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AUTHORS' FORWARD

This work was performed in support of the
Viking Lander during the time when the
Viking Mission was rescheduled from a 1973
Launch to the 1975 Launch Opportunity.

The changes to the Viking Lander and the
Viking Flight Mission have been kept
current to the time of publication, and
thus the publication date establishes the
baseline configuration for the comparisons
contained in this report. Modifications to
both the Lander and Flight Mission will
continue, however they are not expected to
have any major effect upon the application
of data presented within the report.
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DEFINITION OF TERMS

Within the context of this study the general terms listed below are used
as defined:

COMPONENT: A combination of parts, devices and structure, usually
self-contained, which performs a distinctive function in the operation
of the overall equipment. A '"Black box.! In the course of a Project,
qualification testing, replacements within a spacecraft and provisioning
for flight spares are performed at the component level.

DEVICE: Electromechanical or mechanical items which perform a
specific function and are intermediate in complexity between piece parts
and components. Examples are: valves, small motors, gyros, solenoids.

FAILURE/ANOMALY: The inability of an article to function as intended
or within its specified tolerance per the applicable documents. For this
study these are the formally documented incidents which have occurred
during ground test or flight operation.

FLIGHT ACCEPTANCE: A series of operating tests and environmental
exposures performed on a flight item to determine compliance with
acceptance requirements.

PART: One piece or two or more pieces joined together which are not
normally subject to disassembly without destruction of design use. For
this study parts are considered as elements of electrical circuits.

QUALIFICATION: A test or series of tests conducted to determine
whether an item of hardware meets qualification requirements. For this
study, qualification infers completing a series of operational tests per-
formed in conjunction with environmental exposures.

SUBSYSTEM: A subsystem consists of one or more interconnected
components and performs a major operating function within a spacecraft.
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ABBREVIATIONS

AGE: Aerospace Ground Equipment. These are the electrical and
mechanical test equipment employed in ground operation of a space-
craft.

DSN: The deep space communication network.

ETR: The Eastern Test Range, Cape Kennedy, Florida.

RTG: Radioactive Thermoelectric Generators. A unit which employs
the heat of radioactive decay to generate electricity by thermoelectric
phenomenon.

WTR: Western Test Range, California.



1.0 SUMMARY

This report documents a study undertaken to identify actual
experience contained in recent space programs having features related to
the Viking Lander. The features considered were mission science operation,
long life, system complexity, atmosphere entry and RTG operation. The
study does not include rocket engine terminal descent, inertial guidance, or
extended on-planet operations. The data is intended to provide a baseline
to support evaluation and planning for the Viking Lander Project.

Four space programs were selected for the study: Lunar Orbiter,
Mariner 69, Biosatellite, and Nimbus B. Data from the four programs
have been collected and ordered in detail sufficient to define the flight
and ground failure/ anomalies, hardware and mission configurations, and
test programs. The data has been processed into tables, charts, graphs and
analyses in depth sufficient to establish the cause-effect correlations between
space program activities and potential flight problems. The specific direction
of the study has been toward early identification of potential problems for the
Viking Lander, however the data presented in this report could prove useful
for space projects in general.
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2.0 INTRODUCTION

This report describes a study undertaken at the direction of the Viking Project
Office of the NASA Langley Research Center. The study consisted of compiling
available data from recent space projects, identifying the cause and effect of
problems, and then making an assessment for the potential impact of these
problems upon a new space project. For this study the data was taken from
the Lunar Orbiter, Mariner '69, Biosatellite, and Nimbus B programs and
applied to the Viking Lander Project.

All four of the completed projects achieved major successes, yet each suffered
flight anomalies which resulted in some data loss and required in-flight work-
arounds. The repetitive nature of a number of flight problems and the
occurrence of unexpected problems are indications of less than complete
understanding of the design requirements and operational environments. The
flight problems also suggest that improvements are in order for the controls
employed throughout design, manufacture, test and flight operations,

2.1 Expected Application of the Report

This report has been prepared to identify the actual experience of past space
programs having features related to the Viking Lander in order to provide a
baseline for evaluating program activities and design features (mission and
hardware) in the Viking Lander program. While the attention of the study
activities has been directed to application for the Viking Lander, this report
should prove useful to support space programs in general.

This report will support planning and trade-off decisions by providing material
to judge the cause-effect correlation between program activities and flight
problems in the following areas:

(a) Design - Previous design problems, failure modes, persistent problems,
limitations of advanced hardware, effects of late modifications, and etc. have
been identified and reviewed to support future design and assurance activities.

(b) Test Program - The past test programs have been identified and reviewed
relative to flight results to provide data for evaluating future test programs.

{c) Assurance Activities - Failure modes and classes of risk have been identified
and evaluated in terms which can be correlated with the effectiveness of the
applicable program controls.

2.2 Selection of Space Programs for Study
Four space prograrms were selected for this study on the basis of their ability

to contribute space program expetrience pertinent to the Viking program. The
criteria governing this selection consisted of:
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. Configuration - Resemblance to features of Viking Lander mission and
hardware configuration.

e Management - Programs originating with several NASA centers and per-
forming contractors, representing different approaches to a successful space
program.

° Complexity and Life - Heavy units with complex interacting subsystems
and long flight duration.

e Maturity - Projects including both single mission and continuing projects,
representing different opportunities for growth.

The comparison of the Viking IL.ander and the selected programs are shown
summarized in Tables 2-1 and 2-2. The following subsections discuss the

features of these programs.

2.2,1 VIKING LANDER - NASA-LRC Management, MMC Contractor

The Viking mission includes requirements for long life, multi-vehicle mission
operation, complex science powered from a nuclear source, entry, and decel-
eration into an atmosphere, a "'soft" landing on Mars and a 90-day period of
science and engineering measurements. Many of Viking's general mission re-
quirements are common within the four space flight programs selected for
analysis in this study. Their characteristics are summarized in Tables 2-1
and 2-2. The following features of the Viking Lander contributed to their
selection:

Mission Phases - Space cruise, entry, landing, and surface operations.

Hardware Elements - Science, RTG, guidance and control, programmer-
computer, communications.

Complexity - Weight, number of microcircuits, parts count, devices,
complex interacting subsystems.

Life - Fourteen months dormancy in space, followed by planetary entry,
landing, and 90 days surface operations,

2.2.2 LUNAR ORBITER - NASA-LRC Management, Boeing Contractor
This program represented an example of a short term project response (2 years

from contract start to first launch) for hardware design, fabrication, test, and
flight. The Lunar Orbiter spacecraft was designed to operate for a 30-day
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Lunar photographic primary mission followed by reduced level operation for up
to one year. It accomplished this objective and culminated in 5 flights
(1966-1967), as planned. The spacecraft employed many mechanical and
electro-mechanical devices. Large quantities of microcircuits were contained
within the Programmer- Computer which was commandable and reprogrammable
with both real time and stored commands. Significant relative to Viking, Lunar
Orbiter flights were conducted with simultaneous operation of more than one
spacecraft. ’

2.2.3 MARINER 69 - JPL Management and Contractor

Mariner 69 provided two successful flights (Mariner 6 and 7) from one launch
window in 1969. These flights of the Mariner series offer the unique instance
of an ongoing program incorporating major design changes to the flight space-
craft systems. The inclusion of the digital Central Computer and Sequencer
into the 69 configuration introduced the use of more than 2000 microcircuits
into the spacecraft subsystems. Moreover, the Mariner Spacecraft relates to
Viking because of successfully accomplishing a Martian mission and because
of the wealth of technical and operation background at JPL.

2.2.4 BIOSATELLITE - NASA-Ames Management, General Electric/RESD
Contractor

The Biosatellite program consisted of two phases with a degree of overlap. The
initial "3-day" (Biosatellite I and II} configuration culminated in two flights of
nominally three days (1966-67). In this phase the spacecraft heat shields,
attitude control, command, telemetry, deorbit and recovery capability were
developed. The "Primate' configuration (Biosatellite III) was designed for 30-
day flight (1969) and added fuel cell power, life support, and active thermal
control. The Biosatellites were automated orbiting biological laboratories with
all the resulting systems and operational complexity. Some of the precision
hardware capabilities realized in flight included such diverse items as acceleration
rate control of less than 10-5 earth g's; controlled gamma ray irradiation of live
biologicals in flight; psychomotor games played by a primate in flight; and real
time telemetry of brain waves (electro-encephalograms). Of the four spacecraft
studied, only the Biosatellites made controlled atmospheric reentries from orbit.

2.2.5 NIMBUS B - NASA-Goddard Management, General Flectric/SD Contractor

Nimbus is another example of a continuous program with numerous evolutionary
changes incorporated throughout its history; Nimbus flights are used for R&D testing
and operation of weather satellite (meteorological) equipment and other related ex-
periments. In particular, the B spacecraft payload consisted of a camera, inter-
ferometer spectrometer, infrared spectrometer, UV solar energy monitor, and an
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experiment for locating remote terrestrial sensors. The Nimbus systems
required complicated programming to operate multiple experiments and
record and play back their data. Nimbus B carried two SNAP 19 RTG power
sources as experiments to evaluate their performance and reliability. The
SNAP 19 RTG power source is essentially the same type Viking will employ.
Nimbus B also carries two sets of tape recorders, one set similar to that
proposed for Viking. Nimbus equipment has operated continuously for 18
months in space and approximately equals that proposed for the Viking Lander.

2,3 Study Approach

The study included collection, processing, and evaluation of project data as
described in the following two paragraphs. '

2.3.1 Data Collection

The following types of data were gathered for each of the four programs
studied:

(1) All Failure/Anomalies in Flight - Identifying failure description, cause,
effect, date of occurrence, and report code number. This material is tabulated
in full in Section 3 herein, and in addition the data has been processed to
establish patterns in Sections 4 and 5.

(2) All Failure/Anomalies in Ground Testing - Identifying failure description,
cause, effect, date of occurrence, and report code number. This material

also was processed into useful patterns in Sections 4 and 5. The individual failures
are too voluminous for inclusion in this report.

(3) Hardware and Mission Configurations - Identifying systems, components,
parts counts, and mission profiles. This material is reduced to block diagrams
and tables in Section 6. Preliminary Viking Lander configuration data has been
included for comparison.

(4) Test Programs - Identifying hardware quantities and flow through the test
program, environment types and levels in detail. This information is inter-
preted by hardware utilization flow block diagrams and detailed comparative
charts of the test environment types and levels in Section 7. Preliminary Viking
Lander test program planning has been included for comparison.

The collection of the data for the four selected programs ranged from review

of published summary reports on Lunar Orbiter to sifting of original failure
reports in Nimbus B log books,
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2.3.2 Data Processing and Evaluation

The failure/anomaly data from ground test and flights were reduced to
incident, cause, effect and previous history. These reduced data were com-
bined for each program into groups of interest to this study. These groups
included failure classes, which are related to hardware risks; flight and test
failure modes, which are related to responsible agency; chronology of ground
test incidents; and various categories of failure mechanisms. Unpublished
data and consultations with project technical authorities assisted in the inter-
pretation of the failure mechanism data.

Other information was organized to provide mission and equipment details,
use and flow of hardware, nature of the test programs, equivalent parts count,
and functional block diagrams.

The data described above were compared with comparable material for the
Viking Lander for reference. Basic comparisons were then made and graph-
ically portrayed to present the relative distributions of failure classes for
each program as well as distributions of failure modes and failure mechanisms
for both flight and ground test.

As a result of comparing the reduced data among all the programs considered
in this study, a number of conclusions and recommendations are presented.

2.4 Descriptions of Report Contents

Fach section of this report contains material which can be used relatively
independently of the others, To facilitate the location of specific information,
the contents of each succeeding section is described as follows:

Section 3, Failures in Space - Tables itemize all flight failure/anomaly incidents
which occurred in the projects. Cause and effect descriptions and prior history
are provided for each incident along with the designation of failure class and mode.

The text defines significant flight incidents and flight failure classes. The flight
data is then summarized in terms of these defined concepts.

Section 4, Failure Modes - The contents include definitions of failure modes,
tabulation of the failure modes for each program for both flight and ground

test, and graphical representations of ground test failure mode distributions and
chronological patterns. The data are interpreted and summarized in the text.

Section 5, Application of Experience to Viking - This section presents tabu-
lations of incidents with hardware closely related to the Viking Lander, describes
interface problems, and identifies persistent problem areas.
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Section 6, Description of Spacecraft - This section provides details of the
missions, equipments, functions, and parts counts for each program.

Section 7, Test Programs - This section contains diagrams of hardware
utilization (including test articles), detailed tables of the system and
component qualification and acceptance test programs, and discussions
of the comparative test programs.

Section 8, Conclusions and Recommendations - This section presents the
conclusions drawn from this study and resulting recomrnendations.
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3.0 FAILURE AND ANOMALY EXPERIENCE FROM SPACE FLIGHT

This section presents the failure and anomaly data from space flight and
establishes relationships between the flight data and ground test results.
The relationships established for these data become one of the base points
for assessing potential flight problems in new programs. The material
appearing in this section provide descriptions and discussions as follows:

® The basic flight data is described and presented in terms of flight
failure anomaly incidents.

° The flight data is screened and classified in terms of significant flight
incidents (defined in 3.2) and risk classifications (defined in 3. 3.1) and failure
modes (defined in 4, 0)

° Relationships between flight data and ground test results are established
by observations drawn from the distribution of significant flight incidents
within the classification of risk.

The material in this section is presented in the following figures and tables:

Table 3-1 Summary of Flight Failures and Anomalies for the

Projects Studied

3-2 Summary of Failures and Anomalies from Lunar Orbiter
Flight Experience

3-3 Summary of Failures and Anomalies from Mariner '69
Flight Experience

3-4 Summary of Failures and Anomalies from Biosatellite
Flight Experience

3-5 Summary of Failures and Anomalies from Nimbus B

Flight Experience
3-6 Summary of Flight Problems Experienced on More Than
One Program
Figure 3-1 Summary of Data, Flight Failure Classifications

3.1 Data From Space Flight

Tables 3-2 through 3-5, inclusive, present descriptions of all the failure/
anomaly incidents reported in the course of flight operations for each of the
projects within the study. These data are presented as separate tables for
each of the projects. Wherever flight incidents had a previous history from
ground testing or other flights, the related experience is described. The
tables presenting the individual programs have been organized as follows:
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Lunar Orbiter, Table 3-2 - The project consisted of 5 flights and reported

63 incidents. The data are presented in 16 groups of either similar incidents
or a series of incidents involving a single item of spacecraft equipment

(€.g., Star Trackers, Power Losses). Ior reference the individual incidents
are identified by their documented failure/anomaly report number such as
LO-I1-A7 (Roman numeral identifies flight spacecraft).

Mariner '69, Table 3-3 - The project had 2 simultaneous flights and reported
43 incidents, The data are presented in 18 groups arranged in flight chronology
(e.8., Mariner 6 Launch, Mariner 7 Launch, Star Sensor problems). Individual
jncidents are identified by the JPL problem/failure report number (PFR) with a
suffix digit to show which spacecraft (6 or 7).

Biosatellite, Table 3-4 - The project had 3 flights and reported 47 incidents.
The data are presented in 14 groups which identify the function or equipment
involved (e. g., failure to de-orbit, reversed G switches, IR sensors). The
individual incidents are identified by the flight spacecraft and the failure trans-
mittal numbers.

Nimbus B, Table 3-5 - This project has one continuing flight and reported 46
incidents. These data are presented in 12 groups in order of the first appear-
ance of a problem or a defect in an item of spacecraft equipment e.g.,
electrical part failures, tape recorder problems). The individual incidents
are identified by the item number assigned in the Nimbus monthly report.

Common Problems, Table 3-6 - Table 3-6 lists problems which occurred on
more than one project. and shows cross references to the failures and anomalies
presented in the tables of flight incidents. A total of 46 incidents cowvering 13
problems have occurred; these included both operating anomalies and defects in
spacecraft equipment.

3.2 Significant Flight Incidents

The failure and anomaly incidents reported from flight describe problems which
have taken many forms. For example, components and sub-assemblies have
slowly degraded in the course of a long flight, Complex problems have appeared
which perturbed more than one subsystem within the spacecraft and involved
several interfaces. Also, the flight work-arounds for one anomaly have gen-
erated side effects which later resulted in new problems. Therefore, flight data
were screened to identify the actual incidents which perturbed the Jﬂights. Such
incidents are termed significant, and these significant flight incidents are used
as the basis for the comparisons presented in this study. The following

criteria were employed to identify significant flight incidents:
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1. Spacecraft Origin - The problem or anomaly must have had a potentially
damaging affect on the flight spacecraft.

2. Same Incidents in Separate Spacecraft - These incidents are counted
separately. This accounting includes the cases where operating difficulties
persisted in spite of corrective modifications incorporated into succeeding
spacecraft, An example is the Lunar Orbiter Star Sensor.

3. Continuing or Cyclic Incidents - These incidents are considered as one
event. An example appears as the spurious switchings experienced by the
Nimbus spacecraft during over-flight of specific areas on earth.

4, Multiple Failure Mechanisms within a Particular Component or Subsystem -
These incidents are counted separately. Typical examples are tape recorders
which can simultaneously degrade due to both flutter and head contamination
effects.

5. Secondary Problems Arising from a Flight Work-Around - These incidents
are not included unless there was a further work-around., An example is the
case of Lunar Orbiter camera thermal door. The secondary effects of film
struck by stray light, fogged windows, and distorted video signals are not
included as significant flight incidents.

6., Transitory or Undamaging Incidents of a Predictable Nature - These
incidents are not included. An example is the Lunar Orbiter Launch into the
earth shadow.

7. Ground Equipment Problems - These incidents are not included. Lunar
Orbiter data reported problems within the DSN and the Photo Ground Recon-
struction Equipment during the course of flight operations.

