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FOREWORD

The report pregented herewlth summarlzeg
the results of the second periodic review of
the orbit reliability of the F-2 SAMOS confilg-
uration. This review has been performed by
ARINC Research Corporation for the Advanced
Regearch Projects Agency under the authority
of Contract IDA-50-3, issued by the Instltute
for Defense Analysis on 18 May 1959, and
amended 2 June 1960, It has been conducted
in coordination with the Mlssiles and Space
Divislon of Lockheed Aircraft Corporation.
The first periodic review on the project was
issued 5 August 1960. The information con-
tained in that report has beeri updated and
applicable portions are incorporated in this
document.

For the most part, the information
employed in this investigation has been made
avallable through the cooperation of the
Lockheed Mlissiles and Space Division and the
Balllstic Migslile Dlvision of the Ailr Research
and Development Command. The assistance of
these agencies 1s greatly appreclated.
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P NOTE «

As this report was going into production, the following
Information was recelived from Lockheed:

According to LMSD instructilons from the Air Force
(CCN - 41 MSN - BMC - 61 MSN - 2771) against Contract
AF O4(647)-563, SAMOS F-2 Configuration III will have a
new booster., It should therefore be emphasized that the
analysis presented in this report is based upon use of
the Atlas Agena boosgter system, which differs Iin several
important respects from the Thor Agena booster that will
be used in the future with this configuration. A major
reason for the change was the unavailabllity of Atlas
boosters and pads and the avallability of Thor boosters.

Because the performance of the Thor 1s lower than
that of the Atlas booster, it has been necessary to make
a number of equipment changes, involving a reduction in
the complexity of the configuration and replacement of
certain components that presented reliabillty hazards
with more dependable components. These changes result
in a reliability benefit, purchased at the price of de-
creased orbit life and altitude. Examples of the changes
are:

1. Removal of all sclar cell arrays and associated
equipment.

2. Operation on the batteries alone.
3. Replacement of LODAP with the Interim Programmer.

4, Redesign of the Communications and Control Sub-
system to resemble that now employed in the
Discoverer program.

A complete reliablllity analysis wilill be performed as soon
as the present configuration is fully crystallized.
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SUMMARY AND RECOMMENDATIONS

1. Purpose of Review

The SAMOS Program is directed toward development of
several different types of satellite weapons systems, all
having the general purpose of reconnaissance. Although
each type of satelllte uses a different method of recon-
naissance, they are all considered part of the same pro-
gram, because tThe Lockheed AGENA satellite vehlcle and
auxlililary equilpment are common to the various payloads.
"This report 1s concerned with the F-2 ECM (electronic
countermeasures) reconnalssance system, which has as its
obJect the detectilon and measurement of parameters of
pulsed electronic emissions.

The ultimate design rellabillty goal for the F-2 ECM
configuration 1s a mean time-to-failure of one year in
orbilt, although an iInterim goal of 20 days 1n orbit has
been established for the current test series.

Amendment Number 2 to Contract IDA-50-3, dated
2 June 1960, was issued to ARINC Research Corporatilon for
a study of reliabillity 1n the SAMOS program. Thig report
describes the results of the second review of the orbit
reliabllity of the system as presently concelved
(Vehicle 2301, Configuration III), and discusses some of
the ma jor problem areas affecting the present design.
Through the cooperation of Lockheed Misslles and Space
Division (IMSD), the ARINC analysis 1s accompanied by an
IMSD review and commentary.
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2. . Degcription of the System

The SAMOS F-2 gsatellite, as currently concelved,

- consists of a number of subsystems, all vital to the
mission success of the system. These subsystems are as

follows: . '

f

Subsystem A ~- the vehlcle ailrframe, including the
hardware used to mate the AGENA airframe to the
booster,

Subsystem B -~ the propulsidn components; including
motor and fuel system.

Subsystem C -~ the golar battery array and controls,
a secondary battery bank, DC to AC inverters, -28
VDC power supply, + 28 VDC voltage regulator and
gynchronous power amplifiers.

Subsystem D -- the vehicle attitude stabilization
equipment, 1including gyros, an inertia wheel, gas
reaction Jets, and the necessary control elec~
tronics.

Subsystem F-2 ~- the antenna systems, dual scanning
receivers for each of two frequency bands, a digital
data analyzer, and a tape recorder for data storage.

Subsystem H -- command receivers, decoder-programmers
data and telemetry multiplexers, and data link trans-
mitters.

The complexity of the over-all satellite equipment
may be Judged from the fact that the vehicle and payload
contain approximately 15,000 electronic parts, including
1670 transistors. Only primary equipment necessary for
fulfillment of the reconnaissance mission is included in
this part count, which does not take into consideration
redundant components (such as the standby-data processor
of Subsystem F-2) which are in the system solely for the

burpose of improving reliability.
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The predictions of mean 1life and reliability that
are presented in this report cover only the orbital phase
of the milssion -- i.e., the assumption is made that the
vehicle has survived boost and orbital injection without
damage or degradation. For this reason, Subsystems A and
B will not be considered in this report, inasmuch as they
are not included in the operation of the system once the
satellite has achieved orbit.

3. Rellabllity Evaluation Procedure

As will be shown in the following section of this
summary, the ARINC prediction for the mean time-to-
fallure of the system 1s much lower than the IMSD predic-
tion., The fundamental difference between the ARINC esgti-
mates and the IMSD estimates lies in the part fallure
rates employed in the calculations.

Part fallure rates provide the basgis for the predic-
tiong of component reliability, subsystem reliability,
and finally system reliability. A failure rate is as-
signed to each transistor, diode, capacitor, resistor,
etc.,, in the system. The probabilities of survival of
individual parts are summed by means of a mathematical
model of the system, which takes iInto account such items
as simple redundant units and specific fallure criteria,

A number of simplifying assumptions are involved in
generation of the model. Briefly, these assumptions are:
a) Parts are applied in a reasonable environment.

b) There can be system (tolerance) failures, even
though there are no technical part failures,.

c) In-orbit maintenance is not possible.

d) Alternate modes of operation are equivalent
in reliability.

e) Fallure rates are constant with time,
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) Failures are mutually independent.

g) Except where noted, mode switching devices are
failure-Tree,

h) Parts do not deteriorate during "off" periods.

1) Several part types have been excluded from
the analysls.

'

j) All parts are considered essential for success.

Additional details on the general assumptlons may be
found 1n Appendix B.

ARINC and LMSD are in agreement on the baslc mathe-
matical model, but differ wilith respect to the fallure
rates employed. The difference in fallure rates reflects
differences in points of view. IMSD uses faillure rate
information obtalned from other equipment manufacturers,
and these fallure rates reflect the substantial improve-
ments in part reliability in recent years. IM3SD also
points out that satellite environment is favorable to
long 1life, and that satellite parts are specially
selected for stability.

ARINC agrees that rates conslstent with those used
by IMSD are emploved in the indugtry, but These are
usually derived from data which have been censored to
eliminate all failures attributable to equipment design
deficiencies, equipment manufacturing defects, and field
operatlonal deficlencies, Use of such rates 1s an ex-
pression of IMSD's conviction that fallures of these
types can be eliminated from the operational SAMOS sat~
ellites to be put in orbit within the next few years.

ARINC is unable to share IMSD'!'s confildence in the
abllity of fthe equipment manufacturers to achieve such a
design and manufacturing level at the present stage of
SAMOS System development. It has been ARINC's experience
that, 1In order to assure such low "catastrophic" fallure
rates, 1t 1s necessary to have a long standing part
standardlzatlon program, a rigorous specification program
requlring larger life-~test samples than are provided for
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in present MIL specifications, and an adequate period of
fleld experlence to eliminate design and manufacturing
deficiencies, ARINC has therefore used, for prediction
purposes, fallure ratesg derived from fileld data on new
systems In the early years of operational usage. ARINC
believes that these fallure rates, based on data that
include all types of fallures, are realistic for a sat-
ellite system in the early operational stage. However, |
inclusion of these additional factors causes the ARINC
prediction to be more pessimistic than IMSD's. This
failure-rate conflict 1s typilcal of one existing through-
out the industry and originating in the differing view-
polnts of equipment manufacturers and equipment users,

‘ Vehicle 2301, -
L, Prediction Results [Configuratiog III]

The expected mean times-to-failure for the SAMOS F-2
system and the four subsystems, as predicted by ARINC and
IMSD, are shown in Table 1. The predictions are based on
the subsystem and system reliability functions presented
in Figures 1 and 2.

_ Tabvle 1 shows the previous mean time-to-fallure pre-
dictions as well as those made in the current analysis.
The 20-percent decrease 1n the ARINC estimate of system
MTF was caused by two factors: Increased complexity due
‘to the addition of parts to many unlits within Subsystem C,
and a change 1n the mathematical model for Subsystem D
which was made after a careful review of present system
requirements. Frequently, as systems mature toward

~actual hardware, performance 1ls found lnadequate and
parts are added in order to obtaln the necessary lmprove-
ment 1n performance,
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ARINC PREDICTTIONS
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MIF = 210 ORBIT HOURS

1 |
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FIGURE 1
ARINC: PREDICTED RELIABILITY FUNCTIONS FOR
SAMOS P-2 SYSTEM AND SUBSYSTEMS
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8750 Hours

MFT = 625 Hours

0.4k IMSD PREDICTIONS

1 Subsystem F~2, MIF = 4,400 Hours

2 Subsystem H, MTF = 845 Hours
06.2f3 Subsystem D, MIF = 3,600 Hours 5 T
4 Subsystem C, MTF = 3,400 Hours
5 SAMOS F-2 SYSTEM,
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FIGURE 2
IMSD: PREDICTED RELIABILITY FUNCTION FOR SAMOS F-2 SYSTEM
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TABLE 1
COMPARATIVE MEAN LIFE PREDICTIONS, PREVIOUS AND
PRESENT, FOR SAMOS F~2 SYSTEM AND SUBSYSTEMS
Mean Life, in Hours in Orblt
Items Previcus Predictlon Present Predictlon
ARINC IMSD ARINC LMSD
F-2 System 275 485 210 625
Subsystems:
o 700 3,038 sho | 3,400
D 1,150 1,750 600 3,600
F-2 1,050 1,190 1,200 4,400
H 520 800 7 660 U

Both IMSD and ARINC have re-evaluated thelr assigned
part failure rates since the previous reliability review
of this system. The re-evaluation resulted in the as-
signment of failure rates that were, in general, lower
than those used previously. The effects of increased
complexity overrode the effects of reduced fallure rates
in the ARINC calculations, while the reduced failure
rates so outweighed the increased complexity in the IMSD
calculations that the current IMSD estimate for system
MTF is approximately 30 percent higher than the previous
estimate.

5. Recommendations for Reliability Improvement
Three of the four subsystems ~- Subsystem C, D, and
H -~ are all major contributors to the unreliablility of

the SAMOS F-2 System, and should be improved to improve
the orbital reliability of the system.
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Subsystem C -~ It is recommended that an effort be made
to reduce the complexity of Subsystem C by
reducing the number of units necessary for the payload.
It may be possible to do this by rearrangement of the
loads -- i.e., separation of payload items from non-
essential 1tems, such as non-operational telemetry power
supplies, so that a smaller number of power-supply unilts
would be vital to successful payload operation.

¢

A critical examination should be made of power con-
sumed by non-essential loads, To appraise the posgsibility
of employing disslpative (series type) regulators directly
of f the 28-volt battery without relying on the 2000-cycle
inverter. It 1s possible that 28-volts DC may not be the
optimum battery voltage. Results of a study of this kind
would be useful In the design of later vehlicle configura-
tions.

Additional life-tests of power-supply units should
be expedited in order to uncover potential gources of un-
reliability in design and manufacturing techniques, so
that the highest level of design maturlty may be achieved
In a minimum of time.

Subsystem D -- The principal sources of unreliability in
the D Subsystem are apparently the series
elements that constitue the common portion of the horizon
sensor and the gas channel electronics. It 1s suggested
that the gas channel electronics be examined with a view
to eliminating at least one modulator and one demodulator
from each channel, Zero drift in these elements may be
expected, A life-test of Subsystem D 1s indicated to
permit identification and elimination of as many modes of
failure as possgible, as soon as possible in the develop-
ment cycle,

Subsystem H -~ Probably the two most fruitful areas for a

concentrated relilability-improvement effort
are the LODAP and the narrow-band data link transmitter.
It is recommended that an investigation be made of the
posslbility of replacing the LODAP with the MIDAS orbital
programmer, The orbital programmer's independence of
stored program commands offers considerable potential for
reliabillity improvement.
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The UHF narrow-band data link transmltter employs a
magnetron and a relatively complex power supply to obtailn
the necessary frequency stability. There is an almost
Mniversal reliabllity problem in UHF narrow-band tech-
1lques -- a problem involving the trade-off of RF-
#ircultry rellability against power-supply reliability.
Fhe current state of the art indicates that VHF trans-
Mitters can be made with mean times-to-failure which are
an order of magnitude greater than those that can be ob-'
bained with UHF transmitters. An auxiliary VHF trans-
Mitter has been included as a second back-up for the UHF
transmitters in the vehicles under consideration. In
the interim before development of later configurations,
the UHF tramsmitters should be subjected to a rigorous -
life-test program, in order to obtain mature design at
the earliest possible date.
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- I.. ~ INTRODUCTION

1.1 Purpose and Scope of Report

This report presents the results of the gecond
reliability study performed by ARINC Research Corporation
(ARINC) on the current SAMOS F-2 satellite design, under
Amendment Number 2 to Contract IDA-50-3, dated 2 June 1960,
as amended, The report presents predictions by both ARINC
and the Lockheed Mispslles and Space Divisgion of the relia-~
billity of the SAMOS F-2 System in the orbit phase, and
discusses the major differences between the two estimates,
It 1s expected that, 1n general, these differences will be
regolved as the SAMOS F-2 program progresses.

