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Gentlemen:

This technical report culminates nearly three years of Mariner/Voyager
studies at Boeing. During this time, we have gained an appreciation of the
magnitude of the task, and feel confident that the experience, resources
and dedication of The Boeing Voyager Team can adequately meet the challenge.

The Voyager management task is accentuated by three prime requirements:

An inflexible schedule of launch opportunities; the need for an information-
retrieval system capable of reliable high-traffic transmission over inter-
planetary distances; and a spacecraft design flexible enough to accommodate
a number of different mission requirements. We believe the technical
approach presented here satisfies these design requirements, and that
management techniques developed by Boeing for space programs will assure
delivery of operable systems at each critical launch date.

Mr. E. G. Czarnecki has been assigned program management responsibility.
His group will be ably assisted by Electro-Optical Systems in the area of
spacecraft power, Philco Western Development Laboratories will be respon-
sible for telecommunications, and the Autonetics Division, North American
Aviation will provide the auto-pilot and attitude reference system. This
team has already demonstrated an excellent working relationship during the
execution of the Phase IA contract, and will have my full confidence and
support during subsequent phases.

This program will report directly to George H. Stoner, Vice President and
Assistant Division Manager for Launch and Space Systems. Mr. Stoner has
the authority to assign the resources necessary to meet the objectives as
specified by JPL.

The Voyager Spacecraft System represents to us more than a business oppor-
tunity or a new product objective. We view it as a chance to extend
scientific knowledge of the universe while simultaneously contributing

to national prestige and we naturally look forward to the opportunity of

sharing in this adventure.
,d& Mm—aﬂ

Lysle A. Wood
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INTRODUCTION
In fulfillment of the Jet Propulsion Laboratory (JPL) Contract 951111,
the Aero-Space Division of The Boeing Company submits the Voyager Space-
craft Final Technical Report. The complete report, responsive to the

documentation requirements specified in the Statement of Work, consists

of the five following documents:

BOEING
DOCUMENT
VOLUME TITLE NUMBER
A Preferred Design Flight Spacecraft and
Hardware Subsystems D2-82709-1
Part I
Section 1.0 Voyager 1971 Mission Objectives
and Design Criteria
Section 2.0 Design Characteristics and
Restraints
Section 3.0 System Level Functional Descriptions
of Flight Spacecraft
Part II
Section 4.0 Functional Description for Space-
craft Hardware Subsystems
Part IiI
Section 5.0 Schedule and Implementation Plan
Section 6.0 System Reliability Summary
Section 7.0 Integrated Test Plan Development
B Alternate Designs Considered--Flight Spacecraft D2-82709-2
and Hardware Subsystems
C Design for Operational Support Equipment D2-82709-3
D Design for 1969 Test Spacecraft D2-82709-4

E Design for Operational Support Equipment
for 1969 Test Flight Spacecraft D2-82709-5
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For convenience the highlights of the above documentation have been sum-
marized to give an overview of the scope and depth of the technical
effort and management implementation plans produced during Phase IA.
This summary is contained in Volume O, Program Highlights and Management
Philosophy, D2-82709-0. A number of supporting documents are provided
to furnish detailed information developed through the course of the
contract and to provide substantiating reference material which would
not otherwise be readily available to JPL personnel. Additionally, a
full scale mockup of the preferred design spacecraft has been assembled.
This mockup, shown in Figure 1, has been delivered to JPL. The mockup
has been provided with the view that it would be of value to JPL in sub-
sequent Voyager Spacecraft System planning. Mr. William M. Allen,
President of The Boeing Company, Mr. Lysle A. Wood, Vice-President and
Aero-Space Division General Manager, Mr. George H. Stoner, Vice-President
and Assistant Division Manager responsible for Launch and Space Systems
activities, and Mr. Edwin G, Czarnecki, Voyager Program Manager, are

shown with the mockup.

During the 3-month period covered by Contract 951111, Boeing has:

1) Performed system analysis and trade studies necessary to achieve
an optimum or preferred design of the Flight Spacecraft.

2) Determined the requirements and cﬁnstraints which are imposed upon
the Flight Spacecraft by the 1971 mission and by the other systems
and elements of the project, including the science payload.

3) Developed functional descriptions for the Flight Spacecraft and for

each of its hardware subsystems, excluding the science payload.
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Figure 1: Preferred Design Mockup
Left to Right:

William M. Allen
Edwin G. Czarnecki
Lysle A. Wood
George H. Stoner
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4) Determined the requirements for the Flight Spacecraft associated
Operational Support Equipment (OSE) necessary to accomplish the
Voyager 1971 mission.

5) Developed a preliminary design of the OSE.

6) Developed functional descriptions for the OSE.

7) Determined the objectives of a 1969 test flight and the design of
the 1969 Test Flight Spacecraft using the Atlas/Centaur Launch
Vehicle. An alternate test flight program is presented which
utilizes the Saturn 1B/Centaur Launch Vehicle.

8) Deveoped functional descriptions for the Flight Spacecraft Bus, and
its hardware subsystems, and OSE for the 1969 test spacecraft.

9) Updated and supplemented the Voyager Implementation Plan originally

contained in the response to JPL Request for Proposal 360l.

The Voyager program management Team, shown in Figure 2 is under the
direction of Mr. Edwin G. Czarnecki. Mr. Czarnecki is the single
executive responsible to JPL and Boeing management for the accomplish-
ment of the Voyager Spacecraft Phase IA, and will direct subsequent
phases of the program. He reports directly to Mr. George H. Stoner
who has the authority to commit those corporate resources necessary to

fulfill JPL's Voyager Spacecraft System objectives.

Although Boeing has a technical management capability in all aspects
depth through association with companies recognized as specialists in
certain fields. Use of team members to strengthen Boeing's capability

was considered early during pre-proposal activities. The basic concept
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was to add team members who would complement Boeing experience and
capability, and significantly improve the amount and quality of tech-
nical and management activities. Based upon competitive considerations
including experience and past performance and giving strongest emphasis
to technical qualifications and management willingness to support the
Voyager effort, Autonetics, Philco Western Deveopment Laboratories, and
Electro-Optics Systems were chosen as team members. This team arrange-
ment, subject to JPL approval, is shown in Figure 3. The flight space-
craft design and intsgration task to be accomplished by this team is
illustrated in Figure 4. Discussions leading to the formation of this
team were initiated late in 1944, formal work statement agreements have
been arrived at, and there has been a continuous and complete free
exchange of information and documentation; permitting the Boeing team to

satisfy JPL's requirements in depth and with confidence.

BOEING VOYAGER TEAM
VOYAGER SPACECRAFT AND SPACE SCIENCES PAYLOAD INTEGRATION CONTRACTOR

The Boeing Company
Seattle, Washington

Mr. E. G. Czarnecki - Program Manager

SUBCONTRACTOR SUBCONTRACTOR SUBCONTRACTOR
Autonetics, North Philco, Western Development Electro-Optical Systems
American Aviation Laboratories Incorporated
Anaheim, California Palo Alto, California Pasadena, California

Autopilot Telecommunications Electrical Power
and Subsystem Subsystem
Attitude Reference
Subsystem
Mr. R. R. Mueller Mr. G. C. Moore Mr. C. I. Cummings
Program Manager Program Manager Program Manager
Figure 3
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SUMMARY --VOLUME A
The Boeing team's flight spacecraft represents a conservative design
based upon selection of space-proven components. The design meets the
objectives of the Voyager program for 1969 through 1977 opportunities.
The 250-pound science payload, as well as the 2300 or 4500 pound flight
capsule can be accommodated and all program and mission objectives

achieved.

The Voyager Spacecraft is shown in Figure 4 with equipment deployed in
the operational configuration. It is 30 feet wide from solar panel tip
to solar panel tip, and the body is 59-inches high. The 31-foot magnet-
ometer boom and 17- and 18-foot antenna booms are shown in position.
Estimated weight at this state of the preliminary design is 1565 pounds
for the spacecraft, and 3400 pounds for the propulsion module. A con-
tingency of 285 pounds of the specification weight of 5250 pounds is
available for selective use during the detail design phase. The 20
equipment modules are fastened to the central magnesium shell with
cooling provided by thermal radiation from the external faces of the

package. Thermal control is by space-facing louvers.

Outstanding design features of the Boeing team's Voyager Spacecraft are
its ability to perform reliably, transmit data to Earth at encounter at
the 50,000 bit-per-second rate generated in the science package, and
meet all mission energy requirements through 1977 with a single propul-
sion module design. Use of redundancy in critical components and

selection of proven designs requiring a minimum of additional development

10
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resulted in an overall mission success probability of 47 percent,
exceeding the specified 45 percent, including an allocation of 0.674

for the science payload.

The spacecraft can enter biologically safe orbits with periods as low
as 18 hours from Mars approach velocities as high as 3.5 km/sec., or with
periods less than 9 hours from approach velocities as high as 3.0 km/sec.
The 18-hour orbit provides coverage of four different swaths of Mars

surface in the first three days after encounter.

In 1971, orbits are available which have no occultation of Canopus or
the Sun for the first 60 days in orbit. The periapsis positions are at
southern latitudes and at illumination angles which favor the black and
white TV experiment. Some adjustment of periapsis position is available
with "off-periapsis" orbit insertion techniques. The "off-periapsis"
insertion technique allows the utilization of the fixed-total-impulse

solid motor for all approach velocities considered.

The telecommunications design includes completely redundant radio sub-
systems. It features an 8' x 12' paraboloidal high-gain antenna, two
50-watt traveling wave tubes and bi-orthogonal block coding to obtain
the high data rate. The 50-watt tube selection is supported by three
separate tube designs including test data. Detailed link calculations
substantiate a positive communication link margin under worst-case
conditions at Mars encounter, with a calculated 48,000 bits per second
data rate. (Upon definition of the precise science payload data rate,

the telecommunications link can be optimized to that value.) For

13
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longer communication ranges, alternate lower data modes and two tape
recorders with storage capability for 2 x 108 bits of scientific data
are provided. Two 72,000 bit buffers provide temporary storage of

spacecraft engineering and capsule data.

The spacecraft propulsion subsystem consists of a solid motor with an
oblate spheroidal case for Mars orbit insertion and four 50-pound thrust,
jet vane controlled, hydrazine engines operating in pairs for midcourse
and orbit trim. The solid propellant motor with a specific impulse of
about 300 pounds force seconds per pound mass delivers 10,500 pounds
maximum thrust and burns regressively to provide not more than 2.2 g's
acceleration. Solid motor TVC is by a Freon secondary injection system.
With the available 2306 pounds of solid propellant, an orbit insertion
velocity increment of 5700 feet per second is attained. The 50-pound
thrust monopropellant engines with a specific impulse of 235 pound

force seconds per pound mass have multiple restarting capability. These
engines utilize the spontaneous decomposition catalyst. Hydrazine fuel

capacity is adequate for 929 total seconds of operation.

Reaction control is produced by expulsion of sterile nitrogen through

two redundant sets of eight .25 pound thrusters each, which are body-
mounted on the spacecraft. Four titanium tanks contain 60 pounds of

cold nitrogen for reaction control and propulsion requirement. The

45 pounds allocated to reaction control is adequate for the 6-month orbital
mission with a safety factor of 2. Under nominal conditions, the nitrogen
supply is adequate for four years. Both propulsion systems, plus the

reaction control subsystem, are assembled in a single sub-module mounted

14
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in the spacecraft. This modular arrangement permits complete assembly
and checkout, including sterilization, prior to installation on the
spacecraft. The propulsion and reaction control systems including all
fuel and gas supplies are sterilized to avoid planetary contamination

by propulsion ejecta.

The selected attitude reference and autopilot subsystems are comprised
of an attitude reference module, autopilot module, and coarse and fine
Sun sensors. The attitude reference module includes three redundant
Autonetics G-10 gas-bearing gyros, two redundant accelerometers, two
redundant Canopus sensors and two fine Sun sensors. The coars Sun
sensors are located on two solar panels. The autopilot is an analog
type and maintains spacecraft orientation to within +0.4 degree in
cruise, +0.2 degree in Mars orbit, and the limit cycle period is sever-
al hours. All selected components are existing designs with operation

and qualification experience.

The electrical power system is similar to Mariner IV, with three solar
panels, 8-1/2' x 13', consisting of two sections each. The total area
of 236 square feet prévides 627 watts of power at the distance of Mars
from the Sun. A flat solar cell arrangement is used; three silver cad-
mium batteries are provided for use during off-Sun periods. The power
subsystem regulates and distributes the electrical power to subsystems
where additional power conditioning is performed. A 50-percent increase

in power is possible by addition of one section to each solar panel.

