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FOREWORD

Gemini was one of the early pioneering efforts in the developing space
capability of this nation. The initiation of this program was timed to take
advantage of the knowledge gained in our first series of manned space flights—
Project Mercury. The Mercury program successfully demonstrated manned
orbital flight. Perhaps more important it provided extensive information on
how to build and fly spacecraft for the more complex missions yet to come.
Drawing on this experience, the Gemini program was able to produce for its
time a highly flexible space vehicle of considerable operational capability.
These characteristics enabled a rapid expansion of American flight horizons.

The most significant achievements of Gemini involved precision maneuver-
ing in orbit and a major extension of the duration of manned space flights.
These included the first rendezvous in orbit of one spacecraft with another and
the docking of two spacecraft together. The docking operation allowed the use
of a large propulsion system to carry men to greater heights above Earth than
had been previously possible, thereby enabling the astronauts to view and
photograph Earth over extensive areas. Precision maneuvering was also
employed during the very high speed reentry back to the surface of Earth,
enabling accurate landings to be made. The length of our manned space flights
was extended to as long as 14 days, a duration that has yet to be exceeded as of
this writing, although this was accomplished about three years ago.

Of great general interest were the investigations of the operations of an
astronaut outside the confines of his spacecraft, protected from the hard vac-
uum of space by his pressurized space suit. These extravehicular activities did
in fact produce some difficulties, but, in the end, highly successful operations
were conducted.

All of these activities have greatly contributed to expanding activities in
space that we now have underway or will be forthcoming. In Apollo, the pro-
gram involved with landing men on the lunar surface, the crews must be trans-
ported roughly 240,000 miles to the Moon and then back to Earth. This trip will
take a week or more. The Apollo spacecraft must perform a rendezvous not
near Earth but out at lunar distances in order for this mission to be success-
ful. Once again, the astronauts must leave their spacecraft and, in their pressure
suits, step out onto the lunar surface so that scientific exploration can be con-
ducted. The fact that all of these things were initially demonstrated and then
investigated further in a number of the Gemini missions greatly aids the devel-
opment of the more difficult missions that we are about to undertake.

Perhaps the most significant aspect of the Gemini program was the man-
ner in which the astronauts contributed to the success of each mission. In the
flying of the spacecraft, in the management of the systems, in the overcoming
of problems, and in the aid to attainment of important scientific and technologi-
cal information, their presence enhanced greatly the success of the program.
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PROJECT GEMINI: A CHRONOLOGY

They were backed up by a large and dedicated team of people here on the
ground who designed, developed, and checked out the vehicles and controlled
the flights. The Chronology presented herein as a factual presentation of events
taken primarily from official documentation of the program. It, therefore,
cannot reflect many of the “behind the scenes” activities so important to the con-
duct of a successful program involving exploratory endeavors. The high moti-
vation to make the Gemini program work, the rapid reaction in overcoming dif-
ficulties, large and small, and the attention to detail are all factors contributing
to the ten successful manned flights which provided nearly two thousand man
hours of direct space flight experience.

Crarres W. Matniews
Deputy Associate Administrator
Office of Manned Space Flight
September 16, 1968
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INTRODUCTION

This Chronology belongs to a broad historical program undertaken by the
National Aeronautics and Space Administration to fulfill its statutory obliga-
tion to “provide for the widest practical and appropriate dissemination of
information concerning its activities and the results thereof.” ! Project Gemini
was the United States’ second manned space flight program, a bridge between
the pioneering achievement of Project Mercury and the yet-to-be realized lunar
mission of Project Apollo. A history of Project Mercury has been written;?
that of Project Apollo is still in the future.® This Chronology, a step in prepar-
ing the history of Project Gemini, marks the completion of the first phase of our
study of the Gemini program and lays the foundation for the narrative history
that will follow. What we have done must stand as an independent work in
its own right. But at the same time, some of its characteristics—in particular,
what it contains and what it omits—can be properly justified only in terms of
the larger whole of which it is a part.

We have deliberately focused this Chronology very narrowly, excluding
much material of undoubted relevance to the background of events, the context
of decision, and to other matters that might be characterized as the external
environment of Project Gemini. In part this is the inevitable result of a
chronological format, which leaves little scope for explaining and interpreting
events. Equally important, however, was our decision to reserve for the less
restricted confines of a subsequent narrative history our confrontation with the
subtle problems of interpretation and causation, of controversy and cooperation,
of individual achievements and failures in the Gemini program. Several major
features of this text grew directly from this decision.

Our orientation throughout has been primarily institutional. Organiza-
tions rather than individuals are ordinarily the actors in events as we describe
them. The point of view embodied in most of the entries is that of Gemini
Program Office (the Manned Spacecraft Center element created to carry through
the Gemini program) and of major Gemini contractors. The events that we
have been most concerned to elucidate are technological—the engineering and
developmental work which transformed the concepts and objectives of the
Gemini program from idea to reality.

The technological orientation of this Chronology has imposed some burdens
on its authors. Like other works in the NASA Historical Series, the Gemini

! “National Aeronautics and Space Act of 1958,” Sec. 203(a) (3).

*Loyd S. Swenson, Jr., James M. Grimwood, and Charles C. Alexander, This New
Ocean: A History of Projcct Mcrcury, NASA SP-4201.

* The first volume of a projected multivolume chronology of Project Apollo is: Ivan D.
Ertel and Mary Loulse Morse, The Apollo Spacecrafi: A Chronology, Vol. I1: Through
November 7, 1962.
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PROJECT GEMINI: A CHRONOLOGY

Chronology has been written for the informed, but not necessarily technically
competent, layman. Its intended audience includes not only those professionally
concerned with space programs, but also those with a more generalized interest
in space activities. Accordingly, we have devoted special effort to explaining
technical terms, supplementing the text with diagrams and photographs,
describing test programs, and, in general, making Project Gemini comprehen-
sible to readers who have no special knowledge of the events we discuss. This
need not, we feel, impair the Chronology’s value to the more technically sophisti-
cated. Even within NASA and contractor organizations directly concerned with
Project Gemini, few individuals could be familiar with every aspect of so large
and complex an undertaking. We hope we have avoided the pitfall of belabor-
ing what is obvious to the reader who knows the program while not explaining
enough to the uninitiated.

Our attempt to achieve this goal has dictated, in part, that this Chronology
be more than a mere list of dated events. Each entry is intended to be relatively
independent and complete. One minor, though not insignificant, manifestation
of this intent is that we have given all names, acronyms, and abbreviations
in full upon their first appearance in every entry, with one exception : because
its name is both ubiquitous and lengthy, we regularly refer to the National
Aeronautics and Space Administration as NASA. A more important conse-
quence of our attempt to write individually intelligible entries is that we have
often combined several events under a single date. In doing this, we could
naturally follow no hard and fast rules; what was or was not to be included in a
single entry became ultimately a matter of judgment. To enable the reader to
follow these judgments, which at times must appear somewhat arbitrary, we
have provided a comprehensive index of the text.

This Chronology is fully documented, with sources for each entry in the
text cited immediately after the entry. Our greatest, though not exclusive,
reliance has been on primary sources. Of these, perhaps the most widely useful
have been the various recurring reports issued by both NASA and contractor
organizations. Foremost among these are the Project Gemini Quarterly Status
Reports,* the Manned Spacecraft Center weekly and monthly activity reports,®
and contractor monthly progress reports.® Another extremely useful class of
materials comprises nonrecurring reports and documents, such as working
papers, technical reports, statements of work, mission reports and analyses,

¢ Gemini Program Office issued 19 quarterly reports, the first covering the three mon'hs
ending May 31, 1082; the last, the three months ending Nov. 30, 1966.

* MSC Weekly Activity Report for the Office of the Director, Manned Space Flight ; MSC
Consolldated Ac:ivity Report for the Office of the Director, Manned Space Flight. Each
report consisted of separate reports from major MSC elements, including Gemini Program
Office.

* These varied in format and usefulness. Of greatest value : Lockheed Missiles and Space
Company, Gemini Agena Target Vehicle Program Progress Reports for the months Sep-
tember 1964 through November 10068 (LMSC-A605200-1 through -27) ; North American
Aviation, Inc., Space and Information Sys:ems Division, Contract NAS 9-167, Paraglider
Development Program, Phase 11, Part A, Monthly Progress Letters Nos. 1-16 for Nov. 20,
1962, through Mar. 31, 1963 ; {dem., Contract NAS 9-539, Paraglider Development Program,
Advanced Trainer and Prototype Wing Design, Phase II, Part B(1), Monthly Progress
Letters Nos. 1-9 for June 20, 1962, through Mar. 31, 1963; idem., Contract NAS 9-1484,
Paraglider Landing System Program, Monthly Progress Reports Nos. 1-21 for the months
May 1963 through January 1965,

xiv



INTRODUCTION

familiarization manuals, and final reports.” The third major body of sources
consists of the records of various NASA organizations, particularly Gemini
Program Office records. These include notes, minutes and abstracts of meetings,
official correspondence, telegrams, memorandums, reading files, and the like.

While these three classes of material have provided our major sources, we
have also drawn, when necessary, on a variety of other primary and secondary
materials. Among those that deserve special mention are the press handbooks
issued by several contractors,®* NASA press releases and fact sheets,” the records
of congressional hearings, and several other chronologies.’®* We have also had
the benefit of personal interviews and conversations with a number of persons
from government and industry who participated in Project Gemini. As part of
its historical program, NASA is sponsoring an oral history project based on
taped interviews with participants at all levels in American space programs.!
In working on Project Gemini, we have so far conducted about 150 such inter-
views. Although some have been useful in preparing this Chronology, their
larger role lies in providing material for the narrative history. Of much greater
value for strictly chronological purposes have been the less formal conversa-
tions, often by telephone, we have had with persons who have helped us to clear

up specific problems.

The present text is the second revised version, after critical comments from
many persons both within and outside NASA, on the Chronology as a whole
and within their areas of special competence. These comments have not only
been invaluable to us in correcting and improving our text; they have also on
occasion emerged as significant sources in their own right.!?

" Notably Aerospace Report TOR-1001(2126-80)-3, Gemini Program Launch Systems
Final Report: Gemini/Titan Launch Vehicle; Gemini/Agena Target Vehicle; Atlas SLV-3,
January 1967 ; McDonnell Report F169, Gemini Final Summary Report, Feb. 20, 1967 ; North
American Report SID 65-198, Final Report of Paraglider Research and Devclopment Pro-
gram, Contract NAS 9-1484, Feb, 19, 1985,

* Lockheed, Gemint Agena Target Press Handbook (LMSC-AT766871), Feb. 15, 1968 ;
McDonnell External Relations Division, Gemini Press Refercnce Book, various ed.; Martin
Company, Gemini-Titan II Air Force Launch Vehicle Press Handbook, Feb. 2, 1067. Each
of these appeared in several editions, corresponding to changing vehicle configurations
in different Gemini missfons. The differences between the editions are minor.

* Especlally the MSC Fact Sheet 201 Gemini Program Series, one of which was issned for
each manned Gemini mission. Author of the series was Ivan D. Ertel, MSC Assistant
Historian. Another useful source was MSC Space Ncws Roundup, an official biweekly
publication of MSC.

¥ Notably the series of annual chronologies compiled by the NASA Historical Office,
with varying titles and dates of publication: Report of NASA to House Commiitee on
Science and Astronautics, Acronautical and Astronautical Events of 1961, 87th Cong., 2nd
Sess., June 7, 1962; Report of NASA to House Committee on Sclence and Astronau.ics,
Astronautical and Aeronautical Events of 1962, 88th Cong., 1st Sess., Jume 12, 1963;
Astronautics and Acronautics, 1963: Chronology on Science, Tcehnology, and Policy, NASA
SP-4004; same title, 1064, NASA SP—4005; same title, 1965, NASA SP—4006; same title,
1968, NASA SP-—4007. One other chronology was of particular value: Howard T. Harris,
Gemini Launch Vchicle Chronology, 1961-1966, AFSC Historical Publications Series 66—
22-1, June 1966.

" Bugene M. Bmme, Grimwood, and William D. Putnam, “Historical Notes on Oral
History in NASA,” NASA Hgs. Historical Note 77, November 1067.

* For example, memo, Chief, Technical Services Division, to Public Affairs Officer, sub-
Ject: Comment Draft of “Project Gemini Operations: A Chronology,” May 31, 1967; letter,
B. A. Hohmann to Grimwood, Aug. 16, 1967, with enc., “Aerospace Critlque, Project Gemini
Technology and Operations: A Chronology” ; letter, Gordon P. Cress and C. E. Heimstadt,
Weber Alreraft, to MSC Historical Office, May 12, 1967.

Xxv



PROJECT GEMINI: A CHRONOLOGY

The Chronology itself is divided into three parts, each centering on the
activities during two calendar years® The real history of Project Gemini
began early in 1961 with efforts to improve the Mercury spacecraft. By the end
of the year, the primary objectives of a new manned space flight program had
been formulated, and Project Gemini (first designated the Mercury Mark IT
project) was formally initiated. During 1962, the process of designing the
equipment to achieve the program’s objectives was the major focus. The events
of these two years, and a relatively small number of relevant events during
1959 and 1960, make up Part I, “Concept and Design.” Part II of the Chronol-
ogy spans the years 1963 and 1964, when the main task became translating
Gemini designs into working machinery reliable enough for manned space flight.
This phase of the Gemini program culminated in the two unmanned Gemini
missions which preceded the manned flights.’* The most visible portion of
Project Gemini belongs to 1965 and 1966, dominated by the 10 manned missions
which, to the public, constitute the Gemini program. Part IT1, “Flight Tests,”
chronicles the events of these two years, as well as some of the program’s
terminal events early in 1967. To round out this volume, we have included sev-
eral appendixes, which summarize, tabulate, and otherwise make easily accessi-
ble some major aspects of Project Gemini.

The great number of persons who have contributed, in one way or another,
to the preparation of this Chronology precludes our acknowledging their help
individually. We can only offer our thanks for their help, without which the
Gemini Chronology would have been distinctly poorer. For such shortcomings
as it still suffers, its authors alone are responsible.

JMG
June 1968 BCH

* We follow here the categorization suggested in NASA’s Tenth Semiannual Report to
Congress, July 1-December 31, 1963, p. 24; “The Gemini program can broadly be cate-
gorized by calendar years as follows: 1981—feasibility ; 1962—design ; 1963-—development ;
1964—production, test, initial flights; 1965 and 1968—production and operational flight
missions.”

¥ The second unmanned flight, although attempted in 1964 and conceptually belonging
to the perlod covered in Part II, was not accomplished until 1985; it therefore appears

in Part III.
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PART 1

Concept and Design

DeMarquis D. Wyatt, Assistant to the Director of Space Flight Development,
testified in support of a National Aeronautics and Space Administration
(NASA) request for $3 million from Congress for research into space rendez-
vous techniques. He explained what these funds would be used for. The logistic
support of a manned space laboratory, a possible post-Mercury development,
would depend on the resolution of certain key problems to make rendezvous
practical, among them the establishment of referencing methods for fixing the
relative positions of two vehicles in space; the development of accurate, light-
weight target acquisition equipment to enable the supply craft to locate the
space station; the development of very accurate guidance and control systems
to permit precise determination of flight paths; and the development of sources
of controlled power.
House Committee on Science and Astronautics and Subcommittees Nos. 1, 2, 3, and

4, Hearings on H.R. 8512, 1960 NASA Authorization [17], 86th Cong., 1st Sess,
1959, pp. 97, 170, 267-268,

The Goett committee met for the first time. On April 1, John W. Crowley,
NASA’s Director of Aeronautical and Space Research, had appointed Harry J.
Goett of NASA Ames Research Center, Moffett Field, California, to chair a
Research Steering Committee on Manned Space Flight. Committee members
agreed from the outset to concern themselves with the long-range objectives of
NASA'’s man-in-space program, which meant deciding on the kinds of support-
ing research required, coordinating the research activities of the various NASA
centers, and making recommendations on research and vehicles. The first order
of business before the committee was a manned space flight program to follow
Mercury. H. Kurt Strass of NASA’s Space Task Group (STG), Langley Field,
Virginia, described some preliminary STG ideas on Mercury follow-ups. These
included: (1) an enlarged Mercury capsule to put two men in orbit for three
days; (2) a two-man Mercury plus a large cylinder to support a two-week
mission; and (3) the Mercury plus a eylinder attached by cables to a launch
vehicle upper stage, the combination to be rotated to provide artificial grav-
ity. In its 1960 budget, NASA had requested $2 million to study possible
methods of constructing a manned orbiting laboratory or converting the
Mercury capsule into a two-man laboratory for extended space flights.

1
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Memo, NASA to Langley and Lewis Research Centers, Subj: Research Steering
Committee on Manned Space Flight, Apr. 1, 1959 ; Minutes of Meetings of Research
Steering Committee on Manned Space Flight, May 25-26, 1959, pp. 1, 2, 6, 7, 9;
House Subcommittee of the Committee on Appropriations, Hearlngs, National
Aeronautics and Space Administration Appropriations, 86th Cong., 1st Sess., 1959,
Pp. 42-45.

At a staff meeting, Space Task Group Director Robert R. Gilruth suggested
studying a Mercury follow-on program using maneuverable Mercury capsules
for land landings in predetermined areas.

Memo, Paunl E. Purser to Gilruth, Subj: Log for the Week of June 1, 1959.

H. Kurt Strass of Space Task Group’s Flight Systems Division (FSD) recom-
mended the establishment of a committee to consider the preliminary design
of a two-man space laboratory. Representatives from each of the specialist
groups within FSD would work with a special projects group, the work to
culminate in a set of design specifications for the two-man Mercury.

Memo, Strass to Chief, FSD, Subj: Activation of a Study Group Pertalning to
Advanced Manned Space Projects, June 22, 1959.

The New Projects Panel of Space Task Group (STG) met for the first time,
with H. Kurt Strass in the chair. The panel was to consider problems related
to atmospheric reentry at speeds approaching escape velocity, maneuvers in
the atmosphere and space, and parachute recovery for earth landing. Alan B.
Kehlet of STG’s Flight Systems Division was assigned to initiate a program
leading to a second-generation capsule incorporating several advances over the
Mercury spacecraft: It would carry three men; it would be able to maneuver
in space and in the atmosphere ; the primary reentry system would be designed
for water landing, but land landing would be a secondary goal. At the next
meeting, on August 18, Kehlet offered some suggestions for the new spacecraft.
The ensuing discussion led panel members to agree that a specifications list
should be prepared as the first step in developing an engineering design
requirement.

