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FOREWORD 

The report presented herewith suminarizea 
the results of the second periodic review of 
the orbit reliability of the F-2 SAMOS config­
uratiQn. This review has been. performed by 
ARINC Research Corporation for the Advanced 
Research Projects Agency under the authority 
of Contract IDA-50-3) issued by the Institute 
for Defense Analysis on 18 May 1959, and 
amended 2 June 1960. It. has been conducted 
in coordination with the Missiles and Space 
Division of Lockheed Aircraft Corporation. 
The first periodic review on the project was 
issued 5 August 1960. The information con­
tained in that report has been updated and 
applicable portion.s are incorporated in this 
document. 

For the most part, the information 
employed in this investigation has been made 
available through the cooperation of the 
Lockheed Missiles and Space Division and the 
Ballistic MiSsile Division of the Air Research 
and Development Command. The assistance of 
theBe agencies is greatly appreciated. 
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.... NOTE .... 

As this report was going into production, the following 
information was received from Lockheed: 

According to LMSD instructions from the Air Force 
(CCN - 41 MSN - BMC - 61 MSN - 2771) against Contract 
AF 04(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 booster system, which differs in 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 unavailability of Atlas 
boosters and pads and the availability of Thor boosters. 

Because the performance of the Thor is 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 reliability 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 solar 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 reliability analysis will 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 satellite uses a different method of recon­
naissance, they are all considered part of the same pro­
gram, because the Lockheed AGENA satellite vehicle and 
auxiliary equipment are common to the various payloads. 
This report is concerned with the F-2 ECM (electronic 
countermeasures) reconnaissance system, which has as its 
object the detection and measurement of parameters of 
pulsed electronic emissions. 

The ultimate design reliability goal for the F-2 ECM 
configuration is a mean time-to-failure of one year in 
orbit, although an interim goal of 20 days in 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 Corporation for 
a study of reliability in the SAMOS program. This report 
describes the results of the second review of the orbit 
reliability of the system as presently conceived 
(Vehicle 2301, Configuration III), and discusses some of 
the major problem areas affecting the present design. 
Through the cooperation of Lockheed Missiles and Space 
Division (LMSD), the ARINC analysis is accompanied by an 
LMSD review and commentary. 

S&QAElu 
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2. Description of the System 

The SAMOS F-2 satellite, as currently conceived, 
consists of a number of subsystems, all vital to the 
mission success of the system. These subsystems are as 
follows: 

Subsystem A -- the vehicle airframe, including the 
hardware used to mate the AGENA airframe to the 
booster. 

Subsystem B the propulsion components, including 
motor and fuel system. 

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

Subsystem D -- the vehicle attitude-stabilization 
equipment, including 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 
d~ta 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. 

Approved for Release: 2017/08/16 C051 00062 
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The predictions of mean life and reliability that 
are presented in this report cover only the orbital phase 
of the mission -- 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. Reliability Evaluation Procedure 

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

Part failure rates provide the basis for the predic­
tions 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 into account such items 
as simple redundant units and specific failure 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) Failure rates are constant with time. 
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Failures are mutually independent. 

Except where noted, mode switching devices are 
failure-free. 

Parts do not deteriorate during "off" periods. 

Several part types have been excluded from 
the analysis. 

All parts are considered essential for success. 

Additional details on the general assumptions may be 
found in Appendix B. 

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

ARINC agrees that rates consistent with those used 
by LMSD are employed in the industry, but these are 
usually derived from data which have been censored to 
eliminate all failures attributable to equipment design 
defic iencies, equipment manufacturing defects, and field 
operational deficiencies. Use of such rates is an ex­
pression of LMSD's conviction that failures 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 LMSD I S confidence :in the 
ability of the equipment manufacturers to achieve such a 
design and manufacturing level at the present stage of 
SAMOS System development. It has been ARINC1s experience 
that, in order to assure such low II catastrophic II failure 
rates, it is necessary to have a long standing part 
standardization program, a rigorous specification program 
requiring larger life-test samples than are provided for 

Approved for Release: 2017/08/16 C051 00062 
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in present MIL specifications, and an adequate period of 
field experience to eliminate design and manufacturing 
deficiencies. ARINC has therefore used, for prediction 
purposes, failure rates derived from field data on new 
systems in the early years of operational usage. ARINC 
believes that these failure rates, based on data that 
include all types of failures, 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 LMSD's. This 
failure-rate conflict is typical of one existing through­
out the industry and originating in the differing view­
points of equipment manufacturers and equipment users. 

4. Prediction Results [
Vehicle 2301, - .] 
Configuration III 

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

Table 1 shows the previous mean time-to-failure pre­
dictions as well as those made in the current analYsis. 
The 20-percent decrease in the ARINC estimate of system 
MTF was caused by two factors: increased complexity due 
'to the addition of parts to many units within Subsystem C, 
and a change in 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 is found inadequate and 
parts are added in order to obtain the necessary improve­
ment in performance. 

SECRET 
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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 Orbit 

Subsystems: 

C 700 3,038 540 

D 1,150 1,750 600 

F-2 1,050 1,190 1,200 

H 520 800 660 

3,400 

3,600 

4,400 

845 

Both LMSD and ARINC have re-evaluated their 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 failure rates 
in the ARINC calculations, while the reduced failure 
rates so outweighed the increased complexity in the LMSD 
calculations that the current LMSD 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 unreliability of 
the SAMOS F-2 System, and should be improved to improve 
the orbital reliability of the system. 

Approved for Release: 2017/08/16 C051 00062 
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Sub tem 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 items, such as non-operational telemetry power 
supplies, so that a smaller number of power-supply units 
would be vital to successful payload operation. 

A critical examination should be made of power con­
sumed by non-essential loads, to appraise the possibility 
of employing dissipative (series type) regulators directly 
off the 28-volt battery without relying on the 2000-cycle 
inverter. It is 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 vehicle configura­
tions. 

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

Subs~tem 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 is 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 is indicated to 
permit identification and elimination of as many modes of 
failure as possible, as soon as possible in the develop­
ment cycle. 

Subsystem H -- Probably the two most fruitful areas for a 
... .... concentrated reliability-improvement effort 
are the LODAP and the narrow-band data link transmitter. 
It is recommended that an investigation be made of the 
possibility of replacing the LODAP with the MIDAS orbital 
programmer. The orbital programmer j s independence of 
stored program commands offers considerable potential for 
reliability improvement. 

Approved for Release: 2017/08/16 C051 00062 
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The UHF narrow-band data link transmitter employs a 
magnetron and a relatively complex power supply to obtain 
the necessary frequency stability. There is an almost 
tU1iversal reliability problem in UHF narrow-band tech­
liques -- a problem involving the trade-off of RF­
r3ircuitry reliability against power-supply reliability. 
'£he current state of the art indicates that VHF trans­
mitters can be made with mean times-to-failure which are 
~n order of magnitude greater than those that can be ob-' 
bainedwith UHF transmitters. An auxilia'ry VHF trans­
mitter has been included as a second back-up for the UHF 
iransmitters in the vehicles under consideration. In 
the interim before development of later configurations" 
the UHF trarrsmitters should be subjected to a rigorous 
life-test program" in order to obtain mature design at 
the earliest possible date. 

Approved for Release: 2017/08/16 C051 00062 
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I.. INTRODUCTION 

1.1 Purpose and Scope of Report 

11 

This report presents the results of the second 
reliability stUdy performed by ARINC Research Corporation 
(ARINC) on the current SAMOS F-2 satellite design, under 
Amendment Number 2 to contract :tDA-50-3, dated 2 June 1960, 
as amended. The report presents predictions by both ARINC 
and the Lockheed Mi'ssiles and Space Division of the relia­
bility of the SAMOS F-2 System in the orbit I?hase, and 
discusses the major differences between the two estimates. 
It is expected that, in general, these differences ~ill be 
resolved as the SAMOS F-2 program progresses. 

The report contains an asses~ment of the reliability 
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 facto~s in the effort to 
achieve the desired goals. The mathematical theory, com­
putations, and assumptions involved in the prediction of 
component and system reliability, along with other sup­
porting data, have been placed in the appendices. 

1. 2 SAMOSF-2 Design Objectives 

The design objective of the SAMOS F-2 System is to 
provide a satellite reconnaissance capability for the 
detection and measurement of parameters of pulsed elec­
tronic emissions on certain frequency bands. This in­
formation will be used to locate areas of possible 
military activity, as well as to provide data for the 
design and operation of eleci;;roriid countermeasure equip­
ment. Data will be collected, analyzed, reduced to 
digital form, and recorded while the vehicle is over an 
area of interest. Read-out of the recorded data will be 
performed while the vehicle is within communications 
range of one of several ground readout stations. On the 

Approved for Release: 2017/08/16 C051 00062 
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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 SAM OS F-2 System - Spaceborne Equipment 

The satellite portion of the SAMO~ system will con­
sist of satellites placed in orbit as required at an alti­
tude of approximately 260 nautical miles. The primary pay­
load of each satellite is the reconnaissance information­
gathering and data-transmission equipment. Additional 
equipment, the proper operation of which is vital for mis­
sion success, consists of the flight control and guidance 
system, electrical power supply and command receiver, and 
decoder and programmer equipment. 

The AGENA, which is the vehicle for the SAMOS system, 
is launched with an Atlas missile as booster. On Atlas 
burnout, the AGENA is separated from the booster and 
coasts up to orbital altitude, meanwhile reorienting it­
self so that the vehicle longitudinal axifr is horizontal. 
On reaching the, programmed altitude, the Bell engine in 
the AGENA is 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 pitch-down rate sufficient to maintain the 
vehicle in accurate orientation with respect to the local 
vertical at all times during orbit. 

Attitude control in orbit 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 pitch 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 with a secondary 
battery bank. The solar array will be extended from the 
vehicle after orbit is achieved, and will be capable of 

Approved for Release: 2017/08/16 C051 00062 
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orientation to achieve the optimum exposure to solar 
radiation. The DC power provided by the solar array and 
the battery bank will be converted to AC and DC power at 
various voltages and frequencies by several' static in­
verters and voltage regulators~ 

For convenient reference, the vehicle equipment has' 
been classified into several subsystems. f· Those which 
will be considered in this report a~e defined as follows: 

Subsystem C: 

Subsystem D: 

Electrical Power Generation 
and Conversion 

Vehicle Guidance and At,titude 
Control 

Subsystem F-2: Reconnaissance Payload 

SUbsystem H: Data Link and Command Equipment. 

1.4 General Basis for Reliability Prediction 

A prediction of system reliability can be made dur­
ing the early development phase of the system if adequate 
information is available concerning design concepts, cir­
cuit configurations, parts to be used, use conditions, 
system tolerances, and design margins. The reliability 
prediction is then based on a knowledge of the relation­
ship which can be expected between system failure and 
part behavior. Parts can fail without producing system 
failures~ and system failures 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 fail­
ure rate of the system due to the' behavior of these parts. 
Assumption of a I-to-l relationship can lead to optimistic 
estimates that cannot be matched in practice. Realistic 
values for the factors relating basic part failure rates 
to system failure rates for a particular system are there­
fore important. 

