCEES
approval and that i ¥ wes pot granbed,
they would either be tronsferred out of
OTD or terminated. Appapently, the D14
did not want a rejected smplovee to appeal
the decision and place the Agency In a
difficult position.

Ome addirional problem that Perkine
Elmer faced if 3 new emplovee hired for
the program was not grasted aceess to the
Hexzagon program was that the CIA did not
inform the company why the person was
rejected. It was clearly nooe of Perkin-
Elmer's business.  The faet that costala
praple were not suitable for a special
program aceess did not pecessarily indioabe
that they were unsuitable for  (secret op
ton  secest]  Deparbment  of  Defense
goniracts.

The wnew bire holding sres was
located at 50 Danbury Hoad, Wilton, OT in
a high bay arsa apd became koown as the
Prank." An accegsed engineering supervisor
was assigned fo overses the work in this
area. Work directed to thizs area consisted
ol program tasks that could be "sanitized.”
Using “plausible dendal,™ various  engl-
neering  and  admdnistralive assigoments
ware glven to people walllng for program
aceess.  Thereby some productive work
could be accomplished. However, because
of security constraints and becasse 0
many sspects of the program could not be
"sterilized,® the efficiency of this work
group was never more than 30 to 60
peEroent.

Envrimdus préssures began to bulld on
the progeam for additlonal accessed
people. Under normal conditionsg a secus-
rity chack reguired two to three months.
However, because of the large number of
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High Bay Area at 50 Danbury Road, Wilton, CT in 1965-66

security checks that were belug processed
by the U4, and because the 1960' saw the
passage of much social legislation which
resteicted the CIA from using commepcisl
credit  baresus  and  other  government
agencies to collect pergonne] data, the
process was slowed down considerably.
The original stafl of 12 people of Phase O
of the Fuolerum project lncveased to a
group of 50 people at the end of Phase I
{January 1965, In the sarly part of the
Program {(Februaey 1965, it veguired L6
months to acqgulre security access for a
new bire. By October 1965, the waiting
period inereased to 4.5 months.?

While sveryone on  the program
required access approval and was subiected
to the same inteagive investigaton, certain
facts were withbeld even among the
accessed personnel.  After recelving peo-
gram access Trom the CLA, the smpoyess
wors briefed individually by OTD security
afficers.

There were three levels of lwiefing.
Phase I, the lowest level, was piven to
peaple involved in the support Tunctions of
the prograg: such a3 the malntenance

porgosnel and custodiang. They wers told
that everything they heard or saw in the
sacure areas was considered classified and
not to disclose what they learned to
anyone - essentially,  they were  told
nothing. & Phase I briefing was given to
98% of the remaining peesonnel.  They, of
course; needed to koow the performance
specifications; the purpose of the equip-
ment, and the identity of the associated
wrmtrantors.  Bat Phase I personnel were
told that the customer was the USAY. This
was at the Cla's directlon. & Phase I
brisfing was given mostly fo  program
franagement and those with 3 nesd-to-
now. They were told everyihing,
including the troe identity of the castorer
the CIA. In addition, they were mads
awars of the different lovels of briefing
aod were cantioned wot bo divalge this
Information to anyone, Including Phase 1
and Phase IO persoanel.  Howewves; even
Phase Ul program personnel were not given
information indiscriminately unless they
had 2 necd-to-know le.. miscion plang fog
each launch, areas photograpbed, etcd and
ouly people in a Perkin-Elmer group called
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the Post Flight Aves [PFA) saw the actoal
photographs taken duriog each mission.

The security badges of Phase I
persounsl were coded to enable Phaseg JIL
people to identify each other. Their badge
sumbers contalned the dight "0%  This
badge coding techoigue could also be used
to Hentify program personoel with othey
special nesde-to-know  reguirements (e
socurity officers, PFA parsonnel).

BULLLING PROGHRAM

The Perkin-Blmer Hesagon peoposal
included a plan for providing eagineseing
and administrative offices, manufacturing
and test facilities, and assembly areas for
the Hexapon program. How these bullding
plins  evolved is  based in  part o
circumstances sureounding the beglonieg of
the program in June 1964.

When Perkin-Blmer fHest became
invalved in the Ad Hoo program, persopoel
assigned to it were either located at the
Connectiout Avenue Taciiity in Horwalk; or
the buildieg at 30 Danbury Road, Wilton,
Connecticats By July 1964 evervone on
the program was moved lo 8 secure group
of sifices on the sscond floor of the Wilton
building. 43  the group expanded
laboratory and storage space wis made
available in adjacent offices on the second
floor.

The Phise T Ad Hoo Shody Repori,
submitted to the CIA &t the end of Japuary
1965, dndicated that the Perkin-Elmer
facilities were adeguate to initiate the
program and  could  be  expanded om
available property In thoe to sccommodate
the total program.”® The repori stated that
of the total profect requirements of 96000
sipare feet, approximately 50 percent
woild be used for subassembly, fnal
asgemblyy, and festing of the deliverable
item. OF the 48,000 sguare festy 34,500
square fest  was  stendard  Instroment
ampembly space and coubd be provided by
Perkin-Elmer's present Tacilities. The
remsining 23,500 square feet would include
4500 sguare Teet of clean, high ceiling
ares with tegvellng crane equipment, and
14,000 sguare fest for eovirommental test
e pent.

Soon  after the stady report was

Hz TOR SECRET

gubmitied, Pete Closan, Director of
Corporate Facllities, supported by Ad Hoc
adminisbrative porsonpel, started looking

s dor,  additional facilities in  Fairfield
T County, Goonnecticob. After studying
several available properties, 1t was decided
that they were unsuitable sbwe a
substantial amount of mwoney would be
pequired to convert them for Ad Hoo
PEOEEATD 1R,

In the sumwmer of 1985, propesty
diagonally opposite the Wilton bullding
became available. The building was
wriginally constructed by the Hallicealter
Company snd later taken owver by the
Manson CUompany. In September 1965,
Perkln-Elmer purchased the 83,000 square
foout plont on 22 acres at 77 Danbury Road,
Wilten, specifically for the Ad  Hoe
program. Toe "Manson™ buildiag, as it was
eveferred to at that time, was partially
pecupied by Ad  Hoo persoomel on
Hovamber 1965, and by the final closing in
1 Apeil 19606, most of the prolect porsonned
were moved to the new facility,®

The Perkio-Elmer Hesagon proposal
submitted to the povernment on 21 July
1966 sontaived detailed facility plans for
the program.® The “Manson® property
elilered convenient proximity te the work
force  restlence;  close  relationsbip o
Corporate and other supporting lTunctions,
and a seitable layout for Initiating program
tanks with cndy miooe arrangements.

A twoephase plan  would  involve
rparranging approximately ball of this
plant durlng the flest six months of the
program  for  optical  fabsication  and
pvanufacturing fabrication and assembly.
During  rearrangoments, these two
functions would be carried out in other
corporate  facilities. Simultaneously,
construction would start on & 110,000
sguare ool addition fo the plant ar 77
Danbory Rosd to scoommodate ol design,
enginsering, febelcation, awembly, aad
additional {facilities for test asctivities.
The second phase of the plan lovolved
socupyiang these new facilities, starting at
the and of the 1ith month alter award of
contract.

Of importance to the progeam during
the firet phase was the availabliity of
approwimately 10,000 sguare foet of CUlass
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¥ Moanson® Bullding, 77 Dandwery Bood, Wilton, T a3 It looks today

00,000 clean area in & new aceth wing of
the Wilten facility beglnning with program
slartup. This clean area was o be
available until completion of the 110,000
sguare fool addition at the "Manson® site.
At the completion of the teo-phagse plan,
the entire progeam was bo be hovsed in the
expanded single plant at 77 Danbury Boad,
Wilton.? V

An  architectural and engineering
study of the Envieommental Test Facility
was completed by Jackson and Moreland; a
Boston company that alse worked on Itel
facility plass Just pelor to the OIA
termination of the Itek Contract in the
beginning of 1965

boon  after Perkin~Elmer submitbed
the Hexagon proposaly iF became apparent
that due to the Town of Wilton soning
restrictivns aod the bigh cost ($1,000,0000
o removing a small rock “wouniain® oo the
Mapson sibe, it would be less expensive to
biaild a complotely new facility at another
sites Fortunately, the company had
purchased some land (85 acras! 3t Woosber
Hudghts in Danbopy, Compecticut in the
160%. It was decided 1o use this property
for a facdlity dedigned specilically for the
Hestagon progra.

Studies to use thivsland for corporate
eupansion were {n grogresy even bafore the
Perkin-Elmer Hexagon proposal  was
submitted o the povernment in July 1966,
The company had nvested some risk funds
to study the Wooster Heights site.’
Architect and engineer comsuliants were

preparing  facility layouts for steel mod
foundation designs and by 11 Aupust, test
soil borings were in progress.t By the end
of Beptember, 1966, the architest and
sapineer  consultants  submitted  steel
deawings and a facility construction and
actuation schedule to Perkin-Elmer.?

With the amnomcement om 10
Cetober 1966 that Perkin-Elmer had won
the competition, plans for the pew Danbury
facility woved abwad 3t a faster pace. Bite
preparation was started on 18 Ovtober.
Construction of the new building moved
along swoothly watil 15 May 19067 when a
Teamster Trade Union strike  halted
work: 10 The strike lasted until 28 June
1967 rescltiog o a8 TH week schedule
slippage. Construction again moved ahead,
and by 7 Pebruary 1968, the second floor of
Building 1 {the facility consisted of five

Cooaeanaaa

The Manson Bullding " Mountain”
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coppectiog wings) wes partially veocupled
by Perkin-Elmer personnel. s

A majer move from 77 Dagbury
Road, Wilton occurred on 29 March 1968
when several Optical Technology Division
departments were assigned to the Danbury
Facility. A brochure, disteibuted to project
pessonnel, explained the arréngement ol
the new facilitys plapped working hours,
ete.ld A memo from Ken Patrick, General
Manager of the Optical Techoology
Piivisdon, described o company procedure
that would seimburse personnel for any
additional feavel [for o peried of aix

momthsl mourred because of the move to
the new facility.l®

Wooster Heights Fecility Congtruction

Work conbimued on the wilinighed
wings of the facility and by the beginniop
of 1969, construction was completed. By
that time, most of the progeam personnel
were in the new location or in one of
sewveral bulldings nearhy  the  Danbuary
Faciiite. The mew Danbury facility
contained ower 270,000 sguare feet, with
additional storage provided by two Butler
buildings oo the site.  This was aliwost
three times more space than estimated in
the January 1965 Ad Hoc proposal.

Px TOP SEGRET

Chamber A Final Assembly

Urzrlng one of the facility mestings,
there was some disagresment on the
manner in which the exterior of the
Danbury bujlding was to be fnished. The
haggling contipued until Chester W.
Himite, Jdri the President of Perkin=Elmer,
Juined the mesting. The debate contimged
about the enormous oosts that were belng
stacked up for the bublding. HNbpity, with
fesr vesting on the table said, "Tell me how
much it's costing te put the beick venser on
the bullding to make it look Hke the
Corporate bullding in Norwalk." Boweone
repiied;, "3$250,000.F Nimitz shot back,s

*Leave the damn bricks off."15 Five
words, sach worth $250,000.
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2 VAL PuMR MG
FRCILITY

3 ChamaTn wam

4 CHAMBER =&

5 VIBRATION EMVIROmeENY
FACTLITY

& ACOUSTIC IRVIRORMEMT
FACTLITY

FOETE 8 WALum
CHEMEER

B0ty 1t Teblsal
VACUM CHAMAEFR

9 CLIWATIES CONTEnL
B - BHTC

B OFINAL BRnEMBLY BRER

11 AIRLOSK

Orverall Schamatic of Danbury Facility
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SENSOR SUBSYSTEM DESCRIPTION

This history covers Hexagon program

activities at Perkin-Elmer to the end, of ... The

1983 and includes the launch of satellite
wehicle Moo 18 (8V-18). The following is a
description of the Sewssor Subsystewn for
Hexagon program satellite vebicles §V-17
through §V-20.1

The peelormance requirements of the
Hexagon progeam  evolved from  speeilis
catlons wsed in inltial studies by Perkin-
Elmer in the spring of 1964, The original
exhibit desceibed the requirements for &
gpace peconnaissance gysiem careying H80
pounds of film (EX Type 4404 - T-inch
wide, 68,000 fect] for a 510 day mission
tp be recovered I a4 slopls resovery
vehicle.d By the time the first Sensor
Subsvsten was ready for launch i June
14971, the satellite webicle desipn was
changed to carry four recovery vebicles
and the filp pavload wes increased to
1,576 pounds [ZE 1414 UTE, 6.0-inch wide,
ZOB000 feeth BV-1 few a 31-day mission
wod Drasmporbed over 175601 feet of filn.

SV=17, lsunched im May 1981, flew a
2hl-day mission and travsported 303,527
feet of film (Type S0~315/50-130)2,

Eaby Hexagon program's  satellite
*@%ﬁél@s are orbital photographic recons
pajssance systems with search, surveil-
lapee, and mapping capabilities. Each 8V,
lasnched by an aercspace wehicle with its
Titan III D Booster, gontains within its
three sections a Semsor Subsystem (BE),
waripus  orbit, tracking, telemetry, and
other control aystems, a Bolid State Sewsor
Camera Systens, and four 35 film payload
recovery vehicles.

Lavnched apd injected into sarth
orbit, the satellile wehicle is commanded
to operate and contral the Sensor Subiytewm
throughout  the photographic  mission.
After sach recovery wvehicle accumulates
sxposed photopraphic flw fepm the Sensop
Subswstem (p sterso camera assemblyl, 1t is
geparated from the satellite vebicle and is
alr-recovered.  After recovery, each Hlm
Iowd is chipped to the film progessing
facility for processing and duplication, and
then to various vsers for evaluation.

Hexagon Payload Operations (Typleal of 8V-5 through 5V-16 Configuration)
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Booster und Shroud Separation RV Atmospheric Re-Entry

:

e  Mid-Air Capture
Revovery Vehicle BY Separation Forward Section

.

of RV

55 Recovery Vabicles [RV-1 theough BV-4)

Bid Beetion

Two-Lamera Assembly
Film Bupply
Powasatios and elecleical power

Salid State Sensor {Sg*} Camara System

Alt Bection

""""" e rbital Adiust Systen
Recovery Vehicle Spin-Up Reaction Control System
Astitode Conteol System
The theee sections of the sateilite Back-up Attitude Caontreol

wehicle (forward, mid, and aft] contain the Electrical Distribution and Power
following  sgquipment, modules,  and Telemetry, Tracking and Command
subuyslems. Supplmentary Pnownatics Supply Module
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THD CANERA -

ASTEMELY FRasE . eind
e CROSSOVER

SEn

Two-Camera Assembly in Assembly Fixture (SV-17 through SV-20 Configuration)
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The Sensor Subsystem Two-Camera
Asserbly, located i the satellite webicle
midsection, contams a pair of panoramic
camerss mounted in a frame. Ooe camers
Inoks forward of the satellite wehicls
iCamera A, port sddel and the other looks
aft (Camers B, sterbosed zidel. Each
camers has s bl-laeh foral length, /3
folded Wright oplical systems The oplical
system, which contaips both refllecting and
relracting optical slements, s wouted n
the optical Dar. The system’s Z0<nch
aperture I8 formed by oan  aspherie
correctar plate that carsects for spherical
abereation lubersut in Wright systems.

Light entering the apertuee s folded
B9 by the folding flat and rellscted onto
the dd-inch diameter primary mieror. The
priary wbetr @0-buh olesr  aperioee)
focases Hght back through the Deld gproup
mounted in the folding fiat’s cemter hole.
The field growp, with four relracting
elemsents and & filtery corrects for fleld
curvature and resideal chromatic aberea-
tion.  The system’s focal plase s just
beyond the last Seld group elament.

Bither stereo or monoscople soverigs
can be selected. The sensse provides
complets steres ground coversge At a
sominal  convergence  angle of 209
Bearming 8 scovmplished by continucus
gptical bar eolation, and scas rate B
malntelned st 20 » Va/b dor continuous
ground coverage and a thees percent
frame-to~frame overlap at nadie.  boan
length Is cootrolled by camera shullers;
exposure s acoomplished by 30 discrete
camera sl widths betwess 0.0R0 and 0,910
inch.

The cuwmeras can be operated In any
of sixtessn scan modss 309 o 1209 with
center angles 09 to +459) as selected by
the "Tusity” sofvwars, with Drawe lovmat
length determined by the scan wode in use.
Bean wodes e selected as an In-flight
aption on a per-operation basis.  The
selected mode remains constant theoughout
an  operation giving Missles Control a
makimuin thegel coverage capability with
winlmus o wastage.

Therdog photography, the optical bers
potate contivaously  throegh  30F w

Mid-Bection of the
Hexagon Cumery Syetem

Optical Arrangement of the Hexegon
Lomera {Folding Welght Optical System)

1209 of sean. I each optical bar, 3 plates
{directing the Hlm across the focal plane)
s slectronically locked to the optical bar
through 130% of scan {1207 scap plus 1O
for settling thoe, corresponding to the
maximum  erosssirack coverage for the
available scan wmodes) and then recyeled to
the start of scan position. Platen rotation
rate during photography  corvesponds o
sptical bar senn sate and B modilied fow
image wollos compessation IMCHE A
{wister assembly guldes the Hlm into and
wut  of  the, platen  sssembly  and
accommodates the twisting wotion of the
filsn as the platen oscillates back and
Torths

Alrhoaph the bn-track and cross-track
equations of motion are Interdependent,

BIF O07-0053-85
HANDLE VIA BYEMAN
CONTROL SYSTEM ONLY

Approved for Release: 2016/12/07 C05096580




Approved for Release: 2016/12/07 C05096580

A HISTORY OF THE HEXAGON FROGRAM

MR APPROVED FOR
RELEARE 17 Seplember 2011

the MO is independently mechuanized in
both directions via the platen and metering
copstat. The n-track and cros-track MO
signals are generated by the Modulatjon
Computer and are used in the camera's
platen and fine flm fransport sysiem.

Plraten gnd Film Drive Assemblios
Mounted on Optical Bar

B the Blght direction {in-track), MO
is achieved by the cosinosoidal modulation
of the platen with reference 1o the
rotating optical bar during each scan. The
modulation 5 Dechanised o compensale
for varistions of in-track image velocity a8
a function of Va'b, instaptapecus scan
angle (B, the fized camers piteh angle (8,
and fimed sarth curvatues. Thin s referead
to as shew angle (9} modulation and has 4
maximum value at nadie of LEREW

In the scan direction loross=track),
e s achieved by modulating the
predominent Him welocity due to scan [
The medulation velocity I o hunction of
Vadhe Vyih, Sieed copesen plich asgle (8
and instantanecus scas angle @ This
modulation is nteoduced to the metering
capstan  principally as the lntegral of
welpeity, singe the serve is positioned-
locked to  the optical bar during
photography.

The lollowing siz data records are
placed photographically on the file during
an operation; latent lmage start-of-
operation marks, latent Image start-of-
frame marks, scen angle marks, thoing
marks; satellite wvehicle time marks and

forward camera (Al identification marks.
The date merks are imaged on the film by
flasher write-heads, whose opération ars

« sypehronized with appropriate Semsor Sub-

‘system evenis.

Film Steip Showing
Positioning of Bdge Data

Operational control of the Sensos
Subsystem is provided by servo subsystems
vontrolling the lollowing functionst optical
bar votation, platen deive [photo mode and
recyelels slit whlth wariation ooarse filo
trangport (supply snd take-uph flee filae
trapaport {drive and metering  capstanl,
stesrer operabion, asd plates motion foe
foeus.

Most Sessor Subsysters operational
ground comwmands are provessed by a
Syatenn Command amd Comtrol usit that
programs the opesation of the wvarlous
seryos &% reguired Ior Sensor Subsysiesn
operativn.  The Sessor Subsystem s pro-
tected from o two-camers  oabastrophic
fallure By an  independent emerpeney
shutdown design.  Lritical Sessor  Sub-
systew perlormance parameters are moni-
tored, and the flm transport systems are
brought to rest as quickly as possible i the
memitored parameters  smveed  specified
limits.

The Senser Subsystem {8 orpanized
into subsyitems so that most interactions
veogr  within the subsystewm; individual
subsystems interact as lttle as possible
with ome another. The Bensor Subsvatem
slectronic and slectromechanical modales
are  wither justalled in the elestromics
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compartment, mounted on the teo-camers
frame, or integrated with sbussembliog.

The fils path CoOmpOnents operating
at & mnominal cosstant speed  during
photopraphy and recycle constitute the
coarse Him transport system. The forward
camera components  are  arpanged  dif-
ferently than the afl camera components
heeasuse the two optical bar sssembliss
have a different oriestation within the
frame assembly. Fusetionally, bowever,
film mowes from supply to take-up in each
camera In the same osder. Several
reforsnces in the discussion of the cosrse
film transport system are Incloded for a
complete understapding because of fune-
tional overlap bebween coarse and fine
operation and control of film as it teavels
from supply to takeup.

The distance the [ilm travels [rom
the supply assembly i the aft ssction, to
the first recovery wvehicle in the forward
sections is spproximately 140 Feet in both
camperas.  Throughout its feavel over 184
rollers o the "AY camera wpd 131 sollers in
the "B° camers apd & alrbars In each
ramers, the Hlm msost remas centered
within specilied talerances.

Te correct  for displacements of
supporting flim path sloments [Les rollers
and  ar  barsl  chused By structural
deformations due bo lavnch and thermal
variations, sach camera contains active
and passive articulstors steering the film
at critical paints in the filw path.

Active wmrticalators siesr the film
across  the bensor  Subsystem  prlmary
talkheads fliew between the supply and the
midsection and between the midsection
and the forward sectionl to prevent the
film from telescoping onm the supply and
takeup cores. Passive erticulators main-
tain film  path slignment between ithe
eecovery  vebleles and acvoss the twoe
camera asembly frame I each (s path.

The supply assembly maintaies Bhe
atack integeity in all conditions of powered
flight and orbital operations. I supplies
film to the two-camera assembly at
eontealled  eomstant velocities up to 70
inches per second wwler spegilied fension
and  misimizes the potentially lasge
dynamic momentun dstwhances mherent
in the movement of such a concestrabed;
rajatively slastic mass.

Bach take-up assembly, one o sach

Film Path Arrangement Showing Movement of the Film from

the Supply Assembly to the Take-Up Assemblies
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Ftornal View of the Bupply Assembly

of the four recovery vehicles, has a Blwm
capaity of oac-fourth the Blm load of the
supply asssnbly.  Film is pulled from the
pamers looper by the take-up's drive motor
and core.

The looper assembly in each fils
path serves as the interface between the
coarse and Hoe [l teavsport systems.
The looper allows the total length of Hlm
stored in It to be constant, but the relative
film lengths in the supply and take-up sides
af the looper vary as a function of looper
warriage position.

View of Looper Assembly

The fine film trassport  system
controls the Intermittent film speeds {lup to
00 fnches per second) required at the
camera's fooal plane for  photograpby
during  the warions Sessor  Sobsystem

He TOP-BECHET

seanning modes. The systew consists of
the film deive and platen components,
mput and output drive capstan servos,
wedulation computer, snd system com-
miand and control.

The twister sssembly, located n the
filin deive assembly, accommodates the
angular change between the vollers in the
film drive assembly (which is fixed to the
frame} and the rollers in the platen
assembly (which is locked to the optical
bar during the photographic cyclel.

The twister sssembly consists of a
fwin air-bar assembly and s housing that
incorporates 2 manifold through which
nitrogen gas is supplied to the alr bars.
The [lo weaps one of the air bags srioe 1o
wrapping the sntrance roller of the platen
asgeinbly, and Wraps the other alr bar alter
leaving the ezit roller of the platen
assembly. The twister assembly is Iree to
rotate abuut its plvot point in response to
angular changes betwesn the rollers In the
filn drive assembly and those in the platen
aspembly. To accomymodate a given

saty of rollers due to platen assembly
votation, the air bars twist through an
angle egual to oy ocoeball of  (his
displacement. This follows from the fact
that a given angular diaplacement [bwist]
of the alr bars resulls o & corresponding
angular displacement of the film path at
both the satrance to and exir from the air
bars.  Using alr bars, rather than rollers,
the twister permits the film o panslate
along  the lemgth of the hars without
dagrage as the fiho path twists.
Structurally, the platen assembly
consists of the camera’s focal plane
assembly, alit asd shuller assembly, fine
tension sensors, P-Mode electronies, MO
position and welocity transducer, and the
metering capstan with s molor, angoder
and broshless motor slectronios.  wounted
on ita own bearings, the platen assembly is
located at the focal plase end of the
optical bar in the optical bar’s inner
housing. The platen’s outer end, enclosed
by the steticsary fHlm drlve assembly,
mechanically interfaces with the filem drive
assembly through the twister assembly.
Fupctionally, the platen sssewbly
pacillates on s own bearings indepen-
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denmtly of the optical bar’s conthnsous
rotation, but in synchromism  with - the
optical bar's rotating lmape of the scanmed
soene at the focal planes  Tis position aod
welocity, dependent oo the optical bar's
position and wvelocityy are controlled by the
peaten  serve  oextersel  te the  plates
assembly. As the Dm, deiven by the il
drive assembly, moves across the focal
plane; the rotating bwage Is exposed on the
Bilw  with  szere swmesr  durdsg  the
photographic scans. AL ithe enal of each
optical bar scan, the plates ls reburned to
the start-ol-scan position and walts for the
eptical bar's next scan.  This sequence s
repested for cach photographio scan.

The capping shutter, located In the
platem  dseembly, openg  the oamers'’s
aperiyre at the start of each photographic
frame and closes it at the end of each
frame in synchronism with the optical bar
modes.  The shulters opening blade aml
vlosing blade are actusted throuphout an
operating oycle and vepeated for sach
frame of exposure, conslsting of an opening
pbiamn, & wloxing phase, and a roset phase.

The film B completely enclosed in
Lght~tight, pressurized assemblies through~
oot s pessage from the supply sssembly 1o
the take-up sssembly. The file loaded in
the supply assembly prior fo  lauosch
comtaing approgimately 65 pounds of water
defining an offective relative humidity for
the film of approximestely 40 percent at
ambilent lemperabies. The enclosed
prossurized  flm path  prevents  wapid
vaporization of the water from the IHim
emulsion during system operation. Excess
vaporization causes two harmiul elfecis:
{1 Datness distortion of the film making it
difficulr to track and producing flutter in
the focal plane, and (2} creates a gas layer
between film wraps In the TUA causing
unconirolled teloscoping a8 the steck s
built up. To peevent excessive water vapor
loss, as well as to protect the film from
stray light, the film path is enclosed.

The primary (twe spherical tanks) and
supplementary (one spherdoal tankl poeus
matics systems supply dey pitropen gas fo
presaurive the Seosor Sobuypstem enclosed
film path. The systems stors approxi-
mately 109 pounds of pitrogen under a
sominel pressure of 3265 psla at TOPF.

Platen Assembly Showing
Fopal Plan Rollers

Bt ard Swatter Assembly in Test

Cn~pad, the sealed Hlm path accom-
modates almospheric pressure chanpges
theough reliel and Bltered pressuriuing
valves.  When the diflereniial peessure
berween the film path and 5V interier
exceeds 007 pit in one divection or 0.7 Lo
0.8 in the other, the appeopriate valve will
open bo reestablish sguilibeiue below the
walvie crach pressures. The larpe relinf
walves operate in two modes. Cve uses a
small pilot dismeter ceifice to blesd off
small pressure differentials over & long
fime constant, such as on-orbit or oo-pad.
The other uses large diaweter oriflices o
effectively "flush” the film path of the
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exvess pressure  buildenp  experienced path. ¥ an sxcess pressure bulld-up in the

during powsred flight. The walve
diameters and response rales are depgned
fo allow no more than the specilied
differential to emist over the relatively
short thme span of powsred flights

During  initial oepad  and  Jeunch
wenting, the secess pas belay dureped 18 the
atmospheric composition eaperienced on
the geoand, which will essentially exlibit a
pelative bumidity close to that of the Bilm.
As wenting continues to Eush the initial
atmosphers, the water wapor will e
reduced: Molsture Drom the [ln will
therefore, be glven off umtll the waler
wapor pressure of the enclosed savicvoment
and the Hlm are sgusl agaln. UOnoe the
correct orbil has been atbaived, the total
films mnistore loss doe to this effect is Jess
than 1 pound of the 65 pounds cueried in
the film. In oebit, the allowable leak vatw
over the mission permits the sealed Hlm
path to inhibit further File medsturs logs.

As  the welial valves open, both
primary  constityents  of the gaseous
minture o the Gl path or supply (N2 aed
HaO wapoe) are bled off. The water lost in
this process fs replaced by fuwriher fil
sutpaming watll the water vapor peessure
equilibriam {8  restored. The time
constants and absolute values Inwolved o
this recurring exchange are small enough
wo A% not o contribubte to any detrimental
film handling problems.

When film I8 being lransporied
through the film path, the lowse peessure
eeliet  walve selting o the film path
comparad to that in the sopply allows a
system  pressure  Bleed-ofl  theough  the
wents on the forward steesrer anclosure, sut
w light teap, and bence owerbosrd. Bince
the supply valve setting s higher, the valve
will geoerally never be reguired to crachk
on orbit.  Duriog launch, the gas from the
supply I dumped to the lederler of the
supply compartment and wliimately vented
to BpaRCe.

Ho adverse «fiects scorae (o the
systemm  during  leunchi/boost when the
supply is venting to Its own compariment
and subseguently to space. The envieon-
ment défined in the compartment -
rounding the file path enclogurss reduces
the possible conduction of heat to the s

Filsn  path were  wEobed  into the
sompartment, increased pressure  would

dincresse the possibility of thermal ocons

durtance betwesn the outer wehicle and
the film  peth. The forward sechion
snclosirs s superinsulated and would be
equally susceptible fo potential thermal
eorgductance if the film path gas mizture
ware vented fopward. The [lm path went
valves, therefors, dump directly overboard.

Hitrogen for the film path alr bars is
stoped under Migh pressure and deliversd to
the air bars at 4 pressurs reduced o
apprasdmately 3,35 palg at flow rates of
4.093 to 0A00 selm fsea level]l ve 193 o
300 at oebital adiitude [=0017S [binfmins
Provislon s wade within the systewm for
monitoring  cut-ol-specilication peessure
conditions at select junctures of the flow
paths.  The "cushion” provided by the alr
bars s, in eflect, a gas bearing over which
Film passes.  This suwelace must exhiblt
redatively uniform dimensions at all times
that filw is  moving during  camers
aperation. Mitrsgen used for the supply
asaembly alr bars s identical to the lim
path alr bar we. Niteopen s also waed for
the supply assembly aly bars, seal douvrs,
and brakes.