Memos, Strass to Chief, FSD, Subj: First Meeting of New Projects Panel . . .,
Aug. 15, 1959; Second Meeting of the New Projects Panel . . . , Aug. 26, 1959.

McDonnell Aircraft Corporation, St. Louis, Missouri, issued a report on the
company’s studies using a modified Mercury capsule to explore some problems of
space flight beyond the initial manned exploration of space through Mercury.
The 300-page report discussed six follow-on experiments: touchdown control,
maneuver in orbit, self-contained guidance, 14-day mission, manned reconnais-
sance, and lunar-orbit reentry. These were more in the nature of technically
supported suggestions than firm proposals, but all six experiments could be
conducted with practical modifications of Mercury capsules.

McDonnell Engineering Report No. 6919, “Follow On Ezxperiments, Project
Mercury Capsules, 1 September 1939,” revised Oct. 5, 1959.

Space Task Group’s (STG) New Projects Panel discussed the McDonnell
Aircraft Corporation proposals for follow-on experiments using Project

2
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Figure 1.—McDonnell's proposed mission for a Mercury capsule modifled to be capabdle of
maneuvering in orbit. This was onc of the stz follow-on series of cxperiments incor-
porated in the company’s report on potential uses of the Mercury capsule beyond the
officially approved program. (McDonnell Engineering Report No. 6919, “Follow on
Eaperiments, Project Mercury Capsule, 1 September 1959, rev. Oct. 5, 1959, p. 2.3-2.)

Mercury capsules. After concluding that these proposals came under panel
jurisdiction, Chairman H. Kurt Strass asked for further studies to provide
STG with suggestions for action. Discussion at the panel’s next meeting on
October 5 centered on McDonnell’s proposals. All had shortcomings, but the
panel felt that certain potentially valuable elements might be combined into
a single proposal promising increased spacecraft performance and an oppor-
tunity to evaluate some advanced mission concepts at an early date. Noting that
any amplification of current Mercury missions would demand increased orbital
weight, the panel advised an immediate study of possible follow-on missions
to determine the performance specifications for a second-stage propulsion sys-
tem with restart and thrust control capability. Other studies were needed to
specify a second-stage guidance and control system to ensure the achievement
of the desired orbital altitude (up to 150 miles) and to control reentry within
the heat protection limits of the current, or slightly modified, capsule. Also
worth studying, in the panel’s opinion, were maneuvering in orbit (rendezvous
experiments) and within the atmosphere (reentry control experiments).
Memos, Strass to Chief, F8D, Subj: Third Meeting of New Projects Pampel . . .

(Information), Oct. 1, 1959; Fourth Meeting of the New Projects Panel . . .
(action requested), Oct. 7, 1959,
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Representatives of Engineering and Contracts Division and Flight Systems
Division (FSD) met to discuss future wind tunnel test needs for advanced
Mercury projects. After Alan B. Kehlet remarked on available test facilities,
Caldwell C. Johnson and H. Kurt Strass presented their ideas on advanced
configurations. Johnson had been working on modifications to the existing
Mercury configuration, chiefly in the areas of afterbody, landing system (rotors
to control impact point), and retro-escape system, rather than on advanced
configuration concepts. Strass suggested that advanced work be classed as either
(1) modifications refining the design of the present Mercury or (2) new concepts
in configuration design, and others present agreed. Johnson consented to design
models for both program categories. FSD’s Aerodynamics Section would ar-
range for and perform tests necessary to evaluate both modifications and ad-
vanced proposals. Strass also suggested another modification, a larger heatshield
diameter allowing for half-ringed flaps which could be extended from the
portion of the afterbody near the heatshield to provide some subsonic lifting
capabilities. Strass stated the need for aerodynamic information on an advanced
Mercury configuration under consideration by his group, and on the lenticular
vehicle proposed by Aerodynamics Section.

Memo, Dennis F. Hasson to Chief, FSD, Subj: Meeting of January 7, 1960, to

Discuss Future Wind-Tunnel Test Needs for Advanced Mercury Projects, Jan. 11,

1960.

Preliminary specifications were issued by Space Task Group (STG) to modify
the Mercury capsule by adding a reentry control navigation system. The modi-
fied capsule would obtain a small lifting capability (lift-over-drag ratio would
equal approximately 0.26). The self-contained capsule navigation system would
consist of a stable platform, a digital computer, a possible star tracker, and the
necessary associated electronic equipment. Dispersion from the predicted impact
point would be less than 10 miles. The prospective development called for a
prototype to be delivered to NASA for testing in February 1961; the first
qualified system, or Modification I, to be delivered by August 1961 ; and the final
qualified system, or Modification II, to be delivered by January 1962. STG
anticipated that four navigational systems (not including prototype or qualifica-
tion units) would be required.

NASA-STG, Subj: Preliminary Specification for Reentry Control Navigation
System, Apr. §, 1960.

Representatives of NASA'’s research centers gathered at Langley Research Cen-
ter to present papers on current programs related to space rendezous and to
discuss possible future work on rendezvous. During the first day of the confer-
ence, papers were read on the work in progress at Langley, Ames, Lewis, and
Flight Research Centers, Marshall Space Flight Center, and Jet Propulsion
Laboratory. The second day was given to a roundtable discussion. All felt
strongly that rendezvous would soon be essential, that the technique should be
developed immediately, and that NASA should make rendezvous experiments
to develop the technique and establish the feasibility of rendezvous.

John M. Eggleston, “Inter-NASA Research and Space Development Centers Discus-

sion on Space Rendezvous, Langley Research Center, May 16-17, 1960,” May 25,

1960.



PART I—CONCEPT AND DESIGN

Space Task Group (STG) issued a set of guidelines for advanced manned space
flight programs. The document comprised five papers presented by STG per-
sonnel at a series of meetings with personnel from NASA Headquarters and
various NASA field installations during April and May. Primary focus was
a manned circumlunar mission, or lunar reconnaissance, but in his summary,
Charles J. Donlan, Associate Director (Development), described an intermedi-
ate program that might fit into the period between the phasing out of Mercury
and the beginning of flight tests of the multimanned vehicle. During this time,
“it is attractive to consider the possibility of a flight-test program involving the
reentry unit of the multimanned vehicle which at times we have thought of as
a lifting Mercury.” What form such a vehicle might take was uncertain, but it
would clearly be a major undertaking; much more information was needed
before a decision could be made. To investigate some of the problems of a reentry
vehicle with a lift-over-drag ratio other than zero, STG had proposed wind
tunnel studies of static and dynamic stability, pressure, and heat transfer at
Langley, Arnold Engineering Development Center, and Ames facilities.

STG, “Guidelines for Advanced Manned Space Vehicle Program,” June 1960, pp.
ii, 49-50, 52, 53.

Figure 2.—Onc version of the “lifting” Mercury
capsule being considercd in 1960 for ¢ flight-
test program between the end of Mercury and

PROBLEM AREAS the start of a manncd circumlunar program

. FLAP EFFECTIVENESS (M 0,5 10 25.) e 4 -
FLAP AND CAPSULE LOADS (STG@, “Quidclincs for Advenced Manned

WTTHODY MERING e Space Vchicle Program,” Junc 1960, p. 58)

. STABILITY
. GUIDANCE
. SIMULATOR ANALYSIS

McDonnell Aircraft Corporation proposed a one-man space station comprising
a Mercury capsule plus a cylindrical space laboratory capable of supporting one
astronaut in a shirtsleeve environment for 14 days in orbit. Gross weight of the
combined vehicle at launch would be 7259 pounds (Mercury, as of October 25,
1960, was 4011 pounds), which would provide an 1100-pound, laboratory-test
payload in a 150-nautical-mile orbit, boosted by an Atlas-Agena B. The result
would be a “minimum cost manned space station.”

McDonnell, “One Man Space Station,” Aug. 24, 1960 (rev. Oct. 28, 1960).

NASA’s Space Exploration Program Council met in Washington to discuss
manned lunar landing. Among the results of the meeting was an agreement that
NASA should plan an earth-orbital rendezvous program independent of,
although contributing to, the manned lunar program.

Minutes, Space Exploration Program Council Meeting, Jan. 5-6, 1961.

Space Task Group management held a Capsule Review Board meeting. The
first topic on the agenda was a follow-on Mercury program. Several types of
missions were considered, including long-duration, rendezvous, artificial grav-
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Figure 3.—Onc of two versions of a onc-man space station proposed
by McDonnell. In this version, access to the laboratory was
through an inflatcd tunncl connccting the Mercury-type capsule
(in which the astronaut rodc into orbit) with the laboratory
proper (the forward acction of an Agena booster atlached to the
capsulc). (McDonncell, “One Man Space Station,” Aug. 24, 1960,
rcv. Oct. 28, 1960, p. S.)

ity, and flight tests of advanced equipment. Major conclusion was that a fol-
low-on program needed to be specified in greater detail.

STG, “Notes on Capsule Review Board Meeting,” with enclosed chart, “Follow-on
Mercury Missions,” Jan. 20, 1961.

NASA and McDonnell began discussions of an advanced Mercury spacecraft.
McDonnell had been studying the concept of a maneuverable Mercury space-
craft since 1959. On February 1, Space Task Group (STG) Director Robert
R. Gilruth assigned James A. Chamberlin, Chief, STG Engineering Division,
who had been working with McDonnell on Mercury for more than a year, to
institute studies with McDonnell on improving Mercury for future manned space
flight programs. Work on several versions of the spacecraft, ranging from minor
modification to radical redesign, got under way immediately. Early in March,
the prospect of conducting extravehicular operations prompted Maxime A.
Faget of STG to query John F. Yardley of McDonnell about the possibility of
a two-man version of the improved Mercury. Yardley raised the question with
Walter F. Burke, a McDonnell vice president, who in turn ordered that a design
drawing of a two-man Mercury be prepared. STG described the work in progress
at McDonnell to Abe Silverstein of NASA Headquarters in a meeting at Wal-
lops Island, Virginia, March 17-20. On April 1, James T. Rose of STG joined
Chamberlin in studying possible objectives for the advanced Mercury; he
concentrated on mission planning, trajectory analysis, and performance.
Memo, Purser to Gilruth, Subj: Log for the Week of Jan. 30, 1061, Feb. 6, 1881 ;
paper, McDonnell, anon., “Early History of Project Geminl,” undated ; Action Items,
Management Discussion, Mar. 17-20, 1961; interviews: Purser, Houston, Mar. 17,
1064 ; Chamberlin, Houston, Feb, 15, 1985, and Mar. 10, 1966 ; Rose, St. Louis, Apr. 13,
1968 ; Burke, St. Louis, Apr. 15, 19668 ; Yardley, St. Lonis, Apr. 13, 1966 ; conversation
with Faget, Houston, March 1986.
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PART I—OONCEPT AND DESIGN

NASA issued study contract NAS 9-119 to McDonnell for improvement of the
Mercury spacecraft. McDonnell formed a small project group for the study,
which immediately began looking to Mercury spacecraft component improve-
ment, with accessibility as the guideline. Mercury had been a first step, almost
an experiment, while the improved Mercury was to be an operational vehicle.
One result of this line of thought was a basic change in equipment location,
from inside the pressure vessel (where it had been in Mercury) to the outside.
The contractor was authorized to acquire several long-lead-time procurement
items under an amendment to the basic Mercury contract, but Space Task Group
limited company expenditures to $2.5 million. The McDonnell project team
initially included 30 to 40 engineers.
“Early History of Project Gemini”; Interviews: Fred J. Sanders, St. Louls, Apr. 14,

1966 ; Winston D. Nold, St. Louls, Apr. 14, 1966 ; Glenn F. Balley, Houston, Dec. 13,
1966.

Major General Don R. Ostrander, NASA Director of Launch Vehicle Pro-
grams, described plans for work on orbital rendezvous techniques to the House
Committee on Science and Astronautics. The subject of orbital rendezvous
figured prominently in House hearings on NASA’s proposed 1962 budget. On
May 23, the Committee met to hear Harold Brown, Director of Defense Re-
search and Engineering, and Milton W. Rosen, Ostrander’s Deputy, explain the
needs for orbital rendezvous, the means of achieving it, and the support level of
component activities required to achieve it.

House Committee on Science and Astronautics and Subcommittees Nos. 1, 8, and 4,

Hearings on H.R. 3238 and H.R. 6029 (superseded by H.R. 6874), 1962 NASA Au-

thorization [No. 7], Part 2, 87th Cong., 1st Sess., 1961, pp. 805-806; House Com-

mittee on Sclence and Astronautics, Hearing, Orbdital Rendezvous in Space [No. 18],
87th Cong., 1st Sess., May 23, 1961.

Anticipating the expanded scope of manned space flight programs, Space Task
Group (STG) proposed a manned spacecraft development center. The nucleus
for a center existed in STG, which was handling the Mercury program. A
program of much larger magnitude would require a substantial expansion of
staff and facilities and of organization and management controls.

8TG, “Manned Spacecraft Development Center, Organizational Concepts and Staff-
ing Requirements,” May 1, 1961.

A NASA Headquarters working group, headed by Bernard Maggin, completed
a staff paper presenting arguments for establishing an integrated research,
development, and applied orbital operations program at an approximate cost
of $1 billion through 1970. The group identified three broad categories of orbital
operations: inspection, ferry, and orbital launch. It concluded that future space
programs would require an orbital operations capability and that the develop-
ment of an integrated program, coordinated with Department of Defense,
should begin immediately. The group recommended that such a program, be-
cause of its scope and cost, be independent of other space programs and that
a project office be established to initiate and implement the program.

NASA Hgs, staff paper, “Guidelines for a Program for Manned and Unmanned

Orbital Operations,” May 1961; briefing memo, Maggin to Assoc. Adm., Subj:

Staff Paper—“Guidelines for a Program for Manned and Unmanned Orbital Opera-
tions,” May 22, 1961. .
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Figurc 4—The classes of orbital operations which a NASA Headquarters
working group fclt would be required in any future space program and
which thus made a rendezvous dcvclopment program meccssary. (NASA
Hgq., stafl papcr, “Guidclines for a Program for Mannecd and Unmanned
Orbital Operations,” May 1961, p. §)

Martin Company personnel briefed NASA officials in Washington, D.C., on the
Titan IT weapon system. Albert C. Hall of Martin had contacted NASA’s As-
sociate Administrator, Robert C. Seamans, Jr., on April 7 to propose the Titan
II as a launch vehicle for a lunar landing program. Although skeptical, Sea-
mans nevertheless arranged for a more formal presentation. Abe Silverstein,
NASA Director, Office of Space Flight Programs, was sufficiently impressed by
the Martin briefing to ask Director Robert R. Gilruth and Space Task Group
to study possible Titan IT uses. Silverstein shortly informed Seamans of the
possibility of using the Titan II to launch a scaled-up Mercury spacecraft.

Interview, Seamans, Washington, May 26, 1966.

Space Task Group (STG) issued a Statement of Work for a Design Study of a
Manned Spacecraft Paraglide Landing System. The purpose of the study was
to define and evaluate problem areas and to establish the design parameters of a
system to provide spacecraft maneuverability and controlled energy descent
and landing by aerodynamic lift. McDonnell was already at work on a modified
Mercury spacecraft; the proposed paraglide study was to be carried on concur-
rently to allow the paraglide landing system to be incorporated as an integral
subsystem. STG Director Robert R. Gilruth requested that contracts for the
design study be negotiated with three companies which already had experience
with the paraglide concept: Goodyear Aircraft Corporation, Akron, Ohio;
North American Aviation, Inc., Space and Information Systems Division,
Downey, California; and Ryan Aeronautical Company, San Diego, California.
Each contract would be funded to a maximum of $100,000 for a study to be
completed within two and one-half months from the date the contract was
awarded. Gilruth expected one of these companies subsequently to be selected
to develop and manufacture a paraglide system based on the approved design

8



PART I—CONCEPT AND DESIGN

concept. In less than three weeks, contracts had been awarded to all three com- 1961
panies. Before the end of June, the design study formally became Phase I of the Maey
Paraglider Development Program.

Memos, Gilruth to STG Procurement Officer, Subj: Design Study of a Paraglide

Landing System for a Manned Spacecraft, with enc., May 17 and 22, 1961 ; “State-

ment of Work for a Design Study of a Manned Spacecraft Paraglide Landing

System,” May 17, 1961; “Paraglider Development Program, Phase I—Design

Study : Test Programs,” June 30, 1961,

James A. Chamberlin, Chief, Engineering Division, Space Task Group (STG), June
briefed Director Robert R. Gilruth, senior STG staff members, and George M.
Low and John H. Disher of NASA Headquarters on McDonnell’s advanced

Figure 5.—Thc deploymeni of the Mcrcury paraglider proposcd by North Amcrican after Phase I of the Para-
glider Dcvclopment Program. (North American Aviation, Inc., Spacc and Imformation Systems Division,
“Paraglidcr Dcvclopmcnt Program, Phase I: Final Report,” SID 61-226, Aug. 15, 1961, p. 18.)
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capsule design. The design was based on increased component and systems
accessibility, reduced manufacturing and checkout time, easier pilot insertion
and emergency egress procedures, greater reliability, and adaptability to a para-
glide landing system. It departed significantly from Mercury capsule design in
placing most components outside the pressure vessel and increasing retrograde
and posigrade rocket performance. The group was reluctant to adopt what
seemed to be a complete redesign of the Mercury spacecraft, but it decided to
meet again on June 12 to review the most desirable features of the new design.
After discussing most of these items at the second meeting, the group decided
to ask McDonnell to study a minimum-modification capsule to provide an 18-
orbit capability.

STG, “Notes on Capsule Review Board Meeting, McDonnell Advanced Capsule

Deslgn,” June 9, 12, 1961.

Space Task Group and McDonnell representatives discussed paraglider engi-
neering and operations problems at a meeting in St. Louis. Immediate concerns
were how to prevent the spacecraft from “nosing in” during the landing phase,
a requirement for increased stowage areas in the spacecraft, and a method to
effect emergency escape for the pilot after deployment of the paraglider wing.

Minutes of Meeting, Subj : Paragiider Development Program, June 21, 1981,

Walter F. Burke of McDonnell summarized the company’s studies of the re-
designed Mercury spacecraft for Space Task Group’s senior staff. McDonnell
had considered three configurations: (1) the minimum-change capsule, modified
only to improve accessibility and handling, with an adapter added to carry such

Figure 6.—McDonncll-proposcd two-man Mcrcury spacecraft. Shown {8 the in-
terior arrangement of spacccraft cquipment. (McDonnell Report, “Manned
Spacccraft—Advanced Versions,” July 27-28, 1961, part 4, “Two Man
MK II Spacecraft,” unpaged rcport.)
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PART I—CONCEPT AND DESIGN

items as extra batteries; (2) a reconfigured capsule with an ejection seat in-
stalled and most of the equipment exterior to the pressure vessel on highly
accessible pallets; and (3) a two-man capsule, similar to the reconfigured capsule
except for the modification required for two- rather than one-man operation.
The capsule would be brought down on two Mercury-type main parachutes, the
ejection seat serving as a redundant system. In evaluating the trajectory of the
two-man capsule, McDonnell used Atlas Centaur booster performance data.
STG, “Notes on Senior Staff Meeting; Presentation by McDonnell Aircraft Cor-

poration on the Results of Mercury Capsule Hardware Studies Applicable to an
Advanced Mercury Program,” July 11, 1861.