15



SOEING

D2-82709-1

The Voyager central computer and sequencer (CC&S) provides timing func-
tions and command signals to all other spacecraft subsystems. A magnetic
core memory provides storage for 256 21-bit words and a capability to
execute 333 different commands. The CC&S minimizes the need for detail
ground commands by incorporating preplanned operational sequences. All
commands and stored instructions can be monitored and controlled from the
ground for complete analysis and control during the entire mission. A
modified NASA Lunar Orbiter programmer has been selected as the basic
element. This memory-oriented digital computer has been space-qualified
and addition of redundant data processing and switching circuits provide

a highly reliable unit.

The spacecraft structure includes a simple truss base, 10 feet wide at
the bottom and 5 feet wide at the top, fabricated of 6AL4V titanium
tubing. This base attaches to the Centaur adapter and supports the
antenna and solar panel appendages. The electronic packages are con-
nected to a five-foot diameter, cylindrical, magnesium shell installed
above the truss. The flight capsule is supported by an adapter ring with

loads carried by four columns through the cylindrical shell.

A number of major technical problems were encountered and studied in
developing the preliminary design. The most significant of these were
as follows:

1) The assessment of the most reliable and highest power transmitter

tube meeting the Voyager requirements;

16
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The overall spacecraft magnetics problem with particular attention
to the magnetic focusing field for the traveling wave tube.
Availability and reliability of spacecraft recorders.

Selection of a reliable secondary battery with adequate recycle life.
Estimation of solar panel degradation from electromagnetic radiation
and meteoroids during the mission.

The trade-off between proven instruments versus new and inherently
simpler instruments.

Determination of the degree and type of redundancy, for example,
using two identical instruments of two difference designs.

The effect of the solid engine exhaust on the structure and solar
panel temperature.

Accommodating the length of the orbit insertion engine.

Selection of installatioé technique for the equipment packages.

Selection of the thrust vector control technique.

Effect of heat soak sterilization on equipment.

These problems are the key technical considerations in developing the

preferred design.

The subsystems of the Boeing team's spacecraft provide a conservative and

highly reliable design. No state-of-the-art advances are required to meet

the design criteria for any subsystem.
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5.0 SCHEDULES AND IMPLEMENTATION PLANS

5.1 INTRODUCTION

The schedules and plans developed by Boeing for the Voyager Spacecraft
System complement and extend the technical approach discussed in the pre-

vious sections of this volume.

During Phase IA, Boeing Voyager Spacecraft System personnel have responded
to the Statement of Work by developing schedules and plans based on a
thorough understanding of the mission objectives, related JPL publica-
tions, and other program requirements. Techniques used to tailor the
schedules and implementation plan are founded on experience with develop-

ment type programs that require rapid reaction to change.

The schedules and plans reflect consideration of the preferred design,
results of schedule trade studies, various government publications, and
customer management practices. Although the schedules and implementa-
tion plans were developed to satisfy a specific Statement of Work, they

are flexible enough to be readily modified.

The selection of Autonetics as another major subcontractor has increased

the technical strength and capabilities of the Boeing Voyager team.

Total company commitment to the Voyager Spacecraft System demonstrated
during the Phase IA activity was publicly endorsed by Mr. William M.

Allen, President of The Boeing Company, when he said:
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"The National Aeronautics and Space Administration's Voyager
Program for which the Aero-Space Division is now competing,
promises to be the major effort for unmanned exploration of

the planets for the next fifteen to twenty years.

We want to be a major contributor to the Voyager Program. It
is a key project in an expanding area of business and will
place the successful company in a commanding position in the

field of unmanned spacecraft.”

Based on its understanding of the overall Voyager mission, Boeing is con-
fident that its schedules and implementation plans will lead toward
success for a 1969 test flight and primary flights in 1971 and 1973.
Boeing is prepared to support JPL in all management and technical areas
of the Voyager Project as desired ana requested. The combination of
JPL's demonstrated leadership in interplanetary exploration and Boeing's
experience in design, assembly and test, and systems integration consti-
tutes a team most likely to attain overall mission success--both for

Voyager and for future probes of outer space.

5.2 SCOPE

The schedules and implementation plans presented in this section relate
specifically to the preferred design of the Spacecraft and Operational

Support Equipment (OSE) and take advantage of the versatility inherent

in this design. Three master schedules are presented. They are:

1) The accomplishment of a 1971 mission without a prior test flight.
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2) The accomplishment of a 1971 mission preceded by a test flight in
1969 using Atlas/Centaur.
3) The accomplishment of a 1971 mission preceded by a test flight in

1969 using Saturn IB/Centaur.

Detailed analysis and schedule trade studies of the alternate spacecraft
designs discussed in Volume B indicate that the adoption of any one of
these alternates will have no significant effects or implications on the
schedules and implementation plans related to the preferred spacecraft
design. Moreover, the schedules presented herein are sufficiently flex-
ible to accommodate, without significant impact, any combination of the

features of the alternate spacecraft designs.

Summary implementation plans which are a preview of the detailed plans

to be submitted in the Phase IB proposed are presented separately in
this section. They include a Management Structure that encompasses the
Boeing Voyager Spacecraft System management structure and the separate
management structures of its three major subcontractors. A comprehensive
Project Control Plan, based on an Integrated Management System, is also

presented.

Product Assurance is discussed in summary form. The Quality Program
Plan summarizes the Quality Assurance System and Quality Control System
recommended for the Voyager Spacecraft while the Reliability Program
Plan describes how Boeing intends to meet the reliability requirements

imposed by JPL. A Configuration Management Plan is presented describing
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how disciplines used by Boeing on other programs will be applied on the

Voyager.

The Manufacturing Plan discussed the in-plant manufacture of structural
components, the assembly and installation of electrical/electronic com-
ponents and systems manufactured by Boeing and suppliers. The Procure-
ment Plan summarizes Boeing procurement policies that will be administered
on the Voyager, highlights some of the major procurement tasks and how
they will be accomplished. A Safety Plan is also presented which estab-
lishes system safety direction and control. The section concludes with a
project control system proposed by Boeing for JPL's use in managing the

Voyager Project.

With respect to the plans mentioned in this paragraph, Boeing is thor-
oughly familiar with the contents of NPC 200-2, NPC 250-1, NPC 500-1,

AFSCM 375-1, and other customer management practices.

5.3 APPLICABLE DOCUMENTATION

The applicable documentation used in the preparation of Section 5.0 is
listed below. Copies of pertinent reference Boeing documents (*) are

being submitted with this report.

5.3.1 Boeing Documentation

1) D2-14727-1, Change Processing Manual - Minuteman

2)  D2-15000, Configuration Management Manual - Minuteman

3) D2-23814-1, Reliability Technology Resources - Aero-Space Division

4)  D2-23850-3, Voyager Spacecraft System Proposal, Volume III, Manage-
ment, Organization and Scheduling

5) D2-80027, Safety Design Requirements, X-20 Program

5-4




10)
11)

12)
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D2-82707-1, General Requirements - Voyager Spacecraft System
*D2-82724-1, Voyager Spacecraft System Reliability Analysis
*D2-82724-2, Voyager Spacecraft System Failure Mode and Effects
Analysis

*¥D2-82724-3, Voyager Program Reliability - Analysis and Prediction
Standards

D2-100151, Reliability Program Plan - Lunar Orbiter

D2-100174, Configuration Management Plan - Lunar Orbiter

D5-11423, Proposed Saturn V Configuration Management Implementation

Study for Marshall Space Flight Center

5.3.2 Other Documentation

1)

2)
3)
4)
5)

® 6)

7)

8)

e
~

10)

11)

ANA Bulletin 445, Air Force Navy Aeronautical Bulletin-Engineering
Changes to Weapons, Systems, Equipment, and Facilities

JPL Volume 45, Voyager 1971 Mission Specification

JPL Volume 46, Voyager 1971 Mission Guidelines

MIL-D-70327 Drawing, Engineering and Associate Lists

MIL-Q-9858A, Quality Program Requirements

MIL-Q-21549B, Quality Assurance Program Requirements for Fleet
Ballistic Missile Weapon System Contractors

NPC 200-2, Quality Program Provisions for Space System Contractors
NPC 200-3, Inspection System Provisions for Suppliers of Space
Materials, Parts, Components, and Services

NPC 250-1, Reliability Program Provisions for Space System
Contractors

NPC 500-1, Apollo Program Configuration Management Manual

AFSCM 375-1, Configuration Management During Definition and Acquisition
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13)
14)
15)
16)

17)
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AFSCM 375-2, System Program Management and Industrial Management
Assistance Survey

AFSCM 375-3, System Program Office

AFSCM 375-4, System Program Management

AFSCM 375-5, System Engineering Management

AFSCM 375-6, System Management Development Engineering
30265-General Specification, Spacecraft Flight Equipment, Pressure

System, Safety Requirements for
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5.4 SCHEDULES AND SCHEDULE ANALYSIS

The unalterable launch window for the 1971 mission is the primary con-
straint on the program master schedule for the Voyager Spacecraft System.
The special significance of this constraint must be carefully consi-
dered in every technical and programming decision. The master schedule
was developed to successfully achieve the 1971 mission objective, based
on a Phase 1B go-ahead in January, 1966, a development freeze in July,
1966, and a continuous contractor effort with no break between Phase 1B
and Phase II. Detailed schedule analyses confirm that test flights

can be made in 1969 that will contribute significantly to the success

of the 1971 mission.

Three different program implementation approaches to achieve 1971

mission success were considered.

1) The accbmplishment of a 1971 mission without a prior test flight.

2) The accomplishment of a 1971 mission preceded by a test flight
in 1969 using the Atlas/Centaur launch vehicle.

3) The accomplishment of a 1971 mission preceded by a test flight

in 1969 using the Saturn 1B/Centaur launch vehicle.

All three approaches utilize the preferred 1971 spacecraft configura-
tion for the mission flights with minor modifications for the 1969

test flights on the Atlas/Centaur. The 1969 test flight is considered
as an integral part of the total test program to improve the probability

of 1971 mission success.

5-7
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Important ground rules applied to the master schedules are:

1) Phase II will follow Phase 1B with no break between phases.

2) For the selected orbit the earliest 1971 launch window opens on
April 30, 1971.

3) Voyager Project and Spacecraft System interface tests will be
concluded well enough in advance of flight spacecraft and
related operational support equipment (OSE) completion to
allow for corrective action as necessary. For 1969 test flights
interface tests will use simulated hardware.

4) Three complete flight spacecraftvand related OSE will be
delivered to the Air Force Eastern Test Range for each launch
opportunity.

5) One complete set of subsystems, "burned-in" on the standby
vehicle, will be delivered as flight spares.

6) There will be two flights launched during each launch

opportunity.

S5.4.1 Phase 1B Schedule

The Phase 1B schedule is considered to be the same for all three
approaches. In order to accurately schedule all of the program events,
it is necessary to develop a clear definition and understanding of the
scope of work for Phase 1B and obtain complete agreement on what will be
accomplished prior to Phase II initiation. A detail phase 1B schedule
was prepared to provide this understanding and is summarized on each
master schedule. It reflects the objectives, tasks and outputs as
defined in the Phase 1B Specimen Statement of Work, and the Preliminary

Voyager Mission Specification and is described below.

5-8
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Coincident with Phase 1B contract award, JPL will provide an approved
formal 1971 Voyager Mission Specification, an approved Organization
Plan, and an approved Implementation Plan. These documents, together
with the firm Phase 1B work statement, will control and guide the
Phase 1B effort. By late February modifications to implementation
plans must be approved by JPL to allow early initiation of applicable.
portions. A Parts, Materials and Processes Control Plan will be pre-
pared and submitted to JPL for approval early in Phase 1B, so that

it can be used to discipline hardware design.

The most significant event during Phase 1B is the "development freeze"
specified in the preliminary Voyager Mission Specification. Its
significance rests on the following definition:

1) By July 1, 1966, all subsystems and component design development,

including development tests, necessary for improving on the

R e St e e et T S L v e

state—qf—the-art will be completed.

2) Development testing in support of component selection and
design verification need not be completed by July 1, 1966,

3) The mission specification provided at Phase 1B go-ahead will be
verified, with any revision recommendations ready for submittal
to JPL. Centerline, inboard profile, and equipment arrangement
drawings will be complete.

4) Functional specifications for 1969 and 1971 spacecraft and for
the operational support equipment will be complete. Also, pre-
liminary design specifications (Part 1 CEI Specifications) will

be complete.
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5) Design reviews will have been held for each subsystem or major
component. These reviews, in the case of critical long lead
time items, will be similar to a Preliminary Design Review (PDR),
and will involve Boeing, its team contractors, and JPL.

6) In addition to the specifications and drawings listed above
Phase II costs, schedules, and program plans will be included.
These plans are Engineering, Manufacturing, Assembly and

Checkout, Integrated Test, and Launch Operations.

After development freeze, the final two months of Phase 1B are devoted
to continued design effort, completion of the functional specifications,
refinement of implementation plans, initiation of procurement surveys,

and submittal on August 31 of final report documentation.