The report contalns an assessment of the rellabllity
that appears feasible on the basis of the current state
of the art, and a description of the major problem areas
which appear to be the limiting factors in the effort to
gchlieve the desired goals. The mathematical theory, com-

“putations, ard assumptions involved in the prediction of

component and system reliability, along with other sup-~
porting data, have been placed in the appendices.

1.2 SAMOS F-2 Design Objectives

The design obJjective of the SAMOS F-2 System is to
proyide a satellite reconnaissance capabllity for the
detection and measurement of parameters of pulsed elec~
tronic emissions on certaln frequency bands. Thig in-
formation will be used to locdte areas of possible
nilitary activity, ds well as to provide data for the
design and operation of electronic couritermeasure eguip-
ment, Data will be collected, analyzed, reduced to
digital form, and recétrded while the vehlcle 1s over an
area of interest. Read-out of the recorded data will be
performed while the vehilcle 1s within communications
range of one of several ground readout stations. On the
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D Lmﬁ H.J\w*ui w‘ﬂ ;

SEREF

Approved for Release: 2017/08/16 C05100062



£ B g0n PR gum G

Approved for Release: 2017/08/16 C05100062
rw*-'n f""ﬁ e Ty
M,_u\./u..ﬁ S e b § Eu.

12

ground, additional equipment, not considered in this
report, will further process the data and display it in
forms usable by the several interested authorities.

1.3 SAMOS F-2 System - Spaceborne Equlpment

The satellite portion of the SAMOS system will con-
818t of satellites placed in orbit as requlred at an alti-
tude of approximately 260 nautical miles. The primary pay-
load of each satellite 1s the reconnalssance information-
gathering and data-transmission equipment. Additional
equipment, the proper operation of which 1s vital for mis-
sion success, congists of the flight control and guldance
gystem, electrical power supply and command recelver, and
decoder and programmer equipment.

The AGENA, which 1s the vehicle for the SAMOS system,
is launched with an Atlas migsile as booster. . On Atlas
burnout, the AGENA i1is separated from the booster and
coasts up to orbital altitude, meanwhile reorienting it-
self so that the vehilcle longltudinal axls is horizontal.
- On reaching the programmed altitude, the Bell engine in
the AGENA 18 fired for a period of time sufficient for
the attainment of orbital velocity, then cut off, and the
vehicle is reoriented to a nose-down position for opera-
tion. The attitude control subsystem must then establish
a constant pltch-down rate sufficient to malntain the
vehicle in accurate orilentation with respect to the local
vertlcal at all times during orbit.

Attltude control in orbilt will be achieved by a com-
bination of vehicle mass distribution, a rotating pitch
wheel, two gyros, and a cold-gas reaction system. It is
intended that the gyros and pltch wheel will provide most
of the attitude control necessary, and that the gas reac-
tion system will be brought into operation only for the
correction of gross attitude errors.

Electrical power for the vehicle equipment will be
provided by a solar array in conjunction wilth a secondary
battery bank. The solar array will be extended from the
vehicle after orbit is achieved, and will be capable of

CIpL AT T
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orientation to achleve the optimum exposure to solar
radlation. The DC power provided by the solar array and
the battery bank will be converted to AC and DC power at
varlous voltages and frequencies by several statlc in-
verters and voltage regulators:

For convenlent reference, the vehlcle equipment has-
been classgifled into several gubsystems. r Those which
wlll be considered in thils report are deflned as follows:

Subsystem C: - Electrlcal Power Generatilon

and Conversion
Subsystem D: Vehicle Guldance and Attltude
- Control

Subsystem F-2: Reconnalssance Payload

Subgystem H: Data Link and Command Equlpment.

1.4 @eneral Basis for Rellabillity Prediction

A prediction of system relilabillty can be made dur-
Ing the early development phase of the system if adequate
~Information is avallable concerning design concepts, cir-
cult confilgurations, parts to be used, use conditions,
system tolerances, and design margins. The reliability
prediction 1s then based on a knowledge of the relation-
shlp which can be expected between system fallure and
part behavior. Parts can fail without producing system
fallures, and system fallures can occur without part
failures. In the evaluation of a particular system, it
is necessary to estimate the relationship between basic
failure rates of the different part classes and the faill-
ure rate of the system due to the behavior of these parts.
Assumption of a l-to-1 relationship can lead to optimistic
estimates that cannot be matched in practice., Reallstic
values for the factors relating basic part fallure rates
to system failure rates for a particular system are there-
fore important, :
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In the early phases of system development, before
accunmulation of adequate rellability test data from which
to determine these factors, it 1s necessary to draw on
past experience with other systems. The method employed
by ARINC in the prediction of SAMOS F-2 orbit reliability
utilizes ARINC studies of airborne, shipborne, and ground-—
based systems, in which weighted faillure rateg for parts
have been derlved from the results of controlled field
tests of systems in current productlon. These welighted
failure rates have been used with good accuracy in predic-
tlons of the rellabllity of new airborne system designs,
ag subsequently verifiled during rellability bench tests
and fileld operations. The welghted fallure rates include
allowance for system tolerance and deteriordtion failures,
Interactions among parts and components which produce sys-
tem fallure, relative 1lmportance of parts to system suc-
cess, and the basic part fallure rate under specified use
condltions. A table of part fallure rates as used 1n the
current SAMOS F-2 evaluation 1s presented in Appendix A.

1.5 Predlction Method

In a preliminary predlctilon of system relilabllity
for use 1n estimating feasible reliability during the
early deslign stage, a rellabillity block dlagram of the
system 1s filrst developed. The block dlagram orlents
components within the system, 1n serileg and series-
parallel combinations, for each system function that is
being evaluated, to reflect design provisilon for redun-
dancy and switching devices -- and, to the extent prac-
ticable, to show interdependencies among components. A
parts count is made, by part clags, wlthin each component
. of the block dilagram. Component fallure rates are estil-
mated by adding fallure rates of the parts within each
component.  Component fallure rates are then combined,
taking into account duty cycle and redundancy, to develop
the estimated fallure rate for the system functilon.

A summary of the general assumptlons underlying
ARINC's prediction method 1s presented in Appendix B,

q
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II. EVALUATION OF SAMOS F-2 RELIABILITY

Thig sectlon presents an evaluation of SAMOS orbit
reliabillity, based on predictions of component and subsys-
tem rellablilities. Two independent sets of predictions
are given -- one by ARINC and one by ILMSD. Detalled anal-
yseg of the Individual components and other supporting
data are included 1n the appendices.

2.1 Relilability Block Diagram for
the SAMOS F-2 Orbital System

A simplifled rellability block diagram for the SAMOS
F-2 orbital system 1ls shown in Flgure 3. Subsystems F-2,
C,and H perform the functions of acquiring reconnalssance
data, encoding 1t, and transmitting it to the ground
readout statlons. Subsystem D provides attltude stabi-
lization for the AGENA vehilcle, which carries the payload.

ELECTRICAL POWER ARINC - SAMOS F-2, NO. 2,1/31/61
INPUT FROM
SOLAR ARRAY
l AGENA VEHICLE (AIRFRAME)
r— - — — = = — — — /7 1

SUBSYSTEM C b= SUBSYSTEM F-2 || SUBSYSTEM H b SUBSYSTEM D ‘——HSTABILIZATION

SR R

|
| VEHICLE
|
|

RECONNAISSANCE COMMAND
DATA INPUT INPUT DATA
OUTPUT
FIGURE 3

SAMOS F-2 SYSTEM, ORBITAL PHASE: RELIABILITY BLOCK DIAGRAM
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These subsystems are all consldered equally important
to system success, although partial faillures within some
of the subsystems, produclng varylng degrees of system-
performarice degradatiori, can be tolerated to some extent,
It 1s assumed, for example, that a fdllure of one of the . .
two gyros I1n Subsystem D will prolong the time required
for vehicle restabllization followlrig a perturbation, but
will not otherwise affect system success. No attempt has
been made to estlimate the operational effectiveness of

partially degraded systems.

The block dlagram implies an assunptlor of independ-
ence amorg subsystems. This assuniption 1s adopted for
the sake of ease 1n combinlng reliabllitles to estimate
the relliabllity of the system as a whole. While 1t is
known that the assumption 1s seldom entirely valid 1n re-
latlion to complex systems, the error thus induced 1s usu-
ally small and onthe optimlstlc side.

An exponentlal distribution of the times-to-fallure
of ron-redundant components wlthin individual subsystems
ig assumed, except as otherwlse riocted 1In the andlysis,
Past observations indicate that thils assumption 1s valld
for complex components, Redundant -component conflgura-
tiong dre treated at discrete time Intervals 1n order to.
permlt the application of the product-rule at these tlme
Intervals 1n the combination of redundant and non-
redundant rellabillitles.

2.2 Relldabilility Evalwua tlon of Subsystem C

2.2.1 Rellablllity Block Diliagram

The rellablllty block dilagram for Subsystem C is pre-.
sented in Figure 4. Except for the (+ and -) 28-volt reg-
ulator for the horlzon sensor, the components shown 1n the
flgure are those currently planned for the F-2 configura-
tion. The horlzon-sengor power supply willl dc¢tudally be
a4 Type VII instead of & Type IV; but since plans on the
Type VII power supply are rnot readily dvallable, 1t has
been agsumed that the two comporents are equlvalent for
rellabllity predictlon purpores.
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¥  The horizon sensor actually employs a Type VII power supply.

TYPE IIT - 350 W

(HORTZON SENSOR)*

D, F-2, AND H

Due to the lack of

immediate information on the Type VII, it is assumed that Type IV and Type III are
equivalent for reliability predlctlon purposes.

*¥¥  Unlts added since first periocdic review.

SUBSYSTEM C:

FIGURE 4

RELIABITITY BLOCK DIAGRAM
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The individual elements making up Subsystem C have
increased in complexlty during the interim sirnce publlca-
tion of the filrst interim report. Thils lncrease in com-
plexlty can be rioted in the increased parts counts for
equivalent elements. The parts counts previously employed
are shown 1n parentheses 1in Table 2.

Spare components 1n the redundant configurations are
on a standby basls and are energlzed by a relay 1f a fail-
ure 1s detected 1n the primary component. All components
not 1n the standby state have a 100-percent duty cycle.

It 18 assumed that failure of any non-redundant component
or total fallure of a redundant combination wlll result
in system fallure. The reliabilities of the solar-cell
array and the seconddry battery were riot included in the
predliction computations, owlng to lack of valld.failure-
rate data on thesge 1tems. The input power swltch and pins
connectors, plugs, and similar types of parts were also
excluded, slrice these 1tems operate only once or are not
subJjected to stress after orblit ls achleved, Owing to
lack of deslign information, the array control algo was
omitted from the aralysisg. These elements will be taken
into account in the future, by both IMSD and ARINC, as
ddata become avallable,.