Representatives of NASA and McDonnell met to decide what course McDon-
nell’s work on the advanced Mercury should take. The result: McDonnell was
to concentrate all its efforts on two versions of the advanced spacecraft. The
first required minimum changes; it was to be capable of sustaining one man in
space for 18 orbits. The second, a two-man version capable of advanced missions,
would require more radical modifications.

“Early History of Project Gemini”; McDonnell Report, “Manned Spacecraft—
Advanced Versions,” July 27-28, 1961.

COOLING SYSTEM
FILL AND VENT CONNECTIONS,
TANKS, PUMPS, ETC,

RETROGRADE ROCKETS
(5) TE-345 SPHERICAL

: 1
COMMAND RECEIVER ‘COMMAND DECODER
{DOOR MOUNTED) : {DOOR MOUNTED)

!

Figure 7.—The adapter scction of McDonnell’'s proposed
two-man Mcrcury spacccraft. (McDonncll Repori,
“Manned Spacecraft—Advanced Versions,” July 27-28,
1961, part 4, “Two Man MK II Spacceraft,” unpaged.)

Space Task Group engineers James A. Chamberlin and James T. Rose proposed
adapting the improved Mercury spacecraft to a 35,000-pound payload, includ-
ing a 5000-pound “lunar lander.” This payload would be launched by a Saturn
C-3 in the lunar-orbit-rendezvous mode. The proposal was in direct competition
with the Apollo proposals that favored direct landing on the Moon with a
150,000-pound payload launched by a Nova-class vehicle of approximately 12
million pounds of thrust.

Interviews: Rose; Chamberlln, Houston, June 9, 1966.
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Figure 8.—Engineering drawing by Harry C. Shoaf (8pace Task Group Engineering Di-
vislon) of the proposed “lunar lander” to be used with an advanced version of the
Mercury spacecraft, (Shoaf, Drawing, Nov. 15, 1961.)

James L. Decker of Martin Company submitted a proposal for a Titan-boosted
Mercury vehicle. A Mercury-Titan program, expected to span an 18-month
flight schedule, would benefit from the Air Force’s booster development and test
of the ballistic missile system and the considerable design and test that the Air
Force had expended in the Dyna-Soar program to adapt the vehicle to manned
space flight. The Titan, with its sea-level rating of 430,000 pounds of thrust in
the first stage and 100,000 pounds in the second stage, was capable of lifting
significantly heavier spacecraft payloads than the Mercury-Atlas. Its hyper-
golic propulsion system, using storable liquid propellants, was a much simpler
system than the cryogenic propellant system in Atlas. A highly reliable booster
could be provided, employing complete redundancy in the flight control systems
in the form of a three-axis reference system, autopilot, servo, electrical, and
hydraulic systems. The short time he proposed would depend on the availability
of pad 19 at Cape Canaveral, planned for conversion to the Titan II configura-
tion. Pad 19, unlike the other three Titan I pads, had been intended for space
applications and was better designed for required prelaunch test programs.

Decker, Martin-Baltimore, A Program Plan for a Titan Boosted Mercury Vehicle,”
July 19061.

Representatives of Martin Company briefed Director Robert R. Gilruth and
some of the senior staff of Space Task Group on Titan II technical character-
istics and expected performance. At a senior staff meeting four days later,

12



STAGE 1 STAGE {1 ENGINE THRUST STAGE | ENGINE

120 FT DIAMETER SEPARATION AT ALTITUDE = 100,000 LB THRUST AT 5,L, =
430,000 L3
MFG — TRANSPORTATION
SPLICE SPLICE THRUSY CHAMBER
NUMBER 2
GIMIAL-\ GIMBAL -
AN 4 N Z. AN
( OXIDIZER FUEL OXIDIZER FUEL
—
[EXTERNAL CONDUITS
| |— COMPARTMENT 3A (ENGINE) THRUST CHAMBER
NUMBER 1
\ l._ ———
/ COMPAI‘MENT 4 COMPARTMENT 5
COMPARTMENT 3 {BETWEEN TANKS) {ENGINE)
(INTERSTAGE )
, 1135.6 FT
COMPARTMENT 1 COMPARTMENT 2 COMPARTMENT 38
{ TRANSITION) (BETWEEN TANKS) {TRANSITION)
INC. ADAPTER

Figure 9.—The modified Titan IT booster that was to launch the advanced
Mercury spacecraft. (STG, "'Preliminary Project Development Plan for an
Advanced Manncd Space Program Ulilizing the Mark IT Two Man Space-
craft,” Aug. 14, 1961, Fig. 4.1.)

August 7, Gilruth commented on the Titan II’s promise for manned space
flight, particularly its potential ability to place larger payloads in orbit than
could Atlas, which would make it “a desirable booster for a two-man space-
craft.” Martin had estimated the cost of procuring and launching nine Titan IT
boosters, with cost of ancillary equipment, at $47.889 million spread over fiscal
years 1962 through 1964.

STG, “Notes on Senior Staff Meeting,” Aug. 8, 1961, p. 3; Purser, notes on briefing

by Decker and Bastian Hello of Martin to Gilruth et al. on Titan IT technical and

performance aspects, Aug. 3, 1961 ; Chart, Mercury-Titan Program, Program Cost,

Aug. 2, 1961

Fred J. Sanders and three other McDonnell engineers arrived at Langley
Research Center to help James A. Chamberlin and other Space Task Group
(STQG) engineers who had prepared a report on the improved Mercury concept,
now known as Mercury Mark II. Then, with the assistance of Warren J. North
of NASA Headquarters Office of Space Flight Programs, the STG group
prepared a preliminary Project Development Plan to be submitted to NASA
Headquarters. Although revised six times before the final version was submitted
on October 27, the basic concepts of the first plan remained unchanged in

formulating the program.

Interviews: Sanders; Chamberlin, June 9, 1968; William C. Muhly, Houston,
June 2, 1967; STQG, “Preliminary Project Development Plan for an Advanced
Manned Space Program Utllizing the Mark II Two Man Spacecraft,” Aug. 14, 1061.

James A. Chamberlin, Chief of Space Task Group (STG) Engineering Divi-
sion, expecting approval of the Mark IT spacecraft program within 30 days,
urged STG Director Robert R. Gilruth to begin reorienting McDonnell, the
proposed manufacturer, to the new program. To react quickly once the program
was approved, McDonnell had to have an organization set up, personnel
assigned, and adequate staffing ensured. Chamberlin suggested an amendment
to the existing letter contract under which McDonnell had been authorized to
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procure items for Mercury Mark II. This amendment would direct McDonnell
to devote efforts during the next 30 days to organizing and preparing to imple-
ment its Mark IT role.

Memo, Chamberiin to Director, Subj: Proposed Amendment to Letter Contract
No. 6 to Contract NAS 5-59, with enc., Oct. 27, 1981.

Space Task Group (STG)), assisted by George M. Low, NASA Assistant Direc-
tor for Space Flight Operations, and Warren J. North of Low’s office, prepared
a project summary presenting a program of manned space flight for 1963-1965.
This was the final version of the Project Development Plan, work on which had
been initiated August 14. A two-man version of the Mercury spacecraft would
be lifted by a modified Titan IT booster. The Atlas-Agena B combination would
be used to place the Agena B into orbit as the target vehicle for rendezvous, The
proposed plan was based on extensive use of Mercury technology and com-
ponents for the spacecraft. A suggestion was incorporated to negotiate a sole-
source, cost-plus-fixed-fee contract with McDonnell Aircraft Corporation for
the Mark II Mercury spacecraft. Launch vehicle procurement would be
arranged through the Air Force: with General Dynamics/Astronautics, San
Diego, California, for Atlas launch vehicles; with Martin-Marietta Space
Systems Division (Martin-Baltimore), Baltimore, Maryland, for the modified
Titan II launch vehicles; and with Lockheed Missiles and Space Company,
Sunnyvale, California, for the Agena target vehicles. A project office would be
established to plan, direct, and supervise the program. Manpower requirements
for this office were expected to reach 177 by the end of fiscal year 1962, Estimated
cost of the proposed program, was about $530 million. STG justified this plan
by suggesting that the next step in manned space exploration after Mercury
would be to gain experience in long-duration and rendezvous missions. The Mark
IT program was to provide an immediate continuation of a successful Project
Mercury, using equipment and vehicles already developed for other programs
as much as possible. The Mark II would allow a much wider range of mission
objectives than Mercury, which could not readily be adapted to other than
simple orbital missions of up to one day’s duration. Mark IT objectives encom-
passed flights of longer duration than the 18 orbits to which Mercury was
limited, making a multiman crew necessary, contributing to the development of
operational techniques and equipment for extended space flights, and providing
data on the psychological and physiological effects on the crew of lengthy
periods in the space environment. Objectives also included flights to develop
techniques for achieving rendezvons in orbit—a necessary prelude to advanced
flights in order to extend the limits on mission capabilities imposed by the
limitations of available boosters—and controlled land landing to avoid or mini-
mize the magnitude of the effort required to recover spacecraft at sea and to put
space flight on something like a routine basis. The Mark II project would be
quickly accomplished ; not only would most hardware be modifications of what
already existed, but equipment would be modularized, allowing mission
requirements and available hardware to be maintained in balance with minimum
dislocations, Twelve flights were planned, beginning with an unmanned quali-
fication flight in May 1963. Succeeding flights would occur at two-month inter-
vals, ending in March 1965, Flight No. 2 would be a manned 18-orbit mission
with the twin objectives of testing crew performance in missions of that length
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Figure 10.—The launch schedule that accompanicd the final version of the Mark II Project
Devclopment Plan. (8TG, “Projcct Dcvclopment Plan for Rendezvous Dcvelopment
Utilizing the Mark IT Two Man Spacceraft,” Oct. 27, 1961, Fig. 5.5)

and of further qualifying the spacecraft for longer missions. The next two
flights (Nos. 3 and 4) would be long-duration tests to demonstrate the crews’
ability to function in space for up to 14 days. Remaining flights were to establish
orbital rendezvous téchniques and to demonstrate the capability to rendezvous
and dock in space. '

STG, “Project Development Plan for Rendezvous Development Utilizing the Mark

IT Two-Man Spacecraft,” Oct. 27, 1961 ; interview, James E. Bost, Houston, June 1,
1867.

Martin Company received informal indications from the Air Force that Titan
IT would be selected as the launch vehicle for NASA’s advanced Mercury.
Martin, Air Force, and NASA studied the feasibility of modifying complex 19
at Cape Canaveral from the Titan weapon system configuration to the Mercury
Mark IT launch vehicle configuration.

Interviews: Walter D. Smith and Hello, Baltimore, May 23, 1966.

Space Task Group’s Engineering Division Chief James A. Chamberlin and
Director Robert R. Gilruth briefed NASA Associate Administrator Robert C.
Seamans, Jr., at NASA Headquarters on the Mercury Mark IT proposal. Spe-
cific approval was not granted, but Chamberlin and Gilruth left Washington
convinced that program approval would be forthcoming.

Interview, Chamberlin, June 9, 1966.

Space Task Group, the organization charged with directing Project Mercury
and other manned space flight programs, was redesignated Manned Spacecraft
Center, with Robert R. Gilruth as Director.

Memo, Purser to MSC Employees, Subj: Designation of Space Task Group as
“Mapned Spacecraft Center,” Nov. 1, 1961,
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McDonnell submitted to Manned Spacecraft Center the detail specification of
the Mercury Mark II spacecraft. A number of features closely resembled those
of the Mercury spacecraft. Among these were the aerodynamic shape, tractor
rocket escape tower, heatsnield, impact bag to attenuate landing shock, and the
spacecraft-launch vehicle adapter. Salient differences from the Mercury concept
included housing many of the mission-sustaining components in an adapter that
would be carried into orbit rather than being jettisoned following launch, bipro-
pellant thrusters to effect orbital maneuvers, crew ejection seats for emergency
use, onboard navigation system (inertial platform, computers, radar, etc.), and
fuel cells as electrical power source in addition to silver-zinc batteries. The long-
duration mission was viewed as being seven days.

McDonnell Report No. 8356, “Mercury Mk II Spacecraft Detail Specification,”

Nov. 15, 1961. )

Manned Spacecraft Center notified North American to proceed with Phase IT-A
of the Paraglider Development Program. A letter contract, NAS 9-167, fol-
lowed on November 21; contract negotiations were completed February 9, 1962;
and the final contract was awarded on April 16, 1962. Phase I, the design studies
that ran from the beginning of June to mid-August 1961, had already demon-
strated the feasibility of the paraglider concept. Phase IT-A, System Research
and Development, called for an eight-month effort to develop the design con-
cept of a paraglider landing system and to determine its optimal performance
configuration. This development would lay the groundwork for Phase IT, Part B,
comprising prototype fabrication, unmanned and manned flight testing, and the
completion of the final system design. Ultimately Phase IIT—Implementation—
would see the paraglider being manufactured and pilots trained to fly it.

Message, Bailey to Nell C. Dopheide, Nov. 20, 1961; STG, “Statement of Work

for Phase II, Part A, System Research and Development of a Paraglider Develop-

ment Program,” Sept. 15, 1961; NAA, letter 63MA8041, Subj: Funal Settlement

Proposal, Paraglider, Phase I1, Part A, NAS 9-167, June 11, 1963, p. I-1.

Milton W. Rosen, Director of Launch Vehicles and Propulsion in NASA’s
Office of Manned Space Flight, presented recommendations on rendezvous
to D. Brainerd Holmes, Director of Manned Space Flight. The working group
Rosen chaired had completed a two-week study of launch vehicles for manned
space flight, examining most intensively the technical and operational problems
posed by orbital rendezvous. Because the capability for rendezvous in space
was essential to a variety of future missions, the group agreed that “a vigorous
high priority rendezvous development effort must be undertaken immediately.”
Its first recommendation was that a program be instituted to develop rendez-
vous capability on an urgent basis.

Memos: Rosen to Holmes, Subj: Large Launch Vehicle Program, Nov. 6, 1081 ;

Rosen to Holmes, Subj: Recommendations for NASA Maunned Space Flight Ve-

hicle Program, Nov. 20, 1961, with enc., “Report of Combined Working Group

on Vehicles for Manned Space Flight”; Seamans to Holmes, Subj: Recommenda-
tions for NASA Manned Space Flight Vehicle Program, Dec. 4, 1961.

Representatives of the Space and Information Systems Division of North
American, Langley Research Center, Flight Research Center (formerly High
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Speed Flight Station), and Manned Spacecraft Center met to discuss imple-
menting Phase II-A of the Paraglider Development Program. They agreed
that paraglider research and development would be oriented toward the Mer-
cury Mark IT project and that paraglider hardware and requirements should
be compatible with the Mark II spacecraft. Langley Research Center would
support the paraglider program with wind tunnel tests. Flight Research Cen-
ter would oversee the paraglider flight test program. Coordination of the para-
glider program would be the responsibility of Manned Spacecraft Center.
Minutes of Meeting of North Amerlcan Aviation . . . Program Revlew, Dec. 5,
1961.

On the basis of a report of the Large Launch Vehicle Planning Group, Robert
C. Seamans, Jr., NASA Associate Administrator, and John H. Rubel, Depart-
ment of Defense Deputy Director for Defense Research and Engineering, rec-
ommended to Secretary of Defense Robert S. McNamara that the weapon sys-
tem of the Titan II, with minimal modifications, be approved for the Mercury
Mark IT rendezvous mission. The planning group had first met in August 1961
to survey the Nation’s launch vehicle program and was recalled in November
to consider Titan II, Titan II-14, and Titan 111. On November 16, McNamara
and NASA Administrator James E. Webb had also begun discussing the use
of Titan II.

Memo, Seamans and Rubel to McNamara, Subj: Recommendations Relative to
Titan III and II-14, Dec. 5, 1961.

Robert R. Gilruth, Director of the Manned Spacecraft Center, transmitted the
procurement plan for the Mark II spacecraft to NASA Headquarters for
approval—including scope of work, plans, type of contract administration,
contract negotiation and award plan, and schedule of procurement actions. At
Headquarters, D. Brainerd Holmes, Director of Manned Space Flight, advised
Associate Administrator Robert C. Seamans, Jr., that the extended flight would
be conducted in the last half of calendar year 1963 and that the rendezvous
flight tests would begin in early 1964. Because of short lead time available to
meet the Mark IT delivery and launch schedules, it was requested that fiscal
year 1962 funds totaling $75.8 million be immediately released to Manned
Spacecraft Center in preparation for the negotiation of contracts for the
spacecraft and for the launch vehicle modifications and procurements.

Memos, Gilruth to NASA Hgs., Attn: Ernest Brackett, Subj: Transmittal of Pro-

curement Plans for Mark II Spacecraft for Approval, with encs., Dec. 6, 1561;

Holmes to Seamans, Subj: Mark IT Preliminary Project Development Plan, Deec.
6, 1961, with Seamans’ handwritten approval on basic document.

NASA Associate Administrator Robert C. Seamans, Jr., approved the Mark IT
project development plan. The document approved was accompanied by a
memorandum from Colonel Daniel D. McKee of NASA Headquarters stress-
ing the large advances possible in a short time through the Mark IT project and
their potential application in planned Apollo missions, particularly the use of
rendezvous techniques to achieve manned lunar landing earlier than direct
ascent would make possible.

