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PREFACE 

This report is submitted by RCA Limited to the Department 
of Industry in compliance with Section 4.2 of the Statement of 
Work forming part of D.0.1. Contract, File No. IRA. 9122-03-4. 

The report is in six volumes, namely: 

Volume 1 
Volume 2(a) 
Volume 2(b) 
Volume 3 
Volume 4 
Volume 5 

Design Considerations 
Spacecraft Design - Electrical 
Spacecraft Design - Mechanical 
Technical Appendices 
Program Plan 
Program Costs 

The information contained in the report is supplied to 
Her Majesty for use solely in connection with the design, develop-
ment, manufacture, operation, repair, maintenance and testing of 
a Canadian Domestic Satellite Communication System. 
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1. INTRODUCTION AND SCHEDULE 

1.1 	 INTRODUCTION 

This volume of the report constitutes the Program Plan as specified 

in the Study Program work statement. Immediately following,within the 

Introduction, are the Task Breakdown Structure and the Program Master 
Schedule, followed by a listing of the major milestones. 

The Introduction to the second section of this volume includes some 

comments in respect to the generation of Canadian content and the trade-

offs which have been considered. The proposed development plan cover-

ing the major program phases is then discussed, including the pertinent 

schedules. 

Section three of this volume discusses the proposed Organizational 

Structure and the various subcontractor arrangements. This section also 

summarizes the distribution of work between the subcontractors. 

Section three also presents the proposed Management Plan including 

that of the prime contractor's program office, and the major management 

plans. 

The final section of this volume outlines the resources and facilities 

of the major companies which might be included in such a program. 

1.2 	TASK BREAKDOWN STRUCTURE  

The task breakdown for the Canadian Domestic Communications 

Satellite Program is based on a study of the program requirements (output) 

against the work (input) necessary to produce the various spacecraft and 

ancillary equipments. The output of the program is systems and equipment 

development, an engineering model, a prototype model and three flight 

model spacecraft. 

Each of these outputs in turn can be broken into subsystems such as 
communication, power, structure and so on. The subsystems themselves 

consist of units such as tunnel diode amplifiers, power converters, tele-

metry transmitters and filters to name a few. It is possible at a later 
stage of design to further analyse the units into sub units and their 

respective electronic and mechanical components. With the work that 

has been completed in this study it has been possible to identify the major 
units that make up each subsystem and of course the subsystems that make 
up each spacecraft. 

The input side of the task breakdown has its own hierarchy in,the 
activities (labour) and material that are expended in the production of 
the spacecraft. 
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The activity hierarchy starts with the major activities of engineering, 
manufacturing, integration and launch. Activifies related to the 
implementation of the program such as program management, system 
engineering, reliability and quality assurance are covered in a 
separate category. Within the major activities one finds minor 
activities such as design and development, fabrication, assembly, 
test, etc. 

The relationship between the program inputs and outputs is 
summarized in a task breakdown matrix, a sample page of which 
appears in Figure 1, 1. The total matrix covering all spacecraft 
models and subsystems broken down to one unit level, consists of 23 
pages with the program inputs (activities and material) appearing as 
column headings in the matrix. The task breakdown matrix row 
headings are the subsystems with their associated units which are the 
program outputs. 

Where a task occurs the matrix crosspoint is marked with a dot. 
The requirement for a task is determined by the model, whether it 
be development, engineering, prototype of flight and the sourcing 
(RCA or subcontract) of the particular unit. It can be seen that 
each subcontracted unit requires a task in subcontract follow-up. 

In summary, the task breakdown structure employed in analys-
ing this program is based on an anlysis of two separate vectors; the 
program outputs (spacecraft), and the program inputs (activities and 
material). These vectors are combined in a task breakdown matrix 
which in turn indicates the specific tasks to be performed. The task 
breakdown structure is related to the diagram shown as Figure 1-2. 

1.3 	 PROJECT SCHEDULE  

1.3.1 	Introduction 

The project schedule displayed in this report is designed to 
focus on the project phases. The Project Master Schedule (Figure 
1-3) follows while the various secondary schedules may be found in 
the section of the development program to which they refer. 
Table 1.1 lists the major milestones. The schedule presentation is as 
fol lows:- 

Figure 1-3 	 Project Master Schedule 

Figure 2-1 	 Subsystem Development Schedule 

Figure 2- 12 	 Spacecraft Integration and 
Environmental Test 

Figure 2-14 	 Launch Operations Schedule 
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1.3.2 	Schedule Assumptions 

The following assumptions were made in preparing these schedules 
to allow for both implementing technical policy and the optimum alloca-
tion of resources to the Program. 

. 	The unit qualification testing is completed prior to 
the start of prototype spacecraft qualification and 
prior to the start of flight spacecraft integration. This 
procedure will ensure that any modifications to units 
resulting from qualification will be incorporated before 
the flight spacecraft is started thus preventing repeti-
tion and lost time. 

The desirable schedule objective is  31.5  weeks to Flight 
1 launch with a continuous work cycle to the end of 
flight 3 integration and system testing. Flight 3 will 
not be environmentally tested until required. The opti-
mum application of Ground Support resources,including 
test crews, to meet this program is two complete test crews 
and system test sets. 

. 	The lower deck sections and upper sections of the space- 
craft will be integrated simultaneously at two locations 
and integrated as a spacecraft at Montreal. Environmen-
tal testing will be carried out in California after which 
the spacecraft will be shipped to the range. 

The prototype will be used at the range for initial testing 
and mechanical fit prior to the start of launch operations 
on flight spacecraft. This will ensure that the Flight 1 
Spacecraft is exposed to a minimum of ground handling 
operations. 

A two week contingency is developed between the arrival 
of flight spacecraft at the range and the beginning of 
launch operations on the Flight spacecraft. This conting-
ency time allows for unforeseen difficulties at the launch 
site as well as prior to shipment to the range. 
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TABLE 1.1 
MAJOR MILESTONES 

The following events are related to significant points on the 
project schedule. They indicate and allow management measurement 
of program progress. 

DESCRIPTION 	 MONTH ARO 

	

1 	System Requirements defined 	 3 

	

2 	Preliminary System Design Review 	 5 

	

3 	System specification released 	 10 

	

4 	Interface Specification released 	 10 

	

5 	Subsystem and Unit Test Procedures released 	 10 

	

6 	Intermediate Design Review 	 10 

	

7 	Engineering Model Subsystems Tested 	 15 

	

8 	Spacecraft Integration and Test Procedures released 	15 

	

9 	Electrical Ground Support Number 1 tested 	 15 

	

10 	Critical Design Review 	 15 

	

11 	Unit Qualification Tests complete 	 19 

	

12 	Electrical Ground Support Number 2 tested 	 19 

	

13 	Engineering S/C Tested 	 19 

	

14 	Prototype integrated 	 22 

	

15 	Flight 1 integrated 	 27 

	

16 	Prototype qualified 	 28 

	

17 	Flight 1 accepted 	 30 

	

18 	Flight 2 integrated 	 31 

	

19 	Flight 1 launched 	 32 

	

20 	Flight 2 accepted 	 35 

	

21 	Flight 3 integrated 	 35 

	

22 	Flight 2 launched 	 37 

ITEM 
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2. DEVELOPMENT PLAN 

2.1 	 INTRODUCTION 

In this section the project plan is discussed with reference to the 
project phases and subsystems, including the proposed levels of Cana-
dian participation in each activity. Because of the short study period 
it has not been possible to explore fully all areas where Canadian com-
panies could generate capability or the costs of such possibilities. 
However, where possible, indications of additional areas are given 
and the arrangements which would be involved. 

From the technical and preliminary design discussion of Volume 
II,  if  is apparent that the realization of a spacecraft such as proposed 
here involves a wide variety of technology as well as the appropriate 
managerial and manufacturing capabilites. Further, the demands on 
the spacecraft performance and capability, as well as the inherent 
complexity means that many or most of the required technologies are 
"state of the art". Thus a project such as this inevitably involves 
many specialized groups. Before developing the plan proposed here, 
it is desirable to discuss the basic philosophy and ground rules which 
have been followed, particularly in respect to Canadian content. 

2 . 1 . 1 	Program Optimization  

The work statement pertaining to this study requires an optimi-
zation of participation by Canadian industry allowing the maximum 
benefit from technological development, and a design and implemen-
tation plan which provides the minimum overall program cost. There 
are of course other trade-offs involved and implicit in the work state-
ment, such as a schedule management, and, although not called out 
explicitly, - program risk. 

Canadian Content 

Fundamentally any component, unit, subsystem or activity 
associated with the program can be classified with reference to Cana-
dian capability as being within one of the following areas: 

a) A Canadian capability exists and can be made available. 
It is assumed that the program itself, the continuity, profit 
and other benefits will be such that, where the capability 
exists, it will be made available. 
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b) The nucleous of a capability exists and a desire to extend it 
can be developed. The extension may be in regard to size or 
depth, as for example the up-grading of a facility to flight 
hardware standards. 

c) Little or no Canadian capability exists, but involves areas 
wherein the program benefits can be shown in terms of broad 
spin-off. 

d) Areas where little or no Canadian capability exists nor can 
an entry be justified (in business terms) by other than those asso-
ciated with the program itself. 

Broadly speaking, in moving from (a) to (d) there will be increased 
resistance on the part of industry to taking part in the program, generally 
coupled with an increased cost to the program. For example, in an (a) 
or (b) area, industry would require only normal business motivation to 
enter the program, and incidently probably produce a lower cost to the 
program than a comparable U.S. bidder; industry might bid a (c) area if 
a reasonable portion of the training and/or capitalization can be re-
covered from the program; industry would bid a (d) activity only if all 
costs plus a profit could be recovered directly on the program or by other 
financial arrangements. There are of course finer distinctions possible 
because any area offers its own mix of engineering, manufacturing, 
capitalization and spin-off. 

Schedule 

Although the proposed schedule is "slack" by present practice, it 
is relatively tight for extensive Canadian Industrial training. 	It is 
apparent that excessive easing of the schedule, while allowing for some-
what greater Canadian participation, would also start to increase the 
overall cost on the management side and also defer the availability of an 
operational system and the associated revenue. 

Management 

From the program management point of view, a totally internal 
program run on a project organization is the simplest and cheapest but is 
clearly impossible in this case. The next degree of complication is to have 
subcontracts at the subsystem level, which would be quite possible in this 
program, but would exclude smaller Canadian companies or potential 
splits. As the size of the work packages decreases, the management con-
trol becomes more difficult and costs increase, through additional manage- 
ment and quality assurance requirements, but significant benefits can accrue. 
Simi larly,subcontracts by a subsystem subcontractor can increase costs, but 
the arrangement can also minimize program risk by having "built-in" backup 
capabi I ity. 
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Program Risk 

It is axiomatic that in a program as complex as this, using capa-
bilities less than the best available,introduces an element of risk both 
in program schedule and spacecraft performance. The problem is to 
judge the extent of the risk compatible with the overall objectives and 
develop a program plan and program control to minimize the jeopardy. 

2.1.2 	Program Ground Rules  

In establishing the program plan, a subjective evaluation was 
made of the various factors discussed previously and a tentative assign-
ment made for each area of activity. The following rules were gener-
ally followed throughout, although specific alternatives are mentioned 
in respect to some subsystems. 

. 	All aspects of program management and control must be 
in Canadian hands. 

Where a clear Canadian capability exists it will be used. 

The schedule will be as long as possible to enable maxi-
mum Canadian build-up of capability, but must be in 
accordance with the customer's wishes. 

The dominent desire is to obtain new technologies for 
Canada for growth of Canadian capability in space or 
other fields (directly or as spin off), and particularly 
those areas potentially contributing to export activities. 

Black-box manufacturing (i.e. to other designs) is of 
secondary interest but should not be neglected, particu-
larly when it may act as an "entré" to a more compre-
hensive program. 

Schedule and managerial simplicity must be maintained 
through efficient and careful designation of work packages 
and responsibi I ity 

Major start-ups or generation of new Canadian capability 
for this program must be carefully evaluated in terms of 
schedule, cost and program risk. Where such new activi-
ties are considered beneficial, backup capability and/or 
sourcing should be identified. 
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Major capitalization (beyond the scope of a typical space- 
craft program) cannot be paid for by this program, but 
presumably could be the subject of separate negotiation be- 
tween the appropriate companies and the government. 

. 	Minor facility build up would be an acceptable program 
change i.e. where the total subsystem price would not signi-
ficantly exceed the probable foreign quotation. 

Available designs or hardware should be considered as a 
minimum cost approach especially where Canadian sources 
are involved. 

2. 1.3 	Program Stages  

In the optimization of a program, careful consideration must be given 
to the number of models to be developed. Broadly, the possibilities range 
from a minimum of models e.g. Engineering plus Flight, to a full series of 
models scheduled sequentially. Additional models of course involve higher 
costs, but also permit "fixes" to be evolved without jeopardizing the final 
product or schedule. As the schedule is tightened, rarely is it possible to 
have fully sequential models, and overlap occurs. As the overlap becomes 
greater, the values of the respective models decrease, the program risk in-
creases, without attendant cost savings. If the schedule is further shortened, 
the overlap becomes so great that the opportunity is lost to make effective 
use of the model data, so the model and its associated costs may be removed 
without a further major increase of risk. 

The previous remarks tend to suggest the generation of a minimum 
number of models as a minimum cost solution. However, there is little doubt 
that the judicious use of the models can ease the learning process by reducing 
the risks. The reasoning behind the selected phases and models for the present 
program is discussed next. 

Development Phase 

This really refers to the subsystems or units thereof, and development 
models are required for any new types under design. This phase also includes 
the development of a structure for the structural and thermal design verifica-
tions. 

Engineering Models  

Several different articles fall into this area. First of all, it is not pro-
posed to produce an engineering model of the spacecraft as such. However, it 
is proposed to have an engineering model of the upper deck with single channels 
of the Transponder, and, Telemetry and Command subsystems, plus dummies of 
the remainder of the units. 
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This partial model will be used to verify configuration interfaces and to 
design the upper deck harness, rf cables, etc. Similarly the lower deck 
will have a model for the same purposes but involving the despin electro-
nics, P & 0, and power subsystems. Where new subsystems are being 
developed, the engineering models of the units will be deliverable and 
used on the model. Where no engineering units are available but are re-
quired, as is the case for previously qualified subsystems, prototype units 
would be used. 

Prototype Model  

The prototype model will be the first complete spacecraft built to 
flight standards. All units will be qualified separately previous to this 
model. This model will be the qualification model in respect to all testing 
of the complete spacecraft and will also be used in any tests of launch pro-
cedures, etc. The model will be a flight model in all respects except that, 
for economy, only one flight solar panel will be used, with the remainder 
accurately simu I ated. 