5.4.,2 Master Schedule - 1971 Mission Only

The master schedule shown in Figure 5.4-1 depicts the significant events
and time phasing for the Voyager Spacecraft System to support the
Voyager mission flight in 1971, with no test flights in 1969. The

5-1/3 year time period from Phase 1B go-ahead until the 1971 launch
opportunity, starting on April 30, 1971, permits an end-to-end schedule
approach to achieve mission success. Time is available for an un-
hurried design phase, followed by extensive ground testing. Only

the minimum practical concurrency of timing between design and testing

is scheduled.

5-10




JET PROPULSION LABORATORY

MAJOR PROGRAM INTERFACES
BOEING
MISSION ENGINEERING
SYSTEM ENGINEERING
PLANETARY QUARANTINE

PRODUCT ASSURANCE (P/A)

SYSTEM CONFIGURATION & DESIGN

SUBSYSTEM DESIGN
TELECOMMUNIC ATIONS

ATTITUDE REFERENCE
AUTOPILOT

REACTION CONTROL

CENTRAL COMPUTER & SEQUENCER
ELECTRICAL POWER

STRUCTURES & SPACECRAFT ADAPTER
MECHANISMS

TEMPERATURE CONTROL

PYROTECHNICS
CABLING
PROPULSION MIDCOURSE

PROPULSION ORBITAL INSERTION

\1\ SCIENCE PAYLOAD INTEGRATION//,/’

——— -

MANUFACTURING & TEST PROGRAM
MOCKUPS

PARTIAL SPACECRAFT
STATIC TEST MODEL



1965 -

JUN

JUuL

AUG

SEP

ocCT

NOV

DEC

SELECY
CONTR
REL F
MISS

1

PHASE 1B
PROPOSAL

PHA
EVA

SE 18 PROPO!
LUATION

START
PH I8

STER OR C
RQMT PRC

A

1SSUE
REQMT!
[JIREET:



1966

HASE 1B AWARD PHASE 2
CTORS CONTRALT
IN PROCHSS IN PROQESS APPROVE| P ARTS
L7 REVIEW & TECH REVIEW § TECH MTLS & NFG
€C DIRECTION DIRECTIGN PROCESS[LISTS APPROIVE INTEG
L y y TEST PLAN
PHASE 18
EST. A
AQOIF el 5/S SUBMIT FUNC
PRODECT DEVELOPMENT oo DEVELFREEZE 11
W colirroL STATU DR & DESIGN SPECS
CENTER REWIEW
UPDATE AS$IGN MISSION
1971 MISSION ENIGR PANEL
ROMT PERSONNEL [———
h 4 7é |
1 REL PRELIM 1CD-
REL FUNC WNTEG TEST REL FUNCT FINAL REL PHASE P N
ANAL | 5/C SGIENCE
R MTS‘STAB sped OSE 8 DOCUMENTATION PAYLAAD
a A A N h 4 —
CONTAMIN PRELIM DER STOR
"ISION & DECON AVAIL UPDATE PLANETARY
QUAR nkoms
!
UPDATE
CA APPROVED | RELF A ASSIGN APPROVE  UPDATF iMp tsTAB REL P A
PARTS & DATA coG osaN RFL & SAT. PHABT 1i P A DATA TEST
ES M& P LIST PLAN ENGR SPEQS ANALYSIS R85 PLANS CENTRAL REOMTS
h 4 A 4 A 4 4 A A 4
—
SY} DEVEL comeL COMPL SIYS
STATUS SYST FUNCT SPEC
REYIEW POR RELEASE
X A 4 A 4 .
DEVEL RELE
STATUS COMM.  FUNC $/C IM
REVIEW rOR SPEC DWG | REL
A, Y v
]
DE FUNC
STATUS compL SHEC START ENGR
RE POR REL MODEY TEST
. A 4 A 1
DE AUNC
STATUS COMPL  SPEC START ENGR
RE POR  REL MODEL TEST
' -
. REL FUNC
DEV [NTERCF:A%E —— START §NGR
;IC‘U WG oK REL MODEL TEST
v v v o |
DE FUNC
STATUS coM SPE START ENGR
RE POR REL MODEL TEST
A 4 A
=
bE FUNC
STATUS campL SPEC
) PO REL
v v |
EL
DEV INTERFACE UNC
STATUS CNTRL | compy  3PEC STAS
REV owGS | por EL MO
A vy v
N
DEV REL FUNC:
INTERFAQE
STATUS|  CNTRL COMPL SHEC START|ENGR
2tV AwGS POR oig MODSL TEST
A K 4
A4 A 4 -
FYNC
DEV) REL INYERFACE  QOMPL SHEC BTART ENG
STAIUS  CNTRL| pwGs  PPR REL MODEL TES
RE A\ 4 A A |
D FUNC
STATUS cmpL SPEC START ENGR
RE POR REL MODEL TEST
y v A4 |
rel
DE INTERFAQE FUNC
STATUE  contecl  cone SPEC START FNG
RE pwds  ppr REL MODEL TES
A X, Y
N
RE seEct SUPPUER o FuNz HDVE
€D suppLier | CONTRACT kel ifvrerrace oVl SPEC CONTRACT STARTIENGS
v AW'ARD CON ROL!DWGg REL AWARD MODEL TEST
' '
o SUPRLIER FUNC HDWVE
SELECT CONTRACT REL INTERFAC COMPL SPEC CONTRACT STARTIENGR
ASE SUPPLIER AWARD CPNTROL DWEGS PDR REL AWARD MODHL TEST
‘ h 4 Y h 4 h 4 Y J
]
REL CASS !
. UC[WSCSS' COMPLICLASS 11 INITIAL ¢
A " STRUCT




1967

PPR AHSE
AFETY
v
PHASE 1t
SUPPORT 1
i
A UPDATE(S. C PROVDE FINAL
PROVIDE |JPDATE SYS FUNC ANAL MISSIDN REQMTS
INTERFACE DATA (EVERY b MO) UPDATE OSE & RESTR 5/C-MOS
FUNC SPECS DSN-L/C.CAP
v A4 \ A 4 —
g
4
i
RFL P A RAL (2UAL
MFG < MOMITOR ENGINEER MODEL TESTING - SiATUS
REQMTS DHCUMENT
4
—
START COMPL 5YS
SYS ENGR  ETM DWG
MOPDEL RELEASE
— Y .
START €™
ENIGR MODEL COMPL ENGN CONPL  HDWE s
Teqt MODEL TEST con AVAIL 1
h. h 4 ,
COMPL ENGRG| ETM HDWE  COMPL
MODEL TEST|  AVAIL COR
A 4 A 4 |
ET™
COMPLENGR HDWE ComeL
MODELTEST| AVAIL CODR
. \4 -
- !
S C Eim COMPLENGR  colpL ETH HDWE
PWGH REL MODEL T§5T P AVRAIL
A y
N—
S/CETM COMPL ENBR I
DWGS REL MODEL TEYT ¢
Y X v _
ETM HDWE
START [NGR COMPL{ ENGR COMPL AVAIL
MODEN TEST MODE L] TEST CDR ETM HDWE
4 \ Yy WAVAIL
ENGR ™M COMPLENGR  COMPL
L rest 5 < ETM HOWE MopeL TEST  cor
owds REL AVAIL
3 v v \ A ,
|
i 5. C ETM ETMHOWE| COMPLENGR  COMPI
| DWGS REL AVAIL MODEL TET  CoRr
| A 4 y 4 v
N "
5/C Efm i"’;"L‘DWE IC OMPL EN
DWG} REL MODEL TES
4 Y
R—
S/CETM CIOMPL ENGR| ETM HDW
DWGS REY ODEL TEST | AVAIL
v e
S CETM COMPL
DWGS REL MODEL
4 Y .
S CETM
DWGS REL
' -
S CET™
DWGS REL ——
Y N
S C[SCIENCE INJTRUMENT
INTERFACE SPECY & ASSOC
DRAWINGS
Y, < ,
\\¥ —
bos im U | INITAL dLAsS 11 m Al CLASS 11 MU
- SYS & WIRE DWG REL compL
A 4 4 A 4




] 1968

JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT|NOV | DEC

APPR STC
7t OSE
CDR APPROVAL
SAFETY CDR ARPROVAL
v
4
S C P ZT;T OsE
COR

JPLIN THE REFINEMENT|OF THE VOMAGER 1971 M{SSION DEF[NITION AND DEFINITION OF TH “QN{SIGN

REL FINAL ICO-
$/C SCIENCE UPDATE MISSION REGMTS
PAYLOA 8 REJTRAINIT 5/C-
A 4
R =
UPDATE
REL & SAF P/A [STATUS
ANALYSIS ,{), DR ¢ MON(TOR TYPE APPROVAL TESJING —
SYS ETM
Howe SWSTEM
AVAIL dor
v |
T
'
(4 5/¢ COMM - BSIF COMPL
1 CQMPAT ESTAY TAT
STIART compL
TAT TAT
A4 A A
STJART compL
14T TAT
4
sThrT COMPL
AT TA
3 A

—
PL /?’: cOmpL
TAT

A

ART TAT TCE’T
4 Y
START compL
TAT 14T
A A
START chmeL
TAT TAT
Y
STIART COMPL
COmPL TAT TAT
CR
L A4
sqarT
COMPL TAT COMPL
COR TAT
4 A4
COMPL
INGR P2 SYART qomeL
Fst TAT AT
y v v
ETM
HDWE COMPL ENGR CPMPL STAKT 1 domeL
AVAIL MOpEL TEST  CHR TAT Tt
A 4 y A 4
ETM  COMPL ENGR
HDWE MODEL TEST  COMPL START €O
AVAIL e TAT TAY
A 4 Y A 4 )\
AHSE - $/C
COMPAT
ESTAS
FAB & SUBLASSY STATIC|TEST




1969

REL MISSIDN
OPERATICIN PLAN
\ 4
1 A
T DELIVER TEST ASSIGN
‘ S/CTD L SPAT & FPAX
| TEAMS
|
i
|
\
|
: —
= -
|
|
| - PDATE FUNQTIONAL ANALYSIS, FUNGTIONAL SPECE, DETAIL SPECS, & SYS1
i
|
3 173 STERIL
REQM]S DEFINED
]
— MONITOR FAB & ASSEALY FLT 5/C ->
_
START
sYs coMerL pTm N
TAT SYSTEM
A 4 A4 —
1971 T
SYS 1971 ELIGHT SPARE
seart 5.9 SUBSYSTEMS
AVAIL AVAIL
A 4 v
71PTNA N ‘71 FLT| SPARE
SUBSYY AVAIL SUBSYY AVAIL
‘1 FLY SPARE
71 PN
SUBSYS|AVAIL SJBSYS'AVAIL
T1PTmM A1 71 FLT $PARE
QUBSYS AVAIL SUBSYS VAIL
v h |
71 PTM 1 1 FLT SPARE
UBSYS AVAL SPBSYS AVAIL
h 4
i 71 PTM| 41 "7V FLT [SPARE
SUBSYS| AVAIL SUBSYS|AVAIL
T1IPTM N ‘71 FLT SPAR
SUBSYS AVAIL SUBSYS AVAIL
A 4 -
71 PTM )| 71 FLT SPARE
SUBSYS AVAIL SUBSYS AVAJL
A 4 Yy
‘71 FLT BPARE
71 P A1
SUBSYS AVAIL SUBSYS[AVAIL
\ 4 4
71 eTm A
SUBSYS AVAIL
' i
71 PTM N ‘71 FLT SPARE
SUBSYS AVA|L SURSYS AVAIL
A 4
71efm N 71 FLT| SPARE
SUBSKS AVAIL SUBSYS[ AVAIL
A 4
PL 7V PTM N 71 FLT SPARE]
SUBSYS AVAIL BUBSYS AVAI
A 4 v




1970
JAN| FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT |NOV/| DEC
MISSIGN ACCEPT MISSIPN ACCEPT
MISSION ACCEPT REVIEW 1971 REVIEW 1971
REVIEW 197} S/CRT N s/CELT 12
SPARE
Y A 4 Y —
A
STARK ETR
INTEGRATION
TESTING
»
]
M DOCUMENTATION —
"
]
SUMMARY MONITOR {71 5/C FA &
@t MONITOR COMPATABLITY & FA TESTIN —— | —
s P,‘, ss“cws [~ PRELAUNCH TESTING
COMPL LT —
SPARE S¥isT SYS COMPAT
AVARL ESTAD
v v 1
i
"7% FLT SPARE
' SUBSYS AVAIL

-




1971

JAN | FEB | MAR| APR | MAY | JUN | JUL | AUG| SEP | OCT
SATURN 18 1971 FINAL h
C* ven dhuncn
CEnTAR ol winDbw OPEN £
A 4 —
VERIF DECONTAM 1971 STERQL
STATUS CERTIF
A 4
UPDATE P/A il:'EC"é"
— SUMMAR Look
r P/A nrAsr;s ON JAUNCH