Memo, Holmes to Seamans, Dec. 6, 1961.
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In Houston, Director Robert R. Gilruth of Manned Spacecraft Center an-
nounced plans to develop a two-man Mercury capsule. Built by McDonnell, it
would be similar in shape to the Mercury capsule but slightly larger and from
two to three times heavier. Its booster would be a modified Titan IT. A major
program objective would be orbital rendezvous. The two-man spacecraft would
be launched into orbit and would attempt to rendezvous with an Agena stage
put into orbit by an Atlas. Total cost of 12 capsules plus boosters and other
equipment was estimated at $500 million. The two-man flight program would
begin in the 1963-1964 period with several unmanned ballistic flights to test
overall booster-spacecraft compatibility and system engineering. Several
manned orbital flights would follow. Besides rendezvous flybys of the target
vehicle, actual docking missions would be attempted in final flights. The space-
craft would be capable of missions of a week or more to train pilots for future
long-duration circumlunar and lunar landing flights. The Mercury astronauts
would serve as pilots for the program, but additional crew members might be
phased in during the latter portions of the program.
Report of NASA to the House Committee on Science and Aeronautics, Aero-

nautical and Astronautical Events of 1961, 87th Oong., 2d Sess., June 7, 1902,
p. 71 ; Baltimore Sun, Dec. 8, 1961,

NASA Associate Administrator Robert C. Seamans, Jr., and John H. Rubel,
Department of Defense (DOD) Deputy Director for Defense Research and
Engineering, offered recommendations to Secretary of Defense Robert S.
McNamara on the division of effort between NASA and DOD in the Mark II
program. They stressed NASA’s primary responsibility for managing and
directing the program, although attaining the program objectives would be
facilitated by using DOD (especially Air Force) resources in a contractor rela-
tion to NASA. In addition, DOD personnel would acquire useful experience in
manned space flight design, development, and operations. Space Systems Divi-
sion of Air Force Systems Command became NASA’s contractor for developing,
procuring, and launching Titan IT and Atlas-Agena vehicles for the Mark II
program.
Memo, Seamans and Rubel to McNamara, Subj: Recommendation Relative to the
Division of Effort between the NASA and DOD in the Development of Space Ren-
dezvous and Capabilities, Dec. 7, 1961; Howard T. Harris, Gemini Launch Ve-
hicle Chronology, 1961-1965, AFSC Historienl Publications Series 66-22-1, June
1966, p. 1.

NASA laid down guidelines for the development of the two-man spacecraft in
a document included as Exhibit “A™ in NASA’s contract with McDonnell. The
development program had five specific objectives: (1) performing Earth-
orbital flights lasting up to 14 days, (2) determining the ability of man to func-
tion in a space environment during extended missions, (3) demonstrating
rendezvous and docking with a target vehicle in Earth orbit as an operational
technique, (4) developing simplified countdown procedures and techniques
for the rendezvous mission compatible with spacecraft launch vehicle and
target vehicle performance, and (5) making controlled land landing the pri-
mary recovery mode. The two-man spacecraft would retain the general aero-
dynamic shape and basic systems concepts of the Mercury spacecraft but would
also include several important changes: increased size to accommodate two
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astronauts; ejection seats instead of the escape tower; an adapter, containing
special equipment not needed for reentry and landing, to be left in orbit;
housing of most systems hardware outside the pressurized compartment for
ease of access; modular systems design rather than integrated; spacecraft sys-
tems for orbital maneuvering and docking; and a system for controlled land
landing. Target date for completing the program was October 1965.

Letter, Bailey to McDonnell, Subj: Letter Contract No. NAS 9-170, enc. 4, Exhibit
“A" to NAS 9-170, Dec. 15, 1961.

Colonel Daniel D. McKee of NASA Headquarters compiled instructions for an
Air Force and NASA ad hoc working group established to draft an agreement
on the respective responsibilities of the two organizations in the Mark II pro-
gram. Manned Spacecraft Center (MSC) Director Robert R. Gilruth assigned
his special assistant, Paul E. Purser, to head the MSC contingent.
Memo, Purser to Gilruth, Subj: Log for the Week of Dec. 11, 1961, Dec. 18, 1961 ;
McKee, “Instructions to Ad Hoc Working Group on the Mercury Mark I1," Dec. 12,
1061 ; “Members of ad hoc working group on Air Force participation in the Mercury
Mark IT Project,” Dec. 13, 1961.

A week after receiving it, McDonnell accepted Letter Contract NAS 9-170
to “conduct a research and development program which will result in the devel-
opment to completion of a Two-Man Spacecraft.” McDonnell was to design and
manufacture 12 spacecraft, 15 launch vehicle adapters, and 11 target vehicle
docking adapters, along with static test articles and all ancillary hardware
necessary to support spacecraft operations. Major items to be furnished by the
Government to McDonnell to be integrated into the spacecraft were the para-
glider, launch vehicle and facilities, astronaut pressure suits and survival equip-
ment, and orbiting target vehicle. The first spacecraft, with launch vehicle
adapter, was to be ready for delivery in 15 months, the remaining 11 to follow
at 60-day intervals. Initial Government obligation under the contract was $25
million.

Letter Contract NAS 9-170, Dec. 15, 1961 ; interviews : Robert N. Lindley, St. Loulis,
Apr. 13, 1866 ; Harry W. Oldeg, St. Louis, Apr. 14, 1966.

Manned Spacecraft Center directed Air Force Space Systems Division to
authorize contractors to begin the work necessary to use the Titan IT in the
Mercury Mark II program. On December 27, Martin-Baltimore received a
go-ahead on the launch vehicle from the Air Force. A letter contract for 15
Gemini launch vehicles and associated aerospace ground equipment followed
on January 19, 1962,

Memo, Purser to Gilruth, Subj: Log for the Week of Dec. 25, 1981, Jan. 2, 1962;
Harris, Gemini Launch Vebicle Chronology, pp. 1, 2.

NASA issued the Gemini Operational and Management Plan, which outlined
the roles and responsibilities of NASA and Department of Defense in the
Gemini (Mercury Mark IT) program. NASA would be responsible for overall
program planning, direction, systems engineering, and operation—including
Gemini spacecraft development ; Gemini/Agena rendezvous and docking equip-
ment development; Titan II/Gemini spacecraft systems integration; launch,
flight, and recovery operations; command, tracking, and telemetry during
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orbital operations; and reciprocal support of Department of Defense space
projects and programs within the scope of the Gemini program. Department of
Defense would be responsible for: Titan II development and procurement,
Atlas procurement, Agena procurement, Atlas-Agena systems integration,
launch of Titan IT and Atlas-Agena vehicles, range support, and recovery
support. A slightly revised version of the plan was signed in approval on
March 27 by General Bernard A. Schriever, Commander, Air Force Systems
Command, for the Air Force, and D. Brainerd Holmes, Director of Manned
Space Flight, for NASA.

“NASA-DOD Operational and Management Plan for the Gemini Program,” Dec. 29,

1061 ; letter, Holmes to Schriever, Jan. 26, 1962; memo, Seamans and Rubel to

Secretary of Defense and NASA Administrator, Subj: NASA/DOD Operational

and Management Plan for Accomplishing the Geminl (formerly Mercury Mark I1)
Program, Jan. 29, 1862; Harris, Gemini Launch Vehicle Chronology, p. 1.

“Gemini” became the official designation of the Mercury Mark TI program.
The name had been suggested by Alex P. Nagy of NASA Headquarters because
the twin stars Castor and Pollux in constellation Gemini (the T'wins) seemed
to him to symbolize the program’s two-man crew, its rendezvous mission, and
its relation to Mercury. Coincidentally, the astronomical symbol (II) for
Gemini, the third constellation of the zodiac, corresponded neatly to the
Mark IT designation.
Memos, Nagy to George M. Low, Subj: Selection of the Name, Gemini, Dec. 11,
1961; Harold L. Goodwin to Nagy, Subj: Selection of the Name “Gemini,” May 3,
1962; Report of NASA to House Committee on Science and Astronautics, Astro-
nautical and Aeronautical Events of 1962, 87th Cong., 2nd Sess., June 7, 1963, p. 1.

Figure 11.—The first {llustration of the Gemin{ spacecraft to be released pudlicly. It was
distriduted at the same timec NABA announccd that the project was to be named
“Gemini.” (NASA Photo 5-62-88, released Jan. 3, 1962.)
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Manned Spacecraft Center prepared a Statement of Work to be accomplished
by Air Force Space Systems Division (SSD) in its role as contractor to NASA
for the procurement of Titan II launch vehicles for the Gemini program. The
launch vehicle would retain the general aerodynamic shape, basic systems, and
propulsion concepts of the missile. Modifications, primarily for crew safety,
were to be kept to a minimum. The Statement of Work accompanied a purchase
request for $27 million, dated January 5, 1962, for 15 Titan launch vehicles.
Pending ratification of the Gemini Operational and Management Plan, how-
ever, funding was limited to $3 million. To oversee this work, SSD established
a Gemini Launch Vehicle Directorate, headed by Colonel Richard C. Dineen,
on January 11. Initial budgeting and planning were completed by the end of
March, and a final Statement of Work was issued May 14; although amended,
it remained in effect throughout the program.
Memo, Purser to Gllruth, Subj: Log for the Week of Jan. 1, 1962, Jan. 8, 1962;

Defense Purchase Request No. T-2356-G, Jan. 5, 1862, with Statement of Work,
Jan. 3, 1962; Harris, Gemini Launch Vehicle Chronology, pp. 1, 2; Bost interview.

Manned Spacecraft Center published its first analysis of the Gemini spacecraft
schedule. Potential problem areas in pulse-code-modulated (PCM) telemetry,
the bipropellant attitude and control system, and time required to install elec-
trical components and wiring had not yet affected the launch schedule. Sched-
uled launch dates were adjusted, however, because program approval had come
a month later than originally anticipated in the Project Development Plan.
The first flight was now planned for late July or early August 1963 with
six-week launch centers between the first three flights. Subsequent launches
would occur at two-month intervals, with the last flight in late April or early
May 1965. The first Agena mission was scheduled for late February or early
March 1964.

NASA-MSC, Gemini Project Office, “Project Gemini Schedule Analysis,” Jan. 5,
1962.

Director Robert R. Gilruth of Manned Spacecraft Center (MSC) appointed
James A. Chamberlin, Chief of Engineering Division, as Manager of Gemini
Project Office (GPO). The next day MSC advised McDonnell, by amendment
No. 1 to letter contract NAS 9-170, that GPO had been established. It was
responsible for planning and directing all technical activities and all contractor
activities within the scope of the contract.

Letter, Bailey to McDonnell, Subj: Amendment #1 to Letter Contract NAS 9-170,

Jan. 16, 1962; MSC Announcement No. 12, Ref. 2-2, Subj: Personnel Assignments

for Mercury and Gemini Program Offices, Jan. 31, 1962; James M. Grimwood,

Project Mercury: A Chronology, NASA SP-4001, p. 220.

Manned Spacecraft Center completed an analysis of possible power sources
for the Gemini spacecraft. Major competitors were fuel cells and solar cells.
Although any system selected would require much design, development, and
testing effort, the fuel cell designed by General Electric Company, West Lynn,
Massachusetts, appeared to offer decided advantages in simplicity, weight, and
compatibility with Gemini requirements over solar cells or other fuel cells, A
basic feature of the General Electric design, and the source of its advantages
over its competitors, was the use of ion-exchange membranes rather than gns-
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Figure 12 —The operating principle of the fuel cell designed by General
Electric, adopted for use in the Gemini spacecraft. (McDonnell, “Project
Gemini Familiarization Charts,” June 5, 1962, unpagced.)

diffusion electrodes. On March 20, 1962, McDonnell let a $9 million subcontract
to General Electric to design and develop fuel cells for the Gemini spacecraft.
NASA-MSC, Gemini Project Note of January 23, 1962, Subj: Summary of Analysis
for Selecting the Power Source for the Gemini Project, Jan. 27, 1962 ; Procurement
and Contracts Division Records, Subj: McDonnell Subcontracts (over $250,000) as
of Dec. 31, 1962.

After investigating potential malfunction problems of the modified Titan IT/
Gemini launch vehicle, Martin-Baltimore prepared a study report with plans
to provide the components necessary to ensure flight safety and enhance relia-
bility. Martin defined the malfunction problem quantitatively in terms of the
probability of each cause and its characteristic effect on the system and vehicle.
Martin intended to keep the launch vehicle as much like the weapon system
as possible; thus the data obtained from the Air Force’s weapon system develop-
ment program would be applicable to the launch vehicle. Only minimal modifica-
tions to enhance probability of mission success, to increase pilot safety, and to
accommodate the Gemini spacecraft as the payload were to be made. These
included a malfunction detection system; backup guidance, control, and
hydraulic systems; and selective electrical redundancies.
SSD/Martin, Malfunction Detection System Trade Study—Gemini Program Launch

Vehicle, Jan. 26, 1962; interviews: Guy Cohen, Baltimore, May 24, 1968; Hello;
Harrls, Gemini Launch Vehicle Chronology, pp. 2—4.

Manned Spacecraft Center notified Marshall Space Flight Center, Huntsville,
Alabama (which was responsible for managing NASA’s Agena programs) that
Project Gemini required 11 Atlas-Agenas as rendezvous targets and requested
Marshall to procure them. The procurement request was accompanied by an
Exhibit “A” describing proposed Gemini rendezvous techniques and defining
the purpose of Project Gemini as developing and demonstrating Earth-orbit
rendezvous techniques as carly as possible. If feasible, these techniques could
provide a practical base for lunar and other deep space missions. Exhibit B to
the purchase request was a Statement of Work for Atlas-Agena vehicles to be
used in Project Gemini. Air Force Space Systems Division, acting as a NASA
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contractor, would procure the 11 vehicles required. Among the modifications
needed to change the Atlas-Agena into the Agena rendezvous vehicle were:
incorporation of radar and visual navigation and tracking aids; main engines
capable of multiple restarts; addition of a secondary propulsion system, stabili-
zation system, and command system; incorporation of an external rendezvous
docking unit; and provision of a jettisonable aerodynamic fairing to enclose
the docking unit during launch. The first rendezvous vehicle was to be delivered
to the launch site in 20 months, with the remaining 10 to follow at 60-day
intervals.

Letter, Gilruth to Marshall, Attn: Dr. Wernher von Braun, Director, Subj: Pro-
curement of Atlas-Agena Space Vehicles, Jan. 31, 1962, with 2 enc.

1. ATLAS-AGENA B LAUNCHED 2. DETERMINE ORBIT OF AGENA B

CONTROL CENTER . -4
COMPOTING . =

Figure 18.—Four stagcs in a rendezvous mission as conceived early in 1962. (NASA Photo

5-62-82, c. Jan. 8, 1962.)

Air Force Space Systems Division issued a Technical Operating Plan to Aero-
space Corporation, El Segurdo, California, for support of the Gemini Launch
Vehicle Program; a contract followed on March 15. Aerospace was to assume
responsibility for general systems engineering and technical direction of the
development of the launch vehicle and its associated subsystems. Aerospace had
already established a Gemini Launch Vehicle Program Office in January.

Aerospace, Draft of Annual Report, Fiscal 1962-83, undated; Harris, Gemini
Launchk Vehicle Chronology, pp. 5, 6.

Howard W. Tindall, Jr., Flight Operations Division, requested consolidation of
all Gemini computer programming and operation at Manned Spacecraft Center
in Houston. The complexity of trajectory control needed for rendezvous, the
novelty of computer programming required (2 management rather than an
arithmetic problem), the lengthy time required for such a program, the need for
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programmers to work with flight controllers, were all reasons to locate this work
solely in Houston with no part remaining at Goddard Space Flight Center,
Greenbelt, Maryland. Goddard was the primary computing center for Mercury
flights. Tindall also recommended a single-source contract with International
Business Machines Corporation to equip the facility.

Memo, Tindall to Walter C. Williams, Subj: Consolidation of Gemini Computer
Programming and Operation at Houston, Texas, Feb. 19, 1962,

AiResearch Manufacturing Company, a division of the Garrett Corporation,
Los Angeles, California, received a $15 million subcontract from McDonnell
to manufacture the environmental control system (ECS) for the Gemini space-
craft. This was McDonnell’s first purchase order in behalf of the Gemini
contract. Patterned after the ECS used in Project Mercury (also built by
AiResearch), the Gemini ECS consisted of suit, cabin, and coolant circuits,
and an oxygen supply, all designed to be manually controlled whenever possible
during all phases of flight. Primary functions of the ECS were controlling suit
and cabin atmosphere, controlling suit and equipment temperatures, and pro-
viding drinking water for the crew and storage or disposal of waste water.

Project Gemini Quarterly Status Report No. 1 for Period Ending May 31, 1962,

pp. 15-16; McDonnell Subcontracts (over $250,000) as of Dec. 31, 1962; Lindley,

“Gemini Engineering Program, McDonnell Aircraft Corporation,” paper presented

to the Institute of Management Sclences, Dallas, Tex., Feb. 16, 1968, pp. 7-8;

McDonnell Report F169, Gemini Pinal Summary Report, Feb. 20, 1987, p. 284

{hereafter cited as McDonnell Final Report).

The initial coordination meeting between Gemini Project Office and McDonnell
was held at Manned Spacecraft Center, Houston. Gemini Project Manager
James A. Chamberlin and McDonnell Engineering Manager Robert N. Lindley
outlined statements of policy. The purpose of subsequent coordination meetings
was to discuss and settle problems arising between McDonnell and NASA.
These coordination meetings were the central focus of decision-making during
the development phase of the Gemini program. After five indoctrination meet-
ings (February 19, 21, 23, 27, and 28), during which McDonnell representatives
described spacecraft systems, regular business meetings began on March 5;
subsequent meetings were tentatively scheduled for Monday, Wednesday, and
Friday of each week.

Minutes of . . . McDonnell Coordination Meeting, Feb. 26, 1962 ; Minutes of NASA

Project Office-McDonnell Coordination Meeting, Mar. 8, 1962 ; interview, Andre J.

Meyer, Jr., Houston, Jan. 6, 1967.

McDonnell issued specifications for the crew-station system for the Gemini
spacecraft. The crew-station system would include displays of spacecraft system
functions, controls for spacecraft systems, and the means of integrating two
crew members into the system. The specifications also established areas of
responsibility for each crew member.

McDonnell Report 8835, Gemini Spacecraft—Crew Station System Specification,
Feb, 20, 1962, rev. July 13, 1962.

Martin-Baltimore submitted its initial proposal for the redundant flight control
and hydraulic subsystems for the Gemini launch vehicle; on March 1, Martin
was authorized to proceed with study and design work. The major change in
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inserting it in orbit; and (4) providing abort capability at altitudes between
300,000 feet and orbital insertion. The OAMS initially comprised 16 ablative
thrust chambers; eight 25-pound thrusters to control spacecraft attitude in
pitch, yaw, and roll axes; and eight 100-pound thrusters to maneuver the
spacecraft axially, vertically, and laterally. Rather than providing a redundant
gystem, only critical components were to be duplicated. The RCS was located
forward of the crew compartment in an independent RCS module. It consisted
of two completely independent systems, each containing eight 25-pound
thrusters very similar to those used in the OAMS. Purpose of the RCS was to
maintain the attitude of the spacecraft during the reentry phase of the mission.

