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Figure 5-2. Launch Analysis
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A. TRANSFER ORBIT BURNS C. TRANSFER ORBIT SEQUENCE OF EVENTS
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Figure 5-3. Transfer Orbit Summary
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6. RELIABILITY AND LIFE

TRW conducts rigorous analyses of failures and has in
place procedures and methods for reporting and correcting
them, ensuring the reliability and life of its satellites.

6.1 RELIABILITY ESTIMATE

Reliability predictions, based on block diagrams, have
been established for each spacecraft subsystem. The predic-
tions reflect continuous use over 12 years and currently
accepted failure rate data, where available. Standby or redun-
dant channels are assumed to have an equivalent failure rate
of 10% of the active failure rate. Reliability predictions have
also been established for the three payload elements. Figure
6-1 gives 12-year estimates for the spacecraft and payload.

The 12-year reliability values consider the entire space-
craft operable as well as at least six north-south spot beam
transponders, at least six C/Ku-band Latin beam transpo-
nders, and at least three C-band Latin beam transponders.

It should be pointed out that the predicted design life is
conservative and based upon TRW’s prior flight experience.
For example, on FLTSATCOM the predicted design life was
5 years. FLTSATCOM Flight 1, launched in 1979, is still in
operational service; to date the actual orbital data shows a
mean life of 7.8 years with six satellites still operating. On the
DSCS II program, the predicted design life was also 5 years.
The oldest active DSCS II satellite has been in service in ex-
cess of 15 years; to date the actual orbital data shows a mean
life of 8.7 years with seven satellites still operating. Since both

6-1

of these programs have the majority of satellites still operat-
ing, the actual operating life durations are expected to be
longer than the demonstrated 7.8-year and 8.7-year values.

Thus, the comparison of a design life of 5 years with
actual mean values of 7.8 to 8.7 years gives us confidence that
the actual mission lifetime for PAS-2 can be expected to
exceed the 12 years predicted.

6.2 FAILURE MODES AND EFFECTS ANALYSIS (FMEA)
The objective of FMEAs is to seek, uncover, and correct
component and subsystem weaknesses during the design
phase, thereby avoiding later modifications and retrofits for
problems uncovered during the test validation phase.

SPACECRAFT
ATTITUDE CONTROL 0.940
ELECTRICAL POWER 0.926
PROPULSION 0.952
STRUCTURES AND MECHANISMS 0.999
THERMAL 0.995
TRACKING, TELEMETRY, AND COMMAND 0.923
PAYLOAD
NORTH-SOUTH SPOT BEAM TRANSPONDERS 0.899
C-BAND LATIN BEAM TRANSPONDERS 0.930
C/Ku-BAND LATIN BEAM TRANSPONDERS 0.842

Figure 6-1. Subsystem 12-Year Estimated Reliabilities
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Initial analyses occur at the functional circuit level. These
are followed by product design FMEAs. The latter have the
same objective but address details used in converting the
functional designs into physical hardware. All FMEAs for
PAS-2 will be completed by CDR and included in the CDR
data packages. For existing designs and hardware with previ-
ous flight background, the majority of the hardware, existing
FMEAs will be used.

Functional Level FMEA

First, we identify specific functions of subcircuits within
the component; next, we indicate potential modes of failure,
and, finally, we determine the effects of postulated modes of
failure at the unit interfaces. Additionally, we isolate the
means by which these malfunctions are detected and offer
provisions in the design for eliminating (or minimizing) any
effects on component performance.

A functional flow block diagram, which identifies electri-
cal and active mechanical subunits, signal, power, and com-
mand inputs and outputs, and subassembly interfaces,
accompanies each FMEA where appropriate. Each input to
and output from the equipment is assessed for failure
impact. Effects of failure of individual circuitry or elements
within procured equipment on signals, power, or command
lines are also identified.

