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Foreword

This document represents the final report for Task 8 Propulsion System Reliability Development, of
the Research Applications SETA program. The work was performed over the period 30 June 88 to 24
February 1989.

The Air Force Project Officer ior this task was Mr. David Perkins, AFAL/VSAB. The SAIC Program
Managers were Dr. Robert Long and Mr. William Haynes. The task leader at SAIC was Mr. Joseph R. Fragola.
The other principal technical contributors at SAIC were Lewie Booth and Dr. Yu Shen. We appreciate the
assistance of Larry Quinn of AFAL in administering this task and Ms. Zun-Yan Wang and Ms. Carol
Heymsfield of SAIC in the preparation of this report.

This report has been reviewed and is approved for distribution in
accordance with the distribution statement on the cover and on the DD Form
1473.
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EXECUTIVE SUMMARY

The Air Force currentiy has severalongoing propulsiontechnology development programsinciuding the
significant joint development with NASA of the Advarccd Launch System (ALS). Previous investigation by
Air Force Astronautics Laboratory and others has indicated that faunch vehicle reliability is perhaps the
key driving parameter for development program success.

Given the key role played by reliability, AFAL requested that SAIC undertake a study of propulsion
system reliability development. The objective of this study was to identify, and where possible quantify and
prioritize, propulsion techniques related to launch vehicle reliability.

The study was toinclude visits to anengine manufacturer, a faunch vehicle systems contractor, and NASA
sites to develop information to supy'2ment literature searches and independent research to provide a base
of information sufficient to allow SAIC to:

+ Assess Current Practice and the Resulting Historical Reliability Data Base
+ Investigate Potential Reliability Enhancing Methodologies and to
» Quantity and Prioritize the Methodologies

The Study results indicated that current launch vehicle reliability levels are in the order of 90 - 95%
This is substantially below future Air Force system requirements of 99 - 99.9%. Investigation into how
these historical fevels of reliability could be significantly improved resulted in the development of the
foliowing six key recommendations for the consideration of the Air Force and AFAL.

1. Eailure cofrelation tactors are key factors of interest to design decision makers. Specific  studies,
which address what factors have been achieved in the past and what design trades have been made to ensure
the low factors quoted by contractors are achievable, appear to be lacking. The Air Force should consider
requiring that such studies be undertaken.

2.Yariability Control, especially of residual variability, may be the key barrier to high launch
reliability achievement. The Air Force should consider requiring that some specific program for
variability control be included in future propulsion technology development programs.

. Beusapbility has been shown to have indirect, potentially negaiive, impacts on high reliability
achievement. The trade-offs which exist between high reliability and reusability should be clearly
identified and included in propulsion programmatic decision making.

4. Bisk Management has been shown to have potential benefits in maintaining the high reliability of
orograms in otner industries. The advisability of risk management being included as an integral part of
propulsion system development should be considered.

5. Reliability Performance Indicators should be developed whose trend trajectories lead, or presage,
the occurrence of reliability problems so that program management action can be taken prior to the

development of reliability problems.

6. Beliability Growth Forecastingis important during the development of systems with high reliabil-

ity requirements. This is especially true when program economics prohibit extensive development test
flights. Reliability growth approaches should be investigated and applied as appropriate to propulsion
system development programs.




OBJECTIVE

"riz objeclive of this effort was to identify, and where possible guantity and pricntize, hiquid and soiic
~puision design parameters, development methodoiogies, and production/cperations techniques related
ianich vehicie refiability.

KEY RECOMMENDATIONS

Trhe following areas have been identified as having significant reliability impact. These areas each
arrant turther in-depth study if the high reliability goals of the Air Force advanced launch veh:cle
.3rams are to be achieved in an operational system.

~atiure Correlation®

ine percentage of failures which are likely to impact more than one engine in 2 multi-engine desiqn 1s
critical design import. This percentage, or “failure correlation factor,” must be wol‘ below 20% for
1nihty onented design approaches such as engine out capability tc be =figrtive The lower fi
: o the more effective is this hueristically pleasing design option Not mrpf". oo
S mew engine design characteristics quote extremely low faf"o.s : . o
2& i out of 100 do not seem consistent with other design parametars cooot L A%V SE e
.wuteg) and are considerably lower than factors achieved on recent engine agsigns {2 g 179 for tis
ne mamn engine test program). Finally, there cid not appear to be any significant consideration aGives
s ooniese low tactors would be achieved in practice.

[

Lecommendation 1 - Failure correlation factors are key reiiability parameters (o Air Force jacncn
» design decision makars. Specific studies such as parameter design studies which address what
:or5 have beenacilieved in the past and what designtrades have been made {o ensure ths iow faCtore guoies
“o2 evident in the reliability designs appear to be lacking. it is iccoemmended that these investiaaticn:
siacie prior to the selection of any design alternative.

'/ ariability Control

“he currently achieved launch vehicle reliability has been shown by thisinvestigationte bebeiow C ve
wwsvar, the investigation uncovered examples of reliabilities in cther somewhat similar systams, sud
<ozizal missile systems, which routinely achieve 0.99 and some which approach 0.999. These systems
spzrational reliabilities currently meet or exceed the reliability reguiremernts for the Air b arca
~z7ia:nch system have achieved these high reliability levels througi the use cintenstve vanamity
noiorograms. While it would be inappropriaie to make any direct correlation betwegntyctical missies

.. weh vehicies, it is also clear from 3 review of the fa! l'-*f data of matarg ao s Sysiamsth
s griticantly higher retiabilities may be the residustvas anin s om0 o ;;-'ri:;: foh
Coy e e ngs A cpreorny revvew«:?o?'*ersomcw‘w-; R sl B S

g g. s .urbines and recent Air Force variability reduction studies perforinea as part of the
Cowo goriom, provide turther support for this argument.
H8C07 ndation 2 - Residual variability may be the key barrier o high fnunch vehicle yeliatiidy
.vamenmt. For this reason, it is recommended that investigations b= reads 6o tra @ffacvvensse 0
e variability control programs such as Taguchi methods or ailernatives Thaseanvestiget rng shio

~ mahmitgn cited Rore is broader than that used traditionally by propuision system degrgnecs Sar Ance -
iun at the ditference

[}




be directed at determining the applicability of the methods to the launch vehicie production process. It is
further recommended that some specific program for variability controi te included throughout all phases
of the advanced launch system program.

3. Reusability

Reusability is, on the surface, a design goal of significant program benefit. However, the benelfits of
reusabiity are significantly comprormised if the reliability of an engine is adversely affected by the
requirement. Besides the direct costs involved in developing a reusable design, there also appears to be
significant indirect costs which are required to maintain reliability in a reusable design. For example,
reusability by its very nature tends to decrease the production run. When production runs are decreased,
investments in automated production equipment become less economical and the production process
therefore tends to become more prototypical. Protolypical production, especially of complex equipment,
increasesthe problems associated with variability control and therefore substantial postproduction testing
may be required to ensure high reliabilities. A good example of such an indirect impact on reusability was
sean at the Rocketdyne SSME production facility in Canoga Park, California.

Becommendation 3 - Reusability has been shown to have indirect and potentially negative impacts on
the achievement of high reliabilities at reasonable cost. The indirect impacts of reusability on reliability
and cost through such mechanisms as variability control problems should te thoroughly investigated and
the results of this investigation included in the programmatic decision making related to reusability.

4. Risk Management

Achievement ot high operational reliabilities in such areas as nuclear power plant safety systems have
boen gignificaly ennpartad by a contincally active pregram that attemnts to identify the risks to reliable
operation and to address them according to their importance. Such a risk management program has been
investigated and recommended by NASA SRM & QA for future projects, but it is not clear whether a risk
management program is planned for the acquisition of advanced launch systems.

Recommendalion 4 - The Air Force should investigate the advisability of incorporating a risk
management program as an integral part of any ;aunch system program.

5. Reliability Performance !ndicators and Trending

For high reliability programs it is important to identity, early on, symptoms of the process which pre-
sage deterioration in performance. This has been done in the financial community, in the commercial
aircraft community and in the nuclear power safety community by the development of a set of “leading”
performance indicators and developing performance trends based upon the indicator trajectories through
time. if such a set of indicators could be developed and trended for advanced propulsion system development
programs, the indicator trajectories might provide early warning of problems arising during development
and operation. This early warning could provide the time required to institute corrective action before
actual program reliability pertormance is affected.

Becommendatiop S - The Air Force should develop as part of advanced propulsion system development
programs a set of potentialindicators of programmatic reliability performance. This indicator set should
be based originally on historical information, but later updated and validated as advanced propulsion system
development programs specific information becomes available.




““eliabihity Growth Analysis

in ali developmental systems a certain degrea of reliability growth isto be expected However, program
inagers need to know the pace of the expected growth so that they can determune if the program s likely
i o , < . T2 eTH oo

~ieet the operational reliability goals within developmental time constzaints, An undersianumng of the

cwih processis therefore essential 1o the determination of the proper role to be piayed by history inthe
sting of future system reliability. If an historical tailure has been analyzed and its cause determinac
able corrective action is impiemented to preventits recurrence, itis recognized that it would ha. .

Yy~

PTLa

ndsuita
s vrobability of occurring again diminished when it is utilized for predicting future performance. Bu! &y
rto estabesn

cw much? The determination of how much each failure should be counted is importantin orderto estabis:

for the reliability growth characteristic 1o be used 1o determine how «

s Dfupe( “calibration”
ity development is proceeding. Several approaches have veen developed to adcdress the (s3u

- ,n . Among those developed are the early works of Duane at GE, that of David Lloyd of TRW and tha
'zioped by Dr. Yu Shen of SAIC as pan of this study. In adaition, Bayesian appreachies may show proris.

unproved growth forecasting.
egemmendation 6 - Reliability growth forecasting is impertant durning th2 e ve i”;”T‘-“" SHESURTY
0 retrability requirements such as ALS. Accurate growth forecasts allo a prou T -
v e early onif reliability requirements are likely 10 be met 1 Triis o comnel ghy Dot o
2 gconomics prohibit extensive development test flights as is ‘ IETRRCERE VOIS S K STV
oy vxistto allow for forecasts to be generated; however, turther geveiopre:niis reauired to 1u o

1 .=ascnable growth forecast is developed for 2dvanced propulsion sysien deveicpment progian
~tuie recommended that the concept of reliability growth be furiher develnoped 35 Y apnies
1 2 opulsion system development programs.




BACKGROUND

The APAL Curfently Nas seve i onGaing picpuii o shneloyy devaioumenl programs that are aimed
shiagnchvonica appncatons Atundamentaigoaitorany new launch vehicieisiow cost One alament of cos!
that 1s receiving increasing leveis of national attention 1s the cost of urireiabiity. This issue was
righlighted by the recent series of catastrophic launch failures. These faiturasincluded two Titans, a Delta,
an Atias. and a Shut'le All were lostin @ peniod of 2 years Historical data bases indicate that in general
raunch vehicle reuability against catastrophic tailure is approximately 0.92. This value is dominated by
crooulsian system faiiures and is unacceptabiy low for any future launch vehicles

The racditicnai methodologies for the development of propulsion systems have nvolved the use of
~adtional manufacturing methodologies coupled with traditicnal design methodologi: s 1hat assume some
meastre 0 safety tactor inthe design process. The traditional issue that was tundamenta te launch vehie
appricatons was that the vehicle payload capability was highly sensiiive to the muss properties Hence,
marpnswera decreased to the maximum extent possibie duringthe design phass fhere remains a distingt
Zeveiopment transition to flight weight hardware in most aercspace develcpmants. Reliability was only
suhzequently evatuated as a secondary concern. Point estimate techniques for estimating application
rehability were employed rather than rigoious statistical testing. Manufacturing process control was
nsriuted alter development in order to quality vehicles for manned tlight or higher confidence of success
toliow.ng catastrophic failures It is apparent that in order to achieve higher iavals of -eliability in
croputeor syetems, ang henca in the launch vehicles alternative development approaches need ¢ be

-
c
2apiored

Tnere Nave been severai suggested approaches to achieving higher reliability. Dasign for reliability
pnitasophiesanciude redundancy techniques and higher design margins. Process control advocates point to
human error contributions to farlure and article to article variations, proposing that more automated
oroduction and higherlevels ot quality control and non-destructive testing will achieve desired reliability
it 1s fundamentally assumed that design engineers should be more aware of uitimate reliabiiity and
orocducibiiity 1ssues as they pursue designs. inevitably, the greatest stumbling block to achieving higher
reliability goalsis limited funding available tor development and qualification programs and the historical
rehability approach perspectlive, which consigns probablistic techniques to only the top most leveis of
orogram analysis and evaluation. While history has shown it 1o be true that in the ultimate design
raliabiiity not onty costs nothing but will produce significant cost benefits, thisis nottrueinthe nearterm
design development phase. Here reliability tasks incroase, at teast initially, the cost and they do so in an
anvironment where funding s scarce and where reliability needs must compete with other more visibie
pregrammatic needs (such as performance upgrades). Insuch anenvironment of new program development
within strict resource constraints reliability resources can be eroded in favor of programmatic needs
considered more immediate unless investments in reliability are “fenced in" early and not confused with
management reserves.




1.0 (TASK 1) CURRENT PRACTICE AND DATA BASE ASSESSMENT

viZurrent Practice
*.1 1 Current Practice Background

Corporations involved in the design, manufacture, test and operation of propulsion systems generally
1ave infrastructures that result from specific government agency requirements. Those controls which
~x13t within any giveninfrastructure that have animpact onreliability also existlargely due to government

~quirements. At the highest level these controls consist primarily of Failure Modes and Effects Analysis
“a D asyand Problem (or Failure) Reporting and Corrective Action Systems { PRACAs/FRACAS). Alihough
“ese controis have had a positive impact on reliability the impact, because it is often somewhat indirect,
: ~cy readily measurable. Thus, itis difficuit to ascertain quantiiatively that spending a given amount of
veources on FMEAs or PRACAs will in fact pay off. In addition, there are, at feast in the initial phases of
~eooram development, few financial incentives for “better” reliability even though the costs of faiture
v oate substantial down stream benefits from investing in reliability. Furtheimore. even it there wer«
-~y ncentives, it would be difficult for manutacturers to know where io sgend el 3247Cw
zouroes to obtain the best reliability returns. This is primarily due to inconsistent 21 .00 -exisient

C 3oty data bases.

‘e problemis further compounded by the constraint ~f sample size on the measurcment of aChieved

-~ wauanty inohighly reliable systems. In other words, to demonstrate that a given reliability has been

"ty atl & reasonable confidence level, a large number of systems must be tested. It is cbvicus thalin

o 2ufestng approach is not practical from a cost/schedule standpoint. This is not to say that presantiy

nedrehabilites are inadequate to satisfy the previously and currentiy existing requirements. Intfact,

2 alta:ned rehabiiily of any propulsion system is generally based on relatively small samgple sizes anc

> underying assumption that each propulsion system tiring is independent of all others. This simpiy

~-ansthal while we may not know precisely (from a reliability standpcint) where we are now, we 36 know

~«":’a we are well enough to understand that we are far from the high reliability goals desired of future
~= propulsion systems.

cetver the relevant question is not where we are now, but how can animpgrovement in raiigbinty b=
~.oeed? Because of the relative nature of this question, it may turn out ihat accurately pred
Loty amprovements is easier than measuring attained reliability.

Hohng

G

*Major Activities Constituting Infrastructures

> tunding mitations it was not possible to revisit manufacturarsinordericheicfit vomihae foin
Traered Trom the qnitial visit. The revisits would haso concontraicod wnt jol €n Tengrn
cmorer et bul ontransoortation and storage s we!

—reond asits would be used to form a clearer picture of the detailed approaches taken by licuid and
Doanutacturers.

oazver based onthe initial visits taken, six major activities have beendentified in the life cycie

. nropuision system:  design, manufacturing, test, transporiation, storage, and operation. The

auirusiury that has evoived has cendered on design, manufactuning and test. Activities related to

~roiiaton, storage and operation tend io be restricted to probiem coric oo rather than a planned
segy 1o anticipate problems.




Qesian - The Deswon activity primarilv invoives the creation of a syste that meets the specified
requirements ol acontract Typicaily adesiaonic generated and gses through ades:gneview process usually
consisting of preliminary critical, and tinal des:gii reviews. The review of rgitabiiity requiremeni
achievermant during thage reviews 1s curranily nasad (e 3us2 of the lask of a dataded Historical data base
for propuisicn systems), uponthe manufacturer s engineenngjulgament or ohqualitativa review of design
specitic failure modes whose elimination or mitgaton 15 agan based upon manufacturer's
recocmmendaticns which are judgementally based ana theretore aifficuli to opjettively assess as to their
probability of being successiutl, achieved n the impiemented design.

nsition i1s made from design to inanu.aciuring, the activities focus on how
And materiiis required to oioduce thf.f: system winte e-fislying auality
¢ pfc,mdu es ﬁnd Hooodirgrams ar? Ve giiinary oo naniems for tis

280G mAlor senaractors are also

Manutacturing O'lbg, the

S

DY clic ,’vq ,,Ill‘

Vi Testing corvites ormarnly involve qualtication oo rcastiniity tosting G sey are primarily
irtended (o 1est the functiona cdﬂ"uacy or the potentizl of a given uecng.. rmLesmientaiion, Inthis way they
can clearly inmcate that a oropulsien system perfermance snecification such as thrust te werght rato, a
epesae impise has not beon achieved, but they oniy indireltly indicate lazk of reitability acnievement.
Tiis 's especizliy true of new designs. Thase tests do not usuaily invsolve enounn test time for numbers of
sysiers: to oroduce a statistically significant indication of system reliability capabiiity  When failures
dooccur. they may have beeninduced by consciously over exiending the design imits. Infact, the tests may
be corducted ro determine design weaknessw s through *est failure so that tne fanures car be examined and

corrective action taken {0 improve the design. These tests therefore may nol aiways provide usetul
informaticn concerning the assessment of system reliability capability although they certainly do produce
infcrmation usetul to reiiability improvement.

Transporiation - Transportation activities can have obvious nagative impacts on reliability due tc the
influence of shock, vibraticn, humidity, and thermaltransients. These and other environimental actors run
act independently ar synergistically to decrease reliability. Controls are in place <ictating packaging and
handling requirements primarily through specitications. Uniortunately, not all problem (or failure)
reporting and corrective action systems feedback problems that occur because of inadequate package and
handing requirements. Such a closed loop system would provide @ mechanism for rewriting of specifica-
tions

Storage - Like transportation, storage activities can also have a negative impact on reli=bility. This is
true not only fromthe standpoint of environmentai conditions, but storage time as well. Whenrocketbooster
dependent proyrams experience a delay, then all limited life items become factors attecting reliability

QOperation - The . ating ume for booster rockets is a matter of a few hundred seconds with the pro-
viso that some ot +. ket engines or solid booster casings are reusable. Achieved reliability is measured
classically by usi - 2rating data and applying statistical distributions such as the binomial. As with the
testing activity, when ' "'res occur, the devices are reexamined and corrective action is initiated followed
by retest. Since the _ctive action taken obviously is intended to eliminate failure mechanisms and

thereby improv  relia_aity, it is difficult, it not impossible, to use a classical approach to measure
reliability achievement in developmenial systems with high reliability goals and limited operating
histories.




T2 Currentintrastructure Activities Atfecting Reliability

Although there are some specific differences between prime contractors and major subcontractors, in
szneral the controls atfecting reliability which are the responsibility of the retiability discipine are
-iwratibty Predictions, Failure Modes and Effect Analysis (FMEAs) and Failure Reporting and Corrective

souon systems (FRACAs). The quality control discipline has a direct impact on retiability but is not
“r.ﬂaﬁy a part of the reliability discipline. “(Lessons Learned” is often a semi-formal approach to
ehabiiity improvement and when used, it is as likely to be tound in the design group as the reliability
SIoUD.

,’:' Sty the FRACA system provides a closed loop means of correcting problems. In their present form.
-+ A% are not structured to quantify reliability or to become a proactive part of measured (quanitiec;
mi:y enhancement.

PRACAFRACA
T |
h “‘:"_“_“’] A - T/
@ CLCIGN I MANU- TEST TRANS. ‘ STORAGT 1 Diemeion |
' FACTURING PORTATION | | . |
. _‘_4__.___.' . R N, !
T UIATAS M e 1. Achieved

- Reliabitty
Seiahility €

Pradictions/
Trade Ofts

Figure 1. Existing infrastructure controls intended (o 2t:rance refiab ity
“;.70 1oliustrates the six infrastructure activities as they rel..te toreliability activities Tha most
Lonty ysad reliability activities are:
FMEAs
» Reliability Predictioins/Trade-otfs
PRACA/FRACA Systems
treasurement of Achieved Reliability
‘ -VeAs are and how they are used is described in the following section under “Refiability
qu tsnalysns Reliability Predictions/Trade-offs are aiso discussed inthe same zection under
' ,‘xd» g of “Quantitative Reliability Engineering Design Tools” along with othertools that are avalable

uinty engineers. Figure 2 contains a comprehensive list ot rehiahility Togls ang Tecnmagios
AERACA Systems are discussed in detail in Section 1.1 3.2,




Meacsurement of Achieved Reliability due to ils compiexily is treated separately in Section 2.2,
“Historical Data Analysis (Reliability Growth)” and in Appendix A.3. “Reliability Analysis of Current
US Launch Vehicles”

The purpose of Figure 1 istoiliustrate the himited use o! presently available reliability engineering
technigLes and tools as well as the limited use of information from activities such as transportation and
storage.

It is clear, based on the information gathered to date, that no single company has utilized all the tools
and techniques avaiiable to reliability engineers on any given project nor has the information fromtrans-
portation and storage been fully utilized. The fact that all the resources of refiability technology have not
been utilized is 0ot a result of negligence on the part of manufacturers. Oftenthey may not be provided with
specific requiremenis to address all these issues by their government customers and are not normally
funded to conduct these types of analyses.

Although notdirectly related to launch vehicle reliability, arecent example of how the storage activity
can aftect reliability is given by the recenrtly launched TODRSS spacecraft. After the Chalienger accident
the spacecraft spent an extra 2 1/2 years on the ground. Deterioration was suspected inthe boit cutter
ordinance and for this reason a reliability study was conducted by the contractor. The study resulted in
the determination that the bolt cutters required replacement. The successful taunch of TDRSS is now a
matter of record. Total credit for this success cannot be taken by the individuals involved in this reliability
analysis, but a significant contribution was made to this success as a result of diligent ordinance and
reliability engineers taking the initiative and going beyond typical practice. The only way to make such
protection "routine” is to expand current reliability practice so as to create an infrastructure such as the
one depicted on Figure 8 in Section 2.3.

Reliability Engineering Analysis - There are a number ot tasks that are specitically related to re-

fiability as shown in Figure 2. It is not the purpose of this report to fully describe each technique and
design tool but to highlight those most commonly used in the rocket industry. The two most commonly
used methods for reliability analysis are:

» Failure Modes and Effects Analysis (FMEA) or Failure Modes, Effects and Criticality
Analysis (FMECA).

» Quantitative Reliability Engineering Design Tools such as predictions or Trade-offs.
Failure Modes and Effects Analysis is a “bottom up” method intended to identity, classify and document
failure modes and their effects as well as possible corrective actions or compensating or mitigating
provisions.
The purpose of an FMEA is to:

1. Assist in selecting design alternatives with high reliability and high safety potential during early
design phase.

2. Ensure that ali conceivable failure modes and their effects on operational success of the system have
been considered.

3. List potential taitures and identify the magnitude of their effects.
4. Develop early criteria for test planning and the design of the test and checkout systems.

5. Provide a basis for quantitative reliability and availability anaiyses.
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6. Provide historical documentation for future reference to and in analysis of tield failures and
consideration of design changes.

7. Provide input data for tradecif studies.
8. Provide a basis for establishing corrective action priorities.

9. Assist in the objective evaluation of design requirements related to redundancy, failure detection
systems, tail-safe characteristics and automatic and manual override.

When considering reliability analysis of a design, one usually thinks of all the analytical steps leading
to an estimate of the reliability of a given item. A complete analysis requires comprehensive input data that
include material properties, design details and component failure rates; however, it is not necessary to wait
until all of these are known before much can >e determined about the reliability of the design.

Failure Mode Effects and Criticality Analysis (FMECA), is essentially similar to a Faiiire Mode and
Effects Analysis butin this case the criticality of the failure is analyzed in greater detai! (and may in some
instances be quantitatively evaluated) and assurances and controls are described for limiting the likelihood
of such failure. The four tundamental facets of such an approach are (1) Failure Identification; (2)
Potential Effects of the Failure; (3) Existing or Projected Compensation and/or Control; and (4) Summary
of Findings.

The most hazardous pitfall is the potential of mistaking form for substance. if the project becomes
simply a matter of filling out the FMEA forms instead of conducting a proper analysis, the exercise will be
ineffective. For this reason, it might be better for the analyst not to restrict himself to any prepared
formalism. Another point: if the system is at all complex, it is risky for a single analyst to imagine that he
alone can conduct a correct and comprehensive survey of all system failures and their effects on the system.
When applied to complicated systems, th 2se techniques call for a well coordinated team approach.

Comparative Analysis and Absolute Analysis are the two general types of quantitative reliability en-
gineering design tools.

Comparative Analysis - When alternative designs for achieving given (or desired) levels of reliability
are under consideration, characteristics for .ch design are expressed quantitatively as a means of
comparing the relative reliability of each design alternative. For this particular type of analysis, failure
and repair data need not be exact since the purpose is to compare alternatives ratherthanto obtain estimates
of absolute values.

There are three types of comparative analysis commonly undertaken:

« Trade-offs
« Sensitivity Studies
¢ Optimization Studies

Trade-offs, among various design alternatives, are conducted so that the alternatives with the best

Benefit to Cost Ratio may be selected. The Benefit/Cost Ration is determined by incorporating the effects

of reliability factors, installation and operating costs, degraded modes of operation, etc. Trade-offs involve
achieving the proper balance among reliability, performance, and cost.
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Sensitivity analysis involves the variation of input parameters to mathematical models in order to
assess the relative effect of component characteristics and data accuracy on a given system’s reliability
"na resuits are used to idertity areas where improvement in design will have the greatest potential impact
o0 raliability.

Optimizauon studies carry the concept of sensitivity analysis one step turther by varying the input
sarameters until a set which appears best from a reliability perspective within the system constraints is
oniained.

Absolute Analysis involves the use of numerical results of an analysis in an absolute sense (Design A
has a reliability of 0.907). It results in a “stand alone” humber, not a “reictive comparison” type

T4

m e B

The two types of absolute analysis are:
+ Apportionment
+  Prediction
£ ortionment is used when a specific level of reliability is prescoec. For irstance, a chient may

=rorive a ceriain percent increase in the reliability of an existing propulsion system. The procedure
“zatty simplified) is:

* Apportion the reiiability of the system to each subsystem based on past performance.

2 identif, thuse subsystems which have the least desirable reiiability performance. Include all factors

which atfect this pe,formarnce such as random failures, common cause failures, distribution of downtimes,
:man reliability, etc.

3 Determine what corrective measures may be taken to increase the reliability of each subsystem.

Fredicuon requires utilizing mathematical models, input data, ana probability theory for predicting
=izoihly taking design actions based upon the predictions, measuring (or gaining new knowledge)and
irun repredicting, and acting again or remeasuring continually throughcout a program of development ot

mepedting and Corrective Action Systems - “Failure Reporting and Corrective Action™ (FRACA) as well

v- Drablam Reporting and Corrective Action™ (PRACA) are the two types of reporting and corrective

+ uyetems that presently exist in the rocket industry. The FRACA system is required by the Air Force

st PRACA system is required by NASA. Although these two sysizms may differ in minor datail, the intent

©eparaments snd methods used by manutacturers to carry ihem out 1s very simitar The following
.o ouh a typical manufacturer.

Company XYZ maintains a closed-loop failure reporting and corrective action system to ensure
wivestigation of the cause of taiiures and to provide appropriate corrective action and failure recufrence
wonirei. The FRACAs place emphasis on analysis of failure data to provide early detection of defec!s.
Z.csequentinvestigation and corrective action attempts to find and correct tailure causes early in the build
“yoie in order to minimize costs associated with higher fevel failures.




FRACAs incorporate the following features:

1. Use of a failure report forrn which providas a failure descriptien, analysis and corractive action, as
well as basic information inciuding' hardware name; operationatl level, type and environment; hardware
identification number; date of failure; name of responsible unit engineer and failure reporting engineer.

2. A project failure reporting procedure or RAM program plan section which defines:

- The fevel at which failure reporting begins.

- The types of aromalies for which failure reports wiil and will not be written.

- The flow ot hardware and paperwork associated with failure analysis.

- The rasponsibilities of the R&M and QA organizations.

3. The completed failure reports incorporate the corrective actionimplemented both immediately (e.g.,
part removed and replaced) and long term (e.g., engineering order to implement design change).

4. Every failure report requires a close out.

5 The program/project maintains a current list of all failures and the status of those failures.
Basic terminology used in FRACAS is as tollows:

1. TRS - fest Record Sheet - Running log of spacecraft area test events; initiated by test inspector.

2. SQUAWK (Log)- Narrative which records spacecraft or space propulsion system area assembly and
test problems; initiated by test inspector.

3. TDR - Jest Discrepancy Report - Records test failures at various levels of assembly and test; initiated
by test inspector.

4. TRF -_Test Failure Bepcert  Records the problem descriptions, failure analyses, and voieciive
actions; initiated by reliability engineer.

5. RAR - Reliability Analysis Beport - Computerized output of combinedinformationfrom TDR and TFR.

6. FRB - Failure Review Board - Joint meeting of Contractor/Customer personnel to review and
closeout failure.

Sequence of Activities - A typical flow of failure reporting paperwork and the associated hardware is
shown in Figure 3.

Although FRACA/PRACA systems are intended to be a “cradle to grave” system, manufacturers tend to
emphasize manufacturing (using Q.C. as the control and corrective action system) and test (using the
process of Figure 3 as a corrective action system). This is primarily because these are the two areas over
which they have complete control. Feedback from the customer (except, of course, for catastrophic
failures) is often inconsistent.

i3
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For example, it afailure occurs and the equipment is putied for repair, the paper work often does
not state why the equipment tailed. Inthe case of the SSME, a recent review of non-conterence repons
(UCRs}indicated that onily 20% were included in tha NASA PRACA system according to one contractor. 80%
were excluded py the reporting requirements. These requirements are intended to limit the reporting to
serious problems and to prevent the system from becoming overwheimed by problems of a minor nature.
Such a system serves well 1o aid in serious problem iracking and close out, but can sometimes eliminate
the detailed background information required for definitive probiem analysis and root cause determination.
in the case of the SSME, such investigations required use of the UCRs combined with the contractor's
‘Rocketdyne) in hecuse preblem tracking systems.  Thus, the preblem is two-feld: not o'l problems are
repcited and those that are reported are not always adequately described.

commenis - Fatlure reporiing is inost eliective when viewed a< an engineering acuivity rather than as
a booakeeping tunciion. Opportunities exist for failure repotting personnel to enhance screening
effectiveness, identify potential trends. and to minimize costly downstream anomalies. Increased
computerization of FRACAs allows tor rapid information dissemination and less lime spent on routine
paperwork tasks, as long as increased use of computers must not be made by sacrificing detailed problem
descniptions

The FRACAs begin with procurement and continue through receiving inspection manufacturing, test,
launch-site activities and mission operation. Control of discrepancies found in receiving and in-process
inspection, all non-test discrepancies and Material Review Board (MRB) activities are primarily the
responsibility of Quality Assurance and are described in the Quality Assurance Program Plan. Reporting
of parts and materials problems (including Alerts, etc.) is the responsibility of Parts, Materials and
Processes (PM&P) personnel. Test discrepancy control is primarily the responsibility of the raliability
organization. inthe course ot performing this function, a reliability engineer may encounter conflicting
priorities within the project in assuring that proper tailure analysis and corrective action occur in
response to test discrepancies. Examples include:

1. Manufacturing personnel want units repaired and out of their hands.
2. System Integration personnel want units back into stores or back into their hands.

3. The unit engineer wants a test discrepancy to be due to a manufacturing defect or a parts problem,
and he may now, due to the passage of time, be assigned to a new project.

4. The project manager doesn’t want to spend any more money on the situation.

5. The project engineer believes whatever the unit engineer tells him.

6. The system engineer is worrying about link performance or something of the sort.

in the face of these contlicts, the reliability engineer’s objectives must prevail. The Failure Review
Board exists to help assure that each failure is properly closed out. Satisfactory closeout of a failure will
occur when:

1. A failed unit i5 fixed and has passed the test which it faited

2. The probability of the problem recurring in the unit is negligibly small.

3. The problem has been shown not to exist in any other unit.




A computer system is often used to record and track test discrepancies from the time of occurrence
through Failure Review Board closeout and beyond. The computerized system provides:

1. A reporting vehicle for alerting Quality Assurance, Reliability, Engineering, Manufacturing, Test
and Program Management of failures and need for action.

2. A permanent record of the cause, significance, effect, and corrective action for each failure.

3. A vehicie forrequesting remedial action of the procurement, design, manufacturing, test and handling
organizations.

4. Aretrieval system foridentifying failure trends, providing status summaries and locating historical
tarlure information.

While PRACAs/FRACAS perform well in the failure tracking and problem close out system mode for
which they were intended, they were not designed to be reliablity data bases even though they may contain
information considered for this latter purpose. It should therefore not be surprising that PRACAs often lack
the information required for reliability analysis and prediction. The reasons for this vary but the primary
reason is as follows. PRACAs are intended primarily to keep reliability management and program
management informed that serious problems have beenidentified and are being attended to. Including minor
problems or supplemental information which is not critical to management tracking (such as the part
exposure time at failure) may overload management and therefore this information is screened out of the
system by the reporting requirements. While this may be desired from a problem tracking standpoint, it
eliminates the precursor information essential to a reliability data base. For example, the SSME PRACA
system only includes 20% of the UCR information which would be required for a reliability data base and
it includes almosi no exposure at time of failure information.

1.2 Data Base (Historical)
1.2.1 Data Collection

The objective of this subtask was to collect the material necessary to understand the present state of
Jesign, the current manufacturing techniques and the operational parameters of solid and liquid propulsion
rockets. Collection methods included visits to NASA and Air Force sites responsible for solid and liquid
propulsion rockets. Collection methods also included visits to the sites of rocket manufacturers and users
and access to in-house publications, technical and public libraries for text books, reports and articles on
‘ockets.

Trip reports (see Volume {i: Appendix B) documented the names of contacts made, insights gained
-neough tormal or informal question and answer sessions with these contacts, the type of information
couwecteo (nard copy reports, historical data sets and for which rockets and time frames) and the type of
precess viewed during facility tours (production, maintenance, design). Information gathering focused on
the retrieval of sets of historical rocket launch and test performance data, textbook discussicns of the
pnysical attributes of solid and liquid rockets and subtypes, and studies conducted to evaluate design and
pertormance tolerances of individual or collective rocket performance parameters. The output of this task
was a set of rocket characteristic and performance data.

1.2.2 Data Organization

The data gathered from the site visits and the information collection process described above was
organized to facilitate its use. For hardcopy material and site trip reports, a filing system was constructed,




separating solid from liquid rocket data, then categonizing by rocket use (booster, strap-on, Orbit Adjust,
Payload Assist Module), followed by sotscntueltype androckettype. The Data Summary Sheets that follow
were constructed tc allow at-a-glance raview ¢t the data 2vaitaple on thg various rocket types in these
rocket use and tuel lypa categories. Historical data ori rocket test/taunch were organized by enteringitinto
a computerized data base system, DBasz fit+, witen the data was available, to allow data to be more easily
stored and sorted.

1.2.3 Representative Design Parameter Development

Using the information gathered and organized, a candidate design configuration was selected for solid and
liquid rockets as a haseline case. This baseline was usec ¢ establish a structure of rocket mission and
performance cinaractenstice which also define a structure for data entry and storage. The rocket mission
data vector, or the column headings for a data table, refiects data categories from hisiorical performance
sets, such as data of testrlaunch, success or failure, rocket designation (namne, production lot), and type
of mission {R&D, space Mission). Rocket performance vectlor entries were detzrmined by the technical
literature search and site visit discussions citing rocket attrinutes such a fuei, oxidizer, thrust and
diameter The baseline structure which these vestors constitute was expanced and defined further as more
insight was gained into the characteristics which drive rocke! reliability.

Feliow:ng the Data Summary Shaets is a malrix containing the reliaviiity of U.S. launch vehicle
failures, tahulated in Table 1 and 1a-1f. The details of how this mairnx was generated are contained in
Appendix A 3.

