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ABSTRACT

AN ANALYTICAL STUDY OF THE INTERACTION OF TECHNOLOGICAL
AND ADMINISTRATIVE DECISION-MAKING IN THE DEFINING OF MARS

PROJECT VIKING
James Francis McNulty

An engineering and administrative systems study is made of the
definition of ASA's 1975 Mars landing'project. The work performed at
NASA's Langley Research Center in the years 1964-1969 from initial
probe studies t- liander hardware commitment is described. The focus

is on the technical staff, its contributions and its interactions with

Langley management, Washington NASA Headquarters, and other NASA Centers.

The workings of the technical-administrative systems are analyzed by
utilization o formal system concepts. An appendix documenting the
technciogy base developed in this period is included.

The main body of the work, the Narrative, follows the progress
of tne program through (1) the Voyagir y:ars wnere Langley's roles were
first that of consultant to the Jet . .opulsion Laboratory on entry prob-
lems and then manager of the Voyager entry system and (2) the Viking
years where Langley undertook the total project responsibility. The
Narrative staris by describing Langley's operations in the pre~Mars
yeare--working environment, management policies, sketches of pertinent
personalities, contributions to Apollo=--to furnish the necessary back-

ground for an understanding of the technical-administretive interplay
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during the Mars studies. The Mars years, viewed from the vantage

point of a member of the technical staff, traces the definition of the
mission and the administrative responsibilities as influenced by the
technological challenges, Langley Research Center's anda NASA Headquarter's
interests, and forces external to NASA such as Congress and the scien-~
tific community. 7Two principal contributions of the technical staff--
+he defining of entry and landing mission mode, and the total system
definition of launch vehicle, spacecraft, and lander--are presented in
technical depth to delineate the engineering systems methodology devel-
oped. The Analysis portion examines the workings of the technical
staff, of the technical staff-Langley administration operation, and
the technical staff-Langley-NASA interactions. Formal concepts pro-
posed by physical and behavioral scientists are utilized to analyze

(1) the means by which a researcher makes a major contribution, (2) the
performance of the technical staff, (3) the opera.ion of Langley's
management system, and (L) the efficacy of NASA project decisions.
Similarities are noted in the methods utilized at Langley in contribu-
ting to the Apollo and Viking projects. Conclusions are drawn on the
basis of the Anelysis regarding why and how Langley Research Center's
staff was able to make major contributions to project hardware defini-

tion although the Center's primary function is research.




PREFACE

The NASA, starting in the late 1950's and carrying through the
1960's, faced and mastered many complex challenges of large size
projects such as Mercury, Gemini, Surveyor, Lunar Orbiter and Apollo.
The size and complexity of these challenges necessitated NASA to
utilize its tecrwological capability together with administrative ;
procedures in a new way which is now commonly termed "aerospace
technology." Berause of the success of the space program, considerable
attention has been given to the "aerospace technology" and transferring
its methodology to attacking problems in the civil sector, i.e. mass
transportation, pollution, urban problems, etc. The success has also
attracted attention in the management area and investigations have
been made to study and document the management techniques used to
allow their exploitation in other fields. These studies were carried
out by schools or authorities in management and, for the most part,
have concentrated on the management decision making and have treated
the technical aspects only incidentally. For this reason, it is felt
that there is a gap in the literature--that of presenting the technical
and managerial problems of a large scale project from the point of
view of the engineering or technical staff level.

In an effort to broaden the hase of project management studies,
thie dissertation (using the NASA Mars lander program as the case in
point) wiil focus on the technical aspects--both definition and

execution--with the role of man=ze=~~t vievwed as (a) supportive of the
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technical staff (b) expansive or constrictive regarding technical
options and (c) directive toward technical approach. It is conceded
that the work presented herein will tend to be biased in favor of the
importance ¢f the technical staff's contribution; however, it ig felt
that a description and analysis of the entire systems operation from
the vantege point of cone intimately asscciated with the technical
details 1s a singular approach worthy of consideration. The objectives
of this dissertation will be:

1. To present the technical problems and their solutions by the
technical staff in sufficient detail to demonstrate the derivation of
the essential technological base for mission definition.

2. To detail Low the technological base impacts on administrative
decision making and, vice versa, how administrative decisions impacts
on the technological base.

3. To apply basic formal administration and engineering system
concepts to the technical staff's actions and to the technical staff-
administrative interactions so as to form a conceptual framework for
explanation and analysis of the system's operation.

The focus of this study will be the Langley Research Center--its
technical and administrative staffs. The dissertation will detail
Langley Research Center's efforts in support of a scientific investi-
gation of Mars; in particular, how Langley entered into studies of the
problem, how Langley organized and carried out its assiguments, and
its participative role in defining a national project. It will concern

itself with such topics .s concept formulation and technical
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s - 7 SR 5.



approach; the definition and solution of critical problem areas; team
organization and cohension; Langley interfaces with other NASA Centers,
Headquarters, and industry; decision making at all levels, and the evo-
lution of an acceptable program through the many perturbations in direc-
tion from Headquerters and Congress.
This evolution of the program and Langley's participation will be
tracked through its following phases:
The Saturn 1B/Centaur "Voyager" Phase (196L-1965)
During this phase, Langley's responsibility was primarily
that of a consultant on the entry problem and technology
development. The Jet Propulsion Laboratory was responsible
for all mission hardware for a 1971 launch. This modest mis-
sion was terminated by NASA and replaced bty the large scale...
The Saturn V "Voyager" Phase (1966-1967)
Langley assumed responsibility for the entry system hardware.
The overall mission was to be managed by NASA Headquarters.
The scheduled launch data of 1971 slipped to 1973 because of
Congressional funding priorities and later was cancelled by
Congress in its entirety for the same reason.
The Titan/Centaur "Viking" Phase (1968-1969)

Langley assumed responsibility for the enitre mission manage-

it s SN

ment and hardware. Funding problems necessitated a revision

G

in launch date from 1973 to the presented scheduled 1975.
The writer was continuously involved in Mars studies from their

inception at Langley in 1964 until a firm contract was avarded to
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Mar+in Mariet*a in 1969 to carry out the Mars landing. My roles
were such that they afforded me a microscopic view of work and decisions
at the technical level and a macroscopic view of the administirative
decisicn making at the highest NASA levels. At the time when Mars
studies were initiated at Langley, I was made responsible for systems
integration (a role which continued throughout the entire period)
which required me to understand all technologies and their interfaces.
This role, incidentally, made me a focal point for the effort eand
furnished me with an overall view of all the teshrolcgies and their
meshing, tecnnically arnd administratively. In addition to this pro-
Ject recponsibility, I, as a first-line supervisor in my Division
(Engineering) was directly responsible for supervising the structural
design, subsystem integration, and system analysis portions of the
work. As a result, I became acquainted with and worked closely with
tachnology specialists in variocus disciplines throughout NASA and
industry.

Other roles assigned to me during this period which increased my
appreciation of the many facets of the problems were:

(1) Secretary of Langley's Planetary Missions Technology Steering

Committee which was responsidble for making recommendations to top

Center management.

(2) Member of NASA intercenter Mariner Mars 1971 Probe Workiug

Group.
(3) Author of technical work statements for industry-wide contract

competition.
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(4) Member of NASA evaluation boards for contractor selection.

(5) Technical Representative of the Contracting Officer on Mars
studies - responsible for approving contractor performance.

The dissertation will be divided into three parts: Narrative,
Analysis, and Appendix. Part I, the Narrative, will have a straight
expository, historical base relating the key technological advances
and key decision points within the human technical staff-administrative
interactions so that the reader can obtain a broad appreciation of all
aspects of the project's development; the narrative will be divided
into chapters, each describing, ncrmally, a year's effort, Part II,
the Analysis, will analyze how the technical and administrative system
worked by examining the systems and decisions within the framework of
formal concepts and theories. Part III, the Appendix, will contain,
mainly, the documentation of the development of the pervasive
technology base.

Thus, in effect, this work will reflect an insiue view from the
technical staff level of hcw an approximate billion dollar project
reached fruition through many technological challenges and edminis-
trative course redirections. It is believed that the presented
material represents a significant addition to the literature on
project management in that its approach is fundamentally that of the
influence of the engineering input on administrative decision
making and program definition.

The dissertation is the result of a cooperative endeavor c?

Union College and Langley Research Center. BEoth institutions have
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given me full enconragement tnroughout the four year period for academic
course work, research, and dissertation preparation. In particular,
appreciation is owed to my immediate supervisor at Lengley Reseai -
Center, Mr. Ken Bush, and to my co-advisors at Union College, Dr. Gardner
Ketchum and Dr. Robert Sharlet; withcut their unu.tinting support and ai-i,
this dissertation could not have been writter.

Finally, this dissertation is dedicated with love to my wife for

her understanding and positive attitude which sustained me throughout.
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CHAPTER I

INTRODUCTION-~-THE PRE-MARS YEARS

Langley Operation 1915 - 196k

Before proceeding into the mainstream of the Mars studies, it is
essential to define the "sentimen’cs"l (ideas, beliefs, or feelings
about the work and others involved in it) of the organization and of
the people in it because these sentiments influence the course of
Langley management and its technical staff. To explain these senti-
ments, it is necessary to look at the orgeanization in its prior NASA
days and to trace its progress and its driving forces until we reach
the initiation of the Mars studies.

In 1915, Congress created a Government organization to be known
as the National Advisory Committee for Aeronautics (NACA) with the
charter "to supervise and direct the scientific study of the problems
of flight, with a view to their practical solution," and also to
"direct and conduct research and experiments in aeronautics." The act
specified that NACA be governed by a committee appointed by the Presi-
dent and that it report directly to the Preaident. Twenty-eight
years later Dr. Karl T. Compton of MIT, in a 1943 address to British
scientists described the NACA as "... unique among our Federal

scientific agencies, in that its controlling body is a Committee which

lL&vrence, Paul R. and Seiler, John A., Organizational Behavior
and Administration, (Homewood, Illinois, Richard D. Irvin, Inc.

and the Dorsey Press, 1965) pp. 154-161.
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serves without salary and has been composed of men of such high
character and distincticn as to render it completely free from
political influence."2

One of the first decisions of the committee was that e well
equipped laboratory was essential to its work. A tract of land near
Hampton, Virginie fronting on Back River, an estuary of Chesapeake
Bay, was purchased in 1916 and the property was named "Langley Field."
An office building and wind tunnel were constructed shortly there-
af+ter and formally opened in ledication exerciges in June 1920. This
was the seed fron: wvhich several HACA Centers originated in the follow-
ing decades and which, in turn, served as the nucleus for NASA in
1958.

The early years, prior to NACA expansion in preparation for the
oncoming World War I1I, were a period of slow but steady growth.
Facilities and a competent staff were gradually built up. Xey men,
leaders in research, were carefully selected and put in jJobs where
their abtility would find its opportunity. By 193C, Langley was the
recognized leader in ameronautical research world-wide. In 1936,
Langley had grown to a staff of 370 with 10 wind tunnels and war
clouds wer~ gathering. The years between 1939 and 1946 were years of

comparatively rapid growth. From 1939 to 1941, two new laboratories

2Gray,‘Geqrge W., Frontiers of Flight, (New York, Alfred A. Knopf,

1948) p. 11.
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(Ames at Moffet Field, Californin and Lewis at Cleveland, Ohio) Jere
authorized and Langley was expanded. With the attack on Pearl Harbor,
the United States' aeronautical position was in & crisis condition;
daring proposals for the developmant of military aircraft were being
made by the Army and Navy. Complex problems were being referred to
NACA for solution. Additional men and facilities were required; a
large construction program and a recruitment program were undertaken.
During this pericd, NACA temporarily put aside basic research and
cencentrated on studies of military aircraft; at one time, there were
78 different types of aircraft under investigation. In addition, NACA
was requested to investigate guided missiles and Langley acquirel a
tract of land. Wallops Island, on the Atlantic side of the Virginia
Eastern Shore as a test site. A missil. iaunch site was constructed
on Wallops Island and a new type of research came under Lenglay's
cognizance. At the war's end, NACA's resources could be tabulated as
follows:

(1) A staff of 6,80k, approximately 50% professional, =-- 3,253
at Langley, 8Ll at Ames, 2,572 at Lewis, &nd 135 at the Washington
Office.

(2) Laboratory installations represented an outlay of $85,000,000
in three centers as against $12,000,000 in one center in 1939.

It 18 also worth noting that the NACA effort during the war
years vas primarily an "in-house" effort; NACA sponsored research,

mostly to universities, totalled only $1,500,000 from 1940 to 1946.



I returned to Langley from military service in 1946 after having
previously worked for several months at Langley as a Civil Engineer
during the construction expansion following graduation from Union
College in 19LhL, NACA's table of organization at this tine is shown
in Figure I-1. I was reassigned to the Construction Engineering
Section of the Engineering Services Division as a structural engineer
to assist in the design and construction supervision of new facilities.
The section consisted of approximately 50 engineers and designers
divided into three groups~-mechanical, structural, and architectural--
and was responsible for a construction budget of five to ten nillion
dollars per year; again, all design work was done in-house as were
the contracting and construction inspection.

The management philosophy at that time is worthy of examination.
The center was, for all practical purposes, an independent operating
entity controlled by first generation aeronautical researchers with
the individual researcher furnishing the basic input into the programs
which Langley would carry out. Promotions were slow, salaries were
low, and emphasis was placed on worthwhile research, Facilities
were excellent and constantly upgraded. Status within the profession
was high. Challenges were great--frontiers in transonic and super-
sonic flight were under investigation. As mentioned previously,

NACA was an independent agency reporting to the executive branch.
Its yearly budget vas in the order of $200,000,000 and usually passed
Congress without controversy--presumably because the budget was not

sufficiently large to attract undue attention and because the
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reputation of the agency was good. The Washington office was small
and served the centers rather than vice versa. The funds were funnelled
to the centers and utilized where the centers themselves deemed
appropriate. The younger engineers, recruited into the center cduring
the war years, were socializea into the system by the senior engineers
and, in the most part, remained loyal to, and did not question, tle
system. The engineer who did not fit the system quickly left on his
own accord (turncver was extremecly swall). All in all, it was an
efficient, paternal organization, somewhat remote and "ivory-towerish,"
manned by twc distinct groups--the few senior engineers from the

1920's and early 1930's and the many young engineers hired in the late
1930's and early 19LQ's.

From the end of World War to "Sputnik" in 1957, NACA operated in a
near "status quo"” mode as outlined above. Promising ongineering
graduates wvere hired annually to replace engineers leaving the agency
so that by 1957 a few of the engineers hired during the 1939-19L6
expansion period had moved intc positions of middle management although
their primary responsibility remained technical rather than adminis-
trative; administrative work remsined minimal and the center operated
more or less on its own policies. There were minor organization
changes in this period and the Pilotless Aircralt Research Division,
charged with research responsibility on guided missiles, in--eased
somevhat in size and importance relative to the rest of the organiza-
tion.

The flight of Sputnik might have thocked the United States but
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ity effect on NACL could only he e -ed revolutionary. Funds poured
int> NACA tc push spece science--# ‘ eld in whici only a tiny minority

were working. Young engineers i . .ned funds to develop launch

vehicles &and spacecreft for «.': :.pes of space study--atmospheric
“nwyaics, thermal heatiny. -_..0 .. cations, etc The organizational
system remtod weyl B .+.. zr staff remained in control; it

co-opted the new discitiiie and gave the younger engineers the freedom
to investigate the ne+ “ochnolcgy including studies of how to put a
man in orbit. On July 29, 1958, President Eisenhower signed the
Naticnal Aeronautics and Space Administration Act and on Octoter 1,
1958, the Netional Aeronautics and Space Adminis*ration was formed
with NACA as the nucleus

President Eisenhower approved "Project Mercury" which committed
NASA to put a man in earth orbit. The Langley group woerking un the
project was separated administratively from Langley and given the name
of Space T;sk Group (STG) with Dr. Gilruth as head. Astronauts were
selected and assigned to STG. S7G, with mission responsibility,
expanded and Langley took over the job of developing the technology
to support the mission. Many of the amhitious and adventuresome
aeronaut.ical engineers transferred from Langley to STG during this
period. As Project Mercury was too large for STG to handle by itself,
many elements vere "subcontracted” to various NASA Centers. For
example, the building of the worldwide communications network vas
delegated to Langley. It vas at this time that I was introduced to

the Aerospace world. I vas made project engineer for constructing
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sites at Bermuda and in the Canary Islands. Another group ot Langley
facility design engineers were pressed into service of conducting
ground and flight ¢ests of preliminary Mercury hardwar=. In this
nenner, the Enginecring Services Division in which I worked was split
about in half--half suppcrting, flight projects and half working on
ground facility design.

This arrangement continued throughout the years 1958 to 1961--
the carrying cut of Project Mercury, “he develcpment work on Project
Gemini, and the commitment in 1961 for ProJect Ap~ilo at which time
STG became the Murned Spacecraflt Center (MSC) with permanent facilitiec
in Houston, Texas. As MSC built up in 1962 and 1963, there was less
need for "subcontracting" to other Centers so that while Langley was
still heavily involved in developing Apollc technology, personnel
were being "freed-up” to work on research problems in much the same
manner, and under the samc management, as in pre-NASA days. A major
change, however, had occurred in the type cof research problem to be
investigated. CSpace research had become an equal vartner with
aeronautical research; this was recognized even at the engineering
level vhere the Engineering Services Division was reorganized into
tvo divisions--the Flight Vehicles and Systems Division-~FVSD--(for
space projects) and the Research Models and Facilities Division (for
ground-based projects).

The "sentiments" at Langley in 196L4 at the initiation of Mars

studies could then be surmarized as:

[
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(1) Top management was research oriented, conservative, and
protective of their independence from Weshington Headquarters.

(2) Middle managemeni had much the same sentiments and was research
task discipline oriented. A sprinkling of middle managers, however,
had enjoyed the challenge and exreriences associated with working with
contractors cn large aerospace projects and were interested in
broader systems problems.

(3) The engineers themselves were a more sophisticated group
than ten years previously, and the ava.ilability of funds for space
research furnished the engineers with fluidity to transfer within
Langley, with more freedom in job selection and execution, and with
more opportunity to display their talents.

A table of organization for LRC at this period of time is given
in Figure I-2. 1In general, the organizatioa was designed to work in
the following manner:

(1) Ground research carried out within the line Research Divi-
sions (Groups 1-3) with aid of the Research Models and Facility
Division to design research apparatus and of the shops in the
Mechanical Service Division to build same. Output would be a
Technical Note publishing the research results with wide circulation
in the field of the particular discipline.

(2) Space research usually implied an actual flight test. In
this case, the individual researcher requiring a flight test would,
through his Division, obtain the services of a Research Program

Manager from the Applied Materials and Physics Division under the
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Office for Flight Projects. This manager would interface with and
coordinate the researcher, Washington Headquarters (for funding), and
the Office of Eagineering and Technical Services (OETS). OETS,
through a techrical project engineer (TPE) in FVSD and the line
organizations, would be responsibie for carrying out the technical
aspects or the project. The duties of a TPE are cutlined in e
memorandum from the Deputy Chief (OETS) which is included as Appendix
I-A.

(2) Large flight projec‘ , approximately ten million dollars or
more, were managed out of a special project office set up for that
particular purpose. The line crganizetions (such as FVSD) would
assign men to the project for the lengcth of the project. One such
project was the Lunar Orbiter Project which was assigned the
responsibility of a precursor mission to Project Apcllo for photo-
graphic mapping of the moon and determining the landing sites.

Approximately 100 engineers were assigned to this project office.

o
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Individual Researcher - Langley Management - Headquerters QOperation

As indicated previously, the Langley management philosophy at the
beginning of the Mars studies was primarily one of "bottom up"
generation of research programs with maximum independence of the
individual researcher. By "bottom up" it is meant that the ideas
or programs are conceived at the technical level and are transmitted
to the Langley management for implementing approval -~ funds,
manpower, etc. An overall systems concept of this procedure is
indicated on figure 1-3. For the vast majority of Langley programs,
the Washington Headquarters loop is not activated. If the researcher's
request is well defined to be within Langley's charter, the line
organization reviews the request and evaluates its worthiness. If
supported, the researcher performs his work, has it reviewed by the
line organization and/or special technical committees, and outputs
his product whether it be a technical data report or a piece of
hardware.

The Washington Headquarters loop is activated (by Headquarters
directives to the Center) if (1) the dollar value of a particular
planned contract is over one mill‘on dollars or (2) the program is
one that would impact overall NASA planning (such as any interplane-
tary study). In these cases, Headquarters must approve the planned
program before the Center can proceed., 1In isolated cases, Washington
Headquarters could initiate programs by furnishing the original
input to the Center. Two such programs were the Lunar Orbiter and

the development of the worldwide communications network for Project
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Figure 1-3.--Normal Langley operating mode.
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Mercury; in both instances, the original responsible Center was una*le
to carry out the programs because of & commitment overload. The
systems mode is this instance is illustrated in figure I-4. Briefly,
this mode consists of a negotiating cycle between Headquarters and
LRC management to obctain sgreement or contract as to end item and
resources. At which time,.the responsibility is given to a project
office reporting directly to top LRC management to carry out the
progran. Mr. Erasmus L. Kloman, Senior Research Associate, National
Academy of Public Administration who researched the management methods
on Lunar Orbiter says in thi. regard "Senior management at NASA
Headquarters debat.d at length whether an agency center rather than
JPL should be assigned responsilil‘ y for management of a lunar pro-
Ject and the develcpment of the specialized ccompetence required.
Recognizing that some duplication might be necessury and desirable,
Headquarters authorized Langley Research Center to investigate the
feasibility of its undertaking a possible ascignment frum NASA cf a
major flight project. of the scope of Lunar Orbiter. Langley manage-
ment deliberated carefully and conciuded that it would be able to
handle such & mission. The Center was very receptive to the
challenge of its first spaceflight project. The positive attitude
and enthusiasm of top managzement were contagious and infected the
Lunar Orbiter project staffs. Some of Langley's top talents sought
assignment on the project, conaidering it a career plus. The Lunar
Orbiter at both Langley and the Boeing Co. [the contractcr] were

tightly knit cohesive units. They (Langley] accepted the assignment

A,
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with full commitment and a determination to make it succeed. The
Langley management placed great store in its reputation for fulfilling
every mission it set out to accomplish. In reporting to Washington
Headquarters, Langley made no effort to hold back information concern-
ing problems that arose. Wasrington headquarters reciprocated with
full cooperation and support. For all of these reasons, the
institutional environment surrounding Lunar Orbiter was favorable to
teamwork."3 Much the same is appropriate relative to the Mercury
network; the quote above is included to demonstrate the operation of
the systems mode of figure 1-li.

To illustrate further the operation of the individual researcher -
Langley management - NASA headquarters system mode in figure 1-3 in
programs of large national impact (similar to the Mars landing
program), Langley's role in Project Mercury and Project Apollo will
be examined.

Immediately after the Soviet U'nion orbited Sputnik, a Langley
researcher, Max Faget, initiated studies in his work unit on the prob-
lem of orbiting a man in space -- this was premature even to the
United States concentrating on orbiting a "ball" in space. Since his
work was engaged in rocket performance and propulsion, no extra-
ordinary procedural changes were necessary to allov him to research

the problem; no large contractual funds were required as the work

3xasa SP-L901, Unmanned Space Project Management. Surveyor and
Lupar Ordbiter, Kloman, p. 11, 19.

ks
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was carried quietly in-house. Further, this was prior to the
e2tablishment of the NASA and the NACA centers operated as nearly
independent entities. ifter the establishment of the NASA and the
national approval of Project Mercury (Faget's Concept), Faget's work
unit formed the nucleus of the Manned Spacecraft Center and Faget's
LRC Division Chief, Dr. Gilruth, was named Director of MSC which
carried out Projects Mercury, Gemini, and Apollo.

After Apcllo was approved as a national program, committees
formed from individuals from the various NASA centers debated at
length over the best method to carry out the lunar landing. Marshasil
Space Flight Center, through Director Van “raun, and Manned
Spacecraft Center, through Director Gilruth and Mr. Faget, took
official positions while Langley tock no officlal position but allowed
an individual researcher, Dr. John Houbolt, to attend the committee
meetings and present his concept as an individual. MSFC favored an
Earth Orbit Rendezvous (EOR) wherein two Saturn rockets, one carrying
extra fuel and the other carrying the spacecraft would be launched
into Earth orbit where they would rendezvous and, with the extra fuel,
the spacecraft would be launched to the moon. MSC favored a direct
ascent method from Eartn which would require the development of a
monster rocket. Houbolt's concept was the Lunar Orbit Rendezvous
vhere the spacecraft would be launched to moon orbit by e Saturn and
a smaller craft (the LEM) would ferry between the moon's surface and
the spacecraft. Houbolt's concept was ridiculed in these committee
meetings but he kept *rying and pushing his approach. When NASA

administrator James Webb announced that EOR appeared the best method

YT
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and direct ascent the second best (not even mentioning LOR); Houbolt
despaired of committee acticn and, bypassing the ~ommittees, appealed
directly to NASA Associate Administrator Robert Seamans. In his letter
requesting serious consideration of his concept, he stated, "Somewhat
as a voice in the wilderness, I have been appalied at the thinking of
individuals and committees -- Give us the go-ahead and we will put men
on the moon in very short order -- and we don't need any Houston
empire to do it."h Seamans requested & review from his deputies who
reported favorably. In time, both Faget and Von Braun swung behind
the LOR concep*t which became the mission mode for Project Apollo.
Houbolt was later awarded NASA's Exceptional Scientific Achievement
Avard for "his foresight and perserverance" in advocating the LOR.

In this section, I have shown the persistence of the Langley
management operational mode or systen to adapt when acted upon by
either endogenous inputs (normal research, concepts for orbiting a
man in space and for the Apollo missior wode) or exogenous inputs

(Mercury tracking station or Lunar Orbiter).

hLife, "How an Idea Nobody Wanted Grew up to be the LBM," Vol.
66, No. 10, March 1L, 1969.

- o e e e e & s

P




T IR o i e e —te———— s e

Langley in 1964

Langley Research Center had at this time approximately L4000
emuloyees operating in the following manner. The Director, Associate
Director, Assistant Directors, and their staffs occupied Headquarters
Building, Bldg. 1219, a two story brick office building; the power
center was comionly known as the "second floor of 1219." The Center
itself vwas spread over an "East Area" snd a "West Area" divided by
Langley Air Force Base runways. Its physical appearance is not unlike
an Ivy League ccllege campus--well kept lawns with various buildings
well separated from each other. In general, =zach Division would be
housed ir its own building(s) and would consist of 100-200 emp.oyees.
The Division Chief, a respected researcher in his {ield, would be
responsible for the operation of his Division and was extremely
powerful in determining many aspects of working conditions--type work,
assignnents of personnel, promotions, and management philosophy.

The Divisions were further organized into Branches and Sections to
facilitate the division of work. As "1219" generally followed the
recommendations from the Division Chiefs, the Division Chief position
was one of strength representing a respected authority and his staff.

The individual researcher usually looked to his Division Chief
for support of his programs and f~r hie own advancement. As the
individual researcher and his Division Chief sharec a mutual aim of
the advancement of science and that the work was on the frontiers of
knowledge, the line between ordinary science and extraordinary

science was not a discernible one. In fact, the emphasis was on the
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development of new breaktlroughs such as John Stack's (a national
aeronautical suthority) concept of slotted throat in a wind tunnel
test section that proved planes could fly '"faster than sound." Thus,
the individual researcher was given to pursuing the truth regardless
of past experienc: or "established" methods.

The engineering portion of the organization opersted scmewhat
differently although again the Division Chief representeu the focal
point of its strength. The "Jou" of the individual engineer was to
support resear-h--in the eyes of some researchers, engineering wus a
secondary function. Although nct werking primarily to advance
science, the engineer required innovative thinking and ingenuity to
transfer the researcher's advanced concepts into hardware. 1In
additicn, the engineer, through construction and space projects,
represented the Center's capablility in the integration of disciplines
ald experierice in menaging contractors. Thus, the Division Chief had
credentiais for advising the Center Director on project policles as
well as on the importance of the engineering functions. By use of
the technicael project engineer concept, the Division Chief had the
capability of assigning an experienced chief engineer to any multi-
disciplined program to work on a near co-equal basis with the lead
researcher, Wni® . the engineer lacked some of the freedom of the
researcher to define his own programs, he still could, in some
degree, follov his inclinacions as to whether to be a specialist in
a specific area (i.e. structurss) or to be a coordinator (technical

project engineer).
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Headquarters Organization in 196L

NASA Headnquarters is located in a rew multi-tiered, modern
office building in Washington, D. C. The complement of about 1500
persc.nel is orxanized as shown in fig. I-5, Reporting to the
Administrator's office are three main technical offices--the Office of
Manned Space Flight (OMSF), the U: "ice of Space Science and
Applications (USSA), and Office of Advanced Research and Technology
(UART). OMSF is responsible for all manned flights (Mercury, Apollo,
Shuttle, etc.) and has three Jdedicated Tenters supporting its
programs—--the Marshall Space Filight Center (MSFC) ut Huntsville,
Alabama; the Manned Spacecrart Center (MSC) at Houston, Texas; and the
Kennedy Space Center (KSU) at (upe Canerval, Florida. OSSA is
dedicated to unmanned scientific space flights and has line responsibil-
ity over the Goddarc¢ Space Fliight Center (GSFC) at Greenbelt, Maryland;
the contractor operated Je. Propulsion Laboratory (JFL) at Pasadena,
California; and the Wallops Station launch uite in Virginia. OART
is responsible for corrying cut advanced research programs through its
four supporting Centers--Ames Research Center (ARC) at Moffett Field,
California; Flight Research Center (FRC) at Edwards, California;
Langley Research Center (LRC) at Hampton, Virginia; and Lewis
Research Center (LeRC) at Cleveland, Ohio.

While the charter dividing responsibilities appears sufficiently
clear, it must be noted that OART supports OSSA and OSMF programs by

developing the needed technology and this has funding implications
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on each Office's funding and, thus, the Centers' operations. Further,
OART (Langley) has taken over an entire OSSA project (Lunar Orbiter)
which supports Apollo (OSMF). Thus, program responsibility among
offices and CTenters are ~»ften obtained after lengthy negotiations among
officials occupying powerful positions (Center Directors and Office
Administrators). In addition, there is likely to be competition among
the Centers for "lead" Center respornsibility if a proposed program
is compatible with the Center's activities.

The Admiristrator is, of course, appointed by the Fresideat.
Tne heads of the various offices are drawn by the Administrator
from various sources--NASA, iidustry, or the academia; they are liable
to be leading scientists, researchers, college presidents, or
industrial mar.gers. In brief, the socialization of Headquar'ers

into a common mold is much less than for & Center like Langley.

J\



Human Factors

The course of any program is, to a large extent, deperdent on the
reople involved--their peisonal churacteristics, expertise, experience,
and work methcds. Cketches of some of the key people in the Mars
program are giver below to furnish additicnal insight for understanding
the narrative material (descript’ons given are those existing at

initiation of Langley's Mars studies):

Langley:

Dr. Floyd Thompson - Directer
A thin, distinguished six fcoter in his mid sixties. Grey haired
with & trimmed mustache. Low key, relaxed. Formerly, Chief of
Research at Langiey. Forty vears with NACA/NASA. Folklore--runs
Center quietly and efficiently from inputs received informally
at his table in the Cafeteria and in corrider encounters in 1219.

Charles Donlan - Deputy Director
A cigar smoker, short and aggressive, sbout fifty. A NACA
researcher up through the ranks. A believer that expertise
resides at the Centers and not at Headquarters. Blunt,
ambitious, and responsible.

Dr. Leonard Roberts--Branch Head, Dynamic Loaeds Division
Born and educated in England. PhD. in Mathematics. Came to
Lengley from M.I.T. Short, early thirties, personatie, outgoing.
Interested in applied research. Concise, excellent speaker.

Ambitious, political.

H
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Edwin Kilgore--Chief, Flight Vehicles and Systems Division
Champion tennis player, early forties, wiry. Excellent engineer.
NACA/NASA career. Fiair for management and instilling loyalty.
Switched to aerospace at first opportunity. Ambitious, personable,
political.

Roger Anderson--Assistant Chief, Structures Research Division
Tall, ex-athlete, early forties. NACA/NASA csreer. Recognized
as a leader cf structures research. Interested in applications
and new concepts. Heads committees, ambitious, political.

James Martin--Assistant Head, Viking Project Office
Large men, mid forties. New hire from Republic. Management
oriented. Aggressive, capable, hard working. Direct and
convincing. Totally dedicated to project success. Interested
in results.

David Stone--Head, Project Fire Office
A career researcher with NACA/NASA. Believer in the "Langley
system." Capable supervisor, considerate of his men.
Independent, technically competent, blunt--not a worrier.
Mid forties.

Washington Headquarters:

Edgar Cortright--Deputy Director, 0SSA
Brilliant, distinguished man in early forties interested in the
nation's problems. Convincing speaker for NAGA and technoliogy
to the public and Congressional committees. Dedicated to public

service. Hard working, ambitious, political., From NACA/Lewis
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to NASA Headquarters. Technically distinguished.

JPL:

Dr. William Pickering--Directcr
A distinguished scientist, authority in space science. 1In
early fifties, quiet, low key. Good spesker, academically
inclined. Relies on staff for engineering of space projects.

Adminiistrator.

< e
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Langley's Administrative Mode

As can be deduced from the fcregoing, Dr. Thompson's administration
wvas characterized by full support to his sterf. Very little direction
was given by 1219 on research matters; Dr. Thompson and Mr. Donlan
concentrated on those problems requiring inter{ecing with Headquarters.
Primary consideration was given to Langley and not NASA with the firm
conviction that there was no conflict; i.e., what's good for Langley
is good for NASA.

An example of how Dr. Thompson entered into a space project
(Lunar Orbiter) prcblem is indicative of his philosophy. This story
again may be folklore but it rings true to those tfamiliar with his
management techniques. Apprised thet Lunar Orbiter was having &
glight overrun in costs, he telephoned an executive at Boeing and
expressed his concer'.. The executive immediately offered to come to
Langley and discuss the matter. Boeing gathered all the cost data
and prepared a presentation. The executive and his staff arrived at
Langley and were greeted by Dr. Thompson who took them on an extended
tour of Lengley while Dr. Thompson pecinted out the various facilities
and described the on-going research work. At lunch, Dr. Thompson
remarked to the effect that he was an old men try-.us to run Langley
ard that he would appreciate anything Boeing coild do to hold down
costs on Lunar Orbiter. Word has it that the Eceing people left i
immediately after lunch--no presentation or opening of brief cases--

vith the conviction that they had to help "that fine old gentleman."

&

4 e— M




[

CHAPTER II1

THE BEGINNING - 196k

Summary

The first year of Langley's participation in Mars studies was an

active year with emphasis on a small group's efforts to obtain a
technology base. A five man multi-disciplined group undertook, more
or less on its own initiative, to examine the aerodynamic and
structural prnbleus associated with vehicles entering the Mars
atmosphere. In order to define the problems, the group found it
necessary to set up a "straw man" concept. Because this concept
appeared to have mission application, NASA management approved a
contractual effort to study the concept in depth. The same group
then dedicated its efforts to the preparation of the necessary pro-
curement documents defining the individual tasks and overall Sscope

of the contract.

29



30

Initiation of Studies

Early in 1964, Dr. Leonard Roberts, a Branch Head in the Dynamic
Loads Division (DLD), became interested in the technology problems
associated with a vehicle entering the Martian environment. Langley
Research Center, by virtue of its extended research in the behavior
of bodies ir the Earth's atmospliere, was recognized as the lead NASA
center in entry vehicle design considering both aserodynamic and heat
loads. At Dr. Roberts' request, an infcrmal group of high-level
center scientific personnel was formed; this group consisted of:A

Dr. Lecnard Roberts - DLD

Mr. William Mace - Flight Instrumentation Division (FID)

Mr. Roger Anderson - Structures Research Division (SRD)

Mr. Edwin Kilgore - OETS
Mr. Kilgore assigned me the engineering task of assisting these
researchers by acting as a systems coocrdinator and performing the
duties of the technical project engineer. This assignment was, for
practical purposes, my introduction to Aerospace Technology and I
was to be supervised by my Branch Head, Mr. C, T. Brown. It should
be noted at this point that although not a large commitment was made
by Langley management at this time, the action to allow the researchers
1o embark into a new technology was consistent with management's past
actions with respect to Faget and Houbolt.

The first meetings of the group (Roberts, Mace, Anderson,

McNulty and Brown) vere directed to the question of how best could



Langley contribute ite talents to the investigation of Mars. It was
felt by all members that the investigation cf the planets and Mars,
in particular, would be a mejor NASA role after Apollo. Thus, it was
necessary for Langley to become cognizant of this area of study in
order to guide the necessary research in the ensuing years. The
group was starting from near zero in knowledge pertaining to Mars
and interplanetary missions. Since Langley's entree into this field
was jts expertise in entry aerodynamics, it was decided to concentrate
on & baseline entry vehicle and payload; the question of how to
deliver it to Mars was considered second order at this time and,
besides, this could well be some other Center's responsibility.
However, by emphasizing a baseline entry system, the Roberts team was
taking the first step into mission studies and away from research
investigations in specific disciplines. The memters were asked to
initiate work in their respective divisions under the following broad
responsibilities:

Roberts - Science and management

Anderson - Structures and thermal protection

Mace - Electronics

McNulty - Systems and mission analysis

As the group was small, the problems large, and all members
approximately equals in responsibility, there was no need or time
for formal memoranda and documentation. Telephone calls, dull
sessions, and cryptic notes were the recognized means of communicating

and exchanging thoughts and information.
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Within a few weeks, the following basic data had been gleaned from

maﬁy sources in the technical literature as well as from telephone
calls to contacts in other centers and in industry:

1. Mars' period around the sun is approximately twice that of
Earth's; thus, launch windows occur every two years which allow for
feasible communicaticn paths of approximately 160 x 106 KM or less.
Mars' diameter is 4210 miles. Mars' gravity if 12.3 feet/seca. Mars'
pressure at surface is estimated to be very thin (10 to 4O mb;

1000 mb = 1 Earth's atmosphere).

2. Jet propulsion Laboratory (JPL) was the implementing arm for
NASA interplanetary unmanned scientific projects. JPL is a research
and development laboratory of the California Institute of Technology
and had been affiliated with NASA since 1959, unlike NASA field
Centers, JPL was under contract to NASA.

3. JPL had carried out a successful Mariner Mars flyby mission.
JPL had demonstrated capability in electronics and interplanetary
mission analysis.

L., Atlas Agena launch vehicle can deliver about 800 pounds
payload to Mars, Thor-Delta about 40O pounds (actual payload weight
dependent upon lauach year),

5. JPL was planning to let a study ccontract in the near future
for Advanced Mariner Missions involving a landed package on Mars.
Atlas-Centaur wvas 4o be the launch vehicle and could inject about

1500 pounds into a Mars trajectory.
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6. Ames and Goddard Centers had study efforts urderway concern-
ing proves in the Martian atmosphere to obtain scientific data
regarding the atmosphere. The probes would be small in nature and
rely on statistically reconstructing the atmosphere from indirset
measurements.

T. Headquarters was looking to the future beyond Mariner-type
migsions to a large interplanetary progrem for the planets. Study

contracts for Voyager (1969-1975) had been awarded to AVCO Corporation

.and General Electric Company to consider payloads in the range of

6000-7000 pounds (Saturn V Launch Vehicle).

8. Entry velocity into the Martian atmosphere for an entry
vehicle would be in the range of 20,000 feet per second for a
direct Mars impact trajectory.

9. There existed a Headquarters Science Directive that
specified that any vehicle entering the Mars atmosphere be sterilized

80 as to prevent contaminating Mars with Earth micro-organisms.
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Initinl Concep*, Definition and Approval

Based on the foregoing, the group decided to concentrate its
efforts on (1) an entry vehicle about 8-feet in diameter (to fit
within the Mariner shroud) and about 300 pounds in weight (this
appeared to be a reasonable weight and would be compatible with Atlas-
Centaur launch vehicle using &« Mariner spacecraft as a bus to deliver
the probe to the planet,),and (2) a payload consisting c¢f instruments
to make direct measurements of the Martian atmosphere while desc?nding
on a parachute deployed from the heat shield after the entry heat
pulse. A preliminar& decsign effort was initiated to iterate science
instruments and the required subsystems until a rez.onable concept
vas identified. It took approximately two months for this effort to
converge with about 20 men of various disciplines working on the
problem in scattered locationg; my office was the hub bLecause the
actual designs vere integrated on the drafting boards as well as the
weights tabulated. There was no problem in odbtaining production--~
people were motivated by the concept of & Mars probe and realized
that they may be getting in on the "ground floor" of something big.
No sophisticatad analyses were made, designs we -: broad drush, and
most wvork was done on scratch paper. All work was very preliminary
to get a feel of practicablility; a lot of work and concepts were
turned out, analyzed, modified, or discarded in that time period.

Two problens vhich arose during this period and which required
much discussion, trading-off, and judgment were (1) a descent

television experiment and (2) the heat shield design.
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The fundamentel instruments necessary to make direct measurements
of ihe atmosphere were readily identified. Their weighis (as well as
the weights of their supporting subsystems--power aad communications)
could be estimated with a reasonable degree of accuracy. These
instruments were:

Temperature: Platinum Resistance Thermometer

Density: X-ray Backscastter and Accelerometer

Pressure: Pressure Transducer

Composition: Mass Spectrometer

Altitude: Radar Altimeter

Descent 7.V. was believed tc be a worthwhile experiment end, in
addition, rather a glumorous one. However, weight allowances could
not tolerate the experiment without deleting some of direct measuring
instruments and, thus, relying on indirect analytical derivations.
After examining many trades and much discussion, it was agreed,
reluctantly, o omit a descent T.V. experim:nt. We evpected, should
the proposec¢ probe become an actual flight program, that the
question would arise again.

The other problem, that cf the heat shield, was again one of
veight. Since the entry vehicle would experience aerodynamic forces
on entering the Martisn atmosphere causing deceleration loads and
heeat pulse, it would be necessary to protect the payload with a heat
shield through this period. While we had but a rough idea of what
these loads would be, it decame obvious that we couldn't build a heat
shield of the required sisze with state-of-the-art technology within

+he weight restraint. Fortunately, there appeared a wvay out of this
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problem; reseairchers under Roger Anderscn in the Structures Research
Division were, at that time, working cn a new configurational concept-~
e "tension shell" hat-like configuration designed tc take pressure loads
in membrane tension. This configuration had promise of being much more
efficient than a cone or Apollo-shaped heat shield because of the ab-
sence of bending stresses.

In addition, researchers under William Mace in the Flight Instru-
mentation Division had become interested in the sterilization problem
and had started a group of several engineers vorking on prosedures and
studying the effecls of the elevated sterilization temreresture (135° for
2L hours).

Thus, we hed a concept to present to Langley manegement for con-
gsideration. The mission outline is chown cn Figure II-l; the raticnale
for its consideration rested on the following main points:

1. The scientific instruments would make direct measurements of
the atmoshpere.

2. Langley hes expertise in parachutes and heat shiells.

3. Langley has interest in sterilization.

L. The mission hardvare requirements could serve as a focus for
LRC research and technology development for several years.

5. Tke probe itself covld be considered an experiment to supple-
ment Mariner flights.

6. 'The probe mission could obtein the necessary data to guide
design of Voyager landers.

Dr. Roberts decided the next iogical step would be to have an

experienced asrospace contractor study the concept in depth under

]
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Langley direction; he talked of a $500,0C0 contract. I felt that he
was optimisitic about obtaining funding of that order. Dr. Robert
perservered, however, and, by virtue of his aggressive championship
of the concept obtained the support of Langley management and Head-
quarters. This commitment was a key decision with far reaching
consequences for Langley and NASA since $500,000 was sizeable enough
~o out rangley in the mairstream cf interplanetary studies for the
firzt tire. Further, the arivin. force hai veer Tr. Roberts and his
technical starff acting on their own initiative.

I was assigned 1o consult specialists in all disciplines and to
write up un inclusive work statement which would serve as the basis
for the contractor propcsals. Headquarters allocated $500,000 for the
contractual study. $250,000 each was supplied the Office of
Advanced Research and Technology (OART) and the Office of Space
Sciences Applications (OSSA) as it was felt that study results would
be applicable to both research and mission applications. Headquarters'
decision approving Langley's entree intc the interplanetary missions
studies which, heretofore, had been a JPL monopoly was based on the
consideration that missions to Mars (or other planets) appeared to be
the next logical program after Apollo and it was well to consider
broadening NASA‘s bage beyond JPL which was not & NASA Center, had
been subjected to Congressional criticism for its maragement of the

Surveyor program;. and was too small o handle a large Apollo-like

1nAsA SP-4901, Unmanned Space Project Management, Surveyor
and Lunar Orbiter, Kloman, p. ll.
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program by itself.
A model of technical-administrative path leading to Mars probe

commitment is given in fig. I1I-2.
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Preparing the Request for Proposal

Between July, when the go-ahead was given, and December, when the
Request for Proposal (RFP) was released for bids, most of the Roberts
team effort was centered on defining the tasks that the contractor
would perform. Defining these tasks was a complex underteking for
two reasons: (1) we were lacking in expertise--it was out first
experience with interplanetary missions and we did not have the grasp
of the technological details, and (2) soon after go-ahead, Washington
Headquarters directed that a lander be included in the mission and ve
had not examined a lander in any manner. The addition of a lander
vas influenced by a desire to increase the potential miésion's appeal
to the public and tc Congress and by a possible need to match any
Soviet competition. It is to be noted that the lander was only
included, at this stage, as a study item; thus it could be included
or not included in any mission as circumstances (technical or
political) warranted at a later date. The adding of the lander
enthused us for the following reasons:

1. The mission was greatly enlarged giving the study prime NASA
importance and national recognition.

2. 1t gave us an entree in a new technology (lander) that was
previocusly the domain of JPL.

3. It justified changing launch vehicles--going to the Saturn
1B/Centaur with much greater capability; thus, easing any weight bind

we might have had in trying to build the 8 ft. probe for 300 pounds.
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In short, it was a new and bigger project--and it was our
responsibility.

Preparation of the work statement entailed problems other than
technical ones. It was necessary to determine overall work statement
objectives as well as defining individual tasks in detail. Leaving
the technical problems aside for the time being, the following work
statement approach was agreed upon after numerous meetings. It was
decided to consider more than one launch opportunity. In fact, we
agreed to think in terms of launches in 1971, 1973, and 1975, each
larger in scope insofar as the landed package would be concerned.
1971 was taken as our baseline mission with emphasis on the entry
experiments but including & minimum landed package. The landed
package would consist of a crush-up ball with'accelerometers to
measure deceleration impact (surface hardness) upon landing together
with a minimum of instrumentation to determine atmospheric density
and other parameters which might influence the design of future more
sophisticated landers. The 1973, 1975 missions were to be primarily
lander missions with the landed package increasing in weight and
complexity through 73 to 75 to the maximum payload capability that
could be launched by the Saturn 1B/Centaur. A commonality concept
of subsystems was to be utilized to the maximum extent practicable.
The heat shield would perhaps be common for all three missions and
more heavily loaded in the last two. This would mean that the heat
shield would be over-designed for the 71 and 73 missions in order to

save the development costs associated with three different heat
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shields. The seccnd objJective to be agreed upon was that the contractor
should consider the development of a complete probe lander system (heat
shield plus all subsystems) rather than concertrating on technology
items per ge. The contractor would be responsible for defining a
complete development plan for the probe lender including the following
items:

1. Manufacturing plan

2. Sterilization plan

3. Test program plan

L, Flight qualification plan

€. Facilities plan

€. Cost

It should be noted that while Langley was still not involved in
the entire mission planning from launch to landing, it was very
interested in the entire systems phase of probe lander separation from
the spacecraft to landing. There were several reasons for the decision
to use this systems approach. They are:

1. It was felt that a system study of the entire probe lande.

system would be the only way to determine the interfaces between the

-

various technologies and to determine exactly what was requirec ’‘rom
each of the technologies.

2. The probe lander wculd be an integsal unit which could be
deve;oped by Langley and supplied to any Center responsible for
carrying out a Mars mission.

3. Because of Langley'r interest in sterilization and in flight
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qualification programs ia the Earth's atmosphere, the study would
generate data allowing Langley to proceed with plans in tg;se areas
as well as determining what ground facilities would be necessary to
support a Mars mission.

An output from the contract would be a complete preliminary
design of the 1971 probe lander defining all components and their
weights--for example, & complete design of the heat shield. This
complete system design then could be used as a basis for further
final fabrication drawings and detailed drawings of all parts if a
decision was made to go forward with this cocncept.

To serve as a base for discussion of the technical problems
involved in the work statement, our preliminary concept of the mission
is shown in Figure II-3. This concept assumes that the probe lander
would be separated from the spacecraft several dasys prior to Mars
encounter by a mechanical spring system which would be designed to give
the necessary velocity increment to put the probe lander on a Mars
encounter trajectory. The probe lander would be aerocdynamically
stable so that once it entered the Mars atmosphere it would align
itself to the air stream at zero angle of attack and, thus, take the
reentry and heat loads in an axial direction. ItAvns further agsumed
that the probe lander could be designed so that its drag would furnish
s fficient braking to decelerate the probe lander to a velocity of
less than Mach 1 at approximately one-~half scale height above the
Mars surface (a scale height ig equal to the altitude necessary to

change the density by one order of magnitude). At this altitude,
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a parachute would be deployed which would lower the instrument package
(pulled from the heat shield) to the surface of Mars impacting the
surface of Mars at a velccity of approximately 100 feet per second.
The spacecraft on its Mars flyby rath would serve as a relay station
for communications from the probe lander back to earth. Using the
spacecraft in this manner would minimjze the amount of power and the
complexity of instrumentation required on the probe lander.

The work statement was divided into technology arees where the
contractors' tasks were defined. In the first technical area, that
of Mission Profile and Analyses (an area where we had a dearth of
information), the cortractor was made completely responsible for
defining the mission profiles for the spacecraft and for the probe
lander from separation to the end of communications. However, we
had the foresight to ask the contractor to look into some additional
items because we had no krowledge of the impact trajectories or of
the associated loads. The items which we asked the contractor to
consider were the influence of (a) t rminal guidance on the probe
lander and (b) probe lander separation from the spacecraft after the
spacecraft-probe lander combination was in orbit. As will be seen
later, the additional requirement of asking the contractor to look
into separation after orbit took on major importance.

The second item, that of Structures (including the design of the
probe lander heat shield), was exercised thoroughly as this vas an
area of Langley expertise. Since the Saturn 1B/Centaur removed the

weight problem as & major restraint, the contractor was asked to
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study three different configurations for heat shield application;

these three configurations were the tension shell, the Apollo-shape,
and a large blunted cone. The contractor was required to make detailed
stress analyses and to trade-off the pros and cons of these three
shapes based on their aerodynamic drag efficiency, their overall

wveight requirements, and their system packaging capability. In doing
this, he was rejuired to define the critical aerodynamic loads and
heating inputs (both convective and radiative) for all ranges of
proposed trajectories and atmospheres.

The third technology area was Science Instrumentations and
Compunications. The scientific measurements to be made wers delineated
in the work statement as well as candidate instruments to make those
measurements for the 1971 probe lander. The contractor was responsible
for specifying the communications equipment aboard the probe lander
to condition the science data and transmit the data to either the bus
for transfer to Earth or to Earth directly. In the case where the
spacecraft was used as a transfer link, the contractor was further
responsidble for delineating the equipment on the spacecraft in order
to effect this transfer. The contractor was algo required to determipre
the power .equirements from imputs from the science and the
communication equipment.

The fourth technology area was Aerodynamics. Again, as with the
structural design, this area was exercised thoroughly because of
Langley's experience. Although it was assumed that the probe lander

would be designed to be aerocdynamically stable, there was considerable
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uneasiness amongst aerodynamicists concerning the dynemic behavior

of the probe prior to achieving stability. One concern was that
before entering Mars' atmosphere the probe lander may tumble and be

in & random mode. Such behavior would possibly negate any communica-
tions link Auring this period and would require, at a minimum, special
unknown design procedures. For this reason, the contractor was
required to look into the nossible need to provide a method for
spinning the probe lander after separat.on from the spacecraft to
assure that it would not tumble, Should these spinup conditions be
necessary, it might be further necessary to despin the probe lander
after entry to allow it to go to its netural stable attitude. A
second problem which concerned he aerodynamicists was the motions of
the probe lander during entry. Assuming a random angle of attack
entry coniition, the question became one of how soon would the motions
damp out betore obtaining stable flight. Further, would there still
be a large angle of attack on the probe lander when it penetrated
sufficiently far in the atmosphere to have aerodynamic loads or heating
inputs? If so, how did this effect the structural desigr of the probe
lander shell? 1t was our hope a% this time that, even should a
design angle-of-attack at entry de achieved (through spinup or other
means) vhich would be satisfactory for a nominal case, we could
further obtain at least a partial successful mission for a random
entry condition (if. for example, the spinup mechanism failed). For
the above reasons, the contractor was asked to define the motions

of the probe lander "during entry for design and possible off-design
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conditions.”" As one can imagine, that simple sentence requires the
contractor to perform innumerable analyses and designs.

The last technology area concerns the parachute. Here again the
problem was one of dynamics--defining the motions of the perachute to
assure that it was in stable flight during the science measuring
pericd. The contractor was required to determine the size of the
parachute and the weight of the system in order to meet the final
requirements of landing the instrument package at 100 ft/sec and
providing sufficient dwell time in the atmosphere to make the science
measurements. Since the data available on Mars indicated there might
be wind gusts in the atmosphere, the contractor was further asked to
study the system motions while penetrating 50 ft/sec gusts of 10 second
duration and to damp these motions, if required, in a menner so that
system operation was compatible with the science requirements. Again,
to cover an unknown exigency, ve inserted an additional requirement
that the contractor eveluate the influence of adding a supersonic
parachute to the entire probe lander system to be deployed at a maximum
Mach number of 2.5. The purpose of this supersonic parachute would be
to add to the drag of the probe lander in order to assure that the
subsonic parachute could be deployed at '.n elevation of one-half
scale height above the surface of Mars.

For informational purposes, it may be noted that 14 drafts of the
vork statement were prepared in the converging process of obtaining a

consensus before the final work statement was approved by the Source

e,
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Evaluation Board and was released for bids. With reference to the
aforementioned Source Evsaluation Board (SEB), a few worde on iis
makeup and objectives are in order. "In the NASA, formal Source
Evajuation Board are es*tablished for competitively negotiated research
and development procurements when (1) The estimated cost of the
contract will exceed ouc williun dollars or (2) The =»stimated cost
of the contract itself will not exceed one million but possible
follow-on work for later phases of the same project vlll."2
Source Evaluaticn Boards hav. four primary functions: to approve
the RFP, to assess the technical and business qualifications of
prospective sources, tuv evaluate proposals received from these sources,
and to report their finding to the person who is responsible for
selecting the source of award. The members on cur Source Evaluat. .
Board were seiected by the Director of the Langley Research Center.
The SEB was compused of several high-level personnel from the Center
and two representatives from rHeadquarters; *he Chairman named was
Edwin C. Kilgore, Division Chief of Flight Vehicles and Systems
Div.sion, Langley Research Center. Because of the size and complexity
of the procurement, it was necessary to supplement the Source
Evaluation Board itselif with subsidiary technical) and dusiness
commitiees and subcommittees for analysis and resear-h purposes. The
Source Evaluation Board is also responsible for approving the

evaluation criteria which the committees serving the board will use in

2IA8A Procurement Munageme-t Semirar pgs. 31-3L.
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grading the proyosals. Thus, in this contexc, the RFP must incluce,
in addition ‘o the technic2l work statement, a statement as to the
troad gvidelines on which the proposals will be evaluated. Again, the
gzie group '*hich prepared the work statement was involved in develop-
ing the evaluacion criteria und submitting its recommendations to
the Source Evel:ation Board for approval.

To fulfill this requirerment, we asked that the contractor submit
his overall technical approa:h with subitantiating data anelysis
for the following five technical areas:

1. Overall System Concept and Integration

2. Subsystem Concepts and Associated Analyses

3. Qalificati n Prcgram

L, Sterilization

5. Technical Management and Plans

In addition to the Techni~al Management Propcsal, the bidders
vere required to submit & Business Managemert Proposal which included
the following: (1) past performance and experience (2) the rz2lation
of pro‘ected work load capacity, and {3) their management structure.
With the approval of the Source Evaluation Board, the subsequent
relecse of the RFP represented the completion ¢f Langiey'r first
year's efforts on Mars mission studies. The foll.wing items are
included in the Appendix for Chapter II: (II-A) Statemen: of Work,
(I1-B) Instructions for Technical and Businest Management Proposals,
(11-C) LRC Announcement designating the Source Evaluation Board,

(I1-D) Langley Announcement establishing SEB Tommittees. The
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comnitment by Langley to set up a Source Evaluation Board and its
committees was not a minor one. As can be seen from the Appendix, it
represents breaking about 40 senior staff members away from their
line responsibilities fer at leact a month's effort. A model of the
technical/administrative intersctions utilized to request contractor
proposals on a Mars probe lander study is given in fig. II-bL.

At the end of the first year, Langley had a sumall technical staff
under Dr. Robert's direction, a nucleus for the future erfort, that
was beginning to understand the problems and were well placed for the
next phase. Washington Headquarters was giv.ng Langley more
responsibility. The Langley administration was giving full support

but was not gecting directly involved for project participation.
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Synopsis

A synopsis of the first ye=ar's effort could be tabulated as
indicated below:

1. Formation of a high-level group to study problems associated
with Mars entry. Action initiated and managed by Dr. Roberts, a
middle-manager iz posi<iion respousibility.

2. Ildentification of Langler's rcle as one of the entry vehicle
technology as epplied to obtaining Airect science atmospheric
measu.ements utilizing & parachute descent to assure sufficient dwell
time.

3. The preliminary definition of a hardware concept which was
compatible with :1tem 2 abcve.

4, The approval by management of the concept with the authority
to pursue *“he concept further through contractual means--allocation of
five hundred thousand dollars.

5. The increased interest of Washington Headquarters in the
procurcment by directing inclusion of a lander into the mission and
thus causing the procurement to become one of major significance.

6. The preparation of the request for proposals

a. The contract approach--systems (rather than research)
oriented.
i b. Delineation of teclinical tasks.
; c¢. Development of evaluation criteria.

7. Approval by the Source Evaluation Bosrd and the release of the

ﬁ Request for Proposals.
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CHAPTER III

DEVELOPMENT OF A NATIONAL PROGRAM - 1965

Summary

The second year cculd be divided into two distinct phases. For
the first half of the year, Langley continued on its more or less
independent path with minimum interfacing with NASA Headquarters,
other NASA Centers, and industry. In this period, Langley concentrated
on increasing its technology base by nmeans of in-house studies and on
selecting a contractor for the probe/lander contract. In contrast,
the second half of the year was devoted to initiating a Langley role
in Voyager and integrating Langley's effort into a national NASA
effort. This required both formalizing the effort at Langley so that
Center management could keep current and respond as well as defining

lines of communication with JPL and Headquarters.
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Langley In-House Studies

With the release of the KFP for bids, a slack time became available
to strengthen Langley's technology base by continuing the in-house
studies which were dropped when Roberts' technical staff switched its
efforts to the preparation of the contract procurement documeats.