This model is one which could be considered as a possible option. It 
is feasible to consider this as a candidate for flight, but it appears prefer-
able not to attempt launch of a spacecraft which has been subjected to very 
long periods of testing and to stress levels above those of flight test. 

Flight Models 

These are the actual spacecrafts to be launched and would be tested 
to flight standards. Flight three is the only spacecraft which may be dis-
tinguished by special procedures. If flight one and two are successfully 
launched and operational, then the space segment of the communications 
system is essentially complete. Flight three is intended to provide replace-
ment for first failure and/or orbital development. If flight three were to be 
launched immediately (assuming no failures), then unless the space segment 
loading develops very rapidly, its fuel and lifetime is being expended with-
out any great return. If, however, it is held on the ground for an extended 
period, say four years, it will require a substantial time to replace an early 
failure and will itself deteriorate on the shelf. It is suggested that launch 
at about 18 months is a desirable compromise. 

The problem is to determine at what stage of completion is a most desir-
able hold point for flight 3. It is possible to hold the model as a series of 

units available as backups against 1 and 2, and to some extent this will be 
done. However, the integration costs will be high because of the restart 
learning. In the other limit, with a long hold of a completed and tested 
spacecraft, retesting before launch would be a necessity and the correspond-
ing costs incurred twice. It is therefore proposed to integrate flight three 
and perform the integrated system tests, then store it. When required for 

launch it would be put through the environmental flight tests and delivered to 

the launch site. 
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2.2 	 ADVANCED DEVELOPMENT 

Prior to the award of any contract in regard to this satellite, RCA 
Limited proposes to carry out certain advanced development programs re-
lated to the satellite design. In early November programs were initiated 
in the following areas: 

a) 	Transponder design - A detailed design and realization of 
the transponder proposed in this report with particular 
reference to three areas viz: 

i) Multi carrier operation in a TWT driver 
ii) Channel filtering techniques 
iii) Evaluation of experimental solid-state 

devices for application as TWT driver stages. 

b) 	Antenna design - Detailed theoretical and modeling studies 
of spacecraft antennas suitable for Canadian coverage. 

Additional discussion of these programs is found in section 1 and 2 
of Volume II (a) 

2.3 	 SYSTEM  ENGINEERING  

This is a function that is carried on at various levels of effort for the 
duration of the program. Initially it consists of the finalization of all trade-
offs and the establishment of detailed spacecraft and subsystem specifications. 
During this period the group will consist of a relatively large number of 
engineers working in close contact within the project office. At the end of 
this phase many of the group will go back to their respective skill centers to 
supervise the detailed design and execution of the subsystems. 

During the development and integration phases the system engineering 
function is one of orderly technical coordination and liaison between space-
craft hardware engineering constraints and overall systems requirements as 
given by the customer. It also includes the coordination of inputs from Earth 
Station System Engineering, other agencies such as Comsat and NASA, and 
international bodies such as CCI R. It will also be responsible for special tests 
and preparation of reports not specifically related to the integration and test 
of the spacecraft. The overall system engineering function will be a re-
sponsibility of RCA. 

2.4 	 SUBSYSTEM DEVELOPMENT 

Figure 2.1 illustrates the various subsystem schedules proposed for this 
program. Under each subsystem the respective subsystem activities are shown 
as tentatively defined. It will be noted that these activity charts include 
data regarding the unit level, and, in some cases,the preliminary 
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make or buy decisions, available qualified units, etc. It may also be 
noted in some cases the charts are not up to date re companies involved 
because of art work lead time. 

2.4. 1 	Transponder Subsystem  (Figure 2-2) 

The development plan for the transponder will be carried out in four 
stages. Most of the subsystems in the transponder will be chosen from 
modified existing designs or from designs based on microwave radio relay 
experience. Only the passive components, mostly filters and the equalizer, 
will be totally new designs. 

Advanced development on a company funded program is being carried 
out to prove the validity of the design concepts and to acquire quanitative 
data necessary to specify each subsystem. Design principles for all new 
development items will be laid during this stage. A breadboard transponder, 
utilizing only partial subsystems, will be put together and thorough electrical 
and systems tests performed to narrow down any regions of specification un-
certainty. 

An engineering model, specified on the basis of data gathered pre-
viously, will then be assembled and put through further tests. During the 
breadboard and engineering model stage close liaison will be maintained with 
component suppliers to assure that the overall system requirements get trans-
lated into meaningful and achievable component specifications. 

Electrical testing at the engineering model stage will include baseband 
to baseband simulation of the communication system as well as RF to RF simu-
lation. Appropriate environmental tests would be performed to assure system 
performance under operating environmental conditions. 

The test results will be analysed and condensed to pinpoint the necessary 
and sufficient number of RF tests required on the actual flight model. This 
phase should be looked upon as an exercise in the design of experiments to 
discover the parameters which define the overall system performance. A re-
duction in the electrical tests to be performed on the spacecraft transponder 
subsystem would be the goal. 

For the prototype and spacecraft models, space qualified units will be 
supplied by vendors to the appropriate specifications. All units designed and 
fabricated in house by RCA Limited will be tested and qualified separately. 
At module level functional tests will be performed before and after each en-
vironmental exposure. Qualification level testing, for the prototype, will 
include vibration, temperature, thermal vacuum and electrical interference 
tests whereas Acceptance Level testing for the flight models, will cover 
vibration and thermal vacuum. 
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The prototype and spacecraft transponder will be integrated on the 
upper deck of the satellite within the RCA Limited facility. This prelimi-
nary integration will include the full range of electrical tests. After the 
upper deck has been integrated with the rest of the Satellite, the prototype 
will be put through the full qualification for environmental routine and the 
integrated transponder system tested before and after each exposure. The 
flight models will be tested for vibration and space simulation only. 

The transponder subsystem will be the responsibility of RCA Limited, 
based on both the broadwide band communications experience and that 
specific to communications spacecraft. RCA Limited proposes to design and 
fabricate the passive components and the L.O. source. The amplifiers with-
in the transponder will be purchased to RCA Limited specifications from 
vendors having experience in similar space qualified components. The TWT's 
being a major item of procurement have received considerable attention. 
Both Hughes Aircraft Company of Los Angeles and Varian Associates of Palo 
Alto have basic designs available and with minor modification, suitable for 

this program. Varian of Canada is examining the possibility of participation 
in the program through (as a minimum) final packaging and testing of the 
TWT's. 

2.4.2 	Antenna Subsystem  (Figure 2-3) 

The initial desitm and development of the antenna subsystem will 
be primarily concerned with the electrical specification of the configuration 
required for the ,selected coverage. This phase will include the develop-
ment models required to verify the electrical properties. The resulting 
mechanical specifications will then be given to a structural group for the 
"flight" mechanical design and fabrication. Each model, engineering 
(dynamic), prototype and flight will be tested for boresight, pattern and 
efficiency as well as under the appropriate environmental conditions. 

The design and development phase of the antenna subsystem will be 
the responsibility of RCA Limited, as will be the design and fabrication of 
the feeds and polarizers for the two types of spacecraft (for the two channel 
plans). The mechanical design of the antenna structural elements, the main 
reflector, as well as all environmental testing will be subcontracted with the 
spacecra ft  structure (Section 2.4.10) because of the strong interface in this 
area. 

All electrical testing will be the responsibility of RCA Limited. 

2.4.3 	Telemetry and Command  (Figure 2-4) 

The Telemetry and Command subsystem development will use, where 
possible, existing techniques, and components, although the subsystem would 
be developed into units optimized for this application. Throughout the unit 
development program, the development would be continuously monitored and 

analysed on a subsystem basis to ensure interface compatibility. 
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Since no known "off-the-shelf" equipment is available for the 
6 GHz command receiver, the decoder, the encoder or the 4 GHz tele-
metry transmitter, these units would have to be developed specifically 
for this project. First in the development would be a detailed equipment 
performance review within the framework of the overall system require-
ments to apportion permissible performance deviations, to establish inter-
face characteristics and to prepare the equipment specifications. At the 
same time, breadboard studies would be initiated to check out predictions 
and to provide test beds from which the most promising of the several alter-
native methods for achieving a desired result can be selected. Following 
this the detailed development of the engineering model units can be initi-
ated. 

Development of the antenna system would begin with construction of 
a full scale model of the bicone antenna from which pattern and other 
measurements to verify predicted performance would be made. Development 
of the duplexer, power splitter and power combiner as separate units would 
begin shortly after starting construction of the bicone antenna, and these 
units would be checked out. Following the basic measurements the engineer-
ing model units of the complete antenna system would be begun and the 
complete system would be checked out. Measurements of the integrated 
telemetry/command system would also be performed to verify integrated per-
formance. 

No specific development is required for the beacon transmitter since 
this is essentially an "off-the-shelf" unit that was developed for the Alouette/ 
ISIS Space program. 

Following development of the engineering model units, a complete 
engineering model telemetry and command subsystem would be set up "on 
the bench" and given an exhaustive checkout for performance character-
istics and protection capability. Any necessary modifications can, at this 
point, be introduced and the release made to manufacturing for flight quality 
units. 

The prototype and flight units, should at this point, be conceptually 
correct and should require only testing to verify this. The prototype units 
would be qualified before integration on the spacecraft° 

The telemetry and command subsystem activities would be the respons-
ibility of RCA Limited. 

2.4.4 	Position and Orientation System  (Figure 2-5) 

The Position and Orientation subsystem design is based upon the sub-
system developed for Intelsat III and, in most cases, uses identical components. 
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At the program start, the Position and Orientation subsystem 
performance and operational requirements will be updated. This in-
cludes a final estimate of propellant requirements for a typical duty 
cycle taking into account such effects as cold catalyst bed starts, feed 
pressure-performance effects, and cosine losses for radial thrusting. 

Development testing will be required for the tanks and the 
assembled subsystem (less thrusters) to verify functional and structural 
adequacy of the design after exposure to qualification level environ-
mental conditions. The assembly will also be subjected to propellant 
and pressurant loading and unloading test, after which the tanks are 
reloaded and the expulsion efficiency is determined with the tank and 
line assembly on a spin table. The final development test consists of 
subjecting the entire subsystem to a prefiring thermal vacuum and 
vibration environmental,and then conducting spin firings simulating the 
life cycle. At the conclusion of these test, final production drawings 
are released for the prototype hardware. 

The qualification test consists of life cycling of tanks, burst 
tests of tanks, high and low temperature thermal vacuum, environmental 
vibration and hot firing spin tests. 

Acceptance tests consist of proof pressure tests, leakage tests, 
hot firing, pressure transducer calibration and electrical checkout. This 
entire subsystem will be subcontracted to TRW Systems on the basis that 
it is largely an existing system and offers a minimum cost solution in an 
area requiring a great deal of background knowledge not only in regard 
to hardware design, but also in handling, purging, etc. However, it is 
anticipated that in this, as in other subsystems, units or components may 
be further subcontracted. For example, TR\A/ have discussed manufacture 

of tanks with Bristol Manufacturing Co. of Winnipeg. 

2.4.5 	Attitude Determination and  Control Subsystem  (Figure 2-6) 

The Attitude Determination and Control subsystem is based upon 
designs developed for Intelsat Ill and IDCSP/A (a U.K. military satellite). 

The earth sensors, sun sensors and valve driver electronics are 
identical to Intelsat Ill components and will not require redesign or requali-
fication. The despin control electronics and antenna drive mechanism are 

similar in concept to that developed for IDCSP/A, but will require sub-
stantial redesign to achieve the required accuracy. 

An engineering model of the nutation damper has been built and 
tested, so that only flight packaging and qualification is required. 
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The first phase of the development program consists of analysis of 
the total subsystem requirements to determine despin control dynamic 
performance, vehicle stability analysis, attitude determination accuracy, 
antenna pointing accuracy, reliability optimization and mechanical 
analysis of the antenna drive assembly. 

Engineering models are then built of all the components and an 
integrated subsystem test is performed. Environmental tests are performed 
on new designs. At the conclusion of these tests, qualification units are 
built and a qualification test is performed on elements not previously 
qualified. A total subsystem qualification test is performed. The sub-
system is then ready for flight unit production and acceptance testing. 

This subsystem is being examined with regard to a subdivision of 
effort. Four separate areas have been identified, namely the earth sen-
sors, the despin motor, the attitude determination electronics and the 
rotary joint. Discussions are under way between SPAR and Lockeed 
Aircraft in regard to a licensing arrangement for manufacture in Canada 
of the earth sensors. The despin motor based on the IDCSP/A design 
would be subcontracted to Philco-Ford. The rotary joint would be either 
Phi lco-Ford if their recent COMSAT design is directly adaptable; or 
possibly TRW Systems if a new design is required. The electronics por-
tion of this subsystem is the subject of intense discussion between Philco-
Ford and RCA Limited. If accordance is reached, this portion of the 
subsystem would be redesigned for Canadian packaging and built by RCA 
Limited. 

It may be noted that the system is a critical item in terms of space-
craft performance as well as state-of-the-ant. Whereas the electronics 
is certainly within existing Canadian capabilities, it is felt that a new 
design to the required specifications would be available only late in the 
program, whereas the proposed Philco-Ford/RCA Limited agreement would 
form an excellent basis for a broader Canadian capability for this and 
other space programs. 

2.4.6 	Electrical Power Subsystem  (Figure 2-7) 

The first phase of the program will consist of finalizing the space- 
craft power requirements in terms of total power, regulated voltage, limits 
of ripple peak demand, failure modes, and reliability. 

Breadboard and engineering models will then be constructed and 
development testing will start. The primary new engineering development 
required will be the testing of batteries utilizing a third electrode for 
charge control. Detailed tests will be run on the batteries for charge and 
discharge characteristics, load cycles, storage capacity, overcharge and 
thermal characteristics. 
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Thermal vacuum and vibration environmental tests will be run on all 
engineering units. "Worst case" tests are conducted for open and short 
circuits, the extremes of input and output voltage and loads, and for 
the extreme transient conditions. A selected number of solar cell 
modules are mounted to a substrate panel and subjected to qualification 
level environmental for verification of design and fabrication process. 

After the engineering development phase is completed, the proto-
type units will be fabricated and submitted to qualification testing, in-
cluding both functional and environmental testing. The flight units 
are then constructed and acceptance tested. 

This subsystem is considered a candidate for a broad split. As 
presently contemplated, RCA Limited or appropriate (Canadian) sub-
contractors to them would provide the battery, power conditioning and 
converter portion of the subsystem. In addition, efforts are now under-
way to ascertain the probability of. a Canadian manufacturer being able 

to provide the battery cells. 