1.3 Deliciencies of Current Agrospace Reliability Practice In Appiication to Current Advanced Launch
System Needs

Current Aerospace Reliability practice has notbeen able to affect the high reliabilities specified for Air
Force advanced launch systems. Current practice, as it seems from the investigations undertaken as part
of this effort, is relevant toward the production of launch vehicie systems whose range of achieved
reliability is upper bounded at $5%, and these lavels have been achieved only after significant development
programs over which significantly lower reliabilities were the norm (80% - 90%). Many of the
deficiencies in current practice are a product of the developmental history of aerospace reliability
technology and its resulting evolution rather than direct misapplications of reliability techniques. It has
taken almost 30 years for a systemaltic reliability discipline to be developed since its early beginnings in
the Titan and Apollo programs. At the time of its creation, the US and world industrial base was quite
ditferent. Failures of small electronic compcnents because of their use in great numbers in complex
aerospace designs had a tendency to defeat the best efforts of system designers and render embarrassingly
useless, expensively developed systems. In the case of early launch vehicles, national prestige and
credibility of ICBM deterence required that these problems be eliminated quickly. The electronic systems
were the roots of aerospace reliability, especially in the era when quantitative information was completely
unavailable (if not unheard of).This tended to influence reliability technology development toward the
generation ot techniques which could help quickly to improve the performance of systems without
undertaking the long term development of more reliable individual devices. Papers which touted the
development of reliable systems from less reliable devices, the initiation of qualitative investigatory
techniques such as FMEAs, and the use of redundancy to shore up the areas of weakness graduated from the
academic classroom of the 50's and early 60's to become the inuustrial practice of the late 60's and eariy
70°'s. Finally, they became institutionalized in the late 70's and 1980's.

While exposure ot component functional failure effects through FMEAs and their elimination through
redundancy works, and works well for electronic systems where weight and operational constraints are
minimized and the effect of a single failure is to some degree localized. the usefulness of this approach has
always been limited in propulsion systems. in fact, the use of this currently institutionalized qualitative
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i

1,905

|

[6.G&E-3
|

[

f
|63.4

THIOKOL TE-M-364-4

Stage vehicle System|Crbrt Insertinan Sys

: |
i
PAGE 3

MOTOR 1%

THIOKOL TE M- 616

|USAF *

!

|Thiokol

{ i |

|ois 1

I 1

upstage 1

solid

5.6

6,000

f
|
!
I
!
J
!
|
!
|
I
[
f
i
|
I
!
I
!
I
|
I
f
I
i
!
[
I
I
|
I
I
!
I
!
[
!
f
|
|
!
|
|
|
|
|
I
I
I




NL/18- 82

N2V ENGIRE e MOTOR MOTOR 16

NAME THICKROL (MM3)

1 e Agency [NASA
OoManutactirer fThickol
I cewignation |PAM»A

(Stage or motor) |

fngine ot Motor |

werght (b))
5 boopellant weight |

(e |

& Staae number Jupstage 1

7oCarmrzersFunl :folld
|
8 Mixture ratio (O/F) |
f
7 Ceolant
|
10 teagrh, YMancter }7.5/5.0
[XXSVEEES] i
T Threntioesy levy (Ib)|
¢ = lb.cec
2o Thrust (vacuum) 135,200
[ |
13 {hawter e oure |
fimv0) ]
1o  Spec inpels
(sea tevel)
19 Spec. impuls |
(varinm)  (sce) |
14 1atal bura came |
(sec)
17 Nnzzte expansion |
ratio ]
18 Nozzte exit area |
ittty
1? Engi=2 cant angle |
(deq) |
20 Lase material |
|
21 Case seqment number |
|
22 Thrust vector |
contrat (T.v.C) ]
23 Thrust Coeffiecnt Cf|
I
24 Nozzle discharge |
coetficent Cd g |
25 Engine cycle
I
2k Mass Discharge Rate
(Ih/anc) (
27 trgine (nat
I
23 EBrgioe Reliabrlrty |
|
29 vehicle Name |S1S/PAM- A
I

DATA SUMMARY SHEET

MR 1/
THICrOU FAM-O1

[varres

|
Ilhloan

|PamM 011

|

upstage 1

I
|
!
|
I
|
f
!
|
|
|
|
6.
|
[
]
i
I
|
|
!
!
!
!
|
I
!
]
|
!
I
!
|
|
]
|
|
I
'
I
!
|
I
I
|
|
|
I
]
|
JSTS/PAM-OT1
|

MOTOR 18
UTC SRM 1

|USAF

!

[UIC

i
|Bocnnq
|orbitat Scrences
|

|

|

|

|3

|

jsolid

10.7/9.5

44,100

l
!
I
I
|
|
|
I
|
|
I
I
!
I
!
!
I
I
I
!
!
I
I
I
|
|
f
|
|
{
|
I
|
l
|
!
|
f
I
I
!

|Titan & 1US

MOTOR 19
UTZ SRM-2

[HASA

I

jutc

|Boeing

solid

5.7/9.5

16,800

|
|
I
!
I
!
[
!
|
J
i
!
I
[
|
!
|
I
|
I
!
|
|
I
|
!
I
|
I
|
I
I
|
[
I
I
|
|
I
|
|
!
!
!
|
[
!
|
|

|Titan 4 1US

|Transfer orbit stage|

21

PAGE 4

MATOR 20
Thioknt Caster 7

|MASE, UsAl

!

|Thiakoi

[Cantnr A

61,870

Scont SLV 1A

!
|
!
|
2
I
[
I
|
!
|
I
|
|
!
I
I
I
|
I
|
[
|
f
!
|
I
!
I
I
|
I
|
!
!
[
I
[
[
I
[
]
|
!
|
|
|
I
|
1
I




/19,89 DATA SUMMARY SHEET PAGE S
NUM ENGENE ar MOTCR MOTOR 2% NOTOR 22 MOTOR 23 HOTOR 24 MOTOR 25
MAME Thiokol Artares 3 Thiokol Altair 3 Hercules X259-B4 Thiokol Castor 4M Thiokol Star-30
1 tier Agency [NASA, USAF |HASA, USAF [NASA, USAF | |
| | | i [
o Manufacrurer |Thiokol | Thiokol |Hercules |Thiokol |Thiokol
{ | | i !
3 Designation |Antares 3 jaltair 3 |Antares 28 jCastor 4R |star-30
(stage or mator) i } J | ]
4 ingine ar Motor | | | | ]
~right (b ] | | | [
S Fropel'ant weight | | | | |
(1) | ! ! | |
5 Stage number |3 j& i3 1,2 {4
I I | I !
T Dadizer/Fucl fsolrd [=olid |sotid fsotid |solid
I | ! | !
A Mixture ratin (0/F) | } I I |
! | | f |
9 Loclant ] | | l |
! | i | |
15 Lenath/Drameter | | J I I
CERY/CHty | ! | f |
1 thrust(sea Lev) (1b)] l | | l
¢ = tb.sec ! | | | }
12 Thryst .achum) 121,000 |5, 700 128,000 138,000 17,500
1k | | | J |
13 Chamber pressure i j | | |
(fira) | | f ! ‘
T Smnc mpats ! ! | | |
{cea layel) | | | ‘ I
5 Spec. impule | { { | ]
Coacran)  (aen) | | | | |
16 Tatat barn time [ [ , ' '
(snc) | | | | |
17 Mozzle expansion ] ! | } J
ratio | | | | |
18 Nozzle exit areca | | | | |
(ftxft) | i i | !
19 Engine cant angle | | | | ]
(deg) i | | { {
20 Case material | | | | |
{ ! l ! !
21 fLaue seqment number | f | | |
! ] ] j }
22 Thruat uector | | | | |
conteol (T.V.C) | | | | |
23 Thrust Coeffiecnt CF| | ! ! |
i | | | |
24 Nozzle discharge | | | | |
coefficent Cd g | | | | i
25 Engine cycle i ! 1 | ]
} | | | |
26 Mass Discharge Rate | ] ] ] j
(1b/sec) | | | | |
27 Fngine cast | | l l |
i | | | !
2B Engine Reliability | | | | |
| I | I I
29 ‘Yehicle Name |Scout SLV-1A JScout SLV-1A |Scout SLV-1A |Conestoge 11 JConestege 11
| ! { | |




04719789 DATA SUMMARY SHEET

NUM ENGINE or MOTOR MOTOR 26 MOTOR 27 Motor 28

NAME Thiokol [E-M-364-2 Thiokol TE-M-442-1 Thiokol TE-M-360 4

PAGE 6

20

21

22

23

24

25

26

27

28

29

User Agency {UsSaf |USAF |USAF

Manufacturer [Thioko! fThiokel |Thiockol
] ! I
Designation [Burner 2, 2A |Burncr 2A 565
(stage or motor) | | |
Engine or Motor |
weight (lb) |
fropel{ant wetght |
(lb) |
Stage number ] upstage 2
I
I
f

upstage (varies) upstage 2

Oxidizer/Fuel solia solid solid

Mixture ratio (J/F) |

!
Coolant

!
Ltength/Diameter 15.8/5.2

(fry/(ft) |

Thrust(sen lev) (1)
* = lh.sec
Theust (vacuum) 10,000
(Ib) |
Chamber pressure
(psia)
Spec impuls

5.8/5.2 10.0/4.5

8,000 7,325

(sea level)
Spec. impuls
{vacuum) (sce)
Total burn time
(sec)

Nozzle expansion
ratio

Nozzle exit area
(frxfr)

Engine cant angle
(deg)

Case material

Thrust vector
control (T.v.C)
Thrust Coeffiecnt Cf

Nozzle discharge
contficent Cd g
Engine cycle

Mass Discharge Rate
(lb/sec)
Engine cost

Engine Reliability

vehicle Nave Burner 2, 2A Burner 2A Stage vehicle sys

I
!
I
I
I
I
I
!
I
!
|
|
[
J
|
I
|
I
|
I
]
I
I
|
|
I
|
{
|
|
f
I
[
I
|
!
|
I
!
I
f
|
I
f
I
!
|
!
|
|
I
|

{
!
!
|
I
!
[
|
I
[
|
[
]
[
!
Case segment number |
I
[
I
I
|
|
[
I
|
|
{
|
l
|
!
|
I

23




23

24

25

26

27

28

04719789

NUM ENGINE or MOTOR

NAME

User Agency

Manufacturer

Desigouatinn

(stage or motar)

£ngine or Moteor

weight (1b)

Propetiant weight
(483}

Stage number

Qevedyper fhnel

Mixture ratio (O/F)

Coolant

Lerngth/Drameter
(fry/(fe)

Thrust(sea lev) (lb)|264,500 /7 273,000

* = (b.sec
Thrust (vacuum)
(b)

Chawber pressure
(psia)

Sprc impuls

(sea level)
Spec. 1mpuls
(sce)
fata{ burn time
(sec)

Nozzle expansion

fvacuun)

ratio

Nozzle exit area
(fretey

Engine cant angle
(deq)

Case material

Thrust vector
controf (1.V.C)

thrust Coeffiecnt Cf

Nozzle discharge
coefficent Cd g
Engine cycle

Mass Lischarge Rate

{1b/ser)
Eng:re cost

Enqgire Peliability

Yehiole Name

Cane seqgment number

ENGINE 1

Aerojet LR-87-Ay-11

[USAF, Commercial

|Rerojet

H204 /N 2R4 - UDMK

f
{
I
I
!
!
|
I
[
|
!
|
|
(
|
!
[
!
{
!
J
l
!
I
!
{
{
!
!
J
I
|
f
|
[
{
|
|
J
|
f
|
f
|
[
|
I
!
I
|
|

[Titan 340, 3, 4CGP,

{41us

DATA SUMMARY SHEET

ENGINE 2

Acrojet LR-91-AJ-11

|USAF, Conmercial

!

[Acrojet

69,000

~

N204 /NN - UDMH

101,000 7 104,000

10.9800
|

[titan 340, 3, 4CoP,

Jaus

ENGINE 3

Aerojet AJ10-138

|Aerojet

|
[Tran=tage
}

!

|

19,000

{

|3

|

|H204 /N2H4 - UDMH

8,000

Titan 34D

24

ENGINE &

Aerojet LR-87-AJ-S

|aerojet

—

N204 /N2H4 - UDMH

215,000

Titan 2 SLV

PAGE 1

ENGINE 5

Aerojet LR-91-Ay-5

|Aerojet

N204 /NZHG - UDMH

100,000

Titan 2 StV

{
!
|
!
|
l
|
!
!
!
|
I
!
!
!
|
!
!
|
[
[
|
!
|
!
!
]
!
|
I
|
]
|
I
!
|
|
|
|
!
I
!
!
|
|
|
!
|
{
!
!
I
]
[




N4,/19/87

NUM ENGINE or MOTOR
NAME

s

22

23

24

25

26

27

28

27

User Agency

Manufacturer

Dcsignation

{stage or motor)

Engine or Motor

woight (b))

Propellant weight
(1b)

Stage number

Oxsdyzer/Fuel

ENGINE 6

Rocket. YLR-89-NA7

|Rocketdyne
}

|MA-S

I

I

|
[111,506
|

j172

|
JLOX/RP -1

Mixture ratio (0/F) |2.25

Coolant

Length/Diameter
(fty/(fo)

Thrust(sea lev) (lb)|188,750

* = |lb.sec
Thrust (vacuum}
(ib)

Chamber pressure
(psia)

Spec impuls

(sea level)
Spec. impuls
(vacuum) (sce)
Total burn time
(sec)

Nozzle expansion
ratio

Nozzle exit area
(ftxfr)

Engine cant angle
(deq)

Case material

Case srgment number

Thrust vector
control (T.v.C)

{Gimbal led Engines
| and verniers

Thrust Coeffiecnt Cf|1.44

Nozzle discharge
coefficent Cd g
Engine cycle

|
|5.54e-3
|
[
!

Mass Discharge Rate [728.8

(lb/sec)
Engine cost

g€ngine Reliability

Vehicle Name

!

I

|

10.9907

I

[Atlas G Centaur
| b tA/Atlas M

DATA SUMMARY SHERT

ENGINE 7
Rocket.

ASA

IN

|
|Rocketdyne
|

I

!

|

177,825

I

[1

|

JLOX/RE 1

|
|2.22

60,500

1Y

|Gimballed Engines

| and Verniers
]1.26

!
|5.64e-3

10.9905
{

|Atlas G, Centaur
| D-1A/Atlas W

YLR-105-NA7

|
|
|
|Centaur
I
!
|

ENGINE 8
P&W RLI1DA-3-3A

[14,867
|

2

|

JLOX/LH2

|
5.0

|0
!
!
f
!
|Gimballed Engines
!

[1.79

I
|4.01e-3

10.9854

ENGINE 9
Rocket. RS-27

|NASA, USAF
|
|Rocketdyne

|ELT Thor
|
|
|
]175,000
i
i
!

jLox/ee 1

(229,600
!

1650

]

[261

I

294

!
j227

[0.9833
]

PAGE 2

ENGINE 10
TRW TR201

|oelta
]

|

|
10,000
|

|2

|

|N202/NHG -UDMH

10.9774

|Atlas G,Centaur D-1A|Delta3914/3924/6920/|Delta 3914,/3924
16925,3910/3920/PAM-D| 3910/3920/PAM D

| /011, Titoan 4CGP

25




DATA SUMMARY SHEET

04, 19/89 PAGE 3

NUM ENGINE or MOTOR
NAME

ENGINE 11
Aerojet AJ10-118k

ENGINE 12
Rocket. RS-51

ENGINE 14 ENGINE 15
Rocket. LR-B9 NAS Rocket. LR-105-NAS

ENGINE 13
P&V RL10A-3-38

1 teer Ajency |NASA, USAF |varies |USAF |USAF |USAF
| l | | |
2 Manufacturer [Aerojet |Rocketdyne Paw |Rocketdyne |Rocketdyne
| | I | |
3 Designation |Detta |AMS |Centaur |MA-3 |MA-3
(stage or motor) | | ] J )
4L Engine or Motor | 12,790 | | |
weight (ib) | l I | I
5 Prepeliant weight |13,200 | | ] ]
(1b) | I ! I |
& Stage number |2 {upstage |ups tage f1/2 |1
| | ! | |
7 Cxidvzer/Fuel [N202/N2H4 -UDMH |N204 /MMH jLox/sLu2 jLox/rp-1 jLox/re-1
! ! ] | !
8 Mixture ratio (O/F) |1.9 | } | ]
! f | ! ]
3 Ccolant | | | ! |
| ! ! ! |
10 Length/Diameter | | | | |
(f1y/¢ft) ] | | } J
1 thrustlaea lev) (Ib)y] | | } 165,000 {60,000
* = lb.sec | | | ] |
12 Thrust fvacuum) 9,710 12,650 | 15,000 | ]
tih) I | ! { I
13 Chamber pres.gre |114 i ] | |
(ps1a) ) ! ) | ]
14 Spec tmpuls | | ] | |
(sea level) | | | | |
1S Spec. impuls [320.2 ! | [ ]
(vacuum) (sce) | | | | |
16 Tlotal burn time j43532 | | ] )
(ser) | | | } !
17 Nozzle erpansion 165.2 i | | |
ratio | | | ] |
18 Neocele exit ares |19.9 ] | | |
(ftxft) | ! | | |
19 Engine cant angle |0 ] | | !
tdeg) | ! | | |
29 Case material | | | | !
[ | I | |
21 Case soqgment number | | | | |
| | | I |
22 thru.t vector [Gimbalied Engine | | ] |
centrol (1.V.C) | | | | |
23 Thrust Coeffiecnt Cf]1.93 | | | |
| ! | | |
26 MNnzzte discharge 16.03e-3 | | | |
confficent Cd g ] } | | I
25 Engine cycle | | | | !
I ! [ | I
26 Mass Discharge Rate }30.32 | | | ]
ib/sec) | I I | |
27 Engine cost | | | | |
| | I | !
8 Engine Relinbility [0.9774 | | | |
! f I | |
¢9 Vehicle Name Joel ta3914/3924/7920/ |Stage |s1s/Centaur 9 |Attas € Jartas €
! | !

17925,3910/3920/PAM-D |

26




06719789 DATA SUMMARY SHEET PAGE 4
NUM ENGINE or MOIOR ENGIKE 16 ENGINE 17

NAME Bell 8096 AGC Trnstge

1 User Agency |USAF, NASA

I | |

I | | |

2 Manufacturer |Bett | | |

{ [ | I

3 Designation |YLR-81BA-1] {Delta | | |

(stage or motor) | | | ] |

4 Engine or Motor | ) | ) |
weight (lb) | | | | |-

S Propellant weight | | | | |

) | I | | |

é Stage number |upstage (varies) |2 | | |

I ! | I ]

7 Oxidizer/Fuel | IRENA/UDMH |N202/4-50 | | |

I i I [ }

8 Mixture ratio (O/F) | | | | |

| | | | |

9 Coolant | | | I |

! ] | | |

19 {ength/Diameter | | I | '

(Fry/eft) | I | [ |

11 Inrust(sea lev) (ib)| | | | |

* = th.sec | { | | |

12 Thrust (vacuum) 116,000 110,000 | | |

() | { ! f |

13 Chamber pressure ] ] ) | |

(psia) | | | | |

14 Spcc impuls | | | | 1

(sea level) | | | | |

15 Spec. impuls | | { | |

(vacuum) (sce) | | | ] |

16 Total burn time | | | | |

(sec) | | | | |

17 Nozzle expansion | | i | |

tatro | | | | !

18 Nozzle exit area | | | | |

(ftaft) i | ] J |

19 €ngine cant angle | J | ! |

(deq) | | | | |

20 Came material | | ] | |

[ I [ | |

21 Case segment number | I ! l l

| ! ! ! |

22 Thrust vector ) | | | |

control (T.v.C) | ] | I |

23 Thrust Cocffiecnt Cf] | ! | I

I | ! ! |

26 Nozzle discharge | | ] | |

coefficent Cd g | | | | |

25 Engine cycle | | | ] |

! | [ | |

26 Mass Discharge Rate | [ i | |

(tb/sec) I [ | | |

27 Engine cost | | | | |

| l ! | |

28 tngine Reliability | | | | |

I I I f |

29 vechicle Name |Agena O {Detta 3920/PAM-D | | |

f i { |

27
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TABLE 1A: RELIABILITY OF THE THOR/DELTA FAMILY

Thor / Delta

Vehicie Name
Data Collection Deita
Perlod

60-87

Success
0.9402
tio:
Ratio: Mean 09110

0.9615

0.9950

Stage 1/2

Stage 1

Stage 2

@]
-4
w
(L}
P~
-
n

Stage 3

Stage 4

Propulsion

Guidance

Flight Control

Structure

SYSTEM

Electricat

Separation

Other or (UK)

29




Vehicle Name
Data Collection
Perlod

TABLE 1B

REUABILITY OF THE TITAN FAMILY

Titan

Titan 1i
64-87

Titan 34D

82-87

Combine

59-87

Success

Ratio: Mean
5%
95%

0.9406
0.9055
0.9651

0.7355
0.4978
0.8990

0.8013
0.6075
0.9546

Stage 0

0.9946

0.8678

Stage 1/2

Stage 1

Stage 2

STAGE NO.

Stage 3

Stage 4

Propulsion

Guidance

Flight Control

Structure

SYSTEM

Electrical

Separation

Other or (UK)

30




TABLE 1C: RELIABILITY OF THE ATLAS FAMILY

Vehicle Name
Data Collection Atlas SLV|Atlas G | Atlas H
Period

67-83 | 84-87 83-87

s .

n:::i:"uun 0.9445 |no failure | no failure
0.8736 06313 | 0.6313

0.9652

Stage 172

Stage 1

Stage 2

o
4
w
(V]
<
-
(2}

Stage 3

Stage 4

Propuision

Guidance

Flight Control

Structure

SYSTEM

Electrical

Separation

Other or (UK)

31




TABLE 1D: REUABILITY OF THE SATURN FAMILY

Saturn "Famity"
Vehicle Name
Data Collection Jupiter Juno Saturn | Saturn 1B Saturn V Combine
Perlod
58-58 58-61 62-85 66-75 67-73 58-75
e rean 0.3611 0.4300 no tailure no failure 0.9822 0.7547
| sw 0.1026 0.2135 0.7943 0.7743 0.8180 0.2652
95% 0.6879 0.6743 0.9997 0.9935
Stage 0
Stage 1/2
g Stags 1 0.8575
w
> Stage 2 0.5741 0.7009 0.9822
-
@ Stage 3 0.7629 0.9822
Stage 4 0.6290 0.9378
Proputsion 0.7870
Guidance
- Flight Controt
w
»
S Structure
n
Electrical
Separation 0.5741
Other or (UK}
32




Vehicle Name

TABLE 1E: RELIABILUTY OF THE SCOUT FAMILY

Scout "Famlly”

D.u Collocllon Vanguard SCOU! Combine
Period
57-59 60-88 57-88
Success
Ratio: Mean 0.3388 0.9420 0.6404
5% 0.1555 0.9023 0.1821
95% 0.5723 0.9683 0.9744
Stage 0
Stage 172
o
z Stage 1 0.8347 0.9917
w
° Stage 2 0.5049 0.9875
[~
/2]
Stage 3 0.8039 0.9746
Stage 4 0.9870
Propulsion 0.7521 0.9793
Guidance 0.9174 0.9917
5 Right Control 0.8347 0.9917
-
g Structure
/)
Electrical 0.9876
Separation 0.9959
Other or (UK) 0.8347 0.9959




TABLE 1F: REUABILITY OF THE SPACE SHUTTLE

Vehicie Name
Data Collection
Period

Success

Ratio: Mean
5%
95%

Stage 0

Stage 172

Stage 1

Stage 2

o
z
w
o
<
-
(7]

Stage 3

Stage 4

Propulision

Guldance

Flight Control

Structure

SYSTEM

Electrical

Separation

Other or (UK)
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system of rehability techniques can lead designers and decision makers to make incorrect decisions even
it correctly applied as is demonstrated below. Finally, it appears that the currently institutionalized
reliability technology base, because of its qualitative nature, will be unable to address just the residual
reliability related issues such as residual variability reduction, risk management and human reliability
that limit launch systems to their current operational reliability tevels.

Here are some examples why. The examples fall into two broad categories: either they are the result of
performing FMEAs/FMECAS or quantitative reiiability analysis.

1.3.1 FMEAsS/FMECAs

FMEAs/FMECAs are structured to detect single point failures. When single point failures are identitied
they are either controlled or compensated for by use of redundancy.

Bedundancy and Correlation Fagtors - When applied to electronics, redundancy can be a very effective
way to enhance reliability. However, as Section 2.3.1.2, “Product Design FMEAs” points oul, even

electronics can be susceptible to “common cause” or “correlation” failure. These are the types of failures
thatcan negate the benetfits of reduridancy due to a singie event. Product Design FMEAs have proven beneficial
in reducing vulnerability to correlated failures in electronics systems and may prove to be beneficial in
the analysis of propulsion systems. None-the-less, propulsion systems, like any high energy system, are
inherently more vulnerable to correlated failures. Thisis supported by the study of the shuttle main engine
development history which is summarized in Section 2.1.4 and provided in detail in Appendix A.1 *An
investigation of Historical Failure Correlation Factors Using the Shuttle SSME Flight History as an
Example.”

Controls and Variability - When redundancy, for whatever reason, is not an option when conducting
an FMEA, the failure mode is “controlied” either by designing the failure mec. anism directly out of the
system or by placing more stringent controls on manufacturing and/or testing. Designing a failure
mechanism out is usually not a viable option because it requires a physically different way of obtaining the
same function. Thus, manufacturing or testing is the most practical way of constraining the failure mode.
The only problem with this approach is tinat if methods are not in place to measure the effects in terms of
reduced variability, there is no way to measure the impact on reliabulity.

Beusability - Another potential problem with FMEAs is that they tend not to be “living” documents in
the sense thatif a systemis reused oris reusable, the FMEA is not structured to handle the potential results.
For instance, weld failures on the Space Shuttle Main Engine can result from thermal cycling and fatigue
through reuse. The FMEA is not structured to conveniently handie this situation.

‘Bottom Up” Methodology - As has been previously discussed, FMEAs/FMECAs are “bottom up™ meth-
odologies and as such are not designed to list alt potential malfunctions of a system, only those which
propagate from known tailure modes of components within the system. Witnout a comprehensive way of an-
ticipating system or subsystem malfunctions in a global sense, the analyst can never be comfortable that
the FMEA/FMECA is exhaustive. A “Top Down" methodology as described in Section 2.3.1.2 would help
overcome this “Bottom Up” obstacle.
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1.3.2 Quantitative Reliability Analysis

In order for quantitative reliability analysis to be etfective the three following constituents must be
present:

1. Meaningful Reliability Data/issues

2. Proper Reliability Analysis Tools

3. Risk Analysis and Management Capabilities

- For the current generation of launch vehicies, the historical data

set (see Appendices A.1 and A.3) appears to be both meaningful and capable of addressing the key reliability
issues. To be meaningful, the reliability data must:

1. Be complete for both success and tailure.

2. Have failure causes consistently identified.

3. Have chronologies of failure history established.

4. Have design change chronologies established.

In order to be eftective, however, the following issues must be resolved:

1. How relevant is history in predicting future performance in a developmental system?

2. How is historical reliability growth to be accounted for?

- old failures iess than new?

- How are design changes factored in?

3. What effect does hold down time just prior to launch have on prevention of failures which otherwise
would occur after launch?

These issues can only be addressed by applying the appropriate quantitative reliability models using
a properly developed and structured historical data set.

- Until now the only
quantitative methodology available for propulsion systems which addresses the developmental nature of
such systems have been traditional reliabiiity growth methods (such as the Duane approach and Weibull
methods) and D. Lloyd’s methodology (see Section 2.2.2). Even if these methodologies were adequate in
addressing overall launch venhicle reliability, three other areas should be considered in order for a
quantitative reliability analysis 1o be fully effective.

They are:
» Estimation of Stage Reliability
« Estimation of System Reliability
« Estimation ot Engine or Motor Reliability

A method of estimating taunch vehicle reliability is summarized in Section 2.2.1 and all four methods
are described in detail in Appendix A.3, “Reliability Analysis for Current US Launch Vehicles".
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Risk Assessment/Management - Section 1.3.1 has described the limited value of FMEAsS/FMECAs in the
quantification of reliability. Although they are useful in constructing logic models (see reliability
techniques, Figure 2), strictly speaking they can only be used to quantify consequences. Forinstance, they
can be used to quantify total number of welds whose tailure could cause loss of an engine, cluster, stage,
or vehicle (consequences), but this approach does not provide the analyst with the quantitative risk
discriminating information required of a decision making tool. A decision making tool allows the analyst
to rank individual weld failures, for example, with other sources of propulsion system failures in order
to determine where to best expend resources. |t a decision is made to expend the funds, the funds must
be dedicated or “fenced off" and made distinct from management reserve funding. Even well developed
criticality ranking techniques do not do the job sufficiently because they do not develop rankings at the
system level but only at subsystem or lower levels, since their system level rankings are often developed
only on a near relative basis. This approach can give the impression that a thrust vector control system
single failure is just as important as other propulsion system elements such as a heat exchanger or turbo-
pump, eventhough the latter may have several orders of magnitude higher failure probabiiity. The solution
to this problem is to use the quantitative reliability analysis tools of Section 1.3.2.2 in conjunction with
Risk Analysis/Assessment techniques as described in Sections 2.3.1.3 and 2.3.2.

Figure 8 (Section 2.3} shows the relationship of risk management and assessment to infrastructure
controls that have an impact on reliability.
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2.0 (TASK 2) RELIABILITY ENHANCING METHODOLOGIES
2.1 Lessons Learned

This section is concerned with lessons learned either as a direct result of plant visits or from a related
analysis.

2.1.1 Variability Control

Variability contro! was highlighted as a reliability enhancer at Hercules (West Virginia) and
McDonnell Douglas (Huntington Beach, CA), as noted in Appendix B.

The Hercules trip indicated that solid rccket motors can achieve high reliabilities (>.999) and maintain
these reliabiiities over reasonable production runs (as many as 1000 units/year), if the proper
reliability considerations are included in the design and development phases of the program and the proper
process controls are in place, and if the proper test program remains in place. The process control systen
must be able not only to detect penetrations of the Upper Quality Limit (UQL) and Lower Quality Limit
(LQL), but also trends toward unacceptable quality. These trends must be thoroughly investigated and tied
to causes, the causes addressed, solutions derived and implemented, and control mechanisms directed at
controlling key process parameters verified as being reestablished.

2.1.2 Reusability

Reusability is, on the surface, a design goal of sighificant program benefit. However, the benefits of
reusability are significantly compromised it the reliability of an engine is adversely affected by the
requirement for reuse. Besides the direct costs involved in developing a reusable design, there now appears
to be a significan! indirect cost required to maintain reliability in reusable design. For example,
reusability by its very nature tends to decrease the production run. When production runs are decreased,
investments in automated production equipment becomes less economical and the production process
therefore tends to become more prototypical. Prototypical production, especially of complex equipment,
increases the problem of variability control and therefore substantial post production testing may be
required to ensure high reliabilities. A good example of such an indirect impact on reusability was seen at
the Rocxetdyne SSME production facility in Canoga Park, California.

2.1.3 Performance Indicators

For high reliability programs it is important to identify early on symptoms of the process which
presage deterioration in performance. This has been done in the financial community by the development
of a set of “leading” performance indicators and developing performance trends based upon the indicator
trajectories through time. lf such a set of indicators could be developed and trended for advanced propulsion
system development programs, the indicator trajectories might provide early warning of problems arising
during ceveiogmont and operation. This early warning could provide the time required to institute
corrective action before actual program reliability performance is affected.

2.1.4 Correlation Factcrs (See Appendix A.1)

Given the current state of rocket engine technology, there exists a finite brobability of catastrophic
engine failure during a vehicle launch. A catastrophic engine failure is considered one in which the engine
does not shut down in a controlied manner and includes uncontrolied fire, explosion, breach of the pressure
boundary, shrapnel, compiete loss of fuel or oxidizer supply, or a combination of these. Giventhat an engine
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has failed catastrophically in flight, an immediate concern is for other critical hardware in the vicinity
of the tailed engine. For vehicles configured with multiple engines in a cluster, the question becomes
whether the catastrophic tailure of one engine will result in the catastrophic loss of the entire engine
cluster.

In the present study, the correlation between a catastrophic failure of a Space Shuttle Main Engine
(SSME) and the propagation of that failure to include the entire SSME three engine cluster has been
developed based upon the SSME Test History.

Conclusions - In the development of future launch vehicles, the potential benefit of engine out
capabilities must be weighed against the risks that if an engine fails in an uncontrolled manner, it will
resultin the loss of the entire engine cluster. This study evaluated the SSME whichis flownin a three engine
cluster. No uncontrolled SSME failures have occurred in flight. Only a limited amount of ground testing has
actually been done in a three engine cluster and although failures have occurred, none have propagated to
involve the entire cluster.

However, the test data evaluated here indicates there is a reasonable probability, approximately 17%,
that an ur.controlled SSME failure will propagate to the adjacent engines given that an uncontrolled failure
occurs. The confidence intervalis between 4% and 41% that a failure will propagate to the cluster (at 95%
confidence).

A summary of the resulits of the data review is given in Table 2.

2.1.5 Correlation vs. Engine Out Capability(See Appendix A.2)

A preliminary correlation factor vs engine out capability study was conducted using the following
assumptions:

« Smaller engines are more reliable than larger ones.
+ Increased plumbing due to a larger number of engines decreases reliability.

The resuits of the study indicate that a four engine configuration would be the most reliable if correlation
factors are not taken into account.

When correlation factors are between 20 and 27% the four engine configuration is no better than a
single engine configuration. Section 2,1.4 indicates that the 95% interval for correlation failure is 4 to
41%. Therefore, there is a substantial probability that correlated failure on an engine design which is
comparable to the SSME could negate engine out capability.
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2.2 Historical Data Analysis

“Historical [bata Analysis”is intended only to acquaint the reader with the various analytical options
presently available. in fact, as isdiscussed in Section 3.0 (Comparison of the Methods of Section 2.2),
there isinsufficient information, as well as limited time and resources available to the study, to make
a thorough comparison of methodologies. Further studies are, however, recommended as stated in the
Recommendations Section.

2.2.1 Y. Shen’'s Methodoiogy (Reliability Analysis for Launch Vehicles)

The performance history of any iaunch vehicle can be considered as having two time periods, the early
development period and the stable performance period. During the early development period, the
unreliability of a launch vehicle is generally high and unstable. After a “faiture analysis and fix" process

in combination with technical and design improvements, the unreliability of a launch vehicle goes down
and stabilizes.

This effect of early transient behavior followed by stable reliability behaviorisindicated in Table 11a
for the Thor/Deita family and Table 11b for the Titan family. In both cases, oscillating reliability
histories are observed early on with later stable performance. it is also interesting to note that Titan |
appearsto have never reached stability and the Delta, being based on the significant Thor history, reached
a stable, high level of reliability very quickly.

These historical reliability growth curves are developed according to the following method.

The maximum-likelihood estimator (failure ratio) for unreliability can be defined as:

U= F/L
Where F is a cumulative failure number, L is a cumulative launch number and F is a function of L.
The easiest way then to estimate the average unreliability of a launch vehicle is:
U, = F/L (1)

where U, is the estimated average unreliability, and F and L are the cumulative failure and launch numbers.

As was mentioned before, the reliability growth effect must be considered to get a more realistic
estimation of the unreliability. in the present model, the average unreliability is defined as

U=u, - au (2)

where AU is the correction reliability caused by the reliability growth effect and can be explained as

AU = AF/L
or
AF =AU« L (3)

where AF is the correction cumulative failure number.




Averaging both sides of equatiicn (3;. we get

AF = AU - ~L
Vi P ——
AU = 2.« AF
L (4)
Substitute equation {1) and equation {(4) into equation (2)
F 2 =
U= - 2« AF
Lt L (5)
The estimation of the unreiiability of the launch vehicle at the nth faunch can then be approximated as
N F
v oFp- ey
~ - tn
Fn_2 =t
Un = mmrem ® e s e ( 6}
Ln Ln N

where L is the i"" launch number, and ' ‘s th2 cumulative failure number at i'" launch.
The reliability R, atthe n” iaunchis

N F
z {Fi- L—r—" Li)
Rn-': .l - Un=1- - :‘3 -?s. 1‘.___1_._-‘,__;..7_—., (7}
Ln Ln N J

The concepts of contidence ievel bas :c on the value of average reliability from equation (7) are now
iflustrated as the following.

Let N be the launch number, then X = o « R_is the success number. in this case, the 5th percentile
confidence is given by -

RONE= - — *

e e e i 8
X 4+ (it X+ 1) Feoagi2n- 2x+2, 2x) (6)

and the 95th percentile confidence is given by-

}F 5(2x+2,2n- 2x
Rogs :.(_r,,, - »__O_Ig.ﬁg_“,_ __._)___
]«

( ;,\“% (x+1)_F0.95(_2‘;+_2. 2n- 2x\)> (92

where F (n ,n,) isthe 100 r” percentita o = -distribution with n, numerator and n, denominator degrees
of freedom.