In my role as systems integrator and mission analyst, [ started two
teams in my division, Flight Vehicles and Systems Division (FVSD),

to work--onc team on the engineering design of a tension shell heat

L,

shield and another on mission analysis (trajectories, launch vehicle
requirements, and Mars entry loa’s and heating).

Starting the work on heat shield design presented no problem--an
experienced structural design engineer together with a designer was
made available and assigned the task. The mission analysis problem
was another story--I had no one with any expertise to call upon as
well as having none myself. 1 advised Mr. Kilgore, my line Division
Chief, of this fact and recommended that our Division should tuild a
technology base in this area. I further requested a team of four
promising young, ambitious engineers (who I had hand picked) to
tackle this problem. Mr. Kilgore concurred and for two months, I
workad closely with these engineers to develop an appreciation and
understanding of the parameters and their fit in the definition and
design of the probe/lander and sub-systems. ‘ ;

In a similar manner, other team members started in-house studies . ;

in their areas of responsibility. In addition, other line research
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organizations, sensing the future direction of our efforts, began to
orient their long range reseurch objectives toward a Mars mission
objective. However, the main forcing function of our group's in-house
studies was to prepare ourselves for the task of technically monitoring

the probe/lander contract work once it was initiated.
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Voyager and Probe/Lander Contract Evaluaticn

In the Spring of 1965, NASA Hendquarters made the decision to
follow the JPL Mariner Mars 1969 mission with a "Voyager" Mars
mission in 1971 (launca windows to Mars occur at two year intervals).
"Voyager", at this time, was a nebulous term to denote a lander
mission to the planets (Mars and Venus). A series of Voyager missions
was envisioned similar to the Mariner Flyby missions and would be
precursors to any manned planet mission. JPL was instructed to
proceed with contract definition studies of the spacecraft to ferry a
lander to Mars. The lander definition was not to be included. The
omission of tle lander trom the Voyager Study was significant; our
group concluded that Headquarters must be looking to Langley and its
Probe/Lander contract for definition of the Voyager landers. As far
as we knew, however, there had been no commitment from Dr. Thompson,
Langley's director, to Headquarters for Voyager support--in fact,

Dr. Thompson had stayed very much in the background throughout and
had not displayed any personal interest in Mars studies.

The month of March was spent in evaluating the contractor's
proposals for the Probe/Lander study. The aforementioned committees
took over a floor of the nearby Chamberlin Hotel and graded the
proposals received from AVCO, General Electric, Grumman, Hughes,
Northrup and Space General. While these deliberations are confidential,
it can be reported that the competition was keen with companies, as
expected, showing varied strengths in the technologies required.

While the comiittees were evaluating the proposals, members of the
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Source Evaluating Board (SEB) were visiting the six companies to
inspect their facilities as a guide to their competence to perform
the work. In addition to the committee evaluations and plant visits,
a oral presentation was held at Langley on March 23 by all companies
in secret to the SEB and committee members. The purpose of the :
presentation was, of course, to aid in the decicion making process.
The companies iere given the opportunity to present their philesophy,
technical spproach, and to expand on their proposal wherever they felt
they might have left loose ends or to emphasize the points they :
deemed important. They were alsc questioned by Langley personnel :
on points which were nct clear in the proposal.

The committees reported their finding to SEB on March 30. The
report consisted of a complete written record of the evaluation
plus an oral simunary from each chairman; I presented the findings of
the Overail Concepts and Integration panel. The SEB now had conplete
information to start their deliberations with the objective of making
a recommendation to the Center Director regarding award of the

Probe/Lander contract.

e e e -

e o g
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Results of FVSD In-House Studies

In late spring, the FVSD's in-house studies on the tension shell
and in mission analysis had progressed far enough to have some
breliminary results. In a manner similar to the nr.rnsl mezhod that
FVSD carries out a hardware assignment, FVSD und.: 20k to "engineer"
the Mars probe lander with the variety of disciplines within the
S lclon. As e result, FVSD was building a team capability wi<rir
the division under my uesignations on Roberts s:iaff as integrator,
design chief, and mission analyst. There wsas no conflict between the
groups because the groups were working different problems and FV8D's
date fed directly to Foterts and his staff. Both Kilgore, FVSD
Division Chief, and Roberts were pleased with the arrangement and it
was most effective. The FVSD team at this time consisted of about
eight engineers-four in design and four in mission analysis.

The results of FVSD's findings are presented in the following

sections:

Tension Shell

The problem of the tension shell is shown in Figure III-l. The
concept is that the shell is configured to the shape a membrane would
assume with symmetrical loading under Newtonian theory. My structural
engineer reported two problem aress:

(1) The base ring wouid be heavy as a large moment of inertia

would be required to prevent buckling.
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base
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Horp Conpressicn

Figure I1I-1.--Theoretical tension shell loading.
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(2) Engineering design procedures were not avallable for defining
slhell stresses under unsymmetrical loading as would be anticipated with
an angle of attack during entry. Further, texts such as Formulas for

Stress and Strain (Roark) or Theory of Plates and Shells (Timoshenko)

were not directly applicable to the problem; the shell would probably
have to be designed to resist some bending, and the development of an

analytical solution would repr:sent advancing the state of the art.

Mission Analyses

Few experiences have been as rewarding or as enjoyable as the
first ccunle of months work in this field. Starting from scratch and
working, by and large, without guidance, we defined a simple
methodology--not anywhere near a complete understanding of the
technology but an understanding sufficient to make complex trade-offs
in a short time and to identify critical parameters--a working
knowledge sufficient for all near term purposes. It was a stimulating
>. perience and a surprise to us that a group of five people could
progress to such a depth in a new technolugy in so short a time. The
secret was, I think, that we were interested in the epplication and
not the methodology for itself. When mission analyst specialists
*vied to explain refinements or optimizations, we turned a deaf ear
and ran; vhen texts got complicated, we skipped pages and looked foi
a formula we could use for owr purpose. Beyond this was the constant
cross feed among five persons aimed at understanding the problem;

in effect, we taught each other.

-—
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First, let us look at the final results—-what we could do. We
could:

(1) Size a launch vehicle and fuel for a mission to Mars for
any size payload (spacecraft and probe/lander) for the following
phe .. 3—=launch, earth orbit, and to place payload in interplanetary
orbit.

(2) Size spacecraft for interplanetary cruise, course
corrections, and orbit maneuver at planet if desired.

(3) Size propilsion requirements on prot- ‘lander for entry.

(L) Determine entry trajectories--velocities, altitudes, loads,
flight path angles.

Now, let us look at how we got there.

(1) Literature search uncovered data such as given in Figure
III—21; similar data is contained for launch windovs in 1973 and
1975. Concentrating on the parametric data given for &epurture
velocity (VD) and approach velocity (VA)' ve obtained a wealth of data
sufficient to study launch rayloads and Mars entry loads and tra-

Jectories.

1Voyt¢er Design Studies, Volume 3: Systems Analysis, AVCO
Corporation, Octoher 1963, pg. 80.
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The departure veloc’ty sauared is usually termed C3 and is &
measure of laur~h vehizle ernergy (E), and payload (P). Rationale:
E (for a given launch vehicle) = constant
E ~ mV2 ~ PVS = constant

the smaller the VD, the greater the paylcad--so minimize VD.

(In layman terms--when the planets are favorably aligned, it
takes less departure velocity to deliver a given payload).

Checking down the depar*tures velocity column in Figure III-2,
for example, we find that the minimum velocity of 2 8 km/sec occurs
on 5/24/71 and . epresents a 03 = 0.8° = 7.85. We can then proceed
to a launch cnart, such as given in Figure III-3 Z), which designates
payload es a itunction of C3. This completes the discussion
regarding the launch phase.

The Mars approach problem was alsc examined. The approach
velo~ities designated are the velocities as the spacecraft approaches
Murs when the gravity of Mars becomes the prime factor in determining

the subsequent trajectory. By using simple formulae 3

, the velocity
at sny aim point (entry or orbit maneuver) near Mars can be calculated.
Since we must eventually land on the planet, this approach velocity
must eventually be decelerated to zero. Thus, i~ is logical that we
keep the approach velocity as low as possible to minimize the work

% we must dc. In summary, tools were in hand to determine the entry

velocity of the vehicle at atmospheric entry -onditions--assumed to be

; 2 Launch Vechicle Estimating Factors, NASA, January, 1970.
3 Voyage Lesign Studies, Volume 3: CEystems Analysis AVCO
Corporation, October, 1963, p. T70.

o
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800,000 feet above Mars. (For simplicity and because the refinements
are not esseatizl to first cut analyses, I have omitted mention of
other parameters such as lsunch azimuth restreints, communication
links to Eurth, landing site on Mars, Sun position relative to the
venicle, length cf launch windcw, etc.)

(2) To obtair required data on the entry, a simple particle
ballistic Farth entry program was modified. By working with a
programme:* in Langiey's Computer Division, the atmospheric and planet
characteristics . reflecting the current scientific estimates for
Mars were substituted for the Earth's velues. Such niceties as six
degrees of freederm programs and entries relative to the atmosphere's
rotation were ignored. From this simple program, parametric studies
could be readily carried out; we could call in to the programmer the
values of the parameters-entry velocity, entry angle into the
atmosphere, and ballistic number (a measure of the weight-drag
characteristics)--and gel the print-out in the same day which would
describe everything we wanted to know about velocities and loads.
From this work, we identified the critical parameters and could
understand the trade-off problem--thi: allowed us to carry out com-
plete mission analyses with confidence. It is interesting to note
how this very important assistance was obtained. Two of my young
engineers made discreet inquiries to determine who covld help us.

They then made an appointment with the specific programmer (female), -

4 NPSA TN-D2525, NASA Engineering Models of the Mars Atmosphere for
Entry Vehicle Design, Levin, G. M.; Evans, D. E.; and Stevens, V.,
November 196k,
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explained they were in trouble with their assignment, were ignorant
of tne technology, and requested any help they could get. The

ccoperation and assistance obtained was invaluable and no formal

interdivision arrangements were eve> uade.

T ———————— R
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Preliminary Langley - JPL ~ Headyuzrters Activitice

With the increased interest in a Mars mission as indicated by
Langley's Probe/lLander effort, JPL's spacecrart effort, and Head-
quarters' desire to define & mission, the Langley rmanazgement began
to take steps to identify Langley's nission role (if any) and its
internal research and technology direction. Since Voyager was an
OSSA program, the definition of Langley's fit in the program was &
complex problem 1involving OART, 0SS5A, and Langley.

At the reguest of Mr. Kilgore, Mr. _rown ard T were clcsely
associated with Dr. Roberts in the preparaticn cf two dccuments esriy
in May. The first dccument was an internal memcrandum defining, as
best we could, the options available (together with their Justifi-
cation from a technology viewpoint and the resources required for
each option responsibility) to CART in its participation ir the

Voyager Program. This memcrandum QAET's Role in the Voyager Program

is contained in Appendix III-A, and a summary chart is included
herewith as Figure IIl-L. Briefly, it outlines three options all
with overall JPL management and responsibility for launch vehicie and
spacecraft sysiems. Under Option I, Langley would be responsible
for the entire entry vehicle ("capsule bus") development including
science. Option II is the same except the uscience integration
furction would be performed by JPL. Option III gives mission hardware
respensibility to JPL with Langley furnishing technology suppor .

The second paper was fcr a presentation at Washington Headquarters
by Dr. Roberts on May 11 to OSSA and OART management. This presen-

tation was entitled Voyager Research and Technology Programs and was
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I 1T I1I
TOTAL SYSTEM INTEGRATION JPL JPL JPL
S/C Bus JPL JPL JPL
S/C F-veriment Integration JPL JPL JPL
S/C Experiments From Experimenters
Capsule Bus Development LRC LRC JPL
Capsule Bus Definitiorn Program LRC I°C LRC
Earth Atmosphere Flight Program|| LRC LRC LRC
Capsule Experiment Integration LRC JPL JPL
Atmospheric Measurements Exper. LRC LRC LRC
Other Experiments From Experimenters
LRC MANPOWER 120 80 50

Figure III-L.--Alternate Langley roles in Voyager program.
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devoted tc "cducating" Headquarters on Langley's capabilities in both
general applicable technoliogy areas and in Voyager rmission under-
standing specifically. The objective of this presentation was to
supplement the previous memorandum (Appendix II-A) by illustrating
Langley's expertise ana its relation to Voyager requirerents and
schedule. An overall techrology schedule program plan {(Figure 1II-~S)
was included which illustrated the technology develouvment fit with
Voyager scheduling but no recommendation or mention was made conceriing
any Lungley direct role irn the mission hardware program. Langley
menagenent was obvicusiy sitting tight at this tirme and awaiting
future developments before committing to a position or setting up any

formal mis:zion o"Fice. All langley personnel wcrking the "missi o
oriented"” problem were still carrying out their line functions; there

was no Langley Voyager Office as there was at JlL.
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Voyager Planning at Headquarters, June 1965

At this time, NASA Headquarters had initieted project +d defini-
tion of Voyager with plans to fund the start of hardware fabrication,
test, and operaticns in 1966. Tre rirst operational mission wes
scheduled for 1971 with a Saiurn 1B/ientaur launch vehicle. Ther was
enthusiasm for Voyager within the scientific community; the Space
Science Board of the National Academy of Sciences recommended theat
unmanned explcration of Mars and the search for exira-terrestial life
be the primary objective of post-Apollc space program. There was
clamor =mong biologists for ambitious missions including the landing
of a large Automated Biological Laboratory (ABL); a minority viewpoint
wa3 for a more gradual, evclutionary approach starting with small,
simple pa;loads. Donald Hearth, OSSA Voyager Program Manasger, stated
that Voyager "extends a major challenge and great oppor.cunity to the
scientific community and the aerospace industry. Neither the
technical difficulties nor the potential rewards of the program are
underestimated."

For all intents and purposes, Voyager appeared to be an
established program on firm ground with support from NASA and the

scientific community.

5 Donuld P. Hearth, "Voyager", Astronautics and Aeonautics, May 1965.
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Langley's Response to Voyager Impetus

Because of the aforementioned events (Voyager's impc-tance and
La:.gley's Probe/Landec input), Langley adminictration recognized the
rreed tc crganize its elforts in & manner compeatible with the overall
requirements of NACA. Its first step was the creation of a Planetary
Mission Technclogy Ste-~ving Committee (PMTSC) reporting tc “he Director
and chaired by Dr. Roberts. The membersnip concisted of eight senior
Center engineers in the various divisions and included the basic
core of personnel who worked the earlier Mars missicns studies; I
was appointed Secretary for -he committee. Through this mechanism
(both formal meetin, minutes and discussions with the chuirman),
the Director wac kept intormed of all dev-lupments regarding Langley/
Voyager interactions ard could purticipate as he saw fit. Two of the
specified functions o“ the comnittee were to (1) guide and review the
progress of contract studies and (2) evalunte results of studies
and recommend future actions. (The mencrandum establishing the PMSTC
and its functions is included as Appendix III-B.) Through this
mechanism of a PMISC, the Langley manegement could get the Langley
staff involved to a degree while still not perturbing the resesrch
line orgenizations or creating a project office to centralize the
work.

With the award of the Probe/Lander contract tn AVCO, Wilmington,
Messachusstis, the stage was set for the acceleration of Langley's

efrofts to include directing of Probe/lLander work and couordinating

.
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Voyager perticipation with JPL and Headquarters. The PMTSC addressed
itself to the problem and undertook three major respcnsibilities at
the behest of Mr. Charles Donlan, Associate Director, who met with
the committee and gave it broad operating guidelines. Mr. Donlan
stated that "the Voyager Program is moving fast and LRC should
participate because it is primarily an exercise in reeatry technology.
The present AVCO study is being used as a fccal point--for preliminary

definition."6

He asked the PMTSC to (1) guide AVCCO's study, (2) work
up an Langley research program 1. support Voyager, and (3) prepare a
draft of working agreement with JPL tc define mutual responsibilities.
The PMTSC set up the organization shown on Figure III-6 to
guide the study, as indicated therein, I was vesponsible for system
integration, mechanical Jdesign, environmental control, qualification
program, and rission anclysis. Subcommittees in the various research
disciplines were appointed to cutiiie and cost research programs
necessary to support Voyager. Thirdly, a draft cf a "Recommended LRC
Position in the Voyager Program" was prepared for the Director for
his use in negotiations with JPL. A copy of the draft is included
as Appendix III-C and is based on LRC's position being one of "strong
technical support in the area of entry technology." In essence, it
committed LRC to carry out the neressary aerodynamic wind tunnel
testing, entry vehicle structural research, and plan and conduct a

supporting fiight test program in the Earth's atmosphere--total

Voyager mainline harivare was "assumed" to be the responsibility of JPL.

GMinutel of the fourth meeting of Planetary Missions Technology
Steering Comrittee, August §, 1965.
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Leonard Roberts, DLD Technical direction of Study
Technical direction of Functionsl
Staff

Functional Staff

1. R. A, Jones, APD Aerodynamic Configuration
Aerodynamic Heating

2. E. M. Sullivan, LMPD Propulsion
Decelerators

Flight Test Program

3. P, J. Bobbitt, DLD Entry Dynamics
Entry Loads

L. J. F. McNulty, FVSD System Integration
Mechanical Des?, »
Environmental = +r.1
Qualificatior . ., r'm
Mission Analy-'»-

S. S. T. Peterson, IRD Communication Sy: tem
Instrumentation
Tracking
Sterilization

6. L. D. Guy, SRD Structural Analysis
Thermal protection
Impact Structure
Structural Configuration

Pigure III-6.- Organization of mansgement and direction of LRC Mars
probe/lander study.
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Direction of AVCO's Study

As mentioned previously, the companies bidding on the Frobe/Lander
prcposal had strengths in various areas and the compeiition was stiff.
AVC(G's strength was its analytical capability in mission analysis,
parametric studies, structural analysis, etc.; compared to some of its
competitors, it was weaker in the engineer.ng hardware design and
fabricetion--in other words, the company was more research than
engineering oriented. The compeny, no doubt, was selected because it
wvas felt that analytical capability was the driving function ir our
study; i.e., the need to optimize entry shell weight, tradeoff
trajectories, etc.

A mutually acceptable working arrangement was quickly worked out
between Langley and AVCO. This arrangement consisted of close
intera~tion; the work of the contractor sas followed in detai. so
that the effort was a Joint one rather tliian having the contractor
werk for a period of months, report his findings to a large review
group, and obtain feedback redirection as befits and is normal Tor
some studies. The PMISC stayed ocut of the direct loop (except as
Dr. toberts reported progress at meetings) and the runnin, of the
contract wgs left to Dr. Roberts and his functional staff. AVCO
had a similar function staff and it was the responsibility cof the
Langley stalf member to monitor the work in his area. This was an
extremely demanding periocd for me because a large amount of work
in mission analysis was requivad to “urnish input to *he other

diz:civlines. This interacticn, in eddition to being responsible
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for the actual design integration of subsystems required me to see
the whole picture and know the interfaces. Norma’ workirg relation-
ship between me and Mr. Ellis, AVCO's systems engineer, consisted of
many phone calis, mailed dnta exchange, aud oi-weekly meetings either
at AVCO or at Langley whea we analyzed and agreed as tc where w2 were
unG where we were going. The LRC-AVCO relationships were excellent
throughout owing to mutual respect and the mix of capabilities was
advantageous for outa.ning sound analytical and engineering ot jectives.
On the 1hnica1'sidp, AVCO's parametric studies of the three
candidate shapes {.ensior. shell, cone, and Apollo' indicated thet
from weight-rerformarce consideraticns they were near equal while
from a packaging point of view the cone was superior. ''he tension
shell's superiority in high drag and lo .= :zht proved illusionary--
tunnel tests of 120o blunt cones indicated that they vertormed nearly
equal in drag to the tension shell and the tension shell's estimaved
weight increased with buckling and bending problems. Thus, one of
Langley's main selliing noints--its unique knowledge of low weight
tension shell technology--was quietly discarded without notice. The
PMTSC agreed to concentrate tl: study on the cone shape for the
reentry vehicle berause of its packaging capability and because its

state-of-the-ert wvas in keeping with schedule requirements.
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Research Program To Support Voyager

The second action item of the PMTSC was to define a research

program. It should be noted that this item is of tremendous importance

to a Center like Langley. It furnishes the researcher with funds and
o “»ztives to follow his quest fcr knowledge in his specialty. One
reason why Langley participates in mission projects is because of the
technology (facilities included) fallout; in general, Langley desires
a mix between missions and research, and strives to assure that
projects do not overwh2lm the research in importance. Projects are
status symbols, good public relations, a source of funding, and many
engineers prefer the type work. The defining of a research program,
thus, goes to the heart of Langley.

The following program elements were defined and presented to
PMTSC for approval and forwarding to JPL and Headquarters:

1. Wind Tunnel Test Prcgram . . . . . . . . . $330,000

2. Capsule-Heat Shield Development. . . . . . 400,000

3. Parachute Development. . + + « « « « . . . 865,000

The parachute development program warrants a few words at this

point. It was anticipated from our misgsion analysis studies .hat

the mission would require a parechute approximately 8L feet in dismeter

to be deployed at about Mach 1.2. Deployments in this transonic
range were beyond the state-of-the-art. Langley proposed a series of
seven rocket fliight deployments of sub-scale parachutes to select an

optimm configuration, and a series of five full-sige parachute
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deploymentes in the wake of a blunt cone to prave out the systeam and to
study wake effects. The full-size tests would consist of a balloon
launch to approximately 100,000 feet, cone release, firing rockets
for additional altitude (120,000 feet to simulate Mars atmospheric
density) and for Mach number requirements, and deployment of the
parachute. Figure III-T illustrates the concept and sequence of events.
An impcrtant decision was required with regard to this proposed
parachute program. There was considerable controversy within the
PMTSC as to whether this balloon launch, rocket assist concept was
Teasible technically. The elternative was for a standard rocket
launch which would require a Little Joe II launch vehicle. The launch
cost of a Little Joe IT was estimated at $2,000,000 while the balloon
launch was estimated to $100,000. Even the Asslstant Director st
IRC, Mr. Donlan, had grave doubts about the balloon concept. However,
the cognizant Langley engineer, Mr. John McFall of AMPD, stood firm
and carried the day--for five launches, the decision involver. a total
of about $10,000,000. The PMTSC and Langley management approved and

proposed the balloon launch method and then stood its ground againat

JPi.'s questioning.
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Working Out Arrangements With JPL

In working out arrangements with JPL, Langley had to consider
JPL's unique position in the MASA organization. Formelly, JPL is s
research laboratory under the cognizance of California Institute of
Technology. waever, nearly all its contracts are performed for
NASA; JPL is, in reality, an arm of NASA-QOSSA. Although a contractor,
JPL acts and considered to be more like a NASA Center. Pre-1964,

JPL provided the initiative (through 0SSA) for early unmanned lunar
and planetary programs. Its early planetary ideas developed into
successful Mariner migsions to Venus in 1962 and to Mars in 196k,

Its mode of operaiion is primarily to build infhouée with the use of
subcontractors rather than the utilization of prime ccntractor such
a8 North American on Apollo or Boeing on Lunar Orbiter. JPL had, at
this time, a near monopoly on NASA unmanned missions to the planets
and, thus, was the only "Center" with proven capability. There were,
however, scme previously mentioned difficulties brewing in the NASA-
JPL relationship; (1) NASA was under pressure from industry to
contract work rather than performing the work in-house, (2) Congres-
rional inquiries into problems associated with JPL's Ranger and
Surveyor programs revééled that neither NASA nor Congress was
satisfied with NASA's direct control over JPL and, thus, the progvams,
(3) th2 desire by 0SSA to obtain overall NASA Center participation in
unmanned missions and, thus, enlarge NASA's options and capabilities.

Returning to Voysger, it should be noted that Voyager was, at
this time, only slightly larger and more complex than JPL's previous

PR
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Mariner missionz. The impor*ant differences were: (1) use of
Saturn 1B-Centeur instead of Atlas-Centaur as launch vehicle, (2) an
orbiting spacecraft insiead o. flyby, and (3) a release of an entry
capsule carrying a "hard" (!mpact attenuated ball) inztruwented
lander on spacecraft approach {see Figure III-8). The estimated cost
of the 1971 Voyager mission was of the order of $400G,000,000. JPL was
officially assigned Voyager Project responsibility on July 1k, 1965.
The letter from lleadquarters stated that "LRC would provi?e support
in the area of entry technology"--this was precisely the role which
the PMTSC had reccmmended to the Director in its aforementioned
draft.

With that charter, JPL visited or, perhaps, descended on Langley
to work out the details of how "LRC would provide support.” JPL was
represented by a staff of 12 high-level Voyager office personncl with
the aim in mind of getting maximum "project" help from Langley. The
I« rsonnel were obviously well qualified and well prepared for the
neeting. Langley was represented by members of the PMTSC with Dr.
Roberts as principal spokesman. It was quickly epparent that JPL
and Langley had some diverse views as to Langley's participative
role--and I don't bzileve that this came as s surprise to axyone
since the dividing of the responsibility and funding is a seriocus and
important matter. JPL was intereated in getting Langley out of the
"systems" ares vwhich JPL waited to control and into narrow specific
technology tasks (i.e., type of heat shield material) which would
support @ts missions concept. Langley, on the other hand, took the

T e % ks
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broad view that "suppor:t in the area of entry technology" included
entry concepts and design methodology. As a member of the JPL group
stated to me in words to the effect that "JPL knew LRC was interested
in Mars missions and was solicitirg contract assistance. We expected
LRC to contract for a research oriented study and were very surprised
vhen we read the work statement and found it systems oriented--we
knev then that JPL had compatition in unmanned planetary missions."
JPL asked specifically that Langley's contract "systems effort be
deemphasized to avoid preferential treatment to AVCO in subsequent
Voyager capsule procurement."7 The meeting was adjourned after a
free discussion but few ugreen;nts; it was obvious that the feeling
out period had started and much work or Headquarters direction would

be required to define mutual roles.

TIPL 1mtter June 29, 1965, to Dr. Roberts from D. P. Burcham,
Voyager Project Manager.

iy



Voyager Becomes a Multi-3illion Dollar Program

August and September were months of working the AVCO contract
heavily and continuing the preliminary skirmishes with JPL. Ther in
October came a surprise Headquarters decision which changed the entire
picture. Headquarters decreed that the launch vehicle for Voyager
would be the Saturn V; this changed the program from a Mariner {ype
to a mini-Apollo. This, together with the almost simultaneous data
from the fly-by Mariner that the atmosphere of Mars was now estimated
to much lest dense than previously (5-10 millibars rather than
previously defined 10-40 millibara), required the design of entirely
much larger mission with much more difficult lending parameters.
Neither JPL nor Langley had studied the Saturn V mission and recommasnded
it to Headquarters. Headquarters' decision wvaes unilateral and based
on scant technical input insofar as the Centers vere awvare. The new
guidelines dictated by Washington Headquarters were:

a. Saturn 5 vebhicle

b. Only one vehicle for eech opportunity

c. KRo "69" test f:ights

d. Two identice) spacecraft an)l capsules on each launch vehicle
for "T1" and "T2".

e¢. Delivery mode "out-of-orbit"

f. Type one trajectories only

€. Skroud 260" dismeter maximum ;

h. Spacecraft science payload 250/ maximum
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i. No spacecraft acience mission required in "T1"
J. Objective of "71" miasion

(1) Obtain atmosphere data

(2) Obtain surface winds

(3) Obtain surfaces topography

(4) Obtain surface hardness

k. Land a 200# automated biology laboratory type payload in 1977

1. Spacecraft mission to deliver capsule into orbdit

m. Design to a 5 to 10 MB pressure

n. Spacecraft desigaed for 0-800# capsule weight for 1971
and 1973

o. Capsule entry weight to be 1000-3000# for 1975 and 1977

P. 1971 capsule entry mode to be ballistic with a minimum
M/CDA of .25.

Q. Subsonic chute only for "T1"

r. 1971 test capsule to be done on an in-house basis (like
Ranger and Mariner) system contractor planned for no earlier than
1973.

The important points to note are:

a. Change in launch vehicle payload capability from about
10,000 to 100,0004

. 1971 test capsule (lander) to bde & relatively simple
package and to landed by “sudsonic chute only."

c. No 1969 test flights but a gradual grovth in mission
complexities every two years - 1971 through 1977.

St o S e Bk e - e 4
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The management responsibility was still in the hands of JPL but it was
obvious that a project as large ar Voyager was now defined would require
tlie resources of many Centers--Marshall would, of course, supply the
Saturn V--and, thus, the final project management would have to be
redefined at a later date. Meanvhile JPL, with Langley's help, was to
redesign the mission and make recommendations to Headquarters. Langley
issued a change order to its AVCO contract to redirect its work on

the Probe/Lander to be consistent with the new guidelines.
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Headquarters' Rationale for Saturn V Decision

The two reasons publicly stated for meking the launch vehic™.-
switch were:

1. A funds squeeze existed owing tc the ilemands of the Vietnam
War and the Apollo priority. The svitch to the developed Saturn V
would free up funds needed to develop the Saturn 1B/Centaur combina-
tion and transfer launch vehicle costs until later fiscal years when
Vietnam and Apollo wouldn't be so demanding.

2. The lower atmospheric density estimated at Mars could mean
that a more complex and weightier landing system would be required
vhich the Saturn 1B/Centaur coundn't han2ie--and the next bigger
launch vehicle in the NASA stable was the Saturn V.

Other underlying reasons for the switch mentioned by various,
NASA officials wvhich added impetus to the decision were:

1. Marshall wvas gearing up to produce six Saturn V's per year
for Apollo and it was natural that KASA would need a market for the
Saturn V's after Apollo. The decision was, thus, influenced by &
desire to naintain a national space capability and to provide
continuing work for the Marshall Center.

2. Scientists in OS8A and in the academia vanted the capabdility
of landing large scientific laboratories on Mars. The scientific
community at this time wvas almost totally in concurrence with the
decision because, as it said by Voyager participent, "--- every
blologist in the country could get his experiment aboard."

e r—— gt
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Reactions at Langley and JPL

The reactions by Langley management, as express a to the PMSIC,
was one of using Voyager as a focus of rescarch programs. Mr., Donlan,
Langley's deputy director, stated he had met with Dr. Adams, head of
OART in Washington, and that "OAR!'s mission is to develop technology
required to support Voyager since Voyager is the only approved
Jrogram after Apollo".8 Mr. Dave Stone, who had recently served as
program manager of the highly successful FIRE project, was appointed
Langley's technology ms.ager and was instructed to survey the Center,
define technology programs, and work with JPL to obtain approval and
funding. Our core of top lavel technical people working on the Mars
mission vere somevhat elated at the turn of events because we felt,
in general, the larger and more important the mission, the more the
opportunity to contri®ite and to advance in our professions.

Discussion vith our project counterparts at JPL revealed that
the reaction at JPL was very much different and reflected concern.

JPL wvas concerned about both techrical and managemeat problems. In
the technical area vhere they had had extensive interplanetary mission
expericace vhereas Langley w.s a novics, JPL felt that the technology
Juap from Mariners to Sstura V missions was too great. Beyovnd this,
trey had ezarined the fensidility of larger scientific missicns

in-house and, despite the clamor of scientists for large experiments,

aﬂiuutcn of the ninth mesting of the Planetar)y Missions Technology
Steering Committee, fovember 8, 1965.
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had concluded that the scientific instruments wvere not available

wvithin reasonable cost o1 schedule limitations. In the management

area, they forsaw that the mission was too big for JPI to manage alone
and feared that a managgment structure would become big and unwieidy
#ith JPL caught in the middle tetween several NASA Centers and

lHeadquarter..

Py

-’



AP g i

93

The Other Shoe Drops--Cancellation of '71 Voyager

Two months after the switch to the Saturn V, OSSA Headquarters
cancelled the '7l mission and rescheduled the firsat Voycger mission
to 1973. Lack of funds was the reason. The BOB (Buresu of Budget)
cut NASA's overall request for funds from $5.6 billion tc $5.1
billion. With Apollo, Surveyor, end Lunar Orbiter in hardware procure-
ment, the new start progrrms bore the brunt of the cut. As a result,
Voyager was approved for only $10 million out of the requested $150
million. Donald Hearth the Voyager program maneger stated that
"e-- work on the spacecraft portion of the system will go on a low
back burner basis for the next year and & half to two years before

we pick it up again."g

In the interim, the plan was for JPL an2
Langley to continue work on lander definition.

Thus, the year enied on a confused basis with an entirely new

problem to start work on in the new year. The situation in brief was:

1. Langley's technical staff wa: broadening jts technology base
and increasing iu expertise. Th» FVYSD tecam was becoming an
appreciable force within the staff,

2. Langley administration was taking its first steps to support
a8 Mars program but had not mad~ any crgsnissational changes nor
indicated a desire for any heardware commitmrent.

3. Headquarters had a "tiger by the tail" with the Saturn V

Voyager program and no clear path was evident.

9Avintion Week and Space Technology, January 3, 1966
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Synopsis
A synopsis of the second year's effort could be tabulated as

indicated below:

1. Obtaining in-house capability in Mars mission studies by the

formulation of Langley working teams in various technology areas.

2. Probe/lLander contract evaluation and award to AVCO.

3. Probe/Lander contract to serve as basis for Voyager entry

capsule.
4. Langley becomes a semi-participant in the Voyager program

with Headquarters and JPL.

5. Langley creates a Planetary Missions Techncl.gy Steering

Committee with Dr. Roberts as chairman.
6. JPL awarded managership of Voyager.

T. Voyager to utilize cone configuration for entry vehicle rather

than tension shell.
8. Langley proposes a parachute development program for Mars
application--transonic deployment at low dynamic pressure.

9. Headquarters decrees Saturn V as Voyager launch vehicle.

10. Voyager 1971 mission cancelled.
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CHAPTER IV

VOYAGER DEFINITION - 1966

Summary

On the technical level at Langley, the year was primarily spent
on +rying to understand the Saturn V Voyager program -- analyzing
the technicel problems, evaluasting the trade-offs, and defining a
rational technical approach. Other technical items of note which took
place during the year included the completion of the AVCO contract
and the initiation of research and development tests for a Mars
parachute system.

At Headquarters the effort consisted of developing guidelines for
the various systems (Spacecraft, Lander, Launch Vehicle, etc.) in
order to furnish the various Centers and JPL some definition of
their responsibilities and to provide charter interfaces. In addition,
much effor: was expended in attempting to determi).. a management
organization to weld together the efforts of the many participating
organizations scattered from coast to coast. Involved in this
problem was the prime importance of defining Center assignments
(management, spacecraft, lander, etc.) so as t; obtain the best mix

of capabilities and insure a "workable" management system.

95
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Voyager-AVCO Interface

At the start of the year AVCO was engaged in revising its work
to date to make it directly applicable to the 1973 Voyager mission--
i.e., extrapolating the data they had worked up for the Saturn 1B/
Centaur mission to the Seturn V mission. Since AVCO's werk on the
entry vehicle was to be used for prcgram preliminary definition, it
was essential that the guidrlines AVCO was using reflected the
mission as [ASA Headquarters visualized it. As delineated in the
previous chapter, Voyager was now defined as a continuous program
evolving in complexity through four launch years (every other calendar
year) from a first probe mission to a final landed "automated
biological laboratory” mission. JPL's management wa; convinced that
prime importance had to be given to definition of the first mission
for costing and scheduling reasons--other items such as logical growth,
future planning, and subsystem commonality were placed on the back
burner until the first mission was defined.l In this regard,

Edward M. Sullivan, LRC Liaison Coordinator, reports in a trip memo-
randum as follows:

"Mr. Schurmeier (JPL Voyager Program Manager ] expressed the

thought they would like to get the first mission settled and

defined.

Author's note: This JPL "obsession" with the current problem
continually reflects itself in technical and management dealings with
Headquarters and other Centers as the careful reader will note.
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Then they should proceed ... end see what technology

development schedule makes sense for 'T3 and '75 to support

the '77 mission.

"I asked about a landed payload in the first mission. They

were adamant in sseying they did want to consider it. Mr.

Schimandle offered the comment that +he simplest landed

payload, which did nothing but transmit a signal tc indicete

impact survival, would so affect the cost and engineering

complexity as to Jeopardize the entire capsule mission."

In accordance with the above, Langley had AVCQ concentrate on a
Probe mission. As AVCO stated in the final oral report "the purpose
of this study is the design of a non-survivable prodbe to perform
engineering experiments for the determination of Mars atmospheric and
terrain properties. The mission is primarily engineering in nature
in order to obtain Mars properties for the definition and confirmation
of sssumptions that are necessary for the design of future large soft-

2 The sequence of events is illustrated

landers for advanced missions."
in figures IV~l and IV-2 and a summary of significant data from the
firal report is included in Appendix IV=A. A synopsis of the final

concluasions is as follows:

2Mars Probe, Final Presentation, Contract NASl-S522h, March 1, 1966
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Experiments
* 3 camera TV
* 4 penetrometers to measure hardness
* atmospheric composition instruments
Entry Capsule
* 15 foot diameter cone
* weight = 2040 1lbs.
. M/CDA = .22
Only Technology Problem Ares

* Development of parachute for low dynamic pr-ssure

deployment
AVCO's final report was well received; it was felt that the company

did an exceptional job under trying circumstances involving guideline
changes of the launch vehicle, mission magnitude and objectives. The
realms of parametric data produced together with actual design weights
for the baseline mission furnished a wealth of duta to guide further
studies and trade-offs for future missions. AVCO's study of the
Saturn V Voyager mode was restrained to study of the capsule being
released from the spacecraft wvhile in orbit about Mars rather ‘han
being releised on the spacecraft's approach to Mars and making a
direct entry. The reasoning vill be discussed in more detail in

the next section because the controversy between direct and out-of-
orbit entry is of prime importance in mission complexity, cost, and
success; suffice to say at this time that vith the guidelines of

Saturn V with its large energy and with an ordbiter specified,

s .
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mission success requirements became the forcing function and the

out-of-orbit mode became an obvious choice.3

It should be recalled
at this time that the contractor was required to study the out-of-
orbit delivery mode by the original work statement (more or less as
an afterthought to be certain we included the total problem). As a
result of this foresight, the changes in AVCO's contract resulted in
only a very small change of contra¢t price ir lieu of a complete

revork.

3Autbor'l note: We shall see this controversy arise time and again
throughout the history. )
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Out of Orbit/Direct Entry Trades

The alternate planetary approach modes are illustrated in
figure IV-3 together with their appropriate entry velocities into
the Martian atmosphere. The entry velocity for the out-of-orbit
mode is consideradbly less than for the direct mode because the
spacecraft must be slowed (by use of retro-propulsion) to effect its
capture into oroit. This velocity decrement is reflected into a
lower entry velocity.

Figure IV-i summarizes the “rudes between the entry modes in
terms of the parumeters involved. Targeting the entry vehicle for
entry into the Martian atmosphere at a specific point and direction
is the crux of most entry problems. Figure IV-5 represents the
general problem. As one can see, a YE of 0° to skip Yp causes the
vehicle to miss the planet entirely. The nominal (aim) Yg is
determined by adding the 30 error tolerance to the skip angle. Design
must account for entry at nominal YE * 30 tolerance angle. The
reasons for staying as close to the skip angle as possible are:

1. longer path ("stroke") in the atmosphere thus reducing

structural and heating loads.

2. more atmosph-ric dresk.ng thus less energy to be removed by

landing system. ’

3. lower velocities at parachute deployment altitude.
Examining the implications for the direct entry mode, we find:
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Lirect Mode sut cf Orbit Mode

Spacecraft

lanaer

Spucecraflt
Entry Conditions
Direct Mode Out of Crbit Mode
VE 24,000 ft/sec 16,000 ft/sec

Figure IV-3.--Planetary approach modes.
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1. skip Yy is approximately 20° for V. = 24,000'/sen.

E

2. 30 ec-or band could be only be estimated since the mission
had never been done befoire--let alone enough times to get
statistical date., The problem is complicated since it is not
known exactly vwhe;e Mars is. Based on an examination of the
first Meriner datuy (Mariner missed its target on a flyby
by at least a thousand miles which would result in a mission
failure for an entry mission), it was felt by JPL and AVCO
that enough was learned so that it should nov be posaible to
design & missicn with a 30 value of 3, This would resuit
in a rominal entry angle of 580 wvith & meximum design entry
angle of 36°,

For out-of-orbit mode, we find:

1. skip Yg is approximately 13° for VE = 16,000'sec.

2. the 30 error band is determinsnt since it is within the
state-of-the-art *c assure spacecreft capture into some
orbit; once the spacecraft has been captured, it is readily
possibly (by checking the crbit through telemetry signals)
to tune the orbit until the design ordit is achieved.
Knowing the exact relationship between Mars ana the orbit,
the entry vehicle can be ‘slecsed to enter the atmosphere

vithin a 2° 30 value. This would result iIn a nominal entry

angle of 15° with & maximum design angle of 17°.

'
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The following paramete. s--~loads and heating, lending footprint,
and serodynamic braking-~-indicated on figure IV-l4 are related to this
entry angle accuracy. As mentiored previously, the lower the entry
angle, the lower the ioads and greater the energy consumed in aero-
dynamic braking. For example a straight-in entry (YE = 90°) would
result in the entry vehicle teing at & high superscnic speed when it
closes in on the Mars surface---thus, making & landing extremely
difficult if rot impossible. Scientists prefer smali landing foot-
prints as “hey like to pinpoint the locations for their experiments.
Thus, out-of-ortit entry mode is preferable to scientists because of
the small =niry dispersion angle and to the engineer for loads,
heating, and velocity conditions. The parameter most favoring the
direct entry approach is cost. Assuming that it is possible to target
a vehicle from Earth to hit the planet, a high energy impact mission
could be carried out at less cost because there would be no need for
an orbiting spacecraft nor for the additional propulsion weight
necessary to effect orbit. Thus, a smaller launch vehicie cculd be

utilized and costs could be reduced all along the line.
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New Headquarters Guideline--Lander in 1973

On March 9, 1966 a meeting of the Voyager Steering Committee was
held attended by representatives of Langley, JPL, and Washington
Headquarters, OSSA, OSSA stated that since 1971 mission had been
cancelled that sufficient time was available to pursue a landing
mission in 1973 to conduc*t surface experiments and, thus, to skip the
Probe mission altogether--the mission that AVCO had just completed
studying per OfSA's instructions. Again, Headquarters edicted a major
mission change without technical input Zrom the Cencers and the blanket
claim there is "sufficient time" is not substantiated. Thus, JPL and
Langley were instructed to carry out a scientific lander mission
without benefit of the prior Engineering mission which was planned to
obtain design data for the lander mission.

JPL expressed the opinions "that the resources and time available
do not comply with the guidelines--and that the OSSA mission proposed

for 1973 is too ambitious."u

Langley stated that "the guidelines were
premature"5~and ghould be subjected to more study. In his memorandum
of the meeting, Mr. Kilgore, Lengley, noted that "JPL, in their role
as a contractor, reacts to O8SA guidelines as somewhat hard end fast
requirements, which are subject to a minimum of question and changes.
LRC could make a major contribution to the Voyager Program by studying

and defining a series of missions for 0SSA, which we feel would more

logically focus on an end obJective."6

k’s'suemorandun to Associate Director from Chief, Flight Vehicles
and Systems Division, March 1k, 1966
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In accordance with the above, Langley held a neeting of its
PMTSC and decided that "LRC should pursue an in~house study aimed at
evolving a logical Voyager seguence. A completion date of about
September 1, 1966 was suggested so that the task results could influcnce
the selection of the mission mode of the 1973 Voyager."7 The study
would use the parametric deta developed under the AVCO contract as
& base, Dr. Roberts would be program manager and I was assigned the
project engineer responsibility. For the next several months, this
was my prime responsibility-~defining, delegating, directing and
integraving tasks throughout the Center to define a rational Voyager
mission sequence. This study was primarily carried out by the FVSD
team under my direction with Research Division personnel used in a
consultant capacity; »f course, close contact was maintsined with
Dr. Roberts and Mr. Kilgore. Thus, while JPL was attempting to
define the 1973 mission in terms of hardware, Langley was mainly

involved in evaluating the broader problem in addition to pursuing
the parachute development program which AVCO 1. 3 ldentified as the
major problem srea. It should be noted that Headquarters did not
take issuance with Langley proceeding with an in-house study to
define a sequence of missions; further, Headquarters stated that it
welcomed the assistance of Langley in this regard. Thus, there

remained a doubt of how "hard" the lander guideline was.

7Minutes of the eleventh meeting of the Planetary Missions Technology
Steering Commitiee, April 15, 1966
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Engineering Study of Fntry System

This section will be devoted to the methodology developed for
the engineering systems synthesis performed by the technical staft tc
carry out the directions of the PMTSC.

As can be recalled, the problem was one of defining of the basic
parameters (weights and diameters) of the Capsule Bus which would be
compatible with OSSA science guidelines for Voyager missions 1971
through 1977. The terminology to be used is illustrated on figure
IV-6 and is broken down intc the following main elements:

1. Capsule Bus--this is the entire vehicle separated from the
sparecraft in orbit including the subsystems needed for the deorbit
maneuver and to protect the vehicle against contamination from micro-
organisms.

2. Entry Vehicle--this is the vehicle that enters the Martian
atmosphere and takes the entry structural and heat loads--the capsule
bus minus the deorbit motor, adapter, and sterilization canister.

3. Delivered System--this is the package delivered to the
surface of Mars after separation from the heat shield. It includes
the science vps:kage and support.ng subsystems.

The block diagram illustrating the engineering systems synthesis
performed is shown on figure IV-y. Thcre are three basic inputs:

1, Entry vehicle parameters--the entry angle, entry velocity and
drag coefficient are fixed constants; the ballistic coefficient and

entry vehicle diame.er are given parametrically through the range of

e e s —— s e
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Allocated Capsule Bus Weight:

De-Crbit Motor

Cpacecraft Adapter —

Sterilizaii?fJ///\
Cunister

Entry Vehicle Weight:

Heat Shielu

Delivered System Weight:

Science—

Figure IV-6,=-Capsule bus terminology.

——
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interest to cover all weights and sizes.
2. The allocation of science weights for missiosns 1971 through

1977.
3. The allocation of bus capsule weights for missions 1971 through

1977.

Twelve cases (3 diameters with U4 ballistic coefficients) are run
through the trajectory program which outputs the heat shield separation
conditions for design of the parachute, the loads »n the heat shield
for its design, and the entry weight which is obtained by solving
the m/CdA for each parametric value of m/CdA and diameter as

follows:

Take m/ch’ 0.20

A =T D%l

A = "2 gquare feet (for D = 10 feet)

m= 0,20 ch = 0.20 (1.5) 78

23.6 slugs
Wg = mg = 23.6 x 32,2 = 760 pounds

This is the minimum entry weight investigated; the maximum
weight, corresponding D = 19 feet and m/CdA = 0.35, is 4800 pcunds.

The output from the trajectory progrez, thus, furnishes the basic
input for calculating the vw:ights of the other subsystems, i.e.,
the loads plus entry vehicle diameter are sufficient t~ lefine the
heat shield weight, separation conditions plus delivered weight
define the parachute, etc. From various scaling laws, the net weight

available for science and total flight capsule weight are obtained

. A B Vot hame 4 o batam o e
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for each of the twelve parametric vehicles studied. These values can
be then compared to the weights allocated and a delta value noted.
These data can then be examined to find the best fit for the various
missions and, in addition, can be used to assess the weight penalties
associated with standardizing various subsystems through a range of

missions.

s s s
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Exogenous Evenis Related to Voyager Program

During 1966, several events occurred outside the mainline of
Voyager activity which greatly influenced the future flow of events in
the development and management of the Mars lander program.

In March, the American Institute of Aeronautics and Astronautics
(AIAA) sponsored a technical meeting in Baltimore with the title
"Steppingstones 4o Mars." The meeting was chaired by Mr. Carlos de
Moreas of the Martin Company. Papers were presented by industry and
NASA centers--Dr. Roberts presented a paper which addressed the land-
ing problem, identified the critical parameters, and discussed the
trade~offs which would be necessary to derire a mission mode. The
meeting was well received by industry. In informal meetings, we
(Roverts, Anderson, McNulty) were approached by Martin Company
representatives who stated that they were initiating a large company
funded effort and would make the results available to us for review
and guidance. The informal arrangement worked to the mutual advantage
of industry and Govermment; we obtained, in effect, additional
technical data and the Martin Company received the necessary direction
to obtain expertise in a technology nev to them.

In June, JPL landed the first Surveyor on the moon. The chief
technological achievement of interest to us was that the terminal
retropropulsion soft landing technology was "in hand." The
remaining mission elements were not compatible with Mars applications

because of many differences:
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the dirept entry mode to the Mcon could not be extended to

a Mars application because the emphemeris of the Moon was
well defined.

the fact that the moon has no atmosphere changed the entry
problem completely. There was no need for a heat shield to
protect the instrument packege and there was no unknévn
aerodynamic braking to contend with. Thus, the propulsion
could be defined with accurac/ and all events timed precisely.

In summation, it vas a "deterministic" mission.

The success of the soft landing terminal phase revised our

thi.uking to consider how to utilize the techniue in conjunction with

a heat shield and a parachute.

In August, Langley successfully orbited a spacecraft (Lunar

Orbiter I) around the moon to carry out extensive TV mapping in

preparation for the selection of Apollo landing sites. While the

mission was also deterministic like Surveyor, three items of interest

vere noted:

1.

3.

Langley demonstrated capability in unmanned planetary
flights -~ no longer 4did JPL have a monopoly in this area.
the program vas & "model" program in that it utilized a
small Langley staff in conjunction with a major coatractor
(Boeing) -- pleasing NASi Headquarters, Congress, and
industry.

Schedule and costing difficulties were "minimal” compared
vith Surveyor--Langley management ability was demcunstrated.
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In the late fall, Langley, in its research prcgram, successfully
deployed three parachutes in the upper altitude (above 120,000')
simulating Martian density. For the first time, it became known that
parachutes could be deployed in a low dynamic pressure environment.
Two flighir were rocket launched and deployed at Mach numbers near
1.5 ani a dynamic pressure of eleven pounds per square foot. One
flight was balloon launched demonstrating deployment in the wake of
a large cone (simulating a Mars entry vehicle); thia deployment was
initiated at a Mach number near 1.2 and a dynamic pressure of 6
pounds per square foot. While the test data on drag values did not
prove conclusively that a parachute could meet all mission objectives,
the results vere very encouraging that Langley was on the right track

in the development of parachutes.
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Results of Langley In-House Voyager Study

In August, I reported the resulte of the Langley in-house study
to the Planetary Missions Technology Stéering Committee. Dr. Robherts
requested that I make the presentation because he realized the work
was primarily that of the FVSD staff and that he desired not to
compromise his position of chairman of the PMISC. The study, carried
to substantial depth, included analyses of the entry vehicle size, use
of parachutes in conjunction with a terminal retro system for final
phase landing, standardization of mode and subsystems for future
missions, efficiency weight studies of various concepts, and a
rational sequence of Voyager missions throughout the 1970's to meet
the end objective of landing an automated biological laboratory on
Mars in 1979.

The study made the following firm conclusions:

1. Selection of a 19-foot cone, maximur diameter compatible with
shroud, as the entry vehicle because it furnishes the maximum
aerodynamic breking for the first entry phace. It was
further recommended that the core be standardized (designed
for the later heavier missions and off-loaded in the first
missions) in order to minimize costs of design and flight
qual’!.ying a number of differing entry vehicles. The weight
cost of standardizing wvas determined to be minur and deemed !
a small price to pay.
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Use of a perachute for landing in tre first mission and to
furnish a transition mode (as well as serving as the means
of removing the landing package from the cone and furnishing
efficient aerodynamic braking) between the cone mode and the
cerminal landing retro mode in later missions. This was the
first time a parichute had been proposed as a transition
mode and it ailloved a common delivery mode (cone, parachute,
retro} throughout the four planned Voyager missions to
maximize standardization. An all retro landing systen
similar to Surveyor was studied and discarded for technologi-
cal reasons as will be discussed in the next section.
Identified a ballistic number (function of weight) of 0.20
for the first mission which vas compatible with a Mach 1.2
parachute deployment and s ballistic number of 0.32 for the
1979 missivn vhic. would require a Mach 1.6 parachute.
Descrided a mission sequence for 1973, 1975, 1977, and 1979
vhich allowed for a duildup of technology with minimum risk.
A probe mission vas recommended for 1973 to obtain the
necessary data for tbe later lander missions--it should bde
noted that this recommendation gons counter to the 08SA
guideline for the 19723 mission.

Pigure IV-8 illustrates the basic mission mode concept.

The study report vas endorsed by tha PMTSC and was recognized

thereafter as the Langley position relative to Voyager mode and

mission sequencing. The work was subsequently condensed and pubdlished
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as Langley Working Paper 326, Modal and Conceptual Design Comparisons

for the Voyager Capsule by James F. McNulty, Daniel B. Snow, and

Leonard Roberts. The study was a major contribution to Langley's
understanding of the Voyagsr-Suturn V program anc, because of its

prime importance, is included as Appendix IV-B.

AP N i e . e s =



High Level WASA Meeting on Voyeger Mission Mode

Headquarters OSSA called a high level meeting on short notice for
September 26 to diséuss the Voyager program to be attended by the heads
and staffs from 0SSA, OART, JPL, and LRC. Langley was represented by
Dr. Thompson (Director, LRC), Mr. Kilgore, Dr. Roberts and me. JPL
was represented by Dr. Pickering (Director) and senior staff Voyager
Program Office members. OSSA was represented by Mr. Edgar Cortright
(Deputy Director), Mr. Oran Nicks (Director of Lunar and Planetary
Programs), and Mr. Donald Hearth (Voyager Program Manager) OART was
represented by its director, Dr. M. C. Adams.

I recall with some degree of amusement now how Dr. Roberts and I
scrambled the day before the presentation. As Langley had not as yet
comuitted itself to any meinline responsibility, it was difficult for
me to perceive what the '"message" of our presentation would be.
However, there wasn't sufficient time for us to think or worry about
that. Dr. Roberts outlined che vu-graphs he wanted--not in any
particular order as far as I could determine and I got busy getting
them prepared, typed, reproduced, and mede into vu-graphs. As a
matter of fact, we had the Reproduction Division working overtime
that night to get our work done. After we had a miscellany, to me,
reproduced, we adjourned to my home where my wife fed ue vhile we
looked over the data, selecting some and wastebasketing the others.
Finally, Dr. Roberts hal a dozen slides he was satiafied with and my

daughter stapled the copies together ou the dining room table. Afier
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Dr. Roberts left, I examined the dozen pages and I still didn't
understand -~ and so to bed, confused.

At the meeting, JPL led off with its presentation -~ colored
slides, the whole works, pulled from their files. Their presentation
centered on their "VPE-1L" (Voyager Project Estimate) which was
their selected mission mode for the 1973 mission and it was well
presented. JPL's mission mode is presented on figure IV-9.

i Basically, it is all propulsive mode. Ports in the cone open to allow

the retro engines to fire for deceleration purposes. Next, there is

O e

a controlled explosion, more or less, to allow staging of the lander.
Finally, there is the terminal retro landing system, JPL's
presentation was honest and straightforward, a section of their report

was devoted to engineering technological problems associated with

N AP ORI TP ECTI il e T TS

their mission. These problems consisted of:

1. The mechanics of designing the ports so that the outer surface
would remain smooth through resntry thus avoiding discon-
tinuities during the scaling off of ablation material which
cculd cause extreme hot spots or uneven aesrodynamic loading.
Also involved was the question of the ablation material
melting over the port circamference to form a solid face
80 that the porte could not cpen.

2. The detalls of 3taging remained to be worked out to assure
the integrity of the lander science and operation. L

3. Because of the unknown density of the Martian atmoaphere,

the velocity of the cone at initiation of retro fire was
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unknown; it could be banded by a velocity range of 450-1100
feet per second. This velocity band caused two problems.
The first being that sufficient fuel for the 1100 feet per
second had to be carried all the way to Mars with a good
pcssibility that most of it would be a dead weight penalty.
The second disadvantage was that the engine would have to
be highly throttable with complicated electronics to assure
the correct velocity decrement was removed.

As JPL made their presentation, the pieces fell into place
regarding Langley's dozen slides. Every time JPL mentioned a
problem area, I'd note that that point was covered in one of our
slides. I could hardly believe it; I felt that I could get up ani
make a very effective presentation with the same data that previously
made no coherent story. And, if I felt that way, there was no doubt
what Dr. Roberts could accomplish. For the first time in 48 hours,

I relaxed and felt very comfortable.

Langley's presentation followed. As I anticipated, Dr. Roberts
made a masterful presentation. He quietly started off describing the
R & D programs which Langley was conducting to suppurt Voyager. Then
he branched off into Jangley's system studies (the work reported to
the PMTSC) which he indicated were being pursued to define needed
technology areas but just might also have some applicatior to the modal
problems that JPL had been discussing. First, he pointed out (with
hard data) that the cone diameter might better be 19 feet than

16 feet to obtain about 50% more aerodynamic braking. But the main
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thrust was the use of the parachute as a transition mode and the
accompanying slide (figure IV-10) from the presentation was devastating
to JPL's presentation. The Langley presentation is included as
Appendix IV-C.

Following the presentation, Dr. Pickering (Director, JPL) made
the following statement to the group, "I know now why we were asked
to this meeting -- to be the straight man for Dr. Roberts." The
meeting was all in good humour with high technical content but the
handwriting on the wall wes clear. If it had been any sort of
competition, Langley hed won hands down.

Once again “he Langley management had remsained, for the most
part, in the background and allowed the technical staff full latitude.
It was surprising that Dr. Roberts and I could prepare & presentation
for a high level Washington Headquarters and Center Directors meeting
without a "dry run" or even an informal review et the Langley level.
Whether it was & question of complete faith or unsuspected knowledge,

I know not -~ but it certainly was effective and efficient.
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SUMMARY OF PARACHUTE FUNCTIONS

PROVIDES TRANSITION FROM AERODYNAMIC TO PROPULSIVE DESCENT
PERMITS COMMON DELIVERY TECHNIQUE FOR ALL MISSIONS

REDUCES SENSITIVITY TO SURFACE FRESSURE VARTATIONS

PERMITS VERTICAL APPROACH TO SURFACE

LONGER RESIDENCE IN LOWER ATMOSPHERE (DESCENT TV)

REDUCE ENGINE THROTTLEABILITY FROM 10:1 TO 2:1

Figure IV-10.--Advantages o a parachute for Voyager.
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Center Assignments on Voyager

Throughout 1966, NASA Headquarters wrestlaed with the problem of
how to set up a management structure for as complex and large as
undertaking as Voyager. Some way had to be found to parcel out pieceg
of program to all available Centers and then to integrate and manage
the pieces. A Center similar to OSMF's Manned Spacecraft Center at
Houston for Apollo would nave been ideal to handle the overall
Eroject control -- but none existed for unmanned scientific programs.
JPL, as noted previously, was a contractor to OSSA and Headquarters
was reluctant to have a contractor manage NASA Centers. Langley was
primarily research oriented with only a small program staff and
the managing of large program like Voyager did not match its image or
resources. Marshall, an OSMF Center, was a much closer fit in size and
managership capabilities but it had no experience with interplanetary
missions technology. Headquarters proceeded with the easy part of the
problem -~ that of breaking up the hardware into workable pieces:
orbiting spacecraft, launch vehicle, capsule bus (entry and landing
vehicle), surface laboratory, and tracking and dats.