1972

hwc JAN| FEB | MAR

APR | MAY | JUN | JUL

AUG | SEP | OCT

NOV

DEC

MARS
ION
OUNTER

‘ 4

A
SUBMIT PRELIM
1971 ENCOUNTER
REPQRT

SUBMIT FINAL
1971 ENCOUNTER
REPORT

ABBREVIATIONS

THE B”EI”E COMPANY

Master Schedule 1971 Mission Only

c/0 CHECKOUT
ETM ENGINEERING TEST MODEL
CDR CRITICAL DESIGN REVIEW
PDR PRELIMINARY DESIGN REVIEW
MU MOCKUP
FAT FLIGHT ACCEPTANCE TEST
TAT TYPE APPROVAL TEST
ASSY- ASSEMBLY
FAB FABRICATION
SUBASSY SUBASSEMBLY
REV REVIEW
REL RELEASE
MDS MISSION OPERATION SYSTEM
DEV DEVELOPMENT
COMPAT COMPATIBILITY
INSTR INSTRUMENTATION
HDWE HARDWARE
FLT FLIGHT
ANAL ANALYSIS
IMPL IMPLEMENT
coG COGNIZANT
s/C SPACECRAFT
LN LAUNCH VEHICLE
CAP CAPSULE
ETR AIR FORCE EASTERN TEST RANGE
BOD BENEFICIAL OCCUPANCY DATE
DSN DEEP SPACE NETWORK
DSIF DEEP SPACE INSTRUMENTATION FACILITY
DWG DRAWING
OSE OPERATIONAL SUPPORT EQUIPMENT
SPEC SPECIFICATION
MTLS MATERIALS
M&P MATERIALS & PROCESSES

APPROVALS
ORGANIZATION NAME DATE APPROVAL

SPACECRAFT SYSTEM
PROGRAM MANAGER

E. G. CZARNECKI |73ty

5D Cpsctt

AUTONETICS
DIVISION - N.A, A,

R. R. MUELLER 23

ﬂﬂﬂ/:%—\

ELECTRO OPTICAL SYSTEMS

C. 1. CUMMINGS 7/;;

%z




THERMAL TEST MODEL

DYNAMIC TEST MODEL

COMPLETE SPACECRAFT
ENGINEERING MODEL-PROTOTYPE

JPL TEST SPACECRAFT

SUBSYSTEM FLIGHT SPARES

1971 PROOF TEST MODEL 1
1971 PROOF TEST MODEL #2

1971 FLIGHT SPARE

1971 FLIGHT |

1971 FLIGHT 2
OPERATIONAL SUPPORT EQUIPMENT
ASSEMBLY, HANDLING & SHIPPING EQUIPMENT
SYSTEM TEST COMPLEX
LAUNCH COMPLEX EQUIPMENT
MISSION DEPENDENT EQUIPMENT

FACILITIES

CONFIGURATION MAN AGEMENT

BUSINESS MANAGEMENT




INITI
PLAN

REVIEW
SPECS |
FROM

ESTAB MG

2 PROG.
A




START INTERFACE

: AHSE conmoL
| DEVEL DWGS
L v \
|
START INTERFACE
STC BREADSOARD conmoL "
DEBIGN & TES owgs o
1 A 4 v
!
START LCE INTERFIACE
BREADSOAR| CONTROL
DESIGN & TEST DWGS
h 4 4
! ESTAB START MDE INTERFACE
CHANGE | BREADBOAR CONTRQL
BOARD  |DESIGN & TEST DWGS
h 4 A 4 \ 4
' D
PHASE I FAC 381 :‘Z:
PLAN REL§ |
8 IMPLE
ECEIVED ESTAB CONFIG
oL CNTRL JENTER
r A 4
© ESTAB PROJECT
! CNTRU CENTER COMPL RHASE 11
o TE IMPLEM [APPROVED PROG PUANS, P
om:gL PHASE 1Bl MGMT SCHED 8 COSTS -
Y \4 PLAN' W

SUBMIT UPDATED
PHASE I1B(MGMT
PLANS




THERMAL TEST |MODEL |
DYNAMICE TEST| MODEL
ENGINEERING MODEL o |
Ist AHSE
INITIAL AVAIL (SLING)
DWG REL
Y h 4 |
FIN DWG STC FOR
NITIAL REL STC ENGRG MOD
G REL ETM AVAR
A 4
"
FIN
INITHAL REL
DWG|REL £TN
A 3
i
FIN DWVG
INITIAL MDE FQR ENGRG
DWG REL ER;LAMDE MOD LEE & MDE
FOR ENGRG MOD
v S1C L 4
i
Y & BOD MAGNETIC
I MAPPING FACIL
|
|
START VERJF OF  REL| Ist COMFIG |
EQUIP CONFIG 8 ACCTG INDE _
\ 4 -




FAB & SUB-ASSY l THERMAL TESJ

FAB &]5UB-ASSY l DYNAMIC] TEST
L ENGRG MOD ASSY 8|TEST  SUBSYSTEM & OFE COMPATIQILITY TESTS
l FAB & sUBJASSY $S/C ASSY &|TEST
JPL|TEST $/C

1971 PROOF TEST |MODEL "1 Llooue

1971 PROOF TEST MODEL #2

71 AMSE FIN DWG L
COR REL| AHSE AHSE
A 4
7IUsTC BNjowe STC[FOR
cof REL[STC JPLMOD
WG ENGA MOD nhce  ANDwe
LCE HDWH (ETM) <r REL[Lce
AVAIL LCE
r b y y

GOLDSTONY
FACIL BOD

A 4

SPECS & DRAWINGS| IDENTIFICAJION & CON| ROL

EVALUATE & CONTROL PROGRAM COSTS, SGHEDULES, & WORK PERFORMANCE




SUBAYSTEMS fe

ICTR-MECHAN
Egﬁ xr CCMPAT ESTAD,
v v -
JMAQEING mn
SHIP TO TEST QATA TEST
JRL REVIEW REVIl
.
)
L—
;~ASSY l /C ASYY & TAT
‘
l FAB & SUB-ASSY ) $/C ASSY & TAT
]
FAB & SUB-ASSY
1971 FLIGHT SPARE S/C | |
1971 FLIGHT s/¢ #1 L 0 8 suppssy
’ )
|
|
1971 FLIGHT /¢ #2 L s afsus-assv
!
™ N PTM 2 IST AHSE LAST AHSE
RHSE AVAIL AHSE AVAIY AVAIL 71 AVAIL
A 4 A 4 \ 4 A 4
sTC
STC 5/C sTgs/c STq FOR
s PTM 2 irchffAff 7UHFLT 1 r?r"z
A 4 A 4 A 4
PTM LCE
AVAIL
A 4
]
TIMOE glowe GOLPSTONE
cot REL MOE MDE [avaiL
v y \4 |
BOD-DYNAMIC 3 oy aFgTR
TEST FALIL TST FACIL
y y

v




EING JR/BQEING | JPL /BOEING n
IATA TEST DATA TEST QATA TEST
p REVIEY REVIEY REVIE
|- y y J

L FA[ SPARES TO BE USED IN ALT 5.C  FAT| SPARE SUBSYSTEMS AVARABLE FOR FLIGHT SPACKCRAFT
.
9C - DSN $/cl s 5/C MOS
PTM DESIGN QESIGN VERIF | svs COMPAT
VERIF ¢OMPL TEST COMPL COMPAT ESTABL
4 A 4 ) h 4 \ 4 J
GOLDSTDNE COMPAT TEST EfR COMPAT TEST
INTERFACE TEFT  DESIGN| VERIFY TESTS — 5000 HOUR MISSKDN INSWATION
R—
COMPL
SHI TO HANGAR
K
s/Classy & FaT I e I cue: out
R
: PRE[ AUNCH TES
SHIP TO
L S, C ASSY |8 FAT TR
]
SHIP TO
1 5C ASSY & FAT TR
]
IST{LCE "
- LAST LGE
AV4DL 7 AVAIL 71
y L 4
LASK MDE
AVAIL
‘7




PEING

AVAIL

IL/AGEING
ATA TEST BATA
4 REVIEW
y
PAD TEFTING
AUNCH
SATURN IBACENTAUR PPORTUNI

PRELAUNCH TEST

SATURN IB/CENTAULR
AVAIL
y

PRELAUNCH TEST

'71 FINAL
CONFtG REVIEW

y

1

MISSION OH

ERATION SURPORT

1971
MISS]

ENCH
h 4




JELOPMENT LABORATOR €S | - O- MUORE 7228 U VY [57ee
L. B. BARLOW Z

SINESS AND OPERATIONS

Yos

};'NEER'NG W. C. GALOWAY |74 | & %
CILITIES R. K, MILLS %5 : )
NUFACTUR ING R. R. DICKSON %,; M
i\TERlEL J, C. POWERS %_3(

G. J. SIDDONS 75 »M&

EJALITY CONTROL

LIABILITY, QUALITY
'SURANCE, AND SAFETY

C. S. BARTHOLOMEW

|
fSTEMS TESTING

J. C. TURNER

Figure 5.4-1:
5-11




BOEING

D2-82709-1

5.4.3 Master Schedule - 1971 Mission and 1969 Atlas/Centaur Flyby Test

This master schedule Figure 5.4-2 depicts the significant events and
necessary time phasing for the Voyager Spacecraft System to support
the Voyager mission in 1971, preceded by a Mars fly-by test mission in
1969. The test mission omits the Flight Capsule, and is accomplished

using an Atlas/Centaur launch vehicle.

The choice of a flyby trajectory affects the launch date for the 1969
test flight, and the use of Atlas/Centaur with its lesser thrust and
smaller shroud than Saturn 1B/Centaur requires minor alteration of
the 1971 spacecraft configuration used for the 1969 test flight. The

most significant of these configuration revisions is shown in Volume D.

5.4.3.1 Schedule Effects
The modifications to the 1971 Flight Spacecraft design required for the

1969 Atlas/Centaur test flight do not affect the master schedule.

An integrated program that includes a flight test in‘1969 prior to the
1971 mission is characterized by compression of design and test time

as opposed to one that does not include the test flight. To preclude
pre-implementation of design development testing during Phase 1B a
philosophy of concurrency of design and test was used in the scheduling
that includes the 1969 test flight. Judicious selection of key design
and test milestones provides design maturity of the 1971 spacecraft

for use in 1969 tests and sufficient confidence testing to assure
objectives of the 1969 test flight. This approach recognizes that

the 1969 test flight is an integral part of the test program insofar

5-13
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as extended life type tests are concerned. Continuation of various
model tests, time phased to the 1971 mission, provides an increase

in probability of mission success in 1971.

By this philosophy a high-degree of confidence is obtained for the
1969 flight, and engineering data resulting therefrom is incorporated

in the 1971 mission tests and designs in a timely manner.

Increased confidence in initial design development testing could be

gained by selectively initiating effort in Phase 1B.

5.4.3.2 Conclusion
The implementation of the 1969 test flight is compatible with imple-
mentation for the 1971 mission. The schedule for accomplishment of

the 1969 test flight is reasonable and valid.

5-14
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5.4.4.2 Conclusions
The implementation of the 1969 Mars orbit test flight with a Saturn
IB/Centaur launch vehicle is compatible with the implementation for

the 1971 mission.

Although the total time from Phase IB contract award to test flight

is 2 & months less for the Mars orbit test flight than it is for the
flyby test flight the schedule for accomplishment is reasonable and
valid. The major effect is compressed design time, while the system test

cycle is the same.

5.4.5 Analysis

Results from analysis and comparison of the three master schedule

approaches are:

1) The 1971 mission with no prior test flight provides an optimum
time-phase program and involves the least schedule risk. Time
is available to provide an extra measure of safety in the per-
formance of all important tasks (design, verification testing,
interface testing, and flight acceptance testing) to allow for
major rework or retesting.

2) A program encompassing a 1969 test flight compresses the engineer-
ing and test flow time to support the 1969 launch opportunity.
This causes a slightly greater risk for the 1969 flight than for
a 1971 mission only. However, the actual experience from the
test flight, plus the substantial increase in system-level ground
test experience obtained from the 1969 test flight vehicles will

greatly enhance the confidence level for 1971 mission success,
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5.4.4 Master Schedule - 1971 Mission and 1969 Saturn IB/Centaur

Orbiting Test

This master schedule, Figure 5.4-3, depicts the significant events and
necessary time-phasing for the Voyager Spacecraft System program to
support the 1971 Voyager mission, preceded by a Mars orbiting test

flight in 1969. Both the 1971 mission and the 1969 test flight are
accomplished using a Saturn IB/Centaur launch vehicle. An enlarged ver-
sion of this schedule has been placed in the pocket on the back cover.
The choice of a Mars orbit trajectory, made possible by the use of

Saturn IB/Centaur, sets an earlier launch date for the 1969 test flight,
but the spacecraft will be identical in configuration to that planned for
the 1971 mission. An important factor will be the ability to accept

additional engineering test data instrumentation on the 1969 vehicle.