TABLE 3: AN EXAMPLE OF A TEST SEQUENCE PERFORMED ON A SOLID ROCKET, ITS RESULTS AND RELIA-
BILITY COMPUTATION USING D. LLOYD'S METHOD

Test Monthsof Re- Value of failure f=1-(1-9""

no. testing® sults Y ] ):?/N Remarks
(N) f f fs fa fs
1 0 S 0.000 1.000 Successful test
2 3 S 0.000 1.000 Successful test
3 5 F 1 1.000 0.667 Failure mode, f,
case burnthrough
4 8 S i 1.000 0.750  Successful test
5 11 S 0.900 0.900 0.820 f, corrected, internal
installation added,
success
6 12 S 0.684 0.684 0.886 Successful test
7 13 S 0.536 0.536 0.923 Successful test
8 14 F  0.438 1 1.438  0.820  Failure mode, f,
TVA failure
9 16 S 0.369 1 1.369 0.848 TVA not tested
10 18 S 0.319 0.%00 1.219 0.878 Successful test of
TVA fix
11 20 F 0.280 1 1 2.280 0.793 Failure mode f, re-
curs, 1,
12 21 S 0.250 1 1 2.250 0.812 TVA not tested
13 23 S 0.226 0.900 0.900 2.026 0.844  Successful test of 2nd
TVA fix
14 25 S 0.206 0.684 0.684 1.574 0.888  Successful test
15 28 S 0.189 0.536 0.536 1.261 0.916  Successful test
16 29 F 0.175 0.438 0.438 1 2.051 0.872  Spec. violation,f,
17 30 F 0.162 0.369 0.369 1 1 2.900 0.829 2nd spec violation, fs
18 32 S 0.152 0.319 0.319 0 0 0.790 0.956  Spec. change elimi-
nates t,, t,
19 32 S 0.142 0.280 0.280 0 0 0.702 0.963  Successful test
20 33 S 0.134 0.250 0.250 0 0 0.634 0.968  Successful test
21 35 S 0.127 0.226 0.226 0 0 0.579 0.972 Successful test
22 37 S 0.120 0.206 0.206 0 0 0.532 0.976 Successful test
23 39 S 0.114 0.189 0.189 0 0 0.492  0.979 Successful test
24 40 S 0.109 0.175 0.175 0 0 0.459  0.981 Successful test
25 42 S 0.104 0.162 0.162 0 0 0.428 0.983 Successful test

* Number of months after start of test program, not length of test.

Notes: Test no. 4: failure from test no. 3 {f) is not yet diminished because corrective action is not implemented until test no.
5. f, continues to diminish in all subsequent tests since it does not recur.
Test no. 9: failure from test no. 8 (f,) is not diminished because the thrust vector actuator (TVA) subsysiem is not
*hooked up” until fix is implemented and successfully tested in test no. 10.
Test no. 11: failure from test no. 8 (f) recurs: therefore, tix implemented in test no. 10 is not considered succassful, and
both TVA failures are reinstated as full failures.
Test no. 12: TVA is not tested while failure mode is undergoing engineering analysis, therefore, f, and f, are not aiminished;
Testno. 13:successful test of new TVA fix applies to both failures (f,, 1 .); theratfore, values of both tailures are diminished.
TVA failure does not recur in the remainder of the example and, therefore, both failure values continue to diminish.
Test no. 16: small performance anomaly occurs; howaver, it is outside current specification limits and.therefore, must
be considered a failure (f).
Test no. 17: same as test no. 16 (1,).
Test no. 18: Corrective action for f, and f, is to change specifications/conditions (with customer approval}. With this
change, tests 16 and 17 become “non-failures® and f, and f, immediately become zero.
Test nos. 19-25: all are successful, demonstrating a lower probability of failure for f,, f, and [, failure modes.
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For a complete discussion of this methodology, see Appendix A 3.

2.2 2 D. Lloyd's Methodology {Taken from Reference 14)

D. Lloyd developed a method for estimating and forecasting reliability from attribute data, using the
binomial mode!, when reliability requirements are very high and test data are limited. Integer data—
specifically, numbers of failures—are converted, using this approach, into non-integer data. The rationale
is that when engineering corrective action for a failue is implemented, the probability of recurrence of
that failure is reduced; therefore, such failures should not be carried as full failures in subsequent
reliability estimates. The reduced failure value for each tailure mode is the upper limit on the probability
of failure based on the number of successes after engineering corrective action has been implemented. Each
failure value is less than one and diminishes as successes continue. These numbers repla. ¢ the integra!
numbers (of failures) in the binomial estimate.

in Lioyd's research, this metnod of reliability estimation was applied ta attribute data from the lite
history of a previously tested system, and a reliability growth equation was fitted. It was then "calibrated”
to allow for reliability projections to be devaloned for a new similar system. [nthis way, the model allows
for management to discern early on whether the system’s uitimate reliability requirement will be met and,
if so, whenis itlikely to be achieved. By comparing current estimates of reliability with the expected value
~omputed from the model, a reliability growth forecast can be obtained by extrapolation.

An example application of Lloyd's method to a sofid rocket program is shown in Tabie 3. As can be seen,
the methodology predicts a significantly higher success ratio (.983 vs .80) than would be obtained without
considering growth.

2.2.3 Curve Fitting (Polynomial)

Polynomial trends are of the form

Y=A+BX+CX?+DX%+. .. +JxK

The straight line is a special case, having only the tirst two terms on the right of the equality sign. With
three terms on the right, the polynomial is of quadratic form, and so forth. Typical forms are shown in
Figure 3. Generally speaking, itis unwise to fit a high-degree polynomialto the data because doing so aimost
assures the mixing of trend and cycle. Also, a glance at the figure below will show that none of the
polynomials, other than the straight line, can be extended or projected very far without going off the page.
Keep in mind that only a portion of the curve is used to represent the trend.
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Figure 3. Typical fornis of some trend equations.

Of course, apolynomial canbe forced to fit the data quite closely by adding enough terms. A well known
theorem in algebra states that a polynomial of degree k can be passed through k+i points ~n a plane.
Accomplishing this, or anything near to it, does not contribute any information about trend. Thi> becomes
evident whenitis recalled that 1 degree of freedom is lost for error for every parameter that is estimated
from the data. Thus, it there are nobservations and n degrees of freedom are lost in fitting a polynomial
of degree n-1, 0 degrees of freedom left for error.

All polynemials can be fitted utilizing the method of least squares.

2.2.4 Bayesian (Reference 15)

Suppose a propulsion system is being buiit with a 0.95 reliability requirement at the 90% confidence
level. The system goes through a number of tests: component, environmental, subsystem, system, extended
time, etc. There are failures which are corrected (permanently, it is hoped). A final configuration is
attained. It is also assumed that the project is at least 50% sure that a 0.95 reliable system has been
achieved If thirteen tests are run with no failures, has the 0.95 requirement been met? The classical
binomial approach (see section 2.2.5) would indicate that the requirement has not been met.

This problem is typical of today’s work in the aerospace industry: few systems, few tests, compressed
schedules and high reliability requirements and costs. The limited number of samples for test permit no
failures since evenone failure would imply an intolerably high failure rate. Indeed, all “hi-rel” programs
have *failure recurrence prevention” systems. All failures are “fixed” and “closed”. These activities,
in effect, imply that at time of “buy off,” no failures should occur on qualification or demonstration tests.
Hence, any solution to the reliability demonstration problem should, as a practical matter, address itself
to zero failures and few trials.
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Bayes Theorem, in the continuous case, states:

[‘gdciprwip)op

Peratn { Qeneti#) A
LR St R . e T
Padripywiprap (1)
Here, R = lower {Bayesian) contidence limit of the true reliability, p;
r = observed number of failures in n trials;
g.(r|p) = the ccnditional probability density function of r given p; and
wi(p) = the a priori frequency function ¢f 5.

In the binomial case,

Ih\ .
, il :
Qr&rlp)—{rlb g (2)

n , ) . ‘
Here (r ) = The number of combinations of n things taken ¢ 2t a timg;

!
q=1-5
it is assumed that the engineer is capable of assigning a probability, P (degree of belief) to the event
thatthe requiredreliability, or more, has been attained priortotest. ltis also assumedthat this prior belief
declines iinearly in ¢cern 20 7 = 0 and P = 100%.

Thus, w(p) takes the form of the triangle distribution as folliows:

-P
w(p) = g_{_?_)_ﬂ for 0<p<R (3)
R
wip) = 2PLI-P)
. for R<ps (4)

Here, P = prior probability of having the required reliavility, R.

That w(p) does have the proper values can be seen by obtaining the required heights at R and multi-
plying these frequencies by the bases 5 and (1-R) of the triangles of (3) and (4). Then for the left hand
interval, (0, By, we rave at p = i1,

w(R) = 22— - eI
R A
Area over (0.R) - “WERL L4 p
A
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Similarly at p = R for the right hand interval, (R, 1), we have

(1- Ryw(R) =U‘R)2P(1‘RLZP
2

Area over (R1) = 3
2(1-R)

Note: The discontinuity at R is of probability measure zero.

Inserting (2). (3), and (4) in (1) yields, after cancellation and simplication,

1

Prob( PSPSU = 2(R noret r (5)
(1-P)(1-R) jp qdo

1+

21" n-r ret
(P) (R) fp q @

Figure 4 graphically displays equation (5). Note that in this case, thirteen ests with zero failures
are adequate to demonstrate a reliability of 0.95 at 90% confidence (given a 0.5 on the Bayesian Prior

scale).

While there can be no doubt that Bayesian methods, as can be seen from this example, can provide
significant test reduction to demonstrate a reliability requirement, performing the analysis requires the
development of a prior distribution which is, at least to some degree, subjectively based. Also, Bayesian
approaches are highly sensitive to the prior distributions used. If no meaningful estimate of the prior
probability of success can be made, none of the above conclusions apply. Particularly, one must be wary
of consistent optimism or pessimism when records of success do not support the prior probabilities.

For example, if optimism about a new design is guarded and feasibility tests are few or non-existent,
then the analysis is driven towards a rectangular prior (equally probable prior intervals), and the
results are just as unfavorable (interms of the large number of tests required) as they are for the binomial
distribution. In other words, since one cannot be over 0.5 on the prior scale, 11 tests are required with
zero failures to be .90 reliable at 80% confidence, the same as the binomial. This defeats the purpose
of the Bayesian approach.
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The following are two examples ot applying Bayes Theorem.
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Figure 5. The prior and posterior distribution in example 1.

Figure 5 portrays the results of applying Bayes Theorem to estimate the unreliability of the material
(LX-13 or Exter) which is an extrudable high explosive used in a variety of systems (Ref. 15). As can
be seen, the posterior distribution is not much ditferent from the prior distribution. In this case, the
present observed data (failure numbers, test numbers) is relatively small compared with the previous
data, and the prior distribution is given great weight in the final unretliability estimation.
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Figure 6. The prior and posterior distribution in examplie 2

Figure 6, on the other hand, portrays the results oi applying Bayes Theorem to estimate the annual
pump unreliability for pressurized water reactor (PWRS) in commercial operation in the United States
(Ref. 15). Itis observed that the posterior distribution is much less ditfuse than the prior distribution
as a consequence of incorporating the obeserved data. In this case, the present observed data set is large
and it is given much weight in the final estimation.




2.2.5 Ciassical Binomial Approach

The “traditional” approach to reliability demonstration in a go-no-go type environment is the well
known Binomial distribution.

Stated mathematically the Binomial Distribution is as follows:

X=S

where;
S = number of successful start tests
N = number of trials
R = reliability
C = Confidence level
where it is assumed that
» Trials or tests are independent
+ Each trial results in success or failure
» The reliability (probability of success) of each system is the same on each trial

« The number of tests is fixed in advance of the demonstration test
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2.3 Baseline Reliability Enhancement Methodology Identification
2.3.1 Proposed Infrastructure Controls Affecting Reliability

Figure 7 illustrates how various activities related to the categories of design, manufacturing, test,
transportation, storage and operation can have an etfect on reliability. Each category has listed underneath
it examples of reliability enhancing technique and tools. They represent a cross section of ideas accumulated
during the site visits of Task 1. Some of the techniques are well known and proven, such as reliability
predictions/trade offs. Others are not, such as operating characteristic curves vs. reliability.

The following is a discussion of proposed infrastructure controls intended to enhance reliability. The
discussionis divided into quantitative and qualitative approaches followed by a discussion of risk assessment
as a decision making tool.

Quantitative Approaches - Analysis of Historical Data (See Section 2.2), PRACA/FRACA Trending -
In order for a Problem/Failure Reporting and Corrective Action system to be suitable for mainematical
trending, basic changes must take place in the way information is recorded and tracked (see Section
1.1.3.2). These changes inciude as a minimum:

» Recording total operating times on tailed as well as unfailed components
= Total number of cycles or trials (both successes and failures)

« inclusion of reports of all component maifunctions, even those which were non-
catastrophic and occured on non-critical components.

; - The example that follows
illustrates one method cf connecting defect rates from Q.C. sampling plians to reliability calculations for
hardware. Although this example is for solar array calculations, there is every reason to believe that a
similar approach could be used for propulsion systems.

« Data

- If entire population had random defect rate of 0.65%, one would expect to reject 10% of lots due to
the randomness of sampling process. Figure 12 (page 73) illustrates the use of MIL-STD-414 for the
purpose of determining the 10% reject rate. The 0.65% defect rate corresponds to a 30% confidence for
the lots expected to be accepted or, conversely, 10% are expected to be rejected. Assume that the MIL-STD
414 plan has thus far rejected 58/434 = 13.4% of lots

- This resultis indicative of non-homogeneous population wherein some lots are worse than 0.65% and
therefore have a higher probability of being rejected; clustering of bad lots is also indicative of non-
homogeneous population

- Thus, residual defect rate in the accepted lot subpopulation will be less than 0.65% per test; assume
observed rate in iots accepted to date is 0.65%

« For purposes of an example, consider estimating solar array reliability, a failure
probability of 0.25%, will be assumed for each interconnect over the course of the three year mission
{conservative)

« Each quarter string consists of an average quantity of 39 cells

» Power margin allows subsystem to accept 22 quarter string failures in each of two sets
of 992 quarter strings




PRACA/FRACA

v v l L I i
DESIGN MANUFACTURING TEST TRANSPORTATION STORAGE OPERATION
1. “Top Down” 1. O.C.Curves 1. Qualification 1. Shock Shelf Life Achieved
Analysis vs. 2. Reliability 2. Vibration 2. Dormancy Reliability
2. Reliability Reliability 3. “Hybrid Tests" 3. Themmal Effects Operational
Predictions/ 2. Trends/ Transients Constraints
Trade Offs Variability
3. Lessons 3. Q.C. Testing
Learned
RISK Assessing the chance and consequence of being
ASSESSMENT unable to obtain higher reliability, when it is needed,
within the allocated financial resources.
The process which encompassesthe identification, assessment, tracking, control, and mitigation of risks retated
RISK to reliability and results in overt actions to accept known risks or to make adjustments which control their potential
MANAGEMENT consequences.

Figure 7. Infrastructure controls proposed to enhance reliability.
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+ Two of four interconnects on a cell are pulled as part of sampling test; failure probability
per pull estimated as 0.25%; two tested interconnects are from either end of cell; data from immediately
adjacent interconnects is not available.

- Correlation between pull strength vaiues from same cell analyzed and found to be .38 for all lots tested,
.54 for the ten “bad” lots tested, and .32 for “unknown” lots; value would be somewhat smaller yet if
attention were restricted only to lots accepted by sampiing process

- Correlation of .32 means that knowing the strength of one interconnect helps one predict the strength
of a second interconnect on the same cell (.32 .32) = .10 or 10% more accurately than one could predict
it without knowing the first value; the square of the correlation is known in statistics as the coefficient of
determination.

» Probability of both interconnects failing is:

PR (first tailing) * PR (second failing/first fails);
- PR (A/B) read as probability of A given that B is known to occur

If totally independent, PR (Second Failing/First Fails) = 0.0025

If totally dependent, PR(Second Failing/First Fails)=1.0

- Since the 10% factor developed above measures the strength of the dependency which exists, it may
be used to interpclate between .0025 and 1.0 to estimate PR (Second Failing/First Fails)
(1.0 - .0025) *.10 + .0025 = .10225

+ Probatility of two interconnect failures out of two on same celi is thus estimated at
.0025 * .10225 = .00026

- Since adjacent interconnects are probably somewhat more correlated than those at either
end of cell, and since degree of corrglation is not known, if we assume that interconnects fail at both ends
of the cell, then the cell will fail totally . Using this assumption will, of course, produce somewhat of
an overestimate of probabilities. This overestimate is, however, small compared to the etfect being
observed.

- This means we willi estimate the mission failure probability for a cell to be .00026.

- This equates to a cell failure rate c1:
-LN(1-.00026)/26298 = 9.9E-9/HR

- A quarter stning wilhi 33 celis will thus have a failure rate due to interconnects conservatively
estimated at 39 * 9.9E-9 or 386E-9/HR

« The impact of this new cellfailure mode on the array is to change the failure probabitity
from 6.25 x 10 to 6.21 x 10°*, an approximate two order of magnitude change.

Qualitative Approaches - Product Design FMEAs - Although Product Design FMEAs are not unheard of
in the aerospace industry, very few companies perform them. in essence, product design FMEAs are
structured ‘o identity sources of commonr cause failures (sometimes called “coverage factors™ or
"correlatior factors” by propulsion manufacturers).




Ailthough the foilowing product design description is directed towards electrical/electronics
components, a similar approach could be used tor propulsion system components.

Product design Failures Modes and Effects Analyses (FMEAS) are performed to verity that hardware
reliability and integrity is maintained when electrical/mechanical designs are impiemented as hardware
during the product design phase. This tvpe of analysis is typically done between PDR and CDR after drawings
become available, but before they are released.

This analysis is particuialy appropriate for examining areas where redundant or backup paths are in
proximity.

When redundancy is implemented by using separate units, there is generally no need to do a product
design FMEA inside each unit. However, this may not be true for high energy systems such as propulsion.
In either case, unit external interfaces, e.g., input/output cross-straps, should be examined. Example:
product design criteria are listed below. Results are documented on Product Desigh FMEA Forms. Where
negative findings occur, remedial action is recommended. Adverse conditions are to be justified at design
audits.

The following Reliability Criteria for Product Design are applied in performing product design FMEAs
f~r printed circuit hrards, connectors and wiring imerfaces:

Cabl I { Wire Bund|
a) Assure that fault isolation exists.
b) The routing of all wire bundies shall be such that all possible locations where wire pinching or
chaffing could occur are eliminated to prevent shorts to ground or shorts to different voltage or signal

source.

¢) Assure that the design prevents screw threads from coming into contact with wire/leads during
assembly.

d) Provide for special sieeving where wire routing is adjacent to sharp edges.
e) Prevent excessive pinching of wires by cable clamps by properly dressing bundle and sizing clamps.

f) Spot bond or tie wire adjacent to standoffs and with reasonable distance between supports such that
loads/joints are not degraded during exposure to vibration or shock.

g) No single wires or single solder joints shall be system single point failures.
connectors
a) Similar connectors on a unit shall be keyed, color-coded, or have other mismating protection.
b) Physically separate power and ground pins.
c) Difterent polarity signals shall not have adjacent pin assignments (Vis.; +28Vdc, -15Vdc).

d) Sensitive low level signals should have pir assignments physically separated from high level power,
high level signals, or ungrounded returns This should also apply to grounds.
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e) Critical power or signal lines shall not have adjacent pin assignments.
f) Redundant puwer or signal lines shall not have adjacent pin assignments.

g) Review pin and slip ring assignments to assure that shorts between
adjacent pins will not result in single point failures.

h) No single connector pin shall be a system single point failure.
Pri { Circuil B I
a) Review that redundant paths are kept physically separated as much as possible.

b) Traces carrying heavy current loads shall be veritied as having adequate load carrying capacity per
MIL-STD-275.

¢) There shall be no open daisy chains for power or ground paths.
d) Sufficiency inthe spacing betweentraces depends ontrace voltages and conformal coating provisions.
These should be reviewed against Standard Engineering Design Systems to confirm that trace-to-trace

shorts will not occur.

e) A grounding circuit trace leading to board edge common ground should be filleted at the lead-in line
to prevent development of cracks in circuit conductors.

f) Check that redundant paths don’t go through the same piece part, e.g., a dual transistor or quad IC.

g) I there are any single PC traces or plated-thru-holds where an open would result in a system single
point failure, hardwire should be added.

h) Care shall be taken to assure that high heat generating parts are isolated from cirtical signal paths
(via distance/shielding) to preclude burnout of PC traces, etc.

i) Ensure that solder joints are ingpectable. Avoid soldering flush-mounted parts near heat sinks or
other items which might make the presence of solder balls undetectable.

j) Ascertain that the block diagram or schematic-illustrated redundancy is reflected by the wiring
diagram.

k) Assure that solder retlow practices for boards (or within parts) will not reflow or degrade prior
connections.

1) Handling and instaliation loads for cards and assemblies must be reviewed to ensure that stresses
imposed on joints are withir their load-carrying capability.

m) PC traces and wiring should be physically separated such that a fault is isolated and will not cascade
to redundant or adjacent elements.

n} Verity that PC boards which contain redundancy or cross-strapping elements are adequately
protected against shorts to ground (internat and external to the board) which could represent a system
single point faiture.

0) Plated-thru-holes shall have an aspect ratio (board thickness to hole diameter) or no greater than
3to 1.




Function Expected* or Output Required

0 1 2 3 4 5.

(WRONG TYPE)

5

n

More of
\'||+1) 1

Less
Than
(n+2)

FUNCTION PROVIDED OR RESULTING OUTPUT

As Waell
As
(n+3)

(WRONG QUALITY)

Part of
(n+4)

Reverse
(n+5)

Other
Than
(n+6)

*Obtained from a clear, concise, unambiguous set of Engineering functional descriptions

Figure 8. Top down matrix.
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Manufacturing Control FMECAs (See Appendix B: MCDAC Trip report}) - In the case of the

manufacturing control FMECA, the FMECA should be conducted incrementally by reliability engineering
during the design phase to 1dentify single point failure modes. The FMECA should be usedinthe Critical tem
Control process by identitying critical items and the causes of critical failure modes. Proper design
controls would then be implemented for each critical item and can be verified by a Manutacturing Control
Plan. FMECAs should be supplemented with failure history prior to FMECASs oi related designs and, along
with ti.e failure history., should be made available to designers.
A manutacturing Control Plan should contain as a minimum the following task:
- identify flight critical items (FCis) using FMECASs
- Determine flighi critical characteristics for each FCI
- ldentify specitic manutacturing methods for each FCI
» Prepare Manufacturing Flow Chart and annotate
« Identity Process Contro! for each select manutfacturing method
+ ldentify test and/or inspection methods for each seiect manufacturing method
Top Down Analysis (L. Booth Method) - The most common criticism of FMEAs is the possibility that
not all conditions car=ing system ancmalies, malifuncuons or failures are attributable to inherent

component failures.

One way to audress this concern is by conducting a “Top Down” analysis. A Top Down analysis is con-
ducted by accomplishirg the following tasks:

+ Obtain a clear, concise, unambiguous set of engineering functional descriptions
+ Form a matrix as shown on Figure 8

« For each intersection (square) on the matrix, describe the system condition (i.e., 0 =
nominal thrust, n+6 (other than) = wroeng direction). Therefore, (0, n+€} means correct thrust, wrong
direction. The square {0,0) indicates correct nominal thrust was required and correct nominal thrust was
delivered.

« Each square of the inalrix is a polential “Top Event” (undesirable condition).

« Expicia each op event lusing fauit trees, event trees or similar techniques) until all
conditions leading to the {cp event anve bran causted.

Risk Assessineqt (reference Migure 7) - Risk assassment can be characterized as follows:

» Risk assessment is the process for estimating the risk associated with a particular
alternative course of action

+ Risk assessment considers probability of failure and conseguence of failure as they relate
to technical performance, schedule, ana cost




Where

Risk is the probability and consequence of not achieving some defined program goal and is a function of:

Probability of failure
+ Consequence of failure
- Increased Cost

- Extended schedules

- Reduced performance

Risk assessment involves these steps indicated in the tollowing diagram:

IDENTIFY
POTENTIAL
RISK ITEMS

Y

“HARACTERIZE
RISK 1TEM

|

Y

L

DETERMINE
PROBABILITY OF FAILURE

DETERMINE

CONSEQUENCE OF FAILURE

|

|

¥

RF

COMPUTE RISK FACTOR

Low
RISK

MEDIUM
RISK

HIGH
RISK

Where risk levels are defined as:

High  1he problem is obvious and there is a high probability of failure 1o meet reliability,
pertormance, schedule or cost objectives. Monitoring and control must be rigorous, with frequent update
of risk status. A fall-back or alternative system or plan is mandatory.

Medium - The problem is identifiable and would impact p.vgiam iéhiabinly, pe.ioimance, schedule,
or costs. The probability of occurence is high enough to require close control of all contributing tactors,
establishing of risk management milestones, and an acceptable fall-back position.

Low - The problem is identifiable and would impact program objectives, but the probability of
occurrence is low as to cause no concern other than normal monitoring and control.
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2.3.2 Risk Managerient

Risk management is the process which encompasses the identification, assessment, tracking, control
and mitigation of risks reiated to reliability and resulls in overt actions to accept known risks or to make
adjustments which control their potential consaquences.

Risk assessment assesses the chance and consequence of being unable to obtain higher reliability, when
it is needed. within the allocaled finangial resources.,

Establishing Factors - In order to assess and manage risk, factors musi be established based on tech-
nical 1isks. Faciors can be ci:aracterized by using the two following matrices (Figures 9 and 10).

Assessing Economic Risk - Given the informationof sections 2.3.1.3 and 2.3.2.1 are available, the most
efficientway to assess economicriskis to use an established mode!tailoredto the rocketindustry. The model
accounts for both production and operaticnal processes that would be impacted by unreliability. Additional
economic modeling of the cost of unreliavility to customer com'nunities is essential to gain a meaningful
estimate of economic risk. Economic madels must evaluate the actual cost of finite activities required to
rediyce risk by finite amounts

In the case of launch vehicles, most individuals recognize the direct costs of unreliability such as
residual hardware that is scrapped due to more rigorous inspections or radesiygn effort. The incorporation
of additional quality control that slows produciion rates and operational process timelines while increasing
the 1otal amount of personne! and ‘acilities that are required to support the vehicle is a more subtle cost
effect of unreliability. The largest cestis ralated 1o payload communities that suffer direct losses in the
form of lost hardware and higher insurance rates, as well as launch schedule backlog effects that result in
program slippage that has cost of money and cost of storage implications. Actual costs of unreliability are
difficult to estimate accurately, but the costs may be bounded from documented historical events that give
a reai estimate of cos! risk exposure.

Perhaps the jreatest single "cost” cf unireliability can be related to loss of strategic capability at critical
time windows. Torthe military, this mav be the absence of reconnaisance capability during evolving inter-
national crises or aiess capable navigation or communications environment for operations. For the private
sector, the strategic t0oss may be in 'he form of lost opportunity to penetrate specific markets at
advantageous time windows. Unrehanily 4o results in ioss of national stature and a hinderance in the
ability to successtully compete with the international community.

The economic risk of unreliability is but one element of the overall risk assessment. The overall risk
is @ combination of economic risk, schedule risk, and mission capability risk. In essence, the approach
would be to assign reiative figures of merit (ranging frcm 0 1o 1) of each of the risk factors of Figures 9
and 10, then compare the summed risk tactors agamst a2 ccst of reducing the overall risk. The program
managercanthenicok atthe reiai ve costtenaiif of risk reductiocninvestment options that assures ultimate
program vintiiity




Maturity Factor Complexity Factor
Dependency Factor

Hardware Software Hardware Software

Existing Existing Simple design Simple design Independent of existing system,
facility, or assoclate contractor

Minor redesign |Minor redesign [Minor Increases|Minor increases| Schedule dependent on existing

in complexity in complexity system, facility, or assocliate

contractor
Major change | Major change JModerate Moderate Performance dependent on ex!sting
feasible feasib:y increase increase system performance, facility, or

assoclate contractor

Technology |New software, |Significant Significant in- ] Schedule dependent on new system
available, |simllar to exist- jincrease crease/major |schedule, facility, or associate
complex de- |ing increase In a jcontractor
sign number of mod-

ules
State of art, |State of art, JExtremely Extremely Performance dependent on new
some research |never done be- Jcomplex complex system schedule, facllity, or
complete fore assoclate contractor

1

Figure 9. Typical top-level factors
contributing to probabilty of failure.




Typical Top-Level Factors
Contributing to Consequence of Failure

Technical Factor

Cost Factor

Schedule Factor

Minimal or no cornsequences,
wamportant

Budget estimates not ex-
ceeded, some transfer of
money

Negligible impact on program,
slight development schedule
change compensated by available
schedule slack

Small reduction In technical
performance

Cost estimates exceed budget
by 1 to 5 percent

Minor slip In schedule (less
than 1 percent), some adjust-
ment in milestones requ.iad

Some reduction in tachnica!
performance

Cost estimates increasnd by
5 to 20 percent

Smail slip in schedule
(1 to 10 percent)

Significant degradaiion in
technical performance

Cost estimates Increased by
20 to 50 percent

Development schedule slip
(10 to 30 percent)

Technical goals cannot be
achleved

Cost estimates increased in
excess of 50 percent

Large schedule slip that affects
segment milestones or has pos-
sible affect on system milestones

(greater than 30 percent)

Figure 10,

Typical top-level factors

contribnting te consequence of failure.




3.0 {TASK 3) QUANTIFICATION AND PRIORITIZATION OF METHOCOLOGIES

Inmany cases. thereisinsuificientinformationto completely quantify and prioritize the methodologies
that have been identified. In other cases they are difficult to prioritize because of the qualitative nature ot
the methods. In any case, thorough testing of the various methodologies should be the subject of future
studies (see recommendations).

3.1 Testing of Quantitative Methods
Three areas of study appear to be promising. They are:
« Comparison of the methods of Section 2.2
+ PRACA/FRACA Trending
+ Connecting Operating Characteristic Curves to Reliability
3. 1.1 Comparison of the Methods of Section 2.2

Section 2.2 includes a description of a selected number of quantitative methods intended to indicate
reliability growth as well as demonstrating the achievement of a prescribed reliability goal.

Four of the methodologies - Binomial model, Beta-Binomial model (Bayesian Estimation), Lloyd's
model and Shen’'s model for estimating reliabilities cf launch vehicles from attribute data are introduced
and compared in a preliminary manner.

Binomial Model[ - The simplest way to estimate the reliabilities of launch vehiclesis io use the Binomial
model. It is easy tc perform the calculations, but a large size sample is required to demonstrate high
reliability. The results obtained by applying this model do not account for the reliability growth etfect
expected during the developmental history of the launch vehicies.

Beta-Binomial Model (Bayesian Estimation) - The Beta-Binomial model is based on the Bayesian
Estimation. In this model, several similar components are treated as a single class. The probability p of each
componentinthe classis assumedto be constantbut will have different values from component to component
{i.e., g(p)]. I the Binomial distribution is used to obtain the probability of K failures in n tests for each
component, the conjugate distribution g (p) for the class is the Beta distribution. This model weights the
reliability growth effect and can be applied to forecast the reliabilities of launch vehicles. The detailed
theoretical analysis can be found in Ref. 19, “Bayesian Reliability Analysis” by Harry F. Martz and Ray
A. Waller, 1982. The disadvantage of this model is that it is very difficult to separate the total sample data
into several similar componenis, unless we have the detailed engineering analysis and each failure model
at the different periods of the launch vehicle developmental history.

Lloyd's Model (Ref. 14) - in Lioyd’'s model, the rationale is that when engineering corrective action
for a failure is implemented, the probability of recurrence of that failure is reduced; therefore, such

failures should not be carried as full failures in subsequent reliability estimates. The failure value for each
failure model is assumed to be

f=1-(1-y)'/" (1)

where v is the confidence !evel and n is the number of successful tests after corrective action.
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Based on a detailed engineering analysis for each failure mode, the result of failure number for each
failure mode can be obtained by solving eq. 1. The final result of the reliability estimation is
R =1-3t/N, where Xf is the cumulative failure number of all failure modes. N is the test number.

This model weights the growth effect and can be extended to forecast the reliability. For this model one
needs to know not only at which launch number the failure occured, but also at which launch number the
failure was corrected. The confidence level chosenin eq. 1 directly affects the final results and is difficult
to justity. The confidence level for the final result R = 1 - 3{/N is not clear.

Shen's mode! (Ref Appendix A.3) - in Shen’'s model, the reliability Rn of a launch vehicle at the n'h

faunch is obtained as

N
R(‘,= 1 - U'\= 1 - [Fnan‘ 2/ L Z(F»‘ FH/L"'L‘)/N} (2)

1= 1

where U. is the unreliability at n'" launch
F.is the cumuiative failure number at n™ jaunch
L 1s the n' Jaunch number
F is the cumulative failure number at i’ jaunch
L is the i faunch number.

Theterm F /L, ineq.2is the estimated average unreliability at the n'™ taunch. The term

N
2/ Lo }:( Fr F/Lee L)/ N ineq.2is the corrective unreliability caused by growth etfect.

t=1

This medelis simpie and easy tr apply. It weights the grow!h effact and can be extended to predict the
future reliabilities of the launch ve Jcies. The final results of the model are obtained directly from the
collected data in which only the launch numbers at which the failures nccured need to be known.

However, since this model does not assume any knowledge of what changes were made subsequent to
tatlures, it does noi directly incorporate the etfects of engineering analysis and corrective action taken
after each failyre. For this reason, itz reliahility growth forecast lags that of Lloyd's method.

Frorone apove analysis of these four methedologies, the Lioyd's model and Shen’s model are considered
to be the tatier models (or estimating reliabilities of launch vehictec.

Fig.11 illustrates the resuits by apylying Lloyd s and Shen’s models to an example from Ref. 1. As we
can see. the terdencies of the resuits for bcth mecels are similar, the values of estimating reliability from
Lioyd's model are higher then these from Shen's model.

fn the present study, based on the collected data, the Shen mede! is used to estimate the reliabilities
tortwenty-four U.S launch veticlec. The growth trends cbtained from the model are shownin Figures 11a,
and 11b for the Delta and Titan families of lauwnzh vehicles
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3.1.2 PRACA/FRACA Trending

An additional dimension could be added to PRACA/FRACA system to allow trending if a “cradle to grave”
concept were established. Under the current circumstances PRACA/FRACA systems frequently report only
through the testing phase (except for reusable systems) and do not always report on total time and cycles
on both failed and unfailed components.

In addition, PRACA/FRACA systems should include not only failure phenomenon but precursors to
failure problems as weil. Such precursor problems shouldinclude unexpectedly low margins or larger than
expected variability. The corrective actions should be accomplished interactively with system functional
descriptions and the FMECA to insure that those etforts are up to date while the search for root cause is
pursued.

Inorder for an evaluation of PRACAs/FRACAs trending capabilities to be affected, a pilot program needs
to be established using the trending techniques of reference 2.

3.1.3 Operating Characteristic Curves and Reliability

An example was given in Section 2.3.1.1 correlating operating characteristic curves to failure modes
and failure rates. Reference 17 illustrates some recent work in this area. In this work an effort was made
to tie safety factors developed in the traditional engineering approach to resulting structural reliability
using a probabilistic representation of these traditionally developed factors.

Figure 12 illustrates the relationship of defect rates (quality of submitted lots) to operating
characteristics (OC) curves. In this way, changes in sampling plans and procedures could be linked to
criticality ranking in FMECAs.

Forexample, suppose the amount of moisture in abonding liner polymerused in solid rocket motor cases
is linked to poor quality of bonding, thus to separation. A change in the sampling procedure could reduce
the defect rate and reduce the potential for failure by a similar amount.

A study should be undertaken to test the validity of such a link.

3 2 Evaluation of Qualitative Methods

As was noted earlier, it is difficult to prioritize qualitative methodologies. However, the three methods
that do show promise based upon the information obtained from this study effort are:

« Top Down Analysis
+ Product Design FMEAs
» Manufacturing Interfaces

Tests of these techniques could help to more firmly establish these capabilities. Suggested tests are
defined below:

3.2.1 Top Down Anaiysis

In order to rate the value ot “Top Down Analysis” when conducted in accordance with the method
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described in Section 3.2.1.2, the results of an FMEA should be compared to the results of a Top Down
analysis.

3.2.2 Product Design FMEAS

Product Design FMEAs have proved to be valuable in identifying and eliminating sources of common
cause failures in electrical/electronics applications (see Section 2.3.1.2). A study should be undertaken
to see if a Product Design FMEA would be fruitful when applied to the non-electronic propuision subsystems.

3.2.3 Manufacturing Intertaces

Flight critical item and manufacturing control pians have a great deal of potential for controlling
critical items as described in Section 2.3.1.2 “Manufacturing Contrci FMECAs". The effectiveness of such

an approach remains to be demonstrated, however. A study should be undertaken to demonstrate the
eftectiveness of manufacturing contro! FMECAs.

3.3 Prioritization ot Me nodologies

The prioritization of methodologies cannot be completed until the studies described in this section are
completed.




KEY RECOMMENDATIONS

The following areas have been identified as having significant reliability impact. These areas each
warrant further in-depth study if the high reliability goals of the Air Force advanced launch vehicie
programs are to be achieved in an operational system.

1. Failure Correlation*

The percentage of failures which are likely to impact more than one engine in a multi-engine design is
of critical design import. This percentage, or “failure correlation factor,” must be well beiow 20% for
reliability oriented design approaches such as engine out capability to be effective. The lower this
percentage the more etffective is this hueristically pleasing design optior.. Not surprisingly therefore,
contractor new engine design characteristics quote extremely low factors (as low as 1%). Correlations as
low as 1 out of 100 do not seem consistent with other design parameters specified (such as high chamber
pressures) and are considerably lower than tactors achieved on recent engine designs (e.g. 17% for the
shuttle main engine test program). Finally, there did not appear to be any significant consideration given
to how these low factors would be achieved in practice.

Becommendation 1 - Failure correlation factors are key reliability parameters to Air Force launch
vehicle design decision makers. Specific studies such as parameter design studies which address what
factors have been achievedin the past and what design trades have been made to ensure the lew factors guoted
will be evident in the resulting designs appear to be lacking. It is recommended that these investigaiions be
made prior to the selection of any design alternative.