Significant flight incidents appear as separate entries throughout the tables of
flight data. Multiple occurrences of the same event are listed one time with the
repetition shown by number., Flight incidents which do not meet the criteria
are appropriately indicated as '"no failure'', '"'not in spacecraft', '"predictable’,
"continuing'', or '"'secondary''. -

3.3 Relationship of Flight Failures to Ground Testing

3.3.1 Flight Risk Classifications

Flight incidents have been classified as risks in terms of ground test problems
which carried over into flight, For the purposes of this study the risks assigned
to flight incidents have been classified as follows:
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I. Standard Risk - The risk associated with well established parts,
materials, and processes,

11, Accepted Risk - Problems with a previous history from ground testing.
In each case the problem was not completely removed, and the potential
failure was considered an acceptable risk as to chance and consequence of
occurring.

III. Undetected by Ground Test - The ground tests and inspections employed
were intended to uncover these defects; however, by some means they
escaped and later appeared in flight,

IV. New Effect - The first appearance of the problem was during flight.

The risk classifications appear in the tables of flight incidents (Tables 3-2
through 3-5) as Roman Numerals in the column identified as '"Class'. In

addition, these classifications appear in the cross references for common
flight problems (Table 3-6).

3.3.2 Risk Classifications Within the Significant Flight Incidents - Ground
test results were related to flight failures in terms of sources and effects,
respectively. Table 3-1 and Figure 3-1 present distributions of risk class-
ifications for the significant incidents of each project, as precentages and

as numbers of incidents, respectively. Comparing the distributions within the
projects and across the projects permit the following observations:

I. Standard Risks - Well established parts, materials, and processes have not
made the major contribution to the number of reported flight failure in-
cidents in any of the projects. For Biosatellite and Nimbus B the contributions
from standard risks were increased as the result of project decisions:

e Biosatellite Thermistors: The temperature monitor thermistors
were redundantly supported by other sensors within the 3-Day space-
craft., Consequently thermistors failures were not repaired during
prelaunch operations and such failures account for 3 of the 5 standard
risk incidents reported for Biosatellite. (A further discussion appears
in Section 4.1)

@ The Nimbus B spacecraft employed a number of commercial grade

parts and electrical part failures account for all but one of the incidents

reported for this class.
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II. Accepted Risks - Problems with a history of failures in ground testing
originated the largest number of flight incidents in all the projects except
Nimbus B. The problems reported in flight came from two sources. One
source was advanced hardware which had been configured for the particular
spacecraft application. These equipments included such items as tape
recorders, rate gyros, transponders, and pyro valves. The second source
was from system operating problems. In the course of ground testing these
problems had been resolved to a condition considered tolerable for the
particular mission (an example is an EMI sensitivity shown by test to have
a 6 db operating margin). In the particular case of Nimbus B, the flight
incidents all originated in advanced hardware; the system operating problems
had been resolved with earlier spacecraft.

III. Undetected by Ground Test - Significantly, all the projects in the study
had problems which escaped the intended tests or inspections and caused
failure incidents in flight, The circumstances which allowed these problems
to escape testing and the mechanisms which caused these problems are the
subjects for the later portions of this study. In relating the incidents to
ground test results (or absence of results in this case) the originating
sources can be summarized as follows.

® Defects traceable to manufacturing operations appeared in all projects.
e Additional sensitivities to transient pulses appeared in all but Nimbus B.

e Reversed polarities with direction sensitive equipment appeared on
Mariner and Biosatellite.

e A complex electromechanical unit in Biosatellite was flown without
previous environmental qualification.

e Evidence of undetected thermal vacuum and vibration sensitivities
appeared in Lunar Orbiter.

IV. New Effects - New effects appeared in all the projects studied. The
sources reported by flight incidents are summarized as follows:

e Untried hardware problems such as operation of star sensors.

o Loss of contact or unexpected damage to the spacecraft (Lunar
Orbiter IV, Mariner VII),

e Encounter of new or unexpected environments., Incidents from this
source have continuously perturbed the operation of Nimbus B,



3.3.3 Risk Classification within Compromising Flight Incidents

Throughout the previous discussions, flight incidents have been considered
without regard to the impact upon the particular flight mission. The projects
in this study all enjoyed successful space flights and by a large majority
anomalous incidents fell within the capabilities of the individual spacecraft.
Therefore, a further correlation of flight failures and risk sources has been
performed. This correlation limited the flight incidents to those which were
considered compromising to the flight mission.

A flight failure was considered compromising if the incident had any of the
following results:

® The incident caused the loss of any mission science data.

o The incident caused any loss to the control of the spacecraft.

e The incident resulted in termination of RF contact.

® The incident resulted in premature termination of flight operations.
The numbers of incidents which compromised flights and the numbers of space-
craft suffering early termination (or loss) are summarized in Table 3-1. The

distribution of these data into risk classifications appear below: (These incidents
are indicated by "x' in the Tables 3-2 through 3-5)

Compromising Risk Class
Project Incidents I I II0 v
LUNAR ORBITER 9 3 2% 3 I*
MARINER 7 0 4 2 1
BIOSATELLITE 13 1% 6 5 1
NIMBUS 1 1 2 0 4
TOTALS 36 5 14 10 7

*Includes an incident which resulted in premature flight termination.
Observations drawn from these data are as follows:

I. Standard Risk - Standard risk items have provided sources which com-
promised flights. The Biosatellite failure to deorbit was the outstanding
example. For Lunar Orbiter 2 of the incidents were part failuresin the

Photo Subsystem, and 1 was a capacitor in the traveling wave tube amplifier
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(evidence exists that an improper capacitor had been installed): For Nimbus

B a capacitor failure in the Infra Red Spectrometer degraded one channel after
about 700 hours of flight.

II. Accepted Risk - Problems with a previous history in ground testing
provided 40 percent of the compromising flight incidents. Of the 14 incidents
reported 1 was related to a system operating problem of low voltage

stability (LO-V-A4); the balance were caused by advanced hardware as
follows: .

e Unproven Hardware, Biosatellite Psychomotor game - pellet
feeder, 5 incidents.

e Airborn Tape Recorders, 5 incidents involving Mariner, Biosatellite
and Nimbus B.

e TV Cameras Mariner
® Plugged Cryostat, Mariner
® Camera Thermal Door, Lunar Orbiter
III. Undetected in Ground Test - The second largest contributer to mission

data losses were effects which escaped detection in the tests and inspections
applied. Reviewing these incidents revealed the following sources:

o EMI caused the Mariner incidents and one incident with Lunar Orbiter.
e Biosatellite was compromised twice by reversed polarities (one

mechanical, one electrical) and the unproven hardware item described
previously.

® The Lunar Orbiter Photo Systems showed evidence of a vibration induced
change to a delicate adjustment during one Flight (IV) and for the last
flight, a shortened segment of film/developer Bimat was installed in
the supply magazine.
IV. New Effects - The abilities to accomodate unexpected or new effects are
measures of the margins built into the spacecraft and designed into the total
system. The margins include:
e Extra capability to withstand environments

e Extra operating capability (power, controls,. expendables)

o Alternate operating modes

3-7



New effects comprised 33 of the 139 significant flight incidents. The
causes of new effects have ranged from untried hardware to new
environments. In the course of 10 flights ne w effects have compromised
data only 7 times and 2 of these events were loss of contact with the
spacecraft, (Lunar Orbiter IV, completely - Mariner 7, temporarily).
The other five compromising events were induced by unexpected
environmental factors. These environmental effects are of particular
interest for comparisons to the Viking Lander and are the subject of
further discussion elsewhere in this study (Section 5). The ability to
accomodate new effects as shown by the reported flight data confirms

the original selection premise that these projects were well conceived and
well executed; therefore, they provide a suitable base for making further
comparisons,

3-8



(9-¢ °1qel F°¥) swexlSoad isyjo
L 01 6 6 Y3ITA UOWMOD UT §399II9 JO Ioquny
8¢ 0T (119 8T §3003FF0 Mou Jusdaad ‘Al
*3893 punoi8 £q
7 V4 (4} Se pe3oe]SpUn JUSM YOTYM JUSdIS  °III
1€ 8% S¢S 1% SYSTI pownss®e 03 °onp uedivd °*II
*sossoo0ad pue syeTiolew siged
I ‘9T € o1. | POUSTIqeas® T4 03 onp Jusdisd I
SJuepToul JYBITJ IuedTITudIS
Jo juooaed ‘eleE JUSWSSOSSY NSTY
Surnutiuoyn L1ewouy pirvog-uQ
W8T11a 1 0 z £q pejeurwisy sIYSITA JO Ioquny
$3USpIOUL
L €T 9 6 Burstwoxdwo) y8TTL Jo aeoquny
9T 62 €e TS s3ulpToOul JUeOTFTUSTS Fo Isquny
9% Ly £y €9 peazodsy§ s3uspIOUT JO IaqUBN
T € [4 S s3YSTId Ioquny
9 SNIWIN FILITIALVSOId 69, YANTIVA dALITIO SRVI90¥d
JVNOT

QFIANLS SWvanodd dHI 904

SHITVAONV ONV TINTIVA IHOI'LA J0 AYVWWAS  T-€ TTIVL




ruotidraoseop sy3z Surpeocexd x £q pearoIpuf sjueproul SursTwoadwo)

*3yS811J Sutanp sanooo ooueieosdde 1SATJ *SI0OIFH MON Al
*1893 -punoild pspu23lur oyl
£q pe3o939p 10 paadAOOUN JOU DIOM YOTUM SIUSPEOUT IYST[J ° SISO UT po3dejepu) °III
Surlsoy punoi8 woiy umow smefqoxd °*NsTY poideoooy *II
sossoooad pue syeriejew siied poysTIqelse TISM °*NSIX paepuel§ °I

:SMOTTOJ SB sSTexsunu wewoy £q POTITIUSPT °a8 SUOTIBROTITSSBIO MSTY UOTIBTTITISSEIH MSTH

*1eWTo9p ® s® possoidxd® ST puR polBWI]ISO SeM Ipowl

yoes Aq UOTINGTIJUOD SATIRTSI oyl xoF L1TTTqeqoad ® €s9s®O Yons U "Opow VANTTRJ SUO UBY]

2JoW WOIJ SUOTINGIIIUOD JO SOUSPTAS MOUS USIFO SIUSPTIOUT IYBITA *umowqiu)) IO SNOSUBTTOOSIH

‘X $o0TADQE TROTIUBUOSW 9 fi1aed [eOTIL0OTH °d f10eFoq Suranioegnuey ‘W ‘uid1ao uldiseq ‘a
:91e sepow oYL “H UOTIONG YITA uoTIeIa1x0d I03 porrdde uweeq sey JojeuSisep opow aanjrey V¥ : 89POR

(9-¢ °1qel @98 ‘sueaload uwooamleq sweyqoid TWOWNOD SOILOTPUT

*3a0dax LTyjuow snqufy Syl UT poudisse aoqunu £q POTFFIUSPT SIUSPTIOUT [EAPTATPUI °*ID9IF°
10 weyqoad yeynoriaed v 103 ooueaeadde 3511y Fo A9pao uy pojussesid sdnoal 71 se pejussaig
SJUPPTOUT 9% - IYSTIL 1 - SNQUIN G- 9198l

*Joqunu [EB33TWSURA]
2anTeI °2y3 pue 3Jexoodeds u8tTT3 £q POIITIUSPT Sjuoproul [enpraipul ‘sdnoil 4 se pejusseid
sjueptouy [y - SIYSTIL € :°IT[IILSOTd  H=¢ OTqE]

(L 30 9) 3T8Tp XTIINS ' pue IASqunu
¥dd £q poIITIUSPT oae sjuoprour [eapraTpuy °£LSBojouwoxayos 3ydr1y ur sdnoad g1 se poIussaId
SUepToul € - S3YST[J SNOLUBITNWIS ¢ - 69, ASUTIBR €-¢ 91qel

LV-I~-0T1 °°°1
¢a1aqunu 3xodox Afeuwoue Aq POTITIUSPT SIUSPTOUT T[enpraipul °sdnoil8 g1 se pojussaigd
sjuepToul €9 - SIYSTIL § - 1931qIQ IeUN] ¢-€ 91qelL

tsorqe3 SupmoiroF oyl uf pajuosead eae JySTTy 3FRI000Bds WOIF SIUSPTOUT POPIOIAL 3T

SINIAIDNI XTVRONV NV SHINTIVA 1HOITI 40 DNILSIT



ne*
dc*
WG*
ds*®

opoR] o

AT

I1

11

IT

II

SS?IDI =

aoquay|

‘33T 107

psunsse usayj 3so3 punoid UT S
sanfrey xojroede) °uUOTIETNULS
WOTSSTW AT-QT X0 S3s91 punoild
ut pooustiodxs I93e] :OUON
*31s07 13exoaoeds :suoy

*831893
91qr3edwod punoa8 ur paavA0OSTD

spueumioo osTey 031 £311Trqeadeosng

°3s931 punoald
Sutanp sewrl 9] pejaodea useq
pey uorjexado oxd3 snojeuouy

*103STSURI] OY3 Ul TIeq IeplOSs
® Aq posnyd 3se31 punoas

Sutanp 2anyTey ® 01 IBTIWIS

*31893] punoif WoiJ SOUSPTAS oU
‘A-0T ‘II-0T uo Y3TLF ul o8edes]
*s31s93 punoad

snotasad Sutanp weaSoad syl ur
S9TIT]TIQRISUT posned pey sng
a13exosords oyl e sa8e3T0A MO

* SUOT] TPUOCD
3y8113 o3jeinuts Kis3enbope
30U PIpP S31591 punoliy :oOUON

S3USWWO) “AIOJSTH SNOTADIJ

l 3o 1 ®8eq

*soweay ojoyd

LT 3O Ssol uT po3insal aianyred °*pPoOITIRI

oAey o3 paunsse sem Ajquasse a8e3ToA Y3ty

9yl uf do3lToeded I931TF V °*(pusumod 3@ UO

uing I98UOT ou PINOA) JTWsSUBRI) O] POSEID
U9yl JOTABRYD(Q SNOTBRWOUE POITQIYXD VIMIL © X C=-TI-01
*A37TATI00 ¥ [T® posesd jyeaoooeds e x gV=-AT~O1

jFeaosoeds YA 3J0BIUOD FO S§S0T (G

*SUOTI0® pojueMUn
PeTI0I3UOOUN POINODXF °*3TUN JdYIoue 107
pepusjul spusumod o3 popuodsex jyeaoooceds e CV-1I~-01
spueumiod snotandg (¥ x

(1109) ‘°oousasyel uorjom Jo ssol *dn3uey

Tequry oiky £q pestwordwoo [oxjuod 2pnITIIV (€ = 8-1I-01
‘qeat

due 7+ pelre3j 1olstsueil xojerndexa junys @ 9=I=0T
sozodue ¢°Q

01 dn syea] otpeaods smoys zojzeindsi junuyg e ¥IV~-I1I~071

*pPOlRUTWID] SBM
3y381Td °asoT sem se8 Toajuod opniTiae
‘@1els pafueyo pey sisuweildorg *anoy
suo uByl 9Jow I0J ssof damod Jo SouIpPTA € X HV=-A~01
tuoTaBpRIZEp J0 SsO0T asmogd (g

*y1aEd WOIF porfoaluod 3yeaosoedg EV-AT=0T

‘poxtnbax punoaeqioM *9[qE3IS J0U BOUDIDIDI ZV-I1I-01
opni1ytlle fIy3T1 Ledls 03 SATITSUSS SeM [V-1I-01
90UDISID1 9SINAD I0J pesn asoei] aeag sndoury (T % 1I~I=-0T
JUOPIOU] A[PWOUY/SANTEEL oYU 3O UOE3IdIx089(Q Totjeugisoq
1937910

xeung

(JATSATONI S N¥HI T SWHII) SLOEAJE ONIIIWIT IHOI'TE 4O NOISSIW

FONATEHAAXE IHOITd ¥ALITH0 YVNOT WOYd SHITVWONY ANV STINTIIVA J0 XIVWHAS Z-€ TI9VL



. 3o g °38eg

(z-111-01
01 po31RIOI JUSPTOUT STYL ‘spuooss g
03 POITWIT SWTJ JNO PESY) °PUBMOD IO,
snotands sejeious8 pue 3Tq BIEp WI S°8ueyd
a AT T auoN wo3sds ojoyd uyr poreasusd ssynd jusTsuvil @ ZIv-11I-01
*osned pojoadsns ST SUIL
J0SU9S UT 9STOU WY I0Suds RI Aq DIIBIID
a III 1 [uoN $9380TPUT Juswaansesw 98el1ToA XTISH VIMIL € €Y-ITI~01

s309739 INE (L »

*s309339 yjedylinu o3 onp SUMOPIUNOD puUB

*11ed ON ¥Id e UOTITPUOD UMOTY s1s93 Sutanp pojenioniy yarSusilzs Teulis J4 @ LV~TII-01

WS * *x97dnoo g9 pue 19311J popeadep ¢ -dweol
s’ 1T 1 (sa0qe) [~I=QT 10J S® oues aopuodsueal yITH ATTBOTIOLD soTaeA aomod g9 © HY=-T1I-01

*aspuodsuexl gy =y3 upyats iofdnod

WG*® IBUOTIO0ITP B JO LA1TATlTSUSs oanieaadwel
ds* I1 1 (sa0qe) [~I~0T 10F s SuWeg 031 onp Mm Z1-g soSueyd YIMI uT Iomod gy e SY-III-01

*uoi3oe Laeuoiineosad ‘poonpsi SWI} 3INOPEIY °*SSOT IO

10J STSeq oYl SIdM 2S9YJ, JuUSIIND JI9A0 I0J Teriuelod 9ZTWiulw 03 usyel

WS* *83TUN YIMI I0J SOTITAT1ITSUSS UOT]OB UOTIBAIDSUO) °SATIP Jy ut soSueyd
: (*d 1T 1 © 9] uMOYS pey S31§931 PuUROI) snid jueaino uo winil y3Ty poMoys VIMI, e €-III-01

*ponoadsns

* zopuodsueal sem I9]TTd °JI9187 poI240091 YiSuoxls

3o Sutisey jusuodwod utr SANTIRF © 1eudts (eur8iaQ *sSTeulrs g POATOO9I

ne* uo peseq pojoadsns 193TTd °3se1 0§ U Wqp H= pue SUOTILIS NSG 1B sjeudis
ds° 1T 1 wolsfs zo wolsisqns ur £103STY ON J¥ DOATe99I UT Wgp ¢°/~- FO uoTriouny doig e [=T=0T