The method was, of course, to assign these pieces (by negotiation
with the Center Directors) to the various Centers so as to obtain a
best mix of capabilities. In a study, the Harvard Graduate School
of Business reported on this situation:

"Marshall, of course, had the launch vehicle. Langley was

evidently the first Center to be considered for one of the other

o, te
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systems, because it had shown interest and gained some relevant
experience in spacecraft through its Lunar Orbiter program, and had
done reentry aerodynamics work on the FIRE project.

"Much of the debate in this last half of 1966 centered on who
was to get the lander (capsule bus) portion. This was acknowledged
to be the 'Juicy morsel' of the program: technological challenging
and scientificelly promising . . . at any rate, there was a complex
series of proposals back and forth btetween the Centers and Head-
quarters during this period."8

As the end of the year drew to a close, NASA Headquarters
succqeded in committing the various systems to the Centers while
keeping the overall management for the time being under OSSA
Headquarters. In a Memoranduﬂ to Distribution for all Centers on
December 22, Mr. D, P, Hearth announced the system assignments for
Voyager. Langley was assigned the capsule bus -- "the Juicy morsel."
This was met with enthusiam by the Langley who had been working
Voyager problems, it was thought that we might be assigned the
orbiting spacecraft system because of the success of the Lunar
Orbiter. Other assignments are shown on figure IV-ll vwhich is
taken from the Mumorandum.

The mansgement structure defined by Washizgton Headquarters Zfor
the Voyager Program was a very complex one involving several Centers

and JPL with program managership responsidility in Washington. With

BHAerrd Graduate School of Business Administration, NASA Planning and
Decisjon Making, Vol. 1.
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& very complex program and responsibility scattered frcm coast to
coast, the tagk of integrating and communicating appears formidable.
However, ar aim of Headquarters has been, for some time, to get the
Centers to work together better and, thus, break down the parochialism
of the Centers. Perhaps, if this objective could be accomplished, it
would be an achieverent that would pay great dividends on future
programs. In any event, the structure is never cast in concrete and
is subject to change if future events indicate that will not be
successful.

The work of the technical staff in carrying out the broad entry
system studies is believed to have influenced both Headquarters'
decision to give the capsule “us responsibiliiy to Langley and Langley's
acceptance of the responsibility. From past experience, Langley is
cautious about undertaking any responsibility without good assurance
that the expertise resides at Center to fulfill its obliguaticns. In
addition to the Langley study effort, the research staff proceeded
with timely testing cf the parachute which put some realism and
belief in the study recommendations. Regardless, Langley management
shoved courage by accepting the responsibility for the Capsuie Bus
System (the "Jjuicy" morsel) because it vas an extremely large under-
taking for a resesrch center. Yt is not obvious that the tail (project
work) wouldn't be wagging the dog (research)--a position that
iangley alvays strove to avoid.

On the other hand, JPL charged mos: of the year with full

responsibility for carrying out the 1973 mission, concentrated its
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efforts entirely on defining a missiuvn and examining it in depth--this
meant that JPL couldrn't cover the broad Voyager picture. By reacting
strongly to changing Voyager 'T3 guidelines, JPL was forced to select
a mission mode early in the year and then analyze it in depth. It
appears that, unfortunately, JPL selected the wrong mission mode so
that a large part of its effort of analysis has little utilization.

In its behalf it must be said that JPL had the '73 mission responsibility
vhich was a heavy one while Langley could afford to be loose. The
forcing functions of a 'T3 launch window and Headquarters' directives
together with responsibility for carrying ocut the mission might well
have required total commitment and effort toward getting the 1973

mission underway.
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Voyeger Related Personnel Changes At Langley

In the late fall in anticipation of Langley essuming some main-
line hardware responsibility in the Voyager Program, Langley manage-
ment toogx the first step toward formalizing & projlect office to work
on Voyager. Mr. Dave Stone was designated as the Langley focal point
for Voyager. He set up a project office manned by 5 engineers from
his FIRE Project Office plus L engineers on loan from the line organi-
zations (inciuding me). I was still to act as the interface hetween
the project office and my line organization as much Voyager support
vork was going ¢n in my line =ngzineering division. Langley stated
they would officially name a "Capsuie Bus System Manager" at a later
date.

In another, unrelated move, Dr. Roberts left Langley to accept a
position of Division Chief of the Mission Analysis Division at .ASA-
AME3. 1 was cxtremely 8¢ "~y to see Laingley lose hia talents bdecause
although snalytically oriented he hai an appreciation (if not an
understanding) of engipeering hardwere and was extremely apt in
defining engineering/research progiams. However, with the switch of
Mars lander missiona from study to hardwvare, it was an appropriate
time for him to move to other pastures. (He is currently Director
of Aeronautics at Ames.)

Mr. Gene Love, a leading national and NASA authority in
aerodynamics, vas named to replace Dr. Roberts as chairman of the

Planetary Missions Technology Board.

-
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Syropsis

A synopsis of the third year's effort could te tabulated as

indirated below:

1.

Completion of the AVCO contract with definition of a Probe
Mission.

Nev guideline -- lander on first missjca.

Langley setz up study group with droad guidelines to define
a rational Voyager program and mission mode.

Surveyor, Lunar Crbiter and Langley's parachute program have
successful missions.

Langley completes in-house study. Defines mission mode
vith parachute performing as a transition function.
Headquarters holds top level review of Voyager miasion mode.
J}. and Langley make prisentltions.

Langley avarded Capsule Bus System respunsibility.

P —— -_*“
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CHAPTER V

VOYAGER IMPLEMENTATION AND CANCELLATION - 1967

Summary

During most of the year, Headquarters and the Centers were
engaged in building up the technicai and managerial steffs to carry
out the Voyager program. The organizational arrangement for making
binding decisions across system (or Center) responsibilities was
complex and multi-tiered; rational decisions could be obtained,
however, with perserverance from the technical staffs. In this
period of organizational buildup, informal inter-center contacts and
working reletionships were established which allowed the technical
vork to proceed. Langley appointed a Capsule Bus manager in June
and the control of Langley's effort was phased to his project office
from the previous technical staff, PMTSC, end Langley line management.

Headquarters aiso set up an inter-center organization -- the
Mariner Mars 1971 Probe Working Group -~ to define a probe mission for
JPL's 1971 Mariner mission to Mars. This mission was to be a precursor
to the 1973 Voyager mission. Langley's contribution in this effort
vas primarily that of a consultant while the other Centers were in
competition to get their scientific experiments included. While the
group achieved its objective of defining the probe, the success of
this experiment to achieve and demonstrate inter-center cooreration

was opea to question,

135
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When Congress, in August, disapproved both Voyager 1973 and the
Mariner probe in 1971, Headquarters OSSA was left without any inter-
planetary program for the 1970's. O0S3A requested the Centers, primarily
Langley, to study and recommend a less costly program including both
Mars and Venus. At Langley, the only group with a background to
respond upon short notice was the original technical staff which had
worked the early studies. In December, Langley presented to OSSA its
recommendations for a new program using the Titan/Centaur launch

vehicle as a base.
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Voxager

Project Organization

The Cent~~ Assignments on Voyager were given in the previous
chapter (figure IV-11). Briefly, the setup was for OSSA to be project
manager supported by a staff; under the project manager were seven
systems (capsule bus, spacecraft, launch vehicle, etc.) assigned to
various Centers and directed by Center system managers. The
responsibility of the Voyager project office was vest including such
elements as defining in detail the entire mission so that the various
system manasgers could proceed with their individual system design
and procurements, allocating funds and weight allowances to the
various systems, coordinating the system outputs into a unified <otal
vehicle, data keeping and reporting on entire project, and making
final decisions in cases of dispute between Center system managers
on interfaces and responsibilities.

In order to implement the project responsibilities, OSSA set up
an interim project office (IrO) at the Union Bank Building in
Pasadena, California where it could draw on the resources of JPL which
was the only organization with the capability and .esources able to
undertake project management duties in this interim period. The
organizational arreangements were extremely compliceted and are
described in full in Appendix V-A (Langley memorandum to the
Associate Director from Edwin Kilgore, Chief, Flight Vehicle and

Systems Division entitled "Meeting at Pasadena, California on March

% WAL B e Tawe adeate L L
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22 and 23, 1967 at JPL to organize Interim Project office for Voyager
Management”). A simplified schematic of the organization is given

in figure V-1. As can be seen from the figure, Mr. Don Hearth was
detailed to Pasadena from Headquarters to manage the IPO and was
given a staff of about 60 people (mainly JPL personnel) to assist him.
The key decisioa making group would be the Project Management
Committee where the various Center system managers could be
represented--since Langley had not appointed & Capsule Bus Manager,

it was represented in the committee by Mr. Kilgore (Chief, FVSD) and
Mr. Stone {langley's Voyager focal point). This committee was to

meet monthly and use the working groups and panels to resolve and
advise on action items. While figure V-1 indicates that this is the
way the organization would work, the descriptive data in page 5 of
the aforementioned memorandum describes a mode not in keeping with
the organizational chart. Mr. Robillard (JPL head of the IPO staff)
states that the working groups "would serve for the IPO as a technical
refree among systems." Since the working groups were chaired by
IPO~-JPL members, it was not clear as to whether the working groups
vwere not, in reality, an arm of IPO rather than the Project Management

Committee.

Implementation of Voyeger Program
Many varied activities were undertaken by Langley and other Centers

during 1967; it vas an extremely busy and complicated time for all

eohcerned. There were:
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0SSA (Wash
Director: Newell
Deputy: Cortright

|

Voyager Project Office
Director: Nicks
Deputy: Hearth (IPO Manager)

I.P.0. (Union Bank)
Staff Personnel
6 0SSA
50 JPL

Project Management Committee
Chairman - Hearth
Members -~ System Manager

8ix Working Groups
In Various Disciplines
(Science, Design, Technology, etc.)
Chairman: IPO Staff
Members: System Representative
On Each Group

Panels As Required To
Support Working Groups

Figure V-1.--Voyager project office organization.
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(1) technical exchanges by the technical staffs from the various
centers with the purpose of communicating to assure that
everyone was working the same problem.

(2) formal meetings at working group levels where JPL, acting as
the coordinating arm for OSSA, attempted to define guide-
lines, schedules, and obtain interface agreements.

(3) directives from OSSA to all Centers specifying guidelines.

(4) neetings of the Project Management Committee wherein final
binding decisions were arrived at.

(5) large increases in the project and research staffs at Langley
which tended to confuse communications and the lines of
authority during the learning period.

The Voyager program at the start of the year could be described,
with some simplification, as follows. OSSA, with JPL staff support,
wvas project manager; Langley was Capsule Bus Manager; Marshall was
Launch Vehicle and Orbiter Manager; and JPL was Surface Lab System
Manager. The mission mode was not defined nor was the responsibility
for its definition. The problem that concerned Langley as Capsule
Bus Manager was how much freedom did Langley have in the Capsule Bus
System definition. Could Langley define the Capsule Bus mou from
separation to landing or did OSSA, with JPL, dictate this as a mission
requirement to Langley? A second item concerned the weight alictment
for the Capsule Bus System. How would this be determined and how

tight would be its restraining force on lLangley's design?

Fr.
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The organization at Langley at the start of the year with respect
to Voyager is shown in figure V-2, As indicated hy the figure, there
were three types of activities underway. Twenty engineers, under
E. C. Kilgore, were working on design problems in engineering under
my direction; nine engineers were engaged in project coordination
under D. G. Stone; and approximately 60 research engineers were engaged
in technoleogy development with funding and results channelled through
D. G. Stone. Both Kilgore and Stone were members of the powerful
Voyager Project Management Committee as noted previously. The Kilgore
and Stone activities operat.a somewhat independently; Kilgore's
group was primarily concerned with technical design sspects while
Stone's effort was mainly coordination with other Centers, 0SSA, and
research activities--for example, the intercenter working groups,
panels, and project documentation were under Stone's cognizance. My
efforts were divided between Kilgore's and Stone’s as I was assigned
to both, more or less on a "es required basis."

In the engineering activity, my assignment was to firm up the
Langley concept of the Capsule Bus. Our OSSA guideline was to
consider maximum commonality of subsystems in the planned missions
groving to a maximum 7000 pound capsule bus and that “"the impact
of providing such growth on early missions is required to permit the

"l

proper decisions on design approach. My studies revealed that in

order to obtain the maximum commonality among the missions to assure

1OSSA memorandum, Don Hearth, January 18, 1$67.
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LRC Director's
Office

S

Director - F. L. Thompson

Deputy - C. Donlan

1

Flight Reentry
Programs Office

Voyager
Focal Point

D. G. Stone

—

Engrs.

Langley | |9 Engineers
Research| {in Project

Coordination

McNulty in

Chief, FVSD
E. C. Kilgore

both groups

20 Engineers
in Preliminary
Design

Figure V-2.-—-Langley Voyager organization, January, 1967.
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minimum developmental costs, the Capsule Bus allocated weight in
1973 should be set at 6000 pounds.

My efforts in support of Stone's office was in two related areas.
The first was to be a lead Langley representative in purely technical
exchanges; three such exchanges were held--JPL at Langley on January
11, Marshall at Langley on February 1, and Langley at JPL on February
13. Langley's position regarding these meetings was for a free and
frenk exchange. The meetings were attended by solely the working
engineers and were most productive. The contacts made at these
meetings allowed for a continuing dialogue between working personnel
by telephone calls and memorandums to assure proper technical
interfaces. The second area involved my membership in inter-center
working groups wherein all Centers attended and the meetings were
chaired by a JPL staff member. The main emphasis in these meetings
was on project management matters--definition of interfaces, system
requirements, schedules, documentation and progress reporting. JPL,
in its assumed role of acting for OSSA as project manager, was
attempting to define the 1973 mission and pushed hard for Langley to
concentrate on an all propulsive lander with a 4000 pound weight
allocation. These criteriae were essentially those proposed by JPL
in the VPE-14 document which were quesvioned by Langley previously.
Since Langley's recommendations were for a 6000 pound veight allocation
and a parachute-retro landing system, these meetings were somevhat i
unproductive except for pointing up problem areas. My instructions

upon attending these meetings was to cooperatz as fully as possibdble but
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not to commit Langley to any position which would 1limit its option
insofar as the Capsule Bus was concerned--any brcad inter-system
decisions should be made by the Voyager Sroject Management Committee.

Despite the division of responsibilities between Stone's and
Kilgore's groups, there was some conflict between members of the
respective technical staffs. No longer was the FVSD group the prime
force; in matters of day to day management, it supported Stone's
office which was manned by Stone's men from "Fire." This concerned
those members of the FVSD staff who had hoped to be implementers of
any follow-on program to the study work. Members of Stone's staff
were also uneasy because their knowledge of Mars missions was not yet
equivalent to FVSD's staff. The hope of the FVSD staff to be main
implementer was not & realistic one in that it lacked experience with
big projects. That the FVSD staff had an opportunity to contribute
directly through Mr. Kilgore to the Voyager Project Management
Committee was an extenuating motivation which kept the group's
performance at a high level.

The vorking relationships outlined above remained in force through
the first helf of the year. On June 23 Langley Director Floyd Thompson
announced that Mr. James S. Martin would be Manager, Capsule Bus
Systcom. Mr. Martin had been Ascistant Manager, Lunar Orbiter Project
Office. Logical reasons for Mr. Martin's appointment were:

(1) Mr. Martin and the Lunar Orbiter team had proven manageship

and hardware capability.

(2) A much enlargec team was required and the Lunar Ordbiter

staff was availabdle.
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(3) The previous technical staff had performed its function of
expertise--the defining of the program which was now ready
for hardware execution.

(4) A transfusion cf "new blood" would furnish new ideas and
fresh enthusiam--the previous staff had already worked the
preblem for four years and was susceptible to going stele.

Although this decision was expected from rational considerations
(other possible candidates were Kilgore and Stone), it further de-
flated FVSD's role to a support basis and members of the FVSD staff
began to look to Venus seriously. Mr. Martin would be assisted by a
staff of five engineers from the Lunar Orbiter Office immediately
with the plan that the remaining Lunar Orbiter staff of approximately
25 engineers would be assigned to Mr. Martin upon the completion of
the Lunar Orbiter project in September. Therefore, Langley's
Voyager organization was revised as shown in figure V-3 with Messrs.
Kilgore, Stone, and Martin as mempers of the Voyager Project Manage-
ment Committee. Mr. Martin's appoiritment brought strong, aggressive,
and capable leadership to the Capsule Bus System; there was no doubt
that Langley's decisions regarding Voyager would be made priacipally
by him.

It wvas soon evident how Mr. Martin planned to manage the Capsule

Bus System. He planned to rely principally on his proven and known
Lunar Orbiter Staff for project implementation; he planned to use
Kilgore's team (under my direction) as consultants and advisers to

bxring his staff up to speed; and he planned tight control of the

TRt et =
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Engineering
Design

Pigure V-3.—Langley Voyager organization, June, 1967.
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funding to Mr. Stone to sssure that the research was properly oriented
to his needs. Even in the period before Lunar Orbiter was closed

ocut, he was at work getting the Lunar Orbiter staff familiar with

the Voyager project.

Prior to a meeting of the Voyager Project Management Committee, I
prepared a memorandun? summarizing the implications of the weight
allocation for the (apsule Bus; this memorandum was besed on the
studies performed by the FVSD staff. I was asked by Mr. Kilgore to
brief Mr. Martin and Mr. Donlan (Depucy Director) on these study
results. I did so in an informal meeting and found Mr. Martin
impressive in his grasp of the salient points even though he did not
have the background to understand the technical details. Following
the Voyager Project Committee Meeting, OSSA issued a memorandum
of "Revised Project Level Guidelines" dated July 10, 1973 which
allocated a Capsule Bus weight of 6000 pounds. This was an important
Project decision and again backed up Langley's recommendation. I
drew two conclusions from this decirion. One was that JPL had again
spent many hours trying to define the wrong mission and force
agreement, and the second was that, if one was firm and perservering,
the engineering staff could make an impact at the highest level to

change the course of a project.

alulorcndu- to LRC Representntives on Voyager Mansgement Committee,
J. . Mchulty, June 19, 1967, "Capsule Bus Weight Allocation,
1973 - 1975."

&
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Cancellation of the Voyager Program

In late August, Voyag-. was cancellec to the complete surprise of
NASA and to the engineers working on it. Only a couple of weeks
previously, a2 joint House-Sunate Conference Committee had approved
a Voysger authorization of 42 millisn dollars for prelimina.y design.
Washington OSSA Heundquarters had been working closely with Congress--
perticularly Rep. Karth (Minnesota), ‘ead of tne House Space Committee
who was one of Voyager's most powerful supporters--and thought
Voyager approval was assured. However, the Hcuse Appropriations
Committee rejected all appropriations for Voyager.

While it is un¥nown whether <he Vietnam wcr and the summer riots
would have been sufficient driving forces to cause Congress to cancel
Voyager regardlrss, there was another factor which might have
influenced the decisiorn. I recall that in the early summer two
engineers from Houston's Manned Spacecraft Center visited Langley for
consultation. They were directed to me and we discussed & manned
flight to Mars. Their thinking was most ambitious and preliminary; it
was obvious they had been working on the problea only a short time
and had no appreciation of the landing problem. We Aiscussed the
problex for a short time and they left expressing their appreication.
My feeling vas one of amusement and wcnder that they could even
envision such a progrem without serious study; I felt it would be a
long time before MSC would have a serious concept. However, in
August in the midst of the Congressional deliberations on

Voyager, MSF (a OSMF Center) ‘ssued a Request for Proposal to 28
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companies for studies of manned Mars and Venus missions stressing
coordinstion with Voyager flights. Thus, OSMF was planning "manned
Voyager" flights at ime when OSSA was depicting Voyager as an unmanned
scientific mission. Tuis astouried Rep. Karth end caused some confu~
sion in Congress about Voyeger being a precurser to a mann~d mission,
Rep. Karth stated, "Very bluntly, a manned mission to Mars cr Venus

by 1975 or 1977 is now and always has been out of the question--and
eny»ne who peisists in this kind of misalilocaticn of resources az%

4.3

this time is going to be stoppe In any event, the House cancelled

both Voyager and MSC's planned study.

3Wi11ian J. Normyle, "Priority €hift Blocks Space Plans," Aviation
Week, Sept. 11,1967, p. 27.
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Mariner Mars 1971 Probe

In a letter dated March 16, Mr. Oran Nicks, Acting Director,
Lunar and Planetary Programs, OSSA, Washingtcn Headquarters requested
Langley's participation in the atmospheric probe mission to he
included in the Mariner Mars 1971 project. A Probe Working Group,
chair>d by NSSA, was to be established made up of representatives
from JP',, Langley, Ames ind Goddard with the objective of defining
the probe, its mission definition, its instruments, and its development.
I was selected ar Langley's representative and met with Mr. Donlan
and Mr, Kilgore to receive instructions regarding Langley policy
with respect to the 1971 probe. I was advised by Mr. Kilgore that I
was selected because of iy expertise in Mars entry probes and my
knowledge of Voyager. He further advised that I would have two
main CQuties:

1. to try to influence the probe definition so that its results

would be applicable to the Voyager Capsule Bus design.

2. to work with OSSA es a management adviser with regard to JPL
planning since it was expected that most of the other
representatives would be scientists.

Mr. Donlan cautioned me not to accept any "chores" from OSSA and
that Langley was not interested in any hardware development
responsibility for the Mariner probe since it was heavily committed

tn Voyage: work.

"z,
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At the group's first meeting on March 23, Mr. Nicks made the
foirlowing points:
(1) The Probe Working Group (PWG) is an attempt to get all lenters
working together in the decision making process for maximum
utilization of resources and definition of objectives.
(2) The probe should be simple so as not to compete with che
Voyager lander and objectives. O0SSA's first priority is
Voyager so Mariner should not impinge on Voyager perogatives.
It was obvious fron the first meeting that it was a very diverse
group; opinions varied widely as to bhoth the *ype of probe and to the
merits of various instruments. Five meetings (usvally two days in
length) were held from March to August and were quite fectious in
nature. For example, JPL proposed an amvitious probe which incor-
porated a small lander on a parachute. As project manager, JPL
thought the mission was viable (althiough risky) and would give the
maximum return. The scientists from Ames and Goddard were more
interested in atmospheric physics and wanted emphasis on instruments
and scientific data. It was like comparirg apples and oranges--JPL
had "engineered" a mission whereas the scientists knew what data they
wanted but did not have a mission plen to obtain the data. Since the
PWG could not agree, the matter was "solved" by resorting to a vote ;
by the Centers; this method became the stendard means for selecting
between alternative options. The vote was three to one for a :
"dual probe approach ... without survivable le.nding.“h My sympathy o
nfinel Report, Mariner Mars 1971 Probe Working Group, page 5.

-
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was with the JPL engineering approach but I felt I could not support
it because of its possible conflict with Voyager objectives and, in
any event, it would probably require Langley technical support which
I was under instructions not to provide. It was also my impression
that OSSA was using this forum of the PWG to put & rein on JPL and
its approach to the 1971 mission.

Most of the other meetings were concerned with the selection
of instruments. The merits of which were debated at length and when
it was evident that agreement was impossible, among competing groups,
a vote was taken with Langley usually being the "swing” vote which
put me in a very uneviable position considering my lack of creden-
tials. I tried to find my way out of the box by requesting "scientific
ad?isers" from Langley to help me. While I got some help, Langley
management wasn't too interested in the whole exercise (perhaps
recognizing its futility), the advisers recognized the game and took
a cautious stance. In this menner the PWG obtained its objective of
defining a probe mission and its instruments. However, the objective
of getting the Centers “o cooperate was not ained-~the discussions
were competitive in nature, very little coope: :ion was evident, and
relations were strained. Dr. George Brooks (lLangley) attended a
NASA's Planetology Ccomittee meeting where g presentation was made of
the PWG efforts; the report noted that "there has been considerable
disagreement among the representatives of the various Centers on the

Working Group because of parochial viewpoints and the Group might be

e T
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disbanded."’

The PWG effort, in any event, was an academic exercise because
the probe funds were omitted from the authorization bill in order to
furnish funding for Voyager which OSSA considered its major new

start.

SM:an'.u of the twenty-third meeting of the Planetary Miss.ons Tech-
nology Steering Committee, July 20, 1967.

B T
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A New Start

On September 6 Langley's Planetary Mission: Technology Steering
Committee was convened with a large number of other Langley personnel
in attendance. The purpuse of the meeting was to discuss the future
of NASA planetary unmanned programs to Mars and Venus. Quoting
from the minutes of the meeting: "Mr. Draley6, Assistant Director,
Flight Projects explained some of the background of the change of
direction which was caused by a Congressional cut in funds. O0SSA
has been informed that the cut was predicated by lack of funds because
of other higher priority programs and not because of any disapproval
of the Voyager Program. Further, OSSA has requested assistance from
the various Centers in defining a more modest program. An in-house
informal study group is being formed with the objective of having a
project concept by November 1, 1967, for submittal to OSSA."7

Details of the study objectives and the study group personnel vere
relsased on September 8 and the announcement is included as Appendix
V-B. It was a very ambitious undertaking including the following
tasks:

(1) Defining and prioritizing scientific mission objectives

and instruments for Mars and Venus.

E&hia is the first mention of Mr. DLraley. Previous to this occasion,
Mr. Draley was the responsible person in the Director's office for
supervision of the Lunar Orbiter Project.

7Hinuten of the twenty-fifth meeting of the Planetary Misaions
Technology Steering Committee, September 6, 1967T.

-t
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(2) Evaluating payloed capability of all launch vehicle systems
smaller than the Saturn V.

(3) Preparing a conceptual spacecraft design for each selected

launch vehicle.

(4) Costing the missions.

(5) Trading off alternatives.

(6) Recommending system to NASA Headquarters.

To perforn this task in two months, a new organization (ad hoc) was
formed with Mr. C. H. Nelson, former Lunar Orbiter Project Manager,
as study manager, with thirteen working groups under him (a totel of
gbout 80 engineers) in various disciplines--for example, I was head
of the probe definition group. The structure is shown on figure V-L;
key people with expertise ir Mars and Venus mission work are circled
to identify them for the reader.

After a short period of time, Mr. Kilgore, recognizing the
enormity of the task and the organizational problems, decided to
initiate a parallel effort utilizing his Flight Vehicles and Systems
Division (FVSD) technical staff undzr my direction which had been
working Mars and Venus problems for several years. Our efforts to
make a meaningful contribution wvas enhanced by two factors:

1. Mr. Kilgore kept in close communication with his OSSA

contacts which he had engendered dur!ng his stint on the
Voyager Project Management Committee sc that our work
would be compatible wite OSSA interests.

' 2. Our studies were restrained to only Titan bLased vehicles and

ﬁ science was only included to a weight allowance depth.

haan T O

B rmem——— 4

T : - -



156

"suoIseTH wnyjeIoTdxe AreisusTd-saypnys L3TTFQESE9] 9SNOY-UT QY] ©24n3oNI38 IWRWIFBUBR-- =7 3MBTJ

(QIQ ‘UFIIBH ' °d) BTI9ITIH TEJUIWUOITAUY UOTSSTH
(001 ‘paenoIrn) xe3depy pnoays ‘oTITYSA YounmTg

(odyud

(AId “AYTPPN)) UOT3BIUSUMIFSUT
Bursesurdug puB OIJTIUSTOS

(0dSHOA ‘TT®H ")

(0d01) Jsummayg

‘0T
2

(QId ‘sYusZ) UOTIBZITIIAIS °9

({asad *£ITONOW) 89qoxd ')

WSBL

) urdpTaFuUIQ
(0dud) suolg

aqoxg Lxjug pue
aToTUa) =20wdg

(odo1

swmalsAsqng 3JevIo9o0vdg ‘4

°€
.ﬂasoummv
s8],

AQHhV 3JI00K

swalsAg

3Je10908dg

TT ¥SBL

satnpayog
sjuswaatnbay xamoduey
$308I3UD)
S93BWIISH
AQMEV SJTOM 3S00-"tT Yswuy,
(0dS§0A) | uorywiuewstduy

asAd) KITONOW
(asAd) umoxg

uoy3uId3aqdl

pus udisaq -

Tenidasuo)

(q1a) 33tqqod

sodeq JUTAOTTO4 UO UMOYS
BaIy J8B], YOUI UTYITM
SIUIWUITSSY TIUUOBII

(0d0T “308BTaA0T)

‘ELON

(CIEELTINEY) T

S3AT309[QQO UOISSIW

OTJTAUSTOS JO UOTITUTIAQ-'T NSBL

e s s |

¥o9qmy,

UOSTaN

hommcax hﬁﬁgmg

2934 TumO) BUTIIIG

A3oTouyoa] SUOTSSTW
LaxerausT 1 O¥1

£3771qedB) UWOTIBUTWIIISQ 3TQI0 °2T
{0401 *‘a9fog)
suoijeaadg UOISSIH ‘6
(0d01 ‘aamaaxyg)
£3TTIQBTISY UOTSSIN @
(GdWV ‘quodmdy " r)
~xoddng u3tsag uotssty °}
sl
(0d01) TTIQBID s
(QJWY) ®TTENg 1S9 UOISSIN
]
sxooag
sdyTTTUd TTTH/ROSTTA
SpIeADT Juo3s
uosIIpuy TII8W "S°r
J30239)y 3X0BTTY
aaon SaABIDH

dnoan mataay
£311YqQT8894

Katsaqg °o 4

sqo09{oxg WITTL JOJF
J0302a1q “ 388V OW1

o



157

Given a new lease on life because of the emergency situation which
required its unique expertise, the FVSD staff put forth a maximum
effort and produced two definitive studies in a four month period.

The first--Langley Working Paper 483, "A Building Block Approach to
Mars and Venus Planetary Missions in the 1977's Utilizing a Modular
Spacecraft'"--wes a broad examination into th~ Tlexibility achievable
by varying Titan staging for various Mars and Venus mission weight
requirements. The second--Langley Working Paper SiT-- "Study of Titan
IIIF/Centaur's Capability to Carry Out a 'Voyager-Type' Mission'--
analyzed total Mars mission systems from launch to touchdown and
concluded "that the Titan IIIF with a Centaur upper stage provides

the performance capability to allow flexibility of mission design and
logical growth from a Mars entry probe to a soft landed surface rover."
(These Langley Working Papers are included in the Appendix: LWP L83
as V-C and LWP 5kT as V-D.)

The actual assignments given to the Langley Tn-House study group
and to the FVSD staff were formidable. To put the problem in the
proper perspective, it will be recalled that OSSA had requested
Langley to propose a ''more modest" program than Voyager. This was
taken by the Langley in-house study group, at the start of its study,
to mean a mission with mucl. lesser obJectives and emphasis was put
on studying the following type missions:

(1) Orviting spacecraft only

(2) Direct entry capsule (probe or hard lander) with flyby

spacecraft



158

(3) Direct entry capsule (probe or hard lander) with orbiting
spacecraft.

Jt was the policy of NASA to utilize launch vehicles from the NASA
stable--pby developing and retaining the launch vehicle responsibility,
NASA could retain control of its programs without dependence on the
J0D. With the cancellation of NASA's Saturn 1B/Centaur development,
NASA's launch vehicle stable was left with a large performance gap,
-aiofar as appiiatle to !'.e "t Missions, between tne Satura V &id the
Atlas Centaur as illustrated by figure V-5; DOD's Titan vehicle, with
various staging options, could provide the capabilities shown in the
shaded portion. Since the Saturn V mission was now disapproved,
Langley's problem was reduced to what type of mission could be per-
formed with the Titan or Atles/Centaur launch vehicles., Before
proceeding, it is well aivised, et this point, to review the parti-
culars of tne Saturn V mission in order to grasp the magnitude of the
problem, Figure V-6 shows a typical Saturn V misaion. Of the 68,000
pourds launched toward Mars (53,000 pounds injected), it is noted
that only 4,600 pounds of useful payload is landed on Mars after the
various shroud, orbiter and heat shield separations together with the
propulsions burns for orbit, de-orbit, and landing. Since the Saturn
V was to be used to deliver dual spacecraft to Mars, the 4,600 pounds
landed weight represents the weight available for two soft landers.
Figure V-7 shows to scale the comparison between the Saturn V and
the Titan; this comparison gives insight into the meaning of a "more

modest” mission and the problem confronting Langley.
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The problem as defined by the lLangley in-house study group is
shown schematically con Figurc V-8. Tuls Liuck diagram coula bpe
considered a mathematical mcdel of the progressions from lsunca
weight to payload weight. For each candidate launch vehicle, there
would be (after shroud separation) an inject i1 weight to Mars
representing a s,p.cecraft-capsule combination. Three different mission
modes are possible for this spacecraft-capsule: tne options are:

Option l--separate the systems while on approach sc that the
spacecratt flies by Mars while the capsule makes a
direct entry.

Option 2--separate the systems on approach so that the capsule
makes a direct s=ntry and the spacecraft is orbited
abcuz Mars. Another possibility under this option
would be to use the entire treight svailabl~ for an
orbiter and have no capsule.

“atjon 3--Orbit the combination end separate the capsule iun
orbit for an entry from orbit mode. This was the
Saturn V Voyager missiun mod=.

For each of these options, the payload weight could be determined

and compared with the various scientific aiternates so as to gulde
the decision making process. ' As can be surmised, quantifying the
pumerous e.erents represents a majcr underteking particularly when
such & large group, with many memters new to the technology, i8
involved. For example, the launch vehicle study group, & sub-element

of the study team, snalyzed the launch vehicle problem. Its
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recommendation was that Langley "go forwara based on use of Atlas/
Centaur providing spacecraft weight could pe-form scientific
objectives. If this were not feasible, then the group recommended
use of the Titan IIlC."8 Two conclusions can be drawn from this
recommendetion:

1. The group was msking & recommendation without knowledge of
the mission mode or the requirrd paylcad (scientific) weight.

2. In accordance with "more modest mission" requirement. the
group was emphasizing minimum launch vehicles.

The FVSD staff study group approached the problem differently
because of its past experience. Its previous mission mode work had
convinced the group that, if tne launch vehicle would allow, the best
mission mode was to orbit the spacecraft-capsule combination and then
release the capsule for an out-of-orbit entry. The staff group
then formulated the following technical approach:

1. Investigate the cepability of the vehicle, next smaller to
the Saturn V in performance, to perform the out~of-orbit
mission mode. This restrained the problem to the Titan/
Centaur which was still “more modest" than the Saturn V.

2. Investigate the problem from a "systems" viewpoint wherein
constant feedvacks would be monitored among the launch
vehicle, spacecraft and caps:le so as to arrive at a unified

concept.

6Memorandum to Study Manager, Planetary Exploration Missions from
LRC Launch Vehicle Study Group, September 29, 1967.
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3. Prepare a unique baseline preliminary design of the entire
system.

A block diagram model of the systems approacl! used is giveu in
figure V-9 together with a summery of thc results of the final
iteretion. In block diagram terminology, the factors (A, B, C, D, E)
represent multipliers of the input to give the resulting weights at
various stage of the mission so that the final output represents the
landed weight. While the diagram shows an open loop system without
feedback, the process used was to define the factors from actual
enalysis, run the input through the system, and examine the result.

If the result was unacceptable {less than the 1500 pounds required for
a soft lander), the factors would be subjected to another analysis
cycle with the aim to increase the landed weight. As revealed in the
summary results, we were successful in obtaining the 1500 pound landed
weight. A 11 percent efficiency (ingﬁi) was achieved for the Titan/
Centaur against 7 percent for Saturn V Voyager, an efficiency incr -ase
of 5T percent. This was possible mainly because the staff was
familiar with all aspects of the subsystems interactions in order to
define the system. For example, the major gains were related to:

1. Mloosening” the orbit about Mars so that less propellant
would be needed for capture. By meking the orbit more
elliptical, the orbiter's science would be degraied but
the lander objectives could te achieved. This resulted in an
increase of the orbit factor (B) from 0.40 to 0.60.

2. reducing the head shield weight factor, working within the

ot 85 e b o v s wane | a
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restraint of keeping the "Voyager" ballistic coefficient
constant to ensure the identical satisfactory entry trajectory
(M/CDA = constant}, the area (A) of heat shield could be
reduced proportionally to the entry mass. After several
iterations, it was found that a diameter of 1k feet was
compatible with the ballistic number and a lended weight of
1590 pounds; this was a reduction from the 19 foct liemeter
for Voyager. Since the heat shield weight increases with

the linear value cubed, the‘$eat shield weight could be
reduced to LO percent B&%?%J of the 19 foot diameter weight,;

this resulted in an increase of the heat shield separation

factor (D) from 0.69 to 0.77.

The result of this engineering systems work was that the FVSD

staff provided the technical base which proposed that the much smaller

Titan/Centaur could accomplish the Voyager objectives; it would, of

course, require two separate launches whereas the Saturn V would

have the capability to launch 3iual spacecraft with one launch.

There are three important points to make regarding the above work

vwhich are central to the overall NASA Mars landing effort:

1.

For the first time, Langley demc.strated interest and
carability in the entire mission from launch. On Voysger,
Langley was only involved in *%e Cepsule Bus entry systen.
The proposal tc use a DOD vehicle, the Titan, instead of a
vehicle from the NASA stable was a departure from normal

NASA operations.

L
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3. The identical mode, identified previously by the Langley
staff under Dr. Roberts, for Voyager was adhered to in
totality, i.e. out of orbit, parachute, and retro landing.

With the completion of FVSD's staff effort, Mr. Kilgore arranged

a m ing at Langley on December 4 under the auspices of the Planetary
Missions Technology Steering Committee to be attended by OSESA
representatives and all other interested parties--Draley, Nelson,
Martin, et al. At the meeting, the FVSD staff reported the data
included in the two working papers for the consideration of Langley
and OSSA in their deliberations regarding a NASA Mars project.

Langley's In-House Group, in the interiu, had pruduced a Langley

Working Paper - "A Study of Orbiter-Probe (Titan III Class) for Mars
and Venus Missions for the Purpose of Identifying Problem Areas"--and
forwarded it to OSSA. The paper primarily dealt with sub-system
options and demonstrated that Langley had a large staff experienced
in the various disciplines. A block diegram of how Langley organized
to meet 08SSA's request for assistance in demonstrating a program is
represented in conceptual form as figure V-10. The input, OSSA's
request, was directed to the Langley Director whc set up a large ad
hoc Langley Study Group. Mr. Ed Kilgore, in his line organization
position under the Langley Director, set up a parallel effort within
his division; the dotted line on figure V-10 reprasents informal
contacts with OSSA. The outputs from the two efforts in terms of
Langley Working Papers were transmitted to OSSA; data from the FVSD's

staff Working Papers were presented to Langley's Planetary Missicas

P et



169

* 1961 .hmpawooalumnsvvmmm ‘uoryszTUBdIO APNIS RaT8uw] jO WeIFBID HootTg-=-"01~-A 23T

Amnoﬁumo weqsAsqng JO
uotyerTdmo) ® AT1asutad)
gadeg FUINIOM UQ (pa3UdTIO0 sma184AS)

sxadeg FUTINIOM

SATITULIIS( OAL

(1831930
xeung ATtasutad) JJ®eis
SISqUON 3JBIS TeOoTUYOAL
£318uel 09 asad
* OSINd
sI2qUPN JJ9IS
JOTU3g I9Y20 gsSAd *39TUD
3 UT3IBN ‘3ICBTIH uoistAald
dnoan matady 2108 TTH ~ -
) o
~
S~
S~
~
(uosTeN)
dnoan Apnis 307330
LaTBum] - S 1, 20309410 —— Soue3freiv
J0H PY KaTBue] 103 73sanbay




-170

Technology Steering Committee with OSSA representatives in attendance.

While the official organizational arrangement set up at Langley

to respond in e technical sense to OSSA's request was cumbersome, it
should be noted that Langley did respond in full. The FVSD technical
staff could work the problem outside the official structure with
Langley's mansgement's approval and present its finiings directly to
O0SSA through the auspices of the Planetary Missions Technology
Comnittee. Least this method of operaticn appear roundabout and
unlikely to succeed, it must be argued that L. ~-ley management had
relied on this mode with success for many years. It was fully in
keeping with the Langley management practices as presented in Chapter
I of allowing its staff freedom to pursue its interests and to provide
forums for all parties to present their beliefs and data. From
Langley's efforts in these studies, OSSA received support in three
vital ureas:

1. Wholehearted support in the political area by Langley
management as evidenced by sincere interest and the
assignment of a large Langley staff.

2. Acceptance and enthus.asm of the Lunar Orbiter team to begin
wvorking the problem of a Mars landing and, thus, indicate
its potential of being a s*rong force in the future.

3. The definite technical recommendations made by the experienced
FVSD staff which allowed progress tc be made on a nev problem

in a short time frame.
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Thus, et the year's end, there were groups at Lang.ey, JFL, and
in industry-~Martin Company, at least-~working on the problem and
furnishing data and recommendations to OSSA. All options were opea:
types of science, launch vehicle, mission mode, hard or soft landrr
The only restraint was cost and that was only qualified (“modest")

and not quantified.
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Synopsis

A synopsis of the fourth year's efrfort could be tabulated as

indicated below:

1.

NASA Headquarters formally organizes Voyager Program with
0SSA as project manager utilizing a Voyager Interim Project
Office at Pasadena.

NACA Headquarters sets up an inter-center Mars Probe Working
Grcup to determine probe concept for 1971 Mariner.

Langley appoints a Vosjager Capsule 3us Manager and sets up a
Voyager Project Office.

Congress disapproves both Voyager 1973 and Mariner probe 19T1.
OSSA requests assistance in defining new program.

Langley's technical staff reccmmends & new program utilizing

the Titan/Centaur launch vehicle to OSSA.



CHAPTER VI

VIKING DFFINED AND IMPLEMENTED - 1968/69

S .mary

In 1968 there was a revitalized snd concert.d effort by Head~
quarters Aand Langley to define and ohtain approval of a new Mars
landing program. Langley obtained the services of industry through
small study contracts to esamine various cendidate missi.ns and Head-
quarters enlis+ed the support of National Academy of Sciences and
Bureau of the Budget. A pivotal meeting was held at Langley in
November with senior Headquarters personnel present where all
contractors presented their findings and a mission decision was made.

Funding for the new Mars landing program--"Viking"--was approved
by Congress. Contract documents for competitive proposals were pre-
pared; the proposals evalueted; and in May, 1969 & contract was
awarded by Langley to Martin Marietta as the prime contractor for the

mission hardware.

173
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Headquerters Activity (1968)

Dr. John Naugle, Associate Administrator for OSSA, issued guide-
lines to Langley "relative to studies and planning of potential
missious to Mars" on February 12. The tolegram, included as Appendix
VI-A, stated the following:

1. Launch vehicle to be a Titan/Centaur or Titan IIIC.

2. Program cost estimate = $385,000,000.

3. Baseline mission = "Mariner" type crbiter with 800 pound

hard lander,

L. Alternate uisaions:

&. hard landers, with or without orbiters, direct entry
or out-of-orbit entry.

b. soft lander, with or without orbiters, direct entry or
out-of-orbit entry.

S. Project management will be at Langley.

6. Fiscal year 1969 funding will ve $20,000,000.

The principel items to note from the guidelines are (1) Langley
will manage the project and {2) mission d:x .:i)n is open to in-lude
a vide range of options. The fact that the “.an/Ce.“~aur laurch
vshicle was included as - candidate gave credw.:.- tna* the recommenda-
tion of the FVEBD's ste'f was still under corsilersrion despite its
highest cost.

In the spring of 1968, NASA Huadquarters announced a personnel
change vhich would affect both Langley and the Mars Landing program.

Bdga: Cortright was named director of langley, Dr. Floyd Thompson
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having retired after long service at Langley. Mr. Coriright had been
with NACA's Lewis Research Center ‘or 10 years and joined NASA Head-
quarters soon after NASA was formed whrre he held high level positions
in OSSA and OSMF. Voyager had been under his supervision while he

was OSSA's Deputy Administraior, and he was recognized as a stroag
supporter of & Mars program.

NASA Headquarters also concentrated on mending its political
fences during 1968 with rega~d to its interplanetary program. OSSA
sponsored a Naticnal Academy of Sclences Summer Program to study and
make recommendations regarding NASA's planetary program. The
program's final report recommended a "vigorous" planetary program and
furnished impetus to carryi.g out a Mars landing. Sirce the National
Acadeny of Sciences is made up of authorities in ithe scientific
comeunity, its recommendations receive serious consideration in the
Cr.gress. In addition, NASA representatives met regularly with
personnel from the Bureau of the Budget to work out a mutual agreemer.
on funding end programs; the solid technical base furnished the needed
confidence in NASA's position to obtain BOB's support. Finally Dr.
Naugle testified before various Congressional Committees and
emphesized the need for the planctary pr- _ram and NASA's desire to

work with Congress in its definition.



Langley Activity (1658)

Langley's affort in 1908 was primarily centered in two groups--Nr.

Martin's project office and Mr. Kilgnre's engineering divisinon.

Mr. Martin personally was a driving force during this peric? and
nis office was a hub of varied activity. The priaary functicn cf the
office was the gathering, integration and dicsemination of data. Work
statements were written and contracts let to industry to study the
various types of missions. The contracts were let expediocusly and
competently monitored primarily by members or his staff. Mor example,
contracts were lie. to General Electric to study a r.ird lander, .o
Mcoonnell-Douglas to study & soft lander, and to M~rtin-Marietta to
study the wigsion mode--direct and out of orbit entry. As a result,
the projact office obtained a complete documented record on all
candidate missions. Mr. Martin alvc contacted and worked wiih JPL
during this period to obtain JPL's sapport ir the orbiter porticn of
tiie mission. Mr. Martin was constantly on tra.el during 1968--to
industry, to JPL, and to Washington Hesdquert.rs--to obtain support
for the program. It was his office that fed data to Washington
Headquarters fo¢ its planning and to answer Congrersional and BOB's

questions; he assured that the program kept moving through his

constant contracts with e1l parties incluiing the jcientific community.

Mr. Martin has been credited hy an industry .epresentative as» bdbeing

the main force keeping a Mars project alive during this peried.

-
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Flight Vehicles and Systems Division's technical staff was
charged with three responsibilities in 1968 by Mr. Kilgore. These
were:

1. Conduct an in-house systems trade study among the options
with the oblective of advising Mr. Kilgore and Mr. Martin
of FVED's recommendations.

2. Respond tc the project office's request for technical data
so that the project office cculd disseminate the data to
Headquerters, contractors, and JPL.

3. Monitor and critique the contractors' efforts in their
studies to assure that problem areas were exposed and
analyzed; in fact, Martin-Marietta's contract for mission
mode studies was put under my direct supervision by an
agreement between Mr. Martin and Mr. Kilgore.

These three assignments ran concurrently witn item 1 being the
primary effort. Items 2 and 3 were considered supportive to item 1.
The result of FVSD's in-house trade off studies was do:umented1 and
transmitted to the project office (Appendix VI-B). The study analyzed

soft and hard landers, direct and out of orbit entry from viewpoinis

. of costa, technology base, risk, and growth potential. The summary

chart from the memorandum is shown as figure VI-1l. FVSD's “echnical

luemorandum to Jame S. Martin, Jr. from James F. McNulty, 1973 Mars
Mission, November 1, 1968.

2COItl for various systems were furnished by the project office from
contractor data. .

ol kol 4 mamn s e S s e |

vt v % i

s



e

178

Recommend Titan/Centaur

Soft Lander Out-Of-Orbit

Best Understood Mission

* Smallest Risk, Flexible in Operational
Sense

* Lowest g's for Instrument Development

* Provides Platform for Instrument
Deployment

* Less Demanding on Decelerator Systems

* Has Growth Possibilities with Same

Technology

* Highest in Cost

Pigure VI-1.~-FVED staff's recommendations and rationale.
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staff's recommendatior again favored the out-of-orbit soft landing
mission as presented to OSSA in December 1967 unless cost wr : an over-
riding factor. Martin Marietta Corporation's contract study of mission
mode also recommended the out of orbit soft lander; its recommended
entry system consisted of:
1. A 10.5 cone shaped entry vehicle with a ballistic number of
0.35.
2. A total flight capsule weight of about 2000 pounds, and 625
pounds of landed equipment.

The study conclusions3 are contained in Appendix VI-C.

sliul Report, Study of Direct versus Orbitsl Entry for Mars Mission,
Volume O-Summary, Martin-Marietta Corporation, August 1968, pg.

89-90.

Wi i o -
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The Summary Meeting and Mars Decision

A full scale two week, 6 day a week, meeting was held at Langley
October 28 through November 9, 1968 under the chairmanship of James
S. Martin, Viking Project Manager to define the Mars Mission. The
meeting was attended by the head of OSSA, Washington Headquarters;
Center directors from JPL and lLangley; and senior staff members at
Langley.

The first week was devoted to the contractor's presentations of
their final reports together with their recommendations. The second
week weas closed to contractors and was restricted to internal NASA
deliberations. Members of Mr. Martin's Viking Project Office made
presentations of their distillation of the contractor reports and
pointed up the options available to management. The presencations
were unbiaseda in that no recommendation was made; it was concluded
that all options~-hard lander, soft lander, direct entry, out-of-
orbit entry--were technically feasible and could be engineered. The
differences in cost, amount of science data obtainable, technical
prcblems, and risk were defined. The meetings were carried out in an
open fashion; many questions were asked from the floor to assure
that the problems were vnderstood.

Dr. Naugle, 088A, and the Center Directors--togetler with
consultants as required--then held a private meeting to deliberate
their recommendations to Dr. Paine, NASA Director. It was felt by

Langley's technical staff that cost might be an overriding factor

B R A Mo e ) E s
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and that the direct entry, hard lander mission would be the selection;
the absence of absolute knowledge as to "weights" to be assigned to
evaluation factors (cost, science, risk, etc.) was the primary reason
that Langley did not make a hard recommendation on mission definition.
Dr. Paine's decision to go with the most ambitious mission--the soft
lander out-of-orbit--came as a distinet, hapry surprise to Langley.
His sources obviously enccuraged him that he would get more support
from Congress on Viking than he did on Voyager. Thus, the direction
had been set--Langley was now responsible for mounting & Mars mission
utilizing the soft lander with out-of-orbit entry. The decision
resulting from the meeting reflected an understanding of the salient
technical points and was a correct and popular decision from the
technical point of view assuring enthusiastic support from the Project
Office personnel. This support--together with Mr. Martin's leader-
ship, Mr. Cortright's strong interest and backing, and the developed
relationships with Headquarters and JPL--augurred well for the

succeas of the project.
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The Commitment to Hardware

Mr. Martin set up the organizational plan shown on figure VI-2,

The main elements of this plan are:

l.
2.

3.

Lewis Research Center to supply the launch vehicle.
JPL to supply the orbiter.

Langley to supply the lander and total system integration.

In much the same manner as the Lunar Orbiter Project, a large

prime contractor to Langley would be responsible for the actual

hardware development with Langley acting as the technical manager.

It is interesting to note the differences between the Viking and

Voyager management organizations. Where Voyager was complex and

multi-tiered, the organizational plan for Viking was simple and

straight forward.

Responsibility passed directly from OSSA Headquarters

to the Langley Director to the Project Manager; all other NASA elements

reported to Mr. Martin. Two other factors also contributed to making

the Viking plan more operationally stable, these were:

1.

2.

Mr. Cortright, as Langley director, could act as a shield
against changes in Project guidelines by Headquarters
primarily because of his space expertise and hias stature
wvith Headquarters personnel.

The firm designation of Langley as project manager. It is
generally acknovledged that inter-center conflicts erise

when there is competition for the lead Center role. The

establishing of clear roles for the various Centers increases
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the cooperative aspects and allows all parties to concentrate
on their respective responsibilities.

Given the authority to implement the Viking Project, lLangley's
Project Office proceeded quickly to get the major contract underway.
The contract would provide for procuring the lander as well as the
integration of the entire system-~the Lnuild up of the lander with
the Government Furnished Equipment (the GFE), the orbiters from JPL
and launch vehicles from Lewis Research Laboratory. The technical
statement of work (Appendix VI-D) was released for proposals on
March 1, 1969. Proposals were received from the Boeing Company,
Martin Marietta Corporation, and McDonnell-Douglas Corporation. The
proposals were evaluated during April and May by a large group of
NASA evaluators (Appendix VI-E). I supported the Mansgement Evaluation
Committee and was concerned primarily with evaluating the realism
of the schedules submitted by the proposers for implementing the
project; i.e., blocks of time designated for mission definitiosn,
design, fabrication and test.

Following & review of the findings of the evaluation by Dr.
Fletcher, NASA Administrator, Mr. Certright, Langley Director,
announced on May 29, 1973 that Martin-Marietta Corporation would de
avarded the major Viking contract. This selention was 3 reasonsble
one as Martia Marietta Corporation hn& been studying the Mars landing
problem intensively for an extended period of time. With the award

of the approximately 300 million dollar contract (mot including launch
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vehicle and orbiter cost), NASA and the United “tates were finally

firmly committed to carrying out a landing on Mars.
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Synopsis

A synopsis of the 1968/1969 effort could be tabulated as indicated

below:

1.

OSSA issues guidelines that give Langley project manager
responsibility for planning potential missions to Mars.
Mr. Edgar Cortright named Director of Langley.

Langley and industry study of matrix of potential Mars
missions.

Study results presented to OSSA in a two week meeting at
Langley.

OSSA approves "big" mission--soft laader with out-of-orbit
entry.

Langley requests and evaluate: proposals; awards contract

to Martin Marietta Corporation for mission hardware.

e

o
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CHAPTER VII

INTRODUCTION -~ TECHNICAL AND ADMINISTRATIVE MILESTONE _uMMARY

Summary

This chapier will delineate the key events, technical and
administrative, in the development of the Mars project. These key
events will be presented in an integrated mi}estone format depicting
the interactions between the technical work and the administrative
decisions. Also included will be a description of the arrangement and

approach to b: used in the subaequent Analysis chapters.
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Technical and Administrative Milestone Summary

It is pertinent now to look at the projlect from an integrated
point of view rather “han in the fragmente® yearly sequences. Figure
VII-1l has been developed to show the important technical and adminis-
trative developments in the form of milestones with respect to time;
action arvows eve provided to detail +he impacts of the technological
base on administrative decisicn making and, vice versa, the adminis-
trative decisions on the technological base.

The chart divides the years 196L to 1969 in.o three phases, each
approximately two year: long. Phase I was the Saturn lE Voyager
mission with JPL as project manager and Langley a consultant on entry
technology. FPhase II was Saturn V Voysger mission with OSSA as project
manager and Langley the lerder amanager. Phase III was the Titan Viking
mission with Langley the project manager.

The first phase was initiated by Dr. Roberts sssembling a multi-
discipiined Langley staff, with the taci: approval of Langley marnusge-
ment, to study Mars entry problems (milestone 1). This staff defined
a novel probe concept utilizing a parachute to pull the instrument
package from the heat shield--this parachute utilization remained a
constant factor in all future retinements and played a highly impor-
tant role in the program's evolution. Dr. Rodberts recommended an
in-depth contractor study be made of the concert (milestuns 2). This
recommendation impacted Langley's and Headquartors' administrative
processes and its approvil marked Langley': -:tree into interplanetary
studies. Hesdquariers increasei 'angley's r:si..sihility by requiring
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the inclusion of lander feasibility in the study. This edict
impacted the technical staff by adding a new technology under its
charter and further strengthened Langley's position (milestone 3).

Another important milestone during this phase was the initiation
by Langley (tased on a recommendation from its technical staff) of
the development of a parachute suitable for operation in the Martian
environment. This undertaking was important since it furnished the
data which would later give credence ¢ Iangley's recommendations and,
in eddition, allow sufficient lead time for the parachute's development
(milestone 4). Headquarters' direction to switch launch vehicles from
the Saturn 1B to the Saturn V (milestone 5)--a change in the mission
of more than one order of magnitude--~signalled the end of Phase 1.

A Langley technical staff, made up primarily of FVSD personnel
and directed by Dr. Rocberts, carried out an in-~house study of the
Saturn V at the behest of Langley management (milestone 6). This study
culminated in the definition of a landing mode (soft lander out of
orbit with & parachute transition stage and retro landing). These
data (milestone 7) were presented by Dr. Roberts and me to OSSA at a
Joint 0SSA-Langley-JPL meeting where JPL presented a counter all-
propulsive landing mode. The technical data was considered by OSSA
and Langley was named lander manager (milestone 8) which demonstrated
the impact of the technological bare on adminiutrative decision making.
While NASA was gearing up to carry out a Saturn V mission, Congress

cancelled "Voyager" owing to the funds squeeze; this ended Phase II.

P ot o
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A request from OSSA to study a "more modest" mission (milestone 9)
impacted technological base requiring the technical staff to work to
nev guidelines., Because of its broad past experience, the FVSD
technical staff was able to react quickly and recormmend to OSSA a
Titan/Centaur mission similar to Voyager in mission mode but more
limited in weight (milestone 10). Shortly after receiving this
recommendation, OSSA named Langley to manage a study effort of all Mars
candidate missions using Titan as a base (milestone 11). Besed on this
impact, Langley initiated and carried out, in-house and contract, a
broad based study of the candidate missions (milestone 12). This
effort culminated a large Joint technical-administrative meeting at
Langley where all technical data was presented in-depth. After this
meeting, the administrative decision was made for a Mara landing pro-
Ject (soft lander out of orbit) to be managed by Lengley and using
the Titan/Centaur (milestone 13). Finally, the project was committed

to hardware by the contract award in May 1969 (mile “one 1k).
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Approach to the Analysis

The analysis will be divided into three main categories. The
first category will consider the lLangley administrative system and
the operation of technical staff within it. Formal system concepts
will be utilized to illustrate "how" and "why" the system worked to
allow its technical staff to make major inputs influencing a national
program. The second category will examine the operations of
Washington Headquarters as it endeavoreﬁ to define a national program
acceptable to NASA and the Congress. Its decision to promote a
Saturn V Voyager mission and its creation of a 1971 Mars Probe
Working Group to define a Mariner probe will be analyzed. The third
category will be devoted to the final decision process wherein
Washington and Langley were in agreement on objectives and the decision
was a cooperative one. The alternate missions under consideration
will be analyzed from a formal analytical viewpoint.