2. Variability Control

The currently achievediaunch vehicle reliability has been shown by thisinvestigation to be below 0.95.
However, the investigation uncovered examples of reliabilities in other somewhat similar systems, such
as tactical missile systems, which routinely achieve 0.99 and some which approach 0.999. These systems
whose operational reliabiiities currently meet or exceed the reliability requirements for the Air Force
advancad launch system have achieved these high reliability levels through the use of intensive variability
control programs. While it would be inappropriate to make any direct correlation between tactical missiles
and launch vehicles, it is also clear from a review of the failure data of mature iaunch systems that the
barrier to significantly higher reliabilities may be the residual variability inherent in the current launch
vehicle production process. A cursory review of other somewhat comparable products, such as commercial
jetengines and gas turbines and recent Air Force variability reduction studies performed as part of the R&M
2000 program, provide further support for this argument.

Becommendation 2 - Residual variability may be the key barrier to high launch vehicle reliability
achievement. For this reason, it is recommended that investigations be made into the effectiveness of
specific variability control programs such as Taguchi methods or alternatives. These investigations should
be directed at determining the applicability of the methods to the launch vehicle production process. It is
further recommended that some specitic program for variability control be included throughout all phases
of the advanced launch system program.

* The definition cited here is broader than that used traditionally by propulsion system designers See Appendix A.1 for
discussion of the difference.
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3. Reusabiiity

Reusability is, on the surface, a design goal of significant program benelit. However, the benefits of
reusabiity are significantly compromised it the reliability ot an engine ts adversely affected by the
requirement. Besides the direct costs involved in developing a reusable design, there also appears to be
significant indirect costs which are required to maintain reliability in a reusable design. For example,
reusability by its very nature tends to decrease the production run. When production runs are decreased,
investments in automated production equipment become less economical and the production process
therefore tends to become more prototypical. Prototypical production, especially of complex equipment,
increases the problems associated with variability control and therefore substantial postproductiontesting
may be required to ensure high reliabilities. A good example of such an indirect impact on reusability was
seen at the Rocketdyne SSME production facility in Canoga Park, California.

Recommendation 3 - Reusability has been shown to have indirect and potentially negaiive impacts on
the achievement of high reliabilities at reasonable cost. The indirect impacts of reusability on reliability
and cost through such mechanisms as variability contro! probiems should be thoroughly investigated and
the results of this investigation included in the programmatic decision making related to reusability.

4. Risk Management

Achievement of high operational reliabilities in such areas as nuclear power plant safety systems have
been significantly supported by a continually active program that attempts to identify the risks to reliable
operation and to address them according to their importance. Such a risk management program has been
investigated and recommended by NASA SRM & QA for future projects, but it is not clear whether a risk
managemen: orogram s planned for the acquisition of advanced faunch systems

Becommendaticnd - The Air Force should investigate the advisability of incorporating a risk manage-
ment program as an integral part of any launch system program

5. Reiiability Performance indicators and Trending

For high reliability programs it is important to identify, early on, symptoms of the process which pre-
sage deterioration in performance. This has been done in the financial community, in the commercial
aircraft community and in the nuclear power safety community by the development of a set of “leading”
performance indicators and developing performance trends based upon the indicator trajectories through
time. If such a set of indicators could be developed and trended for the Advanced Propulsion Systems
program, the indicator trajectories might provide early warning of problems arising during development
and operation. This early warning cculd provide the time required to institute corrective action before
actual program reliabiiity performance is affected.

Recom aiion § - The Air Force shouid develop as part of advanced propulsion system development
programs 1 cet ¢t potential indicators of programmatic reliability performance. This indicator set should
be basedorginaliy on histoncalinformation, but later updated and validated as advanced propulsion system
development programs specific information becomes available.




6. Reliability Growth Analysis

in altgeveiopmental systems a certain degree of renability growth s to be expected. However, program
managers need to know the pace of the expected grewth so that they can determine if the program ts likely
to meet the operational reliability goals within developmentai time constraints An understanding of the
growth processis therefore essential to the determination of the proper role to be played by history in tire
forecasting of future system rehability. If an historical failure has been analyzed and its cause determined
and suitable corrective actionis implemented to preventits recurrence, itis recognized that it would have
its probability of occurring again diminished when itis utilized for predicting future performance. But by
how much? The determination of how much each failure should be countedis importantin orderto establish
the proper “calibration” for the reliability growth characteristic to be used to determine how well
reliability development is proceeding. Several appreaches have been developed to address the issue of
growth. Among those developed are the early works of Duane at GE, ihat of David Lioyd of TRW, and that
developed by Dr Yu Shen of SAIC as part of this study. In addition, Bayesian approaches may show promise
for improved grewth forecasting.

Recommendation & - Reliability growth forecasting is important during the development of systems
with high reliability requirements such as ALS. Accurate growth forecasts allow program managers to
determine early on if reliability requirements are likely to be met. (This is especiany important when
program economics prohibit extensive development test tlights as is the case with ALS). Several methods
currently existto allow for forecasts to be generated: however, further developmentis required to assure
that a reasonable growth forecast is developed for advanced propuision system development programs. It
is theretore recommended that the concept of reliability growth be further developed as it applies to
advanced propulsion system development programs.

turther Recommended studies - The recommended studies as discussed in Section 3.0 are judged 1o be
somewhat less in importance than the Key Recommendations above. Nonetheless, the following
recommended studies could have a significant impact on reliability.

1. Detailed Comparison of the Methods of Secion 2.2

2 PRACA/FRACA Trending

3 O.C Curves and Rahability

4 Top Down Analysis

5. Product Design FMEAs

6 Manutacturing Interfaces




10.

11

12

13.

14

15

16.
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Appendix A.1

An Investigation of
Historical Failure Correlation
Using the Shuttle SSME Test and
Flight History as an Example
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INTRODUCTHON

Given the current state of rovect cngone technology thore exist, g tinite probability of 2 catastrophic
engine tailure durmg a vehicle launchs A catstrophic eapme failoee is constdered one mowhich the engare
does not shut down ina controlled menner and includes uncontrolled fire, exploston, breach of the pressure
boundary, shrapnel, or a combination of these, CGiven that an engine has fmled catastrophically in flight an
immedale concern s for other eritical hardware i the vicimiy of the farled engine. For vehieles configured
with multiple engines it o cluster the questaon become whether the catastrophic failure of one engine wall
result i the catastrophac loss of the entire engine cluster.

This study develops the correlanon between a catastrophic fadare of a Space Shuutle Main Engine
iSSME) and the propagauon of that fanure o inclede the entire SSME three eagine cluster.™®

SSME FAILURE DATABASE

The SSME datibase used for tos study censisis of ground st and fheht date rom Mas 190 1979
through Apnl 20, 198K The dainkese cfindes BSG reconds detading the Sshb exposare history by est
anet date

Stemificant SSME events which have resalted in Adamage or the loss of hardware are classified by
NASA as major incidents. Catastrophic engine events are a subset of the events classitied as major
incidents. A catastrophic event s one i which its occurrerce in fhght results i sigmiticant uncontained
enyine damage and subsequenty in the toss of crew and vehicle. The consideravon of major inaidents s the
basis for developing the correlanon of failure factor for the SSME.

Within the ot o SME expenience there have been 36 major maidents. Of these 32 of these merdents
have been during single engine ground tests, which raust be judged as applicable to this study and whether
the event would have resulted in damage o an engine cluster. Three of the major incidents occurred durnng
three engine cluster stae finnes and 1t should be noted that none of these events resulted in damage (o the
other engines i the cluster. The remarming major inaident occurred 0 flight duning th: STS-11 mission
and ayain dd not result in damagze o the cluster, however, this cvent oecurred late i ine ensine burn with
no consequence W the engine involved and the engine shut down at its programmed tane.

The iadure events included 1o the study constder all SSME history and has notbeen filtered. Suece the
major consideration 15 1o determine the probability of cluster fatlure given an engine tarlure has occurred, all
ol the SSME experience 1s considered. Thue, cngine configuration, st objectives, power level, subsequent
hardware redesigns, cte., are considered arrelevant. The object of this study s not to determine whether the
SSAHE will fanl but, piven that one has failed, w determne the probability of an enure cluster failure.

Farlgry Croperig - Notadl of the 36 magor medents are applicable to this study. Since the study
mvobves fadures which could potentcdly atfect or dui ce other engines of the cluster an appropriate
screcning oritkenia s reguired moorder o determime wiach of the major incidents in the database are
apphicable. The critenig used o develop the correlation of farlures must consider only those events which
ither directdy damage the cluster due 1o shrapael, for example, or which indirectly reselin cluster faslure
Oy disrupting e tuel Hlow 1o alb enynies

= Dariry the course of this stady s desorepancy o the defimnen of “correiation facior was discovered between the

propulbann svstem developers and the slumate Tauee h velmcle dsere chere the US Aur Forced The poopuisio
soterr developere imait correlated fadures only o catetiophic engine falures which would propagate 104 ciaste
avoecdndcnsved o this section s T the sicer any fadure which canees Toss of more thar a angle engime whether via
caaseroptye fanlure, unccheduies Jht down, Tows of ol wapply, ampreper thrus vedtoning, ote so that the
trophie fasl neched soshne d ! ff ppl i t ! P thuat th

pavioad v ok capabiliy o woparadized o a correlaced tlure In o thie way, catastrophie enpime folures which
proepavale are ordy a sabset atheit an important e of all correlated falures




The following criteria were used to determine which of thic major incidents should be considered
applicable for this study:

Uncontrolled SSME Shytdown - The event occurred in such a way that the SSME controller was not in
control of the shutdown sequence. That is, the failure mode is one which can not be or is not redline
protected; or even though redline protection exists and may have been activated, the action of the controller
is insufficient or is not fast enough to maintain control of the cvent.

Uncontzined Hardware Failure - The failure of an engine component results in uncontained damage or
damage propagation to other major components such as in the case of an uncontrolled oxygen fire or in the
event of an explosion in which dcbris and shrapnel cause subsequent hardware failures. Of primary concern
to the surrounding engines of the cluster is breach of the engine pressure boundary and the release of hot
gas, fire or shrapnel.

Retirement of an Engine from Further Testing - Due to the limitations in some of the failure
descriptions additional data is required to make a judgement as to thc applicability of an event. One readily
available piece of information is the subsequent disposition of an engine following an event. Retirement of
an engine from the test program is generally a good indication that the damage to the engine resulting from
the incident was severe enough to preclude “1se of the hardware in the future. It is recognized, however, that
this is not a definitive indicator of severe engine damage since engines are retired as a function of their firing
exposure as well as according to darnage resulting from testing.

The above criteria are thus used to determine if a major incident should be considered an applicable
failure to consider in developing the correlation of failure factor. Once the event is judged applicable a final
criteria is used to determine if there is the potential for damage to the engine cluster.

Damage to Surrounding Hardware - Only in the flight configuration and in the three engine cluster
static firing is direct indication of damage to an adjacent engine available. Thus, for single engine test
firings an indirect indication of propagation of the failure to adjacent engines is damage to surrounding
hardware, particularly the test stand itself. The extent of damage to the test stand is generally available and
provides a good indication of the severity of the failure.

Due to the limited data available at the time of this study, for incidents in which the available failure
description is not sufficient to determine the extent of damage to the surrounding hardware one available
picce of data is the test stand down time following an event. Note that a long down time following an
event is not necessarily an indication of damage to the test stand, but may indicate a lack of available test
hardware, schedule considera ‘ons, ongoing failure investigation, or the installation of the next test engine.
However, a short down time following an event is a definite indication of little or no damage to the test
stand.

If essentially no damage to surrounding hardware resulted from the incident then propagation to the
cluster 1s not considered likely. If damage was done to the surrounding hardware or the test stand the
severity of the event is considered and a judgement is madc as to whether *he event would propagate to the
cluster. Events in which the effect on adjacent engines is not clear are ranked as not{ propagating to the
cluster.

Applicaton of this criteria thus provides a framework withi.: which to judge the 36 major incidents as
to whether they are applicable to this study. Given that a failure is considered applicable for final
consideration, and based on the severity of the post event damage, it is ranked as to whether the event would
propagate 1o a cluster failure.




SSME FAILURE SUMMARY

There arc a total of 36 major incidents in the SSME database which were evaluated for the purposes of
this study. Of these, 18 are considered to be applicable to this study in that they meet the criteria described
previously. They are indicated in the failure summarics by an asterik (*) following the teet nomber. Of
these 3 major nxidents are considered failures which would have propagated to adjacent hardware and would
resuit in failure of the entire cluster. These arc indicated by an additional asterik (**).

Table 1 summarizes all 36 of the major incidents considered in this study. In addition to providing
information about the event, such as test number, test date, engine number, configuration, the table details
the results of implementing the criteria evaluation,

SSME MAJOR INCIDENT DESCRIPTIONS

The SSME major incidents are discussed chronologically in the following paragraphs. The cvent is
described and the rationale for its use in developing the correlation of failure factor is discussed.

Test 901-110* - During test 901-110 (UCR A005353) rubbing in the HPOTP of engine 0003 caused
failurc of the primary lox scal and an uncontained engine fire. The redline cut was set by a HPOTP
overspeed. This failure resulted in an increase of the intermediate seal purge pressure, revised redlines, and a
design change from a lift-off seal to a labyrinth seal design.

This failure resulted in uncontrolled engine shutdown and uncontained engine damage. The engine was
retired following this event. Thus, this failure is considered applicable to the study. Since there is no
indication of significant damage to the test stand in the available documentation this failure would not have
propacated to an engine cluster failure.

Test 901-133 - Test 901-133 (UCR A005072) expericnced a bum-through of the FPB wall duning
testing of engine 0004. The test was cut by an observer. This failure resulted in uncontrolled engine
shutdown and damage to the engine. The engine survived this event and was used for later testing. Since
the engine was not severely damaged and there is no indication of test stand damage (operational again in 6
days) this failure is not considercd applicable to the study.

Test 901-136* - A failure of engine 0004 HPOTP turbine end bearings occurred during test 901-136
(UCR AQ005350) which resulted ir an uncontained engine fire. The test was cut by an observer. The failure
resulted in design changes to heavy duty 209 series bearings, improved bearing mounts and modifications to
the coolant circuit orifice.

This failure resulted in uncontrolled engine shutdown and uncontained engine damage. The engine was
retired following this event. Thus, this failure is considered applicable to the study. Since there is no
iindication of significant damage (o the test stand in the available documentation this failure would not have
propagated to an cngine cluster failure.

T£s8.902-093 - During test 902-095 of engine 0002 (UCR A008624) a leading cdge airfoil crack
resulted in biade failure, howcever, the engine damage was contained. The redline for the test cut was from
the HPOTP radial accelerometer. Design and process changes have been implemented to increase blade life.

This failure resulted in uncontrolled engine shutdown, however, damage to the engine was contained.
The engine survived this event and was uscd for later testing. There is no indication of damage to the test
stand (operational within 11 days) in the available d~cumentauon. This failure is not considercd applicable
1o this study.

Test 901-147* - HPFTP turbine blade failure of engine 0103 during test 901-147 (UCR A00S094)
resulted in a rapid power loss, reduced fucl flow and LOX nch operation of the engine. The test was cut by
the HPOTP radial accelerometer redline. As a result, HPFTP turbine blade and damper redesigns were
initiated.




This failure resulted in uncontrolled engine shutdown and uncontained cngine damage. The engine was
retired following this event. Thus, this failure 1s considered applicable to the study. Since there is no
mndication of significant damage (o the test stand (operational within 11 days) in the availabic
decurncentation this failure would not have propagaicd to an engine cluster failure.

Test 901-173* - Main injector lox post failure, cut off by HPFTP wrbine discharge temperature.

This failure resulted in uncontrolled engine shutdown and uncontained engine damage. The engine was
retired following this event. Thus, this failurc is considered applicable to the study. Since there is no
indication of significant damage to the test stand in the available documentation this failure would not have
propagated to an engine cluster failure.

Test 901-183 - Main injector lox post failure occurred during test 901-183 (UCR A018710) of engine
0002. Cutoff was by the HPFTP turbine radial accelerometer. The failure resulted in the incorporation of
lox post flow shields.

This failure resulted in uncontrolled engine shutdown, however, damage to the engine was contained.
The engine survived this event and was used for later testing. There is no indication of damage to the test
stand in the available documentation. This failure is not considercd applicable to this study.

Test 902-112 - During test 902-112 (UCR A019208) of engine 0101 on June 10, 1978 a blockage of
the fue! supply resulted in a HPFTP turbine overspeed. The redline cut for the test was the HPFTP turbine

This failure resulted in uncontrolled engine shutdown, however, damage 1o the engine was contained.
The engine survived this event and was used for later testing. There is no indication of damage to the test
stand in the available documentation. This failure is not considered applicable to this study.

Test 902-120 * - During test 902-120 (UCR A005745) of engine 0101 structural failure and rubbing
of a capacitor position instrumecntation sensor in the HPOTP resulting in engine fire and uncontained
engine damage. The test was cut by the PBP axial accelerometer redline. The capacitance device is no
longer used.

This failure was uncontrolied resulting in destruction of the engine and damage to the test stand.
Although the capacitance device is no longer used it does demonstrate the result of a HPOTP failure,
subsequent fire and shrapnel. This failure is considered applicable to the study and although some damage
was noted to the test stand it would not have propagated to a cluster failure.

Test 902-132 - Luring test 902-132 (UCR A005780) of engine 0006 » f curred as the result of
the MOV being clocked wrong. The test was cut by the low chamber pru._.... _dline. The failure resulted
in a guideline for the first test of a new engine to be only 1.5 seconds.

This failure resulted in uncontrolled engine shutdown, however, damage to the engine was contained.
The engine survived this event and was uscd for later testing. There is no indication of damage to the test
stand in the available documentation. This failure is not considered applicable to this study.

Test 901-222 - During test 901-222 (UCR A017972) of engine 0007 a failure occurred as a result of
undetected internal HEX damage caused during arc welding which resulted in an engine fire. HEX coil
lcakage resulted in an unconwined engine fire and severe damage. The test was cut by the HEX discharge
pressure redline. The leak was caused by vall thinning of the HEX coil which occurred during welding and
rcaming operations. The failure resulted in increased HEX proof test requirements.

This failure resulted in uncontrolled engine shutdown and uncontained damage to the engine. However,

the engine survived this event and was used for later testing. There is no indication of significant damage to
the engine in the available documentation so that this failure is not considered applicable to this study.

%0




Test 901-225* - During test 901-225 (UCR A01816) of engine 2001 flow induced fretting of the
MOV sleeve resulted in autoignition, fire and explosion. The test was cut by the HPFTP turbine discharge
temperiture redline. The incident resulted in several design modifications (ECP's 248, 258, 271) including
a redesigned MOV inlet sleeve/sea! aren and the incorporation of a vibration redhine.

This failure resulted in uncontrolled engine shutdown and uncontained engine damage. The cagine was
retircd following this event. Thus, this failure is considered applicable to the study. Since there is no
indication of significant damage to the test stand in the available documentation this failure would not have
propagated t0 an engine cluster failure.

Test 750-041% - During testing of engine 0201 on May 14, 1978, the stecrhomn tube fractured due to
high structural loading (UCR A006466). The test was cut by the HPFTP turbine discharge temperature
redline. The failure resulted from structura! fatigue associatcd with high strain accelerations attributed to
exhaust gas flow shock phenomena during start and cutoff transients causing failure of the flight nozzle
steerhorn fuel distribution manifold. The failure resulted in fuel starvation and loss of mixture ratio control.
Engine damage as a result of the high temperature was extensive and included the HPFTP, HPOTP, nozzle,
main injector and the high pressure fuel distribution manifold steerhorn damage. The failure resulted in
redesign of the feedline assembly and nickel plating of steerhomn tees.

This failure resulted in uncontrolled engine shutdown and uncontained engine damage. The engine was
retired following this event. Thus, this failure is considered applicable to the study. Since there is no
indication of significant damage to the test stand in the available documentation this failure would not have
propagated 1o an engine cluster failure.

Static Firing 6-01 - During Static Firing 6-01 (UCR A009437) high cycle fatigue resulied in the
failurc of engine 2002 MFV housing, fuel leakag~ and fire. The test was cut by the HPFTP turbine
discharye temperature redline. The MFV housing crack exiended from the cap flange to the outlet flange.
The failure resulted in housing design modifications (ECR 09738). Rework housing cam bearing cutout to
reduce stress concentration.

This failure resulted in uncontrolled engine shutdown and uncontained damage to the enginc during a
three engine cluster firing. The failure resulted in fuel leakage and fire during the ground test. In flight, the
chance of fire is a function of the available oxygen which is altitude dependent. There is no indication cf
significant damage to the other engines or to the test stand. The engine survived this event and was used for
later testing. Damage to tiic enginc was not significant and this event is not considered applicable to the
study.

Stati Firing 6-03* - Testing of engine 0006 (enginc position 3) during a cluster firing on November
4, 1979, resulted in a nozzle stecerhorn rupture (UCR A010997). The test was cut by the HPOTP
intermediate scal purge pressure redline. The failure was traced to usc of an incorrect weld filler wire during
fabrication. The failure resulted in the implementation of stringent weld wire audits. Added nickel plating
o tee weld joints and redesigned to incorporate steam loop.

This fatlure resulted in uncontrolled engine shutdown and uncontained damage to the engine during a
three engine cluster firing. The engine was retired following this event. Thus, this failure is considered
applicable 1o te study. Stnce there is no indication of significant damage to the adjacent engines or to the
test stand 1n the available documentation this failure did not propagate to an engine cluster failure.

Test 902-198* - Main injector lox post failure resulted during test 902-198 of engine 2004. Cutoff
was by the HPOTP turbine discharge temperature redline. The failure resulted in a change from the existing
injectors to Haynes 188 lox post tips in rows 10 through 13. New injectors have all Haynes 188 lox
posts.

This fatlure resulted in uncontrolled cngine shutdown and uncontained engine damage. The engine was
reured following this event. Thus, this failurc is considered applicable to the study. Since there is no
indication of significant damage to the test stand 12 the available documentation this failure would not have
propagated to an engine cluster failure.




Test 901-284* - During test 901-284 (UCR A015788) of engine 0010 a malfunctioning MCC
chamber pressure lee jet caused the controller to lower the HPOTP output and resulted in HPOTP fire and
external damage. The test was cut by HPOTP accelerometer redlines. The {a'1rre resulted in installation of
a po<itive retainer 1n Pe port flange to prevent lee jet from backing out.

This failure was uncontrolled resulting in destruction of the enginc and damage to the test stand.
Although redesigns have been implemented this failure does demonstrate the result of a HPOTP failure,
subscquent fire and shrapnel. This failure is considered applicable to the study and although some damage
to the test stand was noted, it would not have propagated to a cluster failure.

Stati¢ Firing 10-01 - During Static Firing 10-01 (UCR A015391) of engine 0006 a burn-through of
the FPB liner and housing occurred. The test was cut by an ohserver. The failure resulied in the addition of
a molybdenum insulator and new divergent ring liner.

This failure resulted in uncontrolled engine shutdown and uncontained damage to the engine during a
three engine cluster firing. The failure resulted in external leakage of hot gas from the FPB burn through.
There is no indication of significant damage to the other engines or to the test stand. The engine survived
this event and was used for later testing. Damage to the engine was not significant and this event is not
considered applicable to the study.

Test 901-307* - During test 901-307 of engine 0009 a failure occurred in which the FPB injector
expericnced a burn-through. This failure resulted in uncontrolled engine shutdown and uncontained engine
damage. The engine was retired following this event. Thus, this failure is considered applicable to the
study. Since there is no indication of significant damage to the test stand in the available documentation
this failure would not have propagated to an engine cluster failure.

Test 750-140 - Main injector lox post failure resulted during test 750-140 of engine 0110. This failure
resulted in a controlled engine shutdown and contained engine damage. The engine survived this event and
was used for later testing. Thus, this failure is not considered applicable to the study since it resulted in a
controlled enginc shutdown and minor damage.

Test 901-331* - During testing of engine 2108 on July 15, 1981, injector post and engine damage
was caused by material failure of the lox posts (UCR A013786). The test was cut by the HPOTP turbine
discharge tcmperature redline. 1he failure scsulted in the application of new materials for the lox posts and
the addition of flow shields.

This failure resulted in uncontrolled enginc shutdown and uncontained engine damage. The engine was
retired following this event. Thus, this failure is considered applicable to the study. Since there is no
indication of significant damage to the test stand in the available documentation this failure would not have
propagated to an engine cluster failure.

Test 75€-148 - Main injector lox post failure resulted during test 750-148 (UCR A016031) of engine
0110. Cutoff was by thc HPOTP turbinc discharge temperature redline. The failure resulted in the
implementaticn of all Haynes 188 lox posts and extended flow shiclds.

This failure resulted in uncontrolled engine shutdown and uncontained damage to the engine. However,
the cnginc survived this event and was used for later testing. There is no indication of significant damage to
the engine in the available documentation so that this failure is not considered applicable to this study.

Test 902-249* - The HPFTP inlet volute of engine 0204 failed during test 902-249 (UCR A018288)
as a result of non-standard fuel prebumner injector modifications which produced a hot FPB core. A group of
plugged FPB LOX posts created a hot spot and detamination of the Ni/Renc first stage blade tip seal,
resuiting in blade failure, shrapnel and inlct volutc rupture. The test was cut by the HPFTP radial
accelcrometer redline. The resulting fire destroyed both turbines, the powerhead, MCC and nozzle. This
failure resulted in a design change to ail Rene blade up seals and preburner modification restrictions to
preclude a "hot core.”




This faiture was uncontrotied resulting in destruction of the engine and damage to the test stand.
Although fixes have been implemented this failure does demonstrate the result of turbine blade failure and
subscquent fire and shiraonce! Do nilure s considered applicable o the study and although some damage
10 the test stand was noted, 1t won!'d net have propagated o a cluster tarlure.

Test 9Q01-240 - A HPFTP turbine discharge sheet metal failure of weld 56 during test 901-340 (UCR
AQIB305: of enging 0107 caused turbine flow blockage and resvlied in contained turbopump damage. The
test was cut by excecding the HPETP turbine discharge temperature redline. The failure resulted in weld
prep redesign to achieve [0 penctration and the inciusion of  x-ray inspecuon where accessible,

This falure resulted in uncentrolled engine shutdown and uncontained damage to the engine. However,
the ngroe survived dus cvent and was used for later testing. There is no indication of significant damage to
the engine 16 the avalable dovumentation so that this failure is not considered applicable to this study.

730-160* - A blockage of the fuel supply as a result of ice formation occurred during test 750-
160 (UCR ADI6IKS) of engine D110 which burned both turbines, HGM, main injector, MCC and nozzle.
The test was cut by the HPFTP wrbine discharge temperaturs redline. The failure resulted in revised engine
drying procedures to remove alf water foilowing EDM operations

This fatlure resulted in uncentrolled engine shutdown and uncontained engine damage. The engine was
retred following this event. Thus, this failure s considered a“plicablc to the study. Since there is no
indication of significant damage o the test stand in the available doenmentaien this faiture would not have
propagated to an enging cluster failure.

Tost 901163 ®% - A new redesigned Kaser cap nut aliowed hot gas icakage into the coolant circuit

during st $01-364 \L-CR ADGST0; of engine 2013 which resulted in bearing failure, uncontained engine
damage and complete destruction of the engine. The talure produced significant shrapnel and test stand
damage with the engine ultimately separating {rom the test stand. A redline cut was sct by the PBP radial
accelerometer. The cedesigned nut was tested no further and all engines continuce 1o use the original design.

This failure was unconirolled resulting in destruction of the enginc and damage to the test stand.
Although this hardware configuration is no longer in use it does demonstrate the result of a loss or
disruption of coolant fiow to the turbomachinery. This {ailure 15 considered applicable to the study and
would have propagated te g Casier fasdure.

¢t 750-165 - Duning test 751-165 of engine 0107 the OPOV experienced scal erosion. The test
conunued for !hc programmed duration. Ths failore resubied in a controlied engine shutdown and contained
engine damage. The engine survived this event and was used for fater testing. Thus, this failure is not
considered appluahlc to the study since it resulted 1n a controlied engine shutdown and minor damage.

790-168 - Duning iest 750108 of engine 0107 AST hlowback caused post cut-off OPOYV ball seal

lmka'}; Im‘mmn; vroveatesdt the el was covcked and eroded. The to s vtinoed through the programimed
duriton The ot e wegne Ao el PURTE RIGLIRTTICTS were revisad,

ey ftre ooyt e o ennireted engine shudown and conwaned enine damage. The engine was
retred iollownp th ovent. ey, the fatfure 18 not consislercd applicable o the study since it resulted in a
controdied erione sbuddown o mmor Jumage.

Tesh 780-1757%% - The HIYO duct of emgine 2208 was modified with the instaiiation of an ultrasonic
flow meter. Dunng test 750-175 (UCR AOTIS06) a failure rezuled in HPOTP nvcrspccd to 44,000 rpm
(nomunal 27304 rpm) causing disc mptare, pamp fire, shrapnei and cxensive engine damage. The test was
cut by the PRE accelerometer rediine. The aatlure occurred at the brazed joird between the prototype
ultrasonic flowmerer and the high pressure exdizer turbopump discharge duct and resulted in destruction of
the HPO duct, the HPOTE the (100 ard the controller, Purther use of nhrasonic flow meter on HPO duct
was climinatod.




This failure was uncontrolled resulting in destruction of the engine and damage to the test stand.
Although this hardware configuration is no longer in usc it docs demonswrate the result of a loss of oxidizer
flow and subsequent HPOTP turbine overspeed, lox fire and shrapnel. This failure is considered applicable
to the study and would have propagated 1o a cluster fatlure.

STS-11 - One major incident actially occurred in flight during STS-11 and was obviously not
cawastrophic. During the flight the ASI chamber of enginc 2015 experienced erosion due to a drill chip
lodged i an ASI orifice. Engine cut-off was by programmed duration The failure resulied in th2 addition
of an ASI fuel filter to the supply line.

The engine burn continued for the programmed duration. This failure resulted in a controlled engine
shutdown and contained engine damage. Although there was damage to the engine itsclf, there was no
damage to the adjacent engines. The engine survived this event and was used for later testing. Thus, this
failure is not considered applicable to the study since it resulted in a controlled engine shutdown and minor
damage.

Test 901-436* - A hydrogen leak during test 901-436 (UCR A013338) of engine 0108
overpressurized the HPFTP coolant cavity and resulted in a coolant liner failure and major cngine damage,
destroying both turbincs, the powerhead, MCC and nozzle. A redline cut was issuced due to high HPFTP
turbine discharge temperature. Design changes were incorporated to decrease hot gas leakage into the
coolant circuit. a coolant liner pressure redline was implemented and inspection requirements were increased
on the coolant liner close-out weld.

Thie failure resulted in uncontrolled engine shutdown and uncontained engine damage. The engine was
retired following this eveat. Thus, this failure is considered applicable to the study. Since there is no
indication of significant damage to the test stand in the available documentation this failure would not have
propagated to an engine cluster failure.

Test 901-468 - During test 901-468 (UCR A014585) of engine 0207 a stress concentration at the
welded boss caused the FPB manifold to crack resulting in fire and major engine damage. This failure
resulted in uncontrolled engine shutdown and uncontained engine damage. The cugine was retired following
this event. Thus, this failure is considered applicable 0 the study. Since there is no indication of
significant damage to the test stand in the available documentation this failure would not have propagated to
an engine cluster failure.

Test 750-259** - A failure of the MCC outlet manifold weld occurred during test 750-259 (UCR
A015713) of engine 2308 and resulted in complete engine destruction. The failure resulied in shrapnel and
test stand damage with the enginc ultimately scparating from the test stand. The test was cut by the
HPFTP accelerometer and turbine discharge temperature redlines. Failure investigation determined that the
MCC outlet assembly had ruptured duc to fatigue or undetected flaws. The failure resulted in improved
inspection of the assembly, redesign of the vutlet neck and splitter and implementation of life limitations
on other MCC's,

This failure resulted in uncontrolled engine shutdown, destruction of the engine and significant damage
10 the test stand. This failure is considered applicable to the study and would have propagated 1o an engine
cluster failure.

Test 750-285 - A Class | leak was experienced during test 750-285 at the number 8 feedline. Engine
0210 (May 21, 1987) cxpericnced a feedline crack at the saddle bracket stop weld. The test was cut by a
facility ambient air thermocouple. The failure resulted in improved feedline/saddle bracket and weld
interference inspections.

Thus failure resulted in uncontrolled engine shutdown and uncontained damage to the engine. However,
the engine survived this event and was used for later testing. There is no indication of significant damage to
the engine in the available documentation so that this failure is not considered applicable to this study.

Test 902-427 - During testing of engine 2106 on Junc 26, 1987 at the NSTL A-2 test stand the low




——%

pressure fucl pump discharge duct experienced a corrosion induced leak and subsequent external hydrogen
fire. The test was cut by an ambient powerhcad temperature redline. To preclude the possibility of
corrosion induced failures, flight engines will use low pressure fuel turbopump discharge ducts with low
calendar life and/or hotfire time (DAR 2074). Subscquent flight engines will use corrosion protected low
pressure fuel turbopump discharge ducts (ECP 977).

This failure resulted in uncontrolled engine shutdown , however the damage to the engine was
contained. The engine survived this event and was used for later testing. There is no indication of
significant damage to the engine in the available documentation so that this failure is not considered
applicable to this siudy.

Test 902-428 - During test 902-428 of engine 2106 a crack in the OPB interpropeliant plate resulted in
the formation and build up of ice, blocking the fuel supply which altered the OPB exhaust flow distribution
and burned through the liner causing faceplate erosion and HPOTP turbine end damage. The test was cut by
a racility redline. The failure was caused by cracks in the interpropeliant plate-to-element braze joints. The
cracks allowed propellant mixing and caused ice contamination to form in fuel manifold. The failure was
determined to be the result of poor braze joints made during fabrication. Flight engines are cleared by a
review of the manufacturing braze joint records.

This failure resulted in uncontrolled engine shutdown and uncontained damage 1o .he engine. However,

the engi.ic survived this event and was used for later testing. There is no indication of significant damage to
the engine in the available documentation so that this failure is not considered applicable to this study.

ANALYSIS

The results of applying the criteria to the SSME major incidents database results in a total of 18
applicabie failures, of which 3 are considered to propagate (o a cluster failure.

The mean is then computed by
X = 3/18 = 0.167

Due to the small sample size the F distribution is assumed in order to develop the confidence interval
for this case. For a 95% confidence interval the results of applying the F distribution are

0.036 <X < 0414

Thus, with a 95% confidence interval the probability that a failure will propagate to the adjacent
engines in the cluster is between 4% and 41%, given that an uncontroiled engine failure occurs.

CONCLUSIONS

In the development of future launch vehicles the potential benefit of engine out capabilities must be
weighed against the risks that if an engine fails in an uncontrolled manncr it will result in the loss of the
entirc engine cluster. This study evaluated the SSME which is flown in a three engine cluster. No
uncontrolicd SSME failures nave occurred in flight. Only a limited amount of ground testing has actually
been done in a three engine cluster and although failures have occurred none have propagated to involve the
entire cluster,

However, the test data evaluated here indicates there is a rcasonable probability, approximately 17%,
that an uncontrolled SSME tailure will propagate to the adjacent engines given that an uncontrolled failure
occurs. The confidence intervai is between 4% and 41% that a failurc will propagatc 1o the cluster with a
95% ccarfidence levei.