Any fault or failure mode condition that could (a) propa-
gate outside the unit and possibly degrade or cause failure of
interfacing hardware or (b) prevent resumption of subsystem
capability by switching to redundancy provisions is defined

as a single-point failure (SPF) and documented in a single-
point failure list. When a SPF is suspected, analysis is
extended to the piece-part level. To the extent practical, all
SPFs are eliminated from the design. The FMEA assures
there are no open power daisy chains, converter overvoltages,
sneak paths, or premature operations. It also examines test
equipment interfaces for fail-safe provisions.
Product Design FMEAs

Product design FMEAs are performed to verify that
inherent reliability and integrity are maintained during the
product design phase when electrical/mechanical designs are
transformed into hardware designs. If there are no adverse
findings according to itemized criteria, it is so stated and
confirmed at CDR. When adverse findings are identified,
remedial actions are taken.

6.3 CRITICAL ITEM CONTROLS
We identify and control critical items. Items considered

“critical” meet one or more of the following criteria:

e Single-point failure considered to be “credible”
Historical record of problem areas in reliability or quality
of technology

e Ability of item to meet design life is unproven

e Special handling, packaging, or storage techniques
required.

A Critical Item Control Plan (CICP) is prepared that
addresses each identified critical item. The CICP includes
the following as a minimum:
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e Identification of the critical item

e Description of the criticality (for example, long procure-
ment time, temperature sensitivity)

e Description of the plan to be implemented to maintain
control and status of the item critical parameter.
Provisions of the CICP are incorporated into design,

manufacturing, test, and shipping documentation, to ensure

that specified controls are implemented.

Figure 6-2 is a preliminary critical item list. It will be
updated for PDR. The critical item control plan will be sub-
mitted with the CDR data package.

6.4 FAILURE INVESTIGATION, CORRECTIVE ACTION,
AND REPORTING

We use a closed-loop system for failure reporting, analy-
sis, and corrective action. The system goes into effect at first
application of power to the unit.

1. APOGEE ENGINE: POTENTIAL SINGLE-POINT FAILURE ELEMENT
2. PRESSURANT TANKS: SAFETY ITEM

3. DEPLOYMENT ORDNANCE: SAFETY ITEM

4. SQUIB ISOLATION VALVES: SAFETY ITEM

5. POWER BUS: POTENTIAL SINGLE-POINT FAILURE ELEMENT

6. BATTERIES: COOL STORAGE REQUIREMENTS (-10° TO +20°C)

Figure 6-2. Preliminary Critical Item List
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The basic intent of the system is to uncover what went
wrong and why it went wrong, and then to recommend
corrective measures to be taken to preclude recurrence of any
malfunctions. Additionally, the impact on hardware previ-
ously built, tested, and/or shipped is addressed. Portions of
the failure investigation report must, therefore, relate to hard-
ware effectivity for corrective actions.

Malfunctions encountered during the preformal test
phase are documented, analyzed, and controlled internally by
the Material Review Board/Failure Review Board.

Formal failure reporting occurs for all flight hardware.
This reporting commences with end-item testing according to
approved test plans.

A failure is defined as the inability of an item to meet the
performance criteria of the equipment specification. If a
problem occurs during the formal test phase, the following
action is taken:

e [Initial notification is provided to the TRW project man-
ager within 24 hours. The notification identifies the unit,
time, and nature of failure, and if available, an indication
of the cause.

e A preliminary failure report is provided to the TRW pro-
ject manager within 3 days of failure occurrence. The
report contains symptomatic details including:

- A description of the failure and test conditions preva-

lent during its occurrence

- Additional information on possible causes
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- Initial hardware disposition and investigation element sive report contains all information concerning the inves-
plans tigation results, conclusions, corrective actions taken,
e A final failure report is provided to the TRW project hardware disposition, and hardware effectivity for correc-
manager within 20 days of the failure. This comprehen- tive actions.
6-4
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7. PROGRAM MANAGEMENT

TRW'’s clearly defined program responsibilities and lines
of authority ensure successful design, development, test,
launch, and on-orbit checkout of Pan American Satellite-2
(PAS-2).

7.1 PROGRAM ORGANIZATION

We have committed key personnel to support the pro-
gram throughout all phases.

The following organizational objectives will guide the
PAS-2 program:

e Rapid response to Alpha Lyracom’s requirements
e Precisely defined and highly visible responsibilities
e Clear lines of communication within TRW and with

TRW's subcontractors; and between TRW and

Alpha Lyracom Pan American Satellite.