It is felt that this breakdown into three categories is particularly
appropriate since it is consistent with the development of the program.
During the first twvo phases of the program, the Saturn 1B and Saturn V
phases as defined on figure ViI-l. langley and Washington acted more
or less independently vith only intermittent and formal interactions.
Thus, during these phases, the operations can be exsmined somewhat
independently. The third phase (Viking) vas, however, a close,
cooperative effort and can be best examined as a joint administrative-

technical system.
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; CHAPTER VIII
ANALYSIS OF LANGLEY OPERATIONS

Summary

Langley's administrative system and the technical staff's role
are analyzed for both the pre-Mars years and the Voyager period of
Mars studies. The formal concepts of Easton on political systems,
Homan on the technical staff's performance, and Kuhn on scientific
breakthroughs are used as a backdrop for the study. Similarities are
noted between Houbolt's work on Apollo and Roberts' work on Mars.
Conclusions are dravn as to why Houbolt and Roberts were successful in

defining the mission modes.
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The Pre-Mars Yeers

Langley Administrative System

Langley's operation in the NACA days was characterized by high
research quality and low visibility to the public (independent
operation). The individual researcher had great freedom within his
field to pursue his research and publish his results which were
eagerly awaited by the scientific community. Supervisory pozitions

vere relatively small in number and the opportunity to progress up

the management ladder was slim. Thus, the researcher who was desirous :

of more materialistic rewards or fame oftentimes would leave to

accept positions with industry, universities, or to serve as a nucleus
for a new NACA Center "mothered" by Langley. The system operated
successfully because

(1) there was a sufficient supply of dedicated researchers and
nevw graduates to keep the output high in quantity and quality.

(2) there were sufficient openings available elsevhere for a
Langley trained researcher to siphon off "ambitious"
researchers before they became disgruntled and sufficient in
number to ceuse & stress on the systenm.

(3) the charter on the technology--aercnautical research--wvas
well defined and understood by the researchers and by
mansgement. This restricted the researcher's opportunity
to venture into nev fields where management might lack

expertise.
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() the system was more or less a closed system in that, not
being in the public's eye, it could operate in a near
independent mode without being perturbed by outside forces.

Langley management took pride in achieving excellence in
technical competence and, also, in its providing leaders to industry,
universities and other NACA Centers. To perform excellently and to
export leaders could almost be termed a Langley tradition. In my NACA
days, I saw many promising engineers leave for want of an advancement
that had been earned and that could have been given; it was the
unvritten policy of Langley management not to "bargain" with
individual employees. Based on the ahove, it is my conclusion that
this attitude enhanced the operation of the system by preventing the
system from overloading itself with too many high level researchers
for the positions available while at the same time furnishing a channel
for cross feeding the technology to the nation. Thus, by taking pride
in its export of leaders, it does seem that Langley management found
a vay of "having its cake and eating it, too."

With the advent of NASA and the increased attention on space
activities, Langley management strove to retain its system of operation
rather than to make any wholesale reorganization to reflect the change.
in emphasis. Langley's effort changed from one near total dedication
to aeronautics to one primarily devoted to space activities in about
a year's time and vithout any noticeable change in the system's basic
operation. To achieve this, Langley management gave up some of its
suthority to both Washington Headquarters and to the individual

DR d oeoniE i
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researcher. The individual researcher was given more freedom to work
outside his aeronautical specialty and the work emphasis was shifted
to reflect the desires of Washington Headquarters. The space work
was, thus, co-opted into the existing system bringing the researchers
wvith it. As the researchers acquired expertise in space work, they
vere given additional freedom to pursue their ideas within the

system with lesser restraints than in NACA days partially because the
top Langley management lacked expertise in space technology and also
because the dynamic environment required action. The system continued
to work and produce high quelity results because

(1) the technical staff had been socialized into the system and
could be depended upon to act in conformity with past
tradition as much as possible.

(2) the researcher training which had stressed thoroughness and
accuracy was most appropriate in the new technology vhich was
emphasizing performance with cost a secondary consideration.

(3) Langley management except at the top level was primarily
technical rather than administrative and was, thus, heavily
engaged in mastering the new technology.

(4) tlere was no influx of new experienced space personnel with
fixed ideas but rather a shift of work emphasis by most of the
Center.

PJased on the above reasoning, the significent contribqtionm of Messrs.
Houboult and Faget can be attributed to their researcher background of

thoroughness and inquisitiveness together with the freedom given the
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technical steff to broaden its field of interest. The separation from
Langley of Faget's group to serve as the nucleus of the Houston's
Manned Space Flight Center follows in the Langley tradition and also
resulted in Langley still remairing in its status quo position &s a
research center. Langley mansgement's confidence in its technical
staff and its socialization allowed Langley to undertake, at Washington
Headquarter's request, the Lunar Orbiter Project and the construction
of the Mercury Tracking Station with management's realization that
these projects would be competently completed utilizing adjunct
technical project offices without serious affecting Langley's nortal
operationel mode. It is important to note that in the Houboult and
Faget cases that it was the technical staff who perceived the national
need without direction from higher authority (President Eisen%:-rer
termed Sputnik a "trick"), went to work on developing a sound technology
base, and made a major impact on the direction of the nation's effort.
The Langley management system can be examined on the basis of
formal system concepts. Utilizing the concept of Eaatonl wherein the
Langley management mode could be considered as the political system,
figure VIII-1 from Easton can, thus, be utilized as a model. The
analogy seems appropriate and useful. Easton divides his system into
environment, inputs, the political system, outputs and feedback loop.
The total environment (endogenous and exogenous) furnish the inputs

to the political system in the form of demands and suppert. The

1pavid Easton, A rk for Political Aualysis, (Exglewood
Cliffs, Nev Jersey, Prentice-Hall, Inc. 1965

e
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political system is the "black box" within which the process of con-
version of the demands to decisions by the authorities take place.
The political system has two essential unique elemenis (1) the capacity
to make decisions and (2) the probahility of their frequent acceptance
by most members as binding. The operational wode of the "black box"
will be dependent upon the management philosophy and I have indicated
previously the major facets of the LRC management philosophy. The
output of the political system is in the form of "authoritative
allocations” which then feeds back to the society (Langley researchers)
and, thus, affects society's (Langley researchers') demands and supports.
The process can be visualized as a continuing exchange of society-
government (Langley researchers-lLangley management) system responses.
Easton defines "persistence” as the central question for theoret-
ical inquiry by political systems analysis. He states the "members
of & political system [LRC management] have the opportunity...to respond
to stress in such a way as to try to assure the persistence of some

2 He

kind of a system for making and executing binding decisions.”
proposes the following three conditions as necessary and sufficient
for persistency: (1) regulation of the inflov of demands (2) maintenance
of a minimum level of support and (3) the adoption of measures to cope
vith stress.

The response of the "black box" to stress determines whet type

of change (in the Langley operational mode) takes place. The "black box"

°Ivia., p. 78
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i3 considered to have enough flexibility (normal range) to allow for
some changes - i.e., some project or mission concept work is permissible
providing the basic research work retains the primary emphasis. For
other changes caused by stress driving the system above the normal
range, changes in the "black box" are needed to assure persistence,
i.e., Langley would have to change its operational mode. The conclusion
is evident that Langley management system had proved itself flexible
enougn through several stressful (not normel) episcdes to persist
without changing its "black box"” operation--the main business of the
Center remained basic research and the other elements (while important
and performed diligently) were not regarded as normal Center pursuits.
Thus, the Langley management successfully remained sﬁable despite

(1) changing technologies, and their technical paradigmsB, from
aeronautics to space, and {2) including the execution of project
rissions in its charter. In a sense, it could be asaid that the fact
that the langley staff had been socialized into operating under the
rules of langley's NACA's adminigtrative paradigm enabled the staff

to switch technical paradigms efficiently. It is believed that

had Langley's management mode. or paradigm, changed simultaneously with
the technical change, congideradble more stress would have been applied

1o the system with counter productive results.

3Ptrodisnp-a term used to denote the conceptusl umbrella or govern-
ing model under which normal science is carrie? out. In the strictest
sense, it is the highest order of conceptual adstraction, a metatheory,
upon vhich theory and conceptual frameworks are based.




T-e Technical Statf's Role

Given the stability and managen«- ethods of Langley, the
estion now arises of how has th: .* . idual researcher or the
tecr: ical staff made the sipri’i- © _ontributions that are a matter
ef record. o sraiyze 0piz o - i, use will be made of the concepts
and conclusicug of Toonas \JhﬁL in his study of scientific break-

throughs. Some of vhe coi.mvgts to be utilized together with my
simplified interpretaticnz are:
paradigm--the accepted or governing mcdel or pattern
puzzle--a problem with a solution within the rules of a paradigm
anomaly--a novelty which does not fit the expectations of the
paradigm
extraordinary science~-the science proceeding outside the bounds
of the paradigm to account for the anocmely
Kuhn's thesis is that science advances mainly through rzvolutions
caused by the study of extraordinary science which overturn the
established paradipgm, i.e. step function aévances rather than the
historicai concept of a gradual, bit-by-bit add.tion of scientific
data. Intersstingly erough, though, he credits normal science (the
puzile solving) as being the main ingredient to extraordinary science
in that it uncovers the anomalies vhich lead to advarncement of science

by enlarging the concept of the paradigm or overturning it.

4

Thomas 8. Kuhn, The Structure of Sciemtific Revolutions, 2nd ed.
(Chicago and London: The University of Chlcago Press, 1970
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Against this background, the Langiey staff can be visualiz:d as
problem solvers working the unsolved problems of the governing paradigm
and on the alert for anomalies. Because of the novelties uncovered
by the Langley staff (slotted throat wind tunnels, "cok=" bottle
shaped aircraft necellerc, supercritical configured wings, etc.), the
Langley management's mode had to be able to cope with toth normal and
extraordinary science without being perturbed.

The Houbolt episode, described ir the narrative, will be examined
to illustrate "how" the researcher makes the contribution within the
g, stem. Vcn Braun, since childhood, had been tantalized by space
travel and had foreseen the possibility of men to the moon. Further,
he visualized a concept of large booster going directly toc the moon
and returning. After World War Il and his involvement with the United
States booster research and development, h- championed space travel
and his concept. With President Kennedy's direction tc NASA to land a
man on the moon and return him safely in the 1960's, Von Braun, now
director of NASA's Marshall Center, put his staff to work to sclve the
puzzles asscciated vith his governing model (paradigm) of a direct
landing on the moon. Meanvhile, Houbolt, not bound by Von Braun's
paredigm, worked the problem differently and arrived at the "novelty"
of a small ship (LEM) landing and retu- 'ing to & mother spacecraft
orbiting the moon. A striking parallel in reactions to data contrary
to the governing paradigm can be drawvr between a case cited by Kuhn
and the Houd.ii episoie if Houbolt's solution is viewed as an anomaly

to the Von Braun paradiga and an oxample of extraordinary science.
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Kuhn5

cites a case of a short and controlled exposure of a series
of playing cards; the paradigm being that it was a stendard deck.

"Many of the cards were 'normal', but some vere made 'anomalous,’

e.g. a red six of spades or a black four of hearts. Each experimental
run was constituted by the display of a single card to a single subject
in a series of gradually increased exposures. For the normal cards
these ldentifications were usually correct, but the anomalous cards
vere almost always identified, without apparent hesitation or puzzle-
ment, as normal {consistent with the expectations of the paradigm).

The black four of hearts might, for example, be identified as the four
of either hearts or spades. With a further increase of exposure to

the anomalous cards, subjects did begin to hesitate and to display
awareness of the anomaly. Exposed, for example, to the red six of
spades, some would say: that's the six of spades, but there's
something wrong with it...Even at forty times the exposure [time]
required to recognize normal cards for what they were, more than 10
percent of the anomalous cards were not correctly identified. And the
subjects who then failed often experienced acute personal distress...In
science, as in the playing card experiment, novelty emerges only with
difficulty, manifested by resistance, against a background provided

by expectation. Initially, only the anticipated and usual are experienced

even under conditions where anomaly is later to be observed. Further

acquaintance, however, does result in awareness of something wrong or

Ivia, p 62-64.
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does relate the effect to something that has gone wrong before. That
awareness of anomaly opens a period in which conceptual categories are
adjusted until the initially anamoulous has become the anticipated."
Compare this with "Sure that he had the answer, Houbolt attended
meetings of NASA's moon-shot planning group to promote the lunar-
orbit-rendezvous (LOR) scheme. His reception was cool. 'Your
figures lie,' shouted one excitable member of the group, 'I don't
believe a word of it.' Wernher von Braun, present at the same meeting,
dourly shook his head at Houbolt's proposal and said, 'No, that's no
good'...Gradually [upon repeated exposures] others began to realize
the virtues [accuracies] of Houbolt's scheme. One of the hardest to
convince was Werner von Braun. But when he was finally converted to
the LOR technique, he became a formidable advocate."6 In a personal
lecter to Houbolt, von Braun apologized for his late conversion end
attributed his delay in accepting LOR to the fact that he had lived
with his direct concept [parsdigm] for many years and it influenced his
thinking. Another relevant facet of this episode is, that according to
Kuhn, "Almost always the men who achieve these fundamental inventions
of a nev paradigm have been either very young or very new to the field

vhose paradigm they c'nungo."7

This certainly applies to Dr. Houbclt
vhose previous work iad been in structural mechanics where he vas a

recognized national authority and this was his initial endeavor into

G

S"Bmo". Time, February 28, 1965

TThomas 8. Kuhn, Ths Suructure of Scieutific Ravolutions, 2ud ed.
(Chicego and London: The University of Chicago Press, 1970), p. 90
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aerospace.

Returning now to the basic question of how the individual
researcher or technical staff makes a significant contribution, the
general conclusion drawn frca the above is that it is through the
combination of three elements:

1. the accuracy of his technology base

2. having available forums and channels to present his data

3. perseverance

v kgt 4r s
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The Voyager Years

Langley Administrative System

During the years 1964 through 1967, Langiey management continued
its normal operation mode established in the pre-Mars years. It was
supportive of the technical staff's work in mission studies and in
research, offered forums for the researcher to present its data, and
guarded Langley's traditional responsibility to charter its own
course. Until Langley management could see the end of the Lunar
Orbiter project in 1967, it restricted its interest in a Mars project
to consulting and supporting research. Once it became apparent that
the Lunar Orbiter staff would be available, Langley moved to accept
entry vehicle hardware responsibility on Voyager, set up a project
office, and appoint a manager to interface with other NASA elements.
Even then, langley's management's instructions were firm that Langley
should define its own charter for the entry vehicle rather than have
its definition edicted by the overall project office. Langley's
participation in the Voyager program was compatible with its previous
position regarding project participation; i.e., project participation
vas a positive value provided that research remained the primary
emphasis of the Center.

The followving actions of Langley manawement during this period are
cited to substantiate the thesis that Langley's management mode was
supportive of the technical staff and consistent with its policies of

slloving the researcher freedom of action and providing forums for the
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(1) Approved Dr. Roberts initiating work in a new technology

(2)

(3)

(L)

(5)

(6)

(7

-

with a high level competent staff.

Approved Dr. Roberts recommendation for a contractual study

of $500,000 and acted as intermediary with Headquarters.
Approvad technical staff's recormendation to pursue a para-
chute research program including the approval of the
utilization of the balloon launch techuigue although the

Deputy Director was not convinced that that technical approach
was optimum.

Approved a request of Dr. Roberts and the Planetary Missions
Technology Steering Committee that Langley study the Saturn V
Voyager entry mission mode problem.

Allowed Dr. Roberts to present his findings at a jouint
Washington Headquarters meeting with OSSA and JPL. Top Langley
management attended the meeting evidencing support of technical
staff.

Appointed James Martin as manager of Capsule Bus system
consistent with Langley's Lunar Orbiter policy of divorcing
projects from research activity.

Accepted the technical staff's findings regarding recommenda-

tion for allotment of capsule bus weight and assisted in

et em e s ke -

obtaining a revision of JPL's allocated weight distribution.
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Technical Staff's Role

The technical staff's role in the Voyager period will be examined
in twn particulars. First, an analysis will be made of the staff it-
self during the important initiel effort in an attempt to explain the
staff's productivity when viewed in the context of Homan's work group
behavior model. Second, the staff's success in defining the Voyager
mission mode will be analyied in relation to the concepts of Kuhn.

As detailed in the narrative, the nucleus of the initial effort
was a group consisting of Dr. Roberts (Loads Division), Mr. Roger
Anderson (Structures Division), Mr. William Mace (Flight Instrumenta-
tion Division), and Mr. James McNulty (Flight Vehicles and Systems
Division) with direction and racistance from the respective line
organizations as required. This group within a period of five months,
starting with a very limited knowledge of Mars mission technology,
defined a probe concept including conceiving of a parachute to remove
the instrument package from the heat shield. This work furnished the
basis for Langley entering the Mars missions contractual studies which
led eventually to Langley management of the Viking project. The
conceptual scheme to be used to examine the group's high productivity
is shown in figure VIII-2 and is based on the work of Professor George

C. Homnns.a This concept models the system as four main parts:

afaul R. Lawrence and John A. Seiler, Organizational Behavior ancé

Admicistration (Homewood, Illinois: fichard D, Irvin, Inc. and the
Dorsey Press, 1965), pp. 15k-16L.
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1. Background Factors: factors over which members of the group
have little or no control--personal characteristics and back-
grounds, external economic and social infleunces, management
policies and practices, the supervisor's behavior, the
technology, and the job design.

2. Required and Given Behavior: these are the activities,
interactions and sentiments required by individual members of
the group to accomplish the task together with the given senti-
ments which the individual members bring with them.

3. Emergent Behavior: This is the "black box" which is the actual
behavior of the group members after the group has adjusted to a
work mode. It is to be noted that different groups may determine
different work modes for the same task--hence the term "black

box" which implies an indefinite or mysterious working which

cannot be formalized or directed by manageme:t outside the group.
L. Consequences: These are productivity, satisfection, and
individual development which can be used by management to mea-
sure the effectiveness of the system. By means of feedback,
management can adjust these "consequences" by altering the
"background factors" and "the required and given behavior."
In the background factors involving personal, economic and social
factors, the members of the group were much the same, Each member had

been socialized in the Langley tradition, was a respected researcher
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or enginreer, was approximately the same age, and had demonstrated
initiative and conscientiousness on past assignments. In accord
with Langley's management assumptions and prectices, the group was
given nearly free rein to develop the new technology; further,
competent leadership behavior and capability resided in the group.

The required activity of the group-~to develop a focal point for
Langley's activities in the form of a baseline concept--was one that
required the interaction of all members. The required sentiments
were that the individual researcner's parochial interests (structures,
loads, or instrumentation) be set aside for a time while an integrated
concept was defined. This caused no conflict with the given senti-
ments because, regardless of the detailsof the concept's definition, the
output would define many problem areas in all disciplines requiring
research programs,

The emergent behavior of the grqup became one of a solid front
vtere problems were discussed and agreed upon by the group before pre-
senting sany results up the line. Dr. Roberts emerged as the unguestioned
leader and spokesman to Langley management; he played the lead
technical role as well as group's spokesman. Mr. Anderson acted as
Dr. Robert's "deputy" and was interested in the overall miasion
aspects as well as the structural problems. Mr., Mace remained primarily
an instrumentation consultant but, neverthelecs, cooperated fully and
was sympathetic to the group's objectiver. From my engineering
coordinatica experience as technical project engineer, I rit the role

as an integrator to mesh the disciplinary inputs into realistic
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engineering designs. In addition to, or because of, my "chief engineer"
duties, I also emerged as the focal center for datea collection and
transmittal; thus, I was relied upon by the group to draft reports,

work statements, presentations, etc. In substance, the group's small
size and discipline mix could be likened to a "critical mass" in
nuclear energy. They were the "necessary and sufficient" conditions

to accomplish the task; there were no extraneous elements to divide

the responsibility or to drain the staff's energy from its main goal.

The consequences resulting from this emergent behavior was
extremely high in terms of production, satisfaction, and individual
development. The relationship and work requirements were stimulating
and enjoyable. The group members felt they were making a contribution
to Langley and NASA and the orgenization setup was compatible with the
requirements of innovative thinking and approaches. The feedback that
I received through my line organization was positive in that our group's
efforts were recognized to be highly important.

The technical staff work later on the Saturn V Voyager will now
be analyzed. As atated previously, the Langley staff could be
considered puzzle solvers working on the border of normal science.
When Dr. Roberts and the technical staff undertook to study and define
a Mars mission mode, there was no Mars mode paradigm existing compared
to the Von Braun paradigm for the moon landing mode. JPL had been
working on the puzzle for some time, had a concept; the concept,
hovever, had not been fully articulated and was not entrenched

sufficiently to qualify as a paradigm. Thus, JPL and Langley vere both

et s b 1 S
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trying to put the pieces of tb~ puzzle together tc obtain a fit of
all pieces.

Langley's technical staff's solution to the puzzle was docu-
mented as Langley Working Paper 326, "Modal and Conceptual Design
Comparisons for the Voyager Capsule," McNulty, Snow and Roberts
(Appendix Tv-B). The main elements of the mode were a 19-foot hesat
shield for maximum aerodynamic braking and a parachute performing
the dual finctions of removing the landing package from the heat
shield and furnishing transition braking pricr to a retro-propulsion
landing.

A forum was arranged in Washington Headquarters for Dr. Roberts
to present Langley's findings and for JPL to present its modal
recommendation of an all propulsive landing. Both technical staffs
vere accompanied by their top management. Evidencing our newness into
interplanetary study, Dr. Roterts remarked to me on the plane to
Washington that he hoped no one would ask him if he ever saw a
rocket; I replied, in kind, that if he got cornered, he should switch
the subject to soil mechanics and "I'd kill them."

As detailed in the narrative, Dr. Roberts presented Langley's
puzzle solution without contradiction. JPL's mode, on the other
hand, had three pieces vhich did not fit the puzzle too well; they
vere:

(1) & smaller heat shield which did not furnish optimum bdraking.

(2) the retro firing through ports opening in the heat shield

vhich represented technology beyond ‘he state or the art
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(rigure IV-T).

(3) the requirement that excess propulsion be carried (reducing
payload weight) because of the unknown density of the
atmosphere to furnish braking.

Langley's mission mode worx was judged sound enough for Langley

to be awarded the capsule responsibility.

Further along in the program when the OSSA-JPL guidelines on
capsule bus weight sllccation threatened to limit the technical
staff's position o.a design specifications, the FVSD staff wae able
to obtain a revision in project guidelines through an analytical study
and push its recommendations through the multi-tiered project
organization.

Thus, Langley's technical staff had created a governing model
(paradigm) for landing an instrumented package on Mars; normal
science could now proceed with the hardware design and development
puzzles within that model. As in the Houbolt case, it should be
noted that this paradigm development was in keeping with Kulin's
thesis that the pioneering work is achieved by those "either very
young or very nev to the field."

In summation, we find that the same three slements have combined
in the Mars study as aey did in the Apollo study to allov emergence
of a model. To repeat, they are:

1. the accuracy of the technology base {

2. the availability of forums

3. perseverance

A A B
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CHAPTER IX

HEADQUARTERS' OPERATION IN VOYAGER YEARS

Summary

The chapter analyzes the operational system of Headquarters
during the years 196L-1967 when it vas ttempting to define a me.jor
Voyager program. It discusses the factors influencing a decision
vhile Headquarters (OSSA) is lacking adequate resources and a proven
technology base. The Saturn V decision is examined analytically by
use of a statistical mathematical model and insights into the
ineffectiveness of the Mars Probe Working Group are provided through

application of Homan's model.

216

P



T =

217

Background Factors

08SSA, Washington Headquarters, relied on JPL to carry out limited
interplanetary missions in the pre-Voyager years. Faced with a possible
future requirement of mounting a major progrem to the planets after
completion of Apollo, OSSA took a tentative step toward irncreasing
its capability by approving Langley's entree into Mars entry and,
later, landing technology. This step, however, was far from suff.-
cient when viewed from the overall NASA program--a machine geared to
a yearly budget over six billion dollars and the prodiction of
Saturn V's at Marshall. Despite the gathering political clouds
described in the narrative, 0SSA "bit the bullet" and proposed a Saturn
V Voyager mission under OSSA managership and requiring cooperative
support from JPL, Langley, and Marshall. Not having the Center
resources that OSMF had for Apollo, OSSA realizesd that a new inode of
cooperative effort from varied NASA centers would be required. To
further a ¢ ‘operative spirit among Centers, O5SA set up sn inter-Ccater
Mars Probe Working Group to define a prode for the 197. Mars Mariner.
With Langley, an OART Center maintain.ng its independence and JPL
vith a capability sufficient unly for Mariner type missions, OSS8A vas
in the uneviable position of making independent decisions with a
limited data base. Two of its decisions vill be analyzed, in
retrospect, in the followving sections. The Saturn V decision wvill de
exanined by constructing a mathemetical model of the risks usoc.ntod ‘

with the various mission alternatives available to O88A in defining

PR
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the Voyager program in October 1965. The effectiveness of the Mars

Probe Working Group will be analyzed in terms of Homan's model for

group behavior.
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The Saturn V Decision

The situetion prior to O35SA's decision to use the Saturn V as
the launch vehicle was (1) OSSA had assigred Voyager project
responsibility to JPL with Langley providing "support in the area of
entry technology," (2) Langley's contract with AVCO was to be us=d to
define the probe lander, and (3) the Saturn 1B and Centaur were to
be mated as the launch vehicle. JPL was, at this time, to he
responsible for the launch vehicle, orbiting spacecraft, operations,
and overall management in the same manner as it had been on the Mariner
missions. This existing relationship is shown on figure IX-1. Once
the probe lander was defined, the total mission hardware responsibility
would become concentrated in OSSA-JPL. This arrangement was reviewed
by OSSA in October 1965 when it became evident that the 1971 mission
was threatened by a lack of funds to allow the development of the
Saturn 1B/Centaur leunch vehicle. This, in addition to other factors
including the need to define a major program to follow Apollo,
required a reassessment by OSSA. These factors, as discussed in the
narrative, are indicated on figure IX-2.

A mathematical model can be constructed to represent the probability
of carrying out a succeasful Voyager wmission in 1971. In developing
the model, Bayesian statistics will be utilized as there is insuffi-
cient data to allow the use of classical stetistics. Bayesian
statistice incorporates the utilization of estimated or conditional
probabilities based on previous knowledge and iteration of the

jrocess as better data becomes avallable.
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Figure IX-1.--Voyager organization plan (July, 1965).
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LACK OF FY 67
FUNDS FOR SATURN
1B/CENTAUR
DEVELOPMENT BACKING FOR MARS
NEED TO DEFINE INVESTIGATIONS
MAJOR NEW START Q FROM SCIENTIFIC
PROGRAM TO FOLLOW momxn
APOLLO
1971
o JPL NOT A
MISSION NASA CENTER
DEFINITION
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AVAILABLE D
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ASSIGNMENT FOR
MARSHALL AFTER
APGLLO

Figure IX-2.--Factors forcing a reassessment of Voyager Definition
(October, 1965).
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As stated by Tribus "We shall adopt the view that we sre
engaged in a chain of inductive logic and that at each point where an
answer is required we shall report the best inference we can make
based upon the evidence available to that point. As new evidence
becomes available (which evidence may pertain to the truth of that
which we had previously tuxen as given) we shall use the same procedures
to update our inierences as was used in the first place. In this
approach, nothing is ever considered to be settled with finality. All
that can be said on any particular question is that the evidence is
so overvhelming that it doesn't seem worthwhile to pursue the matter

any further."1

As an example, a simplified model to give insight into
the problem is developed below:

Let

>
[}

obtaining 1966 funding
B = obtaining sufficient subsequent yearly funding

c

]

solving the technological problems on schedule

D

defining a satisfactory management organization
X = state of knowledge based on past expericnce
The probability of a successful mission could be expressed as
p(ABCD|X) vhich is read as the probability based on past experience
of obtaining 1966 funding and obtaining sufficient subsequent yearly
funding and solving the technological problems on schedule and

defining a satisfactory management organization. Expanding by the

lwyron Trivus, Rationsl Descriptions, Decisions, and Designs
(New York, N. Y.: Permamon Press, 1969), p. 26.

N S o

Rl e 7o v 2



223

product rule, we ¢btain:

p(ABCD|X) = p(A|Bcpx) p(BCD|X)

]

ptA|RCDX) p(B[CDX) p(CD[X)

p(A|BCDX) p(B|cDX) p{c|DX) p(D|X) (Equation IX-1)

1

First, equation IX-1 will be examined for the proposed 1971
Saturn 1B/Centaur mission. It is immediately evident that the
schedule for the 1971 mission has zero probability of being success-
fully followed since the first term p(A[BCDX) is known to be zero
owing to the funds squeeze caused by Vietnam, Apollo, etc. Howvever,
equation IX~1 can be examined for compressing the schedule and waiting
until 1967 funding to start the launch vehicle development. Now
p(A[BCDX) has a real number where A equals obtaining 1967 funding.

Let us be optimistic and assume Pp(A|BCDX) = 0.8 because expert opinion
is that the Vietnam war will be winding down. The second term
p(B|CDX)--the obtaining of subsequent funding--will be assumed at 0.9
since the program would be an ongoing program gathering momentum and
its budget would only be of the order of 200 million dollars per year
out of a NASA budmet of 6 billion dollars or 3%. The third term
p(Cle)--solving the technological problems on schedule--becomes
significant. Past experience (X) shows that it took five years to
develop the Atlas/Centaur and then there was an additional tvo and
one-years before it was mated successfully with Surveyor. While a
learning curve should shorten this interval, the p(C|DX) should be
less than 0.5 for shortening the interval to four years; assume

p(C|DX) = 0.33. The last term p(D|X)--defining a satisfactory

g s
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management organization--should be high based on JPL's Mariner
experience (X); assign p(DlX) = 0.95. Thus, the estimated probability

of a successful 1971 mission (with launch vehicle development delayed

to 1967) is:

p(ABCDfX) = 0.8 x 0.9 x 0.33 x 0.95

i

0.226 or 25%

Another alternative to be considered could be the postponing cf
the 1971 mission to the next launch opportunit; in 1973. The funding
requirement per year would then be decreased, and the Apollo and
Vietnam pressures should bve lessened. These factors tend to increase
both p(A|BCDX) and p(B|CDX); assume p(ABCD|X) = 0.9 and p(B|CDX)
= 0.95. p(C|DX)--the technical and schedule problems--should increase
appreciably to about 0.8% and p(DlX) remain unchanged. The

probability for a successful 1973 Saturn 1B/Centaur mission would be:

0.9 x 0.95 x 0.85 x 0.95

i

p(ABCD|X)

.69 or 70%

The model will now be used to estimate the probability of carrying
out a successful 1971 Saturn V Voyager mission. The probability of
obtaining sufficient 1966 funds to start the Voyager program was
considered good since the deletion of funds for development of the
Saturn 1B/Centaur was felt to be a sufficient reduction to NASA's
proposed budget to obtain approval; acsume p(ABCDIX) = 0.75. The

estimation of the other three probabilities is less clear than for
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Saturn 1B/Centaur case becsuse of mission unknowns (the protlems not
previously studied) and that the much greater launch capability allows
for a larger and more expensive mission. However, by assuming true
(p=1) the OSSA guideline that the 1971 test capsule (lander) to be a
relatively simple package and landed by subsonic chute only, it is
possible to make rational probability estimates; the uncertainty
concerning the guideline assumption (p=l) then means that the resulting
overall probability will be on the optimistic side. The probability
of obtaining sufficient funding in subsequent years p(B|CDX) is
influenced by two counter-acting forces, the inertia tending to
increase the probability and the larger funding requirements for a
Saturn V launch decreasing the probability because of its visibility
and larger percentage of the NASA budget. Thus, it is estimated that
p(BlCDX) will remain at 0.75. The probability of solving the technical
problems on schedule is estimated to be less than for the Saiurn 1B/
Centaur mission simply because the problems h~ve not been as deeply
studied or defined; set p(BJCDX) at 0.8. The defining of a
satisfactory management organization becomes complicated with the
addition of the Office of Space Manned Flight's (OSMF) Marshall

Center to supply the Saturn V. The mansgement organization, then

in process, is shown in figure IX-3 and it is doubtful that JPL could
exercise sufficient project control over Marshall; thus, some, as yet
undefined, changes would be required. The project utilization of
centers from three different Washington Offices would be a novel

undertaking and require new management techniques; assume p(DIX) =
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0.67. The probability of achieving a successful 1971 Voyager Saturn

V mission would be:

p(ABCD|X) = 0.75 x 0.75 x 0.80 x 0.67

.30 or 30%

A summary of these results are shown in matrix form below:

p(A|BCDX) p(B|cDX) p{c|DX) p(D|X) p(ABCD|X)
1966 Funds 1967-1971 Technology Management Mission
Funds Success
1971 Saturn 1B 0 - - - 0
(1966 Start)
1971 Saturn 1B 0.80 0.90 0.33 0.95 25%
(1967 Start)
1973 Saturn 13 .90 0.95% 0.85 0.95 T0%
(1967 Start)
1971 Saturn V 0.75 2.75 0.80 0.67 30%

(1966 Start)

An enaiysis of these data indicates the following:

1. A 1971 Saturn 1B mission (with a delay of one year in obtain-
ing vehicle development funds) had only a 25% chance of mission
success. The main factor in this low probability was the liklihood
of solving the technical problems in the compressed time schedule.

2. Postpcning the Saturn 1B mission to 1973 increased the

probability of success to T0%.

-~



2, Switching to the developed Saturn V for the 1971 mission
only increased 1971 mission success probability to 30% from 25%. This
was because the technology probability gein in changing to a developed
launch vehicle was balanced, more or less, bty an or_inizational com-
plexity unique to NASA's experience which increased the uncertainty.

Headquarters, thus, had a chcice among alternatives--a 1971
mission (Saturn 1B or Taturn V) with only 25-30% prorability of
.uccess or 4 1973 Saturn 18 mission with & 707 probability. It would
appear likely that Headquarters would forego the 1971 mission and
decide on the 1973 Saturn 1B mission; this conclusion, however,
neglects other important factors infiuencing the decision. These
factors, as mentioned previously are:

1. The need was great to define a new major program t¢ follow
Apollo. The overall "climate" at the time was such that NASA was
expected to go on to greater things--exploretion of the planetis,
space stations, lunar colonies, etc.

2. Of possible follow-on program alternatives, the science
community favored a Mars program. 'In October 1964, the Space
Science Board of the National Academy of Sciences recommended that
unmanned exploration cf the planet Mars involving both physical and
biological investigations, and expressly the search for extraterrestrial
life, be made the primary cbjective of the nation's space effort in

the decade following Project Apollo."?

2Donuld P. Hearth, "Voyager," Astronautics and Aeronautics,
Vol. 3 No. 5. m 1965. P 160
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3. The long lead time necessary from program initiation to execu-
tion required that a decision be made.

Thus, the utility value of & major program may well have been the
major factor in the selection of Saturn V mission. It is also likely
that OSSA considered dasta not available a% the technical level regard-
ing funding and management in its decision making process. However, as
indicated by the low probabilities in the analysis, it appears that
OSSA did not have e sufficient data base tc ensure that the mission was
viable.

Following the Saturn V decision, OSSA set up the Interim Project
Office at Pasadena where it could rely on JPL for staff functions
because of the limited resources available to OSSA. Again, vhile the
organization (management committee, working groups, and panels) vas
complicated, the problem of managing and unifying diverse Centers fro:u.
coast to coast required a nev approach. Further, in the one case-~that
of allocating weights for the Capsule Bus described in the narrative--
the organizational system was responsive to pressure from the technical
staff in its decision making process. It is unknown whether the organi-
zational arrangements would have proved visble in the long run. Opinions
vary on this subject among those vho vere participating in the Voyager
effort. Some felt that the organization vas unvieldly and that overall
project managment would be designated eventually to a Center--probadly
Marshall when it got familiar with the rroject. Others were encouraged
with the vay the Centers vwere cooperating at the technical staff levels

o



and felt that once the system interfaces were agreed upon that the
ectuel work couid be carried out efficiently.

With regard to the Voyager cancellation, it is apparent that NASA
Heandquarters failed to evaluste correctly the political factors. The
further lack of appreciastion of the sensitivity of the OSMF procurement
release for a manned Mars study (described In the Narrative) incicated
the omission of an overall coordinated plan. Finaelly, when Voysager
was cancelled, NASA Headquarters had not made any contingency plans
and was left without a planetary program of any type. NASA's lack of
expertise in this political area cun be explained vy the fact that it
vas a new agency created primarily tc «arry out a technical mission,
Apollo, which did not require "marketing.” lowever, with Apollo coming
to a conclusicn and the fiscal pressure huilding for social programs,
NASA could heve realized that NASA's operation was changing and given

more emphasis to factors other than technical.
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The Probe Working Group Experiment

The otjectives of the Probe Working Group (PWG), as expiessed by
055A, were to obtain the definition of a 1971 Mars Mariner Probe and
to promote inter-Center workiug relationships by including Center
participation in the decision maling prc-~2ss. As discussed in the
narrative, the concept did not prove viable in the promotion of inter-
Center cooperation. No favorable group sentiments evolved; from
start to end, there were five sepcrate factions--0SSA, JPL, Ames,
CGoddard apd Langley. An examination of Homan's model (figure VIII-2)
would have given indications that the PWG exercise would result in

failure in this instance. For example, the following elements can

ve noted:

1. The Job Dasign was not clear. Was it a scient.fic job, an
instrument Job, or an engineering job? If all three, the
time was too constrained to mee¢t the objective.

2. The Physical Conditions were such that group sentiments
could rot develop--a large conference room with the various
camps grouped together. In addition, the number of people
vere excessive--typically, six from 0SSA, three from Ames,
four from Goddard, five from JPL, and one from Langley; it
vas not unusual for over 30 people to te in attendance
including experimenters.

3. The Social Environment was non-existent. The individual
nembers, except for their own group, met only in the

coaference rnoa.,
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In External kewards and Punishments, the Center representa-
tives, with the possible exception of JPL, were not beholden
to OSSA but were dependent upon their own Center. In
addition, OSSA managed the meetings in an authoritarian
manner--with OSSA as a self designated leader; however, it

is doubtful that any management behavior could have succeeded

under the circumstances.

For an effort similar to the PWG to succeed, careful planning is

essential. It is suggested that the following elements be considered:

1.

Breaking up the group into tcams

(a) a scientific team to define the objectives

(b) an instrument team to define the instruments

(c) an engineering teem to define the hardware and its
development

Allowing each team to select its leader and do the Jjob in

its own way with 0SSA staying in the background.

Keeping the teams together for a sufficient period of time

to develop group sentiments--perliaps, a "retreat" type of

work shop.

-
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CHAPTER X

TECHNICAL-ADMINISTRATIVE INTEGRATION, THE VIKING YEARS

Summary

This chapter examines the means by which NASA "put it all
together" to culminate all the previous work and define a Mars lanuing
project. T.pics will "~clude the definitiorn «f objectives mutually
satisfactory to the technical and administrative staffs, the technicai
and administrative efforts performed to obtain the necessary data for
a decision, and the Viking decision. An analytical model will be
presented to examine the "pay-off" associated with the various mission

options and its correlation with the final decision will be analyzed.
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The Uniting of Technical and Administrative Objectives

This section will examine how and why the technical and adminis-
trative factions became united in an approach to defining the Mars
landing project. As will be recalled, OSSA requested assistance in
defining a more "modest" Mars mission after the cancellation and

Langley responded with full cooperation.

The Technical Staff's Role

The FVSD staftf, given the freedom to pursue its concepts
independent of Langley's mainline effort, derived a new model for
the entire system, launch to landing, which utilized a new launch
vehicle, the Titan/Centaur, in conjunction wiih the Robert's paradigm
for the entry and landing mode. This was Langley's first attempt at
solving the entire system mission puzzle; the solution was achieved
within three months and documented as Langley Working Paper S4LT,
"Study of Titan III F/Centaur's Capability to Carry Out a 'Voyager
Type' Missiorn," Snow, McNulty, Carmines, and Falk. Again, a forum
ves arranged by Mr. Kilgore and Langley management where the findings
of this small group could be presented directly to OSUA personnel by
the technical staff personnel almost as Houbolt phrased it, in his
case, "as a voice in the wilderness." The FVSD staff was able to
make this contribution in such an effective manner because of the
following elements:

(1) a highly motivated small team experienced in the technology.
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FVSD staff had experience with the total system concept
through studies of Venus missions.
(2) a well defined puzzle--largest possible mission without
Saturn V.

(3) effective leadership by Mr. Kilgore, FVSD Division Chief,
who filled the group's management role left void by Dr.
Robert's departure.

Mr. Martin's technical staff, hindered by an ill-defined puzzle
and too many participants, were working effectively in sub-system
areas ard demonstrating their ability to transfer their Lunar Orbiter
technology to Mars applications. Their study of broader missions
carried out with total dedication indicated their readiness to assume

and carry out any project responsibility assigned to Langley.

Langler Management's Role

For the first time in the Mars program Langley management entered
into a new policy of full cooperation with Headquarters on the
definition of a more "modest" mission. A large staff was assigned by
the Director to work on the problem and channels were furnished to
Mr. Martin and Mr. Kilgore to present findings to OSSA. The evidence
indicated that lLangley management believed that & more "modest"
mission would be within Langley's resources and mode of operation.
Thus, the objectives of NASA mansgement and Washington Headquarters
coincided on the need tc define and carry out a national Mars landing

project.

—_—
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The Union of Washington Headquarters and Langley

Two months after FVSD's presentation to OSSA, OSSA announced that
Langley would be msnager of a comprehensive contractual study effort
of various mission options to Mars with all data to be obtained in
about. ten months. OSome general OSSA guidelines, detailed in the
Narrative, were included but near absolute technical responsibility
was given to Langley on procurements and mode of operation. This
action negated any competition between Centers and allowed the technical
work to proceed without interruption or change in guidelines and, thus,
obtain the necessary technical data. It further freed Headquarters
from the technical area so it could concentrate on the political
aspects--obteining support from the scientific community, Bureau of the
Budget, and Congress. Thus, responsibilities were set so that
administrative and technical studies could proceed in a rational,
methodical manner toward an end point.

Langley took the necessary steps to fulfill its responsibilities.
Langley management gave full support to the project. It created a
Viking Project Office under Jemes Martin reporting at the Director
level and supported the office in its dealings with Headquarters and
in contractual procurements (studies and mission hardware). The
Viking Project Qffice coordinated the mission planning by contracting
various mission option studies to industry, working with JPL on
spacecraft definition, and serving as a hub in data transmission to

Headquarters. FVSD's technical staff served as a technical consultant

S o P Y
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to the Viking Project Office and continued to study and evaluate the
various mission moce options. The results of its independent in-house
studies on the relative merits of the options were documented and
forwarded to the Project Office for consideration.

Headquarters, meanwhile, conducted a study of the political
environment-~ubtaining and developing support from the scientific
community, Bureau of the Budget, and Congress. Thus, near the end of
1968, all the pieces of the puzzle--technical and administrative--had
been collected so as to determine a fit. It was the first time in the
Mars program that there was technical and administrative agreement on
the definition (not the solution as yet) of the puzzle.

The main determinants in obtaining sufficient data for the mission
solution (answer to the puzzle) are judged to be:

(1) 0SSA assigning full technical responsibility to one Center
under broad guidelines which remain firm throughout the data
collection period.

(2) Langley's management's full political support to OSSA, i.e.,
common objectives.

(3) The Viking Office's dedicated effort to obtain the technical
data, i.e., team self motivated.

(L) OSSA emphaesizing obtaining political support, i.e. getting

a good sense of the political environment.

B em—n o toa b e b v e+ sy



238

The Viking Decision

Once the pieces had been assembled, an innovative concept was used
to assure that the technical data was communicated correctly to the
decision makers. This concept was the two week meeting described in-
depth in the Narrative, where various mission alternatives were
detailed by contractors and NASA personnel. These options can be
examined analytically by using a "utility" concept in a decision
tree format to illustrate the problem which was facing NASA management.

Figure X-1 defines the ma_or options presented to NASA management
at the summary meeting. The lander options are based primarily on
the choice of launch vehicle. The smaller Titan IIIC vehicle will
allow either an orbiting spacecraft with a 200 pound atmospheric
probe or a flyby spacecraft with a 1100 pound direct entry lander.

The Titan/Centaur vehicle has sufficient capability to allow an
orbiting spacecraft with a 1509 pound out of orbit lander. Costs
for the various elements, total mission costs, and the mission
science capability are elso shown on the figure. It should be noted
that option 3 (Titan IIIC, flyby spacecraft, and direct entry hard
lander) most closely approximates the OSSA guidelines for cost

and mission objectives.

An analytical procedure will now be developed to obtain a
relative utility value per cost unit for the various opticns. It is
first necessary to subjectively assign utility (Ui) to the scientific

data obtainable for the various option missions. The following utility
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values are assigned:

Ul = 100
U2 = 500
U3 = 500
Uk = 2000
U5 = 2000

The rationale for these assignments is as follows:

The science for option 1 is only atmospheric data. This data is
already known to some extent from indirect meesurements from Earth
and from orbiting spacecraft and the new data would only increase the
accuracy and confidence level. 1In addition, it is felt that the
mission would not be considered worthwhile by the general public. The
value of 100 is assigned as a baseline messure.

The science for options 2 and 3 would include landed data but
would be limited by the one day operation of the batteries., The
total communication capavility could be tsken up by the transmission
of a panoramic TV picture of the Msrti ~ planet; in any event, the
tive would be too limited to allow, for example, sophisticated
instruments to take soil samples, analyze the sample, and transmit
the data to Earth. The pictures of the Mars surface might well
interest the general public in addition to providing the sclentists
with new data to analyze. A factor of 5 was applied to the U1
baseline value.

The science for options 4 and 5 contains TV pictures in addition

to sophisticated measurements taken on the Martian surface for an
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extended period of time. Expected data would include sufficient
information for scientists to judge whether conditions are favorable
on Mars to allow for any lifeforms to exist., The utility value for
this data package was estimated to be four times that of the short

landed mission.

The corresponding estimated required funding (Fi) in millions of

dollars for the mission options are as follows:

F, = $225

F,= $365
Fy= $325
F), = $615
Fg = $530

Lander and orbiter costs are taken from Viking Project Office
document entitled "Discussion of Mars '73 Mission Baseline and
Alternatives" dated February 12, 1968. Launch vehicle costs are
taken from General Electric Corporation's final report "Direct versus
Orbital Entry for Mars Mission" dated August 1, 1968.

In order to develop the utility value per cost unit, it is
necessary that probabilities be assigned for each mission option.
These probabilities are shown on figure VI-3 and their rationale is

discussed below:

- nmenh
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Aiz launch vehicles

Titan ITIC is proven launch vehicle; p = 0.98. Titan/Centaur
mating does not appear to be problem and, in addition, will be
flight tested prior to Mars' launch; p = 0.95.

Bi: spacecraft

Mariner orbiters have been successfully demonstrated; p = 0.93.
Fly-by spacecraft would have slightly better reliability since
orbit propulsion bturn wouid not be required; o = 0.95.

&

Ci: landers or pro‘e

Probe mission from out of orbit would be the simplest mission.
Low ballistic number and low entry angle would minimize loads
and allow use of subsonic parachute; p = 0.90.

Direct entry soft lander would be the hardest mission. High
entry argle would challenge the termina. stage technology to
safely effect a landing; p = 0.50.

Direct entry hard Jander would have similar entry loading and
deceleraticn problems but coull be designed to take high
impact loading; p = 0.75.

Soft lander out of orbit is well understood but environment is
extremely demanding on terminel stage design; p = 0.8.

Hard lander out of ortit presents less demands on terminal
entry technology but technology is not understood on how to

orient the impact ball at the landing, remove impact sttenuation

material from ball, open ball, and deploy instruments; p = 0.75.
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The expected utility per million dnllars for each option can be

expressed es:

U U
.—i = —-i— ’ > y -
(Fi ED (Fi ‘Ei) p(0, IE,) (Equaticn X-1)

where
0i = successful mission
Ei = eviience
and p(OilEi) = p(Ai B, CilEi)
vhere
Ai = successful launch vehicle
B1 = successful spacecraft
Ci = successful probe or lander
F1 = funding required in millions of dollars

expanding by Bayes Equation

i

p(oilxi) p(CiIAi B, E )p(A Bi{Ei)

(
p~C,L|Ai B, E, Jp(B, [A Ei)p(AiIEi)

(Equation X-2)

The above equation could be expressed in the following mannoer:
"The probability of a successful mission is equal to probability
of a successful landing (given a successful launch and space-
craft) multiplied ty the probability of a successful spacecraft
(given a succeesful launch) multiplied by the probability of a

successful launch.”
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Equation - ecan now be substituted intc equation %i- 1 to express the

expected utility per millicn dollars as:

U U, !
i ife ,
(-——F. ‘Ei) = (—F‘ l_,i) p(Ailﬁi)p(Bi‘Ai 1-:i)p(ci|Ai B, E,) (Equation X-3)
1 1

The elements of the above equation are quantified on figure X-1 and

are shown in matrix form c¢n figure k-2 together with the sciution
for the expected utility per million dollars for each option.

An analysic of the results on figure X-2 reveals two pertinent
points:

1. the expected utility value per million dellars is much
greater for landers out of orbit with the hard lander
showing slightly greater utility.

2. the probability of successful miscion for a soft lander
out of orbit is 0.71.

A discussion of these two points is in order. On the hard versus
soft lander option, it is acknrwledged that the hard lander has the
higher "mean" in a statistical sense. However, as mentioned
previously, the hard lander data (technology) is based on less know-
ledge. It is, therefore, concluded that the result is less definite
and its variance, in all liklihood would be mnch greater,

On item 2, it must be remembered that two independent launches

are planned. Th'.,, the probability of the success of at least one
mission can be calculated .n the following manner to be approximately

90%:

[

inlliawuy, ™ mm :»,—,.mmw [ —— . . X . 7 - !
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Let p(A+B) = 1 - p(ab)
where
A = success in first mission

B = success in second mission

A+B = A and/or B
a,b = denial of A,B (feilure in mission)
ab =g ard b
thus
p(a) =3 - p(A) =1 - 0.71 = 0.2Y
p(b) =1 - p(B) =1 - 0.71 =0.29
plab) = (0.2932 = 0.08k
p(A+B) = 1 - p(ab)

1 - 0.084 = 0.916

The selection of mission option can now be understood. For
maximum u.iliiy per million dollars, landers out of orbit are a clear
winner. The question becomes one of cost. Will Congress approve the
more ambitious program? NASA management believed it would and selected
option 4 at an estimated cost of about 600 million dollars. The select-
ion of the soft lander in lieu of the less expensive hard lander also
appears reasonable based on the small aifferences in utility and the
larger difference in state-of-the-art of the technology.

The Viking model (paradign) had now becn established and would
govern the definition of the design puzzl:s. This Viking paradigm
would be made up oi the FVSD system concept and incorporate the Roberts'

paradigm for entry and landing.

B
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That OSSA had made a clear reading of the political environment was
substantiated subsequently by Congressional approval of the project.
Viking is scheduled for launch the summer of 1975 under Lengley manage-
ment..

In analyzing the reasons for the final success of translating con-
cepts into models for actual hardware application, it is found that a
fourth factor is essential in addition to the three factors previously
defined. These three items are:

1. the accuracy cf the technology base--evideuced by the accumula-

ticn of data.

2. the availability of forums--the two week in-depth meeting.

3. perseverance--by the FVSD staff to generate models and by the
Viking Project Office to keep the project alive thrdugh congtant
technical and administrative efforts.

However, while these three items may be cufficient to establish a
paradigm, they are not sufficient to allow the normal science to proceed
under the paradigm. For work to proceed, the following determinant
must be present:

L. the coincidence of technical and administrative objectives.



CHAPTER XI

CONCLUSIONS
Summary
Technical
The technicul staft made major contributions in the definition

of the Mars landing prolect leading to Langley Kesearch Center being

assigned

project managership. The major contributions in the

engineering systems area can be categorized as:

(1)

12)

The definition ¢f the lander mission mu’- as soft lander

out of orbit using & parachute for both removal of the
lander from the heut shield and for a transition aerodynamic
deceleration mode prior to retro ignition ror landing.

(LW 326, Appendix IV-B). vshortly after Langley's
recommendation, Lurgley was named Capsule Bus System (the
"Juicy" morsel) Manager for Voyayer.

The recommendaticn that the Titan/Centaur launch vehicle be
used to carry out a more "modest' mission than Voyager but
utilizing the previous Voyager mission mode (LWP 54T,
Appendix V-D). This is the definition of the present Viking
project scheduled for launch in 1975 under Langley's

managership.

The system analysee wurk carried out in the studies above were

expressed in the formal systems concepts formats of block ai=gram

2u6
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and mathematical model c(low chart form in Chapters IV and V; these
concepts are judged vieble and useful for planning, reviewing and
documenting the work fo: these type studies.

The theories of Kuhn regarding scientific advances were found
appropriate in explaining how the technicel staff's concepts became
the governing models for Viking and how major contributions affecting
policy can and are often made from the lower technical levels.

The performance of the technical staff in carrying out its
study effort was judged outstanding by Langley management. A formal
systems analysis utilizing Homan's work Group Behavior Model
(Chapter VIII) revealed that the staff's productivity, satisfaction,
and individual development were compatible with theory and that
Homan's model is a veluable concept for analyzing group behavior in
an aerospace group. It is judged that a main reason for the staff's
performance was its high degree of independence leading to self
motivation. This Judgment is substantiated, to some degree, by a
recent NASA sponsored study which attempted to determine the main
reason for NASA's success in space projects. The thors hypothesized
that the determinant was the personal skills, characteristics, and
management style of the project manager. Their intensive study of
numerous managers resulted in no correlation; the hypothesis was
Judged false and the euthors concluded that a main element was
"feams whose members were highly committed to the project and who

derived great satisfaction from selflessly contributing to the team's

- s, .
: '
4 .
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purpose...organizational lines and personal ambitions were submerged

in a common effort."l

Administrative

The administrative system of Langley (research oriented with
emphasis on independent studies by the technical staff as discussed
in depth in Chapter I and analyzed as a political system in Chapter
VITT) provided the proper environment for the technical staff to
carry out its stud‘es. In addition, Langley's administrative system
supported the in~house parachute technology development and provided
mechanisms for transmitting the technical staff's findings to
Washington Heudquarters as detailed several times in the preceding
chapters. Finally, Langley agreed to take the responsibility
for the mission flight hardware when it was apparent that the exper-
tise resided at Langley. The system analysis revealed that Langley's
administrative system was stable and able to "persist” through
perturbations to its normal research mode; its efficiency can be
Judged by its staff's major contributions to Mercury, Apollo, and
Vikirg.

Headquarter's decision making in the plarc.ary programs during
the 1960's was made difficult by the lack of hls*orical funding data
and by external forces acting on NASA., Planetary programs were low

priority when compared to Apollo. While it wvas believed that Mars

1NASA SP-32h, Project Management in NASA~-the System and the Men;
Chapman, Pontious, and Barnes; National Academy of Public Administra-
tion, p. 120.

o
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investigations would eventually supplant Apollo as NASA's prime
program, there wasn't sufficient net funding after Apollo in the mid
1960's available to allow a gradual systematic buildup of fly-by
spacecraft, orbiters, probes, and landers to a large Apollo-type
program. The external forces--length of the Vietnam war, urban
crises, environmental problems, general downgrading of technology and
~pace investigutions--were difficult, if not impossible, to prognos-
ticate correctly. Thus, Headyuarters decisions on mission types

were tactical rather than strategic. As would be expected, decisions
arrived at from a technicul base (inputs from the Centers) were more
often correct than those made unilaterally (the switch to the Saturn
V). The probability of the Saturn V decision culmineting in a
successful mission was investigated by use of Bayesian statistics in

Chapter IX; the analysis indicated that funding, technology, and

management problems combined so that the decision had approximately only

a 30% probability of resulting in a successful mission. The conclu-
sion is drawn that the decision was made prematurely and without
sufficient technical analysis. Conversely, the two week Joint meeting
at Langley to errive at Viking definition was a innovative concept
vhich led to a rational decision. The technology base, in this case,
vas extensive; the mission options had been examined in depth as
described in the narrative and documented in the Appendix. A systems
study using block diagram concepts was developed in Chapter V to

show the applicability of the method to define the technical trade-

offs among competing options. Further a decision tree analysis,

e
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ircluding the concept of 4 utility function, was generatel in
Chapter X to determine the option with the optimum benefits; tﬁe
results of analysis substantiated the administrative decision. In
the final judgment, it must be considered that despite Headquarter's
decisions being overturned by events causing the study to proceed

on some lost time tangents, the length of time from 5tudy initiation
to hardware commitment wac not exorbitant for a complex project and,
at the same time, the enlarged technology base which resulted was

useful in the final winnowing process among mission alternatives.

o e .
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Concluding Remarks

Considering the exogeneous furces acting on NASA during this period,
it is concluded that the definition and comitment to a Mars landing
program was carried ocut in a most creditable manner. As with the Apollo
and Mercury, early definitions which followed similar paths, the tech-
nical and edministrative procedures utilized should serve as a general
pattern for future similar projects. The main ingredients deemed
essential are:

1. A small independent, self motivated technical staff to provide

the technological bhase.

2. An administrative management which will (a) consult with the
technical steff to get the essential input, (b) provide broaa
guidelines but not direction, (c) utilize the data for long
range, overall NASA planning, and (d) carry out the necessary
interfacing with OMB and the Congress.

It is also concluded that the problem of obtasining & cooperative
‘effort amongst ‘he centers is a najor one requiring much planning and,
perhaps, further research. It has been shown, by the Mars Probe Working
Group experiment, that cooperation cannot be edicted. The Voyager
Saturn V project organization planning by OSSA offered ecme promise of
obtaining the necessary cooperation via an inter-center project manage-
ment committee, However, the project was cancelle@ before it could be
determined if the complex organizational method would be successful in

the long term.
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UNITED STATES GOVERNMENT
Memorandum

Rescarch Models and Facilities Division DATE: May 9, 1969
Flight Veliicles and Systems Division

Langley Research Center

Deputy Chicf, Engineerin; and Technical Services

-

Duties of & Technical Project Enginecr (IPE) a'.d relationship to ELTS
line management

The duties and responsibilities of the Technical Project Erginesr have not
changed signfficautly since the conception of the TPE ayst:m in 1962. TEE's
will be appointed by the cognizant givisfon chief. A suggisted puideline co be
uscd in determining which jobs require a TPE are those jobs inw-iving tro or
more enginecring sections with relatively complex interfaces or multiple
desciplines. Iroject Engine~rs shall be used for the remainder of engineer-
ing jobs involving essentially onec engineering section with no complex inter-
faces across section or division lines, Under the E&TS philosophy of
engincering management, it {s escentisl that the TPE act and operate &s the
Project Manager within E&TS for his particular joo assignment. He is the

one man in E&TS with total responsibility for cost, schedule, and performance.
It {s feclt that the TPE and nis line supervisors should understand this
responsibility and work toward seeing that it is carried out. In ocder to
describe the TPE's authority to meet this broad responsibilicy requires an
understanding of the Vertical and Horizontal Organization concept with which
we operate., The Vertical Organization is the line organization (divisioa,
branch, section). The Horizontal Organization is the finctional organization
for one projert headed by the TPE. Personnel comprising the functional pro-
ject organization wmay be located in several sections, however they wust be
responsive to the TPE and his overall prcject schedule and technical require-
wments. 1This ‘dn no way relieves tte line supervisors of their rdsponsibility
for 2.:{gnment and review of work >f their personnel. If it is necessary

to reassign or interrupt the vork on a project in eny section, the TPE

should be notified and aiternate Lrrangements made to either ansble him to
hold schedule or to make schedule changes rationally.