5.4.4.1 Schedule Effects

The launch opportunity for a Mars orbit test flight starts on December
30, 1968. This means that flight vehicles and OSE must be available for
launch nearly 2 & months earlier than for a 1969 flyby test flight. The
reduction in total time from Phase IB go-ahead to test flight launch is
mostly absorbed in the allocation of time available for subsystem design

prior to the construction of test flight hardware.

A 1969 Mars orbit test flight requires consideration of propellant
sterilization. Sterilizing of propellant can be accommodated without
any pacing effect. Valid estimates for further sterilization effects

will require further study to be accomplished early in Phase IB.
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Where the Saturn IB/Centaur is used for the 1969 Mars orbit test
flight, the schedule is compressed an additional 2 4 months over
the Atlas/Centaur schedule with schedule risk slightly greater
than for the Atlas/Centaur. However this option provides a test
of all project systems elements, personnel, procedures and mission
flight in the true environment prior to the actual 1971 mission.
This provides for greater benefits to ultimate mission success when
weighed against the schedule risk. The schedule assures timely
testing early in the program for a successful 1969 test flight.

A high confidence level is inherent in all schedules considered
due to the detail level of analysis acgomplished to support their
preparation, and the use of actual flowtimes from similar system
details on programs such as Lunar Orbiter, Mariner and Minuteman

to provide further assurance of success.
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5.5 MANAGEMENT STRUCTURE

During the IA definition phase, The Boeing Company and its major sub-
contractors have selectively implemented changes designed to improve
the effectiveness and responsiveness of their management structures.
The principal change to the overall management structure described in
the IA proposal has been the inclusion of Autonetics as a major sub-
contractor. Autonetics brings additional strength to the Boeing team
by contributing recognized capability and experience and a reputation
for high reliability in its area of responsibility - the autopilot
subsystem, attitude reference subsystem and related operational sub-

port equipment.

To avoid duplicating material submitted in the IA proposal, only signif-
icant management, structure changes made since then will be described.
Biographical material is included for key Autonetics personnel assigned
to the program. Resumes for other new personnel are available upon re-
quest and will be included in the organization plan submitted as part of

the Phase IB proposal.

5.5.1 Management Structures for Phases IB and II

Boeing and each of its major subcontractors have developed and imple-
mented management structures which clearly define lines of authority,

delegation of responsibility and accountability for performance.

Each team member has established one basic structure applicable to

Phases IB and II. This approach is dictated by the need for starting
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many program activities during Phase IB in order to accomplish the neces-
sary design, development and testing work in time to meet the program ob-

jectives.

5.5.2 Boeing Management Structure

The Boeing management structure has been modified slightly. Figure 5.5-1
indicates changes from the structure submitted in the Phase IA proposal.

There are a few personnel changes including a new Engineering Manager,

W. C. Galloway, whose resume is included. Changes in functional respon-

sibilities and structuring, principally the realignment of reliability

and product assurance activities, are indicated.

5.5.3 Electro-Optical Systems, Inc. and Philco, WDC Management Structures

The changes to these management structures are quite minor. The charts

are repeated for convenience on Figures 5.5-2 and 5.5-3 respectively.

5.95.4 Autonetics Management Structure

Autonetics, a major operating unit of North American Aviation, has been
actively engaged in Voyager program studies for over two years. Positive
evidence of continued commitment is manifested by full participation as

a member of the Boeing team. Basic responsibility for Voyager activities
within Autonetics has been assigned to the Astrionics Division. Figure
5.5-4 illustrates the Voyager management structure within Autonetics and
the significant responsibilities of each position. Resumes of the
principal Autonetics personnel assigned to Voyager appear at the end of

this section.,
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G. L. HOLLINGSWORTH
G. H. STONER

DR. F. PROSCHAN

TECHNICAL REVIEW BOARD

TITLE OR POSITION

DIRECTOR

VICE-PRESIDENT

VISITING PROFESSOR

AFFILIATION

BOEING SCIENTIFIC RESEARCH LAB.

AERO-SPACE DIVISION

——

SYSTEMS TEST AND
LAUNCH OPERATIONS
MANAGER
K. K. MC DANIEL

BOEING SCIENTIFIC RESEARCH LAB. —
AT UNIVERSITY OF o DEVEU
CALIFORNIA (BERKLEY) PLAN,
AND L
$. SHAPIRO DIR, OF PRODUCT AERO-SPACE DIVISION e DEVEL
DEVELOPMENT DESIGN MENT,
e IDENT
DR. L. DWYER SYSTEMS ANALYSIS AERO-SPACE DIVISION DEPEN
DR. W. HANE CHIEF SCIENTIST AERO-SPACE DIVISION
DR. H. L. RICHTER CORPORATE AREA ELECTRO-OPTICAL SYSTEMS
TECHNICAL SPECIALIST
DR. OTTO SCHWEDE DIRECTOR PHILCO WDL
TECHNICAL STAFF
E. G. CZARNECKI PROGRAM MANAGER AERO-SPACE DIVISION
i
FLIGHT SPACECRAFT SYSTEMS TEST BOARD
COGNIZANT TESTING
ENGINEERS

® DIRECT SPACECRAFT SYSTEM TESTS
® DIRECT SPACECRAFT FINAL ASSEM

BLY TESTS & ACCEPTANCE TESTS

@ DIRECT PRELAUNCH OPERATIONS

AND CHECKOUT

® DIRECT SPACECRAFT LAUNCH OPS,

@ PREPARE ASSEMBLY & CHECK
OUT PLAN

@ PREPARE INTEGRATED DATA
MANAGEMENT PLAN

® ACTIVATE SYSTEM TESTING
FACILITIES

@ CONDUCT SYSTEM TESTING OF

FLIGHT SPACECRAFT

DEVELOP AN INTEGRATED
TEST PLAN

MONITOR INTEGRATED TEST
PLAN

CERTIFY TEST COMPLETION
VALIDATE TEST DATA



FACILITIES
3
; R. K. MILLS
:L——-‘
P AND IMPLEMENT INTEGRATED TEST o [DENTIFY INDUSTRIAL AND OPERA-

PACECRAFT ASSEMBLY & TEST PLAN
NCH OPERATIONS PLAN
PMENT REQUIREMENTS AND PLANS FOR IMPLE-

ATION OF THE MOS

TIONAL FACILITY REQUIREMENTS

o DEVELOP FACILITY PLANS INCLUDING
FUNDING AND SCHEDULES

o COORDINATE FACILITY PLANS WITH

FICATION REQUIREMENTS FOR DSN, SFOF MISSION - JPL

DENT EQUIPMENT AND PROGRAMS

|

o MPLEMENT APPROVED PLANS AND
CONTROL FUNDS

o CONTROL AND MAINTAIN PROGRAM
FACILITY RESOURCES

LAUNCH MISSION
OPERATIONS OPERATIONS

SUPPORT SPAT AND FPAT AT JPL

CONDUCT MISSION OPERATIONS TRAINING
IMPLEMENT MISSION-DEPENDENT OSE
SUPPORT MOS ACTIVITIES

PREPARE SPACECRAFT LAUNCH OPERATIONS
PLAN

ACTIVATE LAUNCH OPERATIONS FACILITIES
COORDINATE PRELAUNCH OPERATIONS WITH
JPL/AFETR

CONDUCT SPACECRAFT LAUNCH OPERATIONS

FABRIC
ASSEMBI

e FABRICATE MO

AND TEST MOC
DIRECT PLANN
FABRICATION .
HARDWARE

DIRECT PLANN
FABRICATION
AND TEST FUN
PROVIDE SUPP(
LAUNCH OPER



OPERATIONS

L. B. BARLOW

DIRECT FABRICATION AND ASSEMBLY ACTIVITIES
DIRECT PROCUREMENT ACTIVITIES

DIRECT QUALITY CONTROL ACTIVITIES

ENSURE COMPLIANCE WITH ALL APPLICABLE
QUALITY CONTROL DOCUMENTS

1 ]
ATION AND MATERIEL QUALITY CONTROL
'Y MANAGER MANAGER MANAGER SYSTEM |
=KUPS e MAINTAIN ETHICAL AND COMPETITIVE e ESTABLISH & DIRECT QUALITY ESTABLISH SPACE!
ELS PROCUREMENT SYSTEM CONTROL REQUIREMENTS AND OBJECTIVES
ING, ORDERING ® BE SOLE COMMITMENT AUTHORITY PROCEDURES ESTABLISH SPACE
AND ASSEMBLY OF FOR PROCUREMENT e DEVELOP QUALITY CONTROL PLAN MENTS AND COR
® MAINTAIN INVENTORY MANAGEMENT TO COMPLY WITH NPC 200-2 DEVELOP SPACECH
ING, ORDERING, AND e MAINTAIN SOURCE SELECTION SYSTEM e DIRECT PRODUCT INSPECTION & ESTABLISH SPACE
PF TEST EQUIPMENT e ESTABLISH INCOMING TRAFFIC QUALITY ENGINEERING ACTIVITIES REQUIREMENTS
CTIONS ROUTING e PROVIDE ACCOUNTABILITY RECORD MONITOR DESIG
PRT TO STET AND e ACCOMPLISH RECEIVAL AND STORAGE SYSTEM & DISCREPANCY CONTROL MONITOR INTEG
ATIONS OF PARTS SYSTEM

FURNISH MAKE -OR-BUY SUPPORT



SYSTEM
ENGINEERING

S. R. RAGAR

® DEVELOP SPACECRAFT REQUIREMENTS AND
CONSTRAINTS

® CONDUCT SYSTEM-LEVEL TECHNICAL TRADE
STUDIES TO OPTIMIZE THE SPACECRAFT
SYSTEM

® DEVELOP SPACECRAFT AND ASSOCIATED OSE
FUNCTIONAL DESCRIPTIONS

® DEVELOP TEST REQUIREMENTS FOR THE
SPACECRAFT SYSTEM

N COMPLIANCE
ATED TEST PLAN

1 1 . |
EQUIREMENTS SYSTEM ANALYSIS SYSTEM |INTEGRATION

AFT AND OSE DESIGN CONDUCT SYSTEM-LEVEL OPTIMIZATION ® ESTABLISH FUNCTIONAL SEQUENCE OF

AND TRADE STUDIES MISSION EVENTS

ERAFT AND OSE REQUIRE- ASSIST IN SELECTION OF PREFERRED SPACE- e DEVELOP SPACECRAFT AND OSE FUNCTIONAL
STRAINTS CRAFT DESIGN DESCRIPTIONS
AFT TEST REQUIREMENTS CONDUCT SYSTEM-LEVEL FAILURE MODE e PREPARE SFACECRAFT AND OSE FUNCTIONAL
RAFT SYSTEM INTERFACE ANALYSIS SPECIFICATIONS

IDENTIFY AND OEFINE SPACECRAFT SYSTEM
INTERFACE

IDENTIFY AND DEFINE VOYAGER PROJECT
ELEMENT INTERFACES



TECHNICAL REVIEW
BOARD

G. L. HOLLINGSWORTH

— 1

MISSION ANALYSIS

ONDUCT MISSION TRADE STUDIES
UPPORT JPL IN CONDUCTING MISSION
NGINEERING STUDIES

ARTICIPATE ON THE JPL PROJECT MISSION
NGINEERING PANEL

BUSINESS MANAGEMENT

DIRECT Al
DEVELOP
PROVIDE
AND COI
e PROVIDE

FINANCE

T. K. ARMITAGE

PROGRAM PLANNING
AND REPORTS

P. H. SCARLATOS

ESTIMATE PROGRAM COSTS

DEVELOP FUNCTIONAL BUDGETS AND
ADMINISTER COST CONTROL SYSTEM
PROVIDE FINANCIAL INFORMATION AND
COST ANALYSIS

ASSIST IN CONTRACT NEGOTIATIONS

PREPARE AND MAINTAIN PROGRAM BF
STRUCTURE, MANAGEMENT NETWORK
SCHEDULE, AND ACTIVITY/TIME NETV
PREPARE AND MAINTAIN PROGRAM P
ESTABLISH AND DIRECT PROGRAM CO|
PREPARE MAKE-OR-8UY PLAN



VOYAGER SPACECRAFT
SYSTEM
PROGRAM MANAGER

E. G. CZARNECKI

PASADENA RES IDENT

ASSISTANT PROGRAM MANAGER

I
— —e
PLANETARY QUARANTINE PRODUCT
J. A, STERN C. S. B
MINISTRATION OF CONTRACTS FUNCTION '
ROGRAM PLANS AND DIRECTIVES IDENTIFY AND ESTABLISH PLANETARY QUAR-
NANCIAL AND RESOURCE DIRECTION ANTINE REQUIREMENTS AND CONSTRAINTS
[ROL DIRECT PLANETARY QUARANTINE ACTIVITIES
ORRESPONDENCE CONTROL CERTIFY END-PRODUCT COMPLIANCE WITH
PLANETARY QUARANTINE REQUIREMENTS
1 1 |
CONTRACT RELIABILITY CONFIGUE
ADMINISTRATION & MANAG
SAFETY