The fallure rate of each component was predicted by
adding the estimated fallure rates of 1ts constltuent
‘parts. Because of the extenslve redundancy employed, the
fallure rate of the subsystem 1s not constant, but instead
increases with time. The prediction will therefore be
showrt in the form of a reliability function, and the mean
1ife will be estimated by integrating the rellability func-
tion over the complete time interval (0, ®),

2.2.2 Analysis of Switching Circults

. Rellability evaluatilon of the redundant components of
the subsystem requires a detalled analysls of the switching
clroult. There are generally three swltching states in-
yvolved:

(1) normal operation
(2) premature operation (switching when not required)

(3) operational faillure (failure to swltch when
required -- 1.e., a dud)

DECLASCIFED
SEGREF
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TABLE 2
SUBSYSTEM C: PART FATLURE RATES AND NUMBER OF PARTS, EY COMPONENTS.
Number of Parts in Fach Uomponent
Part F‘ailng » 28 voc#
Type of Part Rate x 10 Inverter Inverter # Power -28VIC +28 VDC Regulator | Voltage
2 KC 400-Cycle | Limiter Limiter Amplifier | Supply Regulator &) Iimiter
ARTNC | IMSD | Type VIIA Type IA 2 KC 400-Cyele Type I Type II Type IIT Type IV
{(EM42LD-2) (mmhi7a)t {¥ME28BD) (EMa228) (EM761) {EMBOT)
Power Trensistor 40.0 4.0 110 (8} 18 {6} 5 (2} i 5 (2) i 1%
Slgnal Transistor 6.0 6.8 | 5 (7 17 {27) (3} 3 (1)
Power Diode 3.5 1.0 5 4 3 3 (W) 2 i
Signal Diode 1.7 0.3 3 (6} 31 {30} 1w (12} 2 (1) ] 10 18
Zener Diode 2.2 0.5 é (4) 5 () 3 () {2) 7 8 5 (5)
Potentiometer 15.0 1.5 1 2 1 1 1 2 2
Resistor, Fixzed 0.5 a.e 130  (27) 105 (99} 2 {2} 14 (18} | 13 (B) 20 (e) 24 1{1)
Capacitor (> 1 MFD) 5.0 1.0 118 . 33 16 6 i 14
(26) (48} (12} (4} (5)
Copacitor (<1 MFD) c.6 0.1 7 26 2 6 5 - 13
Choke 7.5 2.5 3 5 1 1 3 1 (1) 5 i
{6} (6} } {5 {1
Choke, Light Dubty 2.0 0.5 3 1 2 1 {1} 1 2
Trapsformer, Power 12.0 3.5 i 8 3 1 (1) 1 (1) 2
(8} {(11) (5}
Pransformer, 4.0 1.0 i 3 2
Iight Duty
Mag . ~Awmp . 16.3 5.0 1 (1} 2 {2} {2} 1 {1) 1 (1)
Solenoldx# 36.0 20.0 2 (2} 2 (2} 2 (2)
Relay 20.0 b0 1 (1
Crystal, Quartz 2.0 0.4 1 {1)
Failure Rate } ARINC 770.8 1542.9 8.5 496.1 250.5 388,2 48,0 34,91
% 107 IMSD 111.1 215.4 4.0 2.9 74.0 36.8 63.9 76.9 7.7

* A fallure rate of 1.7 x 10_6

*#%  Solenolds shown are not part of these Inverters, but are in the assoclated inverter change~over units.

in calculating the reliablliity of the inverterg with thelr change-over units,

t Fallure of & Voltage Limlter wlll result in some system degradation, but rnot system failure.

contact) wag used In compublng the system relladbilisty.

I A Type IB 400-cycle Inverter, similar %o Type TA and Iimiter i1s now planned,

( } Parts count from previous analysis.

# Indicates unlts added since first periodic review.

was uged for this transistor since 1t is only used as a switen.

Details are not currerntly available,

These rates were used

4 failure rate of 1.5 {one relsy
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Also irivolved is the ability of the switch to make and
maintain a good contact (contact rellability). A dud
fallure will always result in component failure, whereas
premature switching willl reduce the effectiveness of the
redundancy application. The switching devices in Subsys-
tem C are relay networks in whilch’'the contacts are con-
trolled by elther of two palrs of solenoids, the second
palr belng ererglzed 1f the primary component falls.
Sirice the various switching failure probabilities are
unknown, arnd since many comblnations of events are pos-
sible, 1t was decided to simplify the prediction calcula-
tlon by limlting consideration to the effect of premature
swltching due to solenold fallure. Under the assumptions

that contact rellabllity 18 1.0 and the probabllity of a
dud 1s zero, the block dilagram for a redundant unit in -
Subsystem C can be drawn as follows: ﬂ

M — 1

1O O| |

- T where = Compgnent

== ""1 : S

| O C>| | () = Solenoid

b e o e oo o -

® = Relay Contact

Thig coﬁfiguration can be converted to the simpler Form

=+

which, for the standby cage, has the reliability function
for identical conmponents

R(t) =& A4 o),

where N\ 1s the total faillure rate of two solenoilds and
one component,

T ey
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2.2.3 Calculation of Subsystem Reliabillity

Table 2 lists the number of parts wilthin each
componerit; by part type, and glves the part fallure
rates employed in the predictlon. Usling the estimated
component fallure rates shown in the table, the reli-
ability function computed for Subsystem C 1s equal to:

-At -Bt( -Dt

R(t) = e~ e B8(1 + B6) @7%%(1 + dt) e 2%(1 + Dt)

A = sum of the fallure rates of the non-redundant
components .

B = sum of the fallure rates of the 2-KC inverter
and the 2-KC limiter

0 = sum of the fallure rates of the 400-cycle inverter
and the 400-cycle limiter

D = fallure rate of the 400-cycle syrichronous
power amplifier,

‘The equatlion can be further simplifled to:

R(t) = ¢ "1t [1 +a,t + a’t2 + a‘t3]

where

A+B+ C+D

js53
il

B+ C+ D

m,
il

8 = BC + BD.+ CD
BCD.

o
i

The subsystem mean time-to-failure (MTF),can be shown to
be equal to the following:

: 1 a4, 2a, 6a,
MIF = —— 4 e e + e
a w @ e
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Using the above equations and the ARINC component failure
rates shown 1n Table 2, we have:

R(t) =€

-0.003852 [1 +0.002741t +0.00000226542

+ 0.000000000571t 3]

and the estimdated reliablility for Subsystem C igs

ARINC

Estimated MTF = 540 hours Estimated MTF = 3400 hours

IMSD

The predicted reliabllity furnctions are shown graphically
in Flgure 5.

R(t) ARINC - SAMOS F-2, No. 2, 1/31/61
1.0 —T T T T T
IMSD ESTIMATE
MTF = 3400
0.8+ ORBIT HOURS 1
0.6 F -
ARINC ESTIMATE
NTF = 540
ORBIT HOURS
0.k .
0.2} .
1 1 i ] I 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800

t IN ORBIT HOURS
FIGURE 5
SUBSYSTEM C: PREDICTED RELIABILITY FUNCTIONS
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2.2.4 Comparison of Present Prediction of
Subsystem C Reliability with Previous
Prediction in Flrst Periodic Review

As shown above, the present ARINC estimate of the
mean time-to-failure for Subsystem C iy 540 hours, as

‘compared to a corresponding estimate of 700 hours in the

first perlodic review. The decrease of 160 hours in the-

~MTF estimate 1s attributable chiefly to the addition of

1) the 2-KC 1limiter, (2) the 28-volt DO regulator

(+ and -), and (3) greater complexity in the Type III

28-volt DC regulator. The parts countgs for the present

,and previoug analyses are compared in Table 2.

’2.3 Reliability Evaluation of Subsystem D

Subsystem D maintains the attitude of the AGENA
vehicdle during the engine-operating, coast, and orbital
phases of operations. The attitude-sensing element,
during the engine-operatirigz and coast phases, 18 an iner-

- ti1al reference platform (IRP), During the orbital phage,

a horizon scanner provideg the pitch sernise signal while
the control-moment gyros (CMG's) provide yaw and roll
senge glgnals. ,

S.otitude changes are dccomplished by gimbaling the

erigi~.: for pitch and yaw control and by using a cold-gas

Jet-roll control during engine operation. During coast,
the attitude is changed by six cold gas Jjets. 1In orbit,

a system providing fine and coarse attitude control is
employed. The cold-gas Jjet system is used when attitude
corrections larger than four degrees are required, Vernier
pitech control 1is provided by a piteh wheel which 18 speeded
uUp or slowed down to generate the required stabilizatiomn.
Wheni the piteh wheel nears maximum speed in elther direc-

. tion, the cold-gap gystem is employed to couriteract 1its -

momentum so that the wheel does not become saturated. The
yvaw and roll control-moment gyros are corigtart speed gyros
with thelr rotational moment vectors along the pitcech axis
and thelr regpective gimbal axes along the roll and yaw
axes: These are single-degree-of-freedom rate gyros with
vigeous damping. The gyros provide a restoring torque

when the axes of the rotors dare not perpendicular to the
plane of the orbit. When the four-degree 1limlt is exceeded,
a slignal is picked off the gimbal to actuate the gas Jet
system.
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2.3.1 Reliability Block Dlagram
and Functional Diagram

Figure 6 presents both a reliability block diagram
and a functional diagram of the attitude control subsys-
tem. Several modeg of in-orblt operation of this sub-
system are possible, depending on the perturbations en-
countered. In principle, the roll and yaw control-moment
gyros, given enough time, would stabilize the AGENA about
thege two axes, thus permitting recovery from reasonable
perturbations. The roll and yaw gas Jets will handle
large attitude perturbations during orbilt more rapidly. The

ARINC - SAMOS F-2, No. 2, 1/31/61
RELIABILITY BLOCK DIAGRAM

] CHANNEL A | HORIZON }

ACTIVELY [

COMMON REDUNDANT
, ORBITAL
7
HORTZON CHANNEL B |e— HORIZON J ATTITUDE
a
PITCH WHEEL & ELECTRONICS - ROLL CMG F— PRE-AMP ROLL AND YAW
GAS CHANNEL
PRE-AMP || PITCH GAS CHANNEL YAW CMG ,-{ PRE-AMP ELECTRONICS
(/3 TOTAL GAS CMANMEL ELEGTRONIGS) (2/3 TOTAL GAS GHANKEL ELECTRONICS)
FUNCTIONAL DIAGRAM
<
PRE- |4 GAS - JET 4
N - T
ROLL CMG AMP CHANNEL
e TET 6
- ot .
VAW CMG PRE- GAS CHANNEL JET 3
aMp ¥ AMPLIFIER
> JED 1 3
s JET 2
HORTZON PRE- GAS CHANNEL
SCANNER AMP AMPLIFTER D LAYOUT
e ~* JET 5
PITCH WHEEL PITCH PITCH
AMPLIFTER WHEEL [~  TORQUE
PIGURE 6

SUBSYSTEM D: RELIABILITY BLOCK DIAGRAM AND FUNCTIONAL DIAGRAM
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roll and yaw control-moment gyros are essential to
operation of the D subsystem because they provide both

a sensing element and at least part of the control :
function; but for purposes of thils anaglysis, it 1s assumed
‘that only one 1is required, "

Table 3, together with the attached notes, shows the
‘limitations placed on the attitude control subsystem when
various portions of the subsystem fail. ,The one 1ndip-
‘pensable unit 1s the horilzon scanner. f
: The cold-gas system 1s consildered essential in
"handling the initial task of* drbital orierntation and es-
~tablighment of piltch rate. Once the initial orientation
phage of orbital flight hasg been accomplished, the cold-
‘gas pystem should remdin relatively inactive.

2.3.2 Calculation of Subsystem Rellability

Table 4 shows the parts courit by block in the rell-
dbility diagram. The following reliability mathematical
madel was -developed, with all indicated redundancy
counted &g actlve:r

" where
RA = redundant portion of horizon scanner,
Ry = non-rédundant portion of horlzon scanner.

Rcﬂz pitch wheel electronics in parallel with pre-
amplifier and pitch gas channel electronics.

Rp = roll CMG multiplied by pre-amplifier, in
parallel with yaw CMG multiplied by pre-
amplifier

RF.z roll and yaw gas channel electronlcs,

The egtimated mean time-to-fallure for the subsystem
im ag follows:

ARINC TMSD
| Bstimated MIF = 600 hours Estimated MTF = 360Q hours

r\w-im A"’\ﬂ --!r.-i.y
| e E
Evan-.d‘ RN A
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TABLE 3

LIMITATIONS IMPCSED ON ATTITUDE CONTROL SUBSYSTEM
BY FAILURE COF VARIOUS PCRTIONS OF THE JUBSYSTEM

Mode of Operation

Element 1 2 3 4 5 6
Horizon Scanner X X X X X X X
Pitch @as Channel X X X X X
Pitch Wheel & Electronics X X X X X X
Roll CMG X X X X X X

or
Yaw CMG X X X X X X
Roll & Yaw X X X X X ;
Gas Channel {Yaw) | {Ro1l) :
Electronics E
Gas Supply be X X X X X
Limitations by Mode 4

1. ©Entire subsystem operable. i

2. Pitch wheel does not over speed. 'J

3. QReduced pitch accuracy and rapild depletion of cold gas.

4. If pltch wheel is operating at relatively high speed, 1t will tend 'ﬂ
to correct for roll without damping, thus resulting in yaw perturba- ‘ .
tion. Yaw CMG@ will furnish damping for the system. No roll-sensing :
element is available; hence, no roll cold gas correction is available. :

) |

5. Same as Note 4 with roll and yaw statements reversed, !

6. If either gas channel amplifier fails, a roll {or yaw) correction will

result in a yaw (or roll) reaction as well.