*majshs
ag* ‘01 Fo £3TATITSUSS UOTIRAQTA pue oianjeredmoly IV-AT~0T
asc* 11T Z 103 ©JI9A9S 10U WOTQOAg :9UON 01 =np aamod andino °Yy3z uF UOTILNIONTF TTeUS @ G=1=071

*suoTleIaeA yiduaxls Teudrs Lajzswelol (9 %

“m. MW MM S3Uoumo) ‘AIOISI] SNOTASIZ JUSPIDU] KlEBWOUY/San] Ied o4l Jo uo[1dtaosoq TOTI8U8159(Q
® ] Jeung

(FAISOTIONT 2T (¥HL 9 SWALI) NOISSIWSNVIL GNV NOIIISINOOV VIVA ONISIWOYdWOD SIDHIIT

(°PIU0)) FONITYAAXE IHOHT'Td HIIICIO UVYNNT HOYA SHTTVWONV GNV STUNTIIVA A0 AUVIWHNS  Z-€ 19V



das*

das*
as:
WG*
as’

WS *
i

de’
as-

a

apoul

I1

II

III

ssetgl

xoquny|

QuUON
*5189]

juauodwoo ur se sanssaad Mol
Je seanyTel umopieoaq o8e310A
Y81y 03 pojeyex poieaddy

QuUON

UOTIRIQTA JO I0UIPIAT)
(Ino pesx oxem
ssweay ojoyd ZiZz 3o g6I) SuoN

sanssoxd mof I® sean[iey Burdie Jo
SOTA9S B UMOUS pBY 1893 punoin

*1BUON

*3zeI000uds yitm peuxogasd jou
SBuijeasdo HA Yatm weasfsoloyd Jo
g3sa] °pewiojied $3593 UT 309FF°
oy3 peysew goy ur dooy SJuppunoasd
¥ JBY] SMOUS DOUSPTAY *IOSUSS
HA @43l ut pojeisus3 sem o91ds

*3y8TIF ITUn 3SITT 03 Jot1id s3seq
413 woxy umouy L3171qeirdsosng

SIUoWo) ‘AJ031STH SNOTADIJ

*oanytes 3xed/ze3anys
70 uotjeiedo TEN3IOE INOYITM UOTIENIOE

1933nyYys jo sjunoo Lijswesisl snotandg e
*z0310oedBO 0 JOj09uUUOO d8eiToA y3Ty U UMOp
*sowely / JO Yo®S UO SIUTL

91TYMA 9 01 ¢ SMOUS WITJ PUROIH
-gueil ueos Surinp peldniisjur TeuUSTS OOPTIH €
*poITEF I0jleIqIATITNU joodsns
€U0, I®3sniyl 9/v, JOo uoizedsrpur snorandg e
(£17AT3TSUeS *pojoadsns JENOATO Iojjuow uoFIFsod W[TF UL ysnag
*punoad 9yl wWOIJ UOTIOE TENPTAIPUT ue peoainb
*oansodxs WITT
yoee 933 pueumod jnoylris poddols jnopeey O X
*apoue °oqnil Io
‘rsuxoysueal ‘pesy o8ejjoa y31y ® a9yl I
*aqeaado o3 peoyre]
wa3sds ojoyd yo worloes afeiroa ySTH @

-jyeoaq peojloodsng

=91 SWeI yoed JO INOpedY

ut 33o0ys pojoadsng

*103sISuBA] I0 DPOIP

¢ I193X2AU03 Q-0 poloedsng

03 POITWIT 'BIEBQ
elep W[IJ I9ylanjy ou

I933e A[ojeTpowmI JJO INUs jno pesy e X
iswerqoad TeoIAl109TE parog-uQ (8

&
1]

*goweay 8€1

*UOTSSTW STUYI WOXJ

uo,, popusuliod

*poapews soweay ojoyd 96T
*pueumod Sutjeasdo x933nys v se pojead
=3I93UT SeA YOTUM Wo3sAS UTYITA poleisusl

oy1ds W ue £q pesned ‘poiesuws 2INIOTH @ ¥

*goToTysA o1draTnu Surfioxn

-U0D USYM TEOTITIO UOTITPUOY

*300] JO §80%

§9SNEBO I9ATD091 pueuwmiod £q poajeisusld oyids WA @
p,3u0D (L

*UOTSSTW

. 3o ¢ °8eg

1-11-01

1=-A=071
£€=AI-01
S=AI-0T1

¢-AI-01

¥=II1-071

¢-111-071

8-I-071

TV-A-01

JUopiou] Alewouy/ein]led oyl go uoildriossq

UOTIeusTSoq
1931910
Jeung

(FATSQTIONI 2T Q¥HI 9 SWHLI) NOISSIWSNVELI OGNV NOILISINDOV VIVA ONISIWOYAWOD SIOAIIT

(*P3uo)) FONATYAIXA IHOITA WALIMIO UYNAT WOEA SATTVWONY ANV SHEATIVA 40 XUVIGANS

¢-¢ dATEVL



wﬂmo
as”®

HSG*
as-

(&

Spox |

III

11

II1

II1

SSE[QI

L)

JaqmnNI

(ydeaSojoyd suo Jo ssoT)
*£1TATITSUSS UOTIBAQTA UMOYS pBY
woisdsqns ojoyd ay3z yo Surisag

*81891 punoal3 walsfs jo
uorjeaodo wnnoea Tewiays Suranp
SUOTISSEO00 g Uo podusTaadxs
uoaq pey seanyrey Surusdo iooq

dapiTng ®oueisol
03 peINqTiIlly °SUON

*AITATITSUSS UOTIBRIGTA UMOUY

SJUMMIO) “AJOLSTH SNOTARId

‘wstueyoIW
1ox3u0d x933anys jo dn 3o uy peatnb

-31 Juamlsnlpe 93e0TIop YaTM poTdnoo team
snfd dn pyTngq ooueisf[ol 031 PIINGTAIIL Osne)
sexoweo ojoydayel uwo draz aeljnys o[qnop

Jo oousptA® ‘posodxoun oswei o7Sue 9pPIM
*s309330 A1BpUOODS WOAF SSOT BIep WITJI UT
poarnsey ‘wstueyosm Surqoofun ut SuTpurq
zo wel o3 paanqialdze sem osney -ureSe
950D 07 PoMOTI® I9AdU Ing A[TnJsseoons
pousdo sem Io0Op SY] IVIBT * PUBLTOD

uo uado 03 pPOITRI JI0O0p TBRULISYZ BISWE)
*S8utpurq pesneds pue °opInd

WITF 9Yl POIOSTIOp MPIOS 9y ‘IASPTOY

dn oye3l Wty uT MdI0s Surjunow yiSusy

ISA0 01 PIINQIIlIE SBM OSNE) °SVSEBD

asyzo snyd (1~III~0T) SSWII 4] IoYIoue
(L-1I-071) saurl g1 pojeodea ses joTsuwely
suo ‘asuueos jsed ooueape 03 POYTRF WIIJ
*@3BN308 10U PIP SIORIU0D

suo1l1sod dois ‘possim SeM XIpuTr JIJO

anyg ‘aesm o juswasnfpe weo 03 poanqrille

esney °pojstsied uvolssTWSULI] O9PTA {pUBUINOD

uo doas 03 poyTey oousnbes jnopeeox witg

SWeTqoxg 99TAdQ TeITUBYOSK (6

L 30 % 9%8eq

#=AT-01

1-AI-01

1-I1I1-01

L=TI-01

€-I1-01

JUSPTOU] ATRWOUY/9INTTed 9Yl JO UOTIATIOSS(Q

UOTIBUITSOQ
1931410
Jeung

Am>HwDADZH 71 N¥HL 9 SWALI) NOISSIWSNVEL GNV NOILISINDOV VIVA ONISIWO¥AWOD SIDHIAd

(*p3uo)) HFONATEHIXH IHOITI YAIICYO FVNNT WOUI SITTIVWONV NV STINTIVA 40 XYVIWANS  2-€ FTAVI



L 30 ¢ 98eg

*31INOATO TOUUBYD [, UT SA03sTsox Jo Butse

as® *TII~QT Jo uoizeaedead 031 onp seM o8uey) °OSBAIOUT JULWAINSEIUW
F: (o 11T 1 uT paAidsqo a9je] waiqoad sweg Tox3u00 uyed opleWOINE JO UOTIROTPUT SSTBI @ oV-II-01
*poyojed pue ‘uoTleizousd pFoIO9IBW O JOBID
poasaoosTp ofoy urg ‘fuorieaedead Suryo4do feuxeyl e poiloodsng °sdep Q0¢
H 11 1 ¥Ig UT poYeol pey Suiseo SIYL 1933e oanssead soso] Suised welsds ojoyd @ ZYV-1I~-01

*3JTYS 9Iepowoode 03
pesetq jusudinbe punoin cuorlepeilop
juted yjz M poajeroosse s8ueyo sanzeasdus]

a 11 1 auoN 03 onp ZH QT Po3FTAP J0IB[[IOSO ZIDIOE @ =TT =0T
°joJjuod aanjeiaedme] ureljurew .
*parTdde enbruyoel 03 uns=3jo poileisdo 9TOTYSA *sSuorioipoad
a TIT 1 uoIenTeA® punoad ejenbepeur Sugpoooxe o3ea je popealep jured jruaeyy e Z~I~0T1

s30973F TewadYL (TTx

*3tun jusnbesqns cuorjesedaad yyg Sutanp
sanfted ON ur punoy juswS8ss W[TJ ©S007] welsdsqns ojoyd ul punoy isysem 95007 @ 6V¥=-III~0T
" AL 1 SuoN putsox Sulanp sjoiq WITI © Z~A-01
R 11T 1 (3y81sasao uotyoedsur) ‘suoy ssof e3ep Wity ‘ourzeSew ur Jewyg 1I0Yg 6 X EV=-A=0T
°309339 jeadsa x0 oxeoTTdnp
01 9]qe JON cunnodea TrWASYl} ‘wity 031 uoflepeidop swos ug po3lInsay
uf @oueideooe YSTTJF wolsdsqgns '~ euorjeasdo piroq WO pUB ‘UOTILOTIqEF 0TV-III-01
H 1T Z Sutanp swWT3 T POIANOO0 JUSPTOUT Jewyg 03 onp s3o93op Surssecoad wirj @ . Z~I1I-01
*Burtwiojiad TENPTIAIPUT *uotieiedazd pyoTy J0I IAESTOUN
aya 3o TITNs uodn juspusdsp suoTlonIlsur JuswuldT[y °*OTOTYSA ul
d 11 1 st juemulti{e yo uotTstooad [wuUTJ 9oueio1ol puokag pa3liT} 2qn] ULDIS DU © 9V=-ATI-0T
*BTADITIO . °£3Tsuep 1991109 j0U SUI UL
oouejdoooe U POISPISUOD s19371J Surouefeg °owWES SY] 30U SBIDWED 8V~III-01
a AT Z jou °d43 STyl JO JUSWAINSBOR ojoydaTol pue 918ue °opIM Woiy soinsodxy € 9=II~0T
wolsfqng o3oyg syl ol Je[noriaed swajqoxd (0T
= - = S1UPW0) ‘AA0IS1H SHOTADIG JUSpIou] Ajewouy/oan]ted o4l Jo UGOLIdTi089(Q TUotTJeddisaq
2. Py g 1937910
® a g aeung
"

(ZAISQTONI ¢1 N¥HI 9 SWALI) NOISSIWSNVEL GNV NOILISINOOV VIVA ONISIWO¥AWOD SIDFIIE

(°pauop)  HONIIWAIXE IHOITA YHLIIE0 YVNOT WOUd SHITVHONY ANV SHINIIVA 40 AUVWWAS ¢-¢ ATV



. Fo 9 @3eg

*10933J0 SZTUTUTW O] pIYSeW 3qnj
*poonpea £Tuc POIBUTWELD 3q *goy ul 2qn) odoossuyry B wWoIJ Sso[BY 03 °np

3Feaoooedg UT 0N jou pinog “‘wafqoad ul3fsep °qnj, soanjord £8803 peomoys uorjeasdo FyoH easue) e 6-1~01
* (pe3eiodioour jou FHy ur °8uwy)) sjusTsURII
pooustaadxo a[oTys) °ITNOATO I03STSUBAI UT

*¢ pue 7 s3ySTidg 9poTp Surdo0Iq puB I03SISaI peo] Surssiw
usamiaq jusudinbs xeoydmoo youney 0] onp VIANTIBL °UMOP JUNOD PIIBTNWES
" 1IT 1 03 £1ddns xemod up 3no =8ueyy ® Sutanp £1ddeax o3 polrey asmod punoin e 9V-I1I~01

swar1qoad IV (€1
(7T ® €1 SWALI) SINEJIIN INAWIINOE QIASVI ANAOYD

°pPIISPTSUOD O 03 JUSWUO I TAUD *Iosuss oyl pPOILINIES
sanyted ON ookds ® ST STYJ °OuUON 19A9T uwOTIBIPEI ‘pPalIndo0 2aB[J IBIOS € CIV-III-01

*98ueyo 10 X713

I9onpsueal INOYlIM papescoad 1yStig °asmod

17 (o 12UJI9IUT YITA 98B1TO0A MO 3P OT1BIID SBM
96" II 1 JUON wa3sds L1ddns Nz uf I9onpsuelil oInsssad @ €=-T=01

*193800q 03 9jew I93Je powaojasad

aJ9M Sjusmainsesw £ITNUTIUOD IO INOHOIYD

oN *£x3Tnoard 31gyexosoeds sSy3 ujl sen

asc- saniTed °younei Suranp o93eOTPUT O3 pOITIRF
WG * TII 1 2uoN 10SU9s pIeoq WO I9]9WOISTO00B JO SSOT € ©0T-1I-01

swafqoxd Iosues (271 %

*punoae jiom (sndouep) uns-JJo

*ITRJ ON UOTITPUOD D[QEIDIPIAJ 03 onp °9ouaidIFTP Moys saanjeiadwol Lio33eg € IV~III-0T
*Mmopeys Y3jaige ur
*11eF ON UOTITPUOD OTqeIOTPaId youney o3 anp axnjeaadwel o7 wajzsfs ojoyg e 1V=-II-01

(p,3u0D) 5309777 Tewreul (1T »

3 a = SIUOWN0) *AL103E1H SNOTA9AG JUSpTou] A[eUouy/SInTea o4l 3O amwu TI0859(Q TOTAeusFsaq

9 = g

& @ 2 29379310
v e aeunt

(FAISOIONI 7T NYHIL 9 SWALI) NOISSIWSNVII ANV NOIIISINOOV VIVA ONISIHONAWOD SID3A4d

(*pawo)) FIONFATHYAAXH IHOTIL YHLITYO YVYNAT WOUI SIATIVWONY GNV SHINTIVE J0 AYVHAS =€ ITdVL



opow |

Kxepuooog
L1epuoosg

Lxepuooag

II 1

I1 [4

2anyTed ON

aanyted ON

ssetgl
JaqmnNI

T=AI-0T 103
puUnOIE MIOM JO I[NSVY § SUON

JUON

(x00p TeWIDYI
easwe)) T~AI-07F I03J punoie
jIOM 03 SUOTILITWIY ¢ouoy

SUON
suoryexedaxd y8113 Sutanp
37un snorasxd uo paAxasqQ

cuotreoTidde oyl
103 u8tseop o3enbope jou SATEA

9/S ul 10u woiqoad

0/S ur jou waLqoid

§JUomo) ‘AX01STH SNOTAdig

*95INId 37qI0 Butanp

jutod mep Mmolsq sdoap sinjeiedwmel MOpUTM
‘usdo J00p BISWED 03 °onp MOopuTM po83og ®

°I10380TPUT ysniq uorirsod ug

sanytes 1xed ‘z-p7-07 WoiF Inopesax dois-1Ie3S
Sutanp spuoo9ds g A0 13S0 TruSTS OOPIA €

sTeU8TS O09pTA TEWIOoUqe UT SITNSSI WITJ Monals

Y831 JO UOTSSIWSUBI] °*SSTNIO ITqIO0 Suranp
aoop easmed uado naya ¥onils Y3I] WITI €

SJUepPTouUl 19Yyl0 woiy 3ursTiV sweIqoighirpuodss (91

‘paie pojuemun o3
peiiogysueil seg °siesl Ioreindex sinssoad Oy e
°jeos 9yl YiTM Juswuldrle Jood puz 90103
. 8uads juagorzgnsur o1 onp jess
39ddod 3sed payeoe] oAfeA [TIJ [ong €
*3eos 3sed poves] se8 {L[9397dwod
{ees 01 PO[IBI SATBA ,JJO-3Inys, O0ikg @
siojeindey pue seAaTBA (GIx

[ 3o t ¥8eg

LY-AI-01

SV=AI-01

¢V-AT-01
H¥-AI-01

#=1-01

TIV=III-01
€IV-III-01
€V-II-01

(9T ® ST SWALI) SIDHIIE SNOANVITIOSIH

*fouenboaxy swes syx e aspuodsuerl

3s93 ® Surjeasdo sem uorlels §8Q © SWIJ Swes
8yl 7 3Ju23uo0d °sSTOU YSTIY POMOYS BIED OSPTA ©

*30933° juoxedde

posned suorlels NS@ 103F sonbruyosl

uoTIeAqI[e) °aspuodsueal paeoq uO SYI

woxj jusweinsesm ToIjuod ureld orjewolns
Jua1333TP ® peixodsx uworiels NSO yoed @

swoiqoxg suoriexado NS@ (V1

JUOp1oU] A[EWOUY/oin]1ed oUl O UOTIdTIOs(Q

V=001

¥V-1I-01

TOTJeustso(

1931910
xeung

(bT ® €1 SWEII) SIOEAAT INAWLINOT AISYd aANNO¥D

(EIAAIONOD) HONATYAIXH IHOITH YELITE0 ¥VNAT WOYd SAITVHONV ANV STINTIVA 40 AMVHHNS

Z~¢ ATIVL



¢ 3o T 98eg

(AT) ‘uetd 3yS8113 (82~z) 31Insea pejoedxe
1eut81i0 ut posopisuco joN °3°f seld -un oos/um 6 ~ A3JTOOTPA sqanjiad
*iTed oN 03 onp H/S uUC =007 peSSURTBRAUN wWSTURYOSW oJe] UEODS WOl pojusa sed (€ i 9~668£02