The solar cell array would be subcontracted to TRW. Particularly 
in the design phase, the extensive TRW experience and available opti-
mization software programs are highly desirable. At the present time 
TRW Systems are initiating studies in regard to the possibility of sub-
contracting to SPAR the assembly of the cell modules on the substrates 
and the requisite testing. These studies are detailing the controls re-
quired, required training programs and the capital requirements. Should 
this arrangement porve feasible and beneficial to the program, it appears 
that about 653'o  of the cost of the array fabrication would be subcontracted 
back to Canada. The possibility of Canadian production of solar cells is 
also being explored - notably with National Semiconductors Limited of 

Montreal. 

2.4.7 	Apogee Motor Subsystem  (Figure 2-8.) 

The apogee motor now under consideration is a new motor design, 
based upon existing design capabilities but optimized for this program. 
Therefore, the motor will undergo an extensive development program con-
sisting of seven development and qualification firings. Two firings will 
be design verification tests and conducted at the contractor's facilities and 

the remaining 5 firings will be qualification tests at Arnold Engineering 
Development Center (AEDC) in Tennessee. Included in these tests will be 
the firing of a spinning motor while in an altitude chamber. The Thiokol 
Chemical Corp., Elkton, Maryland has been tentatively selected as the 
supplier for the apogee motor. However, preliminary discussions have been 
held with Bristol Manufacturing Ltd. of Winnipeg as to the possibility of 
their manufacturing these motors. 
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2.4.8 	Electrical Integration Subsystem  (Figure 2-9) 

The electrical integration subsystem includes the harnesses 
as well as the electrical integration assembly and thus forms the inter-
face function between most of the other subsystems. During the 
design phase most of the emphasis is on interface control and the re-
quirements for electromagnetic compatibility, particularly with re-
gard to the various items of ordanance within the spacecraft. 

The major interfaces involved are:- 

. Telemetry and Command 

▪ Power 

. Communications 

. Positioning and Orientation 

. Apogee Motor 

The Electrical Integration Assembly will be developed specifically 
for this spacecraft and thus will have the usual breadboard stages. 

The harness will be computer developed and the flight configuration 
developed from the engineering model of the two decks. After full 
testing for electromagnetic compatibility as well as system operations and 
unit qualifications, the flight designs will be released for production. 

As presently proposed, the Electrical Integration subsystem would 
be partially devided between the companies. The El Assembly would be 
the responsibility of RCA Limited as would the harness for the upper deck. 
A small portion of this subsystem would be subcontracted to TRW Systems 
so as to simplify interfaces between those subsystems on the lower deck 
which would be their responsibility. 
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2.4.9 	Thermal Subsystem  (Figure 2-10) 

The development of this subsystem is an iterative process of analysis 
and testing. An extensive computer analysis will first be performed. At 
the same time, testing of individual subunits or thermal control techniques 
will take place to furnish data for the computer program. After the thermal 
design analysis is completed, a full scale thermal model will be tested in a 
thermal vacuum environment. This model will be adapted from the structural 
model and includes thermal simulation models of all the components. The 
results obtained from this test will be used to produce the final production 

• design. 

The qualification and acceptance tests of the Thermal Subsystem will 
be accomplished in conjunction with the tests for; the completely assembled 
vehicle. The Thermal Subsystem will be supplied by TRW Systems. This 
choice is based on the proven capability, as well as the subsystem relation-
ship to the structural subsystem. It may be noted that a synchronous satellite 
has very specific thermal problems associated with the apogee motors and the 
hydrozine thrusters. Further the partial operation of the satellite when in 
eclipse aggravates the design problems. 

2.4.10 	Structure Subsystem  (Figure 2-11) 

The initial design phase will include structural and mechnical design 
layouts, analysis and required structural development testing. The analyti-
cal work includes an analysis of the structural design load criteria,dynamic 
and acoustic response analysis, material and processes analysis,and a de-
tailed stress analysis. 

A structural test model will be fabricated which consists of basic 
flight type structure and mass simulated components. This structural model 
will be used to determine fundamental structural integrity when subjected 
to limit static loads. 

After completion of these tests, the prototype and flight units are 
fabricated. The qualification and acceptance test of this subsystem shall 
take place in conjunction with the assembled spacecraft. 

The structural subsystem will be subcontracted to TRW Systems with a 
requirement that SPAR participate to the greatest extent possible. Dis-
cussions between RCA Limited and the other parties have concluded that a 
feasible division of work may be based on the following:- 

Up to 25% of the subsystem design and detailed analysis would be 
carried out by SPAR personnel at TRW, with concentration by SPAR on their 
specific areas of fabrication capability. 	In the fabrication phase, it is 
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considered that SPAR would lead in the central structure and antenna 
pedestal. This would produce a total of 40 - 45D/0 SPAR participation in 
this subsystem (including the design and analysis). In addition, TRW will 
investigate the possibility of utilizing the capability of Fleet Aircraft 
Company in honeycomb fabrication, particularly as it might be applied to 
the substrate panels. 

2.4.11 	Ground Support Equipment 

It may be noted that the Ground Support subsystem here refers to 
items associated with integration tasks and does not include the items pe-
culiar to subsystem programs e.g., jigs and subsystem test sets, except 
where these are common to the integrated system test sets. The major 
subcontractors in this study have agreed that, where possible, subsystem 
units will be in turn subcontracted in Canada as directed by the prime con-
tractor, if, in his opinion, such action benefits the program objectives 
without excessive penalty. 

The mechanical support equipment is capable of relatively few steps 
in realization. Based on the preliminary specifications, the equipments 
are designed and fabricated. It may be noted that several sets of equip-
ments are required as a consequence of the schedule and various models 
involved. Major portions of the mechnical ground support equipment will 
be subcontracted to SPAR. 

In the case of Electrical Ground Support Equipment, again the 
realization is fairly direct. Based on the ISIS and INTELSAT Ill findings, 
automated checkout appears highly desirable, and the proposed system is 
essentially derived from these programs. The Electrical Ground Support 
Equipment is of course a highly desirable portion of the contract for smaller 
Canadian electronics companies because it does not involve flight qualifi-
cation on special fabrication facilities. Discussions have been held with 
CAE of Montreal for portions of these equipments. This preliminary choice 
is based on the ease of liaison and their knowledge of computer interface 
problems. Program optimization may require competitive bidding by 
Canadian companies on at least portions of these equipments. 

All ground support subsystems will be on the basis of contracts between 
RCA and the appropriate companies. As indicated some other subsystem 
support equipments may be subject to other arrangements. 

2.5 	 INTEGRATION AND TESTS (Figures 2-12 and 2-13) 

The spacecraft development program leading up to the launch of the 
first three flight spacecraft consists of the following items: 
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i) An engineering model phase where integration is carried on 
at the subsystem level on two major sub-assemblies namely 
the upper and lower equipment decks (but no engineering 
model spacecraft as such is producted). 

ii) A dynamic model used for development and testing of the 
structural and thermal design. 

iii) A Prototype model which is the first electrically and mechani-
cally complete spacecraft made to flight equipment standards 
with flight standard material. This model is completely inte-
grated and the overall design qualified by comprehensive 
environmental testing. 

iv) 3 Flight spacecraft, two of which are integrated, tested and 
launched at six month intervals and a third which is integra-
ted, tested as a system (but not for flight) and held as a spare 
for replacement in case of a failure, or for orbital develop-
ment. 

2.5.1 	Upper Deck  

The upper deck portion of the structure will contain the Communications 
and TTC equipment. These two subsystems will be assembled and tested 
electrically on the deck which will then be integrated with the rotary joint 
and antenna and despin subsystems. It will be necessary to simulate the re-
maining interfaces with the rest of the spacecraft. These tasks will be per-
formed by RCA. 

2. 5.2 	Lower Deck 

The lower deck portion of the structure will contain the position and 
orientation, power conditioning, attitude and despin control, and portions of 
the electrical integration equipment. These subsystems will be assembled onto 
the deck and tested, simulating the interfaces with the rest of the spacecraft 
where necessary. This task will be performed by TRW. This solution is 
suggested because TRW will have the structural, and P & 0 subsysystem re-
sponsibilities which are integrated early on the structure, and interface strongly 
through mechanical alignment requirements. 

2.5.3 	Structure 

The spacecraft structure is mounted on an assembly dolly and fitted with 
a dummy apogee motor. The structure is then used to mount the upper and 
lower equipment decks which in turn carry the solar panels. 
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2. 5. 4 	Spacecraft Integration  

On completion of the lower deck it is joined to the spacecraft 
structure, which is carried by an assembly dolly, and the antenna drive 
assembly is next installed. After electrical testing the assembly is shipped 
to the RCA spacecraft integration area where the upper deck and solar 
panels are.instal led. The mounting of the antenna completes mechanical 
integration of the spacecraft which is then ready for electrical integration 
tests at RCA followed by environmental tests. These tests consist of 
balance, vibration, thermal vacuum and solar simulation or variations of 
these as may be required. These operations will be carried out at TRW 
but will be the responsibility of and carried out by RCA, with a TRW crew 
operating the environmental facilities. The spacecraft is then ready for 
packing and shipping to the launch site. 

2.6 	 LAUNCH AND POST LAUNCH SUPPORT  (Figure 2-14) 

Launch support consists of all activities leading up to and including 
the launch phase. In the early phases of the program the activity consists 
of planning documentations and necessary liaison between range officials, 
vehicle representatives and the customer. During the launch phase it in-
cludes checkout and test by the integration and environmental test team. 
Following launch, in-orbit checkout will be done in conjunction with the 
customer at the ground control stations. Reports will be prepared for and 
assistance given to the customer during the satellite's orbital infancy. 
These operations wi II be the responsibility of RCA. 
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3. PROJECT ORGANIZATION AND MANAGEMENT 

3.1 	 INTRODUCTION 

In order to execute successfully a project of the magnitude of the 
domestic communications satellite project, it is necessary to give care-
ful attention to all aspects of technical and administrative management 
and control functions. The project must have adequate and continuous 
managerial and technical supervision and this will be done by drawing 
on the skills and techniques established on other Company space programs 
and existing in departments responsible for communications systems. 
The Management Plan provides the outline of a flexible and yet clearly 
defined organizational structure which makes the best use of available 
talent in all company functions and subcontracters and at the same time 
provides clear cut lines of responsibility. 

In addition, the best available methods of planning and control 
will be required over schedule, costs, procurement and material control, 
engineering, manufacturing operations and subcontracting. Because of 
the complexity of the project, this planning and control techniques which 
will allow large masses of data to be handled efficiently and provide time-
ly and accurate information for corrective action by management. The 
Management Plan must also provide for effective reliability engineering 
and quality control at all stages of the project. 

3.2 	 INTER-COMPANY RELATIONSHIPS 

In the implementation of the program proposed in this report, RCA 
Limited will be Prime contractor and all other companies involved will be 
engaged on a subcontract basis. Competitive bids will be sought where-
ever possible, with preference being given to qualified Canadian compa-
nies. 

Some assumptions have been made as to allocation of subsystem re-
sponsibilities. These we tabled in Figure 3-1, companies which, for cost-
ing purposes, have been included in the Program Plan are marked with an 
asterisk. Discussions have been initiated with potential Canadian alter-
nates to U.S.A. sources. These companies are shown dotted. 

In addition, RCA Limited will seek competitive bids in areas for which 
we have an in-house capability, where overall benefit to the program nAo uld 
result. All subcontracts will be controlled from the Program Management 
Office which will include subcontract administrators with relevant experience 
in the work areas affected. Similarly, quality assurance and reliability aspects 
of subcontract work will be monitored from the Program Management Office 
by suitable qualified personnel. 
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3.3 	MANAGEMENT PLAN 

3 0 3. 1 	RCA Limited Organization  

Responsibility for the project will be vested in Space Systems of 
Technical Products, RCA Limited, Montreal, the organizations of the 
Company, the Technical Products Division and Space Systems are shown 
in Figures 3-2, 3-3, 3-4. 

3.3.2 	Project Management 

The detailed execution of the program will be the responsibility of 
a Project Management Office which will be located in the Aerospace 
Operations Department of Space Systems of RCA Limited, Montreal. The 
suggested organization of the Project Management Office is shown in 
Figure 3-5. The Project Management Office will be headed by the Project 
Manager, who, in turn, will beassieed by Assistant Project Managers in the 
areas shown in the organization. The concept of the Project Management 
Office is proposed in order to bring together the best talents available with-
in the Company and from subcontractors for the purpose of designing, build- 
ing and launching the spacecraft and to focus all project activity into a 
single business entity charged with the responsibility of producing the space-
craft to specification and on schedule. 

The Project Manager will have under his direct control the main 
administrative, control and systems engineering functions involved in the 
execution of the project. Personnel will be assigned from Company and sub- 
contractor operating groups into the Project Management Office for the 
duration of the project. It is pdanned to undertake all aspects of systems 
design, systems testing, test and launch planning within the project office; 
the interface between the Project Office and outside engineering design and 
procurement functions will be at the detailed unit or component specification 
level. Detailed project planning, scheduling and quality control will remain 
the responsibility of the Project Office. 

It is anticipated that the number of staff in the Project Office will 
vary with the particular phase of the project being undertaken at that time 
and that staff will be transferred between the Project Office and the opera-
ting groups as the project dictates. 

Present plans are to have a Fabrication and Assembly facility reporting 
directly to the Space Systems function. This "model shop" type of facility 
will have sufficient capacity to handle long-term level loads imposed by the 
project; any excess will be subcontracted to other departments in the Company 
or to outside vendores. 
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3.3.3 	Interfaces  between Project Management Office and other functions 

As stated above, overall technical and administrative direction and 
control of the project, will rest with the Project Manager and his staff in 
the P.M.O. Detailed activities in areas of engineering design, drafting, 
test, contracts and subcontracts liaison, procurement manufacturing etc. 
will be the responsibility of existing Company functions who will be required 
to complete these activities within time and cost schedules established by the 
P.M.O. All possible use will be made of the skills established in the 
engineering groups in Aerospace Engineering as a result of participation 
in the Alouette - ISIS and other space projects. 

3.3.4 	Cost and Schedule Control 

o 	Introduction 

RCA Limited uses fully mechanized methods for the development 
of cost and schedule information. The two basic sources of project 
costs, direct material and direct labour, are accumulated con-
tinuously against the task breakdown for the project. 