TRW’s Space & Technology Group (S&TG) will perform
the PAS-2 program. It is specifically structured to provide an
efficient core team; plus it has access to TRW’s broad man-
power and experience base on an as-needed basis. S&TG is

an operating unit of the Space & Defense Sector (Figure 7-1).

The staff of the PAS-2 program has been carefully
selected; their proven experience matches the specific
requirements of program assignments, The program man-
ager, Mr. Jack Friedenthal, will be responsible to Dr. Paul
Mayhew, deputy group general manager for programs,

S&TG, and to Alpha Lyracom for all aspects of the program.

His authority is commensurate with his responsibility and
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equivalent to that of managers of similar programs within
S&TG. Mr. Friedenthal previously has held project manage-
ment positions on TDRSS, Space Station Work Package 3,
and FLTSATCOM programs as well as key functional man-
agement and new business development positions. His strong

TRW Inc.
J.F. Gorman

President
and CEO

]

SPACE & DEFENSE
SECTOR

E.D. Dunford
Executive Vice President
and General Manager

| |
ELECTRONIC SPACE & SYSTEMS
SYSTEMS GROUP TECHNOLOGY INTEGRATION
GROUP GROUP
T.W. Hannemann D.S. Goldin J.P. Stenbit
Vice President Vice President Vice President
and General Manager | | and General Manager | | and General Manager
P.W. Mayhew
Vice President
and Deputy General
Manager for Programs
« Spaceborne * Spacecraft « Software
Electronics * Payloads * Information
¢ Communications * Instruments Processing
* Microelectronics * Propulsion « Command and
* Manufacturing * Control Control
Systems * Missions
* Structures Management
* Launch Support

Figure 7-1.

TRW Space & Defense Sector
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management skills, leadership, and program understanding
will enable him to effectively work with Alpha Lyracom and
lead the TRW team to successful completion of the PAS-2
program.

The PAS-2 program organization under Mr. Friedenthal
is shown in Figure 7-2.

7.2 PROGRAM MANAGEMENT TECHNIQUES

We will closely monitor the design, development, and test
of the satellite, the schedule status, and our subcontractors’
progress. Timely status information will be available to TRW
management and to the customer. The following paragraphs

PAS-2
PROGRAM
MANAGER

M.J. Friedenthal

PRODUCT CONTRACT
ASSURANCE MANAGEMENT

SUBCONTRACT BUSINESS
MANAGEMENT MANAGEMENT

l |

SPACECRAFT PAYLOAD

Figure 7-2. TRW’s PAS-2 Organization

describe our approach to schedule management, performance
measurement, reporting, and internal review procedures. Our
aim is to ensure on-time delivery of quality products. A sum-
mary PAS-2 milestone schedule and detailed subsystem
schedules are provided in Section 7.4.

Program Schedule Control

We believe schedule control is a significant factor in
reducing risk and realizing program goals. TRW’s proven
schedule management techniques provide total program
visibility with direct integration of subcontractor schedules.
Review and control is achieved by weekly milestone statusing
and monthly schedule and logic updates. Our system is
designed to ensure visibility of scheduling objectives, sched-
ule traceability, and up-to-date program statusing, plus allow
for immediate identification and analysis of problems and
timely and cost-effective resolution.

The data base for the PAS-2 will rest on clearly estab-
lished and defined tasks and milestones, subject to revision
through review and negotiation with Alpha Lyracom.

TRW’s schedule control system, which includes a com-
plete set of logic networks and program schedules, integrates
TRW and subcontractor efforts. Schedules are fully trace-
able, both horizontally and vertically, through the work
breakdown structure (WBS) to the cost account level. Logic

8

é networks go to the project level.

3 The system (Figure 7-3) rests on a hierarchy of program
schedules that define all SOW tasks and make clear TRW

7-2
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CUSTOMER
DIRECTION/
REDIRECTION

H
WBS

b | SOW

CONTRACT
REQUIREMENTS

1

MASTER LOGIC FLOW

4

™ SECONDARY LOGIC FLOWS

[
(1] |  MASTER SCHEDULE
el | Tt AUTHORIZATION TO PROCEED
-t @onx AUTHORIZATIOD
! * TRW
« SUBCONTRACTOR
(2] PROJECT SCHEDULE
uoates _ _ _e————————— e
(3] SUBSYSTEM SCHEDULES
UPDATES &
(4] COMPONENT SCHEDULES
UPDATES U‘