Quarterly Status Report No. 1, pp. 12, 20 ; McDonnell Subcontracts (over $250,000)
as of Dec. 31, 1962.

Representatives of McDonnell, North American, Manned Spacecraft Center,
and NASA Headquarters met to begin coordinating the interface between space-
craft and paraglider. The first problem was to provide adequate usable stowage
volume for the paraglider landing system within the spacecraft. The external
geometry of the spacecraft had already been firmly established, so the problem
narrowed to determining possible volumetric improvements within the space-
craft’s recovery compartment.

Abstract of Meeting on Spacecraft-Paraglider Interface, Mar. 2, 1962,

Manned Spacecraft Center (MSC) suballotted $5.2 million to Marshall Space
Flight Center for procuring Atlas-Agena vehicles for Project Gemini. Marshall
was to spend no more than $2 million, however, until a Statement of Work had
been made definite. Regularly scheduled meetings were planned to resolve tech-
nical and management problems between MSC and Marshall. The first Atlas-
Agena launch under this program was expected to take place on or about
March 15, 1964.

Minutes of Meeting of Gemini Project Office and MSFC—-Agena Project Office, Mar.
5, 1962.

Harold I. Johnson, Head of the Spacecraft Operations Branch of Manned
Spacecraft Center’s Flight Crew Operations Division, circulated a memorandum
on proposed training devices for Project Gemini. A major part of crew train-
ing depended on several different kinds of trainers and simulators corresponding
to various aspects of proposed Gemini missions, Overall training would be pro-
vided by the flight simulator, capable of simulating a complete mission profile
including sight, sound, and vibration cues. Internally identical to the space-
craft, the flight simulator formed part of the mission simulator, a training
complex for both flight crews and ground controllers that also included the
mission control center and remote site displays. Training for launch and re-
entry would be provided by the centrifuge at the Naval Air Development Center,
Johnsville, Pennsylvania. A centrifuge gondola would be equipped with a mock-
up of the Gemini spacecraft’s interior. A static article spacecraft would serve as
an egress trainer, providing flight crews with the opportunity to practice normal
and emergency methods of leaving the spacecraft after landings on either land
or water. To train flight crews in land landing, a boilerplate spacecraft equipped
with a full-scale paraglider wing would be used in a flight program consisting
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Figure 16.—The two major types of simulaiors to be used in training crews for Gemini mis-
sions. (A) The Gemini flight trainer would simulate the entire misston, while (B) the
docking trainer would simulate thc final slages of rendezvous. (McDonnell, “Project
Gemini Familiarization Charts,” Junc 5, 1962, unpaged.)
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of drops from a helicopter. A docking trainer, fitted with actual docking hard-
ware and crew displays and capable of motion in six degrees of freedom, would
train the flight crew in docking operations. Other trainers would simulate
major spacecraft systems to provide training in specific flight tasks.

Memo, Johnson for All Concerned, Subj: Preliminary Description of Simulators

and Training Equipment Expected to be used in Project Gemini, Mar. 5, 1062;
Quarterly Status Report No. 1, pp. 38-39.

Westinghouse Electric Corporation, Baltimore, Maryland, received a $6.8 mil-
lion subcontract from McDonnell to provide the rendezvous radar and trans-
ponder system for the Gemini spacecraft. Purpose of the rendezvous radar,
sited in the recovery section of the spacecraft, was to locate and track the
target vehicle during rendezvous maneuvers. The transponder, a combined
receiver and transmitter designed to transmit signals automatically when trig-
gered by an interrogating signal, was located in the Agena target vehicle.
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PART I—CONCEPT AND DESIGN

Quarterly Status Report No. 1, pp. 6, 17, 27-28; McDonnell Subcontracts (over
$250,000) as of Dec. 31, 1962.

DIPOLE LOOP ANTENNA

GEMINI SPACECRAFT

REFERENCE

ELEVATION ANTENNA.

SPIRAL ANTENNAS
AGENA TARGET VEHICLE

Figure 17.—The location of the main elemenis of the
rendezvous radar system on the Gemini spacccraft and
the Agene target vehicle. (Charis presemtcd by R. R.
Carley (Gemind Project Office), ‘‘Project Geminig
Familiarization Briefing,” July 9-10, 1962.)

McDonnell awarded a $6.5 million subcontract to Minneapolis-Honeywell
Regulator Company, Minneapolis, Minnesota, to provide the attitude control
and maneuvering electronics system for the Gemini spacecraft. This system
commanded the spacecraft’s propulsion systems, providing the circuitry which
linked the astronaut’s operation of his controls to the actual firing of thrusters
in the orbit attitude and maneuvering system or the reaction control system.

Quarterly Status Report No. 1, p. 18; McDonnell Subcontracts (over $250,000) as
of Dec. 31, 1962; McDonnell Finagl Report, pp. 202-204.

Figure 18.—A functional block diagrem of the atiitude control and ma-
neuvering elcctronics system of the Gemind spacecraft. (M cDonnell, “Proj-
ect Gemini Familiarization Charts,” June 5, 1962, unpaged.)
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PROJECT GEMINI: A CHRONOLOGY

Gemini Project Office accepted McDonnell’s preliminary design of the space-
craft’s main undercarriage for use in land landings and authorized McDonnell
to proceed with detail design. Dynamic model testing of the undercarriage was
scheduled to begin about April 1.

Abstract of Meeting on Mechanical Systems, Mar. 8, 1962.

Manned Spacecraft Center directed North American to design and develop an
emergency parachute recovery system for both the half-scale and full-scale
flight test vehicles required by Phase TI-A of the Paraglider Development
Program and authorized North American to subcontract the emergency recov-
ery system to Northrop Corporation’s Radioplane Division, Van Nuys, Cali-
fornia. North American awarded the $225,000 subcontract to Radioplane on
March 16. This was one of two major subcontracts let by North American for
Phase TI-A. The other, for $227,000, went to Goodyear to study materials and
test fabrics for inflatable structures.

Figure 19.—Gemini landing gear: part of the land landing systcm along with the paraglider.
(MoDonnell, “Project Gemini Familiarization Charts,” Junc 5, 1962, unpaged.)




PART I—CONCEPT AND DESIGN

Message, Bailey to NAA-SID, Mar. 8, 1962 ; memo, Robert L. Kline to H. L. Watkins,
Subj : Renegotiation Board Information for Contract NAS 9-167, Aug. 17, 1963;
Change Notice No. 1, NAS 9-167, Mar. 8, 1962; NAA letter 62MA3530, Subj: Con-
tract NAS 9-167, Paraglider Development Program, Phase II-A, Monthly Progress
Letter No. 4, Mar. 29, 1962.

Marshall Space Flight Center delivered an Agena procurement schedule (dated
March 8) to Gemini Project Office. Air Force Space Systems Division (SSD)
was to contract with Lockheed for 11 target vehicles, SSD assigned the Gemini
Agena target vehicle program to its Ranger Launch Directorate, which was
responsible for programs using Agena vehicles. Marshall also reported the
expected delivery of a qualified multiple-restart main engine in 50 weeks, an
improvement that removed this development requirement as the pacing item in
Agena scheduling.

Abstract of Meeting on Atlas-Agena Coordination, Mar. 12, 1962; intcrview, Maj.
Arminta Harness, Los Angeles, Apr. 18, 1966.

Figure 20.—An artigt'a version of the use of efection seats to escape from the Gemini
spacecraft. The scats were to be uscd defore launch (off-the-pad abort) or during the
first phase of powered flight (to about 60,000 feet) if the launch vehicle malfunctioned.
(McDonnell, “Project Gemini Familiarization Charts,” June 5, 1962, unpaged.)

Gemini Project Office (GPO) decided that seat ejection was to be initiated
manually, with the proviso that the design must allow for the addition of auto-
matic initiation if this should later become a requirement. Both seats had to eject
simultaneously if either seat ejection system was energized. The ejection seat
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PROJECT GEMINI: A CHRONOLOGY

was to provide the flight crew a means of escaping from the Gemini spacecraft
in an emergency while the launch vehicle was still on the launch pad, during the
initial phase of powered flight (to about 60,000 feet), or in case of paraglider
failure after reentry. In addition to the seat, the escape system included a hatch
actuation system to open the hatches before ejection, a rocket catapult to propel
the seat from the spacecraft, a personnel parachute system to sustain the
astronaut after his separation from the seat, and survival equipment for the
astronaut’s use after landing. At a meeting on March 29, representatives of
McDonnell, GPO, Life Systems Division, and Flight Crew Operations Divi-
sion agreed that a group of specialists should get together periodically to
monitor the development of the ejection seat, its related components, and the
attendant testing. Although ejection seats had been widely used in military
aircraft for years, Gemini requirements, notably for off-the-pad abort capa-
bility, were beyond the capabilities of existing flight-qualified systems, McDon-
nell awarded a $1.8 million subcontract to Weber Aircraft at Burbank,
California, a division of Walter Kidde and Company, Inc., for the Gemini
ejection seats on April 9; a $741,000 subcontract went to Rocket Power, Inc.,
Mesa, Arizona, on May 15 for the escape system rocket catapult.
Quarterly Status Report No. 1, pp. 20-21; McDonnell Subcontracts (over $250,000)

as of Dec. 31, 1982; Abstracts of Meetings on: Mechanical Systems, Mar, 13 and
Apr. 12, 1962; Ejection Seats, Apr. 3, 1962; McDonnell Final Report, p. 361.

Manned Spacecraft Center issued its second analysis of the Gemini program
schedule. Unlike the first, it considered launch vehicles as well as the spacecraft.
Procurement of the Agena target vehicle had been initiated so recently that
scope for analysis in that area was limited. A key feature of engineering devel-
opment for the Gemini program was the use of a number of test articles, the lack
of which had sometimes delayed the Mercury program; although constructing
these test articles might cause some initial delay in Gemini spacecraft construc-
tion, the data they would provide would more than compensate for any delay.
No problems beset launch vehicle development, but the schedule allowed little
contingency time for unexpected problems. The first unmanned qualification
flight was still scheduled for late July or early August 1963, but the second
(manned) flight was now planned for late October or early November 1963 and
the first Agena flight for late April or early May 1964, with remaining flights
to follow at two-month intervals, ending in mid-1965. Flight missions remained
unchanged from the January analysis.

NASA-MSC, Gemini Project Office, “Project Gemini Schedule Analysis,’ Mar. 14,

1962,

Gemini Project Office restated its intention to use Project Mercury hardware
and subcontractors for Gemini. Justification for using different equipment or
subcontractors was required for each item.

Abstract of . . . Coordination Meeting (Electrical), Mar. 15, 1962.

The Air Force successfully launched a Titan II intercontinental ballistic missile.
This was the first full-scale test of the vehicle; it flew 5000 miles out over the
Atlantic Ocean.

NASA Seventh Semiannual Report to Congress, January I, 1962-June 30, 1962,
pp. 22-23.
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PART I—CONCEPT AND DESIGN

McDonnell awarded AiResearch a $5.5 million subcontract to provide the re-
actant supply system for the Gemini spacecraft fuel cells. The oxygen and
hydrogen required by the fuel cell were stored in two double-walled, vacuum-
insulated, spherical containers located in the adapter section of the spacecraft.
Reactants were maintained as single-phase fluids (neither gas nor liquid) in
their containers by supercritical pressures at cryogenic temperatures. Heat
exchangers converted them to gaseous form and supplied them to the fuel cells
at operating temperatures.

McDonnell Subcontracts (over $250,000) as of Dec. 31, 1982; McDonnell Final
Report, p. 104.

Figure 21.—Block diagrem of the reactant supply system for
the Gemini spacecraft fucl cells. (MSC Flight Crew Oper-
ations Division, Crew Engineering, “Gemini Familiariza-
tion Packege,” Aug. 3, 1962.)

Advanced Technology Laboratories, Inc., Mountain View, California, received
a $3.2 million subcontract from McDonnell to provide the horizon sensor
system for the Gemini spacecraft. Two horizon sensors, one primary and one
standby, were part of the spacecraft’s guidance and control system. They
scanned, detected, and tracked the infrared radiation gradient between Earth

SPACECRAFT

INSTANTANEOUS
OPTICAL - AXIS

FosiTIQN HORIZON SENSOR HEAD Figure 22.—Illusirating the operation
of the horizon senzor for the Gemini
spacceraft. (McDonnell, “Project
Gemini Familiarization Charis,”

June 5, 1962, unpaged.)
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PROJECT GEMINI: A CHRONOLOGY

and space (Earth’s infrared horizon) to provide reference signals for aligning
the inertial platform and error signals to the attitude control and maneuver
electronics for controlling {he spacecraft’s attitude about its pitch and roll
axes.
Quarterly Status Report No. 1, p. 18; McDonnell Subcontracts (over $250,000) as
of Dec. 31, 1962; McDonnell Final Report, pp. 213-214; McDonnell External Rela-
tions Division, Gemini Press Reference Book: Gemini Spacecraft Number Three,
undated, p. 38.

Thiokol Chemical Corporation, Elkton, Maryland, received a $400,000 sub-
contract from McDonnell to provide the retrograde rockets for the Gemini
spacecraft. Only slight modification of a motor already in use was planned, and
a modest qualification program was anticipated. Primary function of the solid-
propellant retrorockets, four of which were located in the adapter section, was
to decelerate the spacecraft at the start of the reentry maneuver. A secondary
function was to accelerate the spacecraft to aid its separation from the launch
vehicle in a high-altitude, suborbital abort.

Quarterly Status Report No. 1, p. 11; A, H. Atkinson, “Gemini—Major Subcon-

tracts, McDonnell Aircraft Corporation,” July 3, 1962 ; McDonnell Final Report, pp.

278-279.

ADAPTER, RETROGRADE SECTION

RETRO GRADE
ROCKET
(4 TYPICAL)

INITIATOR

INITIATOR HARNESS

N
NOZZLE DIAPHRAGAM OZZLE ASSEMBLY

Figure 23.—Location and arrangement of the retrograde rocket
system in the Gemini spacecraft. (McDonnell, “Project Gemini
Familiarization Charts,”’ June 5, 1962, unpaged.)

Air Force Space Systems Division awarded a letter contract to Aerojet-Gen-
eral Corporation, Azusa, California, for the research, development, and pro-
curement of 15 propulsion systems for the Gemini launch vehicle, as well as the
design and development of the related aerospace ground equipment. Aerojet
had been authorized to go ahead with work on the engines on February 14,
1962, and the final engine was scheduled for delivery by April 1965.

Harris, Gemini Launch Vehicle Chronology, p. 6.

McDonnell awarded a $4.475 million subcontract to the Western Military
Division of Motorola, Inc., Scottsdale, Arizona, to design and build the digital
command system (DCS) for the Gemini spacecraft. Consisting of a receiver/
decoder package and three relay packages, the DCS received digital commands
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PART I—CONCEPT AND DESIGN

transmitted from ground stations, decoded them, and transferred them to the
appropriate spacecraft systems. Commands were of two types: real-time com-
mands to control various spacecraft functions and stored program commands to
provide data updating the time reference system and the digital computer.

Quarterly Status Report No. 1, pp. 25-26 ; McDonnpell Subcontracts (over $250,000)
as of Dec. 31, 1962 ; McDonnell Final Report, pp. 166-167.
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Figurc 24.—Gemini spacecraft communications system, which received ground commands
Jor transfer to spacceraft systems, (McDonncll, “Project Gemini Familiarization Man-
nal: Manncd Spacecrafi, Rendesvous Configuration,” SEDR 800, Junc 1, 1962, p. 8-1.)

Air Force Space Systems Division published the “Development Plan for the
Gemini Launch Vehicle System.” From experience in Titan II and Mercury
programs, the planners estimated a budget of $164.4 million, including a 50
percent contingency for cost increases and unforeseen changes.

Harris, Gemini Launch Vehicle Chronology, p. 6.
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PROJECT GEMINI: A CHRONOLOGY

McDonnell awarded a $2.5 million subcontract to Collins Radio Company,
Cedar Rapids, Iowa, to provide the voice communications systems for the Gem-
ini spacecraft. Consisting of the voice control center on the center instrument
panel of the spacecraft, two ultrahigh-frequency voice transceivers, and one
high-frequency voice transceiver, this system provided communications be-
tween the astronauts, between the blockhouse and the spacecraft during launch,
between the spacecraft and ground stations from launch through reentry, and
between the spacecraft and recovery forces after landing.

Quarterly Status Report No. 1, p. 25; McDonnell Subcontracts (over $250,000)
as of Dec. 13, 1962 ; McDonnell Final Report, p. 131.
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Figure 25.—Illustrating the stages of a misston during rwhich various elements of the
Gemini spacceraft communications system would bc uscd. (Charts presented dby J. Hoff-
man (GPO), “"Project Gemini Familiarization Briefing,” July 9-10, 1962.)

The St. Petersburg, Florida, Aeronautical Division of Minneapolis-Honeywell
received an $18 million subcontract from McDonnell to provide the inertial meas-
uring unit (IMU) for the Gemini spacecraft. The IMU was a stabilized inertial
platform including an electronic unit and a power supply. Its primary func-
tions were to provide a stable reference for determining spacecraft attitude
and to indicate changes in spacecraft velocity.

Quarterly Status Report No. 1, p. 17; McDonnell Subcontracts (over $250,000) as

of Dec. 31, 1962; McDonnell Final Report, p. 195; McDonnell Gemini Press Rej-
erence Book, pp, 31-32.

Martin-Baltimore submitted a “Deseription of the Launch Vehicle for the Gem-
ini Spacecraft” to Air Force Space Systems Division. This document lnid the
foundation for the design of the Gemini launch vehicle by defining the concept
and philosophy of each proposed subsystem.
Martin Report ER-12209, “Description of the Launch Vehicle for the Gemini Space-
craft,” Rev. A, Mar. 30, 1962; Harrls, Gemini Launch Vehicle Chronology, p. T.
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Pigurc 26.—Thc Gemint spacecraft inertial guidance system. (McDonnell,
“Projcct Gemini Familiarization Manual: Manncd Spacceraft Renm-
dezvous Confliguration,” SEDR 300, June 1, 1962, p. 7-23.)

The configuration of the Gemini spacecraft was formally frozen. Following
receipt of the program go-ahead on December 22, 1961, McDonnell began de-
fining the Gemini spacecraft. At that time, the basic configuration was already
firm. During the three-month period, McDonnell wrote a series of detail speci-
fications to define the overall vehicle, its performance, and each of the major
subsystems, These were submitted to NASA and approved. During the same
period, the major subsystems specification control drawings—the specifica-
tions against which equipment was procured—were written, negotiated with
NASA, and distributed to potential subcontractors for bid.