C, ':,~1 !' "",:'~~::~r::n 
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In the early phases of system development, before 
accumulation of adequate reliability test' data from which 
to determine these factors, it is 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, ship borne, and ground­
based systems, in which weighted failure rates for parts 
have been derived from the results of controlled field 
tests of systems in current production. These weighted 
failure rates have been used with good accuracy in predic­
tions of the r'eliability of new airborne system designs, 
as subsequently verified during reliability bench tests 
and field operations. The weighted failure rates include 
allowance for system tolerance and deterioration failures, 
interactions among parts and components which produce sys­
tem failure, relative importance of parts to system suc­
cess, and the basic part failure rate under specified use 
conditions. A table of part failure rates as used in the 
current SAMOS F-2 evaluation is presented in Appendix A. 

1.5 Prediction Method 

In a preliminary prediction of system reliability 
for use in estimating feasible reliability during the 
early design stage, a reliability block diagram of the 
system is first developed. The block diagram orients 
components within the system, in, series and series­
parallel combinations, for each system function that is 
being evaluated, to reflect design provision for redun­
dancy and switching devices -- and, to the extent prac­
ticable, to show interdependencies among components. A 
parts count is made, by part class, within each component 

,of the block diagram. Component failure rates are esti­
mated by adding failure rates of the parts within each 
component. Component failure rates are then combined, 
taking into account duty cycle and redundancy, to develop 
the estimated failure rate for the system function. 

A summary of the general assumptions underlying 
ARINC1sprediction method is presented in Appendix B. 
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This section presents an evaluation of SAMOS orbit 
reliability~ based on predictions of component and subsys­
tem reliabilities. Two independent sets of pred~ctions 
are given -- one by ARINC and one by LMSD. Detailed anal­
yses of the individual components and other supporting 
data are included in the appendices. 

2.1 Reliabilit 
the 

Block Dia ram for 
System 

A simplified reliability block diagram for the SAMOS 
F-2 orbital system is shown in Figure 3. Subsystems F-2~ 
C,and H perform the functions of acquiring reconnaissance 
data, encoding it~ and transmitting it to the ground 
readout stations. Subsystem D provides attitude stabi­
lization for the AGENA vehicle, which carries the payload. 

ELECTRICAL POWER 
INPUT FROM 
SOLAR ARRAY 

i--j-
SUBSYSTEM C f-o-

L -- - -

ARINC - SAM OS F-2, NO. 2,1/31/61 

_AGENA VEHICL~jAIRFRM1E) - - -l 

I 

I 
SUBSYSTEM F-2 f-o- SUBSYSTE!'1 H f+ SUBSYSTEM D I 

I 
I -\- - -~ - - --- ---.---! 

RECONNAISSANCE 
DATA INPUT 

COllJIiIAND 
m INPUJ. 

FIGURE 3 

DATA 
OUTPUT 

VEHICLE 
STABILIZATION 

SAMOS F-2 SYSTEM, ORBITAL PHASE: RELIABILITY BLOCK DIAGRAM 

C· "':~1 r ~0'::~r:::n 
I '""'-.-..It ,.:',~,,:j '-.. w ~ ~:..- .. ....I 

SkeRS; 
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These subsystems are all considered equally important 
to system success, although partial failures within some 
01' the subsystems, producing varying degrees of system­
performance degradation, can be tolerated to some extent, 
It is assumed, for example, that a failure of one of the. 
two gyros in Subsystem D will prolong the time required 
tor vehicle restabilization following a perturbation, but 
will not otherwise affect system success. No attempt has 
been made to estimate the operational effectiveness of 
partially degraded systems. 

The block,diagram implies an assumption of independ­
ence among SUbsystems. This assumption is adopted for 
the sake of ease in oombining reliabilities to estimate 
the reliability of thesystern as a whole. While it is 
known that the assumption is se1dom entirely valid in re­
lation to complex systems, the error thus induced is usu­
ally small and on the optimistic Side.-

An exponential distribution of the times-to-failure 
of non-redundant components within individual subsystems 
is assumed, except as otherwise noted in the analysis. 
Past observations indicate that this assumption is valid 
for complex components. Redundant 'component configura­
tions are treated at discrete time interVals in order to. 
Permit the application of the product-rule at these time 
inte:r'vals in the combination of redundant and non­
redundant reliabilities. 

2.2 Reliability Evalm tion of Subsystem C 

2.2.1 Reliability Block Diagram 

The reliability block diagram for Subsystem C is pre-, 
sented in Figure 4. Except tor the (+ and -) 28-volt reg­
ulator for the horizon sensor, the components showrt in tl1e 
figure are those currently planned for the F-2 configura":" 
tion. The horizon-sensor power supply will actually be 
a. Type VII instead of a. 1J1ype IV; but since .plans on the 
Type VII power supply are not readily available, it has 
been assumed that the two components are equivalent for 
reliability prediction purposes. 
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The individual elements making up Subsystem 0 have 
increased in complexity during the interim since publica­
tion of the first interim report. This increase in com­
plexity can be noted in the increased parts counts for 
equivalent elements. The parts counts previously employed 
are shown in parentheses in Table 2. 

Spare components in the redundant configurations are 
on a standby basis and are energized bY,a relay if a fail­
ure is detected in the primary component. All components 
not in the standby state have a lOO-percent duty cycle. 
It is assumed that failure of any non-redundant component 
or total failure of a redundant combination will result 
in system failure. The re1iabi1ities of the solar-cell 
array and the seoondary battery were not included in the 
prediction computations, owing to lack of valid ,failure­
rate data on these items. The input power switch and pin~ 
connectors, plugs, and similar types of parts were also 
excluded, since these items operate only once or are no·t 
subjected to stress after orbit is achieved. Owing to 
lack of design information, the array control also was 
omitted from the analysis. These elements will be taken 
into account in the future, by both LMSD and ARINC, as 
data become available. 

The failure rate of each component was predicted by 
adding the estimated failure rates of its constituent 
parts. Because of the extensive redundancy employed, the 
failure rate of the subsystem is not constant, but instead 
increases with time. The prediction will therefore be 
shown in the form of a reliability function, and the mean 
life will be estimated by integrating the reliability func­
tion over the complete time interval (0, OJ ) • 

2.2.2 Analysis of Switching Oircuits 

. RelIabilIty evalUation of the redundant components of 
the subsystem requires a detailed analysIs of the switching 
circuit. There are generally three switching states In­
yo1ved: 

(1) normal operation 

( 2) 

( 3) 

premature operation 

operatIonal faIlure 
required -- i.e., a 

(switching when not required) 

(failure to switch when 
dud) . 
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TABLE 2 

SUBSYSTEM C: P1L~T FAILURE RATES AND NUMBER OF PARTS, BY COMPONENTS 

Number of Parts in Each Component 

28 VDC# 
Type of Part I Rate x 10--"- I Inverter Inverter # Power ~28vDC +28 VDC Refulator Voltage 

Limiter +&~) Limiter 
2 KC Type IV 

(EM424D-2) (EI'1417Aj+ (EM807) 

Power Transistor 40.0 4.0 10 (8) 18 (6) 5 (2) 4 5 (2) 4 1* 

Signal Transistor 6.0 0.8 5 (7) 17 (27) (3) 3 8 (1) 
» Power Diode 3.5 1.0 5 4 3 3 (4) 2 4 » 
"0 "0 
"0 "0 ..., 

Signal Diode 1.7 0.3 3 (6) 31 (30) 10 (12) 2 (1) 10 18 
..., 

0 0 
< 

(4) (4) CD Zener Diode 2.2 5 3 c. (5) 
< 

(4) (2) 7 8 5 CD 
c. - Potentiometer 15.0 2 1 1 2 2 -0 0 ..., ..., 

;U Resistor, Fixed 0.5 (27) (99) 2 (2) 14 (15) 13 (5) 20 (2) 24 1 (1) ;U 
CD 

Capacitor (> 1 MFD) 
} (26) 33 } (48) 6 } (4) 

4 

} 
14 

CD 
CD 16 CD 
Q) (12) (5) Q) 
CJl Capacitor (..<;: 1 MFD) 0.6 2 5 • 13 CJl 
CD CD 

I\) Choke 7. 

3 } 
} (6) 

1 3 (1) } I\) 
a (6) (5) 

(1) 
(1) -l a 

Choke, Light Duty 2.0 0.5 1 2 n -J v' -J -- Transformer, Power 12.0 3.5 : } : } (11) 
3 (1) 1 (1) 2 --a '\i a 

00 (8) ( 5) 00 -- --..... 4.0 1.0 2 ..... 
(J) (J) 

() 
Mag.~Amp. 16.3 5.0 1 (1) 2 (2) (2) 1 ( 1) 1 ( 1) 

() 
a a 
0'1 0'1 

a Solenoid** 36.0 20.0 (2) 2 (2) 2 (2) a 
a Relay 20.0 4.0 1 (1) a 
a a 
(J) (J) 
I\) Crystal, Quartz 2.0 0.4 1 (1) I\) 

} ARINO 770.8 1442.9 8. 496.1 250.5 388.2 448.0 34.9 t 

x LMSD 111.1 215.4 4.0 2.9 74 .0 36.8 63.9 76.9 7.7 

., A failure rate of 1.7 x 10-6 waS used for this transistor since it is only used as a switch . 

** Solenoids shown are not of these inverters, but are in the associated inverter change-over units. These rates were used 
ttl calculating the of the inverters with their change-over units. 

Failure of a Voltage Limiter will result ~n some system degradation, but not system failure. A failure rate of 1.5 (one relay 
computing the system 

A Type IB 400~cycle inverter, similar to Type IA and Limiter is now planned. Details are not currently available. 
f-I 

( ) Parts count ~rom previous analysis. \.0 

# Indicates units added since first period:'c revieW. 
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Also involved is the ability of the SWitch to make and 
mainta~n a good contact (contact ~eliability). A dud 
failure will always result in component failure, whereas 
premature switching will reduce the effectiveness of the 
redundancy application. ,The switching devices in Subsys­
tem C are relay networks in which,the contacts are con­
trolled by either of two pairs of solenoids, the second 
pair being energized if the prima~y component fails. 
Since the various switching failure probabilities are 
Uhknown, and since many combinations of events are pos­
sible, it was decided to simplify the p~edictiort calcula­
tion by limit~ng conSideration to the effect bfprematUre 
switChing due to Solenoid failure. Under theassumptiotis 
that contact r~liability is 1.0 and the probability of a 
dud is zero, the bloCk diag~am for a redundant unit in 
Subsystem C can be drawn as follows: 

where ) 
= Component 

o == Solenoid 

= Relay Contact 

'This configurat ion can be converted to the simpler form 

which, for the standby case, has the reliability function 
for identical compohents 

where A is the total failure rate of two solenOids and 
one component. 

Approved for Release: 2017/08/16 C051 00062 
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2.2 .. 3 Calculation of Subsystem Reliability 

Table 2 lists the number of parts within each 
component, by part type, and gives the part failUre 
rates employed in the 'prediction. Using the estimated 
component failure rates shown in the table, the reli~ 
ability function computed for Subsystem C is equal 1;;0: 

where 

A ::::: sum of the failure rates of the non-J:1edundant 
oomponents 

B ::::: sum of the fai1ure rates of the 2-KC invel:ter 
and the 2-KO limiter 

21 

o = sum of the failure rates of the 400-cYCle inverter 
and the 400-cycle ~imiter 

D ::::: failure rate of the 400-cycle synchronous 
power amp1ifier. 