FIRST FLIGHT OF THE BIG BIRD

It was 15 June 1971 preparations had
besn completed atl Perkin=-Elmer in the
Danhury Tacility to monitor the launch and
the  fiest  flight of  the  Hexagon
reconnalisance camers lunofficiadly salled
the "Big Bixd") scheduled for laonch that
day.  Arraagements bhad been mude do
receive the realbtime comntdown o the
Flight Operations Room (alse called the
"War Foom™). The walls were covered with
data bovieids listing the various
characteristices of the Sensor Subsysiem
{Serial Number 3} on that particddar Hight.

Charlle Bryast, Masager of Fleld
Operations on  the Hexagon program,
entered the "War Room"™ at B0 Ay
EDT. Countdows at the Vamdenberg Alr

Force Base on the West Coasy was already
i progeess, having staried al mideight
(P T
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Titan 1D Aerospoce Vehicly with Hexagon Paylood

The day  before, the lassch
certification form bad been signed by Wl
Lottrell, Fleld Operations Manage
Wost Lonst, and countersipned by
costomer reprasentative from the
West Coast Project Office.”

However, Dasbury was not the only
plage where Perble-Elmer peolect per-
wompel would pather fo lstes in on the
countdown. Flald Upsration supesvisoes
and technicians were alresdy stationed at
the Vandenberg Alr Foree Base Blockhouse)
the Batellite Test in  Bummyvale,
Californialy and in the home
bage of the West Coast Field Cperstion
PrOuD.

Sowlyy the "War Room™ began to 01
wWilh the project persomnels  One  ore
minute to po, and the small room was flled
to capacity. Thie Last ten secoseds = and all
wyes were on the small spesker bom
Liftoffl  As the group listened to the
progress of the lwaneh, it became mowe
animated. The "Big Bird® was on its way =
laumeh time, 118] POT.

When it was spparent that the launch
was sucoessiul, the room began to eoply.

Engineers from the Sestenm Engloeering
group remained behind. It would be thelr
tob to mondtor the misslon on & day-to-day
hasis and compare the actual sensor
submpstens flight data with plasmed data
sheats displayed on the walls of the "War
oo

The "War Reon”:, now doubled in
$ige; B oo longsr lilled with the seunds of
eountdown during the launch of each "Big
Bird." Howewsr, it atill performs the
functions started on that flest Gight =
monitoring the fhght dats of the Sesuor
Subsystom.

While the primacy objectives of the
Hexapon mission was fo provide  high
resclotion photography over brosd areas, .
the intent of the fest gt was 1o
domvrstrate fusctionsl operstion of the
gyatem. The Sensor systen achieved this
intant.

The senser sysierm demonstrated 2
fometional cebdtal Hlethpe of 31 days. At
the end of day 31 when recovery vebicle
foner (R4} was separated; spprocimately
BEh  percent of the fihs  had  Been
tramuported aod 57 percent of poesosatics
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nitrogen gas used.d

Photographic magery was good with
the aft-looking camera résults being better
thau the forward-looking camera. The
cameras were not set af the best plane of
focus at launch. In~flight corrections were
made to each camera to winimize the
amount of defocus.  The forward-looking
camers exhibited residual image smear
values slightly preater than predicted in
the cross-track direction.

The first attempt te move film was
made on the fourth orbit of the Hesapon
satellite. The seasor system  worked
properly, the film was aligned within the
film path. Steerers, film tensions, take-up
and supply summwed errors were well within
Hmits. On prevoletion 8, the Sensor System
health check was performed. All Sensor
Swstem  executed commands were Dumce
tionally verified.

O revolution 14, filty frames were
commanded and executed, and a tolal of
458 fest of film was trapasported. An
additionsl 58 frames were commanded apd
executed on revolution 14, a total of 533
feet of film was transported. The Sensor
System was now considered operationals

Two days after launch, 20 June 1971
BV-1 was gjected From the satellite on
rewolution B Heentry was nominalj
however, maln  chote cone  damage
proventwl asrial recovery.  The capsule
was recovered from the waler with no
damage. Iopact loecation was 8.4 miles
south ard 3.6 miles west of the predicted
impaEct point. BV-1 returned 40,502 fest
of Him.

The Hexagon camera bl been fested
in Chamber A at Danbury and Chamber AL
at  Lockhsed with  eollimators that
prodected targets va the film. These small
imuages (about the size of a dme] wers the
anly indication that the sensor would
indesd produce piciures. ‘When the il
feom RV-1l began to roll owut of the
Versimats at FKodak and one could see
Bterally miles of imagery, the enocmity of
the achivvement began to sink In. Ouoe of
the NPIC representatives remarked, "My
(ol we pover dreamed there would be this
much, this good! We'll bave to revamp sur
entire operation to handle the stulf®

Fecovery was successful.

& el |

O rewolation 179, HV-2 was egjm;tggi,
with a flp load of 53,194 fest. Chute
damape was noticed on reentry, but aeelal
A major portion
of "the RY-2 heat shisld was detected
floating is the water and recovered.

Mermal mission operations continued
with HV-3 wntil a8 camera spergency
shutdown (ESD} scomrred on revolution 315.
Diagnostic and engineering tests cleared
the ESD and misslon operations waers
resumed on revodution 326 with the 30
degres camera scans inhibited. Operatinns
continaed  watil  revolution 405  when
reentry of BEV-3 ccowrred with a film load
at 92 percent capacity (54,083 feet).

Eeentry was nominal, bhowever, a4 main
parachute malfusction soourred and RV-3
plunged into the Pasifle Oeean and sank.

: ; V o ;
orreurred dm-ing timy trivn and seal speration
BV=3. Diagnostic and engioeering tesis
ware executed amd camera operations
resumed on revalution 422 An ESD
secureed  on revolution 445 agaln oo
Camera B. Tests did not clear the ESD and
wonoscopic operations were started on
vevolution 471 A lobg engineering fest
cloared Camers B and sterec operations
wers resumed on revolution 477.

A command  system  exscution
anomaly on revolution 497 resulted in a
250 which cleared itsell. The command
execution error was determined to be a
hardware logic error. Pyeo  balttery
degradation was noted on revoludion 467
and resulted in a decision for earlier
reeovery of RV-4 on revolubion 302 {Day
31} rather than on Day 45 as bad been
planned. Monoscopic  operations  were
conducted to  balance HY-4 wmicr to
recovery on revolution S0,  HEV=4 was
lpaded to 4% of film capacity (25,797)
with normoal recntery aud aerial recovery.

Imitial evaluation of the photographic
quality of the film recovered in BVe 1, 2
and 4 indicated the capability of the Sensue
Bystem  to provide the  specified
photographic performance as identified in
the Flight Beadiness Report.
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The ability to transler fim into each
of the BV':s was demonstrated, as was the
performance of the flm take-ups in each
BY. A total of 147,799 feet of film was
returned in the three BV ihat wers
récovered.  Momenlasy Stoppages were
troublesome but were in each case clearsds

The first flight of the Hexagon
system was bruly an selstending success;
the harbinger of many wore 1o come.  Not
ooly did B demonstrate that the Hexagon
gysters could operate aatisfactorily, the
sensor photography met the requirements
of close look resolution and broad area
eoverage in steren]

The suceessful BV-1 wission could
not  have been possible withowt the
dedicated and tireless offort on the part of
many individuals. Tt would be difficult o
Har all the major contributors without
inadvertently omitting someone, particus
larly since every task was a2 significent
piece of the total program. However, at
the launch of 5V-l, the f[ollowing indi-
viduals held key positions in the Oplical
Techoology Diviston. M- F. Maguire, VP
Ceneral Manager Optical Group Bast fand
Scting General Manager of OTDhH H. W
Hobortson, Deputy Geseral Managee; Do,
He M. Scett, Yels Techeical Uirector;
He. C;t- Babiﬁ-h; E. B. B‘f"ﬂ;ﬂﬂg Lo Be Lﬁpiﬁ&ki;
Or. R E. Hulnagel, and B. Malin, Membors
Technical Advisoey Board; V. Abrabam,
Uirector Advanced Plapning: P B Pelty,
Director Peogram  Mapagement; R W.
dones, Divector Enplueering: ©. Karatzas,
Director Assembly and Testy Jo Braddon,

Director Product Azmuranced B A
Mawaiks, Manapger Advanced Proprams;
W. H. Besson, H. E Hendesson, G. O

Henderson, A Wallace, V. O. Buonaluto,
snd B« A Kelley, Managers Program
Management: R. W.  Willlameon, W
Hewell, K.W. Herlng, & 7T, Korachuk,
Hs I WoLaoghlin, He 4. DeFlippis; L. 0.
Farkas, P.J. Convertito, 1. 5 Patterson,
do J.  fiareish, B H. Careleats, R
Labinger, F. Scott, L. B, Molaskey, M. H.
Erim, and W.E Eeeney, Managers
Engineering and Sr. Technical Staffy ¥, H.
Meserve, C. 0. Bryant, W. Cotteell, F. E

SENSOR SUBSYSTEM IMPROVEMERTS

Throughout the desipgn of the Sensor
Bubsystein, changes were made whenever 1t
became possible to enhanee performance

After the first flight of the Hexagon
camery, both the rustomer and Perkins
Bliper started copsidering  additional
improvements. Soon after the flight film
feom the fest mission was evaluated, we
began thisking about ways to peducs
smeary carry more film, get more coverage
and at the same thme Increase system
reliahility.

Although the supply was rewound on
the first mission, it was soon discovered
that rewind had to be restricted because of
film~induced tracking problewms and track-
ing problems cavsed by warious kimls of
debris entering the Hlm path from various
spurges in the space vehicle. Film wedge
and other mechasical [bw  properties
caused mistracking of the film during Hlm
teanaport. Hydeodymamie Hftoff due to gas
ingesticvn during rewind led to Blm spillags
in  the Supply Assembly. Several
modifications were made o accommodate
this situation. Fence bareiers were placed
in the Supply Asseably to prevest flm
spillage from jecpardizing the other film
path and steering was limited so that
rewind would be possible at higher speeds.

The problems of flm wedps wers
discussed with the supplier, Esstman Kodak
Company.  The leagth of the fllm streips
making up & roll of Hlm were Hmited and
the strips were arranged to prevent the
Eilry wedge from accomulating on one side
of the filin spools thus creating a film
raper and causiog Blm spilla.

The Sensor Subsmystem was origioally
desipned for S50-380 film. Prior to the
firat flight, all testing was sccomplished
with B0-380 film. At the customer's
roguest, Perkin-Elmer tested @ very
momingl amount of 1414 Blm, and, as a
result, film for the fiest fhight was changed
from 50-380 o 1414 film. This change
ncreased coverage sineoe 1414 film was
thigmer thas 20-380. Howewesr, the film

dohsson, and Te A. MoCGlung, Manapers taper  flest  observed with 1414 Bim
Agsembly and Test. pontributed 1o trackiog problems.
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By mission 5V-4 the customer ashed
Perkin-Elmer to add color fhn (80-258 to
the film supply to enbance the capability
af the Sessor Subsvitem. This reguired-an
im=flight filter change which necessitated
the addition of a fHter mechanism In the
Owileal Bar Fleld Leove Assembly.

Drurlng the flest sle Dlights (Block T,
the customsr apd Peekio-Blwmer program
mansgement began to consider lmprove-
ments for the Block I Sensor Subsystems.
Bince 1t was determinsd that the [l
stacks in ifhe Supply Assembly were
subjected to lower lapnch wibrations than
anticipated, it was decided to eliminate
supply caghsg.  Aller several months of
analyeis and growmd testing, the supply
eaging device was removed from the [lipht
wodels.  This resulted o fewer parts mod
less weight, thereby increasing reliability.
With the ellndvation of the wapply caglng
and less demand on the niteogen gas, the
way wis clear to expand the size of the
filie supply spool. Porkine-Blimer alse added
a 180% builder eoller in the Takeup
Assermblies Incorporating the change o
EV-%.  The pew 1R0P builder roller in the
Takenp Assewmbly bmprowed tracking sta-
bility and thus sceommodated the residual
il wedge and file coowalng o the Hlm
rolls. Durlng the addition of the bullder
roller in the Takoup Awsembly, the takeup
was wodifled to carry 4 larger Blom roll
thus paving the way for lncreasing the flw
supply diaweter- As # eesult of warlous
system lmprovements; the resolution of the
sensor subsystem improved significantly
{see Appendix E.

Three major improvements weee
made in Block Ot the capacity of the
nitropen  supply  was  doubled  fom

34 pousds to 68 pounds; the Solid Btate
Sensor (89 Camers replaced the Itek
Breflar Cameras and menspration chansges
were made) asd the Large looper wis
added to decrease intersp wastage thereby
inereasing the quantity of Imaged o by
about 20%. File resolution was alse
improved by replacing the 1414 Blm with
SO-208 flm. In addition to & change to
thinmer film, the Sbb-ioch diameter supply
film roll was imcrsssed to 68 inches iIn
diameter.

Hx TOP SEGRET

20 Bensor Bubsystems, a large number of
design chanpes were wade to Iscresse
reliability o sccommodate the conthnually

dHereasing length of the misslons {from the

original 30 days during 5V-1 to 261 days
during SV-16}.

D of the mwost sigaificast changes
made to the Hemapon Camers was the
addition of the $3 cameras. Beginning with
BV-5, the Delense Mopplog Apgency few
the APSA Camers {(Jtek Stelle cameral
which photograpbed the star field and the
ground shmultaoemisly.  This arrangement
pepmitted the DMA to oorrelate the
attitude of the wehicle with the teresin
and, Irom that, arrive at the tarpet
lneation. Az time went on, the DMaA
rogiilrements became more atringent. The
DA begain to we the Hesapon boagery
for thelr mappiog requirements.  The
lmagery  was  franslerrsd  Drow the
penoramic o onto the APRA camers
data and then final wessurements were
miade on the APSA camera film. Sioce this
was & tedioss process, the DMA ashed the
Hexagon Program customer and Perlin-
Fluyer o consider oonverting the Hewagon
Camera 1o a Metric Camers.

The government funded many studies
with wariogs companies o deléermine if
panoramie photogeaphy could be ased for
mapplng. As s first step, the povernment
developed a device celled the GEOPACD
which was esed in conjusction with fhe
Hexagon camera on the 8V=15 miszsion. In
addition, Perkin-Elmer calibrated the
optical bar epcoder, changed the 5 scan
marks to 17 scan sngles and changed the
configuration of the fiducial marks from
doty to fine cross halrs 3o that a more
apcurate determination of film sheinkage
pould be made. The results prowmpted the
DA o ask for sericas consideration of
miaking the Hexapon camera s metric
CRIETE.

The wmajor problem, however; wos
lscating a #tellr camera oo the twos
cagera frame to establish 2o accurate
interlock angle betwesn the stellar camers
and the optical bars. Several allernative
desigos were considered by Perkin-Elmer;
bowever, they ail prowed o be oo
complicated and risky to the primary

Throughout the production run of the mibssion af them Hexagon e,
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Lockbeed, an Associate Contractor on the
Hexagon Progeam, came up with an bes of
placing a gyro package and tying i inlo the
Sensor Subsystem. However, the acowmacy
achieved In this way would be sbout ten
arg-geconds and was twice the system
requirement. Vickor Abraham, presently
Hewapon Program Direclor, believed that
the ides of wsing the Hexapon Camera as &
Wetric Camera was in danger of being
abandoned. "It was {hen that 1 realized,”
sadd Abrabwo durdeg an interview, “that
the Charge Coupled Device was the oaly
solution 1o the problem.”

Victor Abeohom, Hexagon
Program DHrector

Abrabam had previously worked af
the Fairchild Camera Company 28 &
physicist developing CCD devices for a
variety of applications. He callsd a2
meeting with Dy Boderic Boolts, Techniesl
Director at Perkin-Elmer, and
Slehmel Weeks, OTD Dlviston Manager, and
sigpested the idea of using COU% In & Star
Sensor System. Dr. Seolt (mmediately saw
that it was =z perfect solution to the
problem since it Sould b designed nto &
smatl packuge wing smaell optics and would

nok reguire o flm transport since the star
data vould be processed in dightal form.

Some conceptual work was produced
by prograns engioeers showing that the g3
camars was Teasible. A serles of precenta~
tions wers made to the government, and
permission was granted to pursue the ides.
PerhinsElmer had to prove that not oaly
would the 53 camera achieve the NECHssany
avcuracy of fve arcesecomds but would o
no way endanger the primary mission of
the Hexepon Camera.

The 59 project was initiated and a
Ll charactorization laboratory was con-
stracted. Analyses wers conducted and an
53 camers was built and tested. Tt was
flown dn BV-1T and et all wmissdon
requirsments.  Although the 53 camera
suffersd & major anomaly which made half
the £3 system  inoporaties, the camers
pxcoaded the S-arc-gecond requiremaent
13% arc-seconds). The Hexagon Camers is
now called the Melric Pancramic Camers

tems Vie Abrabam, who promoted the

- pamers, soted o an Gsterview thatl,
"lhe Hoxapon Comers has become 8 very
warsakile Instroment and can sow be used
ot only for iotellipence-gpathering oprres
bromns but alse Dor mapping.”

b
5

Solid State Sensor (8%) Camera

I additios to the 51 camers, the
EV=-17 misslon carrled one other wmajor
improvement ~ a large looper with an
mersased storage capacity.  The oapacity
af the original looper was 10 feey of Hlm.
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MAJOR HEXAGON SYSTEM IMPROVEMENTS

Improvement

AL Command Assembly

Swmear Blits

In-Flight Changeable
Pliter

High Capacity Pnewmatic
Supply

Large Dismeter Supply
UUTE Filw

Mone Cuble Dispersed
Emulsions

Large Loopes/MFT

53 Cumers Syatem

Supoly Module

‘ Uperationally

Eltect Effective
Crenrbit bmage motion EV-4
commpensation
Engineering tool for measuring EV-b
on-orbit IMC srrors allowing
roreactiong to be implementid
Change filter during Elight to EV-T
accvimmedate color Dl
Prowided greater capecity for a=11
filw tramsport and longer
operational life
Increased [l supply capacity EV-12
Increased Dl supply footage V=14
Improved photographic svsiem BV-15

asured
Decreased film wastage by EY=17
aprrosimately 2006
Provided pav systenm with metele EV-1T7
papakility
Provided additional capacity BY17
for fillm trassport and longer
grpazraticaal Jife Elrmgmt s insinm
to date - 270 days)
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Howewery, because of the problems which
pocurred on the fest few [lights doring the
rewind  operations, 1t was decided to
restrict the rewind operation. This, of
cowrse, pesulted in Bl wastage. In this
made,  the
interface between the coarse [Hlm path and
the fioe film path and was oot osed for
storing fibm during the end of the wun. It
wag apparent that something had to be
demye to correct this sitostios.

Howewer, it was not until Bloek I
that the customer and Perlin-Elmer bogan
o seriously examine the possibilities of
developing a  lasger looper and  thus
eliminating the necessity of & filn rewisd

looper served only as  an

coto the supplys  Leonard Parkas, who at
that time was in charge of the Sytem
Integration  Deparimenty  started  an
analysis to determine the optinum film
storage capacity of a larger looper. It was
determined that 2 40-foot capacity was
the optimum size. This would enable the
looper to store sufficient film for a 909
soan, with a margin of safety.

& large loopsr was bullt sod tested
o the Develspment Model and flows
sucenssfully in V-17. Pricr to 5V-17, filn
wastage lusimaped Hlm) was 4% because
of Ilnterframe space and Interoperation
space. The large looper recoversd G0 of
Ehe wasted Film.

Major Elements of the Metric Panoramic Camera System
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2 CUSTOMER RELATIONSHIPS AND INTERFACES

¢ wiety o e {eﬂf,&w

PROGEAM MANAGEMENT

In o 1964, when Perkin-Elmer Hrest
boeame involved In space reconnalssance
programs, both the Central Intellipence
Agerney sl the United States Alr Fores
were conducling sepsrale space recuns
naissance programs. o time, the roles of
the Agency and the USAF wers delined by
the government, bul it was the climate in
whick the Hexapon program was born.

Peeklo-Elmer was appeoached almost
stmultaneously by both the Agency and the
HEAF to work on study programs for a
space reconpaissance system. In the begla~
ning, the Agency and USAF requirements
were dillerent soough so that there was no
contlict of sctivitizs at Perkin-Elmer. But
in oa few short woeks, it became apparent
ter  Pesbin-Eloer management that the
goals of both programs were converging-
Slmoe It was the Apency that st
approsched Perbin-Elmer to work on the
reconnaissance propgram,  Perkin<Elmer
management informed the USAF that it
could no lowger work on thelr program
ginee the povernment wonld then be paying
twice for the same =iliet. After a ment
g with D Brockway MoeMillan, Under
Secretury of the Alr Force, Perkin-Elmer
was relieved from  participating on the
USAF program.

At the thoe that the Agescy ap-
progched Porkin-Elmer, John 4. MeCone
was  Disector of Costesl Dtellipenee.
Melone recognized the lmportance of
space reconnalissance systewms ands soon
after he became Dirsctor in 1961, he
attesupted to assert the CIA%S leadership
position in this srea. He created the
Directorate of Science and Technology and
recruited 2 heillant  younmp  sclentist,
L. Adbert [ "Bud® Wheelon fo bead the
directorate. The divectorale was com-
posed of several offices. The Office of
Special Activities was responsible for the
development and control of all recon-
nadssance programs in the CIA.

In 1965, the Office of Special Activi
ties was split inte twe offices; the Office

Hx TOP SECRET -

of Bpecial Activities and the Office of
Special Projects. The Office of Hpecial
Avtivities continued fo control all alrorall
reconnalssance programs, but all space
veconnalinancy programs wers transferrad
ts the Office of Special Projects inow
called the OfHiece of Desipgs and Engl-
nesringl: Jobw B Crowley became the fest
Disector of the Office of Speclal Proj-
ects.)

It was In this office that the require-
ments for the Hexapon Sensor Bubsystem
wers formulated. The lorerppner ol the
Hexagon program, the Fuloram program,
stacted lo Jesmary 1904 when the Agency
selecied the Iiek Company to begln initial
stiplies of a camera system embodying the
capabilities ol both the wrepssuwrveillone
and the close-look satellites already in
eperation.

In Juse 1964, the Agency contracted
with Perkio-Elmer lor studies paralleliog
the activilies at Ibek. This techuique is
often used on oritical povernment pro-
grams o lnsure the development of the
most effective system.

In Beptember 1964, the Perkin-Elmer
study was expanded into & Phage 1 study
and resulted in the cossbructios of &

camera mwockap called the “cockiall
shakers" It was soon after that the Itek
Company  withedrew  from  the Fulorum

Frograms

The Ageancy asked Chester W,
Himite, Jr., if Pesbin-Hlmer could continue
the activity sterted at Diek.  Mimitz
accepted under the condition that Perkin-
Elmer would bave an opportunity to study
the Trek concept belore undertaking & final
design:  The resulis of these studies were
peported previously.

Relationships between the Apency
dnd Perkin-Elmer program management at
this point in bme wore excellest. How=
wyer, a5 in any endesvor or partnership
Involved in a critical undertaking Involving
the pational security, the presmwes of
desioning a undgue camera system within a
tight budget and schedole began to strain
this good relationship and sccn, after the
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award of coptract, "hedrline” cracks in this
refationship bepan to appear in several
the requirement of customey approval of
all design decisioss; sapther  involved
customer approval of =l suboowtractor
sedections) and the one that seemed 1o
have the greatest lmpsct on the cost and
schedule of the Hexagoo program was the
inwalverment of the Agensys techoical
eonsultant, kuown as BETE (System Engle
nesring Technical Staff], in all technical
and planning decisions.

At the thme that the Agency cone
tracted with ek on the Fulerum program,
it alsa confracted with the Thowmpson~
Bamo-Wooleldge Corporation [TREW) to
provide technical conssltants to review
Itek's grogress on the program. In addivion,
TERW also worked as the System Enginesrs
ing Assembly Checlont (SEAC) smodiate
contractor on the Pulerum Program. ek
management objected to the doal function
that SEAC served on the program. 5EACS
dual fenction contioved when the Agency
teansforred Tebs Fulersm  activities to
Porkio-Elmer in March 1905, When the
Hexapgon program cobtract was awarded te
Perkin-Elmer, the TRW technical con-
sititant group then became koown as SETS
{Bystem  Esgineering and Technical See-
wices Contractor). Copcers for the work-
ing relationship betwoen the Agencys, 5ETS
and Perkin-Blmer was expressed Inoa
memorandom from Jobn Crowley to Carl
W. Besserer who headed SETS.S

When Jobn Crowley met with Chester
W Mimits at the end of 1966, he exprussed
a seriows comcern with  Perkin-Elmer's
ability to  properly  staff the Hexagon
program.”  Himitz dechled to transfer the
management of the program to Kennett W.
Patrick, thes Ueneral Manager of the
Electro-Optical Division [EQDL  Pabrick
replaced Dick Werner as Generzl Manager
of OTD oo 1 Japusry 1967, bringiog with
him a substantial somber of BOD technieal
and administrative personnel.
until the fall of 1967 when in a lelter to
Mimitz be expressed concern with the
program’s  progress  and  indicated  that
decisive action Wwas necessary to recover
both  techsically and  schedule-wise.d

e TOP-EECRET-

Hx TOP-HECRET

Mimite responded by a division recrganiza~
tion and a redirection of the program
assets; however, Crowley's letter disturbed
Himitz prowmpting bim o reply and defend
Perkin-Elmers record om  the Hexagon
program.*

As the program progressed, the in-
creased pumber of customer representa-
tives and SETS personnel assigaed to the
Perkin-Elmer facility began to couse diffi-
eulty at the working levels of Perkin-
Blmer. Perkin-Blwer sngineers and admin-
istrative personnel began to sceept verbal
suggestions of both custowsr and SETS
rapregentatives s officlal directlon o
make changes. Unfortunately, these
ehanges affected not only the cost of the
program but also the schedule.

Toward the end of 1968, the Agency
was facing difficulty in acquiring sufficient
funding to support the Hexagon programs af
the increased level of activity required to
maintain  schedule. Perkin-Elmer rpe-
sponded to this situstion presenting &
reformatted program which pormitied a
substantial cost reduction.”

Brelivery of the flest fligt sensor was
48 wonths after receipt of the develop-
ment contract for six wehicles {Block I
This remarkable achievement was aocome-
plisked within four months of contract and
witk less thap 259 overrunme. The Agency
reacted by retroactively changing the
contract for 5V-I apd sibseguent o an
incentive contract ncluding cost, scheduls,
and on-orbit performance. This uniges
asrrangement served both the Dtellipence
Community arud the Comtractor
excesdingly well. By placing incentives on
those [actors that were Important to the
Customer, the Contractor was motiearsd
ta strive Por optimue resdlts.  This was
voe of  many  plobesring  approsches
implemented cn the Hexagon Program that
contributed o its cutstanding record of
BUCCHEE.

CUSTOMER CHANGEUVER

In December 1971, siz months after
the first suceessful Hewagon wmisslon, the
government wotilied Perbie-Blosr of it
intent to transler responsibility for the
Hesagon program from the CIA to the
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UEAP, specifically the Alr Fures/Secretary
of the adr Force, Special Projects Office
(AP/BAFSFL. I was subseguently deter-
mined that the effective date of this
artion would be 1 July 1973, However,
there would be approgimately 4 onesyear
gwerlap by these orgreizations. The €14
would continge the Block 1 and II pregrams

begin  the procwrsment of Block I
bardware Immediately.

In May 197%; BAFEP lssued 8 request
for guote covering production of Sensor
Bubsystems 13-18 (Block I and associated
services, and a contract was negotiated in
Lictober.

The USAFs stated philosophy of
reguiring the contracior to munage the
Hexapon progres withoul the wee ol a
Syatem Esgioesting Cootractor for tech-
mical and administrative decisions was In

used an the initial Block [ and I contracts.
T should bhe soted, howswsr, that the
SAFSP  Office  wmalntelns  wery  cloge
surveillonce of the progrom and partici-
paves in all important decialons

The philosophical difference of the
Bloek I costract beosdened  Perkine
Elmwer's rosponsibility awl cootrel of the
wrogram- A more general statemenst of
work was weitten and more copventional
comtracting was negotiated. The "Martin®
Formula for contracting foe special salel-
Hte programs was Polloweds This unusual
procedoure was svelved dueing General John
Martin's tenurs ss SAFEP. The Bleck I
contract followed both the splrit and Intent
of the Martln formula. Une oaly has to
ook at the program resudis fo judge the
afficacy of this vontracting method.

The transition of a program a8 com~
plex a5 the Hexagon sensor frow one
govermment ageney o another s mid-
streai was indeed ap vaesual and fao-
wative procedurs. That it happened
without misslag » beat 8 & teibule to the
professionalism of the hudividuals Involved
on all sides.

PROGEAM SECURITY

A major concern of the CUA and the
EAFSP ls program securlty. A roview of

o geyeral  areas  of

the Hexapon peogram TWX messapes fron
1964 reveals that although all aspects of
sevurity sre carefully wonltored, there are
specific concern;
lndiseriminate wie of losecire Belephone
gestems,d release of information by the
press copceenieg wisible changes to the
contractor’s  cwrganization and  facilities
eelated to the progeam, and program
personnel reaction to nowspaper stories,
magazine articiss, and books revealing
varipus  aspects of satellite  secosoais-
SARCE.

Shortly alter Belgadier General Jolin
E. Ralpa, Jr. became Director of the
Hfice of Special Projects, Department of
the Alr Force {Aupast 19751 be wrote a
lotter to Paul Petty General Manager of
T reallivming the basic policles which
governed their business :mfﬁag.immhig;.g Hin
letter highlighted aress be felt deserved
gpecial comment and emphasis ineluding
conteact management, warketing, and
ethics. He also rellerated the lmportance
of segurily and stated the following.

"Becurity reguires comstant attention.
Satellite bntellipence collection systems
are vital to the natlon ~ and extrowely
volmerable.  This wolnerability not oody
meludes the threat of physical damage, but
exteads into potential political counbers
mensuras. The Byeman control system
gerves to prevent univiendly snations from
finding ressons to exert political pressures
againsl owr reconsalssance salslliifes, as
well as protectiog thelr true capabilities
and  the military and Industrial  base
engaged lo thelr development and opera-
ton.  Adversary pations are kuown to be
taking dedicated, affsctive counter
meagures,  Incleding  warning  alerls, ex~
pundiog uwse of Wlesation socryption,
cover, camoullage and deception, to
reduce the effectiveness of our recounais-
sancy sateliiles. We cappot afloed to glve
them any advantage.

The recent public revelations of
parious aspects of satellite recommalssance
bave been anfortunste. However, we must
continue not to comment on printed stories
nor openly discuss this subect. We sach
meed to realfivs to all of sur paople that
the policies and  procedipes  of  the
BYEM AN control systen must be followed
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in spite of greater public awarenessy if, in
the fulure, there ape changes in security
policy, they will be conveyed to you
directly and quickly from me”

One of the wmagazises contimually
publishing articles on the progress of this
mation's reconnaissance programs is AVIA=
TION WEEK.424 Other publications have
sporadically coversd this ares of gowerne
ment activity, but the most prolilic writer
on the subject has besn AVIATION WEEK's
Philip J. Klass.25°%3 He did a thorough job
in summarizing his hoowledpe of the
Umited States recopnalssance program in a
book titled "Secret Sentries in Space.d
Although lacking in sowe detalls, and
slightly Inacouwrate in others, little is left
to  the imagination eof our aation's
adversaries. What is really damaging is the
impact these public revelstions bave oo
people  invelved I reconoaissance  pro-
grams. After sach public sunouncement of
the newest advances n this countey's space
reconnaissance  activities it i necessary
for program management in both governs
ment and indostey to caution thele person-
nel net to discuss or conlivmw these stories.