7. Unless a relatively large perturbatlon in attitude is introduced, these
elements are gufficlient to maintaln system attitude. The failure of
any reaction-correction devices in other subsystems can introduce per-
turbation which will require a relatively long time for the gyros alone
to correct. The limited speed of the pitch wheel wmust be remembered.
Solar array reorientation 1s not possible.
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TABLE &
SUBSYSTEM D: PART FAILURE RATE AND NUMBER OF PARTS, BY COMPONENTS
Part Failui'g Horizon Sensor Piten Gas o
Type of Part fate x 19 Per Series S;ii:* mﬁw}iigier Axih?g?gér Amplifier
ARINC | IMSD | Channel | Circuitry | Signals ? i :

Capacitors, Gen. 6.6 .1 10 (9) 4 {(s) g (8 23 (16) 1 >

Capacitors, Tant. 5.0 1.0 4 & 4 a 1 %

Dlodes, Signal 1.7 0.3 38(22} 56 6 (13)] s o (40) 8 g

Diodes, Zener 2.2 0.5 | 18 16 14 1 (20) 30 Sl L Bl
Efg Gyro, Control Moment g1 &(«Q; %
. Motors, AC 88.0 | 10.0 | 1 |
:; Relays, Gen. 20.0 4.0 3 (1) 16% (1) g% %
£ Resistors 0.5 0.2 | 129(38) &7 20 {22} 20 (34) 198 (68) 7 i":ri. an
».3 Potentiometers 15.0 1.5 9 (1) g 5 (1) () 3 (3) 2 r‘% . g
5"1:3 Transformers 4.0 1.0 5 (4) (23! 9 (3 g (7 2 ) g
) Chokes (Light). 2.0 0.5 2 ?;

Transistors, Sig. 6.0 0.8 | 36(12) 39 5 (7Y & 31 (21) 3 g

Transistors, Pow. 40 .0 4.0 8 (1) 8

IR Cells 2.0 0.1 1 §

Pitch Wheel 88.0 451 1

Total Fallure ARINC 860.7 565.3 181.0 577.5 863.8 80.9

Rate x 1070 IMSD 154.3 84.3 113.2 113.2 12.8

* Relays de-energized during orbital operatlon, required for ascent.

**  Required to furnlsh Roll Signal to Subsystem F-2 Attitude Converter not part of

contbrel functlion Subsystem D,
{ )} Indlcates part count in first periocdic review, 3
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The two largest (and approximately equal) contributors
to Subsystem D unreliability are the series horizon scanner
element and the roll and yaw gas channel amplifiers. The
gas channel amplifiers contain several conversions from
AC signals to DC signals, and vice versa, to form a series
of dnalog computer operational amplifiers., The function
of these channels is to accept a phase-selective AC signal
from the inertial reference platform or control-moment
gyros and furnish a DC sigrial to operate gas -Jet solerolds..
A dead band 1is necessary for small corrective signals
(less than four'degreesg Also necessary are a reglon of
proportional cdorntrol, including a time constant, and a
saturation region for unduly large correction signals.

A1l of the required performance except the time constant
can be achieved on the signal in AC form. It is suggested
that IMSD study this approach to determine whether a re-
duction in complexlty can be achieved. As an alternative,
a scheme might be devised to turn the gas chanriel ampll-
flers on and off, elther on real time command or at infre-
quernt perlodic intervals, in order to reduce the duty
cycle of the amplifiers.

, The effects of the gas channel amplifiers and the
non-redundant portion of the horizon sengor on the relia-
billity of the subsystem are so severe that reductlon of
the failure rates of these components by a factor of two
would Improve the subsystem mean 1ife by a factor of two,
Figure 7, which presents the IMSD and ARINC predicted
reliability functions for the entire D Subsystem, also
shows .the ARINC functions for the non-redundant elements
(series horizon scanner and roll and yaw gas channel ampli-
fiers) and for the redundant elements (equivalent to the
subsystem minug the two high-failure-rate items).

2.3,3 Comparison of Pregent Prediction of
Subsystem D Relilablllity wlth Previous
Prediction in First Periodic Review

The ebtimated reliabllity of Subsystem D has been
affected by a change in the mathematical model and changes
in the part counts of the individual circult elements.

The ARINC MTF estimate has decreased to one half of that
given previously (600 hours currently, as compared to
1150 hours previously), because the more favorable part
failure rates did not compensate for the effect of the
more aocuratelmodel.

P e & m %, € N ey gm4
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SUBSYSTEM D: PREDICTED RELIABILITY FUNCTICHNS
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The IMSD estlimate of the subsystem MTF increased
from 1810 hours to 3600 hours, with the same models as
those used by ARINC. The changes in part failure rates
between the first and second evaluations caused this
apparent contradiction, The models are sensitive to the
relative failure-rate changes for the varlous part types.

2.4 Reliability Evaluation of Subsystem F-2

2.4.1 Confilguration and Reliability
Block Dilagram

ARINC's previous reliability analysis of the F-2
Subsystem was based on the configuration to be employed
in Flights 1 and 2. These unlts, whlch are to remain un-
changed, are now under construction for early delivery.
The advances 1n configuration and in development of im-
proved cilrcultry which have taken place 1n the interval
since the analysis of the Flight 1 and 2 verslon are
presently belng incorporated into equlpment to be built
for Flights 3 and 4. Table 5 shows the functional capa-
bilities of the two versions of the subsystem.

TABLE 5
FUNCTIONAL CAPABILITIES OF TWO VERSIONS OF SUBSYSTEM F-2
Flights 1 and 2 Flights 3 and 4
Frequency 1 - 2500 to 3200 MC 1 - 2500 to 3200 MC
Bands
2 - 9000 to 10,000 MC 3b - 130 to 280 MC
3¢ -~ 290 to 650 MC
Parameters of (a) PRF - 1 (a) PRF - 1
Intercepted
Signal (b) P 2 (b) PRF - 2
Measured
{e) Pulse Width (¢) Pulse Width
(d) Pulse Amplitude
(e) Pulse Amplitude
Difference
(f) Non-Uniform PRF
(g) Sequentilal Pulse
Detection
Bit Word/
Tntercept 50 Bits 69 Bits

BeCLrszinT
“.Jm 71 u rrrr
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Figure 8 18 a reliability block diagram of the
Subsystem F-2 configuration for Flights 3 and 4. The
heavily outlined 1tems wlth grey background are those

- which were not .part of the configuration for Flights 1.

and 2 -- except for the * 12-volt power supply, which
was part of the Flight 1 and 2 equipment but was omitted
from the previous analysis.

Each frequency band has two recelvers and a common
local eoscillator. The recelvers cover thelir frequency
range in approximately seven seconds. The bands are
covered in sequence. The antenna on the signal channel
1s highly directional, while the anterina on the inhibit
channel has a broader directional pattern. The sensl-
tivity of each recelver is adjusted so that an on-axis
signal produces a higher output from the signal recelver.
A signal from a source that 1s off the antenna axis by
more than approximately 30 degrees willl produce a stronger
signal from the inhibit channel than it will from the
signal channel. An amplitude comparator starts the data
procesgor when the output of the signal recelver is
greater than the output of the inhiblt recelver.

The data processor converts the output of the ampli-
tude comparator into a digital word which 1s stored in a
start-stop tape recorder. Time and vehlcle attitude: are

entered on the tape. A read-out of the tape 1s executed
‘upon receipt of a real time command from Subsystem H.

The digltal data are transmitted to a ground station
through the narrow-band data-link transmitter of Subsys-
tem H. ' ’

Auxiliary functions such as calibration and telem-
etry clrcultry have been omitted from the F-2 analysis.

2,4.2 galculation of Subsystem Reliability

In computing the reliablility of the F-2 payload
package in the first evaluation of SAMOS F-2 rellability,
riotice was taken of the steps which Airborne Instruments
Laboratory (the Subsystem F-2 subcontractor) was taking
to erisure the reliability of the equlpment. These steps
included rigild design specifications covering component
derating and a design review program in which all audio

L DT
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and digital cilrcults were checked with all possible
combinations of high and low 1imit parts. For this rea-
son, the predlcted failure rates of all parts in analog

. applications were reduced by an arbltrary factor of three

In the F-2 package only. In the current analysis of the
over-all SAMOS system, more recent fallure-rate data have
been used, and 1t has been noted that most contractors

-are now ilmplementing rellability programs simlliar to that

used by ALL. For thlis reason, the analog part fallure
rates for semlconductor devices have been substantlally
reduced from those used in the previous analysls, and the
reduced rates have been applied for the entire SAMOS sys-
tem. Therefore, the speclal correction 1s no longer be-
ing applied to fthe payload alone.

The reliability function forSubsystem ¥F-2 1s, of
¢ourse, dependent on the definition of subsystem faillure.
At this time, no information 1s avallable on the amount
of degradation that can be tolerated 1n the recelver por-
tiori, nor is information avallable regarding the effect
on subsystem performance 1f a particular analyzer or com-
bination of analyzers falls. Because "importance factors"
for these components cannot be assigned at the present
time, 1t was decided to make the prediction on the baslg
of a 100-percent information-return redquirement. There-
fore, the results wlll be pessimistic if 1t proves pos-
sible to lose some components and still have what can be
considered a "successful" system.

Defining success for a system such as the SAMOS F-2
presents a problem. For example, frequency of intercept
and time of intercept are required to obtaln position,
and so are necessary for the success of the mission., If
a PRF measurement 1s missing, the effectlveness of the
system will be limited but some degree of success may
8t11l be possible. A similar siltuatlon exlsts with re-
spect to other individual measurements shown in Table 7.
All measurements shown for Flights 1 and 2 are consldered
necessary for success. A later sectlon of this report
shows that the probabllity of success in obtalning any
one measurement 1s so heavily weighted by the serial
equipment that the unreliability of Individual measurement
devices has a relatively small effect on the overall sys-
tem rellability.

NECE ACSIRED
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For a 100-percent-successful subsystem, after
applying the product rule for series elements and the
appropriate formulas for the redundant configurations,
we have

3
R(6) ="M 22081 4 k) [e e st ~e‘2”3t}

Ay = sum of the failure rates of all recelver
components,

A, = sum of the failure rates of all data-processor
components.

%3 = sum of the fallure rates of the read and
write channels. '

The fallure rates for the data-read and synch-read
channels are the same; similarly, the data-write and
synch-write channels have the same failure rates.

Using the ARINC component fallure rates given in Tables
6-A and 6-B (pages 34 and 35) for only the equipment em-
ployed in the Flight 1 and 2 version of the configuration,

R(t) =p "0-004330% (1 | 5.000821¢) -

(o @-0-000094% _ 5-0.000188 t)?

3

and the ARINC prediction for subsystem mean 1life, as
shown below with the LMSD prediction, is approximately
1200 orbital hours.

ARINC Estimate IMSD Estimate
MTEF = 1200 orbiltal hrs. MTF = 4400 orbital hrs.

The reliability functlons predicted for Subsystem F-2
are shown in Figure O,

E ] AT
mb\-..xf FON A B
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2.4.3 Comparison of Present Prediction of
Subsystem F-2 Reliabllity with Previous
Prediction in First Periodic Review

In the previous review of this subsystem, ARINC
predicted a mean 1ife of 1025 hours. The dashed 1line 1in
Figure 9 shows the effect of including the * 12-volt
power supply in the estimate.

Since the Flight 3 and 4 configuration adds complexity
to the subsystem by increasing its functions, an analysis
was made to determine the effect of the increased com-
plexity. This analysls was based on a series path includ-
ing one recelver and the appropriate components in the
data processor on a standby redundant basls, the recorder

R(t) ARINC - SAMOS F-2, NO, 2, 1/31/61
1.0 T T T T T
\\ IMSD ESTIMATE
MTF = 4400
N ORBIT HOURS
0.8} \\ -
N\
N 38 F-2 WITHOUT POWER SUPPLY
AN
0.61 \\ .
AN
~ ARINC ESTIMATE