(FAISNIONTI 8 N¥HI € SWELII) - ASINED XYVIANVIQYHINI
*3Inopesl LIoWSmW I0F PUBLIIOD O} SB

esTnd juefsueil oyj s3aadisjur § pue ) YL (Lz=g) ‘uorjezedes inejue)
*seTpunq sssuiry urylta Surjdnoo esTou Y3ITA JUSPTOUTOH °OpOW INOPERIA
£q 33exo90eds 9yl UTYIFA [°ARI] sesTnd 07 pUBWNIOD PUNOIS INOYITM SUTINOI
a 1I T oseyl ‘*sosind jJusTsURi] $9]219US3 qns dunp Liowsw paInooxs § pue H) @ L=689%02

fe1sa uvoijeardss oyl Jo sounogq pur 9sOTH

(LZ~¢) Aazswoiol Lq poleOTpPUT
X 11 1 aseyd 3sooq Suranp sojenjonyy Iomod Jy e L=069%02
youne| / ISULIeH (7 %

(%7Z=7) 31sooq Suranp pspioosl

X AT 1 suopjeisloooe Lousnbaiy y31y snojeuwouy e 9-468€£0¢
(%2=7) °uo pepuewmnod st Spow SutSuex
uoys doxp qp g © pamoys joijuocd uied

*£L1ddns asmod 3704 GT 0T3BWOINE OY] UMOPIUNOD BY3 JO ©SINOD
2 ut dool YoBqpesSF B SVAJOAUT eyl uy °opow SurSuei UT NOOT=JO=1NO
a II T pue worqoid IWH ©® SB POIITIUSPI pejeaado usym s3yTys Lousnboiy ieaTeooy € 9=969%0¢7
(42-2) sdeais g
X II 1 309339 yjedrirnu v L[[eTIU930g ut qp g8°0 sdoap o7oTysA woay ndino gy e 9-669%02
youne] 9 asutIel (1 = )
- - - SJUOWIO) ~ AJOJISTH SNOTASAd  (938Q) S3093]d ' oOSnE) 'oan]led jo uoridixoseq 375 *ON 4Aid
m.h 2 g uotreudiss(
& & 5 asuraey
2] R ’

(z pue T SWHIT) YAVINID WOUI NOIIVIVALAS MYHI HONNVTIZNL

IIA ‘IA-W SATOIHIA 69, WANIYVA A0 IHOITI WO¥I SHITVWONV ANV STINIIVA O XIVWHOS €-¢ FTdVL



We*
as:

OPOR l

‘1784 ON
11 1
I 1
11 1
11 I
AT 1
*p3u0)
AI 1
*p3u0y

I )
AT 1
AT 1
AT T
@ R

(°pauoy)

*337ys Lousnboiy jo uoriTpUOOD FIO

3317 031 pejeloa poieadde osTy
*SUOTSEOD0 g 3SBO] 1B UO 3597
punoi8 ut syoo] snorandns pue
o0 9STBJ POIIqIYX® WO1sAS gy

°poSueyd ud1sop [/~H ‘109339 MoN

i
(sa0qe $69%07
998) ‘IA-W 103 Se 3109JJ° oueg

saa0Qqe ‘0g9h07 Se 109IJ° ouesg

*31s93 punoa8 ur poousTiadxe jou
uotieaado snojewouy *1997F9 MON
*pnoays Jo OPFSUT WOIF JIATP ST
isnp Jo @danos pojoedsng  *Nooys
I0 sioansuew £q 9/ JO IOTASIXD
woxy pe8poistp sororiaed 3sng

§]UoWN0) =~ AJOJISTH SNHOLADAg

(6Z=%7) sauoA® Yool gy Suranp
a8ea37oa Surienjoniy smoys °WIL BIA
juswaansesw ToIquo2 ured o1jewWOoINy

(Sz-%) peute8az

ueyl] Mo0T 1S0] ADATOOSI PUBWNOY)

(0z-%) peure8ex ‘jqooy 3sof dooy Burduey
(9-%) °*peainbowes usyl

yoof poddoap weisds pueswmod JUYITITJ

(12=€) 330 sem Ie3jTUsSURIY
JISq usym opouwl OO0 JISS TRUADIUT

ue ojuf 08 o031 pexeodde wolshs gy €
sma1qoid o007 J9

(92-0)

ssol sndouen sosneo oousnbos purwwon
(8-5) meTA 3O PITF

losusg aels§ ut seoioriaed jy3rag
(8-%) so1o11aed 3sng 1oedsng

Josudg IB3lg UT POsSearouT L3 Tsud]jul
(92-5) o18ue suod °jepdn jou plnoY
(0c~%) °°qni Astou 3oadsng ‘*ae1s
Wwip ® w0 Y007 PIOY 10U TITM Ao}oei]

(0z-%) o18ur suoo sndouep o3epdn jou pInoY
. (9-€) uoaerun

wzozield ueos 3 NOO[ ISOT I0osues iel§
(82-7) po1oedsns soporjaed

1sn@ :JI0SuUDg IAel§ UT 9sesaour £ITsusiuT

swofqoagd osusg aeig sndoue) (¥ x

< »

S]093 1y ‘OSNE) ‘oiN]LEJ JO UOLIALA059(Qq

G 30 g 98ed

L=6L9%02T

L=LL9%0T
L=8L9%0C

9-5L9%0¢

9-169%0¢

L=T%9%0¢
L=€L9%0Z
L=-989%0¢
9-049%0¢
9-2L9%02
9-089%0¢
9-269%0¢
9~%69%0¢C
J0/8 *ON ¥id

uotjyeuldisaqg
1ouTIen

(ZAISATONI 8 O¥HI € SWALI) ~ FSINYD AYVIANVIIIAINI

ITA ‘IA-R STIOIHAA 69, WANTYVH 0 IHOITI WOWA SATTVWONY ANV SHMNTIVA 40 XYVIWANS

€=¢ ITIVL



WG *
as

ds*
as’
s’
as’

HG*®
as’

=

aponl

11 4
11 1
11 1
1784 ON
I 1
I 1
*pIu0D
*p3u0)
11 T
111 T
Q 2
b &
8 2.
12] o
=

*uoT32INSTIUO0D 38931 0] PIINGTIIe SA0F
«-239Yy] pue ‘ooeTd UT SOTQED FHV USUYM
A7uo 1591 punoi8 ufl PelITqTUYXe WOIqoigd

*3§93 pUB UOTIBOTIqERJ
Sutainp swaiqoad jo L103lsTy

(1-8 pue gz-[) S3I093F°
osTou TWHA Swioyizerd ueos yo uofrazisod

Y3ITA soBueyo sMOUS YYT WoaJ vileq @ X

Jojunoouy e wWeTqoxd Iojsworpey paxeajur (01

(5z~L) c-aoxxe Buraim
€1s931 jooyo xojunoous~aid Jurinp Hf
Iajunod ut jueas peiloedxsun smoys §99 (6

G 3o ¢ 9%8g

L=8%£T02
9-6%¢£10¢

9-199%0¢

(FATSOTIONI %1 MIHI 6 SWALI) YIINOOONT

(L~-L) DI °AT3I093op 3oadsns ‘ruusiue

pomoys sjtun 9 JOo uorlvasdo punoid uted 7y o1 yYds3IIMS 03 d[qeun §3) (8 L=299%02

(0z~9) euusjue uyes

moT Sutsn uo paYOAIMS spoul auidura ueym
Suipeea Touueyo WL Jomod gy ur o8uey) e [=699%02

swopqoad oo J§ 03 peleyox poaeoddy (81~-9) samoy feisass Jo poriad B I9A0
199407 @°§ °*IA-H 10J se sueg A7oATSS90X? S3ITIP JOIR[TTOS0 AIBRFLIXNY @ L=899%07

(81~9) sanoy Jo poriad B I9A0 LTDATSSDOXD
POIITIP pPuBq § 10F I0IBITTOSO LIBTITXNY ® 9=199%0¢

. (01~-5) s3twurl
198 puofeq pITIBA TML 03 SATIP Iy @ 9=%.9%0¢

(8T-%) °nTap
303vTITOSO UT polou OSEald9p IaMmog @ 9-189%02

(8-%) £aT1TqeISUT
Wil 3JI0YS B peY Z# I0IBTITOSO AIRTITXNY @ 9-T1/9%0C

suotaenionyg xomod 49 (L »
(L=%)
Ioonpsueay oanjeasdwoy Touerd xpjos suo woag

posaaaaax sem Teuldts jndut Lajswerel YL (9 s 9=/89%0¢
$1USWNION = AIOJSTH SnOTARIF (°3eq) s31093Jy ‘osne)y 'oinlrej Jo uorldrioss(g 0/S °ON did
uotreuldrsaq
JOUTIBR

(°*pIuod) IIA ‘IA-W STTIOTHAA 69, WANIUVH 40 IHOITA WOMA SHITVWONY ANV STINTIVA 0 XIVWWNS

(HAISNIONT 8 MIHI € SWALI) - FSINYD AUVIANVILYAINI

€-¢ ITIVL



ds*®
as’
ds*
as

WS’
as’

~

aponl

I1

II

11

AL

I1

I1

SSe1) I

Tequoy |

°31s507 °9q pInoM eBlep ‘8S1S509)

punox8 Sutanp aspyTrdmesid aspiaooax
Te3118Tp Ul pPoAIDSqO SUOTILTIEOSO
°3159] punoil U POAIIS]O DIIM
Touueyo Sojeue yo andano ur se3uey)
*31s93 punoal

fsao710a3u0° UT so31R1S padueyd

9ABY SJUITSUBI] Wa3lsAsqns aomog

¢ J0 4 98eqg

(8~8) °1qepes1 30U

Iopaooox odel TeaT8Tp JO [ MOBIAL @ X 0=659+%07
(8-8) 318y £q peonpox spniTuleuw
¢xopaooaa =deyz Bojrur JO T 3OBAL @ X 9=859+407

(¢~=8) poSueyo sousnbss purumo)
*meTqoad eseas aopiooox odel Sofeuy e [=159%07
sweTqolg aspaoosy adel (Gix

(FAISATIONI 81 O¥HI ST SWALI) NOISSIW CEANAIXH GNV ¥AINOOONT ISOd

*@anjeu
otydoaysezeo L1aeou Jo oaniTel IYSIIJ
JueoTITulTs ® pojuosaadex jusAs STYJ,

(s3uspFouT Q1 ~ )
s3UPUTWR]UOD 03 onp 31893 punoald Burinp
8ut838n1d 3je3sofiao g9 Jo L£I03STH

WI4 uo S§3s91 Uuf
3I5BIISUOD 109II00UT UMOYS PBY Al

°pemxoziad
£1In3zsseoons 9ousnbes aajunoosus?
oYy pue poarnboesa sem 3jeaoooeds
2y °sjusundop ¥id 0Z UT PIQEIOSSP
S830933° OpTS UYITA POIINOD0 jFeaoooeds
ay3 woxy ssof Teudrs idniqe pojoadxoun uy e X £-099%02
(0g=.) Areuwouy xojunoduy °ad IIA JIouTIeR (yi

, (1€~L) asjunoosus
Sutanp syenprsea aoyddop pezoedxeun (€I 9-168%02

(0g=L) (suoaom #1-4) yadusy
sAeM I93U0f I0F 3SOT BIRP ‘1000 03 SITRI X

S§]UoWlo) - AXO0JSLH SNOTADig

18380419 T (ouueyo Iajswoxiloeds paxeayur (1 9~069%02Z
(62-L) x

asealsuoo Yoey ssanjotd Iojunoous aeF AL (11 9=9€9%02Z

(°38Q) 53109334 rosne) 'oanyieg JO UOTIdTIo89Qq 9/S ‘ON did

uotleudisaq

IDUTIBH

(ZAISNTONT #1 MUHI 6 SWALI) YHINNOONI

(°P3uo)) IIA ‘IA-W STTOTHAA 69, WANIUVW 0 IHOITI WO SITTIVWONYV ANV SHANTIVA 0 ASVWANS £~¢ A'TIVL



[=]

apon]

AT

SSE[DI H

*p3uoy I
‘pauoy n
°pauoy u
*TE90Z 099407 SIURAD
1 snotasad o1 drysuorieiox joodsng
. "099%0¢
Fo juepiouT snorasad ol drysuorlerox
3oedsns f37un sTyl 103 Arewoue IY3T[F
1 JueoTITudIs puooes ® sjuesexder sIYL
*qSTI JYSTTI Se usje]
°53593 punoi8 ul pexinooo |ABY
1 Laomsw uf so8ueyo poumeaSoad uoN
= SJUSUO]) =~ AJAOFSTH SNOTASAG

g

&

0

"

(S1~-1) puemwoo yjo SurSuex snotinds

s92eI9u98 §D) UO NOO[O JO NOo9Yo SUIINOY @
(8~1) pupmwod I93j®

votatsod peioadxeun utp 9f8ue suoo sndoue) e
(1e-21)

puewwod noylTm JJo suiny spow Builuey e
(91~21) uvorssTu
-SUB1] puewIoD I93Je palorpaad woij

JuUNod duo Ag SOIBTADP I91UNOY JUDAD O], @

s30933% Surnuijuo) / IsuTIEN (81

(e-11)

S7USUND0P ¥Yid ¥ UT POQIIOSOP SI093F°

9pEs °posowm A1jusiedde wiozjeid ueos

o3 pue g§50 °ya ur poaeadde elERp pUBMNOD

snotands ‘poganized sxsm syouueys Lajsm

~-9191 ‘poiroa 3yeaoodeds 9yl ¢peaaindoo

Sutyoams asmod snoTewmour ue uorlEgod
iosuos sndouep oya ejepdn ol ajdwezae ue uy (/L1

(0£-01) PUPUOD UC PSINOIXD
jou sem §9) 9yl oy surinox dump Liomew oyL (9T x

S3700JJd Cosney) '‘oanIfeg JO UOTIdTi059(Q

G Jo G 988g

L=129%02
L=TT9%0T

L=€29%0¢

L=%729%0¢T

L=T€e9%0¢

9-£€9%0¢

J/S °ON ¥id
uo3leudTsaq
ISUTIBR

(FATSATONI 8T NY¥HI ST SWHII) NOISSIW QHANIIXT ANV ¥IAINNOONE ISOd

(QEanIoN0d) IIA ‘IA-W SATOIHIA 69, WANTYVH A0 IHOITA WO SHITVWONY ANV SHMNTIIVA 40 AMVIWWOS

€-¢ TTdVL



W6*
ats

sponf

II1

AT

I1I

SS?IO] -

(8°6°S pue 1~g

soTqey, ®9S) °*I[NOTIIFP SeM [oauod IYSIT4
*qusudinbs 3593 £q pesew sem 309339 onijl

9UJ °peonpoijul sem o3uryo poOlBUTPIOOIUN UY

1 *Aouepunpol We3SLS PIIUDAINIITO 31093J° STYL

% 30 1 °8eg

° 19p0odep
°oy3 03 3nduf 9yl po[[ooUELDd
A11en3aza pue oseyd Jo 3Ino 081
SI°M SJIDATOO9Y PUBUWNO) JueppuRpOI
oMl 9yl jo sandano oyy €  x
swaTqoxd Muig purumod (¥ x

souelsur 1

(£eq ¢€)
1T 438114

(FAISNTONT [ HONOWHIL % SWALI) wZOHﬂﬁmmmC IHOITA QESTHOEAWOD HDIHM SIDHAIHE

*A13TNoaTo a0suds oyl ur sodueyo ures

8 91807 pue SBuriollry TeoTldo °TqeITNS

£q ponozdwy sem UOTITPUOD BYL °53593

Z 4£q peleINWIS Sq 30U PINOD SUOTITPUOD BSVYL

*SUOTIBTTBISUT JO SMITA

=91 pue 3591 £q uUOTIBLOTITIAA ‘sS8urjunow

‘sBumeap Suiasaoo (°o3° ‘si91°9WO0IBTD00T

¢501£48) juswdinbs °9AT31TSUSS UOTIOVAIP UO

Lo7710d 3073318 L1094 B J0J SI03RISUSS BYI

®I8M SJUSPTOUT 9S8yl °youne] aio3joq 3snf

IT 48T1a 103 polooaiod sem Surjunow Jyf,
*pPe1BIOTISIOP JITQIO DY) I931JE POI9]UD-dI

synsdeo oyl °T IYBTITJ °SA°TiIOA

Z 03 9an]TeJ I0J uoseai o[qeqoid 3sol

°39)001 yo adf1 sTyl 93eT3ITUT

01 sain]Tey Jo sjueprour xotad ou

useq pey o190yl IYSTIF ISATF °Uyl JO W)
1Y c°seaae eanfrey jurod o78uis oaom
8utiTM poOlBEO0SSE pue 19YD0I0I3ISY VYL

*03H °sSjusuwwo) °“OOUBOTITUSES "AIOLSTH

Jaqmnﬁ| -

aouelsuy |

*spnoyo °pnafiTe ysTy (Leq €)

£q posned SOT3ITNUTIIUOISTP YIaead 11 uSTTd
jusyedde pue uns oyl JOo oousnlIFUT PouBlSUT T
Teuxasyl Sutasmodisso o3 snp X (Aeg ¢)
saosueg ¥I °Yaz Jo uorieisdo orreaay (Cx T 343114
souelsul 1

(4eq €)

II 343114

°spaemioeq poylels soue3lsuy T

~ut o3nyoevied Suisesrsi JoF X (Leq ¢)
qo3TMg SuTsues 9, 1791090 (T I 34y8t11a

*1078TITUI 39YD0X

-0119§ 9yl o3 SuraTM 9y} Uf souelsuy |

uorjosuuoo usdo ue 03 paINQGIIAIIV X (Leq €)
$9TOTYSA 3Tqi09p 03 sanpTed (I I 3y8114
WSTqoig/oan]1ed Jo odA[ SZoquiny
1e33TwsueLj,