Lindley, “Gemini Engineering Program,” pp. 7-8.

Representatives of Manned Spacecraft Center, Ames Research Center, Martin,
and McDonnell met to discuss the participation of Ames in the Gemini wind
tunnel program. The tests were designed to determine: (1) spacecraft and
launch vehicle loads and the effect of the hatches on launch stability, using a six
percent model of the spacecraft and launch vehicle; (2) the effect of large
angles of attack, Reynold’s number, and retrorocket jet effects on booster tum-
bling characteristics and attachment loads; (3) exit characteristics of the space-
craft; and (4) reentry characteristics of the reentry module.

Minutes of Coordination Meeting on Gemini Wind Tunnel Program, Apr. 9, 1962.

Manned Spacecraft Center awarded the Aerospace and Defense Products Divi-
sion of B. F. Goodrich Company, Akron, Ohio, a cost-plus-fixed-fee contract for
$209,701 to design, develop, and fabricate prototype pressure suits. Related
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. DAPI’EI REENTRY MODULATION

Earl Whitlock of McDonnell presented a “Gemini Manufacturing Plan” (dated
April 6) to Gemini Project Office (GPO). The schedule called for production
spacecraft No. 1 to be followed by static article No. 1. Because of the normally
poor quality of a first production item, GPO asked McDonnell to start static
article No. 1 first on or about May 15,1962, while leaving spacecraft No. 1 where
it was in the schedule. McDonnell’s contract called for four static articles,
ground test units similar in construction to, and using the same material as, flight
articles.

Abstract of . . . Coordination Meeting (Manufacturing), Apr. 12, 1962.

Manned Spacecraft Center confirmed that a five-day orbital lifetime of Agena
systems would be adequate for currently planned missions.

Abstract of Agena/Spacecraft Interface Meeting, Apr. 18, 1962.

Martin-Baltimore and Air Force Space Systems Division (SSD) reported to
Gemini Project Office on the problems of establishing abort criteria for the
malfunction detection system (MDS). Manned Spacecraft Center had formed
a task force of Martin, McDonnell, and Aerospace personnel to begin a maxi-
mum effort to define overall abort criteria. On April 23, Martin submitted to
SSD its descriptive study and proposed configuration of the MDS, intended to
monitor the performance of launch vehicle subsystems and display the data to
the astronauts. The abort decision was to be the astronauts’ alone. A lIaunch abort
simulation study by Chance Vought Corporation, Dallas, Texas, completed in
April showed the feasibility and desirability of manually initiated abort.

Memo, Robert E. Arnull to Cbief, FOD, subj: Gemini Abort Simulation Program,

Sept. 11, 1962; FOD Monthly Activity Report, Apr. 30, 1962; Abstract of Meeting

on Gemini/Titan Coordination, Apr. 19, 1962; Martin Report MMB LV-14, “MDS
Descriptive Study,” Apr. 23, 1962; Harrls, Gemini Launch Vchicle Chronology, p. 7.

NASA announced that applications would be accepted for additional astronauts
until June 1, 1962. NASA planned to select five to ten astronauts to augment
the seven-member Mercury astronaut team. The new pilots would participate in
support operations in Project Mercury and would join the Mercury astronauts
in piloting the two-man Gemini spacecraft. To be chosen, the applicant must
(1) be an experienced jet test pilot and preferably be presently engaged in
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PROJECT GEMINI: A CHRONOLOGY

flying high-performance aircraft; (2) have attained experimental flight test
status through military service, aireraft industry, or NASA, or must have
graduated from a military test pilot school; (3) have earned a degree in the
physical or biological sciences or in engineering; (4) be a United States citizen
under 35 years of age at the time of selection, six feet or less in height; and (5)
be recommended by his parent organization. Pilots meeting these qualifica-
tions wonld be interviewed in July and given written examinations on their
engineering and scientific knowledge. Selected applicants would then be
thoroughly examined by a group of medical specialists. The training program
for the new astronauts would include work with design and development engi-
neers, simulator flying, centrifuge training, additional scientific training, and
flights in high-performance aircraft.
Memo, Holmes to Webb, Dryden, and Seamans, Subj: Selection of Additional
Astronauts, Apr. 28, 1962, with enc., “Gemini and Apollo Astronaut Selection”;
MSC Spacc News Roundup, May 2, 1962, p. 1; Astronautical and Acronautical
Events of 1962, p. 56. '

McDonnell awarded a $26.6 million subcontract to International Business
Machines (IBM) Corporation’s Space Guidance Center, Owego, New York, to
provide the computer system for the Gemini spacecraft. The digital computer
was the heart of the spacecraft’s guidance and control system; supplementary
equipment consisted of the incremental velocity indicator (which visually dis-
played changes in spacecraft velocity), the manual data insertion unit (for
inserting data into, and displaying readouts from, the computer), and the
auxiliary computer power unit (to maintain stable computer input voltages).

Figure 29.—Block diagram of the Gemini apacccraft guidance and conirol systcm, (McDon-
nell, “Project Gemini Familiarization Charts,” June 5, 1962, unpaged.)
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PART I-—CONCEPT AND DESIGN

In addition to providing the computer and its associated equipment, IBM was
also responsible for integrating the computer with the systems and components
it connected with electrically, including the inertial platform, rendezvous radar,
time reference system, digital command system, data acquisition system, atti-
tude control and maneuver electronics, the launch vehicle autopilot, console
controls and displays, and aerospace ground equipment.

Quarterly Status Report No. 1, p. 17; McDonnell Subcontracts (over $250,000) as
of Dec. 31, 1962 ; McDonnell Final Report, pp. 208-211,

Studebaker Corporation’s CTL Division, Cincinnati, Ohio, received a subcon-
tract for $457,875 from McDonnell to provide two backup heatshields for the
Gemini spacecraft, similar in material and fabrication technique to those used
in Project Mercury. The CTL heatshield would be used only if a new shield
McDonnell was working on proved unusable. Test results from screening ad-
vanced heatshield materials had yielded four promising materials. McDonnell
had contracted with Vidya, Inc., Palo Alto, California (March 16), and Chi-
cago Midway Laboratories, Chicago, Illinois (mid-April), to test the new
ablation materials.
Quarterly Status Report No. 1, p. 9; Atkinson, “Gemini—Major Subcontracts,

McDonnell Aircraft Corporation’”; McDonnell Subcontracts (over $250,000) as of
Dec. 31, 1862.

At an Atlas-Agena coordination meeting, Lockheed presented a comprehensive
description of its proposed propulsion development plans for the Gemini-
Agena. Lockheed’s planned program included : propulsion system optimization
studies, a multiple-restart development program for the primary propulsion
system, and a development program for the secondary propulsion system.

Abstract of Atlas-Agena Coordination Meeting, Apr. 28, 1962.

Representatives of North American, NASA Headquarters, Langley Research
Center, Flight Research Center, Ames Research Center, and Manned Space-
craft Center met to review the design and testing philosophy for the half-scale
test vehicle (HSTV) in phase IT-A of the Paraglider Development Program.
After the emergency parachute recovery system had been qualified, the HSTV
would be used to evaluate paraglider stability and control in drop tests with the
wing predeployed and to provide empirical data on the functioning of vehicle
systems in deployment tests. At the end of the review, the NASA Half Scale
Test Vehicle Design Review Board recommended 21 changes in test vehicle
design and test procedures to North American.

Minutes of Meeting of Paraglider Development Program (Phase II-A) Half Scale

Test Vehicle Design Review, May 16, 1062 ; NAA Report SID85-196, “Final Report

of Paraglider Research and Development Program, Contract NAS 9-1484,” Feb. 19,
1965, p. 184 (hereafter cited as “Paraglider Final Report”).

McDonnell proposed to evaluate the Gemini rendezvous radar and spacecraft
maneuvering system on early flights by using a rendezvous evaluation pod to be
ejected from the spacecraft in orbit. Manned Spacecraft Center (MSC) liked
the idea and asked McDonnell to pursue the study. During the last week in
June, McDonnell received approval from MSC to go ahead with the design
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and development of the rendezvous pod. It would contain a radar transponder,
C-band beacon, flashing light, and batteries.
MSC, Weekly Activity Report for the Office of the Director, Manned Space Flight,

June 24-30, 1962, p. 5 (hereafter cited as Weekly Activity Report) ; Abstract
of . . . Coordlnation Meeting (electrical), May 2, 1962.

Air Force Space Systems Division (SSD) awarded a letter contract to Lock-
heed Missiles and Space Company for eight Agena vehicles to be modified as
Gemini Agena target vehicles (GATV). Mission requirements were to (1)
establish a circular orbit within specified limits, (2) provide a stable target with
which the spacecraft could rendezvous and dock, (3) respond to commands
from either ground stations or the spacecraft, (4) perform a complex series of
orbital maneuvers by means of either real-time or stored commands if less than
optimum launch of Agena or spacecraft occurred, and (5) provide an active
orbit life of five days. Lockheed’s analysis of these mission requirements pro-
vided the design criteria for the major modifications required to adapt the
Agena to the Gemini mission: (1) modification of the primary propulsion
system; (2) addition of a secondary propulsion system (two 16-pound and two
200-pound thrusters) to provide ullage orientation and minor orbit adjust-
ments; (3) design of a digital command and communications subsystem includ-
ing a programmer, controller, pulse-code-modulated telemetry system, and
onboard tape recorder; (4) design of changes to provide the guidance and
control functions peculiar to the GATV; and (5) addition of an auxiliary
forward equipment rack with an interface capable of supporting the target
docking adapter. On direction from Air Force Systems Command Head-
quarters, SSD authorized Lockheed to proceed with the Gemini-Agena program
on March 19.
Lockheed LMSC-A605200-2 and -7, Gemini Agena Target Vehicle Program Progress
Reports: October 1964, p. A-1; March 1965, p. A-1 (hereafter cited as GATV
Progress Report); Aerospace Report TOR-1001(2126-80)-3, Gemini Program
Launch Systems Final Report: Gemini/Titan Launch Vchicle; Gemini/Agena
Target Vehicle; Atlag/SLV-3, January 1967, pp. TII. A-1, III. C-1 (hereafter
cited as Aerospace Final Report).

Following a Lockheed briefing on pulse-code-modulation (PCM) instrumenta-
tion systems, representatives of Goddard Space Flight Center and Manned
Spacecraft Center (MSC) formed a small working group to discuss the feasi-
bility of making the Gemini telemetry system a full PCM system. PCM was a
digital telemetry system which could provide more channels of information,
faster data rates, improved accuracy, and less weight of equipment per data
channel. Goddard had already reviewed several PCM ground station proposals
and had concluded that such a system could handle future NASA programs.
All who attended the meeting agreed that a full PCM telemetry system, air-
borne and ground, could be implemented in time to support the Gemini pro-
gram. Gemini Project Office approved the formation of an MSC-Gemini PCM
Instrumentation Working Group to be responsible for the implementation and
compatibility of the airborne and ground PCM system for Gemini. On June 27,
Walter C. Williams, MSC Associate Director, notified Goddard of NASA’s
decision “to utilize a PCM telemetry system for Gemini and Agena real time
data.” Ten sites were selected for the installation of PCM equipment; each of
these also received dual acquisition equipment, dual digital command system,
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and pulse coders for distinguishing between the manned Gemini spacecraft
and the Agena target when both were in orbit.
Letter, Williams to N. R. Heller, Subj: Range Modifications for Project Gemini,
June 27, 1962; Abstract of . . . PCM Instrumentation Coordination Meeting,
May 7, 1962; NASA Fighth Semiannual Report to Congress, July 1-December 31,
1962, pp. 131-132.

Manned Spacecraft Center issued its third analysis of the Gemini program
schedule. Spacecraft ground test plans had been formulated, and construction
of test hardware had begun. Two boilerplate spacecraft had been added to the
program to facilitate ground testing. Flight No. 2 was the first planned to use
paraglider, but the paraglider program required close attention to prevent
schedule slippage; plans to substitute a parachute landing system for para-
glider in this flight, should it prove necessary, had been initiated. Spacecraft
manufacturing schedules were endangered by late delivery of components from
vendors: chief threats to spacecraft No. 1 were components of the instrument,
and recording system and the inertial platform; for spacecraft No. 2, com-
munication and electrical system components. No problems were anticipated
with the booster. The analysis indicated no change in the launch schedule.

NASA-MSC, Gemini Project Office, “Project Gemini Schedule Analysis,” May 4,
1962.

Gemini Project Office directed McDonnell to determine what would be involved
in opening and closing the spacecraft hatches in the space environment and
Manned Spacecraft Center’s Life Systems Division to determine what special
pressure suit features would be required to provide crew members with a
15-minute extravehicular capability.

Abstract of Meeting on Crew Support Systems, May 14, 1962.

Manned Spacecraft Center’s Life Systems Division proposed to measure seven
parameters for determining crew condition during all Gemini flights. These
were, in order of priority: blood pressure, with electrocardiogram and phono-
cardiogram serving as first and second backup; electroencephalogram ; respira-
tion; galvanic skin response, and body temperature. The bioinstrumentation
required would cost about three and one-half pounds per man, with a total
power consumption of about two watt-hours and the shared use of six channels
of telemetry. Gemini Project Office reviewed these requirements and approved
the following measurements: electrocardiogram, respiration rate and depth,
oral temperature, blood pressure, phonocardiogram, and nuclear radiation dose.
Biomedical measurement devices had still to be designed, developed, qualified,
and procured.
Memo, Chamberlin to Stanley C. White, Subj: Development of Biomedical Instru-

mentation for Gemini Missions, Aug. 23, 1962; Quarterly Status Report No. 1,
pp. 4041 ; Abstract of Meeting on Crew Support Systems, May 14, 1962.

The postlanding survival kit proposed for use by Gemini crew members would
be basically similar to the one used in Project Mercury. Each kit would weigh
about 24 pounds, and one kit would be provided for each crew member.

Abstract of Meeting on Crew Support Systems, May 14, 1962.
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Manned Spacecraft Center (MSC) decided to establish a liaison office at Martin-
Baltimore. Scott H. Simpkinson of Gemini Project Office assumed the post on
May 15, but he was soon replaced by Harle Vogel, who remained in the posi-
tion throughout the program. The purpose of the office was to facilitate exchange
of information between MSC and Martin.

Abstract of . . . Gemini/Titan Coordination Meeting, May 14, 1962; interview,
Vogel, Baltimore, May 23, 1066.

James E. Webb, NASA’s new Administrator, reviewed the Gemini program.
Project Gemini cost estimates at this point ($744.3 million) had increased sub-
stantially over the original estimate of $520 million. Estimated spacecraft cost
had risen from $240.5 to $391.6 million; Titan IT cost, from $113.0 to $161.8
million; Atlas-Agena, from $88.0 to $106.3 million; and supporting develop-
ment (including the paraglider program), from $29.0 to $36.8 million. Esti-
mated operations costs had declined from $59.0 to $47.8 million.

Memo, Holmes to Webb, Subj: Project Gemini Cost Estimates, Apr. 29, 1963, with
enc., “Status of Project Gemini Cost Estimates.”

Representatives of McDonnell, Northrop Ventura (formerly Radioplane),
Weber Aircraft, and Manned Spacecraft Center attended the first ejection seat
design review at McDonnell in St. Louis.

Abstract of Meeting on Ejection Seat Design Review, May 21, 1962.

A Launch Vehicle-Spacecraft Interface Working Group was established.
Gemini Project Office (GPO) and Aerospace had agreed on the need for such &
group at a Gemini-Titan coordination meeting on May 11. The main function
of the group, composed of Martin and McDonnell personnel with a McDonnell
representative as chairman, was to provide mutual exchange of design and phys-
ical data on mechanical, electrical, and structural details between the spacecraft
contractor and the booster contractor. The group would make no policy deci-
sions; its actions were to be reviewed at regularly scheduled coordination meet-
ings held by GPO.

Abstract of . . . Gemini/Titan Coordination Meeting, May 14, 1962; Abstract of

Coordination Meetlng on Mechanical Systems, May 19, 1962.

At a mechanica] systems coordination meeting, representatives of McDonnell
and Gemini Project Office decided to develop more powerful retrograde rocket
motors for the Gemini spacecraft. The new motors, similar in configuration to
the old but with some three times the thrust level, would permit retrorocket
aborts at altitudes as low as 72,000 to 75,000 feet. McDonnell’s original subcon-
tract with Thiokol was accordingly terminated and a new subcontract was let on
July 20. Development of the new motors was expected to cost $1.255 million.
Quarterly Status Report No. 2 for Period Ending Aug. 31, 1962, p. 9; McDonnell

Subcontracts (over $250,000) as of Dec. 31, 1982; Abstract of Coordination Meet-
ing on Mechanicai Systems, May 19, 1962.

McDonnell subcontracted the parachute landing system for Gemini to Northrop
Ventura at an estimated cost of $1,829,272. The parachute landing system was
to be used for the first Gemini flight. Gemini Project Office had decided in
April on using a single-chute system, one 84.2-foot diamster ring-sail parachute.
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Figure 30.—The solid-propellant retrograde rocket motor for the Gemini spacc-
craft. (McDonncll, “Projcct Gemini Familiarization Manual: Manned Spacc-
craft Rendczvous Configuration,” SEDR 300, Junc 1, 1962, p. 11-30.)

At a mechanical systems coordination meeting in Houston on May 16-17, how- 1962

ever, it was decided to add an 18-foot diameter ring-sail drogue parachute to the

May

system. McDonnell proposed deploying the drogue at 10,000 feet, two seconds
after release of the rendezvous and recovery system. Fifteen seconds later the
main recovery parachute would switch from single-point to two-point suspen-
sion, followed in five seconds by the initiation of reaction control system propel-
lant dump which would take no longer than 105 seconds. The recovery parachute
would be jettisoned shortly after impact. At another coordination meeting on
May 23-24, Manned Spacecraft Center concurred in this proposed sequencing.
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Figure 31.—The parachutc recovery system to be uscd instead of paraglider on the first
Gemini spacecraft: stowed and deploycd modes. (McDonncll, “Project Gemini Engl-
neering Mockup Revicew,” Aug. 15-16, 1962, p. 39.)

1962 GPO Monthly Activity Report, Apr. 30, 1962; McDonnell Subcontracts (over
May $250,000) as of Dec. 31, 1982; Abstracts of Coordination Meetings on Mechanical
Systems, May 19 and 25, 1962.