N MI'F = 1200
N * ORBIT HOURS

WITH POWER SUPPLY O
\\
h ]
0.2k ~3
S
T
\\\\
e
| I I 1 1
0 500 1000 1500 2000 2500 3000

t IN ORBLIT HOURS
FIGURE 9

SUBSYSTEM F-2: PREDICTED RELIABILITY FUNCTIONS
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TABLE 6-A
SUBSYSTEM F-2; RECEIVERS, RECORDER AND POWER SUPPLY, (FLIGHTS 3 & 4):
CCOMPONENT AND PART FAITURE RATES: NUMBER OF PARTS BY COMPONENT w
(o)
Part Failure Receivers, Amplitude-Comparator Recorder P
-6 and Control Tape ower
Type of Fart Rate x 10 Read & Write | Drivet Supply
t 1 Common per | ReCOTder | “pnpipiern 12 Volts
ARINC 1MSD Band 1 Band 3b Band 3¢ Band | Control (predun dant)
Capacitor:
General <1.,0 pfd 0.6 0.1 23 13 87 36 5
Tantalum >1.0 pufd 5.0 1.0 15 8 8
Coil, Inductanceq 2.0 0.5 25 11 57 1
Dlodes:
Signal <1.0 w 1.7 0.3 4 i 4 51 54 2
Power >1,0 w 3.5 1.0 2 4 Z
Zeners 2.2 0.5 L S
s
o
Klystron 23.9 23.9 1 é
Motors, AC 88.0 20.0 1 i-j 9;
L Motor Drive Ty S
‘ 400 eps - 3 Phase | 88.0 | 20.0 1 bl
Lol . <y )
(_} Relays, General 20.0 4.0 I 2 5 {q 5'
L > 2
T stors: . .2 2 £ 2]
f»ﬁ Resistor 0.5 ¢ 3 192 113 3k 9 21 ) CD,
(} Trangformer: ) I\J’
€D Power,/Pulse 4.0 1.0 1 1 1 N
A RF or IF 4.0 1.0 4 A e 1\,'
iy i.1 Sf
P Transistor, Analog: e o)
s 1.0 w 6.0 0.8 1 e J =
u »
Transistor, Digital: (@)
Signal <1.0 w 1.7 0.8 24 4 1 4 o
Power >1.0 w 10, 1.0 6 2 i Q
. o
Trans. Tube 23.9 23.9 1 1 8
o
Shaft Encoder*¥ 1.0 1.0 1 N
Over-all Failure Rate } ARTNC 30.7 94,1 7.5 785.8 325.7 314.2 281.2 2h6.1
X 10‘6 IMSD 25.1 21.4 36.3 184.8 gh.6 4y 1 52.6 38.9
} ARINC 9.2 28.2 23.3 235.7 97.7 94,3 84 4 73.8
30% Duty Cycle IMSD 7.5 6.1 10.9 55.4 5.4 13.2 15.8 11.7
* LFF & UEF or I Circuits & 1 Delay Line part count estimated as 12 transistors, 12 diodes,32 resistors and capacitors.
** Based on loss random digits only and redundant band switching circuitry (timers).
t Units employed in Flight (1 & 2) Configuration., (Band 1 & 2 were considered.)
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TABRLE 6-B
SUBSYSTEM F-2 DATA PROCESBOR, (FLIGHTS 3 & 4): COMPONENT AND PART FATLURE RATES: NUMBER OF PARTS BY COMPONENT
Part Failurg .
) - Common | PRF PRF W, Non- PA Sequen~ { Time |Data Sampler
Type of Part Rate x 10 Clock Coun- |Coun~ |Shaping & | uniform Pa Difference tial Coun- | & Read-out Attitude
10 K¢t {ter it |ter pliSelectiont] PRF Digitizer | Digibizer | Pulse |ter? Controlt |Converter

ARINC IMSD >
ie]
ge;
Capacitor: . 3
General <1,0 ufd 0.6 0.1 29 40 53 16 4 61 41 20 6h 92 14 <
Tenbalum >1.0 ufd| 5.0 1.0 18 3 1 5 12 20 2 4 10 &
—
i o
m Coll, Inductance 2.0 0.5 1 5
Pt | 2
“u“.? Cryatal, Quartz 2.0 0.4 i 1 g
w
9]
€. 5 bt
o Delay Line 4.0 2,0 3 1 2 o
€9 S
- i Diode: . ) ~
R Signal <1.0 w 1.7 0.3 82 66 106 30 289 101 76 3 109 108 8 8
R% =
J Resigtor 0.5 0.2 01 | 70 132 72 238 177 148 55 163 2U6 42 ?;
o
Transformer: o
Power/Pulse 4.0 1.0 1 3 .5 . 3 - 2 8
S
Transistor N

Digital <1.0 w 1.7 0.8 24 20 33 29 5h 5l 46 14 37 70 14

Over-all Failure Rate } ARINC 345,1 | 205.2| 366.1| 219.9 771.5 i 6 426,0 78.4 |388.1 530.8 74.8

x 107 IMSD 86.3 53.8] 96.9 67.7 189.9 1344 i20.3 27.1 1105.3 186.8 25 .4

} ARINC 103,58 61.6 109.8 66.0 231.5 4o, b 127.8 23.5 116.4 159.2 2o.4

30% Duty Cycle IMSD 25.9 1 16.1] 29.1| 20.3 57.0 40,3 36.1 8.1 | 31.6 47.0 7.6

Tonits employed in Flight (1 & 2) Bonfiguration. (Band 1 & 2 were considered.)

LE
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circuitry, and the power supply. (Components congidered
for the non-uniform PRF path are indicated with an "X"

in Figure 7.) The results of these computations were
plotted and are shown 1in Figure 10. The individual reli-
abllity functions all fall in the small band indicated.
The total fallure rate of the serial equlpment 18 so
overwhelming that the failure rate of the measurement
circults, whether taken in series (as was done in the
estimate above) or as separate functions (as was done
here) does not significantly affect the outcome.

R(t) ARINC - SAMOS P-2, NO. 2, 1/31/61
],.O T T T T f
1 - Sequential Pulse, = 23.5 x 10"6 y
2 - Pulse Width, = 66,0 x 10*6
0.8 3 - PAD Digitizer, = 127.8 x 106 -
L - PA Digitizer, = 2.4 x 1070
- USE COMMON e
STEERING PULSES 5 - PRF #2, = 109.8 x 10~
0.6 F & - PRF #1, = 61.6 x 1076 A
7 - Non-Uniform PRF, = 231,5 x 10“6
0.4t Computations based on Band 1 Receiver. R
Calculations for other bands produce
/////( i only negligible differences., B
0.2F MTF ~ 1100 HOURS Ty, .
L [ i 1 i

0 400 800 1200 1600 2000
HOURS IN ORBIT (30% DUTY CYCLE)

FIGURE 10

SUBSYSTEM F-2: PREDICTED RELIABILITY FUNCTIONS
FOR SPECIFIC MEASUREMENTS
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To 1llustrate this point, the probabllity of survival
assoclated with the non-uniform PRF circuitry i1s shown in
Table 7. Each point on the line in Figure 10 was obtained
by multiplying the probability of serilal-equipment sur-
vival by the probability of survival of the redundant non-
uniform- PRF,

The rellability improvements that will most affect
the system rellability will be those associated with the
serlal equipment. An examination of the fallure rates of
individual elements does not indicate a wlde variation;
therefore, further improvement in rellabllity must be
based either on elimination of serial eqguipment or on im-
provement in many individual elements. This analysis 1is
optimlistic, in that the individual series elements 1in the
data processor were considered individually redundant.

TABLE 7
PROBABILITY OF SURVIVAL ASSOCTATED WITH PRF CIRCUITRY
(ARINC ESTIMATES)
Probabllity of Survival
Time - in Total Non-Redundant Redundant
Orbilt Hours Serial Non-Uniform Non-Uniform
Eguipment PRF Equipment PREF Eqguilpment
0 1.000 1.0C0 1.000
200 .832 .935 -998
ele) .691 875 .992
600 LB73 .818 .982
800 L75 .765 .970
1000 .393 LT715 .955
1200 325 .669 .538
1400 . 268 .626 .919
1600 .22l 585 .899
1800 | .182 LBUT 877
2000 .150 .512 .855

DZCLASSIFED
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2.5 Reliabllity Evaluaftlon of Subsystem H

: The analysis of Subsystem H reliablility preserted
in this section of the report 1g essentially ARINC's,
although some commentary on the LMSD analysis 1s 1ncluded.
The complete IMSD analysis of this subsystem (which is
referred to, in the most recent IMSD documents, ag the
C & ¢ -- command and communications -- subsystem) ig
avallable in Appendix C,

IMSD's analysis of Subsystem H was not completed in
sufficlent time to permit reconciliation of differences
between IMSD and ARINC with resgpect to the relidability
models employed and the parts countsg for individual units.,
Many of these differences are recognized as regulting
from differences in a few of the basic assumptlons made
by the two organizationsg. FExamples are giver below, in
the dlscussion of the reliabllity block diagram for the
subsystem., It 1s gratifying, however, that despite thesge
differences, the two analyses lead to the same general
concluslion as to the portion of the subsystem making ar
undue contribution to unreliabllity.

2.5.1 Reliabllity Block Diagram (ARINC)

The functions of the equlpmernt comprising Subsystem H
are the transmisslon of data from the vehicle to the
ground, and the decoding and executlon of command signals
from the ground to control the vehlele electronic equip-
ment, The rellabllity block diagram of thls subsystem 1s
shown in Flgure 11.

Data Transmigslon: Operatlonal datd from the pay-
load are transmitted In two forms: the diglital signal
read-out from the tape recorder 1n the payload, and gp-
proximately 17 operational telemetry charirels used 1in
adJustment and trouble diagrosis of the recelvers and
data procesgscor., The dlgltal data dre transmitted directly
by & narrow-band data-link transmitter, with a spare
transmitter provided as back-up. The operationgl telem-
etry channels, together with a number of other telemetry
channels, are time division multiplexed by a 256-channel
multiplexer, the ocutput of which 1g also conriected to the
narrow-~band (1 Me) transmitter. In addition to the two
narrow-band UHF transmittersg, a VHF transmlitter 1s also

g /a A £ Y ] s
BLoagos AT
b S Ll E:m:)

SEEREA-
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INPUT
UHF /S-BAND | _| Eii%égﬁﬁlT | RECEIVER | | RECETVER
SUPLEXER DUPLEXER LEXER
SWITCH DIPLE
(R POWER
| SUBSYSTEM ) conrror,
| UNIT
o —  —
P NARROW BAND
DATA LINK
MULTTPLEXER
STGNAL TRANSMITTER
CONDITTONER
CHANNELS(10) o NARROW BAND
' DATA LINK
MULTIPLEXER TRANSMITTER

*%

IMSD calculations include a VHF transmitter,
Recorder Programmer in serles at this point.

COMMAND MIXER-
RECEIVER FILTER
COMMAND MIXER~
RECEIVER FILTER

EMERGENCY
RESET
TIMER

LODAP
INTERMEDIATE
STORAGE
UNIT
LODAP
- %

COAX RELAY /

(1 in Lt ACQUISITION
series) TRANSMITTER
OUTPUT ~mm  S-BANDXx

REACON
Recorder, and
See text.

IMSD calculations include a doppler beacon in parallel with
the S-Band beacon. See

text.

FIGURE 11

SUBSYSTEM H, F-2 VEHICLE CONFIGURATION:

RELIABILITY BILOCK DIAGRAM
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provided for transmission of telemetry data only. There
1s also a standby multiplexer. Changeover to the standby
transmitter and multiplexer 1s effected by ground command.

IMSD included more of the data-transmission equipment
in its calculations than did ARINC. BSpecific instances
are ag follows:

1) In its reliability analysis, IMSD consldered
60 percent of the avallable telemeter channels
eggentlial to succesy of the subsystem. While
recognizing the usefulness of the vast rnumber
of channels employed for the retrieval of engl-
neering data, ARINC doeg rot regard them as
~esgBentlal to the primary reconnalssance mlssion.
Hence, in 1ts ecalculations, ARINC has restricted
consilderation of the telemeter channels to 10
specific channels of the PAM multiplexer. (It
may be poilnted out that, 1in elther case, com-
plexity ~- and, therefore, reliability -- in-
creases with the number of avallable channels.
The timing circult becomes more complicated,
and must always be accounted for as a serial
item 1in the analysis.)

2) Included in the IMSD analysis were a telemetered
slgnal tape recorder, a recorder programmer, and
a VHF transmitter. Thege items permlt the re-
cording of telemetry data while the vehicle 1s
out of contact with the grourid control stations,
and subsequent read-out of the data while the
vehicle ig in communication with the ground con-
trol station. ARINC, consldering thils feature
non-essential to the reconnalgsarice mission, has
not included these items in its calculationg of
subsystem reliabllity.

For vehicle location and tracking, Subsystem H also
includes a VHF acquisition transmitter and an S-band
transporider beacon. A decoder has been added to the

~beacon, but was not included in the analysis. The de-
coder provides elght on-off real time command c¢lrcults.
These elght channels willl be employed for emergency-
command switching power for dlagnostilc purposes in the
event of a failure,
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The various recelvers and transmitters are connected
to the appropriate antennas by a series of duplexers and
coaxlal relays. The duplexers have not been included in
the reliability calculations, 1nasmuch as they consist of
passive RF elements.

3) Another difference between the IMSD and ARINC
analyses 1s in the parts counts for the PAM
multiplexer signal conditioners., Depending on
the signal level of the sensor, elther of two
separate varieties of signal condltloners i1g
employed., For silgnal sources of five-volts
maximum value or above, a passive scaling clr-
cult composed of resistors and capacitors ig
employed as a signal conditioner. Iow-output
sensors (less than five-volbs maximum amplitude),
such as thermocouples, resgistance thermometers,
strain gauges, etc., requlre an active amplifier
circult between the sensors and PAM multiplexer
input. ARINC, in checking through the telemeter
channels 1t had selected as essential, found
that ampliflers were not necessary. IMSD, as
explained above, included a greater number of
TM channels, and many of these included active
amplifiers.

Commands: Control of the vehicle and payload equip-
ment 1g exercised through a system of command receilvers,
filter-mixers, and command decoder-programmers, The com-
mand decoder-programmers are referred to as ILODAP
[ (Lockheed Decoder and Programmer)]. In the normal mode
of operation, signals from one command receiver are passed
through a fllter-mixer, in which filters extract the con-
trol tone pulses from the composlite signal. The resultant
pulse train is applied to the input of the operating LODAP,
which 18 essentlally a digltal decoder and memory device.
The LODAP circultry decodes the digital work formed by
each pulse train, checks 1t for the correct address, and.
determines from the word whether the command 1s to be
executed on recelpt (real time command) or performed at
gome later time (stored program command). The stored pro-
gram commands are read into the LODAP memory for execution
at a tine determined by the time label in the command woxrd.