T3ATTHIMOC J401N0 - TIATHML O0

ANIAT N Q3AT0AN ININGINOD HOMVIN - INOD

4301N0 H0O4 G3NSSI 3INITQA3Y -

ONV.LS SIHL NO 1S34 IX3N IHL WANN IN3AJ SIHL WOHS SAVA - 3L NMOQ ONVIS

[ H31SMO INISNT FHLOL IDVINVA NI LINS3Y G 1NOM 9N TIVd - IOVAVA H1SNTD

HYMGHYH ONIGNNOHHNS OL 39YWVYA NI G3LTNST INTAT - IOVINVA BMGYEVH DOUUNS

AQNUS SIHL OL N8V IV SI IHNIVS - IHN VS 18 WY

ANIAT SiHL ONIMOTIOS G313 INIONT - GHLIH NONJ

HNWVS JHVYMAEVH QINIVINOONN - IV HMGH LINOONN

NMOQLNHS 3NISN3 GITIOHINOONN - NALHS AINONN

LHOd 34 NOLJONOD 18V 1d3D0VNN - BoN

NOLLYHNOIINOD INIONT - DIINOD

H38WNN INIONT - ON3
'SALON
W{? 21902 MOVHO UV INVTI3dOHAE3INI 840 |  8dO Ly - N N| S| sa IESTEN T ELIED 82v 206
70, J9878€L ] 3WARVA 10NA FJOUVHOSI INIBUML didgi] 1003 S - N N N[ S 11 3SVHRd| 9012]78-unr-92 | /2v 206
601 195 tee MVI1 ITZZON | SSYI0 | IZZON g¢ - - N FIEENEEENR 1 3SVYRI] O0i12lZ8-XenW-12 | 562 0S<
50+ (/v L0+ WvQ 1X3 - 3UNLINHNYWHOSIQ|  O0OA| OOW4H[09 L S S3A S3A S3Al  S3A| S3A[ €LLSIOV] 1 3SVHJ| BOELZ|SB-IBW-Z2 | 6SC 06/
S0t 98 £0¢ peliel Bue-JONYIJ €1-4 LV XOVHD| add 1/HA6 | - - N N ON]  S3A[ S8SviOV] 113SVHd| [020%58-G85-v | g9% 106
301 50119 FOVWYQ HOMYN-Hd BN INTD | d13dH 1 (L 3[9¢ N N S3A S3A!  S3A!  S3A{BEEELOV| 11 3SVHJ| 80L0[v8-Q83-vi | 9Eb 406
©3 68 le5 NOISCHIHIBWVHOISY 60| 90 - - - N N N N 13SVHd| SL02[v8-Q84-¢C {i-SiS
ST NVA 1X3 - IHNLINY LONA OdH| 1oNd] | dOVGI|ES 2 SIA S S| S| S3A{ 906Gt iov I ISVHA | B0ZZR8-Bny-/2 | S/ 064
’ ‘00 00¢€ Q30063 ANV ODIOVED VIS ADJO | A0 Zv E - N S3A N N iISVHd| [O0LE8-A8W Gi | 691 05/
H 007082 NOISOH3 WS AOD| /0D 8 - - N N N N 13SVHd| 201 g8-4dv 12 [ <31 06/
504 6L 26C WYQ X3 ONE BN LVH H3SIVI| dl3dH| DOOWOH[B € S S3A S S| S| S| ZvSSaov 1ISVHd| €102k8-/9v-8 | v9¢ 106
TN {190V JOVNVT IXIWA3 wodd OZH 3 Lardjee N N SIA S3K[  SI| S3A[Sr09L0V 13ISVHJ{ 0Lt0ig8-965-2¢ | 091 05/
601 10550v d397N8 WS 1ONAJ VL di3dH | diddH 1aL4fst - - N N|  S3A] S3A] SOEBLIOV Y3ISVHd] Z0L[LB-100-Gi | OVE +06
50t /G 0Gv WVYQ IXT/THNULGNY ILMIOAIVI B GUNL| diddH| N HS L &) Sk S3A ST SB[ S3Ak| 882910V I ISVHd| ¥020[18-98S-1Z | 6¥C 206
SR MNIW 030VId3H/1NO NHNA ININ] NI 1aLO[99 - - N N]  S3A]  S3A] Led9tov 1 ISVHA| 01 10[18-965-2 | 8v1 05/
U0y vt £ee WVQ (X3 LNC NYNE MIW] ININ 1aiolre N N S\ S| S| S3A| 98Zctov I3ISVHd| 80121 6-INT-SL | LEE 106
501 100 00¢ HONOHINGNBHOLOIAMNINIVW] NIN L - - N N N N JOMd| 01 L0]L8-UNF-0Z | OvL 0GZ
EENTEY HONOUHINYNG HOLO3MI 8dd| 844 82 N N S3A S Sl s 20nd 6[16-uUBr-82 | /0E 106
c01 j0G 901 844 NLGINGNG JI0H| 644 0] - - - N ON| S3A] Saa|16€5i0v JON| 800008 BNyY-2t 100135
09 (686 AVQ IXIAIOVIGSIGLIr 3371 DON]  JOVCH[BE [ S S S\ S3A[  S3A[98/SioV -] 0100008-1°T-0€ | v82 106
AT VI 1SOd XOVININI 310H] FNIW 1QL0jLY N [ S3A S| S3A] S3A[ 99SZ10V 30Nd] v0020B-INT-EZ | 86} 206
200 lErs TENLINH NHOHYIILS O ULV [HISNTD SIvS[- N N S3A S| S3A| SN[ /660i10v| JONI-3Ud]| S000|6Z-AON-¥ €0904S
001 6y 8L FINTVA AGOBAIN|  AIW 1dL4]- - - N ON|  S3A| S3A| ZEv600V| JOWI3dd]| 2002f6Z-INr-2 10903S
00 e ¥ U3 TV4 NJOHHIALS TZZON | TIZZON LaL4des N N Sk S3A| S| S3A| 99Y900V| JOWJ-3ud]| +0Z0[6Z-ABW-pi | 1v0 0SZ
00F €9 §5¢ WvQ 1X3-3HIJ-ONILI3dd AOW] AW Laidjov N N SH S3A|  S3A| S3A|9180i0V| JONI-IUJ| 1002[8L-98(Q-L2 | 522 106
06  1GE'¥ SO X1® JOOBd/-HNIIVI X3IH X3H| HdX3H[Ft - - N ON| _S3A]  S3A[ </6/10V] JONI3dd| L000[8Z-90G-9 | 22 106
02 se¢ WYQ LXANVIIVIH LVSOJd 330 AON] AON| 1 D10djE 1 - - N [e] ON| S3A] 08/500v] JOWJI-34d| 90008150 -¢ 2t 206
Woo, 08 i v WvQ LXIIHIHMISN dvD D3dS| dIOJH| YOOWOH[G € N Sk S S3A| S| S| SvLS00V| JONS-IHd]| L0L0j8Z-1Pr-8L | 021 206
6 vi'S NI RIS OVd NO ZNINOLLIAVD di3dH 4] IS IH[Z - - N N] __S3A| S3A|802610V] JONJ-IUd] 10L0B/-UNF-01 [ 2L 206
1201 0115 _Hid 3OVIIIU/OHHL NHNA ININ]  INTN|] DOV H (B ¢ - - N N} S3A|  S3A| 0S0610V| JOW4-3dd| S000BZ-unr-S | €81 .06
<6 4L 10¢ ONIQIOVIdRYOUHL NHNE ININ| NI 1dispe N N SA S3A; S| S3A]01/B1OV]| JONWJ-IWD]| 20008/ -J8W-LE | €44 106
l8 9E ¢ RNV 18 BHNLIIH]| diddH| DOOWOH[t + N N SIA SIA| S| S| v60S00V| JONI-I0d| €0r0lZ- 980+ Zv1 106
0 160715 Q334SSOHD-HNUVL IAV I8 INIBUNL [3dH | dL4dH] D XONOH ] 1 - - N N' N  S3A| ¥239800V{ JOW4-3Ud]| C000LZ-AON-ZL | 560 206
106 £¢ 00¢ WYQ IX3 - 3HNTIVE ONE d1OdH | dLOdH INDOIES [ N S3A S| S| SIA[0SES00v| JONI3ud| »000[/ Z-98S-8 9EL 106
06 |tZ 8% AQOA 8d4NI TIOH]  8d4 S0|9 - : N ON] S|  S3A[2/0500V] JOW2-35d] 000 /- Brv /2 | EE4 106
T EDn e WYX U ALOIH] dIOdH]  GISOH[ZS N N S S| S| SIA[ESESO0OV] JOW33IWd| £000[/ /- 1BW-#C | Oit 106
(AT TN TTTINGRROD OO Y [FWIL 13IOWWO | IoWW0| 3univd| Odid | gV [NaDB | O AND | ON3 ET0) HIANNN
EEEN NMOG [HISNTO [HMGHVH 18I 1ddv]  NONG | LUMGOH LLINOAN 1 JEET
[e%0) ANVIS OAINE { UINDONN { ¢t

HOLIV 3 34NV 4O NOLLYTRRIO0 INSS LV T1avL

86




senjie 4
owydoliseien
e|qeoyddy

s|uepiou|
loleyw
e|qestjddy

Apmis syl Aq pelepisuo)

sein|ie 4
olydoliseie) isey Jed

00°
00°
00"
00°
00
00°
00"
00"
00

00°
00’
00°
00"
00°
00’
00"
00
00’
00’
00’
00-°
00’
00°
00’
00"
00
00"
00’

==« ool e NN o Ne e oo BoNoBeBo ol oNe o NoNeBaol o NoNoNol

(oes)

+601

| ebed

00
00’
00’
00"
00"
00
00’
00’
00’
00’
0o’
00’
00’
00’
00’
00
00"
00’
00’
00’
00’
00"
00"
00’
00’
00’
00’
00’

OO0 0000000000000 O0OOR

{oe5)
1se} Jed
BO1l-+01L

0o’
00’
00’
00’
00’
00’
0o’
00’
00’
00’
00’
00’
00’
00’
00’
00’
00"
00°
00
00
00
00°
00
00"
00’
00°
00’
00°

C 0000000000000 00O0QR000O0C000Rd

{o8s)
isey iad
£€01-001

(%) einsodx3 |8r0] Jamoy

DO~ N TV OWOONTODND T NDONT
= e e NANANNNNMT OO T T

O ™~

Q=M™ TN

(oes)
Alenwny
ouidxg
weiboiy

veo
06’
SE’
06’
SE’
66°
9L
SG°
SeE’
St
S6°
(O
¥8’
69’
oG’
oy’
00’
00’
09’
-
0§’
00’
00’
08’
08’
oG’
00’
00’

O =~ O Q = = QO v v = v = = NANANNNNON~—

(0e5)
jsoq sed
uieinQg

HONARJDAIXH "TVOIDO TONOULLD HINSS

1600
1000
1000
L1000
t000
1000
1000
1000
1000
1000
loco
1000
1000
1000
1000
1000
1000
1000
1000
LG00
000
1000
1000
1000
1000
1000
1000
000

ubug

g/-uep-¢
G/-20(Q-0€
5/-28Q-62
G/-98(Q-22
G/-20Q-v1
S/-AON-CI
S/-AON-/
G/-AON-¥
S/-AON-E
SL-120-1€
$/-190-62
§2-190-92
S/-120-01
§/-190-2
5.-desg-01
S/-deg-¢
s¢-bny-62
G/-bny-g
SL-INP-21
S2-Inp-8
G/-unpr-o¢
GL-unp-g2
SL-unp-yy
S/-unp-21
g/-unr-g
G/-unp-2
GL-Aepw-22
Si-Aepw-61

eleq

8c0{06
£c0106
920106
520106
¥20106
€Cc0106
¢c0i06
120106
020106
610106
810106
10106
910106
510106
£10106
cl0106
ciol086
110106
010106
600106
800106
£00106
900106
S00106
$00106
€00106
c00106
100106

equny
Hd4nse]




seinjiey
owydosiseren
9|qeayddy

SIUBpPIou|
iofepy

9|qeoiddy

00’
00°
00’
00’
00"
00’
00’
00’
00°
00’
00’
00’
00’
00’
00
00’
00’
00’
00’
00’
00
00"
00’
00"
00°
00’
00’
00’
co’
00’
00’
00’
00°
00’

[oleleleNeNoNsNeNo oo No oo R loNele oo o loNeBo = RN -

o~
<

cocooo

sainjle4 (28%)
aiydotiseie] isel 1ed
t601

zobg

00"
00’
00’
00’
00
00’
00’
00
00
00
00’
co’
00’
00’
00°
00°
g9’
00’
00°
00’
00’
go-
00°
00"
00"
00’
00
00
00"
00-
00’
oo’
00’
00

0O C 00 Co0 0000000000000 00C00000DSOOOO

(oe5)
isey 10d
a0l-vol

00’
00’
00’
00°
00’
00’
00’
00"
00’
00’
00’
00’
00°
00’
00’
00’
00
00"
00"
r
L
oo
00"
00’
00’
00’
No’
00’
00°
00’
00’
00’
00’
60’

v 0000 QC OO0 0O0Q0QCO0OO00QOCO0O0O00

-,
<

OCO 0O COOCOCOQC OO

{oe5)
1se1 1ed
€01-001

(%) sinsodx ) jpae } Jemod

Apnig iyl Aq pesepisuon)

6cc
ccc
0cce
€1e
e
60¢
90¢
661
L6
.81
S8t
081
81
9411
€Ll
LLt
G991t
LA A
6G1
vt
16
18
LL
vL
1A
89
S9
<9
66
9s
€S
(]
8y
9v

(085)
Alefmuno
ouidx3
wesboiy

S|eA87 Jemod yim esuenedx 3 jesibojouoiyd JNSS

Le’
SE’
AN
St
SE’
1
142
89°
4
SE’
[rA
Sg’
9t’
St’
(A
XA
vS’
(V2
gL
0e’
g1
8’
6€"
88’
9¢’
9¢’
L
9l
SE’
98’
9L
el
Se’
€6°

- 0N

AN ANNMNMAUNOOONNNDNOON T — O~ NNNTND NN NNNONMS

(ves)
1se} Jad
uieinQg

1000
¢000
1000
c000
¢000
¢000
1000
c000
1000
¢000
1000
c000
1000
1000
1000
1000
c000
i000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
ioo0
1000
1000
1000
1000
Loco

9/-Aepy-8
g/-Aep-§
9/-AeN-g
9/-Aep-¢
9/-1dv-0¢
9/-1dv-8¢
9/-i1dy-9g
9/-1dy-v¢
9/-1dvy-2¢g
9/-1dy-1¢
g9/-1dv-02
9/.-1dy-61
9/-1dy-g
9/-1dy-4
9/-1dy-g
9/-1dy-2
9/-JEN-IE
9/-1epN-€2
9/-1epN-21
9/-1epN-0\
9/-1eN-8
9/-1BN-G
9/-JeN-?
9/-984-/2
9/-994-G
9/-Uer-6¢
g/-uer-/¢g
9/-uer-g
g/-uer-1g
9/-uer-6l
g/-uer-9|
9/-uer-gi
g/-uer-gi
g/-uer-,

eieq

vS0106
800200
€60106
L00206
900206
500c06
¢G0106
+00206
160106
£€Cc0c06
060106
c00206
6v0106
8y0106
LYOLO6
9v0106
100206
S¥01L06
+YP0LO06
Er0106
cb0OLOB
L¥0106
0°0106
€E0106
BEO106
L€0106
9€0106
SE01L06
LANCERU
€E0106
cED106
1€0106
0€0106
6C0106

10QUUNN
H4/1S0 ]

88




seinje 4
oiydosseien
e|qed)|ddy

sjuep|ou|
jofepy
s|geolddy

00"
00’
00’
00’
20°
00°
00’
00’
00’
00’
00’
00’
00’
00’
oe”
00’
00"
00"’
00’
00"
00’
00
00’
00°
00’
00’
00"
00"
207
00
00
00’
or-’
00"

[*ReNsNeolNoNolNoleNeNeNoNeollelNelNelolNoNollelolNe NN lo ol oo Mo Mo oo Mo B

seinjie4 (oes)
olydosiseie) icey Jed
+601

¢ ebey

00"
00’
00’
00°
00’
00’
00’
00’
00’
00’
00’
00°
00’
00’
00"
00’
00°
00’
00’
00’
00’
00°
00°
00’
00’
00’
00°
00’
00’
00’
00’
00’
00’
00°

[cNeNeN-NeNololoNeNellelNelNeNeNeNsNeNeNeNo e o Mo Moo Moo Moo o j e M= e el

(oGs)
1591 Jed
g801->01

00’
GO’
00’
00’
00’
00’
00’
00’
00’
00’
00°
00’
00’
00
00
00’
00~
00"
00’
00’
00’
00’
00’
00’
00’
00’
00’
00’
00’
00’
no’
00’
00°
00’

OOOOOOOOOOOOOOOOOQOddOOOOOOOOOOOOC

(oes)
1se} 1ed
€01-001%

(%) einsodx] |9A67 16MOy

Apnis sy Aq pesepisuo)

LLS
9/S
€LS
€LS
69S
896
v9s
196
165
LYS
vis
clLy
LLy
6y
cey
gev
Ly
60V
Sve
6c¢t
cle
60¢
LOE
voe
10¢€
L6¢C
G587
vic
29¢
vse
0S¢
cve
ove
vee

(oes)
AlB[nwno
ouwidx3
wesboiy

S|9AB] 16MO 4 Yiim eoususdx 3 eaibojoucn INSS

ro't
96'¢
0€'v
LLE
80"
€9’
153 2
60’
€L
00 €E
Sv'Ly
8971

L0'¢c
vy ot
ve'v

16'91L
18t

$0°v9
oy 9l
L9t
lc'E

SE'¢

SE'¢

9l'e

L6E

80°¢ci
oLl
9811
0c's

oc’
le
St
62
0c’

Mo Mm -

™~ T

<+ O N

(o85s)
158} Jod
ujeln(

€000
c000
€000
¢000
¢000
¢000
¢000
c000
¢000
¢000
1000
2000
¢000
2000
1000
1000
000
1000
1000
c000
¢000
1000
1000
c000
1000
1000
c000
1000
¢000Q
¢000
1000
c000
1000
2000

ubug

9/-6ny-g2
9/-bny-pe
9/-6ny-gg
g/-bny-12
9.-6ny-0z
g9/-bny-gi
9/-briy-71
g9/-6ny-g|
9¢.-6ny-11L
9/-INP-£2
9¢-1nr-92
g/-INr-€2
9l-INP-t1
9/-tNP-6
9/-10r-6
g/-Inp-y
9/-unr-gg
g/-unp-g|
g/-unr-9i
9/-unp-g|
9/-unp-gi|
9/-unp-oi
9/-unr-g
g/-unp-/
9/-unp-g
9/-unp-g
9/-unp-|
9/-Ae-92
ar-AenN-G2
9/-ken-22
g/-Aey-1¢
9/-Aep-61
9/-Aen-gl
a/-Aey-G|

oreqg

690106
L20c06
890106
9¢0206
620206
¥¢0c06
£20206
cc0206
120206
020206
/90106
610206
810206
L10C06
990106
590106
F90106
£90106
¢90106
910206
S10206
190106
090106
$10c06
650106
8C0106
£€10206
LS0106
c10206
110206
960106
010206
560106
600206

Jequnp
i4/.1se}

89




00’
00°
00’
00’
00°
00’
00’
00°
00’
00’
00’
00°
00’
00’
00’
00’
00’
00°
00’
00’
00’
00’
00"
00’
00’
00
00"
06’
00’
Jyo-
00’
00’
00’
00’

(=i« ool Ne No o NeoNeBeBolvwEoBuBoNe oo Ne o N lo e ol e lo Ne No Neo No o Ne

saInje
oydosiseien
a|geoiyddy

SIUEPIDU)
iofepy
a1geaddy

seintte4  (ons)
2lydosiseie) 1say Jod
+601

p oliey

00°
0o’
00

00°
00’
00"
00’
0o’
60’
00"
00"
co’
00’
oc’
00’
00"
00’
00’
00’
00’
00’
00’
00’
00’
00’
00°
00’
00’
00’
0o’
00"
00’
00’
00"

[«eleNolRoRe ool NolelNoNoielNeNo oo o No B lNo e o o e o Ne oo Neo Bo e N

{085)
1sey iod
80 L-v01

000 862'C
00°0 G2e'e
00°0 €1c'e
00’0 5022
000 z2oe'e
00°0 861°'2
000 5612
000 €612
000 c8l'e
00°0 gll'e
00°'0 S/\'e
000 cLL'e
00°0 2si'e
00’0 cel'e
000 volL'eg
00’0 0/0'2
00’0 ocv't
000 y6E L
000 v60°1
000 vy 6
000 b6
000 116
000 806
000 188
00°'0 vS8
000 69¢
00°0 0t
000 .68
000 089
000 teg
000 019
000 c6§
00°0 v8S
000 c8s
{oes) (oes)
1se] Jod AleInwno
€01-001 ouidx3
wriboiy

(%) einsodx 3 j9ae | 1omod

ApmiS siuy Aq pesepisunn

sjeae] 1emod yim eousuedx 3 [eoibojouoiun) JWSS

0c

el
0c¢’
€L’
ce
A
80’
el
XA
66
SE’
00’
€0’
60°
88"
00’
cS’
00’
00’
00’
50°
96"
Le
es’
00’
€S
‘¢¢
ya
00’
€0’
o¢’

00

61
St

00

0c

€E
(3

N —mr— M TN

0¢
0¢
g8¢e
€e
0S9
9¢
oot
oS!
0€
€

c

9¢
S8
6v

9t
ve
g1

‘8
St

c

B4

(ow@5s)
159y Jod
uleing

¢0900
€000
c000
000
¢000
000
c000
€000
€000
€000
€000
£000
€000
€000
¢000
€000
¢c000
€000
€000
c000
€000
€000
c000
€000
¢000
€000
¢000
€Qoo0
c000
c000
€000
c000
¢000
€000

ubugy

9,-00Q-/ 1
9/-28Q-91
9/-90(Q-G|
9/-0eQ-¥|
9/-20Q-11|
9/-78(Q-8

9/-28Q-§

9/-AON-0€E
9/-AON-/2
9/-AON-t¢C
9/-AON-02
9/-AON-01|
9/-AON-Z

9/-190-/2
97-190-1

9/-deg-o¢
g9/-deg-62
9/-deg-g¢
g9/-deg-9¢
9/-deg-sg
9/-deg-vg
9/-deg-gg
g9/-deg-z22
9/-des-o¢
9/-deg-g|
9/-deg-g|
9/-deg-G|
9/-deg-gi
9/-deg-21
9/-des-01
9/-deg-|

g/-6ny-i¢
9/-bny-o¢
g9¢-bny-z¢

aeQ

er0c06
{80106
¢v0c0h
L+0206
0+r0206
6€0C06
B8EOC. v
980106
S80L06
FO106
£€80106
280106
180106
080106
LE0206
6/.0L06
9¢€0c06
8/.0106
(L0LQ6
SE0206
9/.0106
S/01086
yCOCOB
F/0106
£€E€0c06
€/0106
¢E€0206
cl0t06
L£0206
0C0C06
10106
60206
820206
0/0106

Jaquuny
4i1se |

30




G obey
000 00°'0 000 9SE'E SE'¢c ¢000 L/-ieN-tvii $60206
00°0 00°0 66°09 vGe'e 6v'08 €000 [L/-Jen-2| 601106
000 000 66 v €12'¢€ 6¥'6¢ €000 L/-i1eN-0OI 801106
000 000 000 rvzZ'e 06’8 €000 [/-1eN-6 {01106
00'0 000 000 SEe2'E £y'98 €000 [L[/-JenN-9 901106
00’0 00°0 €8°G1 6vtL'e £€'GE €000 [[/L-ieN-¢ 501106
00°0 00’0 000 vii'e et c000 (/-qe4-82 vrS0c06
00’0 000 000 Zol'e 19°01} €000 [/-Q94-92 +01106
00'0 000 000 160°€E Seg'e c000 [/-qe4-G¢ £50206
000 000 000 680°'€C LE'2C 2000 L/-q04-E2 ¢50206
000 00°0 00'0 .80'€E LE€¢ c000 L/-994-22 150206
00'0 000 00'0 v¥g80't 00'9 ¢000 [/-984-02 ¢S0206
00'0 000 16°¢ gL0'¢c 10°ec €000 [/-994-8| c01106
00°'0 000 00°'0 SS0'€E G8'6¢ €000 [L/-qe4-¢| c0ti106
000 00°'0 000 920°'¢c ey €000 [/-9e4-¢i toL 106
000 0p'0 000 120°'¢e gl'vi €000 L/-Q04-11 001106
000 000 000 200'€ £EC°E c000 l/-9e4-9 6+0206
00'0 00'D og'Sli voo‘e 08'6¢E €000 [/-uepr-1¢g 660106
000 000 ci'ie v96'2 ci'$9 €000 LL-U®BP-62 860106
00'0 00'0 00°0 006'2 Sc'v €000 Ll-uepr-gg L60106
000 000 000 968'¢  €2'¢ 2000 (/-uer-g| 8v0206 _
00'0 00’0 000 168°'2 c9'l ¢000 L/-uvepr-/| L¥0206 o
00'0 000 000 068°2 10°s0v 2000 L/-uer-gl 9+0206
000 00°0 000 sev'e 90’1 c000 [L/-vepr-2} S¥0c06
00°0 00’0 09'6 141 4 €9'82 €000 [f/-vepr-}1} 960106
00°0 00’0 00°G GSy'e vb'ac €000 [/-uepr-/ G60106
00°0 000 000 62v'e G9°61 €000 (/-uer-g v60106
000 00'0 000 eiv'ec 808l €000 [[/-ver-g €601 06
00°0 000 000 S6€'¢C 0s'Le €000 lLl-Ver-¢ c60106
00°'0 000 000 €L€°2 00°¢v9 €000 9/-%28Q-i¢ 160106
000 000 000 60€'C  69°L1 €000 9/-98Q-8¢ 060106
000 ) ag’0 ¢6e'e aga’'g €000 9¢/-00Qg-4LC 680106
00°0 000 000 vee'e 0961 c000 9/-%20Q-02 ¥¥0c06
00:0 000 000 v9e'e 029 {000 9/-%eQ-8i 880106
seJnjie 4 sjuepiou) seinjie4 (oes) (o8s) (oes) (oe5) (o®5)
aydosiseien 1olepy olydosiseie) 1sey Jed 1sel 10d 1sey Jed Alejnwno jse) Jed  ubuj eieq leqwnN
ejgeoiiddy  ejqeoyddy +601 80L-b01  €01-001 ouwdx3 ueing l4nsey
(%) 8insodx3 |one 1emoy weibolyg

Apms siu1 Aq pesepisuon

sieas] Jemod yim eousiiedx 3 jeoibojovoiyy JINSS




000
000
00’0l
000
00’0
0L'S
00’6
00’0
000
000
000
000
00'0
00'0
000
00’0
00°0
00’0
00’0
00°0
00°'0
000
00°0
00°01}
000
000
00°0
00°0
00°0
000
000
000
000
00°S

(o®5)
1s9] led

€lL'9
gre’'o
020'9
509'S
081'S
€L1'S
AN
601°G
$01°S
v,0'S
¥90°'S
vi6'V
806 ¥
AV
599'Y
€E9'p
829'Y
829’y
SG6'd
SGb'p
Lyv'y
62b'Y
L2v'Y
Sev'y
ShE'Y
XA
1Py
11’y
l€0'y
t2o'y
L10'Y
€v6'e
cov'e
ige’e

(oe%)
Ale|ntnNg

e ————
9 8bed
000 000
000 00°0
000 000
00’0 0G0
00’0 00°0
00’0 000
00°0 000
00°0 00°0
000 oV'0
00'0 00°0
00’0 00°0
000 00°0
000 000
000 000
000 00°0
00'0 00°0
000 00°0
00’0 00°0
000 090
00°0 09°'0
000 000
000 000
00°0 000
000 000
00'0 00'0
600 000
00°0 00°0
000 000
000 00°'0
000 000
X 000 000
000 000
000 000
000 000
seinjiey sjuepiouy seainpie4 (oes) (oes)
owydonseien joleny owydousiseie) 1sey Jed 1se1 sed
ejgeolddy  e|qesnddy +601 80L-v01

Apnis siy1 Aq pelepisuo)

€01-001

(°%) @insodx3 |9Ae 1emoy

susdx 3
weiboid

s|eae] lemod Uim esusuadx g jeaBojouoiyn JNSS

14°8
og’
00’
10°
142
‘6¢
10’
90’
o€
ot
6¥1
9
S99’
0L
vl
00’
bS°
€c’
10’
oL
ve'
Se’
SE’
00’
c0’
00’
£6°
10°

te

00
ito
8y
90

10
€l

00

yey
82t
Sty
Sev
9

St
S

L4
8€¢c
1€
S

0
€L
001t
L
L
4

4
08
yolL
001
62
08

‘ot
B4

L0’
ovs
10’
oS’

vL

cc
ve

(oeS)
1se) 1ed
uieing

¥000
r000
y000
y000
y000
c000
c000
000
2000
c000
¥000
$000
$000
¥000
¥000
v000
¥000
¥000
$000
v¥000
¥000
v000
v000
c000
¢000
¢000
¢000
c000
c000
c000
€000
c000
cg00
c000

ubugy

LL-Bny-}

LL-Inf-0¢8
LL-inr-8g
LL-Inp-L2
LL-Inp-S2
LL-inp-1g
LL-iNC-6 1
2L-1N0-85
LL-inr-g
LL-inr-¢.
Le-ine-4

LL-inr-9

LL-InP-G

Li-\nr-2

Li-\np-y

LL-unp-63
Ll-unr-g¢
Li-unp-13
LL-unp-gL
LL-keW-€2
LL-RenN-02
Li-Aen-L 1
Ll-Kkep-st
LL-Rew-v1
Ll-Aep-21
LL-Aen-01L
LL-ken-s
LL-Aen-2
2l-1dv-62
2L-1dy-z2
Ll JeWN-bT
LL-IeW-1 2
LlL-1EN-8L
LL-1eN-9t

ejeJ

821106
LCc1106
9¢1106
GeclL106
¥21106
040206
690206
890206
290206
990216
€cLi06
¢ctiob
leti06
01106
611106
8lLL106
LI1106
9L 1106
SL1106
PLI106
ELLLO6
cl1106
111106
590206
¥90206
£90206
290206
190206
080206
650206
01:106
850206
{50206
960206

equiny
lid/iso |

92




/ ebey
000 000 000 826'01 9L'VIE 2000 (/-AON-6 £€60206
00°0 000 000 ¥95°01 €8'vS €010 LL-AON-L 6€1L 106
00°0 00'0 00°'¢ 60501 /6622 2000 //-AON-9 c60206
00’0 000 000 622'01 0000} €010 /2/-AON-b 8EL106
000 000 00°'0 6.1'01 00001 200D //-AON-E 1602086
000 Q0°0 000 6/0'0L €98 ¢000 LL-AON-1 060206
00°'0 00'0 00°0 0€0°'0lL 2€'61 €010  LL-V20-1E LE€EL106
00’0 000 000 11001 10°SS 2000 £.-190-82 680206
000 G000 000 9G56°'6 €L} ¢000 14-120-12 880206
000 c0'0 00’0 $G6°'6 se'c 2000 LL-120-92 1L80206
000 000 000 256°'6 13 ¢000 LL-190-02 980206
00'0 000 00’0 6v6'6 SE'¢C ¢c000 [/-120-L} S80206
000 00’0 00'0 L¥6'6 00°'G8 ¢000 /.-190-¢! ¥80206
00'0 000 00'0 298'6 y6'be c000 L1901t £80C06
00°0 00°0 000 [28'6 00'0V c000 [.-120-6 ¢80206
00’0 000 00'0 L8L'6 10°'Gt 2000 LL-120-¢ 1819206
000 000 000 2LL'6 S0°'6 2000 //-deg-g2 080206
000 000 000 £9/.'6 SO'E 2000 (/-deg-9¢ 6.0206
X 00°0 go'Q 00°00t 09.'6 22’008 00O (/-deg-g 9E1106
000 000 000 09tv'6 00'G€E  +¢v000 L.-deg-g SEL106
000 000 08'Sv S2lL‘6 089/ $000 (/-deg-g vELLO6 .
00’0 000 0001l 8v0'6 66°'GEE 2000 [/-deg-} B8L0206 o
X 000 00°0 000} FAWA:] 1e°'8¥ ¥000 L2-bBny-z2 E€L 106
00°'0 000 L0 Lo¢e r99's 00°12¢ 2000 (f/-Bny-92 110206
00'0 00°0 00°0 c€ve's 00°0¢€ ¥000 (/-Bny-g2 2EL106
000 000 00'S €le’'s 6€°0€EC <2000 LL-Bny-pg 9.0206
000 000 00°0 280'sg 14712 2000 (/-6ny-02 G/.0206
000 00°0 000 190'B S0/ ¢000 L1-Bny-gi v¥.0206
00’0 000 000 ¥50°'8Q 0G°GS| 2000 22-Bny-g) £€.0206
000 000 00°0 868° L vy 2000 (.-Bny-01 2L0206
000 000 Q00 $68°L ov'el 2000 [/-bny-g 140206
000 00'0 000 088°L 00'G2y 000 [L.-Bny-g lEL 106
000 000 000 SSv'2 00'Sey 000 [LL-DBny-g 0£i106
000 00°0 000 0£0'2 01°282 ¥000 (/-Bny-p 621106
seinjley sjuepioy] sainjie4 (26s) {23s) (oes) {288%) (se3)
oiydouiseiey 1olep awydosnseler sey ied 150) Jod 1se) Jed Aeinwno isel 1ed  uwbug sreq 1eqQuINN
olqeoyddy  ejqealddy +601 801-¥01t €01-001 owdx3y urIng Hinsey
(%) emsodx3 |9re| 1emoyd weiboiy

Apmig sin Aq pesepisuor)

sjene Jemod yiim esusiiedx 3 [esibojouoiyd JNSS

N .

f




g ebey
00’0 000 000 l6L'¥L 809 ¢000 8n/-9e4-i2 $91106
00’0 00°0 00’0 161'vY  /S°E c000 13/.-9€4-/| £€91106
00’0 00°0 00'0 L8L'vL BV LY ¢00c 3.-994-G| c01c206
00'0 00°0 ¢6°0 ari'viL 2e'lL ¢000 3/-9e4-Gi 291106
000 00°0 G0'0 SEL'VL s2¥ ¢000 3.-984-%1 191106
00°'0 000 00°'0 oti'vL vO'd c000 94-994-21 091106
000 000 000 921L'vl €€£96 ¢000 8/.-994-01 651106
000 000 000 0€0‘'v1l  +v9'92 ¢d0Z2 8.-994-6 101206
000 00°0 000 €00'¥t 00001 2000 g9/.-q04-8 851106
000 000 00°0 €06°'cl  68'C 2J0¢ ".-994-2 001206
000 00’0 000 006°'€l 0009 ¢00e pl-uer-og 660206
00’0 00°0 000 or8‘'cel 001/ 1002 @8Ll-uer-Gg¢ B60206
000 00°0 coe 69.'cl 106 1002 8l-uep-/y L60206
000 000 0.°¢ ogL'el 00°001 2000 @QL-uer-6 LS1L106
00°0 000 [ 02¢9'€l 00001 2000 @/-uepr-§ 961106
000 00'0 00°0 0ZS'€el 002!t ¢000 g/-uepr-¢ GGS1L106
00°'0 00°0 00°0 80S'€l 00'8 c000 LL-90Q-2¢ $S1106
000 00°0 00°0 00S'€l 00°6 ¢000 [/-98Q-02 €S511L06
00 0 000 000 I6v°'€El 006 c000 [(-99Q-61 cSL106
000 000 000 2st’'el 00°6 cdoo0 LL-28Q-L1 1SL106
00’0 000 g0 €/v'El €86 c000 [/[.-%0Q-S1I 051106 -
000 000 000 v9b'el 100} 2¢000 [/-928Q-£} 691106 o}
00’0 00°0 00°0 vSP‘'el SE'C c000 [/-90Q-¢) 8y1L106
00’0 000 000 ISY'Eel  9€’LE €010 1(-26Q-1 LYL106
00’0 00°0 00°'0 02gv'el 0000 €010 [/-AON-62 9P 1106
000 00’0 00°0 020°'El vO'L6 c000 LL-AON-8C 960206
000 000 00°0 626'Cl 00°0G€ €010 [/-AON-92 Sri106
00'0 000 000 6.5'¢t 0000t €010 LL-AON-€EC br1106
00°0 00'0 000 621°'2¢ 00'00L €010 L-AON-LC EviL06
00'0 000 000 6/.0'Ct 60°4S c000 CL-AON-LL §60206
00’0 000 00°'C 820°'¢t 00002 2000 [L/Z-AON-tvi ¥60206
00°0 000 00°'0 8e8'Ll 0000F €O0L0 [/-AON-EI eri106
00°0 000 000 gcb'Ll 00°00b €0L0 [L/-AON-I}} iv1106
00°0 000 000 8201l 00°00F EOIO0 Z/-AON-OI oviLo6
seinjed sjuepiou] seinjie4 (oes) (oes) {oes) (oes) (oes .
oydosiseren jolew oiydonseren isey Jed 1sel Jed I1sel Jed Aejnwno ise) ied  ubul ejeQ lequinN
ejqeoaddy  ejqeo|ddy +601 80t-b01  €01-00L owdx3y uenng 14nsey
(%) einsodx3 [9Ae"| 10M0Oy weiboid

Apnig siyl Aq peiepisuo)

s|eAe] 1emod Uilm 8dusnedx3 jesibojouoiy) JNSS




sein|iey siueploy| seinje
aiydosiseie) jolep
e|qeayddy  ejqesyddy

Apnis sy Aq peiepisuo)

00'0
000
000
000
00°0
00°'0
00°0
00°0
000
00°0
000
00°'0
000
000
000
000
00°'0
00°'0
00°'0
00’0
uo'o
000
00°0
00’0
000
000
000
00°0
000
00°0
00°0
000
00°0C
000

(o0s)

olydoiiseie) isei Jed

+601

6 ebey

00°0
00'0
000
00°0
00°0
000
000
000
00°0
00°0
000
00°0
000
000
00°0
000
000
000
00°0
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
(res)

i1se1 Jed
80L-$01

000
000
0oE'o
88°¢€
000
000
000
000
00°0
80°06
00°0
L6°G1lS
68°L2
y6'vil
00°0
00°'0
00°0
000
000
00’0
000
0600
000
000
L0
000
00°0
000
000
00'0
000
000
000
000
(oo5)

1se) Jed
€01-001¢

(%) 8insodx3 jeae7 Jemoy

015'91
G069l
€0S'91
2sv'ol
vrv'ol
tecv'at
Zer'at
2ov'9l
ige‘ol
£9€'91
ov2'9l
GEZ'9t
WA
€89'G1
F9G6'G1
91G6°'6}
SI1S'Gl
v1G'GL
€1G6'Gl
01G°'Gl
20S'Gl
E6¥'Gl
[8YV'SH
982°'Gl
926'v1
Sl6'vl
ro9'vi
€6E'V1
SBE‘vl
c8eE‘v1
6LE' P
LLE'P1
LIE'PL
LS2'pL