H. R. SYVERSON

AKDOWN o pIRECT ADMINISTRATION &

» MASTER NEGOTIATION OF CONTRACTS
ORKS ® SUBMIT & NEGOTIATE PRO-

N POSALS TO CHANGE CONTRACT
ITROL ROOM STATEMENT OF WORK

e DEVELOP FUNCTIONAL
WORK STATEMENTS

® ACCOUNT AND REPORT CONTRACT

TASK COMPLETIONS
o CONTROL CONTRACTUAL
CORRESPONDENCE

PREPARE AND MAINTAIN RELIABILITY AND
SAFETY REQUIREMENTS, PROGRAM PLANS,
PROCEDURES, AND CONTROLS

ASSIGN RELIABILITY AND SAFETY TASKS,
PERFORM INVESTIGATIONS, AND MONITOR
AND REPORT PERFORMANCE

PREPARE SUBCONTRACTOR RELIABILITY AND
SAFETY REQUIREMENTS AND MONITOR
PERFORMANCE

OPERATE A SAFETY OFFICE

ESTABLISH RELIABILITY TEST REQUIREMENTS
AND INCLUDE TEST RESULTS IN PERIODIC
RELIABILITY STATUS REPORTING

ENSURE PROPER 1D
1S MAINTAINED Ol
END ITEMS
ESTABLISH AND M/
RELEASE AND RECC
ENSURE PROPER AC
IS MAINTAINED
MAINTAIN CONFI!
CENTER AND CHAL



ASSURANCE

ITHOLOMEW

ESTABLISH AND DIRECT IMPLEMENTATION OF
POLICIES, PLANS, REQUIREMENTS, BUDGETS,
AND PROCEDURES FOR PROGRAM RELIABILITY,
SAFETY, QUALITY ASSURANCE, AND CONFI-
GURATION MANAGEMENT ACTIVITIES

DIRECT ESTABLISHMENT AND MONITORING
OF SUBCONTRACTOR PRODUCT ASSURANCE
FUNCTIONS

ESTABLISH AND DIRECT PRODUCT ASSURANCE

DATA CENTRAL FUNCTION

ATION
VENT

QUALITY ASSURANCE

PREPARE AND MAINTAIN PROGRAM QUALITY
ASSURANCE PLAN AND REQUIREMENTS AND

ASSIGN TASKS AND MONITOR PERFORMANCE
DIRECT COGNIZANT ENGINEER ACTIVITIES
CONDUCT INVESTIGATIONS OF QUALITY

NTIFICATION CONTROL L]
CONTRACT DELIVERABLE
AUDIT PERFORMANCE
NTAIN AN ENGINEERING o
tDS CONTROL SYSTEM °
"OUNTABILITY CONTROL P
PROBLEMS
URATION CONTROL Y

GE BOARD

ESTABLISH AND MAINTAIN A PRODUCT
ASSURANCE DATA SYSTEM

CONDUCT PRELI
STUDIES ON SPA
PREPARE SUBSYST
DOCUMENTS

SELECT PREFERRE
TYPES, AND PER|
DESIGN CONFC

REQUIREMENTS
_
STRUCTURES AND
MATERIALS TECHNOLOGY
M. J. TURNER

CONDUCT ANALYSES, TESTS AND SYNTHESES: CONDUCT A
® DESIGN CRITERIA IN m.s AREA
@ STATIC AND DYNAMIC LOADS COM
@ NOISE AND VIBRATION AND TEMPERATURES : 'Glii’_D1
® STRESS ANALYSIS & ELEC
© MATERIALS AND PROCESSES AND PARTS : ;AAISI:(‘

@ WEIGHT PREDICTION AND CONTROL

® ANTE



SUBCONTRACTORS

ELECTRO-OPTICAL SYSTEMS
C. 1. CUMMINGS

ELECTRICAL POWER SUBSYSTEM

PHILCO WESTERN DEVELOPMENT
LABORATORIES
G. O. MOORE

TELECOMMUNICATIONS SUBSYSTEM

AUTONETICS DIVISION —NORTH
AMERICAN AVIATION
R. R. MUELLER

AUTOPILOT AND ATTITUDE REFERENCE
SYSTEM

W,

ENGINEERING MANAGER

C. GALLOWAY

TECHNICAL

COORDINATION

e  DIRECTS ALL DESIGN AND DEVEL(
THE SPACECRAFT AND OSE

®  PROVIDES SUBCONTRACTOR TECH
DIRECTION AND COORDINATION

@  DIRECT SCIENCE SUBSYSTEM INTE

®  DIRECTS LAUNCH VEHICLE INTEG

® DIRECTS FLIGHT CAPSULE INTEGR

| . | | —
'ACECRAFT TECHNOLOGY SPACE SCIENCE
SINEERING INTEGRATION
8. WILLIAMS T. G. DALBY
W. F. HILTNER

INARY DESIGN TRADE
ECRAFT SUBSYSTEMS AND OSE
M AND OSE SPECIFICATION

DESIGN, CONSTRUCT PROTO-
ORM TASKS TO DEMONSTRATE

MANCE WITH FUNCTIONAL

® CONDUCT SPACECRAFT SUBSYSTEM SYN-
THESIS AND ANALYSIS FOR CONCEPTUAL
DESIGN

® PROVIDE FUNCTIONAL DESCRIPTION FOR
SPACECRAFT SUBSYSTEMS AND RELATED OSE

® CONSTRUCT SPACECRAFT SUBSYSTEM
BREADBOARD MODELS & PERFORM DEVELOP-

@ OBTAIN SCIENCE SUBSYSTEM DESCRIP-
TIONS & SPACIFY REQUIREMENTS ON
SPACECRAFT DESIGN

©® DEFINE THE ELECTRICAL INTERFACE BETWI
THE DATA AUTOMATION CONDITIONINC
SYSTEM AND THE CCAS

MENTAL AND EVALUATION TESTS

® DEVELOP TEST REQUIREMENTS

] | 1
ELECTRONICS FLIGHT
TECHNOLOGY TECHNOLOGY B10ASTRONAUTICS
B. W. BROCKWAY H. KENNET A, J. PILGRIM

JALYSES, TESTS, AND SYNTHESES
OF:

IUNICATION

\NCE

ICAL POWER

JELECTRONICS

1-FREQUENCY INTERFERENCE
JNAS AND WAVE GUIDES

CONDUCT ANALYSES, TESTS, AND SYNTHESES IN
THE AREAS CF:

® SPACE PROPULSION

® ORBITAL MECHANICS

® THERMAL CONTROL

@ ATTITUDE CONTROL

CONDUCT STERILIZATION ANALYSIS AND
TESTS OF:

® MICROBIOLOGICAL LOAD AND BIO-

CLEAN OPERATIONS

® RECOVERY TECHNIQUES

® ASSAY TECHNIQUES
DEVELOP STERILIZATION MONITORING
TECHNIQUES
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AVAILABLE SCIENTIFIC CONSULTANTS

NAME SPECIALTY AFFILIATION
i DR. Z. KOPAL PLANETARY ASTRONOMY U. OF MANCHESTER, ENGLAND
DR. G. DEVANCOULEURS ASTRONOMY AND U. OF TEXAS
MARTIAN AUTHORITY
DR. A, DEPRIT TRAJECTORIES AND BOEING SCIENTIFIC RESEARCH LAS.
WMENT OF CELESTIAL MECHANICS
NICAL DR. C. L. GOUDAS PLANETARY GRAVITA- BOEING SCIENTIFIC RESEARCH LAB.
. TIONAL PERTURBATIONS
3RATION
DR. J. F. KENNEY SCIENTIFIC INVESTI- BOEING SCIENTIFIC RESEARCH LAB.
) N GATIONS, INSTRUMEN-
ATIO TATION
\ION OR. D. L. JOHNSON LINEAR PROGRAMMING BOEING SCIENTIFIC RESEARCH LAB.
DR. R. I. SCHOEN UPPER ATMOSPHERE, BOEING SCIENTIFIC RESEARCH LAB.

PLASMA PHYSICS, AND
SOLID STATE PHYSICS

J. M. SAARI MASS SPECTROMETERS BOEING SCIENTIFIC RESEARCH LAB.
AND OTHER INSTRUMEN-
TATION

1

LOGISTICS

@ ESTABLISH LOGISTIC SUPPORT CRITERIA,
OBJECTIVES, AND GOALS
©® ACCOMPLISH SUPPORT SYSTEM ANALYSIS
. AND DEVELOP LOGISTICS PLANS
EN ® DETERMINE SUPPORT SYSTEM REQUIRE -
MENTS INCLUDING SPARES, PUBLICATIONS
TRAINING EQUIPEMENT, MAINTAINABILITY
AND TRANSPORTATION

Figures.5-1; Boeing Voyager Spacecraft
System Management Structure
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Electro-Optical Systems, Inc. Voyager Spacecraft System Management
Structure

ure 5.5-2




e Provides direction to reliability, quality control & safety
plans for Voyager program. PRODUC
e Prepares Implementation Plans for reliability, quality SAFETY
control, safety programs ASSURAT
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Figure 5.5-3: Philco,
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DEPUTY FOR o Provides functional direct. & supervision for: DEPUTY FOR
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Western Development Laboratories Voyager Spacecraft
System Management Structure
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5.5.4.1 Program Manager

The Astrionics Division Voyager Program Manager, R. R. Mueller, is
directly responsible for the management direction, control and reporting
for all Voyager activities within Autonetics. Reporting directly to the
Astrionics Division Director, he is charged with the conduct of the

program from the inception and proposal stage to completion.

5.5.4.2 Technical Review

A technical review board comprised of the Chief Engineer J. J. Fischer;
the Chief Scientist, Dr. D. P. Chandler; and the Director of Research
and Engineering, C. F. O'Donnell reviews technical decisions, renders

judgments on technical problems and furnishes technical support.

5.5.4.3 Autonetics Key Personnel

Following are resumes of Autonetics key personnel.
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WILLIAM C. GALLOWAY (Boeing--Phase IA, IB, II)
Mr. Galloway has been with Boeing for seventeen
years. From December 1963 until his recent
appointment as Voyager Engineering Manager, he

served on the Saturn Program as Manager of

Technical Staff. Responsibilities included
administrative and technical direction of Huntsville electronic engineer-
ing, management of electronic R&D activities supporting Launch Systems
Branch new business, and providing technical support to the Saturn S-1C
and V Programs. From 1961 through 1963, as Electronic Design Engineering
Manager, he directed the design and development of electronic equipment
and the development of supporting electronic technologies for the major
programs of the Aero-Space Division. In 1960-1961 he served as Assistant
Gulf Test Base Manager, responsible for all test and design engineering
at the Bomarc test base at Elgin AFB, Florida. Earlier, he progressed
through increasingly responsible supervisory appointments in Bomarc
Applied Physics, with assignments in flight control and computer develop-
ment. He became Project Engineer on the Bomarc B Program in 1958, respon-
sible for directing the overall B Program engineering effort. Mr. Galloway
has published technical papers dealing with microwave oscillators and

pressure recorders. He 1s a member of IEEE and AIEE.

Educations

B.S., Electrical Engineering, University of Washington, 1944

M.S., Electrical Engineering, Massachusetts Institute of Technology, 1948
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JOSEPH A. STERN (Boeing Phase IA, IB & II)

Dr. Stern brings to the position of Voyager
Planetary Quarantine Manager experience in

the fields of microbiology, chemistry and
system engineering. This was gained during
his eight years on the faculties of the Massa-

chussets Institute of Technology and the Univer-

sity of Washington, and seven years at Boeing.

He joined The Boeing Company in 1958 as Chief of the Biochemistry Unit
and has advanced through positions of Research Program Coordinator of
Bioastronautics to Life Sciences Section Chief of the Boeing Lunar Ex-

cursion Module Team to Chief of Interplanetary Studies, Advanced Programs.

Beginning in 1963, Dr. Stern has been responsible for a number of space-
oriented advanced technological and conceptual studies. These include

a study of a satellite system for micrometeoroid measurement, and ad-
vanced Lunar Orbiter (LOS) mission studies. He served as Program

Manager of the Study of Interplanetary Mission Support Requirements,

He is author of more than 35 technical papers and encyclopedia articles

and is a Fellow of the AAAS.