The outputs of the LODAP are the contacts of 21 DpDT
relays for real time commands (RTC) and 13 DPDT relays
for stored program commands (SPC). These oubtputs are
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applied to the intermediate storage unit, in which relay
logic matrices provide a capability of 40 RTC's and 24
SPC's. In addition, the intermediate storage unit con-
tains latching relay circultry which responds to one par-
ticular RTC from elther LODAP and keeps all of the output
functions connected to the LODAP from which it received
‘the last real time command switch pulse. The latter fea-
ture permits swiltching to a standby LODAP to replace a
falled unit.

f

As mentiloned previously, the normal mode of opera-
tion conslsts of one command recelver driving one LODAP
through an associated mixer-fillter unit. SPC's from the

- LODAP in use will turn the command receiver and the
IODAP's own decoder equipmert on and off at appropriate
times, and will also command the varlious vehlcle and pay-
load functions. Fallure of the selected command recelver
to come on may thub be due either to failure of the re-
celver 1tself or tc failure of the LODAP circultry which
is supposed to turn the recelver on.

An emergency regset timer monitors both the main and
the standby command receivers. If nelther of these re-
celvers has receilved a signal for a pre-set interval,
the timer activates an emergency circuit, applying power
to both receiver-mixer-LODAP chainsgs. Each LODAP has a
different address. By sending a succession of RTC's to
the vehicle, usirigz the two addresses alternately, and ob-
gserving from the transmitted data whether or not the com-
mands are being performed in the vehicle, it 1s possible
tec determine which receiver-mixer-LODAP chain has falled.
When the fault has been thus localized, the surviving
recelver-mixer-LODAP chaln may be used to switch the
alternate equipmernit off and resume the normal mode of
operation,

2.5,2 (Calculation of Subsystem Relilability

Table 8 gives the parts count and part fallure rates
of Subsystem H components. Except in the case of the
emergency resgset timer, 1t was assumed that redundant
switching 1s fallure-free, Because the LODAP, a rela-
tively unreliable component, is used to perform switching
through real time commands, this assumption leads to op-
timistic results wilth respect to the reliability improve-
ment obtailned through redundancy. The commands exercised
through the beacon-decoder can be employed to provide some

redundancy.
DECLASSIFIED
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TABLE 8

' /
SUBSYSTEM H: COMPONENT AND PART FAILURE RATESS ; NUMBER OF PARTS BY COMPONENTS (F-2 CONFLGURATION)

Number of Parts in Each Components (ARINC)
Part Failufe Fmer ;
Type of Part Rate x 10 Command Mixer 2/ Int, gency Power Coax Slgnal _ PAM~/ N.B.D.L. Acq. $-Band
T Recelver | Filter | LODAP Storage | Reset | Contrel | Relays | Control | Multl- X, Trang- | Beacon
ARINC IMSD (R-5) Unit Timer | Unit Channiels | plexer mitter
Signal Tran-
sistor Analog 6.0 17 L 20 34 4 5
Signal Tran-
siator Digital 1.7 547 48 50 104 13
Power
Transistor 40,0 - 1 2 2 6 5
5]
Signal Diode 1.7 g 11 882 235 77 210 36 1 15
(&)
Power Diode 3.5 o 7 9
£
Zener Diode 2.2 & 2 13 30 3
o .
Reslstors 0.5 g 53 12 1206 162 113 264 208 5 85
Potentiometer 15.0 2 46 7 5
»
Capacitor £
Tantalum >1ufd 5.0 ® 7 8 57 7
&
Capacitor < 1pfd 0.6 5 86 10 325 53 29 38 93 11 56
o
Transformer R
Power-Pulse 12.0 2 1 5 2
Transformer 5 )
Signal or IF 4,0 é L 241 1 26 11 4
4=
Coil 2.0 a 40 6 30 8 6
Mag Amp. 16.3 b 2
o
Choke, g
Iron Core 7.5 ;& 20 ‘ 2 10 2
Relay, Gen. 20.0 o 25 2
B 7]
Relay, Spec. 2.3 26 75 2
Relay, Coax. 125.0 1
Registexr Core 4,0 108
Crystal 2.0 1 1 1
Tube 1,)'.‘// 25/
Duty Cycle 10% 10% 100% 16% 100% 16% 10% 10% 10% 10% 100% 10%
Fallure Rate Corrected | ARINC 37.6 12.8 2120 124, 2 413.4 80 12,5 12 14k 7 313.8 52.8 117.2
for Duty Cycle x 16~ LMSD 15 5.0 1588 148,7 65 33.0 50 70 70 18.1 30

g/ The following components are not included I1n the prediction: UHF/S-Eand Duplexer, Receliver Duplexer,
Receiver Duplexer, and UHF Diplexer.

2/ Part count based on thirteen (13) real time and thirteen (13) stored time commands. Three thousand (3,000) cores are exciuded.

3/ Ten (10)of two hundred and fifty-six (256) channels; and, three (3) of elght (8) flip-flops are considered in the part count.

4/ One (1) magnetron at 1660 x 10 6

¢ -6 ¢

5/ One (1) 6771 at 309 x 1077; one (1) M-471 at 309 x 10'6.
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The components that are energized only for real time
commands and read-out have an estimated 10-percent duty
cycle. This estimate 1is based on the fact that the ve-~
hicle 1s in range of a read-out station approximately 9
percent of the orbital time; an additional 1.0 percent
was assumed for equipment warm-up. For components that
are also energized by stored program commands, 6.0 per-
cent was added to the duty cycle.

Some ambiguity seems to exist with respect to the
position which the VHF data-link transmitter should oc-
cupy on the reliability block dlagram. At first appear-
ance, it would seem that the VHF transmitter acts as a
_spare for the two UHF data-link transmitters. However,.
the iInformation available at this time indicates that the
VHF transmitter will handle the digital data output only;
it will not handle the operational telemetry channels
necessary to perform recelver adjustments to obtain the
data. BS8ince, at the time of the earlier analysis, 1t was
not known whether the VHF transmitter would be reguired
in the operational system, ARINC calculated the predicted
reliability function twice, first including the VHF trans-
mitter as a series element and then omitting 1t entirely.
The reliability functlon for the subsystem ags a whole was
not seriously affected by either the inclusion or the
omission of this transmitter., For the present estimate,
the VHF transmlitter was excluded from the analysis.

The predicted reliabllity function for Subsystem H
.obtained by use of the ARINC failure rates is shown
graphically in Figure 12. The ARINC estimate of the mean
life of the subsystem is approximately 560 hours. Figure 12
also shows the subsystem reliability furictions predicted
by IMSD. Derivation of these functions is explalined in
Appendix D. l

2.5.3 Comparison of Present Prediction of
" Subsystem H Reliabllity with Previous
Prediction In First Periodic Review

During the interval since the previous analysis of
this subsystem, 1ts estimated mean 1life, as predicted by
ARINC, has increased from B40 to 560 orbital hours. The
change is due partly to the lower fallure rates employed
In this analysis and partly to changes in parts counts.
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ARINC - SAMOS F-2, NO.2, 1/31/61
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FIGURE 12

SUBSYSTEM H: PREDICTED RELIABILITY FUNCTIONS

The LODAP is responsible for most of the unreliability
associated with Subsystem H., A failure in the LODAP units
results in loss of command of the vehicle. One feature
of the ILODAP contributing to its unreliability 1s the rel-
atively large amount of serial equlpment necessary to the
operation of the unit. An orbital programmer which has
been designed for use on the MIDAS Satellite features very
little serial equipment, and can be made highly reliable.
The difference, from the reliability viewpolnt, consists
in the fact that a malfunction in the LODAP is likely to
affect all commands, while a malfunction in the orbital
programmer affects only one specific command. The present
capability of the orbital programmer is 32 real time com-
mands and 7 stored program commands, while the LODAP pro-
vides 21 real time commands and 13 stored program commands.
If the SAMOS F-2 requirement cannot be reduced to the
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present capabllitles of the orbiltal programmer, the
orbltal programmer could be increased in capaclty to

32 real time commands and 15 stored program commands by
the addition of another digilt in the channel address. .

A fallure-rate analysls indicates that most of the
LODAP!s fallure rate of 2120 x 107" per hour 1s due to
the serilial equipment.,_ The orbital programmer has a fall-
ure rate of 251 x 10“6_£er real time command unit (32
commands) and 417 x 10 per stored program commarnd. Ap-
proximately 50 x 10-6 in each of these two failure rates
18 due to the failure rate of the serlally connected
clock in the programmer. The stored program commands
are employed chiefly to turn on the F-2 system over enemy
territory. If one independent command channel is lost,
the intelligence of that pass 1s lost; and that stored-
program-command channel is not employed in fubure opera-
tlon, thus causing a slight irncrease in the frequency
with which 1t 1s necessary to transmit commands to the
vehicle. ©On the other hand, in the LODAP, since most of
the equipment 1s serilal, all capabllities are lost 1if one
1s lost. : ,

A

Analysils 1ndicates that the situatlon wilth respect
to real time commands 1s similar to that just described
for stored program commands. In additlon, 1t is inter-
esting to mote that the failure rate of the over-all
beacon-decoder with a 1l0-percent duty cycle 1is 1615”x10‘6
per hour, or 161.5 x 10-0 when considered in terms of
ortibal hours. It 18 reasonable to expect that the eight
real time commands assoclated wlth the beacon-decoder will
be availlable for the 1life of the payload.

ARINC 1is 1rn complete accord with IMSD's conclusion
that the complexlity of Subsystem H must be reduced in
order to achleve the one-year rellability goal for the
system (see Appendix C, Section VIII, Paragraph 1). ARINO
would favor an approach that would completely separate
'~ the commarid and telemetry channels used for reconnalssance
from those used to obtaln strictly engineering information,
180 that the reconnalgsance system operational requirements
only would contribute to the complexity of the hardware
belng developed for ultimate use., This approach would
lead to the earliest maturity date for the final hardware,
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2.6 Orbilit Reliability of the SAMOS F-2 System

2.6.1 Calculation of System Reliability

The ARINC and LMSD predicted reliability functions
for the SAMOS F-2 Satellite System are presented in
Figures 13 and 14, respectively. As indicated in Fig- .
ure 13, the ARINC prediction for the mean time-to-fallure
of the F-2 configuration is approximately 210 hours in
orbit.¥* In maklng this prediction, 1t was assumed that
any failure in the F-2 subsystem would be considered as
a complete fallure of the system. If partial operation
of Subsystem F-2 can be tolerated, the system mean time-
to-fallure will be slightly higher. As Figure 13 shows,
the payload is far from the major contributor to system
unreliability, even when the first failure in the pay-
load 1s used as a criterion of gystem fallure.

When the present prediction of 210 hours in orbit
is compared with the current interim goal of 480 hours in
orbit, 1t 1s evident that the goal is not unreasonable,
The predicted meari 1life of the system does, however, in-
dicate the magnitude of the design and test effort which
must be expended if the mean time-to-fallure of the F-2
vehicle configurations 1s to be extended to the contrac-
-tually required length of one year,

2.6.2 (Comparison of Present Prediction of SAMOS F-2
' System Rellability with Previous Prediction
in First Periodlc Review

Table 9 shows the estimated mean times-to-fallure for
each of the subsystemsand for the system as a whole, as
predicted previously and as currently predicted. It 1s
evident that the largest gains in reliability can be
achieved by improving the reliabilities of Subsystems G
D, and H,.

* For a method of applying this mean time-to-faillure
flgure to logistic planning, see A General Method
for Determining Loglstlc Requirements for a Satellite
System, by E.L. Welker and C.E. Bradley, ARINC
Research Corporation Publication No., 4222-172,
17 February 1960,
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ARINC: PREDICTED RELIABRILITY FUNCTIONS FOR
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IMSD: PREDICTED RELIABILITY FUNCTION FOR SAMOS F-2 SYSTEM
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TABLE 9
COMPARATIVE MEAN LIFE PREDICTIONS, PREVIOUS AND
PRESENT, FOR SAMOS F-2 SYSTEM AND SUBSYSTEMS
Mean Life, in Hours in Orbit
Items : Previous Prediction Present Prediction
ARINC ILMSD ARTNC LMSD
F-2 System 275 485 210 625
Subsystems:
c 700 3,038 540. 3,400
D 1,150 1,750 600 3,600
F-2 1,050 1,190 1,200 4,400
H 520 800 660 845

In comparing the current estimates of SAMOS F-2
System reliability with past estimates, 1t can be seen
that the ARINC prediction of system mean time-to-fallure
decreased by about 20 percent while the ILMSD predictilon
increased by about 30 percent. The difference between
the present and past estimates 1s due to the opposed
tendencies of two factors: namely, an iricrease in com-
plexity and a decrease in the values of the part fallure
rates employed by both ARINC and IMSD. In the case of
the IMSD prediction, the magnitude of the decrease in
failure rates overwhelmed the effect of the increase in
complexity; in the ARINC prediction, the decreased fail-
ure rates did not wholly compensate for the increased
complexity of the system.
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APPENDIX A
SOURCE OF FAILURE DATA

1. Part Fallure Data for Rellabllity Prediction

of the several sources of part fallure data avallable
for the prediction of system rellabllity, the two prin-
ciple sources are part life-tests and system l1life-tests.