How this information is obtained is a
mystery since security officers both at
Porkin-Elmer and the government deny
that they are ¢ontrolled leaks. I this
e then i1 must be assomed that all of
the published information on our countey's
reconnaissance programs is gathered from
people in government who bave koowledge
of the programs and are teving to gain
political  advantage; or revealed to
reporters by embittered employess whe
have been terminated from the programg or
obtained Irom ex-goveroment intellipence
agenis rooning & corusade against  our
nation's  intelligence community  and
making & "few pieces of silver” in the
bargaing or foolish people working on the
program  who gain  some measure  of
importance by telling a reporter "somes
thing special” known only by 2 faw.

Gertainly, the bad press that our
security forces have recelved in the past
20 years has had a deteriorating affect on
the general seowity attitude of the
zitizens in this country, thershy weakening
our resolve and ability to gain intelligence
and develop an effective response to our

adversaries” theusts. Fortunatelys the pen-
dulem  ds pow swinging in the other
direction and the legislation of the 60% and
T which made it exbremely difficult for
iy security forces to operate, is now being
modilied.

Prior to the customer changeover on
1 Jaly 1973, SAPSEP conducted as audit of
Perkin-Elmer's oparations as related to the
Hexagon program.®5 One of the areas
covered was program  security.  Faoi-
finding sesslons were conducted during ihe
week of 11-15 June 1973, The sub-team
rosponsible for reviewing the security
grpanigation and policles conducted an
extennive exnmination cowering all aspecis
of program security.

In a letter to Habert H. Sorensen,
Pregident of  Perkin-Eloer,  Bripadier
General David D. Bradbuen, who at that
time wag Director of the Oifice of Special
Projects, stated, "I wm very plessed with
Cole Pareishs initial report o me on the
conduct of the response to the survey team
and the demonstrated professionalism of
your top mansgers o the 0T | believe
there was cendor and Drankoess all arcund
and thal my managers and yours developed
excellent sapport. After reviewing the
survey roport in detail 1 will advise you of
the significant conclusions and any sctions
1 think you should take.”0

In a subsequent letler containing a
symmary report on the wanagement survey
at  Perkio-Flwers Bradburn  ncluded &
paragraph on security and suggested some
actions. ¥ "] place much more dependencs
um your seourity stafl then the CIA did. 1
ook to youwr security man to haodle
spcurity plasning and stall functions and to
mandle most security problems  throuph
direct and frequest contact with my
security staff bhere In Los Angeles. This
arrangement makes your secority officer
an  extension  of  wmy  office  with
considerable digcretivnuey authority. He
needs io be lovolved in every aspect of
program  management and hence should
rEpoft 1o the Hewagon Program Manages.”

Some basie differences between CLA
amnd SAFSP security direction were also
woted i the Dradbuen letters "There is no
integrated Hyeman securily  strocture
within Periio-Elmer. There is no priacipal

BIF 007-0253-85
HANDLE V1A BYEMAN
COMTROL SYSTEM ONLY

Approved for Release: 2016/12/07 C05096580



Approved for Release: 2016/12/07 C05096580

A HISTORY OF THE HEXAGON FROGRAM

MREO APPROVED FOR
RELEASE 17 Seplember 20001

Byeman security officer within the Perkin-
Elmer corporale structure. The Corporate
Seourity Office ds located within the
Electro~Optical Group. There is no organi-
gational relationship betwesn  security
Fusections. At present; Optical Technology
Division Seouity i [physically! located i
the Product Assurance Uepartment -~ a
situation which s anomalous to the
mansgement philosophy of SAFSF. Thers
is Hittle incentive for top guality Byeman
security managetent personsel to remain
with the orpanization. The intersal
Byeman security systems and procedures in
effect at the OTD to support the Hemagon
program are generally outstending. This bs
due largsly fo contipuous osesile super-
vislon and direction by a resident security
representative of the CIA security stall,
and toe the competencs of the UTD
Becurity Group.

The significant chasge 8 securily
operations is that there will no losger be 2
customer resident securily represantitive,
and SAFSP locks to the conlractor to
motivate ks people and resslve more
problems on bis ows. To accomplish this, a
fivm rapport must be effected. To insure
that the present program does not lote Hs
effectiveness, the priacipal Byroman segus
Fity representative of the division must be
pasitioned sufficiently close to the top of
the masagersent stracture whers be can
function as an integral member of the
management team and effect o competent,
colwsive interface with SAFERS

The letter indicated that the cover
and Pamse 0 beleling  weterial  sod
prosentation wers good, although Perkin-
Blmer was to stress more delisitely that
the *fact of satellite reconsalssance is a
Byoman secret and asy direct associatios
betwesn opticalfcamera operations and
wilitary space must be hondled ot the
Byeman level. The Jdifference betwssen
Hyeman security apd sormal DOD clagsi-
fied mformation was alse to be emphas
slzed. Under SAFSP dirsction, Perkin-
Elmer's Byeman security staff was o
asgume the responaibility of giving Phase
W lewel briefings, & Ffunciion previcusly
handled by the resident CIA  securily
aificer. " The BHeadburn letter ended wilth
the statement that, "All other plans and all

Hx TOP-SEGRET.

actions In this area lsecurity] are good”

In a letter to Geperal Bradburn,
Bobert Sorensen Dsted the actions that
ware taken o response to the BAFEP
Management Survey Beporte  The Optical
Techrodogy Divislon was reorganized and
Paul Petty was appointed Depoty General
Manager of OTD with full-time sssipnment
a5 Program Manager of the Hemagon Pro-
gram reporting to Michasl Wesks who In
Apeil 1973 had replaced Michael Maguire
an Oeneral Mapager of OTD. Be Adan Ross
became Assistant General Manager, OTD,
and assumed responsibility Tor Security
Contracts, apd the functions g@xeviws}y
designated as Program services.38  These
wowes satialied BAFSP wanagement-

Although the saevey report staled
that Al slements of physioad seouity are
cutstandlog” the repdrt also noted that,
"Copirary {0 the coplrector’s {Perkin-
Elmer] presentation, not all personnel
working B OTD reguire Hexagon acoess.
Specilically, personiel working on company
propeletary o commercial  activity i
Building 3 of the Danbury bullding complex
do pot have automatic nesdstocknow.”
Thizs was the Ibest Indieation that the
mixing of Byeman work and other activi-
fies created a security peoblom. The
Banbury OTD comples, which appears to
be one large facility (370,000 square fest),
iz avtually five separate budldings within
oie exterior shell. A new additon, housing
both BOD and OTD people, was added on to
the Danbury complex in 1980,

Ln Uctober 1977 Perkin-EBlmer was
gwarded the contract for MASASs Space
Telescope. It had previcusly obtained per-
misslon from SAFSP 1o use parr of the
Dagbury OTD  facility for the Spbce
Telescope.  The bullding was wrigivally
built for ssd dedicated to the Hemagop
program. e

Prior to the inclusion of the Space
Talsseope peogeam, the OTD Danbuwry
fagility was peimarily 2 Byoman facility
with few non-Byeman people. This
changed when Space Taelpscope perannnel
arrived on the scene. The caleteria, the
hallways, and the bhailding grounds wees
now balng shared with non-Byeman people
and Hexagon Program personnel now had to

exercise additicosl caution to saleguard
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program securitys

This arrsngement was working and
the security of the Hexagon prograns was
fmtact.  Howewer, om 28 Apell 1981 ae
incident ocourrad that was to precipitate a
strengthening of the Hexagon security
PEOETRE.

Un Thursday morning, &3 April 1981
0740 boursy, a Perkin-Bloer  employes
noticed two Hexagon shipping conlainers
ipcated outside of the Danbwry beilding
mear the entrance to the gross cleaning and
shippmng ared. He mnmediately rounded up
Byeman-accessed mamilacturing personnel
and moved the Hexogon shipplng omtalners
gide the gross cleaping ares. I was
determined that po penstration was made
on  the bomes of swath waterial apd
shipping costaloers, sod  the Beowity
Cifice was notifled of the viclation.

Hegagon Fiim Shipplng Container

Aa a congeguence of this lpoldent,
BAFEP copducted a security review at the
Danbury OTD facility.  The conchusion
reached during this roview by the §P-3
adit team was that the Perkin-Elomer
Byeman Securify Progeam was nob estively
compatible with 1be cursent regquirements

& majer effort was lsunched to
correct the discrepancies discovered by the
EP=3 aupdit team. The OTD Security
Departwent was reorpanized and placed
umder the mansgement of Sheldon Ferber
and 2 massive Securily Awareness Program
was established to rebriel all Dyeman
acvessed personnel at Perkin-Blmer. The
perimeter of the Byroman sres  was
modified to make It more secuwrs and the
communications  and  computer gystems
ware separated from the "white” aress In
the Danbury ballding complexs
, These actions resulted in 2 Dyeman
facility that & greatly steengtbensd o
prevent penatration from the outside.

Mizing Byemas and pon-Byeman
peograms i the same wildicg complex
croutes problems for security pessonnel
Howevers the cost savings to the
presrnment are substantiale Oovernment-
wened equipment can be used on non-
Byemar programs and critical skills needed
o Byewman programs cen be relained by
assignment 1o non-Byeman activities

Byewan secrets can be protected by
av alert  and  creative  aecarity  stalf
supparted be all levels of massgesent.
Byeman  geopeam persunoel  can be
motieated and teained to adhere to the
siringent reguirements of working on A
Byeman program  suerounded by none
Byeman activities.

A continding propram  of Security
awareness is critical to Byeman programs
since the medla delights In alrlog ouwr
MWation's seorets. An excellent sxample of
what Byeman progeam personnel sre sube-
jected to was viewed on petwork television
an &0 July 1975, The program b0 Minates™
reviewed United States progress In apace
reconnalssances In a T-minute segment,
Wike Wallace lnterviewed Philip J. Blass {a
semior editor of AVIATION WEER) Michael
Warchetti lex-Cla apesth and General
Locius Clay, Joo (Commander of HORADL.

In Bis olosing  statement, Mike
Wallscs suldy, "H you think we've just
roesaled space secrets o the Russians be
advised they koow all about bullding 213
{Matlonal Photographic Interpratation Cen-
terl amd a2 lot meore. Them why all the

of the Byeman Control Byutat. . secrecy?  Well, some people in our State
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Department say ibs 50 a8 aot bo embarrass
the Russians. They don't want to have to
admit to thelr own penple that U5
satellites are photographisg the Hussian
land wass day dn and day oute But that
doesn't seem to make much sense because,
fter all, the Russians ape duing the same
thing to us. Others suggest the season for
the secrecy 18 80 &8 not o inflame sther
nations becouse these setellites can of

=

_publicly coafronted with them.

courss, photograph any spot on earth. Aod,
of course, these other pations know all
about the satellites but they've never been
b It they
Twere, the fear is they would have to make
a foms about it in the Unived Nations and
neither the Americans nor the Rosslans are
amxicus for all that. I a5l thiz sounds like
something out of "Allee In Wonderland,®
you're right"
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3 TECHNICAL DESIGN,
MANUFACTURE AND TEST

EVOLUOTION OF THE
SENSOR SUBSYSTEM DESIGH

The swolation of the Sensor Subsys~
tern dﬁsign recamimended in the Perkin-
Elmer Hezagon proposal began in March
1968 when Perkin-Elmer was funded by the
Ageney to continue a camera design ini-
fated by Itek. Perkin-Blmer enginders
studied the Ttek "optical bar™ design to
determine if that particalar configuration
was the best technical approach. In August
1965, Perkin-Elmer recommended to the
Agency & wmodilied form of the “optical
bar® deslgn. From that point in thoe 1o the
day Poerkin-Elmer was awarded the Hexa-
gon contract for the Sensor Subsystem in
Oetober 1966, Perkin-Elmer engineers oot
ducted studies and experiments to develop
a film transpori and elecironic controls for
the “optical bar” design.  Dr. Boderic
Scott attributes the selection of Perkin-
Elmer by the Agesey tor (1) ouwr willing-
fesss b work with the CLA, {3) the design of
the twister, and {3} the demonstration of a
process to mannfacture bigh guality optical
flats at a rate of one per wonth. .

When Perkin=Flmer first became in-
wolyed in Phage I of the Agencys recon-
nalssance program  in Sepltember 194685,
wyatem sagineses leltiated a Prellminary
Perfcrmance Specificativn based on oral
and  documented reguirements from  the
Agency. This specification was updated as
newer requirements evalved during the
various shady efiorts on the program. It
was  incorporated  into  Perkin-Elmer's
Hexagon proposal submitied to the governs
ment in July 1966 snd sventuslly became
the  Hensor  Subsystem  Specification
{EP-621-0001) referenced in the Hexagon
negotiared contract.

When the Hexagon confract was
awarded to Perkin-Elmer in October 1666,
the design and development of the pro-
posed sysiem, supported by Agency food-
fng, was already in progress. In many areas
copceptual layouts were completed and
detail design layouts were well underway.
Little time was lost in startisg up the

program since Perkin-Elmer had spent 13
months prior to the award of condract
developing and testing the proposed design
oOnCept.

The Bystem Engineering Section of
the newly organized Optical Techoology
Divislon subdivided the Sensor Subsystem
into functional enits and, based on the
Perfoemance Specification design criteris,
established sreor budget allocaticns for
each design area. The total of the errar
allocations  included all factors  which
influenced the quality of the image on the
bl

Project engineers in  the various
enginesring sections {i.e., Optical, Mechan-
leal,  and  Electricall  responsible  for
designing these unils were dirseted o
propare s Dunctionad specification for each
design ares. The functional specifications
wers to Be the primary poldelines and
contained syster anginesring dats, initial
periormance and environmental reguire-
ments, design criteris, and all nterface
requirements or design consteaints hoown
at the time the specilication was preapared.
The development of the lusctioosl
specification was an iterative process and
roquired close laison Detwesn system
engineers, project engineers, and program
persannel responsible Dor nberfuce control.

&5 the conceptoal design of each
functional unit was completed, the project
enginesr pregented it at o technical review
attended by customner representatives and
consultants and Perkin-Elmer’s Technical
Advisory Board. The purpose of the Con-
cept Review iz to judge the adeguacy of
the design and to uncover sny technieal
weakneases or interface problems. It was
the imitial milestone In  the program
sehediude esach fTunctional unit had o pass
before continuing to the next design level.
The Concept Review Data Pachkage sup-
porting the design approach included an
appeoved  functional specification, design
layouts, and engineering study, analysis,
and test reports conducted on the design.

Following approval of the Copcept
Review, the project engineer and his design
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temm preparsd for the mext lewel of refer to the Technical Deta Book for a

technical review, the PreHminary Design
Review (PDR}. The first step was io
prepare a design specilication for the
functional wnit documenting engineering
reguirements for the desipn and perfor-
magce  of  the wedt seed  oubliaing  the
methods for werilying the deslpe.  Alter
completion of fiosl desige layouls, the
design team prepared 3 PDR Data Package
to support the design approsch. In addition
to a gowmplete set of desipn loyposuts, the
data packape ncluded an approved deslen
speciflication, and enginesring analyses and
test reports supporting the fimal design.
The project engineer updated his design to
conform to any suggestions or changes
direcied by the custormer or the Technical
Advisory  Board, alter which costomer
approval was granted.

There was ope last technical veview
each fusetional  enit had o pass
surcessiully before the desipgn could be
trapsformed intos masofactured parts, the
Critical Deslgn Review {CDRL The CDR
Pata Heview Package consisted of a
complets set of wmanufacturing drawings
including detail, subassembly, final assem-
bly, specilleation, and souwce coobrol
deawings and parts lsts. In additien 1t
neluded an squipment specification for the
fanctional wait dovumenting the condigura-
tion and performance during the fabrca-
tion or production phase and specifving the
inspections and tests required o verily the
squipment. This was sn sxbremely lmpoe-
tant roview sinee any changes made allee
the drawings were relpased to the manu-
facturing  and purchesing  departments
wowld bave a serious lopect on both gosts
and schedule.

B addition to the functional units,
this seguence of technical reviews was
applied to all test oguipment, assembly and
test stutions, and acrospace ground eguipe
ment reguired for the support of the Sensor
Babaysten.

This section of the bistory will
réview the evolution of the fusctional units
and the impact that the basic desiyn
peoblems sl thelr solutions had om the
Hegapon program. Since only a- brief
technical description of each functional
updt will be provided, the reader s ashed to

detailed design description. Important
chagpes  allecting particalar units  ars
diseussed as  each fusetional uniy s
coversd. In retrospect, the engineering
decizions made throughout the svolution of
the Dangssr babsyslem design were fhmely
and correct and conleibuted to (he sucosss-
ful complation of sach mission.

Thees slgoificant problews bad 1o be
solved to swccesslully produce & Sensor
Submrystem copable of meeting the reguire
ments of the Hessgon Heconnalssance
gpsteon. In sddition to handling large
guantities of wide b inches! ultra thine
base flm at a high welocity apd to a
regquired accuracy of syochromigation and
achisving an acceplable environment for
thee Dl i was necessary o design lens
and mirror mounts capable of maintaining
gptical alicnwment theouph launch and in
sebit.  Alss, wew grinding and polishing
technigues had to be developed to produce
the sipaificant wuantities of Jarge, high-
precision  optical elements seguired o
support the Hexagon program.

Optical Bar Assembly

The Optical Bar Assembly b oa
completely emclosed apd sigid struacturs
voptalning the camera optics. Ity thees
primasy purposes are 1o provide a mount
for the optical elements and bolate them
from  external mechanical delormations
provide thermal protection for the optical
systemd and provide the basic rotaling
motion for the trassverse scan and the
systenw’s primary time relerence.

Thy “optical bar” design was started
by ek I the spelng of 1954 and continued
by Perkin-Elmer o March 1865 at the
reguest of the Agesoy.  Alter a Brltdesl
review, the “optical bBar® desipn was
improved  and recommended i Peskine
Elmer's Hexagon proposal.

At the award of contract, the design
wf the Optical Bar Aszsembly was further
along than other functional units sinee the
lopg-lead time reguired for the optical
elements reguired the release of drawings
early in the program. During the first
eight weeks of the Hexagon program
saveral optical design changes were
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pyiduated. COnpe modification increased the
walf-inch back local length o ope inch to
provide sufficient space for a focus sensor,
® ::a:ypiagl shutter, aml o tiwing dot
pEnerator.

Desige of the optical bar moved
papidly and by 14 Febroary 1967, & Concept
Beview of the unit was presested and
accepted with certaln reservations.® It
was felt that ncressed confidence o the
peliability of the optical coatings was
reguived and that the thermal effect of the
aptical bar caging mechanism  seeded
Puebher  sbudy. Alss,  the sotary
eommutator for lnsflight instromentation
wis not shown on the concept layouts.
There was also 4 potential oweewoight
problem. At the time the desigs wes
propoaed {21 July 1966} the weipht of the
wptiesl bars way setimated at 1096 pounds,
The design presented st the Concept
Heview was estimated at 1256 pounds.

The desipn of the optical bar
progeessed  and on T June 1967 the
Preliminary UDesige Review [(PDR) was
neldd  Although the peneral design was
accepted, there was some concern sbout

Hx TOP-EECRET

the therma! analyses and approval was not
granted wntll the reguired data was
supplied to the Agency. The mstimated
weight of the Optical Pars was pow 1068
foninds, but some uncertainty still existed
i the welght allovations on the Sensor
Bubsysten.

Soon after the PDE a studly program
was pndertaken fo Jdetermine spstem pepe-
formance with an interchangesble [ilter.
The Hiter initially peoposed way located in
back of the field lens group and had to be
sedected price to baunch. The study showed
that an interchangeshle flter plate eould
be located between the second and thisd
elements ia the Hald corrector group
without causing serlous degradation in the
optical design performance. A concept
review of the interchangeable filter was
held on 20 Septeinber 1967 and the wsew
filter location was approved.® In addition
ba having the least effect oo optical
performance in that location, it was also
the wmost faversble for 2 mechanioal
redesipn and convenienos of stallation.

The Optical Har Critical Design
Rewiew (CDRJ, beld on 31 July 1968,

Optical Bar in Dynamic Bolancing Machine
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Hexagon Camera Optical Componants

opened with & description of the changes in
the design since the PDR.S A former
problem with batt welds oo the diagonal
mirror supporl brackel was elimipated by
reducing the nwmber of butt welds. An
aptical bay parking brake was pob reguived
sinoe the drag caused by the bearings, slip
rings and encoder bearings was sulficient
to offget the  disturbing bargiies
encodntered during lawich and orbit.

It way determined that the weight of
the optical bars was within budget based o
sctual hacdware weight apalyses (1247
poundsl. During a dlscussion of prossuriza-
tion, the polegt engiveer ndicated that a
presiirs seal fould be iwmplemented oo the
Vevelopment Model, but that a slightly
different design would be regquired o8 the
Engineering Model.  (The rotabing optical

After a
thie
g

state-oi-the-art development].
rewiew of the COR data package,
Agency granted approval  to
Fabeloation of the aptical hae.

Camaers Support Frome Assembly

The Frame dssembly supports the
sptical bars, loopers, and associated film
path composents. The Drame contrels the
dynamic loads transmitted to the optical
bars and serves 1o poaition the aptical bars
redative io the Allitude Conlrol System
tACS! i oebitn I must  maistain
positioning acouracy of the camers optics
through leunch envieomment, thermal dise
tortion of the webicle in orbily and during
aperation of the ACS thrusiers.

The initial frame drawings
sedl o the  subcontrsctor |
i) on 26 January 1967 to enable
them to mest the completion dates of the
Bass and Thermal Model frames.

The Frame Concept Heview, beld o
24 February 1967, rovealsd no significam
design  problems apd  was  approveds
However, additional structural analyses
were reguired to determine the effects of
cantilevering the looper assembly on the

Wers

B
G
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Tweo Comers Assembly (T0 A Pyploal of SV-1 through BV-18 Cenfiguration

frame. Srudies were alio needed 1o
determine the lmpact that s change in the
stereo angle would bave on the frame
walpht and performance.

The sstimated weight of the frame
sted in PerkineElmers proposal was 280
pamds. By Jamuary 1947, the weight
gEtimate inoreased to 383 pounds  amd
wdged upward to 388 pounds at the Concept
Review. By 18 Jume 1967, a decrease in
the welght of the optical bars permitied a
decrease in the frame weight o 339
PR,

The Frame POR {23 May 19670 wos
anly the second PDR held on the program
since the award of contract.? Lo
Parterson, LA Sensor Subsystem Program
Blirectory took this opportunity to make a
few  ocowments on the sebawre of  a
Proliminary Design Heview. He romarked
that the PDH is a review for the customer
during which tloe the contractor altempls
to convinoe the oustower that be has done
the job asedtd to prove oot the design of
the functionsl wit belog reviewesd. The
peview should be supporied by all the
dovumsentation resulting Drom engineering
studles, anslyses, reviews, expariments and
testy that have been peeformed to conlien

that the desigs will weet the perloemance
reguirements. This elfort should satisly all
copcerned  that the design will perform
within the lusctional specilications gov-
erning i and so can be approved for detadl
drawing preparation.

Patterson also delined S5ETS (euss
fomer technical consaltani) role in the
PDR as adwviser to the customer regarding
the sdequacy of the nformation prosented
to make & technical evaluation of the
design: and I determining whether the
design actually meets the requirements of
the specifications.

The day thet the Frame PDE was
beeld, w TWX messope was sent by the CIA
to the NHO sdvising them thar the frame
was designed in aocoodance with Perkin-
Elmer's original Hexsgon proposal which
soguired the frame to I withis o 90-inch
dlameter shell.d Informal discussions with
the Special Project Offce  wanagers
responsible for the Satellite Vebicle design,
howewer, Indicated that the diameter of
the Satellite wvehicle would be 120 fnohes
regurdless of  the Senser  Bubsystem
envelope diameter of 90 ches.

The message went on to state, "AY
the time of the progosal By the Bensor
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Subsvstem contractors, deslgn walee was
glven in raling the peoposals for reducing
diameter and length. The reduction of the
digmeter to 90 inchey was made with some
compromise to weight and simplicity of the
frame design. U holdlag the dlaweter to
9 mches b oaot requized or necessaeily
desired, some lmprovement can b readlaed
by  redesigoing the  Drame. With
approsimately & f-lnch norease in width, a
simple box pirder structure csn be used
with a resulting welght decrease of about
27 pounds.®  Approval for the design
change was granted; bul pot without
: - slippage and  ioceessed  cost
- estimate).
wrlng the Frame PDR, considerable
discussion  osalered on  Perkin-Elmer's
approsch to the frame savironment test.
The frame deslpn wad approved with some
reservations noted by Patterson.®  The
customer ressrved the right 1o review the
frame design for posaible medifications
when an “agreed-upon” Performance Speci-
fication was approved and when 2 Pertin
Elmer document specilying the expecied
SETGOT Subsystern  environment | was
pErespresls

Design and apalysis of the ideal
frame corner design was initiated and
mwalved the wse of & "box™ corner
constraction.  Howewes, problems 8380~
clated with interloce reguirements b
twoen the  Sessor Subivstesm and  the
Satellite Vehicle continued.®

The Frame CDR, beld 31 July 1967,
included 8 review of the design changes
since the Frame PDR.7 Tt was peported at
this meeting that the frame corners were
redesigned o roduce lateral dellection dand
& strain best pérformed on 4 test corner of
the new design peoduced ope-filth the
deflection  per  static  load  oriplaally
expected. The frame at the time of COR
was two pounds under the budget weight
{588 poundsh  According to the COR

frame-mounted electronivs are adeguately
designed frow a thermal standpoint. The
rediability of the frame was, "o the deslgn
and net the numerics”  The CDE was
sithseguently appeoved by the customier.

Cn 1% and 20 December 1967, an
Interfsce Working Group mooting was held

and tovered the total Hensur
Subsystem/Satellite Vahicle configuration.
The result of this meeting was that the
camers Drame was lowered 11 inches below
the batellite Vebicle roll axls and the
gapply reel rotated G009, This necessitated
the lengthening of the fors and aft twor
parmers ansembly snvelope and o revigion
of the Supply Assembly envelope.8

Film Drive Assombly

The fise fHm  transport  system
consists of two functional units; the Platen
Arsenbly and the Fllm Drive Assemble
The File Drive Assembly tvamsports the
il from the Looper Assembly, to the
Plates dssesobly, and fheo back to the
Looper Assembly. It supposts the twister
assembly which permits a loop of Hle o
sater the oscillating Platen Assembly,
track precisely through the foval plane,
and  then exit baek into the [ized Film
Prive Assexmbly.

It should be woted that the “alr bar
twister” is the key component in the
“aptical bar® confipuration. The lack of
this device n the conBiguration devised by
Itek was the malor drawback In s design.
Witheest the twister, llek engloewms wore
forced to locate both the Hlo supply spool
and the file takeup spocl on the rotating
optiesl bae, resulbing b s cumbersowme
dosign that bad little chance of workiag

affectively.
The use of an alr har twister dovice
was  frst soted i an  ohsoure  and

unsolicited Perkin-Elmer camera proposal
submitted to the government in 1961. The
ides lay dormant bowever, sioce the
proposal was never comverted Isto a
comteact. A diagram of the proposed
eommers is included in the twister patent
insued to Perkin-Eimer in 19691

Charles [Don] Cowles, the lnvenlor of
the twister recalled the story of bow the
ides for the bwister developeds “Initially
{1945 { worked on 8 Perkin-Elmer program
codenamed Projector Project. Later {1960
Perkin-Elmer was awarded a follpw-on to
that program. The souipment reguived ale
bars and the snginsering group I supervised
was assigned to develop them."%

ALl shew bars [alr bars! on the
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camera system were initlally fixed. When
we fHest breadboarded the flom tramsport
system, we very guickly learned that it s
impossible to align rollers and air bars
accurately snough by teisl and eeror. It
bas to be accomplished by geowmetrical
precision. I you want an alr bar to work
at an angle of 459 1o the roller, you have
to memmnre that angle to secomds of e e,

ko within  seconds Errors must  be
corrected by actual easwrement and pot
by observing the action of the [le motion
and correcting the position of the aler bas
amd rollers by teial and ereor. That’s a long
amd bitter lesson that teok a lot of
gdrenaline, late |howss and  paiokhal
argument to learn”

Don Cowles snd his engineers goon
discovered that even perfect allpument
was not the complete aaswer. The fim
sirips were ool straipht  asd  drified
Iaterally. "We bad to go to some degres of
self-aglignment and developed 3 pivoted als
bar,” said Cowles.

Litthe  did  we

know  what =&

breakthrough the pivoted air bar was at
that time. The pivet point is determined
mathematically and i the center of the

Kilm tracks sxactly over the plvot paint,

there is no torgue applied o the alr bar
resulting i neutral eguilibrium- s only
when the film center moves off the pivet
point that there is a2 moment generaled to
rotate the bar.” Cowles aiso noted that i
@& pair of alr bars are wsed, one air bar must
be plwoted and the other fixed.

In 1962, Cowles was assigned o
proposal  activity, primerdly in aesisl
reconnsissance cameras.  “We bad devel-
oped & variety of optlcal confipurations,”
recalled Cowless “and were struggling to
obtain a high duly cyole from & scanning
bype punoramic cpmers. A scamuing wpli-
cal system produces a 50% duty cycle since
Balf the time i scans the sarth and during
the other half it scans the inside of the
camera. In addition, it's necessary to stast
and stop the film to eliminate waste”

Cowles understood the action and
peometry of the plvoted alr ber.  He
realized that when the sl bar rotates

The Alr Bor Twister Device
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becanse the outgolng web wanis to move
laterally while the bcoming web does not,
thers is no net error generated dynamically
in the outgoing web.  Becawse of the
selection of the pivoet point, there is no
velocity  or  lateral position variation
cansed by the plvoting motion. "Once this
fs  folly understood,” said Cowles, "it
Pollows that a palr of alr baes positioned ou
the same pivel point will automatically act
to remove the film twist put in by the Hest
alr bar by the action of the second air bar
without geserating  any  dynamic o
tracking errors. 1 also reslized that the
twister could rotate a film web 18097
Cowles locorporated the twister device
into the camera proposal, but since there
was no interest in the camera system, the
twister concept lay dormant for the pest
two Years.

In June 1964, Cowles wag assigned to
work on the ClA parametric study and
later on Phase 1 of the Foloruwm program
{September 1964). It was at this time that
the need for a iwister device once apain
surfaced.