Notes:

TRW AND SUBCONTRACTOR SCHEDULES

MAINTAINED SEPARATELY AND INTEGRATED

AT COST ACCOUNT DETAIL LEVEL 4

DETAILED MILESTONES AND SCHEDULES

n Master logic network and master schedule represent the contract requirements and establish the schedule baseline for all lower level schedules.

o Secondary logic networks and schedules for resource management, systems engineering, etc., identify program and project milestones
and show subsystem spans and key subsystem milestones.

o Subsystem-level schedules identify program, project, and subsystem milestones and show component-level spans and key component milestones.

o Component schedules identify program, project, subsystem, and component milestones and show detailed cost account level activities.
This level of schedule is the basis for schedule control and the focal point for traceability to the WBS.

e Detailed milestone schedules identify all activities for a mutually agreed-to portion of the program schedule and show all key completions for the period.

Figure 7-3.

Integrated Schedule System
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and subcontractor organizational responsibilities on all levels
of the WBS.

For the PAS-2 program, TRW will rely on “Open Plan,”
a powerful PC-based scheduling system. Subcontractors will
be required to use a compatible system for schedule control,
where needed. This will provide full schedule integration and
visibility. Prime and subcontractor schedules will be updated
and combined on a monthly basis.
Performance Measurement

Our overall approach for performance measurement
(Figure 7-4) takes advantage of our extensive automated
management system and procedures and will provide PAS-2
project management with timely and accurate data for pro-
grammatic decisions. For example, the TRW Performance
Measurement System (PMS) will be tailored to specific
PAS-2 requirements and concerns to augment the schedule
control system described above. The PMS will provide
monthly schedule and cost status, plus manpower reporting
and variance analysis at each level of the work breakdown
structure (WBS). Managers will be able to easily review the
status of their respective areas, spot trends early, and apply
timely corrective action.
Reporting and Review

Location of the PAS-2 program team in a single area will
facilitate communication. The program manager will hold
weekly project meetings to ensure dissemination of informa-
tion and status throughout all levels of the program
(Figure 7-5).

In accordance with established TRW procedures, the pro-
gram manager will meet monthly with the TRW program
review authority, Dr. Paul Mayhew, to discuss technical pro-
gress and status, and cost and schedule performance data.
These reviews will keep senior TRW management up to date
on project status and allow the PAS-2 program manager to
identify areas where assistance is required. We will also hold
weekly telephone interchanges and monthly reviews with
Alpha Lyracom to discuss technical and schedule status.

Quarterly program reviews will be held alternately at
Alpha Lyracom and at TRW to present technical and sched-
ule status for each subsystem. Where feasible, these quarterly
program reviews will be combined with major milestone
reviews, such as the preliminary design review (PDR), critical
design review (CDR), and preshipment/launch readiness
reviews.

The PDR and CDR will be held at TRW during months 5
and 16, respectively. These reviews will feature in-depth pres-
entations on design status. Key TRW technical experts will
attend to ensure adequacy and completeness of design.

All other necessary technical reviews, including test readi-
ness reviews and preshipment//launch readiness reviews, will
be held at TRW, with complete access afforded to Alpha
Lyracom representatives.

We will invite Alpha Lyracom personnel to all reviews
with our subcontractors. For critical or high-leverage subcon-
tracts, such as the communications payload, formal monthly
technical and management meetings will be held. Schedule
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Figure 7-4. TRW Performance Measurement System (PMS)
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data from these reviews will be incorporated in TRW’s
master report.

TRW - CUSTOMER
WEEKLY TELEPHONE INTERCHANGES
TECHNICAL/SCHEDULE STATUS

MONTHLY/QUARTERLY PROGRAM REVIEW
* REVIEW TECHNICAL AND SCHEDULE STATUS FOR EACH SYSTEM
* PROVIDE CRITICAL PROBLEM IDENTIFICATION AND STATUS