Education:
B.S., Food Technology, Massachusetts Institute of Technology - 1949
M.S., Food Technology, Massachusetts Institute of Technology - 1950

Ph.D, Food Technology, Massachusetts Institute of Technology - 1953
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RUDY R. MUELLER (Autonetics--Phase IA, IB, II)
Mr. Mueller has been with North American eight
years. He has been continuously engaged in
technical and management responsibilities in

the space field throughout virtually this entire

period. Prior to his assignment as Voyager Pro-
gram Manager, he served as project engineer for these Autonetics programs:
Voyager Design Studies, the Lunar Logistics System, and the Logistics
Spacecraft. Prior to 1957, he taught at the University of Texas and held
engineering positions with Convair and Chance-Vought. He has taken a
number of post-MS courses in the mathematics and astronautics fields.

Mr. Mueller is a member of Tau Beta Pi, Pi Tau Sigma, the Institute of
Navigation Astrodynamics, the American Institute of Aeronautics and Astro-
nautics, and has participated in Lunar and Planetary Exploration Colloquia.
Mr. Mueller has presented twelve professional papers in the space field
including "The Voyager Mission: Guidance and Control Considerations,"

"An Analysis of Guidance and Control Requirements for a Mars Mission,"

"An Analysis of Guidance, Navigation, and Control System Equipments for

a Mars Mission,"

and "Investigation of Possible Satellite Position - Sens-
ing Methods." He has also presented a guest lecture at the University

of Michigan Space Seminar.

Education:

B8.5., Mechanical Engineering, University of Texas, 1955.

M.S., Theoretical and Applied Mechanics, University of Texas, 1959.
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BRUCE C. DUNN (Autonetics--Phase IA, IB, II)
Mr. Dunn joined North American Aviation in 1962
as Chief, Quality and Reliability Assurance,
Electro Sensor Systems Division, responsible for

quality and reliability assurance activities

pertaining to airborne radar and electronic

test equipment. Mr. Dunn's previous Quality Control experience is exten-
sive, beginning in 1955 in the Quality Control Office, Air Force Air
Materiel Command, Dayton, Ohio. Holding successively more responsible
positions in different locations, he became Director of Materiel, Chief-
Quality Control Planning, and finally Director-Quality Control, Western
Contract Management Region, Air Force Systems Command. In the latter posi-
tion he was responsible for the conduct of all Air Force Quality Control
activities in contractor's facilities in thirteen western states and at

all Ballistic Missile Sites. His responsibility extended over 1700 quality
and reliability engineers and technicians and covered NASA, Air Force,

and other DOD Programs. During this same tour of duty, he had an addi-
tional responsibility as Assistant to the Commander for Site Activation.
Mr. Dunn is a member of the American Society for Quality Control and the

American Management Association.

Educations

B.A., Economics, Sioux Falls College, 1941.

M.B.A., Business Administration, Stanford University, 1949.
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T. L. GUNCKEL, II (Autonetics--Phase IA, IB, II)

Dr. Gunckel will be responsible for system analytical
studies on the Voyager Spacecraft System for all
Phases of the Space mission. His first assignment

after joining Autonetics in 1961 was contributing

to the development of a computer program for the
analysis of Minuteman free flight test data. Since December 1961, Dr.
Gunckel has been engaged in the analysis of guidance and navigation systems
holding progressively more responsible supervisory positions in this field.
He has participated in studies of orbit determination techniques, a Lunar
Logistics System, the Apollo mission and provided much of the systems
analysis effort on the Standardized Space Guidance System Phase IA study
contract. Dr. Gunckel's professional papers include "A General Solution
for Linear Sampled Data Control," "Orbit Determination Using Kalman's
Method," and "The Effect of Physical Constant Uncertainty upon Lunar Orbit
Determination."” Dr. Gunckel is also author of "Preliminary Guidance and
Navigation Study for Apollo Lunar Orbit Rendezvous," an Autonetics Report.

He is a member of Tau Betta Pi Honor Society, Pi Tau Sigma, Sigma Xi.

Education:
B.S., Mechanical Engineering, California Institute of Technology, 1958.
M.S., Electrical Engineering, Standford University, 1959.

PhD., Electrical Engineering, Standford University, 1961.
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F. W. HAUF (Autonetics--Phase IA, IB, II)

Mr. Hauf's most recent assignment was Project
Engineer for Autonetics' next generation guidance
system involving advanced concepts of inertial

instruments, microminiaturized electronics and

system engineering. Mr. Hauf previously served as
Space Guidance and Sensor Stabilization Project Engineer coordinating
space guidance and sensor stabilization activities within the Navigation
Systems Division. Earlier, Mr. Hauf was System and Staff Engineer on

the N5B Technical Development program with assignments in systems and
project engineering. Previous to this assignment, Mr. Hauf was Project
Engineer on the N35S Autonavigation System and was largely responsible
for the creation of the most recent Autonetics stellar-inertial space
system. His previous experience includes that of Ordnance Engineer, U.S.
Government Bureau Ordnance and Research Engineer on Bureau of Ordnance
contracts at the General Electric Company, at Shenectady, New York, for
15 years. Mr. Hauf has made patent applications in the field of low -
power, low drift gas-bearing gyros for space application. He also has

several patents pending.

Education:
B.S., Electrical Engineering, Rennselaer Polytechnic Institute, 1931.
M.S., Electrical Engineering, Rennselaer Polytechnic Institute, 1934.

Graduate Work, University of California at Los Angeles.
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MURRAY HOFFMAN (Autonetics--Phase IA, IB, II)
Mr. Hoffman has been with Autonetics for five
years. Since 1962, his assignment has been
project engineer responsible for the Minuteman

Wing VI airborne guidance and control system

computer. Previously, he was assistant project
engineer for Minuteman I aerospace ground equipment. From 1957-60, he

was employed by Nortronics as supervisor of System Integration respon-
sible for advanced design concepts and proposals for automatic test
equipment. From 1952-57, he held systems engineering assignments on
Navaho instrumentation systems at North American. Mr. Hoffman's sixteen
years of professional experience in computers includes pioneering the

first production microminiature computer, automatic test equipment,
instrumentation, telemetry, radar, and radio command. He was instrumental
in establishing the basic design criteria for fully automatic checkout

and launch of the Navaho weapon system. He established the design concepts
for the Army's Universal Automatic Test Equipment and Polaris Automatic
Test Equipment developed by Nortronics. Earlier, he contributed to the
advanced instrumentation and measurement systems, telemetry,

and radio control.

Education:

B.S., American Television Institute of Technology, 1949.
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R. E. LINDSAY (Autonetics--Phase IA, IB, II)

Mr. Lindsay joined North American Aviation in
1960, His first assignment involved engineering-
manufacturing liaison on Minuteman flight control

and accelerometer hardware. He became Manufac-

turing Project Administrator responsible for
various deliverable systems hardware, including the REINS Bomb-Navigation
System for the A5C Vigilante. In 1963, Mr. Lindsay was named Project
Engineer for the engineering unit responsible for design, development,
and fabrication of special test units used to checkout the Apollo Space-
craft subsystems. Shortly thereafter he was assigned as Project
Administrator, Contracts, and has been in this position since. Before
joining North American Aviation, Mr. Lindsay was Chief Industrial

Engineer, and General Supervisor of Production Control at Solar Aircraft

Company.

Education:

B.S., Industrial Engineering, Iowa State University, 195l.
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T. MITSUTOMI (Autonetics--Phase IA, IB, II)

Mr. Mitsutomi is presently a member of Autonetics
Senior Technical Staff-Electronics Research and
is responsible for applying advanced technologi-

cal concepts in generating new devices, products

and systems. He has held the position of Group
Leader of the Electromechanical Systems Research Group, and Supervisor in
the Controls Group of Inertial Navigation Engineering. He has partici-
pated in or supervised inertial instrument and platform servo development
on all Autonetics autonavigators since 1953. As Manager of the Advanced
Techniques Department of Autonetics Navigation Division, he was responsi-
ble for research on microelectronics, advanced devices and electro-optics.
Mr. Mitsutomi is an instructor at the University of California at

Los Angeles and is a member of Sigma Xi, Eta Kappa Nu, Tau Beta Pi, IEEE,
ALEE, and AIAA. He has completed two years of course work at USC leading
to his PhD. Mr. Mitsutomi has authored six technical papers on inertial
platform dynamics, error analysis of inertial instruments, and application

of microelectronics to electromechanical control system.

Education:

B.S., Electrical Engineering, Massachusetts Institute of Technology, 1953

M.S., Electrical Engineering, Massachusetts Institute of Technology, 1953
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JAMES J. MIZERA (Autonetics--Phase IA, IB, II)
Mr. Mizera, Project Engineer, Advanced Systems,
Navigation Systems Division, joined North
American Aviation in 1955. Mr. Mizera's respon-

sibilities at Autonetics have included such

positions as Supervisor of Systems Cruise Eval-
uation and Project Engineer for Low-Level Navigation Systems. He has had
extensive experience in mechanization and performance analysis of both
ballistics and cruise inertial systems. He was responsible for analysis
and evaluation of the N7C and N7D inertial and stellar inertial marine
guidance systems, respectively. Prior to this, Mr. Mizera performed
early system error studies for the GAM-77 and the early launch ballistic
missile feasibility studies. He is a member of the AIAA, Institute of
Navigation, and served as a member of the AIEE Subcommittee inertial
navigation. He was a contributing author to the book, "Inertial Naviga-
tion Analysis and Design," edited by C. F. O'Donnell and published by

McGraw Hill.

Education:

A.B., Physics, Washington University, 1955
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R. V. MOONIER (Autonetics--Phase IA, IB, II)
Mr. Moonier joined North American Aviation in
1951 and has served in varied procurement,
subcontracting and material positions. He has

held responsible supervisory positions includ-

ing Buyer, General Supervisor and Purchasing
Agent. 1In 1961 he was appointed General Purchasing Agent in the Com-
puters and Data Systems Division, responsible for all procurement, sub-
contracting and warehousing activities of the Division. During 1963 and
1964, Mr. Moonier was assigned to the Standardized Space Guidance System
Division where he was responsible for conducting an industry survey and
providing the Divisional interface with all subcontract agencies. In
his current assignment, he is Executive Advisor to the Manager of

Material and Subcontracting, SAS Division.

Education:

Business Administration, University of California at Los Angeles
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J. P. STERRETT (Autonetics--Phase IA, IB, 1I)
Mr. Sterrett has been employed at North American
for ten years. His most recent assignment

prior to Voyager was responsibility for the

definition of AGE requirements for a Standard-

ized Space Guidance System. Prior to joining
the Astrionics Division in 1963, he supervised Minuteman Aerospace Ground
Equipment system engineering for three years. Earlier, he spent two
years, 1957-19%9, in system development of automatic checkout equipment,
AN/GJO-9, and component development for the NAVAHO arming and fuzing
system, 1955-1957. Before joining North American in 1955, he was employed
by Librascope in fire control development and Sandia Corporation in arm-

ing and fuzing development.

Education:

B.S., Electrical Engineering, Illinois Institute of Technology, 1950
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DR. STANLEY A. WHITE (Autonetics--Phase IA, IB, II)
Dr. White has been associated with the Inertial
Navigation Division of Autonetics as a Senior
Research Engineer for six years. His most recent

assignments include the performance of research

on the quartz-reed accelerometer, non-linear
platform-controller servos, and a simplified digital star-tracking servo;
he also recently participated in the design, development, and testing of
the MABLE. Previous assignments included an analysis of the Mobile
Minuteman platform alignment, as well as gyro-compass and platform

error analysis. Earlier, with the Servo Unit of the Component Engineering
Section, he was responsible for analysis and design of velocity-meter
servos, and performed a Minuteman warhead-arming study. Dr. White's exper-
ience in the Aerospace field dates back to 1951 when he was engaged in
SHORAN mapping of the Atlantic Missile Range. He was Lecturer in Engineer-
ing at the University of California at Los Angeles from 1959 until 1961,
and Instructor at Purdue from 1961 until 1963. From 1963 to 1965, he held
a NAA Science-Engineering Fellowship. His technical papers include,
"Pendulous Velocity-Meter Controller Synthesis," "Linear State Estimation
by Network Syntheses," and "Theory and Design of Analog Linear Estimates
for Automatic Control 3ystems." Dr. White has been an invited Seminar

speaker at a number of universities.

Ecucation:
B.S., Electrical Engineering, Purdue University, 1957
M.S., Electrical Engineering, Purdue University, 1957

Phd., Electrical Engineering, Purdue University, 1965
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W. P. YETTER (Autonetics--Phase IA, IB, II)
Mr. Yetter joined North American Aviation in
1951. For three years preceding his assign-
ment to the Voyager Spacecraft System program,

Mr. Yetter has performed project engineer work

for Astrionautics in the Systems Division. From
late 1959 through 1962 he was the Reliability Project Engineer responsible
for the formulation, direction and monitoring of all foxial reliability
programs within the Armament and Flight Control Division. Earlier Respon-
sibilities included supervision of the Airplane Systems Unit with system
responsibilities on F-108, B-70, and A3J flight control systems; super-
vision of a Systems Engineering Unit responsible for air data computer and
automatic landing system development; technical supervision of the Air-
borne Instruments Group, directing inertial and barometric flight control
instrument selection, evaluation, and design; and project staff engineer
in the Autonetics NAVAHO Project office with cognizance over autopilots
and autonavigators. Mr. Yetter's initial assignment was with the Autopilot
Group, where he worked in the field of magnetic amplifier development and
stability analysis on autopilot systems. He is a member of the Institute

of Electrical and Electronic Engineers, Tau Beta Pi, and Eta Kappa Num.