During  one  of the conceptusl
conferences held on the Phase I Fulcrum
program, a group of project personnel was
discussing the oproblem of derotating an
bmage of a rotating optical system so that
the image could be placed oo moving o
at the focal plane. Cowles suggested that
instend of abtemspling fo use & massive
prism  fo derotate the optical lmage it
might be a4 good idea to "derotate” the film
instead. This of course meant twisting the
filsw & fall 1209 “How i thizs to be
accomplished?” sowmeone asked. "With an
alr bar twister,” replied Cowles. "When |
dropped that idea for considerstion” said
Cowles, "it was inst like 2 bomhshell. We
wepe secking some way of conbining a
continuously rotating optical system with
an oscillating platen and the solution was
filed away in an  obscure proposal
somewhere o the company archives.”

To prove the feasibility of the
twister concept,. a4 design  layour was
gtarted on 12 October 1964 asmd a
breadboard was constructed and tested.d It
wan an wngualified suegess.  As ewpeessed
in  the breadbosrd test reporty "The
behavior of fhe twister mechanism was

without fault during static and dynamic
tests with film transport.? It may be
successfolly employed o any systom which
requires the divection of filw teavel i a
single plane to  be  changed during
transporty or during pericds when the Him
s stationary. It accomplishes s Dunction
pasgively without wmtroducing path-length
changes and without disturbing alignment.”

Barle Brown, a staff englnesr on the
Fulerwm program, went throogh a process
of slimination in the selection of & system
configuration for the Phase 1 Fulerum
program.> A point was fimally reached
where a decision had to be made betwesn
an arrangement called "Turpstile 1% apd
"Tornstile 2.°  The fiest arvangement,
Turnstile 1 reguired a twister, Turnstile £
did  not. It was decided by Project
Management that the Turnstile ¢ confign-
sation would be pecommended fto the
customer (CIAL A full seale breadbosed
medel of the systesm (called the "Cockbail
Shaker®] was conatructed and tested. As it
turned out, the sustomer bad Bittle Intesest
in  Perkin-Elmer's  proposal  and  the

PCockiall  Shaker™ was  eventually  dis-
mantied. The kindest of critics called it
"interesting,” othbers  called §t an
Pabomination.”

The twister device was opce agaln
relagated to the back shelf wwll March
1965, when Perkin-Elmer was ashed by the
CIA to continue the "optical bar® desipgn
started by Itek. Stodies revealed that the
puly way the "optical bar® configuration
could be made to work effectively was by
the incorporation of the air bar twister.
The operation of the bwister wis wopifiad
in subseguent tests and lscheded o the
Bengor Subsystem dﬂﬁigi‘h%

Price to the Film Drive Concept
Hewiew, the proposed method of wsing an
input and an oatput steerer was studied and
it was decided that one stesrer could be
used as a bidirectional steerer mechanism;
thersby sliminating one steerer. The Film
Drive desipn presented gt the Concept
Beview, held on 2 March 1967, included
vwn deive capstans, a data chamber; & fibm
marking device (hole punchl, a twister, and
assnciated  ategcture. The sstimabed
weight of the design preseated was 17
pounds (bwo morve pounds then the desipn in
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the Hesapon propossll

The Film Drive Concept Review was
approved a5 presented;  bowewer,  the
Agency divected the project engloser o
concentrate his attestion on the following!
mweasure breakaway lorce needed o move
Pl it ssmsmes a8 permanent  seb,
investigate the possibility of uwsing a hole
punch mechanism with higher sellability,
determine  the eifect of short scen
operation on o the losation of the bole
punch, lovestigate the possibility of
increasing  film  travel time plor
expopare, and determine B oz problewm
wxists in flexing the control cabling ot the
e iemﬁmtmm encoamtered during the
mission.

In May 1967; the Apgency instruched
{he project englnesr to proceed with design
studies Tor a film marking device ater 1o
be called end-of-run markerl. Thizteen
pongepts were under consideration at the
Hoe. However, macinum offost was to be
expended on concepis oot relying on a4
Ppunch® device since Lallure of this type of
sehedgues snd e appeosch which Haited
the wariety of parts that could be used on
the syatem.”

The efforts of all the functions in a
relighility department are directed to the
production of 4 rellable system. These
efforts are peflected o 2 reliability
sumber {from zero to onel which is vsed as
a measuring tool.  “However, we dids’t
make 1t a nombers game” said Karachui.
"W smphasized the design support alysis
backing up the decisiom to remove the
sleerer.

On I8 Acgest 1908, the Criticsl
Dresipn Review was presented and approved
by the customer.? The weight of the unit
{18% pounds) was well within the budget
pstablished at that thmes

The “punch” device for marking the
film was abandoned in faver of & nooe
sontact optical method.

Ploten Assembly

The Platen Assembly i perbaps the
most critical functiopal unil in the Sensor
since It must  sccurately
position the Hlm b the focal plane as the
faage s exposed on its aurface.

Pesign effort on the Platen Assembly
began in the summer of 1965 Since §t was
"puried” in one esd of the Optical Bar
Asseurbly, the biggest problem faced by
the design enginesrs assigned to this task
wWas packaging the many platen components
and subsssewmblies o a8 small wolume of
spage. ihe Plates desipn went through
several vergions and modifications prior to
the design sabmitted in the Hexagoo
proposal in July 1964

Soon alter the award of contract, 8
workshop session was beld (2 November
1966} to discuss the platen image motion
compensation ssrve probles and esteblish
a course of action leading to its solution.!
I was declded that BETS was bo contlnue
kg 8 oo delve desigs and Perkine-
Elmer was to iovestigate the wse of gas
bEarings, devise & systenm to solate the
platen from the wals bearings during flo
exposgre, and bulld and test a servo
breadboard consisting of 2 simulated platen
mounted In commercial prade bearlngs
with an  appropelate  torquer, JTesdbach
tracsducers and slectronics.

Om & Jamsary 1967, & concept review
ol the platen bearing wrraogement was held
to determine which of three mechanical
arvanpgements presented at the mesting
winild be adopted. The linal decision was
to locate the plates bearlog o the Optical
Bar Assewmbly and veact the torguer against
ground frame strustural.

Investigation of gas bearings for
applization In the Platen Aspembly was
terminated in Janvary 1967 btecause of the
reliability factors involved and the need
for large amounts of gas. It was also
decided that the torgues produced by the
lapge diametsy ball bearbngs wounted s
the Optical Bar Assembly were well within
the capability of the platen servond

A Prellminary Platen Concept
Review was beld on 13 January 19673 The
pirpose of the mesting was 1o update the
customer on Perkin-Ehmer's progress on the
Platen pod review SETE asctivity oo the
cam drives

In the initial stages of the Platen
design, an effort was made to avold the we
of beeyvilivm. 1 was soon apparent that
this would pot be possible. The estimated
welght of the Platen Assembly lsted in the
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Hexagon proposal was 10 pounds. By
February 19467, the welght bad increased to
349 pounds, and during a technical review
held in March 1967, 1t was revealed that
the proposal welght was worsalistic and
that & welght reduction propran would be
imitinted to lower the Platen welght which
at that point o time bad creeped uwp to
37.7 pounds> The weight of the platen
was wrentually reduced to 35 pounds

Om 5 May 1967, & Plaben Assembly
Concept  Heview  was  presented  and
approved.B7 The threr concerns volced by
the customer at that Lupe was lubrication
of the platen bearings, the avallability of
the platen seren test resnlts, and the
effects that pressurization of the Sensor
SBubysiem would bave on the platen.

In Juse 1967, & meeting was hald to
review the bwo methods of sbialning lmage
miption oompensation in the Sensor
Subsystem. Both Perkin-Elmer's wel the
BETE approach were discussed. The
Agency declded to go with the Perkin-
Elmer servo design apd terminate S5ETS

CRm appmau:h.g

A5 the FPlaten design propresssd and
broadboards were comstructed o fest the
Ieasibility of the designs, problems began
o sarlace. Bach was carelully asalyvied
and the mechanisms were either modifisd
gr commpletely redesigned. For exampley
August 1967 test results of the sheiter
produced consistent [ailures. Hegapdless
of the corrective messures smploved, the
faibpres contisusd. A new design was

undertaken which was superior fo the
original desiga.?
i T Febeusry 1968, the Platen

Agsermbly Preliminaey Design Raoview was
hedd and the final design approved. Platen
deawings wers released fop the Enginsering
and Development Models in Apeil 194810
Seven months later, the Platen Assembly
Critieal Desips Heview was presented fo
the customer, and alter the completion of
some  gotion  ftems  imposed by the

customer, Peekiv-Elmer recelved approval
to velense the drawings to the production
&awimem}i

Flaten Assembly Components

HANDLE ViA BYEMAN
COMTROL 8YSTEM ONLY

Approved for Release: 2016/12/07 C05096580



Approved for Release: 2016/12/07 C05096580
A HISTORY OF THE HEX

MNEO APPROVED FOR Hx TOP-EECRET
RELEASRE 17 Seplember 2011

o

PR, MITERURTOR

il b oRunuTine
FONLOE SERND

—

TR . WOLLER PR ARSY, f¥ber. b
i ELELTRMICS (2aT) -
Eg!l%;ﬂ’!i !il:.ﬁf-‘fzﬁ
A Wimiues, dusie. (i)
- iR £3
FobaL. BLARE TILY BRIVE
FLEE. MMTONELY & i

BErLR CamTa

B 0 E . PROTWE o4

BB, M.
FTRETING
| ? T‘-;Csfff'.s?:!iqiaaz
{\ ‘a ;,t_v FHTRORATION
PLATEN T0%
oY, BaL, TR
N
Platen Agpembly Schedule
87 BIF G07-0253-85
_ BARDLE VIA BYEMAN
Ha-TOP GECERET CONTROL SYSTEM ONLY

Approved for Release: 2016/12/07 C05096580



Approved for Release: 2016/12/07 C05096580

HRHD AFFRUVELD FOR
RELEASE 17 Seplomber 2011

Bupply Assembly

The coarse film  transport system
inclydes all functional units thal operate at
a  mowminally constant  speed doring
photograpiy and recycle.  Thete nchude
the Supply Asssmbly, the Looper Assembly,
the Film Path Components, and the Take-
Up Assembly. Flm & vnwound from the
Supply Assewbly at 3 constant  rate,
tramsported through one side of the Loopas
Assaswbly to the e e transport systen
(Film Dwive and Platen Assenmblies), re-
turned 0 the other side of the Looper
Assembly, and brapsported af o constant
rate to the Take-Up Assenbiy.

The Bupply Assembly supporis, pro-
tects, and delves the flo supply for both
the forward-looking camera and the aft-
louking camera. Bach supply reel carvies
04000 fest of bb-inch wide Type 1414
filmm and welghs 890 pounds.  The major
components of the Supply Assembly ares
core assembly, primary support structurs,
motor braks, caping sssembly: pressure
enciosure, [ilm exit wvestibule, and servo
plectronics.

Early in the Sensor Subsystem desigs
development phase May 1965, the awis of
the Sepply Awssembly was parallsl to the
launch vehicle roll axis. This configuration
was presented in Perkin-Elmer's Hezagon
proposal [Jaly 1966).

At the tlme of contract award, a3
Sopply  Assembly desige layout  esisted
based on a4 2000-pound flwm  loed and
information in the Sensor Subsystem Peee
formance Specification Book.! A revised
perisrmance specilication was received on
24 October 1966 which initiated a change
in the Jdesign covcept of the Supply
Assembly. This change vaused a consider-
able weight iocrease. A study  was
conducted to determine the lmpact of the
new specilication oo the proposed Bupply
Agmewbly degign. O the nine desige cou-
copls developed, an arrangement with the
sponl axis parallel to the lounch vehicle
pitch axis was recommended.’ Lack of
conlirmation on fibs density and thickness
ied to confuslon ln the calewlation of the
overall  dimessions of  the Sapply
ﬁﬁmmbiyﬂ

Design work contioued on the Supply

Assembly and on § March 1967 & Concept
Heview was held. Howswer, becavse of an
everwelght condition the Convept Review
was mot approved.  The estimated weight
of the Supply Asembly in the Hexagon
proposal was 500 pousds.  The design pros
sented at the Concept Rewiew was ssti-
mated at 846 pounds. A weight reduction
study was sbarbed and revealed thet very
Hetle welght could be eliminated unless the
Hanges were owitted. This lelt only twe
choloes for & welght decrsase of 200
posmdsy the Hesl arvangemeant was with the
spoal axis parallel to the roll axis of the
veblele, the second with the spool axia
parallel 1o the pltch axis of the vehicle.?
The study showed the laiter o be the
Ughter desipgn.

The next Concept Review on the Sup
ply Assembly was bald on 27 Aprdl 1967 In
the confipuration presewnted, the Supply
Agmembly axis was parallel to the wehicle
roll axis. An alternate approach wias also
presented with the supply axis aligeed to
the vehicle piteh axis. This desigs was not
cossidered acceptable becavse it projected
into  space reserved for the Usbiting
Command module i the aft section of the
wehilele. The Concept Review wos
approved and the design continweds By 15
May 1957 the Supply Jssembly welphl was
reduced to 740 pounds.

In August 1967, in response fo a
vegmest frows the customer, Porkin-Elmer
gubmitted & proposal Tor & Supply Assembly
ariented with s axis of eotation parailel
Lo the vehicle pitch axis. +8

Film Supply Assembly
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In December 1967, a customer dech-
sion was made to reorient the roference
gupply design with the spool axis parallel to
the wehicle piteh axis  Although this
change 4id not atfect the overall design’of
the Bupply Assembly dewveloped to this
point, engineering tiwme bad to be spent
snalysing chanpss to accomamodate the
supply  recriestation Jegss fim exht
locations, loading changes, etcd. The al-
lowable welght &t this polnt was 770
pounds and the estimated weight was T8
potinds. ,

A wear later, the Supply Assembly
POR was presented (41 Foebewary 1968
Comsiderable time was spent discussing the
effects of [m splices on the edpge sensors,
the selection of the structural mwalerisl,
the relationship of the [l  wisding
procedure to the core design, and the
prossure~venting-condensation relativnehip
in both sscent and wvormal operating
gonditions. AL the conclusion of the
review it was agreed that areas réquiring
particular smphasis o the sext phase of
design were the caging wrrangement, the
srerweight problem, the core design, the
eondensation problem, and the over-budpet
reliability problem. The allowable weight
of the Supply Assembly &t thiz time was
B23 pounds asd the estimatsd weipht was
851 pounds.?

The next fve months were speat
conducting tests amd preparing drawings
for the Critical Desipn Review. On 20
June 1968, the 50-inch diameter [hm stack
underwent an acceleration test. It was
first subjected to a 1.0g scceleration for a
duration of 120 seconds to check oul the

He PO BEGRET

operation of the centriluge, the lnstrys
ments; and the recording equipments The
filen stack was then subjected to both 4.5
test and an Sy test, both for @ duration of
120 seconds.  Some pesidual deflection
oerurred at the 8.0 test. 10

The SBupply Assembly CODR was fi-
nally held on 25 November 1968.11 The
project engineer opened the CDR with a
discussion of the areas redesigned since the
PDRE and then reviewed the functional
specifications of the Supply Assembly.
Inconsistencies between the functional and
the design specifi immediately
pointed outr by {rustomer
representativels  The areas of concern
ware the rewind stecking and Bl tension
spacificetiong. directed the re~
wording seoretary to doocwment this as
"highly frrepular™ and then recessed the
COR for a caucus with customer represen-
tatives attending the review to decide
whether tv continue the mesting.
acting as spokesmans revonvensd the )
and reguested that the wmesting continue as
eutlioed by the agenda contingent upon
sgreement  thet  coples of the fully
aspproved Fuscticosl and Design Specifics-
tions were delivered fo the customer by 4
December 1968. The project engioeer of
the Supply Assembly  agreed to this
roeguirement.

The CDRE continued without further
problewms and after responding to & sumber
af action items, Perkine-Bliner pecaived
approval for the Supply CDR. The esti-
mated deight at CDR was 5657 pounds
and the allowable weight was 860 pounds.
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Looper Assembly

The function of the Looper Assembily
is to store sufficient film before and.after
sppovgre to accommodate the intermittent
filee motion in the Platen Assembly in
combination with the contibocus e
motion at  the Bupply and Takeup
Asmermblies. The Leoper Assembly consists
of three bagie subassembliest the frame
and mounting structurs, the carriage, and
the tension sensor. An initial configuration
of the Sensor Subsestem in a May 1965
study shows the Louvper Assembly posi-
tionmed bebind the Optical Bay Assembly-
&g the design progressed, the Looper
Asgewblies wers mowed to the Frame
Bupport Assembly

The layouts asd beeadboard iesis
started helfore the award of contract were
presented at a Looper Assembly Concept
Heview beld om 23 Febeoary 1967
However, the review was regasded a5 3
*recliminary” concept review becawse fhe
functional specifications, the control sys-
tein  requirements, snd  the  strsctwral
analysis were pot sufliciently defined or
@amplgw-}

The Louper Assembly Concept Hee
wiew was rescheduled to 4 May 19467, The
design and supporting documentation pre-
sented at this review was more detailed
and the Concept Review was approved with
certain reservations.ts3

Throughout s design, the Looper
Assembly was alfected by chanpes in other
parts of the Sensor Sobsystem. The film
path configuration determised to & large
satent  the positien of the Looper
Assepabilies oi the Frame Assemblyv.

Progress on the Looper Jsseobly
comtinued and a PDE  was  schedoled.
Howevery it was delayed by Perkin-Elmer
because fundamental guestions existed on
the basle requirements. & letter from
s Ws  Boesserer, Manager of the SETS
orgamization, contained & critigue of the
Lovper PRERE Design Package submitted to
the customer on 13 July 19674 It was
wnfaverable and mentioned that i the FDOR
had not been delayed by Perkin-Elmer,
SETS would bave recommended the delay
because the PLDR Desige Package was
inadegquate.

The Losper PORE was reschedided o
26 September 1967 and once again was
peviawed by SETS  Thebr response left

Cltle doubt of SETY disapproval of the

gquality of engineering work on the Looper
design. A wmajor portios of the Bewserer
memo discussed the philosopby of Tormal
design reviews aml the requirements of a
properly prepared design review packapge
supporting & PDR.?

Regardioas of BETS dissstisfaction
with the Looper PO Package, the FOR
was held on the scheduled date At the
conclusion of the Looper PDRE,
customer representative,
that the jedtial concern about the rendiness
for a Looper POR sxpeessed by SETS was
proecipitated by an evalustion of the POR
package amd  that the Looper POR
presentation answered most of the gues
tions. He sugpested thar fupees PDR
Design Packages contain as much of the
available waterial w possible rather than
reserving it far the PDHE presentation.

in & letter dated & few davs later,
Don Patterson supporied this view and
made sugpestions which would pesvent the
repelition of the confusion caused by an
incomplete  PDR  Design  Package.'
Approval of the Looper POR was deferred
by Don Palterson until o systerns trade-olf
eould be aceomplished based on  new
Information regarding sdditional Drames of
photography required for oycling the film
thesugh the [orward-locking camers. In
addition, be Hsted items that represented
areas of concern. These incleded the need
for additional analysiz of the launch
survival of the coarse tenzion sensor, sojler

complete  thermal apalysis, and  the
addition of performance regquirements in
the Looper Design Specilication. On 15
Hovember 1967, K. W. Pateick, OGeneral
Munager of the Optical Tecbnology
Divigion, forwarded a technlcal repest
which completed Peskin-Blmers response
to all of Patterson's requirements.® Final
appeoval of the Looper PDR was received
on 28 November 1967.9

Detailed design of the Loopes
Assembly continued In weparation fov the
LR, Howewers the Looper design was
fmpacted by additional changes cutside of
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Lanper Assembly

its envelope. Rearraspgement of the film
path wwd the fle etesper compponents aid
modifieations of the Frame Support
Asseobly created problems Tor the Looper
deslgners:. An added sysbers peguirement
fow short scan photograpby resulted in a
lvoper carriage imbalasce. The Looper
cover reguired mumerous changes because
of febrication diffowities and 2 cheange @
a pressurized film paths I July 1967, the
looper designers bad 1o resposd to wel
anpther change due 1o the replacement of
the air-bar steerer by an articuiated
steerer design. Incorporation of the new
steerer design reguired & change to the
fsaper strocture, the upright supports, and
e oover.

Thess changes, however, improved
the overall desipn sod reliability of the
Looper  Ssaconbly and by the time the
Levper QDR was  presented on 18

Hovember 1988, the wnit was penerslly

simplified. 10 Although  the customer
approved the CUR, some concerns wers
exmressed by who felt thay

there were limited tests om the Looper
design and that the differences belween
the Englseerlog Model apd Development
Modsl Looper designs were significant. He
believed  that this would undermine
conlidence in the Looper performance until
the Development Model Looper was tested.
There was also copoern that the rellability
estimate did pot meet budget allocations.
The total weight of the locper Assemblies
at DR waz 71 pounds.  The proposal estls
mate of July 1966 was 40 pounds. I must
be poioted oot that in addition o carrylng
components noel decladed o the proposal
eatimate, looper reguivement changes wers
shen regponsible for a lasge poption of the
inceeased weight.
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Film Path Aszemblies

The Film Path Assewmbliss perform
two haolionst they provide guidsnoe and
support to the fHlm as ¥ is tvansported
between major fanctional assemblies, and a
protective  esclosure to  prevent [ilm
aEposire, damage, or dnacceptable envi-
ronmental conditions.  The basic compo=
ments of the Film Path Assemblies are aly
Wars, rollers, and steever wechanismg.

Air Bars

The most critical slement n the
Bengor Bubsystem is  the alr  bar.
Dewelopment of this impertant element
began bn 1960 when D Hoderic M. Scotty
Chiel  Eagineer of the Reconnaissance
Branch in the Electro-Uptical Division,
supmested the wse of aly bars for sapporting
filie in an ongoing program. He was aware
of the ue of alr bars in the paper lodustey
in the production of paper rolls, and also by
the Eastman Kodak Company to transport
wet [ilm in the coating process. However,
these applications wsed a great amount of
air at high pressures to Hit the transported
material.

Charlos D. Cowles, supsrvigor of the
mechanical group on one of the programs
managed by Dr. Scotl, weas assigned to
develop the ailr bar. Cowles, and & few ol
the enpineers in his group, began 1o
superiment with what were initially ealled
“aiz rollers” o wn spplivation regulsing low
pressure and a Jimited amwowt of air
sapply. The group tried various approaches
with little sucoess.

Dr. Hobert E. Hofnagel, a stafl
enginesr, was asked by D Scolt to spend
some time on the abe bar problem sl
recommend & new approach. During a visiy
to the laboratory, which at that time was
in the Connecticnt Avesue plant in
Horwalky Dr. Hulfpagel obecrved the ale bag
srperiments. Hulfnagel wrecalled that,
“They were slmply round bars with some

holes drilled into them. During the tesis,

an attempt was made to tramsport film
gver the alr rollers but the filss odges
scraped oa the ale roller suslace and the
gir rollers just couldnt Bt the fim
without a borrsndous amoupt of ale How.

Hx TOP-SECRET-

- g -

Giriginel Computations of Alr

Bay Design from Dr. Robert E.

Hufromgel's Bnglnesring Notebook
In facty” cowmmentsd Hulnagel, "Tm net
sure if the engineers ever got the round aly
rollers to Lt the film at lower pmmnm&“l

The adr roller was & great idea -

except it wasn't working” said Bulnagel
"I gave it somwe thought aod wmy st entrey
in my engineering nolebook on 4 April 1560
was & basic sguation for faid fow. It was
glear that  the eoquations were  f00
complicated and that 1 would ot be
successful with that approach. Labter on
that same day, 1 recorded some general
thoughts on the essence of a solution to the
air roller peoldem. At that time | was not
even addressing the “shew” problem bt

just trying to frassport flm over an ale

roller, or "air bar”™ as I chose to call it."?
By & April, Huoloage! had developed
the profile of the ale bar and determined
the radive of cuorvalbupe, the thickness of
the alr cushbon (0001 24nchl, and the alr
flow {0.95 ft? per minutel. The unusual
profiles (D-shaped] and the porous material
istntered] of which it was flest fabricated,
wade it difficult to produce, sxcept at high
rejection rates. The oviginal theory was
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Conceptual Drawing of Air Bor Profile

based on wndform porosity of the alr bar
and not a hole pattern. By 5 May 1960,
Hufoagel and the engivesrs soon realized
that it Jdidn't make any difference. The
most  bmportant factor was the ale bar
contour aml that the radivs of curvature of
the alr bar surface continually increased as
it approached the edge.

The worilice size selected was a
G35~k hole boased on the mindmum slze
which could be deilled by conveationsl
mathids. Hols patteens woere varied and
extra holes were added during development
testing to achieve adequate 10t wnder the
specified conditions.

When trouble was experienced in
producing holes to the reguired tolerances,
ingerts were deslgned which eould be
precigion  machined and cemented into
counterbored cavities at the bole locations.

The alr bar desigs fulfilled the
requirements of the program. Al bars
wore used o place of rollers o applications
where the areasgement of the fllm
transport caused the file to take a belical

a5

path  arcumd  the air  bar,  thereby
accommeodating any lateral motion without
friction.

When Perkin-Elmer entered Phase |
of the Pulcrum program, 1T was necessary
to produce & full size model of what was
called the "Cocktail Shaker.” Cowles was
assigoed o develop the film transport fov
the system and used alr hars in several
locations of the flm path that required
“ghewing” or fm directions] changes. Thiz
activity provided additional esperience In
alr bar production aond use.

In support of the proposal for Phase 1
(Jamaary 19658}, air bar tests  wers
wonductad to determine the ¢haracteristios
of the air bar design. The total system
consumption was 895 pel of nitrogen n & £
13 wolume at a provsurs of 1.78«inch of
mereury in the aly bars. It was noted that
a small change in any of the parameters
{flow rate,  supply pressere, ambiest
prossurs, eted capsed the fim fo either
drag on the air bar or vibrate viclently. At
bost, the alr bar was 3 marging]l component
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that worked within a wery narrow sel of
conditions. vk

Dgring the period in which Perkin-
Blmer was investigating the adeantages
and disadvantages of the F' and M’ systems
fduly  1965), Cowles wrete a one-pags
techodeal  peport  lorecasting  the gas
consumption for the ale baes In both
systems. s ity he relersnced  fhe
breadboard tests copducted during ithe
preparation o the Fhese 1 Foloruwm
proposal submitted to the customer in
danwary 1965 The characteristics of a
"sample bar®™ were listed.

The lmportance of the alr bar was
empbasized o Parkin-Elwer's Hexagon pro-
posal  Lluly 19641,  which stated  that
exhoustive experimental and development
work was careled on to develop the alr bar
o & previows program  oand that  the
component was "thoroughly proven.” While
it iz wue that the alr bar worked
successlully on & previous program, it did

so under a specifis set of conditions {low,
comstant speed with no reversals oo staet
and stopsh. The application of an alr bar to
the regpuirements of the Hewmagon Sensor
Subsystem proved to be a most difficulz
sod perplexing problom.

Bocm alter the award of the Hegagon
coptract  (Febeuary 19670 a2 Concept
Beview was beld to approve the gesersl
configuration of the ale bar.®  As a result
o this meeting, tests were plasped to
accomplish the following: continue anualy-
sis 1o verily the optimum contour, analyze
flow rate for film Hotation, determine
flow rate at specilic  velocities, awd
analyrpe structural and vibration charactep-
istics of the alr bas.? A test in October
1967 determined the fow rates lunder
static conditions) for typloal adr bars of the
skhew, twister, and steerer Eyp@ﬁ-g

Bynamic alr bar performance, to that
point i time, was svaluated only by
observing the operstion of stesrsrs and

1. Capacitance Edge Guide Sensor; 2. & 3. Spew-Type Alr Bar; 4. In-Line Air
Bar Assembly; 5. Twister Air Bar; 6. Experimental Test Flxture; 7. Twister
Air Bore 8. Sheew Alr Bor: 8. & 10, Belf-Allgnlng Alr Bor Assemiblies
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ather assemblizs which used alr bars. What
was needed was a special apparatus to
messure film Uit at sumesous polnts over
the air bars. This device .. could

Hx TOP SECRET-

ol the alr bar be attempled to mors clearly
undarstand the charscteristios of alr bar
pperatiom.

Twister Assembly tests on the fllm

demonstrate the effects of changing thew gl simulator and the abbeoviated filw

number andfor pattern of holes. It could
determine the uniformity of film Lt under
all conditions of film spesd, tension, film
type, gas pressure, etc.).”

In December 1967, the new alr bar
tests were f:s}mpiemmm The experiment
was designed to messure the eelative force
regubred to traveport Hln over two aly bass
{stowrer typel weder conditions of maxi-
mum film tenson and varlows nitropen
presgures.  Under certain conditions of
mperatiog,  emulsion  bulldup o scabs
developed on the alr bars. It was knows
prior to the tests that scabs were
frequently discoversd on alr bars used in
film tramsport experiments on the test
beds. Further tests were regommended to
izpiate the cause of the "scabbing.”

The deslgs of the alr ber contisued
based on the latest test results. B was
decided to eliminate the Inseris and drill
the 0L0085<ined diameter hole directly in
the alr bar extrosion A test to
determine the coeliicient of friction of the
alr bar surface was conducted o Apell 1968
and film it measpemenls were made in
May 1968 resulting in a glight modification
of the air bar design.!®l3  But the
problem of "scabbing”™ air baes did ool go
aways In July 1968, the Film Drlve project
engineer reported  that  tests  were
hampersd by sccasionsl emulsion bulldup
on the steerer air barg.t%

The problem of emulsion budldup oo
the alr bars oocurrsd move freguently and
fimally summed op in the Augost 1968
Monthly Technical Report.l® "Emulsion
bulldup on alr bars has been a contiwaing
problem oo the test bed steerer alr boass
amid the cavse for It on these bars has not
yet been isolated. Emulsion buildup also
pocwrrsd on the fwister air bars during the
imitinl tests: howeves, it seems o have
been alleviated by ooerecting the angle of
approach of the fHlm oo the alr bar {from
negative to positive anglel”

Meanwhile SETS, distwbed by the
many reports of ale bar  problems
recommended that asalysis and modeling

He POP-SEGRET

path began to highlight 2 new alr bar
problem. Local deying of the film in the
rogion of each of the alr bar holes caused
furrow-like corrugatione on the Jeagth of
the film.17

By Jansary 1969, it was becoming
apparent that a serions problem  was
developlng on ope of the wmest critical
components in the Sepsor Bubsystem and
that a sSystematic test o completely
understand the operation of the alr bar was
absolutely mamdatory. A development test
plan for the ale bar was weitten 17 Jaousey
1969.18

In 21 March 1909, an atlempt was
made by the Perkin-BElmer System
Engineesing Group to obiain & gualitative
picture of alr bar operation. A Hlux
plotting technigue was wsed o dmulate
flow patterns Tor several alp bars. 1¥ SETS,:
in the meantime, issued a linal report on
Adr Bay  Muathewmsaticsl Medeling (ay
1969).20 Although both of these asalyses
were Interesting, they had Httle peactical
walue In solving the alr bar problem.