Al! seguents of the EATS organization must keep the TPE tqtally informed om
watters veisted to his project. Similarly, the TPE wust disseminats infore~
mation to those parts of the line organirat'.on involved in his project.

puties, responsibilities cﬁd rcln:ton;hlp; are mors specificslly detsiled

in the attachmant.

Rdwin C. Kilgore

Attachment

gCiilgore:ghm
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TECHNICAL PROJECT ENGINEER

1. TPE - The engineer assigned prime responsidbility for thr ETS support
of an LRC project.

2. TPE will be app 'nted by the Engineering Division Office having lecad
responsibilicy. '

3. The TPE fs the single point of contact for all enginesering and technical
service aspects of the project and i{s responsible ? r cont-ol of asgsociated

costs, schedules, and technical performance until released dy the asppointing
division office.

4. 1In carrying out this assignment, the TPE is responsible for ensuring
satisfsciory performance.of the following functiom::
. Establishing the technical approach frou the resesrch requirements
. Preparation and update of cost estimates and allocations
. Preparation and update of project schedules e
. Ildentifying required enginecering ano technical service support
. Functional organization of an appropriate ETS team

f. Trepiration of any required specifications, work statements or
relited wocuments .

g. Coordination of all organizational interfaces

h. Information exchange througiiout the project using project wmemos,
weetings or other appropriate technlaues

{. Continuing revinsws of technical perforwmance

j. Scheduling of and ETS presentations at reviews necessary under the
LRC review system

k. Coordination and justification of project travel

i. Coordination an. justification of project overtime

. Kesping the research project engineers informed on all aspacts of

BISAY 144

1. Keeping i vsediate supevvisors informed of overall project status

a
b
[
Jd
]

S, In executing these functions, the TPE should deal directly with any appropriate
level of line management necessary to obtain required support or seek solutions to
problem aress. It is of particular importance that the TPE identify critical
problem areas to the line wanagers at the earliest practical date so that
coordinated action can be initiated to obtain appropriate vesolutiom.
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6. Appointment of a TPE in no way relieves engineering line supervisors of
full adainistrative and technical responsibility for project activities within
their organfzational element. Specifically they will:

&, Advise the TPE in their area of competence
b. When the scope of .the work werits, appoint a section project

enginecer to assist the TPE
c. Conduct technical reviews of the project work performed in

their organization ]
d. Consult with the TPE on any decisions or actions whicdh will

impact the project

7. The TPE will utilize full ETS capability to achieve project goals. He
should consult with the Technical Services Division supeyvisors concerning the
«ssignment of lead technician support in areas where signiftcant fabrication
oL operational technician effort is fnwolved.

& “YCXTIgora:gbn”
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Appewclay TRa

STATEMENT OF WORA

COMPARATIVE STUDIES OF CONCEPTUAL DESIGN AND.
QUALIFICATION PROCEDURES FOR A MARS PROBE/LANDER

L-5295A
Exhibit A May 27, 1965

¥ —— LANGLEY RESEARCH CENTER —

LANGLEY STATION HAMPTON, VA.
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1.0 INTRODUCTION
1.1 Background

During the next decade, NASA's Planetary Exploration may need an
unmanned capsule to probe the Martian stmosphere and to land on the surface of
Mars. This probe/lmder capsule could be transported to the vicinity of Mars
by & bus which may also serve as a communication link with Earth. This probe/
lander could be used to obtain detailed information on the Martian atmosphere
(inasmuch as the design of any subsequent spacecraft depends on this informa-
tion) and could additionally acq;nire ;ufricient information on surface condi-
tions to allov the formulation of subsequent definitive experiments to deter-
mine the nature of possible biological life and the surface env'ronment.
Moreover, the design of the probe/la.nder shouwld allow for growth in weight into
sutsequent more elaborate landers while retaining many of the basic features.

The present sterilization requirements for a vehicle landing on the
Martian surface will produce unique hardware problems. The sterilization
procedures established to sclve these problems should set the pattern Jor
subsequent landers in the program.

The develomment and qualification of a sterile probe/lander must be
accomplished in such a manner as to provide a maximwm assurance of mission
success. In addition to a comprehensive program of component and system quali-
fication tests in around-based facilitlies, a series of t.\ght tests in the
earth's atmosphere may be necescary to assure satisfactory operation of all
systems and to qualify a prototype for mission use.

1.2 Objectives

The objectives of this study contract are to define a nonlifting

probe/1ander, its grovth potential for more elaborate lm .r missions, the
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procedures required to aseure its sterilization, and the extent and value of a
f1ight test program in Lhe earth's atmosphere as & means of developing and
qualifying a sterile probe/lander (including electrical, mechanicel, ard
communicetion interfaces with the bus) for planetary missions. This study will
be performed in sufficient depth to determine the most suitable approach, the
concep‘ual design, and the development plan.
2.0 SCOFE

The contractor shall accomplish the necessary engineering investigations,
analyses, studies, detailed conceptual design and planning required to accomp-
11sh the tasks described in 4.0, Contractor's Tasks, consistent with the
restra’ s presented in 3.0, Guidelines. The tasks will be 'divided into two
general parts as follows:

Part I will include ccmparative studies of the probe/lander and the defini-
tion of the impact of the probe/lander requirements on the dbus design. It will
8lso include studies of sterilization, ground test procedures, the feasidbility
of a flight test program in the earth's atmosphere as & means of developing
and qualifying a nterile probe/lmd:. : for mission use, ani the growth potential
of the probe/lander for more elaborate missions. Part I will further include
a preliminary development program plan and all costs associated with qualifying
a yrobe/ln.nder prototype.

Part II will include optimization of the selected systems together with a
detailed conceptual design an® detailed qualification procedures. Part II will
slso include the preparstica o® & comprehensive plan for the production,
sterilization, and qualiiication of the selected system for mission use.

This study contrs:tor is not responsidle for the bus design vithin the

scope of this study. It is aaticipated thet other MASA study contrects will
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be proceeding concurrently to define the bus and overall missicn profile con-
cepts; the NASA will keep tne contractor apprised of information deveioped
%“herein s0 as to assure that the overall results will be compatible.
3.0 GUIDELINES

The technical guidelines under which the tasks outlined herein shall be
accowplished are as tono;vs:

3.1 Mission Profiles and Analyses
T .

(a) The mission profile of the probe/lander shall be consistent with
the sampling times required for experiments and the communication time required
to transmit data.

(b) The Satura IB/Centaur shall be assumei to be the lauich venicle
for the bus-probe/lander combination.

(¢) The probe/lander .lall be separated frum the bus mn the Mars
approach path. Consideration shall be given to both fly-by and orbiting bus
modes.

(@) A camplete DSiF network shall be aasumed to be availsble.

(e) NASA Mars model atmospheres are delineated in RASA TN D-2525

3.2 Bus

The bus msy serve as a relay station for transmittal of probe/lander
data to earth. 7he bus will nct be sterile.

3.3 Probe[hnder

(a) Consideration shall be ,iven in the design of the external shell
to possible future lander missions vherein the same external structure will be
used in conjunction with internal payloads whose weights vill vary o a maximum
vonsistert vith the capability of the Saturn IB/Centaur.
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(b) Three concepts shall serve as a basis of study and comparjson:

(1) Tension shel!

(2) Apolio shape

(3) Large angle blunted cone
Information on the above configurstions consisting of (a) external coordinates,
nondimensionalized and (b) force and moment coefficients will be given to the
contractor for use during this study.

(c) (1) The experiments aad instrumentation to be carried on the
probe/lander shall be defined in the detail and scope specitied by this
document.

(2) The instrumentation shall include scientific instrumen-
tation and engineering instrumentation to monitor the operating status of the
probe/lander subsystems, structure and heat shizld throughout the mission.

(3) Three scientific payloads shall be conpared for the 197]
mission in Part I of the study and one selected for more detailed design
during Part II. One advanced payload for tha 1973 mission and one for the 1975
opportunity shall be studied during Part I to determine thelr effect on the
growth potentia! of the 1971 probe/lander shell to later missions. These two
payloads shall be designed in greater detail during Part II.

(i:) The three payloads for tha 197) opportunity are defined as
follows:

Payload Concept No. | - All recommended Instruments are
avajlable or wel! along in develoiment.
Payload Concept No. 2 - Recommended instrumants are

svailable or may be ceveloped with a minimum effort.
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Payload Concept No. 3 - Measurement technique is scientifi-

cally sound but instrumentation may not presently exist. However, there must

be a reasonahblie assurance of its availability for the 1971 mission.

(5) The f..lowing measurements and instruments shall be con-

sidered as candidate items in the payload concepts, but the cardidates shall

not be restricted only to th's list.
Measurement

Density

Altitude
Composition
Trapped Radiation
Ionosphere
Pressure
Temperature
Su-face Roughness
Surface Hardness

Surface Winds

Soil Composition
Dust Particles

Solar Constant

Sugqested Instrument

Accelerometer

X-Ray Backscatter
Rader Altimeter

Mass Spectrometer (GSFC)
Radiation detector
(not sclected)
Electrical transducer
Resistance Thermometer
Radar Altimeter
Penetrometer (LRC)

Hat Wire Anemometer
Pressure Frobe

Aipha Scatter
Microphone

Solar Cells

(6) The determination of the conceptual payloads sha!l be

accomplished through & serics of trade-off studies which should include such

factors as: scientific merit, technical feasibility, parformance margins,



availability, physical characteristics, inturace problems, sterilizab{lity,
and reliabitity.

(7) The primary mission of the probe/lander in ihe 1971 oppor-
tunity is to obtain detailed information on the Martian atmosphere and to
obtain such information on surface conditions which will permit formulation of
definitive surface experiments to he cairied out or later missions. The prime
landing target is Syrtus Major unless mission and systems analyses during the
study revea! this landing site to be toc technically difficul( to achieve

(8) The missions in 1973 and 1975 should utilize payloads of
expanded performance capability including TV and hiclogical experiments. Capa-
bility should be restricted to that associated with a stationary observatory.
Mobile experiments should be considered beyond the scope of the 1973 and 1975
missions.

(9) In the evaluation of instruments, experiments and payload
concepts o1l sources of data shall be explored to provide the most authorita-
tive results and recommendations, including the literature, source agencies,
an’ internal Avco sources.

(d) The prcbe/lander shall be designed so that subsonic speeds are
achieved at an altitude of at least 15,000 feet above the surface.

{(e) The primary deceleration sys:em shall consist of subsonic para-
chute{s); the sudsonic parachute(s) shall be designed to furnish sufficient
dwell time in the atmosphere, and provide a terminal velocity (assuming no
surfaca winds) not exceeding ¢ feet per second.

{f) The surface of Mars sha!l be assumed sufficiently dense to
support an lﬁstrumonx package. The following assumptions shall be used for

design of the impact attenuation systen:
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(1) Surface shall be considered nonyielding.
(2) Maximum horizontal velocity at impact shall be taken &s
100 feet per second and the package shall be arrested by a nonyielding vertical
surface.

(g) Maximum Yanding deceleratinn shall not exceed 1000 earth g's.




3.h Sterilization

(a) Components shall be capable of satisfactory operation sfter
three cycles of heating in a dry atmosphere to a temperature of 145° ¢ for
36 hours.

{b) Subassembly surface decontaminuation may be accomplisheu using
ethylene oxide.

(¢) Terminal sterilization - the probe/lander shall consist of
heating {n & dry atmosphere to a temperature of 1359 € for 24 hours.

(d) The probability of ellowlig & viable organism to exist on the
payload at any time subsequent Lo terminal slerilization shall be less than
1 1in 10,000.

3.5 Qualificatior

A carefully plarncd qualification progran chall be formulated to
maximize the probabllity of mission success. Thic program wvnall delineate
ground envircamental tests and all required flight tests in the earth's atmos-
phe . Existing Government launch facilit:es shall be utilized in the flight
testing. The jualification program should be simed toward completely quali.
fying the probe/l.mdcr (including electrical, mechanical, and communicatioa
interfaces vith the bus). Selection of equipment and procedures shall cor-
sider the needs of future heavier internal payloads.

3.6 Rellability

Prime and detailed considerstion shall be given to the effects
sterilization, testing, and long space flight time on .ystem reliability.
Inherent reliability shall be sought in all design areas through the means of
mninisum complexity and redindancy. Considerstion shall be given to optimizing
reliability in the design of probe/hndlr systems.
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b.0 COMTRACTOR'S TASKS

The contractor shall furnish ali necessary materiala, equipwment, persoanel,
and facilities to perf.>: all investigations, designs, engineering, anu docu-
sentation required to accomplish the tasks described herein, consistent with
the resiraints presented in section 3.0, Guidelines.

4.1 Part I (a) Technical Study Areas

It w2 sccnmplishment of the tasks, the technical study areus shall
include, as & minimum, the folloving:
L.1.1 Missiun Profiles and Analyses
(1) The contractor shall review the yrevio's applicabl. Ma -s
study reports for missions through 1975 and determine critical values for the
folloving desiyn parameters:
a. Bus fly-.y pericpsis altitude
. Bus asymptoti. arproach velocity
¢. Bus orbiter periapsis altitude
4. Bus ordbiter spoapsis altitude
e. DPus orbiter wei ht and size
f. Bus fly-by velght anu sisze
8- Bhroud wsize
(2) The missic:. profiles of the bus and probe/lander fram
separation to the end of communicetions shall bes defined.
(3) The gudance and propulsion requirmier*s for the prode/
lander shell Le defined.
{8) Analyses shell be made to datevmine the extent of data
obtained for varicus modes of failures snd their e?fects on probe/lander

mission success.
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b.1.2 Bus
(1) The extent and makeup of the probe/ lander data receiving,
storage, and retransmission systems to be incorporated in the bus shall be
defined.
\2) The mechanical and electrical interfaces with the probe/
lander shall be defined.
(3) Means of assuring the aillity of the bus to find and
track the probe/lander shall be defined.
4,1.3 Probe/lander
(1) An optimum size and strength of the external structure
shall be determined to meet the requirements of the probe/la.nder and future
lander migsions; considerati~n shall be given to the influence of each of the
following on future lander missions: (a) terminal guidance, (b) lander separa-
tion sfter orbit is obtained, and (c) esteblishment of model 2 stmosphere as
governing design criteria. Grephs eball be prepared of the relationships
between lander's total weight, its structural fraction, and size for the
various entry conditions to illustrate the'trade-offs associated with standard-
1zing & single size multim{ssion vehicle. Weights of the structurel fractions
(shell, thermal protection, propulsion units, retardation, and impect attenua-
tion systcms) shall be based on actual analyses except where the use of sceling
criteria is established. As a partial fulfillment of the above, the contractor
shall accomplish the rollowing:
(a) Critical probe/ander serodynamic loads and hesting
inputs, doth convective and redistive, shall be Jetermined independently for

the ranges of trajectories and atwospheres under consideration.
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(b) Item (a) above shall be repeated to determine the
serodynamic loads and heating Inputs associated with utilizing the shell for
the lander missions. The penalty involved in using the overall aerodynamic
critical loads in the probe/lander design shall be assessed.

(¢) A material analysis and structural approach shall be
defined to result in a minimum weight structure to resist the combined critical
aerodynamic and reating loads.

(d) Stress analysis, including thermal stresses, and
weight estimates shall be made for the external structure with its thermal
protection; additional thermal protection may be added to the basic shell for
the future lander missions. Theoretica! aerodynamics shal) be used where
experimental data are not available. The shell shall be investigated for all
anticipated loading conditions, including launch.

(2) The experiments and instrumentation to be carried on the
probe/lander shall be defined as follows:

{a) A master list of possible scientific experiments
and associasted instrumentation shal) be compiled.

(b) Fach scientific instrument in the master list zhell
be examined first to determine its development status and classified as a
candidate for 8 payload concept, (desc.ibed in paragraph 3.3(c)(4)) in accord-

snce with its develupment status.

(c) Each scientific instrument shall then be evaluated
in accordance with the comparative criteria of paragraph 3.3(c)(6) and

rejected or assigned to one or more payload concepts.

(d) The three payload concepts shall be compared in

accordance with the criteria of paragraph 3.3(c)(6) and one concept selected

e A o s e = e
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as the reference payload with approval of the Langley Research Center. The
selection of the payload concept shall be subject also to proper mating with
the reference nrobe/lander concept and fts subsystems.

(e) Scientific experiments and associated instruments
shall be formulated for application to advanced payloads for the 1973 and 1975
missions. Emphasis during this part of the study will be on the character-
istics of the payload which will affect the probe/lander and its subsystems.
The prime purpose shall be the definition of growth potential requirements for
the probe/lander sheltl.

(f) Comparison studies of the engineering instrumenta-
tion for the 1971 mission shall be made and a'reference system selected, for
LRC review, which will provide an optimum tradeoff between the scope of status
monjtoring and the impact of the instrumentation on probe/lander size, com-
plexity, data handling requirements and seliability.

(3) Determine the possible need for, and characteristics of,
spinup and despin devices on the probe/lander.

(4) Determine motions of probe/lander during entry for design
wau possible off-design conditions.

(5) The motions of the probe/lander after entry shall be
determined and considered in defining data transfer methods to the bus.

{6) Means of storing data obtained during blackout tor

subsequent transmission shall be defined.

Lot
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{7) A method of peckaging all internal systems and main-
taining environmental control throughout the mission shall be defined.
(8) A1l propulsion units, including performance character-
istics, configuration, and weight shall be defined.
(9) The subsonic parachute system shall be defined including:
(a) Mode of development.
(b) Analysis of ensuing motion of separated parts.
(c) Trajectory time history.
(d) Parachute size and veight estimate of system.
(e) Packsging methods.
(f) Stress analysis and load reactions including
dynemic effects.
(g) The determination of system motions while
penetrating 5C-foot-per-second gusts of 10-second duration parachute descent.
(10) Dectailed studice shall be made to define an impact
attenuation system which will permit acqQuisition and transuission of data
after landing. )
{s1) A complete weight breakiown to component level shall
be made.
(12) An analysis shall be made to evaluate the influence on
performance of adding a superscnic parachute,deployed at a maximum Mach number

of 2.5, to the basic system.

h.1.b Qualification
(1) Procedures, equimment, and facilities shall be defined

to insure proper sterilisation of:

s

——-
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‘ (a) Components.

(b) Subsystem aspegblies.

(¢) Probe/lander through manufacture, assembly, handling,

test, and launch phases. Asesay procedures shall be defined whereby tests can

; be made to establish levels of contamination throughout all phases from manu-
facture to launch. Critical stages in each phase at which assay procedures
should be undertaken shall be defined.

(2) Procedures, eg- 'nt, A facilities shall be defined to
make maximum use of ground environmental testing. Value of long time exposure
to vacuur conditions to verlify satisfactory operation of components, subsystems,
and systems shall be studied. Means of simulating and evaluating radiation,
thermal, and structural loads on components, subsystems, and systems shall be
determined.

(3) The contractor shall study the value and extent of flight
tests in the earth's atmospherc in the development of subsystems and in the
qualification of & probe/hmder prototype. Trajectory and laswich details of
earth entry flight tests corresponding to Mars trajectories shall be identified
for both scaled and prototype configuratiuns insofar as environmental conditions
are concerned. Degree of similitude achievable with respect to losdings, sub-
system operstions, and component motions shall be determined. The feasibility
> of checking out, during the flight tests in the earth's stmosphere, the
} electrical, mechanical, and communication interfaces with the bus shall be
determined.

(&) The procedures established mbove, b.1.h (1), (2), snd
{3), shall include, to the maximum extent precticable, provisions appiiesble to
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future landers. The growth potential of these procedures iuto & logical and
overall qualification program shall be examined and assessed.

k.2 Part I (b) Contractor Recammended System and Preliminary Plan

4.2.1 System Comparison and Lefinition

Based on the results of task studies conducted in Part I (a),
the contractor shall make comparison studies of the relative merite of the
candidate probe/lander shapes and subsyptems and shall define the camplete
probe/lnnder system which he considers optimum to satisfy the mission(s)
requirementa. The various trade-offs shall be detailed in sufficient depth
80 that NASA can make an independent evaluation and select the system for
detailed study in Part II. The contractor shall establish and document the
present develoment status of all subsystems and components éonuidered in the
trade-off studies.

§.2.2 Reliability Studies

Reliability shall be made an integrated major factor in all
design areas, with reliability engineering data, studies, analyses, quantita-
tive analyses, and predictions being used to enhance comparative studies and
designs, optimization of the systems and subsystems, and to provide contridb-
uting data for the substantiation of conclusions and the conceptual design.
The factors of minimum complexity and inherent reliability, redundancy,
mintainability and elimination of potentisl sources of human-induced failure,
and the effects of sterilirzation on parte and materials shall be given particu-
lar considersation in maximiting mission reliability. The effects of steriliza-
tion on the reliadility of components, parts, and materials utilized in the
design and means for improving reliability within this constraint shall be
studied in deteil, including research of published data and documented test
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data. The contractor shall perform such reliability studies, including
quantitative probability analyses, as necessary to establish relisbility
objectives, requirements, and goels for the subsystems, eystems, and the
overall mission.

The contractor shall perform applicable planning for
reliability program activities to be utilized in an assumed follow-on detail
design and deveolopment program, including planning for any critical items which
may require special emphasis with regard to development, testing, qualification,
or reliability demonstration testing in order to achicve the design reliability
goals.

The contractor shall submit as par: of the final report a
separate document containing the details and results cf the reliability studies
analyses and predictions, details of the study of the effecte of sterilization
on reliability and the proposed means for increasing the reliability and, as
8 separate section, proposed reliability program activities. This does not
preclude the use of specific reliability data in other documents to support
the conceptual design presentation and conclusions.

b.2.3 Comparison and Definition of Qualification Program

The contractor shall make a camparison study of qualification
procedures to determine their relative merits and praciicability in >rder to
define an integral qualification procedure. The variocus trade-offs shall be
evaluated and the contractor shall define a qualif'cation program in sufficient
detail 80 that NASA can select a qualification program for detailed study in
Part II. The contractor shall establish and document the present develiopment

status of all qualification procedures considered.

+ piattm
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h.2.% Problem Area Identificstion

During the performance of Part I of the contract, the con~
tractor shall mwake a continuing effort to search out and identify amy long
lead items which require accelerated development. The results of this effort
shall be included in the Part I report.

4.2.5 Preliminary Plan
The contractor shall submit for KATA consideration a prelim-

inary plan vhich sball include schedule and ccosts for the fabrication and
qualificetion of a probe/lander (including electrical, mechanical, and
commrication interfaces with the bus) and any required GSE. The plan shall
delineate the hardware requiremente 1ncludim;. all test items and the associated
cost and schedule of manufecturing, sterilizing, ground tcating, and flight
teating. The plan shall be presented in sufficient detail so NASA can evaluate
all phases of the plan and designate a prugram plan to be studied in depth in
Part I1.

4.3 Part II (a) Final Analysis and Conceptual Design
To provide assurance that the selected system will meet mission

requirements, the contractor shall review and expand in depth the pertinent
analyses (performed in Part I) as required to perform the conceptual design.
The contractor shall prepare a detailed conceptual design for the
probe/lander (including electrical, mechanical, and communication interfaces
with the bus) and furnish a drsft of component performance specifications from
which detail specifications can de written suitadle for a possidle fallov-on
oompetitive procurement. An assembly draving of the probe/lander shall be
prepared defining the internal arrangement, exterrval structure, component
wveights, center-of-gravity location and moments of inertia. Conceptual

L
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drawings of the entire venicle shall be orepared to illustrate (1) the mating
of launch vehicle, bus, prcoe/lander, and shroud, and (2) arrangement of probe/
lander and bus within tlie shrcud. All fnterfaces and separation mechanisms
relative to the probe/lander shall be defined.

Each instrument of the payload concept selected in Part [ as the
reference system shall be designed to t.e detail and scope necessary to com-
pletely and authoritatively define its criteria as listed in paragraph
3.3(c)(6). Evaluation and design of each instrument and the tctal payload
shall ba conducted in accordance with th; procedures of paragraph 3.3(c)(9).
Component performance specifications, from which detail specifications can be
written suitable for 8 possible follow-on competitive procuremest, shall be
provided for each {nstrument.

Each instrument and experiment of the advanced payloads for 1973 and
1975 shal) be designed in greater o:pth than the eveluation of Part I but not
in the detai) of the Part 1] design of the 1971 nayload. The primary purpose
will be to certify the Part I conctusions relative to the Interface between \he
advanced payloads and the probe/lander to insure the growth potential of the
probe/lander shell.

A detalled conceptual design of the refeiance engineering instruaen-

tation system shall be farmulated which will expand {n depth the design studies

of paragreph 4.1.3(2)(f).

—
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L4 Part IT (t) Probe/Lander Development Plan
4.4.1 General
Based on the preliminary plan selected by the NASA at the end
of Part I, the contractor shall prepare a complete development plan aimed at
fabricating and qualifying the probe/lander (including clectrical, mechanical,
and communication interfaces with the bus) and any required GSE. The plan
shal) delineate the hardware requircments, including all test jtems, and the
assoclat»A cost and schedule of manufacturing, sterilizing, ground testing,
and flight testing. A format of the development pisn shall be prepared for

NASA approval at the start of Part II.

b.4.1.1 Project Work Breakdown Structure

A work breakdown structure shall be developed for
the total program at & systems leve! and shall serve as the framework for the
development of olanning networks and the cost estimeting.

4.4.1.2 Project Planning Networks

Planning networks structured in accordance with the
work breakdown structure shall be developed for the total program. These
netvorks shall not be in a fine level of detail and, generally, will be ot
the systems lavel with activities of from 2 to & months duratfon. Activities
shall cover a1l phases of the program from start of design through launch and

include development testing, qualification testing, environmental testing end

v -
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prelaunch operstions. These networks shall conform to the NAF\ PERT and
Companion Cost System Handbook dated October 30, 1962.
h.h.1.3 Project Funding Pian
The funding plan shall present the contractor's
estimate of the total project cocts through & completed flight test prograam
and, in addition, the costs associated vith furnishing additional mission
qualified probe/landers up to & waximm of ten. Using the work breakdown
structure s & framevork, cost estimates shall be developed for each system
dbroken down by quarters for the ssme time span covered in planning networks.
Separsted subtotals shall be shown for spacecraft systems and vehicle systems.
b2 Plans
§.4.2.1 Manufacturing
The contractor shall prepare s manufacturing

(1) Tooling plsa, including unique msjor tools.
(2) Production plan, including test equipment.
(3) Assenmbly plan.
&.4.2.2 Sterilization
The contractor shall prepare & sterilization plan
inclwiing activities required:
(1) During and after camponent manufacturing stage.
(2) During and after assambly.
(3) Mandling.
(V) At launch site.

sy ¥
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b.h.2.3 BEnvironmental Test Program

The contractor shnll prepare an environmental test

plan inc .uding considerations
(1)
(2)
(3)
(»)
(5)
(6)
(7

of:

Sizxulated space wmciuur.

Thermal balance.

Micrometeoroid hazard.

Radiation hazard.

Ground handling conditions.

Structurel dynamics.

Impact toesting.

b.b.2.h Flight Qualification Test Program

Based on the acccptance by the NASA (4.2.3) of the

contractor determination and recomeendation in Part I (a) (4.1.4 (3)), the

contractor nhall prepare a flight qualification test plan, including:

(1)
(2)
()
()

b.8.2.0.1 Operstions Plans for rlight Qualification
Test

operations plan ineluding:

and dats soguleitiun.

Component and subsystem testa.

Teste of integrated probe/h.nder.

launch vehi:les, sites, and trajectories.

8chedule.

The contracte” shall prepare a complete

(1)
(2)
(s
()

Assem™ )y and shipping.
Preflight checkout.

Launch.

Range requiremants for trucking
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b.h.2.4.2 Postflight Qualification Test Data
Evaluation Program

The contractor shall prepare a postflight
data handling and evaluation plan inclul ing:

(1) Evaluation of performance of all
subsystens.

(2) Comparison of results obtained from
flight vith known stmospheric and surface characteristics.

b.b.2.5 Facilities Plan
The contractor shall orepare a facilities require-

ments end utilization plan for paragrephs 4.4.2.1 through 4.k.2.4, specifying
the major facilities that will be required. This rlan shall delineate sny
unique fucilities required for this project which are not currently available.
Maximm use will be made of Govermment facilities in this plan.
5.0 MNASA PARTICIPATION

5.1 This contract vill be administered and monitorsd by the langley
Research Center of the XASA. The scope of the task requires that a oumber of
BASA personncl of various disciplines de involved in the monitoring. The
technical representative of the Contructing Officer vill be the focal point of
courdinating the means of exchange of information.

5.2 The MASA will participate ln the program at any time and to the
extent decmed necessary to sssure vatisfactory direction, esphasis, and
progress. Joint WABA/contractoer monthly meetings will be Leld slternately at
mmumm-, site 20 reviev the progress of the stufy and to
sxshangs informaticn. All informaticn resulting from this contract will be
avallable for dissemiwstiorn. by the WASA.
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6.0 REPORTS AND DOCUMENTATION

6.1 Ceneral
Reporte and documentation shall be furnished in accordance with
Table I, Docwsentation Schedule. ‘
6.2 Interim Reports
6.2.1 NASA Program Progrees Reports together with cost reporting
on NASBA Form 533 shall be implemented and maintained in accordance with the
provisions of the contract.

6.2.2 Monthly Progress Reports

The contractor shall furnish fifty (50) coples of a monthly
progress report vhich shall comply with the fnllowing format:
(a) The initial page (1limit two) shall prcsent a brief
parrative analysis of the work including:
(1) A summary outlook for the total erfort.
(2) Overall status, such as significant progress >
problem areas, plans, and change in plans since previous report.
(3) Any recomendations as to actions required ‘.o
meet or improve schedules.

(b) The remainder of the repor’ shall discuss briefly the

Pprogress, problems, and plans for each technical area defined in sections L.1,

5.2, ho}. and k-l‘-
(c) Two coples, marked "preliminary," of all techuical
enalyses prepared during the month's reporting period shall be included with

the rrport.
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6.2.3 Part I Oral Report and Supporting Documentation

At the completion of Part I, the contractor shall present an
oral briefing to the NASA-IEC summarizing the contractor's work in Part I.
This report shall present the contractor's assessment (1) of the syetems and
configurations together with his recommendations (with substantiating reasons)
as to the final selection and (2) of the qualification procedures, together
with his recommendation of a qualification program. Copies of the presentation
slides and supporting documentation shall be transmitted to IRC for NASA

eveluation at the end of the oral report.

6.3 Pinal Report

6.3.1 Oral Report
At the campletion of Part IT of this study, the contractor

ahall present an oral bdriefing to the NASA-IRC summarizing the contractort's
work in Part I and Part TI. Copies of the slides utilized in the presentation
shall be transmitted to the IRC at the conclusion of the oral report.
6.3.2 Written Report
Within thirty (30) days following the completion of Part IX,
the contractor shall sudbmit to the NASA-LRC one-hundred (100) copies of a
comprehensive written report setting forth the resulta of this comtract. The
report shall conform tO & general arrangement accepteable to the NASA and shall
' inelwde:
(a) Brief summary and referencing of all previous reports.
(b) Detalled conceptusl design - This report shall include,
but not be limited to, design layouts, detail analyscs o:d drafts of perfors-
snce specifications. All deoign analyses used in the design together with

e i e s -
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their complete derivations, or literature references, shall be furnished. All

assumptions used in the design shall be noted so that, if necessary, the design,

calculstione, and results can be verified.

(c) Drawings - The contractor shall furnish a complete set
of drawings in sufficient detail so that detailed design and manufacturer's
drawings can be completed. These drawings shall include, but not be limited
to, primury structure, detailed dinension;.l layouts, system and subsystem
arrangements, wiring schematics, bus interface, deployment mechanisms, and an
overall asserbly drawing. These drawings shall be prepared using the con-
tractor's internal system and NASA's title block and numbaring section. All
dravings shall be approved by and become the property of NASA. One high-
quality reproducible copy, such as Mylar, of each drawing shall be submitted
with the final report.

(d) As a part of the final report, the contractor shall
subnit, as separate documents, the plans required under section 4.t as well as

the reliability document required by paragraph 4.2.2.
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Popa by J-B

GENERAL INSTRUCTIONS FOR THE
TECHNICAL AND BUSINESS MANAGEMENT PROPOSALS

PART 1.  GENERAL

A. Indiscriminate and premature release of information concerning pro-
posed projects of the Nationa! Aeronautics and Space Administration can lead to
public misunderstanding and confusion. To avoid this, your cooperation is requested.
Specifically, we ask that your organization refrain from making public statements
or issuing news releases concerning the work called for by this solicitation of
proposals.

B. The offeror whould set forth, in detail, the technical and manage-
ment plans by which he intends to accomplish this work. These plans will be an
important factor in the selection of the offeror, and should be specific and complete.

C. The offeror, in his Technical Proposal, shall present all informa-
tion necessary to demonstrate his understanding of the problems, to evaluate his
propcsed solutions to the technical requirements, and t-, indicate his capability
to successfully comglzte the objectives of this Mars Probe/Lander study. Evalua-
tion of the proposal will be on the basis of the materiai presented and substantiated
fn the proposal and not on the basis of what may be implied. Legibility, clarity,
and completeress of the Technical Proposal are important. The Technical Proposal
shall be !imited to the equivalent of two hundred (200) pages, 8% X 1) inches.
This ¢hall include all text, charts, graphs, drawings, photographs, figures and
appendices. Necessary personnel resumes shall be added as an appendix to the
pregosal and will not be counted against the two hundred (200) page limitation.
The of feror shall submit fifty (50) copies of the Technical Proposal.

D. .The Business Management Proposal shall be completely separate
from the Technical Proposal and shall contain all information relative to Cost and
Finarciai Data. It is also requested that the Cost and Fimancial portion of the
Business Management Proposal be prepared in such a manner that it can be separated
from the rest of the proposal. The Business Management Proposal shall be limited
to the equivalent of fifty (50) pages 83 X !l inches. The offeror shall submit
twenty-five (25} ccpies of the Business Management Proposal.

E. Elaborate format and binders are neither necessary nor desired for
the proposais. The actual area of any fold-out or oversize pages will be counted
agminst the iimitations specified. Sheets printed on both sides will be counted
a. iwo (2) pages. All type shall be standard 12 point or larger, double spaced,
and shal) be printed tlack on white paper.

F. The Technical and Business Management Proposals and the factors
thereunder, i.e., technical approach, technical qualifications, past performance
and experience, relation of projected workload to capacity, management structure,
and cost factors and financial capability are set forth in order of relative
importance and shall be evaluated on this basis.

-1 - L-5295
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G. Classified material submitted with offerors' proposals will be in
accordance with prescribed regulations, i1ssued by the Department of Defense,
governing the safeguarding of classified material.

PART I1.  TECHNICAL PROFOSAL

A. Criteria to be Considered in Evaluation of Paragraph B (Contents
of Proposol)

1. Overall Technical Approach

a. Detailed Approach

During the evaluation, the offeror's approaches to the
solution of the problems of each technical area outlined in paragraph 8, and more
specifically set out in section 4.0 of the Statement of Work, will be assessed
for the excellence and applicability of proposed methods, ingenuity, and proper
emphasis. The offeror's discussion of each technical area will be examined in
detail sufficient for assessment of the of feror's understanding of the problems
and his understanding of the current technology in the technical areas.

. ne

b. Substantiating Data and Analysis

The offeror's discussion will also be carefully assessed
for the applicability and credibility of his reasoning, engineering and existing
test data, and analytical procedures used or to be used to substantiate the pro-
posed engineering approach and the basis for the proposed emphasis to be placed
on each technical area.

2. Techr‘za! Qualifications

The offeror's discussion of each of the technical areas out-
lined in paragraph B, and more specifically set out in section &4 0 of the Statement
of Work, will be examired for evidence of his ability to perform the study based
on personnel and pas: experience. This evidence will be evaluated with emphasis .
on the excellence and svitability of the following: :

a. Manpower, including types and number of men to be available,
with the background specialty areas and the applicable experience of the key per-
sonnel to be assigned to the study and percentage of time to be spent on this
project,

b. Previous company experience, the nature and extent of such
work as related to large systems studies.

B. Contents of Proposal

In his proposal, the offeror shall discuss the problem areas and
the trade-off studies associated with esch of the technical asress included in

]
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section 4.0 of the Statement of Work. The offeror shail present the level of
éffort which he estimates can be accomplished with approximately 30,000 man-nours.
To facilitate the evaluation, the offeror shall arrange his prnoosal ints the
technical sections listed below:

1. Subsystem Concepts and Associated Analyses

8. To demonstrate the soundness of approaches recommended in
2.c. anrd 2.d. below, the offeror shall discuss in detail, each of the areas
listed below, relative to mission requirements.

(1) Commurications, instrumentation, and electrical power
subsystems.

(2) Structures and materials, including thermal pro-
tection and impact attenuation structure.

(3) Space fiight and atmospheric entry performance
(including thermodynamics, aerodynamics, and flight mechanics).

(4) Mechanical subsystems, including parachutes, separation,
spin-up and despin devices, rocket motors, and environmental control.

b. The offeror shall also present the following:

(1) A preliminary layout of the probe lander (including
an inboard profile and weight characteristics), having an external configuration
based on the tension sheil concept presented in Appendix B of the Statement of
Work.

(2) Preliminary design concepts of all mechanical sub-
systems including parachutes, separation, spin-up and despin devices, rocket motors,
and environmental control.

2. Overall System Concept and Integration

The offeror shal) discuss each area noted below only to the
depth necessary to demonstrate the overall conceptual philosophy and to divide
the problem into defined elements for spccialized discussion in items 1, 3, and
4. (In a. below, for example, the offeror shall restrict himself to a discussion
of the scientific measurements required, means of making these measurements, and
means of communicating these measurements to the bus. The details of achieving
the desired communications and instrumentation design, such as specific instruments
ard components, should be discussed under 1.a.(1) ahove.)

a. Experiment selection, data sampling methods, and transmittal
of deta to the bus for relay to earth.

b. Mission profiles and ana yses.

«3- L-5295
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¢. Optimization of external shell design considering size,
weight, aerodynamic performance, and future lander utilization.

d. Optimization ot internal nayload design considering sub-
system integration, sterilization, anc environmental controil.

e. Criteria and procedures to be used in establishing the value
and extent of flight tests in the earth's atmosphere as a part of the overall
qualification program.

f. Interrelatinn of areas a. through e. above and the associ-
ated trade-offs considered pertinent to provice an integrated system commensurate
with overall mission requirements

3. Qualification Program

The offeror shall discuss the following items to be incorpo-
rated in the qualification program:

a. Criteria for establishing and the methods for (mplementing
a8 detailed ground test program, including a preliminary ground test plan.

b. Criteria for establishing and the methods for implementing
a detailed flight test program in the earth's atmospherz (including a preliminary
flight test plan) in the event such a program is recommended.

c. The effect of the sterilization requirements on the ground
and flight test progyrams.

d. A preliminary reliability program outlining the offeror’s
spproach and proposed methods and procedures for the accomplishment of the relia-
bility requirements as delineated in paragraph 4.2.2 of the Statement of Work,

4. Sterilization

The offeror shall present his capability to solve the problems
relative to the steriljzation requirements by discussing, in detail, the following:

a. Sterilization influence on component selection.
b. Establishment of sterilization and assay procedures.
c. Facilities required by b. above.

d. Sterilization control during msnufacturing, handling,
transportatica, and checkout.

e. Sterilization's impact on schedule and costs.

- b L-5295
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5. Technical Management and Plans

The offeror shall outline:

a. A progran plan (manpower, subcontractors, and schedule) to
carry out the various elements of Contractor's tasks in the Statement of Work
This plan shall include the estimated man-hours (including subcontractors) required
for each of the technical areas in items | through L above.

b A detailed technical management plan, including 8 discussion
of the offeror's planned organizationa! arrangement, lines of authority, communica-
tion, and coordination between the offeror, subcontractors, and the Nationa! Aero-
nautics and Space Administration.

PART 111,  BUSINESS MANAGEMENT PROPOSAL

The offeror shall present his Business Management Proposal in accord-
ance with the details requested below. Paragraphs A through D are listed in order
of relative importarce.

A. Managemert Structure

1. Set forth in detatl your understanding of the total management
Jjob, particularly as to management mcthods to b> utilized in undertaking and exec-
uting the proposed work urder this proposed contract with particular consideration
given to the fo!low.nq elements:

a. Llines of authority, communication and control by the
Natioral Aeronactics ard Space Administration and the prime Contractor predicated
on the essentic! Government requirement that the conpany provide a Project Marager
who reports to an individual in a top-management position,

b. The propr.sed communication and control between your company
and subcontraztors chou'd be specified.

2. Submit a resume of all key personne! who will conduct the
managerial affairs of this project, indicating the percentage of time that these
kay perscnnel wili devote to this prcject., Indicate evidence of your company's
willingness to devote company resourves in other branches or divisions to help
support this project with key personnel to solve difficult problems.

3. Submit evidence that the project can be properly staifed with
qualified persornel, irciuding the offeror's record with regard to work stoppéges,
strikes, lockouts, and labor disputes during the past three (3) years and date
of expiration of labor contracts of crafts e2ssential to this project, with comments
&% necessary.

4. You should submit clear and convincing evidence of your firm's
participation in the NASA Cost Reduction Program, a cost reduction program which

- 5 - I.05295 .
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is administered by any other Gnvernment agency; or & cost reduction program which
is Contractor-sponsored. In the event that you have previously submitted evidence
to this Center of participation in such a program, the response should so indicate.
However, it is desirable that any previous submittal should be updated to ensure
that complete evaluation of this segment of your proposal is possible. Further, ;
if you are participating in the program under circumstances wherein administration
is effected by another NASA Center or Government agency, your proposal should
identify the source of administration.

B. Past Performance ard Experience

The of feror should submit evidence of contracts in fields relating
to this p-ocurement which have been or are in the process of being performed by
the compary within the past three (3) yea's, specifically setting forth for esch
coniract, the contract number, Government agency placing the contract, type of
contract, brief description of the work, indicating for each cost-type contract
amounts of overrun or underrun, reasons therefor, and percentage of fixed or
incentive fee. For each contract, show the record of contract completion against
the antizipated completion date ot time of entering the contract, with explanations
as considered necessary.

C. Relation of Projected Workload to Capacity

1. The relation of projected workload to capacity, giving con-
sideration to:

2., The average and peak percentage of avallable capacity
required for the task.

b. The schedule tabor buijldup.

c. The extent of new-hire lavor requirements (including any
relocation of personnel).

d. The possibility of interference with nther projects at
the piant,

2. Indicate avaitability of facilities required to accomplish
the proposed work under this proposed contract by completing the forms attached
hereto #s Enclosure 1, Facilities Questionnaire and Summary Sheet, and Exhib:t |

thereto en'it'ed ''Additional Industrial Facilities Required’. Consideration will
be given ‘o:

8. Current inhouse capability.
b. Principal vendors and subcontractors facility availability.

c. New facility requirements and cost thereof

(1) offeror
(¢) Subcontractors and vendors.

-6 L-5295
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d. Government-owned facilities,

0. Cost Factors and Financial Zapabiliry

1. Cost Factors

The offeror shall submit a detailed Cost Proposal which will
be prepared so as to include, #s a minimum, all of the subdivisions of work and
elements of cost shown in Attachment F, Estimsted Cost and Fee Summary.

2, Financia! Capability

A balance sheet for your last Fisca) Year and accompanying
profit and loss statement must be furnished. Evaluation will be based on your
current financial condition and genera! corporate rating.

«7- L-529%
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No. 1-65

LANGLEY RESEARCH CENTER

DATE
January 7. 1965

ANNOUNCEMENT

SUBJECT: Source Evaluation Board for Comparative Studies of Conceptual Design
and Qualification Procedures for a Mars Probe Lander

Pursuant to Chapter 3 of the Source Evaluation Board Manual (NPC L02) I hereby
designate the following individuals to serve as membcors of the Source Evaluation
Board for the subject Mars Probe Lander contrazt:

Chai rman:

Edwin C. Kilgore, Chicf, Flight Vehicles and Systems Division

Other Voting Memoers:

Andrew G. Swanson, Technical Assistant to the Assistant Director for
Flignt Projects

Leonard Roberts, Dynamic Loads Division

Eugene S. Love, Aero-Physics Division

David B. Ahearn, Procurement Division

George T. Malley, Office of Chief Counsel

William T. O'Bryant, Office of Space Science and Applications, NASA
Headquarters

Ralph W, May, Jr., (alternate: Peter A, Cerreta), Office of Advanced
Research and Technology, NASA Headquarters

Nonvoting Recorsar:

Menry J. Pratt, Procurement livision

The Source Evaluation Board will conduct its business in strict accordance with
the provisions of the Source Eveluation 8oard Manual. 1t will be the responsi-
bility of the Chairman to determine that each Board member (both voting and non-
voting) is fully conversant with the instructicns contained in this publication.
Soard duties will take precedence >ver other normal duties of the Board members.

Attention of the Chairman and each Board member is particularly directed to
paragraph !02 of the Source Evaluation Board Manual which specifies who shall be
suthorized t~ select a source for the necotiation of a contract. It is emphe~
sized that thy findings of the Source Evaluation Board are only guides for the
final selection process and must be presented in sufficient depth of information
to permit the intelligent waighing of alternatives. Al acceptabls proposals
will be evalusted, ranked and reported. The Board's written findings will give
no consideration (> elements which are extraneous to the technical and business
capabilities of the contractors evaluated.
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Atreution of the Charesin ard o 2 » further specifically directed to
Kh3e PR 303k’ whien bl bt ot ‘osure of 1nformation to anyone who
is not ! puar lcipats 5 oan . -valuation proceedings. Prior to the
opening of syopn.a.s, the Boe . o Jizclose such information as may be neces-

sary for the proper ey fopn - ¢ ' tre request for proposal and then only to
the ertent and 1o thone pers unsidercd essential for that purpose. After
the opening of orcpnsaly, a srmation will be kept privy to the members
(voting and nonvoting) of s « . Rcard and to praperly designated committees,
panels, advisers and consulia (. on 3 aced-tu-know basis., The right to
information on a need-:0-hnow basis does not extend to the normal chain of
supervision affccting any member of the 8oard or arising out of technical
responsibility for the action being evaluated except as specifically approved
by the Chairman on & case-by-case basis. Indivituals designared by the
Chairman will be notificd by him, in writing, with respect to the privileged
character of information.

.
if

L hacth ) Daikor

Floyd L. Thompson

Director
Copies to:
Each Committes Member (through official! channels)
NASA, sCode R
NASA, Code §
Director

Associste Director

Assistant Directors

Chief, Engineering and Technical Sarvices

Procurement Officer

All Enginesring and Technical Services Uivision Chiefs
All Rasearch Division Chiefs

Mechanical Service Division Branch Hesds
Administrative Services Division

Files
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(4) Sterilizetion Penel

Billy L. Dove, Chairman, Instrument Rcsearch Division

E. John Brock, Jr., Flight Vehicles and Systems Division
Charles H, McLellen, Aero-Physics Divicsion

Harold E. Poole, Instrument Rescerch Division

(5) ‘fechniced Nemrrenent end Plens foncl

¥illiem C. Hayes, Jr,, Chairmyn, HORL Studies Office
Morion B, Seyffert, Mechenicrl Service Division
Mok W, Cole, Jr., Electricel Systems Division

B. DBusiness Lveluation Committee

Henry J. Pratt. Cheirman, Procurement Division

John C. Pege, Procurcment Division

Hlarold Crete, Rescarch Models eand Facilities Diviesion
Arthur R, Friend, Program Control Analysis end Budget Office

2. The duties of the committees will be to assist the Scurce Evaluation Board in
arriving at its assessments of the proposals in the manner to be prescridbed by the
Source Evalustion Board previously established for this procurement.

3. Attention of all comittee wembers is directed to NASA PR 3.80L-h which prohibits
the disclogsure of information regarding this evaluetion to aryone who is not elso
porticipating in the same evrluation proceedings. The right to information does

mot extend to the normal chain of supervis .n affecting sny committees member,

Edvin C, Xilgore
Chairman, Source Evalustion Boerd

APPROVAL:

s 4

I-'lo;'d L. Thompso,
Pirector, Langley Resecrch Center

Coples to:

Each Coomittee Member {throuch official chamnels)
Director

Asgociate Director

Assistent Directors

Chief, Engineering ond Technical Services
Frocurement Officer

All Engineering and Technicel Services Division Chiefs
Al) Research Division Chiefs

Mechanical Service Division Branch Huads
Mnainistrative Services Division

Mles

—— -...K;n‘.)

PRGN S -

sal



R -

Wk e

P ae

v

APPENDIX III

302

P Y A A L R SRR Iy

“

o

v+ o



a

B pe——

M § i aner

o
] <\’>\“’<
s

The Voyager Progran is & major new-start program aimed at the exploration

QART's Role in Voverer Program

of Mars and Vcnus, and tust precede any manned planetary exploration prograrn.
QART should place itself in a position to influenc., to same extent, the opjlec~
tives of the Prozram and to ensure that data which rmey be required for future
wanned missions is obtained on a timely basis. (The Voyager Program in the
Plapetary Program plays the same role as Surveyor and Lunar Orbiter play in
the Lurar Progron.)

Much of the technology associated with the Voyager Progran relates to
atmospheric entry, and is to be found in QART (i.e., Langley and Ames), rather
than OSSA, and OART's participation i{s important if NASA {s to achieve itc
progren objectives in planetary exploration. The participation, moreover,
wvould provide both focus and incentive for OART advenced technology in many
diverse arces.

The mechanism for OART's participstion 1a, and influence on, the Voyager
Progran lies in the QART Centers taking somc responsibility for part of the
Progran. The extent of Langley's capabilities in the technologies required
in the Voyager Progran together wvith the alternate roles that langley could
assune in the Program are outlined below:

Iansley Pesearch Center's Capabilities

The technology associated with the development of the Voyager
Capsule Bus is, in essence, the technology of atmospheric eatry ard landing,
and includes the technical arecs of entry vehicle design, therml protecticn,
commmmicationa, propulsion, impact attenustion and landing.

This technology has been pursued in depth at langley Research Centcr

for many yssrs through ground and flight test programs and has resulted in such

[ P [ . “
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developments as Project Mercury, Project PAM (Radio Attenuntion Measurements)
and Project Fire. These projects ia effect heve established the state-of-tbe-
art in design, comunicetion, and heating for atmospheric vehicles in the velceity
range 20,000 ft/sec to 40,000 ft/sec. Smaller, but nevertheless significent,
projects at langley Research Center include supersonic and high altitude para-
chuie deployment prograns, and the developrent of entry vehicle diagnostic in-
strumentation, data storege and data transmission systems.

The technology assccisted with the Capsule Experiments is primarily that
of developing instrumentation to cover an extremely wide variety of measure-
ments, including life detection, atmospheric properties, surface chemistry
and physics, meteorological conditions, ete.

langley Research Center has experience in many, but not all, of these
areas and includes the developzent of flight instrumentation for th: measuve-
ment Oof atmospheric properties, plapetary horizon definition, surface strengtih
charscteristics, and landing dynamics (for Surveyor).

With this background, an in-housze research progrtu s been pursued at
langley Research Center for the past two years ained st the technology reguired
for the Voyag'r Capsule, recognizing that these are unique design probleus
that arise as & result of the tenuous !2\rtian atmosphere, the requirement for
sterilization, and the loug spaceflight prior o landing.

The continuing program bas included structural and thermal materials
tests, vind tunnel tests, flight tests of atmospheric measurements instrumen-
tation and currerily includes coatracted c “zparative studies of system design
and of all development and qualification procedurws. It is anticipat=ad that
entry vehicle structures and instrumented crush-up psckages vill de fabricated
and tested during this-year.

pRp——y
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Alternate LRC Role: (Summarized in Charts 1 and 2)

I. LRC would have Project responsibility for the developmert of a
Voyager Cassule (for use irn 1971 and subsequert years) consisting of &
multimission Capsule Bus togetine.: ~.%h the integration of Capsule Experi-
ments to determine the atmospheric and surface characteriz<ice o liars,
These experiments would be supplied from various sources, inclwling JPL
and NASA Centers, for integration into the Capsule system. Integretion of
the Capsule with the Spececraft and Launch Vehicle would be JPL's respri-
sidvility (see¢ Chert 3 for organizational plan).

II. 1LRC would have Project responsibility for the development of the
Capsule Bus with JPL having responsidility for the Capsule System |i.e.,
integration of the Capsule Bus with Capsule Experiments). In this role,
ILRC would define the capsule bus, provide the experiments for meas.rement
of Mars atmospheric properties, and provide the Project direction to develo
the flight qualified capsule bus. (See Chart 4 for organization plan.)

III. LRC would not assume any Project responsibility but would supply
definitive study information prior to Capsule development and continuing
supporting technology during the early devzlopment phase, Such support
would include flight testing of capsule subsystems and of the complete
Capsule Bus, in the Earth's atmosphere. Additionally LRC would supply an
Atmospheric Measurements Package for incorporation in the Voyager Program.

(See Chart 5 for organization plan.)
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Preferred LRC Role - Case IT or III

A comparison of Cases I, II and III on Chart I shows that Case I
involves the greatest Project responsibility and a corresponding large LRC
manpower requirement of 120 people, more than half of whom would be
associated with a Project Office. Cases II and IIX have lesser demands on
manpower and for this reason appear more attractive.

Case II, requiring 80 people, represents a technology effort involving
50 people plus & Project Office of 30 people and would allow LRC to have
Project responsibility and authority to develop the Capsule Bis for the
Voyager Program whereas Case 1.. represents the technology effort (i.e.,

50 people) but without a Project Office (and without the corresponding

Project authority). Thus, UBC could re' uin authority to implement technical

decisions at a cost of 30 pecple in & Project Office.
The technology effort in Ceses II and IIT would consist of three
major elements:
1. Capsule Definition Program
2. Earth Atmosphere Flight Program
3. Atmospheric Measurements Package Development
T&le elements are described in more detail as follows:

1. Capsule Definition Program

The present LRC program consists of:

(a) An in-house study effort leading to a contractual study
by the AVCO Corporation on "Comparative Studies of Conceptual
Design and Qualification Procedures for a Mars Probe/Lander"”
which is due to begin May 20.

(v) An in-house research and technology effort in most of
the areas that relate to the Capsule design.

RS,

.
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It is propused that the AVCO Study, together with the results of the in-
house research effort, be used as the basis for the preparation of (spsule
design specifications (i.e., these specifications would constitute
"Preliminary Definition"” and vvould be used in further design and develop-
ment contracts). LRC would continue to rarticipate in the Capsule Definition
up to"Final Definition"through an increased level of effort on the
supporting technology, particularly in the following er as.

Aerodynamics

Dynamics and Aeroelasticity

Structures

Thermal Protection

Cozmunications

Diagnostic Instrumentation

Propulsion _, ems

Retardation Systems

Mechanical Subsystems

Sterilization
Such a technology program would allow OART to contribute to and influence
the Capsule design in & major way.

The epplication of these technologies to the Voyeger mission is shown

in Chart 6 and the phasing of the technol.ogy effort in relation to the

Phase I - Phase II Capsule development is illustrated in Chart 7.

PR ' o et b LA
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2. Eerth Atmosphere Flight Program

Although the major par: of the Capsule research and technology
effort can be accomplished through the use of ground facilities, & limited
program, designed to develop and test mission hardware in the Earth's
atmosphere, is anticipated.

The acope of such a flight progrem is still under study but
the possidble major elements together with the flight objectives are out-
lined below:

,8!..11 scale Capsule Conficgurations, using Scout, to investigate:

(a) rigid body dynanics
(b) thermal protection
{c) blackout (transmission through wake)

) Parachute development test, to determine:

(a) steady and transient perfcrmance of fullscale parachute
T

o Earth Atmosphere Entry of Capsule Bus, using Saturn IB to:

(a) qualify Cepsule Bus subsystems including structure,

heat shield, commmunication, diagnostic instrumentation, parachute

deployment, etc.
The accomplishment of such a flight program is considered to be weil within
the capabilities of LRC and would utilize the past experience on Trailblazer,
Scout, Project FIRE, Arcas (parachute program) and cther projects.

3. Atnosphere Measurements Package Develooment

It is anticipated that the Capsule Bus, during its descent
through the Martian atmosphere, will acquire detailed {nformation on
atmospheric properties (density, pressure and temperature profiles,

composition, etc.) prior to impact on the surface. LRC proposes an

S g
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Atmospheric Measurements Packege capable of acquiring, storing and
trmsmittinc,,érior to impuct%data on the Martian atmosphere. Such a
packege would contain instruments eand components developed at LRC and
elsevhere, and would include an x-ray backscatter device (for direct
measurerent of density), pitot system {pressure), mass spectrometer
(ccnposition); solid state memory, battery and antenna for data handling.
This package would be developed under cohtract and ground and flight
tested by LRC prior to incorporation into the Capsule.

LRC experience in the techniques of atompsheric measurements and
interpretation of data are reflected in previous pr rams relating to
determination of the Earth's atmoaphere including a program leading to the

definition of the 1962 Standard Atmosphare.
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CHART 1

ALTERNATE LRC ROLES IN VOYAGER PROGRAM

I II III
B
TCTAL SYSTZM INTEGRATION JPL JPL JPL
§/C Bus JPL JoL JPL
’
8/C Experirent Integration JPL JPL JPL
£/C Experiments From Experimenters
Capsule Bus Development IRC IRC JPL
Capsule Bus Definition Program LRC LRC LRC
Earth Atmosphere Flig™t Program LRC LRC LRC
Capsule Experiment Integration LRC JPL JPL
Atmogpheric Measurements Exper. LRC LRC LRC
Other Experiments Froa Experimentecs
LRC MANPOWER 120 8o 50

e G
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X’ - ANAGEMENT CHAPTER 2-9
'®' ANUAL PAGE 1 of 2

LANGLEY REUSEARCH CENTER DATE May 21, 1965

SUBIECT Planectary Missions Technology Steering Comunittee

1. GENERAL

This instruction establishes a Planetary Missions Technology Steering Com-
mittee, reporting to the Director, and sets forth its functions and member-
ship.

2. FUNCTIONS

The functions of this committee are to.

a. Survey in-house and contractual supporting research and technology
pertinent to planetary missions.

b. Recommend new effort >r changes in effort 1n supporting research
and technology.