(oe8)
AlR{nwnd
oswidx3
weiboid

sjeae’] Jemod yiim eoueliedx 3 (eaibojouoiyn gnss

€S’V
SE'e
00°LS
c8'L
0o0'02
iyt
ey 0
¢5'0¢
v8'8l
06'ccl
LSy
00'0¢s
g€0'ce
L0°6LL
L6°LY
860
v0°1
61°1
66°¢
S6'8
€8'8
06°S
Li°10¢
€0°09€
12°01
vl Cie
L6012
S6°¢L
€8°€
€0'¢C
gc'e
$0°09
¥0°09
00°09

(oes)
150} Jod
uleinQ

totLo
ioto
G000
S000
S000
S000
¢oo¢
€00¢
1002
S000
S000
$000
S000
S000
5000
2oo0¢e
€00¢
tooe
1010
toto
1010
tolo
cG00
c000
¢000
¢000
¢000
c000
¢000
2000
c000
€00¢
€002
cooe

ubuz

g8/-unpe-g

g/-unr-9

gl-unp-g

8L-uip-2

9.-AeN-0¢
8L-ABN-82
8/-fep-61
8.-A2N-61
8.-A2N-61
BL-A2N-91
8l-AenN-¢i
8L-AeN-01
8/-Aen-8

8.-A2N-9

BL-FeN-b

8/-1dvy-1¢g
8l-i0y-1g
g/-idy-1g
8L-iC¥-12
8.-10V-61
g/-1dy-9}
gl-1dy-g1
8L EN-LE
8.-1eN-62C
8L-ieN-22
8L-.eN-52
8.-JEN-12
8.-1EN-02
8L-1BN-L L
8L-iEN-G1
8l-1eN-€|
8. 1eN-8

8/-Je-S

8/.-974-2¢2

sieQ

111206
011206
€81106
c81106
181106
081106
010-204S
g1t0-2c04S
v10-204S
6.1106
B/1106
L1106
9.1106
SL1106
vLL106
020-104S
820-104S
veo-104S
601206
801206
L01206
901206
€.1106
cLLi06
121106
01106
691106
891106
L9106
991106
S91106
§01206
¥0.206
€01206

Jequiny
H4/188)

95




seJn|ie sjuep(ouy seinjie
siydosseren 1olepw
ejqeoliddy  ejqeoanddy

Apnig siy1 Aq pesspisuc)

000
000
00°0
000
000
00'0
00°0
00°0
000
00°0
000
00°0
000
00°0
000
00°0
000
00°0
000
000
00°0
00°0
000
00°'0
000
000
00°0
00°0
000
000
000
00°0
00°0
00°0

(0e5s)

ojydonseien 1se Jed

*601

ol ebed

000
000
000
000
000
000
000
000
00°0
00’0
00’0
00°'0
00'0
000
000
oo'0
00'0
00°'0
000
00'0
00°0
000
000
00’0
00°0
00°0
00°0
00°0
00°0
00°0
00°0
000
00’0
000
(oes}

158} Jod
got-v0l|

00°.ve
G0°90¢
95°89
88°66¢
00°/¥2
¢0'62
66°G62
¢8'ece
26°G6¢
00°/S
LL EEL
00°.6¢
ey 09
00°0
oeg'viLe
00°gol
65°661
0c'6
10°12
69°0G
00°9
000
00’0
00'0
00°0
000
000
00°0
€8°0
(YA 4
00°0
000
00°0
00°0
(oes)

158} Jed
€0L-001

(%) einsodx3 jene lemoy

22v'1e
czl'ie
cig'o2
00.°'0¢
oov'oe
ool‘oe
820'02
82.°61
t9v'61
19161
190°61
vc6'8l
vzc9'st
65581
265'8t
z2sz'st
2oi'gt
198'/1
118zt
01t}
€09°21
€161
99G'/1
09G°.1
asv'L1
£9€'21
662"\
8ve'LlL
8¥6'91
£99'91
2r9'9l
66G'91
1GSS'91
S1G'9}

(o85)
AlR)NWND
ouwidx3
weiboiy

S|9ABT Jemod Yim esuepedxy jesibojouoiyd INss

00'00¢
ti'ote
9G° Lt
00°'00¢
00°00¢
¢0°2L
00°00¢
c8'99¢2
00°'00¢
00’001
€8°L€)
00°'00€
r9'v9
917,
00°00¢
00°0S1
6e'ove
00°0S
8Ly
69991
00'0€
8’9
809
€9°€0!
0.°€6
88°€0}
G801
86°'66¢
€0'182
00°'G¢
€E9'¢cé
yc'ev
2: N84
vi's

(2e5)
)se) Jod
uieinQg

200¢
S000
c00e
5000
cooc
200¢
S000
c00¢
S000
2002
S000
¢00¢
5000
c00¢
5000
G000
G000
S000
1010
toto
S000
1010
1o0to0
c00¢g
€£00¢
looe
1010
toto
lolo
toto
200¢e
€00¢
100¢
l0l0

ubu3

g/-deg-9g
g/-deg-9
g/-des-g
g.-deg-2
g/-deg-}
gL-bny-1¢
g8.-6ny-0¢g
gl-Bny-62
g/-bnv-gg
8.-bny-42
g8.-6ny-gg
gL-6ny-p2
g/-6ny-gg
g¢L-6ny-ze
g.-bny-02
g/-6ny-g|
8.-6ny-g1
8.-bny-21
g8L-Inc-81
8L-Inr-vi
BL-INF-¥1
8/-inr-01
g/-Inp-8
8L-Inr-2
gL-inr-2
8L-Inp-4
gL-unp-62
8l-unr-/g
gL-une-vg
gs-unr-gz
gl-unp-gy
8l-unpr-Gy
g.-unp-g|
gl-unp-01

sieQ

821206
¥61106
RAXAT
€61106
9¢1¢06
S21706
¢61106
¥21206
161106
€Cclco6
061106
cClcob
681106
tcico6
881106
/81106
981! 06
G8L106
(XAXA
611206
¥81106
811206
L11206
010-404S
a10-v04sS
Vi0-$04S
911206
SL1206
PLIC06
€LiLeco6
010-€04S
810-€04S
Vi0-€e04S
ciico6

isqunp
H4nse

96




11 ebey
00°'0 00’0
000 000
00°0 00°0
000 000
000 00°0
000 00°0
00°'0 00'0
00°0 00°0
00°0 00’0
000 00°0Q
000 000
00°'0 000
00’0 00°'0
00°0 000
000 000
00’0 000
000 00°0
00’0 00'0
00’0 00'0
000 00’0
000 00'0
000 00’0
00°0 000
000 00'0
00°0 00°0
000 00’0
000 00’0
000 000
000 00°'0
000 000
000 000
000 000
000 00°0
00°0- 000
seinjle sjueplou| seinjie4 (oes) (0e3)
owydonseies Jolepw oydonseie) 1se; Jed 1581 Jod
ejqesayddy  e|qesiddy +601 80 L-v01

Apmig siy) Aq pesepisuo)

00°0
00°0
000
0s'8¢ce
00°0
00°0
000
000
00°0
8€°681
000
00°661
000
00°0
0S°6
00°0
00°0
000
00°0
00'61l2
00°0
000
$8°66¢
Ly veEl
000
0s°cet
00°'S8¢
¥6°GS€E
06°8SG¢
16°G1S
L6°G1S
¢6'S1lS
00°Lbe
c6'SlS

(ooS)
1581 Jed
€0L-001

{2%) einsodx3 jene] Jemod

gev'oe
28t’'0E
298°'6¢
098°'62
5/5'6¢
6G0'6¢
250'62
8v0°'62
cez'se
sZiL'ee
scg'Le
veg'le
y€s'Le
rio‘se
¥96'92
¥99'9¢e
¥95'92
665'92
165'92
/S2'92
L56°Se
¥56°'G2
$69°'62
vse'se
gle‘se
gL12'se
€l6've
€29've
cot've
zog'ee
c¢Bz'ee
29L'ee
eve'ze
2ve'ie

(o®s)

00°0S
00°0¢S
Sg'e
00°'s8e
00°02S
6L°¢
LS'€E
00°ces
00°00!
8€°06¢
o€’
00°00¢
00°'02S
00°06S
00°00¢
00°001
88'v
ge’¢
00°00¢€
00°00¢€
9¢€°¢
00°00€
00°'00¢
Is'gel
s0'e
$0°00€
ol'68¢2
00°02S
0s'toe
00°02S
00°02S
00°02S
00°00¢
00°0¢cs

(oeSs)

Alpinwno se) Jed

owidx3g
weiboiy

sjeAe] Jemod Ynm esuspedx 3 jeoibojouosyn Jnss

ottt

uteing

c00¢
S000
t02o
c00¢
S000
co0o¢e
S000
S000
c00¢
S000
G000
S000
5000
¢00¢e
S000
S000
S000
S000
5000
S000
9000
S000
S000
S000
S000
¢00¢
5000
S000
c00¢
S000
S000
S000
¢00¢
S000

ubuz

8.-AON-/
8L-AON-/
8.-AON-/
8L-AON-€
8.-AON-€
8/-AON-2
8.-AON-2
8.-190-0€
8.-190-82
8.-190-82
8.-190-.2
8.-190-S¢
8.-190-€2
8.-120-02
8.-190-02
8.-190-61
8.-190-L1}
8.-120-91
8L-190-11
8.-120-6
8.-120-€
8L-190-1
g/-deg-gZ
g.-deg-92
g/-des-g2
g/-deg-61
g/-deg-g|
g/-deg-gy
g/-deg-py
g/-des-¢t
g9/-des-1
g.-deg-6
g/-deg-g
g.-deg-y

eleq

LEL2O06
812106
L0005,
9€1206
12106
GELCO6
912106
S12106
veELCO6
v12106
E1C106
AT AN
Li2106
€eic06
012106
602106
802106
L0206
902106
S02106
cE€L2c06
¥02106
€0c106
¢02106
10cto6
LELC06
00ct06
661106
0€Elc06
861106
61106
961106
621206
S61106

JequinpN
HERLLES]

97




2t ebey

000 00°0 c9°'S¢ SEC'SE 00°'t¢ toco 6/-984-¢C 710062

00'0 000 000 ¥61'GE  00°00€ 1020 6.-984-C1 91006/

000 000 25'6 v68've 00°Ge lo2o 6.-994-01 51006/,

000 000 00°0 698'v€ 06’1 loco 6.-Q94-8 v100S/.

000 000 Q0’0 L98've Ov't €00C 6/.-Q94-G 922106

000 000 06°6 998°'v€ 00'G2 L0200 6.-994-¢ €100G/

000 00°0 Q00 tvg've 06t loco 6/.-994-¢ 21006/

00°0 00'0 00’0 6EB'VYE OF'| t0co0 6/-uer-og 11006/

X 000 000 ¢s°e2e 8ca've £9'6652 loozZ g/-%6Q-/¢ G22l06
00°'0 00'0 €0°9S ¢gs’'ve 1009 1002 8.-%29Q-¢¢ ¥cciob

00'0 000 00'tvve 22S've 0€'v9e 100 8/.-28Q-02 01006/

000 000 00°0 gsec've 19t Lg0Z 8.-98Q-61 €22106

000 000 00°01 9GZ'¥€ 00'SE 1020 8.-990-91 6000G¢/

000 000 91°9G6¢ 1ge've 91°092 2002 8.-90Q-Gi L¥1206

000 000 000 196'€€ 00°'00€ Loéo 8.-28Q-€1l 80006/

000 ob'o 00,2V lg9'ce 00°02S c00c¢ 8.-28Q-11 9v1206

00'0 000 000 ivi'ee 00°00€ L0co 8.-290-6 000G/

00'0 00°0 S9°'S¢E ty8'ce 1989 ¢00Z 8.-99Q-8 Sv1c06

000 000 000 €.L'2€ 06°0% l0co 8/-99Q-/ 9000G/

X 000 000 00°'0 2el'2E Ssg'¢ 000 8/-99(Q-S ¢cclo6
000 000 00°0 L21.'2¢ 0G'L 1020 8/.-268(-S S000S!.

000 00°0 20°6¢ 92/'2€ 62'9¢ c00¢ 8.-%eQ-¢ vv1c06

000 000 000 689'c€ 182 c00Z 8¢L-%e8Q-¢ Ev1i206

00'0 000 000 189'2¢€ 12°2 c00Z¢ 8/.-%98(Q-¢ ev1206

000 000 00°6 ¥89'2€ 000G L020 B/.-AON-6C v0006L

00’0 00°0 000 v€9'2ce 00°St 1020 B8/.-AON-22C €0006/

oo'C 000 96°'581 619'2E 00°00€E 2002 B.L-AON-ZI) I+ic06

000 000 0061 61€'2€ 00002 2002 B.-AON-G! Oy 1206

00’0 000 000 611'26 00°S99 G000 B8/-AON-G} 122106

00°0 000 000 vSY'I€ 00002 ¢g00Z BL-AON-€! 6€L206

00’0 00°0 000 bSC'IE 08°L61 G000 B/L-AON-II 022106

000 000 00'0 950°'LE 0O’V 100 B8L-AON-0O1I 20006S¢

000 000 000 ¢S0'lE 00°00L 2002 8/-AON-6 8ELZ06

000 000 000 2s6'06 00°02S G000 B8/-AON-6 612106

selnjie sjuepiou| seinpie4  (oes) (oes) {oes) (oes) (oes)
owydosnsee) lolepy olydonseie) ise} Jod 1se) 1ed 1se1 Jed Alejnwno ise} Jjed ubuj sieq JequinN
o|quoiiddy  ejqeoiddy +601 gotl-vo1 €OLl-00t ouwidx3  uleinQ N4/nse )
(%) einsodx3 |oA8 | JeMmO weisboiy

Apnig siui Aq pesepisuo)

S|eAB7 1enmod Uim eousuedx ] jeosibojouoiyn JNSS

98




gl ebed
000 Q00 000 G6l6'2y ¢G'1 5002 6.-1dv-61 ¥S1c06
000 000 06°G61 L16'2y 06°€EbE 1020 6.-idV-61 GE£00S/.
00’0 000 88°'G61 €/G°'2h 00°0SE (020 6/-idy-gi vY€00GL
00'0 000 ct'sbc €eg2'er 15'2s2 1020 62-1dy-9) EEO00G/
000 00°0 06°'S6 | 1/6°Ly 12°0S€ 1020 6/.-idy-g1 ct00G/.
00’0 0.0 St L2V 129°Ly 20°02S 9000 o5.-idy-8 SE€2106
000 000 14 28114 0L LY LO'00E 1020 6.-idy-9 1€006/
00°0 000 91'9§ 108°0v 2009 9000 6/-:dvy-s $E€C106
000 000 9G°SY tvZ'0y 00°0S 1020 6/-1dy-¢ 0€006/
000 000 SL'61S 169’0y [0°€28 +O0OZ 6/-1dy-¢ €S1206
000 000 ¢S’ v9l 898'6€ 00°00€ 1020 6/-i1dvy-2 6200S/
00°0 000 99°'vet 895'6€ 00°02S +002 6/.-1dy-1 51206
000 000 00°0 8v0'6€ 0S'1 9000 6/-1eN-Ll€E £E€2lLo6
00’0 000 G5°'G6¢C 940'6€ 00°00€ 1020 6/-ieN-LE 800G
00°'0 00’0 09°'SY 9v/'8€ 000G Lo2a 6/.-1eN-62 12005/
000 000 99°'v2Y 969'8€ 00°02S $0O0Z 6/-1eW-22 151206
000 000 91°'9¢ 9/.1'8€ 800G »002 6L-1eN-bC 051206
000 00°0 L6°v82 921’8 1¥'68C 1020 6/-1en-€2 92006/
00°'0 000 86°G6¢2 LEB'LE 00°00€ 1020 6/L-lew-ig 5200SG/
00°0 000 96°S6¢ LES'LE 00°00€ 1020 6/-1BN-61 ¥c006S¢
000 000 oi'LeY LE2'L€ 00025 €002 6/-1eWN-/1 ¢cE2106 %
000 00°'0 ¢9's.c LY.'9E 00°00€ 1020 6/-1epw-/1 €200G,
00°0 000 00°0 Liv'9e [0°0S vy00C 6/-ieNN-91 6+1206
000 00°0 00°6v¢ L9E'9€ 00°00€ 1020 6/-1eW-Gi ¢2o00sy
00°0 000 000 L1909 0S°1 $00ZC 6/L-1BN-$ I 8v1206
000 000 L0°9S§ $90°'9¢c 0008 €002 6.-1eN-p1 lE€C106
00°0 000 S6'€El G00'9¢ veE'BL €002 ©6.L-1eN-2I 0€2106
000 000 IS°L {B6'GE t0°€Ee €002 6/.-JeN-6 622106
000 000 00°'69¢ ¥96°'G€ 00°00€ 10C0 6L-1eN-6 12006¢
000 000 000 ¥99°'Ge GG 1020 6/-1eN-8 0200S/
000 00 00°0 299'6e SE'S! €00C 6L-1eN-/ 82clL06
000 000 000 Lb9'SE  SE'P €002 6/L-JeN-¥ 122106
000 000 96'58¢ 2v9'se 00°00€ 1020 6/-JEN-¢ 610065,
0070 00°0 | 444 ¢re'se 18°/0L 1020 6/-1eN-2 81006/
seinjie4 sjuepiou)| seinjie4 (oes) (v95s) {oes) (oes) (oe5)
olydonseien 10fep olydouiseien 1se} Jed 1sel 1ed isey Jed Aleinwns jsei 1ed  ubug eleg lequinpn
ejqesyddy  ejqeoiddy +601 801-b0l €01-001 duwidx3 uesng Ninsey
(%) emnsodx3y |pAe) 1emod weisboiy

Apmig siy1 Aq pelepisuc)

s{eAe Jemod yiim ssueuedxy (eaibojouosyn JNSS

| |




p| ebed
X 00°0 00°'0 yYo'vl S1€'0S 6¢'81L ¢002¢ 6.-1hr-¢ vV10-904S
00'0 000 81’616 962'0S 90°'t28 PO0Z 6L-uUnp-42 G91206
000 00°0 S8 0tV €LY'6¥ 907025 $002 6L-UNP-GE $91206
000 0U'0 t9'vet £€56'8F 90°023S $002 6.L-uUnr-ig €91206
00'0 000 gl'lcY EEY'8Y 0025 9002 6.-unr-gi SyCcl106
000 00'0 85°0 Cl6'LY SY'¥ v00c 6L-unf-gi 291206
000 000 12'0S 606'LyY LO'VS 9000 6/L-unf-gi J1-vS04S
000 00°0 9/.°1S GG8°LY 69°GS €002 6.-unr-¢i g1i-vso4s
000 00’0 €L°0S 66/'Lv 09'vS c00¢ 6L-unr-gi Vi-¥YS04S
000 00'0 €296 vb2'LY L0'00L 9002 6/L-unp-gi breci106
000 000 00°0 rv9'LY 06\ 9002 6.-Unr-6 €r2106
000 000 19°v19 €vb9'L¥ 00°§99 +002 6/-unr-g 191206
00°0 000 09°veh 8.6'9¥ 00°02S +00Z 6/-unr-g 091206
00°0 000 Si'se 8Sv'9y L0001 002 6/-ABN-LE 6651206
00°'0 000 vi'lecy 8GE'9¥y +v0'025 G002 6/-Aen-92 cve106
000 000 61°'G8 8E€E8'GY L0001 G002 6/-Aen-£2 1¥2106
000 00’0 LL'EC 8EL'SY (9.2 v002 6L-AenN-22 851206
00°0 00°0 L0°0 0LL'SY ZE'V 1020 6L-Aen-p1 1$006/
000 000 S WX A 4 90.'Sy 90025 (002 6.-AenN-21 0vcl06
000 00°'0 60°GS 981'sy¥ 0506 y002 6.-Aepy-0l LS1206
000 000 AR AT G60°'Gy 0€'G682 (002 6L-AepN-01 6€2106 o
00'0 000 S1'9 oL8'vy SO0t v002 6.-AepN-¢ 961206 2
00°'0 000 01'6¢ 008'ty (819 1002 6L-AeN-S 8€C106
000 00°0 g0'0 gelL'vy 06t 9000 6/.-ABRW-¥ 210-S04S
000 000 000 9e/'vy 251 €002 6/-Aepy-¢ g10-504S
000 000 000 SeL'vy 161 2002 6L-Aep-¢ v10-504S
00°'0 000 L1796 €EEL'vy S0°00L L002 6/-Aen-g LECL06
00°0 000 08°G61 €E9'PY L1228 1020 6/-Aen-2 0v00S/L
000 00°'0 08°'G6 1t 0s2'tv 00°0S€ 1020 6/.-1dv-0¢€ 6€00S/.
00°0 000 98°'G6¢ 006'cy 20°00€ 1020 6.-1dy-72 8E£00S/
00'0 00°'0 00’0 009°'€Ev 06’1 1002 6.-1dy-9¢2 9€2106
000 00’0 $8°G6¢ 665'€y 00°00€ 1020 6/-1dv-S¢g LE€00S.L
000 00 G 0/.°29 662'ey (008 5002 6/-4dy-¢e SG1206
00’0 00°0 $8°'56¢ 612'ey 0000€ 1020 6/.-1dy-ig 9€00S5¢,
seunjie sjuep)ou} seinjie4 (oes) (oes) (oes) (oes) (oes)
owydosiseie) Jolepy aydoujseien isel sed 1sel sed 159} Jod Alejnwno |sey Jjed  ubug eleq 1equiny
e|gedddy  e|qeaiddy +601 g0L-v0 ! €E01-001 ouwidx3 uieinQ l14/158 )
(%) einsodx g |pAe] 1Moy welboiy

Apmig syl Aq pelepisuo)

S|eAB7 Jemod Ylim eousuedx] fedbojouoiyy JNSS




seinje 4
oiydosiseie)
o|qeoiddy

Sjuepiov]
jolepw
e|qesl|ddy

00’
00’
00’
00°
00’
00’
00°
00°
00’
oo’
00’
00°
00’
00’
6o’
00’
00’
00°
00’
0g’
0G’
00°
00
oo’
00’
00’
00’
00’
00°
00
(e
00’
00°
00’

C 00000000000 COTONOOOTCO0O0O0OO0OOOOCOCOOO0

seinjie4 (oes)
oiydosiseien ise) sed
+601

G| obed

00"
00"
00"
00"
00"
00"
00’
00"
00"
00"
00"
00"
00’
00"
00"
00"
00"
00"
00"
00"
00"
00"
00"
00"
00"
00"
00"
00"
00"
00
00"
00’
00"
00"

0000000000000 DRODO0O0DOO000O0O000O0OO

(oes)
1se} Jed
801L-v01

c9'veb
1268
€S°1
€6°0¢€
89°veb
00’9
ll'eged
000
99°'001
12°p9
8162
00°0
14:
€296
000
91'9
€29
96°'GY
000
s9°¢
ve'ov
000
89°96
89°ve
S¢'9
000
€¢'96
00°0
000
000
000
000
clt'9i
6¥°Gl

(0oes)
159) Jed
£€01-001

(%) ®insodx3 |jeae| Jemod

Apnis siyi AQ pasepisuon

L6S8'2S 90°02GS
L10'C2S €2°E6
€86'1S 91°G
8/6'1S [6'6F
826'lS 90°02S
80¢'1S €vOt
86€'1S 8V'/S2
ovi'1s 06|
6€1'LS 96°S€E!l
€00'lIS 00001}
£€06°06 SS'vE
898°0S ¢8'1
998'0§ €99
098'0S S0 00!
09/'0S €61
96/.°'0S 0001
8¥.'0S S00!
8EL'0S +0'9S
28906 1S |
189°'05 8¢9
¥/9'0S S00S
v29'0S (S
€29'0S 10001
226’06 tvo0S
2L¥'08 (001
29+'06 G
19¢'06 S0°001
19€'0S €€
LSE'0S 961
GGE'06  0€E’}
¥S€'0S 000
¥SE'0S 000
¥S€'05 9661
PEE'0S 9€E6I
(0053) (oes)
Ale|nwno )se] ijed
ouidx 3 uleing
weiboiy

sieAe Jemod yiim eoueuedx 3 jeaibojouosyd INSS

v00¢
S010
S0iL0
S010
vooe
So0i0
vo0e
S010
b002
000
L0000
v00¢
¥00¢
L000
L000
L000
£000
v00¢
yuoe
4000
4000
L000
vo0ce
vooc
¥00¢
vo0¢2
{002
L00¢2
(000
£000
L000
L0000
9000
€002

ubuy

64-190-1
6.-190-1

6/.-des-62
6.-des-G62
6,-deg-2¢2
6,/-deg-22
6/-deg-02
6.-degs-61
6/-desg-/ |
6.-deg-/ |
6.-deg-Gy
6.-deg-8

6.-des-9

6L-bnv-22
6.-bny-22
6L-6ny-1g
6/-6ny-g1
6L-Bny-¢y
6.-6ny-11
6.-6ny-11
6L-6ny-¢

6,-6ny-¢

6.-1np-tLe
6.-1NL-92
6L-INL-¥2
6L-1NP-02
6L-1NC-91
6L-1np-21
6L-INr-24
6.-1Nr-01
6L-1NF-6

6L-INC-9

62-INr-2

6L-1N1C-2

eeQ

L1206
0S006/.
64005,
8v005¢
9.1206
LY00SL
S§.1¢06
9+00S/.
v2.1206
962106
S6C106
€L1206
cl1206
$G2C106
£G62106
©52106
165¢106
121206
041206
0S2106
6vct106
8vC106
691206
891206
L91206
991206
Lv21l06
9+C106
SY00S/
y$00S/
€v00SL
cv00SL
010-904S
810-904S

Jequinn
H4nse |

101




9| ebey

000 00’0 g0'9¢v 1 €/2'19 00'00€ /000 0og-uer-Gg¢ €900S/
00'0 00'0 00°0 €/6'09 0S| 6000 o08-uep-¢¢2 $92106
000 00'0 000 LZ6'09 0S¢ 6000 o0g-uer-¢gz €£92106
000 000 ey vet 0/6'09 00°02S +00Z o08g-uer-gi ¥81206
00’0 000 gy vev 0S+¥'09 00025 002 O08-uer-¢| €81206
000 000 ci'9ec 0€6'6S 00°'00€ /000 o0g-uer-yi ¢9006.
000 000 cl'9v. 0E9'6S 00°00€ /000 o08-vep-{| 19006¢
000 000 os'ver 0€E€'6S +v0'02S +00Z O08-uer-6 ¢8i206
000 000 b1°96¢2 018'86 0000E (000 6H.-20Q-62 09006/
000 000 €191l 01G'8S GZ'ELE (000 6/-900-L2 6G00GL
00°'0 000 cL'9tl /61'8S O00°0SE (000 6/-99Q-61 85006/
000 000 S1'9¢€¢€ LYB'LS [LB'ESS 9000 6/2-90Q-L1 O$0-904S
00'0 000 y0°9€¢€ £62'LS S/'80S €002 6/-99Q-/1 8+v0-904S
000 000 g91°9¢¢ v¥8.'9G 0L°€SS 8000 6/.-90Q-/1 V$0-904S
00°0 000 000 0€2'9S 0G'1 000 6.-99(Q-S1 £LS006L
000 00°0 81'98 622'9S G0'00L 8000 6/Z-AON-+Z 92106
000 000 18 621'9S 69'8 9000 6.-AON-¥ 0£0-904¢
00°'0 000 Sv'9 0¢1'9 SGe'0OL €002 6/-AON-V 8€0-904S
000 000 88°S 011’98 2.6 c00¢ 6L-AON-V VE0-90.4S
000 00°'0 00’0 001'9S 0S'1 S010 6/.-AUN-€ 96006/
00’0 00’0 11°91 860°'9S 9S5°v6 SO010 ©6/.-AON-1I S500S! M
00°0 00'0 LA A3Y ¥00°'9S 20°'G99 $002 6/-190-92 181206 -
00°'0 000 99°'¢vet 6€EE€'GS 00025 8000 6/-120-92 19106
00’0 00°'0 11°61 618'¥S 0009 GO0l0 6/-190-9¢2 $S0069¢,
00°0 000 ol°/8¢e 6G/.°'vS 00°00€ SOLO 6/-120-€2 £€500G¢,
000 000 60°9 6S+'¥S 0001 ¥00Z 6.-190-0¢ 081206
000 000 89°'tet 6¥v'tS 000235 8000 6/-120-81 092106
000 000 tc'¢6 626'ES €1°96 S01l0 6L4-1920-91 cS00G¢
000 00'0 £1°'61S €EB'ES 00'EZ8 002 6/-190-21 6.1206
00'0 000 91°96 010'ES 00001 8000 6L.-120-11 662106
000 00'0 cl’'9 016'2S 0001l $00S 6L-190-01 81206
00°0 00’0 000 006°'2S (St BO0OO 6.-190-01 852106
000 00°0 000 8682 051 8000 6.-190-9 LS2106
00'0 000 L6°S6C .68'2S 10°00€ SOI0 6/-190-9 165006/
seinjie4 sjuepiou| seinjle4 (oes) (oes) (oe5s) (oes) {oes)
aydosiseren 10lepy oidoyiseiery 1sel Jed 150} Jod isel Jod Atenwno jse) yjed  ubuj eleQ 1equinN
eiqeanddy  ejqesiddy +601 801L-v0 1 €0L-001 ouidx3 weinQ 14/1s8)
(%) 8insodxs] |eae | 1emoyd weiboiy
Apnig sy Aq pelsepisuo)
s|8Ae 1emod yim eoauspedxn jesibojouoiyn INSS
.




.1 ebed
000 00°0 09°'0¢ty 099'L/ 00°02§ 6000 O08-1BW-8¢ v¥.2106
00°0 000 8L°¢vE ovi'l/. 00°00€ /000 O08-1BW-92 ¢/.006G/.
vco 0S°0 vi'9¢e 0v8'0L ¢vO'Lb¥Z2 v00OS O08-1BN-VZ 061206
00°0 000 te'vey 66S'0L 06'6lS 6000 08-iPK-2Z €L.ct06
000 000 L1°LS€E 6/0°0/ 19°6ES 9000 08-JEW-02 D10-804S
000 00°'0 LL'ybe 6€6'69 8Y' 6ES €002 08-JBW-0Z2 €©10-804S
000 000 11°/5¢ 000'69 8€'6€ES 8000 O08-JBN-0Z VIi0-804S
00'0 00°0 9¢'vSse 19v'89 00°00€ /000 08-/BN-81i 14006/
00°0 000 PEVLY 191'89 €0°G99 6000 08-1eN-Gi ci{clob
000 000 62'8bve S6b'2.9 ¥$0'00E 2000 O0B-IEW-G| 0006/
000! 0001} 96°68 G61'/9 90'SZl y002 08-1EN-CI 681206
000 00°'G¢e L9°E9 0.0'¢9 VvO0'0OLl V002 O08-iepw-/ 881206
00°0 000 92¢'vS¢e 096'99 00'00€ /000 O0B-1eN-7 69006/
000 000 88°'81S 09999 80°€Z8 6000 O08-2BN-S 22106
00°0 00°0 88°G6 l€8'S9 00001 002 O8-1eN-b 181206
00'0 0Q'0 6c'8vc L€L'S9 00°00€ [000 OB-ieN-| 8900S.
00°0 00'0 9E vy LEY'S9 00025 6000 08-GO4-6¢ 0.2106
000 000 62'62€ L16'¥9 28°¥SS 9000 08-Qe4-82 0¢20-.04S
000 000 9¢'6cE 29e'v9 €v'€2S €002 08-994-82 8c0-L04S
000 000 cg'62eE 6£8°'€9 0E'$SS BOOO 08-984-82 vco-.L04S )
00°0 000 ve'vse G82'€9 00°00€ /000 08-9q84-22 L900G¢ 2
00'0 000 000 68629 68°2 6000 08-9e4-Gi 692106
00'0 000 gse'8be ¢86'29 00°00€ (000 08-9e4-Z¢ 99006/
000 000 00°0 28929 06t 000 08-904-}1| §900S¢
000 000 oL vey 08929 00°02S 6000 08-994-8 892106
00’0 000 ¢0'9 091'29 0001} 002 08-994-/ 981206
000 000 cs’ oy 051°49 00025 002 08-Q84-G 581206
000 000 8.°GE 0E9’,9 296¢€ 6000 08-9qe4-¢ 92106
000 000 99°0 166°'9 19'% 9000 08-994-} 010-L04S
00'0 000 0S| 986'i19 . ¢ .00¢ 08-9qe4-| 810-L04S
000 00'0 c6°0 18S°19 o 8000 08-9q64-| v10-£04S
000 000 00°'0 9/G'19 - 6070 o0g-uer-(|g 992106
000 000 96°S¥ 1 v{5'19 0000t _u00 O8-ver-ig ¥9006¢
000 600 000 vic'l9 067 6000 08-UEp-G2 $92¢106
seunjiey sjuepIduy seinjie4 {oes) (ors) (oes) (oe5) (oe8%)
siydonseie) 1olep olydosisejen 1sey Jed 1se) 10d 1se) Jed Alejnwno ise} Jed  ubuj eleQ lequinn
e|qes)iddy  e|qeo)ddy +601 801-v01 €01-001 owdxg ueing li4nse
{*%) einsodx3 jgne’] Jemoy weibouy

Aprmig siyy Aq pesepisuon

$]6AB7 18M0d Ylim esusnuedx] jedibojouoiyd INSS




seinjie 4 slueplou| &gy seiniiey

00°0
000
000
000
000
00°0
00°0
00°0
000
000
00'0
000
000
00’0
00°0
000
00°0
000
00’0
G000
00°0
01°09¢
000
000
000
00°0
01°09¢
000
00°0
00°0
000
000
01°09¢€
Go'0

(o95%)

owydonseien Jofepyy aiydosisele) 1se} sed

e|geoyddy  e|qesyddy

Apmis siyi Aq porepisuo)

+601

000
00'0
00°0
00°0
000
0SS
000
(oes)

1se} 1ed
gotL-v0O1L

c9'ott
cl vS¢
G6'9%¢C
05°/2¢
ve'vet
88'Shi
OE'€EbL
oe'veb
14: AR
vi'ley
ge’1S¢E
vLi1se
ve L1se
€8°68¢
88'¥Ge
ge'gve
c0'8ve
A A4
9/.'Sve
L8°S
0og'vSe
8l°¢ec
88°S
9v'e
6¥°0
$9°1
€t'cee
vL'S
9e'veh
vL'S
ce'vet
8¢'vs¢
ol'¢ee
cl'8¢

(oes)
1sey Jod
€0t-C01

(%) eansodx3 j19ne7) Jemod

666'28
6.v'C8
6/1'28
826’1Ls
829'ls
goi'is
808°'08
805°08
886'6/
889'62
891°6/
vEe9'8L
S80'8¢L
L0S'LL
L02'LL
L06'94
209'9/
L0E'9Z
182'GS¢e
L8¥'SYL
LIY'SL
LLIV'SL
L9S°'vL
LSS'vL
06S'vL
9vs'vyL
ovs've
0E6°'€CL
026'€L
00v'cL
06€'€CL
0.8'2L
0.%'2L
096°'1 4

(oes)
Alejnwng
suidxqy
weiboiy

S|9A87 Jemod yiim esuenedxy [eaibolouoiy) JINSS

00°02S
00°00€
£€0'162
00°00¢t
00°'0cs
g0'00€
00°'00¢€
00°02S
00°'00¢
00°0cs
68'EES
18°8pPS
L& T4
00°00€
00°00¢€
00°00€
00°00€
00°0¢CS
00°'00€
000t

00°'00€
00019
0001l

¢9'9

cl'y

$8°S

00019
coot

00°'02S
00°01

00°'02S
00°00¢
00019
00°00€

(oes)
iset Jed
uleing

¥002
L000
voo0e
000
L00¢
L000
000
900¢
L000
500¢
9000
€00¢
8000
{000
L000
2000
L000
6000
6000
6000
{000
v002
6000
9000
€00¢
8000
¥002
L0090
6000
£000
6000
L000
$00¢2
/000

ubug

08-uUnr-yg
08-unp-gg
0g8-unpe-02
08-unp-g14
08-unr-9|
08-unp-1y
0g8-unpr-¢

0g-unp-g

0g8-unpe-g

og-unr-g

08-AeN-0€
08-Aen-0¢
o8-Aep-0¢
08-Aep-1g
08-AeN-G|
08-AenN-/

08-1dy-0¢
08-1dy-g2
0g8-1dy-+g
08-1dy-1g
0g-1dv-ig
08-i1dy-61
08-1dy-gi
08-1dy-9t
0g-1dy-91
0g-1dy-91
08-1dy-p
08-1dy-p1i
0g-1dy-gt
08-1dy- |
08-1dy-g

08-idy-g

08-1ep-I¢E
08-1en-62

ojeq

961206
98006/
661206
G800S/.
282106
r8006/.
€800G/
182106
¢8006S/
t61c06
0¢0-604S
820-604S
v20-604S
18006/,
08005/
6/006G/
8,006/,
082106
6,106
8.c106
£.00S¢
€61c06
L2106
010-604S
g10-604S
V10-604S
¢61c06
9.00G¢
9/.2106
S/L00G¢L
§/.2106
¥.00SL
161206
£.00S/