21 McDonnell awarded an $8 million subcontract to Electro-Mechanical Research,
Inc., Sarasota, Florida, to provide the data transmission system for the Gemini
spacecraft. Both the spacecraft and target vehicle used pulse-code-modulation
(PCM) telemetry, a technique for encoding data in digital form by varying
the length of pulses to form an information-carrying code. Once encoded, meas-
urements were transmitted over a radio link to ground receiving stations, The
data transmission system consisted of a PCM subsystem, an onboard tape
recorder, and two VHF transmitters; it was capable of transmitting data in
real time or delayed time.

Quarterly Status Report No. 1, p. 27; McDonnell Subcontracts (over $250,000) as
of Dec. 31, 1962 ; McDonnell Final Report, pp. 186-187.

21 Amendment No. 6 to the Gemini launch vehicle procurement contract assigned
$2.609 million to fund the construction necessary to convert pad 19 at Cape
Canaveral for Gemini flights. The Air Force had originally constructed pad 19
for the Titan I development program. Following the final Titan I development
flight (January 29) from the Cape, design of the required modifications had
begun in February. In April, Gemini Project Office decided that pad 19 would
have an erector rather than a gantry, the upper third of which would be de-
signed as a white room. The final design review of pad 19 modifications took
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place July 9-10, and the Army Corps of Engineers awarded the construction
contract to Consolidated Steel, Cocoa Beach, Florida. Construction began in
September. Work was completed and pad 19 was activated on October 17, 1963.
Quarterly Status Reports: No. 2, p. 27; No. 3 for Period Ending Nov. 30, 1962,
p. 33; GPO Monthly Activity Report, Apr. 30, 1962; MSC Fact Sheet No. 258,
“Gemini Launch Complex 19, Cape Kennedy, Florida,” May 1964 ; Martin, Gemini—

Titan II Air Force Launch Vehicle, Press Handbook (second ed., 1985, revised
Oct. 24, 1966), p. 7-2; Harris, Gemini Launch Vehicle Chronology, pp. 28, A-1.

Representatives of McDonnell and Manned Spacecraft Center completed a

series of 24 meetings to negotiate the technical details of McDonnell’s plans for

supporting and documenting Project Gemini, specifications for Gemini systems

and subsystems, environmental and structural design criteria for the space-

craft, spacecraft performance specifications, test programs, and plans for

reliability, quality assurance, and validation. Meetings had begun April 19.
Abstracts of Technical Negotiation Meetings on: Simulators and Trainers, Apr. 24,
1962 ; Support Plan, MAC Report 85804 (Feb. 2, 1062), May 2; Associate Con-
tractor Coordination, Engineering Inspections and Incorporation of Government
Farnished Equipment, May 16; Gemini Facility Plans, MAC Report 8580-2
(Mar. 15, 1962), May 4; Documentation Plan, MAC Report 8580-8 (Jan. 29, 1962),
May 4; Post Landing and Survival System, Apr. 27; Programmer/Timer (Time
Reference), May 1; Environmental Control Subsystem, Apr. 27; Propulsion Sys-
tems, May 1; Environmental Criteria, May 1; Pyrotechnics System Specification,
May 4; Electrical System Specification, May 8; Guidance and Control System
Specification, May 9; Structural Design Criteria, May 1; Landing System, May 11;
Geminl Spacecraft Performance Specification, May 5; Program Progress Report,
May 8; Test Program, May 21; Reliability Plan, MAC Report 8580-3 (Feb. 5,
1962), May 11; Quality Assurance Pian, MAC Report 8580-7 (Jan., 22, 1962),
May 11; Publication Plan of Support Plan, MAC Report 8580-4 (Feb. 2, 1962),
May 16; Validation Testing, May 23, 1962.

Ames Research Center began the first wind tunnel test of the half-scale inflat-
able paraglider wing in support of the Paraglider Development Program. This
was the first test of a large-scale inflatable paraglider wing in the full-scale test
facility. Purpose of the test was to obtain basic aerodynamic and loads data for
the combined wing/spacecraft system and to spot and evaluate potential aero-
dynamic and design problem areas. The flight regimes studied included wing
deployment as well as glide, preflare, and flare. In the last stages of the test, the
sail ripped. Since the basic objectives had already been achieved, and the failure
occurred under conditions more stringent than any expected during flight test-
ing, only minor corrective action was considered necessary and the test was not
repeated. Testing ended July 25; at a paraglider landing system coordination
meeting on July 26, the Ames test program was considered completed.
Quarterly Status Report No. 2, p. 11; Abstract of Meeting on Mechanical Systems,

May 25, 1962; Abstract of Meeting on Paraglider Landing System, Aug. 1, 1962;
“Paraglider Final Report,” pp. 1562-155.

Manned Spacecraft Center concurred in McDonnell’s proposed sequencing
of the paraglider recovery system. In a normal mission, the drogune parachute
(a small parachute to pull the recovery compartment away from the spacecraft
and strip the paraglider from the recovery compartment) would deploy at
60,000 feet, followed by the release of the rendezvous and recovery section at
50,000 feet. Starting at 10,000 feet, all reaction control system propellant re-
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1962 maining after the paraglider had been deployed would be dumped. The para-
May glider wing itself would be jettisoned shortly after touchdown. At this point,
plans called for the paraglider to be used on all Gemini missions except the first.

Abstracts of Meetings on Mechanical Systems, May 19 and 25, 1962; Abstract of
Meeting on Spacecraft-Paraglider Interface, Mar. 2, 1962.

DEPLOYMENT @
ODROGUE CHUTE DEMOYS T \
PARAGLIDER IN RESTRAINEL

POSITION. NOSE GEAR
EXTENDS

INFLATION
PARAGLIDER INFLATES TO

EJECTION APPROXIMATELY 26 PSIG

EJECT AS DESIRED FROM

THIS POINT TO APPROXIMATELY
500 FT ABOVE TOUCHDOWN,
PARAGLIDER RELEASED PRIOR

TO EJECTION, GLIDE

PARAGLIDER BROUGHT TO PROPER
POSITION. REACTION CONTROL
SYSTEM FUEL MANUALLY DUMPED,
ANTENNA SYSTEM SWITCHED TO
DESCENT MODE. UHF TIME-TO-
GO -TO-RESET SWITCHED YO DF
MODE, UHF PEACON ON,

DIVE
POST LANDING AT APPROXIMATELY 250 FT CREW
CREW INITIATED, FLASHING INITIATES DIVE MANEUVER, MAIN
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10-GO -TO-RESET & TAPE AT ANY TIME,
RECORDER OFF, PARAGLIDER

RECEASED, FOOD AND WATER

FOR 48 HRS ELECTRICAL POWER
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FOR 12 MRS, :

4, INLET VALVE MANUALLY
ACTUATED, SUIT FAN ON,
/ CABIN FAN OFF,

FLARE

AT APPROXIMATELY 12) FT
CREW MANUALLY INITIATES
FLARE MANEUVER

Figure 82.—The proposed sequence of cvents in deploying the para-
glider to land thc Qemini spacecraft. (McDonnell, “Project
Gemini Familiarization Manual: Manned Spacecraft Rendezvous
Configuration,” SEDR 300, June 1, 1962, p. 12-8.)

# North American began a test program to qualify the emergency parachute sys-

tem for the half-scale flight test vehicle required for Phase II-A of the Para-
glider Development Program. The first two drop tests were successful (May 24,
June 20) ; but during the third (July 10), the main recovery parachute failed
to deploy. The trouble was analyzed and detailed modifications were worked
out at a meeting on August 16 between North American and Northrop Ventura.
The modifications proved successful in the fourth test (September 4), and
Manned Spacecraft Center concurred with North American in judging the
emergency parachute system for the half-scale test program to be qualified.
Quarterly Status Reports: No. 2, p. 13; No. 8, p. 13; NAA Monthly progress
Letters on Phase II-A: No. 7, July §; No. 8, Aug. 1; No. 8, Sept. 1; No. 10, Nov. 26,
1962.

29 Representatives of McDonnell, Weber Aircraft, Gemini Procurement Office,
Life Systems Division, Gemini Project Office, and U.S. Naval Ordnance Test
Station, China Lake, California, concluded plans for development testing of
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Figurc 33.—The cmergency parachute recovery system jfor
the half-scalc paraglider flight test vehicle for Phase IT-A
of the dcvclopment program. (North American Aviation,
Inc., Space and Information Systems Division, Paraglider
Projects, “Midicrm Progrcss Report, Paraglider Develop-
ment Program, Phasc II, Part A, System Rescarch and
Dcvclopment,” SID 62-391, Apr. 20, 1962, p. 228.)

the spacecraft ejection seat. Requirements peculiar to the Gemini spacecraft, in
particular off-the-pad abort capability, caused the plan to stress testing from a
stationary tower early in the test program. The purpose of these simulated off-
the-pad ejection tests was to investigate the effects of varying the center of
gravity on the trajectory of the ejected seat and to optimize the timing of the
recovery sequence. Tower tests began July 2. They were to be followed by rocket
sled ejection tests to investigate simultaneous ejection with open hatches at
maximum dynamic pressure. Sled tests actually began on November 9, before
tower tests had been completed.

Quarterly Status Report No. 1, p. 21 ; Abstract of Meeting on Ejection Seat Develop-
mental Test Program, June 4, 1962.

A list of the aerospace ground equipment required to handle and check out the
Gemini spacecraft before flight was presented at the first spacecraft operations
coordination meeting.

Abstract of Meeting on Spacecraft Operations, June 5, 1962,

The Air Force School of Aviation Medicine, Brooks Air Force Base, Texas,
began a simulated long-duration Gemini mission. Two men were to live for 14
days in a 100-percent-oxygen atmosphere maintained at a pressure of 5 pounds
per square inch, the proposed spacecraft environment.

NASA-Defense Purchase Request T-8630-G, June 25, 1962 ; Life Systems Division
Weekly Activity Report, June 8, 1962,
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Figure 34.—The “off-the-pad” escape mode for an aborted Geming
migsion. (Charts prcsented by K. Hecht, “Profect Gemini
Familiarization Bricfing,” July 9-10, 1962, unpaged.)

McDonnell was authorized to procure an additional boilerplate spacecraft for
parachute landing system tests. The original plan called for McDonnell to use
the boilerplate spacecraft fabricated by North American for qualification test-
ing of the emergency parachute system for the paraglider drop tests. McDonnell
estimated, however, that modifying the North American boilerplate would cost
from $17,000 to $19,000, whereas a new boilerplate would cost from $10,000 to
$12,000.
Abstract of Meeting on Mechanical Systems, June 8, 1962.

Whirlpool Corporation Research Laboratories, St. Joseph, Michigan, received
a contract from Manned Spacecraft Center (MSC) to provide the Project
Gemini food and waste management system, comprising water dispenser, food
storage, and waste storage components. Food and zero-gravity feeding devices
were to be provided by the U.S. Army Quartermaster Corps Food and Con-
tainer Institute, Chicago, Illinois. MSC’s Life Systems Division was responsible
for directing the development program. ]
Quarterly Status Report No. 1, p. 16; GPO Activity Report, May 28, 1962, pp. 6-7;

letter, William D. Fowler, Whirlpool Corp., to E. L. Michel, MSC-LSD, Subj:
GEMINI Feeding and Waste System—NAS 9-557, Oct. 2, 1962,

Manned Spacecraft Center authorized North American to go ahead with Phase
IT, Part B(1), of the Paraglider Development Program. Letter contract
NAS 9-539 followed. Under this contract, North American was to design, build,
and test an advanced two-man paraglider trainer, to initiate a flight simulation
program for pilot training, and to complete the design of a man-rated Gemini
paraglider wing. The final contract was awarded on October 31, 1962.

Weekly Activity Report, June 24-30, 1962, p. 5; NAA letters, Subj: Contract NAS

9-539, Paraglider Development Program, Phase II, Part B(1), Monthly Progress

Letter No. 1, Aug. 8, 1962; Supplemental Proposal, Contracts NAS 9-167 and
NAS 9-539, Paraglider Phase IT A and Phase II B(1), June 11, 1963, p. 1.

A paraglider full-scale test vehicle Design Engineering Inspection was held at
North American’s Space and Information Systems Division in Downey, Cali-
fornia. The Manned Spacecraft Center inspecting team reviewed the design of
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the full-scale paraglider wing, capsule, and associated equipment, as well as the
test program and schedules for Phase II-A of the Paraglider Development
Program. The team suggested 33 changes, mostly related to hardware.

Quarterly Status Report No. 2, p. 13; NAA Monthly Progress Letter on Phase II-A,
No. 8, Aug. 1, 1962.

Gemini Project Office reported that a thorough study of the reentry tracking
histories of the Mercury-Atlas 4, 5, 6, and 7 missions had been completed. The
study indicated that a C-band radar tracking beacon should be integrated into
the spacecraft reentry section in place of the planned S-band beacon. The
change would improve the probability of tracking spacecraft reentry through
the ionization zone.

GPO Monthly Activities Report, June 25, 1962.

A fter considering Gemini-related investigations that might be carried out with
the help of Mercury, Gemini Project Office and McDonnell decided that the
most useful would be testing heatshield materials and afterbody-shingle char-
acteristics. Samples of the Gemini heatshield were later flown satisfactorily on
the Mercury-Atlas 8 Sigma 7 mission.

Weekly Activity Report, June 24-30, 1982, p. 6; Quarterly Status Report No. 3,
p. T; Abstract of Meeting on Mechanical Systems, June 29, 1962.

McDonnell and North American representatives met for the first time to ex-
change detailed technical information on the installation of the paraglider in
the spacecraft.

Weekly Activity Report, June 24-30, 1962, p. 5; Minutes of Paraglider Installation
Meeting, June 28, 1962.

Martin-Baltimore’s airborne systems functional test stand went into operation
at Baltimore. In this 3000-square-foot facility, all airborne systems in the Gem-
ini launch vehicle—including flight control, hydraulic, electrical, instrumenta-
tion, and malfunction detection—were assembled on tables and benches; actual
engines, but simulated propellant tanks and guidance, were used. In addition
to individual and combined systems tests, the facility was used to check system
design changes and to trouble-shoot problems encountered in other test pro-
grams.

Gemini-Titan II Air Force Launch Vehicle, pp. 4-1, 4-5.

Simulated off-the-pad ejection tests began at Naval Ordnance Test Station. Five
ejections were completed by the first week of August. The tests revealed diffi-
culties which led to two important design changes: the incorporation of a
drogue-gun method of deploying the personnel parachute and the installation of
a three-point restraint-harness-release system similar to those used in military
aircraft. August 6-7 representatives of Manned Spacecraft Center and ejec-
tion system contractors met to review the status of ejection seat design and the
development test program. They decided that off-the-pad ejection tests would
not be resumed until ejection seat hardware reflected all major anticipated de-
sign features and the personnel parachute had been fully tested. Design changes
were checked out in a series of bench and ground firings, concluding on August
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Filgure 35.—Airborne systems functional test stand at Martin's Ballimore plani. (Martin,
Gemini-Titan II Air Force Launch Vehicle, Press Handbook, Feb. 2, 1967, p. 4-3.)

30 with a successful inflight drop test of a seat and dummy. Off-the-pad test-
ing resumed in September.

Quarterly Status Report No. 2, p. 17; Abstract of Meeting on Ejection Seats, Aug. 9,
1962.

Gemini Project Office met with representatives of Manned Spacecraft Center’s
Flight Operations Divisions, McDonnell, International Business Machines,
Aerospace, Air Force Space Systems Division, Lockheed, Martin, Space
Technology Laboratories, Inc. (Redondo Beach, California), and Marshall
Space Flight Center to outline the work to be done before final mission plan-
ning. A center coordinating group, with two representatives from each agency,
was established.

Memo, James F. Dalby to Acting Chief, FOD, Subj: Coordination of Effort of Con-

tractors Performing Guidance and Trajectory Studies for Project Gemini, July 3,

1962.

Martin prepared a plan for flight testing the malfunction detection system
(MDS) for the Gemini launch vehicle on development flights of the Titan II
weapon system. Gemini Project Office (GPO) had requested Martin to prepare
such a plan at the Gemini design review of April 10-11, 1962. Air Force Space
Systems Division and Aerospace approved the plan and won GPO concurrence
early in August. This so-called “piggyback plan” required installing the Gemini
MDS in Titan II engines on six Titan II flights to demonstrate its reliability
before it was flown on Gemini.

Harris, Gemini Launch Vehicle Chronology, pp. 10, 11,
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The capability for successfully accomplishing water landings with either the
parachute landing system or the paraglider landing system was established as a
firm requirement for the Gemini spacecraft. The spacecraft would be required
to provide for the safety of the crew and to be seaworthy during a water land-
ing and a 36-hour postlanding period.

Abstracts of Meetings on Mechanical Systems, July 14, Aug. 7, 1962

Representatives of Gemini Project Office (GPO), Flight Operations Division,
Air Force Space System Division, Marshall Space Flight Center, and Lockheed
attended an Atlas-Agena coordination meeting in Houston. GPO presented a
list of minimum basic maneuvers of the Agena to be commanded from both the
Gemini spacecraft and ground command stations. GPO also distributed a
statement of preliminary Atlas-Agena basic mission objectives and require-
ments. A total of 10 months would be required to complete construction and
electrical equipment checkout to modify pad 14 for the Atlas-Agena, beginning
immediately after the last Mercury flight.
Memo, James A. Ferrando to Chief, FOD, Subj: Information Gathered at Atlas-

Agena Coordination Meeting of July 12, 1062, July 17, 1962; Abstract of Meeting
on Atlas-Agena, July 14, 1962.

A technical team at the Air Force Missile Test Center, Cape Canaveral,
Florida—responsible for detailed launch planning, consistency of arrangements
with objectives, and coordination—met for the first time with official status and
a new name. The group of representatives from all organizations supplying
major support to the Gemini-Titan launch operations, formerly called the
Gemini Operations Support Committee, was now called the Gemini-Titan
Launch Operations Committee.
Minutes of Meeting of Gemini-Titan Launch Operations Committee (GTLOC),

July 13, 1962 ; memo, George E. Mueller to Webb, Subj: Development of the Gemini
Launch Vehicle, with enc., “The Gemini Launch Vehicle,” Dec. 8, 1965, p. 1.

To ensure mechanical and electrical compatibility between the Gemini space-
craft and the Gemini-Agena target vehicle, Gemini Project Office established
an interface working group composed of representatives from Lockheed,
McDonnell, Air Force Space Systems Division, Marshall, and Manned Space-
craft Center. The group’s main function was to smooth the flow of data on
design and physical details between the spacecraft and target vehicle contractors.

Message, Chamberlin to Marshall et al.,, Subj: Establishment of a Target Vehicle/
Spacecraft Interface Working Group, July 13, 1962.