2anyIed

(JAISNTIONI € OL T SWEII) I FIITIAIVSOIL 40 SSOT FHI OL ATIOHYIC ONIINGTIYINOD SIDFALH

SETDIHIA FLITIIIVSOICE 40 SIHOITA WOYA SITTVWONY OGNV STENTIIVA JO ASVIAOS

Y=g TI9YL



zw.
oc*

asz-
as.*

opoid

II

I1

I1

II

I1

II1

sse[3|

=i

zaqmnnl

*3Tqx0

JO jusuuOITAU® uNNoBA 9yl ul uorlexado
103 s3enbope saoad jou pIp uoTIVLVIIO0D
103 peonpoajul ss3ueyo oyJ °*3Ise3 punoid
U peiasjunoous oiom swelqoiad ABTTWIS
*UOTIOTIJ OATSSOOXD PoadNpPoajuUl

YoFym PENT3 0148 Syl JO UOTIBUTWEIUOD
£q posneo sem 3§93 punoxd ur 19s3J0 oady

*3TnoaTo Surrqeus I9pod9( Juepunpax

B JO UOTAITPpe £q poonpsax sem 109339 oyL
°saUI] ITNOATO uo soNids pue 9stou wOISLs
03 painqiilae L(jeaoua8 sea wsyqoad sIyj
‘poSpoTMowoB SEBM ¥STI

uoTsSSTW Y], °u3Tsopaa °AIsuvIXe £q
S1TNOITO 9Y] DZTITSUSSOP IdYlinjy 03 pue
Suiool oseyd juepunpol 9sn 031 Laessoodu
punoz A1juenbesqns sem 37 ‘*estou

IWd Jo ooanos fedroutrad oy3 poaISPISUCO
sen juomdinbe 3893 9y3z oours uorlow
9AT1091X00 JUSTOTIINS SATO09I JoU PIP
31893 punoid ul paxsjunoous swaTqoid IeTTIWIS

*sooanos L3T[ToEF

pue jusumdynbe 31593 03 polngrilze Lism
swoyqoxd “3TnorIITP Sea Surisel (eATevaI
-31TWsuURIl) gAY pourquo). °uorjeiedo

aedoxd pemoys squry ojezedes Jo siseg

“03d @ 5}UoWN0]) ‘ooUEDTIIUSLS ‘AA0ISTH

‘*uoT3ofaF Sutiesq
481y 01 anp uoriTrsod pakoijdep

% 30 g @8eq

oouelsuy |

JO ¢ UTYITA pUSlX® 03 POITERF (Leq of)
~fLo1dep 3Tqioep mef 103y peainbox IIT 3y3Itd
Jojewolsuldey SpPIoy YOFys woog @ souelsuy T
0148 dn Moeq o031 Suryolms £q (Leq 0¢)
po31021300 $3983J0 0148 SAISSOOXY ® IIT IY3TTd
swoTqoxg jusmdinby foxjuon SpNITIIV (9y
°58) T
*poINIOXe SPUBWMIOD -S90UB]SUT €
pe3lTwsuUeIIUN A0 PIINIOXD (4Bq €)
Jjou SpUBWNNOD pOIJTWSURILY @ 1T 7348114
9se) |
*sjuetsuell pojeisusld -~ g9duelsuy g
JIos 03 enp s319s [OIUOD (Leq 0F)
opna137® Jo SuTiTy snotandg e IIT Y3714
°*9T307 °ATITSUSS 2-25-9-5019
9STOU pUB SJUDTSUERI] pIJBILSULS £-26-9-8019
JIos JO wWOT1OE 9yl 03 onp (Leq ¢)
sopowl SOUO3TMS [OIJUO0D °pNITIIV € 1 3T1d
s3093Fd TWH (Sx
*93ex
319 A1jsweiol Syl Jo OuUOWIRY UR
sT Louenbaxiy paom esnevaq uorssTw
-suei] L£I3SWRT93 WOAJ I93UD SIFq 11-26~9~8019
snotindg *IS9ATODSJ PUBNNOD °Y3 UL 01~2$-9-5S014
poSueyo aae SpIoM SSOIPPE JIOPOD (Leq ¢)
-9 "I[NOTIFIP SSO00B PUBUWO) ® T w3114
(penut3iuoc)) (¥«
“Werqoig/oanired Jo odAy saoquny
1Bl TWUSURILL
2anited

(FATSOIONI / HONOWHL % SWAII) SNOIIVIEAO IHOITA QASIWONIWOD HOTHM SIDEAIH

(°p3uop) SHTIDIHIA FLITIIIVSOIE 40 SIHOITI WOUS SHITVWONV GNV STINTIVA A0 AIVWAOS

=g FTIVL



ot

a-

as:°

apowl

111
II

SSEIDI

*UOT3IOe JUBIABA
03 warqoad JUSTOTIINS B POWSIP J0U AN
€ 3591 oouejdoooe Juranp seInfTeI 103 STHILSY]

*poSpeTMouNOB SBM NSII UOTSSTH °*SIPUTWLAS] pue
$30309UU0D JO Joqunu 93IB] pUB 9ZTS SITM [[eWS
=003 JOo so[qed Suol woxj SullINsox SOOURISTSOI
Y3ty {I9TT0XJU0) pue IAs9poos( usemieq Teuldis
popuewiod Jo ssof aeIn3oaat ¢sae3zsidsa Surizunod
123181p Fo £31T1Tqiadeosns ospou :opnyouUl

sosned pojoedsng ° (WOIT [EBOTUBYDSWOIIOOTH)

6 swe8 xojowoyodsd syl UF SANTTEI °UO UBYL OIOK

*S8UT3I3TF 109UUODISTIP

Moinb oya e L1oNI1 2sow ofnsdes 9yl

1 3o uworleaedes 19338 PaIANDD0 e[ Y]
*UOTIBIGEA UTI UOTIOW DSATIRISA

03 onp SATBA [TBq 9pTqaed uslsSuny pue

189S WNTUE]T] UDSMID| IDFSuUBI] [BTIOILW pue
‘mBeayderp o031 s8euwep 318921 ‘uorjeurwrluUOd £q

1 pesned aasm J038INd9Y oyl Jo swayqoad ISl
= *53g © SJUOWo) ©ooueoTJIUSTS ‘AXOISTH
B
g
0
R

*3y811F Suranp 1 pue younel 03
3otad gz *wmopuea Liqeunssaad
fsrolsTWwasyl Jo SoiInTI2d (6%

*puBLLOD X0 awel
xojomoysLsd £q pozrioyane
£313uenb pue pesusdsip poojy jo X
JUNO® UPSMISq SITOULISTSUOSUL (8

# Jo ¢ °8eg

sosey ¢

(£ea ¢€)
T 2y8tid

seose) 6§

(£eq 0€)
IITI uS8TId

(6 ‘8 SWAII) VIVA QESTHO¥YdWOD HOIHM SIDHEIAE

ainsdeo Jo uorjviedss
a9a3e sed D/¥ jo °8eeoT e

*gajeaado 10I3UOD °pnlITIIE A93JE

20Uer]}sur ﬁ
(Leq ¢)
TI 3438114

ooue3sul I

aanssoad usBoajzru peolzenSaa (Led 0¢)

ut 1sd Z/1 Jo osea1dsQ @ ITT uS8Tid
swoyqoag o3exeoT IYITTL ul {(Lx

WO1(OIg/oIn] Fed JO o9dA] sIioquny

1831 TWSUBLY

aanyted

(EAISOTONI L meOMMH ¥ SWHII) SNOILVIHdO IHOITA QASIWONAWOD HOTHM SLOAAIH

(*p2u0D) SHIOTHAA ATITIHIVSOIL A0 SIHOITI WOYL SHITVWONY ANV STENTIVE 30 AUVWHOS

#=¢ FI9VL



apow|

11 1
AL T
(A1)
*118d ON
(AT)
*ITed ON
(AT)
*T1ed ON
a 7
g g
/7] (]
a1

uotiepeidop adea Jo seseo ¢ umoys
pey Jepiaoooa adel o1 o Surlse] punoin

‘pewzoyzad aq pInoo wolsds STyl Io3
Suilsel punoil SAT109IFO ou IDADMOY
‘molsfs urdsop-uirds a2yl xoy uBrsep
PoYSTIqE3IS® [[9M B pPosn 93T[[91eSOTd

cumoys sT Bursseld

-1N0 JO JuUSlXD SY] I9AdMOY 4 WOIT UT
polou werqoxad pupumod 9yl 03 °NP UOISSTW
8yl uf £7ae® UO pIUANI °¢ JOU PINO DH/V
oy3 oouts werqoad Axepuooss ® seBM ST,
°poio0D

1980 wolsds ‘ooustaedxe snotasad Lue

Jo ssoox® uf sem ojewrad yo gndino godea
aojeM °*speo] 3e9y Jerjuolod [le I°A0D
jou prp 9jewrid I0F UOTITUTIOP ©OBIADIUT

*98uea petzyToods ojur uoTaeinlax
prdex yatm uorsstw Jo Sutuuileq
Je SsuoTlIpuod *oeds Jo Ino Liexodmoy,

*07y ‘sJuoWuio) ‘OOUBDLFIUSLS 'AJL02STIH

*popeadop Byep 'sToa9] [euldrs

no1 yaits ode3 Jo UOTIOSS SMOYUS
B3RP JO uoIleni®BA® 3593 3sod x
PoI8A0DTY) A9PIOIDY mamyﬁAqa

*xXn{JJo osusp azouw ‘uosig
yats Oy SurxTw £q 1091100
curds-op pue ‘dn uids oy
sfqerreAr jou 3ef o esinduy
1InI ‘oanjonils £q peoysew
A11eT3aed sorzzou uidsep pue
urdg °eojex uids 31q109p O (€I

*8utaeaado 0u J/V YITA
0/s 3o 8Surssel8 3no o3 onp
sojea ieindue °oeds Fo Iang (Ziw

*98uea UTYITM sem uorleaado

sMoys AIs5A0D8I I53I8 UOTIBPAGITED

-9y *ITWI] °9vds MOTIq A1IY3ITS
se polou aanzexsdwsy einsdey ([Tx

¥ 30 1 °8eq

JUSpTOUT
Aeq ¢
II ST

|oueBlsuyl
(4eq ¢)
I y8ria

$3USPIOUT
umouy /
(4eq ¢)

II 348¥id

oouelsuy I

(£eq 0g)
IIT 348114

8~25~9-8014

*soqn] SUT[00D U0 UVOTIBSUDPUOD (Aeq ¢)
031 enp A3TPTUnY oATIRTSI MOT (0T 1 148114
wafqoig/aanyred Jo adAj sa9quiny
Te33FWsuRL],

aaniieg

(@EaNIoN0D) SATOTHAA FLITIHIVSOIE 40 SIHOITI WOUd SATIVAONY ANV STINIIVA 0 XIVWANS

(FATSNIONI €T NYHI 0T SWHII) SIOJIdH SAOANVITIDOSIW

=€ FTIIVL



A

A A ARy

spox |

*ITeq oN

I1

I1

II

11

L B o | |

ssetal

—

e = O\

xeqmnnl

*JUSWUOITAUS UOTIBTPEBI
Ie10s 9yl ojepoamiodor ol uldgsop
ayl. uTylTM urdIew JUSTOTIINSUT

93BOTPUT SJIUSPIOUT 9SVY,

*J0x1° Teuorilerado

SOATOOOI~]TUSURI] SNODUBITNWIS JO0J
poulsop jou °219M 33eaoooeds snquwiy

*uldts

-9p Teurdtio a9yl Jo sousuwxoyxed
uou 031 °np sino-afuey> wexdoad
83 Ul O3B VIOM SITUD WOd SYL
*uotyexedaad

punoa8 Sutanp pLIAINOO0
sjuepTour 2anirey Jo wopqoad
aspaooal adel 4z Jo IO ¥

*3935Ww0x309ds
¥l °Ya uf feuueyo suo jo andino
popeaSep L11enjusas siojxroede)

313exoeoeds oyl jo suorzaod ur
s3aed [eTOJISUMIOD POSN SHGUWIN

S3UoWODH JI03STH SNOTA®Id

*potaad
110Us B JI0F UYSTY 9I9M STSAI] UOTIBTPERI
‘poxindo0 JUSPTOUT SieTF JBYOS B IYSIII

III SnquWiyN oYyl uT Ajaed °*s3091Fd UOTILIPRY (¥

*I933TWSULI] AI3oWOT9] WOAJ SPuUBqSPIS
£319u® MmoT 03 spuodsex = ‘uol3zesiyroeds ueyl
393e2a8 £3TATITISUSS SEBY JA9ATOO9Y °poidmalje
AiTeUOTIUSlUTUN UOTIRIado SATOO8I-]FUSURIY
SNOSUE]TNWTS USYA SO3BINIES JIDATOO9L PUBWIO)
*utSivl UOTIBTOST IDATODSI-a033TWSURIL (€
*uoTIBUIWEIUOD
peasy ode3 o3 enp Moeqleld pepwilsp
pauTelsns saopiooax paads ySiy yiog e
0011 2Tqio urSeq swoyqoxd
1033013 BIBP T4 AOpaodaix poads y3ipg e
°988T 03 €0¢1 §3TqI0
oqexedo uou 03 sopeilep T4 AOPI009Y WOd @

(0T 3Tq70) Y23INnd Io ‘Iojow ‘wef - 3oedsng

*yoeqdeld Buianp sdols gj I9pI009Y WOL ©
SddY 99 1® Moeq sdejd pue spioosx

ated puooes oyl ‘(Sd9d 1) ‘elep WDd SOI01s
ated sup °sated juepunpei g SOI[qUWISSE %

FOTAIBD SNQUIN swoTqoxd aopioosy odel (Z «

(0061 °q1Q) °oUdTIS
pPeIBIJUT UT P21eD0T] °*I031STSUBRI], @
(528 “616) °aniie3 I03TordEd JO SOUPPIAY @
(831TqI0 Q%) ®ouPIDIOI poSuryo SPOIp IASUSZ O
(531910 Q1) £BQ SOTUOIIOSTD UT I0]STWIYJL, @
younel e HLY SYI UT I90NpsuRI} 2inssold e
*pe1TeRI °ARy siaed Xt® Jo 1103 ¥ (I

TIUSPIOUI JO UOTIdATiosoq K odL]

X

X

X

€ 3o 1 °38eq

Sy ‘uy
6€
LE “9€ ‘og

[4

(137
¢z ‘zC

€1

UOTIEOTITIUSPL
axodoyg £1yruoR
SNqUTN

g SNIWIN J0 IHDITA HAHL Y04 SHTTVWONV GNV STINTIVA JA0 SATIVWIS G-€ FIIVL



AT 1
Al 1
AT 1
Al T
AT T
Al 1
°1Ted oN
AT T
AT 1
@ =
w8
o o
® o
H

*spusumod snotands

sosodlT JUSWUOXTAUD J¥ UMOUMun
jusaeddy °11zeag pue osulog
a9a0 suoTleoo] e dojenbs oyl
Iesu InOO00 B S31USAD 989YJ
*£10357Ty snotaaad oy

*uotreiado woysds aredut jou pIp
pue Lxojisueil oiam sweyqoad
988 °sa0iie BEIIASUT pue
orzemnsud 03 psinqIrille SOSNB)
°159] WO1SAS WOIF PIOVSI ON

sjusuwoy ‘AJOJSTH SNOTA®Ig

$1TqI0 g1 Yoee owfl suo L(9lewrxoxdde
opowm juepunpel 031 S1ITYS I0JeTNpowsp Wi @
°gaWT] G °0I92 031 S1959I NOOIH @

sowTy ¥ *£135WSI97

pue o010 Burizesdn 3Tun dn oeq o3
§9Uyo]Ms lojein8ea Jojowm [oSyM SIpped ©
s30933° Suiyolims snofandg

€LSE SSYT “%O%I
‘eheT  °*L1309dxoun Sutyoltms 0ifH e

(s0z1

06/ ‘0€ S3TqI0) TOIJUOD UOZTIOY pur
°0UDTOG I0J SIOSUSS YI S9IBANIES UNG @
*029 ‘10z3u02 spow JO SufyoIIMS
03 °onp UOTITSUBI] JO 9SAINOD 3JY] UT
anooo suorjeqinjiied opniTily  :5109FI0
10x1® OpN3TIIB UOTITSUERI] JuSTu-Le(Q

*A1ewour

uoTIBIPEI OFIUBTIV yanog niyl Burssed
§38INQ SSTOU SMOYS DOUDIDIOX UOON @
sanjeaodway xoao sSuisnoy xosusg e

*popea8ep SOUQIOS Y] UT SOUDIDIOI UODYN @
*sfep g Jo31Fe pag oyl °sdep
¢ x913e TTeF 03 uedoq g ‘jusuUNI}SUT 9YI
uf °G Jo ¢ f{popeal3op siosSuss I9TOTA BIAILN @
(p,3u00)

€ 3o ¢ °8eq

71 ‘21
X 2€ ‘9z

X 6T ‘ST ‘11 ‘Ot
(0T+

Ly ‘ve

HZ°6

(6 =

x ks
(v

§JUopIou] JO UOT1dIi0s9q °odk] UGTI1E0T3 1IUOPI

3aoday £1yauor
snquTN

(*pauo)) € SNAWIN 40 IHOITL FHLI ¥04 STTTVWONY GNV SHENTIVA 40 SHIYVIGNS §-€ I4VL



ﬁ.
o8*

EN.
dg*

os°
s’

azc’
dg*

zm.
a’

OPOW I

II

AT

II

1I

II

III

ssein I

Zaquny l

*2anyTeI oa48
03 xotad 3snl Jy3T3 IoTTIE®
uB UT palanovo 199339 STYJ

£303181y snotasad op

*uotyeoridde
jo °d£31 sTy3z J03 SIqEIINS
230w Jxeadde SOOTADpP OATIONPUL

*ae3sworiuslod woal Axremsrol ASTou
pue sATap Aexaie IBTOS 9yl YITM
SIUSPTIOUT G POPIAODDI 1593 PUNOIYH