The equation can be further simplified tQ: 

where 

a I = A + B.+ C + D 

a. =B+C+D 
2 

. a = EC + BD + CD 
3 

a 4= BCD. 

!the subsystem mean time-to-failure (M'rF) , can be Elhown to 
be equal to the following: 

MTF = -=- + a:2 + 2a3 + 6a. 
'a 2 '3 .,.' a I I a, a, 

CC:CQC"T 
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Using the above equations and the ARINC component failure 
rates shown in Table 2, we have: 

R(t) = e-0.003852[1 +0.00274lt +0.000002265t 2 

+ 0.00000000057lt~ 

and the estimated reliability for Subsystem C is 

ARINC 
Estimated MTF = 540 hours 

LMSD 
Estimated MTF 3400 hours 

The predicted reliability functions are shown graphically 
in Figure 5. 

R(t) ARINC - SAMOS F-2, No.2, 1/31/61 
1,0~~--~------r-----~------r-----~-----'r-----'------'------' 
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FIGURE 5 
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2.2'.4 Com arison of Present Prediction 

As, shown above, the present ARINO estimate of the 
mean time-to-failure for Subsystem C is 540 hours, as 
compared to a corresponding estimate of 700 hours in the 
first periodic review. The decrease of 160 hours in the' 

,MTF estimate is attributable chiefly to the addition of 
,(1) the 2-KC limiter, (2) the 28-volt DO regulator 
(+ and -), and (3) greater complexity in the Type III 
28-volt DO regulator. The parts count)3 for the present 

,and previoUs analyses are compared in Table 2. 

2.3 Reliability Evaluation of Subsystem D 

Subsys.tem D maintains. the attitude of the AGENA 
vehicle during the engine-operating, coast, and orbital 
phases of operations. The attitude-sensing element, 
during; the engine-operatirtg and coast phases, is an iner­
tial reference Platform (IRP). Durirtg the orbital phase, 
a horizon scanner provides the pitch sense signal while 
the control-moment gyros (CMGjs) provide yaw and roll 
sense signals .. 

,.~citude changes are accomplished by gimbaling the 
en.gil' ,;,; 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 jets. In orbit, 
a system providing fine and coarse attitude control is 
employed. The cold-gas jet system is used when attitude 
corrections larger than four degrees are reqUired, Vernier 
pitch control is provided by a pitch wheel which is speeded 
up or slowed down to generate the required stabilization. 
When the pitch wheel nears maximum speed in either direc­
tion, the cold-gas system is employed to counteract its· 
momentum so that the wheel does not become saturated. The 
yaw and roll control-moment gyros are constant speed gyros 
with their rotational moment vectors along the pitch axis 
arid their respective gimbal axes along the roll and yaw 
axes; These are single-degree-of-f'reedom ,rate gyros with 
viscous damping. The gyros provide a restoring torque 
when the 'axes of the rotors are not perpendicular to the 
plane of the orbit. When the four-degree limit is exceede~ 
a signal is picked off the gimbal to actuate the gas jet 
system. ' 

c: C'C R C",;' 
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2.3.1 Reliabilit Block Dia ram 
ram 

Figure 6 presents both a reliability block diagram 
and a functional diagram of the attitude control subsys­
tem. Several modes of in-orbit 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 
these two axes, thus permitting recovery from reasonable 
perturbations. The roll and yaw gas jets will handle 
large attitude perturbations during orbit more rapidly. The 

ARINC - SAMOS F-2, No.2, 1/31/61 
RELIABILITY BLOCK DIAGRAM 
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roll and yaw control-moment gyros are essential to 
operation of the D subsystem because they provide both 

25 

a sensing element and at least part of the control 
function; but for purposes of this analysis, it is assumed 

,that only one is required. 

~able 3, together with the attached notes, Shows the 
limitations placed on the attitude control subsystem when 
various portions of the subsystem fail. ,The: one indi.s­
pensable unit is the horizon scanner. 

The cold-gas system is considered essential in 
.handling the initial task of orbital oriehtation and es­
·tablishnlent of' pitch·rate. Once the initial orientation 
phase of orbital flight has beeh accomplish~d, the cold­
gas system should remain "relatively inactive. 

:2.3.2 Oalculation of ' SubsIst em Reliability 

Table 4 shows the parts count by block in the reli­
'abili ty diagram. The foilowing reliability mathematical 
model was developed, with all indicated redundancy 
oounted as active: 

where 

RA ::::: 

RB :::::: 

RC .= 

Rn :::::: 

redundant portion of horizonscahner. 

non-redundant portion of horiZon scanner. 

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

roll CMUmultiplied by pre-amplifier, in 
parallel with yaw eMG multiplied by pre,.. 
amplifier 

RF = roll and yaw gas' channel electr~:mics. 

The estimated mean time-to-failure for the subsystem 
1'a as follows: 

ARINO LMSD 
Estimated MTF ; 600 hours Estimated MTF = 3600 hours 

cc:enCT. 
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LIMITATIONS 
BY FAILURE 

Element 

Horizon Scanner 

PUch Gas Channel 
~.--... -"-." 

Pitch Wheel & Electronlcs 

Roll CMG 

Yaw C]\lG 

Roll & Yaw 
Gas Channel 
Electronlcs 

G·as Supply 

Limitations by Mode 

r.'~.~~~ ,r, ~'~~~~~~ 
v.:....V"-l·.v...,;,ij ~_J 

TABLE 3 

IMPOSED ON ATTITUDE CONTROL SUBSYSTEl\l 
OF VARIOUS PORTIONS OF THE SUBSYSTElVj 

]\10 de of Operation 

IT-=r 2 3 4 5 

X X X X X 

X X X X 

X X X X 

X X X 

X X X X 

X X X X X 
(Yaw) ( Roll) 

X X X X X 

1. Entire subsystem operable. 

2. Pitch wheel does not over speed. 

3. Reduced pitch accuracy and rapid depletion of cold gas. 

4. If pitch wheel is operating at relatively high speed, it will 

6 

X 

X 

X 

X 

X 

X 

tend 
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 am)lifier fails, a roll (or yaw) correction will 
result in a yaw (or roll reaction as well. 

7. Unless a relatively large perturbation in attUude is introduced, these 
elements are sufficient to maintaln system attitude. The failure of 
any reaction-correction devices in othel" subsystems can introduce per-
tUl"bation .vhich will l"equire a relatively long tlme for the gyros alone 
to correct. The limlted speed of the pitch wheel must be remembered. 
Solar array reorientation is not possible. 
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TABLE 

SUBSYSTEM D: PART FAILURE RATE AND NUMBER OF PARTS, BY COMPONENTS 

Type of Part 

Capacitors, Gen. 

Capacitors, Tant. 

Diodes, Signal 

Diodes, Zener 

Gyro, Control Moment 

Motors, AC 

Relays, Gen. 

Resistors 

Potentiometers 

Transformers 

Chokes (Light) 

TranSistors, Sig. 

Transistors, Pow. 

IR Cells 

Pitch Wheel 

Total 
Rate x } 

Part Failure 
Rate x 

0.6 

5.0 

1.7 

2.2 

91 

88.0 

20.0 

O. 

15.0 

4.0 

2.0 

6.0 

40.0 

2.0 

88.0 

ARINC 

LMSD 

0.1 

1.0 

0.3 

0.5 

10.0 

4.0 

0.2 

1. 

.0 

0.5 

0.8 

.0 

0.1 

45.1 

Horizon Sensor 

Roll** 
Per Series Error 

Pitch 
·Wheel 

Amplifier 
Channel Circuitry Signals 

10 

18 

1 

9 (1) 

1 

860.7 

154.3 

4 

16 

39 

.3 
84.3 

5) 8 (8) 

5 

14 

5 

181.0 

4 

5 } ( 

(1) 

2) I 20 

1) (1) 

( 3) 2) 

n 

9 

2 

~ } (11) 

577.5 
113.2 

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

Gas 
Channel 

Amplifier 

23 ( 

40 (40) 

30 

16* (1) 

198 

3 

9 

31 

(3) 

21) 

863.8 
113.2 

** Required to furnish Roll 
control function Subsysterr> 

to Subsystem F-2 Attitude Converter not part of 

( ) Indicates part count in first periodic review. 

Pre 
Amplifier 

1 

1 

8 

1 

7 

2 

2 

3 

80.9 
12.8 
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---::J 
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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 
ACsigna1s to DC signals, and vice versa, to form a series 
of analog 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 signal to operate gas jet solenoids .. 
A dead band is necessar¥ for small corrective signals 
(less than four degrees). Also necessary are a region of 
proportional control, including a time constant, and a 
saturation region for unduly large correction signals. 
All of the required performance except the time constant 
can be achievea on the signal in Ac form. It is suggested 
that LMSD study this approach to determine whether a re­
duction in complexity can be achieved. As an alternative, 
a scheme might be devised to turn the gas channel amp1i­
,fiers on and off, either on real time command or at infre­
quent periodic 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 sensor on the relia­
bility of the subsystem are so severe that reduction of 
the failure rates of these components by a factor of two 
would improve the subsystem mean life by a factor of two. 
Figure 7, which presents the LMSD 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 minus the two high-fai1ure-rate items). 

2.3.3 

The estimated reliability of Subsystem D has been 
affected by a change in the mathematical model and changes 
in the part counts of the individual circuit elements. 
The ARINCMTF. 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 accurate model. 
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The LMSD estimate 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 various part types. 

2.4 Reliability Evaluation of Subsystem F-2 

2.4.1 Configuration and Reliability 
Block Diagram 

ARINC1s previous reliability analysis of the F-2 
Subsystem was based on the configuration to be employed 
in Flights 1 and 2. These units, which are to remain un­
changed, are now under construction for early delivery. 
The advances in configuration and in development of im­
proved circuitry which have taken place in the interval 
since the analysis of the Flight 1 and 2 version are 
presently being incorporated into equipment 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 

Frequency 
Bands 

Parameters of 
Intercepted 
Signal 
Measured 

ord/ 
rcept 

Flights 1 and 2 

1 - 2500 to 3200 MC 

2 - 9000 to 10,000 MC 

(a) PRF - 1 

(b) PRF - 2 

(c) Pulse Width 

50 Bits 

Flights 3 and 4 

1 - 2500 to 3200 Me 

3b - 130 to 290 MC 

3c - 290 to 650 MC 

(a) PRF - 1 

(b) PRF - 2 

(c) Pulse Width 

(d) Pulse Amplitude 

(e) Pulse Amplitude 
Difference 

(f) Non-Uniform PRF 

(g) Sequential Pulse 
Detection 

69 Bits 
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Figure 8 is a reliability block diagram of the 
Subsystem F-2 configuration for Flights 3 and 4. The 
heavily outlined items with 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 I and 2 ,equipment but was omitted 
from the previous analysis. 