The project task breakdown has a dual function. In addition 
to providing a framework for the project cost control system, it 
provides the basis for the project work plan. With the application 
resources, the project plan becomes the project schedule. As major 
portion of the costs accumulated against the job result from the 
expenditure of time by labour, cost control and time control are 
inter-related. 

o 	Cost Accumulation and Control 

The project estimate is analysed into segments which in turn 
match the project task breakdown. To each segment a code is 
assigned; this code, in turn, is used to accumulate labour charges 
against the work expended on the project. 

Material charges are accumulated as purchase orders are placed 
and are in turn continuously compared to the estimates originally 
prepared for the project. As the original material estimates are 
directly related to each subsystem through the task breakdown, these 
form the framework for a material budget for each subsystem. This 
project material budget is used for measuring the rate of expenditure 
as the various designs are released to production or to subcontractors 
for action. Complete project cost actuals and forecasts are prepared 
and up-dated monthly for review and action by management. 
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o 	Time Control 

The introduction to this section emphasized that on a project 
such as a satel I ite,cost and schedule control are inseparable. 
This paragraph will be concerned with the methods of data 
accumulation and reporting of progress against the project 
schedule. 

RCA Limited employs the Critical Path Method for analysing 

the interrelationships amongst units, subsystems, spacecrafts 
and other project outputs. The Critical Path system provides 
the time boundaries for the project plan. With the applica-
tion of suitable resources, labour, material, machines and 
test equipment, a project schedule is developed. The pro-
ject schedule is optimized around normally available re- 
sources and the required launch dates. In order to keep the 
schedule optimized, internal progress reporting on engineer-
ing status,material deliveries, manufacturing progress and 
overall system predictions, provide periodic feedback to 
allow timely adjustment of network logic and resource appli-
cations to maintain the schedule. 

Progress reporting to the customer is abstracted from 
C.P.M. reports which are prepared and updated by computer 
on a monthly routine. Although the content and format of 
these reports can be varied to suit customer requirements, it 
is recommended that a simple format for routine reports be 
maintained for the program. A summary of Critical Path out- 
puts pertaining to integration, test and launch activities will 
be provided to produce a brief but cogent indication of pro-
gress against the project plan and will indicate in advance the 

areas in which problems have occurred. In addition to this 
summary, a pro-forma report will .be prepared which provides 
a summary analysis of the schedule progress for review by 
management. This report will cover the following subjects. 

a) General description of current project phase and progress 
compared with project plan. 

b) Existing problems affecting the schedule and a possible 
solution in terms of rescheduling of resources. 

c) Resolution of problems reported previously. 

d) Description of possible future problem areas predicted 
from current technical difficulties and action that will 
be taken if necessary. 
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This proposed time reporting procedure does not preclude 
special reports, which may be requested from time to time by the 
customer. 

In summary, RCA Limited has the capability for continuous review 
of project planning and scheduling inputs to relate cost and time expendi-
tures to project plan. The control and reporting system is extensive and 
detailed enough to ensure that real-time information is available to 
program management. A monthly summary of the current status will be 
forwarded to the customer for management review against the program 
objectives. 

3.3.5 	Reliability and Quality Control 

o Introduction 

RCA Limited proposes to control both reliability and quality 
assurance through the establishment of an integrated Product Assurance 
group. A brief Product Assurance Plan has been prepared and attached 
as Appendix A to this section. 

The main goal of the Product Assurance Plan will be to ensure 
a high probability of successful operation of the spacecraft in orbit 
for a period of at least five years. This will be achieved by 
RCA Limited establishing procedures and controls for continuous 
monitoring and analyses of all engineering, manufacturing and 
procurement activities on the project. These procedures will cover 
the following as a minimum. 

o Rel iabi I ity Engineering 

o effective sub-contractor surveyance 

o uniform high reliability parts and materials program 

o effective design control through design reviews and design 
analyses 

o malfunction analyses and control 

o documentation control 

o Quality Assurance 

o Incoming Inspection procedures 

o Sub-contractor auditing 

o material traceability 
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o fabrication and assembly inspection criteria 

o equipment test auditing 

o test and launch-site quality control 

3.4 	 PROJECT RESPONSIBILITIES 

3.4.  1 	Project Manager 

The Project Manager will be responsible for the overall execution of 
the domestic satellite project. He will be responsible for Project 
Co-ordination, Product Assurance, Integration and Test, Spacecraft 
Subsystems Design and overall Systems Engineering and will be supported 
in this task by five assistant Project Managers, one in each of the areas 
outlined. In addition, he will have a Senior Staff Engineer appointed to 
assist him in the overall technical direction of the program. The Project 
Manager will also be responsible for liaison with senior management within 
the Company, with subcontractors and with the customer. 

3.4.2 	Assistant Project Manager  - Project Co-ordination  

The Assistant Project Manager - Project Co-ordination will be 
responsible for most business aspects of the project including project 
planning and scheduling, cost control, contract and subcontract liaison, 
procurement (including manufacturing) and all support services. 

3.4.3 	Assistant Project Manager  -  Product  Assurance 

The Assistant Project Manager - Product Assurance will be responsible 
for all aspects of the reliability engineering and quality assurance on the 
project. His duties and responsibilities are outlined in more detail in the 
reliability and quality assurance plans contained in later sections of this 
proposal. 

3.4.4 	Assistant Project Manager  -  Systems 

The Assistant Project Manager - Systems Engineering will be respons-
ible for all aspects of overall systems design, earth station interfaces, and 
international participation in the project. In particular, Systems Engineering 
will be responsible for translating the overall customer requirements into a 
specific spacecraft configuration and into sub-system specifications and 
design aims. 

In cooperation with design specialists these requirements will be 
broken down further into unit specifications which are kept up to date 
during the program. The systems group may carry out studies either internally 
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generated or at the request of the customer, that may nvolve other groups 
or areas of concern such as earth station technology or coordination with 
agencies such as Comsat or CCIR. The group will be responsible for 
carrying out and reporting on special tests as requested by the customer 
or as deemed necessary by the prime contractor for the orderly develop-
ment of the spacecraft. It is not expected that this group will have any 
hardware responsibilities but that they should provide active overall 
technical coordination to ensure harmony between subsystems and the 
achievement of the desired spacecraft purpose. 

3.4.5 	Assistant Project Manager  -  Spacecraft Subsystems  

The Assistant Project Manager - Spacecraft Subsystems will be 
responsible for the communications, telemetry and command, attitude 
control and despin, power, positioning and orientation, structure, thermal 
design, and the electrical integration assembly of the spacecraft. 

The group will be responsible for preliminary designs, detailed 
specifications and follow up of all subsystems that are the direct responsibility 
of the prime contractor, such as communications and telemetry, and for 
specifications, technical co-ordination and follow-up on subsystems that 
are subcontracted by the prime contractor such as the apogee motor and 
structure. The prime function of this group will be to translate the overall 
requirements of the spacecraft, as defined by the system engineering group, 
into hardware specifications, and to provide orderly channels of two way 
communications between the equipment development groups and the project 
office to update or clarify these requirements. 

3.4.6 	Assistant Project Manager  -  Integration and Test 

The Assistant Project Manager - Integration and Test will be 
responsible for ground support equipment, electrical and mechanical 
integration in the spacecraft, spacecraft vehicle interfaces, launch 
operations, overall spacecraft test and vehicle interface. 

The group will be responsible for all technical planning and super-
vision of operations dealing directly with the complete spacecraft. These 
will include the initial electrical and mechanical integration of components, 
subassemblies and subsystems on the spacecraft, and all subsequent environ-
mental tests of the complete spacecraft. The group will be responsible for 
all test equipment, launch phase technical planning, and supervision of 
launch and post launch operations. 
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4. FACILITIES & RESOURCES 

4.1 	 INTRODUCTION 

RCA Limited's implementation plan is based upon two major subcon-
tractors - TRW Systems of Redondo Beach, California, and SPAR Aerospace 
Products, Don Mills, Ontario. The proposed work for these companies is 
described in Sections 2 and 3 of this volume. In addition to TRW and SPAR, 
RCA Limited has considered several Canadian and European companies for 
the supply of such products as solar cells, apogee motors, travelling wave 
tubes, ground check-out equipment, honeycomb structures, precision 
bearings, and general precision mechanical parts and assemblies. 

A summary of the facilities, resources and experience of RCA Limited 
is given first. This is followed with facility information on TRW and SPAR. 
Section 5.5 gives a listing of twelve companies in Canada and Europe who 
have been considered as subcontractors as a part of RCA Limited's total 
subcontract plan for the spacecraft. 

4.2 	 FACILITIES & RESOURCES OF RCA LIMITED 

4. 2. 1 	Background experience in satellite communications 

. 1961 start in satellite transponders. 

RCA Limited's experience in the space segment aspects of satellite 
communications began in June of 1961, when NASA approved RCA in 
Montreal for the major program of development and supply of the transponder 
system for the RELAY communications satellite. The program, expanded to 
include beacon transmitters and satellite simulators, provided over $2 million 
in early Canadian communications satellite experience, involving a team 
of some 35 engineers. The RELAY satellite, together with Telstar, both 
launched in 1962, demonstrated the feasibility of communications via satellite. 

The experience and organization developed on the RELAY satellite 
program were successively used to furnish telemetry transmitters for Alouette I, 
Canada's first satellite, and for two major NASA scientific satellites - 
Explorer I and Pegasus. In 1963, RCA Limited was the winner of an open 
Canadian industry competition, organized by Defence Research Board and 
DDP, for the work of orderly transition from DRTE to industry, of Canada's 
prime contracting and systems engineering capabilities in scientific satellites, 
as developed by DRTE on the Alouette I program. This award led to the 
majority of manufacturing by RCA Limited of the Alouette II satellite, 
launched in September 1965, and full assumption of prime contractor and 
design responsibilities for the successive Canadian scientific satellites, 
the ISIS "A" and ISIS "B". 
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. RCA Limited's contribution to early considerations for  
a Canadian domestic satellite system. 

Throughout 1966 and 1967, Space Systems of RCA Limited retained 
at its expense a task force of experts on satellite communications expecially 
devoted to the problems associated with domestic satellite communications. 
Two major publications by this task force had appreciable influence in 
advancing government considerations of a Canadian domestic satellite 
system and giving technical orientation to the program. One publication 
entitled "Canadian TV Network Satellite System" of September 1966, 
formed the basis for considerable material in the Chapman Report of 
February 1967 on recommendations for a Canadian domestic satellite 
system, and was also used by Power Corporation of Canada and Niagara 
Television for a proposed satellite-fed TV distribution service for Canada. 
The second major publication of the RCA Limited task force, "A Canadian 
Satellite to Serve Canada's Domestic Communications Requirements" in 
September 1967, was submitted as a contribution to the Prime Minister's 
Task Force on Satellites. 

The RCA Space Systems task force has carried out extensive informat-
ion gathering on domestic satellite communications, and satellite communic-
ations in general, over the past 3.1. years. The members of this task force , 
have been engaged on the Department of Industry satellite study program. 

. World-wide ground station experience. 

RCA Limited's extensive experience in satellite communications 
ground stations has enabled the company to conduct sound system trade-off 
analyses involving the space and ground segments of an overall satellite 
communications system, and to propose and implement cost-effective 
measures without compromise to systems performance. 

Experience in ground stations began in 1959 with six successive 
contracts from Jet Propulsion Laboratory for research, development and 
supply of antenna feed systems for NASA's Deep Space Instrumentation 
Facility. In the succeeding years, over 20 other satellite ground station 
assignments have been, or are in process of being performed by RCA Limited 
in M:intrea I to a valuation in excess of $24 million. The major of these are 
the two large stations at Mill Village, N. S. , handling Canada's trans-
Atlantic telecommunications via Intelsat satellites, India's first commun-
ications satellite station at Poona, and supply of major earth station 
subsystems for large terminals in Panama, USA, Argentina, Brazil, 
Australia, Philippines, and Kenya. 
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. Supporting technological strength from RCA Limited's  
engagement in high capacity, solid state radio relay  
systems. 

The previous paragraphs illustrate the heavy commitment in personnel 
and planning that RCA Limited has made over the post  8 years in the field 
of satellites and earth stations. The major technical influences spearheading 
this Canadian industry success was derived from the company's Research 
Laboratories providing personnel and concepts for technological innovation, 
and the company's Microwave Engineering Dept. providing a broad spectrum 
of techniques in wideband solid state communications at 2, 4, 6 and 7 GHz. 

Approximately 90 engineers are engaged in microwave radio relay 
systems. RCA Limited is Canada's foremost designer and manufacturer of 
microwave systems, having installed over 30,000 route miles of wideband 
systems in 13 countries of the world. Recent large scale systems were, 
an 813 mile system in Mexico, and extensive systems in Colombia, Egypt, 
Liberia, Turkey, Iran and Pakistan. In Canada, extensive application of 
RCA Limited microwave communications equipment has been made by 
CN-CP Telecommunications, Bell Canada, and major telephone companies 
and public utilities. 

4. 2.2 	New Aerospace Facility at Senneville, Quebec 

Starting in the early Spring of 1969, RCA Limited plans the constr-
uction of a modern, 60,000 sq. ft. facility facing the Trans Canada Highway, 
20 miles west of Montreal at Senneville, Quebec. The new facility, to be 
completed by October 1969, will be devoted to research, development, 
manufacture, integration and test of a complete spacecraft and major 
satellite subsystems. As such, it will replace the substantial aerospace 
facility within the Technical Products plant of RCA Limited at 1001 Lenoir 
Street in Montreal, with increase in space to permit the proposed Canadian 
domestic satellite to be produced to the prescribed schedule, in addition to 
other spacecraft commitments. The new RCA aersospace facility is part of 
a planned $3.6 million RCA Limited plant and office facility at Senneville, 
comprising 215,000 sq. ft. 

Certain specialty manufacturing processes and testing functions 
associated with spacecraft  will  continue to be performed at RCA Limited's 
365,000 sq. ft. Technical Products plant in Lenoir Street in Montreal. 
The Lenoir Street facility will beretainedas the engineering and manufact-
uring centre for expanding requirements in the domestic and international 
markets for the company's products and services in satellite earth stations, 
microwave communications systems, digital systems, and broadcast and 
instructional systems. 
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NEW AEROSPACE FACILITY FOR RCA LIMITED 

RCA Limited of Montreal plans 1969 construction of a $3.6 million 215,000 sq.ft. facility at Senneville, 
Quebec, 20 miles west of Montreal facing the Trans Canada Highway. The two-story complex will 
consist of four buildings. One of the buildings is planned expressly for expanded work on research, 
development, manufacturing, integration and test of spacecraft for scientific explorations, and for 

domestic satellite communications. Management and Administration functions and support services will 
be carried out in the other buildings. Building completion is planned for October 1969. 
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The new 60,000 sq. ft. RCA Aerospace facility will have the 
following minimum floor space assignments: 

. administration offices 	 5,000 sq. ft. 