The new Perkin-Blwer alyr bas
development program [started in Jasuary
1969) began fo show resulis in June 1969
The use of teflon contings and the addition
of grogves held a great deal of
pmmis&*zh The tests verifisd 3 basic

fact of alr bar operation — the sdges of
the [l will always contact the alr bar
surlace regardless of the hole pattam.23

Sketch of Improved Air Bor Design
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Vartos Alr Bor Groove Patterns Developed During BExperimendol Tests

By 1970, the alr bar problem was
resolved. Tests proved that the alr bars
would work ellectively 1 2 flter was used
to provent bole clogging and i bole and
proove patberss were selected for each
particular application of the air bar. The
grooved patterns reduced wrinkling coused
Iy bmpingement of the dey gas on the film
aud provided 2 more unifoem pas support
under film. The uwse of a teflon coating
was, ol course, mandstoFy U6 Eevent
swulsion bulldups Because of inberent film
curl, the edges of the fim could ot be
Hifted wnless aly pressgurs  and  supply
peguirements were exceeded.

in retrospect, It appears that the air
bar probleme was too complex 1o be solved
mathematically. I required over two and
omelall vears of enpinesring effost to
design & workable sir bar for Hexapom
Sensor Subsystem misslon requirements. A
godution was  Unally  achieved by
concentrated testing and observation nalng

Hr TOPERGRET

Highi-designed abr bars

The lesson to be learned [rom the
Talr-bar®  dtory ds mot  to pesmdt @
component to jeopardize the suecess of 5
major program by sccepling s wee o the
equipment without sdequate anadysis and
besting  under the required operating
copditioni.

Hollers

A gecond component of preat lmpoes
tases o the Sensor  Sobavstem  film
tranaport §9 the rollew. A yelersnce lo
rollers was made {0 a supplementary report
written in suppoet of the Phase 1 Fulerum
proposal in Jeousry 1965.%4 "Conventional
bends of the flm web are made wilh
greciglon Hghtwelpght rolless with integreal
low friction bearings. Each rollee will be
mounted with itz axls provisely norimal to
the direction of web travel 30 that thess i3
pure rolling contact.”
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Although this critical clement was
used in 186 locations (V-1 coafiguration)
throughout the Senser Subsystem (94
rollers I the "A" llm path sl 92 I the
" pathl, Hitle was noted in the Perkin-
Elmer Hexagon proposal (July 1968)
relating to roller desipn. Perhaps it was
aswamed that this element would crsate no
difficulty since Perkin-Blmer had sucoess-
fully designed rollers Ior other programs.

Prisr to awaed of the comlract to
Porkin-Blmer, @ project  memorandum
noted the progress that hed been made in
this ares (roller design).®? “As a result of
the many inpuis to the program. theess now
ewint desipn layouts and deawings of a large
variety  of  rollves It s strongly
recommended that a study be made of the
garious designe to establish 3 mimimuam
nimsber of types and sizes o be uged In the
finmul equipment.”

Among the wmany legtuwrs to be
eonsidered were materlal [besvllium sug-
gestedl, moustiog methed nclusion of a
labyrinth seal to inhibit dirt and lubricant
svaporation), and roller size and shape.
Apparatus which was designed el built at
that time fo messure roller chasacier
istics, howewer, was capssbalized to
expedite copstruction of the Fibm Path
Simulator and had not pet besn replaced.

By Felwuary 1967, 2 "standard” soller

"Standard” Film Roller Design

mesembly deslpn was developed for the
Hexagon Sensor 5&%&%2%@‘3&&37 A
diwmieter of 0.4000=inch was selected for all
rodlers in the filn path with the sxception

‘gfithe 0.370-inch diameter rollers used at

the focal plane which had special
requirerments  {angle of  wrap, higher
pracision, limited space, ste.

The 0.600-inch roller diameter
provided a  safety  factor abowe the

minimum bending radius of UTB and 5TH
film. The roller and bearing desipgnz met
the requirements of wminlpun  inertis
minbmum  [rictions an Infernal labyrinth
seal for lebrication retention and dist
exclusion.  The roller assemblies were
divided into three classes  [Bearing
precision) and seweral categories based on
application (width, loads etods

Studies were Inltiated to determine
the Irictional elfects of various protective
findshes and breadboard  testing  was
conducted fo select a lubricent meeting
system operation regulversents. &8

A staosdard wounting for the poller
assembly was developed by July 1967 and
included o wave sprivg washer and an ol
reservolr  (padl  to  reduce lubwicant

migration aod ootgessing and  serve  to
provide additional protection from film
particles.29
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Raoller development test plang were
completed o September 1967 and outlined
ten separate  tasks to verily  rolles
properties and design 30 A month later a
partial & ?ment of beryliom sollers was
received.3) As a result of the information
obtained Irom  completed roller  tests
vondor consultation, sl system  servo
analvsds; the roller desipn was modified.
The bearing outer ring was redused from
Ob25ineh  diameter o 0.375-dnch to
imcrease the width to osside dlameter
ratio thereby reducing the possibility of
Bearing  "hanpeup” during  launeh  wibeas
tion. .

Holler deawlngs were approved and
released for production by Febeusery 1968
Teats on the eollers, however, continued
gt voller assembly characteristios b
wipht different file path applications were
determined.3?  Completed roller assem-
blies were incorporated inte  various
breadboards and stmulaters by June 1968
and then it happened.3% The first rolles
failupe ocowrred on  the Film  Path
Stmglator, followed by fouwr roller faiberes
on the Abbreviated Film Path Slmulators
Stub shafts en the roller assemblles were
smapping off. The failed rollers were
examined to  determine whether the

failures were coused by lmpact or fatipee
and b was soon discovered that impact
loading was the cause of all the failures. 35

Beweral factors bad contributed in
lowering  the impact peoperties of the
berylliivm  rolless.

These ncluded highly

Side View of Beryllium
Shaft Frecture (3.5X)

* End View of Beryllium
Shalt Frocture (10X)

stressed mabterial surfoce povosity, surface
defects caused by machining, and pourdy
machined underculs on the stub shalfis
Measures were taken o correct these
deticiencie.

A dats and application list releaged

i March 1969 Gdestilles  fen rolley
d@%igm-% By  seleciing the peoper
combination of roller and stob  abhall
material  [ockallow,  staisless  stesl

aleminom, or beryiiiamd 3 s now possible
to design a roller assembly tallored to

mest  any  requirement on the Sensor
Subaysiem.
Steerers

The third fbe  path  component

gritleal to the operation of the Him
transport system is the steerer mechanism.
Previows to the Hexagon Sesor Subsystem,
cameras developed at Perkin-Elmer relled
st passive flm transport systems requiring
paly  the precise aligement of  fils
supporting rollors. Charles Dy Cowles, the
inventor of the “twister®, recalled the
transition (o active steering systoms.

"As & resalt of our experience o &
previous program; we Jearoed thet there is
& Hmit as o bow far vou oo go without
active steering. We thooght we might be
avle to use A passive siedring eystem om
Phase I of the Folorum program, but T was
newer convisced that we coulds We lucked
ot with a pasgive filp bransport system on
the previous program, and we 4id have our
problems, but it was as far o we could go
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without active steering.”

45 Perkin-Eluer onginesrs  begas
working on Fhase 1 of the Pulocrum
progeam, It becamse apparent that active
steering would be reguired. The Phasé I
fulermm  proposal (22 Jamumry 1965
included a reference to film  teanspopt
guidance.d3 "To provide for accurate
placement of photographic data relative to
the width of the filw, and b bbereass the
control of IMO, a closed loop edge
guidance system is located at the sntrance
to the shuttle platen. The lateral
displacement wmeans roguired for steering
and shuttle wotion for IMC i ideally
furnished by simple displacement of the
skew {alr] bar which feeds the shuttle”

Although initial pepOrts and
pregentations published o May and June
1965 do not refer to any stesring devicss
for Him guidance, o sketch presented In a
meeting in  September 1968 shows the
location of "steerers® at the entrance to
the platen and the re-entry vehicles.3%,40

& Dremipgm Boview Package sent to the
CIA by Perkin-Blmer {12 November 1965
contained a reference to film  traasport
devices.4l  "Control components which
genter the fim web without rescrt to
flanges aoywhere o the system  are
included.  Active or passive control is
pecessary only o provide lowg-term lateral
stability of position. Lateral drift rate will
be adeguately lmited by designing to take
advsstags of the smoothing elfect of
rosllers.”

In & customer presentation, held on 9
December 1965, a viewgraph was shown
referring to an experiment on steerers. 42
The objective was to dewvelop a passive
steering  system  using  “Lerlg™  alipners
crown rollers; and pivoted roller devices.

Throughout 1965, Perkin-Elmer engi-
nesrs vacillated betwesn the use of alp
bars {using a closed loop sdge guidance
system) and & passive roller arrangement
that made use of shaped rollers or self-
aligning pivoted rollors. Bul by May 1966,
the smphasis seemed to bs on passive
steering devices.

A peoject memeeandom, dated 13
May 1966, described experiments on
tapered, conical, and pivoted  roller
arrangements for film path guidance.®3 An

analysis of the geowetry of the crowned
poller was reported Im & memorandum
dated 9 Juse 1966.4% A few weeks prior to
tha submittsl of the Perlin-Elmer Hexapgon
whedpdbal  in July 1966, a  project
memorandum  deseribing  film  steering
eylindrical rollers was published on 16 June
1566.45

The  steerer  approach  foally
recommended in the Perkin-Elmer Hexagon
proposal, however, was based on the use of
air bars and sdge guidance sensors.48 The
propossl dlsmissed the use of filw guidance
rollers. "N flaonges, ceowsed rollers, or
other brote force methods are used to
control tracking, filo cop be dawmapged and
system performance affected resulting in
loms of information.”

Ivvestipation of active lalr  bagl
steering devices began soon after the
award of comtract (10 October 1966).47
However, the proponsmts of the Him
stesrer devices using pivoted rollers were

still  undaunted.% The [irst Sensor
Sgbeystem  Momthly  Technmiesl Heport
refers to this activity?¥ "Concurrently

with the work oo the servo controlled lalr
bar] steering units, a low priority effort
has beea put oo the development of a
purely mechenical {self-energizing stesrer
roller) device.” Althouph this was the last
reference in the wonthly veporty on stevrer
rollers, the adwocates of this approach
once agals tried to stimulate interest in a
passive steerer approach.”V *The film
guidance philosophy  expressed i the
proposal  (Hexagon) and  prosently being
used,  reguires  bigh precision of
mpanufacture and alipmment of the entire
system. This memo recommends s relagas
tivn of thiz philosophy which could well be
applicable to the major part of the system
and  permit considerable  relazation  of
munulactoring and alignment tolersoces-
I iz further recommended that active
staps be taken to explore the possibilities
of emploving puidance devices which do
oot reguire air bars.”  The memorandum
continued with a discussion of crowned
rodlers, free-plvobed rollers, amd controlled
pheoted rollers.

& report written by the customer's
consultant (BETE) on 23 May 1907 discusses
an  analysis  which was  perfopmed  to

BIF D07-0453-85
HANDLE VIA BYEM AN
CONTROL SYSTEM ONLY

Approved for Release: 2016/12/07 C05096580



Approved for Release: 2016/12/07 C05096580

MEC APPROVED FOR
RELEABE 17 Seplember 2011

without active steering™

As  Perkin-Elmer engloeers began
working on Phase 1 of the Fulorem
progeam, if became apparent thateactive
steering would be requived. The Phasd
fulerum  prapesal (22 Jasuary 1965
inciuded & weference fo Olw  transpost
guidance. 38 "To peovide for accurate
placement of photographic dsta relative to
the width of the film, and to borease the
contrad  of WO, a closed loop  edge
gubdanee system s Jocated at the entranece
to  the shottle platen. The lateral
displacement means reguived for steering
and  shuttle wotion for MO i ideally
fupnished by sbaple displacement of the
skew lale) bar which Teeds the shuttlis”

Althowgh  initial  reports  and
preseatations published o May amd June
1965 do nor refer to any steering devices
for [ilm puidance, a sketch presented in a
mesting in September 1965 shows the
iocation of "steerers” at the entranes to
the platen and the re~entey vehicles. 39,40

A Dosign Review Package sent to the
Cla by Perkin-Elmer (12 November 1965)
contained a reference to film transport
devices.4l  "Control components which
center the film web withoul resort o
flanges anywhers in  the system  sre
included.  Active or passive control i
necessary only to provide long=term lateral
stability of position. Lateral deift rate will
ber adeguately Hmited by designing tu tske
advantage of the smoothing eflect of
pesllors.”

In & customer presentation, held on 9
Decomber 1965, & viewgraph was shown
rieforring o an expesiment on steerers.$l
The objective was to develop & pasdve
steering system  usiag "Lorlg” abigners
crown rollers, and pivoted roller devices.

Throughout 1965 Purkin-Elmer engl-
neers wacillated bDetween the use of air
bars fuslog a closed loop edge guldance
system) and a passive roller arrangement
that made uge of shaped rollers or sell-
aligning pivoied rollers. Hut by May 1966,
the emphasis seemed to be on passivs
stesring devices.

&

peapssal  in

analysls of the geometry ol the crowned
roller was reported In 4 memorandum
dated 9 Jupe 1966.% 4 fow weeks prior to
the submittal of the Perkin-Elmer Hexagon
July 1964, a8 project
memorandum  desceiblng  film  stesring
cyptindeical rollere was published on 14 June
1966.45

The stesrar appeoach fipadly
recommended in the Perkin-Elmer Hesagon
proposaly however, was based on the use of
air bars and edge guidance sensors.3 The
proposal dismizsed the use of flm guldance
rollers. "I flanges, crowned sollers, o
other brate force wmethods are wed to
control bracking, Hilm oan be damaged and
system perlormapse alfected residilog in
boss of information.”

Investigation of active (air bag}
stearing devices began soon after the
award of contract (10 October 1966).%7
However, the proponents of the flm
stesrer dovices using pivoated sollers were

still undaunted 48 The fiest  Sensor
Bubsyatenn  Monthly Technlosl Report
refers to this mtzkvity.‘ﬂ "Concurrantly

with the work on the seevo controlled {al
barl steering units, & low peioeity effort
has been put on the development of a
purely mechanical ell-ensrgizioy stosrer
voller] device.” Although this was the Jast
reference in the monthly reports on stesrer
rollers, the advocates of this approach
once again treied to stimulate interest in a
pasgive steerer approachs "The film
guidaoce philosophy  expressed in  the
proposal  [Hexagen! amd presently bebag
g, requires Righ | precislon of
manufacture and alignment of the entire
system. This mems recommends a relaza-
tion of this philosophy which could well be
applicable to the major part of the system
and  permit  conslderable relowation of
mamufacturing and alignment folerances.
It is further recommended that active
steps be taken to explore the possibilities
of emploving puidance devices which do
not roquire alr bars.”  The wmemorandam
contisued with & disowsion of crownsd
rollers, froe-plected rollers, and contenlled

A prolect memorsndur, dated 13 plested pollars.
May 1966, described experiments on A report weitten by the customer’s
tapered, conical, and  plveted  roller consultant (BETEl en 23 May 1967 discusses
arrangements for film path guidance.® An an  analysis  which was  perlormed o
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Initial Breadboard Steerer and Edge Sensor on Test Bed (Without Film)

determine the guldance capability of
contouwred rollers and an evaluation of the
feasibility of thelr application to ithe
(Hexagon Sensor Subsystem) film path.5)
"The results indicate that the pguldance
capabllity attainable by this techunigue is
oo small to be of sgnificent value in
veducing the tolerance requived on the
gpatem.” 1t made no mention of the
possible damage that could be caused to
the film by shaped rollers.

Development tests and design of the
Pade bar® steerer continged theoughout 1947
apd the firsr part of 1968. A Concopt
Heview of the active stesting wechanism
{adr baw) was held on & Warch 1967, The
design was  approved and mathematieal
analysis and breadbosrding of the active
gteerer mechanisw  continved. Experi~
mental work on the Filw Transport Test
Bed and the Film Path Siowdalor was
gepanded  to  include the testing of
improved stesrer designs.

& File Palh Concept Heview held on
12 May 1967, recomwendlng  active
stesrsrs hoth in the Sensor Subsystem and
the foeward section of  the satellite

Hx TOR SEGRET

containing the re-entry wvebicles; was
approved. By Augest 1967, problems of
instability in the steorable alr bar began to
surfsce.?? Modifications were made to the
stesrer design on an atiemdl to solve the
problew. Sufliclent progress was made o
warrant the incorporation of the active aly
bar stesrsrs into the Seasor Suhayate*mui-

Ce  persistent steerer  problem
contineed throughout steerer testing on the
Film Path Soulators A low-fraguency
ascillation of the Blm between bhe rollers
and the aler baf scouwrred whenever the
pivoted air bar was  disturbed. The
oncillation was caused by the silewards
bending of the fiby between the vrolless and
the aly bar. Willlam 4. HNewell, & staff
enginesr oo the program, was assigned o
the problem.  He published his resulis in
January 1968 werifying the messured
results by analysis.

A Film Path PUH, on 20 December
1967, reported the progress on the steering
wesks  and  presested warlous enginesring
analyges mm}m%&gg the desipgn.  The deslon
was approved However, by Apeil 1968,
stability tests, coupled with computer

BIF 007-0253-85
HANDLE VLA BYEMAN
CONTROL BYETEM ONLY

Approved for Release: 2016/12/07 C05096580



Approved for Release: 2016/12/07 C05096580

MNED APPROVED FOR
RELEASE 17 Seplember 2071

Flm Tronsport Test Bed

analysis, revealed that the steersr
mechanism had resonances at two  fre-
guency ranges. Modifications were made
in an attempt to solve this problem.

1t was now guite apparent that the
alr bar had problems that could not be
corrected by simple redesipns. The basic
concept was at fault. While design and
test enginesrs weore working feverizhly o
solve the problems of the "air bar™ steorer
the origisator of the "air bar™ steerer,
Charles D Cowles, and apother stall
enginesr (Walter MeCommond] bepan to
disciuss the posaibilities of using a system
of "srtieulation™.

Cowles, of course, had an excellent
soderstanding of film transport systens
using rollers. He was aware of "neuirsl
anis twisting™ [the neuteal axls of the Filwy
is defined as the sxis slong the center of
the files  lengthl. He undeestosd that
nesitral axis twisting can be agcomplished
if the roliers at either end of the film web
lie in parallsl planes and the misalignment
rotation §s about the peutral axis of the

Filon omlys Cowles applisd this theory to a
system  of passive steering he called
“grtieulation®™ Cowles and MeUsmmond
began working up o design, and using
cardboard aud paper, they fashioned a
mockup of an srticulator. They fried to
promote their des g ap alternate to the
ajr bar but were unheasd.

Is the meandtime, program manage-
ment assgned Willlam A Newsell to study
the problems of the “ale bar™ sieerers
Newell, st prior to this new assignment,
shared an  office with Cowles and
MeCammond and was aware of thelr dis-
cusshons on “articulated” Glm paths.

Newell sxumined the kinematics of
the alr bar steerer and other stessers
previvusly proposed and strongly recoin-
mwended the replacement of the ale bar
steerer  with passive and “steerables”
articulators.?%  In his introduction to his
study  report ke stated,; "Considerable
difficulty has  besn, and sl i
sxperienced in ensuring the reliability of
the film tracking properly theoughout the
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Alr Bor Stegrer Components on Test Bed

Semsor Subsvstem. The difficulty results
from the preat leagth of the flm path, the
larpe number of rollers and the components
alomg i, the requirement for recycling the
fil, and the relative motion of various
paris of the film path. In a vapue way i
has ‘been sssumed that s plece  of
egutpment called a steerer would correct
for these effects. This bae lmposed many
severe reguirements on this devies with
vesulting difficulty in attaining them. It is
Bellewed that the fusetion preslonsly
assigned to the stesrer should be broken up
into two parts. The fiest of these i 4 form

of articuletion of the file path to permit
misalignment of the various subassemblios
along the Hln path withoot affecting the
wracking of the filme  The second is a trae
steering peoblem o heep the remaining
sideward displacement of the Hiw along
the [lm path within s reasonable amount.
When Uds b dope, the articelation o a
passive manner provides slx degress of
fresdom o the displacement of any wajor
subsssembly relative to the others with the
steerer only reguired to handle one degres
of freedom Involving the side motion of the
Him.”

. e
L Y SOuHEs ,,?
‘. ARTICIAATED i _
i "*@;a% - Al mﬁwm ?;5‘

Artioulation Units In Sengor Subsystem

104 BIF Q07-025%8%
HANDLE ¥VIA BYEMAN
Hz TOPSBORET CONTROL SYSTEM ONLY

Approved for Release: 2016/12/07 C05096580




Approved for Release: 2016/12/07 C05096580

WRO APPROVED FOR

Forward Artiouator Test Bed

The articulators were lmplemented
into the Sensor Sobsyitem design and the
puidancs  problems  was flaally  solved.
There were mwinee design and mans-
facturlng  peoblems that had to be
owvercoms but these were vasily corrected.

Although it 13 true that the sisersy
problem was solved by the determination
of & few, 1t should be soled that thelr

Possive Artioudaror
ualification Vibration Test

sueress was based on the efforts of many
others whe amassed valuable infoermation
on roller desigsn, Hesurs theory, alignment
technigues, and numerous tests on the {lm
path test bed and simulator.

Film Poth Arrongement

From the time that Perkin-Elmer was
asked by the CIA to study the "optical ba®
eonfiguration in March 1963, fo the award
of contract in Ceotober 1964, the Bensor
Bubsystem film path went through several
arrangerents. Al the thoe the Hexapon
contract was awarded to Perkin-Elmer, the
satellite wehicle inciuded two re-eniry
eapsnles in the loeward section, the Sensor
Sybavstem in the center sectlon, and &

: . i £ supply assembly In the alt section. The
¢w§e¥;§ Quatiffeatien space allocation for the Sensor Subsystem
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Barly Conceptual Drowing of 4RV Arrangement in Forward Section

wags o cylinder 9 fnches in dismeter and
170 jnches in length. Batellite structural
information and re-entey capsule RV size
and configuration at this point in time
were vary sketohy.

A Film Path Congept Review was
wedd om 19 Apeil 9T o appeove  an
arrangement for routing the film from the

supply assembly, through the Sensor
Bubsystem, and into the BV, The film

path recommended at this mestiop was a
side-bop-side serangoment of Camera A and
Cameras B fils pathe. In the configuration
initially recommended in the Hexagow
proposal, the film paths were stacked, one
abowe the other. The ressen for the
change was to reduce weight, decrease the
mumber of air bars In the system; lower the
film path spd looper amenmbly center of
gravity, and eliminete a cantilevered
structure  reguired s the  propossl
arrangement. The Film Patbh concept
presented at the mesting was approved.®

A second concept review of the Film
Path arranpement was held on 18 Way
1907, Design spprosches wers presenied
o alr  barss,  rollers,  stesrers, [lom
enclosures, Him path nterconpecting units,
amd the poeamatic system. The reference
design of the o paih was a side-by-gide
arrangement and the sumber of re-ontry
pehicles and the orlentation of the re-entry
vehicles snd the supply assewbly remained
worhanged  from the proposal arrange-
ks This Film Path arvangement was
the basis of the Sensor BSubsystem design
wntil August 1967, when the opstomer
changed from 2 BV to 4 KV in the

forward section.

Sludies were copducted on various 4
Y arrangements, and exactly one yeoar
from the date of contract awardy a
Forward Film Path Coscept Beview was
held to approve the sew RV Forward
Film Path arrmg&menhw However,
detailed information on the size and
configuration of the re-spbry  wvebicle
delaved propress.

A Film Path PDOR was beld on 20
December 1967.592 The new 4RV Film
Path sreangement was discussed in dewall
and approved. Just pelor to the Film Path
PDR, the orientotion of the Sapply
Assembly was changed and the camers
frame was lowered.b Howewver, there was
ingufficient time to  lncoeporate  this
wnbormation iobe the PDRE. Progeess oo the
Fils Path Asseublies continusd, bowever,
definite aformation oo the RV slse and
shape were still lacking in April 1968.54

Final detail deawings wers  being
prepared io July 1968 when a majer Fllm
Path redesigs veowrseds  The Fibs Pelh
guidance systewm was changed from ope
based on the alr-bar stesrer to ooe wsing an
sortive artfcoulator. It reguired seversl
menths  to  assimilate the articulator
steerers into the Sensor Subsvatem. A
Filw Path Critigal Design Beview was held
on 19 February 1969, and the new design
which had been verifled by bests and
analysis, was ag«pr@w@&ﬁs‘ The wmwurh
peeded BY nformation wes recelved in
time to be incorporated into the fnal Fim
Fath design.
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Preumatic System

The Poeumatic System was cone
sidered the responsibility of the Film Path
Engineering Group duriop the initial stapes
of the Hexagon program. Perkin-Elmer
had esperience in the desipgn of pnwm&im
systems on previcus programs using  aie
bars. The Perkin-Elmer Protein proposal
{(May 1965}, which was 2 proposed wariation
of the Dek "optical bar” design, included
alr bars which reguired a Pacumatic
Supply#®  The proposal noted that, “Sub-
contractors who  specialize in the
mangiactures of gas supply squipment foe
space applications are awailable asad have
complete facilities for production, special
testing, and gualification.” [t appeared
that ewven in the early stages of the
Fulerurs program Perlin-Elmer intended tn
subcontract the Ppeumatic Module sinee it
was an unclassilied plece of sguipment.

Throughout 1965 no mention was
made of the Ppeumatic 3Systers In any
peogram documentation wuntil 30 Septembey
1965 when a presestation was given by
Perkin-Elmer to the Associate Contractors
on  the p‘mgmmmm The presentation
incloded the Tiest sketceh of the Progmatic
Module and was based on a General
Electric Cc&mpmy design submitted to
Perkin-Elmer in August 196558 The sizing
of a pressure wessel for the Pnsumatic
Syetermn was reported in g techaical report
that same month.bY Both a Oeneral
Electric svstem layout and the Perkin-
Elmer Hexmagon proposal showed the
Prneamatic Modele located in the center
saction above the rotating optical har;ﬁ.?a

Work on the Posumatic System began
immediately  after the award of the
Hexagon contract and the fest Monthly
Technical Report containg & complete
description of the initial design. The
propased weight of the sysiem was 50
pousds, But by Jesuary 1957 it had
imcreased to 150 pounds due to wmore
detailed alr supply reguirements. Perkin-
Elmer and General Electric worked
together on developing the initial design
and by Z1 Ageil 1967, & Eﬁ!&tépt Rewiew
was presented and apprm%ﬁ LTz s
procurement package for the Poeunmatic
Supply Module was  released o the

purchasing department on 26 May 1967, A
Perkin-Elmer schematic shows the location
of the Poeumatic }s&cﬁdu}e unchanged [above
the optical bars..’

atas v Three vendors were asked to bid on
the Poewmatic Module:

submitted their proposals by July 1%?5’4
In August 1967, the poeumatic disteibution
lines werse chanped to acopmmodate the
modification of the Sensor Bubsysiemn from
a ¢-BY to a 4BV satellite systom. The
gontract for the Poeumatie Module was
schaduled to be awarded by 31 August
1967.7% Howewer, plans were changed and
the wos asloed
to conduct an Brwesk study program on &
November 1967. A meeiiﬁg was held at

action was taken at | |

the three vendors in Mare
Techniesl evaleations rated

The "pooe”™ rating for
was mainly dee to lack
of detailed nformation and was later
uppraded to “good® as a result of a post-
proposal meeting. Discussions with the
Lockbesd compasy resulted im the
relocation of the Presmatic Module from
above the optical bars to the aft bolkhead
between the Buppl gz Assembly and the Two-
Camers Mmmhiy*

The Poew
awarded o
1968.7% During

on 9 May 1968 due to a disagreement on
manpower esthmates.  Dlscussions with
ware resumed on 14 May

A Pneumatm M@éale C.“r:mxmpt Roview
was held on 17 July 1968 and approved. A
fow weeks later {7 August 19681 the PDR
was held and accepted.Bd The design
continued without any significant problems
and by 12 December 1968 all engineering
deawiogs aod analysls were completed and
a Poeumatic Module COR was presented
and approved.83 The CDR walght of the
Prneumastic Module was 134 pounds {34
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pounds of gas ncluded) and was well within
the 160-pound allowable weight budget.5%

Toke-Up Assemibly

Conceptual  desigs  work on the
Take-Up Assembly began in the fall of
1965, By 6 April 1966, the first con-
ceptual design report was published. The
Take=Up Assembly was desipned to carry
two spools of Gb-lnch wide film (495
pounds of film on each spoolhl Fouwr
months laters a preliminey design report
was  issued. Ezxcept for & few minor
changes and additions it was tdentical to
the Apzil mpmtez

At the thme of contract award a
Perkin-Elmer design layour of the Take-Up
Assembly existed. It was based on 3 Dlm
load of 2000 pounds asd the technical
soneepts  deseribed dn the  reporls
mentiened above. By 31 October 1966, &
new design leyout was compleled Bor a
2500-pound Hilm load with the spool ads in
the X direction. Howevers an analysis
showed that with the spocl axds in the Y
direction, the spools peowlded 2 much
better support for a possible 40z fmpact.
Anvther advantage of the change to the Y
amis was the elbmisation of skew alr bars
and &l Take-Up Assembly poswisatic lnes
in the lorward section of the satellite
wehicle.

& Concept Review was beld op 7
Jarmary 1967 and approved for design
layouts and further analytical studies.® The
meed for a builder roller in the Take-Up
Assembly had already beon established by
provicus experbmental winding tests. A
technical review was held on B Mareh 1967
reporting the progress of all auexdilliscy
devices such as the bullder zoller; builder
ralier lift=all; pervipheral clamp, entry and
exit rollers and out-and-clagp mecha-
pisms. A fouwr-RY study was also belng
pomductal at this time. The proposal
welght of an empty Take-Up Assembly was
178 pounds but had increased to 200 pounds
by Apeil 1967.5 A revised specification
with a reguirement for 55000 feet of film
per spool necessitated a reeevaluation of
the basie dlmensions and analvses.’