Each frequency band has two receivers and a common 
local oscillator. The receivers cover their frequency 
range in approximately seven seconds. The bands are 
covered in sequence. The antenna on the signal channel 
is highly directional, while the antenna on the inhibit 
channel has a broader directional pattern. The sensi­
tivity of each receiver is adjusted so that an on-axis 
signal produces a higher output from the signal receiver. 
A signal from a source that is off the antenna axis by 
more than approximately 30 degrees will produce a stronger 
signal from the inhibit channel than it will from the 
signal channel. An amplitude comparator starts the data 
processor when the output of the signal receiver is 
greater than the output of the inhibit receiver. 

The data processor converts the output of the ampli­
tude comparator into a digital word which is stored in a 
start-stop tape recorder. Time and vehicle attitude. are 
entered on the tape. A read-out of the tape is executed 
upon receipt of a real time command from Subsystem H. 
The digital 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 circuitry have been omitted from the F-2 analysis. 

2.4.2 Calculation of Subsystem Reliability 

In computing the reliability of the F-2 payload 
package in the first evaluation of SAMOS F-2 reliability, 
notice was taken of the steps which Airborne Instruments . 
Laboratory (the Subsystem F-2 sUbcontractor) was taking 
to ensure the reliability of the equipment. These steps 
included rigid design specifications covering component 
derating and a design revieW program in which all audio 

..cC"l"OeT 
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and digital circuits were checked with all pos~ible 
combinations of high and low limit parts. For this rea­
son, the predicted failure rates of all parts in analog 
applications were reduced by an arbitrary factor of three 
in the F-2 package only. In the current analysis of the 
over-all SAMOS system, more recent failure-rate data have 
been used, and it has been noted that most contractors 
are now implementing reliability programs similar to that 
used by AIL. For this reason, the analog part failure 
rates for semiconductor devices have been, substantially 
reduced from those used in the previous analysis, and the 
reduced rates have been applied for the entire SAMOS sys­
tem. Therefore, the special correction is no longer be­
ing applied to the payload alone. 

The reliability function forSubsystem F-2 is, of 
course, dependent on the definition of subsystem failure. 
At this time, no information is available on the amount 
of degradation that can be tolerated in the recei"ver por­
tion,nor is information available regarding the effect 
on subsystem performance if a particular analyzer or com­
bination of analyzers fails. Because ilimportance factorsll 
for these components cannot be assigned at the present 
time, it was decided to make the prediction on the basis 
of a lOO-percent information-return requirement. There­
fore, the results will be peSSimistic if it proves pos­
sible to lose some components and still have what can be 
considered a lIsuccessfulli 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 obtain position, 
and so are necessary for the success of the mission. If 
a PRF measurement is misSing, the effectiveness of the 
system will be limited but some degree of success may 
still be possible. A similar situation exists with re­
spect to other individual measurements shown in Table 7. 
All measurements shown for Flights 1 and 2 are considered 
necessary for success. A later section of this report . 
shows that the probability of success in obtaining any 
one measurement is so heavily weighted by the Serial 
equipment that the unreliability of individual measurement 
devices has a relatively small etrect on the overallsys­
tern reliability. 

sCC-CQCT 
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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 

where 

AI 

A 2 

= sum of the failure rates of all receiver 
components. 

sum of the failure rates of all data-processor 
components. 

As = sum of the failure rates of the read and 
write channels. 

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

Using the ARINC component failure 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) = e -0.001330t (1 + 0.000821 t) 

(2 e -0.000094 t _ e -0.000188 t ) 2 
, 

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

ARINC Estimate LMSD Estimate 
MTF = 1200 orbital hrs. MTF = 4400 orbital hrs. 

The reliability functions predicted for Subsystem F-2 
are shown in Figure 9. 

Approved for Release: 2017/08/16 C051 00062 



r 
I 35 

2.4.3 

In the previous review of this subsystem, ARINC 
predicted a mean life of 1025 hours. The dashed line in 
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 analysis was based on a series path includ­
ing one receiver and the appropriate components in the 
data processor on a standby redundant basis, the recorder 
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TABLE 6-A 

SUBSYSTEM F-2; RECEIVERS, RECORDER AND POWER SUPPLY, (FLIGHTS 3 & 4): 
CDMPONENT AND PART FAILURE RATES: NUMBER OF PARTS BY COMPONENT 

W 
0\ 

I 
Part Failure Receivers, Amplitude-Comparator Recorder Power 

Type of Part I Rate x 10-6 and Control Tape Supply Read & Write Drivet 
Band It Common per Recorder Amplifier +12 Volts 

ARINC LMSD Band 3b t Band 3c Bandt Control* t (redundant)t 

Capacitor: 
General < 1. 0 I-Lfd 0.6 0.1 23 13 87 36 5 
Tantalum >1.0 I-Lfd 5.0 1.0 15 8 

I I 
8 

Coil, Inductanceq 2.0 0.5 25 11 57 1 

Diodes: 
Signal < 1. 0 w 1.7 0.3 4 It )~ 51 54 2 » » Power> 1.0 w 3.5 1.0 ~ 4 

"0 Zeners 2.2 0.5 4 "0 
"0 

I 
"0 ..., ..., 

0 0 
< Klystron 23.9 23.9 1 < 
CD CD 
C. Motors, AC 88.0 20.0 1 C. - 0 Motor Drive C1 -0 

loJ 
0 ..., 400 cps - 3 Phase 88.0 20.0 1 
..., 

:::0 1,1 C) :::0) 
CD (=) Relays, General 20.0 4.0 It 2 5 L~ *1 CD e~ Q) 

Resistors: 0.5 0.2 3 2 192 113 34 9 21 It""-' ):s el, CJl o'_:-)lr C) CD C.) CD. 

I\) Transformer: C) ~J 
0 c-) Power/pu1se )+.0 1.0 1 1 1· ~ ., 0 

-J ~ 
j ! RF or IF It.O 1.0 4 4 --d i~1 r-:;-:..-..., -- L1 gl 0 

~",,--,-... 
00 L1 Transistor, Analog; 

U -- <1.0 w 6.0 0.8 1 40 --...... U ...... 
(J) (J) 

() Transistor, Digital: () 
0 Signal < 1.0 w 1.'1 0.8 24 4 1 4 0 
0'1 Power> 1.0 w 40.0 4.0 6 2 4 0'1 

0 0 
0 Trans. Tube 23.9 23.9 1 1 0 
0 0 
(J) 

Shaft Encoder** 
(J) 

I\) 1.0 1.0 1 I\) 

Over-all Failure Rate } ARINC 30.7 94.1 TT .5 785.8 325.7 314.2 281.2 2lt6.1 
x 10-6 Li'VlSD 25.1 21.4 36.3 184.8 8lt.6 44.1 52.6 38.9 

} ARINC 

I 
9.2 

I 
28.2 23.3 235.7 97.7 9lt.3 8lt .J~ 73.8 

30% Duty Cycle Li'VlSD 7.5 6.4 10.9 55.4 25.4 13.2 15.8 11.7 

* 4FF & 4EF 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). 

Units employed in Flight (1 & 2) Configuration. (Band 1 & 2 were considered.) 
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'rABLE 6-13 

SUBSYSTEM F-2 DATA PROCESSOR, (FLIGHTS 3 & 4): COMPONENT AND PART FAILURE RATES: NUMBER OF PARTS BY COMPONENT 

Part 
Type of Part COIfu'11on PRF PRF PW. Non- PA 

Clock Coun- uniform PA DLi'ference Attitude 
ARINC LMSD 10 KCt tel' It PRF Digitizer Digitizer Converter 

<1 0.6 0.1 40 74 61 41 14 
Tantalum > 5.0 1.0 5 12 20 

Coil, Inductance 2.0 0.5 1 

Crystal, Quartz 2.0 0.4 1 1 

Delay Line 4.0 2.0 3 2 

Diode: 
Signal < .0 w 1.7 0.3 82 66 106 30 289 101 76 3 109 108 8 

Resistor 0.5 0.2 101 70 132 72 238 177 148 55 163 246 42 

4.0 1.0 1 3 5 3 2 

1.7 0.8 24 20 33 29 54 54 46 14 37 70 14 

Over-all Failure Rate } ARINC 345.1 205.2 366.1 219.9 771.5 474.6 426.0 78.4 388.1 530.8 74.8 
x 10-6 LMSD 86.3 53.8 96.9 67.7 189.9 134.4 120.3 27.1 105.3 156.8 25.4 

} ARINC 103.5 61.6 109.8 66.0 231.5 142.4 127.8 23.5 116.4 159.2 22.4 
30% Duty Cycle LMSD 25.9 16.1 29.1 20.3 57.0 40.3 36.1 8.1 31.6 47.0 7.6 

t Un1ts employed in Flight (1 & 2) Bonfiguration. (Band 1 & 2 were considered.) 
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circuitry, and the power supply. (Components considered 
for the non-uniform PRF path are indicated with an fiX" 
in Figure 7.) The results of these computations were 
plotted and are shown in Figure 10. The individual reli­
ability functions all fall in the small band indicated. 
The total failure rate of the serial equipment is so 
overwhelming that the failure rate of the measurement 
circuits, 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) 
1.0 

ARINC - SAMOS F-2, NO.2, 1/31/61 
----,-------.-------,-------.--------,---~----~~~~------, 

0.8 

0.6 

0.4 

0.2 

o 

USE Cm1]\lON 
S'[,EERING PULSES 

MTF ~ llOO HOURS 

1 - Sequential Pulse, 

2 - Pulse Width, 

3 - PAD Digitizer, 

4 - PA Digitizer, 

5 - PRF #2, 

6 - PRF #1, 

7 - Non-Uniform PRF, 

23.5 x 10-6 

66.0 x 10-6 

127.8 x 10-6 

142.4 x 10-6 

109.8 x 10-6 

61.6 x 10-6 

= 231. 5 x 10-6 

[

Computations based on Band 1 Receiver.] 
Calculations for othGr bands Droduce 
only negligible differences. ~ 

----'-_._--'---------',------'---------'- -----
400 800 1200 1600 2000 
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FIGURE 10 

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

The reliability improvements that will most affect 
the system reliability will be those associated with the 
serial equipment. An examination of the failure rates of 
individual elements does not indicate a wide variation; 
therefore, further improvement in reliability must be 
based either on elimination of serial equipment or on im­
provement in many individual elements. This analysis is 
optimistic, in that the individual series elements in the 
data processor were considered individually redundant. 

TABLE 7 

PROBABILITY OF SURVIVAL ASSOCIATED WITH PRF CIRCUITRY 
(ARINC ESTIMATES) 

Probability of Survival 
--------

Time - in Total Non-Redundant Redundant 
Orbit Hours Serial Non-Uniform Non-Uniform 

Equipment PRF Equipment PRF Equipment 

0 1.000 1.000 1.000 

200 .832 .935 .998 

400 .691 .875 .992 

600 .573 .818 .982 

800 .475 .765 .970 

1000 .393 .'TI5 .955 

1200 4325 .669 .938 

l1i-00 .268 .626 .919 

1600 .221 .585 .899 

1800 .182 .547 .877 

2000 .150 .512 .855 
I 

~f!~-:~~n 
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2.5 Reliability Eval~ation of Subsystem H 

The analysis of Subsystem H reliability presented 
in this section of the report is essentially ARINC's, 
although some commentary on the LMSD analysis is included. 
The complete LMSD analysis of this subsystem (whiCh is 
referred to, in the most recent LMSD documents, as the 
C & C -- command and communications subsystem) is 
available in Appendix: C. 