1equinp
l4nse |

104




61 ebed
00'0 000 00°0 oig'sg 06\ 9000 08-120-11 €02206
00’0 00'0 XA 608'88 10001 /000 08-190-i11 10106
000 oc'ect ov'El 60.'88 00025 6000 08-120-01 162106
00°'0 000 6/.°G8 681'88 10001 L0000 08-120-6 00106¢
00'0 000 oy oty 680°'88 00°02S 6000 08-120-/ 062106
000 000 p8°'S8 69GS'/8 90°LEL L0000 08-1920-L 6600G¢,
00°0 00°0 8/.°'G8 2ey'/e 21001 1000 08-190-¢ 86006/,
000 000 08’'se 2EE'/8 21°00L LDOO 08-190-2 L600S/.
00°0 00’0 og'se 2e2'l8 2G5°66 2000 o08-deg-o¢ 96005/
000 000 0g'68 cel'l8 25°66 2000 o0g-des-s2 S600SL
000 000 LSt 2€0'.8 00°0S gooz og-deg-g2 202206
00°0 00°0 tg'i8e 286'98 [2'$82 (000 o08-des-02 ¥600S/2
00°0 00°'0 oe'otd 1[69'98 00°02S 6000 o0g-deg-gi 682106
000 0L°6 05'g8led L1198 00°0S2 8002 08-deg-9i t02¢06
00°0 000 cL’S6 126'S8 00001 8002 o0g-des-gi 002206
000 00°0 06°9S¢ 128'S8 09'26€ 6000 0g-des-ii 882106
000 000 08°'68¢ Seb'S8 00°00€ [000 o08-des-6 €600S5¢
00°0 000 000 sel1'sg 061 8002 08-des-g 661206
00'0 00°'0 08091 £EL'S8 v8'v.L L1000 o0O8-deg-g ¢6006GL
00’0 00°0 9/.°66 856'¥8 00001 6000 o0g-deg-g L82106
00°0 000 08'S 858'v8 0001 6000 08-bny-62 982106 3
00’0 000 00’0 gre'vg 9G'} 6000 08-6ny-z2 S82106 ~
00°0 000 8/.°G8 Lv8'v8 0000l (000 o08-Bny-02 16006/,
000 000 9.°Sb i L¥i'¥8 00091 L2000 08-Bny-9) 06005/
X 00°0 00°0 000 /8S5'v8 68°6 0100 08-inr-0¢€ ¥82106
000 00'0 00’0 LLS'v8 06t 0100 08-inr-8¢ €8c106
00°0 000 ¢8'S6 S.S‘'v8 00°0El 2000 08B-i{NF-82 68006/
X 00’0 00'0 £S'v Stv'v8 €S'8 vooz 08-I1Nr-€2 861206
000 00°0 0812 LEY'PB 00°00€ L0000 08-|INrL-Gi 88006/
X X X 000 000 9.°0L LEL'PB 25901 9000 08-iNr-21 J210-014S
00°0 000 00°04 0€0't¥8 26°G01 €002 08-INP-21 g10-014s
00’0 000 669 v26'c8 62'S01L 8000 08-1Nf-21 Y1i0-014S
000 00°0 G.9ve 618'¢8 00°00¢ /000 08-|nFr-¢ L800S¢
00'0 000 09°o¢cv 61S5'€8 0002 +00Z2 08-INF-2 L61206
seinjiey sjuepiou| seinjile4 (o@s) (ooes) (085} (oes) (2es)
oiydousiselen 1olep aydosiselen 1se} Jed 150 J0d 1s9} 1eod Aeinwno isej sed  ubug eieqg lequinN
e|qeoliddy  ejgesyddy +601 80L-v0l €01-001 owdx3y uleinQg l4/ise
(o%) eunsodx3 joae'} Jemod weiboig

Aprig siyi Aq pelepisuo)

s|eAe] 1emod yum esusuedx3 jesibojouoiyd JNSS




o¢ obey
000 000 9/°S62 v21'86
000 000 08'Gve v.8'L6
000 00°0 e 2S¢ v29'L6
000 000 80°2S¢E £€€0°L6
00°0 000 2e'2S¢e 26S'96
00°0 00°0 28°'S 200°'96
00'0 00°0 ¥g8:'c2e 266°'S6
000 00°0 9,701} 269°'G6
00°0 00°0 v.'S er2'G6
00°0 00°0 9v'019 2€2'S6
00°0 00°0 eL’S L9S V6
000 00°0 eL’S LSS'V6
¢o'0 000 cL'81LS ers've
000 000 86°S 61.°€6
00’0 000 9L°'S v0.°'€E6
000 0Q0 000 ¥69°€6
000 000 or' 0ty 069°'€6
000 000 96°S 0L1'E6
000 000 22°0¢EY GSL'E6
000 000 28’'s S€9'26
00°0 000 8€ 0EYd 529°'26
000 000 (WA~ S01°'26
00°0 000 e oey $60'2C6
00°0 000 9e°L1| G/S'\6
000 000 A1t ¥SS'16
000 000 19°91 YES 16
000 000 SL'S £€1G°16
00°0 00°0 9/°G6 08v'1L6
00°0 00°0 00°0 08E‘L6
00°0 00°0 0ov'0l9 8.E'L6
000 00°0 68'81LS €12'06
00°0 000 og'sve 068'68
000 00°0 oy 0€EY 065°68
000 00°'0 08°1LE2 0L0°'68
selnjie sjuepiou) seinjie4 (oes) {oes) (oes) {o®s)
slydosiseie) 1olep siydonsejey 1se} led i1sey Jed 1se} Jed Ale|InWwnNo
ejgedjiddy  ejqesyddy +601 801-v0l €01-00} ouidx3

(%) einsodx3 |9ae Jomod weiboiy

ApmiS siyi AQ pelepisuos

s|eae] Jemod Uiim esuepedxy |eotbojouosyd JNSS

00°00¢
00°'0S52
€€'069
9L by
€0°06S
00’0l
00'00¢
00°0SY
00’0l
00°'699
00’0l
00°'St
00°'ec8
00'S1
00°01
vo'e
€6°61G
00°'Slt
00°02S
00°01%
00°'0c2S
00°0t
00°0¢2S
14 48 24
0S°61
0L°0¢
8v'Ee
00°001
0S|
00°S99
00°€e¢s
00°00¢€
00°0¢2s
00°09¢

(oeSs)
1sey sed
uleIng

{000
800¢
9000
E00C
8000
6000
L000
L000
6000
800¢
6000
L000
800¢C
L000
6000
£000
6000
£000
800¢
L000
6000
L000
800¢
9000
£00¢
8000
L000
800¢
800¢
6000
6000
L000
6000
9000

08-%eQ-9
08-20Q-S
0g8-oeQ-¢
08-0eQ-v
08-ceq-d
08-28Q-¢
08-28Q-1
08-AON-SC
08-AON-¥C
08-AON-1l¢C
08-AON-61
08-AON-81
08-AON-GI
08-AON-G1I
08-AON-€1
08-AON-€1
08-AON-L1I
08-AON-11
08-AON-O1
08-AON-8
08-AON-9
08-AON-9
08-AON-¥
08-AON-€
08-AON-t
08-AON-E
08-AON-€
08-120-6¢
08-120-82
08-1920-¥¢
08-120-¢¢
08-190-0¢2
08-120-6G1
08-120-¢€1

eleq

cl106/,
l1cco6
2¢0-114S
g20-114S
veo-i14s
00€ 106
L1106,
0L10S/
662106
012206
862106
60106GL
602206
8010S¢,
Ll6C106
L010S.
962106
9010SL
802206
S010SL
S62106
$010G/,
L02206
010-1i4S
g10-114S
vVio-t1d4s
€0106Z
902206
$02206
v62106
€62106
c010S¢L
¢6c106
$02c06

jequiny
Hdnse |

106




seinjiey
ojydossejen
o|qedyddy

sjueplouj
lolep
ejqeo)ddy

00°0
00°0
000
000
000
000
00°0
000
00°0
00°0
000
00°'0
00°0
000
00°'0
00°0
000
00°0
00°0
00°0
000
000
00°0
00°0
000
000
0070
000
000
00°0
00°0
00°0
00°0
00°0

seinjyie4 (oes}

gydoisejer ise ied

+601L

ApniS siy) Ag petepisuo))

(ol ~N=N=NeNo o NoNe NN N-]
"0 Q0000000000000 O0O0
QOO0 O0O0COoOO00O0OOO0O0O00O0O

Q O O
QOO
(=]

00°0
000
00°0
000
000
000
00°0
00°0
00°0
000
000
00°0
000
00°'0
00°0

12 ebed

08¢zt

(oeS8)

801 -

158} Jed

vol

cl’S
00°0
cl'eec
00°0
v L1
el Ly
9¢'Slt
se'8ly
89°S
¥6°S6
89°0€C
00°0
LL'S
$8°0
64°S
SL°S
¢l'S6¢
vL'S
VLS
9/.°veEe
06°€29
t1'veo
000
12062
02’0tV
9.°66¢
02 0eEv
ov'oey
64°G662
cr oty
08°'G66¢
08°'G6¢C
8.°81S
c8'el

{oes)
1se} Jed
€01-001

(%) einsodx3 jens Jemoy

885°901
02S'90t
L15'901
L12'901
sig‘9ol
161'901
L91'901
Sv1'901
SZ29'S01
509'S01L
S0S°'S01
0.2'S01
692'S0l
¥61°G01
681'G01L
3o1‘'sol
620'G0\
62.°v0lL
Lv9'v01
¥65 v01
SSE'VOL
L2l°'e0l
860°E0 1
L60°€01
161201
LL2'2ol
L1610}
LSV 101
LEG'001I
L€9°001
L11'001
L18°66
L1566
¥69°'86

(oe5)
Ale|jnwnNd
auidx3
weiboiyd

S|8A8] Jemoyg Yim esusiiedx 3 jesibojouoyn INSS
s

9c°L9
06°¢c
00°00¢
0S'1
{6°ce
£8°€d
98°1¢
00°0¢2S
0002
00°00t¢
00°'Sec
LS°1
¢0°'SL
S2'S
6208
LS'6L
00°'00¢
oL'ls
oL'ES
v6°'8€C
9¥'829
8€'8¢29
0S’1
00°'00€
00°0¢2S
00°00¢€
00°02S
00°02S
00°'00€
00°'0¢CS
00°00¢€
00°00¢
00°¢ccH
00°02¢

(oes)
1501 10d
ujeIng

9000
9000
0iLti0
oLto
500¢
900¢
L00¢
600¢
£000
6002
4000
600¢
6000
1000
6000
6000
L000
6000
6000
9000
£00¢
8000
6000
L000
800¢
L000
800¢
8002
L000
8002
1000
L0GCO
6000
800¢

ubu3g

18-984-8¢2
ig-d64-5¢
18-984-5¢
Lg-q94-€c
1g-ae4-0¢
18-984-0¢
18-394-0¢2
18-ae4-6

18-994-6

1g-qe4-€

18-984-¢

ig-uer-{g
ig-uer-g¢
lg-uer-ge
lg-uer-ge
lg-uer-ge
i8-uer-ge
1g-uer-1g
tg-uer-61
ig-uep-/4
Lg-uepr-/1
tg-uep-/4
ig-uer-gi
lg-uer-¢g

ig-ver-g

ig-uer-¢g

08-28Q-0¢
08-2eQ-€¢
08-26Q-0¢
08-20Q-81
08-%5eQ-8l
08-20Q-91
08-99Q-G1
08-28Q-01

sleqQ

60€106
80€E106
€close
cciosy
0-100444
g-100444
V-10044d
612c06
t2c106¢
812¢06
0ci065¢L
ARAAT
L0€106
611067
90€106
SO0t 06
8Lt0SL
Y0cL06
€0€1L06
J10-¢1 48
gi0-¢ctds
vi0-2id4S
c0€E 106
L110SL
912206
91105,
G12c06
¥12206
S1106/
€12¢06
P1106L
€110G¢,
L0EL06
¢12206

Jjequnp
H4nse |

107




seinpe sjuepiou) seinjiey
aydosiseien 1olepy
eiqeo|ddy  e|qediddy

Apnis siyi Aq pesepisuo)

02°6€2
06681
000
000
00'0
000
000
000
02°061
000
000
000
000
000
000
000
00°'0
000
000
000
000
ov 09€
00°0
00°'0
or'09¢
000
02’612
000
00°0€
000
000
000
00°0
00°0

(oe5s)

olydosnseie) isey ied

+601

2c obey

001
0L’S
00'0
000
000
000
00°0
000
00’1t
00°0
00°0
00°0
v8°LS
00'0
00’0
00'0
000
00°0
00°0
00'0
00°0
001
00'0
00’0
001
00°0
00°t
00°i9¢
oL 0tl
00°19¢€
000
00°'0
000
000
(oes)

1s8) Jod
g0L-v01

$6°S
90714
6€°'G6
c8'ss
8bv°'G6
00°'0
98°S
000
1N A
00'0
y8°S
000
§9°SS
L VARAN 4
09'¢ced
Sy'cey
89°S
9G6°'G
88'S
89°'s
cl’S
9¢2'9¢€¢
LY EY
88°S
¢c'9€¢
08°'S
8v'GL
9€°9¢€¢
$G°GG1
6€°9€¢
bLL8
08'S
€8°G
8l'8s
(oes)

159} Jed
€01-001

(%) esnsodx3 (gre Jemod

ovi‘ett
o/8°'2tt
ol5'2tl
olv'eit
ole'glt
0L2'2Ll
ggg'ett
T A AN
LT ArANY
0S6'111L
gv6‘tit
1€6°11L1
626°'111L
tig'i it
26211t
glLL'0L)
€520t
BE2'0LL
g22'oll
gst'ott
avi‘olt
1E1'011
125'601
€L¥'601
60F'601
66.'801
6€.'801
6EV'801L
628201
626°L01t
616°90}
6198°'901
§6/.'901
889'901

(oe53)
Alejnwno
ouidx 3
weiboid

s|eaeq 18mog yim edsuenedxl jeoibojouciy) gwss

00°'0¢lc
00°'00¢
00001
00’00l
00°001
06}
00°'S1i
(0):
00°'00¢€
WA
00°St
0s°1
b8l
89°61S
95°61S
ev'61S
00°St
00°'G1
¥8°99
0001t
00'St
00019
€9°LY
99°'€9
00019
11°09
00°'00¢€
0o0'ot9
00°00€
00°0t9
00°001
oev9
9€'¢L9
9666

{oe5)
1se} Jed
uvjeing

voco
olLtio
toco
9000
voeo
9000
9000
¥0co
otLLo
¥0co
9000
v020
oLio
500¢
900¢
L00¢
otto0
o110
9000
oLt0
oLt0
8000
9000
9000
8000
9000
otio
8000
oLto
8000
8000
9000
8000
oLi0

lg-2dy-42
tg-1dy-z2
1g-1dvy-vg
ig-1dy-¢g
18-1dy-1g
Ig-1dy-1¢
lg-idy-02
1g-idy-24
Lg-4dy-£ 1
1g-1dy-g{
18-1dy-¢1
18-1dy-¢l
1g-1dv-¢i
1g-1dy-21
18-idy-21
18-1dy-21
18-1eN- (€
18-1e-8¢2
18-lep-9¢2
18-lepw-92
1g-1epN-v2
18-1eN-€2
18-1eW§-02
1g-1eN-8 |
18-1eN-/ 1
18-1epN-b |
18-1BEN-¥ 1
ig-1en-21
Lg-1en- (¢
tg-1e-01
18-1eN-9

18-1ey-§

19-JeN-¢

lg-iepn-2

eleQ

0gceoes
€€106¢
622206
61€106
822206
81€£106
LIELDB
FAXAAY ]
2eL0G6/
922206
91€106
G2eco6
1€10G6.
0-100S1S
8-100S1S
V-100SLS
0€L0SL
6210GL
S1E€106
8210G.
{2108,
¥ccco6
PLeLo6
ELELO6
€22206
clel06
92108,
cccc06
S2iosL
Lg2co6
022206
LIELO6
0lE106
reiose

19QWNN
lid/1se}

108




senjie 4 sjuepiou| seinjie4

000
00°G\
00°'8
09'Gle
oL'192
017192
0c'v
ov'LLE
00°'0
oL192
02'S
oz'6vvy
0C'6vYy
06°S8¢€
00°0
00°'S1
0C'6vv
0Z'6vy
00°0¢
0i'19¢
00°L2!t
0002
00°L2t
00°19¢
08'¢cce
00°0
000
oi’19¢
000
09°'¢c8¢e
06°09¢
08°'cov
0i°t9¢c
0c'661

(oes)

oydosnseien jolepyy aiydouiseie) |sei 1ed

s|geaddy  ejqeoiddy

Apnig siyi Aq peilepisuo)

+601

gz ebed

000
06°'S/.
05°91
002
0G°|
0S°1
0S°0
G2'0i
000
0S°|
00t
001
00°1L
00°'¢
00°0
[¢]VI
00°|
00°'!t
05°'09
oSt
oo'ecty
00°S8
oo'ey
0S5t
0/L°62
000
000
oSt
00'0
0.L°6
0s'1
0.°6
051
oo’l
(0as)

1se} 1ed
8OL-vO0t

9/.°S1
LL'SL
86°ES
689
6v'S
2S’S
96°'S
0s'tl
cL'S
0SS
02’9
9v°'G9
AT
€0°'9
9G°66¢
9.°01
ve's9
Sy'G9
¥6°591¢
009
L6°SY
28°091
28°'sé
90°'9
TA A
00°0
29°'66¢2
08°'S
000
ge'ct
0c'9
60°¢t
c6'S
96°Gb
(oes)

ise} 1od
€01-001¢

(%) einsodx3 jere Jemoy

159'¢e21
Lo2‘eel
LE0'ee!
lge6'2ge!l
l€9°221
lLeg‘eet
L€0°‘221
220°'22!
2zs'1ey
2Is'12t
AT AT AL
181121
L99'021
Lvi'oct
2.9'611
2LE'SLL
cze'ell
2o8’'gili
zez'slt
2zo'glt
eTLl'Liy
g2ca'Ltt
ce6'91tt
cev'ati
gei'atl
2e9'stt
0€9'G611
oce'sit
0€0'st1
620'S1t
62S°'v11
622'vil
602'€l1
60v'ctLl

(oes)
Ale|nWno
ouidx3
wesboid

s(eAe Jemod Yiim esueuedx ] jesibojouoiy) JNSS

00°'0S¢
00°0L!}
00°001
00°00¢
00°00€¢
00°00¢€
00°G\i
00°00S
0001}
00°'00€
00°G¢
00°0¢2S
00°02S
00°'S.¥
00°00€¢
00°0S
00°'0es
00°02S
00°'092
00°'00¢€
00°00S
00°06¢
00°00S
co'o0¢€
00'00S
€E 1
00°'00€
00°00¢
8b'l
007005
00°'00¢
00°0¢cs
00'00¢
08'89¢

(oes)
i1se} Jod
uleing

¥0co0
80tic
¥0c0
¥020
olto
otlio
v0co
801¢
¥0co
otio
¥020
g8o0tLe
gotie
¥020
80ti¢
$0c0
801¢
80tic
80ic
gLto
voco
80lil¢e
¥0co
gLti0
roco
oLto0
8oic
oLlo0
8012
v0co
0110
voco
otio
¥020

. X .

1g-Ine-v i
18-Inr-01
18-inp-g

1g-inp-2

18-unp-0¢
tg-unp-/2
tg-unp-pg
tg-unp-gg
tg-unr-geg
tg-une-0e
tg-unp-6
tg-unp-gy
tg-unpe-¢ |
tg-une-¢

tg-unr-g

{g-unr-g

tg-AepN-0¢
tg-Aen-82
1g-AepN-92
Lg-Aep-9¢
1g-Aepn-¢eg
18-AenN-€2
18-AeN-61
L8-AeN-61
18-Aep-vi
18-Aep-p1
18-Aepy-€1
18-Aepy-21
18-AenN-11
18-Aeyy-6

18-Aey-6

19-Aep-4

18-Aenw-2

18-Aepy-§

eleQ

v¥2206
0€EEi06
E¥CC06
cvccob
cri0SL
i#105L
i¥cco6
6CEL06
0y2206
ovi06L
6€cc06
8c€106
LeEL06
8€CC06
9¢El06
lggere
SceEl06
b2ELO6
€cEl 06
6E10S,
9€2co06
ceelos
§€2206
810G,
Y€ce06
LELIDSY
L2e106
9€10GL
0ceElos6
EECC06
SEL0GY.
AN AAL
PELO0S,
l€2eo6

lequiny
H4nsej

109




X
X
seinjie4 stuepiou] seinjie4
owydoyjisele) 1olepy
ejqeoiiddy  e|qeoyddy

Apnis sy Aq peiepisuo)

02606
00°0
0264
02'6¥2
02'6
02'6Lb
00’0
00’0
000
02'6.¥
00°0
026/}
02'6€
0L v6€
026
00°0
00°0
LL'6EDY
02619
02'L
02'6.1
02'L
0z'v
00'0
00°0
000
00°0
02'L
oc'v
00°0
02'L
000
02'L
02’8

(o85)

oydosisejen ise Jed

+601

e ebey

001 £€1°00¢
00°0 0.°06
001 G6°G
go0'i 96°'S
00t 8E°'SE
00} y0°9
000 10°9¢EY
000 €0°'9¢t}d
000 8/.°GEY
00’1} €29
000 00°0
00°1 €2'9
00} 0g' 9%
0G0 86°S
go't G€'9.l¢
00°0 66 01
000 000
0G0 €19
001 9’9
0s't 060
001 ci’9
09°'8 0Z'8
00’1 ¢e'9
00°0 S1L°'0S
00°0 c9°'S
00°0 ch'ES
000 99°G
09'8 tv'vi
001t 0Cc'9
000 6G°S
09'8 9b i
000 00°0
09'8 16'8
00°t cG'80¢2
{oes) (oes)
159} 10d 1se} sed
g80t-vot €01-001!

(%) emsodx3 (gae 1emod

0€8'0€E!
080°'0C!L
¥86'621
rey'6ct
vic'6ct
$SL'621
¥s9'8el
veiL‘set
v19's21
¥60'221
¥65'921
265’921
26€'92!
262'921
.88'G2l
/85°'6¢2!
(WA TA
0/5°'S2!t
6L1°'G2t
619'b21
€09°'v21
cov'bet
voe'vel
6EE'YCI
sge'vel
s.2'v2)
Zig'vel
geL'vel
sgo‘vet
090°'¢v2Z1
8/6'€ECl
0€6'eCt
6¢6°'cel
068'tZt

(005%)
AlB|INWN?
owidx3
weiboiy

sjere Jemod Yim eouenedx3 eoibojouciu) Jnss

00'0G.
0p'S6
00°00S
Q0°0¢¢
00°09
00°00S
9£°02S
vec'02s
€1°026S
00°00S
06}
00°00¢
00001t
05°'S0¢
00°00€
02°Sli
0s°i
LS°0SY
00°00S
0091t
00°'00¢
00°6€
00°'S¢e
Sy’ ¢S
00°01
€L°LS
8l'b8
Lo'8v
00°'Gc
€8't8
00°'8¢
0S|
00°'6¢€
vreee

(oes)
ise) Jed
uleJing

L010
L1010
4010
{010
40110
{010
S500¢
900¢
[002
2010
40110
L0110
L0110
L1010
010
010
L0110
$0co
$0c0
otio
$0cO
0L1i0
¥020
8000
0110
8000
8000
()
roco
8000
otio
8000
o110
801¢

ubug

18-96Q-2

18-AON-0E
18-AON-61
18-AON-81
18-AON-/ 1
I8-AON-¥ 1
18-AON-Z 4
18-AON-Z1
18-AON-21
18-AON-89

18-AON-/

18-AON-G

18-120-0¢
18-190-61
18-1920-¢1
18-120-6

18-100-L

1g-deg-i2
tg-deg-vi
1g-deg-2

1g8-6nv-i¢
18-6ny-¢2
18-6ny-22
18-6nvy-61
1g-6ny-g1
18-bny-21
18-6ny-p1
19-6ny-p1
18-Bny-21
18-Bny-1 1
1g-6nv-01
ig-6ny-g

1g-6ny-9

18-inr-Si

eieqg

8v¥c106
LYELOG
9bE106
SreLo6
0Si106Z
YvreL06
0-¢00S1S
8-2¢00S1S
V-200S1S
£EPELOB
6¥10G6.
2veLo6
LPELOGB
OvELOG
6EE106
geE LI 06
LEELO6
6+cc06
8¥cco6
8vi0G/.
{¥2C06
L¥106L
9+2206
9EEL06
9v10SL
SEELO06
yEEL06
Srios.
Svc206
€EEELO6
tri0sL
cEEi06
EvL0SL
LEEL06

jequinp
y1dnsey

110




Ge obed

00°'0 000 y.'S S59'0¥1 00014 0L0Z ¢8-Q94-6 $9¢2¢c06
0C'69¢ 050 86°G¢ S¥9'0v1 00°00S /010 28-994-8 8SE£106
80°v8¢E 0L'6 vi'et SvL'0vl 00005 0102 28-994-9 €92206
0c'6 090!l 96 02 Sr9'6€l 00°G9 40110 28-994-p 651062
00°'0 y1°'¢cBe 99°'¢ct 08G'6€l 00005 0102 ¢28-994-2 ¢92206
02°'69¢ 050 v0°9¢2 080'6€1 00°00S /010 ¢Z8-9q@4-1 LSELO06
02°'08¢ 0.6 : FARAN 08G°8€El 00006 0102 28-uer-62 192206
ot'otvc 00 91°'Gs 0B0‘BEL 00°0SZ 0102 28-uer-;¢2 092206
9¢'9 050 v6°'se o€g‘/€l 91°/¢€ /[0l0 ¢g-uepr-G¢ 9GS€106
0Cc'6vYy 0S°0 c0'9¢ £€6/.°'L€1 00005 /010 ¢gg-uepr-0g GSELO06
010G 050 80°S £€62'L€1l 00°09 010c <Zg-uer-gy $G2c06
0c'6ic 080 ro'9d €eg'/el 00022 /010 2g-uep-g) pPSEL06
000 000 ¢9’'S €96'9€l 0001 0oilog ¢g-uer-9i 8522C06
02'6 00°t 95°021 €56'9€1 00°002 4OL10 Z8-ver-Gi 85105/
6L PLY 050 gL's €G.°9€l 60°vey [O1O0 Z28-uer-¢1 €SE106
0c'6 08°01 oo'vv 62€'9€l 00002 40110 gZg-uer-g| lG510G.
0¢'6 09014 96°'0¢ 621°'9€1 00°59 40110 ¢Zg-uep-1} 95106¢
01°G68S 0SS0 v0°S #90°'9¢€1 00°S6S 0102 ¢Z8-uer-; LG2c06
01°08€ 0L°6 et 69¥°'SEL 00°00S 0102 ¢gg-uer-g 962206 —
oL'0ots 00’1 c9'661 696°'¢EL 000G, 0102 ¢Zg-uep-g $6cc06 =
02'6 09°01 00°'\e 612'vEl 00°G9 40110 Zg-uep-g SG106¢
02°'08¢ 0L°6 8611 ¥S1'v€l 00°00S [OLO 18-20Q-0C ¢SE1L06
0¢'6 09°01l S0°1¢ $S9'€El 00°S9 40110 t8-%eQg-62 vSi0SL
02°'68¢€ 00t 22’96 68G'€E€l 00°00S /[O0l0 18-%28(Q-82 1SE106
oL'ove 0S°0 02°'S 680'€EEl 00052 0102 i8-%98(Q-i2 ¥52206
01°'08¢ 0.6 17} A4 6€8°CE€l 00°00S 0102 18-98Q-8i €52206
00°'0 00°0 ¢S v9c 6€€'2EL 00°00€E [OLO i8-26g-91 0S€1i06
oi'o8g 0.6 14 A" 6£0'2El 00°00S 0102 18-98Q-b} tATAA] ]
02'6 00'} ge’'S1 6€ES'LEL 00°09 40110 18-98Q-%1 €5106¢,
00’0 00’0 88°'G6 6.¥'LEL 00001 oiL02 18-26Qg-11 152206
0col 007} ov'te 6/€'lEL 05°08 40110 (8-96Q-01 cSi06Y
00°0 00°0 000 862'1El 05! 0102 18-28Q-6 052c06
8L°CSY 0S°'0 Sb'S /62°IEl B8S'E9Y LOLO 18-90Q-¢ 6vE106
0070 00°0 00'0 £€8'0CL 19°€E 40110 18-28Q-¢ 15106

seinjjeq sjuepiou| seinjje4 (oes8) (ous) (nes) {oes) {oes)

olydosisejen 10lepy olydonseje) ise} Jod 19} led 1s9) 1ed Alejnwno 1se) Jed ubug eeq 1equinN

e|qed)ddy  ejqesyddy +601 8C1-¥04 €01-001 owdx3z uleing H4nse|

(%) einsod!x] |eae| 1emod weiboid

Apnis siu Aq peiepisuon

S|ene Jemod Uim esusuedx3 |esibojouosyd IWSS




oL 0OV
01°SLS
oc'ost
000
00’0
0¢'09¢
01°0tS
01706
0€°08¢
0€'08¢
cl'oee
00°'0
02°09¢
0c'ove
9€°cS¢E
ri'got
ot'ove
oL'ove
0c'08¢
00°0
80°v8¢C
000
000
000
0c'08€
00’0
0c'08€
026
00°'0
o1°08¢
000
0o1'08¢
00°0
X X X 00’0
seinjie sjuepiou| sesnpey  (oes)

aydonseren 1olep oiydosnseien i1sel Jod
ejqesiiddy  e|qesyddy +601

gz ebed

001
00°1
0L'6
000
00'0
0S|
001\
0G0
0L°6
0.°6
0s'1
00°0
0S|
0§°1}
0S° 1
gso
0S'0
0§80
0L°6
000
0L’6
00°'0
00°0
00°0
oL’6
00°0
0L'6
001
00°0
0L°6
00°0
0L°6
00°0
000
(oes)

150} Jod
801-v01

6v°'S
$S°S
vyt
€8°G6
00'0
89°G
89°661
81°'S

A A
ch'ct
098°'S
88°G6¢
89°S
1€°S
10°9
vL's
el’s
66t
8S5'cl
000
96°t1
vLSEY
69°GEY
99°'GEY
85°¢i
cl'62!
LA !
88°¢€8
9.°66
ov'ct
00°0
gE'ct
98°66
00°0

(oe5)
1s0) Jed
€01-001

(%) einsodx3 |ene] Jemod

Apnig syl Aq peiepisuo)

€81°tG1
€216t
82S°0G ¢
820°0G1
8266V
9266V 1
929'6v 1
9/.8'8bl
gig'gyl
gle'gb!
918'Lb1L
avs'Lbl
9b2 Lyl
ov6'9¥!|
999'9¢v1
vL2'9v1
SS1L'9v1
S06'Gri
5G9'SH!
SGL'Syl
£GL°'GPl
€59ttt
cei'tvt
c19'ert
¥60'EY
4 AR
o9vzvl
096°I¥1
098’11
09L't¥1
092’1
8sc vl
8G.'0¥1
859'0%1

(oe5)
AlBINWIND
ouJdx3
weisboid

s|eAeT Jemod Yum eousuedx g [eaibojouosyy JNSS

00'09
00°G6G
00°'00S
00°001¢
0G'1}
00°'00€
10°0GSZ
00°'09
00°'00S
00°00S
2¢6'69¢
00'00€
00°00€
00082
91°26¢
¥6°811
00°'0S¢
00°0S¢2
00°'00S
00'¢
00°00S
L6'61S
08'61S
L9°61S
00°00S
08'tEl
00°00S
00°00!
00°'00}
00°00S
oSt
00°00S
00°'001
91’

(oes)
1se} J1ed
ujeing

vioe
0ioe
vioc
vioc
vioe
L0110
ol0¢
oloc
oloc
glLoe
L010
o102
L0110
L010
€102
010
€logc
0i10¢
€102
L0110
0l0¢
s00¢
9002
£00¢
€10¢
{010
oto¢e
L010
€l0¢
olLoc
€10¢
0L0¢c
0L0¢
40110

ubug

Z2g-unp-¢

28-AepN-62
28-AeN-G¢2
28-Aen-61
28-AepN-G1
Z2g8-Aen-sy
Z28-AenN-€1L
28-AeN-1 1
2g-AepN-g

28-AeWn-g

28-AeN-2

Z2g-1dy-o0¢
Zg-1dy-62
Z¢g-1dv-1g
2g-1dy-y

28-1dy-}

28-1eN-0¢
Z28-1enN-62
Z8-1eN-92
29-JeN-G2Z
28-1epN-€2
28-1en-22
Z2g-lew-22
28-1eN-22
Z28-1eN-2¢
Z28-'eN-g2
Z8-1eN-Gi
Z28-1eN-G1
Z28-1ew-0l
28-1eN-8

28-1enN-/

28-994-22
28-Q94-61
28-994-21

eleQ

B9€106
9/.¢c06
L9€106
99€106
59¢€106
89106¢
S/.2c06
¥.2c06
€.¢c06
¢l2c06
L910SL
1242206
99106/,
S9106¢,
POELOG
$910SL
£9€106
0/.2206
c9E 106
£€9106,
692206
0-€00S1S
g8-e00S1S
V-€0NS1S
L9€1 06
c9106¢,
892206
18:.0S¢
09€106
192206
6SE106
992206
592206
09106G¢,

jequnpN
H4nsej

112




seinjre 4 sjuep|ou| seJnpe 4

01°01§
01°0/2
80°$8€E
01'0€2
02'08¢
00°0
01-0€2
02°08€
00°0
ol og
00°'0
00°0
01°0€2
000
000
00’0
02'08¢
oL'0g
000
00°0
0Z'08¢
000
00°0
00°0
00°0
00°0
01°0€
00°0
00°0
01°0€2
0L'0€2
01018
01°s22
02708¢

(oes)

oiydosiseien 1ofepny oiydosisere) i1se) Jed

eiqeoyiddy  ejqeo)ddy

Apmg sy Aq pesepisuon

+601

12 ebed

001t vb 661
00’1 ¢S'S\
0.°6 Si°2i
00} oL’'Ss
0L°6 ovct
000 8/.°'S¢E
00°1 8E'S
0/L°6 evcit
000 00'0
001 8y'S
00°0 000
09°'06¢ cl’'S
001 c9'ti
000 68°S62
000 SL'S
0b0 000
0/°6 LT AR
00°1 0G'S
900 €8°S¢
000 00°0
0.°6 9v'ct
00°'0 00°0
000 000
000 vo'evy
000 gL EVY
00'0 90'ehy
00°1 0S6°S
000 68°S¢E
000 000
00t 0S'S
00°1 ¢S’S
001 0.°661
001 ¥6°'S
0/.°6 144t
(oes) (oes)
1se)] Jed 1sel Jod

801-v01 €01-001

{°%) einsodx3 (eAe 1emod

¥91°'091 00°0GZ
vI¥'6GL 68°662
v11'6G1 00°00S
¥19'851 00°'0Ge
¥9€'851 00°00S
¥98'2S1 00°0S
¥18'LS1 00°0G2
¥9G°'2G1 00°'006S
¥90'2S1 6L
€90'2G1 00°0S
£10'2S1 06|
110°LSL 00°006G
116'961 00°06G2
192°'9S1 00°00€
196°'GSt 00°04
LG6°'SSL 21°6
9+6'651 00°006
ary'SSlL 00°0S
96€'GSl 0006
9¥E'SSL 0G|
SPE€'SS1 00°00S
S¥8'¥S1 0G'|
€E¥8'PSL 06
Zr8'vSl LE61LS
22E'vSL €161S
€08'ESt €O'61S
¥82'€S1 00°0S
vee'est 00°0S
#81L°ESL 0G|
€81'ES1L 00062
€€6°'2S1 00°0Ge
€89'2S1 00°0S/
€€6'1S1 00°0G2
€89'1S1 00°00S
(0o®s) (oes)
Ae|nwno jsej Jed
souidx3y  wueing
wesboiy

sjeAe 1emod Yim esuenedx 3y |esibojouaiy) JNSS

0102
80c¢
vio0¢e
otoe
vi0¢c
80c¢
oloe
¥i0¢
80ce
viog
v10c
oL0¢e
0i10¢e
vio2
oi0¢e
vi0e
gioe
0i10¢e
ttoe
oloe
vi0c
0l0¢e
otoc
S00¢2
900¢
L00¢
oLVo0¢
vi02
010¢e
vlL02C
vige
vioc
0i0¢e
vi0e

Z2g-bny-p
28-bny-p
28-bny-2
28-Bny-1
28-Inp-0¢
28-Inp-62
Z2g-inp-Le
Z2s8-inp-£2
gs-inp-22
Z28-Inr-6g
z2g8-Inr-g2
Zg-Inp-12
28- r-61
28-Inp-v 1
z2g-inr-¢ei
Z2s-tnr-ot
28-Inr-6
28-Inr-¢
zg-inr-¢g
2g-inp-y
Z2g8-unr-gg
Z28-unp-gg
2g-unp-gg
2g-unp-/2
Z28-unp-£2
z2g-unp-z2
28-unpr-og
29-unp-02
Z2g-unp-gt
zg-unp-/y
Z2g-unp-gy
2g-unp-;
Zgs-unp-g
Z2g-unp-g

eleqg

06c206
1210G¢Z
¢8E106
682206
I8EL06
0£10S2
882206
08€106
69106/
6LE106
8LE106
182206
982206
LLELOG
§8cc06
9.E106
v8cca6
€82206
S{EL06
¢82c06
vL€E106
182206
0822¢06
0-¥00S1S
8-¥00S1S
V-v00StS
6.2¢06
€LEL06
8.2206
ClLELODG
1L€106
0/E106
112206
69€106