Gemini Project Office and North American agreed on guidelines for the design
of the advanced paraglider trainer, the paraglider system to be used with static
test article No. 2, and the paraglider system for the Gemini spacecraft. The most
important of the these guidelines was that redundancy would be provided for
all critical operations.

Abstract of Meeting on Paraglider Landing System, July 21, 1962,

NASA Administrator James E. Webb announced officially that a new mission
control center for manned space flight would be established at Manned Space-
craft Center (MSC) in Houston. Project Mercury flights were controlled from
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the center at Cape Canaveral, but these facilities were inadequate for the more
complex missions envisioned for the Gemini and Apollo programs. Philco
Corporation’s Western Development Laboratories, Palo Alto, California, had
received a contract in April 1962 to study a design concept for the flight infor-
mation and control functions of the mission control center. The U.S. Army
Corps of Engineers would supervise construction of this center as it had all
major facilities at MSC. The control center was expected to be operational in
1964 for Gemini rendezvous flights and to cost about $30 million.

NASA Press Release No. 62-172, July 20, 1962.

McDonnell reported reducing the rated thrust of the two forward-firing
thrusters from 100 pounds to 85 pounds to reduce disturbance torques generated
in the event of maneuvers with one engine out.

Quarterly Status Report No. 3, p. 15; McDonnell, “Project Gemini Monthly Prog-
ress Letter Report, 26 June 1962 thru 25 July 1962,” undated, p. 17.

A reliability review of the Titan IT launch vehicle engine system was held in
Sacramento, California, at Aerojet-General’s Liquid Rocket Plant, the site
where the engines were being developed. Gemini engines had to be more reliable
than did intercontinental ballistic missile (ICBM) engines. This requirement
meant supplementing the ICBM engine reliability program, a task being per-
formed by Aerojet under Air Force Space Systems Division direction.

Quarterly Status Report No. 2, p. 26.

Lockheed presented study findings and design recommendations on the Agena
D propulsion systems to representatives of Marshall, Manned Spacecraft Cen-

Figurc 36.—Thc emcrgency parachute recovery system for the
full-scale peraglider fight test vchicle. (North American
Aviation, Inc., Spacc and Information Systecms Division, Para-
glider Projects, “Midtcrm Progress Rcport, Paraglider De-
velopment Progrem, Phase IT, Part A, Sysiem Research and
Devclopment,” SID 62-391, Apr. 20, 1962.)
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PART T—CONCEPT AND DESIGN

ter, and Air Force Space Systems Division in a meeting at Houston. During
July, NASA and the Air Force had tentatively decided to substitute the Agena
D for the Agena B in the Gemini program. Lockheed’s presentation at Houston
was the final report on the analysis phase of the Gemini-Agena effort. It
included Lockheed’s evaluation of the designs of both the primary and second-
ary propulsion systems and its analysis of tests on the start system of the
multiple-restart main engine recently completed by Bell Aerosystems Company,
Buffalo, New York, the engine subcontractor. A pressurized-start tank system
was selected in September.
Quarterly Status Reports: No. 2, pp. 25-26; No. 3, p. 31; Lockheed Report
LMSC—447186-26, Medium Space Vehicles Programs Monthly Progress Report,
August 1962, Sept. 20, 1962, pp. 9-10 (hereafter cited as Lockheed Agena Monthly
Report) ; Lockheed, LMSC-A766871, Gemini Agena Targel Press Handbook, Feb. 15,
19686, p. 3-1.

North American began a test program to qualify the emergency parachute
recovery system for the full-scale test vehicle in Phase II-A of the Paraglider
Development Program. The first test was successful. In the second test (August
22), one of the three main parachutes was lost after deployment, but no damage
resulted. In the third test (September 7), only minor damage was sustained
despite the loss of two parachutes. The test series ended on November 15 when
all recovery parachutes separated from the spacecraft immediately after deploy-
ment and the test vehicle was destroyed on impact. Manned Spacecraft Center
decided to terminate this portion of the test program but directed McDonnell
to supply North American with a boilerplate spacecraft for further tests at a
later date.

Quarterly Status Reports: No. 2, p. 13; No. 3, p. 13; NAA Monthly Progress Letters
on Phase II-A: No. 9, Sept. 1; No. 10, Nov. 26; No. 12, Dec. 31, 1062,

At a meeting in Los Angeles, the Air Force described to Gemini Project Office
its plans for converting complex 14 at Atlantic Missile Range, Cape Canaveral,
Florida. Complex 14, the site of Mercury launches, would be modified for Project
Gemini operations as the target vehicle launch site. The Air Force accepted
the responsibility for funding, designing, modifying, and equipping the complex
to an Atlas-Agena configuration. This action was scheduled as follows: prelimi-
nary design criteria by September 1 and final design criteria by October 1, 1962.
Mercury Project Office reported that complex 14 would be available for Gemini
on September 1, 1963.

Quarterly Status Report No. 2, p. 27.

Flight Control Operations Branch of Manned Spacecraft Center’s Flight Op-
erations Division outlined a program of training for Gemini flight controllers.
This program included: (1) contractor in-plant training, a one-month course
of instruction at McDonnell through which would cycle three classes of 10-15
persons and which would include three weeks of detailed systems training, one
week of hardware training, and McDonnell drawing-standard familiarization;
(2) individual training of flight controllers in systems and network opera-
tions, systems updating, and practical exercises; (3) team training, to include
site training, for supporting personnel teams, command site teams, and remote
site teams; and (4) network training in the control, communications, and deci-
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sion-making aspects of the network flight control organization, and in detailed
checkout of operational procedures, countdowns, systems tests, and network
equipment. Because of experience in the carlier program, Mercury flight con-
trollers would be assigned as flight controllers for Project Gemini, although
their numbers would be augmented to meet the increased demands of the ad-
vanced program.

Memos: Eugene F. Kranz to Chief, FOD, Subj: Personnel Training Plan and

Requirements for Project Gemini, Aug. 9, 1962 ; Christopher C. Kraft, Jr., to Man-
ager, GPO, Subj: Flight Controller Support for Project Gemini, Aug. 20, 1962.

North American began flight tests of the half-scale test vehicle (HSTV) in
Phase IT-A of the Paraglider Development Program two months behind sched-
ule. The instrumented HSTV with the paraglider predeployed was towed aloft
by helicopter. Objectives of the predeployed flights were to evaluate flight per-
formance, longitudinal and lateral control characteristics, effectiveness of con-
trol, and the flare maneuver capability of the paraglider. Despite various minor
malfunctions in all five test flights (August 14, 17, 23, September 17, and Octo-
ber 23, 1962), test results verified the stability of the wing/vehicle combination
in free flight and the adequacy of control effectiveness.
Quarterly Status Reports: No. 2, pp. 11-12; No. 3, p. 11; NAA Monthly Progress

Letters on Phase II-A: No. 9, Sept. 1; No. 10, Nov. 26; No. 12, Dec. 31, 19682;
“Paraglider Final Report,” pp. 184-188.

Manned Spacecraft Center (MSC) formally reviewed McDonnell’s engineering
mock-up of the Gemini spacecraft in St. Louis. The company had begun build-
ing the mock-up in January, shortly after receiving the spacecraft contract.
Mock-up review had originally been scheduled for mid-July, but informal exam-
inations by MSC representatives, including James A. Chamberlin and several
astronauts, had produced some suggested changes. The review itself resulted
in McDonnell’s receiving 167 requests for alterations. MSC inspected the revised
mock-up in November.
Memo, James W. Bilodeau to Project Gemin{, Subj: Evaluation of Gemini Mockup,
July 2, 1962; MSC Minutes of Senior Staff Meeting, July 6, 1962, p. 6; Quarterly
Status Reports: No. 2, pp. 3-5; No. 3, p. 3; “Project Gemini Mock-up Review, Aug.
15-186, 1962,” Aug. 28, 1962; McDonnell Report 9031, “Project Gemini Engineering
Mockup Review,” Aug. 15-16, 1962 ; Lindley interview.

The Air Force and NASA agreed to use a standard Atlas space booster for the
Gemini program, sharing the development cost equally. Ground rules for the
standard Atlas space booster (which was then being developed by the Air Force)
were (1) no new development program, (2) rearranging equipment in the pad
for standardization, (3) eliminating splices, (4) combining electrical installa-
tions, (5) minimizing differences between programs, and (6) incorporating
known reliability improvements. Conversion of the Atlas intercontinental
ballistic missile to the Atlas space booster would require (1) a fully-qualified
engine up-rated from 150,000 to 165,000 pounds of thrust, (2) elimination of
vernier rockets to lower use of propellants, (3) standard tank pressures, (4)
standard pneumatic pressures, (5) elimination of retrorockets, and (6) stand-
ard range safety package. The first standard vehicle was expected to be avail-
able in September 1963.

Abstract of Meeting on Atlas/Agena, Aug. 22, 1962,
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Figure 37.—Two McDonncll technicians cxamine the engincering mock-up of the Gemini
spacccraft, cxhidited to 140 industry and NASA representatives in St. Louls on August
15-16, 1962. (McDonnell Photo D4E-257884, no dale.)

The Agena status displays were reviewed and eight were approved. These dis-
plays comprised seven green lights which, when on, indicated that various
functions of the Agena were satisfactory. The eighth, a red light, would go on to
indicate main engine malfunction. Gemini Project Office also approved the list
of commands required to control certain Agena functions during rendezvous
and docking maneuvers by the Gemini spacecraft. The primary mode of com-
mand transmittal was expected to be by radio. The Gemini commands to Agena
were reviewed on September 13-14, resulting in a list of 34 minimum commands
to be initiated from the spacecraft during the Gemini rendezvous maneuver.

Abstracts of Meetings on Atlas-Agena, Aug. 16, Sept. 24, 1962,

Gemini Project Office initiated a program to coordinate and integrate work on
developing Gemini rendezvous and long-duration missions. This program was
handled by a mission-planning and guidance-analysis coordination group,
assisted by three working panels.

GPO Actlvity Report, Aug. 27, 1962.

At a spacecraft production evaluation meeting, Gemini Project Office and
McDonnell revised the projected launch date of the first Gemini flight from
August to September 1963. Delays in the delivery of components from vendors
caused the revision. The first manned flight (second Gemini mission), however,
was still scheduled for November.

Abstract of Coordination Meeting on Production Evaluation, Aug. 31, 1962.

Gemini Project Office outlined plans for checking out the Gemini spacecraft at
Cape Canaveral. Gemini preflight checkout would follow the pattern established
for Mercury, a series of end-to-end functional tests to check the spacecraft
and its systems completely, beginning with independent modular systems tests.
The spacecraft would then be remated for a series of integrated tests culminat-
ing in a simulated flight just before it was transferred to the launch complex.
To implement the checkout of the Gemini spacecraft, the Hangar S complex
at Cape Canaveral would be enlarged. Major test stations would be housed in
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1962 Hangar AF, an existing facility adjacent to Hangar S. The required facilities
August were scheduled to be completed by March 1, 1963, in time to support the check-
out of Gemini spacecraft No. 1, which was due to arrive at the Cape by the end

of April 1963,

Quarterly Status Report No. 2, pp. 35-36; Abstracts of Meetings on Spacecraft
Operations, Aug. 13 and 29, 1962.

Figure 38.—Proposed layout of

LAUNCH Gemini facilities at Cape

Cenaveral. (McDonnell, “Prof-

cct Gemini Enginecring Mockup

« MILES Review,” Aug. 15-16, 1962, p.
l 168.)

3 MILES

During Rocketdyne completed designing and fabricating prototype hardware for both

m‘:’:‘b spacecraft liquid propulsion systems and initiated testing of the reaction control
system. Test firing of the 25-pound-thrust chambers revealed nozzle erosion
causing degradation in performance after one third the specified burn time.

Quarterly Status Report No. 2, pp. 16-17; Rocketdyne mimeo, “Gemini Propulsion
by Rocketdyne—A Chronology,” May 15, 1967, p. 9.

September George W. Jeffs became Program Manager of the Paraglider Development
I Program at North American. He replaced N. F. Witte, who remained as
Assistant Program Manager. This organizational change reflected the elevation
of work on paraglider from project to program status within North American’s
Space and Information Systems Division. The paraglider program achieved
operating division status three months later when Jeffs was appointed Vice

President of Space and Information Systems Division.

NAA Monthly Progress Letters on Phase II-A: No. 9, Sept. 15, 19862; No. 13,
Jan, 18, 1983.

4 Gemini Project Office directed McDonnell to provide spacecraft No. 3 with
rendezvous radar capability and to provide a rendezvous evaluation pod as a
requirement for missions 2 and 3. Four pods were required : one prototype, two
flight articles, and one flight spare.

Abstract of Coordination Meeting on Electrical Systems, Sept. 7, 1962,

5 For Gemini rendezvous missions, Manned Spacecraft Center intended to launch
the Agena target vehicle first, If conditions were normal, the spacecraft would
be launched the following day.

Abstract of Meeting on Trajectories and Orbits, Sept. 26, 1962,
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Figure 39.—Planned scquence of events for a Gemind mission. (McDonnell, “Project Gemini
Enginecring Mochkup Review,” Aug. 15-16, 1962, p. 23.)

A study group formed at the Gemini mock-up review of August 15-16 met to
review the ejection seat development program. McDonnell reported the success-
ful completion of redesign and testing which cleared the way for resumption
of off-the-pad developmental testing. McDonnell described the major outstand-
ing design task as the determination of the dynamic center of gravity of the
seat-man combination under expected acceleration profiles.

Abstract of Meeting on Ejection Seats, Sept. 11, 1962,

Simulated off-the-pad tests of the redesigned Gemini escape system resumed
with test No. 6. Test No. 7 followed on September 20. Though primarily suc-
cessful, these tests revealed some problems, The seat-structure thrust pad
required reanalysis and redesign. Simulated off-the-pad testing was temporarily
halted until a final configuration rocket catapult became available. A rocket
motor test on January 4, 1963, demonstrated the structural integrity of the
thrust-pad area, and simulated pad ejection tests resumed the following month.

Quarterly Status Reports: No. 3, p. 18; No. 4 for Perlod Ending Feb. 28, 1983,
p. 18; Abstracts of Meetings on Ejection Seats, Sept. 20, Oct. 3, 1962.

A coordination meeting on mission planning and guidance defined the first
Gemini mission as a spacecraft maximum-heating-rate test. As many spacecraft
systems as possible were to be tested, to allow the second flight to be manned.
A meeting between Manned Spacecraft Center and McDonnell on September 18
established the ground rules for the first mission: the trajectory was to be
ballistic with a range of about 2200 miles; primary objective was to obtain
thermodynamics and structures data; secondary objective was partial qualifica-
tion of spacecraft systems.
Abstract of Meetings on: Mission Planning and Guidance, Sept. 26; Electrical

Systems, Sept. 26, 1962; McDonnell, “Project Gemini Mission Plan, Spacecraft
No. 1,” Sept. 14, 1962,
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Figure 40.—McDonnell's proposed sequence of events for the first Gemini mission. (McDon-
nell, “Project Gemini Mission Plan, Spaccoraft No. 1,” Sept. 14, 1962, p. 1.)

At the University of Houston’s Cullen Auditorium, Director Robert R. Gilruth
of Manned Spacecraft Center (MSC) introduced the nine men who had been
selected for the MSC flight crew training program for Gemini and Apollo
flights. Of the nine, four were from the Air Force, three were from the Navy,
and two were civilians. From the Air Force were Major Frank Borman and
Captains James A. McDivitt, Edward H. White II, and Thomas P. Stafford.
The Navy volunteers were Lieutenant Commanders James A. Lovell, Jr., and
John W. Young, and Lieutenant Charles Conrad, Jr. The two civilians were
Neil A. Armstrong and Elliot M. See, Jr.

Quarterly Status Report No. 2, p. 29.

ACF Electronics delivered an engineering prototype radar beacon to MeDon-
nell. An engineering prototype C-band beacon had operated at ACF Electronics
under simulated reentry conditions with no degradation in performance.

Quarterly Status Report No, 8, p. 24.

Life Systems Division reported on continuing studies related to extravehicular
operations during Gemini missions. These included evaluation of a superinsula-
tion coverall, worn over the pressure suit, for thermal protection; ventilation
system requirements and hardware; and methods of maneuvering in proximity
to the spacecraft.

Abstract of Meeting on Mechanical Systems, Sept. 21, 1962,

A preliminary design criteria review conference for complex 14, held in Los
Angeles, resulted in ground rules for all contractors. Target dates established
were (1) stand availability, July 1, 1963; (2) estimated beneficial occupancy
date, November 1, 1963; and (3) vehicle on-stand date, February 1, 1964.
Complex 14 would be used for launching the Gemini-Agena target vehicle and
the Mariner spacecraft, but basic modifications would be primarily for the
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Gemini program. On November 15, 1962, Air Force Space Systems Division
reviewed the criteria summary report for complex 14 modifications and sug-
gested only minor engineering changes.

Quarterly Status Report No. 3, pp. 33-34.

Air Force Space Systems Division revised the Development Plan for the
Gemini launch vehicle. The budget was raised to $181.3 million. Cost increases
in work on the vertical test facility at Martin’s Baltimore plant, on the con-
version of pad 19 at Cape Canaveral, and on aerospace ground equipment had
already generated a budget increase to $172.6 million during September. The
new Development Plan also indicated that the first launch date had slipped to
December 1963.
Minutes of Project Gemini Management Panel Meeting held at MSC, Nov. 13, 1962;

letter, Col. R. C. Dineen to MSC, Subj: Budget Requirements for Gemini Launch
Vehicle, Oct. 4, 1962 ; Harris, Gemini Launch Vehicle Chronology, p. 12.

Manned Spacecraft Center (MSC) published the Gemini Program Instrumen-
tation Requirements Document (PIRD), the basis for integrating the world-
wide Manned Space Flight Network to support the Gemini program. In
compiling PIRD, MSC had received the assistance of other NASA installations
and Department of Defense components responsible for constructing, maintain-
ing, and operating the network.

Quarterly Status Reports: No. 2, pp. 28-29 ; No. 3, p. 35.

At a mechanical systems coordination meeting, McDonnell presented its final
evaluation of the feasibility of substituting straight tube brazed connections for
threaded joints as the external connections on all components of the spacecraft
propulsion systems. McDonnell had begun testing the brazing process on
June 26, 1962. Following its presentation, McDonnell was directed to make the
change, which had the advantages of reducing leak paths and decreasing the
total weight of propulsion systems.

Quarterly Status Report No. 3, p. 15; Abstracts of Meetings on Mechanieal Systems,
June 29, Oct. 25, 1962; “Gemini Propulsion by Rocketdyne,” pp. 8-9.

McDonnell and Lockheed reported on radiatio