By August 1967, a statement of work
for the Take-Up Subsystem was completed

Hx FOP SECRET-

arxd submitted to the Radlo Corporation of
America, ROA submitted a propoesal for
the Take-Up Subsystem which encompassed
the complete desipn, development, and
Fabwivation of the Take~Up Assemblies in
the 4=-HV configuration. RCA maintained a
degign  team  op  corporate  visk  funds
pending the outcome of the proposal
evaluation.® The technical review of the
RCA proposal states, "In peneral, the ROA
proposal Is  acceptable both from a
techulcal and implementation standpoint.
Teclmdcally, BCA shows an awarensss of
the problems to be solwed and proposes an
acceptable course of action. From an
implementation stawdpolnt;, the BOA efforr
will relieve the critical manpower problem
within Perkin-Elmers Hewmagon program
team. The basic approach taken by RCA
for the design and devslopment of the
Take-Up Bubsystem is to make maximum
possible uwse of the extensive preliminary
design  offpt  abready accomplished by
Perkin-Elmer."? RCA was awarded the
tract

Take~Up Assembly

A Take-Up Subsystem Concept Bes
view wat held on 15 November 1967 and
approved.}¥  The weight of a Take=lUp
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Azmembly at this stage was estimated to be
153 poumds {alowesble welght budget was
165 pounds).ll Three monthe later the
Take-Up PDR was beld and approved.12
Betalled design woek o the Take-Up
Sulwystem conlioued withoul aay signili-
cant problems and on 1Y September 19468,
the Take-Up CUR was beld and spproved.
The allowable welght of the Take-lp
Agpermbly was incressed to 20 pounds ar
this paint.  The weight reported at the
COR was 1/2 pound under.13

The development of the elecironlcs
systom for the Hexapon Bensor Subsystem

Hx TOP SECRET

bogan soon after Perkin-Blmer was asked
by the CL& to continue the design of the
"optical bar® conliguration staried by Jtek
{March 1965}

Pricr te reviewing the evolution of
the Hemagon Camers electeonios systemn, it
wmay be uselul to study the diagram of the
first flight (5V 1) contigaration showing the
location of the various electeoude howes
(BY electronies sot nelodedl.  The eles-
trondc bomes sre located lo thees areass
elroalts regulring short leads ave mounted
in the lunctiossl unitsy elecuits related to
the sptical bary the platens, o deive and
active steerer articulators are mounted on
the camera frame] the remaining sloo-
tronic bomes ars Jocated o the SBupply

LEER e B

§Eas o

fi s

BRAE £ 3

Pkl e e

B f ¥ .

fi o

s e i B e %y W T B 0N 8
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Blectronic Box Locations (5V-1)
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Azsembly compartment. time.b

Although the Perkin-Elwer "Proten”
proposal submitted to the CIA in May 1965
did mot discuss the detzils of the elecs
tronios system, two reports describing the
film teansport fumctions sd the on-bogrd
diagnostics were written in support of the
Wup@afdaiwzﬁ These reports are the basis
nf the Hezapon electronic designs that
follvwed.d  An sarcly Perkin-Elmer prosens
tatbon to the customer Included sllides
showing the location of slsctronic boxes in
the Supply Assembly compartment.?

A Perkin-Elmer preogsentation to the
customer on 9 December 1965 wis more
detailed and inchuded not only a Usting of
the major slestroenis cireuits, but also
digeussed the warlous electrical egperi-
ments which had been comducted up 1o that

Blectrical design: analysis, and ex-
periments contisued up to the day that the
Perkin-Elmer Hexagon proposal was sub-
mitted on 21 July 1966.7 The proposal
contained 4 detailed diagram of the control
system and listed all the studies, analyses,
and experiments which had been conducted
sinee early 1965 In addivion, the poposal
cogtained all specifications selating to the
electrical design. After the award of rops
tract, the electyonles spatem began o take
a definits shape.

The initial elsctrical design work on
the program was steried by Bobert M.
lamdsman who early in the offort estabe
Habed sowme basic ground rules for the
people working with him.8  Ome of the
rles  stipulated that every electeonie

Cabling Arrangement at Aft End of Midsection

i1 BIF 0U7-G253-858
HANDLE V1A BYEMAN
Hr TOP-LECHEL- CONTROL BYSTEM ONLY

Approved for Release: 2016/12/07 C05096580



Approved for Release: 2016/12/07 C05096580

A HISTORY OF THE HEXAGON FROGRAM

MR APPROVEL FOR
RELEABE 17 September 2011

component had to justify it esistence in
the circuits I it als’t there it can’t fail”
Anvther rule was, "Ho potestiomelers o
relays ars to be wsed in the syslem.”
Unfortunately, sroeptions to this rale had
ko be made since 1 became too probibitive
and less  eeliable o ellminste these
components from some circults. AL least
the circuit designers carefully oonsidered
the addition of guestionsble componenis.
Landsmar alse lnsisted on AC ooupling
asross all high-level and low-level ground
systems to decresse nolse.

Tnitiadly, the customer requirement
was for & systen with o fixed scon angle of
1209, each frame being ten fest long.
Howower, soon alter the award of contract,
it was determined that the system would
e more elfective il wwrious scun angles
vould be selected In orbih.  According fo
one pugineer, " lhe short scan saved the
systens. It would have been a really lousy
gysbeme H we bad stayed with the Heed
1209 goan” This was substentiated by the
fact that soon afler the nitial Dight of the
Hexagon sysbem,; the 1209 scmn was osed
only for special pusposes.

Fortunately, the Perkin-Elmer pro-
posed design lent itsell 1o & change from a
fixed 1207 scan to wariows shorl scans.
Perkin-Blmer enginoers el desipnesd a 50
millisecond stop at the end of the platen
travel. All that was required was to vary
the length of this stop. This permitted the
mbssion operators 1o selest a short scan
and position it anywhere within the 1209
platen travel.

Cme of the early peoblems that
Perkin-Elmer electrical snginesys weore
conlronted with was the wethed of cou-
trolling the plates motion. The platen bhas
to move with the optical bar, veeyele, and
then Jook into the optical bar to repest the
seanning motion. At the same e, the
platen had to change s position slightly
pelative to the optical bar to corrsct for
image motion

This could be sccomplished in two
ways By adding sensors betwesn the
plalen and the vplical bars and dedsg it
slectrically, o by wsing a mechanical
arrangement  using a  three-dimenslonal
CRM Perkin-Elmer pecommended the
slectrical  techoigue, while SETS, the

Hx TOP-GECRET

customer consultant, leaned towsrd the
mechanical design wnd pushed the customer
bowards thelr approsch. Fortomsbely for
the program, the customer selectsd the
Perkin-Elmer approach.

Another eaely techoical confliot bes
tween BELS and Perkin-Elmer wag the
selection of the sensor design betwesn the
platen ami the aptical bar. The Porkin-
Elmer approach recowmended in the Hexas
gon proposal reguired "Eecors wmagnetic
fransducers betwesn the platen and the
optical bar. A SETS analvsls predicted
that the "E'-cove spproach would el work.
Porkin-Elmer then wsed an  alternative
appraach, capacitive transducers, and were
well into the desigs when SETS came back
with  another analyvsis  stating | that
capacitive ransducers would not work and
recommended & return to the "Ef-core
approach. At that poisty, Perkin-Bloer
engineers were not about to change thelr
approack  again  and  stered  with  the
gapscitive travsducer which sperated sus-
possiully.

The customer soun gainad conlidence
in  Perkin=Elmer's abllity 1o peoduce
relable electronic desipns and work on the
electronic system contisued without fur-
ther conflicts. The slectronie bozes were
reviewsd in the same manner as the other
Functional units. Blectricad circuils wiosely
associated with the hunctionsl units wers
approwed at the same Ume as the hane-
tional wait POR's and CDR.

SYSTEMS ENGINEERING

Altbough the warious Perkin-Elmer
engineering groups sssigned to pasticulss
funetional wnits waere cogmizant of the
owarall operation of the camera system and
imgndesd  in developing  interfsces with
themiselves, other malor Sénste Subsystem
Asgociate Conlractors, amdl the Satellite
and Re-Batey welicle contractors, the
responsibility lor the overall system desin
of the Hemagon program at Perkin-Elmer
was assigned to the Systems Eaglneering
Department.ls2  This department guided
the initial concept design and established
performance and the functiony] specifice-
thons for the camera as 8 svstem and for
the malor functivnal camers assemblles.
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Whereas the project sugineesrs of the
maior functional weits conducted design
reviews for their specific designs, the
system engineers presented technical re-
wiews to the customer om the overall
progress of the Sensor Bubsystenm. ia
addition, the systems engineers supported
the warious techaical rveviews of the
fndividual functional units sml published
analyses supporting these desigos.

Specifically, the Systems Engineering
Department was responsible for several
areas including:  Performance Prediction;
Svystem Analysis, Svstem Dyvnamlos, Strace
tupal  Analysis, Mags  Properties, and
Thermal Control and Analysis.

During the Sensce Subsystem PDR
which was held on 29 Febrowy 1968,
Domald Patterson, CIA Hexagon Program
Manager, opened the review and observed
that the Sensor Subsystem PDR coostituted
the first maor molestone  n the
development of the Semsor Subsystem.? He
mokin] that the review served as assurance
to hoth the customer and Perkin-BElmer
that the desige s viable so that detailing
of the design can procesd. He also
ghserved that it provided an opportunity to
angess critical problem areas and exchange
information that previcesly Ues., during
functional assembly design reviews) may
ot have been available.

In his closing remarks, Patierson
msbend that the design preseated at the PODR
would be used as the baseline In conlracs
tuad nepoliations with Perkin-Elmer. He
ghssrwed that there were bt leasst fouwr
areas which 4 not meet the Sesor
Bubsystem specification as wreitten, and not
congidered by Perlin-Hlmer to be  the
baseline design. These werer  welphiy
reliability, ability of the Sensor Subsystem
te operate within one bow afier lausch,

sl the ability to  operate  within
specification on a U4 probable day.
About a month  leter, Keogeth

Patrick, Director of the Hexagon Program
at Perkin-Elmer recelvsd a memorandum
feamn  Donald Patierson  which inchuded
detalled comments on the  Sensor
Subsystem PDRE

it stated, "Despite many lavorable
comments durlng the techalcal consultant's
systom development progeiun, Yo areas of

comters were noaetheless repistered. One
was with regard to Deeting sohedule, apl
the second was with regaed to  Lhe
somplexity of the o basspet sysien,

Swith’ particular attention to the servo

mrerreslativashiy, phase-lock lovp detsiling,
amd the general compledity of the
comnmand  and  control portion of the
SOUBTCET

s essentlsl; thevefore, that we
must forus our attention dusing the
POR-CDE perisd 1o the arsa which will
provide us the best assurance of meeting
our schedule with e system of acceptable
performance. Major areas op which we
must concestrate are system aimplicity
{output of ouwr desigr agdit), scheduling
realism, resolution of high risk design
arsas, and the perlormance of oritical
development bests of critical designs ol
components:”® About a yesr later [March
1969 the Semsor Submystem CDH was pre-
sented to the customer and apm&v&ﬁﬁ

Althouph  the Bystems Enplneering
Department participated in all aspects of
Sensor  Subsystem  design,  there were
several areas which reguired thelr special
witention. These were pressurization, Him
tracking, weight control, aod reliabilitys In
addition, systems enginesrs participaied on
the Desipn Auwdit Team which was formed
in June 1968 to identify the high risk
areas.” Of immediste concern were the
following: inadeguacy of the alr bar
stearer design, Tlm path pressurization,
complexity of sequencer design. unger-
tainties of serve performance, unvesolved

aptical component mounting design. and
envoder procurement problems.

Pressrizotion

The decislon to pressurize the entire
Filen path required many tests and analyses
and much discussion. During the initial
stages of the Fulorum program (MNovember
19481 the reguirements specifled in @
techoicad memerandum to all project engl-
neers  dodicated  that “Daring  camera
operation, it will be pecessary to wmaintain
4 minimum pressure of 10 o within the
camera compartment fo prevent Corona
#ffectss Durlng nos-operating peviods: the
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proggurs may be pegarded as approximately
sgual to amblest pressurs at 100 nautlesd
miles or about 0.002 .7

Thirteen wonths  later it was
discovered that pressurization was wope
eritical to camera operation than initially
considered. The first tests of transporting
fils in & vacuum reveuled thet vapor and
gas released from feesh Bl wound o8 a
large diameter supply spool coused the
ouber fibm layers bo float in an oostable
manners 1 was clewr that unless this
eondition was controlled or prevented, the
phenomentn could cause damage to the
filo and introduce large tracking erroes in
the Hlm transport system.

Film Transport in Vacuum Experiments

He TOP-SEERET

A test propram wos conducted in
Febrwary 1966 to confiss the existence of
control problems due to Hlwm outpassin
and to develop tracking control messures.
The tests were completed on 15 April 1900,
A report discussing the results mentions
several control devices which were wed in
the tests.? Results varied widely. Success

of a control dovice was determined by the

comparative ability of the devics 1o
control the Hlm's lateral wovement or
stability ag it moved off the supply spool op
mwbe the take-up spool. The control

devices ncluded fences, bullder rollerss

desponling  rollers, self-centerisg rubber
rollers {Lorig-Aligner), and banded spoois.
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While  statiopary  fences were about 2 inches on a &0-inch diameter film

satisfactory for the supply spool and for
relatively small stacks on the take-up
spooly leege flm stacks rabbing against the

supply spm!;.m
The answer to pressurization probe
leme at the thwe that Perkin-Elmers Hexa-

fences resulted in unsatisfactory take-Uiporfonvproposal was submitted {(July 1988

performance.

Four types of bullder rollers were
used owm the takesup spool hoded,
flanged, plain, and eceownsd. Al of these
successlully prevented large lateral shifts
[telescoping! but they performed with
various degrees of success lo producing a
sicosssful stack. The banded roller rated
the highesty next came the flanged roller,
and the least successful wers the plaln and
the crowned rollers.

Theee types of despooling rollers
were used on the supply spook  banded,
flanged, and plain. ALl were unstable in
eontrolliog the latersl position of the film
copaing off the supply apoal. An important
podnt noted bn this test was that the bullder
rolisr used in a system requiring rewind
will operate as a despooling roller during
rewind  [supply spool becomes  take-up
spooll. The report recommended that some
mathod be provided fo  sither UL o
romowe the roller from the film stack
during rewind Tests on the Lorig-Aligner
were inconclusive.

The test repoet made the lollowing
recommendations. For a film  trassport
gpstem requiring Hlo rewinding and large
diameter gpoals B an sovisonment That
regalte in film  outgessing,  statiooary
fenees werd 1o be used both on the supply
and the take-up spools bo control latesal
movement of the [lw as it leaves ihe
stuchks Builder rollers were  alse
recommended with the provision that they
contact the flm stack only when the spool
s wmend an s takesop and Hlted off the Blm
when It s used a3 a supply spool.

The report also cutlined a future test
program using full rolls of [Hm, relinlng
the test set-up to obtaln guantitative data
an the effect of outpassiog fihe on tension
control and wvelocily, wnd Incorporating
passive and active steerer mechanisms o
effectively contral film  troveport i oa
vaciis.  An saalvels of Doating fim
written In Februsey 19066 concheded thal
about 32 twres of Olm will Howt due to
cufgassing creating & oaxboum gap of

nomingl ospessting

were bwo solutions incloded in the desipn
of the trazsport system: one fog suﬁﬂy
spoals and the other for tabe-up spools.

"Brationary fences prowvide the hest
sodution for supply sponds. A Deoce 5 a
stationary rod positioned radially to the
supply axis and approzbmately 1/16 bnoh
wwway frosn the sdge of the fHm stack.
Thres fences spaced 1209 apart ave wied on
each side of the supply stack. During
transport the outer four to fwe layers of
fhe supply spool will 11 beowme unstable
vl bt luterally [elescopel apalost the
fences on one side. The fllm will ride
against or intermittently touch the fences
with wery small lateral forces. The film
lateral position in therelors consteained to
+1/16 inch or the spacing of the fence from
the side of the [hw stack.

The "bullder roller® was found to be
the best soletion for positiondng and
stacking the outgessing Blm onbo o large
diameter take-up spoal. This is a raller on
@ swinging arm which rides on the take-up
spool and is positionsd such that it rides at
o mesar the tanpent point of fhe film as it
approwches the take-up spool.  Since &
period of film reversal takes plare at the
amd of sach photogeaphic oyele, sach spool
st act as both supply and  take-up.
Congeguently, feoves and budlder rollers
are provided at both ends of the systewm,
with provision for lifting the bullder roller
whenvver & spood s bedng weeed as 8 supply”

About two weeks belore the award of
comlract to PerkineElmer, twe systems
enpiosers publizhed 3 mems recommending
system pressurization,i®13 It stated,
*Problems associated with film oulgassing
guggest the pesl lor pressuvizsing the
system. Vapor copdensation, film floating
force, film temperatore and heat loss, and
mechanical 0 or  transwmidbility  are
analyred as a husction of pressure for the
igmparatares + the
threv-digms  temperature warfation. By
shodee  of  the optinum  pressse~
temperature relationship, the problem of
vapor comdensation may be eliminated and
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the other problem areas comtrolled.” A
prossues conbrol system was deseribed in
the memoranduis using temperaburs-blased
prossure rellef valves in selected locativns.

The first oonthly technical report
indicated that these spgeosches o the
pressurization problem were being oo
gidered and would be studied alter the
pressure level bs the supply amembly was
sptablished: {1} o low pressure svslen
liettey Tower prossure than the supply 800 &
Higher pressure gystemn or one that i3 egual
to supply pressure (3] and an adaplive
system that 8 temperature blased snd
sreRgure Fogulated. 14

By the end of December 1966, the
customer comsullant, 5ETS, became e
volved o the pressurbeation problem and
fmmeed & momorandam rigmibin§ P T
plan io stuldy the pm!;rlemsi Ancther
SETE memorandum voloed convern that the
arly information avallable oo how film
madsture content varles with temperaturs,
prossures, and moisture content of the
pressurant gas was the Bastmas Rodak
Photographic Hasdbook, "Which i Lar from
aﬂequate«-'m A BETE memorandum dated
4 danuary 1967 soted that Perkin-Blmer
was considering  pressurizing  the fim
tranaport syatem and presented an indtial
gvaluation of the Hlo and the system
mssociated with a prossurieed branspost
system.1T It stated that photographic
properties of the {ilm were npegligibly
affected by moisture content and listed a
mimmber of specialized problems  which
required stadys.  Among thess was the
effect of dey siteogen frowm ale bars
producing local drylng of the {ilm and the
difficulty of sealing the optical bas.

Lhe 25 Jasuary 1967, sn loformal
weeting was held to prosent both the 8BTS
and Perkin-Elmer concepts of pressurize~
tiom and to discuss proposed test ylmﬁa A
Prrkin-Elmer svsteins engloeery, o the

the interaction of the film and s
environment and again emphasized the
need o pressurize the @ﬁtem-m Tl
geport also contained several recommends-
tions for & pressurized system.

I March 1907 the peed for adding o
aystem which would maintaln the proper
enviconment Loe the Hlm transport system

He TOP-EECRET

was being stedied by the systems
engineers. At that time, pressurlzation
reguirements were undelioed and in fact
were not incleded in the budget weight of
the Sensor Subsystem.?0 A month later, in
a meoting of svatems and design engineers
at Perbin-FHlmer, 3 decision was made to
zoptrol the wmoldlure content of the [l
during the mission.?l A trade-off study
was gtarted o review the various options
g film path presasrization. The lour
aptions concerning the degree of préessuri-
zation ineluded: {1} a completely eloged
Bl path with sl baes supplied by pussp (2)
a closed film path with rellel walves
allowing escape of ges from the alr bars
supplied Yy bigh pressure fanks i3
casaettes, sealed and pressurized, with
chutes [ree-venting and @) free-venting

path with chutes acting as Hght barrlers

anly.
By Aprll 1947, an experimental work

plan for an abbreviated film path to be

opsrated in B vacuam was dewa&wpedxzz i
inciuded tests o evalvate film  path
pressures  and  pressure control devices,
mchuding chutes, reliel walves, cassetle
soals, and pressurization apparstus.  In
addition, a fim flatness test was planned
along with an Investipetion of Dbhe futter
effects introduced by the twister operation
in a pressurized svsten. This was followsed
by a decision to provide prossurlzation of
the supply assembly only uslag a resiliemt
gate which closed arcund the film sivip
during shut-down. It listed various reasons
why & completely pressurized [lm path
was not ondy dilleudt to boplement but
created other problems. A memoranduom
supportisg  this  decislon  insluded &
complete bibllography of all  program
documents  discussing the pressurization
problem. 24

In & technloul meeting between BETE,
the customer, and Perkin-Elmer on 31 May
1967, the cmstomer requested a description
af the basic rationale behind the decision
to pressurize oaly the Bupply Assembly.
The customer rejected the above memo as
an inadeguate basis oy a desision an
system  pressarization and asked for a
definition of the festing vr analytical data
that would permit & pressurization decision
prior to CUR. The wmesting resulied in
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soveral action tems hapossd on both BETS
and Perkin-Elmer. 23

Pressarization sbudies contisued, but
ire the meantimes the design of the Sense
Subsystews  contioued based on  an
wapressarized flm pathe o July 1967, the
monthly technical report inclpded concern
oyer film curls "The danger of film curl
caasing film contact with the chutes o the
long, narrow unpressurized  chutes will
require further investigation®2

Ten months later, spooling tests on
the ablrevwiated film path egquipment
revealed that filw spooling problems o the
take-up occurred  during  the rewind
apﬂmtiﬂmm

SETS published 2 memorandum {16
WMay 1968 indicating concern that some
Perkio-Elmer engineers dd not fully agres
that pressurization of the entire film path
would reduce the loss of moisture from the
film during orbital operations. I described
the mamner in which pressusization would
reduce mobsturs loss and the peoblens that
this would alleviate. These  problems
inchuded coronms take-up ballooning during
rewingd, film curly loss of file stack
integrity in the take-up water expansion
from the supply into the film chutes, low
fllm temperatures in the o path due to
putgassiog: and fHdm contraction In the
chutes during dormant myiwiﬁszg

This was follvwed by asother S3ETS
memorandum (11 June 1968) that recmpha-
sized the need for a pressurized film path
design 45 a backup capabilivy. However,
the mermo stated thet conversion of the
baselioe {lom path to 8 pressurized design
was  not  recommended  wntil  further
definition of the pressurized system was
achieved. “The schedule slip lnvolved In
the cosverslon will be minimized i the
pressurizad design o apgressivaly pursued
as a backup now." &

By June 1968, Perbin-Blmer systems
and desipn soglneers were convineed that a
pressurized  svstem  Was  necessERY, 48
indicated in s woathly techaical report to
Ehe customer, "I thus sppears that 8 the
problem of bellooalsng s the take-up is o
be avolded by pressurizing the Ulw path,
then leakage of gas Drow the Dlm path

reduced.”30

Figally In Septewber 1968, a decislon
was made to pressurize the entive filop
path. This was reported in the monthly
@!ﬁﬁqkmcai repart which stated, "A decision
was made 1o seal the eative film path so as
fo maintaln o molsture o eguilibeium.
Maintaining & partial pressure of water
vapor in the system oot only congserves {lm
medstyre byt alyo inbibits ballooning of the
film during rewinds Heduotion of curl-
imdueed focus error provides still another
benefit,"31

Since by that tioe, almost all of the
maior assembly CORS were presented and
approved and detail design was  sub-
stantially completed; a major oflomt was
reguired Do redesign those units affected
by the decisgion to pressurize the film path.
These incloded all of the Filw Path
Assemblies, the Looper Assembly cowver,
the Cptical Bar sealy the Platen and Film
Urive Assembly covers and seals, and the
Take-Up Assembly.

The decision o procesd i this
manmer  was based on the necessity of
maintaining the Hexagon program sched-

a lack of rtest data which prevented an
early decision, it was & price that had to be
paid for developing a camera to meet the
stringent requirements of the Hexagoo

PEORral.
Fibm Tracking

Perkin-Blmer's philosophy of traos-
porting Him in the Sensor Subaysten was
baitially stated in the Hexagon ;xr@p@%l-sz
"4s bas been made clear in the discussion
of design optimization, a certain degres of
complexity, and a8 cerisin burden of
eifectiveness bas been placed upon the
film transport svatem in order to acheive a
wanhoom of simplcity and reliability i
wtber sysiem areas. This has been done in
the lght of 8 beckpround of experience in
highly precise Blw transport systems for
panoramic cameras which provides assupr-
ance thar the problems which exisr here
are  problems whichk have been faced
belors, and for which effective solutivs
have been found.

Esxperimental programs whish have
been carried out to euplore aress where
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the pertinent paramelers for this systewm
sxcead the range of values applicables in
prioe  developments {e.g., film  welocity,
mass of film supply, operation in vacuum)
hawe confirmed that the methods which
have been previously developed are
adequate for the present situation.”

Prior o the Hexapon program,
recOnnassanoe cEmera svslems had a rela~
tively slow film travsport spesd and no
reversals of film divection. The Hexsgon
desipgn approach proposed by Perkin-Elmer
amd accepied by the customer reguired a
bigh speed film trassport system {204
inches per secopd maximum in the fine
file transport and 68 inches per secund in
the cosrse fibm  teansport! with  film
reporsals both at the take-up and supply
ZOnlE.

In  addition; the length of il
betwesn the sopply spool and the take-up
gpoal  waE 4 madmum of 100 feel.
Combined with the fact that the Him
gupporting elements {rollers, alrbars, il
spoolsl were Independently mounted either
on the veblcle structure or on the camera
frame resulting in  possible  assembly
misalignments and misaligoments due to
launch and orbital operations f.e., thermal
causes!, the Hexagon film trangport system
had the potestial of superiencing severs
tracking problems due to besting  and
mission operations. The answer o these
potential problems was brielly stated o
the proposal. "The components which
affect film path alignment dre mounted in
associated units and  interfaced  wilh
vabicle structure in & manner that will
preserve initial alignment.”33

The propesal recopnized that [im
handling was & dewelopment risk, "The
present system represents a step beyond
the current  state-of-the-art in  fHm
handling in that a very large supply of film
is peovided, the film is unusually thim, &t
must be handled at  relatively bhigh
welooities, and it must operate in & zero
gravity and zere pressure snvironment.” 4

The test bhed for the Sensor
Subsystem [ilm transport systew was the
Film Patk  Simulatcr [FPE). It was
composed of breadboasd-type supply and
take-up spools; 8 looper; tension Sensors,
drive and metering capstans, apd & fHlm

platen.  The wmajor objective of the FPS
was to simulate the dynamic character-
istics of the film transport systom.

Somme of the isitial problems of fils
tracking were identified In the [rst
mepmthly report (December 1966). “The
FP5 has been completely alipned. UTE
films has been handled successbilly, bat all
poertmrbations {(ocalized flutter in the web
due to dynamic tessgion geadients! cannot
be removed withoul wajor rework of the
filmy drive and platen assembliss.”

Initially, the FPS was operated
without the looper shuttle and film drive
assemblies in order fo minimize the
oumber of elements that could create fHin
disturbances. It waes found that when
properly  aligned, the skew bars could
operate  as  self-alipning bars  In hoth
dlrections.

With  the platen and film delve
assembliss  added to  the film  path,
excessive filo perturbations snd lateral
Bl travel appearved at the slit area. Slnce
the film path without the platen and film
drive assembly was relatively free of flo
disturbances, 1t was econcluded thar the
periurbations were caased by wrrors within
the film drive and platen assemblios.

Tpon further examipation, the cap-
gtan assembly was Tound to be vesponsible.
Particularly the torgue motor shaft of the

capstan  assembly  was  not  properly
asgemnbled to the capstan. This assembly
was reploced in the fibe path. A morked

improvement resulted. Mo visible distup-
bance appeared.  Trouble-free operation
was accomplished with UTS film.

The twister and platen assemblies
wors also checked on the swrlace plate.
Elements of these assemblies were cleaned
and realigned. The twister and platen
amsemblios were then replaced in the FPS.
I spite of the re-alignment of the
ssgemblies,  film porturbations  still
appeared. Thus, It was evident that the
residual eveors n the twister and platen
assemblies were Himiting p@cfﬂrmm&e%%

& prelitninary film tracking analysis
was completed in May 1967 and later
sxpanded to 2  technical  report  and
published in November 1967.3% The report
developed a mathematics] model “which
could be used to predict the rasponse of
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the Film medivm i passiog betwsen two
adiscent wisdigned rollers.”

In December 1967, an analysis was
complated which “eerifies the
compatibility of the film tracking portion
of  the functiooal specification  on
interconnecting film path assemblies with
curpent design concepts and film tracking
t.['maryr.ﬁ An  sdditional analysis was
completed in February 1969 and pressnted
a Mseussion of the elements of the flm
path and their contribution to film tracking
errors. The report also ncheded relerences
te previocus film  teacking analysis and
system requirements.d

Throughout the program, test engl-
neers and techoicians working with various
simulators and  actual hardware  wers
continually faced with tracking probless.
These were investigated apd adjustments
were made to correct tracking for that
pariloular sltuation.

On 14 Hovernber 1969, the Enpineer-
ing Model was installed into Chamber A
Full system operation was achisved in the
by bar, However, intermittent Ffilm
tracking pecessitabted removal of  the
Enginesring Model which was set up
eatside of the chamber to determine the
cause of the problem.

Filin tracking tests were conducted
at constant veloeity to verlly tracking in
the chamber Ol path and to confirm
spstess operation. It was necessary to
make minor alipnmerd adiustments to the
chamber film  path  wnder  dynamic
conditions. Good tracking was achieved al
eomatant velogity. A film jam subsequsntly
coourred in the Camera A fine Hlo path of
the Enginesring Model. This failwre was
caused by the nstability of the Chamber 4
film path, mounted to the chamber floor,
which passed the [l through o chamber
access point to a bakeup on the outside,

The Eogineering Model was reiss
stalled in Chamber A. Good tracking was
observed until the scan angle was changed
ts 120 degrees, whercupon tracking dete-
riorated badly. Testing was suspended and
an inspection vevealed s Hbw jam in the
CRIST e

In that same period of time, the
Development model rfeached a point at
which file transport systers tfests were

gtarted. On 4 November 196% the coarse
film path B was threaded and operated
suceessiully. The fine film path oxm
Campera B was then threaded and spliced.
The ﬁyﬁt&m wag operated and a problem in
filen traching was noted. The simolator
sapply was offset an amount that allowed
the proper adjustment in the film path at
the crossover assembly.%0

Meanwhile, the Flight Models began
approacking the critical point at which
their Hlm transpost systems would soon be
in operation.4] During initial film tracking
tests in the Flght Model 1 (8/N 004
midsection, severe {im wander was nobed
on both A and B Hlw paths. Ddagnostic and
wisual observation determined that the film
was wandering at the supply film  esit
vestibule at & opce-per-revelution of the
supply: The design of the aft articalator
had been changed since previous runs, due
to gualification  test failwe of the
articulator. Therelore, one of the new
articulators {A-sidel was removed and the
phd  desigs reinstalled. There was ao
improvement initially, but after a total of
J000-4000 feet of fln had been trans-
ported,  the  Hlm wander  suddenly
digappeared and did net recur.  The new
design  artieculator was reinstalled  and
tracking remained good. Similarly, the B
side tracking lmproved after 3000-4000
feet. Thus, it was conchuled that POOr
tracking was associated with & poor outer
section on the film stacks, This was later
to be attributed to a change of filw from
Type 50 380 1o Type 1414 which had a
taper and coaosed film spillage aftee 2
buildup of 2 high pumber of turns.