IMSD's analysis of Subsystem H was not completed in 
suf'ficient time to permit reconciliation of differences 
between LMSD and ARINC with respect to the reliability 
models employed and the parts counts for individual units. 
Many of these differences are recognized as resul tl.ng 
from differences in a few of the basic assumptions made 
by the two organizations. Examples are given below, in 
the discussion of the reliability block diagram f'orthe 
subsystem. It is gratifying, however, that desp1te th~se 
differences, the two analyses lead to the same general 
conclusion as to the portion of the Bubsystem making an 
undue contr:lbution to unreliability. 

2.5.1 Re11ability Block Diagram (ARINC) 

The functions of the equipment compriSing Subsystem H 
are the transm1ssion of data from the veh1cle to the 
ground, and the decoding and execution of" command signals 
.from the ground to control the vehicle electron1c eqUip­
ment. The reliabi 11 ty block diagra.m of this sU}"iSystent is 
shown in Figure 11. 

Data Transm1ssion: Operat1onal data :front the pay­
)load are transmitted in two forms: the d1g1tal signal 
read-out from the tape recorder in the payload, and ap­
proximately 17 operat10nal telemetry channels used 1n 
adjustment and trouble diagnos1s of the receivers and 
data processor. The digital data are transmitted d1rectly 
by Ia. narrow-band data-link transmitter, with a spare 
transmitter provided as back-up. The operationalte:1em:~ 
etry channels, together with a number of· other telemetry 
channels, are time division multiplexed by a 256-channe·l 
mul tfp,lexerJ' the output of which is also connected t(!) the 
narrow-band (1 Me) transmitter. In: addition to the two 
marrow-band UHF' transmitters,. a VHF transmittex> is also' 
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provided for transmission of teiemetry data oniy. There 
is also a standby multiplexer. Ohangeover to the standby 
transmitter and multiplexer is effected by ground command. 

LMSD included more of the data-transmission equipment 
in its calculations than d1d ARINO. Specific 1nstances 
are as follows: 

1) 

2) 

In 1ts reliab1lity analysls, LMSD considered 
60 percent of the available telemeter channeis 
essential to success of the subsystem. While 
recogn1z1ng the usefulness of the vast number 
of channels employed for the retr1eval of eng1-
heer1ng data, ARINO does not regard them as 
essent1al to the primary reconna1ssance mission. 
Hence, 1n 1ts calculat1ons, ARINChas restricted 
cohs1derat1on of the telemeter channels to 10 
specif1c channels of the PAM multiplexer.·· (It 
may be po1nted out that, 1n either case, com­
plexity -- and, therefore, rel1ability -- in­
creases w1th the number of ava1lable channels. 
The t1m1ng circu1t becomes more compl1cated, 
and must always be accounted for as aser1al 
1tem 1n the analys1s.) 

Included in the LMSD analys1s were a telemetered 
slgnal tape recorder, a recorder programmer, and 
a VHF transm1tter. These 1tems permit the re­
cording of telemetry data while the veh1cle is 
out of contact w1th the ground controlstat1ons, 
and subsequent read-out of the data while the 
veh1cle 1s 1n commun1cat1on with the ground con­
trol stat1on. ARIMO, cons1der1ng this feature 
non-essential to the reconnaissance mission, has 
not 1ncluded these 1tems 1n 1ts calculat10ns of 
subsystem rel1ab1lity. 

For vehicle locat1on and tracking, Subsystem H aiso 
1hcludes a VHF acqu1s1t1on transm1tter and an S-band 
transponder beacon. A decoder has been added to the 
beacon, but was not 1ncluded 1rt the analysis. The de­
coder p);,ov1des e1ght on-off real t1me command circu1ts. 
These eight channels will be employed for emergency­
command sw1tching power for d1agnost1c- purposes 1nthe 
event ofa failure. . 

Approved for Release: 2017/08/16 C051 00062 



Approved for Release: 2017/08/16 C051 00062 
COCOi\L f 

D~Clt~8Srp~~ij' 
43 

The various receivers and transmitters are connected 
to the appropriate antennas by a series of duplexers and 
coaxial relays. The duplexers have not been included in 
the reliability calculations~ inasmuch as they consist of 
passive RF elements. 

3) Another difference between theLMSD and AEINC 
analyses is in the parts counts for the PAM 
mul tiplexer signal conditioners., Depending on 
the signal level of the sensor, either of two 
separate varieties of signal conditioners is 
employed. For signal sources of five-volts 
maximum value or above, a passive scaling cir­
cuit composed of resisto~s and capacitors is 
employed as a signal conditioner. Low-output 
sensors (less than five-volts maximum amp Ii tude), 
such as thermocouples, resistance thermometers, 
strain gauges, etc., require an active amplifier 
circuit between the sensors and PAM multiplexer 
input. ARINC, in checking throl~h the telemeter 
channels it had selected as essential, found 
that amplifiers were not necessary. LMSD, as 
explained above, included a greater numbe~ of 
TM channels, and many of these included active 
amplifiers. 

Commands: Control of the vehicle and payload equip­
ment s exerc sed through a system of command receivers, 
filter-mixers~ and command decoder-programmers. The com­
mand decoder-programmers are referred to as LODAP 
[(Lockheed Decoder and Programmer)]. In the normal mode 
of operation, signals from one command receiver are passed 
through a filter-mixer, in which filters extract the con­
trol tone pulses from the composite signal. The resultant 
pulse train is applied to the input of the operating LODA~ 
which is essentially a digital decoder and memory device. 
The LODAP circuitry decodes the digital work formed by 
each pulse train, checks it for the correct address, and. 
determines from the word whether the command is to be 
executed on receipt (real time command) or performed at 
some later time (stored program comJnand). The stored pro­
gram commands are read into the LODAP memory for execution 
at a time determined by the time label in the command word. 

The outputs of the LODAP are the contacts of 21 DPDT 
relays for real time commands (RTO) and 13 DPDT relays 
for stored program commands (SPC). These outputs are 

SIDQRFT 
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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 circuitry which responds to one par­
ticular RTC from either 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 switching to a standby LODAP to replace a 
failed unit. 

As mentioned previously, the normal mode of opera­
tion consists of one command receiver driving one LODAP 
through an associated mixer-filter unit.SPC's from the 
LODAP in use will turn the command receiver and the 
LODAP's own decoder equipment on and off at appropriate 
times, and will also command the various vehicle and pay­
load functions. Failure of the selected command receiver 
to come on may thus be due either to failure of the re­
cei Vel" itself or to failure of the LODAP circuitry whi,ch 
is supposed to turn the receiver on. 

An emergency reset timer monitors both the main and 
the standby command receivers. If neither of these re­
ceivers has received a signal for a pre-set interval, 
the timer activates an emergency circuit, applying power 
to both receiver-mixer-LODAP chains. Each LODAP has a 
different address. By sending a succession of RTC's to 
the vehicle, using the two addresses alternately, and ob­
serving from the transmitted data whether or not the com­
mands are being performed in the vehicle, it is possible 
to determine which receiver-mixer-LODAP chain has failed. 
When the fault has been thus localized, the surviving 
receiver-mixer-LODAP chain may be used to switch the 
alternate equipment off and resume the normal mode of 

. operation. 

2.5.2 Calculation of Subsystem Reliability 

Table 8 gives the parts count and part failure rates 
of Subsystem H components. Except in the case of the 
emergency reset timer, it was assumed that redundant 
switching is failure-free. Because the L0DAP, a rela­
tively unreliable component, is used to perform switching 
through real time commands, this assumption leads to op­
timistic results with respect to the reliability improve­
ment obtained through redundancy. The corr~ands exercised 
through the beacon-decoder can be employed to provide some 
redundancy. 
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TABLE 8 

SUBSYSTEM H: COMPONENT AND PART FAILURE RA'I'Esli; NUMBER OF PARTS BY COMPONENTS (F-2 CONFIGURATION) 

Number of Parts in Each Components (ARINC) 

Type of Part Int. 
storage 

Unit 

Emer­
gency 
Reset 
Timer 

Power 
Control 
Unit 

Coax 
Relays 

Signal, 
Control 
Channels 

pAWl 
Multi­
plexer 

N.B.D.L. 
Tx. 

Acq. 
Trans­
mitter 

S-Band 
Beacon 

Signa 1 Tran­
sis tor Analog 

Signa 1 Tran­
sistor Digital 

Power 
Tx'ansistor 

Signal Diode 

Power Diode 

Zener Diode 

Resistors 

Potentiometer 

Capacitor 
Tantalum> 1l1fd 

Capaci tor < Ill-fd 

Transformer 
Power-Pulse 

Transformer 
Signal or IF 

Coil 

Mag Amp. 

Choke, 
Iran Core 

Relay, Gen. 

Relay, Spec. 

Relay, Coax. 

Register Core 

Crystal 

Tube 

Duty Cycle 

1.7 

40.0 

1.7 

3.5 

2.2 

0.5 

15.0 

5.0 

0.6 

12.0 

4.0 

2.0 

16.3 

7.5 

20.0 

2.3 

125.0 

4.0 

2.0 

QJ 
<J) 

Ul 

Failure Rate corrected} ARINC 
for Duty Cycle .x 19-6 UoISD 

11 

2 

53 

7 

86 

4 

40 

10% 

37.6 
15 

2 

12 

10 

6 

10% 

12.8 

5.0 

2 

882 

7 

1206 

325 

241 

20 

26 

108 

100% 

2120 

1588 

48 

235 

63 

75 

124.2 

148.7 

20 

50 

77 

113 

29 

26 

2 

25 

2 

~ The following components are not included in the prediction: VrlF/S-Band Duplexer, Receiver Duplexer, 
Receiver Duplexer, and u~F Diplexer~ 

104 

210 

13 

264 

46 

8 

38 

34 

6 

36 

9 

30 

208 

7 

57 

93 

6 

11 

30 

2 

10 

2 

4 

5 

11 

8 

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

Y 'ren (10) of two hundred and fifty-six (256) channels; and, three (3) of eight (8) nip-flops are considered in the part count. 

~ One (1) magnetron at 1660 x 10-6 , 

21 One (1) 6771 at 309 x 10-6 ; one (1) M-471 at 309 x 10-6 . 

n .... n 
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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 is based on the fact that the ve­
hicle is 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 diagram. At first appear­
ance, it would seem that the VHF transmitter acts as a 
spare for the 'two UHF data-link transmitte:rs. However,. 
the information available at,this time indicates that the 
VHF transmitter will handle the digital data output only; 
it will hot handle the operational telemetry channels 
necessary to perform :receiver adjustments to obtain the 
data. Since, at the time of the earlier an~lysis,-it was 
not known whether the VHF transmitter would be :required 
in the operatiohal system, ARINO calculated the predicted 
reliability function twice, first including the VHF trans­
mitter as a series element and then omitting it entirely. 
The reliability function for the subsystem as a whole was 
not seriously affected by either the inclusion o-r the 
omission of this transmitter. For the present estimate, 
the VHF transmitter was excluded from the analysis. 