*BUUSlUER pueq § SYI YITIM 6
pue I913TWSUBA] puBq § 943 YITM
SIUSPTOUT § POMOYS 3593 PUNOIH

SJUQWLO) "AJOIASTH SNOTARAd

(CZANTONOD) € SOUWIN 40 IHOITA FHI ¥04 SATTVWONV GNV STMNTIVA J0 SATAVAAAS

0072 = 31930 4q
poIqnop £130WeTa] 0aLH UF ISAST DSTON

‘¢EET 11920 “JI0SuU9g

joadsng °yeuSTs Jjou INg ISTOU SMOYS WIAIT
*£1933eq QU0 JJO swinl °yooro sjesdn
sTTeJ ao3swozjoods Jejlswoisyojuy POIRAIUL

000T 37910 anoqe 3je
OTIRIID L2Wedaq A933NYS TPWISY] UOTIOLS

1013000 9pNITIIL Byl Woxy L£IsWRTS]

(8€TT 37q10) 3usmysn[pe uoyzeds
punoi8 £q pojepPOWNIOdDY °PaIINOI0
wayqoxd Surseyd e Trjun opniytydue

ut poseasouy a9sTnd UOTIIRZTUOIYOUAS

(00€Z 31910
ur8eg) aejemorjusizod uzom josdsng
*AsTou sweooq Jo3edTpul uoftltsod
aATId Leaxy Ie1og oY woxJ AI1omWOTaL @
(L1€ 37910
woxy oaissox8oxag) *sBurx dils L3xTp a0
JTNOITO 2oBq P99F UT Io9vworiusjod
A3a1p 3oodsng *L1TeOoTIRIAS
sojexado pue sajeanies Io91JTrdwe °ATIQ @
$53093F0 9ATip feaae Ievio§

*A3TABD 98e3s 3saty oya uf psusado
sey pes] 1031Foededo ® 3BY] SOUSPIAY @
LEE 3IATqao
*qp 7 Jo doap usppns seyBuw [9AS] JAoMod @
(sdgi 99)
qupl eyeq peeds yStH ‘aejjrTusueiy pued §

SJUSPIOU]I JO UOT1dIx0S9Q O

€ Jo ¢ °8eq

2y A’
X

(€€ « €€

(62 62

(82 82

ch

9% ‘1% ‘8¢ ‘Sg
‘1z ‘sz ‘81 ‘It

s
12 ‘9T
(91%
X UOTIBITITIUSP]T
330day A1yjuon
SNqUEN
S-¢ TTIVL



II
IT ‘1

AT

III

AL
AT
II

II
IIT “II
AT °IIT °II

AT
II
IIT ‘II

AT
IT ‘IIT
II
11

IT ‘AT
II
1I

AT ‘I
AT

SSETD

23

11 ¢

01

91

A

L woll H-¢
6T we3l Z-¢
‘y swell G=¢
6 WOl H-¢
9 woll g=¢
Z1 well Z-¢
% well G-¢
0T swell #=¢
1T W3l Z=¢
G well H-g
‘Z7 swoll g-¢
L wolI Z=¢
91 wWelI G-¢
‘1 swell €-¢
9 welr Z-¢
0T well 9-¢
‘h swalI H-¢
‘z swe3l g-¢
% well Z-¢
‘6 swell G-¢
9 woll ¥-¢
€. woll Z-¢
% woll ¢-

1%
T well g-=¢
("75% o1qel)

9311193850Td
193930 Ipung

SNqQUIN
93119385014
ZOUTABH
1931930 IvUNT

SBQUEN
931TITo3Bs0Tyd
a931T410 Jeuny

91111938507
IOUTIEH
193TqI0 Jeung

snqUTN
IDUTIBR
397TqIQ Jdvung

snquyy
917719388019
~ I®uUTIBR
193TqI0 JeunTg

SDQWEN
91 T1T°1860Tg
293171910 Jeung

ISUTIRK
I93TqIQ JBUNT

Soueieoddy

WAVED0dd ENO NVHL T¥0W NO QEDNATHEAJXE SWATIO¥d LHOIMS 40 AEVAWOS

Z 3o 1 o93eg

szo3eInd8a1 pue saAjeA Surieoy

ssof e3ep $1s93 punoad o3o7dwoout ¢IUSWUOITAUSD
Surjeaedo oy3 ioy o3enbeoprul (s8uea ofweudp
93enbopruT OpPNIoUT SWOT(OLd °SOITEWOUR IOSUd§

*98uea
Sutyeasdo jueTOoIFINS oABY jou PIP WolsLs Iyl
Jo uS8tseqg °3ITNOTIIIP J0 paaredut 3Jeaoooeds
9yl yo 1013uod oinjerodwol $S109IFH TBUISYL

°§90URGINISTP IO S9OINOS TEUIDIUT

£q pesneo suoTloe poIUBMUN IO AA3OWIT9I
woz3y eiep peopeiadsp zo snotinds se Juraeodde
‘uotjeiado 3yexo9oeds o3 suorleqaniied TRH

*g28ueyo dojs
zo/pue o8upyo 3FTIP Moys sorousnboxy pur zomod
pe3aTusuexl °suorieqiniied Jo uoTlenloniy JY

‘ pueumIod ®©

JO uoTINOSX® Byl soje8ou 1093J° PAROG-UO UB
20 “YUI] PUBWNOD BYJ OJUF PIONPOIIUT oiE
sTeu8Ts pojusmUR JISYITO °Spuswmod snorandg

(3Tun o1 °Sewep [PUIDIUT JO SOULPTIAY) “3s0T IO
popeaSsp oouaiageox uotiow ‘Ajewoue oaL8 oley

*pazojunodue sweiqoxd jeuorieasadQ °s3zosiye
2y3817 snorands ao feils osuss aeas sndoue)

‘8

‘L

‘9

)

Y

‘e

°C

°1

395334

9~ TIIVL



¢ 30 g °%8eg

AT 6 WOlT G-¢ SNqUETN §90UR]SWNOITO Jelnorlied Jospun wolsAs
AI € WO #=¢ 91T1192ES0Td 1023U00 °9pn3Tlle qiniasd siosusg UOZTIOH ¥I °€1
II ¢ Well G6-¢ SRqUTN

#1T WalI H-¢

*S]1TUN POIDAOD
«31 JO siIsieue

11 ySTLI 1804 91T1T91e50Td *93ezodo 01 pofTey i0 popeidop SITUN IBPAODX
11 G Wl §~¢ ASUTIER f3s07 10 popeaSep earg ‘*saspaooex odel °ZT
AT Z1 We3l ¥-¢ 21 TITo1es0Tg *£3T00TSA 0 °pNITITE UT 3Feaoedceds syl qanzaad
AT € WOl €~ JIOUTIER sosse8 Jo osea(ax 10 Surssed 3no snosueaIxy °IT
111 y g swell H~-¢ 9311 1°3®507d
III g Woly g-¢ ISUTAER suotjeiado 1o elep sostwoxadmoo Tesasasa L£3taerod °OI
11 ¢ WelT E=¢ I3UTIERH . 3007
1T [ WR3T Z~€ 1931910 Ieung Jo ssof £q uwotlexasdo uf pestwoidmoo sUTIT I °6
SSE1g (°3°4 °o14eL) Soueieoddy 309334

(penurau0)) WVYO0Ud 3ANO NVHI TMOW NO QIONIIWILXH SWATHONd IHOITA 40 AYVWAAS 9=~ ZI4VL



8 SNEWIN
- ALTTTAIVSOIL
\
Voo
Vo
\ i
v
81 SANTHYH
s YALIGHO WYNOT
MAN AT QIOIEANA IIT QILIdAIY IT QUVANVIS T
NOILVOIJISSYIO

FAOTIVA IHOTTAVIVA 30 K4VWRHAS

1-€ TNO14



4,0 FAILURE MODES

The previous section presented details of failure mechanisms which caused
flight failures. To organize the data into useful tabulations, the following
modes of failure were assigned as appropriate. The parenthesized letter
for each mode is the corresponding code used elsewhere in this report

for brevity.

® Design Problems (D) - An incident attributed to a shortcoming in the
design of an item such that a change to the design was required to eliminate
or minimize the problem.

@ Electrical Part Failure (P) - A hardware failure correctable by replace-
ment of an electrical part with another of the same or equivalent type and
requiring no circuit design change.

@ Device Failure (G) - A hardware failure correctable by replacement of
an electromechanical or mechanical item with another of the same or equiv-
alent type.

® Manufacturing (M) - A hardware failure caused by improper producing
operations or processes.

@ Test (T) - An incident or irregularity incurred during a test, originating
from sources under the control of test organizations (and not directly
attributable to the hardware under test).

] Miscellaneous or Unknown (X) - An event or anomaly not attributable
to one of the preceding modes or inconclusively described or analyzed.

These failure modes classify the incidents as to the agency responsible for
the deficiency, and thus support decision making to prevent recurrence of
the failures.  For example, Design Engineering and Reliability clearly must
resolve the design deficiencies and must also evaluate the part and device
failures to determine whether the reliability of these items is sufficiently
high to support program goals. Similarly, manufacturing failures require
corrective and preventive action by manufacturing and quality operations.
Test failures require corrective action by the test and/or quality organization
in test operations, facilities, or the preparation of test procedures. The
miscellaneous or unknown category merits special attention by all parties to
resolve uncertainties.

These failure modes are identified for flight as well as ground test problems.

The addition of mission operational difficulties due to the communication
interface is considered a design problem since it requires engineering action.

4-1



The failure mode distributions by program are presented in Figures 4-1
and 4-2, and evaluated in Sections 4-1 and 4-2 herein. This data has led
to the following general observations:

1. Manufacturing and test failure modes generated half or more of the
failure incidents.

2. Design deficiencies were a major effect; the uncovering of these de-
ficiencies continued across all phases of test operation and persisted into

flight.

3. The most critical or mission limiting flight problems were design
deficiencies known from ground test.

4. Part and device failures were not a major quantitative cause of ground
test failures, however they became more significant in flight.

5. Continuing type programs did not enjoy fewer flight anomalies.

6. Relative to environments, the majorify of failures were uncovered in
functional testing under ambient conditions.

7. In flight, 10 of the 11 vehicles studied completed their missions;
however, all experienced serious malfunction or degradation to varying
degrees.

4,1 Failure Modes in Space Flight

In Section 3 the flight failures and anormalies of the four programs are
described, together with the cause of each. Tables 3-2 through 3-5
additionally identify the failure mode for each incident. In most cases
these were identified by the project records or by contact with project
personnel. In a few cases a single failure mode selection could not be
determined with certainty, and prorated probabilities were assigned to each
possible mode, based on judgment. The combinations were so determined
that the total of all the mode probabilities for a given incident was unity,
The application of this technique minimizes individual errors which tend to
be averaged out when a number of incidents are involved. In all cases sub-
jective interpretation was kept to a minimum.

Table 4-1 and Figure 4-1 present a summary of the flight failure mode
distributions by percent for each program studied. The numbers of failures
and of flights are also included. The Test (T) failure mode does not appear in
this table since it is not applicable to flight failures.



The distributions in Table 4-1 and Figure 4-1 clearly indicate that Design (D)
failure modes quantitatively dominated flight incidents. Mariner experience
was based on reported Problem/Failure reports without the more definitive
data available for the other programs studied, so that a relatively high
percentage (21%) of the flight incidents were classified Unknown (X). For
that program it is also notable that no flight failures could be attributed to
Devices {(G).

The Biosatellite flight failure mode distribution presented in Table 4-~1 and
Figure 4-1 was split in two, based on the two phases of the program in

which the 3- and 30-day flight spacecraft were developed and flown. Part
failures of the former were thermistors which were overstressed in the
sterilizing process due to their mounting arrangement in specimen bottles.
Many were used due to the nature of the science experiments, The relatively
high ratio of Design (D) failures in both program phases was due largely

to interface problems caused by novel mission and payload requirements such
as deorbit from random attitude and biological maintenance of a primate,
respectively.

Finally, note the high percentage (32% of Nimbus part failures (P). This is
believed to result from the use of commercial parts on the program.

Consideration of Table 4-1 and Figure 4-1 and the details from which they
were developed, together with the qualifications noted immediately above
reveal the following:

a. Design failures persisted into flight operations to a major extent.

b. Many of the design deficiencies uncovered in flight had been apparent in
ground test; for example:

® EM phenomena, Biosatellite, Mariner

e Tape Recorders, Nimbus

® False Commands, Lunar Orbiter, Biosatellite
® Camera Doors, Lunar Orbiter

® RF Locks, Mariner

® Psychomotor Tester, Biosatellite



c. Maturity expressed as a continuing series of flights does not
necessarily reduce the incidence of flight anomalies (compare: Nimbus
with 26 for 1 unit and Mariner with 33 with 2 units to Lunar Orbiter with
51 in 5 flights and Biosatellite with 29 in 3 flights).

4.2 Failure Modes in Ground Testing

In addition to the determination of flight failure modes discussed in the
preceding section, this study included the analysis of ground test
failures of the same four programs. Addition of the latter provided
the following information:

® Indication of the extent to which problems encountered in ground test
lingered to affect flight (a significant factor, as noted in Section 3),

® Determination of the effectiveness of the testing program in screening
out latent defects.

®  Appraisal of the adequacy of design fixes in solving problems arising
in ground test. ’

® Additional background data relative to specific equipments.

@ A larger data base than available from flight to permit a broader and
more accurate perspective of program problem areas.

Processed details of ground test failure data were available for the Lunar
Orbiter and Biosatellite Programs. Nimbus data was obtained from the
vehicle logbooks gugmented by contact with the responsible contractor sub-
system engineers. The Mariner material consisted of preliminary incident
descriptions which were adequate in most cases for indicating failure causes.
The failure descriptions from all these programs were studied with respect
to equipment design and complexity (see Section 6) and to the nature of the
test program (see Section 7) and other project constraints in order to assign
failure modes to the ground test incidents.

4-4



4,2.1 Relative Occurrence of Failure Modes

Table 4-2 presents a summary of the ground test failure modes by percent
for each program studied. The total number of applicable failures for each
is also listed in the bottom row. The format of this table is the same as
Table 4-1, with addition of the Test (T) failure mode which is here applicable,
and which in fact is the most repetitive. Note that the failure modes for all
programs follow a generally similar pattern of distribution.

The Nimbus ground test failure mode distribution departs appreciably from
the pattern of the other programs because this data includes system level
assembly and testing only. For this reason the Nimbus ground test data
was omitted from Table 4-2.

The individual program failure mode distributions are plotted in bar chart
form in Figure 4-2 except for Nimbus which was omitted for reasons ex-
plained in the preceding paragraph. The Lunar Orbiter and 3-Day Bio-
satellite patterns presented in Figure 4-2 are very similar and typical of
programs involving adaptations of previous experience as well as develop-
ment of new concepts in about equal degree. Interestingly these two pro-
grams pursued closely related chronological paths.

The relatively large percentage of the Part (P) failure mode for Mariner 69
is believed to be due to the extensive use of integrated circuits.

The relatively high percentage for the 30-Day Biosatellite Test (T) mode is
largely due to the difficulties in testing biological interfacing hardware. The
fact that many of the process problems were solved in the previous 3-Day

program phase accounts for the comparatively low level of the Manufacturing
(M) mode.

4,2.2 Failure Modes vs. Time

Figures 4-3 through 4-7, inclusive, show the incidence of failures by mode
plotted against calendar time during the Project {dates were taken from
failure report documents)., The shape of these curves are generally similar,
all showing a trend towards leveling off as launch dates approach. In the
case of Biosatellite 3-Day (Figure 4-5), the curve shows the least leveling
prior to flight, and this was the unit which failed to complete a mission, The
3-Day Biosatellite covers the delivery of 2 flight units. The second unit was
flown (with some modifications) in September of 1967. Nimbus B (Figure 4-7)
shows the effect of the 2 vehicles, with the leveling effect for the second unit
somewhat less than for the first; this effect has been attributed to the use of



reworked hardware. The common shape of these curves suggest that a
normalizing process can be applied and a characteristic shape described for
a program., Coupled with predictions for totals of failure incidents, such a
characteristic can allow a real time assessment of project status as data

is received from test operations.

4,2.3 Failure Modes vs. Environment

The obvious pattern disclosed by this study has been the predominance of
failures uncovered by functional testing under ambient conditions as

indicated in Figure 4-8, wherein the failure distributions by environment

are shown. This follows a deductive logic, in that many design deficiencies and
manufacturing mistakes (mis-wiring, poor bonds, etc.) do not need environ-
mental inducements to inhibit operation. Within the study, these failures
largely appeared during the functional operational phases prior to environ-
mental exposures. In addition to the ambient conditions, vibration and

thermal vacuum environments show about equal effect for uncovering

failures and both appear to be effective screening concepts.
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TABLE 4 - 1  SUMMARY OF FLIGHT FAILURE MODE DISTRIBUTIONS

LUNAR MARINER BIOSATELLITE BIOS. NIMBUS
FATILURE MODE ORBITER 69 3-DAY 30-DAY B
DESIGN D 40% 56% 68% 40% 48%
MANUFACTURING M 32% 14% 6% 6% 3%
PARTS P 17% 9% 20% 427, 32%
DEVICES G 9% 0 6% 12% 13%
NOT EXPLAINED X 2% 21% 0 0 47

(UNKNOWN)

TOTAL % 100% 100% 100% ©100% 100%
TOTAL NUMBER 51 33 16 13 26

$§§§S°F 5 2 2 1 1




TABIE 4 - 2 SUMMARY OF GROUND TEST FAILURE MODE DISTRIBUTIONS

FATLURE MODE LUNAR MARINER BIOSATELLITE BIOS.
ORBITER 69 3-DAY 30-DAY
DESIGN D 26'% 25% 35% 34%
MANUFACTURING M 30% 20% 247, 15%
PARTS P 5% 12% 1% 1%
DEVICES G 1% 6% 1% 1%
TEST T 359 26% 32% 45%
MISCELLANEOUS X 4 11% 7% 4%
Total % 100% 100% 100% 100%
Total Quantity 1514 1059 483 1861
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5.0 EXPERIENCE APPLICABLE TO THE VIKING LANDER

This section describes potential flight problems for the Viking Lander based
upon the data from the four space projects in this study. The problems are
discussed in terms of failure mechanisms, causes, and effects. These data
are presented in 5 tables which are listed below and described briefly in the
following paragraphs.