. research and engineering offices 	 17,000 

. engineering laboratories 	 12,000 " " 

. high-bay spacecraft integration laboratory 	8,000 

. specialty shop for fabrication of spacecraft 	5,000 
parts and assemblies 

. environmental test facility 	 4,000 " " 

. assembly and test of spacecraft subassemblies 	5,000 " " 

RCA Limited's new satellite facility will be one of the foremost of its kind 
in the world. In carrying out meticulous design of the facility, RCA 
Management and plant planning experts have drawn from the experience 
of the RCA Lenoir Street aerospace facility and modern spacecraft plants 
in the United States and Europe. RCA Limited's expanding scope of 
satellite activity over the past 8 years, involving 8 separate programs 
to a valuation of $18 million, and the future requirements for greatly 
increased sophistication in communications satellites, has been formulated 
within the design of the new spacecraft centre. 

Extensive RCA Limited property surround the Aerospace facility will 
readily provide for any future expansion that might be required. This land 
also serves for an ideal antenna test range. 

4.2.3 	Personnel to Manage the Program 

The principal resource that RCA Limited brings to the government as 
a contender for the prime contractor for the supply of the satellite, is that 
of highly trained scientists, engineers and technicians who have had 
experience working together at RCA Limited over the period of a number 
of years on successful satellite programs. The number of such RCA 
specialists in satellite electronics now exceed 120. 

These personnel now comprise a highly integrated, technical work 
force of personnel for project management functions; for design, develop-
ment and systems engineering of various spacecraft subsystems - subsystems 
such as stabilization, propulsion, power, communications, antenna, etc., 
for development of ground check-out equipment and for launch arrangements 
and post launch support. 

The group experience of this RCA Limited technical team has yielded 
efficiency of operation, and organizational stability. The present size and 
stability of the organization is such that new technical personnel required 
to discharge the Canadian domestic satellite program will be relatively 
small in number and can be integrated into the organization and attain 
optimum contributory efforts in a much shorter period of time than would 
otherwise be the case. 
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Additional personnel required to handle the domestic satellite 
program will be drawn from other technical centres of Technical Products 
of RCA Limited, Montreal, - e.g., from Microwave Engineering, Earth 
Station Engineering, Digital System Engineering, or from the Research 
Laboratories. The total complement of scientists and engineers in these 
other company activities exceeds 350. It was from the Research Labor-
atories and Microwave Engineering that the nucleus of the Canadian 
technical team was obtained for the successful RELAY satellite program 
in the 1961-1962 period. 

The increased acceptance of the products and services of RCA 
Limited in the domestic and international markets for each of the business 
areas of satellites, earth stations, microwave systems, and digital systems, 
is due in most part to forward-looking R 8( D planning and implementation, 
and vigilant and sophisticated marketing efforts. This business environment 
presents challenging assignments that promote considerable job satisfaction 
to the broad range of skills from scientists, engineers, technicians, and 
administrators, to various specialists involved in production processes. 
Accordingly, competent technical personnel of high integrity, the 
backbone of the company's operations, will continue to be attracted to 
RCA Limited. 

4. 2. 4 	General Manufacturing Facilities & Proposed Procedures 

a) 	Introduction: 

The majority of all proposed RCA Limited manufacturing operations 
for the spacecraft for the domestic satellite program will be performed at 
the new RCA Aerospace facility at Senneville, 20 miles west of Montreal 
on the Trans Canada Highway. However, a few RCA manufacturing 
operations for the spacecraft would be performed at the Lenoir Street 
plant. This would include electro-forming and numerical control 
machining, for which extensive facilities have been provided for use 
on earth station and radio relay programs as well as for spacecraft work. 
The enlarged facilities for this type of work at the Lenoir Street plant are 
such as to readily cope with schedule and quality requirements for satellite 
programs in addition to the requirements for other programs. 

The metal working fabrication facilities at RCA Limited's new 
Aerospace facilities will utilize new high quality machines selected 
expressly to fulfill the critical tolerance levels attendant with satellite 
work. The high quality workmanship standards embodied in RCA Limited's 
satellite fabrication work since 1961 will be retained, with improvement in 
scheduling and in cost as a result of new machines and procedures. 

The new RCA Aerospace facility will include a facility for prepar-
ation and manufacture of printed wiring boards. This facility will be 
similar to that in existence at the Lenoir Street plant. 
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All of the manufacturing processes that RCA Limited propose to 
undertake, as distinct from that proposed by subcontractors, will be 
similar to that on which RCA Limited has had experience on 8 separate 
satellite programs stemming back to the RELAY program of 1961. The 

one exception will be the requirement to produce rigid, light weight 
microwave circuit elements for the antenna subsystem. Electro-forming 
process will be used for these elements, wherein numerical control 
machining will be used for machining the formers for the electro-form 
process. RCA Limited has had considerable experience in electro-
forming for 4 and 6 GHz circuit elements for earth station feed systems. 

b) Industrial Engineering: 

The advanced communications techniques described in this proposal 
will require the employment of equally sophisticated production processes. 
Many of the units comprising this equipment are cavity types, requiring 
machining to a high degree of accuracy and the use of certain materials 
to achieve maximum weight reduction. These materials may present 
certain difficulties in manufacture. 

Industrial Engineering, which embraces Manufacturing Engineering 

and Methods Engineering, will, during design, obtain assistance from the 

Materials Engineering Laboratory personnel on such questions as electro-
forming and plating of units, etc. 

Manufacturing Engineers in collaboration with the project design 
engineers throughout the entire design period will obtain general solutions 

to the problems facilitating economic production of the required units to 
the appropriate schedule. They will be mainly concerned with new methods 
and improved conventional methods of production, including special uses of 
numerical control. Methods Engineers will, at the earliest opportunity, 
commence with planning and drawing up of processes of manufacture with 
regard to the appropriate production schedule. 

The approach outlined ensures that the manufacturing processes are 

available to commence work on the Prototype Model Components as soon 
as these are released for manufacture. 

c) Organization and Control: 

The Manufacturing Manager at the new RCA Aerospace facility will 
exercise overall control of the manufacturing facilities in addition to 
directing all fabrication and assembly work. He will be directly supported 
by an Industrial Engineer, a Purchasing Activity, material handling and 

other support staff. Program management will provide coordination staff 
to perform the necessary liaison with the parent plant. The fabrication, 

assembl)i, and printed wiring facilities at the Aerospace plant will each 
have supervision to a level determined by the circumstances of their 
operation. 
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The control of the manufacturing processes will be by the 
Production Control System existing in the present organization. This 
uses data processing methods employing schedule techniques based on 
the Critical Path Method. This critical path planning will be directly 
integrated with the overall planning of the project maintained by the 
Project Management Officer. 

Financial control will be exercised by the continous comparison 
of estimated and actual costs. 

Traceability of materials, components and units, will be carried 
out in accordance with formalized RCA procedures, refined by applicat-
ion to many spacecraft programs on which RCA Limited has been engaged. 
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TRW is designing and building INTELSAT III 
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Ground Control Station to  ope rate the TRW -pio-
neered monopropellant hydrazine thruster sys-
tem which maintains both attitude and position 
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TRW heads an international aerospace consor-
tium to build INTELSAT LT.I. Selection followed 
completion of million dollar studies by TRW and 
two competing companies. The first six sat-
ellites will be delivered within 27 months after 
contract go -ahead. Communications Satellite 
Corporation has an option on 18 more. The 
first four will be built entirely at TRW's Space 
Technology Center, but subsequent spacecraft 
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MTN« «OW 00 IRW ENVIRONMENTAL TEST EQUIPMENT 
Our environmental test equipment subjects spacecraft and 
their components to extreme temperature, humidity, vacuum, 
simulated solar radiation, mechanical shock, vibration, sus-
tained acceleration, and acoustic noise. We have satisfied 
environmental test requirements on the Lunar Module Descent 
Engine, Lunar Module Abort Guidance Section, Space Ground 
Link Subsystem (SGLS), Vela, Orbiting Geophysical Observa-
tories (OGO), Pioneers VI through IX, ESRO I, and 
INTELSAT III. 

83525-63-13 

Our space simulation chambers range from a 22- by 46-foot 
vertical cylinder to a 2- by 3-foot horizontal cylinder. 
Aerovac Model 610-611 residual gas analyzers monitor con-
tamination from mass 2 to 500. 

82665-63 

30-Foot Spherical Space Chamber 

The second largest of our space environment chambers permits 
thorough evaluation of complete spacecraft (or individual 
subsystems) prior to flight. Inside diameter is 28 feet, with a 
19-foot top entry. Lowest chamber temperature is -300 0F; 
controlled temperature limits are from -30 to +275 °F. A 
simplified console permits either automatic or all manual 
control. 

83865-63 

Radiation Beam from TRW Solar Simulator 

We designed and built solar radiation simulators that deliver 65 
to 130 watts per square foot to an 85-inch-diameter target. 
The units incorporate optical projection elements for off-axis 
collimated solar simulation. 

00810-66 

VASP Vibration Test Setup 

Our vibration systems simulate mechanical and acoustical 
coupling with electrodynamic vibration exciters. Each exciter 
has a horizontal slip table with hydrostatic bearings for testing 
objects with large mass offsets. Remote control consoles 
operate the vibration equipment in acoustically isolated 
rooms. The largest system can test objects over 1000 pounds. 

92678-64 

5-kW Xenon Ultraviolet Degradation System 

We have three degradation systems to determine vacuum and 
ultraviolet radiation effects on materials in space. Each 
chamber in the systems has a sputter-ion high-vacuum pump. 
Irradiance on the sample can be set from less than one to more 
than 12 "ultraviolet suns." 

45143-68 

22- by 46-Foot Space Simulation Chamber 

TRW's largest space chamber can test a 20,000-pound 
spacecraft with maximum dimensions of 15 by 15 by 35 feet. 
Two mechanical roughing pumps and three 95,000-liter/sec oil 
diffusion pumps evacuate the chamber to 10-6  torr. We 
designed the chamber around a TRW-developed and fabricated 
solar simulation system which can generate a two-sun solar 
environment. 

92045-64 

Integration and Test Laboratory 
Central Data Acquisition System 

A central data acquisition and reduction facility, linked to all 
test areas, has over 70 channels of magnetic tape-recording 
equipment — two tap-loop machines and three 100-channel 
digital systems with real-time numerical readout and tape 
punch for recording a total of 300 channels. 

38692-67 

Pressure Test Facility 

For pressure testing deep-sea equipment such as TRW's 
Air-Droppable Bathythermograph, we modified 16-inch naval 
gun shells. With walls three and one-half inches thick, the 
one-ton projectile can withstand pressures up to 25,000 psi. 
The chamber has a useable volume of over 2400 cubic inches. 
We added feed-throughs for up to 38 instrumentation 
monitors. 

73709-61 

Ultra-High Vacuum Chamber 

We have environmental test chambers in most of our 
laboratories to support research and development. Some 
chambers can reach 10 -10  Torr and lower. Nude ionization 
gages monitor pressure. A residual gas analyzer records partial 
pressures of 10-13  to 10-14  Torr from m/e ratios 2 to 50 
(minor changes permit m/e ratios up to 200). Temperature 
control is from -195 to +4500C. 
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1 
1 
1 
3 
2 
1 
1 
1 
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Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 

—30 to +275°F 

—f30 to +200° F° 
—80 to +200°F° 
—80 to +200°F° 
—80 to +200°F° 
—80 to  +200°F°  
—80 to +200° F* 

84-inch diameter 
10 -feet square t 
54-inch diameter 
18 inches square 
16 inches square 
16 inches square 
12-inch diameter 
10-inch diameter 

30 
22 x 46 

7 x 12 
6 x 8 
5 x 6 

'4 x 5 
4 x 4 
3 x 4 
2 x 31/2 
2 x 3 

Sphere 
Vertical cylinder 
Horizontal cylinder 
.Horizontal cylinder 
Horizontal cylinder 
Horizontal cylinder 
Horizontal cylinder 
Horizontal cylinder 
Horizontal cylinder 
Horizontal cylinder 

28,000 lb 

Sine, 
random, 
complex 

5 to 3000 

Force (vector) 

Motion 

Frequency 
range (Hz) 

57 g rms 
645-lb load 

1635-lb load 

10 to 2000 

35 g rms 
3 Gp at 
5000-lb load 

48 g rms 
25-lb load 

67-lb load 

10 to 20,000 

Automatic, 
manual 

80 

50 

Integration and Test Laboratory Space Simulation Chambers 

Sire (Feet) 
(Dlameter 

Length) 
Shroud Temperature 

• Control 
— 300°F 

Cold Wall 
Solar Simulation 
(One Sun Sise) Quantity 	 Type 

T Two sun size ° Using external heat exchanger 
Note: Lowest pressure on all empty chambers is less than 

1 s 10-e Torr. Actual test pressures depend on test 
article gas load. 