¢. Monitor research precgrams so that new results and developments
can be made available to study contractors.

d. Participate in the definition of the scope and depth of contract studies.
e. Guide and review the progress of contract studies.
f. Evaluate results of studies and recommend £ut;ure actions.
3. MEETINGS
a. Meetings are to be held on the call of the Chairman.

b. The Chairman is to appoint a Secretary to record the minutes of each
meeting.

c. The min“tes of meetings are to be submitted to the Director.
4. MEMBERSHIP

The following are designated to serve on the committee until relieved in the
capacities indicated:

Chairman: Dr. Leonard Roberts * *°
Members: Roger A. Anderson -

T.8. 29 /"( Wi;”"‘"’
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CHAPTER 2-9 MANAGEMENT

pace 2 of 2 ANUAL

OATE May 21, 1965 LANGLEY RESTARCH CENTER
Paul R. Hill |

Edwin C. Kilgore
Eugene S. Love -
William D. Mace
Wilhham H. Phllips
James E. Stitt . -

5. SUPPORTING COORDINATCRS

a. To assist the committee in obtaiming information to carry out its
functions, division chiefs have designated personnel who are hereby ap-
poin.ed as coordinators for their respective divisions:

Aero-Physics Division Robert A. Jones
Applied Materials and Physics Division Edward M. Sullivan
Dynamic Loads Division Harry L. Runyan, Jr.
Flight Vehicles and Systems Division James F. McNulty
Full-Scale Research Divisio- Cornelius Driver
Instrument Research Division Sheldon T. Peterson
Space Mechanics Division John D. Bird
Structures Research Division Lawrence D. Guy

b. The specific functions of supporting coordinators are to:
(1) Coordinate information between the committee and their
divisions concerring existing and proposed research and technology

pertinent to planetary missions.

(2) Participate in the formulation, technical review, and
evaluation of contract studies.

(3) Disseminate the results of contract studies, as appropriate,
within their respective divisions.

T.S. 29
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RECOM#MDED IRC POSITION IN THE VOYAGER PROGAAM

The proposed IRC pcsition in the Voyeger Progrea is ‘uneutially
one of technical responsitility end strong technical support in the
sres of Entry Technology end 1s described in terms of 1

(1) suprorting technical progrems to be conducted hy LRC
(2) working errongemonts between IRC end JPL

This position is Losed on our current estimate of the technical need:
of the Voyager Capsule Progrem in the areas in wkich IRC cen make &
major contribution end is subject to modificstion in the loter phases,

perticularly in ths eres of flight testing, 23 wore definitive require~
monts are esteblished.

The Voyeger Capsule phesing soquence is dietated in pert by the
need to develop the Voyager Capsule in porellel with the Voysger
Spececraft and so allow proper integration of the two systems. The
recommcnded Voyager Cepsule phasing schedule is shown in figuro 1;
also shown, for rcference purposes, is the Voyager Spececreft phesing
schedule. In the Cepsula phoasing schedule, the Freliminery Definition
Phase would be complete by Jenuery 1966, The Finsl Definition end
Developrent Phase would be initisted by relesse of an industry-vide RFP
leading to the selection of & single contrector by June 1966, With a
singlo contractor solected st this eerly doto, the Cepsule developaent
schodule csn be made to persllel the Spacecrait Development achedula,

The recommended IRC position in the Prolimirery Definition Phese
and in the Final Definition end Development Fhoses for the Voysger
Cspsule is documented in the following peregrsphs.

eliminery Definition Phose of the Voyeger Capsu

8 § - Jonua 6

It is recomzended that the AVCO Study "Comperative Studies of
Conceptuel Design end Quslificetion Procedures for e Mars Probe/Lander"
(sec Appendices A snd B), closely monitored by IRC ead JPL, and
supplemented by in-house efforts ot LRC and JPL, be used ss the basis
for reliminary Definition. In order to ensure compatibility with the
overall Voysger System it is essential that JPL assist LAC during

this phase particulerly in the ereas of slectronica end Cepsule/Space=~
creft interface definition. n

The recommended working srrangement between IRC snd JPL during this
Phase 13 shovn in figure 2. IRC will heve responsibility for management
ond technical direction through a Study Director reporting to the Office

A0
OuIx
'~

Fanl



of the Diroctor. The Study Director will bo assistcd by a manegement
steff end functional steff consisting of tachnical monitors from

sppropriate LRC Divisions. It is recommended that JPL perticipate in
the following menner:

(a) Establish, under the JPL Capsule Hanager, s corresponding

functional steff to vork with LRC counterparts in the various technicel
sress.

(b) Provide JPL representatives st IRC throughout the study to
sccomplish the necessary coordination,

(c) Assure Voysger Cepsule manggement perticipatioa by having
the Voysger Capsule Msnoger sttend reviews (midterm ond finel),

Fina) Definitinn and Development Fhades

of the Voyapar Cepsule

Februory 1066 ~

It is essuxed thet this phase of the Voysger Progrem will be
msnsged by JPL with LRC perforxing & supporting technical role., To
fulfill its technicel rolo, IRC will assist JEL in the final definition
of the Voysyer Cepaule, psrticularly in the ares of Entry Technology
including the instrumentetion snd comsunication zethods to be used
during entry; in eddition, IRC will plan and execute a Supporting

Technology Progrem. Specificelly it is recommended thst LRC sssume
the following responsibilities:

(a) Assist JPL in the preporation of the RFP for the Pinsl
Definition snd Development Phase.

{b) Serve on the SEB snd its technlcal comaittess.

(o) Conduct & supporting R & D ground prograa to perai. final
definition of the Voyoger Cepsuls {see Appendix C).

(d) Reviev vith JPL, design and spenifications for Voyeger Cepaule,

) (o) Plen end execute & supporting fiight progrem in the Earth's
stmosphere (see Appendix C),

This {light program to be definitised
during the Preliminory Definition Phase,

(£) Provide technical sssistsnce to JPL in their perforzance of
8 full-scale prototype flight test in the Earth's staosphere,

[
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(g) Serve as consultants in the eres of Entry Techmology to JPL
durisg hardwsre development as required.

The recomranded working srresngement between IRC and JPL during
this phase is shown in figure 3. JPL will have responsibility for the
ssnagement and technical direction through s Voyeger Capsule Project

Office which will integrate IRC inputs into the overall progras.

Through & Flanetery Missions Support Office (similer to existing Flight
Reentry Progrems Office), IAC vill have the responsibility for the
measgement end technicel direction of the supporting flight program

and for the coordination with JPL of the supporting R & D ground progras.
It is further recomzended that LRC personnsl attend pertinent JPL-

contractor mestings snd thet the LAC Planetsry Missions Steering
Comnittes be represented at the major revievs.

REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR.
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ORGAN1ZATION OF MANAGEMENT AND DIRFCTION

C/AV RS PROBF/LANDER STUD
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DIRECTOR

= — = w= | STEERINC

COMMITTEE
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DIRECTOR
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REFRESENTATIVE
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§tudy Diroctor
leonaré Roberts, DLD

Technice] Reprogentetive
W, C. Hayes, MORL
(plus 1 essistent)

functjonsl Steff

1.

2,

3.

4.

S

'y

Re A, Jones, APD

B. M, Sullivea, AMPD

P. J. Bobbitt, DLD

Jo 7. Mclulty, FVSD

8+ Ts Peterson, IND

L. D, Ouy, 8RD
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Technicel direction of Study
Technicel direction of Functionel
Staff

Contragt Negotiation

Contrect changes

All comunicetion with Contractor
snd JPL

Finencisl Responaibilities

Schedule Responaibilities

Aerodynemic Configuretion
Aerodynemic Hestlng

Propulsion
Decelerstors
Flight Test Progrem

Entry Dynnmices

Entry loesds

System Integrotion
Mechenicel Design
Eavironmental Control
Quelification Progrea

Comwaication Systes
Instrumentation
Tracking
Sterilisation

Structursl Anelyeis
Therms]l Protection
lmpect Structure
Structure) Configurstica
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SUMMARY SYSTEM CHARACTERISTICS

P
L)

® EXPERIMENTS
3 - Camera TV - 11-22 Pictures Depending Ugan Atmasghere
TV Resolution from 30 €1, to /4 7.
4 Panetrometers for Surlace Margness
3 - Leg Doppler for \ .10 Measurement
High and Low Altitude Radars for Scrtace Roughness
Atmospheric Composition ang Structire VMieasurements

® DEORBIT CAPABILITY
From Cihpticat Ortats
700 - 1500 xm Periapsis
4000 - 20000 km Apodpss

& FLIGHT CAPSULE ()
Sheti MICpA +0.22 W « 2040 (bs. Witn Growth Margin
15' D1a. Alumic um Honeycor o, Purple Blend Mo §
ACS  Active Cold Gas ACS and Maneuver
Solid Propetiant Mot Gas TVC
Communications  Redundant 30 watt £SK 18000 BPS System
Deordit Engine 1400 FPS Fixeg

® FRLIGHT SPACECAAST k)
No Maneuver at Separation
Fried Antenna

760141P

Ths major features of the FC System ape indicated. The selected experiments
ars designed to oLiain properties of the Martian stmosphere. including
coatinucus measuremant of wind velocity frotn . 5, 000 feet alritude until impact,
Surface characteristics are obtained from telev B10R, 1MpPACt penetrometers and

radar,

The refarence FC design is based on a sizeable vehicle with provisiona for
weight growth., The design 1s characterized by 4 high degree of redundancy,
operational capability for deployment from 4 wide range of orbite and minimum
FC restrictions on the FS and myssion.
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FLIGHT CAPSULE LAUNCH CONFIGURATION

PRESSURIZATION
SYSTEM

ENTRY VEHICLE
SEPARATION SYSTEM

| TS__FLIGHT SPACECRAFT

ADAPTER

ACCESS DOOR

FLIGHT SPACECRAFT
UMBILICAL

STERILIZATION CANISTER

FLIGHT SPACECRAFT

7% / INTERFACE
STERILIZATION CANISTER

SEPARATION SYSTEM

760116P

This chart, as well as the next four, prer¢ r+ (he physical layout of the FC to give
an early indication of the salient features of the conceptual design,

The sterilization canister is made of thin aluminum monocoque construction in
three major sections: 1) the lid, which covers the entry shell and is jettisoned
prior to orbit injection, 2) the outer conical section ~f the base, which houses the
separation system (linear shaped charge), and 3) the inner circular section of the
base, which provides the access door for assembly of the deorbit motor. All
three sections are welded together during assembly, together with the sema-
monocoque FC-FS adapter running through the canister. -

The FC-FS separation system is located at the forward end of the adapter and

consists of a8 clamp-cable mechanism for tie-down, The FC is released by four

explosive bolts, any one of which will relcase the system, Electrical separation -
occurs simultaneously with, and is caused by, mechanical separation, A -
pressurization cystem is provided in the canister to maintain a slight positive .
pressure differential (] psi) across the canister during the time period from

terminal heat sterilization to canister lid deployment.
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SUSPENDED CAPSULE STRUCTURES

Ly
RADIAL BEAM £ .
ARRANGEMENT Y, ' i MAIN PARACHUTE

' B

/ PACK
Fadh A
4 '\ _~PILOT CHUTE
Vi PN PACK

' <SRN
P ~

\ -9, | ~ LswIvEL
- o Z
4 4 PARACHUTE
; i HARNESS
k-2 % ¥ ARRANGEMENT
VIEW A-A '-\ !
(ENTRY SHELL REMOVED) i
N
ENTRY SHELL \ |
MOUNTING RING g‘t,
76-0118P AND SEPARATION

The complete suspended capsulc structure is composed of two semi-monocoque
structures, one forming the afterbody contour (60° truncated-cone) and the other
a cylindrical section around the AV engine. These two structures are hela
togcther by a ring at the aft end, and eight radial beams and the entry shei!
mounting ring &t tha other und. The majority of the equipment is mounted on the
eight radia’ beams in the front portion of the suspended capsule. The longerons
joining the eight radisl beams form the primary load path system for the AV
eangine thrust and for parachute opening loads. Parachute harness lines run from
four points at the mounting ring to a central swivel joint from which a single riser
line attaches to the parachute, Ths parachute system, including the pilot chute,
is houned near the front of the stru:ture and is deployed from its housing on the
side of the afterbody,"

[
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SIGNIFICANT STUDY CONCLUSIONS

o Only Feasibility Question is Low g Parachute Opening

o New TV System Design (on Platform) Reduces Wind Gust Effects
to a Remote Hazard

o FC System Has Adequate Performance and Weight Margins, a
High Degree of Redundancy and Adequate Failure Mode
Provisions

The design of a physically large FC has made it possible to accomplish mission
objectives with conservative design. The system has sufficient weight contingen-
cies s0 that major FC design changes will not be nacessary to accommodate any
reasonable increase in mission instrumentation requirements, All major
possible failure modes have been considered in the design. This consideration
has resulted in the inclusion, where appropriate, of redundant subsystems or
increased design margine to overcome single failures in a given subsystem.

The incorporation of the two-axis gimballed TV platform slaved to the IRS makes
it possible to obtain high resolution TV pictures even in the presence of high wind
guste. The TV platform maintains vartical orientation for capsule elevation
angles less than 45°, Although capsule swing angles greater than 45° can occur
with very high wizd gusts, the capsule will return to an angle less than 45° within
three to five seconds. When the capeule angle {s greater than 45° TV shutter
eperation is inhibited.

R remaine to be demonstrated that large parachutes can be daployed at low dynamic
pressures,

P
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PRE-ENTRY WEIGHT SUMMARY

Calculated (C)

or % For Total
. Estimated (€)  Contingency Weight
FLIGHT CAPSULE - - (2967. 0)
Sterile Canister Lid t 0 125.0
Pressurization Gas C 50 15.0
PRE-F/C SEPARATION - - {2821.0)
Sterile Canister Base E 0 163.0
Pressurization Tanks, Etc C 0 35.0
Adapter C 2 125.0
Hdw., Cables, Bkts. £ 0 4.4
SEPARATED VEHICLE - - (2458, 6)
Propulsion Propellant C 0 400.0
ACS Cold Gas Expelled £ 0 1.0
TVC Hot Gas Expelied c 0 17.6
ENTRY VEHICLE - - {2040 0)

The definition of Flight Capsule (FC) as used on the above table represents the
complete weight of the FC as mounted to the FS. The weight summary is then
preasented in & breakdown starting at this point and subtracts subtotal weights of
jettisoned or consumed elaments to Arrive at the next sysicm weight. For
example, the sterile canister is jottisoned and the pressuriszation gas is expelled
prior to orbital injection. The sum of these weights is subtracted from the FC
weight to arrive at the pre-FC separation or orbit weight. For each weight
slemant, the above table indicates whether the weight waa calculated (hence has
supporting preliminary analysis) or estimated (usually a percentage of major
weight categories). The percentage sllowsd for contingency ia shown in the third
columa. This contingancy percentage is over and above any safety factors, etc.
that may be used in individual weight calculations. The last column shows the
weight for each item, including contingancy (actor,
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ENTRY WEIGHT SUMMARY

m/C pAe0.22 DIAMETER = 15 ft

Calculated (C)
or % For Total
Estimated (F) Contingency  Weight
ENTRY VEHICLE (2040, 0)

Entry Shell Heat Shield C 2 370.7
Entry Shell Structure C 20 38.0
Thermal Control £ 0 30.0
ACS - Reaction Control C 20 36.0
TVC - Reaction Control C 2 21.0
Hdw, Cables, Bkts. £ 0 81.0
Availabie for Growth E 0 122.3
SUSPENDED CAPSULE (1025. 0)

The total entry weight of 2, 040 pounds is based on an M/CpA of 0,22 and a
diameter of 1S feet. The diameter was aelected to allow conservatism in design
as well as allowing weight available for growth to accommodate increased
mission objectives, further failure mode eficcts, ete. The entry weight consists
of two major categories: 1) the entry shell and associated attachments (tha:
portion jettisoned at parachute deployment) and 2) the suspended capsule (that
portion suspended on the parachute, including the parachute weight).

A contingency factor is included in most of the subsystem weight categories over
and above the usual factors of safety used on the operating loads for material
sizing, et:. to Account for unknown brackets, material tolerances, etc, that
cannot be determined at the preliminary design point,

T — vy
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SUSPENDED CAPSULE WEIGHT SUMMARY

Calculated (C)

or % For Total

Estimated (E) Contingency  Weight

SUSPENDED CAPSULE (1025.0)
Instrumentation C 5 196. 1
Aitimeters, Doppler C % 544
Telecommunications C 5 111.8
Power C 5 160.0
Parachute , ¢ 2 84,0
Inertial Ref, System c 20 2L 6
Structure C 2 150.0
Afterbody Heat Shield C 2 36.0
Propuision Case c 20 2.0
Hwn  skts, Cables £ 0 129.5
A able for Growth t 0 326

The instrumentation weight indicated in the above table includes both mission
experiments and diagnostic irstruments, The radar altimeters and the doppler
radar are listcd separately although they supply experimental data as well as
performing other functions. The telecommunications weight includes all of the
relay communication link subsystems as well as the data handling and starage
subsystems, All subsystem weights indicated above include the weight of necessary
associated hardware, i,e8,, mounting containers, wiring, fasteners, etc. .1l other
bracketry, interconnacting cabling, and miscellaneous hardware are inci  'd in the
next to last weight category, which 1s estimated at 15% of the suspended ce sule
weight, excluding the available for growth weight.

The inertial reference system must be located in the suspended capsule since it
provides the orientation reference for the TV camera platform, Similarly, the
AV rocket case weight is included in the suspended capsule weight since the ca.-e
is retained after deorbit thrusting.

I waae 2
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MODAL AND CONCEPIUAL DESIGN COMPARISONS
FOR THE VOYAGER CAPSULE

By James F. McNulty, Daniel B. Snow
and Leonard Roberts

INTRODUCTION

With the reduction of the lower ectimate of atmospheric pressure on Mars
from 10 millibars to 5 millibars and the substitution of the Saturn V for the
Saturn 1B as a launch vehicle, many technical areas in the Voyager Program
previously studies must be reassessed. In reference 1, a thorough study was
made of the entry from orbit mode for the currently predicted range of
stwospheric pressures (5-10 mb), utilizing the Saturn V. However, this study
was limited in scope in that ii was concerned primarily with the entry phase
of a single early mission and did not consider integration of this mission
vith future missions in a manner to assure logical development of subsystems
vith progrsm growth.

In an effort to evaluate and identify the subsystem requirements
throughout the Voyeger Program, an ﬁmlytical study was made of capsule gystems
required to land payloads of wveights compatible with launch vehicle capability.
8izes and veights of tlight capsules Jere investigated parametrically in order
to determine the penalties associated vith the standardization of subsystems
for the capsule delivery system. Various decelerator wodes were considered
and & preliminary assessment was made vith respect to weight, reliability,
development time, and standardization. Terminal landing systems were also
investigated and a trade-off comparison betveen modes was carried out.

In order to provide a basis for a mesningful analysis, it was necessary

to dound the limits of the study vith some specific guidelines.
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These guidelines are defined in detail in the body of this report, dut in
general, restrict the study to solely the out-of-orbit mode, utilization of
the Seturn V as launch vehicle, and to consideration of WM-1, VM-2, ¥M-3,
VM-4, V-7 and W-8 as possible atmospheres. Specifically, the technical
study could be divided into four pheses. Phase I is trajectory enalyses.
Mumerous trajectories were run to determine the load, velocity, altitude, and
flight path angle relationship for the entire capsule weight range under
consideration and, also, to cover capsules combined with cupersonic
decelerators. Phase II 1s the development ot the parametric weights of
subsystems as a function of capsule weight snd 3ize. These weights were,

in general, derived by using scaling laws in combination with weights
detailed in AVCO's final report (reference 1). Details of the scaling laws
used are presented in this report. Phase 1II is the synthesiting of the above
dats into system estimstes and presenting the sysiem options in comparison
form to {llustrate the advantages and disadvantages of the various approaches.
Phase IV 1s the conceptual representation of the seclected mode, capsule and

subsystems to be carried through the various missions of the Voyager Program.

SYMBOLS

A cioss sectional ares, £l

Cp drag coefficient

D diameter, ft.

¢ natural log base, 2.7182818

P acceleration of gravity, 32.2 ft/sec?
I specific impulse 1b

4 pe P * T6/wec
K constant = 1120.
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Mach number

mass, slugs

millibar (atmospheric pressure)

dynemic pressure, PSF

Radar Altimeter Dopple: Velocity Sensor

velocity, ft/sec

Voyager Model, used to designate a particular model
atmosphere, as VM-3 or VM-8

wveight, b

angle of sttack, degrees

flight peth angle, degrees

density, slugs/ft3
SUBSCRIPTS

allocated capsule
delivery system
entry conditions
final, after rocket burn
impact

initial

impact limiter
propellant

yAarschute

payload

residual

retro system

entry shell structure
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SLs soft landing system
T total
t terminal
GUIDELINES

The following is a list of basic sysiem ground rules and constraints
that vere used throughout the study.

A. Booster - Saturn V

1. Geometric constraints placed on the capsule by the shroud and
spacecraft are shown in figure 1.
2. The payload capability of the Saturn V is shown in figure 2.
B. Atmospheric Models

1. The model atmospheres considered are given in figure 3.

2. Rypothesized atmospheres having surface atmospheric densities
less than S wb sre assumed identical to the VM-8 atmosphere
except for pressure and denaity.

C. Capsule Aerodymamic Shape

1. Coafiguration shall be 60° half angle blunt cone.
2. Drag coefficient « 1.5
D. Capsule Separation

1. Capsule {s separated from thz spacecraft vhile in ordit about
Mars.

2. Capsule has active control system to attsin and hold thrust
vector control angle for de-orbit thrust and to control angle

of attack (ag = 0) during entry.
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E. Spacecraft Orbit
1. Only restrained t» orbits which will allow the following:

a. Capsule deorbit velocily increment = 1400 ft/sec.
b. Capsule entry angle = -15°.
c. Capsule entry velocity in the 17,000 to 16,000 f1/sec range.

d. Spacecraft to serve as a communications relay.
STUDY RESULTS

Phase 1 - Trajectory Analysea
The eatry trsjectories were obtained by the use of the langley Research
Center's Analysis and Computation Division's Program No. 788. This progrsm
camputes the point mass trajectcry of e capsule entering the atmosphere
of s spherical non-rotating planet.

Capsule trajectories.- Values of the trajectory parameters (altitude,

velocity, time, decelerstion, hesting, and fiight path angle) were obtained
for tbe following input combinations in the VM-3 and VM-8 stmospheres.

a/CpA = 0.15 to 0.30

g = -10° to -20°

Yg = 12,000 to 16,000 ft/sec

and

0.32 %0 0.75
n =1
¥p = 12,000 to 16,000 ft/sec

&
<

Plots of the trajectory dats are included as figures &, 5, and 6.
The representative parsmeters presented here {V' = 12,000 it/sec, - -15°,

and W-8) are the assumed critical design conditions for the entry phace.

B S ——



The following results are of interest on these plots. From figure b,
two points can be made:

1. Por capsules with m/CDA's (0.35, aerodynamic braking has reduced the
capsule's velocity to about its terminal value; thus, deceleration has been
accomplished with maximum efficiency. For m/Cb\'s) 0.35, the trajectories
show that the capsuler ha':'e not reached constant velocity and are still
being decelerated at impact; i.e., the M-8 atmosphere 1is too thin to
decelerate efficiently the heavier capsul.y, therefore, an additional
dec.lerator system (more veight) must be employed to take out this velocity
increment above terminal.

2. A capsule with a m/CpA = 0.25 reaches a condition of Mach 1.0 at
an altitude of 19,000 feet. This altitude i{s sur:.cient to allov deployment
of a transonic parachute prior to landing. Conversely, capsules vith l/CDA'n
greater than 0.25 will require some type of supersonic deceleratoy

Figure 5 gives data on the capsule's flight path angle which is
pert.nent to the landing problem. As is obvious, the landing problem is
simplified with near vertical descent of the capsule since both the retro
tirirg angle and the look angles of the aliitule measuring radar wvould not be
changing rapidly vith descent altitude. The primery conclusior to be
dravn from these data is that for even a capsule vith & w/CpA of 0.25 the
flight path angle i{s a relatively shallow -hSo Gt ar altitude of 12,000 feet.

The deceleration-altitude history is givem on figure 6. The interesting
yoints presented here are that the decelaration i. relati‘ely i sensitive in
-/an variations and that the "g" level is lov which indicates that capsule

desigr may be restrained dy ninimum gage considerstions unler some conditions.

S e . —rc
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Trajectories of capsules supplemented by supersonic decelerator.- Two

different types of supersonic .ecelerators were considered: (1) expandable
afterbody type of high Mach number deployment (M (3.0) and {2) supersonic
parachute for deployment under Mach 3.0.

a. Expandable afterbody

Since this type of decelerator souuld be compatible with the higher

velocity deployments, i.e., heavier capsules, the parametric analysis was
used to investigate capsules having a wide range of ballistic coefficients
(0.32 to 0.75). A ccmputer 1teration procedure was used to determine the
decelerator drag necessary to slow the capsule we® Mach 1.0 at 15,000 feet for
a8 variety of initial conditions.

Vg = 12,000 to 16,000 ft/sec

g = -10°, -15°, -20° Parametric Range

VM-8 atmosphere

Figure 7 summarizes the decelerator drag-deployment mach rumber
relationship throughout the m/CDA range for the most critical eatry
envi, .rment. The important items to note from this figure are that
decelerator size requirements increase very rapidly with capsule m/CDA and
that deployment mach number also increases with capsule u/CDA. For example,
a capsule with an n/CDA = 0.75 would require a supersonic decalerator ten
times the size required by a capsule with m/CpA = 0.32.

b. Supersonic parachute

This stuly vas restricted to ballistic coefficlents 0.30 to 0.50 in

oucder to be compatidble with depi. vmert in the low supersonic range. A

parametric study vas made of diY’crent size parachutes deployed at various
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mach numbers to oliain the mach number-parachute size relationships which
result ip satisfactory conditions for utilization of a terminal landing system.

M=1.0 to 2.5

Parachute m/CpA - 0.02 to 0.08 Parametric Range

V-8 atmosphere

Figure 8 shows how the parachute size-deployment Mach number relationship
varies with entry capgule I,/CDA in order to obtain a terminal vertical descent
velocity less than 300 ft/sec and a flight path angle steeper *han -75° at an
elevation of 10,000 feet above the surface of Mars. These velocity, flight
path angle, and altitude restraints wvere selected in order to assure
compatibility with the Burveyor soft landing system. Three items of interest
are evident from the data plotted in figure 8. An extremely large (120-foot
dismeter) psrachute, deployed at Mach 2.35, 1s required to decelerate an
w/CpA = 0.50 capsule. An 84-foot chute, deployed at Mach 1.75 would suffice
for m/CpA's up to 0.35 vhile a smaller parachute, 54-foot dismeter, would meet

the requirements for an m/CpA = 0.35 capsule if deployed at Mach 2.5.

Phase II - Parametric Weights of Subsystems

Parametric wveights of subsystems can be divided into twu areas: area
No. 1 1s concerned with thos subsystems weights relating to the delivery
systen (aerushell, deorbit motor, etc.) and area No. 2 relates to the
subsystem weights of the landing system (impact attenuation, decelerators,
ete.). PMurther, it is helpful to separate the analysis of the problem
1nto the two phases of delivery and landing. For purposes of analysis, the
objective of the delivery system will be to deliver the contents of the

capeule (its "residusl” veight), to a condition of Mach 1.0, at an altitude
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of 15,000 feet above the Martian surface; at this point, the landing
system takes over.

Delivery system.- There is a delivered residuas) weight associated with
each size and weight capsule launched and our objective is to define the
capsule which maximizes this residual veight. This study is constrained,
by the shroud, to capsules less than 20 feet in diameter, and by launch
vehicle capability, to capsules less than 12,000 pounds. As the first step,
this delivery mode is divided into two phases: Part I from orbit to entry
and Part II from eatry to an altitude of 15,000 feet. Weights of the
appropriate subsystems are found as in the following manner:

The veight breakdown contained in AVCO's finai report is used as a basis
of scaling and 1s reproduced in this report as figure 9. The items listed
below are subjected to scaling as detailed below in order to obtain
parametric data for a variety of capsule sizes.

1. Sterilization canister 1id and base - This was assumed to be a

constant unit weight structure and was scaled as an area ratio or D2.

2. Pressurization gas and valving - Since this gas is used solely to

maintain a small positive pressure within the canister and its
required volume is more a function of leakage than capsule size,
this item was considered to be a constant.

3. Adapter and hardware items - These vere scaled as functions of

capsule veight since they will be sized by load criteria.

4, Deorbit propulsion system - The assumption of this study was that

deorbit velocity change is equal to a constant. Thus, propellant
system veight can be considered proportional to the force associated

vith the mass undevgoing velocity change. Scale according to capsule
veight.
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5. Control gas system - Weights of the components for controls are
considered proportional to the inertia of the capsule (WD2) and
inversely proportional to the moment arm between the nozzles (D).
Thus, scaling factor is WD.

6. PEntry shell heat shield - For ¢nviromnmental loads considered in this
report, AVCO found that the ablation weight is relatively
insensitive to m/CiA (pg. 140, Vol. III, Ek. 1, Ref. 1). Ablation
wveight will be scaled according to swurface area, D2

T. Entry shell structure - Minimum gage considerations vitiates any
direct scaling procedure. Figure 10 is s plot of the parametric
structural weights obtained from AVCO's machine program.
Expressing the stagnation pressure as a funciion of m/CDA and entry
conditions, the following equation can be derived:

Wy = 120 (T?; + & (m/Cpa)(D-10))

8. Thermal control - To be conservativc in this report and w{th the
lack of any clear-cut scaling criteria, this weight is scaled by
volume (D3) relationship assuming interior of the capsule must be
kept at a specified temperature.

By using these scaling laws, the capsule's cntry weight is calculated
@t & function of its allocated launch weight and diameter. This is carried
out by noting from figure 9 those elements compr ~g the difference between
sllocated weight and entry weight, and subtractis sir scaled wveight from
the allocated weight. This entry weight can be expressed as follows:

Wy = W - 1.2807 - 0.185 Wg - 0.00042WoD-21

10
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This equution is plotted as figure 11 and the capsule's bal)listic
pumber can be found from figure 12 for the entry weight and diameter under
consideration.

From the capsule's entry weight, the capsule's residual weight can
be calculated in like manner from the scaling relationships. The residual
weight can be expressed as follows:

. P Wwg 2p3 WED WE
Wg = Wg-1.65D7-120 156 * W)(D'm) T T3S

This equation is plotted as figure 13. The results shown on this
figure assume that the Martian atmosphere is sufficiently dense to slow the
capsule to a Mach 1.0 condition at 15,000 feet altitude by aerodynamic braking
on the capsule. Shou.d this not be the case, the weight of the required
aupersonic decelerator to accomplish this deceleration must be subtracted
from the residusl weight.

lending system.- Once the residual weight has been deliveread to the
satisfuctory conditions for initiation of the terminal landing system, it
becomes essential to identify the landing mode in order that the residual
wveight can be divided into landing subsystems and payload. Unlike the deliver
system weight investigation, these landing system weights are strictly
dependent upon the landing mode.

The first item of interest, therefore, is the identification of this
landing mode. Two basic landing modes wers considered: 1) Hard landing a
payload (surrounded by impact attenuation) with a parachute, and 2) Soft

landing the payload in a Surveyor-like manner.

11
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Many parameters were of concern in deciding between these two modes.
In addition to weight, consideration was given to topographical effects,
deployment of experiments, reliability, and growth. Figure 14 shows that
either mode will land approximately the same payload fraction; this is because
the hypothesized high wind velozity causes a high impact velocity for the
parachute borne payload so that the weight of required impact attenuator is
of the same order as the equipment and propellant required to effect a soft
landing. The topography may determine which concept, ball or legs, ie
preferable. Legs offer stability on level ground under wind load but
concelvably would not be satisfactory if the surface had sharp discontinuities.
Deploying instruments through thick impact attenuvation material presents
difficult problems; in addition, there is the possibility that the impact
attenuator will be sca.tered in the test area at impact thus effecting the
purity of the testing. The Surveyor system has proved its reliability by
lending an operating payload on the moon, while the engineering problems
associated with the ball concept have yet to be thoroughly studies. In the
final comparison area, it is felt that the soft landing concept is more
compatible with growth considerations since manned soft landings will be an
eventuaiity.

The soft landing concept was selected as the preferred landing mode
as & result of the above evaluations. In addition, it is noted that a
legged vehicle could be used to drop an instrumented ball should
topography indicate that a spherical payload be advantageous.

Following selection of the basic landing mode, it is now possible to
identify the candidate landing subsystems and to obtain approximate

N

parametric formulas for the weight of each. This will allow the calculation

12
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of the landing system weight for various miesions (capsule allocated weights)
and determination of the optimum combination of candidate landing subsystems.

Transonic parachute.~ The size of the parachute is determined by the

terminal conditions desired. Its terminal velocity-size relation is given by:

CpaA = Wg

Since deployments will take place at very low dynamic pressures, it is
anticipated that deployment loads (with reefing, if required) will be
sufficiently low to allow use of & minimum gage structure. Thus, the
parachute weight will be proportional to its size.

Wp = §_§§ » vhere K reyresents the constant factors

Using %he AVLO calculations where it was found that the parachute would
veigh 70 pounds for a suspended weight of 1025 pounds and a terminal velocity
of 128 ft/sec, the value of K is found to be 1120. Thus, the parachute weight

can be expressed as

V. 1120 Wg
P vt2

Impact attenuation.~ Considerable work has been done by AVCO and others

in determining the payload fractions associated with balsa wood impact

limiters. The payload fraction is defined as the ratio of the weight of the

payload (Wpp,) to the combined weight (Wp) of the payload and the impact

limiter (HIL). Balsa wood i8 being taken as reference because of its high

energy absorption to unit weight ratio over a wide range of impact velocities.
The ratio between grosa payload fraction and impact velocity (Vi)

is given in figure 15, as reported in reference 2. For making comparison

13
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evaluations, the following simplified linear equation will be used for the
weight of the impact limiter:
V1L < b
Retro system.- The ratio of initial weight (Hi) to the final burned-out
weight (wf) can be obtained readily frem the following formula and is
dependent upon the specific impulse and the velocity increment:
W
AVe T g 1n b §
sp e

this reduces to

Y1« e A%, where I, = 270 for.solid propeilant

We
_—.V.L. = & —A—L N
W-Wp 9000

AV
HP = Wy (1-e 900’))
Nov to this propellant weight, it is necessary to add 20 percent to
sccount for the auxiliary rocket hardware. Thus
-AV
Wpg = 1.2 Wy (1l-e 3550 )

Inflatable supersonic decelerator.- Preliminary weight estimates wvere

made for attached inflatable afterbodies required to decelerate various

size and weight capsules to a condition of Mach 1.0 at 15,000 feet above the

“Martian surface. These estimates vere based on in-house analyses

assuming an inflatable torus at the base of the cone with fabric in tension
between the aeroshell and the torus. These weight estimates are given in
figure 16. Since ;heae weights were calculated for a static condition to
prevent buckling of the torus, a factor of at least 20 percent should be

added to account for dynsmic effects.

Soft landing system (Surveyor type).- Surveyor soft-landed on the moon

vith the aid of a redar altimeter and doppler velocity sensor (RADVS).

1h




The terminal descent mode of the landing on the moom is given on figure 17;
it should be noted that the vernier retro system takeover occurs at a velocity
of 350 ft/sec end an altitude of 25,000 feet. Hughes Alrcraft Company made
a prelimirary study to define the modificatiors requirr ° "0 mur. the system
applicable to a Murs landing. The recommended Mar: 'rajec‘ory ~ond.tions
are indicated in figure 18; the corresponding conditions for the veruier
retro system takeover sre a velo~ity of 400 ft/sec and an altitude of
10,000 feet. The primary difference in the concepts is that for a moon
landing the primary deceleration is by & main retro burn while at Mars the
deceleration is caused by aerodynamie braking.

It remains now to define the subsystem weight of the landing system so
that the net residual weight svailable for paylosd can be determined. The
subsystems can be placed into two categories--fixed weight items and items
vhose weight will vary with magnitude of the lander. As a result of
discussion with representatives of Hughes Aircraft and JPL, together with

in-house estimates, the following weight eastimate vas derived:

Fixed Welight Items: 840
Structure 300
Flight Control (RADVS) 15
Commun. and Power 120
Cabling, Thermal Control 100
Propulsion System 245

Variable Weight Item:

AV
Propellant LA (1-¢ 3600
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Figure 19 shows & residual w:ight comparison between two 19-foot diancter
entry capsules. The dashed curves ere for a capsule of 4307 pounds entry
veight (maximum sllowsble for =ach of two equal-weight capsules in a Saturn V
booster) and & ballistic mmber (m/CpA) of 0.32. The solid curves are for a
capsule of 3400 pounds entry weight o..? a ballistic number of 0.25 (the
largest m/CpA which will permit deceleration to Mach mumber 1.0 at 15,000 fee’
from capsule aerodynnmic braking in VM-8 atmospiere with Vg = 12,000 ft/8ec
and g - -15°).

The 0.25 m/CpA curve represents a system designed to enter a 5 millibar
pressure atmosphere ancd the assoclated delivery system (UD = 1600 pounds)
is designed for tne conditions encountered in thia atmosphere. Its weight,
therefore, is 1ixed. If the atmospiere is found to be greater then 5 mwb,
vhich would allow more entry weight ‘greater Wy and higher m/CpA), the
delivery system would be unable to accomodate it from a structural standpoint.
Consequently, 1800 pounds of resf{dual weight (W) is the maximum wvhich can be
accomodated with the Y600 pound basic delivery system. The straight slcping
line shows the residuval weight capability for atmoepheres of less than 5 mb.
Por exocmple, at 4 mb the Wg = 1120 pounds. If an additional decelerator
system 18 used to decelerate the capsule o Mach 1.0 at 15,000 feet in a I mb
atmosphere, the res'dual weight is 1700 pounds as read on the curve arcing
down to the left. This curve shows the added residual weight which can be
obtained in lov pressure atmospheres by the addition of a supersonic
decelerator.

Using the maximum capability of the Saturn V booster, a system can be
designed which would provide 4360 pounds of entry weight (shown on the

u/CpA = 0.32 curve). The delivery system weight for thia case would be

17



Thus, the following equation will be used for the weight of thc soft

lander bus:

-AV
Wgrs = 840 + W, (1-e TOO0)

Phase III - System 3ynthesis

Again, the device will be used of dividing the capsule into tvo systems:
a delivery svstem and 8 lsnding system. The objectives will de to determine
an optimum aeroshell for Jelivering the payload and to define the method of
soft landing the payload on the surface of Mars.

Delivery system.- While it is important to obtain maximum utilization
of the Saturn V booster capability in delivering an instrumented payload to
Mars, prime consiceraticn must be given to the sizim.ot a8 capsule vhich
results in delivering the maximum residual veight to the terminsl landing
conditions. It 1s, therefore, necessary to select a capsule with the optimum

baliistic mmber (m/CpA) that will permit deceleration to the desired termimal

altitude-Mach number conditions, for the probable range of atmoepheric pressure,

without incurring an unacceptable delivery weight penaliy for the instrumented
payload. Residual weight, as used herein, 1s defined as follows: “The veight
residing in the aeroshell (Wg-Wp) vhich is delivered to an altitude of 15,000
feet sbove the surface of Mars at velocity equal to Mach 1.0."

This study provides comparison of reeidual veights schievable with a
variety of capsules, varying from the heaviest capsule or dual capsules vhich
can be accomodated by the Satura V to minimum capsules of the Apollo and
Mercury size. Parametric veight equations derived in the preceding section B
wvere used to determine the capsule veight allocations, entry weights, and

residual weights.

16
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1800 pounds and would curry 2560 pounds of residual payload for an atmospheric
pressure of 6.4 wb or greater. For lower pressure atmospheres, the arcing
line shows the residual weight capability vith a supersonic decelerator
system and the straight sloping line saows the residual weight cajpahiliity of
the delivery system without a supersonic decelerator.

It is easily shown, by observing the two atraight sloping lines, that if
8 delivery systea is desi{pned for aaximum booster capability without a
supersonic decelerator aid and ‘he atmospheric pressure turns out to be less
than 5.3 2%, a veight penalty exista. This penalty is 2C0 pounds from 5 mb

down.

Figure 20 makes the same comparison £s ghown i- “igure 19 except that the

capsules are 13.45-feet in diemeter; an area factor of 1/2 for comparison with
the 19-foot diemeter. For this capsule size, the veight penalty for using

the maximum booster capability without & supersonic decelerator aid occurs at
pressures below 6.05 wb and smounts to 360 pounds at all pressures below 5 mb.

It is obvious from Figure 19 and 20 that if a capsule of maximum
capability 1a used, the 19-foot diameter design is advantageous for all
preasures below 10.7 mb. It can slso be seen that the 15-foot capsule
provides greater capability for the case vhere l/CDA = 0.25.

With only a 200 pound penalty for the maximum capability system and the
potential for much greater residual veights at pressures above 5.3 ®b, a
19-foot diameter capsule designed for loads compatible vith a ballistic nmumber
of 0.32 presents sdvantages vhich make it attractive as an entry capsule
configuration.

An additicnal cc yarison can bde made of the residual veights availadle

from one capsule and from twvo capsule systems. It is apparect from figure 21

18
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that tvo §000-pound capsules will deliver more residual veight than s single
12,000-pound capsule for the anticipatea atmospheric pressure range. At
pressures above 11.5 mb the one capsule concept becomes preferable from the
residual veight standpcoint. Since it is unlikely that the atmospheric surlace
prossure vill exceed 10 mb, the sole advantage of utilizing a singie 12,000
capsule would be to deliver, in a single rackage, & residual veight greater
than 2500 pounds (limited to a maximum of 3600-pounds in 4 5 wb atmosphere).

On the basis of the above, the following selection 1is made: use the
largest size capsule (19-foot d1ametes) and the dual capsule system. This
selection offers many advantages.

The 19-foot diametir capsule will allow:

8. Parachute deployment at Mach 1.2 in the early mission because

asrodynaaic draking will reduce velocity sufficiently.

®. A common seroshell for all missions since it ninimizes the -/cr{\
range among missions. 4

¢. Parachute deployment at less than Mach 2.0 in the later heavier
caperle missions.

4. A common delivery mode of acroshell and parachute to deliver payload

to terminal cooditions for the landing system.
The dual capsuiec system will allow:

. Delivery of wore payload weight.

b. More flexibility in eitse and science experiment selection.

¢. Redundancy.

4. Use of lov supersoni> (Mach 2.0) decelerstors (one capsule concept
would require spproxisstely Mach 5.0 decelerators).

19
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landing system.- In a previous section, it wvas determined that e soft
landing controlled retro mode vas superior to hard lwnding a payload
suspended from a psrachute. The problea is now redu  ed to determining the
best means of coaveying the landing payload from .ne impact trajectory of the
basic m/CpA . .32 capsule to this soft landing condition. The alternate
means of retro deceleration end serodynamic bdbreking to effect this tranefer
are indicated on figzure 18; while 1 two-burn retro system is indicated, a ore
durn system coui? be utilized 1f it were highly throttleable. It 1is
ewmphasized that the transfer points among dc:eleration modes can be moved
from the lc:ations indicated if trade-off utudies shov better efficiency
can be obtained. However, esuch an in-depth trade off study is dbeyord the
scope of thiz report and the location of the deceleration interfaces as shown
1r Figore 18 vill be sssumed velid for purposes of comparison.

The folloving laxding systems were considered and coaparisons made on
the basie of the m/CpA = 0.3 capsule.

8. Asroshell, retro, RADVS - In this mode, after the seroshell
decelerstes the capsule to 1100 fect/second at an altitude of approximately
19,000 feet, & retro system is initiated wvhich decelerstes the capsule (by
1.:ing throu~h openings in the seroshell) %o a velocity of sbout 40O teet/
second). RADVS takes over at this point and lands the capsule. Ivo alternate
landing wodes are possible: 1) land the aeroshell on its apcx at & lov
velocity so that minimum impect attenuation is required for the payloud or
2) retro-separate the seroshell near the surface and "and with legs.
Principa) characterictics of the system are illustratud on figure 22.

_ b. Aeroshell, parschute, RAIVS - This wode (figure 23) {s identical
through tle braking phase provided by the asroshell. At approximately 19,000

0
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feet a parachute is deployed (Mach 1.6) and the seroshell jettisoned. The
payload is decelerated to 300 feet/second and its flight path angle increased
to near vertical (-75°) as it descends by parachute to the 10,000 foot
elevation. At this elevation, the parachute is released and the payload
descerds under controlled retro fire. In addition to soft landing, this mode
offers the additional advantages of 1) long stay time in atmosphere for
simospheric experiments wvithnut spewing rocket exhaust which could affect data
measurements, 2) being adaptable to release of instrumented spherical ball
shortly before impact since payload could be support-d in an open framework,
and 3) & parschute operaticn which is practically independent of atmosphere
as it vill reach a satisfactory terminal velocity at the desired altitude
for RADVS operation.

The efficiency of the two systems were investigated by making weight
estimates of the operational payloads the systems could land. The results

are cumarized below:

Aercshell- Aerosehl) -
Retro- Parachute-
RADVS RADVS
Capsule Weight 6000 1bs 6000 1lbs
Separated before entry -1640 -1640
Entry veight
Separated at 19,000 ft 0 -1800
5335 2%
Expended by 10,000 £t 100
2460
Soft landing Svsiem 1330 1040
30 1420
Aeroshell 1800
Payload 1030 1420

Because of the parachi.ie mode's greater efficiency, ita flexibility to
sdjust to varying atmospheres and payloads, and its state-of-the-art

technology (the performance of retro-propulsion pystems in the presence of

21
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payloads are considered to be of two types: those suitable for early missions
(1973, 1975) where emphasis will be on atmospheric properties and gross
surface characteristics, and those payloads for later missions (1977, 1979)
vhere the objeciive is primarily biological.

Figure 25, "Probe,"” and 26,"Probe/Lander," represent the ea-ly mission
payloads. The Probe mission 1s, in esseuce, the missior studies by AVCO
{reference 1) vhich vas a non-survivable atmospheric probe with descent TV.
The Probe/Lander is a duplicate of the Probe with the addition of a
swrvivable 210 pound ball to obtain some surface data. It is felt that either
of these missions can be carried out in 1973. The choice will depend on the
economics involved and on the feasibility of developing a worthwhile scientific
surface packeve within the weight limitation. Figures 27, "Semi-soft Lander,"
and 28, "Advanced lander,” represent the later mission payloads vhere
experiments performed on the surface take precedence. The overall weight is
restrained by the launch vehicle's capability but it is evident that the net
weight deliverable to the surface, for either mode, is sufficient for an
Automated Biological Lehoratory; the Philco study (reference 3) indicates
that 1200 pounds of payload is required for the ABL. The choice between
landers in this category will depend upon the topography. The TV system in
early miisions 1s planned so &8 to furnish the necessary data to guide
<alection of the landing mode: omnidirectional or legged.

It sbould be noted that these four payloads use the same delivery
system (aeroshell) and landing system (parachute-retro); further, es*h 1is
designed to be mounted inside the aeroshell. In addition, the concept makes
]:oélible & clean interface betwveen the scientific payload and the landing
system for ease in integration.

23
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an oncoming supersonic flow and the logic to control the retro fire so as to
perform the mission requirements in an unknc n atmosphere are regarded as more
difficult problems), the aeroshell-parachute-RADVS system is selected as the

preferred wode.

Phase IV - Conceptual Design

In addition to presenting concepts for the various facets of the problem
such as mission mode, capsule definition and candidate payloads, it is an
objective of this phase to indicate how these various items integrate tc form
a unified systen.

As defined in the preceding sections, the selected rission mode uses the
maximum diameter aeroshell to mske optimum use of the capsule’'s aerodynamic
braking. The capsule's braking allows the deployment of a parachute (at a
maximum mach number of 1.6 for the heavier dual capsule concept) which
accomplishes two objectives; it decelerates the payload and separates the
payload from the aeroshell. )

The large diameter of the capsule is in keeping with the concept of
growth. The same aeroshell structure can be used for the early amd the
subsequent Voysger missions with a small weight penalty. In addition, the
capsule's size allows the capsule to house a variety of payloads from
early mission probes to late mission landers with a minimm of interface
problems. This capability of the capsule is 1llustrated in figures 2k
through 28. Pigure 24 presents a simplifed drawing of the capsule's
delivery system and indicates the volume available for transporting e
payload; the weight of this delivery system is noted so that complete

systems for various candidate puyloads can be determined. The candidate
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Advanced-lander: This mission is the same as the above mission exept
ihe lander bus is landed in the Surveyor manner on legs with
the ABL mounted on the lander. It is necessary that sufficient
topographical data, either from TV a.nd/or from the engineering
landing experiment on & previcus mission, be obtained prior to

using this mode.
SUMMARY

The following items represent the main findings of this study:

1. Selection of ihe two 6000-pourd capsule systems , rather than one
12 ,000-capsule system, because 1t lands greater total weight and affords more
flexibility for landing sites and redundancy.

2. Selection of a 19-foot diameter capsule, maximum diameter compatible
vith shroud restraint, because it furnishes maximum aerodynamic “raking and
is compatible wth future growth packeging and weight considerations.

3. Stendardization of aeroshell for all missions. This results in a
minor weight penalty on early missions.

k. Selection of a propulsive type lander system becAuse it permits soft
landing even in the presence of winis.

5. Use of a parachute to provide the transition from capsule trajectory
to propulsive descent. Parachute deployient Mach number will vary from 1.2
in early missions to 1.5 in tha later aissions.

6. Employment of a cowmon mission mode for all lander missions 1973 -
1979. The mission mode should consist of eesroshell-parachute-propulsive soft

landing vhich allows for the waximm commonality of subsystems.
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Figure 29 through 32 indicate i he mission modes that are compatible with
the above payloads. These modes are briefly described below for the
respective payloads.

‘ Probe: The parachute is deployed at a Mach number of 1.2 at an altitude
of 21,000 feet. The major experiments (including TV) are made
during the parachute descent and the descent package does not
survive impact. Some preliminary information can be obtained on
surface hardness by the deployirg of penetrometers shortly
befare impact.

Probe/lander: This mode is & duplicate of the above mission until the
parachute is jettisoned at about 5,000 feet. With the vernier
motors controlled so that the capsule obtain? zero velocity a
ghort distance above the surface, a 200-pound ball is released
to impact at less than 50 feet/second. This package will relay
impact accelerometer data end will monitor atmospheric
conditions at the surfece for a short period in order to note any
variations with time.

Semi-Soft Lander: On this mission, the parachute is jettisoned at
approximately 10,000 feet and the lander descends under active
vernier control. A 1400-pound ball (a: omni-directionally
protected Automated Biological Lsboratory) is released near the
surface as in the Probe/lander mode. It is noted that an
engineering experiment of attempting to land the lander bus on
legs could be included without endangering the success of the

prime mission.
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PROPRRTY SYMBOL, DIMENSION V1] VM2 | WM-3 | VM4 | VT | WMo
Surfuce Preseure P ub 7.0 7.0 | 10.0 | W.0 5.0 | 5.0
/12 W6 | 6 | 209 | 209 |10 j10K
Surface Density Po | (en/cmd)05 | 0.955) 1.85 | 1.365| 2.57 | 0.68 | 1.3
(sluge/rt30105 1.85 | 3.59 | 2.65 | w98 | 1.2 2.56
Surfoce Tespersture % K 15 200 215 200 275 | 200
R W5 360 LH 360 U5 | 360
Stratospheric Tempersture T °x 200 100 200 100 200 | 100
% % | 10| 30 | 18 | 360 | 180
Ascelerstion of Orevity ¢ | en/eec? s 375 375 75 s | 315
ot Surfece rt/aec? 12.3 12,3 |12y |23 12.3 2.3
Cougoeition
00p (by mase) #8.2 [100.0 | 26.2 | T0.0 | 28.2 |100.0
c0p (by volume) 20.0 11000 | 20.0 | 68.c | 20.0 [100.0
By (by sges) ne| oo| nsé| o0 | N8| 00
By (by ~olume) 8.0 | 00 | 80.0 | 00 |8.0]| 00
A (vy sass) 0.0 0.0 0.0 | 3.0 0.0 | 0.0
A (vy volume) 0.0 0.0 0.0 | 3®.0 0.0} 0.0
Holacular Veight .| w1 n.e | Wwo | 3.2 | kT | N2 |0
Specific Fest of Mixtwre Cp | cal/pc  j0.230 0.166 |0.230 |0.153 [0.230 [0.166
Specitic Neat Matic ¥ 1.8 1.37] 1.3] 183 | 1.38| 1.37
Misdetic Lepes Mate 7| ox/m -3.88| 5.3 -3.88| -5.85 | -3.88| -=. 39
4!/1000 £t 218 -2.96] -2.13| -3.20 | -2.13] -2.96
Trogopemes Altitude by - 19.3 ! 18.6 | 19.3 | 171 | 19.3 | 1B.6
Rilo £t 63.3 | 61.0 | 63.3 | s6.1 | 63.3 | 61.0
Inverse Scale Neight [ -1 L0105 [0.199 [0.0705 {0.193 [0.0705(0.199
(stratoophere) t-1y107 | 215| o1 25| 589 | 235 601
Continasas Surfece Vind Speed |¥ ft/see aB6.0 {186.0 |[155.5 |[155.5 [220.0 }aeo.o
Peak Surface Wind Speed veax| ft/eec ‘l‘m 0 |M0.0 |390.0 |390.0 !5%6.0 :556.0
Design Vertiesl Vind Gredteat g n/..e/mon!L ' 2 ® 2 ) ®
Pigare 3.- Vodel atmospheree
RE oDy
- ; I1GI
NAL PAGE 5 POOR |
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TABLE VI_

WEIGHT SUMMARY
M/CpA =0.22 slug/fi2
Diometer - 15 feetr

Cp = 1.628

%‘lighl Capsule

Sterilization canister lid
Pressurization gas

Pre-FC Separation

Sterile canister base
Pressurization nozzle valves
FC - FS adapter

Hardware, brackets, cables

|Separated Vehicle

Propulsion propellant
ACS gas expelled
PVC gas expelled

[Entry Vehicle

Entry shell heat shield
Entry shell structure
Thermal control

ACS - reaction control

TVC - reaction control
Hardware, brackets, cables
Available for growth

L'uupendcd Capsule

Instrumentation

hadar

Telecommunications

Power suppsy

Parachute

Inertial reference system
Propulsion case

Structure

Hardware, brackets, cables
Programming and sequencing
Alterbody heat shield
Available for growth

125.
15.

163.

125.

kd
-7

460,

3%.

wooo

VVWrmes OO

OO0 00C0O0CaOO
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2922.1

2872.1

"2458. 6

2040.0

1025.¢

Figie 9.~ Veight susmary for probe missiom
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SURVEYOR TERMINAL DESCENT
' TO LUNAR SURFACE
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MAIN RETRO WITH FUIGHT PATH
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Asroshell Structure
Thermal Protection
ACS and IVC
Misc. Eardvare
(Cabling, Supports, Mechanisms)
Therml Control
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Asroshell Separaticn
Veight Including Fuel 1800¢
Expended After Batry

Pigure 24~ Commam seroiymanic delivery system
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Rutry Veight (m/CpA = 0.32) 4360
Delivery Bystem «1800
Residual Veight 2560
Ianding System «1140
(8ame as Pigure 27)
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instrumsntation T0
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Figure 28.- AMdwenced lander
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TO

FROM

, qun\&/ T-A

UNIT D STATES GOVERNMENT
Langley Research Center

7! O T/ Raer
9]

Memorandum

Associate Director DATL: March 27, 1967

Chief, Flight Vehicles and Systems Division

SUBJECT. Meeting at Pasadena California on March 22 and 23, 1967 at JPL to organize

The

Interim Project Office (IPO) for Voyager management (see agendsa, attachment
1)

following members of the Project Management Coumittee attended the subject

wseeting:

Mr.
Dr.

Donald P. Hearth - (’ciing Project Menager) (Interim Project Office)
George Nash - (Sec. ._ary from Earl Sample's group) (Interim Project Office)
Robert liock - (KSC lLaunch Operations)

C. H. Foss - KSC

C. Robiliard - JPL (Project Office Support Read) (1.P.0.)

Leonard R. Piasecki - JPL (SLS Manager)

Nick A. Kenzetti - JPL (SFQF) (T & DA Manager)

Charles Chambers - MSFC - L/V

Dave Newdby - MSFC - $/C Bus

pon P. Burcham - JPL

Vali 7. Eichwald - JPL - MOS Manager

Lon Hearth announced that he had talked to Mr. Orsan Nicks who appeared with
Homer E. Newell bafare the Mouse Space Committee (Rep. Karth) on March 22 t¢:

revicw the Luner and Planetary program. Mr. Nicks felt that the committee's reaction
to the Voyager project was very favorable. Also he reported that the 1971 Mars fly-
by with stmospheric probe had a favorable reception,

The
&.

08SA Hesdyuartsra' Voyager Program Office at present is as follows accordimg to
Rearth:

(see attached Chert 1)
page 2
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Mr. Hearth described the Voyager Interim Project Office setup to date. The office is
located on the top two floors of the Union Bunk Building in Pasadena California (cov-
par of Lake and Cordova Strezts), He stated that he would serve as the interim pro-
Jecx manager and would spend approximately half his time in Pasadcna. The final Pyro-
Ject Offfice is to be formed no earlier than July 1967 and no later than October 1967.

The I.P.0. i3 as follows with lead personnel named wiere they have been selected.

(see chart 2)
page 4

Mr. Robillard discussed the mode of oper. .om for the Mission Analysis and Engineering
Croup. He stated that they will concern themselves with mission snd design problems
vhich interact across systers such as communications and weight. Also they would
serve for the 1.P.O. as a technical referee among systems. It is intended to keep
this group in cperation at least until October 1967 to finsure compatibility of designs
and RFP's for Phase "C" procurenents, Some technical capabilities will be needed in
the Project Office subsequent to October 1967. The Mission Anslyais and Engineering
Croup will support the Mission Design Working Group (discussed later).. Datas for buy-
off by MDWG will be gencrated by the MD & E group:

To provide participation, visibility, and review by key systems personnel an interim
asmagement arrangement was discussed and sgreed upon as a means of coordi{nation, and
integration among the Voyager Systems. This is headed by a Project Management ( r ittee
chaired by the Interim Project Mansger (Hearth). The committee !s composed of a . . sher
or members from each Voyager system (S/C, CB, SLS, MOS, TDS, L/V, LO). The PMC would
serve to coordinate, exchange information and review nutput of working groups. The
wode of operation would be interim meetings (probably monthly) ralled by Mr. Don Hearth.
MASE would . jpport the group technically and action {tems would be taken back to the
Centers' involved for work and resolutiom.