DESIGN REVIEWS
» SYSTEM REQUIREMENTS REVIEW
* PRELIMINARY DESIGN REVIEW
* CRITICAL DESIGN REVIEW

READINESS REVIEWS
« TEST READINESS REVIEWS/PRESHIPMENT/LAUNCH REVIEWS

TRW INTERNAL

WEEKLY PROJECT MEETING
* REVIEW CURRENT WEEK'S ACCOMPLISHMENTS
« IDENTIFY CRITICAL ISSUES
» ESTABLISH AND REVIEW ACTION ITEMS
* STATUS NEAR-TERM MILESTONES

MONTHLY MANAGEMENT REVIEW
* SUMMARIZE ACCOMPLISHMENTS AND PROBLEMS
» HIGHLIGHT CRITICAL ISSUES THAT IMPACT TIMELY COMPLETION
« FOCUS ON SPECIAL RESOURCE REQUIREMENTS

TRW - SUBCONTRACTORS

« TECHNICAL INTERCHANGE AS REQUIRED
« MONTHLY FORMAL TECHNICAL/MANAGEMENT REVIEW
WHERE REQUIRED

Figure 7-5. PAS-2 Program Reviews

73 AUTHORITY AND RESPONSIBILITY
Program Manager’s Authority

The program manager is the single-point authority for
technical and programmatic management of the PAS-2 pro-
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gram. He has control of all contract funds and the full sup-
port of the division and group general managers. He can
obtain any additional resources required. Also, he will hold
monthly meetings with the Technical and Management
Review Committee, consisting of division and group general
managers of participating organizations and selected senior
technical advisors, to discuss project status.

Lines of Authority and Responsibility

The Program Manager is responsible for all aspects of
the contract, assigns tasks and resources, and delegates full
authority to manage them to other program members by
means of Project Work Authorizations (PWAs), which define
scope of work, period of performance, and budget. He estab-
lishes priority and direction of contract tasks and resolves
conflicts between the program and other TRW organizations
and subcontractors.

The Spacecraft Manager is responsible for analysis and
validation of all system requirements and development of the
baseline system level designs. He directs and coordinates all
mechanical and electrical design integration activities. He
sees that systems verification plans, software standards and
requirements, design reviews, and all deliverable technical
documentation are performed on time. He manages satellite/
launch vehicle integration. He is responsible for the design,
development and test of the spacecraft and its subsystems
(electrical power, command and telemetry, propulsion, atti-
tude control, structure and mechanisms, and thermal con-
trol). He also directs design, development, and test of flight
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software and of antenna and solar array deployment
mechanisms. Additionally, he is responsible for satellite-level
assembly, integration and test of the payload, the spacecraft
structure, the spacecraft subsystems, and appendages such as
the solar arrays and communications payload and omni
antennas. He is also responsible for transportation to and
assembly and test operations at the launch site (Kourou,
French Guiana).

The Communications Payload Manager is responsible for
the design, development, and test of the communications pay-
load and its equipment subcontracts, which include the
C-band transponder, Ku-band receiver, and C-band com-
mand and telemetry RF equipment. He is also responsible
for the design, development, and test of C-band and
Ku-band communications antennas and C-band TT&C omni
antennas.

7.4 PROGRAM PLAN
TRW’s planning for the PAS-2 program capitalizes on
our extensive experience in spacecraft design and develop-

7-7

ment. We start by analyzing all the requirements for success-
ful technical performance. This includes preparation of speci-
fications, scheduling, defining the test program, specifying
product assurance requirements, and defining other data and
document requirements. Only after this extensive preparatory
work do we plan our detailed activities.

The WBS (Figure 7-6) divides PAS-2 tasks into three sys-
tem-level, manageable work packages: Program Level Effort,
Spacecraft, and Payload. Each system is subdivided into ele-
ments, subsystems, or groups and then each of these is
divided into design, fabrication, and assembly and test. Each
of these tasks are further divided as required. Detailed plans
and schedules, which define the work to be accomplished,
start and stop dates, and authorized budget, are based on
these WBS tasks.

Figure 7-7 is the PAS-2 program master schedule. It
reflects key milestones and activity spans. The master sched-
ule summarizes the detailed subsystem schedules (Figures
7-8 through 7-15).
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Figure 7-7. PAS-2 Master Program Schedule
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Figure 7-8.  Payload Schedule
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Figure 7-9.  Tracking, Telemetry, and Command Subsystem Schedule
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Figure 7-10. Attitude Control Subsystem Schedule
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