Integration and Test Laboratory Vibration Systems 

C-210E Quad 
C-150 System C-150 	 A30043 C-125 	 C-25 AC 184-6 

Hydraulic C-10E 

17,500 lb 	8000 lb 	7800 lb 	3500 lb 	70,000 lb 	18,400 lb 	1200 lb 

Sine, 	Sine, 	Sine, 	Sine 	Sine, 	Sine 	Sine 
random, 	random, 	random, 	 random, 
complex 	complex 	complex 	 complex 

5 to 3000 5 to 3000 5 to 3000 5 to 3000 5 to 3000 	Dc to 200 5 to 3000 

Displacement 
(maximum) 

Acceleration 
(maximum) 

bare table 
20g rms 

10 g-  rms 

Random signal 
band (Hz) 

Automatic, 
manual 

Number of channels 	80 

Bandwidth (Hz) 	 25 

100 g rms 100 g rms 70 g rms 	33 g rms 	100 g rms 
580-lb load 343-lb load 200-lb load 50-lb load 	2320-lb load 

1250-lb load 743-lb load 475-lb load 175-lb load 5000-lb load 

10 to 2000 10 to 2000 10 to 2000 10 to 2000 10 to 2000 

	

Automatic, Automatic, Manual 	Manual 	Automatic, 
manual  • 	manual 	 peak notch manual, 

	

system 	phase 

40 	 40 	_ 80 	 — 	 40 (2) 

50 	 50 	 25 	 — 	 50 

Equalizer type 

1.0 inch DA 1.0 inch DA 1.0 inch DA 1.0 inch DA 0.5 inch DA 1.0 inch DA 6.0 inch DA 1.0 inch DA 

We have many thermal-vacuum chambers and vibration systems of research quality which 
are not listed in the above tables. 
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SYSTEMS GROUP 

PARTICIPATION IN MAJOR SPACE AND MISSILE PROGRAMS 

PIONEER INTERPLANETARY SPACECRAFT 	 POLARIS SPECIAL TEST VEHICLE 	 INTELSAT III 	 MILITARY COMMUNICATIONS SATELLITE 	 VOYAGER SPACECRAFT 	 VELA SATELLITE (1961-1968) 
(1963-1969) - 	 (196 	 N 

	

. 	 5-1967) 	 VELA ADVANCED SPACECRAFT (VAST() (1965-1968) 
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Investigate the sun's influence on the space 	 Test accuracy of inert 	 m 	 r 	 pa : 
ii 	

Vela 	detect nuclear explosions in s 	ce; VASP ial platform-ounted star tracker 	Provide global communications coverage with at 	 Demonstrate feasibility and provide operational 	 Explore Mars with unmanned orbt ng spacecraft 	 detect nuclear explosions in the earth's atmosphere. MISSION 	 environm 	 e ent by placing scientific experiments in 	 guidance system during boost phase 	Polaris missile 	 least 1200 simultaneous two-way voice channels 	 capability of an active military communications 	 and landing capsule. 	 ili , 	, 	 raiavi . solar orbits ranging from 0.8 to 1.2 AU. 	 flight in STAFF program. 	 or four television channels. 	 sate I I  te  . 	 Adaptab 	ty to 1973 	1975 	 Measure the  nota 	l rad 	tion en 	ronment 	Measure  1977, and 1979. 	 sol ar and galactic radiation for general scientific use. 

Prime contractor to NASA/Ames for design, 	 Subcontractor to Philco-Ford for design, 	 Prime contractor to AF/SSD-ARPA for design, Subcontractor to General Precision for design, 	 Prime contractor to Communications Satellite 	 Prime ccmtractor to NASA for study of spacecraft development, and fabrication of five flight spacecraft. 	 development, and fabrication of the structure 	 development, and fabrication of 14 spacecraft. 	Six 
TRW RESPONSI81 	 Pioneer VI (launched 12/65), Pioneer VII (launched 	 development, fabrication, test, equipment 	 Corporation for design, developmen, fabrication, 

	

station telemetry and 	 and power subsystems. 	Maximum delivery and 	 design, development, and,operation; management and 	Vela's and two VASP's have been launched to date 
8/66), and Pioneer VIII (launched 12/67) ore per- 	 integration, and launch support of five vehicles. 	 test, launch support, ground 	

t 

orbital performance incentives have been 	 implementation plans; mission sequence; sterilization 
All were delivered on schedule. 	 controls, and supporting equipment for six satellites. 	 procedures; and biological contamination control. 	 and ore operating satisfactorily. 	The six Vela's 

forrning excellently and are earning orbital incentives. 	 realized on 26 subsystems. 	 have far exceeded anticipated lifetimes. 

Integrate vehicle with Polaris launch vehicle. 	 Integrate satellite with launch vehicle. 	Integrate 	 Study spacecraft-capsule integration, planetary 
INTEGRATION 	 Assemble components and Integrate subsystems 	 Integrate telemetry with stellar inertial guidance 	 and test satellite subsystems built by domestic 	 Integrate spacecraft structure; integrate spacecraft 	 vehicle integration with Saturn launch vehicle, and 	 Assemble components and integrate subsysterns and 

rnto spacecraft 	 supplied by contractor. 	 and international subcontractors. 	 with spinup mechanism. 	 spacecraft system integration with ground support 
foci I ities . 	

GFE payload into spacecraft. 

Design and build polyhedral structure with central Design and build spacecraft structure with unusually 	 Design and 	build satellite structure and passive 	 Design and build satellite structure, spinup, and 	 cylinder which carries all primary loads and house STRUCTURE 	 high payload/structural weight ratio, and active 	 Design and build aluminum and fiberglass, semi- 	 thermal system. 	An aluminum honeycomb 	 separation systems. 	A central cylinder carries 	 Design spacecra ft  frame, adapter, separation 
thermal control subsystem. 	 monocoque structure and thermal control subsystem. 	 equipment panel rings a central cylinder. 	 all primary loads. 	 mechanisms, and thermal control equipment. 	 the apogee motor. 	VASP weighs 730 pounds and 

is 56 inches in diameter. 

Design and build integrated telemetry, tracking, and 
command subsystem for the Deep Space Nehvork. 	 Design and build portn of telemetry equipment. 	 Integrate and test transponder and electronically 	 Design two gimballed antennas and two 	 Design  and build integrated telemetry, tracking, COMMUNICATIONS 	 Pioneers VI and VII have each received over 5000 	 Design, integrate, an

io
d test tracking ond instru- 

commands. 	The DSN can receive and process dota 	 mentation subsystems. 	
despun antenna supplied by subcontractors. 	 hemispherical antennas, command link, and 	 and command subsystem. 

telemetry system 50-watt transmitter. transmitMd from Pioneers up to 180 million miles. 

Design and build systems test equipment, and ground 	 Design handling and transportation equipment, test 	 Design and build three system test sets and GROUND SUPPORT EQUIPME 	 Design and build electrical and mechanical GSE. 	 Design and build checkout, handling, and launch 	 station  support equipment nc 	ding  OSE  antenna 	
telemetry and command equipment. 	 fixNres, checkout equipment, and operations 	 associated unit test equipment. ilu . 

support equipment for the Deep Space Nehvork. 

Design and build spacecraft and all subsystems 
SPACECRAFT AND PAYLOAD 	 except experiments. 	Special manufacturing Design and build 	eh des and principal subsystems. 	

Design and bu
nications

ild  satellite and all subsystems except 
commu 	and apogee motor. 	

Study photo-imoging systems for mopping Mors and 
techniques make Pioneer one of the magnetically 	 provide spacecraft adaptable to changing 	 Design and bu Id  spacecraft and subsystem s . 

cleanest spacecraft in history. 	 complements of experiments.  

Perform tradeoff studies of the adoptability of the LM Present planning includes a midcourse correction 	 Specify, procure, and integrate solid propellant PROPULSION 	 s 
p
ubsys

llan
tem 

 t d 
using  hydmo  razine fuel and a solid 	 Specify solid propellant apogee motor. 	 descent stage; incorporate LMDE, Titan, and apogee motor. 	Design and build first electrothermal Minuteman solid engines adopted to Voyager and rope eboost 	tor. 	 thrusters in s. optimize choice. 	 pace  

Design sun-Canopus and earth-Canopus reference 
Design and build reorientation control subsystem 	 Design special, high-altitude trajectory. 	Design 	 Design and build monopropellant hydrazine 	 system and attitude control gas jet and thrust vector 	 Design and build ACS For VASP. 	VASP is an 

GUIDANCE AND CONTROL 	 consisting of sun sensors, electronics, and cold gas 	 and build high-thrust, cold gas attitude control 	 attitude control subsystem for spacecraft 	 Design and build spinup and stabilization systems. 	 control system. 	Design terminator sensor equipment 	 earth-oriented, zero-momentum system based on jet system. 	PiOtleer H a spin-stabilized spacecra ft . 	 subsystem to correct for irregular booster torques. 	 positioning and orientation. 	 and inertial reference for maintaMing  an 	when 	 thrusters and reaction wheel s . 
reference system is not available. 

Design and build power supply consisting of solar 	 Design and build power subsystem consisting of solar 
ELECTRICAL powe 	 Design and build power subsystem consisting of 	 Design and build power supply and distribution system. 	array, converter, power control unit, and battery. 	 arrays, power control unit, and radiation termination 	 Design fixed-array sole cell battery power 	 Design and build spacecraft power supplies and 

, 	 ...Dior array, dc/dc converters, and battery. 	 unit. 	 supply and power control for Voyager. 	 distribution subsystem. 

Perform complete system checkout of satellite and 
SYSTEM CHECKOUT 	 Perform complete system checkout with experiments 	 Support system checkout 	 install, integrate, and check out ground station 	 Design system checkout equipment and perforrn 

on board 	 equipment. 	 complete system checkout. 

GROUND AND FUGHT TEST 	 Provide launch support services and assume Conduct vibrati 	 rm on survey of structure and perform 	 Perfo 	development, acceptance, and checkout 	 Perform system integration of spacecraft testing.  
responsibility for spacecraft during launch. 	 acceptance testing. 	Write computer programs to 	 testing of satellite and launch site. 	 Support launch at ETR. 	First multiple orbits. reduce and analyze flight data. 

Build Stanford experiment antenna and receivers. 	 Specify optically flat window through which a star 	 Design planetary scan platform and fixed-mounted 
SPACECRAFT EXPERIMENTS 	 Integrate this and all experiments supplied by 	 tracker sights. 	Analyze data ta  determine optical 	 experiment. 	Design all supporting equipment for 

the scientific community into the spacecraft 	 effects of aerodynamic flow field. 	 spacecraft experiments. 	Study optimized methods for  
system. 	 mapping and reconnaissance. 
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4.4 	 FACILITIES & RESOURCES OF SPAR 

4.4.  1 	Company History 

Spar Aerospace Products Ltd. was incorporated on October 27, 1967, 
under the Canadian Corporations Act as a public company. On December 
31, 1967, Spar Aerospace Products Ltd., purchased the Special Products 
& Applied Research (SPAR) Division of The de Havilland Aircraft of Canada, 
Limited as a going concern, acquiring all capital equipment, personnel and 
patent rights. 

The SPAR Division of de Havilland was created in 1953 as the "Guided 
Missile Division" and undertook the development of power supplies and fire 
control systems for the Velvet Glove missile. Between then and 1959, the 
Division developed a series of infrared devices for various weapon systems, 
including IR fuses for nuclear and non-nuclear warheads, solid state power 
supplies, cryostats, optical distance measuring equipment, airborne record-
ing equipment and radiometers. 

In 1959, the Guided Missile Division commenced its true space 
activity with the design, development, manufacture and test of the Alouette 
I spacecraft structure and its associated sounder antennas. Alouette I was 
launched in 1962, and is still functioning today. Alouette II was launched 
in 1965, and the next in line of this series - ISIS 'A' - is scheduled to be 
launched this year. 

The Guided Missile Division of de Havilland was renamed "Special 
Products Division" in 1960, in view of its expansion into other fields. 
The Division was further expanded in 1962 through the acquisition by de 
Havilland of Canadian Applied Research Ltd. , and then became the 
"Special Products & Applied Research Division" of The de Havilland 
Aircraft of Canada, Limited. 

Spar Aerospace Products Ltd. (Spar) is continuing to operate in the 
business areas developed under de Havilland Aircraft, with emphasis on 
product development, and in particular, fixed and extendible structures 
for spacecraft. 

4.4.2 	Facilities 

Spar Aerospace Products Ltd. , occupies some 160,000 square feet of 
floor space in a plant adjacent to Toronto International Airport. The facil-
ities available include a machine shop, metal fabrication shop, plastics 
fabrication shop, clean room assembly areas, and various laboratories. 
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a) Manufacturing: 

The company specializes in a high quality, low volume manufacturing 
operation. It has excellent model shop facilities which enable it to produce 
prototype and engineering models quickly and economically. The machine 
and metal fabricating shops are able to manufacture precision metallic and 
non-metallic components and miniature close tolerance gears. The plastics 
department is capable of moulding and fabricating therm6-setting materials 
such as polyesters and epoxies. Experienced personnel working in dust-free, 
air-conditioned areas carry out intricate assembly of mechanical systems, 
high precision instruments, electronic assemblies, optical devices and 
STEM (Storable Tubular Extendible Member) devices. 

b) Engineering Facilities: 

Spar maintains complete engineering skills and facilities to carry out 
work in the following areas: 

Spacecraft Structural Design. 
Spacecraft analysis. 
Power conversion systems and aerospace electronics. 
Electro-optical systems. 
Electro-mechanical devices. 
Materials and processes. 
Reliability analysis. 

To support these activities, Spar has installed at their facility 
"Quicktran" computer terminals utilizing a central IBM digital computer 
located in Toronto. Each of these disciplines is further supported by 
laboratory facilities which are described in broad detail in the following 
paragraphs. 

c) Laboratories: 

Laboratory facilities are completely equipped for research and 
development in mechanical devices, electronics, electro-mechanics, 
optics and metallurgy and related fields. 

The advanced nature of the work undertaken by Spar has required 
the "in-house" development of specialized equipment to standards not 
commercially available. The Environmental Laboratory can simulate 
environments over wide ranges of temperature, pressure, humidity, 
shock and vibration. It is intended to acquire next year the most 
up-to-date equipment for thermal vacuum and sine and random 
vibration testing. 

(a)  
(b)  
(c)  
(d)  
(e)  

(f) 
(g)  



Vol. 4 p-64 

The Standards Laboratory has modern equipment for calibration 
of electronic, hydraulic and other test equipment used in the laboratory. 

The Electro-Optics Laboratory has a screened room (Faraday Cage) 

and black rooms for the measurement of R.F. and low radiation infrared 

and ultra violet emission. Black body sources of controlled high accura-
cy permit absolute calibration of infrared detectors and radiometers. A 
precision optical bench with a specially desgined collimated light source 
is available for calibration and alignment of optical equipment. The 
laboratory has reflectivity and absorption measurement capability and 

vacuum depostion of aluminum, silicon monoxide, etc. can be carried 

out on optical surfaces. 

4.4.3 	Background Experience 

a) Mechanical Products Department 

Sinee 1959, Spar Aerospace Products Ltd. has successfully flown 

over 300 STEM and BI-STEM units on manned and unmanned spacecraft, 

satellite and sounding rocket payloads. Since it would be impractical 
to describe all of these units, attention is confined to a brief mention of 
some of the application. 

The principle of a tubular metal lix structure which may be opened 
flat and coiled on a drum for storage purposes was conceived by Canada's 
National Research Council as a means of erecting a small transmitting 
antenna. Spar undertook to continue the development of the principle 
and its nnany applications, and in 1959 embarked on a comprehensive re-
search and development program aimed initially at providing crossed 75 
foot and 150 foot dipole antennas for the Canadian Alouette I Satellite. 

The structural and mechnical design of this satellite was also carried out 

by Spar and the satellite was launched and successfully deployed its ex-
tendible antennas in 1962. This satellite is still operational. A Javelin 
rocket carrying two of these antennas was fired in 1961 to prove the de-
ployment mechanism. 