A series of working groups would report to the PMC. These groups would Y2 made up of
wembers from the Systems involved chaired in most cases by a wan assigned to the Interim
Project Office. Agsin, the wor ng groups would function through perodic meetings with
members taking action {tems back to their Centers for work and resoluticn,

Some vorking groups v::uld appoint panels to break the work into smaller units.
Technical comitment and interface for Centers will be mede through the working groups
with reviev by the P:oji.t Managemeni Committee. All agreed that the griups should
primarily concern themselves vith {tems which interact smong all systewms. For exsmple,
interfaces between only two systems should be settled by the systems {nvolved.

The entire structure for Interia Management {s shown as follows:

(see chart 3)
page S
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Mr. Walt Elchwvald of JPL talked on the prelimfnary Mission Operations System plans.

He stated that the MOS would be responsibile for the hardware and software for

missions cperatfon and control. MOS wouyld also be responsible for MOC (Mission Opera-
tions Complex) design. JPL is setting up design team to familiarize mission operations
sequences and interfaces and to implement, It was not clesr as to the systems contract
responsibilities in the MOS and MOC areca. It is recommended that Mr. Boyer and Mr.
Martin of LOPU review the preliminary documents (attachments 3 & 4) prepared by

Mr. Eichwald.

Mr. Eichwald requested that LRC assign personnel to the MOC design teasa.

Project guidelines were reviewed. Decisfons were made on some. Others were left open
for more study.

1. Will use two planetary vehicles on one Saturn V
2. Backup launch vehicle. No decision was made but two alternstes were discussed.

8. Tvo Saturn V's erected simultaneously on pad 39. Shift planetary vehi-
cles to backups in case of problems.

b. Move launch to next launch window (two to three months later) and change
trajectory (type 1 to type 2)

3. Lifetime - No decision veached; however, two days on surface most probazble.
To be examined as to use of batteries or RTG. It was felt that the capsule should be
designed thermally for the RIG in 1973.

&. Capsule weight - No decision reached. However it was decided to consider
$000#, 6000# and 70004 capsule weights and determine trade-offs and penalties for
designing 7] mission for heavier weights. MSFC will examine design of S/C Bus for
70004 capsule.

S. Design lergest size capsule which will fit in shroud.
6. Two planetary vehicles identical for 73 missions.
7. Design for Mars only as starting point. J
8. Capsule Bus will be entered out of Mar's orbit,
9. Type I trajectory will be used as starting point. (Type I has encounter
at less than 18(% Type II has encounter more than 180%), Type II is doubla trip time
and distince for Type I but allows more payload weight.
10. Sawmple payloads (experiments) will be furnished by IPO as starting guideline.
. 11, Mar's model will be furnished by the 7T as starting point; density, terrain, .
etc.
i
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The phase "C" schedule was reviewed, moving the RFP relcase date from October 67 to
November 67 to allow more time to take advantage of fnformation from the Fhase B
contractual and in-house studies was discussed. All parties were asked to loak at
their system procurement schedules in detail and discuss these st the next PMC meecting.

Mr. Rearth asked for a discussion and recommendations from each system at the next PMC
meeting on the role and responsibilities of the Launch Operations System (KSC).

1. Who heads up assembly and checkout team at the Cape?
2. Do systems contractors participate?!

It wvas requested that all systems review the f.y. 67 and 68 budget (attachment 5) and
be prepared to discuss their specific requirements at the next PMC meeting.

A discussion on reporting was held. A preliminary document (attachment 6) for review
was submitted by Mr. Hearth. The proposed system is based on the MIC System used by
1RC on the Orbiter. Comments on the proposed document were requested by Mr. Hearth
by March 31, 1967.

ACTION ITEMS (Next PMC meeting is scheduled for ~1d-April 1967)

1.Comment on MOS plsn by next PMC meeting.

2. Appoint Working Group representatives by April 5, 1967,

3. Dou Hesrth, JPL, and LRC will meet next week on capsule and SLS interfaces.

&. Review and comsent on Phase C schedule by next FMC meeting.

S. Arrive at recommended position on operations at ESC prior to next PHC meeting.

6. Review recommended zeporting system and comment by March 31, 1967,

7. Mske recommendations for chairman for Facilities Working Group. All attendees
felt someone who is recognized and respected by Cof F persomnel in Headquarters is needed,

CofF budget must be prepared by May 67 if possible.

8. Review budget for f.y. 67 and 68 by next PMC meeting and recommend concurrance
or changes (attachment 5).

9. The writer discussed the Vovager experiments with Mr. Newby of MSFC, Dr. Burcham

of JPL and Mr. Don Hearth. All agreed that the experiment hardware development should
be a project responsibility. Mr., Hearth agreed thst the entry experiments {n particular
were primarily engineering experiments needed to determine and analyze the operation of
the Capsule Bus and possibly could be handled i{n a manner similar to the Lunar Orbiter
experiments. Mr. Hearth suggested that Langley representatives should contact Bob
Tellows of OSSA on this matter in the nesr fu%ure.

. -C-‘-‘ ’ “Lg‘n ¢\ !

‘Bavin C. Kilgore
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IN-HOUSE FEASIRILITY STUDIES - PLANETARY EXi LORATION PROGRAM

Qbjective

The objective of this in-house study is to enable the Langley
Research Center to recommend tc NASA Heacquarters alternate approaches for
planetary exploration, in view of the present deferment of the Voyeger
Program.

Method of Apprcach

Scientific and engineering objJectives will be specified and prioritized for
planetary exploration in the period 1971-73 for both Mars and Venus.
The payload capability of the spectrum of available launch vehicle
systems smaller than Saturn V will be evaluated and a limited number
selected and used for this study.

A conceptual spacecraft design shall be created for each selected
launch vehicle to carry out as many of the stated scientific objectives
as practicable. A mission plan will be evolved for each spacecraft/
launch vehicle combination to verify over-all feasibility. All recommended
combinations shall be examined for future growth capability. The need
for advancements or additional study into technology areas will be identifiegd.

Trade-off studies among the various configurations shall be carried
out leading to the final LRC recommendation to NASA Headquarters.

jdelines

A. The following guidelines and/or constraints shall govern during
the performance of this study:

1. Planets to be considered - Msrs and Venus

2. launch dates: Mars - 1971, 1973

ok OTHERS
Venus - 1972, 1973
3. Configurations - Orbiter spacecraft w'th and without probe

4. Ordit characteristics - polar orbit desired to provide full
planet coverage.

5. Orbit lifetime for a nonsterilized orbiter spacecraft to be
50 years as required by NASA planetary quarantine criteria.

6. Bntry probes to be sterilized in accordance with
NASA agreements.

7. Length of méssion - a goal of covecage of a planet seasonal
change is desired for Mars; Venus nceds further study.



10.

11.

13.

14,

Llo

For each launch oppertunity, there shall be twe launches;
a third spacecraft should be prepared and available at the
launch fac{iity as a back-u» to help assure the intended
launches.

It 1s desired that each launch window be not less than
about 30 days in duration.

The launch facilities at ETR are to be utilized.

Planning shall be on the basis of using the existing
capabilities of the Deep Space Network (Deep Space Stations
and the Space Flight Operations Facility).

Maximum use shall be made of space-proven hardware,

This study shall not consider the development of a new
launch vehicle.

A minimum periapsis altitude of 1000 km shall be used for
purposes of this study for both Mars and Venus.

B. The following areas need to be investigated early and related
guidelines established:

1. Transit time - avalilatle error analyses should be used to
establish the approach trajectory criteria in order to
determine the spacecraft payload capahility.

2. Desired length of mission at Venus needs to be determined.

Implementacion

A. The management structure for the in-house feasidbility study is
shown in figure 1.

B. Following is the schedule on which the study is to be carried

SEPT. 2§
Oetober—; 1907 - Interim status report due along with

out:

identification of areas which should be
supplemented by contractor effort.

November 1, 1967 - Results of the task area activities available

for agsembly into an integrated report for
presentation to NASA Headquarters.
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3.

PERSONNEL ASSIGNMENT TO TASK AREAS

Task No. and Name

Definition of Venus and Mars
Scientific Mission Objectives

Launch Vehicle

Instrumentation for Scientific
Measurements

Spacecraft Subsystems

a. Structures, Mechaniemas,
Thermal

418

Personnel

LRC Planetary Missions Techrology
Steering Committee, E. Love,
Chairman

W. J. O'Sullivan (AMPD)
C. T. Brown (FVSD)
A. T. Young (LOPO)

LRC Planetary Missions Technology
Steering Committee, Subcommittee

G. Brooks (DLD), Chairman
J. Stitt (FID)

G. Wood (APD)

W. Michael (SMD)

R. Girouard (LOPO), Leader
J. Cannady (AMPD)

J. Unangst (AMPD)

G. Lawrence (AMPD)

C. T. Brown (FVSD)

W. Cuddihy (FID), Leader
G. Wood (APD)

F. Staylor (APD)

C. Broome (LOPO)

R. D. Smith (LOPO)
P. Yaeger (IRD)

J. D. Lawrence (IRD)
I. MacConochie (FVSD)
D. Cauchon (FRPO)

W. Sherman (SMD)

E. Goyette (ESD)

R. Sproull (LOPO), Leader
E. Hankinson (LOPO), Leader

D. Carter (AMPD)
W. Slemp (AMPD)

e — oo
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Task No. and Name

b. Power

¢. Communications

d. Attitude Stabilization and
Control

e. Velocity Control

5. Probe

6. Sterilization

7. Miasion Design Support

8. Mission Reliabdility

[

40s

L

OxXrCrtrEX

oz

LM

J.
R.

w.

[ Balle]

e
e

J.

T.

Personnel

. Harris (LOPQ), Leader

. Moore (FID), Leader
. Green (LOPO)
. Bundick {LOPQ)

Reid (FID), Leader
Engle (LOPO)

Carter (AMPD), Leader
N. Green (AMPD)

. Averill (FVSD)

. McNulty (FVSD), Leader

Dixon (FVSD)

. Tolefson (DLD)
. Moore (FID)
. Fisher (SRD)

Vosteen (SRD)

. Hughes (LOPO)

Walberg (AMPD)

. Erickson (AMPD)

Gillis (AMPD)

Zanks (FID), Leader
Daspit (VCBSPO)

. Maaon (x'VSD)
. Hendricks (AMPD)

Ne.:comb (AMPD), Leader
N. Green (AMPD)
Hampshire (AMPD)

Snow (FVYSD)

Williams (SMD)

Lightner (LOPO)

Bre ser (LOPO), Leader
aitny (LOPO)

Childress {1L.OPO)
Ricker (FID)

Bonner (FVSD)

*w.,‘
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12.

18.

Task No. and Name

Mission Operations

Mission Environmental Criteria

Conceptual Design and
Integration

Operational Orbit Deternmunation
Capability

Cost Estimetes, Contractual
Consiuerations, Manpower
Requirements, Schedules

Personnel

W. Boyer (LOPO), Leader
J. Graham (LOPQ)
D. H. Ward (LOPC)

D. J. Martin {DLD), Leader
S. Clevenson (DLD)

R. Girouard/J. l.ovell (LCPO)
T. Bonner (FVSD)

{(Organization to be identified by
FVSD)

M. Lovelace (LOPO), l.eader
. Mayo (L.LOPO)

. Mayo (AMPD)

. Hoffman (AMPD)

. Young (AMPD)

Or>=c

Hall (VCBSPO), Leader
. yenmngs (VCBSPO)
. McKee (VCBSPO)
. Parker (VCBSPO)
. Church (VCBSPO)
. Anderson (SRD)*

DUBOMmS

*Will furnish inputs relative to Headquarters Study Contract, ""Cost Effective

Design for Future Space Systems"



IN-HOUSE FEASIBILITY STUDY TASKS - PLANETANY EXPLORATION MISSIONS

DEFINITION OF VENUS AND MARS SCIENTIFIC MISSICN OBJECTIVES
LAUNCH VFHICLE

INSTRUMENTATION FOR SCIENTIFIC MEASUREMENTS
SPACECRAFT SUBSYSTEMS

PROBE

STERILIZATION

MISSION I'ESIGN SUPPORT

MISSION RFLIABILITY

MISSION OPFRATIONS

MISSION ENVIRONMENTAL CRITERIA

CONCEPTUAT. DESIGN AND DMFLEMENTATIGON
OPERATIONAL ORBIT DETERMINATION CAPABILITY

COST ESTIMATES, CONTRACTUAL CONSIDERATIONS, MANPOWER REQUIREMENTS,
SCHEDULES



IN-HUJSE FEASIBILITY S:UDY TASXS - PLANETARY EXPLORATION MISSIONS

DEFINITION OF VENUS AND MARS SCIEWTIFIC MISSION OBJECTIVES

A delineation of scien*tific objectives for misscions to Venus and
Mars during the 1971-1973 peric1 is required. The recoumended
scientific messurements shoul! -~onsider ~he use of -~n orbiting
spacecraft as well as a ¢ombinaticn orbiter ana prove.

LAUTICH VEHICLE

Performarce study and configuration selaction tc suppor. mission
design for planetery iavestigetions. The medium space lauach
vehicles - smaller than Saturn V - expected to be available for

the mission %ime period will be examined for maximum performance

and to best support spacecraft requirenents. Mission restrairts
imposed by launch vehicle systems and trajectories will be identified
as well as payload welight capability and envelope size.

INSTRUMENTATION FOR SCIENTTFIC MEASUREMENTS

Analysis of the instrumentation approaches for satisfying the scientific
mission requirements; comparison of various approaches to satisfy a
glven measurement requirement; ability to meke measurements with
required degree of accuracy; present state of theory and experience

of each proposed instrumentation technique; suitability and
characteristics of presently available instrumentation; possible
required extensions in theory and instrumentation development to
satisfy objective. The analysis and study should be guided by such
factors as the basic mission parameters (e.g., altitudes from which
measur :ments will nave to be made), the use of a probe for atmospheric
survey, the need to minimize instrumentation weight, size and power
consumption, the need for matching measurement rates to cosmunication-
1ink data-rate capability, the duration of th~ missions and the
resultant effect on data rate and instrumentation design and
reliadbility, ete. To satisfy mission objectives for the measurement

e
N
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of planetary fields, particles, enviromment and surface characteristics
will involve the consiueration of instrumentation such as:

imaging systems

Eapping radar

radar altimeter
micro-wave radiometer
ultraviolet spectrometer
infrared spectrometer
infrared radiometer
magnetometer
micraveteoroid detectors
radiation detectors
pressure scncols
temperature sensors
water vapor sensors

RF occultation

SPACECRAFT SUBSYSTEMS

Identify requirements for and {nvestigate problem areas of the
following subsystems relative to a Mars/Venus spacecraft.

a. Structure, Mechanisms, Thermal

b. Power

¢, Communications

d. Attitude Stabilization and Control

e. Velocity Comtrol
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PROBE

Study I the ability -f -he intended class of spacecraft %o
carry and deploy an atmcspheric probz; investigation of probe
types and configuritici- in consiileratis ¢” weight limita-
tions, desire! atr 'srheric measurement.; Jdotinition of data
transmission prot.em. an: possible solut v evaluation of
possibility of probe surviving impact. or th
probe propulcion requireme,t.

STERILTZATIN

Determine the most feasible approach to *erminal <sterilization
of en entry probe. ..e,, Oven, hot gas, other. Al:zo determine
the bio clean requiremerts Oor assembly ar:as cf “he entry
probe necessary to meet the require! - mitarination level pricr
to terminal sterilizati~n of the pr.o-« Oetermine the
cacpatibllity of «*nelene saidc decontamin: “10n. ~f an crbiting
spacecraft ar.' eval w«te method- of Y. il lain, and e_ecting
the sterile probe 3' ari the spazecralt.

MISSION DESIGN SUPPORT

To support mission designs basic studies 37 launch opportunities,
launch energy rejuirements, transit, arrival times, deboost AV,
planctary crbit designs and variation vith time, mission duration,
planetary -easons, varia‘*ior of comr.nication distances with

misgion time fram launch, cun occultation periods, Canopus occulta-
tion periods, etc., are required. 717 Jevelop error nalyses
indicating 4V and VACS requirements for midcourses, deboost, orbit
trim, pointing for photography >r other planet imaging devices in
terme of ut. .nable orbit determinaion (To investigate and ectabl.sh
1f minimam periapsis altitude- less tharn L000 KM can te utilizeld,'

MISSION RELIABILITY

To study the mission requirements for long lifetime operation of the

spacecraft/probe system end relate those requirements to subsystem ’
design approaches (e.g., redundancy, duty cycie, etc.) camponent

selection, quality assurance approaches, etc.; eztablish the required

reliability goals for each subsystem; for the inal conceptual

designs, predict the expected reliability as a function of mission
duration.

jO
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1L

12.

13.

11

MISSION QF!.BALIONS

To define majnr »lemente ¢f r . an to operate tre piszlen in 11l rhuses,

from launch, {r*ritapetary =0 v rtaroant ork tirg phas c. 7 view
of centraliz.- v ¢ decenrealized semtr o, amher an? loocwtaon of
tracking arnd/cr - rmant s tes, Lite and contr l-centcr hariware anc

softwar= rrquir-ment , site-t(-cente- -mmmuni =* ‘ons requirement s,
operational requi-em. ntc on 1eosisn ant L perat{~n £ spacecraft ari
scient{f{~ tnstrumntasicrn 2 . x4« {oslan.

MISSTON ENVIRONMENTAL CRITENIA

Tc define the major ~nvir. nmen*al rentraints from the lez{gn ar-a
through fabrication, testing, laur b ard terminating at the plane’
surface.

CONCEFTUAL DESIGN AN TNTEZRATION

To r«late ard integrate the - tteystem 1! ny-tem olements of the
spa-ecraft, probe and space sehicl:> ir* . conceptual over-1ll issigrs
to demenstrute And support tne eucit i iy of Lne proposed mission
concept. This will fnvolve -drai-ing tarcic ccaponent ani subays‘em
chari:terlistics from ~ach ap; ~orrias~s task arex, conceiving and
{ntegratins all =~lements of “h: spa-»craft, prote and space vehicis
into an optimum arrangemesnt {n ac-crianc~ with *hermel, environment.l
and other considerations, estanlichiny over-all weights - be

u! lized fn amlszicn jesign, et~

OPERATIONAL ORBIT DET=RMINATICON CAPAHILITY

To study the capablility of expest~i “ra~king systems tc provide the
required data for orbit dete-ainatlcn, th- accyracy with which *ne
state vector and crtital perimetar: .an be determined with var:ii us
amounts of traciking Jdata during : various earth-planet geome'ries,
{ncluiing the effect of uncertaintys in thes planetary gravira’ nal
field and the presence of moons at it Mars; relationshlp of such
uncertainties to mis-icn des gn an* the ability to satisfy the
missfon -riectives; de?initicn of por«ible improvements r-qut & in
tracking systems or orbit determination programs.

COBT ESTIMATES, CONTRACTUAL CONBIDEHATIONS, MANPOWER REQUTREMENTS,
SCHEDULES

To fcrmulate and estadlish for the selected mission over-all cost
estimates; contractual documentation and coordination aspects; review
and outline manpower requirements; ccordinate ard proside over-all

schedules.
%7 &Z‘/"v

Clifford H. Nelscn
Study Manager
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NATIONAL AERONAUTICS AND SPACE AIMINISTRATION
Working Peper No. 483

A BUILDING BLOCK APPROACH TO MARS AND VENUS PLANETARY MISSIONS
IN THE 1979'S UTILIZING A MODULAR SPACECRAFT
By Flight Vehicles and
Systems Division Study Team

SUMMARY

A program for planetary missions to Mars and Venus in the 1970's which
uti{lizes the Titan family of launch vehicles and a spacecraft modular concept
to promote maximum commonality between missions is defined in the paper and
is outlined on figure 6. It is felt that this program outline can be used to
pinpoint various technology areas requiring development so that the lfrdtime
required for future planetary missions is minimized. i

The Titan III-C* was selected as the launch vehicle for missions to Mars
and Venus {n 1971 to 1975 opportuniti=s. The Titan III C suppl’es sufficient
energy to orbit a 1,400 epacecraft (150 pounds of science) and, depending cn
mission, to carry a 150- to 300-pound probe to investigate the atmosphere.

These orbiting spacecraft can be made up of instrument and propulsion

modules with much commonality; additiona. propellant tenks would be required

for the Venus missions. This spacecraft modular approsch can be extended to

*For the purpose of this study, the following desigxnations are used to
describe various Titan launch vehicles:
T III-C Basic Titan with two five-segment strap-on solid motors and the
Transtage.
T 11I-D Same @8 the T III-C except no Transtage.
" T III-F Seme as the T III-D except solid strap ons are seven-segment
instead of five-segment. The T I1II.F is the non-man rated
complement of the Titan III-M.

- e vr——————————
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the later missions when 8 higher energy launch vehicle and lander are phased
into the program.

Ssturn V and Titan III-F Centaur are satisfactory candidate launch
vehicles in the 1975 to 1977 opportunities. A Titan III-F Centaur vehicle
can be staged and hammerheaded to carry 8 %,000-pound capsule bus into orbit
for separation and landing.

This program allows each succeeding mission to build on the technology
of the preceding mission, thus minimizing development costs and enhancing
reliability.

INTRODUCTION

In order to provide & basis for the definition of the required technology
$0 support a planetary exploration program for Mars and Venus in the early
3970's which demonstrates steady growth to the landing of & surface laboratory
gystem planned for the late 1970's, a study was conducted to detarmine payload
weight allocations and general planetary vehicle configurations using the
¥itan III-C launch vehicle. In particular, an attempt is made in this paper
to deiineate mission parameters such as launch dates, energy requirements,
orbit dimensions, etc., and to show, through conceptusl drawings, the modular
concept permitting commonality between missions and growth capability.

After revieving launch vehicle payload capability as supplied by Lewis
Research Center personnel, the Titan I{I-C Transtage was selected as the early
mission vehicle on vhich the study would be based. The problem then was to
select an ordbit vhich would utilize a minimum of propellant for orbit injection,
vhile permitting relatively close observation of the planet for a long period

of time from an orbiting spacecraft. Ortits of the order of 1,000 x 20,000 to

2



1,000 x 30,000 lm appeared to best satisfy thes: requirements and were
therefore se.ected as parameters,

With aveilable payload information, {t was then possible tc determine the
planetary vchicle weight, propellant weight, and arbiting (dry) weight. Froe
these data, trades were developed which demonstrate allowable weights for
deployed prooes; consideration wes given tc deploying probes both “om orbit
and from spproach prior to insertion of the spacecraft into orbit. This weight
breskdown ves g: ierated on the basis of three different spacecraft weights -
1,200 pounde, 1,300 pounds, and 1,400 pounds - and resulted in various probe
velights.

In the preparation of a conceptual design of the spacecraft, an approach
vas selected to permit maximum utilization of common systems between missions.
A moduler concept permitting growth and commonality was made the objective of
the design; this objective was to be realized by changing only the propulsion
Boduly and capcule sizes as the allowable mission weights increased.

The performance and weight data contained herein were developed on a
Binimum time basis and are therefore presented as approximate values. This

imormation, hovever, is valid for illustration of concepts and approach

techniques.

SYMBOLS
C} tvice the total injection energy per unit mass ():nz’/aec‘?)
v velocity (im/sec)

hyperbolic excess velocity at launch (km/sec)

o

hyperbolic excess velocity at encounter vith target planet (km/sec)

B
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av

Subscript
E

431

spacecraft not including probe

velocity iicrement required for spacecraft velocity change
including orbit insertion (km/sec)

gravitational acceleration (ft/sec?)

attitude control system

mass/(drag coefficient x cross-sectional area)

Mach number

angle of attack (degrees)

flight-path angle (degrees or radians, measured negative downward

from the local horizontal)

entry conditions
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RESULTS

A. Misslon Requirements

An analysis was made to determine the pertinent missior. parameters for
missions to Mars and Venus in the 1972 to 19/ opportunities. These parameters
are tabulated {n table I. The launch energy (C3) required in each of the
opportunities {s shown which determines the planet payload for the various
launch vehicles. Also tabulated is the planet approach velocity (V,) which
defines the propulsion requirements for orbit. Finally, the ratio of spacecraft
weights, befcre and after orbit, is given for representative orbits of
1,000 km x 20,000 km and 1,000 ke x 30,000 km.

The results of a parametric study of planetary vehicle system weights for
the various opportunities compatible with a Titan III-C launch vehicle are
given in tables II and III. For various weight spacecraft (orbit weights of
1,200, 1,300, and 1.400 pounds), table 1I defines the propellant requirements
for £ 1,000 x 30,000 km orbit and shows the net weight available for probe(s)
either separated on plsnet approach or after orbit has been obtained. Table III
gives similar data showl: g fhe effect of tightening the arbit to
1,000 x 20,000 km.

B. Probes

While it is ant!cipated that any probe will be configured to fit the
particular mission insofar as weight and volume are involved, several atud'cs
have identified probe sizes and veights required to accomplish specified probe
objectives. These probes are summarized in appendix A and were designed for

the following functions:
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1. Ames/AVCO Probe for Venus and Mars - a 125-pound probe to make indirect
measurements cof the atmosphere.

2. Buoyant Venus Station for Venus - a 500-pound probe system to result
in a balloon hovered station for direct measurements of the atmosphere.

3. IRC Parachute Probe for Mars - a L40-pound system for direct measure-
ments of the atmosphere.

4. JPL Probe and lander for Mars - a 340-pound system to make indirect
measurements of the atmosphere and put 5 to 10 pounds of science in & semihard
lander.

These probe data can be used in trade analysis where the urobe weight can
be evaluated against spacecraft weight and -bit definitilon. If probe data
are of a high priority, the spacecraft weight can be reduced and orbit
eccentricity increased from the data given {n tables I, II, and III.

C. Spacecraft and Vehicle Conceptual Design

Spacecraft wvere configured for the various opportunities with a design
goal to utilize common modules as much as possible. In order to evaluate the
dynamic envelope restraint of the spacecraft with various size capsules, studies
were made utilizing dynamic envelopes of 100 inches (atandard Titan), 170 inches
(hammerheaded Titan), and 240 inches (Saturn V). It was found that the
100-inch dynamic envelope was satisfactory for the early missions although it
wvuld require solar panels to be stored in a compact folded package and would
limit the probe diameter to about 5 feet. The 170-inch envclope wuuld be
required on the Titan growth mission where the shroud wouid be hammerheaded
and a large capsule ca.ried. The 240-inch envelope is required for the full

Voyager cepsule of 19-foot diameter which is cansiatent with Saturn V
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Jaunch capability. These spacecraft, planetary vehicle envelopes, and launch

vehicle integration sre shown on figures 1 through 5.

100-Inch Dynamic Envelope

As shown on figure 1, the spacecraft propulsion module is basically a
tubular truss structure with an aft ring which interfaces with the launch
‘vehicle adapter and provides the separation plane for the planetary vehicle.
A forvard ring provides the field joint for mating with an eight-point tubular
truss adapter which terminates in a rielgl Joint at the aft end of the instru-
mentation module. The propellant 1s contained in four spherical tanks which
are sttached to the basic structure of the propulsion module. Two cylindrical
By pressurant t:nks are provided and are located diametrically opposed and
nested between the propellant tanks. A 300-pound thrust engine is gimbaled
and supparted by tubular members which are mounted to the aft ring of the
module structure. This engine could be a scaled-up version of the 100-pound
thrust Lunar QOrbiter engine or an engine developed for another program. Should
this engine not be developed, the 100-pound engine could be used and turned a
longer time although this would be less efficient. The reaction control
thrusters would be outrigged near the aft end of the module structure at the
longitudinal center of gravity of th- system. The tankage displayed in this
configurstion is adequate for a Mars 1473 mission and by simply replacing the
spherical propellart tanks with cylindrical tenks having the same diameter as
the spherical tanks, sufficient propellant for a Venus 1972 miasion can be
accommodsted. Two additional Ny pressurant tanks can be provided in the
two diametrically opposed void spaces provided vhich are not used for the

Mare mission.
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The :nstrumentation module, which is octagon shaped, 1s 60 inches across
the flats and 19 inches high. Approximately 30 cubic fect of storage volume
is provided to contain a!l proposed ACS electrontcs, spacecraft science, data
handling, telecommunications, data storage, batteries, programers, etc. This
module is designed as a common module, capable of satisfying the requiremente
aof a Mars or Venus mission, a8 well as a Voyager mission. The vidicon require-
ments of a Mars mission are satisfied by mounting the three-camera pack, on a
scan platform, exterior to one of the module's flat surfaces. The vidicon
package is envisioned as a self-conta.ned, therwally controlled bolt-on module.
For a Venus mission where fever cameras or different cameras may be required,
the Mars video aodule could be replaced by one tailcred to the Venus require-
ments. The steerable 0-foot diameter, high-gain antenna can be stored parallel
to the longitudinal axis or, by using a longer boom on the antenna, it could
be extended forwvard in front of the probe. The solar panels must be stored
in a compact folded package and deployed subsequent to shroud ejection. The
{nstrumentation module is basically a tubular truss structure terainating at
8 ring on the aft end vhich provides the field Joint interface with the propul-
sion module. A forwvard ring provides the field Juiat interfece with the probe
adapter. Internal structure is provided for instrumentation mounting, and the
total module is covered vith a metal skin to provide a thermal compartment.
Figure 2 shows this apacecrafi integrated with a probe, shroud, and the

Tital III-C launch vehicle.

170-Inch Dynamic Envelope
The same propulsion srodule as previously described is shown on figure 3.

Eovever, there is clearly more volume svailadble for tank extension should a

B e
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larger and heavier capsule be used within this shroud rest-aint. The instrument
nodule is identical tc the unit previously described. The added volume eases
the problem of the mounting of the solar panels and the antenna. The steera e
6-foot diameter high-gain antenna {s attached near the aft end of “he instra-
mentation module and utilizes an extendable boom for deployment tc a position
outboard of the probe. A fixed solar panel ring extends outboard from the aft
face of the instrumentation module, and mou~ted at the periphery of the fixed
panels are eic:, deployable panels which com“ined can provide about 200 square
feet of solar panel area. The experiment arrangement for a Mars mission is
shown on figure 3.

Figure 4 depicis the most advanced planetary vehicle concept envisioned
for & Titan launch. Shown is a 4,000-pound, l4-foot diameter capsule
(12,000-pound total planetary vehicle veight) adapter to # Titun III-F Centaur
vith a hemmerhead shroud which is 180 inches (n diameter. This Titan [II-F
launch vehicle ic defined as two seven-segment, 120-inch diamever solid rocket
astors fo the zero stage with two liquid core etages. The first ctage is
stretched about $ feet and employs *wo englnes with a 15:1 expansion ratlo.
Itis the non-man rated complement of the Titar III-M. The spacecraft orbiter
utilizes the common spacecraft instrument module in conjunction with a mission

designed propulsion module.

240-Inch Dynamic Envelope
A larger propulsion system, the LIM engine, is used in the configuration
shown to accommodate the larger weight associated with Voyager. The com~on
instrument module is compatible with this concept and is adapted to the larger

capsule and propulsion unit. A significant increase in volume is also evident



and 1s used for storage of a steerable 6-foot diameter high-gain antenns,
288 square feet of solar panels and other equipment which may be necessary on
later eissions. The capsule shown in this configuration could be any of a
variety of 19-foot diammeter €,000-pound capsule concepts whizh evolved during

Voysger Phase B Study.
DISCUSSION

A. Mission Designs

An aralysis o' the mission parameter data (table I) reveals that energy
requirements for Mars missions in 1973 and 1975 are nearly equal; Mars 1973
requires about 5 percent more propellant to obtain orbit. The Venus 1972 and
1973 have high approach velorities and low C5 requirements wnen compared to
Mars. This means a largsr payload can be sent to Venus but & high penalty will

be paid for orbiting the spacecraft since a large AV wvill be required.

Mars 73 and 75 - AV ~ 1,500 km/sec
Venus T3 = &V~ 2,000 km/sec

Venus T2 - AV =~ 3,000 im/sec

As can be inferred, the orbit of Venus in 1972 requires approximstely
twice as much propellant as for Mars and 50 percent more han Vemus 1973.

Table 1II shows that a Titan III-C vehicle will send about 2,500 pounds to
Mars in 1973 or 1973 end about 3,600 pounds to Venus in 1972 or 1973. A
1,400-pound spacecroft has been estimated (see table 4) for the Mars missions
including about 150 pounds o science as shown in figure 3. Using this weight

as e ﬁlh, it 1s nov possible to investigste the trades among propulaion

10
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veight, probe weight, und orbit geometry., For both Mars missions, 1’ eppears
reasonable to select a combination of & 1,400-pound spacecraft, 1,000 pourds
of propellant, and a 12 -pound Ames/AVCO probe released on plane. approach.
For Venus, it appears advisabie to loosen the orbit slightly to reduce AV in
order to gain some weight for probe experiments in 1672. This i{s dictated by
the planet's dense atmos-here which is of fnterest to the scientists, plus the
cioud cover which restricts 8 photographic missioa. It 18 felt that a
300-pound probe, relessced on appEcc.n, could carvy a minimum instrumerted
parachute payload to make direct measurements while s’ cwly descending through
the dense atmosphere. This 3X-pound probe added tc ..e standard 1,400-pourd
spacecraft would allow a net of 1,300 pourds of propellant which is sufficient
to ortit the spacecraft ir & 1,000 im x 40,000 km orbit. Fo: che 1973 oppor-
tunity to Venus, the approach velccity i{s reduced and, thus, 1t would .
possible to fly & heavier prote such s the buoyant station and/or to tighten
up the orbit.

A Mars 1971 mission was analyzed. The darwa are not included herein since
1971 reprerents a much more fevorable opportunity than 1973 or 1975 and, in
any event, the mounting of a more sophisticeied missicn tn 1971 than for 1973
is not contemplated.

The possible giowth of the Titan vehicle to transport a ~aipsule bus capalle
of soft landing a surface laboratory system vas investigated. The finding wves
that & Titan IXI-F Centaur vchicle cculd be developed which would bte capable of
sending & 12,0C0-pound payload to Mar: in 197°. This paylioed allowance would be
sufficient for orbiting & spacecraft with about ¢ 4, D0-pound capsule bdus.

This cepsule dbus would be separated in nrdit for a laniing on Mars.

1l
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B. Growth and Commonality

The growth and commonality aspects of a planetary vehicle associated with
the Titan class lauach ve'.icle {s {llustrated (n figure 6. A suggested program
utilizing & modular concept is outlined which maximizes the continui~g developing
technology sc as to reduce the cost of new starti programs and develojwents.

For 1971, 1973 Mars and ! /2, 1572 Venus missions, the basic building block 's
s 1,400-pound common epacecraft. This . wcecraft consists of two modules:

(1) an instrument module and (2) a propuls.on module, with a maximum of common
subsystems. Additional Lanks and propellant are added for the Venus miss{on
but the same propilsion system s utilized. An appropriate probe is mated to
the spacecraft and the planetary vehicle is mounted on the Titan III-C launch
vehicle within ‘-« standard 10-foot shroud.

Crowth to a lander in 1975 or 1977 is indi{cated conceptually with various

spacecraft propulsion modules substituted as shown. Hammerheading ‘he

Titan III-} Centaur will allow the incorporation of a large diamet.r,
4,000-pound capsule bus; hammerheading has been investigated in wird-tunnel
studies and i{s not anticipated to be a serious problem. The use of the

Saiturn V vill allow the use cf the 19-foot diwmeter, 6,000 capsule as previously
envisioned for Voyeger.

Elther lsunch vehicle woull allow the capsuls bus to be released out of
orbit so as to minimize the near Mars velocities faor atilization of sbout &
Mach 2.0 parachute as an serodynamic decelerstor. The Saturn V, i. sddition
tu incorporating & heavier capsule bus, would sllo. for th. trans jorting of

tvo planetary vehicles per launch. .

12
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C. Unresolved Fundamental Issues

The study outlined in this paper is based primarily on the theoretical
performance of various Titan launch vehicle configuretions. Little consideration
was given to detailed irterface problems which may exist between payload and
launch veticle or between payload and launch facilities. For this reascn,
several basic areass of interest are [ lsted below which require resolution to
eva uate the feasibility of the overall program. No attempt is made to resolve
these questions within this paper.

1. The structural cepavpility of the Centaur may be exceeded with a
12,000-pound payload and/or a hammerhead shrouvd.

2. Thus rar, launches of the T III-F are planned only for the Western
Test Range.

3. lsunch facilities may not have the capacity tc handle the cryogenic

propellants used by the Centaur.

13
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TABLE IV.- PLANETARY VEHICLF WEIGHT SUMMARY (MAT )

INSTRUNENTATTON MODULE

Structure

ACS Rlect.

Programer
Telecommunicat ions
Pover

Thermal Control
Probe ..elay Hquipment
Mechanisms

Science

Total
PROPULSION #0DULE
Rructure
Velocity Control Inerts
ACS Inerts
Thermal Control
Separation and Mech.
ACS Gas
Dry Total
ORBITING S§/C WEIGHT

Propellant
Probe (Direct)

AIDITIONS FOR VENUS

Propellant
Probe (Direct)

100
30
290
20
120
$20

200
120
50
30
50

480

1,025

™
17

$/C with Fropellant Total

Total Separatcd from L/V

(Totxl Probe = 300 pounda}

Total cevarated from L/V

920

17
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APPENDIX A

PROBES FOR MARS AND VENUS
1970 - 1973

SUMMARY

This report is a brief summary of possible probes for atmospheric
investigations of Mars and Venus. The basic concepts of the probes with
pertinent technicsl information are presented. Table I-A gives the weight
allocations fur the various missions consicdered. Table II-A shows the
eap-tibility of the probe systems with these missions for a minimur weight

spacecraft.
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PRCBE DESCRIPTION
Code Letter A
AVCO/Ames Probe
Application: Mars and Venus
Probe System Weight 125 Pounds

Entry Shape 110° Blunt Cone; 3-Foot Diameter

Entry Weight 50 Pounds m/CpA = 0.167

Instrumentation ' Weight
Accelerometars 1.8
Pressure and

Tempersture 3.5

Rediometer 2
Mass Spectrometer 9
. 16.3

Transmitter: 20-watt relay to $/C 10 to 1,000 bpe

Data period 20 to 60 sec (Mars)

20
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300K
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PHOBE DESCRIPTINN
Code lLetter B
Buoynr® Venus Statior
Application: Vernus
Probe System Weight 500 Pourds
Entry Shape 120° Blunt Cone; €-Foor [1ameter

Entry Weight 39¢ Pounds Buoyant Station Weight 200 Pounds

Entry Inatrumentatjon Weight
Acceleromrters 2
Pressure and

Temperature: L
Rr 1iometer 2
8

Buoyant Gtation Instrumentation Weight
Temperature 1
Pressure 3
Composition

Hp0 1.5
» 1

Op 1.5

A 1.5
Cop 1
Demnsity _3

13.5

™o (2) Drop Sondes Weight

Temperature 0.%

Pressure 15
R20 1

3.0

BVS Transmitter: 5 watt 30 bps; command relay to 8/C

Data period 7 days
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PROBE DESCRIPTION
Code letter
LRC LWP-328
Application: Mars
Prcoe System Weight L4UC Pounds

Entry Shape 120° Blunt Cone 6-Foot 9-Inch to T-Foot 6-Inch Diameter

Entry Weight 340 Pounds m/Cra; 0.25 to 0.15

Instrumentation Weight
Temperature 0.9
Pressure 1
Accelerometer 2
Radar Altimeter 8
Mass Spectrometer 9
Penetrometer 8

28.9
Transaftter: U40 watts relay to S/C, 260 ‘ps

Data period 140 to 300 sec
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PROBL DESCRIPTICN

Code Letter D
JPL EPD 427

Application: Mars

Probe System Weight 340 Pounds

Entry Shape 1°0° W4lunt Cone €.5-Toot Diameter

Entry Weight 180 Pounds

m/CpA = 0.12

Lasder Weight U5 Pounde, lb-Inch Sphere

Optional landers

Probe instrumentation | Wetght Lite T I
detection Environmental Atmospheric
Accelerometers 1.9 |Gulliver 4 1b [Wind 1 b Mass spec. 8.0 1b
Pressure 1.5 | Pres. 1 lb{Pres. 1 1db Pres. 1.0 1%
Temperature 1.5 | Temp. 1.ib | Temp. 1 lo Temp. 1.0 1b
61b [0 1.7 !b 10.0 1b
Mass spectrometer 8.0 "g" 1 1b
125 Op 1.3
7.0 1lb

; Jbe Trensritter: 8 watts, 500 bps, relay to S'C
wnd e : 3 watts, 1 bps, direct Earth

Ertry Data Period 20-2%50 sec
lander Data Period 1-2 hours

-
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SLV 3C~Centaur

T 111-C

TABLE 1I-A.- PROBE COMPATIBILITY

Mars Venus
1971 1973 1970/72 1973
Orbiter | F/B | Orbiter ] F/B | Orbiter | F/B | Orbiter | F/8
s/c | s/c s/c  is/c s/cC s/c s/c s/c
"
£3 l
o0 A A
5&
- .

v A A A A A A
g‘é c ¢ B B B
ak D D
e A A A A
%8 c c B B
& D D
z 1
g8 A A A A A A A A
£° ¢ c c c B B B B
.‘2‘& D D D D

5-hour orbit
1,000 ¥ 33,500 kn

bo-hour orbit
1,000 x 97,500 knm
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SELECTION F A PLANWTARY VinITI™ ANL
LAUNCH VEMICLE FOK A TITAL [I1 .0 "TAZD
MAKS MIGSINH

SUMMARY

Described within *his papr: are the res.i*s of a study ~cnducled to
establish & realistic ard sigrifi~ ot nussion te “te planet Mars 1n the m:d
197C's using a Titan II1 F veooster. Previrus studis~s rave shown trat ‘re
Titan 111 C, with Transtage or Agena, i3 welgh* arl v rformance L.r.ted. Th.s
wveight limitation results in designs specificully -i1varie for e rassisr
with little potentisl for use ¢f c rmonality 0 harcwure and growrn tor later
missions. This study indica“es -nat tre Titar T17 : <ith a Centa:.r upper stage
provides the perfovmance capabtility %o allew Lo xitil{*, of miscion design n.d
logical growth {rom a Mars entry probe t. a e°t. land+d surfuce rover The
concept provides for an entry capsule with a lL-fco*. liameter aeroshell which
{8 comuon to all missions. Thre caps.le car be loaded trom 2000 poinis to
LOOO peunds to successfully provide a prote m.ssion, & lander mission, and a
rover mission for 1973, 1975, and 1977 opportirities, respectively. This
design concept also provides the Cpport it I r a-~elerating the more
ambitious l\ander and rover missions to an earlier cpportunit, if *the
Justification and funds necessitate this course of - . Also. the same
1k-foot diameter capsule system can be cdepted te © *n V laarch vehicle
for later nissions if this is desirable.

Thie study indicate. that the original Joyiler ot lectives . ight of
sclentific {nstrumentation) can be accomplished with a - <° . .y 5000 pounds
of hardware (spacecrart «nd capsule systems) versud .hc | . W to 12,000 po. \ds

pruposed for Voymger Ssturn V concept. This reduct‘on i{n hardware weight and



use of the lesc expensive Titan I11 F Centa.r booster ehould result in a

sutstantial overall progrum ccst reductiorn

INTRODUCTTON

To date ceveral studies hav¢ *ror -~ ndictel *o delineate and solve the
problems associated with tne exec.*ion .0 o =sucregsfil entry missions to Mars.
These provlems irclud~ aerodynamins, gudar:~ ard rontrol, propilsion,
comaurications, etc , as well as c-neept.al 1 s.2r, packs,ing techniques, and
mission mode analyses. Amonrg the s5tilles pertfor ! (. tnrec task areas ar~:

1) AV(O Corporation's stidy 7 a Pr ve 'le~der w. . (&) inves'igated
eatry problems for capsule sepurat!_:r frem planet appr ncern and coi*-of-ortit,
(b) evaluated Satury LB ard 3aturr. V as la.nch vert-les, and (c) selected
science (inclvdirg TV) for entry and sirfare da“a aejuisiti o,

2, Llangley Regearch Certer's team s*:i: 2f *he Voynger Capsule which
(a) made subsystem trads.offs and seiecti.ns for a Saturn V mission,

(b) deline? a baseline mission mode for tre L1373 Veoynger, and (¢, eval.ated
growth ond commonality of subsystems for .7973 - 197",

3) McDonnel and Martin-Marietta C.rp rations' Voynger Phase b Studies
which Diruinicd 2d4itional backgro.nd and aralyses, These stidies evaluated
the overall Voyager progrem in crder to select 8 pre ferred mission mode and
& ~upsule design. In-depth analyses of the various aspects of the 'igion
vere required in thrse studies to clearly defire each phase of the mimsion
and each component of the capsaule

The work performed in thesc studies nas provided the information to
define the overall mission mode as vell as the capsule descent mode, the

latter of vhich is shown in figurees 1 and 2. Although these studies have
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demonstratet the *ecrrical feasibility f Caturn V launched Voyager/Mars
missi ns i tre 1373 - 1973 time period, tle cost asmrociated with such o
progran mak~s evalu:..on of alternate miseicns sdvisable, For thic reason a
stud; of mise!_ng whicn would te compatible wi*r tot:n sclentific objectives
and lesser budget requirecents was tnderta.en. The data cont,tned within

this pap: r reflect the efforts of this s5*.ady.

PRESENTATINN CF LATA

in order tc dufire *re planetary .ehicle (I' ) *he science objectives for
the capsule and spacecraft were first eswnilishel; then the capsule -1d
spacecraft which would s pior* e scisieor o g .ipment were defined; and firully,

the orbiten. insertion pripule! n modile wvas Jafined.

Capsule Weight

Based on this metnod Of app-osrch three ~npsile. f varylng sclenti®f-
capability were defined. These caju.les were or the cO000, 3000, anz Lov-p -4
class. Figure 3A fllustrates tne type A minnii n acticipated £ rhe
200C-pund capsule. Langley Hesearc: Ce-ter's Fianetary Missions Tecn: logy
Steering Committee hue defined the sclence ‘ratr _gruts for mhe entr, portio:
of the first Voysger mlagiosn putting empnasis on ~utainl~g atnegphieric data
and surface pictures. This packaye, whic'. would cearr to onerate after {mpact,
would weigh approximatel; LOO0 pounds diuring parachute d«scent and w, 'ad
include 8C pounds of scierce.

Flgure B {llustrates the capatill®; of a 3000-pound caps.le. 1This
concept reiains the 80 p unds of entry « ‘lence eq.u!pment, us used in the

2000-pound capsule, with a 1600-pound soft lander Of the 160D pounds,

var
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170 pounds are the science equipment defined by JPL for the Voyager SLS. The
reat of the 1600 pounds is required for structure, thermal control, descent
propulsion, communication, etc.

The most ambitious concept is shown schematically in figur:z-3C. This
figure represents the incorporation of & rover vehicle into the capsule. This
rover, with its 220 pounds of science equipment, permits data acquisition &t
points remote to both the lander and the propellant contaminated planet
surface. The 80-pound entry science package is again retained on the lander
in this concept making & total science pacwage of 300 pounds.

When selecting the science packages fo. the above capsules, an attempt
wvas made to achieve the same scientific obJectivéa in these Titan launched
missions (3000- and 4000-pound capsules) as vere planned in the larger
(5000- and 7000-pound capsules) Saturn launched Voyager missions. To
accomplish this within the lesser weight bounds, the prior separation of
capsule bus and SLS systems was abrogated and the systems integrated into
common power sources, communication links, etc. As a result of this decrease
in equipment and weight, ii was possible to package the required equipment
into a smaller volume; this, in turn, reflected in weight savings in pany other
areas. Figure L shows the weight savings which allow the 1973 Mars mission to
accomplish Voyager objecti2s with a 3000-pound capsule instead of a
5000-pcund capsule. A complete and more exact weight dreakdown for each of

the three proposed capsules is shown in figure 5.

Capsule Sisge
Having based this study on the Titan III F class of launch vehicle requires

that not only the capsule weight be reduced significantly, but that the capsule

dismeter be similarly reduced. In order to keep ballistic numbers (m/CpA)
'y
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compatible with those found optimum for the Voyager program the diameter of
capsules considered in this study were reduced to & value which would yield
an area approximately one-half the area of the Voyager (19-foot diameter)
aeroshell. Thus, by reducing the weight and area both by approximately
the same factor (2), the ballistic number remains the same as Vcvagar's
permitting utilization of present Voyager technology. This comperison of
capsule sizes is shown in figure 6; on this basis, selection of a 14-foot
diameter aeroshell with 2000, 3000, and 4000-pound capsules is made,

To check the required altitude-Mach number relationships of the above
capsules for low altitude atmospheric descent, trajectories were computed
and the data plotted as shown in figure 7. These data show that parachute
deployment falls withic the established guidelines including & requirement
for deployment above 10,000 feet to permit the landing radar to lock-on the
surface. This wode allows descent propulsion, where used, to burn a
sufficient time and effect a soft-landing on the surface. Entry conditions

shown on this figure are considered to be nominal for missions as presently

envisioned.

In establishing the weight of the epacecraft, the sape guideline was
used as for the capsule; that is, identification of the science first.
Figure 8 shows the results of spacecraf: weight studies which have been
prepared by several sources. The taree Voyager spacecraft contractors shown
are the Boeing Company, TRW, and General Electric; the Langley Planetary
Explovation Program Study Team 18 coaprised primerily of personnel from the
Lunar Orditer Project Office with assistance from some specialized personnel
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from other divisions at Langley Research Center; and the current weight
allocation columns represent the science requirements established by the
authors of this paper.

Three main areas of investigation have been selected by most study groups
as being critical to the mission. These include topography, atmospheric
defirition, and field and particle data; instruments to examine these areas
are given in the second column of figure 8. Imagery has teen given increased
importance in the first (1973) mission primarily es a result of the success
of Lunar Orbiter. To provide a significant mission in this area, 300 pounds
has been allocated which would permit the use of & sophisticated film system
with vidicon backup. Such a system wouid prcvide SO feet of 35 mm film with
selected readout. In the event TV is preferred, the weight availability exists
to provide any of a variety of combinations of medium and high resolution
cameras or a reducad capability film system with a different vidicon backup
system. It is anticipated that the imagery capability would be reduced
considerably in later missions. Other weights shown in figure 8 also reflect
the importance placed on the spacecraft for the first miseion in order to
increase the probability of a large return of meaningful data.

Using 400 pounds as the total science allocation for 1973, other
subsystems and components were determined after reviewing current existing
data as shown on figure 9. These subsystem weighta, which represent the entire
spacecraft veight excluding the orbital insertion propulsion system and
propellant, established the current sllocated weight of 1700 pounds.

.
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Propulsion Module
Dats from previous studies (IWP No. 483) were used to determine

propulsion requirements. These data, shown in figure 10, are conservative to
provide sufficient capability over a reasonable range of requirements.
Utilizing these. data together with a desired useful orbiting weight in
1973 of 5500 pounds (1700-pound spacecraft + 3800-pound capsule), the weight
of the propulsion module, both: hardware and propellant, was calculated. This
1975 weight is shown in figure 11 ard the off-loading of propellant for the
better 1975 and 1977 opportunities is indicated. It should be pointed out
that the propulsion engine and tankage is common for all three missions and is
based on the requirements of the most demanding mission. Therefore, the total
orbital insertion propulsion weights are 5000, 4790, and 4700 pounds for 1973,

1975, and 1977, respectivaly.

Iaunch Vehicle

Now that weights for the capsule (3800 pounds for 1973), the spacecraft
{1700 pounds! and the propulsion module (S000 pounds) have been established,
the launch vehicle can be selected vhich has the required capability
{10,500 pounds to the planet).

The data shown in figure 12 are a cbnpilation of booster capabilities as
supplied by the Titan booster prime contractor - Martin Murietta Corporation.
Six combinations of Titan III F, Transtage, Agena, end Centawr are shown in
this figure. After reviewing Martin's data, it wvas decided that the
capadbilities, vhich were optimized in several respects, were slightly
optimistic for the conservative tone of this study. For this resson the
blocked-1n numbers, ss shown in the "Weight To Planet" line of figure 12,

TN T A s sttt drie b Sk e 55
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wvere arbitrarily reduced by 10 percent to the more realistic values as shown
in Tigure 13. Only three booster combinations are shown in figure 13 since
these reflect a cross-section of various Titan III F capabilities. All values
shown are based on 1973 Type I trajectories.

Titan III F/Transtage capability (column 6) permits only a 525-pound
capsule to be carried in 1973; a weight far below the 3000 - 4000 pounds
previously defined.

Titan III F/Transtage/Agena (column 3) permits a total weight to the
planet of 7200 pounds. In this configuration the Agena, which itself weighs
approximately 1570 pounds, has been modified to serve as the spacecraft by the
addition of nearly 1300 pounds of science and support equipment. This vehicle
allows a capsule weight of 1455 pounds - still below the weight necessary.

Titan III F/Centaur (column 5) however, permits the full 10,500 pounds,
a8 established earlier, to be sent to Mars. This configuration puts
6300 pounds in a 1,000 x 30,000 km orbit. This weight includes a 800-pound
dry propulsion module as well as the 1700-pound spacecraft and a
3800-pound capaule which were established as maximum mission requirements.

The Titan III F/Centaur has been selected by this study as the launch
vehicle for the 1973 - 1977 Mars missions., To demonstrate its capability in
the various opportunities, the data in figure 1l sre presented. This figure
showvs that vhile using a common propulsion module for the three missions
progressively heavier capsules may be flown for each opportunity, with the last
two missions shoving capability well in excess of the 4OOO-pound Rover Capsule
described earlier. These last two missions are, however, based on Type 11
trajectories permitting greater weight to be placed in Mars orbit.
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Systems Integration

Of the three capsule concepts shown in figure 3, the rover (3¢) 1is by far

the most sophisticated design and thus presents the greatest challenge in the
areas of packaging and integrating. For this reason the rover configuration
48 selected here in order to illustrate the design approach as vell as
integration into the flight capsule and, subsequently, the spacecraft and
launch vehicle. Figure 15 illustrates the basic size and shape of a rover
concept with major communications and science components depicted in
"black-box" manner. The RIGC power esystem shown represents capability for
considersble mobility as well as a lifetime of seversl months. Figure 16
shows the rover, with the lander, packaged in a li-foot aeroshell and
encapsulated in a sterilization canister. Also shown in this figure are the
propulsion system on the lander, attitude control IYItel;, parachute package
and many electromic cowponents. The lander, which delivers the rover to the
planet's surface, has been designed to land on a slope of 3|t° or less and
ebsorb izpact loads of 20 earth "g's" or less. The loads are absorbed by
attenuators located within the legs.

The en*ire capsule 1s illustrated in figure 17 mated to the 1700-pound
spacecraft and its propulsion module. Solar panels are shown in a stowed
(folded up) position and & louver design on the spacecraft provides thermal
control in ortier to hold temperatures within the desired range. This santire
planetary vehicle is shown in figure 18 attached to the Centaur ana enclosed
vithin & hammerhead shroud of 180-inches diameter. The shroud is tied into

the Titen o prevent the Centaur tankage from realizing any acrodynsmic losd.

. The weight of the planetary v-hicle, hovever, is borne by the Centaur. This

oonfiguratior. is shown in figure 19 with the overall Titan III 7 stack-up.
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CONCLUSIONS

The conclusions drawn from this study are based on the premige that a

1973 Mars mission must make a significant contribution to the scientific

community at minimum cost vhile b:ing the first step in an integrated program.

These conclusions are listed below:

1. The Titan III F/Centaur provides performance capability for mission
@ovth and commonality of hardware.

2. The Flight Capsule diameter of 14.0 feet provides volume for all
wissions.

3. The Capsule could be one of the following:

Capsule Sys. Wt.
a) Probe miesion (Voysger Entry Science) 2340
b) Lander mission (Voyager Entry + SLS Science) 33104
e¢) Rover mission (Voysger Science + 50 Pounds) 4ooO#

&. The folloving common systems should be used for the three

mdssicns (1973, 1975, and 1977):

a) Bioshield

b) Deorbit Propulsion System

e) Aeroshell

d) Padars

e) Cowsunications

£) Attitude Control System

8) landing Propulsion System

Y
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5. The probe mission would permit additionsl weight to be put into
the spacecraft providing sdditional capability in such areas as orbital plane

changes, increased communications, etc., compatible with exteaded imagery
objectives.
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RECOMSTNDED MISSION MODE

i, = 3,000 kn

I4ne of Apsides

Bp = 1,000 kn

Paramsters: T.Ae~ Trus Antmoly of the deordit mansuver
AV «  Deorbit veloeity increment
Sz - Butry Flight-Path Angle
-,Cf = Ballistic coefficient

Desire 1 Min. Propulsion Veight
Shallv Entry Angle Loads Decelerator
Oood lighting for TV
Good Communication Link
Maimm 8/CA

RBesults : AV = 200 msters/seccnd
!u‘o - 2 o
¥z = 16° 21° @ 800,000 feet

aAa 0%
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DESCENT TRAJECTORIES
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REPRODUCIBILITY OF THE OKICHIM

PLANETARY VEMICLE CONG IGURATICY
3000 LB F/C 14 FT DIA AEROSHELL
FIOURS 17
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AND PLANNING OF POTENTIAL MISSIONS TO MARS IN 1973: :“g in

o

GENERAL o S

:'; Py

THIS STUDY SHALL CONSIDER A TITAN III CLASS MISSION TO THE Hry e

PLANET MARS IN 1973. THE OBJECTIVE OF THIS.STUDY IS TO EVALUATE " Evon "

THE BASELINE MISSION SUBMITTED TO THE CONGRESS, AS

TOGETHER VITH ALL PROMISING ALTERNATIVES, T0 PERMIT A MISSION Dﬁ-ﬁgm i

FINITION FOR THE 1973 OPPORTUNITY. THME EFFORT IN FY 1968 IS sace in

INTENDED T ADVANCE THE STATE OF THE ART OF SUCH POTENTIAL L

WISSIONS AND VILL NOT BE DIRECTED AT A SPECIFIC FLIGHT .PROJECT

UNTIL SUCH A PROJECT I8 AUTHORIIZED BY THE ADMINISTRATOR. opyY =

BASELINE MISSION bep. Dip.
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PAGE 2 NASAHQ 148 UNCLAS

. THE BASELINE MISSION INCLPDES THE FOLLOWING:

1 TVWO LAUNCHES IN 1973,

2. LAUNCH VEWICLE TO 3E EITHER A TITAN III X €1205)/CENTAUR
OR A TITAN III C VITH MULTIBURN SPACECRAFT PROPULSION
FOR INTERPLANETARY INJECTION AS VELL AS ORBIT INSERTION.

S EACH LAUNCH VEHICLE TO CARRY A MARINER 71 CLASS ORBITER.
AND A ROUGH-LANDING CAPSULE. THE CAPSULE MAY EITHER
ENTER THE MARS ATMOSPHERE DIRECTLY OR FROM ORBIT.

4 THE 1973 HISSION IS CONSTRAINED i. A. TOTAL PROGRAM COST
OF $385M, INCLUDING LAUNCH VEHICLES. THIS IS BELIEVED

TO BE CONSISTENT WIIH THE USE OF A MININUN-MODIFIED
MARINER 71 ORBITER AND AN 883 POUND CLASS ROUGH LANDER.