The predicted reliability function for Subsystem H 
obtained by use of the ARINO 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 functions predicted 
by LMSD. Derivation of these functions is explained in 
Appendix D. 

2.5.3. Com arison of Present Prediction of 

During the interval since the previous analysis of 
this subsystem, its estimated mean life, as predicted by 
ARINC, has increased from 540 to 560 orbital hours. The 
change is due partly to the lower failure rates employed 
in this analysis and partly to changes in parts counts. 

Approved for Release: 2017/08/16 C051 00062 



R(t) 
ARINC - SAMOS F-2, NO.2, 1/31/61 

1.0~--------,---------.---------.---------r-----~--r-~~~~ 

0.8 

0.6 

0.4 

MTF = 560 ORBIT 

0.2,-
HOURS 

o 500 1000 

LMSD ESTH1ATES 

MTF = 840 ORBIT HOURS 

MTF = 960 ORBIT HOURS 

1500 

t IN ORBIT HOURS 

FIGURE 12 

2000 2500 

SUBSYSTEM H: PREDICTED RELIABILITY FUNCTIONS 

3000 

The LODAP is responsible ror most or the unreliability 
associated with Subsystem H. A railure in the LODAP units 
results in loss or command or the vehicle. One reature 
or the LODAP contributing to its unreliability is the rel­
atively large amount or serial equipment necessary to the 
operation or the unit. An orbital programmer which has 
been designed ror use on the MIDAS Satellite reatures very 
little serial equipment~ and can be made highly reliable. 
The dirrerence~ rrom the reliability viewpoint~ consists 
in the ract that a malrunction in the LODAP is likely to 
arrect all commands, while a malrunction in the orbital 
programmer arrects only one speciric 'command. The present 
capability or 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. 
Ir the SAMOS F-2 requirement cannot be reduced to the 

GsePk., 
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present capabilities of' the orbital programmer, the 
orbital programmer could be increased in capacity to 
32 real time commands and 15 stored program commands by 
the addition of' another digit in the channel address. 

A f'ailure-rate analysis indicgtes that most of' the 
LODAP's f'ailure rate of' 2120 x 10- per hour is due to 
the serial equiPment'

6 
The orbital programmer has a fail­

ure rate of' 251 x 10- lJer real time command unit (32 .. 
commands) and 417 x 10~ per stored program command. Ap­
proximately 50 x 10-6 in each of' these two f'ailure rates 
is due to the f'ailure rate of' the serially 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 is lost; and that stored­
program-command channel is not employed in f'uture opera­
tion, thus causing a slight increase in the f'requency 
with which it is.necessary to transmit commands to the. 
vehicle. On the other hand, in the LbDAP, since most of 
the equipment is serial, all capabilities are lost if' one 
is lost. 

Analysis indicates that the situation with respect 
to real time commands is similar to that just described 
f'or stored program commands. In addition, it is inter­
esting to note that the f'ailure rate of' the over-all 
beacon-decoder with a 10-percent duty cycle is 1615 x 10-6 
per hour, or 161.5 x 10-6 when considered in terms of' 
ortiba1 hours. It is reasonable to expect that the eight 
real time commands associated with the beacon-decoder will 
be available f'or the lif'e of' the payload. 

ARINC is in complete accord with LMSD's conclusion 
that the complexity of' Subsystem H must be reduced in 
order to achieve the one-year reliability goal for the 
system (see Appendix C, Section VIII, Paragraph 1). ARINO 
would favor an approach.that would completely separate 
the command and telemetry channels used f'or reconnaissance 
f'rom those used to obtain strictly engineering information, 

::so that the reconnaissance system operational requirements 
only would contribute to the complexity of' tl:le hardware 
being.developed f'or ultimate use. This approach would 
lead to the earliest maturity date f'or the f'inal hardware. 
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2.6 Orbit Reliability of the SAMOS F-2 System 

2.6.1 Calculation of System Reliability 

49 

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-failure 
of the F-2 configuration is approximately 210 hours in 
orbit.* In making this prediction, it was assumed that 
any failure in the F-2 subsystem would be considered as 
a complete failure of the system. If partial operation 
of Subsystem F-2 can be tolerated, the system mean time­
to-failure will be slightly higher. As ~igure 13 shows, 
the payload is far from the major contributor to system 
unreliability, even when the first failure in the pay­
load is used as a criterion of system failure. 

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

2.6.2 of SAMOS F-2 
iction 

Table 9 shows the estimated mean times-to-failure for 
each of the subsystems and for the system as a whole, as 
predicted previously and>as currently predicted. It is 
evident that the largest gains in reliability can be . 
achieved by improving the reliabilities of Subsystems 0, 
D, and H. 

'* For a method of applying this mean time-to-fa1lure 
figure to logistic planning, see A General Method 
for Determinin Lo istic Re uirements for a Satellite 
ys em, We er an .E. Bradley, RIN 

Research Corporation Publication No. 4222-172, 
17 February 1960. 

4a&jC;1i1MA 
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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 

LMSD ARINC 

System 275 )+85 210 

Subsystems: 

C 700 3,038 540 

D 1,150 1,750 600 

F-2 1,050 1,190 1,200 

H 520 800 660 

51 

625 

3,400 

3,600 

)+,400 

845 

In comparing the current estimates of SAMOS F-2 
System reliability with past estimates, it can be seen 
that the ARINC prediction of system mean time-to-failure 
decreased by about 20 percent while the LMSD prediction 
increased by about 30 percent. The difference between 
the present and past estimates is due to the opposed 
tendencies of two factors: namely, an increase in com~ 
plexity and a decrease in the values of the part failure 
rates employed by both ARINC and LMSD. In the case of 
the LMSD 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. 

D::C 38::=;ED 
..QE8RE"'F· 
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APPENDIX A 

SOURCE OF FAILURE DATA 

1. Part Failure Data for Reliability Prediction 

53 

Of the several sources of part failure data available 
for the prediction of system reliability, the two prin­
ciple sources are part life-tests and system life-tests. 

1.1 Part Life-Tests 

Life-test data on parts are compiled from specifica­
tion life-tests conducted by the part manufacturer in 
conformance with military or industrial specifications, 
and from laboratory life-tests conducted by the user of 
the parts. When the stress levels for the life-tests 
are representative of a wide range of use conditions, a 
family of reliability "trade-offs ',I can be developed to 
show the relationships between basic part failure rate 
and "usel! stresses. These data generally represent the 
"inoperative 11 or "random II failure rates of parts, and 
often do not include tolerance or deterioration failures. 

For successful use of basic part failure rates for 
the prediction of system reliability, it is necessary to 
determine the relationship between part failure rate and 

stem failure rate due to each part class. This rela-
p, 0 en popularly expressed as a "K-factor," must 

be developed for each particular circuit function in each 
of several use environments for the particular preventive 
maintenance and marginal test procedure contemplated dur­
ing the operational life of the system. These K-factors 
for a particular system design can best be developed 
through extensive component and system life..,.tests. Where 
the newly designed system is to be a long-life system, 
the values for K can no longer be assumed to remain con~ 
stant over the operating period, because failure rate due 
to deterioration instability generally follows a Gaussian 
pattern -- i.e., has an increasing failure rate. This 
axiom dictates that life-tests for the development of 
~ealistic values for K must extend over a period of time 
sufficient to take into account the likelihood of an in­
creasing failure rate due to det~rioration and detrimen­
tal interaction among parts and ~omponents. 
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1.2 System Test Data 

System test data, gathered through oontrolled life­
tests of components and systems in the development, pro­
duction, and field phases of system evolution, provide a 
measure of the relationship between system failure rate 
and the behavior of parts within the system, over ex­
tended periods of operating time, The result is an ex­
pression of system failure rate due to the parts making 
up the system. These so-called "part failure vates" are, 

. therefore, actually the complex combination of basic part 
failure rates and the weighting factors (Kls) discussed 
above, into single-valued estimates of the contribution 
of individual parts to system failure. These weighted 
part failure ~ates are also adjustable according to use 
conditions and preventive maintenance provisions. 

In the early design phase of a new syste~, it is' 
practical to USe weighted failure rates of the kind dis­
cussed above for preliminary prediction of system relia­
bility, with the purpose of pointing out the major pr6b­
lem areas within the system and obtaining a realistic 
estimate of the status of design reliability with r~spect 
to program goals. On the basis of the preliminary esti­
mate, reliability assurance program plans can be adjusted 
to conform with the size of the reliability problem early 
in the design phase. 

2. ARINC Prediction Data 

In the prediction of system reliability, ARINC uses 
part failure data derived from controlled production tests 
and field tests conducted for the military services on 
airborne, shipborrte, and ground-based systems. The sys­
tems that have been employed in the tests have ranged in 
complexi ty and function from communication receivers to 
digital computers. Within the past six months, an exten­
sive study on the part failure rates observed and the 
rates employed for prediction purposes has been conducted 
for the Air Force under Contract AF 33(600)-40259.* The 
failure rates used in previous MIDAS predictions have 
been brought up to date and now reflect the latest ob­
served rates. 

* 
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If failure rates for prediction purposes are to be 
realistic, care must be exercised to avoid including 
favorable effects more than once and also to avoid fail" 
ure rates based on highly censored failure data. Most 
of the failure rates currently used by ARINC have been 
observed in equipment types employing stress derating. 
Therefore, the application of reduction factors based on 
reduced stress would lead to optimistic equipment predic­
tions. The second pitfall, failure censoring, is fre­
quently encountered in data obtained from equipment manu­
facturers. 'Usually, the failures associated with design, 
operational, and production errors, or with poor proce­
dures, have been eliminated from such dataJ consequently, 
the failure rates reflect the Situation that would exist 
if the comp6nents were not assOciated with a circuit and 
subject to such hazards. (It should be pointed out that 
debugging-test data are not included -- and, in any event, 
failures of these types do not necessarily show up in the 
short-term debugging tests.) .' . 

The upper half of Figure 15 is a graphical s_ary 
of the most recent compilation of observed failure-rate 
data on transistors used in computer equipment. The 
lower half of the figure shows the failure rates employed 

.by equipment manufacturers in making predictions; these 
rates tend to be about one order of magnitude less thah 
the observed failure rates. It would appear from Figure 15 
that equipment manufacturers are somewhat optimistic about 
their design and manufacturing processes. Still, three 
ground digital computers did display transistor

6
failure 

rates in the range from 0.2 x 10-6 to 0.3 x 10- 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 failure rates within this low range. To assure such 
low failure rates, however, it will be necessary for trah­
sistor specifications to provide for relatively large 
life-test samples. The failure ra.i:::es for other part 
types follow a pattern similar to that of transistors. 

LMSD uses 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 is LMSD's contention 
that the favorable environment of satellite operation' and 
the special selection of satellite parts will offset any 
possible tendency toward optimism in these failure rates. 

DEC 
occnc:c 
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Part Type 

CapaCitors, General 

CapaCitors, Tantalum 

Chokes, Filter 

Chokes, R.F. 