Om 10 July 1970 the decision was
made to replace S/ 002 (Flight Model 1)
with 5/N 003. This decision was based an a
prefimisery failure apalysis of the 47% fest
run (failuee of a component im an
elactronics box) in which it was determined
that extensive ﬁismmb‘_}fy and rebuilding
wi B/ 008 was mqu‘im&“i

BN 003 (now Flight Model 1} was
prepared for vaowsm  testing. Om 18
Angust 1970, doring maxihoun rewind, 2
jam developed o the B Camers. Attempts
to clear the jam through system oporation
wers wngiecessiul, 3o the chamber was
vented. % By 19 August, the B-side jam
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was cheared in place and syetem anomalies
were lnvestigated. The cause of the jam
on the Hezide was o broken wire in the
Pakpearn stesrer B Repairs were made and
on 28 August the 479 vacuum  testing
comnmeneed. The Supply A stearer soon
showed & saburation copdibion, followed
immediately by a Hlo jam in the A fhne
fils puth. Al attempts to clear the jam
through syatem operation were UnsUCCess-
ful, so preparations were wade to vent the
chamber. System investipation revealed no
film stack anomalles. An lntensive lnvesti-
gation of the cause of the jam was
indtiated but revealed no aoomalies o the
steerer electronics or the film stack. 4

By 20 Reptember, several assemblies
were replaced on Flight Model 1 and then
it was installed in the chamber and rerun.
The TOOF vacuwn tests were aborted due
o a Olw jawm ou both sidese  Subseguent
investigatinng revealed thet the command
and conteol box was not the cause of the
failurs.

O =23 September 1970, a Fim
Tracking/Allgament/Servo Commiltes re-
wigw was beld at Perkin-Elmer at the
diesction of the [irectos, Photo Recon
nalssanee  Bystems, Office of  Special
Projects: The committes was formed for
the purpose of reviewing the history of
matering capsban, plates, and Hlwm tracking
problems on the Hexagoo clpers sysbem
and to identify the causes of the continulng
problems. These were twalve members on
the committes from the Special Projects
Ciffien, Lockbeed, Aseopace, and 3ETS
Seweral  sctisn  fterss and  techmical
divectives wore recommended by the corg-
mittes.43

A memorandus from Patterson to
Maguire {Perkin-Bluer Program Director
&t that timel stated that, "EBven though a
root cause of the repeated Tim tracking
problems  was  wot  ldentifled, several
weaknessez in the area of anadysis, test,
and procedures were evident."™™  As a
result of the review, several moalyses un
filn tracking were writben and fesis were
eomdieted.

By that point in time, the enpglneers
pond test operalors were beooming more
alest to any problems velated to poor film
tracking. Un 3 March 1971, o baseline fost

on Flight Model 1 experionced s stacking
probless on the A eide. T was the fhest
fndicatioe that something other than and
equipment fatlure was the cause. The Bl
stack wadge was meagured and foued to be
0.021-inch high owtboard. Film samples
were  meanred  and  owere  also thicker
outboard. 47

In April 1971, during post-Uhapaber
A1 inspection of Flight Model I a filw
foldover was noted on HV-1 take-up A
The foldower occurred about hallway
through an inadeertent 47-minate ron and
corrected Heell  withouwl causing  an
emergency shutdown. Fllp wedging was
determined to be the cause of the
problem. 48

Tracking and stacking problems were
alep sroureing oo Flight Medel 2 (578 003
and Flight Meodel 3 (§/N 004). But by May
1971; just 2 month belore the lawnch of the
first Hexagon Camera Systen, fracking
seamed to be under control on all operating
Fhght Models.

Perkin-Elmer engloeers bhad at last
developed as  astenmbly  techmigue  that
seammed to combribube to the good bracking
that was now belng expengnced. Tracking
tesis on the cameras Iollowed a plan which
progresstvely  bollt ap  the fiim pathy
tracking was checked at each stage.

Dhirlng May 1971, an investipation
was  ales uendertaken to determine the
effects the crossowver alebar adiustiments
had om flm tracking. A film taper test
was also plansed on the Bnglneering Model
to start in the early part of June.”

Flight Model 1 was launched sucoessys
fully on 15 June 1971. There were no
tracking problems during the mission. 51

In July 1971, duwring testing on Flight
Model 3, mwarginal stacking was noted on
BVE for the fest BOOG-10000 fest. A
conoyws condition of G006-lnch and & film
wedge of up o LO33=inch were measured.
Peom 10,000 fest om, the concavity
gradually reduced bo pero and the wedps
pamme to less than 0.0085dnch. Tracking and
stacking were exceptionally good.  Subse-
guently, a manelfacturer’s splice was found
at the point that the off-wrack began. HNo
further problems were encouniered.

Tests oo Flight Medel 4 however,
exhiblted severe film wander on Comers B.
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The problems cscourred during test Begquences
140, Later at the start of Seqguence 141,
the SHemsor Subsystem Test Comsple lssued
an emergency shuldown command due to
the supply B stesrer being out of lwmits. In
wach case, the rewind speed preceding the
above sequences had been 55 inches per
seconds The sequence was resbarted and
ran with so additional problems Al
subsequent testing was successfully com-
pleted. 52

Mo serious tracking problems were
reported on any Flight model ground tests
until Oetaber 1971, when Flight Model &
experienced traching problems due o 2
faulty edge sensors There was also a film
tracking problem at the same Ume during
srart=up. Subsequent shimming of the
frame arbiculator flsally restored proper
tracking. 3

Flight Model 2 was launched on 20
January 1978 Although the wmission was
comploted without fibe tracking problems,
there was 3 fba separation on the B side
of BV-3 ecaused by film sticking due to
gontamination introduced during the film
mamufacturing process.

Six wonths later {7 July 1972} Flight
Model 3 was launched. Two serious
tracking problems ogeurped. The liest was
the ocomrrence of a film loldover in the
Aft Camera film at the iitiation of
rewinel.  Sines the Afr Camera fold was
being generated o RBRV3  take-up, Al
Camera operations wers resumed on BV4
take-up. The second problem was another
filen  foldower which oceurrsd on  the
Forward Camera during rewind operation.
Bince this lold cccurred on BRVE take-up,
staren operations were not geased until the
take-up was nearly full.54

This failure prompted the formation
of a Tracking Task Force to investigate the
causes of Flight Model 3 tracking
problems.  To peovide s backpround for
tusk force motivities, 5 roport was prepured
whick summarized filo  path  tracking
imwestigations through the history of the
Hexagon program- The task force was
somposed of eight membersi bwo Drom o the
Bpecial Projects Offles, three from SETS
one from Esstman Rodak, snd two from
Parkin-Elmer.

The nature of the failures on Flight 3

1zl

wags the sublect of an extensive study by
the 1203 PFA Team, however; they ware
umable to identify the sxact wechanism of
’gl;e::efgiiureﬁg The nmaturs of the 1203
fiilates was that on two occasions a
disturbance occurred in the coarse film
path  which essulted fn sn automatic
Emergency Shutdown of the camera
system. This was Tollowed by evidence
that a film foldover had ocourred and was
badng spooled onto the take-up. In the fiest
instance, operations were discontinoed on
the ALt Camers, while RV3 takesup was in
use, because of concers that continued
gperation would resadt i a flm path jam
which would prevent the trassfer into the
fourth BY.

The second instance, which ooouread

“om the Porward Camera while operating

into HVE take-ups resulted in the system
bedng  operated in an  loedficient bat
pperational mode. By wrapping folded film
gmto the take-ups the madhmom radius was
reached sarlier than would have been the
vave without a fold, reducing the smount
of film retuened. The Tracking Task Force
investigations contioued for theee wonths
[Beptember through  December (973
After condupsting numerous fests  and
apalyses, the tash forge wmade recom~
mendations placing constralnts on  the
operation of Flipght Models 4 apd 5 and
racmmomending a vetrafit oo Flight Madel 6.
bWany other recommendations were mads
including  bailder roller  iovestipatioos,
collecting a Hbrary of film samples koown
to have caused filom spills, and instituting a
rovibine messurement program by the Hlo
manufacturer for determining the profile,
rather ihen the btaper, of wsach [l
segment ueed in 3 flght Him roll 56

Flight Model 4 was launehed o 10
October 1972 and Flight Model 5 was
lasnched on 9 March 1973, Both camera
systems were successiully operated.

Two days alter mission 1205 (Plight
Model 51 was completed {6 June 1973
Patterson wrote 2 memorandum to Michael
Weeks ({OTD General Manager) exprassing a
concern about the tracking Esmbie:ma an the
Hexagon Sensor Subsystem.>’

"We  have always  had  wacking
problews In the swtem. Nuperous things
have been proposed as the casual slements
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at some have been teacked down and
porrected. However, the tracking probe
fems are still with us and seem o be
getting no better. Serlous problems in
tracking on 5Ve3 resulied in  tracking
comeiraints on 5V-4 and 5V-5 which caussd
a loss of about 15 psmwm of pur mnmmm
capability. Translated inte re  this
riprosents a loss of about] .

From the problems we have had it
appears to me that we may well have a
goenarie design peoblem with the film pm:h
which permits the tracking to chang
without our understanding why E';exmini?,
the alignment is still a "black art® when
only ome or tes poople are capabls of
aligning & system and then suly by teial and
wpror. It seems to me that the tracking
should be amensble it 2  systematic
alignment procedure that swy competest
techuicdan could follow. 1 think we should
look at alignment adjustments for varlous
elements of the path which will permit
peady allpnment with standasd procedores
rather than the twisting and fuening of
elements as is sow dose.”

Weeks replied to Patterson's memo-
pandum and indiested that Perkin-Eleoor
was alss concerned about aystern tracking
and was developing loprovements  and
incorporating them into the system as
quickly as possible.38 "Fhst let we
addrsss the tracking problems on 5V-3 and
the resgiting  rewind  constraints  on
sabsequent models. We arve convinced that
the problesas op both sides of 5V-1 were a
rasult of Hlm having different stacking
characterigtics vom the Him we had used
before and were oot due o any camery
probleme.  We developed 2 wnew bullder
roller désign which ghould be more tolerant
of film variations such as crown and taper.
Although we bave trled to loplement this
improvement on g crash basis, there seems
tes Be sowme relustance on the part of the
povernment to carey out this program.”

Wesks  soted  that  Patterson’s
comments regarding the "black aet” of
tracking and aligmnent wers well=-founded
and recognized early In the peoduction
process. Changes wers mades o permil
sase of adjustment. By adding fences on
the sapply msembly, it was possible
rewind the fils up to 80 inches per second

o Flight Models o Block 0.

Waeks concluded his reply by stating,
"We fesl that the above changes have
sulved most of the frackisg problems
exhibited by the carly models.”™ Agparvently
the modifications made on  sulsmeguent
fhight models solved the racking problems
since Flight Models & through 10 had no
tracking problems that were not easily

gorracted.

This success, however, was short=-
Hwed. Ground tests on Flight Meodel 11
durbng the end of 1975, just prior to launch,
was troubled by wracking peoblems in the
fine lilm path. Hebullding and adjustoents
of eritical assemblies did not help.

Tests wers conducted on the Engils
neering Model in 2 sttempt fo determine
the cause of mistracking on Flight Model
Pl Io parallisl with the Engincering Model
tracking tests, the physical propertivs of
the mistracking film were being clogely
sxamined. A microscople examination of
the misteacking filo revealsd an exfroded
prodectivn at the edge of the film which
was subsequently Mentified as being caused
by the slitting kojees wsed durisg fllw
mupalacture. The Hin in the same stack

without the extruded edge tracked
earractly.
In 1976, when tests were belng

gonducted to gualily B0 208 Olm Ter fight
usme, exteemely  bad  frackisg  was
encountered. It was verified that matte
particle size [pelloids);, together with their
disteibotion; had 2 dicect nfluence on film
tracking. Flae particles led to a lower
costlicient of Ielction with the subsequent
lowering of lateral tracking stability.®

Owee of  the early difflcuities dn
identifying and correcting film teacking
problems in the isitial stages ol the
Hexagon program was that there was ao
gingle cause. Poor traching oould be
caugad by flm supporting elements and
thalr  slructuros, dmproper alipnment
proceduras, and film seror conteibutions
such as wedge, splices, damaged film
edpes, and waterial composition. The
more subtle tracking couses wers rmasked
by the more signilicants As sach problem
was eliminated, others remained o couge
mintracking.

Perkin-Elmer enginesrs and techni-
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cilans now  have the experience  and
knowiedge to alipn e teansports wsing
standard  procedures,  and  make  the
pecessary wodilications or adjustmenis o
eliminate tracking problems. In additidn,
film  physical properties  are  carelully
examined to assure that the material
meats trangport regulrements.

It is onfertunste that the owver-
whelming complexity of the flm properties
and the film tracking problems prevented
resolution in the esely stages of  the
program. Perhaps the readers can apply
the lessons learned on  the Hexagon
program o problems that they mey face on
future Progranms.

An exsct knowledge of ool only the
photographie characteristios of the film
but also its physical properties was of
importance in other areas of the Sensor
Subsystern o additicn to Him tracking.
Although & weeting with Daslman Bodak in
the ecarly phase of the Hexspon program
proeided Perkin-Elmer with information on
most of the propesties of the Blm, some
information was not readily available.

Az on other camera programs, design
of the film was developed fo sult the
photographic requirements of the camera
mission and the manufacturing processes of
the film suppliers The resultant physical
properties of the filem were initially of
secondary  imporiance to the  Hlm
manuiacturer.

I order for PerkinsElmer engineers
to ke a  decision on whether to
pressirize the lilm path, 1t was lmportant
to bnow how flo molsture content waried
with temperaturs, pressure; amd moistore
content of the pressurant gas. 1D would not
b until Sepltember 1968, atter sullicient
tests and anslyses were completed; that a
decision to pressurize the film path was
fate.

Cme additional area of concern that
surfaced about the end of 1968 was the
thermal problem o the forward section of
the satellite vebicle. A October techaieal
manthly report In that vesr stabes, "A
subject that needs more emphasis at this
time is the integration of all thermal
requiremments o the forward section.
Thermal design  criteria belng  uwsed by
BBAC, MWC, and 580 should be consistent.

Alge early agresment is necesgary on the
method of maintaining the forward section
sulficiently warm  relative  fo the
midsection so that water vapyr Irom the
“witddection does not condense in the
forward section Hlm Agathﬁ"&z

In April 1949, Perkin-Elmer sstab-
lished the regulrements of the Active
Thermal Control System. In addition o
heaters which would be located i vach BY,
thermal insslation was reqaired on the
exterice of the articulator howsings and
chutes.03 ,

Finally, in September 1904, interface
requirements between the Sensor Bubs
system, Satellite Veldele, and He-sotey
vebicle contractors were agreed on and
Parkin-Elmer project team was astablished
to expedite the development and fabrica-
tion of Sensor Subsystem equipment for the
Active Thermal Control System (ATCS)04

Thers were po problems in designing
and  fabsicating the electrieal  and
mwchanioal porticns of the ATUS Perkin-
Blmer, however, wis never faced with

hawing to develop new sewing techoigues
for making and tailoring nsulation blankets

RV 4 Thormal Insudation Blonkel
{Portly Removerd)
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which were made up from 1/4 mil thick
alpminized mylar. The system was tested
and proved to be succssful in f{p&r&t"&amf”&

Wedght Controd

I appears that a definite pattern In
the sequence of events is followsd In the
welght bistory of wost paylosds. Proposal
enginesrs ysually estimate the weight of 2
payload based on 2 concept and preliminary
deawings. They are also, of course,
influenced by the weight soguirement
specified in the RFP.

After the comtract % awarded,
usually wontbs aller the proposal was
submitted, an initial welght sstimate s
made. Bat by this Hme the coginesrs may
hawe speotl some Hme producing mors
complete drawings and have a betier
uniderstanding of the components that will
ne  reguired. In the wmesntime, the
customer may bave chanped the pavicad
roequirements slightly and requested design
changes.

it s opot until a3 welght engineer i
assigned o the program that a more
roalistic weight estimate s made. His past
superionce and koowledge of the items
that are usually omitted, such s amall
hardware, cables, sood redundant
components and assemblics, results i 8
wedght  estlmate  wuch  preater  than
sveryone expected and what I8 acceptable
by the customens

This leads to the pext step in the
pattern, & weight redoctios program that
concentrates oo the use ol lighter
materials and optiization of the material
in the present design. This wually results
in an imaomediate drop I the estimated
welght of the pavicad. Soon  afltes,
however, there i3 8 slow bul contineal rise
in the weight estimate in spite of any
afforts to keep it down. AL this point, 2
weight review board Is usually established.

What may be happening to cause this
incroase are customer-veguested changes,
changes to- peovide o better desipgn, the
need for mechanical or electrical redun~
dancies mot aaticipated In the peoposed
reliability eatbmate, redesiges dus to past
or assenddy failures

Hot watil all perts wre detstled, and

FOR Hx TOPSECRET

wstimated and  caloulated weiphts  are
replaced by actual welghts, does the
payload weight approsch what may be the
final mumber.

What s of concers to the pavioad
program manager of today s that this
same pattern persists oo current Programs
"Untll the proposal managers assign a
weight englneer 1o participate in the initial
concent and be s assigred to the program
whan the coptract is awarded, woight
inereases will continue Lo create program
diffiesdtion,” stated an  enginesr who
participated on the Hesagon program. “A
welpght contingency wmust be ser aside st
the bagisning of every program and meted
ot o oan crgasized manser. Sophisticated
abrcralt and spacedrall companies  and
govermment apencies follew this procedure
today. 56

The Hezapon program s an example
of a paylosd thet followed this classic
patiern. The weight of the Seosor
Subsystem propused in 21 July 1966 was
L9977 powingds.  Immediately after the award
of conteget, an initial welpht sstimate wag
made. However, three months had gone by
during which time the sngineers developsd
move complete desipne and had a better
understanding of the components that
widd be véguired.

By Febroary 1967, the estimated
waight ncreased to 3847 pounds and {oally
reached 4066 pounds in March 1967, This
was the polnt al which a welght redustion
program was started. By July 1960 the
wedght dropped to 3821 pounds.

A migmBicent change was made at
that timee. The customer now regquived four
re-entry  wehicles instead of twos The
weight estimate shot up to 4308 pounds and
by Jasuary 1908 when the welpht reached
4513 pounds, & new weight conteol plan was
indtiated,

Addivional customer-regaired changes,
mandatory design changes due 1o part and
asnewbly  failores, and  the newd  for
addithonal redundancy, all resalted v an
upward trand of the welight estimate, In
May 1968, a welght review bowsrd was
established to control this situation.

The decision to pressurize the fls
path resulted o an additional fnoresse that
forced the welght up to 4904 pounds. The
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Weight History of the Hexagon Sensor Subsystem

weight sumber now lncheded & greates
parcentage of actual part welghts.

Soon after, 3t was decided to incihude
an Active Thermal Control Systewm in the
forward section of the Sensor Subsystem
film path. The weight bereased to 4998
ponnds s November 1960, About 92
percent of this weight sumber sonsisted of
awctual part welghts. The final weight of
Flight Model 1 was 4968 pounds (mot
including film or pneumatic gas supplyl.

Film Path Test ord Analysis

Ome of the most yselul and ellective
pleces of test squipment developed for the
Hesagon Camera was the Abbreviated Film
Pash [AFPl. The equipment was primarily

gaed in the begluming by dystems enginesrs
to confirm thelr apalvses of the fHlm
trangport system both o alr and In a
VARG

Plans for building the AFP test
eguipment  wers  dsitially  discussed  in
Junoary 1967.57  The sbjective of the
sxperimental program was to evaluate the
physical  effects  of  varlations  of
environment on the Interfacing [ln and
filen path components. Initially the size of
the wvacuum chamber was to be & feet x &
fest and the test equipment was to be
fabricated and assembled in 18 weeks.

In Pebroary 1967, 8 review of the
iratrumentation required to obtain thermal
data from the AFP was completed. The
instrumenty selected would provide Infor-
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mation on film coolings (il outpassing,
roller coolings  sud filn beat  teassler
characteristics.®

A prelimisgry  experimental  work
plan was written for the AFP by the
Beginning of April 1967.59 The tests were
to be run in three phases. Phage A was to
he the evalualion of flm path pressure and
pregsure  control devices, [l chutes,
redief  walves, cossette geals, and
présgurigation apparatys. Phase B was 1o
include fibm flatness tests on the platen
design. Phase © was to provide test data
an film flotter effects introduced by the
twister assembly during operation in alr
and in vacuam.

Howswer, it was not until July 1967
that deawings for the AFP were conpleted
pirts codered, and fabrication amrtcﬁa?é
The AFP was completed jo Janwsry 1968,
just abouat the same thme that the 10 oot x
1E foot vacuum chamber ow B=Chamber)

was delivered to Perkin-Elmers'l  The
Hexagon program waz still Jocated at the
TV Danbuey  Boad facility in Wilton
Lonnectiout durleg that tlme.

The initial pumpdown fests began o
Febeaaey 1968 and debugping sciivity on
Bhae syuipment continued wntll Apell 1948,
But By June 1963, the AFP was i
Gperatitn dd tesls were bedng rao oo film
ballooning on the spocls:  The test data
proved that pressurization of the flwm path
was reqguired.  This was the first major
milestone on the AFP.72

By Oetober 1968, Phase A of the test
plan was completed and Phase B Ilm
flatness tests were started. In addition, o
tostys conducted to determing the cause of

the Hilm  comrugations at  the  belsder
airbars, some rawind tests Were
{;ﬂﬂz.igmt:d.?;*‘

In Hovember 1908, the AFP was

mowved to Danbuey. This was the last plece
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new building.7¥ After the AFP was set up,
film flatness tests contimeed, I addition to
some corona and film sticking tests.?

Phase O  tests ipeluded the
imvestigation of Dl fatter effects in the
twister assembly. After these Phase ©
tests wers completed, fim flalpess tests
were agaln run and continued past the
lmnehing of the first Hewagon system.

When the AFP was first assembled 1t
contained a tabeup and supply, teoshon
sengues, drive capstans, platen, film drive,
and a crossover alrbar at the supply
Articulators were added at o later date.

In 1974, the AFP was modilisd o
permit  Hlm recvoliog. Frior o that
change, the AFF was a constant velooity
machine (from zero to 240 inches per
second, forward and reversel. The "B" side
Engineering Model Looper Assenmbly was
added to the AFE, in addition fo the
megewsary electronios to operate the added
spipmeant.

An engineer who started working on
the AFP in 1967, recalls one of many
incidents in which the AFP plaved a
shgnificant ;m;rﬁ«% A couple of years ago
{1979=-1980) just prior to the launch of a
Hexagon system,; test data ot the West

of sguipment moved from Wilton to the

N Instatlation of the AFP into the Yoouem Chamber

Coast facility indicated a 1520 micron
sut-of-focus comdition on dne  Camérd.
AFP testsy, bowever, showed that the test
film had =& <0 micron dlp iIn the center.
Flans to change the platen and add a tilt
into it were abandoned since this Indicated
that ihe Hexapon Damers was nol at fault.
SBlnee then, a declyion on the final camern
adjustments Just peior to launch 15 not
made until AFP {ln flatness test data s
senminsd.”

The AFP s currently used bo test any
new  Hle  developed Sor the Hemagon
Camera to check Hlm stacking character-
istics, film sticking, film splices, and fim
Hatoesy profiles.

This same engineer has & great deal
of respect for Easteman Eodak personnel.
"You bave to gies those guys ceedit- We
put their fllm theough quite & bit -
twistiog 1% ziuging o back sod forth,
secelerating 1t up to sleven miles per bour,
stopping ity instantansously, and reversing
it eleven miles per hour in the opposite
direction. The staff is only 1% mils thick
and it's twisted, bent and presged.  In
addition, the {ln coellicient of [riction
miuat be corredt sinde the Hexagon Camera
dossn’t even bave sprovkets or Haages -
it amazing!®
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training cowse for all  Perkin-Elover
engineers on the Hemagon program, the

In  the  early  1980%  mile i seliability group alse eatablished reliabilivy
Perkin-Elmer's involvement in the Hexapon programs at subconiractor Eacilities.
prograwy  the  reliability  actieity  ab The costemer and  Perkin-BElmes

Forkin-Elmar was primarily reliability ase
saramees. This elfort was basically a review
of program test procedures and plass to
assure  that the required tests wers
conducted properly. In addition, reliability
smwgrance enginvers anabyzed fallures apd
malfumetions.

Hellability on the Hexagon program
was expanded to cover all aapects of
reliability lclhuding reliability sngioeering,
which required involvement in the initial
comceptual desigo and design reviews.

Porkin-Elmer’s Hezapon proposal sae
pressed the reliatdlity philosophy followed
on the Besser Subsystem. "The mecha-
nisms for computing the reliability of a
systesmn  composed  of  electronie and
mechanical parts are well established.
These are based upon the mathematical
combination of failuwre probabilities of
individual components. The goide to the
application of these mathematics belng the
setablished fallure rates of the components
invodved and thedr arrangement within the
syatem. This evercise yields z predictad
probability of {ailure for the overall
subsystemm.”

This philosopby was based on the
assumiption that there were no  undis-
coversd design or workmanship srrors in
the subsystem. To shiminate these probe
lems, a comprebensive testing program was
eatavlished to  aooover  desipn oo
vepetitively cocurelng workmasably srrory,
and sowme isolated noupepetitive workmun-
ahip  Srrors. Errors that remained
umbmoowered throughout testing and capa=
ble ol later failures were considered major
components of "random failures.”

The fousdation of Peekin-Dloer's
Hemagon part program was borrowed {rom
the Minpteman Program. However, as
disooversd in later yeurs, Hexagon pavts
operated beyood ewpectations since they
ware of better guality and more reliable.

The Beliability Department peaked
at about 65 people. This did not fnclule
the pessonmel working for suboonbractors.
In addition %o setting us & rellability

management were committed to producing
& reliable system - cost was secoodary.
Ag expressed by Stanbey O Rarachuk who
managed the relability effort on the
Hexsgon program for wany vesrs, "We did
what had to be dope o assure the highest
reliability possible.*3

To accelerate the rellability engi-
peer’s learning curve, mualfunction report-
ing was started even belore the contract
was awarded. “We probably had the most
thopough fatbure analysis activity that was
bedng done at thot twe” stated Barachuk
during an interview. "We were also leaders
I promoting rellability techaidgues and an
approach which Hmited the variety of parts
that could be used on the system.”

The efforts of all the functions in a
reliability department are directed to the
production of a yeliable system.  Thess
eflorts  are reflected fo 2 rellability
mamber (from zero to ooe)] whick is used a3
a2 mesmring teol.  “Howewer, we dids't
make T a sumbers pae,” sald Barachuk.
*We  emphasized the desipn support
activities and nfloenced the design at the
gopceptual and prelimisary design stape.
The reliability sumber was used primarily
o shmpare the slffectivensss of sompeting
designa.”

The Perpin-Elmer propossl estimate
of systern rellability was determined o be
881% based oo the number and type of
parts that oomprsed fhe design At that
e Hetween the tlme the proposal was
submitted to the povernment [July 1966
snd Fobeogary 1967, the seliability sumber
decreased to a low of 046671, This dip
reflected a bulldup of complexity as the
designs progresged.  Oleoults  that were
initially estimated at 10 parts lncreased to
15 parts in the preliminary deslpgns. 1 owas
onvious thalt the rellability estimute in the
propossl was based om g wery slomplistic
understanding of aystem complexity.

At this  point, the rellabibty
enginesrs became wery concerned because
the low peliabllity number pepresented a
very high risk that could discourage the
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customer  Drom  continuing the program.
Additional offort was made o simplify the
designs  and  decresse  the momber  and
variety of parts that engineers could use In
their desigos.

By the fourth iteration of Sensor Subs
system reliability, the esthoute Increussed
to 0.7604. This was due to the "get well”
program  initiated by the Hellability
Department. Hedundancles were also des
signed into the system. A second deop in
the reliability number [0.7071) ccourred in
Movember 1967 because of a change from
two reentry vehicles to four, the addition
of & variable scay, and the inclusion in the
retability esthmate o all  disgoostic
instrumentation.

Fifteen months after the start of the
program, the rellability number wis up to
0.8013.% This was accomplished by limited
redundancy. Beginaing in Augast 1968, the
reliability estimates which bad besn based
om doeorbit operation oply, now iecleded
the entire wmission from  loisch  to
camp}etiwﬁ A the desipn touk fnad shape
in 1969 apd the CDR's of eseh funetional
umit  were approved, the eeliability
extimate tendoed to be almost constant.

Although eeliability estimates were
no longer reported in the monthly seports
after the et mission, and the effsst
becume primartly a reliability asssrance
activity, the overall reliability of the
sypstem contioned to be monitored in later

gisstons.  The failurs rates experionced in
the later missions were primarily
operational fallures. The reliability of the
Hexagon system has actually  lacreased
becagse the Indtlal design salety marging
were much greater thas aoticipated and
Perkin-Elmer sceeening techuiques proved
tw be mueh move alfective.

Om £1 July 1978, Hobert I Sorensen,
President of Perkin=Elwer at that time,
repeived a letter from Major General Joho
E. Kulpa, Jr., Director of the Office of
Special Projects, Air Force.?  *The
Hexagon  Mission 1214 [Ldth  flight)
Panoramic Camera i85 the lavest in a serles
of electronios problems experienced on the
Hexagoss program. 1 am concerosd dhat
this faflure, along with other misslon
anomalies, way indicate a  sipnificant
deficiency or even deterloration of the
raliability of the Hemsgon programs
Because of this concern, I am diresting an
setongdve  and  independent apdit of the
Hexagon pavload reliability.”

The review was condusted by a "blus
ribhon” team  composed of the  mosd
cupable Al Force and  Asrospace
personnal.® The conclusion reached by the
mudit team was that the desipgn was ool a
source of "high” orbital electronic failure
ratey the pedigree review was adequate o
nwure  pood  flight  bardware,  relays
accounted for 50 percent of the failures,
the mechenical lalbwe histery indicated no
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increase sinee the Hrat mission, parts were
pot contributors to a “high”™ fallure rate,
there was no trend of increasing anomalies,
and that personpel changes were not a
factor i the orbital fallere zate. The
review tesm recomibended an indrease in
eledtronics test time and more severe
thermal eyeling.

Although  the Perbio-Elmer Sensor
Bubsystemm was designed Yo operate for 45
days, mission length was increased during
esch mission untll later misslons achieved
ower 175 days. This vould only have been
possible I the design and the parts were
wore retiable than the published reliability
estimates.

The reliability philosophy followed on
current space programs i easentially
unchanged. Today, bowewsr, we are much
move sophisticated technically and becanse
of the availability of computers, we ¢un
now examine wany desipns under a variety
of conditivns at s laster rate and Brough
more terations.

MANUFACTURING AND TEST

Perkin-Eliper’s basic philosophy lor
building the Sepsor Subsysterm was
egpressed in the Hexagon proposal. “The
operall fabrication and delivery plan
reguires that all possible parts fabrication
and some gelect amemblies b suboon-
tracted.  Seeactural assembliss and preci-
ston machindag and assemblivs of beryllium
are  typleal subeosnteacted ltems.  The

Hz TOP-SECRET

detatled system deslgn iz being developed
following this guidelipe. Whers it has been
possible, subcontractors have and will be
ashed to participate in Doalizieg of part or
assembly  desipn o ingure  Datter
producibility and delivery. Fabrication of
mechanical parts by Porkin-Elmer will be
largely Hmited to alrbars, parts for models
oF  superiments, and guick  pesponse
mqaimmmm“ﬁ

Thig philosophy was alzo applisd to
the labsication and assembly of come
poarents for the slectrical system. The
followlng were suboonlracted to gualified
manufacturers; aptical snenders, melering
capstans, btrushiess topquer molors, and
various electronde packages.