Table 5-1 Interface Problems
5-2 Experience with Advanced Hardware Proposed for
the Viking Lander
Persistent Problems
Unique Incidents
Extended Descriptions

LS 1NN RS
1
O W

5,1 Interface Problems

A total of 9 interface problems are presented in Table 5-1. These problems
all had causes which originated in one component or subsystem and had

effects elsewhere in the spacecraft. In some cases the observed incidents
were the end result of a series of contributing causes or defects. The appear-
ance of these problems within the Viking Lander would impair the ability to
satisfy all the mission objectives. Within the table the problems are presented

as follows:

® The problem is described and supported by an illustrative example.

® The impacts to the projec‘ts are shown by number of incidents or the
flight which was compromised.

° The generating causes are briefly identified and followed by a description
of the flight work-around or similar action.

e The application to the Viking Lander is shown by identifying the area
of principal concern.

® References are provided to the extended descriptions in Table 5-5,

5.2 Experience with Advanced Hardware Proposed for the Viking Lander

The experience from ground test and flight for 9 types of spacecraft hardware
are presented in Table 5-2. All of these will be employed in the Viking Lander.
For each type of hardware the table describes:



® The suppliers, the flight spacecraft, and the functional use within the
spacecraft.

) Ground test problems, these are listed showing causes, effects, and
degree of repetition.

° Flight experiences - these are shown as numbers of failures and
descriptions of the failure incidents.

The items described in the table were the results of intensive development
efforts within each of the projects. The degree of effort expended was no
less than that being planned and applied to the hardware under development
for the Viking Lander. For the items listed, technology development has
continued and the problems described may have been resolved. However, in
tailoring these types of equipment to fit the exacting requirements imposed by
the Viking Lander, it is important to appreciate what has occurred in past
programs in order to avoid repetition of previous problems.

5.3 Persistent Problems

Some types of problems have appeared in common and persistently to each of
the projects in the study. Table 5-3 describes the 7 types of persistent pro-
blems encountered. Evidence indicates that where these problems were not
resolved in ground tests they persisted into flight and compromised mission
objectives. Attention to these potential problems during design and test can
minimize their impacts upon both ground testing and carry over into flight.
The persistent problem data are presented as follows:

° The problem is described in general and defined in terms of the principal
forms or occurrences.

° Persistence is shown by number of incidents.
° The causes and the resulting impact upon the projects are described.
The descriptions are shown in relation to the principal concern or most

probable appearance in the Viking Lander.

5.4 Unique Incidents

Table 5-4 presents 19 one-of-a-kind incidents which have a potential for
occurrence in the Viking Lander. These problems generally came as surprises;
and in a number of cases they arose as a result of incorporating changes which

5-2



were intended to eliminate other problems. The table has been arranged
into 5 groupings of incidents under the headings of power, noise, com-
munications, devices, and parts-materials. For each incident, the data
are presented as follows:

. The incident is described showing the causes, the effects, and the
project of origin.

° The similarity or potential for occurrence to the Viking L.ander is
identified.

®  Supporting comments offer descriptions of the means by which the
Viking Lander can avoid repetition.

5.5 Extended Descriptions

Table 5-5 describes 10 areas in which the data from the previous tables are
expanded by extended descriptions; references to Table 5-5 appear through-
out the first 3 tables of this section. These extended descriptions are
coupled with check-list information recommended to the Viking L.ander
Project.
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6.0 COMPARATIVE DESCRIPTION OF SPACECRAFT

The material presented in this section provides a summary description
of the hardware and mission configurations of the programs in this study.
This material is provided, since differences in hardware and mission can be
expected to effect the type and quantity of failure/anomalies. This section
contains the following tables and figures:
Table 6.1 Comparison of Missions
6.2 Comparison of Components and Subsystems -
6.3 Comparison of Parts Count by Subsystems
6.4 Summary Comparison of Five Spacecraft
Figure 6.1 Block Diagram Lunar Orbiter
6.2
6.3
6.4
6.5

. Block Diagram Mariner 69
Block Diagram Biosatellite
Block Diagram Nimbus B

Block Diagram Viking Lander (Preliminary)

°
.

6.1 Comparison of Missions

Table 6-1 presents the Viking Mission Phases alongside corresponding

flight activities of the other spacecraft. For each mission phase, the
principal events and constraints are listed together with an estimate of the
duty cycles and elapsed time envelopes for the mission duration. The Viking
Lander can be seen to have the most complex mission, with total operating
and flight times matched only by Nimbus B.

6.2 Comparison of Subsystems

Table 6-2 presents the comparison of subsystems and components proposed
for the Viking Lander with similar items for the other programs. To the
extent possible the arrangement is by subsystems or equipment groupings
which essentially accomplish the same functions within their respective
spacecraft. Component assembly items in the programs studied which have
known similarities to proposed Viking Lander equipment are identified.

The following comments bring attention to items of special interest in
Table 6-2.

Except for Viking and Biosatellite, thermal control of these spacecraft was
limited to passive or semi-passive radiative elements. Biosatellite con-
tained a sophisticated heat transfer subsystem consisting of a circulating
fluid, heat exchangers, and differential displacement valves which absorbed



heat from some elements, surrendered it to others, and radiated the excess
externally with both a radiator and a water boiler. All spacecraft studied
used thermostatically controlled electrical heaters for short duration needs,
as in conditioning dormant components such as gyros, IR scanners, etc.

The Biosatellite communication equipment consisted of VHF beacon,
receivers, and transmitters with a data rate of 22.4 K bps. All data was
transmitted in real time except the outputs of three shift registers and a
recovered tape recorder. The other spacecraft all employ an S-Band for
direct communications links., Viking and Mariner share the additional prob-
lem of transmission delay (about 40 minutes round trip for Viking).

Lunar Orbiter, Mariner, and Nimbus employ solar cells as the basic power
source. Biosatellite used a fuel cell which converted oxygen and hydrogen
into power with water as a by-product; the oxygen and hydrogen were stored
cyrogenically, The Viking Lander will employ a SNAP 19 RTG, of the same
type now flying as an experiment on Nimbus B,

All the four spacecraft utilized gyro sensing rate control, maintaining a

fixed attitude through either infrared sensors or star trackers. Active
control employed jetted cold gas which for Nimbus supplemented inertia

wheel fine control. By comparison the preliminary approach for Viking
Lander attitude control will employ a pulsed hot gas reaction system supported
by rate sensing from gyros.

6.3 Comparison of Part Counts

Table 6-3 presents an electronic parts count by subsystem and part type of
each spacecraft. The Viking IL.ander counts are based on the best estimates
available at the date of publication, It is realized that since integrated cir-
cuits and MSI are counted as parts, total parts count is not an accurate
measure of equipment complexity; however, this information is generally
provided in technical descriptions.

In order to provide circuit complexity comparisons an "equivalent discrete
parts' count is listed in Table 6-4. In computing the equivalent

total parts, the total number of discrete parts within an integrated circuit
or MSI is counted, rather than counting the IC or MSI as one part.

For hardware complexity comparison, the numbers of part connections for

each spacecraft are listed in Table 6-4. For example, a resistor »
has 2 connections, a transistor has 3, and a typical integrated circuit has 14.

6-2



6.4 General Comparisons of Other Spacecraft with Viking Lander

The Viking Lander is expected to weigh about twice as much as Nimbus or
Biosatellite and about three times as much as Mariner or Lunar Orbiter
(see Table 6-4). Like Mariner, it will experience long delay in signal time
of flight, and so must have the self-contained capability to carry out its
functions {which are considerably more varied and complex); like Bio-
satellite, it will enter (with a much longer entry into an unfamiliar environ-
ment and with the requirement for precise alignment); like Lunar Orbiter,
it will deploy complex mechanisms; like Nimbus, it will perform a number
of dissimilar experiments (but of greater intricacy and involving laboratory
type devices). Uniquely Viking has three unprecedented novel constraints:
the sterilization requirement, the extensive and intricate science program,
and the scope of the planetary entry program.

Based on the several electrical parts counts shown in Table 6-3, the Viking
Lander design complexity is projected as 3 to 4 times that of Mariner 69,
which was sizeable in itself, Since the latter benefitted considerably from
prior program experience, development of the Viking Lander is clearly an
unprecedented task for an unmanned space unit, In addition to the electronic
complexity is the wide variety of electromechanical elements such as the
RTG, thermal switch, soil sampler, terminal descent engine, and the science
experiments. Furthermore, the Viking Lander must accomplish what has
never been done, performance of a major exploratory mission after extended
dormancy and planetary entry.

’
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TABLE 6-4 SUMMARY COMPARISON OF FIVE SPACECRAFT
VIKING LUNAR
LANDER ORBITER MARINER BIOSATELLITE NIMBUS
Weight Dry 2350# 578i# 821# 1380# 12494
Weight Total 2650# 853# 850¢# 1530# 1269#
No. Subsystems 12 7 17 12 14
No. Science Experiments | 12 4 4 6 9
Total Discrete Parts 33,729 19,811 21,595 8,660 23,047
(1)
Number of Microcircuits 9,470 771 2,678 508 84
Equivalent Discrete 262,907 38,315 85, 867 20, 852 25,063
Parts (2)
Number of Part 168,480 54,898 79,169 25,799 61,112
Connections '
Number of Months From 72 29 37 33 N/A
Program Start to First
Flight
Flight Duration of 17 1 - Primary 5 1 12
Primary Mission - 12 - Limited
Months
Total Flight Duration - 74-339 Days | 9 Months 8 Days (Experi~ 18 Mos.
ment)
45 Days (Engrg.
8/s)
Configurations Est. 88 28 52 155 53
Qualified at the
Component Level
Component Assemblies 653 420 360 946 No Data
Built
Individual Test 2010 1396 1020 2312 No Data

Exposures

(1) TIncludes microcircuits

(2) 1Includes a count of 25 for each microcircuit
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Figure 6 - 3. Block Diagram, Biosatellite
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7.0 COMPARATIVE DESCRIPTION OF TEST PROGRAMS

The material presented in this section provides detailed tabular summary
description of the ground test programs in the four space projects in this

study. In addition, the data presented has been evaluated against the re-

sulting space flight performance for each of the space programs.

This material is provided since the types and levels of testing can be ex-
pected to effect the type and quantity of flight failure enomalies. This
section contains the following tables and figures:

1 Component Environmental Tests
2 System Environmental Tests
3 Summary of Test Program Ewvaluation Criteria
4 Summary of Flight Acceptance Test Exposure
1 Block Diagram of Hardware Utilization, Lunar Orbiter
-2 Block Diagram of Hardware Utilization, Mariner 69
3 Block Diagram of Hardware Utilization, Biosatellite
4 Block Diagram of Hardware Utilization, Nimbus B
5 Block Diagram of Hardware Utilization, Viking Lander
6 Comparison of Hardware Failures in Time

For each of the programs in the study, Section 7.1 provides a review of the
test opportunities, environmental exposures, and test problems in conjunction
with the flight problems shown in Section 3. Section 7.2 defines criteria for
use in establishing or evaluating future test programs. These criteria are
extracted from the reviews presented in Section 7.1 and test related data
appearing in sections 4 and 5.

7.1 Evaluation of the Test Programs in the Study

An evaluation of each test program is presented in paragraphs 7, 1.1 through
7.1.4 below, with the discussions organized as follows:

A. Opportunity for Test - Comments describe completeness in provisions
for uncovering or detecting potential flight problems. The basic data are the
block diagrams, which show the project utilization of hardware sets, types
of testing and sequences employed.

B. Environments - Describes the deviations from the baseline test program
environments appearing in Tables 7-1 and 7-2, The test levels and durations
contained in the tables include the exposures applied to both components and
spacecraft for conditions of qualification, flight acceptance, and special
demonstrations.




C. Test Problems - Identification of difficulties encountered in performance
of the test program. These problems tended to compromise the test programs
outlined in the block diagrams.

D. Undetected by Ground Test - Identifies flight failures (from the tables

of section 3) for which ground testing had been provided, but the applied tests
did not uncover the problem. These incidents are described in context with
the test program and the applied environments.

7.1.1 LUNAR ORBITER (Figure 7-1 and Tables)

A. Opportunity for Test - The project employed a thorough ground test
program with extensive component testing leading up to ground test of a com-
plete spacecraft. The ground testing planned to precede the first flight was
completed, and in addition, at the time of first flight the component acceptance
testing for the remaining spacecraft equipment was also completed. The early
completion of component and most spacecraft testing resulted in early recog-
nition of operating problems.

B. Environments - The environment éxposures followed those defined in the
tables except for specific items as follows:

Photo Subsystem: The photo subsystem was treated as a special case. Most
components contained within the subsystem assembly were not individually
subjected to qualification or flight acceptance; instead, the subsystem was
tested as a whole. In addition, the sine vibration tests for the photo subsystem
were conducted at spacecraft rather than component environmental levels '
(see Table 7-2).

Component Vibration: A vibration test of a spacecraft assembly was performed
prior to component design completion. Data from this test was used as a basis
to reduce vibration levels as follows: Component Sine Vibration: Input levels
were revised downward for 10 components which included the transponder,
inertial reference unit and the traveling wave tube amplifier. Component
Random Vibration: Spectrum adjustments and level reductions as much as

35 percent were allowed to 12 components in the communications and propulsion
subsystems.

C. Test Problems - The test problems stemmed from the slow delivery of the
photo subystem assemblies. Spacecraft tests at the factory were not able to
employ flight photo subsystems and the use of simulators did not necessarily
provide appropriate system interface exposures. The flight photo subsystems
received flight acceptance testing in the subcontractor plant and were installed
in the spacecraft at the launch site for subsequent functional tests as part of the
pre-launch preparation.




D. Undetected by Ground Test - The records from flight show 13 incidents
which were undetected by ground tests provided for their control. The
incidents which either resulted in loss of data or tedious flight operations
work-arounds were:

1. Thermal Paint Degradation (LO-I-2) - The thermal emissivity character-
istics deteriorated in space, and required operation of the spacecraft pitched
"off sun''. The test of the thermal paint did not detect the deterioration be-
cause measurements of emissivity were made before and after, but not during
the solar vacuum environment.

2. Photo Subsystem EMI Problem (LO-I-8) - An unexpected transient pulse
effect smeared all of the high resolution image motion compensated telephoto
pictures during the first flight, The high resolution photos were of primary
interest. During photo subsystem tests and testing at the ETR, no integrated
operations were performed which would have detected this failure mode. This

problem was corrected by a redesign and verified by test before the second
flight.

3. Mechanisms Degradation - Several mechanisms degraded in flight. The
Readout Scanner cam did not return to ""spot stop'' position sporadically through-
out the mission (LO-II-3); backup commands overcame the problem with minor
loss of readout time. The Readout Scanner Encoder terminated readout
sporadically with no commands given (LO-IV-2 and LO-IV-5); work-arounds
controlled the problem until the failure became complete, which resulted in a

10 percent loss of photos. A camera shutter sustained double trip which lost
one photo (LO-IV-4), The deterioration of these mechanisms was potentially
due to either wear or launch vibration; design changes provided increased
resistance to both effects.,

7.1.2 MARINER '69 (Figure 7-2 and Table)

A. Opportunity for Test - The Mariner '69 test program employed the same
approach as that successfully used for Mariner '64 to establish the guantities of
hardware, and flow of test operations. For Mariner '69, early operation of an
assembled spacecraft was achieved by installing protetype subsystems and com-
ponents into the proof test model (Qualification Unit). This action generated
some extra problem failure reports,however, operating problems were thus
identified and resolved early.

B. Environments - In the environmental qualifications of subsystems,applicable
data from Mariner '64 was used to reduce testing. The environmental exposures
described in Table 7-1 were subject to the following interpretations and modifi-
cations:




1. Sine Vibration: Local resonance conditions were superimposed upon the
sweeps; input force levels reached as much as 2 times nominal over frequency
bands of 100 Hz.

2. Acoustic Testing: Testing of subassemblies was limited to exterior items
only (antennas, star trackers).

3. Transportation Vibration and Bench Handling Shock: Applied to pyrotechnic
devices only.

4. Pyro Shock: Applied to science and close proximity equipment (6 items)
5. Humidity: New equipment only (18 items).

6. Explosive Atmosphere: Applied to items operating with high voltages (6).
7. Electron-Proton Radiation: Waived in all cases.

C. Test Problems - The test problems encountered by Mariner '69 came from

3 separate sources. First, in design, the Mariner '69 and Mariner '71 missions
were both considered in the setting of interfaces and final use of equipment. The
double mission use necessitated designing for wider dynamic ranges in regulators
and wider acceptance of signals through interfaces. The spacecraft was more
sensitive to some types of disturbances such as EMI pulse transients. The double
mission used also restricted quantity of spacecraft hardware available for test
purposes only. The spares from the '69 project were allocated to the '71 project.
Late deliveries relative to the inflexible launch date compromised the life testing
of equipment. Life tests of 7000 hours duration were planned for 25 items. Only
15 were begun and 4 completed. The uncompleted tests had exposure times ranging
upwards from 500 hours. The principal problem experienced by the entire
project and the one which caused the most difficulty to testing was associated
with microcircuits. The introduction of microcircuits to the degree and
sophistication employed, apparently taxed the capabilities of the suppliers

to deliver in both the quantities and quality required. The change-out of
microcircuit modules continued throughout the test program and extended into

the final phases of launch preparation.

D. Undetected in Ground Test - The Mariner data from flight shows four
incidents which ground testing failed to identify. Of these, 2 were manu-
facturing defects, and 2 were EMI effects. The problems are described
as follows:

1. Reversed Polarity (Manufacturing): The reversed thermal sensor was not
detected during space simulation thermal vacuum tests.
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2. Wiring Error (Manufacturing): This problem was not discovered during
ambient or environmental spacecraft tests. The available information does
not say, but it is possible the wiring error was in a module changed late during
flight preparation.

3. EMI Noise over Portions of the IRR Scan: This incident is described in
Table 5-1, The Mariner records show 3 problem/failure reports dealing with
this problem. In ground testing the variances in IRR data Guring the scan
platform movement were observed only when AGE cabling was attached. How-
ever, the problem appeared in flight. The investigation of the problem has con-
tinued in anticipation of more sensitive equipment to be used in the '71 flight.