Cores, Magnetic 

COils, RF 

Crystals, Quartz 

Diodes: Signal, P < 1 W 

Power, P > 1 W 

Zener 

Gyros, Control Moment 

IRP's (Gyros) 

IR Cells 

Heaters 

MagnetiC Amplifiers 

TABLE 10 

PART FAILURE-RATE DATA USED IN RELIABILITY PREDICTIONS 

Failure Rate 
(in Failures per Hour) Part Type 
ARINC mSD 

0.6 x 0.1 x Motors, A-C 

5.0 La Pitch Wheels 

2.5 Potentiometers 

3.0 0.5 Relays: Coaxial 

LO .01 LODAP 

2.0 0.5 General 

2.0 0.4 Power ) 

L7 0.3 Resistors at 

3.5 .0 Switches or Commutators 

2.2 0.5 Transf'ormers.: Pow~r 

91.0 83.0 IF, Signal, Light Duty 

- 100.0 Transistors: Digital, P < 1 W 

0.2 0.2 Signal, P < 1 W 

3.0 3.0 Power, P > 1 W 

16.0 5.0 Slip Rings or BruShes 

--_.-

------ ~ ,. 

Failure Rate 
(in Failures per Hour) » 

"0 
"0 ARINC 

88. x 

88 

15.0 

125. 

2.3 

20. 

0.5 

L5 

12. 

4.0 

L7 

6. 

40. 

3.0 

--------

mSD 

20.0 x 

.0 

L 

100. 

0.4 

4.0 

20.0 

0.2 

1.5 

3.5 

1.0 

0.8 

0.8 

4.0 

L5 
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ARINCbelieves that the equipment manufacturers' 
failure rates are based on only the basic catastrophic 
failures observed under optimum 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 failure rates have been shown to 
be applicable to the early stages of field 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 field ex­
perience and equipment modification. Furthermore, unless 
special specifications 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, adeq\1ate to sup~ort failure rates below approx­
imately 50 x 10-b per hour.) 

Table 10 presents a comparison of the failure rates 
employed by LMSD and ARINC in predicting MIDAS reliability. 
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1. Assumptions Pertainin to Probabilit 
of 
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For purposes of the ARINC predictions, the following 
assumptions were made in relation to the probability of 
part failure: 

(1) 

(2) 

(3) 

(4) 

(5 ) 

(6) 

All parts are used within electrical ratings -­
resistors and capacitors at 25 percent of rating. 

Design margins are compatible with the initial 
variability of part parameters. 

Provision for in-flight preventive maintenance 
is non-existent. 

All parts operate in ambient temperatures in 
the range from ooe to 500 0j although, as is 
realized, current specifications describe a 
range of ambient temperatures from -35°0 to 
+800 e. 
Durine; early life (the first few thousand 
hours), the part failure rate is constant. 

Where applicable, part. failure rates are cor­
rected for duty cycle. 

2. Assumptions Pertaining to the Prediction Method 

Assumptions made with respect to the prediction 
method are listed below. 

The concept ofllsystem failures due to parts" as a 
criterion of the types of part failures considered in cal­
culating part failure rates (see Appendix A) is the basis 
for the assumptions that: . 

SG'CRFT 
Approved for Release: 2017/08/16 C051 00062 
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(1) 

(2 ) 

C"==" 0 e.,.. 
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Except where redundancy exists, all parts 
considered are necessary for successful system 
performance. 

Part failures are independent of each other. 

Where redundancy exists, the following assumptions are 
made: 

(3) 

(4) 

(6) 

All redundant :modes of operation are ~equally 
"effective." ' 

Standby ele:ments cannot fail if de-energized, 
alth9ugh it is known that IIshelflf or storage 
life can be a serioUs proble:m with certa,.1n parts. 

Active e~emen:ts in parallel are not dependent in 
a load-sharing sense -- i.e., failure of one of 
the pa~allel elements will not increase the fail­
ure rate of the surviving element. 

Except where noted, malfunction-sensing and 
switching devices are failure-free. 

The first assumption, adopted to simplify the prelini­
inary prediction, tends to yield pessimistic results. This 
pesSimism is more than offset by the opt~:mism produced by 
the remaining assumptions. 
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Approved for Release: 2017/08/16 C051 00062 
a.15"I! I 

n .... n f ,".r'\f'\·'!""II"""D 
lJ :.:t;W~1,~0i tU:' 

APPENDIX C 

This appendix consists of a reproduction 
of a report (Classification: MOU!ldcnb±:a!t) 
prepared by Lockheed Missiles and Space Division. 

C CO,.. Q CHIC 
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ABSTRACT 

This report 81 alyzes the reliability of the Communications & Control 
SUbsystem of the Smnos 2)01-02 series vehicles. Success for 2301 is 
defined as payload/vehicle command and payload reconnaissance data 
transmission and payload/vehicle statUs-failure telemetry and acqui­
sition/tracking ds.ta transmission. For 2302, the requirement for 
status-failure telemetry is eliminated from the definition of succeBS. 
It is estimated (through use of simplified partl!! failure rate analysis 
techniques) that the probabi1it;;i:es of successful operation of the C & C 
Subsystem in the flight serles are, respectively I 

2)01 2302 

10 days .84 088 
20 dqs .6S .71 
30 days .48 .S4 
40 daye • .34 .40 
50 days .24 .30 
60 days .16 .21 

The approximate mean-time-to-failure of the 2)01 Subsystem (R( t) ~ 0.4) 
is 840 hours, and of the 2302 subsystem is 960 hourso 

O::c ~f\~1""H"'D '- v~u-U:· 

Iii Ii: £ Ii li:l: 
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I. GENERAL ASSUMPTIONS AND CONSIDERATIONS APPLICABLE TO C &1 C RELIABILITY 
ANALYSIS 

Ao General AssumEtions 

1. Component function failures occur as a result of independant random. 
catastrophic part failures. 

2. The catastrophic failure of any part will cause catastrophic failure 
of the component which contains it, wd hence failure of a system 
containing the component, unless there is a spare component .. 

.3.. Unless otherwise noted, failure sensing and switching between re­
dundant components and groups is aS5U!1led to be failure-free .. 

4. The probability of component failure is a direct function of 
operating time; cycling or reduction of operating time by duty­
cycling does not increase the probability of failure. 

5. Average part deratil'li!; is assumed to be 0.4 unless otherwise noted. 

6. Ambient temperature at which parts operate is 70oC. 

7. System input-output interface reliabilit1es are taken as unity. 

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

9. Reliability estimation techniques which approach validity for 
design-ms.tured equipments are also applic,b1e to early production 
equipments for purposes of obtaining first order reliability approx­
imations .. 

10. In components subject to weerout failure, the probability of sur­
vival follows an exponential distribution to the time region of 
onset of waarout failure (which is defined as -.3 cr from the mean 
of the wearout failure density function). 

General Considerations 

1. The assumption concerning maturity of equipment is of critical 
importance in any application of the findings of this type of 
estimation technique. It should be kept in mind that the modal 
of a Poisson equipment failure distribution is an approximation 
that becomes increasingly valid as design, system operations, and 
production deficiencies are identified and corrected. The earl,y 
life failures of complex equipments may be an onler of tude 
greater than the constant rate achievement of a 
bugged system. The engineering .iudg)ne~ to assess the degree 
of optWBII1 inherent in the assumption reets on an eValuation or 
the capabilities and training of the production process and the 
results of design and enviroIllOOnte.1 testing perfol"lll9d. A signi­
ficant source of documentary evidence of the ability of a total 
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production screening process to release adequately debugged equipment. 
may be found by examining the performance of equipment during the de­
sign proof1.ng or qualification test. If the qualification test meets 
the criteria; 

<a) Representative equipment using the identical personnel, processes 
and cheCkout equipment and procedures as on regular production 
versions; 

(b) Properly designed test, with adequate regard for selection of 
production model, random sequencing of order of environment 
testing and statistical adequacy of samples tested; 

(c) A high positive correlation of design environmental parameters with 
real environments; 

then the confidence in the reliability estimates provided can more close­
ly be aS5eBsed. As it is, the variables associated with eVen a refined 
reliability estimate (conlSiderlng the application and theI'lll£l stres8 on 
each indivi.dual part) are 8Uch that the error in prediction is indeter­
mins.te, and h especially signific&nt in the early production effort. 
The estimation technique is useful to detennine whether a given design 
is "in the ball park" for its longevity requirements, but extreme cau­
tion should be exercised in using the infonnation with respect to 
decision-making affecting equipment changes in a given R&D system 
configuration. 

II. SPECIFIC ASSUMPTIONS AND CONSIDERATIONS APPliCABLE TO THE C & C SUBSYSTEM 
OF SAMOS 2301-23Qf 

A. SpeCifiC Assumptions 

1. For Samoa 2301, success is defined as paylO£d/vehicle col1llllmld, and 
p~load reconnaissance data transmission ~ p~load/vehicle statUs­
failure telemetry ~ acquisit£on-tracking data transmission. 

2. For Samos 2.302, success is defined as payload/vehicle COllll!lBlld and 
payload reconnaissance data transmission and acquisition-tracking 
data transmission. 

3. No components operate to the time region of deterioration failure 
wi thin the tiJne interval conSidered in this analysis (defined as 

-3 rr,.·r,from the mean of the gaussian density function assumed 
to describe wearout phenomena) 0 

B. SpeCific ConsiderB.tione 

1. lIhile an S-Band Beacon and Decoder are included in the 8Ubsystem 
design to provide an Buxilhry real time command capability, ade­
quate comand. back-up for the functions of the LOOO'II are not 
provided. Failure of the Stored Program function of the LOOO(s) 
would preclude opera tion of tbe p¢oad ae intended vi thin tile 
framework of mission objectives~ 

L-_________________________________ . ____ .. _______ ' 
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III. SUBSYSTEM OPERATIQ! 

A. Coll'llTl8Jld Signals are received from the ground by tha Command Receiver 
in the appropriate link (sale cted by co~nd), 81'I1plitied, detected 
and sent through the til tel' section of the Filter-Mixer to the CollllUnd 
Deooder and Sequence ProgrBl1llll8r (LODAP). The LODAP decode. the command 
signal, Bnd detennines whether the comand 18 to be executed in Real 
Time (when received) or Stored TillIe (later, ox! out of contact with the 
ground. station). At the time of command (or later, as appropriate), 
the LODAP initiates closure of a relay, snd through the Intermediate 
Storage Unit, a relay closure in the Power Control Unit. The prima17 
function of the ISU is doubllng of the available real snd stored time 
cOllll'1andlS by addition of a bank of relays to the LODAi comme.nd channels" 
'!'hus, for each real and stored time command channel, there is a "so­
called liE" operation and sn "fI' operation. 

B. Reconnaisssnce data (in digital form.) 18 read out, by oollillland, frc:a 
the payload through one of the redundsnt mixer-UHF Narrow Band Data 
Link Transmitter links. 

C. Status/failure telemetr,y data from the payload and vehicle is PAM 
time-multi~lexed by one of the redundant PAM IIIUl. tiplexers (selected 
by cOll'lftWld) and either read out in real time through the same Mixer­
UHF Narrow Band Data Link Transmitter link as (B) above, or when our 
of station contact, stored on the Tape Recorder for later readout 
during a station contact. The recorded data is read out through a 
sep.,rate VHF transmitter. 

D. Acquisition signal transmission is supplied by either the Acquisition 
Transmitter or the Dual Frequency Doppler Transmitter. Tracking in­
formation for ephemeris detenn1nation is obtained from range plus an­
gle data through the 5-Band Beacon Transponder or doppler plus angle 
data through the Dual-Frequency Doppler Transmitter. 