From this early work has emerged the existing Mechanical Products 
organization, comprising the Space Engineering Section, responsible for 
the structural design and dynamic analysis of all Canadian Satellites to 
date (Alouette I, Alouette II and ISIS "A") and the STEM Products 

Department, responsbile for current STEM and BI-STEM devices for both 

space and ground applications. 

b) Satellite Design and Development 

When the Alouette program was first conceived in 1959, Spar was 

awarded the study contract to design the structure and extendible antennas. 
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This subséquently led to the manufacture by Spar of the Alouette I space-
craft structure and its antennas, as well as a variety of specialized equip-
ment for spacecraft check-out and ground handling equipment. 

The success of Alouette I, which is still operating after six years 
in orbit, led to a continuation of this program with the Alouette II/ISIS 
series of satellites, with Spar being selected as Associate Prime Contractor 
with RCA Limited. The inception of this new series was accompanied by 
the gradual change over of design responsibility from Government labora-
tories to Industry. This change was accomplished initially on Alouette II 
(launched in 1965) through the medium of Government sponsored "on the 
job" training programs. The success of such training programs being evi-
denced by the successful performance of the spacecraft. 

Following Alouette II, Spar, with the benefit of Alouette experience 
behind it, participated more heavily on ISIS "A", assuming responsibility 
for the following areas:- 

a) Design and fabrication of the spacecraft structure. 
b) Design and fabrication of the Sounder Antennas. 
c) Mechanical design and fabrication of the magnetic 

torqueing coils. 
d) Design and fabrication of miscellaneous mechanical 

devices. 
e) Design and fabrication of specialized mechanical ground 

support equipment. 

In addition to these hardware oriented responsibilities, Spar utilized 
their analytical capabilities throughout the ISIS "A" program, assuming re-
sponsibility in such areas as:- 

a) Dynamics of the spacecraft during initial orbits. 
b) Long term dynamics of the spacecraft. 
c) Orbital mechanics. 
d) Launch window analysis. 
e) Stress analysis. 
f) Reliability analysis ) In conjunction with 
g) Thermal analysis 	) RCA Limited 

To support this analytical work, Spar carried out a considerable amount 
of testing, particularly in the area of thermal properties and structural in-
tegrity. 

In addition to the analysis carried out in the course of the ISIS "A" 
program, Spar has carried out analytical studies for a number of U.S. space-
craft programs, prinicipally  in the area of spacecraft stability under the in-
fluence of long, flexible booms. 
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4.5 	 CANADIAN AND EUROPEAN INDUSTRIAL FACILITIES 
VISITED AND CONSIDERED BY RCA LIMITED FOR 
SUPPLY OF PARTICULAR PRODUCTS AND SERVICES 

Representatives of Space Systems, RCA Limited, have visited the 
facilities of several Canadian and European contractors as a part of the 
considerations in the preparation of a subcontract plan for the spacecraft. 
Details of the proposed subcontract work are given in Sections 2 and 3 
of this volume. In addition to the plant visitations, representatives of 
the companies, in most cases, have carried out detailed technical 
discussions with design and manufacturing engineers of Aerospace 
Engineering. 

Following is a list of the companies for which subcontract action 
will be considered in any resulting implementation program by RCA Limited: 

Equipment or services for which 
City/Province/ 	subcontract action has been 

Name of Company 	Country 	 considered 

1) Canadian Aviation 	Montreal, P.Q. 	ground check-out equipment 
Electronics 

2) Motorola 	 Scottsdale, Arizona 	ground check-out equipment 
& Toronto, Ont. 

3) Fleet Mfg. Company Fort Erie, Ont. 	honeycomb structures 

4) Bristol Aerospace 	Winnipeg, Man. 	apogee motors, P&O tanks 

5) Aviation Electric 	Montreal, Que. 	general precision mechanical 
Limited 	 parts and assemblies 

6) Varian Assoc. 	 Georgetown, Ont. 	travelling wave tubes 

7) Siemens 	 Munich, Germany 	parts of the transponder subsystem 

8) AEG Telefunken 	Germany 	 travelling wave tubes 

9) National Semicond. 	Montreal, Que. 	solar cells 

10) Ferranti 	 London, England 	solar cells 

11) Elliot Bros. 	 London, England 	motors, bearings 

12) United Aircraft of 	Longeuil, Que. 	apogee motors 
Canada 
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APPENDIX I 

PRODUCTS ASSURANCE PLAN 

A 1 	Introduction 

The provisions of this preliminary Product Assurance Program Plan are 
in accordance with the requirements of the Department of Industry's Provisional 
Work Statement for the Preliminary Study For The Design And Development of a 
Domestic Communications Satellite, Issue: May 2, 1968. 

Recognizing the high reliability requirements and complexity of the program, 
RCA Ltd. will implement effective reliability and quality programs to assure that 
the satellites will have a high probability of operating successfully in a-bit for 5 
years. 

To attain this reliability goal, an organized and concentrated reliability 
and quality effort will be applied early in the design phase, and will be sustained 
through the procurement, development, manufacturing, integration, test and 
launch phases of the program. 

In addition, the Product Assurance program to be implemented on the 
program will benefit from R CA Ltd's already demonstrated successful reliability 
efforts on high reliability projects such as Relay, Pegasus, Alouette, etc. 

A 2 	Program Management Organization 

To exercise the required control an integrated Reliability and Quality 
program will be established under the direction of the Assistant Program 
Manager - Product Assurance. This organization will be implemented to make 
the maximum possible use of all of the Contractor's specialist skills which will 
be coordinated within the program. 

Assistant Program  Manager - Product Assurance 

The assistant program manager will be responsible directly to the Project 
Manager for the operation and progress of the overall reliability and quality 
programs. Additionally he will be responsible for 

o Development of plans, schedules, budget and task descriptions on 
rel iabil ity and qual ity matters. 

o Provision of technical support during prime and subcontract negotiations 
involving reliability and quality questions. 

o Representing Project Management Office (PMO) in all reliability and 
quality matters, including customer interface. 

o Planning, scheduling and documenting design reviews and design audits. 
o Approval of design review closures. 
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Project Reliability Engineer 

The Project Reliability Engineer will be responsible to the Assistant Program 
Manager for the operation and progress of the reliability program. In addition 
he will be responsible for 

o Preparing and maintenance of a project reliability program plan 
o Conducting design reviews. 
o Conducting reliability indoctrination program. 
o Maintenance of parts and materials program. 
o Maintenance of failure reporting procedures. 
o Coordination of the reliability supporting services provided by other 

specialist facilities of the Contractor. 
o Supervision of subcontractors' reliability programs 
o Monitoring costs of reliability effort. 

Project Quality Engineer 

The Project Quality Engineer will be responsible to the Assistant Program 
Manager - Product Assurance for the operation and progress of the quality program. 
Additionally he will be responsible for 

o Preparation and maintenance of a project quality plan. 
o Planning and enforcing project quality requirements and procedures 
o Participation in material review board activities. 
o Providing for and management of inspection, test surveillance and 

quality launch operations personnel. 
o Reviewing supplier test data to ensure procurement requirements are 

satisfied. 
o Monitoring costs and work performance involving project quality 

requirements. 

A 3 	Reliability Assurance  Program Control 

A 3. 1 	Contractor Designed Equipment  

The Reliability and Quality functions will be responsible for ensuring 
compliance with the reliability and quality requirements of the project. The 
functions will monitor the progress of the project and verify the evidence 
provided for adherence to the reliability and quality requirements. 

In general, the Contractor will be required to comply, as a minimum, 
with the following requirements: 

a) 	Adhere to the approved parts and materials list and to the procedure for 
obtaining approval for use of non-standard parts and materials. 
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b) Adhere to the approved mechanical and electrical derating practices. 

c) Perform equipment stress analysis, failure mode analysis, and failure 
effect analyses in support of design reviews. 

d) Implement design review procedures and documentations and perform 
design reviews. 

e) Adhere to the approved workmanship standards. 

f) Adhere to the approved quality control procedures. 

g) Implement design and design change control procedures. 

h) Conduct reliability and quality program audits. 

i) Maintain effective malfunction report and analyses procedures and 
practices. 

I) 	Maintain Equipment Log Books. 

A 3.2 	Sub-Contractors  and Suppliers to the Contractor  

The Contractor will be responsible for ensuring that electrical and mechanical 
components, system elements and sub-systems obtained from sub-contractors and 
suppliers meet the reliability and quality requirements of the project. The Contractor's 
Reliability Assurance function will monitor the progress of sub-contractors and 
suppliers and will verify the evidence provided by the sub-contractors and suppliers 
of adherence to the reliability and quality requirements. In general, all sub-
contractors will be required to comply, as a minimum, with the requirements 
listed in paragraph A 3.1 above. 

A 3.2.1 	Listing of Sub-Contractors  and Suppliers 

A list of sub-contractors and suppliers will be provided to the customer 
for approval. This listing will be updated as required, and submitted concurrently 
with the progress reports. 

A. 3.3. 	Reliability Indoctrination Program 

The Reliability Project Engineer will be responsible for the early 
establishment of a continuing program of personnel indoctrination and training 
in program reliability concepts and the significance of requirements and tasks 
specified in this plan. 

This training program will be aimed at early indoctrination of design 
personnel with reliability requirements, procedures and terminology. The 
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program will take the form of lectures, printed notes, group discussions and 
visual aids. 	 n 

A 4 	Reliability Assurance Engineering During Design and Development 

A 4.1 	Review of Design Specification  

All system and sub-system design and test specifications generated will 
be reviewed and approved at Design Reviews to ensure that each specification 
adequately and correctly states performance requirements, environmental 
requirements, and test criteria for the system element in question. Revisions of 
these specifications will be provided to the customer for approval. 

A 4.2 	Reliability Apportionment 

A reliability apportionment model will be developed early in the project 
to establish the reliability goal for each system, sub-system, and component 
to be consistent with the requirement of 0.7 probability of survival for 5 years 
of continuous orbital operation. The reliability apportionment model will be 
revised and updated throughout the development cycle to take into account any 
changes implemented after the first or subsequent apportionment analysis and as 
specific engineering data, such as the results of analyses and tests, become 
available. In this way, the reliability apportionment model will represent an 
up-to-date measure of reliability growth and progress. Up-to-date information 
on the reliability apportionment model will be submitted to the customer with 
progress reports. 

A 4.3 	Reliability Stress Analyses 

In order to ensure that the established derating factors are not violated, 
stress analyses will be carried out on all circuits down to the component part 
level. 

The derating factors should satisfy the "worst case" specified operational 
requirements; i.e. maximum specified operational temperature and maximum 
operational electrical stresses. 

The recommended derating factors are specified in RCA's Aerospace 
Component Application Notes. 

A 4.4. 	Failure Mode and Failure Effects Analysis  

As part of the early design process, and in conjunction with the 
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reliability apportionment and stress analyses, system studies will be made to 
determine possible modes of failure and their effects on mission success. 

The primary objectives of these analyses will be to highlight critical 
failure areas and remove susceptibility to such failures from the system. The 
analyses will be made starting at the system level and expanding downwards 
to the component part level. Each potential failure will be considered in the 
light of probability of occurrence and will be categorized as to the probable 
effect on mission success. 

The results of failure mode and failure effect analyses will be an important 
consideration in all design reviews and will provide criteria for test planning 
and checkout procedures. 

A. 4 .5 	Maintainability Consideration 

It is recognized that it may be necessary to replace system elements 
throughout the testing program and the pre-launch checkout period, and due 
consideration will therefore be given to facilitate fault location and replacement 
of all system elements. 

A.  5 •  Design Review Program 

A 5.1 	Objectives 

The design review program will provide a progressive evaluation of design 
requirements and concepts throughout the design and development phases. Thus 
assurance will be obtained that factors affecting function, reliability, maintain-
ability, quality and potential degradations have been considered, and that 
accumulated past experience on similar equipment, parts and processes will 
benefit the design. 

Design Reviews will be organized and conducted according to the principles 
laid down in RCA's Design Review Guide and Checklist. 

A 5.2 Types of Reviews 

Concept Reviews 

The first design reviews will be held as soon as preliminary design studies 
have established the preferred concepts. 

Major factors to be considered in these design reviews are as follows: 
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o Review of contractual requirements. 
o Preliminary specifications. 
o Prel iminary design data sheets. 
o Block diagrams. 
o Interface definitions. 
o Preliminary performance analysis, i.e. electrical, thermal, mechanical, etc. 
o Preliminary reliability assessment. 
o Weight and power considerations. 
o Preliminary parts list status. 

Intermediate (Breadboard) Test Reviews  

These design reviews will be held in the developmental phase, preferably 
after initial breadboard testing. 

Major factors to be considered in these design reviews will be as 
follows: 

o Final design specifications. 
o Breadboard test results. 
o Reliability analyses (failure mode and effects, stress analyses (electrical 

and/or mechanical). 
o Packaging configuration and mass properties. 
o Power requirements. 
o Acceptance and Qualification Test Plans. 

Final Design Reviews 

These design reviews will be conducted to verify the completness and 
accuracy of engineering data, i.e. drawings, specifications etc. to be released 
to Manufacturing. 

Major factors to be considered in these design reviews are as follows: 

o Verify that all action items from previous design reviews have been 
satisfactorily completed. 

o Review the design constraints and standards established to assure 
compatibility of system hardware. 

o Review system and/or sub-system performance under integrated conditions. 
o Review final thermal and payload engineering reports. 
o Review test results against test specifications. 

A 6 	Specification,  Test and Documentation 

A 6.1 	Malfunction Reporting and Correction 

RCA Victor will implement a controlled system for the reporting, analysis, 
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correction and data feed-fack of all failures and malfunctions, that occur throughout 
the manufacture, handling, test and checkout on the program. 

This malfunction reporting system will be based on the currently existing 
one to be compatible with other in-house spacecraft projects. 

A . 6. 2 	Parts and Materials Program 

A program will be carried out covering the selection, specifications, 
qualification, and application review of parts and materials for all items to be 
used in the project. Emphasis will be placed on reducing to a minimum the 
number of different types of components used. 

A 6.3 	Preferred Parts, Materials and Finishes List 

Early in the project a Preferred Parts, Materials and Finishes List will 
be issued for comment by the participating parties. This document will be 
based on experience obtained on other spacecraft projects. 

A 6.4 	Standard Parts,  Materials and Finishes List 

After comments on the Preferred Parts List have been evaluated a Standard 
Parts, Materials and Finishes List will be issued and submitted to the customer for 
approval. All vendors and sub-contractors will be required to comply with this 
document or will be required to apply for permission to use non-standard parts, etc. 