The effort facing the manufacturing
and test eaginesrs was  massive. T
addition to producing perts for breadboards
and wvarious experbments and tests, they
were responsible for secommending and
designing various tost and bandling eguip-
mwent for the Henagon program. They also
participated dn  the design of  the
marsfacturing and test facility in Davbury-

As the camers design progressed; the
wanufacturing enginesrs belped to deter
mine tolerances to loswre that the desloes
were sconomically producible. By March
1967, engineering deawings wers being

relessed for the warious models which
wonld confinm the design concepts.

The Hrst Hewagon Damera model 10
be boilt was made of woud. U was a Iull-
size spatial mockup that was sonfunctional

Full Size, Hexogon Camera Wood Model with Program Fersonnel
Respongible for Design ond Conglruction
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and intended to demopatrabe arrangement,
O interfaces, and outlines. I was alss
ased in the Jayout and desigs of cabdes and
elecirical harnessek. T

Socn  after, the Mags Model and
Thermal Model began taking shape. The
Mazs Model was 3 smfimetional assembly
that was used to demonitrile arrangement;
major interfaces, mass simolation, strace
tural evalaation, and also a check oo fabel-
cathon and handling procedures; mass prop-
erty control procedures, and acouwracy of
drawings, parts list etc. The sccwacy of
msnn simalation for each subassembly was
within at least 5 percent, with & percent
being the design goals? The Mass Model
was pot reguired to fusction elther elec-
trically, thermally, optically, poeumati-
callyy or even mechanically, except that
items such as the optical bar, platen,
supply, snd take-up were to be hend-
rotatable. Howewer, with regard fo sise;
waipht, and strocbural chavacteristios, the
Mase Model clossly resembled the Flight
fodel.

The BMass Model bad to withstand
gualification level sbock and vibrational
reguirements.  These tests incladed foroes
dedlection and low-love] wibration tests on
the supplyy Trame; optical bary, and other
camera msemblies o provide data needed
to confirm the design.

Assemnbly of the Mass Model optical
bars at Porkin-Bloer's Commerce Park
Facility in Davbury begay in Seplember
1967.3  The Mass Model two-camera as-
sembly was completed o Uecember 1967
avd shipped to the AVCD Compoany for
vibration testing. Assembly of the Masa
Medel afforded an opportunity o trais
Perkin=-Elmer persosnel and develop as-
sembly and bandling technigues for appli-
cation on later models.® After wibration
testing, the Mass Model was retwned fo
Perkin-Elmer for evaluation. It was then
disassembled and updated for testing of the
frame and optinal bars.d

The SBAC midssction was recelved in
Decewber 1968 and set up i the maln
assembly ares for betallation of the twor
camera and the supply assemblies, cables
and harnesses, and the electronic boxes.0
After successfully passing vibration tests,
the Mass Model midsection was shipped to

Muoan Modet

legn Room Assembly Area

SBAC {8 Aprll 1949 for additional
teating.’ After completion of lisal tests in
mid-March 1970 lacoustie and  pyro-
terhnicl, the Mass Model was retusned o
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in Transporier

where it remains today in

Pilans for the Thermal Model started
at about the same time as the Mass Model.
The Thermal Medel was alse a sonlanction-
ing aoit and closely simulated the thermal
characteristics of the Flght Model. In
addition to duplicating the malor compo-
thermal conductance, finishes, coatings,
strgctural modnting polnts  and  iaterssl
poewer  distribution closely maiched the
Flight Configuration. .

Isternally mounted bheaters wers
capable of developing 150 percent of the
degign heat Joad and the film spouls were
designed to carry o full load of film.
Instrumentation {almost 400 thermal sen-
sprs] was Jovated loternally and externally
o monitor temperature level and disisls
bution. A detailed thermal analysis was
copducted o conjunction with the design of
the Thermal Model. The test dota was also
used o confieming the sdequacy of the
sysberm  theemsal  analysis  computation
methods.

By Juowary 1968, the Thermal Model
was completed sud shipped bo the Geneeal
Electric Company for thermal tests.? The
tegts were completed two months later and
the Theemal Model was disassembled. The

Remeoval of BBAC Midseotion
from Transportor

Thermal Model in Complete Test Fisture

parts and subasssmblies were mm&?us@mly
paed in other tests aod experioents. 0
Fabrication of the Enginesring Wodel
began in Apell 1968.11  The Eagineering
Moalel was labricated from deawings amd
spacifications approved at the PDRE and
CDE techondoal reviews.  The pepose of
the Englaesring Model was to demonsteate
that the system functions properly, o
surface any desipn or manwfacturing flaws,
and to retrofit redesigns resulting from the
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Midsection Assembly Instalisd
on Bhaber Cluster

Engineering Model tests. With the excep-
tion of a few walvers which 4id met
compromise [anctional or structural integ-
Fity, the Esgloesring Model closely dupli-
cated the Flight Model

By May 1999, the Esginesring Model
was ready for testing of the film transport
capability. The conliguration consisted ol
a complete one-camera assembly  with
simulated supply aod toke-up. Filo was
travsported (V0 i) with the platen in both
the moposcillatiog snd in the oscillating
mode. 12

The following month, one-camera
tests wore contisued 1o Heady Boom B in
prapiration for Chamber B fests.  The

i ' camers was operated al [l spesds up to
B ' 200 inches per second at the slt, with a
Dervelopment Mode! simulated System Comapand and Conteol
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Ready Room 8

and Sensor Subsystem Test Comsole. Teal-
fng indiested that all system parsmelers
were being met, however, doring start-up,
a power supply was ot turned on resulting
fn the platen being deiven Into s stops.

One month later, the Engineering
Model was tested in photography modes as
well as the recycle mode peior to being
installed in Chamber B4 Engineering
Wodel tests In Chamber B were completed
in August 1969  Nine photogrsphic runs
were performed both in air and in wecuum.
After correcting various problens with bad
films erratic shutter operation: and high
sigral ereors, 4 final run in Chamber B
produced a resolution of over 150 linss in-
track. 13

By September 1969, the Eogineering
Model was installed nte the Satellite
Midsection in preparation gm Ready Hoom
& and Chamber A wﬂ&.l A maior mile-
stome was scoomplished in the check-out of
the Engloeeving Model in Beady Boow A
when the system ran in automatic mode

Pnty Cheeler A om 29 Movember 1969
where [ull system operation was achiewed.
However, ntermittent Bim tracking neces-

Hx FORSBGRET

sltated rewmoval of the Bagineering Model
o determine the sause of the tracking
problem.1?

The Engineering Mode! was then reip-
stalled into Chamber A. The first series of
the integrated thermal test rup In a
vacuum were started on 9 December 196%
The integrated thermal tests were fo
determine how effectively the satellite
midsection maintaiped the temperature
{70°F +239] of the environment suresunding
the two-camera asseralbly, the pnenmatics
assembly and the supply assembly under
simpulated orbital conditions. Upon come
pletion of the photographic runs, thermal
eonditions ware changed and thermal dats
acquired.1® A second series of photo-
graphic runs was started on 11 December
buat  the run was aborted duse o a
malfunction of the flm transport system.
Unsuccesslol sttempts wore wade o feen
the e path. T was deckded bo contbaee
the integrated thermal testing, leaving the

The integrated theemal tosting of the
Enginesring Model in Chamber A wias
completed in February 1970, The unit was
then removed from the chamber for
disassembly and post-test inspection. 0 as
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a result of these besits, the paint pattesn
and the superinsulation on the midsection
were modified by the Lockheed Company.
The following month, the Englneering
Woddel was weed in perfecthy the tech-
nigues required to It a system from the
horizontal to the vertical position.®l

Supply Assembly Installed in Acoustic

mxr& S&:im Stmudator

soted to Midmetion Chomber with Microphones

Chembar A
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Supply Assembly Installed in Fowr
Shoker/Fixture Svstem

I Apell 1970, the Enpineering Model

was disassembled for nspection of all its
parts pelor to relurblshment for use a8 &

Filen path test bed. The two-gamers
assembly was removed from the wmid-
gection.  The midsection was wsed o
perfect vertical liftiog technigues on the
Shaker Room hoist.2%

The Engineering bModel has been in
uae for test purposes since the fiest Dight
mission. An A side only” machine, it was
used frequently for demonsteating the film
travaport  syslem  to Hex.&g&ﬁ Progeam
wigitory. Its most lmporbent Desction,
however, was to test pew file and sesist In
determining the causes of mallunctions
during mission operation of the gt
posdels.

Fabrication of Development Model
parts began in mid-1968, soon after the
approval of the CDR%.  The Development
model was made from  Flight Model
drawings and was subjected o ascceptance
tests and procedores used in the mang-
factore, assewbly, sod checkout ol the
Flight Model, Including production level
environmental fests.

Fabrication aod sssembly of ths
Dievelopment model was continued, and in
September 1969, the Satellite Basic
Aspembly Midsection way dellvered to
Perkin-Elmer.23  Soon after the two-
camers sssewmbly wak moved to Ready

frpptodiotion of Midssotion
an, Bhaloer Fivture

Boom B and on 11 Ootober 1969, the fine
film path and coarse film path were spliced
together and the filw transport svstem wis
tented without the active drive o metering
capstan. The Hlm path was werified to
have a good track.2% By November 11, the
filre traveport system A was successiully
operated at 0.18 and 0.54 Ve/ho"®  After
completion of Ready Room B tests, the
two~camera assembly was removed from
the simulator and installed and aligned in
the midsection.

Heuady Room A tests Tollowed and the
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Development Model was started and o slow
turpeon of Cameras A and B was completed
an T Jasusry 1970, Difficdlties wess
weperisnced with the System Comwmand and
Control Bow. The unit was returned to the
vendor for checkout.o!

By Febroary 1970, several wmajor
teats were completed on the Development
Model, including the Chamber A Checkout
and Photographic Oualification, Two-
Camera Assembly Vibeation Qualification,
Horigontal Bageline and Vertical Baseline
Tests.28  After undergoing photographic
thermal-vhomgs  gualificatien  tests i
Chamber A, the Development model was
shipped to the West Coast -
10 Apeil 1970,

In August, 1970, the Development
Model, which was mow zssembled in the
Satellite Basie Assembly, was subjected to
both acpepitacce and gualification level
acoustics vibeation tests. Both the A and B
gides of the Sensor Spbesystem  were
inoperative  during post-acoustics  funcw
tional tests. Troubleshooting revealed that
the problem was cassed by lost Lovper
flewure screws. The problem was Coor-
rected and the system successlully passed
it post-mooustion vertical baseling tests. 30

The Horigootal Baseline Test was
completed in September 1970 Howewver,
three aborts  were  experienced  during
start-up of the tests. Az a resolt, the
crossover  assemblies  were as;tﬁwtmiaa‘i
Adter acoustic, wibration, and pyroshock
tests were completed, the Development
Model was woved Do the agoustic vl 1o
the wertical lmtegration stand and the
shroud removed Jor visual m&mﬁmﬁ

By Hovember 1970, the integrated
Dewvelopment Model SOV succesafully
completed all functional objectives ol the
A-1 Chamber tests.3 Following Chamber
B=d tests, the SDV-II was prepared for
shipment to the launch pad. All fusctionsl
requirements were met; however, due o
tracking problems cavsed by unclesn ale
bars, the A-side had only partial success. 4

The SDV-TH system then completed
Hesizontal Funetiopal and Vertiesl Proe
shipping Tests. The lests, which were
Hmited to the Beside because of the ereatic
behavice of the A-gide, wet fmctional
objectives. Operation of the Asslde was

Hmitad to cage/uBcage sequences enlys

The system sreived at the Vandenw
berg Alr Foece Base on 19 Jupusey 1971
After the initial eperations of wmating with
the lauseh webicle, snvironmental shelter
vorification, alignment wesification, and
battery installation, compatibility testing
of AGE, 8DV slecteioal, and the Autosatic
Data P:mewing} and Computing System
were fompleted. 5 The final Phase 3 tests
were completed by 5 March and included
an actual operation of the system,~9

Afver completion of all the pad festy,
the Hexagon Camers System (Development
Modell wan returned to :
9 April 197137 A short test was run
during which the Camers B side ran
satisfactorily. However, the coarse fim
path on Side A continued mistracking due
i intermittent alt  steerer  operation.
Alter the tests were completed, the Devel-
opment Model was temporarily stopeds

In June 1971, the Development Model
was again placed In operation but teaching
remained wosatisfactory. It was found that
a Ll fold developed st U end of the run.
several methods of clesring the problem
were tried, using the supply unit test set
andl cutting scallops in the Dlw edpe, with
no success. Fioally, the unit was removed
and down losded. It was once again noted

laritien.s?

Alter paneing widitiona] tests o the
Development Model on the West Coasty the
unit was subsequently returned o the
Perkin-Elmey facility in Danbury whees it

138
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wan wied a8 8 vebicle for testing new film
and analyzing wission anomalies.

At the same time that the warious
models were being assembled and tested,
the polishing of the opties for the
Dzalification Model and Flight Models |
and 2 was nearing completion. ¥V Assembly
of the optical bar for the Best flight model
was aled started at this thme.

Ready Hoom B testing of the Flight 1
Two-Lamers  Assembly was started o

dJasuary 1970 Both film trassports were
gperated o the recycle mode wilth bar-to~
bar synchropization at Vafh » G018 and at
scan angles of 30, 60, 90, and 120 degrees

Fight Modet § Optical Bor B

Hx TOP SECRET

aud scan cenber of 0 depresss Upon
completion of festing, the unlt was
returned bo Maoufacturing for retrofit.
The Fight Model 1 midsection was received
from  the Satellite  Basle  Assembly
Contractor at this time,®

The Two-Camers Assewbly was com-
pleted and the camera system wis tested
in Heady Hoowm B to sstablish a provibea-~
tion electromechanical baseline for the
Flight Moedsl | Twe-Camera Assembly. ¢ 4
final bazelne sterso run was made at
Vb = DU0EE and scan angle at 120 degraes.

At the eompletion of the sterés run
in March 1970, the Two-Camera Assembly
was removed from the Bstellite Basic
Assembly Simulator and transported to the
wibration test ares. 4 thres-axls vibration
test was conducted to acesptance lowels.

During these tests, the cowmsse and
flae tesslon sensors in the looper and
caging status of both platens and loopeors
were  monitered. The caping svstems
remaised caged with wo fallures. Ho
sipgaificant anpwalies were reported during
the wibration runs. The Two-Ugmers
Assembly was refurned to the Ready Boom
Tor post wibration baseline testing,

A post vibration stered ran was again

performed at Va'k = 0018 and scan length

ol 120 degrees. Film tracking appeared
goocd and all gross characteristics of the

Flight Model 1 Midsection Undergoing Inspection
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camera appeared to be upchanged as a3
pesult of the vibeation test.

After the conclusion of the post
wibration sferes run, a series of engineer-
ing tests were conducted using apecial edge
sensors o determine the cause of the
ansmalovs flm tracking conditions appar-
ent at high speeds andfor swmall scan
angies,

A set of stops were made for the
crossover  alebars and  bstalled.  This
produced a marked improvement in the
tracking perfopmance of Cameras B oapd
warranted the installation of stops in both
Fhight Model 1 crossover assemblies.

Af the conchesion of the engineering
toats, the Two-Camierd Asserably was sube
jected fo Hghi-leak tests. Although the
light-leak film was successfully threaded
theopgh Camers A 8 severe [ilw jam
developed in Camers B under the slit. This
was apparently caused by the thicker high
sensitivity film.

Flight Model | Ready Boom B lesting
wak completed on 1 April 1970 The Two-
Camera  Assembly was roturned to the
miajor assembly area where the optical bax
A snooder was replaced and realigned. The
Twir-Lamera Assembly was then bstalled
inte the midsection with the supply and
delivered to Heady Room A o 10 Agril.
The forward section simulater was in-
stalled and sgramm final assembly started
on 12 Aprild

Om ZT Aprils the lght leak test on the
midsection was accomplished by trans-
porting 50 380 file onlo the midsection
and sxposing 4 for s peried of fowr
L S The film was apooled onto the
take-up and sent 1o the labocatory for
PEOCEESITE Ko majior problems wers
encountereds

The midsection was then prepared for
eibration testing which was sccomplished
during 5 May. Ho major anomalies wers
encountersad in the test. The midsection
was then returned o the Iront of Chamber
A Tor Dioad testiop aod prepeabion was
then  initiated for thermal wvacuum
acceptance testing.

Flight Model 1 B/ 000 was Ine
stalled and allgoed i the thermal-vacuum
Chamber A ab the beginning of Juse. The
ggeration of the sccess ook, simulated

takwe-gp and the Chamber forward film
path was verilied. The ln-alr ifests were
completed sod the sterso through focus
v were achieved using praprqgmgmmgd
command tapee  The wodel was thes
removed from Chamber A to lnvestigate a
tracking problem. A desigs fiz was
smplemented and the model was relnstalled
im Chamber A In-air  testing was
completed and preparations were wade for
vacuum testing 45

/W 002 (Flight Model 1) began foe-
wmal scceptance tests in Chamwber A The
TOOF and 939F tests wers completed
satisfactorily. However, an anomaly oo
cureed in the Platen Bervo Loop during the
4TOF test. The Platen was electronically
synchroniyed to the opticsl bhar Cwough an
all digitel position serve utiliziag optical
encoders on the optical bar and counters in
the Fisten slectronics. Due o spurious
o, the Platen lost count and deove at
maximum  torgque  through  the stops
wrapping the Ble aod causing separation
e well as severe mechipical damage to
the Platen and Film Drive sssembliss. This
appeared to be 5 seriows sethack to the
Hexagon Dlight schedule.

A series ol emergency meetings was
held with the Customer and fAssociate
Ceontractors.  Perkin-Blmer recommended
aecelerating the next sensor (3N 003 as
Flight Model 1 and agresd to attesmpt to
complete all in~bouge sssembly and fest o
three months.

At that time, a detailed plan was
formulated for 8/W 003 for Heady Hoom &
and’ thermal-vacuun  Thamber & tests.
Critical test points, EMI testing, and
midsection vibration testing were elimi-
wated from the plas to dwproee  the
schedule.

During initial fils tracking tests is
the midgection, severe filw wander was
poted in both A and B lilw paths. Dlage
nostle and wisual observation determined
that the filo was wasdering at the aupply
film exit vestibule a8t a2 onee-par-
revolution of the supplys 1t was concluded
that poor teacking was caused by & poox
muter gection on the [lm stacks. Chamber
A preparations were then staried for in-alr
teating at oo femperature.

On 4 Auvgust; Flght Model 1 lnow
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S0 003 was installed nto Chamber 4 amd
tests started. Howewer, 2 seriss of
profilems foroed the Chamber A tests to be
aborted on 25 August, film jams bsing th»
most serious of thess pmbmmﬁ» 7

A post-abort lovestigation revealsd
that Camera A& was jammed in the foe
film path.48 The steerer electronics were
ehecked out  and no  apomalies  were
identified. The supply stacks were smooth
and appeared mormal in all respects.
Sepveral gurrections were made incloding
the installation of 8 pew supply. oew
crossover assemblies of lmproved design,
and replacement of the aft srticulator
assembly.

By 20 September 1970 a slow turn-on
was completed and the midsection was
installed in Chamber A. The very next
day, tracking difficulties with the chamber
film poth resulted in a decision to
discontinue testing with the chamber lilm
path asd to  contioue tesls with an
Engincering Wodel take-up in the forward
section simulator. A successful turn-om,
leak test and TO0F vacuum rus wers
accomplished by 25 September.

& major milestone was reached in
Cetober when Flight Moedel 1 successlully
completed Chamber A acceptance btesbing,
a weries of cestomer-directed <hamber

Hz ToOP-SECRET

tests, and horizontal and wertical baseline
tests.4?  After acceptance by the cus~
tomery, Flight Model 1 was shipped to
Bullding 156 on the West Coast on

T Getober 1970

The schedule recovery for the flest
Highty by scoelevating the second produc-
tion sensor, is just one indication {perhaps
the most remarkablel of the dedication and
achievements of the Perkin-Elmer Hexagon
teams. I required around the elock, seven
daye a week activity by all concernsd. In

Flight Model, Urogsover Assembly

Flight Model 1 Privr bo Instollation in Chamber A
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addition,; Bagineering bad to determine the
cagse of B U0L Iallure, design spd
implement 8 fx, and relrolit the sensor.
Al this seowrred smoothiy and in an almost
eoutine manner.

The inltial contract called for the
first flight in December, 1970 it actually
poourred in Jupe, 1971 PeckbeBlmer's
goal was 10 design, manalacture, msemble
and test the [lrst Hexapgon sensor in 44
ppaths with & mondhs for integration and
pro-lagnch  activities.  Flight Medel 1
sepaor was deliversd o 48 woaths ~ guite
an acesmplishensnt considering it was also
ascessary to eonstrect a facility and hiss
many of the people, as well as desipn,
builds and test a state-ol-the-art systom.

Small wonder that Hexapon s cone
sidered oue of the engloessing achiewe-
ments of our toel

In Wareh 1965, Perkin-Elmer was
contracted by the CIA to continue the
aptivel desipn of 8 reconnsissance cEmenn
system started by Ttek s mid-1904. Alter
an eight-week study, Perkin-Elmer sub-
mitted &  proposal  (Frotemd  which
recommended & slight change In the optical
bar configuration to permit the wae of &
fused quartr folding mireor i plece of the
original beryllivm mireor in the svent that
the latier; whose success was somewhatl
spealative, proved to be macaagtahmﬁl I
addition, the proposal included & recom
mendation for an iovestigation of the

.

Hexogpon Uptivel Configuration

dimengional  stability z}f berylbum  and
new  material

_tweight wilerar  configurations
were also a mibdect of a mesting held at
Ik on 29 october 1964 when its engineers
ware faced with the problem of selecting
an cpﬁfca} material for the "optical bar®
ﬁim:gm & malor participant of that meet-

ing, Frank Coole, was invited to present a
state-ol-the-art look at the fabrication of
Lghtweight mirrors.

Folding Mirror Blank

Primary Mirror Blank
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Perkin-Bloer, howeves, had kept
abreast of  the state-ol-dhe-grt  in
Hphtweipht mirror construction. Dr. Harry
Polster, a Perkin-Elmer physicisi, ima:i
praviously wrillen a summary paper “Ba
lightweight mireors which was presented at
# symposiom at th@s Wright-Patterson Alr
Force Base in 1962.%

Before Perkin-Elmer became lo-
wolved in the “optical bar® study, the GlA
bad  aleeady  fwsded  some  eptical
fabrication studies at Perkip-Hlmer. In
March 1965, additional work was cop-
fracted {(RD-2089 to conduct varicus
atudies, seperiments, and analyses in the
dewelopmant of new optical fabelcation,
coating, and testing techniques.? These
included contipuous polishing, selective
coating, optical test technigues, and lmage
guality studies.

The "optical bar™ design conslsted of
a fult  aperture  {$0-mell  aspheric
carrector, an §/3 spherical wmivsor Z6~1/3
inches in dismeter; a perforated folding
flat 20172 imches by 3012 inches, and &

group of refractive corrsctor slements of
relatively swall diameter ($=3/4 te 10
inches! near the focal plane.

With the exception of the folding flat

‘and the spherical mirror, the optics were

wot  different  In size  or  goaotity
requirements from those being routinely
produced at  Perkin-Elmep. Ewen the
spherical mberor dd  not  present  any
particular problems with the avallability of
precision test wethods which were being
developed al that Hme. The perforated
flaty however; presemted a2 significant
problem due largely to its now-clroular
shape and the presence of a central hale.
Porkin-Elmer's Hexagon  proposal
noted the tﬁiﬂiml’? of producing the
folding flat mirror. *Hormal polishing
technigues for producing a flat optical
surface Involves reciprocating the flat on 2
rotating polishing lap. The reciprocating
mation, which is pecessary since the center
wk the lap polishes more slowly than the
edpe, produces an overturning torque on
the flat which lurther tends to drive the

Hexngon Cptieal Svstem Components
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flar surface toward u sphere. & large part
of the “at® in oplical procesSing s the
ability of the opticlan to minbmize this
effect, which can be done to various
degress of success for clroular pleces.
However, the abillty o process 2
son-circolar piece to a hipgh accuracy s
wirtually lmpossible by this  technigue.
Sehemes such as blocking an extra glass to
simulate a circalar shaps, dilferential
loading: or extremely light loading, sre at
best compromises which generally have not
produced satisfactory results”™  Perkin-
Elmer proposed the wse of Dused sllics of
drilled core | constraction for both
the diagonal {folding flat) and the primary
mirsor.

The Perkin-Elmer Hexagon proposal
included a description of the continuous
poliabing techabgoe which could peoduce
perforated folding flats with the aceuracy
roguiesd.  In addition, the proposal de-
seribed wew  developments in selective
eoating and hologram interferometry.

By the thwe Perkin-Elmer was
awarded the Hexapon contract {October
1966}, & 48-inch continuous grioder was
praducing flat, Hne ground swrfeces of high

quality, and a 48-inch polisher was
prodacing optical flats of high quality la
10-inch guarts disc was polished to 1/50th
of & wavel. In addition, & 96-inch
cuntinposs grinder and o 95-inch polisher
were  being  placed o operation  at
Porkin-Elmer.

After fabricating the necessary
optics  for the Mass, Thermal, and
Engineering Models, the optical manu-
facturing departioent was ready to go into
full production. Perkin-Elmer successfully
produced all the optical elements Fwr 20
flight wodels, in addition to supplying all
the optical elements for the Hezagon
amers test equipment. This was accom-
plished without any significant technical or
sehedule problems.

The progress of the fabrication of the
optical elements i reported In the Sensor
Subsystem Mesthly Technical Heports. A
e complete and continaous ploture of
the development of the new optical
techaioues and the production of the
Hexagon Camers elements can be obtained
by a review o
lstarting with

Bl 27 Aupast 19650
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4 RELATIONSHIPS AND INTERFACES
WITH ASSOCIATE |
CONTRACTORS AND SUBCONTRACTORS

ASBOCIATE CONTREACTORS AND

When the Hexapon program was in
fve planndng sbagres, the
asraspace/reconnalasance community
imcluded several major companiest Perkin-
Elmer, Eastwman Kodak, Dtek, Thempson-
Famo-Woolridge, Radie Corporation of
Americs isensor  subsystems); Lockheed
Missile and  Spavce, Martie-Marietts,
Hoghes Adecraft, MoDonnell-Douglas and
General Blectric bpacecraltl; and General
Flectric and AVCD lresntry  wehicles).
Bastman Kodak, of course, supplied all the
reconnalssance .

The CIA's initial contract (19641965
for the fouwrth geserstion veconnaissance
system  {then codenmmed Fuloram) was
awarded to fowr cowmpanies! Iiek was
selected to design and produce the camera
payload, General Eleoteie was to design the
spacecralt, and the AVCO was awarded the
reentey pehicle contract and TRW was the
System Enginvering and  Assembily
coniractor.

It was during this time frame thay
the government policy decision o assipn
the roles of the Alr Force and the ClA in
the reconnalssance activity was  being
formulated. Alter Dok withdrew frowm the
Cla Pulerum Program in Februsry 1965,
they worked on the Alr Force wersion of
the fowrth generaton reconnalssance
system code named 5-2. The CIA selected
Perkin-Elmer bto costinoe the camera
design started by lek.

The govermment policy decision to
agsign the spacecralt to the Alr Foree, and
the reconnalssance sensor payieads to the
Clf, negated the CIA contracts awarded to
OGeneral Electric, and AVOD.

This brought all the players back to
Sguare ones. A competition for the new
reconpaissance  system  {now  codenamed
Hexagon! was established and a Reguest
for Proposal was released o selected
companies.

On 10 CQoteber 1906, Perkin-Elmer
was awarded the camera pavload contract,
Lockhesd won the spagecrall contract, and
the reentry vehbicle contract was awarded
to Mellomnell Douglss.  These were the
major participants i what was to be the
most complex reconnalssance system ever
wuvisioned.

BELECTION OF SUBCONTRACTORE

Porkin-Elmer's procurement plasming
for the sew reconnaissance system began
in September 1904, when It got lnvolved in
Fhaze T of the Fuloram program. In May
1968, a technical report was prepared
identifyving subcontractors  and  vendors
suited to Falerum program requirementss
It Hsted 20 techeleal consultants and over
100 vendors.t

By the time the Hexapon Reguest for
Proposal was sent to Perkin-Elmer In May
1866, procursment policies had already
been established for the program, and
vendors that would participate had already
been contacted and surveved. The major
subeoniractors identified in the

i e included the

Pennsvlvania,

Alabama,

Massachusetis.®

initially, the Purchasing Department
not only processed the reqoisitions foe
components and small machined parts, but
wak alsg lovelved in the sslection of majsr
subcontractors for the larper structures

and assersblies. Later, as the program
became organizeds 4 Buboontracts Depary-
ment was created. [t was decided that the
Purchesing Department  would  process
orders for flxed price Hems, and the
Bubeontracting Department would handle
the lapger parts requirieg  other type
sontracts.  The dollar value of the ibem
was also a consideration. The sxception to
this arrangement was the raw  glass,
purchazed on a Uaed price basls, which was
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handled by the Subcontract Department.3

Ome of the most dHbBlcult peoblems
vonfromted by the cestomer aud Perkine
Flmer was the processing of milllons of
dollays of  puwrchase  requisitions  and
subcontract work without divalging e
purpose or funetion of the purchased parta.
To assist in this process, Perkin-Elmer
formed a dummy corporation, JETEC. I
woieces from and payments to the majo
subcontractors were “lusndered® through
this dumpey corpoeation to econceal the
gmonnt of work lovolved BSetween the
varits companies and PerkineElmer.

B owas pecessary In some cases, o
prodide PEOEFATS ACCeE O s0me of the top
managees of the warious wendors and
smibcontractors, but this was held to a
mindmum. A securily evalustion of sub-
pontractors was prepaed in September
1967 listing ten companies. When it was
mecessiry o establish secure areas In
subcontractor’s  lacilities, Perkin-Elmer
seourity officers determined i the securs
aress and procedures were sulficient to

edge.?

By December 1966, just two months
after the award of contract, Peskin-Elmer
vendmrs and soboontractors were sngaged
in preliminasy studies and fabeication of
parts for the warious Bemsor Subsysten
mndels. Ove year later, the PerkinsElmer
Bgbeontractor téam was in the imitial
stages of fabeicating and assembling parts
for the protaction models.

Fabrication of Frame Tesat Set-up for Toke-Up Assambly
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A monthly status report was prepared
by the Subeontracts Department. The June
et lsted the following oompanies:

wnderstanding of Perkin-
Blmer’s initial lowolvement with wendors
and subcontractors can be galoed by the
follovwing exverpt of ao inber