IV. CCHPONENT PARI'S LIST. FAILURE RATES, AND run CYCLES 

A. COI1m'land Rec!eiver 

Transistor 
Diode 
Resistor 
Capacitor 
Transformer 
Cr,yetal 

gtlantitl 

19 

A ( x 10-6/hro ) Ap.(x 10-6/hr.) 

II 
50 

lOS 
41 
1 

0.5 9.5 
0.5 5.5 
0.5 25.0 
0.7 73.5 
0.5 20.5 
0.2 0.2 

134.2 x 10-6 

At 10% Duty Cycle, 2:"0 \ f> ~ IS-x 10 

DECLASSfFIED 
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B. FJlter (1/2 of Filter Mixer) 

C. 

D. 

E. 

Transistor 
Diode 
Resistor 
Capacitor 

Se9l:!;ence Pro~rammer ~LODAPl 

Transistors 
Diodes 
Capacitors 
Inductors 
Powsr Transformers 
Memory Corea 
Register Cores 
He lay (Latching) 
BeD1stora 
Power Transistors 
Power Diodes 

Intermediate Storas;e Unit 

Resistors 
Capacitors 

'J.bansistors 
Diode 
Transformers 
Relays 

Power Control Unit 

Relays 
Diodes 
Resistors 

·x 1/2 

Quant1:!;z 

27 
24 
94 
44 

at 10% Duty Cycle, 

480 
791 
324 
50 
J 

3177 
163 

42-
1099 

21 
7 

(Du ty Cycle 100%) 

63 
27 
20 

129 
2 

57 

(l~ Duty Cycle) 

42 
29 
4 

ex 10-6/hr.) 

0.5 
0.5 
0.5 
0.5 

2.'f.r .. 

1x 10-6/hr.~ 
13.5 
12.0 
47.0 
7.:£ 

110.6 x 
10- /hr .. 

• 55.1 x 10-6/hr~ 

ZIII At> :cI 
-6 5 x 10 /hr. 

0.5 240.0 
0.5 395.5 
0.7 226.8 
0.1 5.0 
6.0 18.0 
0.01 31.8 
0.50 81.50 
0.4 16.60 
0.5 549.5 
1.0 21.0 
1.0 1·0 
~ ~p - 1588.1 x 

10-6/hro 

0.5 :31.5 
0.7 18.9 
0.$ til.e 
0.5 64.5 
0.5 1.0 
0.4 22.8 

.:?:~r :. 148.7 

0.4 16.8 
0.5 14.5 
0.5 2.0 

(nuty Cycle 100%) 'i:,,1" .. 33.0 x 
l0-6/hr. 

DEC SS!FIED 
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F. Hixer (1/2 Filter Mixer) 

(See Para. III.B) 

REP 

G., Narrow-Band Data Link Transmitter 

Resistors 
Capacitors 
Diodes 
Transistors 
Signal Inductive Devices 
Power n n 

CryBtals 
Magnetrons 

H. Si~l Conditioner 

Trnnsistors 
Resistors 
Capacitors 

10 PAM Multiplexer 'IYPe F 

Resistors 
Capaci tors 
Transistors 
Diodes 

Quantitl ~x 10-6,hr.l ~x 10-6 t.hr.l 

160 0.5 80.0 
113 0.7 79.1 
101 0.5 50.5 

49 0.5 24.S 
35 0.1 3.$ 
9 6.0 54.0 
1 0.2 0.2 
1 400.0 400.0 

.. 2... )-1' 691.~x 
10 /hro 

At 10% Duty Cycle, ~ '>-" ~ 70 x 10·6/hr .. 

180 0.5 90.0 
990 0.5 495.0 
360 0.7 222•0 

2:.rr .. 837 x 
10· • 

Defining success as 6rJ. of all channels 

~ >-f .. 502.2 x lO-6/hr• 

At 10% Du~ Cycle, L:c>)..?~ 50 x 10·6/hr• 

1125 0.5 562.5 
110 0.7 17.0 
434 0.5 217.0 
646 0.5 ~2)!O 

Z"" .. .. 1179.5 x 
10·6/hr. 

Defining success as 6t::f1., of all channels 

1-,. \ p .. 707.4 x 10·6/ hr• 

At 10% Duty Cycle,!, )...f~ 70 x 10-6/hr• 
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J. Tap! Recorder Programmer III B 

guan,titl ~x 10-6Lhr.l ~x 10-6 Lhr.l 

Transistors .35 0.5 17.S 
Diodes 61 0.5 30.5 
Resistors 149 0.5 74.5 
Capacitors 4S 0.7 31 • .5 
Signal Inductors .3 0.1 0.3 
Relays 1 4.0 4 .. g 

2... '?-r .. 158.3 x 10-6/hr 

K. 

L. 

(Duty Cycle 100%) 

T~e Recorder ~AMR,..llOl 

Resistors 60 0.2 
Capacitors 

(Gan) 22 0.1 
(Ta) 17 10 0 

Diodes 30 0.3 
Transistors 15 0.8 
Signal Transformers 2- 1.0 
Relays (Oen) S 4.0 
Coils 6 0.5 
Motors 1 20.0 

2">.p .. 
At 10% Duty Cycle, "2...t>)...r ~ 

VHF Transmitter UED 

Resistors 41 0.5 
Capacitors 54 0.7 
Transistors 13 O.S 
Diodes 11 0.5 
Receiving Tubes 4 17.S 
Transmitting Tubes 1 100.0 
Signal Tran.sformers 17 0.5 
Power II 1 6.0 
Quartz Crystals 1 0.2 

2>--r ,. 

At 10% Duty Cycle, 2: J'I> ~ 

DEC SSfFIED 
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12.0 

2.2 
17.0 
9.0 

12.0 
2.0 

20.0 
3.0 

220.0 

97.2 x 10 .. 6/hr 

10.0 x 10-6/hro 

2O.S 
37.8 
6.S 

;~5.5 
70.0 

100.0 
8.5 
6.0 
0.2 

2S5.0 x 10-6/hr 

25 x 10-6/hro 



70 

..-.._ ................... 
Approved for B.elea~e: 20J] 1518/16 C051 00062 

DEC 

LOCKHEED AIRCRAFT CORPORATION 
MISSILE SYSTEMS DIVISIQN 

M. Acguisi tion Transmi t~ 

Resistors 
Capacitors 
Transistors 
Diodes 
Signal Transformers 
Quartz Crystal 

N. S-Band Beacon Transponder 

Diodes 
Transistors 
Resistors 
Capacitors 
Inductors 
Relays 
Transmitting Tubes 

6 
12 
4 
1 
8 
1 

SIFIED 

0.5 
0.7 
0.5 
0.5 
0.5 
0.2 

REPORT U!SD 380122/64-34 

3.0 
8.4 
2.0 
.s 

4.0 
0.2 

(Duty Cycle 100%) 2- (\r • 18.1 x 
10-6/hr .. 

18 
25 

105 
62 
8 
1 
2 

0.5 
0.5 
0.5 
0.7 
0.5 
4.0 

100.0 

9.0 
12.5 
52.5 
43.4 
4.0 
4.0 

200.0 

.. .325 .. 4 x 
-6 

10 /hr. 

At 10% IAlty Cycle, z:., ), l' ::c:.. .30 x 1O-6/hr. 

o. IAla.1 Frequency Dopeler 

(No data available; estim,ted equal to AcquiSition Transmitter) 

- 6 
(Duty Cycle 100%) L?-.p ~ 20 x 10- /hr. 

v. RELIABILITY BLOCK DIAGRAM, MATHEMATICAL MODELS lIND PROBABILITIES OF SURVIVAL 

(See Figure 8 1 through 3. ) 

VI. DISCUSSION 

A. The mission llie objective defined by ·the Samos Project Office for 
this series of flights is a vehicle m.ean-time-to-fallure (R( t) 0.4 
of .30 days for 2.301 and 120 days for 2.302, within which objective the 
C & C Subsystem is required to exhibit a 0.8 probability of 8urviTal. 
Under the definition of success aoplicable to the 2.301 C & C Subsystem, 
the .30 day probability of survival 1s .48. Under the definition of 
success applicable to 2302, the 120 day probablli ty of survival is .D4. 
The probability that at least one of the two flights will operate 
through the mission life objectiva is ~.50. 

Approved for Release: 2017/08/16 C051 00062 
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B. The Emergency Reset Timer (ERT) is here considered as a failure eenein&! 
sn tehing device. In the event of failure of the LODA? 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 elapsed the ERT will 
open both cOl'!llllB.Ild links. permitting re-entry to the vehicle. There are 
two ways such a system can succeed to time!t The first link will op-
erate from to or it will fail at some .( t; the ERT will 
operate frC:mr , enabling awi tchover to rating link Which 
will operate For further disculll1!lion of the derivation 
of tha analytic see Ronald O. Anderson, 1iAM.~s1s for Space 
Vehicle Control System Redundancy.1I 

C. The failure rates applied to the piece parts represent those approved 
by SETD Reliability for use in interlm rel1abili V analyses. These 
failure rates SSS'"!llIlB an average part derating of 0.4 and a part am­
bient temperature of 700 C. In 50ll'le instances, where available 1n­
forru.tion indicates that such failure rates are inapplicable (by vir­
t\18 of derating, or piece part5 of a known higher than average auality 
level) different failure rates were used. In all cases, the failure 
rates used in arrlv1.ng at 8 component failure rate are shown. 

VII. CONCLUSIONS 

AQ The Samos 2301-02 C & C Subsystem configuration exhibits 4IIn inherent 
reliability which yields an operating life (R(t)~ 0.8)of approximately 
288 hours under the 2301 definitSon. is approximately 840 hours, and 
Wloor the 2302 defWtionp 960 hours .. 

Bo The most serious reliability problem areas are» together with their 
failure rates a 

LanA? 1590 x 10-6/hro 
lat. storage 6 

Unit 148 x 10- /hr9 
Tape Recorder 6 

Programmer 160 x 10- /hr. 

In all three cases, the requirement for a 100% duty cycle plus the 
component complexities yield lov probabilities of survival for any 
length of time .. 

YIn. REC<JIMENDATIONS 

If the C & C Subsystem for the F-2 mission is to meet the ultimate opera­
tional objective of R(t)~ 0.8 for t = 8760 hours, the following modifica­
tions in the program are mandatory. 

1. Reduction of C & C Subsystem performance requirements by at least an 
order of magnitude. The subsystem is required to perform too I'IWlY 
functions with too great an accuracy for thEft) to be any hope ot the 
Subsystem meeting tn. stated reUability objective. within the state­
of-tha-e1ectronic-arto 

2. Fabrication of all 5ubsystem compOlld!lnts from high rel1ablli t7 Minuteman­
type pie ce pa rts. 
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J. Sub15t1tution of redundant Command Programmers, fabricated 8111 in (2) 
on the preceding page for the LOllAP. This will permit elimination 
also of the Intermediate Storage Unit and, perhaps, the Tape Recorder 
Programmer. . 

4. An extraordinary effort. to be clllfrrled out to mature the design and 
fabrication processes of the Subsystem. 
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