A 6.5 	Component Application  Notes  

These Notes are issued and updated by RCA Aerospace Reliability Engineering 
and will be utilized to the highest degree possible to assure maximum confidence 
in attaining the reliability requirements in a cost effective and timely manner. 

A 6.6 	Procurement Specifications 

To ensure that necessary and adequate engineering information is specified 
to the vendors, the Reliability Assurance function will approve all Procurement 
Specifications. These specifications will cover electrical, mechanical, reliability 
and packaging requirements. 

A ' 6.7 	Preconditioning and Screening of Parts  

Although, in general, preconditioning and screening of parts will be 

I  
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carried out by the part manufacturer as detailed in the Procurement Specification, 
it may be necessary, in certain instances, to carry out such testing in the 
Contractor's facility. Preconditioning specifications will be prepared and released 
by the Reliability and Engineering function. 

A 6.8 	Parts and Materials Qualification Tests 

Where adequate qualification data are not available, the Reliability 
Engineering function will design and arrange for qualification tests on parts and 
materials to determine their adequacy in meeting specification requirements and 
to develop criteria to be used in acceptance testing. Parts or materials requiring 
this treatment will be regarded as non-standard. 

A 6.9 	Standardization of Design Practices 

It is recognized that the standardization and control of design practices 
is considered to be one of the major elements affecting reliability, therefore a 
manual entitled "Aerospace Design Guidelines" has been issued by RCA Victor 
Aerospace Reliability Engineering. 

A 6.10 	Equipment Logs  

a) Throughout the development, inspection and test phases of the program, 
and throughout the pre-launch phase, the cognizant engineers will maintain 
a separate log for each major component, sub-system, and system as a means 
of documenting the continuous history of the item. Separate log-books will 
be maintained to cover spacecraft integration and tests. 

b) RCA's Laboratory Notebooks, issued by the company's library, will be 
used to cover development phases. 

c) RCA's Equipment Log-books, issued by Aerospace Reliability Engineering, 
will be used to cover the inspection and test phases. 

A 6.11 	Evaluation of Test Results 

As test information becomes available throughout the program, Reliability 
Engineering will arrange for the results to be evaluated and reviewed. The test 
results will be used to assess conformance with theory and to assess the significance 
of any inconsistency for corrective action. 
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A 6.12 	Reliability Engineering Information Centre  

A unified file incorporating all reliability information applicable to the 
project will be established in the Project Management area. As a minimum, 
this centralized reliability file will contain: 

a) Copies of all reliability correspondence. 
b) Copies of all system, unit, component, parts and materials procurement 

specifications. 
c) Documentation on all sub-contracts, including design review meetings, 

quality audit results, etc. 
d) All test specifications and procedures. 
e) All procedural notices involving reliability. 
f) Test results on all procured items. 

Component Application Notes. 
h) Manual of Workmanship Standards. 
i) Documented results of special qualification test programes. 

Copies of all documents applicable to this plan. 

A 7 	Quality Assurance Plan  

A 7.1 	Scope  

This Quality Assurance Program Plan for the project outlines the basic 
Quality Program by which quality conformance of the product to contractual 
requirements is established and maintained in the design, development, procurement, 
manufacturing, test, integration and launch plans of all flight standard equipment 
and also support equipment. 

A 7.2 	Organization 

The RCA Limited organization is described in detail in the Technical 
Products Quality Control Manual which also describes the responsibilities of the 
groups within the organization. 

Control of quality conformance in RCA Limited is exercised by Quality 
Assurance. The Quality Assurance organization comprises Quality Control 
Inspection and Test, Quality Assurance Administration (Engineering Function) 
and Instrument Services, all of which report administratively to the Manager, 
Quality Assurance. 

To satisfy the requirements of the Project Management Office to be 
established with RCA Limited, a Quality Assurance engineer will report to the 
Product Assurance Manager in the P.M.O. 
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A 7.3 	Quality Documents 

The documents listed below form a part of this Quality pr ogram plan. 

o RCA Limited Quality Control Manual. 
o RCA Limited Quality Control Manual of Procedures. 
o RCA Limited Quality Control Notes (QCN's) 
o RCA Limited Aerospace Workmanship Standards. 
o NASA NPC 200-4 Quality Requirements for Hand Soldering of Electrical 

connectors (superceded by NHB 5300.4 (3A)),. 
o NASA Inspection Documents NPC 200-2, NPC 200-3, if a requirement. 

A .8 	Material  -  Procurement and Disposition  

Requisitioning 

Purchase requisitions, are originated by the appropriate requisitioning 
group and forwarded to Material Control. Material Traceability requirements 
are indicated on the Specification Control drawing covering the component. 

Vendor Selection and Rating  

Evaluation of suppliers and/or sub-contractors will be carried out by 
Quality Assurance in accordance with the Q. C. Manual of Procedures in 
orde r to check quality conformance. 

A Vendor rating list, periodically updated, will be maintained by Quality 
Assurance Administration as a means of checking the delivery and quality per-
formance of suppliers. 

Sub-Contractors and Suppliers of critical items or components will be 
subject to a Quality survey and periodic quality Audits. 

Sub-Contractor Quality Control 

Following the award of a sub-contract, RCA Limited Quality Assurance 
in conjunction with Engineering, is responsible for the final acceptance of 
all items furnished to the customer, so that the same quality standards apply 
regardless of the source of manufacture. 

Quality Audit  

In general all suppliers are subject to a quality survey prior to the awarding 
of a sub-contract. Quality Assurance Administration are represented on the survey 
team. The team will use the check lists detailed in the RCA procedure "Quality 
Assurance of Procurement Sources". 
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Source Inspection by RCA Limited  

In the event that inspection at source of a sub-contractor's product is 
required, this inspection will be carried out on the authority of the Project 
Manager and by agreement with Quality Assurance. 

Incoming Inspection  

Requirements for Incoming Inspection and Test of all sub-contracted items 
will be specified by Quality Control Notices (QCN)issued by Quality Assurance 
Administration simultaneously with the release of the relevant procurement 
specifications. 

Material Traceability 

Material Traceability will be a requirement of the project subject to 
limits specified in procurement specifications. Traceability requirements will 
be included in procurement control drawings to be attached to Purchase Order 

Postitive Identification requirements will be implemented to provide 
traceability as follows: 

a) Serialization will be provided for all assemblies. 
b) Serialization of all electronic parts for prototype and flight equipment 

as well as spares will be maintained through procurement screening incoming 
inspection and disbursement. Before installation, piece part serialization 
will be maintained. After installation in the equipment, electronic parts 
will be traceable to the manufacturer's lot control number. 

c) Traceability for raw material and mechanical parts will be maintained to 
the physical and chemical analysis. Non-metallic raw material will require 
a certificate of compliance to the applicable specifications. 

d) Traceability below the level of sub-assemblies will be controlled by means 
of manufacturing records. 

A chart showing the flow of documentation and purchased material is 
attached as Figure 4. 

A .9 	Inspection and Acceptance Tests  

A 9. 1 	Incoming Inspection  

The Project Reliability Engineer will issue specifications for incoming 
inspection criteria. Incoming Inspection will perform inspection and tests in 
accordance with the particular specifications and existing departmental procedures. 

All electrical parts received for prototype or flight use will be subjected 
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to 100% screening, burn-in and inspection before release to Flight Stores. In 
addition, all vendor data received, including x-rays, will be analyzed and 
verified to the purchase order and engineering documentation requirements. 

All mechanical parts will be subject to 100% inspection. Certain 
procured items will require spe cial test and inspection procedures. These may 
be performed by groups other than Incoming Inspection. In such cases the 
tests will be witnessed by quality inspection and any acceptance data taken 
will be maintained by Incoming Inspection. 

A  • 9.2 	Fabrication Inspection 

o Procedures  for in-process fabrication inspection of material will follow 
the requirements of the Quality Control Manual of Procedures. 

o Material Traceability identification of raw material will be confirmed by 
Quality Control Fabrication Inspection prior to the acceptance of any 
finished part. 

First Piece inspection is required on all parts. 

o Rejected Material  will be placed in Quarantine stores and disposal 
instructions will be obtained from the Material Review Board. 

A 9.3 	Assembly Inspection 

Procedures  for in-process assembly inspection will follow the requirements 
of Technical Products-Manual of Procedures. 

Inspection of Equipment  will be on a 100% basis and will be carried out 
at the following inspection stations: 

o Mechanical Assembly Inspection 
Inspection of hardware, terminals, feed-thru's , etc. 

o Component Mounting Inspection 
Inspection of parts installation, crimping, wire stripping, etc. 

o Soldering Inspection 

Inspection of all soldered connections by approved inspectors certified in 
accordance with the requirements of NASA MPC-200-4, (Superceded 
by NHB 5300.4 (3A). 

o Unit Final Inspection 

o System Inspection 
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o Installhtion or Prepack Inspection 

Appropriate inspection guides such as check lists and pictorial 
layouts will be used for inspections. Inspection Test Assembly Tags will 
be used for all equipment inspected. Rejected Material will be placed 
in Quarantine Stores and disposal instructions will be obtained from the 
Material Review Board. 

A 9.4 	Assembly Tests 

o Alignment: Upon satisfactory completion of sub-assemblies, and 
assemblies, these will be submitted as required to Engineering 
or Quality Control Test. 

o Acceptance Test:  Following testing, units will be submitted to 
Quality Cohtrol Inspection who will ensure that all drawing 
requirements, modification status (Engineering Notices and 
Engineering Change Notices), workmanship standards have been 
met. On satisfactory completion of the above inspection, 
Acceptance Testing of Units is carried out by Engineering or 
Quality Control Test and if tested by Engineering will be witnessed 
by Quality Control Inspection and Test. Following acceptance, 
units are placed in the quarantine holding area. 

o Environmental Test:  Environmental testing may be carried out as 
required during Acceptance Test. Quality Control Inspection 
responsibilities during environmental test procedure remain as 
outlined above. 

o Test Repairs: will be carried out in accordance with the instructions 
of the applicable Quality Control Notice or Engineering Change 
Notice. 

o Equipment Log Books: will be maintained up to date by Engineering 
or Quality Control Test and monitored by Quality Control personnel 
throughout the duration of the program, so that a diary of all 
activities is avèlilable. 

A 9.5 	Systems Integration and Test  

o Systems Integration: Only qualified units will be fitted to the 
spacecraft structure, and prior to integration will pass through 
Quality Control Inspection and Test. All units will be installed 
in the spacecraft under Engineering direction. 
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o Systems  Test: Engineering personnel are responsible for the 
performance of all systems tests in accordance with Systems 
Test Specifications and Procedures. All tests will be witnessed 
by Quality Control. 

o Environmental Test:  Environmental testing may be carried out 
as required during systems testing. Quality Control Inspection 
responsibilities during environmental tests remain as described 
in Acceptance and Systems Test. 

o Test Repairs:  will be carried out in accordance with the 
instruction of applicable Quality Control Notices and 
Engineering Change Notices. 

o Potting and Sealing:  On satisfactory completion of system test 
all unsealed units are to be submitted to Quality Control for pre-
sealant and pre-pot inspection. Potting and/or sealing will be 
carried out in accordance with applicable drawings and specifi-
cations and units re-submitted to Quality Control Inspection. 

o Post Potting Bench Test:  Before re-installation of units into the 
spacecraft, bench testing will be carried out as applicable by 
Engineering or Quality Control personnel and witnessed by 
Quality Control for conformance to relevant specifications. 

o Final Assembly of Spacecraft:  Quality Control will perform a 
final visual and mechanical inspection on the complete space-
craft models in accordance with applicable drawings, 
specifications and Quality Control Notices. 

o Final Test of Spacecraft:  Quality Control will monitor all 
testings of the complete spacecraft during and after final assembly. 

A 	10 	Preservation, Packaging, Handling, Storage and Shipping  

Through all phases of the manufacturing process, Quality Control 
personnel will monitor and document the handling of articles and 
deliverable end items. Items will be inspected at predetermined points 
to ensure that they are adequately protected and that the characteristics 
of quality are not impaired or degraded through handling. 

Quality Control personnel will also verify that articles placed in 
storage are adequately packaged against damage and deterioration. 
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VVhen equipment is ready for shipping, Quality Assurance 
personnel verify that hardware and data packages reflect acceptance 
and configuration. Also monitor handling and control of shipment to 
ensure that it is being handled in accordance with contractual 
requ irements. 

A 11 	Data Reporting and Corrective Action  

o Data Collation:  Where required Quality Assurance Administration 
will detail the requirement for sampling plans in accordance with 
MIL-STD-105. Each stage of inspection documentation is avail-
able for analysis and is systematically examined for significant 
trends. 

o Malfunction Reports:  All unit failures occurring during any test 
phase down to and including breadboard stage will be reported 
on a Malfunction Report form by the function carrying out test. 

o Action/Hold Notices:  Quality Assurance Administration can 
initiate corrective action at any phase of the operation by use 
of the Action/Hold Notice. 

A 	12 	Reliability Assurance Engineering at the Launch Site  

o Receiving Inspection  

Receiving inspection of spacecrafts, and of all other support items 
shipped to the launch site, will be performed by quality assurance 
personnel against shipping documents. Inspectors will verify and 
document any condition, damage, or deterioration during shipment. 

o Launch Operation Test Verification 

Tests and launch operations will be monitored by quality assurance 
personnel to verify adherence to launch test manual and procedures. 
The quality assurance personnel will generate failure reports, 
discrepancy reports and at the completion of each test will make 
entries in the spacecraft logbook. 

o Flight Readiness Review 

Approval for launch will be given by the Customer Authority. 
RCA Limited's Reliability Assurance Administrator will participate 
in the launch readiness decision to launch. 
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A 13 	Documentation 

The following tabulation lists the schedule of documentation 
related to the Product Assurance Plan to be submitted to the customer. 

Initial Submitted 	 Updating  

Reliability Assurance Plan 	60 days after authorization 30 days after reviews 
to proceed 

Preliminary Parts, Materials, 	80 days after authorization As changes occur 
and Finishes List 	 to proceed 

Minutes of Design Review 	21 days after the review 
Meetings 	 meeting 

Reliability Analysis 	 14 days before design 	As changes occur 
review 

Design Specifications 	 14 days before design 	As changes occur 
review 

List of selected Suppliers and 	With Reliability Assurance 	In monthly progress 
sub-contractors 	 Plan 	 reports are requii-ed 

Reliability Progress Report 	30 days after authorization Monthly 
to proceed 

Quality Plan Reports 	 30 days after authorization Monthly 
to proceed. 

Title 
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