1.1 Part Life-Tests

Life-test data on parts are complled from specifica-
tlon l1life-tests conducted by the part manufacturer in
conformance with military or industrial speciflcations,
and from lgboratory life-tests conducted by the user of
the parts. When the stress levels for the life-tests
are representative of a wlde range of use conditions, a
famlly of rellability "trade-offs" can be developed to
show the relatlionships between basic part fallure rate
and "Muse" stresses. These data generally represent the
"inoperative" or "random" fallure rates of parts, and
of'ten do not include tolerance or deterioration fallures.

: For successful use of bvasic part fallure rates for
the prediction of system reliabllity, 1t 1s necessary to
determine the relationshlp between part fallure rate and
system fallure rate due to each part class. This rela-
tionship, often popularly expressed as a "K-factor," must
be developed for each particular circult furictlon in each
-of several use enviromments for the particular preventive
maintenance and marginal test procedure contemplated dur-
ing the operational 1ife of the system. These K-factors
for a partlcular system design can best be developed
through extensive component and system life-tests. Where
the newly designed system 1s to be a long-life system,
the values for K can no longer be assumed to remain con-
stant over the operating period, because fallure rate due
to deterioration instabllity generally follows a Gaussilan
pattern -- 1.e., has an lncreasing fallure rate. This
axiom dictates that life-tests for the development of
reallstic values for K must extend over a period of time
sufficient to take 1nto account the llkelilhood of an in-
creasing fallure rate due to detgrioration and defrimen-
tal interaction among parts and components.
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1.2 QSystem Test Data

System test data, gathered through controlled life-
~tests of components and systems 1n the development, pro-
duction, and fileld phases of system evolution, provide a
measure of the relationship between system fallure rate

and the behavior of parts within the system, over ex-

- tended periods of operating time. The result 1is an ex-
pression of system fallure rate due to the parts making
up the system. These so-called "part failure rates! are,
-therefore, actually the complex combination of basic part
failure rates and the welghting factors (K's) dilscussed
above, into single-valued estimates of the contribution
of individual parts Lo system Tallure, These welghted
part fallure rates are also adjustable according to use
conditiong and preventlve maintenarnce proylsions.

In the early design phase of a new system, 1t is’
practical to use welghted failure rates of the kind dis-
cussed above for preliminary prediction of system relia-
bllity, with the purpose of poilrnting out the major prdb-
lem areas within the system and obtailning a reallgtic
estimate of the status of design reliabllity with respect
to program goals. On the basis of the prelimirary esti-
mate, rellability assurance program plars can be adjusted
to conform with the size of the rellability problem early
in the design phase.

2, ARINC Prediction Data

) In the prediction of system reliabllity, ARINC uses
part faillure data derived from controlled production tests
and fleld tests conducted for the mllltary services on
alrborne, shipborne, and grourid-based systems. The sys-
tems that have been employed in the tests have ranged in
complexlty and function from communication recelvers to

. digital computers. Within the past slx months, an exten-
sive study on the part fallure rates observed and the
rates employed for predictlion purposes has been conducted
for the Alr Force under Contract AF 33(600)-40259.% The
fallure rates used in previous MIDAS predictions have
been brought up to date and now reflect the latest ob-
served rates,

¥ Reliabllity S8tudy of Microwave and Transmitting Tubes,
Semiconductors, Relays, and Other Parts, ARINC Publi-
cation No. 123-6-189, 30 September 1960.
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If fallure rates for prediction purposes are to be
realistic, care must be exercised to avold Including
favorable effects more than once and also to avoid fail-"
ure rates based on highly censored fallure data. Most
of the failure rates currently used by ARINC have been
obgerved 1n equipment types employing stress derating.
Therefore, the application of reduction factors based on
reduced stress would lead to optimistic equipment predic-
tions. The secortd pitfall, fallure censoring, 1is fre-
gquently encountered in data obtalined from equipment manu-
facturers. -Usually, the failuresg assoclated with design,
operational, and productlion errors, or wlith poor proce-
dures, have been eliminated from such data; consequently,
the failure rates reflect the situation that would exist
if the components were not assgociated with a circult and
subject to such hazards. (It should be pointed out that
debugging-test data are not included -- and, in any event,
fallures of these types do not necessarily show up in the
short-term debugging tests.)

The upper half of Figure 15 is a graphical summary
of the most recent compllation of observed fallure-rate
data on transistors used in computer equipment. The
lower half of the figure shows the faillure rates employed
by equipment manufacturers in making predictions; these
rdtes tend to be about one order of magnitude less than
the observed fallure rates. It would appear from Flgure 15
that equipment manufacturers are somewhat optimistic about
their design and marnufacturing processes. Sti1ll, three
grourid digital computers did display transistor failure
rates in the range from 0.2 x 10-0 to 0.3 x 10-0 per hour
(assuming that censoring was not a major factor in com-
puting these rates). This suggests that it is possible
to design and produce equipment in which transistors will
have fallure rateg within thig low range. To assure such
low failure rates, however, it will be necessary for tran-
sistor specificationsg to provide for relatively large
life-test samples. The failure rates for other part
types follow a pattern similar to that of transistors.

IMSD usges part-failure rates obtained from other
equipment manufacturers. In general, these rates reflect
substantial improvements in part reliability, particularly
in recent years, due to state-of-the-art advances and
reliability improvement programs. It 1s IMSD's contention
that the favorable environment of satellite operation and
the special gelection of satellite parts will offset any
possible tendency toward optimlsm in these failure rates.
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TRANSISTOR FATLURE RATES:

Failure Rate, in Fallures per Hour

FIGURE 15
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TABLE 10

PART FAYLURE-RATE DATA USED IN RELIABILITY PREDICTIONS

Failure Rate
{in Failures per Hour)

Failure Rate
{in Faillures per Hour)

Part Type Part Type
" ARINC IMSD ARTNC IMSD

Capacitors, General 0.6 x 106 0.1 % 10'6 Motors, A-C 88. x 10'6 20.0 x 10'6
Capaciltors, Tantalum 5.0 1.0 Pitch Wheels B8 45,0
Chokes, Fllter 7.5 2.5 Potentiometers 15.0 1.5
Chol;es, R.F. 3.0 0.5 Relays: Coaxial 125, 100.
Cores, Magnetic 1.0 ) .01 LODAP 2.3 0.4
Coils, RF 2.0 0.5 General 20. 4.0
Crystals, Quartz 2.0 0.4 Power {Samos) - 20.0
Diocdes: Signal, Pl W 1.7 0.3 Registors at 25% 0.5 0.2

Power, Py1 W 3.5 1.0 Switches or Commutators 1.5 1.5

Zener 2.2 0.5 Transformers: Power 12. 3.5
Gyros, Control Moment 91,0 83.0 IF, 8ignal, Light Duty 4.0 1.0
IRP's (Gyros) - 100.0 Transistors: Digital, P<1 W 1.7 0.8
IR Cells 0.2 0.2 Signal, P<1 W 6 0.8
Heaters 3.0 3.0 Power, P>1W 40. 4.0
Magnetic Amplifiers 16.0 5.0 Sl1ip Rings or Brushes 3.0 1.5

a
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ARINC believes that the equipment manufacturers!
failure rates are based on only the basic catastrophic
failures observed under optlmum conditions, and are there-
fore conducive to optimistic predictions. ARINC employs
failure rates which reflect good design and manufacturing
practices, but which include consideration of failures due
to environmental or operational stresses, as well as cata-
strophic failures., These fallure rates have been shown to
be applicable to the early stages of fleld operation in
many equipments, and ARINC believes they are realistic for
prediction of satellite reliability. (The ultimate or
intrinsic failure rate attributable solely to catastrophic
failures of parts is usually reached only after fleld ex-
perience and equipment modification. Furthermore, unless
gpecial specifiications with the requisite provisions for
life-test assurance are employed, the catastrophic failure
rate for a part lot or lots can increase by several orders
of magnitude., Normal MIL Specifications for parts are not,
in general, adequate to support failure rates below approx-
imately 50 x 1079 per hour.

Table 10 presents a comparison of the failure rates
employed by IMSD and ARINC in predicting MIDAS reliability.
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APPENDIX B
SUMMARY OF GENERAL ASSUMPTIONS

1. Assumptions Pertaining to Probability
Qf Part Failure

4

For purposes of the ARINC predictions, the following
assumptions were made in relation to the probability of
" part failure:

(1) A1l parts are used within electrical ratings --
resistors and capacitors at 25 percent_of rating.

(2) Deslgn margins are compatible with the initial
variability of part parameters.

(3) Provision for in-flight preventive malntenarnce
is non-existent.

(4) All parts operate in ambient temperatures in
the range from 0°C to 50°C; although, as is
realized, current specifications describe a
range of ambient temperatures from 3500 to
+8OOC

(5) During early life (the first few thousand
hours), the part fallure rate 1s constant.

(6) Where applicable, part. failure rates are cor-
rected for duty cycle. :

2. Asgumptiorls Pertainirg to the Prediction Method

Asgumptions made with respect to the prediction
method are listed below,

The concept of "system failures due to parts" as a
criterion of the types of part failures consildered in cal-

culating part failure rates (see Appendix A) is the basis
for the assumptions that:

DECLASEIHED
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(1) Except where redundancy exists, all parts
consldered are necessary for successful system
performance.,

(2) Part fallures are 1ndependent of each other.

Where redundancy exlsts, the following assumptions are
made:

(3) All redundant modes of operation are equally
"effective "

(4) Standby elements cannot fail 1f de-energlzed,
although it is known that "shelf" or storage
life can be a serlous problem with certaln parts.

. Aectlve elemertts in parallel are not dependent 1in
4 load-sharing serise -~ l.e., fallure of one of
the parallel elements wlll not Increase the fall-
ure rate of the surviving element. .

—~
W1
g

(6) Except where noted, malfunction-sensing and
swltching devices are fallure-free.

The Pirst assumption,adopted to simplify the prelim-
inary prediction, tends to yield pessimlstic results. Thils
pessimism is more than offset by the optimlsm produced by
the remalning assumptilons.
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APPENDIX C

This 'appendix consists of a reproduction
of a report (Classification: et )
prepared by Lockheed Missiles and Space Divigion.
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APPENDIX C
ANALYSIS OF INHERENT RELIABILITY
C & € SUBSYSTEM
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15 January 1961
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ABSTRACT

This report amalyzes the relisbility of the Communications & Contrel
Subsystem of the Samos 2301-02 series vehicles. Success for 2301 is
defined as payload/vehicle command and payload reconnaissance dats
transmission and payload/vehicle status-failure telemetry and acqui-
sition/tracking data transmission. For 2302, the requirement for
status-failure telemetry 1s eliminated from the definitlon of success.
It is estimated (through use of simplified parts failure rate analysis
techniques) that the probsbilities of successful operation of the C & C
Subsystem &n the flight series are, respectively:

2301 2302
10 days .8l .88
20 days .65 .1
30 days o118 o5k
hO daya 03h .hO
50 days o2l 30
60 days <16 o2l

The approximate mean-time-to-failure of the 2301 Subsystem (R(t) ~ 0.lL)
is 8L0 hours, sand of the 2302 subsystem is 960 hours.
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I. GENERAL ASSUMPTIONS AND CON3IDERATIONS APPLICABIE TO C & C RELIABILITY

ANALYSIS

Ao

General Assumptions

1.

2e

36

L.

Se

6.

Te
8¢

Ge

10,

Component function failures occur 28 & result of indepsndsnt random
cetastrophic part fallures.

The catastrophic failure of any part will ceuse catastrophic fallure
of the component which contasins it, and hence fallure of a system
containing the component, unless there 1s a spare component,

Unless otherwise noted, fallure sensing and switching between re-
dundant components and groups is assumed to be feilure-free,.

The probability of component failure is & direct function of
operating itime; cycling or reduction of operating time by dutye-
cycling does not increase ths probability of failure.

Average part derating 1s assumed to be 0.lL unless otherwise noted,
Ambient temperature at which parts operate is T0°C,
System inputeoutput interface rellabilitles are taken as unity.

None of the components which share a common power supply can fail
the supply.

Reliability estimation techniques which approach validity for
design-matured squipmsnts are also applicgble to early production
equipments for purposes of obtaining first order reliability approx-
imations.

In components subject to wearout failure, ths probebllity of sur-
vival follows an exponential distribution to the time region of
onset of wearout failure (which is defined as =3 ¢~ from the mean
of the wearout failure density function),

General Considerations

1.