Education:
B.S., Electrical Engineering, Cornell University, 1950

M.S., Electrical Engineering, Yale University, 1951
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5.6 PROJECT CONTROL PLAN

The Voyager Project Control Plan is based on the existing Boeing Inte-
grated Management System. This concept, illustrated in Figure 5.6-1,
encompasses a management control and reporting system that ties together
the entire spectrum of work package definition, task assignment,
schedules, and financial, manpower and subcontract controls. This
system, tempered on other important DOD and NASA programs, has been

tailored to meet specific Voyager requirements.

5.6.1 _Integrated Management System

The Integrated Management System includes the primary program control
techniques to be used on the Voyager Spacecraft System as well as the
mechanism for developing, reporting and presenting data needed for
program evaluation and direction. The following discussion summarizes
the most significant features of the Integrated Management System to

be used for Phases IB and II.

The Statement of Work provides definitive customer direction concerning
the program mission, objectives, schedules, documentation requirements,
and report requirements. It establishes the baseline for all
subsequent program activities. The Statement of Work should be

definitive and its terms and conditions mutually agreed to by all parties.

To facilitate detailed task evaluation, the Statement of Work is trans-
lated by Boeing into a Program Breakdown Structure. This delineation of

the Statement of Work establishes the relationship between major tasks

and work packages and becomes the basis for functional task definitions.
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A task team matrix is constructed to extend the Program Breakdown
Structure to: 1) identify prime and support functional area respon-
sibility for each program task or package; 2) identify the interrela-
tionship of prime and support functions; 3) permit the evaluation of
functional performance in detail, either by task or by function; and
4) provide a baseline for planning, scheduling, and budgeting act-

ivities in each affected functional area.

Master schedules provide a display of significant milestones and pro-
gram phasing. The milestones are obtained from specific dates or flow
times prescribed by the customer in the contract or RFP Statement of
Work and from an evaluation of event/logic relationships to scheduled
task completion. These schedules provide the framework for preparing
detail schedules which will identify detail tasks, time-phased to
support the master schedules. Detail and master schedules will reflect
constraining dates set by the Statement of Work or by the Program

Manager.

The Program Breakdown Structure extended by the Task Team Matrix plus
the program schedules provides the necessary tools for assigning and
scheduling work, both on a task and on a functional basis. The systems
and controls for authorizing work and for monitoring and controlling
output are reflected on Figure 5.6-1. Combined cost and schedule
status will be displayed in the program control room. (The program

control room is described in Section 5.6.3.2 below.)
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The Implementation Plan is a composite of several corollary plans (see
Figure 5.6-1), the Master Schedule, the Program Breakdown Structure,
the Task Team Matrix, and the Statement of Work. These documents
provide the baseline information and detailed narrative description

of what is to be done, how and when it will be accomplished, the
functional and support area responsibilities, and how the effort will

be controlled.

5.6.2 Financial Control 3ystem

The Voyager Spacecraft System will utilize standard Boeing finance
practices to manage its financial affairs. The Boeing system employs
proven, effective methods for allocating and controlling direct and
indirect budgets, collecting and reporting costs and for developing
the data needed for timely and effective financial control. Figure

5.6-2 illustrates the system for managing direct costs.

Upon receipt of the contract, the Program Manager will establish
operating budgets for each program functional manger. Budgets will
be based on labor and non-labor cost estimates previously developed
for the work packages included in the task team matrix. Following
management review and approval, these cost estimates become the work

package budgets and form the basis for the Program Manager's allo-

cation of contract funds.

The Aero-Space Division has an effective dollar budgeting system for

the control of overhead costs. Total dollar budgets are established
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Figure 5.6-2: Direct-Cost Management System
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for functional organizations and programs. The Program Manager has
primary responsibility for controlling his assigned overhead budget.
Although he apportions his overhead budget dollars among his func-
tional managers, he retains primary responsibility for operating with-

in his total budget.

5.6.3 Program Control Techniques

Iwo of the most effective control techniques for assuring coordinated,
knowledgeable management of complex programs are 1) a comprehensive
command media system, flexible enough to encompass basic company direc-
tion as well as being responsive to more specialized program needs,

and 2) a program control room which centralizes, interrelates and
displays in one convenient location all the data necessary for know-
ledgeable program management. Both of these techniques are discussed
below. In addition, the key factors of the program reporting and

direction system are described.

5.6.3.1 Command Media

The Boeing command media system is the formal structure for providing
written policy and procedural direction to company personnel. It
provides for continuity of direction and uniformity of practice at all
levels of the organization from the corporate office to the operating
divisions. Existing Aero-Space Division command media will be
supplemented by internal policies or procedures as necessary to satisfy

Voyager Spacecraft System requirements.
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5.6.3.2 Program Control Room

The program control room is the focal point for providing the visi-
bility necessary for effective program management. The control room
includes carefully selected, graphically displayed in-house and sub-
contractor cost, schedule and technical performance data. This data,
updated weekly, reflects the latest program status and provides a

basis for management and customer decision-making and redirection.

The control room presentation stresses "management by exception" by
selecting data which highlights trends and identifies deviations from
targets. This technique enables the Program Manager, program functional
managers, Boeing subcontractors, and JPL to anticipate and avert
potential management problems. Here, the Program Manager and his pro-
gram functional managers convene to review program status, assign

action items and determine needed redirection based on complete, current
knowledge of program status. Division and corporate executives also
participate in program evaluation and decision-making reflecting close

attention to Voyager activities by top company executives.

The control room will include a list of critical items, at the sub-
system level, in the areas of design, fabrication, and testing which
are crucial to program success. This list will be updated regularly
and will be monitored by the Program Manager. The list will be avail-

able to JPL on request.
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The program control room satisfies the Project Control Center require-
ments outlined in the Phase II specimen Statement of Work. In addition,
it is designed so that it can easily be integrated into an overall

system of JPL project control such as the one discussed in Section 5.14.

Voyager Spacecraft System direction and redirection is accomplished
using a closed loop, completely integrated system. It achieves
positive management control by selecting key elements of operating
data, collecting these via the cost reporting system or by exception
reports, processing and reporting them to the Program Manager and to
program functional managers, who close the loop by providing appro-

priate direction or redirection.

5.6.4 Resources Control System

The Aero-Space Division maintains a central data bank of information
relating to the background and experience of all members of management
and engineers. This data bank covers 30 different fields with related
speciality and functional information for approximately 500 different
technical and business areas. It is screened regularly to determine
the availability of personnel who have skills and experience applicable
to the Voyager Spacecraft System gained from their participation on

such successful programs as HiBEX, Lunar Orbiter, Minuteman and Saturn.

Existing systems will be used to authorize, assign, modify and control

facility resources. Initial facility requirements have been identi-

fied, assigned and time-phased. Mechanized control status systems are
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used to monitor progress involving new purchases, installation,

modification and maintenance.

5.6.5 Make-or-Buy System

The Voyager Spacecraft System Make-or-Buy Management Committee is
established. The committee is chaired by the Voyager Spacecraft System
Program Manager with key management representatives from each concerned

program function. The make-or-buy decision cycle is shown below:

PROGRAM PROGRAM MAKE/BUY
—b{ BREAKDONN [———®  FUNCTIONAL |—® COMMITTEE
STRUCTURE ORGANIZATIONS
Task Elements Investigate and Effect Make/Buy
Work Packages Recommend Make/Buy Decision to Appli-
Action cable PBS Level
PROGRAM VOYAGER
FUNCTIONS OFFICIAL I
EQUIP. LIST
Establish PBS Make/Buy Decisions
Initiate Make/Buy Published

Action on PBS Changes

5.6.6 Subcontractor Control System

Subcontractor management will be the prime responsibility of the Voyager
Spacecraft System Materiel Manager. He will receive direct support from
all other program functions with primary assistance from the Engineering,
Reliability, and Quality Control Managers. Figure 5.6-3 illustrates the

sequence of activity from the establishment of procurement requirements
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through the selection of subcontractors to specific subcontractor

administration and control.
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5.7 PRODUCT ASSURANCE

Voyager Spacecraft mission success is directly related to the emphasis
accorded product assurance disciplines throughout each phase of the pro-
gram. The Voyager product assurance function has been established to

guarantee the required Spacecraft System integrity.

The Product Assurance Manager will report directly to the Spacecraft
System Program Manager, and will be responsible for directing and inte-
grating Boeing and subcontractor quality assurance, reliability, safety

and configuration management and control functions.

There are several overriding considerations in a complex spacecraft pro-
gram such as Voyager. These considerations include: (1) the high cost
of a single launch, (2) the limited opportunities for launch, (3) the
long mission duration with its requirement for high reliability and

(4) the complexity of the overall spacecraft system itself with oppor-
tunities for reducing the probability of mission success during the long

process from design through launch.

To effectively combat the many potential sources of failure, Boeing has

established a management function to integrate the required disciplines

under the title of Product Assurance. This function will include:

1) Configuration Management, to maintain configuration control without
which all the other disciplines become ineffectual;

2) Reliability, to provide design assurance;

3) Quality assurance, to assure the precise translation of designs into
hardware, plus those additional measures required to preserve the

integrity of the design through launchj; and
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4) Safety to assure freedom from hazards to personnel and equipment

during all phases of the program.

The Product Assurance Manager will integrate and direct these disciplines

through:

1) Policy dissemination;

2) Issuance of program plans, procedures, and budget;

3) Dissemination of reliability, safety, configuration control and
quality requirements;

4) Dissemination of requirements for data reporting, analysis and
documentationg

5) Establishment of a product assurance data centrals and

6) Integrated program reviews and status reporting.

Using the integrated record system, the Product Assurance Data Central,
and the Cognizant Engineer assigned to the subsystems as sources of
information, the Product Assurance Manager maintains current status of
product configuration, reliability, quality and safety. He will supple-
ment these sources with periodic unscheduled audits to measure the
implementation of product assurance disciplines (i.e., reliability,
safety, quality and configuration control), by the responsible line

organizations.
Program reviews and status reporting to the customer and Boeing Manage-

ment will be integrated under product assurance to provide a completely

nonredundant picture of product status.
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A key feature of the product assurance approach is the assignment of a
Cognizant Engineer to each subsystem. He will live with the subsystem
through establishment of customer requirements, design, fabrication, test,
delivery and launch, and will be the instrument for: (1) monitoring the
implementation of the total product assurance, (2) identifying and re-
porting problems, and (3) assuring adequate follow-up and close-out of

problems.
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S5.8 QUALITY PROGRAM PLAN

The Quality Program Plan contains specific operating procedures for the
control of quality from the design concept through delivery and operation
of the Voyager Spacecraft and Operational Support Equipment. This plan is
composed of a Quality Assurance and Quality Control System and will be

submitted in detail form with the Phase IB proposal.

5.8.1 Quality Assurance System

The Quality Assurance (Q.A.) System concerns all actions necessary to
provide confidence that the technical customer requirements exist in
the finished product. Specific activities within the Q.A. System are:
1) Document the Quality Program Plan;

2) Manage a cognizant engineering function;

3) Develop implementing procedures for the Quality Program Plan;

4) Audit subcontractor and contractor functions;

5) Participate in Preliminary and Critical Design Reviews;

6) Assure that quality aspects are inherent in designs and test.

5.8.1.1 Quality Assurance Tasks

Quality Assurance tasks have been assigned to Engineering, Materiel,
Manufacturing, Quality Control, and Systems Test to ensure compliance
with quality program requirements. Procedures and directives documenting
these tasks will be identified during Phase IB, along with a description
of the means_for implementing each task during Phase II and specific
evidence of compliance. Random unannounced audits by Quality Assurance

will be performed to measure the effectiveness of procedures and
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directives to properly control quality performance. Audits will be con-
ducted in the area or location where the work is actually being performed

and will measure compliance both qualitatively and quantitatively.

Analysis of audit results will provide the necessary visibility to pro-
gram management to assess the adequacy of controls and to report the
status of the Quality Program Plan. Periodic Quality Status and Audit
Reports will itemiie quality problems, tabulate data, and summarize

corrective action.

5.8.1.2 Design Quality Assurance

Design planning procedures include: assignment of drawing and part
numbers to ensure traceability; selection of materials or components,
and establishment of fabrication processes to meet basic reliability and
producibility objectives; and assignment of tolerances for quality

characteristics.

Engineering requirements will be reviewed by Quality Assurance Cognizant
Engineers to identify controls to achieve quality, indicate metrology
requirements, define development needed, and veri<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>