7.1.3 BIOSATELLITE (Figure 7-3 and Table)

A. Opportunities for Test - The original concept for the Biosatellite project
called for 3 separate flight missions, The first, of 3 days duration, carried
general bioclogy experiments; the second, of 30 days duration, carried a live
primate; and the last, of 21 days duration, was to have carried live rats and
special plants (the 21 day spacecraft was never built). In all 3 spacecraft con-
figurations common equipment was to be used to the maximum extent. Space
proven hardware in current series production was also to be employed to the
maximum extent. These latter items included recovery and de-orbit components
from Discoverer, fuel cells from Gemini and a command subsystem which had
been flown in 4 previous applications.

FEach of the Biosatellite flight missions was preceded by a thorough test program.
Subsystem operations were verified as breadboards employing prototype com-
ponents. These components were subsequently assembled to produce an early
spacecraft. Throughout the program, components common between missions -
were shared in the assembly of the early spacecraft. The primate (30 day)
mission had extra complexity due to the life support interface. The testing for
the special interfaces with the primate required an additional spacecraft assembly
{spacecraft 601). These data from early tests provided a base for performing the
acceptance and qualification of the particular spacecraft fabricated for the
missions. KEach of the 2 configurations built included a qualification unit and 2
flight spacecraft.

B. Environments - The environmental testing for all spacecraft components
applied the conditions associated with the 30 day flight. Within the 30 day
mission the environments described in Table 7-1 included 2 limited applications:

1. Sterilization: This environment was only applied to items in the urine trans-
port subsystem and portions of the life support equipment,

2, Fungus: This environment was only applied to equipment located in the
recovery capsule (equipment in contact with the primate).
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C. Test Problems - The test program for Biosatellite suffered a series of
compromises. In design,the multiple use of components and the use of existing
flight equipment generated problems with interfaces. A large segment of the
failure incidents arose from interface problems and some of the problems per-
sisted into flight. The failure to recover the first flight initiated a redesign
and requalification effort. As a consequence of the failure, thermal vacuum
was added as an environment in flight acceptance testing of components. All
existing flight equipment was recycled to include test of the additional exposure.

The difficulties introduced by the primate mission resulted in continuing changes
in the flight spacecraft relative to the qualification and development units. Prob-
lems associated with the primate necessitated a major redesign of the psycho-
motor game and the urine transport equipment just before the flight spacecraft
was due for shipment to the launch site. Testing of the redesigned equipment
was limited only to flight acceptances as components and indirectly through the
flight acceptance test of the spacecraft. The proofing environments at qual-
ification levels were not applied.

D. Undetected in Ground Test - The records from the flights of Biosatellite
spacecraft show 7 incidents which were not discovered by the intended ground
test. These problems are described as follows:

1. Reversed Polarities: These problems total 3 incidents involving ''g"
switches and the outputs of command receivers. These are discussed in detail
in Table 5-1 and 5. 5.8, .

2. Psychomotor Game - Food Dispenser: The late redesign of the game unit
precluded exhaustive ground testing. Flight records indicate 3 incidents which
most probably would have appeared in further ground testing. ‘

3. Transmitter-Receiver Overlap: This incident occurred during the first
flight and a discussion of the details indicates a type of problem which could
appear with future testing or test equipment, The designs of the Biosatellite
telemetry transmitters and command receivers provided for ample margins

of isolation, although the receiver showed sensitivities 6 to 7 db below the
specification threshold. However, the 7000 Hz frequency associated with the
decoder address word turned out to be a harmonic of the 1792 bits per second
telemetry rate. The presence of the harmonic was sufficient to allow telemetry
bits to enter the receiver and become intermixed with the digital address for
the command decoders. The spurious bits changed the addresses, the decoders
did not accept the commands, During flight command access was difficult.

Ground tests with either commands or telemetry separately operated without

difficulty. Combined operation with air link RF transmissions showed
occasional problems with command access. On many previous projects using
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similar equipment in the same facility,air link transmission had always
shown problems generally traceable to either the facility or the ground test
equipment, Consequently the command link problems during test were
attributed to sources other than the spacecraft.

7.1.4 NIMBUS B (Figure 7-4 and Table)

A. Opportunities for Test - The testing of the Nimbus B spacecraft was
treated as additional assemblies in a series of like spacecraft. Changes in
equipment were relatively minor and had a minimum effect upon interfaces.

B. Environments - The experience from the first 2 flights were factored into
the exposure levels and test sequences. In comparison to earlier Nimbus space-
craft,the environmental exposures were reduced in number of environments but
increased in the levels and duration of exposures.

1. Vibration: Levels were approximately 2 times those applied to the early
spacecraft, In addition,the sinusoidal sweeps simulated local resonances in - a
manner similar to Mariner '69. The local increases reached 2.5 times nominal
over frequency bands of 100 Hz.

2, Thermal Vacuum: A solar panel bearing failure terminated the first
Nimbus flight and could be traced to a thermal vacuum induced cause, Sub-
sequent testing was therefore increased in both duration and temperature limits
for thermal cycling. Flight acceptance of Nimbus equipment totaled more than
500 hours exposure to temperature cycling in hard vacuum.

C. Test Problems - The testing of the Nimbus B project was compromised from
two sources. Commercial grade electrical parts were used in portions of

the spacecraft; parts failures in flight comprise the largest single group of
significant failure/anomaly incidents. The first Nimbus B spacecraft was lost
from a booster failure. The spacecraft flying as Nimbus III was the second

unit of the Nimbus B project. This spacecraft was fabricated by using a number
of reworked qualification items and the spares from the first unit.

D. Undetected in Ground Test - The Nimbus flight records show only one
incident which escaped ground test. A capacitor in the S-band transimitter
developed an intermittent contact after approximately 500 hours in flight.

The capacitor was structurally unrestrained and supported only by the electrical
leads and solder joints. The condition was a design and manufacturing oversight
which escaped the pre-flight acceptance vibration and thermal vacuum exposures
intended to uncover such deficiencies.
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7.2 Summary of Test Related Experiences

Facets of ground testing have been described throughout this report. Section 4
presents data showing failures relative to the applied environments (see Figure
4-8 and paragraph 4.2.3). Section 5 shows the persistent problems related to
testing, and Section 7 herein presents an evaluation of the test programs for
each project. From these data, criteria emerge which can be employed in both
the establishment and evaluation of new test programs. These criteria appear
as Table 7-3 and are grouped as follows:

. Early identification of operating problems - These test program features
enhanced their projects by either uncovering operating problems at an early
time or reducing the scope of later testing.

2. Establishment of Operating Margins - These featuresvprovided operating
margins against the potential contingencies associated with unknown or un-
expected flight conditions.

3. Test Problems - Conditions present or occurring within a project which
either diminished the value of early testing or contributed to flight anomalies.

4, Environments - These environments had exposures applying to all the
programs., These data are further expanded in Table 7-4 which summarizes

the test exposure levels applied for flight acceptance.

7.3 Comparison of Failures Occurring in Project Time

Figure 7-6 shows a comparison of hardware failures as they occurred through-
out the ground test and flight phases for 3 of the projects in the study. The
time scale has been normalized into percent of the ground test phase preceding
the first flight. For each project, the time begins with the acceptance testing
of the qualification components. The ground test phase includes qualifications,
flight acceptances, and any special demonstrations which were performed con-
currently. Failures are shown as percent of the total occurring in both ground
test and flight. These include all incidents due to sources in design, manu-
facturing, parts and devices.

The relative rates at which problems were uncovered by ground testing is
similar for each of the 3 projects, although the test programs had different
schedules and quantities of equipment. Lunar Orbiter showed a difference
from the others at the time of first flight since 3 additional spacecraft were
still in ground test. On the other hand, ground testing for Mariner and Bio-
satellite culminated with a single launch opportunity.



The idealized curve represents a goal for test planning and project
scheduling, The early identification of problems allows more ample time
to complete any necessary reworks and retests. The final phases of testing
can then proceed more smoothly, and with less potential for failures to
carry over into flight, Within each of the projects, test program features
have been identified which could help to bring future programs closer to the
ideal. These features are part of the criteria presented in Table 7-3.
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8.0 CONCLUSIONS AND RECOMMENDATIONS

This report provides data and correlations from the experience of the
four space programs studied. These programs were selected because

of features related to the Viking Lander, and the report is offered to
support decision making for that program. However, the material herein
should prove useful for space programs in general,

The problem descriptions in this report can be used to develop check list
items for design, manufacture, quality, test, and operations; however,
it is not believed possible to develop a list of rules which would assure
program success. The potential value of the material in this report is to
support the trade-offs among reliability, schedule, cost, weight, and
function which are necessary at each step in a space program. It is with
this understanding that general conclusions and recommendations are
presented in Table 8-1, Particular attention is drawn to the following
observations from flight experience data:

e 53% of flight failures were caused by design weakness.

® 38% of flight failures had occurred previously during ground testing.
In each case the potential failure was considered to be an acceptable risk
as to chance and consequence of occurrence. This represents an undesir-
able pattern of not recognizing potential flight failures.

® 24% of flight failures were new effects which had not occurred previously.
These failures showed the need for design margins in the spacecraft and more
realistic simulation in test.

° 18% of flight failures escaped their ground test. The failure cause was
known and ground tests had been provided for their detection. It could be
concluded that these tests were not adequate to demonstrate the required
functional/environmental capability.

® 10% of flight failures were attributed to environments encountered
during the mission, It can be concluded that the ground test environmental

exposures were effective, however not sufficiently complete.

(Note: These items are not mutually exclusive, and therefore can add to
more than 100%. )

8-1



TABLE 8-1

SIGNIFICANT OBSERVATIONS AND CONCLUSIONS

A.

FLIGHT FAILURES

1. Well established parts, materials, and

processes -~ standard risks -
a. Parts

Problems can be expected with
single source parts, particularly
multifunctional items such as
integrated circuits. These
require extensive development and
are prone to processing quirks
which can be veiled in
proprietary technology. Examples
are in the microcircuits ex-
periences with Lunar Orbiter and
Mariner.

b. Potentiometers

Wire wound potentiometers are
highly susceptible to localized
wear and contamination which re-
sults in erratic output. This
condition also applies to
potentiometric elements used in
transducers, position feedback
elements, pickoffs, circuit

ad justments, etc.

c. Solder Joints

Poor solder joints have been a
persistent source of failures.
They were the more likely
candidate cause of the Nimbus
S=~Band transmitter failure and
the failure of Biosatellite to
deorbit.
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STUDY CONCLUSIONS AND RECOMMENDATIONS

RECOMMENDATIONS

Ao

Parts

For spacecraft projects which do

not have flexible schedules, single~
source parts should be avoided. 1In
addition Procurement and Specification
controls must be closely managed.

Potentiometers

Inductive pickoffs avoid the problems
inherent with potentiometers. How-
ever wherever potentiometric items
are employed, the application must be
carefully evaluated for the impact of
these known problem areas.

Solder Joints

It should be required and verified
that all electrical connections be
mechanically secured before soldering.
For connectors, where this cannot be
done, stresses on the joints should
be relieved before encapsulation.
Cable bends should be formed before
lacing.

Design review should extend to cover
these items and include verification
of the mock ups used for harness
routing. '



TABLE 8-1

SIGNIFICANT OBSERVATIONS AND CONCLUSIONS

2.

4,

%

Flight Failures with a Previous
History in Ground Test

The most frequent flight failures
and the cause of nearly half of
flight data loss were incidents
which had a previous history in
ground test operations. These
were considered as acceptable risks
at the time of launch. The sources
of these incidents are either advanced
hardware configured for fhe particular
spacecraft or system operating
problems.
Examples - Rate Gyros, Tape
Recorders
- EMI Sensitivities

Flight Failures without Precedent

Flight failures from new effects
included untried spacecraft
equipment such as star trackers;
new environments encountered such
as unexpected RF fields; and
unprecedented loss of contact or
control of a spacecraft. Each
mission has encountered new effects
in the course of flight.

Flight Failures Which Escaped
Detection by the Intended Ground
Tests

These failures show & geheral sources:

‘1) IncompleteAenVironmental exposures.

2) Manufacturing defects which were
difficult to detect, or were
introduced by change.

3) Defects which would have occurred

in more prolonged tests.

Defects or conditions masked by
equipment or the operating environ-
ment. The latter of this is the

most difficult to overcome. Available
data and experience often points to
sources outside the spacecraft.
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RECOMMENDATIONS

2, Problem areas uncovered by ground
tests need to be resolved more
conclusively than has been done in
past space programs. The material
presented in Section 5 identifies
potential problems which can
reasonably be expected to impact a
major space program and which merit
special attention from the outset of
a new project. A particular emphasis
is needed in the evaluation of test
Manomalies" and “recurrent glitches"
which may signify fundamental
operational weakmess. A thorough
review of re~design, re-work and re=-
test for “re-qualification" and
flight acceptance is also necessary.

An approach toward circumventing such
incidents is through failure mode and
effects analyses performed in depth
early in the design phase by multi=-
disciplinary teams. The team should
analyze for unexpected flight events
such as thermal variations, RF )
interferences, etc. These analyses can
provide the basis for establishing the
desired margins and potential work
arounds for the spacecraft and mission
operations.

Elimination or reduction of this class
of failure requires effort in the
following areas;

® Detail review of environmental
levels coupled with provision for
extended or margin testing.

e Detail review of simulation required
and method of achieving, particularly
for disturbance sources originating
outside the spacecraft.

® Presume that the failure originates
in the spacecraft until conclusive
data identifies an external origin.

e Control of retest associated with
replacement of components during
the course of a test.



TABLE 8-1

SIGNIFICANT OBSERVATIONS AND CONCLUSIONS

B.

HARDWARE FATLURES AND CAUSES

1.

Tape Recorders

Long term operation of tape
recorders has been difficult.
Problems have included:

- Head contamination

- Flutter

~ Drive mechanisms

Control

Tape stability against ageing,
temperature and humidity

Rate gyros

The gyros used on these space
programs have a number of inherent
failure mechanisms such as fluid
contamination, outgassing, bearing
friction, and dimensional changes.
There are technigues for eliminating
or minimizing each of these, but the
improvements tend to introduce new
problems.

Vibration Sensitivity

All four spacecraft have shown
effects of dynamic sensitivity.
These involved inadequate attachment,
overstress due to resonance, etc.

Corona and Arcing

High voltage breakdown due to )
arcing or corona have occurred or
threatened all four spacecraft.

Ringing and Oscillations

These have been a persistent source

of failures, They include effects within
components, effects across interfaces

and loop stabilities. The presence of
beat frequencies and harmonics have
circumvented redundancies and eliminated
isolation margins to the extent of
significant failures in flight.
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RECOMMENDAT IONS

1, Note the experience details in
Table 5-5,5, including solutions to
the problems.

The gyro design for a new program
should be carefully studied to
determine how the known prevalent
failure mechanisms have been
minimized,

Perform exploratory model surveys of
spacecraft structural response at
component mounting locations to define
transmissibility at a time during the
project sufficiently early to aid

the design of components,

A design review should consider

these effects and tests should be
performed in deep space vacuum to the
maximum extent possible, Do not
assume "“sealed" components are in fact
sealed. Evaluate possible effects of
internal outgassing very thoroughly.,

Testing must include operation at
extremes of voltage and signal levels
with documented results early in the
development phase of components,
subsystems, and system.



TABLE 8~1 STUDY CONCLUSIONS AND RECOMMENDATIONS (Contd.)

SIGNIFICANT OBSERVATIONS AND CONCLUSIONS RECOMMENDATIONS

6. Interface Compatibility 6. Noise rejection criteria should be

Signals across interface between
components have been a persistant
problem area., These problems arise
when spurious bits, pulses and
transients are accepted into the
main signal stream. Component
noise rejection criteria were not
adequately specified in these
programs.

7. Polarity reversals have caused
major problems in flight and
delays in test.

8. Pyrotechnically initiated devices
are sensitive to relatively small
changes in the pyro charge which
occur during resizing or process
changes,

TESTING CONSIDERATIONS

1. BMI
EMI control has been difficult,
All projects followed present
specifications toward establishing
a 6 db margin, however EMI problems
have persisted into flight,

2, Test Procedures
Complex test setups and lengthy
procedures caused test problems

7.

adequately specified and demonstrated
in new programs. )

Specific responsibility and
procedures should be assigned to
verify polarities in flight equipment,
test setups at design reviews and test
data reviews.

Verify satisfactory operation of
pyrotechnically initiated devices,
under extreme conditions (3¢) of
initiation.

EMIL

1) The use of 12 db margin is
suggested,

2) An EMI design review would be
helpful in reducing the problem.

3) It is desirable to institute a high
level EMI review board, and assign
design analysts to explore the
problem in depth.

4) Specifications should be definitized
for components and interfaces
across subsystems to prescribe EMI
controls and verification tests.

Test Procedures
It is desirable to limit the scope of
individual tests to facilitate their

and delays. conduct and controls. Procedures review
and control must be given more attention

for complex systems testing.
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TABLE 8-1 STUDY CONCLUSIONS AND RECOMMENDATIONS (Concluded)

SIGNIFICANT OBSERVATIONS AND CONCLUSIONS
D. FLIGHT OPERATIONS

All the long life spacecraft have had
stressful flight control and real-time
failure diagnostic problems despite
capability in the hardware.

E. FAILURE REPORTING, CONTINUITY OF
EXPERIENCE

Future space programs should, at their
outset, make studies similar to this
such that experience can be effectively
used. Repetitive or anomalous flight
problems generally have a source design
weakness or an unknown operational
environment., Fail-safe concept of
flight operation is not always possible
due to equipment limitations.
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RECOMMENDATIONS

D. FLIGHT OPERATIONS

Plan operational workarounds to

handle degraded modes of the system
especially for failure of non-redundant
elements.

E. FAILURE REPORTING, CONTINUITY OF
EXPERIENCE

Feedback of past problems and failure
experience into design should progress
from the initial prelimibnary design
review to the final critical design
review and should be a formal process.
Continuation of such inputs throughout
testing and flight operations is needed
to ensure the maximum return of
problem experience.
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