‘IME JPL CSAD DESIGN IS TOO SMALL FOR THIS MISSION BUT, IS’
A G000 EXANPLE OF THIS TYPZ OF LANDER.

9. THE SCIENCE OBJECTIVES SHOULD INCLUDE THE FOLLOWINGS
Ao ORBITERS CARRY PAYLOAD SIMILAR TO MARINER 71

,Io MRY VEHICLE: MEASURB ATHOSPHERIC TEHPERATURE.

- PRESSURE, CG!POSI'I‘ION, AND 3-AXIS ACCELERM’IDNn

-c. LANDERs TRANSHIT LIHIT!D XIIAGER‘I AND NEASURE .
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PAGE 3 NASAHQ 143. UNCLAS
ATNOSPHERIC TEMPERATURE, PRESSURE, WIND, SOIL

CONPOSITION, AND SUBSURFACE MOISTURE.

THESE ARE OBJECTIVES ONLY, SUBJECT TO THE ABOVE CONSTRAINTS.
THE FINAL SELECTION OF INSTRUHENTS VILL NGT BE MADE UNTIL
AFTER THE SCHEDULED 1969 MARS FLYBY.

ALTERNATE NISSION

FWSIDERATIONS SHOULD INCLUDE THE FOLLOVING ALTERNATES:

.1« HARD LANDERS, VWITH OR WITHOUT ORBITERS, DIRECT ENIRY

OR OUT OF ORBIT ENTRY
2. SOFT LANDER, VITH OR WITHOUT ORBITERS, DIRECT ENTRY

OR OUT OF ORBIT ENTRY

N ANAGENENT
PROJECT MANAGEMEWY RESPONSIBILITY FOR THE MARS 73 MISSION

SHALL BE ASSUMED TO BE AT THE LANGLEY RESEARCH CENTER. LRC SHOULD

STUDY AND MAKE APPROPRIATE RECOMMENDATIONS RELATIVE TO THE
'WANAGEMENT AT THE SYSTEM LEVEL. POTENTIAL AREAS WHERE JPL CAN
4 .

CONTRIBUTE TO THE OVERALL EFFORT SHOULD BE INCLUDED IN THESE
CONSIDERATIONS. THIS SHOULD INCLUDE SYSTEN NANAGENENT OF EITHER

THE ORBITER OR LANDER. LRC AND JPL SHOULD DEVELOP A +LAN WHEREBY
JPL STUDIES SUPPORYED BY 0BSA APAT PUNDS VILL BE IN BUPPFGFT OF LRC.
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PAGE 4 NASAHQ 148 UNCLA
CONSIDERATION SHALL ALSO BE GIVEN TO THE SIGNIFICANT
INVOLVEMENT OF THE LUNAR AND PLANETARY MISSIONS BOARD IN THE PRO.
GRAM DEFINITION ACTIVITY, INCLUDING THE RELATIVE MISSION EMPHASIS
BETVEEN THE ORBITER AND LANDER.
STUDY CONTRACTS

iT IS REQUESTED THAT THE HEADQUARTERS PLANE*ARY FROGRAH

OFFICE BE FURNISKED WITH INFORMATION COPIES ¢F CONTRACTUAL WORK
STATESENTS AT LEAST THREE WORKING DAYS PRIOR TO THEIR RELEASE [0

POTENTIAL CONTRACTORS. CONTRACTS SHOULD MEET THE GENERAL GROUND-
RULE THAT THEY NUST ADVANCE THE STATE OF THE ART OF PLANETARY
TECHNOLOGY, RATHER THAN BE OF USE TO ONLY ONE SPECIFIC MISSION.
RESOURCES

PLANNING SHOULD BE BASED ON HAVING ONLY THE APPLICABLE APWT
RESOURCES IN FY 68. FY €9 FUNDING OF $20.2 M HAS BEEN REQUESTED.
THE TOTAL RUNOUT COST, INCLUDING LAUNCH VEHICLES, SHALL BE
APPROXIMATELY $385.0 M. |

SCHEDULE AND REPORTING

A STUDY ‘SCHEDULE AND R“PORTING ARRANGEMENT CONSISTENT WITH
EXISTING NASA REQUIREMENTS SHALL BE DEVELOPED JOINTLY BETVEEN LRC
AND THEL MKADQUARTERS PLANETARY PROGRAM OFF ICE.

e et X iy e,

PAGE § NASAKQ 148. UNCLAS
JOHN E NAUGLE ASSOCIATE ADMIN FOR
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Tis coop ey Jo T McNulty, M/S 334
Ly

\

langlay Besearch Center

Kead, ASPO Hovesber 1, 1968
Mr. Joes 8. Martin Jr.

Nosd, Spacecraft St.uctures Sectiom - FYSD
1973 Mars Missicn

With the conclusion of the study pimse for the 1773 Hars Missiom, it
appoars tinely for me to aurxmrizz FV3D's efforts in tlds axes and to
present for your congidaration soue commonts regarding the 1373 nlssicn.

Charts 1 and 2 suzmrize the FVSD effart in-house and supervising
cantructs from the 1964 probe/lander studies to tho present missiom
aole studisas,

Chart 3 {llustrates the rissicn osticns requiring a selection for 1973
and the ftoms iofiuvoncing this de-laione It is ascured in tuis anclysis
thot the eumhasie 1s on 2 lander aisaion and no orbiter science is
required, the oarbiter or flyby smcccraft serves os a lander “"bus” and
relay station. 7The items tearing cn the miseiou oclection are eost,
risk, and compatibility with technology devslopswut.

Chart & dstails the coot Zutllclinas used. Cocts were taken froam ASPO
Progress Report, October 2, l«wd. Chart 5 presents a siiplified untrix
of nisaton options caoving that mission costs range 2260 x 10°

for & ddrect dard lander wit: fl,by module to $300 x for a soft lander
out-0f-0rbit. When tho funding level bag been deterained, the poscaibls
miasions can be dufined fxom this chart.

In like raoner to the cost picture, the relationship of risk to mission
wode is illustratod cn Chart G. In generul, the direct mode repicsents
@ high risk miasion boca:se thers ig ailnimm yoon for error whereas i
the outeaf-orvit mode one can trin the arbit and carefully select decrdit
conditicns for antry. Tuis, in turn, allovs for a shallover entry angle,
mare atoospheric daming, and leos demands on the decelerstor systen.
Chart 7 11lustrates the “elaticuaship betwoen bdallictic meber (B), entry
angle (7%), and ataoepteric precsure © allow parachute deployacnt st

h 2.0 for the outeof-arbit and direct modes. The 3 6 entry corridor
0

well within 20% The 3 (“emtry corridor for the direct mude ie not o
fined and 1s subjoct to how optimisitc ono ia sabout the

opl.ng technology; estimates for maximm antry anczle rangs from

0 Y and above. Capeule hallistic mubers under consideration

are 4n 0.3 t0 0.0 runga. The clart shawvs that, for the '=0rbit

mole, & 5 Wb atacspbere and & B = 0.5 are eocpatible al’ 75 » 20° ard

Mach 2.

for the outeof-orbit mode Lo vell defined; tmximun entry angls can be
wi
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?t-bmammmhmtwb -n-o.sandn
28°. ERven uaing an optimistic maximm .,- 5° for the direcd
iy mode, B oust be less than 0.3 for the V-3 atuospuare; further,
a & b atonosphore is beyond the design range. Conclusion, tbe direct
a0de 48 & dorderline xiseion for B = 0.3

Chart 8 defines the relation batween the wissicn options and the required
teclnology vase. The out~of-crbit soft lander {s a standout by <his
exiterina. It has deen extousively studied and is well understocd. Its
acdo of challaw entry ellowa for the heaviest capsulss and, thus, prepares
& technology base for fituro missions viereas tha direct entry mode could
be & doad end. The mting of the Titan/Centaur coubimation, pesded for
future heavy 7aylonds, is another pluse

In eummation, while realizing that funding may be the overriding eriteris,

1t 4o recommnded that the Titan/Centaur soft lander outecf-orbit be
giver very serious consideratian. Chart 9 summrizes its charecteristics.

Jnmes P, Nclulty
2635, /8 3%

REPR()DU‘CIEg. —
~ LUTY OF THE oy,
- 7t 1S POOR




PR

502

CHART 1

Missions Studied By FVSD (In-House)

A MARS ATHOSPRERIC PROBE MISSION -~ IWP-328
(Atlas/Centaur, Mariner Flyby, and LOO~Pound Capsule - 19T1 Mission)
Presented at OSSA in Washingion, D.C., February 1566.

MODAL AND DESIGN COMPARISONS TOR THE VOYAGER CAPSULE - IWP-326
(Proposed Oit-0f-Orbit Concept with Parachute and Retro Landimg)
Presented at joint OSSA, QART, and JPL meeting in Washingtom, D.C.,
September 1966.

VOYAGER CAPSULE BUS SYSTEM PASELINE' AND MISSION MODE DESCRIPTION -
1973 MISSION N SATURN V; LWP-478

A DESIGN APPROACH FOR A COMMON CAPSULE BUS SYSTEM FOR SATURN V -
VOYAGER MISSIONS ~ IWP-625 )
{Recoumended aystem weight allocations for 1971 Compatibls with
Comuon Subsystem Growth Considerations),

A BUTLDING BLOCK APPROACE TO MARS AND VEXUS PLANETARY MISSICNS IN THE
1970's UTILIZING A MODULIAR SPACECRAFT - LWP-U83
(Ptmmtric Analyses Using Titan III C - IXII 7 For Multi-Missions
With Propulsion Changes on Common Spacecraft)
Transmitted to 0SSA in November 1967.

@IUDY OF TITAN IXI F (CENTAUR'S CAPABILITY TO CARRY OUT A "VOYAGER-TYPE"
MISSION - LWP-S4T
(Revealed Compatidbility of LV with "Voyager" Cbjectives Including A
Rover. Urged Start of Titan/Centaur Mating for Maximum Missioo
Benefits)
Presented at Joint Meeting of LRC's PMISC and Washington Representatives
(08SA and OART). )
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CHART 2

Contracts Monitored By ¥VSD

AVCO Probe er Study (Decezber 1964 - May 1966)
Saturn t0 Saturn V
Eutry from Approach and Orbit
Bard Iander, Descent TV,

Martin And McDonnell Phase B V r (Pebruary 1967 - September 196T7)
Saturn V
Butry froa Orbit
Soft Lander .

Martin Mission Mode (April 1968 - October 1968)
= %itan Family o Bt

Batry from Approach and Orbit
Soft Iander
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Ass Costs ..
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Soft irfoo# -
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Tydy Module (40OF) -
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¢ launch Vehicles
Titan IIX C

Sea III C/Centaur
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CHART 9

Ro” amand Titan/Centaur
2% lander Out-Of=-0rdit

Best Unlerstood Missian

Swallest Risr, Flexible In Operational
Sense -

lowest g's for Instrurent Development

Provides Plastform for Instrument
Deploywment

Less Demanding on Decelerator Systems
Bas Growth Pogsibilities With Sanme
Technology
BUT

Righest in Cost - $360,000,000

B e
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CONCLUSIONS

There are no primary flight capsule concept differences re-
sulting from the selection of mission mode. Both the direct and
out-of-orbit modes are equally feasible, although the direct mode
entry envitonmcnts ave slightly move scvere. The main differences
between the modes arc concentrated ia the flexibility and con-
fidence in mission opcrations. The specific conclusions are tab-
ulated below and on the following page.

Out-of-orbit mode recommended.

Of the point designs studied, Conf.guration 1B (10.3-[: aeroshell,
BE = 0.35) is recommended,

Titan I11IC/Centaur launch vehicle required for either mission mode
vhen orbiter science capatility is desired.

Bulbous shroud required for ditect mode, and probably required for
out-of-orbit mode when using a Mach 2 parachute, VM atmOpshere,
6000-ft terrain height, and 10% margins.

Targeting capability is the same in eithcr mission mode when con-
sidering only rlight protile constraints. However, superimposing
any time or orientation constraints aecreases the direct mode land-
ing ezite selection flexibility,

Accuracy of atmosphere structure determination not significantly
different between mission modes,

Science, propulsion, telecommunications, power and pyrotechnics,
and thermal control (autonomous capsule excepted) subsystems are
not affected by mission mode choice.

All subsystem components are erther present state-of-the-art tech-
nology or can be developed for the 1973 launch opportunity.

Terminal descent and landing radar (TDLR), altitude measuring
radar (AMR) antenna, inertial measurement unit (1.fU), engires,
isotope heaters, sterilizable batteries, sterilizable solar cell
adhesives, aerodecelerators, and certain science components are
long lead efforts which ust scart in Phase C,

89
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Out-of-orbit mode

Direct mode l

More in-flight mission flexibility
Site survey before separation

Choose for science objectives

Avoid poor capsule surface en-
vironment or adverse veather
patterns

angéting can be to different
site after launch

Checkout with time for malfunc-
tion correction

Second lander can benefit from
first lander's data return

Can fit within 10-ft shroud; use of
a8 Mach 2 parachute allows for no
margins, To provide margins, an
11.5-ft shroud is required

Can fit within 10-ft shroud and pro-
vide margins by using a Mach 5 bal-
lute

Requires additional orbit insertion
propulsion added to Mariner Mars '71
otbiter

Requires'successful orbit insertion
maneuver for successful capsule mis-
sion

1
Can use Mariner Mars '71 orbiter, 1
but at sacrifice of targeting and ,
oroital science objectives

Slightly larger launch vehicle per-
formance margin

More extensive development required
Higher entry environment
More severe base heating

Increased aerodynamic¢ sensi-

tivities to tolerances and
misaligaments

Larger aeroshell and canister

More comprehensive aerothermo-
dynamic test program

Additional and more sophisti-
cated equipment on orbiter for
approach guidance

s 0 e e e
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1.0 PROJECT OBJECTIVES AND DESCRIPTION

1.1 General

The Viking Project is part of a program for the exploration

of Mars with the use of unmanned spacecraft. The Mariner IV initiated
this program by performing scientific investigations during a flyby of
the planet in mid-1965. Mariner '69, Mariner '7T1, and Viking will
continue this exploration program. The Mariner ‘69 Project will conduct
two flyby mi:ssions with Mars encounters occurring in mid-1969. The
Mariner 'T1 Project will conduct two orbital missions to be performed
in late 1371. The Viking mission will utilize the 1973 opportunity to
conduct scientific investigations from Mars orbit, during entry, and on

the surface. This will be the first opportunity in the Mars exploration
program to obtain direct measurements within the Mars atmosphere and on
the Mars surface.
1.2 Project Objectives

The general objective of the Viking Project is to obtain, using
Spacecraft consisting of a Lander and an Orbiter, scientific data which.
will significantly increase our knowledge of Mars with particular emphasis
on providing information relevant to life on the planet.

The Lander surfac? and entry science measurements are of
primary importance in satisfying .tue Project objectives. The surface
msbdsurements are to visually characterize the landing sites, search for
organic compounds, search for the presence of living organizms and
investigate the ability of the environment to support life. BEntry
measurements will investigate atmospheric composition and structure.

The Orbiter science measuremsents, wvhich will be utilized in
@ manner that vwill maximize the usefulness of the landed science measure-
ments, will provide gross area surveillance of the landing area and will
study the dynamic characteristics of the pisnet and its atmosphere
from orbit. 1In addition, the Orbiter will relay data from the lander
to Barth.

The detailed objectives to be accomplished in satisfying the
Viking Project cbjectives are specified in section 4.0 of appendix 1,
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1.3 Project Description
Two Viking Spacecraft, each consisting of an Orbiter and a

Lander, will be used to accomplish the Viking Project objectives. The
Spacecraft will be separately launched by Titan/Centaur launch Vehicles
from the Eastern Test Range during the 1973 Mars lannch opportunity.
Each Spacecraft will be placed into orbit about Mars. The scieatific
instruments onboard the Orbiter will be used to obtain data to aid in
the selection of landing sites for the Lander. After the landing site
has been selected, the Lander will separate from the Orbiter and descend
to the designated landing area. The Lander will make scientific measure-
ments during entry and on the surface of Mars. The Orbiter will act as
& relay station between the Lander and Earth, obtain periodic coverage of
the lander surroundings, and make scientific measurements. The Deep
Space Instrumentation Facility and the Spece Flight Operations Facility
will be utilized for tracking, command, data reception, and control.
1.4 Management

Viking Program management is at NASA Headquarteri, Office of
Bpace Science and Applications, Office of Planetary Programs. The Langley
Research Center, Viking Project Office, has responsibility for the overall
Viking Project management, the Lander System, the Spacecraft System, and
the launch and Flight Operations System. The Jet Propulsion Laboratory
is responsibie for and will furnish the Orbiter System and the Tracking
and Deta System. The lewis Resecarch Center is responsible for and will
farnd sh the Launch Vehicle System. Figure 1 defines the management
structure.

1.5 Hepdware Terminology

The hardware terminology used in this Statement of Work is given

in tadble 1 and figures 2 and 3.

2.0 scorr

The Contractor shall provide all services, materials, facilities, and
oquipsent . except those provided by the Goveromeut, necessary to furnish a
Viking lander System. He shall also provide all services, materials,

THE ORIGINAL PAGE 15 F’OOR,
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facilities and equipment, except those provided by the Government,
required to integrate the Lander into the Spacecraft and the Spacecraft
into the Space Vehicle as defined herein. The Contractor shall provide
the management, overall planning, integration, control, and operations
necessary to successfully carry out all aspects of this Statement of Work.

3.0 OGOVERNMENT-FURNISHED DATA, EQUIPMENT, FACILITIES, AND SUPPORT
The listed items are to be considered Government-furnished for
purposes of accomplishment of the tasks described in section k.o.
3.2 Lsunch Vehicl‘e System .
3.1.1 Two Titan/Centaur Launch Vehicles with nose fairing and
supporting services (fig. 4 and sppendix 2).
3.1.2 Titan/Centaur ITL facilities (Integration - Transfer -
Launch) at the Eastern Test Range (ETR) (appendix 2).
3.1.3 Launch Vehicle injsction errer analysis (appendix 2).
3.1.4 Titan/Centaur estimated injected payload capability
(rig. 5. .
3.1.5 Spacecraft axes definition (fig. 6).
3.1.6 Tergeted launch trajectories and firing tables.
3.1.7 Supporting services to launch the Titan/Centaur.
3.1.8 Iaunch Vehicle test items required for Spacecraft
irnterface tests.
3.2 Qrbiter System
3.2.1 Three flight-qualified Crbiters (appendix 3) including
the Spacecraft lLaunch Vchicle adapter (fig. 2).
3.2.2 Orbiter test models and AGE.
3.2.3 Bupporting services to operate the Orbiter during all )
Spacecraft level tests. '
3.3 Jander Systes :
3.3.1 Pn.ht—qmntﬁd Radioisotope Thermoelectric Geﬁentor
Systeas (appendix b). ;
3.4 Jaunch and Piight QOperations System ‘-
3.0.1 launch Operations
3.8.1.1 Spacecraft facilities at KSC/ETR (sppendix 5).
3.8.1.2 Range facilities of ETR and XSC (appendix 35).

st g D o M o . Lt Ak s oot woms
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3.4.1.3 Building and building-services at ETR to
house and support Contractor-furnished iteriliution equipment.
3.b.2.4 Pacility equipment which is defined as all
equipment other than AGL, OSE, mechanics hand tooles and/or office supplies
that are required by the Contractor to support operations. )
3.4,1.% 'The Services and facilities to mate the
Spacecraft with the lLaunci: Vehicle.
3.8.2 Flight Operations
3.4.2.1 Facilities and equipment of the Tracking and
Data System and support services required to provide this system for
the Contractor's use (appendix 6). AGE, OSE, band tools, and office
supplies are excepted.
3.4,2.2 Plans, estimates of trajectory control
capability, procedures, ggit_yg_x_‘g Programs, and p_eiagnnel ‘in an integrated
system to perform the design and operstional executic\myof the precision
pavigation task of the Project from interplanetary injection to the
estatligshment or the orbit from which the lander descent to the planet
%211 be made. Thereafter, to perform the aame function for the Orbiter.
3.4.2.3 Plans, procedures, software programs and
personnel in an integrated system to perform the design and operational
qemecution of the tasks required to analyze the performance of the Orbiter
from launch to completion of the mission.
3.4,2.4 Post-landing position determination of the
lander for mission operations use.
3.5 Data
3.5.1 Mars Engineering Model (appendix 7).
3.%.2 Navigation Capability Estimate (appendix 8).

b.0 CONTRACTOR TASKS

The Contractor shall vansge and control his effort in accordance
with plans specified in the tasks of this section. All such plans shall
be developed by the Contractor, updated as necessery, and siomiited for
langley Researcn Center app-oval or review, as vequired.
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4.1 Manegement and Technical Integration

The Contractor shall provide the menagement, overall plamning,
implementation, and control necessary to successfully carry out all
agpects of this Statement of Work. HKe shall sccomplish the overall
technical integration of the Viking lander, Orbiter, Spacecraft, Launch
VYehicle, associated ground support equipment, software, launch.and flight
operations, and supporting services. His planning shall recognize other
Government and Contractor agreewents. The tasks bdelow are by way of
description and not limitation:
5.1.1 Management

The Contractor shall sanage and control his effort in
accordance with an approved Mamgment Plan which shall include his
organizational concept and employaent of resources (manpower, facilities,
stc.), his plin for providing effective control, the identification of
ths systeme to be used in reporting to the Langley Research Center in
order to implement this Statement of Work. 1In developing and implementing
the plan, the Contractor shall include the requirements contained in
appendix 9.

4,1.1.1 Master Schedule - The Contractor shall develop
a Master Schedule which will include all major elements of the Vi“ing
Project. The approved Master Schedule shall t» meinteineu by ‘ae Contractor.
8.1.2 cConfiguration Control
The Contractor suall develrp and {uplement a Configuration
Control ™ -gram based on an approved prlan. The plan shall describe the
oontrol and reporting effort associated with the Lander Systea and the
interfaces with other Viking Systems.
8.1.3 Planetary Quarantine
3.1.3.1 Policy - The Contractor shall adhere to a
probability of contamination per launch of less than 1 X 10°6 for each
landing venicle and 3 X 10”7 for all other flight hardware. The period
of quarentine is 20 years from the first known landing on the planet.
4,1.3.2 Planetary Quarantine Prograa - The Contractor
ehall develop and implement & Planstary Quarsntine Progroa for the
overell mission in accordance with an approved plan vhich is consistent
with section 3.1.3.1 and which satisfies the requirements and constreints
stated in appendix 10.

F}!{lf_;zwlxi PAGE 15 poye o

"y o



521

8.1.% Mission Assurance

b,1.b.1 Project Mission Assurance Program - The
Contractor shall develop and implement a Project Mission Assurance
Program in accordance with an approved plan which is in conforaance
with appendices 11, 12, and 13. The Contractor will not be responsible
for mission assurance activities related to Government-furnished
Project elements. However, he shall utilize and incorporate in his analy. es 2nd
program the mission assurance dats provided by the Government on those
elements.

4.1.4,2 1lander System - The Contractor shall accomplish
the following Lander mission assurance activities in accordance with
approved plans. N

4.1.4.2.1 Reliability assurance - The
Comtractor shall develop and impleamvnt a Iander System Reliability
Assurance Progras in sccordan.e with appendix 11 23 illed by appendix 12.
§.1.4.2.2 Quaitty =ssurance - The Contractor
shall develop and implement a lander Systen Quality Assurance Program in
accordance with appendix 13.
8.1.5 Reviews .

The Contractor shall plam, conducit, and participate in
technical and sanagement reviews related .o his vork effort. The
Lontractor stall participate {n but will not ba responsidle for reviews
covering the design cf Government-furniuhed equipment (GFE). Mowever, he
shall include in his reviews hose interface factors with GFE affecting
his effort under this Statement of Work. The Contractor shall submit for
approval a reviev plan snd agenda praceding each reviev. Reviews shall
include at leact oversll Project revievs, d+sign revievs of flight hard-
ﬁu and suppor*ing ground eQuipment and related software, Acceptance
reviews, launch and Zlight readiness revievs, and post flight snalysis
SumAry revievs. One specifid nv’nv required is & NABA managenent design
zeviev 8ix wo'ths after contrect go-ahead vhich shall eover sll elemants
of the Project.

b.1.6 Date )Mamsgement
a'-mmxm.muwmmnmx. ;
That plan shall list a1l required documents, including Government furmished, i
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the schedule 4n which they are needed, and their control and traceabilit,
The controllirg, Contractor-prepered, Project document shail be the
Vi:‘'ng Mission Specification. The Contractor shall prepare all documents
related Lo hia wrsks and identify whether Lhey shall be submitted for
approvel, review, or information. An «pproval doc'icnt requires formm!
langley Research Center approval defore implementation. A review
document pernits implementation if Langley Research Center reaponse is
not received within an agreed-upon period of time. Inforsation documents
40 no* require langley Research Center response.
4,1.7 Logistics
The Contractor shall plan and provide all logistics
affecting his tasks under this Statement of Work in accordance with an
approved plan. He 1s not responsidle fcr logistics of Government-furnisae:
ftems until they are delivered or otherwise interface with his tasks.
4.1.8 Spares
‘The Contractor shall provide spares for the.cquptnt
be furnishes as necessary to assure a high prodbadbility of missicn success.
The Spares Plan shall be submitted for review.
b.1.9 Sa’ety
The Contractor shall sccomplish all effort under this
Btatenent o Work in accordance vith an approved Safety Plan which is ir
conformance vith appendices 1 and 19, He shall slso comply with all
applicable Federal, Stale, and local lews, regulations, ordinances, and
codus relating to safety. The Contractor shall immediately report to the
Langley Research Ce.ter any accident or incident resulting in a fatality,
disabling injury or property loss of $10,000 or stre or which causes sericus
delay endangering the meeting of required launch dates. The Contractor
sball thoroughly investigate sll such sceidents and incident. end furnich
the langley Research Center with & report of the findings and the proposed
and/or completad corrective actions to prevent recusrence. The Comtredtor
shall assure that his subcontractors adhere to the approved Viking Safety
Plan and o.her applicabdle safety procedures.
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4.1.10 Technical Integration
The Contractor shall accomplish all technical integration
required to achieve the Project obJectives, such as: integration of the
Viking lander Capsule and Viking Orbiter to produce the Viking Spacecraft;
integration of the Viking Spacecraft with the Launch Vehicle; integration
of the Viking Spacecraft with the Tracking and Data System, etc. This
work shall be accomplished in accordeace with approved plans. All
planning and impiementation affecting other Agencies and Contractars
shall be accompiished through the Langley Research Center.
4.2 Science Integration
The Contractor shall imtegrate all science requirements that
affect the achievement of lLander acience objectives. The Lander acience
requirements wiil be provide& by the Langley Research Center as a part of
the periodic mission definition. Appendix 1 is the first such miasion
aefénition. The schedule for subsequent definitions is given in
appendix 16. The Contractor shall incorporate this mission definition
schedule in his overall planning.
k,2.1 Requirements
The minimum scientific investigation, lifetime, and
landing site reguirements shall be as defined in appendices 1 and 17.
The (lontractor shall comduct performance analyses to insure that these
can be met or exceeded. He shall define the quality and quantity of data
to be returned for each scientific investigation as a function of significant
Bpacecraft, mission, and operations functions. These analyses shall
include coverage, measurement accuracy, measurement range, etc. Each
analysis shall be submitted for review.
§,2.2 Integration Plan
The Contractor siiall develop and submit for approval a
Science Integration Pian which includes all requirements affecting Lander
sciénce ocbjectives. The plan shall consider items such as schedules,
reviews, and the interface reguirements between the Viking Project Office,
the Contractor, and the Scientists participating in the Viking Project.
This integration plan shall utilize appecdices 1 and 16.
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4.2.3 Strategy

The Contractor shall develop and update as necessary
the strategy for site selection, the complementary use of the Lander
and Orbiter, and the use of two Spacecraft. The strategy shall be consistant
with appendix 1. The strategy shall consider the Spacecraft, missiom,
operations capatilities, stay time in orbit before Lander release, real
time dete analysis, and other pertinent factors. This strategy shall be
documented and submitted for approval. Recommended modifications to the
Orbiter and/or Orbiter science instruments relevant to strategy shali also
be submitted for approval. The Government will implement any approved
modi fications.

4,2.4 Lander Constraints
, The Contractor shall design a Lander to meet the

constraints defined in sections 4.2.4.1, 4.2.4,2, L.2.4.3, and 4.2.L.b
and others dictated by his specific design. The Contractor shall conduc?,
where necessary, a test program to demonstrate that the constraints
have been met.

4.2.4.1 Radiation ~ The design shall be auch that the
Lander science instruments be protected from onboard radiation. Protection
requirements for the Government-defined instruments are given in
section 5.5.8 of appendix 18, Protection from external radiation shall
be provided if necessary to assure a high probaility of proper
instrument performance.

4,2.4,2 Sample Acquisition - The organic anelysis,
bdlological, and bouni water investigations require that multiple samples
of Martian soil be delivered to the science instruments. The Contractor
soall deliver a soil sample of at lesst 5 cubic centimeters for each of iie
analyses defined in appendix 1.

Tae lander Capsule design shall be such that

the soil samples used for the biological investigation consist of 80 per-
cent or more Mars soil that has been heated to no more than 10°C above the
maximum surface temperature at the landing site for the day of the analysis.
Consideration shall be given to heating by the terminal propulsion system,
samplo collection and delivery system, and all other ex.ernal sources.
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The lander Capsule design shall be such that
soil samples used for the organic analysis and tound water investigations
are heated to no more than S0°C above the local surface temperature at
the time of sample gathering during the sample collection and delivery
process. :

The lander Capsule design shall be such that
the 30il samples used for the organic analysis investigation contain less
than cone part per 10 million organic material released from the lander
Capsuleas

The lander Capsule design shall be such that
soll samples used for the bound water ihvestigation consist of less than
one pnr.t per 10 million water released from or produced by the Lander '
Capsule. .

4.2.4.3 Water - The Lander Capsule design shall be such .
that the humidity and free wvater investigation environments consist of
less than one part per 10 million water released from or produced by the
lander Capsule.

h,2,b.4 pntry Date Return - The lLander Capsule design
shall be such that all entry cata are obtained independent of landing
success. It is desirable that as much entry data as practical be stored
onboard the Lander for subsequent transmission in case of relay link
malfunction.

&.3 Mission Analysis and Desjgn
k.3.1 Mission Analysis and Design Plan

The Coatractor shall prepare for approval & Viking Project
Mission Analysis and Design Plan describing a1l aspects of the Project
miasion analysis and design activities from contract go-ahead through the
post-flight analyses of the mission. This plan shall be consistent with
the Viking Mizsion Definition (appendix 1) and shall use the Government-
supplied capabilities snd conatraints for the Launch Vehicle, Orbiter, and
Tracking and Data Systema (appendices 2, 3, and 6).

It ‘ ‘ - T —
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4,3.2 Parametric Mission Analyses

The Contractor shall perform and utilize all parametric
mission studies required to establish design limits for Project hardware
and software. These studies shall be based on the environments described
in appendix 7. The design limits shall be derived from parameter ranges
resulting from parametric studies of missions targeted to land anywhere
between 20°S latitude and 30°N latitude. The Contractor shall also
investigate parameter ranges and corresponding systems requirements
resulting from missions targeted to land between 30°N latitude and T5°K
latitude. 1In addition, he shall perform parametric studies for alternate
missions corresponding to partial system failures. Based on the results
of these studies, the Contractor shall recommend suitable system design
requirements for all elements of the Project. These shall be included in
& Viking Mission Specification Document. After the various hardware and
software system designs have been established and approved by the Langley
Research Center, the Contractor shall analyze, define, and document the
capabilities of the various systems to perform nominal and alternate
missions and update as required.

L.3,3 Mission Design

4,3.3.1 Reference Mission Design - Based on the results
of the parametric mission analyses 2nd the resulting Viking System
capabilities the Contractor shall analyze in detail a limited number of
nominal and alternate reference missions. These shall be developed in
accordance with the mission definitions indicated in eppendix 16. The
reference miss!.ug shall includr the stralegy for tl;e use of two space-
craft and b developed in sufficient detail to permit analyses
which cennot “e conducted on the basis of parametrics.
These analyses, which the Contractor shall perform,.shall include preliminary
operations planning, development of specific sequences of events, development
of programer and comuand requirements, estimates of the quality and
quantity of the scientific data tu be returned, and the requirements for
trajectory control.

REPRODUCIBILITY OF THE ORIGINAL PAGE 1S POOR. )
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4.3.3.2 Operatiunal Mission Design - In response to
Mission Definition No. b4, appendix 16, the Contractor shall perform
and document the detail design of the operational missions. The cverall
operational mission Jesigns shall cover (for nominal and alternste
missions) the entire mission from lift-off to cessation of dala return
from Mars, and shall include at least a definition of the launct arrival,
landing and end-of-mission periods, the sequences of evcnts, space..aft
control parameters, the trajectories and trajectory-related parameters,
the requirements for trajectory control, and an analysis of the science
data to be returned.
kb oOrbiter System
The Contractor shall r.commend to the Langley Research Center
for approval the interface requirements between the Viking Orbiter System
(veS) and other Viking systems. The Contractor shall identify and control
through the langley Research Center all technical and schedule interfaces
related to the VOS as they affect his tasks under this Statement of Work.
b,4.1 Orbiter Baseline Description
A description of the Government-furnished Orbiter baseline
design is given in appendix 3. The Contractor shall participate in the
development of the final Orbiter design by defining Orbiter requirements
as pert of his Spacecraft integration task. Orbiter requirements, as
approved by the iangley Research Cente-, will be implemented by the
Government.
4.4.1.1 Orbiter-Mounted lander Support Equipment - The
Contractor shall develop the requirements and performance specifications
for all Orbiter-mounted Lander support equipment.
b,4,1.2 Orbiter Baseline Modifications - The Contractor
shall identify any Orbiter baseline modifications which would enhance the
achievemsnt of the Project objectives.
4,4,2 Test Models and Simulators
4,4,2,1 The Contractor shall furnish Landes test models
and simulators for Orbiter development and testing.
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b,4.2,2 The Contractor shall identify and submit for
approval the requirements for Orbiter tesi models and simulators for
Iander development and testing.
4,4.3 Interface Identification and Control
The Contractor shall identify and control through the
langley Research Center all technical, schedule, and other interfaces
between the Lander and Orbiter.
4.5 lander System
4.5.1 General Requirements
The Contractor shall accomplish all activities such as
design, development, fabrication, and assembly of the Viking Lander System.
The associated testing responsibility is identified in section 4.7 of
this Statement of Work. Three flight-ready lander capsules are to be
provided and be mated with the Government-furnished Crbiters: two of
the resulting Viking Spacecraft shall be mated with and launched on
geparate Launch Vehicles in the Mars 1973 launch opportunity; the third
will be a flight backup. Additional Lander capsules as well as components,
subsystems, and systems shall be furnished by the Contractor to support
the development and testing activities.
4.5.2 Performance Requirements
4.,5.2.1 General - The Viking Lander Capsule consists of
mAny components, subsystems, and. systems which must function i1 an overall
interrelated manner to accomplish a soft landing and provide the required
entry and surface science measurements. Delineated below are only those
systems for which there are special requirements. Constraints, including
those given in section 4.2, shall be adhered to by the Contractor in
designing the Lander.
4,5.2.2 Science - The Contractor shall furnish all
required entry and surface science instruments in accordance with
appendices 1, 16, 17 and 18.
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4.5.2.3 Power - The Contractor shall provide a Lander
power system that utilizes Radiolisotope Thermoelectric Generators (RIG's)
for power generation. A baseline design description of the RTG, which
will be Government-furnished, is given in appendix 4, The Contractor
shall identify to the langley Research Center for approval
any changes required to the baseline RTG design in order to satisfy Lander
power and integration needs. The Contractor shall prepare the Safety
Analysis Report required to obtain approval for the launch of an RTG system.
4.5.2.4 Communications - The Contractor shall furnish
a lander communication system capable of: (1) relaying lLander data via
the Orbiter, and (2) transmitting data directly to Earth and receiving
commands directly from Earth. The communication system shall include
the data handling and storage capability required to satisfy all data
requirements including those identified in section L4.2,4.4 and
appendices 1 and 19.

The direct-to-Earth link shall have the
capability to prcvide: (1) range and range-rate data while simultanecusly
transmitting lander telemetry data other than imagery, and (2)
simyltaneous transmission of imagery and telemetry. The criterion for
1link design shall be that the performance margin is equal to or greater
than the linear sum of the adverse tolerances of all link parameters.

Relay link capability shall be such that
about ].07 bits of surface data can be transferred from the Lander during
each communication session with the Orbiter; direct-link capability shall
be such that about 106 bits of surface data c¢an be transferred each day
through the 90th day after landing. The Lander shall be capable of
receiving commands from Earth at distances up to 400 X 106 xm. fdequate
comnand storage/programer capability to accomplish the planned mission
shall be provided onboard the Lander,

The functional interface of the relay communica-
tion link with the Government-furnished Orbiter shall be at the RF path.
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The Contractor shall accomplish the overall design for the relay
communication system including the developuent of the requirements and
performance specifications for all elements of the link and for implementing
those hardware elements which are Lander-mounted. Upon Langley Research
Center approval, the recommended Orbiter-mounted equipment will be
provided by the Government.
The relay communication system shall be
designed so that any Orbjter can serve as a reley for any lLander.
4.5.3 Llander-Orbiter Adapter

The adapter between the Lander Capsule and the Orbiter
(fig. 2) shall be furnished by the Contrac.or. The Government will
provide a s{xitable mounting face on the Orbiter to which the adapter can
be attached.

b.6 Launch Vehicle, Nose Faicinz, and Titan/Centaur Launch Pacilities

The Contractor shall recommend to the langley Research Center

for approval the interface requirements between the Spacecraft and the
Launch Vehicle, nose fairing, associated ground equipment and the Titan/
Centaur leunch facilities. The Contractor shall identify and control
through the Langley Reseerch Center, all technical and schedule interfaces
related to his tasks under this Statement of Work.
4.6.1 launch Vehicle
The Contractor shall utilize the Launch Vehicle data
given in figures 4, S5, and 6 and appendix 2 in accomplishing hs tasks.
4.6.2 Nose Fairing
The Contractor shall use a Spacecraft dynamic envelope,
within the Government-furnished nose fairing, not to exceed 12-1/2 feet
in diamster by 19 feet in length.
4.6.3 Titan/Centaur launch Facilities .
The Contractor shall utilize Government-furnished ETR Titan/
Centaur facilities to the maximun extent possible. He shall define and submit to
the langley Research Cencer as soon as practical his Titan/Centaur ETR
facility requirements.

13
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4,6.4 Required Modifications
The Contractor shall identify and furnish his require-
ments for any mission-peculiar launch Vcehicle or nose fairing
wodifications. He shall also identify any mission-peculiar Spacecraft
or engineering measurements to be transmitted via the Launch Vehicle
telemetry systenm.
b.6.5 1launch Vehicle Availability
The Centractor's plans shall recognize that only one
launch pad (No. Y1) is available for the Viking Project and that the
time between the launch of the first vehicle and the availability of
the second Launch Vehicle on thé pad, ready for mounting of the Space-
craft, will be approximately 10 days.
4.6.6 Spacecraft Test Models and Simulators
The Contractor shall furnish Spacecraft test models
and simulators for Launch Vehicle development and testing.
4.6.7 Supporting Analyses and Data
The Contractor shall provide migsion-related data and
apalyses tecessary to support the development by the Government of
launch Vehicle trajectory and firing tadbles, vehicle loads analysis, etc.
4,7 Testing
The Contractor shall develop and implement a test program that
will provide a high level of c(mﬁdence that all Project objectives will
be achieved.
4,7.1 Master Integrated Test Plan
The Contractor shall prepare, subait for approval, and
periodically update a Master Integr ted Test Plan. The plan shall define -
the test objectives, concepts, speci:ications, requirements, locations,
configurations, facility and support requivements, flows, schedules, and
data reporting for all tests necessary during the development, qualifica-
tion testing, acceptance testing, proof testing, mission simulation and
other phases of the Project. The Contractor shall alsc submit for approval
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recommendations for flight acceptance and proof teat environmental levels.
The langley Research Center will supply data on Government-furnished items
as required by the Contractor for the integrated test plan.

4.7.2 lander Capsule Component Tests

Component tests shall be performed to verify compliance
with lander Capsule coumponent level specifications prior to, during if
applicable, and after exposure to Viking lLander Capsule component Flight
Acceptance Test (FAT), and/or Proof Test (PT) environments representing all
pbases of the mission, iacluding sterilization.

k.7.3 viking lander Capsule Tests

Tests shall bde pefformed to verify compliance with
Iander specifications prior to, during if applicable, and after exposure
to FAT and/or PT environments, including sterilization. Lander
compatibility with the Tracking and Data Systes shall alsoc be demonstrated
in accordance with the requirements of appendix 19.

8. 7.4 Viking Spacecraft Teats

As a minimum, tests shall be performed to verify (1)
1ander/Orbiter functional compatibility; (2) the ability to perform in
specification prior to, during if applicable, and after exposure to FAT
and/or PT environments; (3) Leunch Vehicle and Tracking and Data System
compatibility; (4) prelaunch testing at the space vehicle
level sufficient to commit to launch.

§.7.5 Aerospace Ground Equipment (AGE)

The Contractor shall furnish all AGE such as that
required to develop, assemble, test, sterilize, handle, transport. checkout
and service the Viking lander Capsule and Viking Spacecraft, except for
the Government-furnished equipment (section 3.0). AGE is defined in
table 1.

4.8 laynch and Flight Operations §ystem
4.8.1 GQeversl

The Contractor shell plsn, design, develop, implemeat,
test, and participate in the operation of the Launch and Flight Operations
Systea required to accomplish the mission. He shall integrate, through
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4@ Y-vgley Research Center, the Government-furnished elements int.
that system.
4.8.2 Planning
The Contractor :hall prepare a Master Launch and Flight
Operations Integration Plan which outlines the overall syltéu planning
approach., To implement that approved Master Plan, the Contractor shall
prepare a detailed plan for cach major subsystem or element for
approval. Examples of such plans include: ILaunch Operations Plan, Flight
Operations Pla:, Scftware Develcpment Plan, Simulation and Training Plan,
Operations System Tes® Plan, and Operations System Design Plan.
4.8.3 Design and Duveloprent
The Contractor shall utilize the approved plans to
design anc lavelop the Launch and Flight Operations System, including
establi shmeni of the requiraments for Jovernmert-furnished data,
equipment, facilities, and s _port.
4.8.4 Implementation .
The Contractor shall furnish all facilities, equipment,
software, services, and materials required to implement the system design
with the exception of those items which are Government-furnished. He
shall prepare and maintaln all required operations system schedules. All
softwvare and equipment utilized in the Launch and Flight Operations System,
wvhether Contractor or Government-furnished, shall be identified and
referred to as Operational Support Equipment (OSE). It is an NASA policy
to exclude Contractor-furnished OSE in those facilities which constitute
the Tracking and Data System. Deviations from this policy require special
approval. The Contractor shall identify to the langley Research Center for
approval any mission-dependent OSE required in the Tracking and Data
System. If such OSE is not presently identified as Government-furnished,
it wvill be provided by the Government. OSE is defined in table 1.
4.8.5 Compatidility Testing
The Contrar'.or shall conduct tests to demonstrate
compatibility between the launch and Flight Operations System and its
mjor interfacing Project elements in accordance with an approved plan.
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4.8.6 Training
Tr» Contractor shall train Government and Contractor
personnel for the conduct of launch and flight operations in accordance
with an approved plan. Training shall be conducted by the use of
classrcom sessions and mission simulation exercises.
4.8.7 Operations
The Contractor shall participste with the Government
in the operation of the Launch and Flight Operations System in accordance
with approved plans.
4.8.8 Mission Data
Mission data are defined as all data generated from
launch through cessation of data return.
4,8,8.1 Mission Data Plans - The Contractor shall prepare
plans and associated proc-dures for the collection, indexing, handling,
processing, reduction, delivery and reporting of u«ll mission data.
4.8.8.2 Data Collection Indexing and Delivery - The
Contractor shall collect, index, and deliver all mission data except
for Launch Vehicle data and the Government-prepared master data records
in accordance with approved plans. The Contractor shall package and
transport these data from the point of origin to the Langley Research
Center and/or other locations to be specified by the Government.
4.8.8.3 Supporting Information - The Contractor shall
develop and prcvide all necessary entry and lander science support
infurmation {ncluding, but not limited %o, instrummnt calibrations and
imagery supporting data such as photo orientation, location, sun angle,
photo geometry scale, and resolution.
L,8.8.4 Dats Reduction and Reporting - launch Vehicle,
Orbiter, and Tracking and Data System performance data compilation and
analysis will be performed by the Government. The Contractor shall
utilize those data slong ¢ith his lander performance analysis to produce
overall mission performance reports in sccordance with approved plans.

19
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4.8.8.5 Post-Mission Data Processing - The Contractor
shall identify the requirements for post-mission data processing.
He shall generate the software required, perforam the necessary operations,
and deliver the processed data to ‘he langley Research Ceater.

5.0 RASA PARTICIPATIOR

The NASA will determine Project objectivis, requirements, and
policy during the fulfillment of the comtract. Throughout the course
¢f the contract the NMASA will assess the performance of the Contraztor
in his execution of the contract and will participate to the extent
deeme«d neceisary, within the teps and conditions of this comtract, to
agsure sstisfactory management, pianmiuz, integration, and implementation
as regquired .o successfully achieve the Project objectives.
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VIKING PROJECT HARDWARE TERMINOLOGY ANT DEFINITIONS

yiking lander System (VIS) - The Lander Capsule and all associated
ground equipment.

Viking lLander Capsule ‘VI.CI = All elements of the Lander Capsule

(bioshield, aeroshell, parachute, lander, etc.) transported to Mars by
the Orbiter.

Viking [ander (VL) - Those elements which accomplish the soft landing
on the planet surface.

Bioshield Cap - Thc section of binshicld jJettisoned prior to Lander
seperation.

bloshield Base - The bioshiciﬂ afterbody which remains attached to
the Orbiter after the lander separation.

Viking lander Capsule Adapter - The interstage structure which

Joins the Vviking Orditer and the Viking lander Capsule.

viking Orbiter System (VO§) - All Orditer flig.. hardware and ground
equipment.

Viking Orbiter (!Q) - The flight article vhich transports the VIO
to the release point in Mars ordit and makes ordital s« ience mwasuressuts.

umg-_cg_m%_(um - The VIC-VO cosbination excluding the
faunch Vehicle to V-8/C adapter.

launch Vehjcie (L) - Tbe Titan/Centaur as modified for the Viking
md ssion.

Yiking Spacecraft Adspter - The adapter betw~en the Viking Spacecraf:
and launch Vehicle including the isolation dlapl.ragm.

um_um_?._mg_g - The Titan/Centaur and all Launch Vehicle
flight hardware (nose fairing, etc.), launch facilities and sssociated
ground equipment.

Yiking fpece Vehicle - The entire vehicle that letves the Barth's
surfeace.

Mmmmmh- All equipment and ass:clated softvere
~aquired to develop, uscemdle, sterilize, checkout, test, handle, trensport,
asd service the VIC, VO, and V-8/C prior to countdcwn and launch.

Seeyetiona] Syoport S7ujpesnt (ONF) - ALl equipment and associated
software .equired to support the training, countdowm, launch and flight
opsrstions.

TARLE )
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VIKING PROJECT HARDWARE TERMINOLOGY AND 'DEFINITIONS - TABLE 1 Continued

Launch and Flight Opera“ions System - Equipment, software,

personnel and procedures to conduct spacecraft prelaunch and launch
operations and the flight control of the spacecraft in accomplishing

the miasion objectives.

Tracking and Data System - A selected collection of Earth-based
equipmen’, personnel, and procadures that acquires, transmit-, and

processes information'for the determination of a space vehicle's
poeition, velocity, and perforuence.
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FLIGHT CONTROL PROPELLANT
EXPENDABLES

TERMINAL PROPELLANT
EXPENDAB LES

TERMINAL PR OPULSION

FLIGHT CONTROL

COMPUTER AND PROGRAMMER

COMMUNICATIONS AND DATA
HAND LING

RADAR .

POWERR

THERMAL

STRUCTURES
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PYROTECHNICS

ENGINEERING INSTRUMENTATION

SURFACE SCIENCE INSTRUMENTATION

s VIKING LANLZR (VL)
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ENTRY SCIENCE INSTRUMENTATION

jet— LANDER ON AEROSHELL -

DEORBIT UNIT

SEPARATED LANDER

BIOSHIELD CAP

BIOSHIELD BASE

VIKING LANDER CAPSULE (VLC)

VIKING LANDER CAPSULE

FLIGHT HARDWARE TERMINOLOGY

FIGURE 3
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LANGLEY RESEARCH CENTER
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J-F M /f/u//\:/ 53/ No. /@ _E

9-69

DATE
February 19, 1969

SUBJECT: Establishment of Techrnical and Manageuent Evaluation Committees -
Viking Lander System and Project Integration - NASA Request for
Propasal 110-9300

1. Two Evaulation Committees are hereby established to 3ssist the Source Evaluation
Board in evaluating different areas of the proposals covering subject requirement,
as contained in Request for Proposal L10-9800. which will be required to accomplish
the objectives of this procurement. Personnel are assigned as follows:

I. Technical Evaluation Committee

I.

L. D.
E. A
W J
N L.
E. B.
C. L.
J. M.
G. A
J. E
AT
F. E.

Taback, Chairman, Viking Project Office, Langley

Guy, Structures Research Division, Langley

Brummer, Viking Project Office, Langlicy

Boyer, Viking Project Office, Langley

Crabill, Viking Project Office, Langley

Geer, Flicht Vehicles and Systems Division, Langley
G:llis, Applied Materials ana Physics Division, Langley
Hallisey, Jr., Applied Materials and Physics Division, Langley
Soffen, Viking Project Office, Langley

Stitt, Flight Instrumentation Division, Langley

Youna, Viking Project Office, Langluey

Mershon, Viking Project Office, Langley

11. Management Evaluation Committee

E. C. Kilgore, Chairman, Engineering and Technical Services, Langley
C. T. Brown, Flight Vehicle, and Systems Division, Langley

W. R. Glenny, Procurement Di.ision, Langley

A. Guasta‘erro, Viking Project Office, Langley

R. H. Sproull, Viking Project Office, Langley

D. G. Stone, Analysis and Computation Division, Langtey

D. 8. Ahearn, Procurement Division, Langley

2. The Technical Evaluatior. Committee will be assisted by panels which will have
the following membership:

1. Science Panel
G. C. Broome, Chairman, Viking Project Uffice, tanglay
W. H. Michael, Jr., Aeronautical and Space Mechanics Division, Langley
M. A. Mit2, NASA Headquarters
G. A. Soffen, Viking Project Office, Langley
G. P. Wood, lero-Physics Division, Langley
A. T. Young, Viking Project Office, Langley
S. T. Peterson, Instrument Research Division, Langley
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2

I1I. Mission Analysis and Design Panel

N. L. Crabill, Chairman, Viking Project Office, Langley

J. F. Newcomb, Jr., Viking Project QOffice, Langley

C. H. Robins, Jr., Viking Project Office, Langley

R. H. Tolson, Viking Project Office, Langley

G. R. Young, Applied Materials and Physics Division, tangley

E. F. Harrison, Aero-Physics Division, Langley

III. Electronics Panel

E. A. Brummer, Chairman, Viking Project Office, Langley
E. M. Bracalente, Flight Instrumentation Division, Langley
W. T. Bundick, Flight Instrumentation Division, Langley
W. F. Cuddihy, Viking Project Office, Langley
R. P. Faust, Viking Project Office, Langley
C. H. Green, Jr., Viking Project Office, Langley
R. F. Harrington, Viking Preject Office, Langley
Iv. Power and Electrical Integration Panel
R D. Smith, Chairman, Viking Project Office, Langley
J. L Patterson, Flight Instrumentation Division, Langley
R. C. Wells, Flight Vehicles and Systems Division, Langley
v. Propulsion and Guidance and Control Panel
H. J. € Reid, Jr., Chairman, Fiight Instrumentation Division, Langley
7. 8. Ballard, Flight Instrumentation Division, Langley
D. J. Carter, Jr., Viking Project Cifice, Langley
H. K. Clark, Flight Vehicles and Systems Division, Langley
L. J. DeRyder, Jr., Viking Project Office, Langliey
C. 0. Engle, Viking Project Office, Langley
J. L. Jones, Jr., Viking Project Office, Langley
P. R. Kurzhals, Applied Materials and Physics Division, Langley
R. 0. Staib, Analysis and Computation Division, Langley
vl. Engineerinc Mechanics Panel
F. E. Mershon, Chairman, Viking Project Office, Langley
L. D. Guy, Structures Research Division, Langley
P. J. Bobbitt, Dynamic Loads Division, Langley
T. W. E. Hankinson, Viking Project Office, Langley
J. C. McFall, Jr., Applied Materials and Physics Division, Langley
I. W. Ramsey, Viking Project Office, Langley
J. 0. Timmons, Viking Project Office, Langley
R. E. Turner, Applied Haterials and Physics Division, Langley
W. C. Falk, Fiiyhi venhicles and Systems Division, Langley

i 2t N 2 s

REPRODUCIBILITY OF THE ORIGINAL PAGE 1S POOR.

s



G-

P AP i it ot o s o

vil.

YyiIl.

IX.

546

Sterilization and Planetary Quarantine Par..]

. Daspit, Chairman, Viking Project Office, Langley
. Childress, Jr., Viking Project Office, Langley

. Foux, NASA Hcadquarters

. Zanks, Flight Instrumentation Division, Langley

oo r
Mo wv

Launch and Flight Operations runel

. Boyer, Chairmen, Viking Project Office, Langley
. Graham, Jr., Viking Project Office, Langley

. Lovelace, Viking Project Office, Langley

. Ward, Viking Project Offiz:, Langley

. Webb, Viking Project Office, Langley

VooC X
orXrX ;oo

Testing Pancl

W. 1. Watson, Chcirman, Viking Project Office, Langley

R. L. Girouard, Viking Project Office, Langley

N. A. Holmberg, Viking Project Office, Langley

M. L. Smith, Jv., Flight Vehicles and Systems Division, Langley

Mission Assurance

Britt, Chairman, Offjce of Director, Langley

Brewer, Viking Project Office, Langley

Pilny, Viking Project Office, Langiey

Ricker, Jr., Flight Instrumentation Division, Langley
Seyffert, Fabrication Division, Langley

Ervi, Jr., Viking Project Office, Langley

.

LXITXOoOm
bl H
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3. The Management Evaluation Zommittee will be assisted by panels which will have
the following membership:

1.

Management Effectiveness Panel

0.
A,
C.

A.

G. Stone, Chairman, Analysis and Computation Division, Langley
Guastaferio, Viking Project Office, Langley
T. Brown, Flight Vehicles and Systems Division, Langley

Management Control and Procedures Subpanel

Guastaterro, Chairman, Viking Pioject Office, Langley

Bartron, Flight Vehicles and Systems Division, Langley
Bland, Resource. Programming and Control, Langley

Glenny, Procurement Division, Langley

Hall, Space Vehicle Design Criteria Office, Langley

Janota, Procurement Division, Langley

Thornton, Jr., Flight Vehicles and Systems Division, Langley
Moore, Procurement Division, Langley

MIMLET A
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Schedule and Implementation Subpanel

XL ELL ML O

COXT XM MM -

Brown, Chairman, Flight Vehicles and Systems Division, Langley
Curtman, Jr., Applied Materials and Physics Division, Langley
Harris, Viking Project Office, Langley

Jennines, Viking Project Office. Langley

McNulty, Flight Vehicles and Systems Division, Langley
Michuel, Resources Programming and Control, Langley

Moore, Flight Instrumentation Division, Langley

Pride, Jr., Flight Vehicles and Systems Division, Langley
Fullcr . Flight Instrumentation Division, Langley

Qualification end Cost Panel

]
R.
W. R. Glenny, Procurement Division, Langley

* % * % ¥ %

-3

. B. Ahearn, Chairman, Procuremer® Division, Langley

N Sproull, Viking Project Office, Langley

Capability and Capacity Subparel

Sproull, Chairman Viking Project Office, Langley
Craig, Jr., Flight Instrumentation Division, Langley
Mayo, Flicht Vehicies and Systerws Davision, Langley

Raper, Applied Materials and Physics Divition, Langley

Woltt, Flight Vehicli« and Systems Division, Langley

. Clenpy, Chairman, Frocurement Division, Langley

Brown, Flight Vehicles and Systems Division, Langley

Mansbrough, Resources Programming and lontrol, Langley
Moore, Flight Instrumentation Division, Langley

. Stone, Analysis and Computation Division, Largley

R. H.

V. W. Andersnn, NASA Headouarters

w. E.

C. M Lord, Jr., Procurement Division, Langley
o W

J L.

1. G. Recant, Viking Project Office, Langley
C. Thiele, Fabrication Di.ision, Langley

£E. J

Cost, Fee and Incentives Subpanel

w. R

0. B. Ahcarn, Procurement Division, Langley
c. T.

A. Guastafurio, Viking Project Otrice, Langley
A J.

¥, M.

F. V. Moore, Procurement Division, Langley

W. R. Nixon, Procurement Division, Lanqley

0. G

R. H. Sproull, Viking Project Office, Langley
E. J.

Wolff, Flight Vehicles and Systems Division, Langley

(* Oual Capacity - Costing information to be received approximately

two weeks after submittal of basic proposal.)
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4. It is anticipated that the Committee , Panels, and Subpanels cited above will

be augmented by Jct Propulsion Laboratory, .odderd Space Flight Center, Manned
Spacecraft Center, Kennedy Space Center, and Ames Research Center personnel. Names of
these individuals will be provided prinr to the due date of proposals.

5. The duties of the Cormittees, Panels, and Subpanels will be to assist the
Source Evaluation Board in arriving at its assessments of the propcsals in the
manner to be prescribed by the Source Evaluation Board. 1In this connection, an
Evaluation Plan w1l be provided prior to receipt of proposals.

6. Attention of all Committee, Panel, and Subpanel members is directed to NASA
Procurement Regulation 3.804-4 which prohibits the disclosure of information
regarding this evaluation to anyone who is not also participating in the same
evaluation proceedinas. The right to i1nformation does not extend to the normal
chain of supervision affecting any parc! member.
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-Eugene C. Oraley :
Chairmar.,, Source Evaluation loard
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Edgar M. Cortright
Slrector

Copies to:
Each Committee Member (through efficial channels)
Director
Associate Director
Assistant Directors
NASA Hqs., Code SL
NASA Hqs., Code S8
NASA Hqs., Code BX
Chief, Engineering #d Technical Services
Procurement Officer
Viking Project Office
Al Engineering and Technjcal Services Division Chiefs
All Rescarch Division Chiefs
Administrative Services Division
Assistant Personnel Officer
Office of Chief Counsel
Files
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