The assumption concerning maturity of ecquipment 1s of critical
importance in any spplication of the findings of this type of
estimation technique. It should be kept in mind that the modsl
of a Poisson equipment failure distribution is an approximstion
that becomes increasingly valild es design, system operations, and
production deficlencies are identified and corrected. The early
life failures of complex equipments may be an order of magnitude
greater than the constant rate achievement of a completely de-
bugged system. The engineering judgmend to assess the dsgree

of optimism inherent in the assumption reats on an evalustiom of
the capabllities and training of the production process and the
results of design and environmentel testing performed. A signi-
ficant source of documentary evidence of the ability of a total
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production screening process to release adequately debugged equipments
mey be found by examining the perfommance of equipment during the de-
sign proofing or qualification test. If the qualification test meets
the criterias

(a) Representative equipment using the identicel personnel, processes
and checkout equipment and procedures as on regular production
versionss

(b) Properly designed test, with adequste regard for selection of
production model, random sequencing of order of environment
testing and stetisticel adequacy of samples testeds

{e) A high positive correlation of design envirommentsl parameters with
real environments; .

then the confldence in the relisbllity estimstes provided cen more close-
1y be assessed. 4s it is, the varlebles assoclated with even & refined
reliability estimate (considering the application and thermal strese on
each individual part) are such that the errvor in prediction is indeter-
minate, and is especially significant in the early production effort.

The estimation technique is useful to determine whether a given design
is "in the ball park" for its longevity rsquirements, but extreme cau-~
tion should be exsrcised in using the informatiom with respect to
decision-making affecting equipment changes in & given R & D system
configuration.

II. SPECIFIC ASSUMPTIONS AND CONSIDERATIONS APPLICABLE TO THE C & C SUBSYSTEM
OF SAMOS 2301w2302

A, Specific Assumptions

1. For Samos 2301, success is defined as paylosd/vehicle command, and
payload reconnsissance dais transmigsion and paylosd/vehicle statuse
failure telemetry and acquisitfon-tracking data transmission.

2. For Samos 2302, success is defined as payload/vehicle command and
payload reconnaissance date trensmission and acquisition-tracking
data transmission.

3. No components operate to the time region of deterioration failure
within the times interval considered in this anslysis (defined as
=3 ¢*~from the mean of the gaussian density function assumed
to describe wearout phenomena).

B, BSpecific Considerations

1. bkhile an S-Band Beacon and Decoder are included in ths subsystem
design to provide an suxilisry real time command cepability, ads-
quate command back-up for the functions of the LODAP's are not
provided. Failurs of the Stored Program function of the LODAP(s)
would precluds operstion of the payload as intended within the
framework of mission objectives,

DzCLASSIFIED
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IIT.

Iv,

SUBSYSTEM OPERATION

A, Command Signals are received from the ground by the Command Recsiver
in the appropriaste link (selected by commend), amplified, detected
and sent through the filter section of the Filter-Mixer to the Command
Decoder and Sequence Programmer (LODAP). The LODAP decodes the command
signal, snd determines whather the command is to be executed in Real
Time (when received) or Stored Time (later, om out of contact with the
ground station). At the time of commsnd (or later, ss approprists),
the LODAP initistes closure of & relay, and through the Intermediate

Storage Unit, & relay closure in the Power Control Unit.

function of the ISU is doubling of the avallable real snd stored time
commands by addition of a benk of relays to the LODAR command channelse
Thus, for each real and stored time command chsnnel, there is & "so-

called "E" opsration and an "F* operation.

B. Reconnaissance data (in digitel form) is read out, by command, from
the payload through one of the redundant mixer-UHF Narrow Band Data

Link Transmitter links.

Co Status/failure telemetry data from the payload and vehicle is PAM
time-multiplexed by one of the redundant PAM multiplexers (selected
by commsnd) snd either read out in real time through the same Mixerw
UHF Narrow Band Data Link Transmitter 1link as (B) above, or when our
of station contact, stored on the Tape RHecordsr for later readout
during a station contact. The recordsd data is read out through a

sepirate VHF transmitter.

D. Acquisition signel transmission is supplied by either the Acouisition

Transmitter or the Dual Frequency Doppler Transmitter,

formation for ephemsris determination iz obtained from rangs plus an-
gle data through the S-Band Beacon Transpondsr or doppler plus angle

data through the Dual~Frequency Doppler Transmitter,
COMPONENT PARTS LIST, FAILURE RATES, AND DUTY CYCLES

A, Command Rsceiver

Quantity A (x 2070/hr.) Apfx 108/hr,)

Transistor 19 0.5
Diocde 11 0-5
Resistor 50 0.5
Cupacitor 108 0.7
Transformer L3 0.5
Crystal 1 0.2

2 he "

At 10% Duty Cycle, 2 ohp ™Y

The primary

Tracking ine

9.5

55
25,
7345
20.5

0,2

T

134.2 x 107
hri

15 x 10‘6/1:: .
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B

C.

Filter (1/2 of Filter Mixer)

Transiator
Diods
Hesistor
Capacitor

Sequence Programmer (LODAP)

Transistors
Diodes

Cepacitors
Inductors

Powar Transformers
Memory Cores
Reglster Cores
Relay (Latching)
Remistors

Power Transistors

_ Power Diodes

D,

E.

Intermediate Storage Unit

Resistors
Capaclitors
“Eransistors
Diods
Transformers

Releys

Power Control Unit

Ralays
Dicdss
Resistors

(x 10°%/0r.)  (x 10-6/hr.

Suantity
27 0.5 13.5
2l 0.5 12,0
9l 0.5 L7.0
Lk 0.5 7.0
Zrp = 110.3 x
¢ lO"g/hr.
% 1/2 Z Np =551 x10%/mn

at 108 Duty Oycle, Z, )\, % 5 x 16 /nr,

480
791
32l
50

3
3177
163
L2
1099
21

7

(Duty Cycle 100%)

{1002 Duty Cycle)

L2
29
L

@ @ ®

L ] L3
QOoOWVNEVNiO O M =1\
i S

®

M

240.0

395.5
226.8

5.0
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F, Mixer (1/2 Filter Mixer)

(Ses Para, III-B)

G, Narrow-Band Data Link Transmitter

Quantity (x 108/nr.)  (x 10°%/nr.)

Resistors 160 05 80.0
Capacitors 113 0.7 79,1
Diodes 101 0.5 50.5
Transistors L9 0.5 k.5
Signal Inductive Devices 35 0.1 3.5
Power " n 9 6.0 54.0
Crystals 1 0.2 0.2
Magnetrons 1 00,0 400.0
2o hp = 691.8 x
P 10-6/hr,

At 10% Duty Oyele, T3, % 70 x 10-6/hr,

He Signal Conditioner

Transistors 180 0.5 90,0
Resistors 990 0.5 - L95.0
Cepecitors 360 0.7 252,0
2.0 ™ 837,0 x
P lo'é/h!'o

Defining success as 604 of all channels
S hp = 502.2 x 10-6/nr,
At 10% Duty Cycle, 3,%p% 50 x 10~6/hr,
I. PAM Multiplexer Type F

Resistors 1125 0.5 562,5
Capacitors 110 0.7 17.0
Transistors L3k 0.5 217.0
Dicdes 6L6 0.5 323.0
Zhr = 1179.5 x
10-6/hre

Defining success as 60% of all chahnels
‘2:: b =4 = 707-h x 10"6/hr.
At 10% Duty Cycle, 2, Npk 70 x 10~%/nr.
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Jo Tape Hecorder Programmer 111 B
Quentity _(x 10-6/hr.)  (x 10~6/hr.)

Transistors 35

Diodes 61 0.5 3.5
Resistors 149 0.5 7h.5
Capacitors L5 0.7 31.5
-8ignal Inductors 3 0.1 0.3
Relays 1 L.0 .0

SN = 188.3 x 107%/br}
(Duty Cyecle 100%)

K. Tape Recorder (AMR~110)

Resistors 60 0.2 12.0
Capacltors

{Gen) 22 0.1 2.2

(Ta) 17 1.0 17.0
Diodﬁs 30 003 9.0
Transistors 15 0.8 12.0
Signal Transformers 2 1.0 2.0
Relays (Cen) 5 L.o 20,0
Coils 6 0.5 3.0
Motors 1 20.0 200,0

S = 97.2 x 10°6/nr}

At 108 Duty Cycle, T, hp & 10.0 x 1078/nr,

L. VHF Transmitter UED

Resistors L1 0.5 20.5
Cepacitors 54 0.7 37.8
Transistors 13 0.5 6.5
Diodes 11 0.5 75e5
Receiving Tubes L 17.5 70.0
Transmitting Tubes 1 100,0 100,0
S5ignal Transformers 17 0.5 8.5
Power # 1 6.0 6.0
Quartz Crystals 1 0.2 0.2
2Np = 255.0 x 10~°/hri

At 10% Duty Cycle, I\, % 25 x 107%/nr,
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Quantity (x 107%/nr.) (x 1078/nry)

M. Acquisition Transmitter

Resistors 6 005 3.0
Capacitors 12 0.7 8.4
Transistors L 0.5 2.0
Diodas 1 0.5 o5
Signal Trensformers 8 0.5 L.0
Quartz Crystal 1 0.2 0.2

(Duty Cycle 100%) 2_Np = 18.1 x

10-¢/hr.
Ne S-Band Bescon Transponder
Diodes 18 0.5 9.0
Transistors 25 0.5 12.5
Resistors 105 0.5 52,5
Capacitors 62 0.7 L3.h
Inductors 8 0.5 k.0
Relays 1 k.o 4.0
Transmitting Tubes 2 100.0 200,0

Sap = 325.4x
<6
10 /hr,

At 10% Duty Cycle, 2., hp & 30 x 10-6/nr,

O, Dual Frequency Dopplsr

{No data available; estim: ted equal to Acquisition Transmitter)
{Duty Cycle 100%) Z;\P% 20 x 10'6/hr.

V. RELIABILITY BLOCK DIAGRAM, MATHEMATICAL MCDELS AND PROBABILITIES OF SURVIVAL

(See Figures 1 through 3.)

VI. DISCUSSION

A. The mission life objective defined by the Samos Project Office for
this series of flights is & vehicle mean-time-to-failure (R(t) O.4
of 30 days for 2301 and 120 days for 2302, within which objective the
C & C Subsystem is required to exhibit a 0.8 probability of survival,
Under the definition of success applicable to the 2301 C & C Subsystem,
the 30 day probability of survival is .L8. Under the definition of
success applicable to 2302, the 120 day probability of survivel is Ok,
The probability that st least one of the two flights will operate
through the mission life objective is A..50.
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Vii.

Viii.

B,

Ce

CONCLUSIONS
&; The Samos 2301-02 C & C Subsystem configuration exhibits an inherent
reliability which yields an operating 1ife (R(t)> 0.8)of epproximately
288 hours under the 2301 definitlon,is spproximately 8LO hours, and
undsr the 2302 dsfinition, 960 hours.
Bo. The most serious relisbllity problem aress are, together with their
failure ratess
LODAP 1590 x 1076/br,
Iat. Storags 6
Unit 48 x 107%/hr,
Taps Recorder w3
Programmer 160 x 10  /hr.
In &ll three casee, the requirement for & 100% duty cycle plus the
component complexities yileld low probabilities of survival for any
length of time,
RECOMMENDATIOHRS

The Emergency Reset Timer (ERT) is here considered as a failure sensing/
switching device. In the event of failure of the LODAP in use to open
its Command Receiver prior to an active pass (thus not permitting reset
of the timer) after a preset period of time has elspsed the ERT will
open both command links, permitting re-entry to the vehicle. There are
two ways such a system can succeed to time t: The first 1ink will op-
erats from t, to t; or it will fall at some time ti_( X; the ERT will
operate frof t, tU™ti, enabling switchover to the~vperating link which
will operate from t,to t. For further discussion of the derivation
‘of the analytic expréssion, see Ronald 0. Andersom, ®inslysis for Space
Vehicle Control System Redundancy.®

The failure rates applled to the piece parts repressnt those approved
by SETD Relisbility for use in interim relisbility analyses. These
failure rates assume an average part derating of O.4 and a part am-
bient temperature of 70°C, In some instances, where avallable in.
formation indicates that such failure retes are inapplicable (by vir-
tue of derating, or plece parts of a known higher than aversge cuslity
level) different failure rates were used, In all cases; the fallure
rates used in arriving st & component failure rate are shown.

If the C & C Subsystem for the F-2 mission is to meet the ultimate opesra-
tional objective of R(t)» 0.8 for ¢ = 8760 hours, the following modifica~
tiona in the program are mendatorys ’ ’

1.

2

Reduction of C & C Subsystem perfommance requirements by st least an
ordsr of magnitude, The subsystem is required to perform too many
functions with too great an accuracy for them to be any hope of the
Subsystem meeting the stated reliability objectives within the state~
of-tha-electronic-art.

Fabrication of all subsystem componsnts from high reliability Minuteman-
type piece parts.
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3. Substitution of redundsnt Command Programmers, fabricated as in (2)
on the preceding page for the LODAP, This will permit eliminatiom
also of the Intermediate Storage Unit and, perhaps, the Tape Recorder

Programmer,

Lo An extraordinery effort to be cgrried out to mature the design and

fabrication processes of the Subsystem,
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