Jequinp
Hd4/1se}

113




seinjiey siuepiou] sein|e
oiydoisere) sofew
ejqediddy  e|qedddy

Apnis siy1 Ag pesepisuo)

000
000
000
09°'69
09°6
02°08¢
00°0
09°6
00°0
00°0
000
000
01°'08¢
00°0
09'6
09°6
0s'€l
000
00°0
000
000
000
00°0
00'0
000
0L°'0ve
81901
01042
01°686
9g8°'L€
00°0
21 9el
0.6
0102

(o@s)

aiydosseien i1set sed

+601

gz ebed

000
000
00°0
09°0/1
0909
0L°6
000
09°09
000
000
00°0
000
0L°6
0c'08¢
090!l
09°0!
0s'0
0L°6
0476
00°0
00°0
00°0
00°0
0L°6
000
0S'0
0S°0
00}
0s°0
0S°0
00’0
0SS0
0S'0lL
00

(0e5)
isel Jed
801L-¢01

90°6EY
90°6€EY
AV 1 A4
92'9¢b
82'9¢!
¢ccl
00’0
92'9¢lt
0c'0
000
9L°9¢%
00’0
1S°21
06'¢ct
ve ari
8y'ovi
0E'S
ct'96
cv'96
00'0
¢6°0
00°0
00°0
6¥°96
00’0
tAAR]
9¢'S
¥S’'S
92'S
9t°'s
$8°G6¢
96 ¢
¥9°19
Ly'Sit

{oes)
1s8} 1sd
€01-001

(%) einsodx3 jeAe] 1emod

050°291
2€6'991
slo'99}
86v°'G91
961°'G691
886°'t91
88V '¥91
L8Y'v9l
212'v91
2L2'v9t
0L2'v9t
612'v91
gig'yol
812'€91
gl2'e9l
€E0'€E91
838'291
reg'29l
v1L'291
v65'291
£65'291
.86'291
985°'291
r8s'291
yob'2ol
€9¥'291
€12'29t
160'291L
162°191
202191
091’191
098091t
y12'091
v9¥'091

(005)
AlBINWND
ouidx3
weiboiy

s|9Ae7 Jemod yum esuenedx 3 jeaibojouoiyn JWSS

6C°L1S
e L1S
pO°LLS
00°'00¢
ooolie
00°00S
es’t
go'oic
09’y
0S°1
00°LS
0s'1
00°00S
00°00S
00°'G8t
90°'G/L}
0S'€Ec
co'oct
oo'oct
0s'1
ov'S
0S|
PSSt
00°0¢c1
0S'}
00°0S¢2
8091t
0000t
00°S6S
VAN 4
00°00¢€
co9vi
00°0S¢
00°00¢

{oes)
150} 16d
uieinQg

S00¢
9002
L00¢
g80Ec
80€c
cloe
goec
cloe
9102
9102
¢ioe
2gloe
Sioc
Lio¢e
Stoc
1102
S10¢
Sioc
tio¢
siog
110¢
tioc
ttoe
c¢loc
cloc
vi0¢
80¢c
g0¢e
yio0e
g8o0ce
vioc
oio0¢
010¢
go0ee

28-AON-11
28-AON-1
Z8-AON-L
28-AON-/
28-AON-¢
28-190-0¢
28-190-62
28-120-9¢
28-190-6¢2
28-190-€2
28-120-1¢
28-1920-81
28-190-8
28-120-¢
28-190-9
28-190-¥
Zg-desg-o¢
2g-desg-sg
Z2g-deg-52
2g-deg-ge
2g-desg-12
2g-deg-61
2g-deg-¢t
Zg-deg-01
28-deg-¢
29-6ny-s2
2g-bny-s2
28-bny-s2
28-bny-p2
28-bny-gi
28-bny-g|
28-bny-6
28-6ny-4
28-bny-¢

eleQ

0-500S1S
8-G00S1S
V-S00S1S
8.10GL
LLV0GL
S6€106
92106,
¥6€£106
10€206
00€EZ06
€6€106
c6€106
662206
'6E106
86cc06
0GELOG
L62206
962206
68€106
$62206
88E106
LBELOG
9BE1 06
¥62706
€62206
SBELO06
S§L106¢
vL10GL
¥8€106
£L106,
€8EL06
262206
L6206
2.105¢

JequinN
Nn4/se]

114




seinjied
alydosiseren
e|qedljddy

sjuepiou]
loleny
e|qeotiddy

seinjiey
oydosseier

ApMiS siyl Aq pesepisuor)

0€°'80¢
0c'08¢€
09°6
0ot°0eg
000
00°0
000
00°0
000
02'0Se
oL's
00’0
00°'0
ol’s
oL'oce
00°0
0c'08¢€
02'08¢€
000
00°0
000
02°'08¢€
0¢'09¢
02'08¢
S0°'G8
02'08¢€
000
09°6
000
02°'0s¢e
o102
09°661
0¢'0S¢
000

(oe59)
I1sey Jed
+601

62 ebed

00°'¢c
0L°6
09°0b1
00't
60
00"
00’
00°
00’
00’
0S”
00
00
0Ss
00’
oo
oL
0L
00’
00’
00’
oL
0S’
oL
09’
cL
00’
09’
00°
00°
ol'00!}
09°08
00°¢
oL°'sct

NOCOOOOTHAI~NOOOANO~C0O0OTTANSS OO
©

(09s)
1se} ied
80L-v01

80°9
ov'ci
6v°G9
2S’s
00°0
9¥°'61
ov'61
av /Lt
88°GE
91’9
88'b
g8c'c8
00°0
rA 0 4
$S°G
€S°S
4 S
852l
t1S61
SE'61
89°/L1L
ov2i
cs’'s
6€°Cl
80°'98
vs'2t
08°'68
¢c'92lt
000
°1: A
9€°'S¢t
vZ'9v
66°S
08'689
{0e5)

1o} 10d
€01-00¢

{2%) eunsodx3 jeAe] Jemoy

868'€/ 1
809'€/ 1
80L'EL!
868’2l
809°'2/1}
y09°'2/1
0862/
966°'221
SES'2L
G8v°'2LI
S81°2L1
0/1'2L1
£€80'2L1
rA: VIR A
190°'2L1
218'141
L08'121
LOE' L L)
.08'0L1
£€82°0/1t
6G2°0L1
L€L'OLL
L€2'0L)
LE6'691
LEVP'691L
LEL'69L
/£9°'891
L€5'891
L2€'891
92€'891
920°'891
998'/9t
G9G'/91
692'L91

(oes)
Alejnwno
awmidx3z
weboiy

$19A87 Jemod Yiim esueiiedx3 jeaibojouoiyd IWSS

00°'0S¢
00°'00S
00°0S¢
00°0sc
59'¢t
c6'te
08°te
08'1¢
00°0S
00°00¢
00°GI
vr'o8
0S'1
00°'S1
00°'0Se
0001
00°00S
00°'00¢S
gg8'€c
9.°€¢
111 I ¥4
00°00¢
00°00¢€
00°00S
G6°'66¢
00006
00°00!
oo'o0le
0s’'1
LL°66C
00°091
£ 3°00€
00°00€
ov'sic

{oes)
15e) Jed
uleing

:100 44
vio¢c
80€Ec
vioc
80€¢C
cioc
siod
1102
vioc
BoEc
80¢€c
L10¢
L10¢
80¢ec
vi10c
80€c
vioe
vioc
cioe
Si0¢
1102
vi0c
80€¢
vi0¢c
80€c
9102
vi0c
9102
vi0¢
8oee
80€¢
80€EC
g80te
910¢

ubug

£8-9e4-21
€g8-qe4-p
€g-qe4-v
€g-uer-ge
g€g-uer-g¢
€8-ver-s¢
£€8-Uer-g¢
€8-ver-gg
€8-uUer-¢g
€8-uver-6t
€g-uer-gi
gg-uepr-g|
€g-vepr-11
€8-uer-o|
€g-uer-g
gg-uer-g
gg-uer-p
¢g-veq-ec
cg-2eQ-gi
¢g-2eQ-8t
¢8-280Q-81
¢8-200-81¢
¢g-2eQg-91
c8-2eQg-vi
¢8-2eQg-8
¢g8-20Qg-¢L
28-%6Q-/
c8-2eQ-§
¢g-29Q-§
cg-veQg-i
C8-AON-VC
C8-AON-02
c8-AON-91
C8-AON-G I

eieQ)

16106,
SO0v106
0610S/
*or106
6810GZ.
0-€0044d
g8-€00444
V-£004H3J
€0r106
88106,
L810SL
90€206
S0€CO06
98106,
c0v1i06
S$810SL
l0v 106
00vi06
0-¢00444
8-¢00444
V-¢004H4
66€106
$810SL
B6EL06
€8106¢,
t0€206
LBELO6
€0€206
96€106
c8106¢
18105,
0810S/.
6,106,
¢0€C06

1equinN
nd4/nse}

115




00°
00’
00’
00’
00’
00°
Go’
00
00’
00’
00’
00’
00°
00°
00°
00’
00’
00’
00’
00’
00"
00°
00’
00
00°
00"
00’
00’
oo
00
00’
00’
00’
00’

OO0 0000 CO00000000C00000O0DOOOONOOOOO0O0O0

seinjie sjuepIouy seinjie4 (oes)
alydonseien 1olepwy aiydonseie) isel Jed
e|qesijddy  e|qeoyddy +601L

Apnig siyl £q pesepisuo)

00

ol
ot
0L
ot

oi
00

1]}
0l

o1

ot

6
o
gt

ol

ol

0¢ ebed

0
oL
56°

08¢
oy

KAV 4
KAYS
‘6L
‘08
oc’

o8e

‘0S1

ot
‘6L

0c’
00’
00’
0e
0L’
0e’

ove

ove
66
08¢

'S8S
0c’

ove

‘01§
oL
00’
9

0

‘0Ls
cO’
8c’
oy’

6L
0

oov
00b
oov

‘0S
02’
66°
oy
0e

08¢
62

08t

{oe5s)
1sey Jed

go0l-vol
(%) einsodx] |eae] 1emod

000
S0'gl
60 P1L
68°€t
g86°€i
LY 96
[0°9
90°¢t}
£8°62
000
06°'S¢
996
8L'61
280
000
So0'El
61693
g8o0'cl
99°'6G
S8°ct
G9°'00¢
€5°96
6€°0
99°Sg
00°C
82’9
G2'Si
S6'vl
66 b1
o019
662\
1S°S
19 )
cLel
(oe5s)
156} Jed
€01-001

¥09°'c81
co9'eal
Zol'‘est
96G6°'281
680'281
28G'181
26€'181
262191
26.°'0R1
2og'ogl
109081
tiv'ost
122’081
106621
968'6L1
v68'6L1
vLS'6L1
vZv'6Ll
ree'sLl
62€'8L1
620’841
6L2'LLL
6680°'LL1
v80°2L 10
£90'2L1
990°'2/1
SPG'9/1
6E0'9/}
£ES'SZ 1
820'G/1
8G6'vL1
8SYv'vL1
sLb'vLL
8Se'vL L

(0es)
Ajeinwng
ouidxg
weiboiy

s|eAa | Jemod Yim esuapedxy |eaibojouciyy WSS

0c¢'¢

00°00S
1£°90S
09°'90S
06§°906
00061
00°0014
00°'00¢
00°061
9671

00°0614
00°06t
00'oce
AR

0G°}

00°0¢2€
00°0S1
00°00S
00°'GS6S
00°00¢€
00°0S¢
00°061
S6'¥

143N

0s'1

$9°02S
66 G009
/B'S0G
9.°50%
00°0L
00°006
68 6¢€
00°09
00°00%S

(0e5)
i1sel Jed
ureinQ

80€cl
61L0¢
clog
Si0¢
L1028
6102
80¢€¢
gi0¢c
80EC
6102
80€E<C
8102
80t¢
810¢
810¢
80€¢
80¢€¢c
1102
vi02
g80¢ec
vi0c
tige
t10¢
8o€eEc
L10¢e
v102
cio¢
s102
1102
80¢€¢e
vioc
80€EC
ti10c
L1028

ubug

€g-unr-1g
€g-unr-0g
€g-unpe-gi
€g-unp-gl
€g-unp-gi
£g-unr-g
£8-Unr-6
£8-unr-g
€g-unp-yp
£g-unp-g
£8-Aey-82
£8-AeN-G2
£8-AenN-£g
£g-AeN-12
cg-Aen-g1
£8-AeN-91
£€8-AeN-2
£g-1dy-62
cg-1dv-g2
£8-1dy-22
€g8-idy-0g
€g-1dy-g{
£g-1dy-p i
£g-1dy-¢1
£€8-1dv-g
£g-1dy-9
£g-idy-p
£g-1dy-¢
£g-1dy-¢
€8-1eN-€2
£€8-1eN-€1
€8-41eN-2
£€8-004-/1|
£8-994-G|

eieQ

2020S¢
vieco6
0-L00S1S
8-/00S1S
V-L00S1S
€1€206
10206/,
vYivio6
00205/
2l€EC06
6610G/
€Lv106
8610G¢,
AR AR
LIv 106
L610G.
96106,
L1e€206
01+106
S6106/L
60v106
01€£206
60€£C06
$610S/¢
80EC06
80P106
D-900S1S
8-900S4S
V-800S1S
€610G,
LO¥106
c610G/
90t 106
,0€C06

1equinp
l4/1s8

116




1€ ebed
000 01°0L¢
00°0 02°06¢
00°'0 0L°6L
00’0 0L°6
000 000
00’0 00’0
00°0 0oL1'0p
00'0 00°0
000 00°0
og'vic 06°tY
000 6c'8¢El
02 '6S 09°Gt1
00’0 0c'ove
00°0 00'0
00°0 00'0
00°0 000
00°'0 000
000 01°01S
oL vig o0'vt
02Z'6S 0L°Gbi
00’0 00'c
00°0 000
000 02 06¢€
000 oo'obe
00’0 0Z'ove
000 CL'vL
000 00°06¢
00°'0 00'06¢
00°'0 0/.°6L
000 08'vce
00’0 000
000 oZ'ove
00’0 oc'ove
00'0 ot'og
seinjiey sjuepiou| seinjie4 (oes) (re5)
sdolisejen tolepy oiydosisee) 1se} Jed isel sed
ejgedlddy  e|qeaiddy +60 1 80L-v01

Apnig siyi AQ pesepisua)

09°Gl
cs'8l
L¥'96
91°9¢
Sy°'S82
000
08'St
96°G¢E
¥9°'Sy
8.°'Gt
$S’S
91°6L
c9¢elt
60°0
8l°¢cet
86°CEY
¢l EEY
y€°00¢
L9°'si
t6°8S
00’0
¢S’S
9g '8l
9g'tl
6.°¢t
06°0¢
08’8l
08’8l
9v'96
99°8¢
000
86°¢ct
66°¢t
909

(095)
isei Jed
€01-001

{%) @insodx 3 |9Ae] 1emoy

129'261
1.€'261
198161
129°161L
129'161
12e'161
02c'i6l
062'1L61
002’161
051161
068'06 1
102061
Lob'0614
180°061
1L10'061
6vG'681
tzo'6gt
€6+'881
€v.'iBl
crvigl
£p1'/8)
lv1'2814
921'/81
919981
9€2'981
9,6's81
9/8'G81
99¢'sgl
968'v8l
999'vgl
ave’'vel
tve'vel
124 4:1!
v0.'€81

(o®s)
Ale[nwna
owidx3
wesboid

sjoae Jemod yum eousnedx 3 jeaibojouoiy) JWSS

Qo'00€
00°01S
00°061
00°0S
oo‘oot
0S|
0004
00°'0S
00°0S
00°'00¢
6¥ 8¥1
00°'00¢
00'oce
ve'v
61°'82S
11°82S
86°L¢CS
00062
go'ooe
00°'00¢
0s°}
00°'Sl
00°01LS
00'0ct
00'0ct
01°001
00°01S
00'0ts
00°061
oo'oce
0S4
00°'0c¢
¢o'oce
00°001

{0es)
isey Jod
uteing

g80€c
010¢
601c
0102
80EC
601¢
80€¢
0i10¢
0102
80€Ec
oto¢
80€¢
80€¢
601ic
cloe
sioc
Lio¢e
0i0¢
§0€c
goee
6012
80€¢C
oL0¢
80€¢C
80€E¢C
80¢ce
oto0¢
0ioc
oioc
80€<C
0i0¢
80€¢C
80€C
80ee

£€8-120-81
£8-120-/1
£8-120-b1
£8-120-€1
£8-190-11
£8-190-6
£8-190-G
£8-190-1
£g-des-gg
£g-deg-/¢g
t£g-des-s¢g
c€g-deg-2z
£g8-dos-0|
£8-6ny-1¢
€8-6ny-0¢
€8-6ny-og
£8-b6ny-og
€8-bny-o¢
e8-bny-og
€9-bnv-pg
£8-6ny-2¢
£8-bny-61
£8-6nv-g1
£8-6ny-g
€8-bny-2
€8-INL-1g
€8-Inr-0g
€8-INr-Gt
€8-inp-11
£8-1nr-11
£€8-inp-L
£8-(Nr-9
€8-unr-og
gg-unpe-gg

eieq

812065!¢
SZri106
81£206
¥ev1i06
11206.
L1€206
912¢06¢
€evi06
cerios
S1¢0S¢L
1Zv 106
b120SL
€12¢065.
91€206
J-800S1S
g-800S1S
v-800S1S
0ct106
clecosy
1120S¢
S1EC06
0120S.
61v106
60206S¢L
80206¢
L0206/,
8iv106
LIV106
91L+%106
90206/
Sitvi06
S020G¢.
¥020SL
£0205¢

JequinN
H4nsej

117




2c efiey
01°089 00}
09°6.¢€ 0s'Loe
og'vic [ F AR 24
000 ({8 4:1
02°6S 0L°StY
00'0 000
000 00°0
00°0 0/.°64
00°0 000
09°'ec!t 01°GEL
09°62 oiL°ss
0oo'ec 061414
00°0 oi'v8e
00°0 00°0
00°0 02 06t
00°'0 000
000 0L°64
000 00’0
00'0 Sy’ 9od
000 S2'90¢
00'0 0290
000 01°68§
00°0 06°€8€
00°0 02°06¢€
00'0 02'0bve
00°0 0L°6L
00'0 02'ove
000 000
000 000
000 02°06¢
000 00°0
00°0 00°0
000 01°0L¢2
000 02'26¢
seinjie Sluep|ou] seinjie4 (oes) (oes)
owdosiseie) 1olepy olydosjsejen isej sed isei 1ed
ejqeoiiddy  e|qeoyddy +601 gul-b0l

99°S
L9°S
80'91t
ov'sl
€E'6L
0g'¢
06°0
SS'96
000
Py'si
96°6¢€
Sv'8L
cc'sl
tcoc
c5'8l
00°'0
8+'96
00°0
AN
ce'tl
L1714
0L°S
Si'gl
vv'8i
o8¢t
LE°96
s8¢t
00°0
00°0
eyl
14 ]
€E'¢
L9°G1
se'slt

(oes)
isey ied
€01-001%

(%) ®insodx3 jpae] Jemod

Apnig syl AqQ pelepisuc)

yeL'20e
y€0°'20¢
y€c'10e
r€0'102
#25'002
v22'002g
812'002
ciLz'ooe
2co'‘o0e
120002
122'661
1/5'661
122661
192°'861
112'861
102'861
661'861
600'861
800'861
26¥'L6t
9.6'961
19¥'961
998'S61
96€'G61
9v8't6 |
92S'b6 1
gee'v6l
910'v61
vio'v6l
EL0'¥61
€0S'E6 L
B8P EGI
i8r'e6l
181°¢€61

(oes)
Alelnwno
ouidx3g
weiboiy

s1eA87 Jemod yim esusnadx ] |eojbojouociy) JNSS

00°00¢4
00004
00°00¢
00'01S
00'00¢€
cy’9
8L’s
00°061
0S°1
00°00€¢
00°06G1
00°00¢€
00°'0lS
00°0s
00°01S
o8t
00°061
0s't
8L°GLS
§9°'G1lS
¢S'SliS
00°S6S
00'0ls
00°01S
00°0C¢t
00°06¢
00'0ce
0s'1
0s°1
00'01S
00°S1
19°9
00'00€
00°01S

(oes)
ise) 1ed
uleing

8010
8010
80€c
oioe
80€c
oloe
80¢€¢
8010
8010
80€¢
80€2
80¢c
leoe
80€¢
Zioe
80€c
1c0¢e
tcoe
610¢c
8lo¢c
tioe
oi10¢
0c0¢c
otLoe
80€c
0coc
80€c
0coc
ocoe
ol02
80€¢
oto¢
80¢€2
6012

vg-uer-ve
pg-uer-1¢
vg-uer-6t
yg-uer-gi
vg-uer-gi
vg-uepf-oi
rg-ver-¢6

vg-uee-y

ER-00Q-6¢
£8-08Qg-8¢
£8-99Q-2¢
€8-90Q-Si
£8-26Q-01
€8-9eQ-0t
€8 %eQg-/

€£898Q-9

€8-20Q-G

£8-28Q-1

€8-AON-8C
€8-AON-82
€8-AON-8¢
€B-AON-EC
€8-AON-61
€8-AON-81
€8-AON-S1
€8-AON-1L I
€8-A0N-0|
€8-AON-6

€8-AON-¢

€8-AON-¢

£€8-AON-1|

€8-120-¥¢
£8-120-v¢
€8-190-81

ajeg

vEY106
EEY 106
0€c06¢L
82¢t206
62c06/
L2€206
82205/,
2EP 106
1EP 106
£2c06¢
9¢¢0S.L
§¢c06L
92€206
veecos6l
0Ev 106
€ec0sL
S2E€c06
PcECO6
0-600S1S
8-600S1S
V-600S4S
6cv106
€CECO6
8e¥106
¢ée0se
AARAUS
12205¢
12€206
02E206
Levior
02205,
9evi06
61206,
61€206

Jequny
ldnsey

118




X
X
sein|ed sjuepiouj sesnjie
oydouiseien jolepny
e|qeoddy  e|qeo)ddy

Apmis sy Aq pesepisuo)

00'0
000
00°0C
00'0
00°0
09'vi
000
00’9
00’0
000
00'0C
al'o€
00°0
Go0'0
co'0
00°'C
00°0
00°0
00°0
000
000
00°0
00°0
000
917109
00°0
01'Gy
09°v61L
000
00°0
00°'0
000
0¢°66S
000

(oes)

oiydonsele) ise; sed

+601

ce obed

00°0
00°0
000
000
00 8¢
09°G1t
v0°8€
0Z'vi
0L6b1
0.6
000
06°S1
0L°6¥1t
017061
00°0
LE'60F
S0 0LY
vEOLY
0106}
00°0
02'06€
0202
0.8
0€£°02
0S°'0
02°06€
0L'8
0L°b9
000
00°0
00°0
00°0
0z'02!
00°v8€

(o9s)
1sey Jed
goL-v01l

000
ve'Gi
vc'st
oe'tt
25’8t
G9°96
ov'v
96°9/Z
0s°'98
659,
00’0
08'91
L¥'98
99°'Ge
000
9€°bi
og'el
PyEl
14°Ss¢e
2s'0¢
iy'81
€69
v1°9
689
¢E'S
8v'8l
¢8 L
ov'Gi
000
le Ley
LL LEY
LAUN: 13 4
02’68
14281

(oes)
1591 Jed
€01-001

(%%) einsodx3 jpAe] temoy

goo‘tie
soo0'tic
586'012
596'0tle
gv6'0te
gev'ote
gl2'012
oc2'ole
ozi'ole
0.8'602
0.2'602
69.'602
699°'602
61%'602
691'602
291'602
059'802
£€1'802
919'202
99¢'/02
g1€'L02
908°'902
9v.'902
989°'902
929'902
v10'902
r05°'502
trv'soe
vp1'502
ev1'sog
s19'voe
£80'v02
655'€02
tve'coZ

(oes)
Aje|nwing
uidx3
weiboid

s|eAe Jemod Yiim eouenedx3 |esibojouoiy) JWSS

0s'1
cL'61
096t
09°¢t
00'01LS
c0'091
vviy
000t
00°'05¢e
00°'001
0G'1
00001
00°0Se
00°'0S2
061
or'L1S
Se'LLS
pLLLS
00°'0S¢
00°0S
00°01S
00'09
00°09
0009
907119
00'01S
0009
00°00€
vl
10°82S
687229
6L°L2CS
00°'St€
00°01LS

(o85)
159} Jod
ujeing

€c0c
L10¢
8i0¢
lcoe
ccOc¢
L020
80€c
L0280
¢clc
4020
4020
80¢€c
¢eoc
6102
gzoe
cloc
0coe
601¢
610¢c
80¢€c
6i0¢
610¢
otoc
oio0¢
8010
oloe
8010
80tc
olog
cioe
sio¢
601¢
80¢t¢
otoe

yg-unp-g
rg-unp-2
rg-unp-2
rg-unp-2
vg-Aenw-ge
v8-Aen-61
rg-Aen-61
rg-Aep-p1
vg-Aepn-01
vg-Aep-g
ve-Aey-g
vg-1dv-51
yg-2dy-21
yg-1dy-y |
pg-1dy-/
yg-1dy-9
vg-4dy-9
tg8-1dy-g
v8-1dy-9g
v8-idy-9
v8-1eN-L2
vg-1enN-22
ve-1eN-12
v8-1en-ci
vg-qe4-v1
v8-ae4-¢i
¥8-qe4-g
¥8-qe4-9
vg8-qe 4-¢
vg-qe4-g
vt8-qe 4-¢
v8-qe4-¢
vg-uer-og
tg-uep-gg

e1eg

BEEZ06
D-$004H4
g-+00444
v-$0034 4

LEEZ06

PPH106

SE20S/

EPY106

9€E206

2vv 06

1bb106

¥€20S.

SEEZ06

obv106

YEEZ06
D-€10S1S
g-€10S4S
V-E10S1S

6EV 106

€€205¢

8EV 106

LEV 106

£€E206

2EEZ06

9€EV 106

1E€206

SEV 106

2€20S¢

0€E206
D-110S1S
8-110S1S
V-110S1S
1€20S¢
62€206

Jequnp
ld/1s8]

119




seinjie 4
oiydosiseie)
ejqedijddy

siuepiou|
1o0lew

ejqeolddy

seinjie4
oiydonseier)

Apnis siy) Aq pesepisuo)

o1'o€
02°6S
000
000
00'0
19°G1
oL'0¢
000
06°'6v2
00°0
90°1
000
09°'6ve
oL'0¢
oi'oil
00'0
00’0
oL'0g
olL'ose
oL'08¢
ol1'see
00°0
0i'80c
oiL'0¢
00'0
00°0
00°0
09°502
000
02°6S
000
oL0ot
000
ol'o¢
(085)

180} 10d
+601}

y€ ebed

06°S1 92/
0/L°GLi €v 6L
09°10¥ Sl'tl
(1 FANN4 yeE'El
0S'i0V vl2'El
0S°0 FA I 4
0G6°'GlL ce Ll
0/L°6v! 6v'98
001 6S6°S
0/.°6bi 9y'98
0G6°0 0c's
0L 6%t (8°8¢
go°1 ¥6°S
06°S!t S6°91
1 4: 084 ¢c’'S
0.°6v i cg'8p
00°0 00°0
0G°Si L6794
05’9t 96°L1}
0691 80’81
0G°'Gl v0'S
02'06¢ lv'8)
06°'6G1 $9°91
0S°'Gt 9c'Lt
00°0 00°0
00°0 00°0
000 000
0L'ES 0c'914
0/.°6¥F1 0598
0/.°Stid 08°'8.
00°9¢2 22 ot
0S°'Slt 09'vi
0.°6v1 6.° 8%
0G°'St ye'Lt
(oes) (oes)
1591 Jed 1se1 Jod
801-v01 €01-001

(o%) @insodx3 jeae] 18mod

6/9'812
6.G'81¢
6.2'812
18.'212
geeg'zle
tiL'9ie
689912
685'912
6€€'012
020'91e
0LL'S1e
65.'G1le
60S'StLe
961'S1g
960'G12
2L6'v12
22L'vie
0ZL'vie
c29'tie
cZL'vig
029'€12
oie'ele
008'212
oos‘eie
oov'egieg
66€°'212
L6E'212
16€'212
/60212
Lv8'112
LYS'iie
9sv'11¢g
9G€E‘118
904’112

(oos)
AlB|INWNo
ouidx3y
weiboiy

s|eAa] Jomod Uynm esusuedxl [eaibojouoiyd JWSS

00’00t
00'00¢
8.°\es
19°12¢S
ES LS
t9°6¢
00°00t
00°0Se
gg'8le
00°0S¢e
9601

00°0S¢
G9°¢cle
00001
vevel
00°'0S¢2
0s°1

00°'001
00°'00S
00°'00S
¥9'0le
00°01S
00°00€
0o'g0l
A

00°'¢

00’0

00°00¢
00°'0S¢e
00°'00€
0€E'16
0000t
00°0S¢
000014

(oe8)
1set 10d
ujeung

£020
L0220
120¢
8i0¢
6012
80€¢
4020
vioc
g8oece
¥10¢
L020
vi0e
80¢ce
80€EC
,0c0
vLOC
vioz
8oce
£0¢20
JAVIAY
80€¢
€202
BOEC
L0020
{10¢
8102
60i¢
80€¢
€coe
8ote
L0c0
80€c
€20¢
L020

vg-deg-gi
vg-bny-1¢
v8-6ny-o¢
y8-6bny-o¢
v8-bny-o¢
v8-bny-g2
v8-Bny-1¢g
vg-6ny-02
v8-bny-g|
v8-bny-z1
vg-bny-6
vrg-bny-;
vg8-bny-y
v8-inr-£2
y8-Inr-9¢
vg-inr-12
vg-INL-614
rg-inr-gi
ve-InC-vi
#8-107-01
v8-INC-6
vg-unpr-og
yg-unpr-o0¢
yg-unp-z2
yg-unpr-92
v8-unpr-g9¢g
yg-unr-9g
v8-unr-9g
yg-unp-1g
yg-unr-ogz
yg-unpr-g|
vg-unp-gi
tg-unp-¢t
vg-unp-g

ereqg

ySt 106
€Sy 106
0-v10S1S
8-¥10S1S
V-$10S14S
Sb20SL
eSsh106
9vE206
P¥20SL
SbECco6
1SY106
rrecué
€vc0S.
eveosL
0Sv 106
Eveco6
crecob
I¥c05.
6vb106
8vvi06
0v20SL
LvE206
6€20SL
L¥¥106
O-vIVSIS
ga-vivsis
V-bIVSLS
B8EZ0SL
oycT206
LECO0S L
9vviob
9€¢0S¢
6€€206
Shv106

Jequnp
it4/1s8 4

120




00’0
00°0
00°0
82 vEY
091}
91°6¢
08'2se
89'6¢v!
9¢€°6¢
9€°6¢
00°0
00°0
t8'88y
00°0
00’0
00°0
00’0
av'egl
00°0
0¢'8¢e
000
Go'o
000
000
00’0
00°0
00'0
000
0L°06%
c0'06¢
00’0
§1°686%
0c'o8¢
000

sein jeq
oiydosiselen
e|qediiddy

sjuepIouy
jofepy
e|qed|jddy

seJnjie4 (oes)
o|ydonseje) 1se} sed
+601

¢ obieyd
0€'68€ 0e've
29'68¢ eL’€C
0S°68¢ 80°v2
14: M} 09°6S
091 82°'G6¢
o9l y0°02
02’} 9g°6¢e
08°'S1i 9108
9{'91 910y
ceat 9.°6€
9e 64 L oy '86
00°0 6C°0
891 08°'S
o1°/8¢ 9¢’1e
ol1°/8¢ vc'1e
0E€" L8¢€ oc'te
cL 6bl 91°'8S
0S50 rA S
yYo9'6vi 91°'8S
9g°L} c6'61
8y’0 ¥e'S
0l°6v1 $5°8S
00°0 000
000 00°0
0o/L°6v1 6V'8S
000 8.°62¢
00°0 0/L'62%
00°0 28’62y
0S'0 LS
0G0 Y0'S
0L°'6¥1 1y 8¢S
0S'0 91°'§
0691 10°66
0L°6V! 14: 0814
(0es) (ET:13)
ise ted 1se| ied
801-¥01 €01-001

(%) einsodx3 jene iemod

Apmig siy1 Aq pesepisuog

vre'6ee
.28'82¢
60€°'822
26.'L22
e62'Lee
662'L22
681'222
906°'922
969'922
995'922
g/v'92e
9zz'eee
12e'9ee
0cL'see
0o0z'sece
189°'v2e
191'vee
LL6'e2e
gL.'eee
gov'cee
86€'€2Ze
88e’'cee
gelL'eege
getL'eze
set'eee
s88'¢ee
sve'eee
Lig'1ege
vi2'12¢2
v11'022
vl2'022
v2o'oze
6cr'6le
626'81¢

(oos)
Alejnwna
ousdx3
wesbosy

S|eAe7 JemMod yim eoueliedxy jesibojouoiyd IWSS

L LS
SL°LLS
c0'L1S
80°00S
S6°'2¢
10°0¢L
GL°€E8C
vo'0se
00°06
0006
00°'0S2
cs'P
08°00S
6L°61S
L9°61LS
€5°61S
00°'0S2
9€'€E61|
00°'0S¢
9669
L2°01
00°'0S2
0S°1
0S°1
00°'0S¢
56°3¢€S
€8°'9€S
69°9€S
00°00S
c6°66%
v6°'6b2
G0°'G6S
00°00S
00°0S¢

(oe5)
isei Jod
uteing

cioc
8L0¢
6012
L0¢0
1020
80€¢C
1020
L0¢0
4020
4020
vioc
vioc
£0¢0
gtoe
8l0¢e
6012
v10¢
L0cCO
vioe
80¢ge
80€2
yiLoc
80ge
goee
vioe
tcac
0c0¢
€202
1020
L4020
v102
L020
4020
vlL0c

sg-uepr-¢2
Sg-uepP-Hg
Sg-uep-vz
Gg-uer-$g
sg-uepr-g1
sg-uvepr-gi
sg-uep-/|
Sg-uepr-pi
sg-uepr-g

v8-200-82
+8-20Q-1

y8-AON-82
vg-AON-Z 1
v8-AON-8

v8-AON-8

¥8-AON-8

¥8-AON-Z

¥8-120-9¢
¥8-190-v2
¥8-190-22
¥8-190-81
$8-190-91
$8-190-G1
¥8-190- 11
$8-120-01
¥8-120-G

¥8-190-6

+8-120-§

¥8-190-§

vg-deg-62
vrg-deg-g2
vg-deg-gg
vg-deg-12
vg-deg-gi

oeQ

J-0¢051S
g-0¢0S1s
V-020SiS
99t 106
S9¥106
06¢0S2.
Yoy L 06
€9¥ 106
c9v 106
19v106
$SEC06
£5€E20€E
09+ 106
J-610S1S
g-610S4S
V-610S1S
¢SEC06
6Sv106
1G€C06
620G/
8v¥20SL
0G€C06
Ly20S!,
9v20SL
6v€C06
Q-L10S1S
8-210S1S
V-L10S1S
85t 106
LSY1D6
8vEC06
95v 106
SSv106
L¥ECO06

Jequnp
U4/1s3}

121




e R ——

9¢ efbey

000 Po'6P1 v9°8S L09'0¥2 00°0S2 +202 G8-Aen-¢ ¥9€206
000 86°/.8¢€ A R4 LSE'0Ve LS'12S 1202 S8-1dvy-6Z 0-¥20S1S
co0 8.°/L8¢€ 822 Se8'6ez 9¥'1eS 0202 S8-Jdy-62 B-¥20SIS
000 90°'8¢€¢€ vo'Le vie'6€c €9'12S €202 G9-idv-62 V-v20S1S
000 eL6b! 09°8S 26.'8€2 §0°052 v2og sg-idy-pg €9€206
000 00°0 000 Zvs‘gee 0s'i vgoeg Gg-i1dvy-gg c9€206
000 95'Slt vo'oot IvG'8€C €0°028S S0iZ S8-1dy-/¢ SL¥106
000 000 co'gey 120'8€2 LV’ BES 2102 GB-1dy-21 0-€20S1S
000 00°'0 co'ecty c8v'LeZ €€°8€S 8102 G8-4dy-2I §-€20S1S
000 000 vL 1Y vv6'9€2 €2°8ES 6012 Sg-1dy-21 V-€20S1S
X ci’06 0Ll 9€°S 90¥'9€2 95101 BOEZ SB-JBW-/Z 65206/,
000 gbv'6vi 09°8S vOE'9EZ 80°0SZ b10Z S@-lepn-92 19EC06
02’62 8¥'91 00°0¢ ¥50°'9€2 00°04 80€C S8-JBN-EC 8520SL
9.°6.L¢ cL Ly 02'Lot y86'GEC 90'€0S SOLZ GB-len-22 vivi06
000 y9°6bt 2196 I8Y'SEZ 00°0SZ +10Z SB-JeW-G| 09€206
000 ov'6vi vv'96 1€2'GEC ¥0'0SZ v10Z SB-1ep-€1L 6S€C06
82'08¢ 8011 vy L0l 186'¥E€2 20°E0S SOLZ GB-JBW-9 €ELY106
80'6v2 oo'ege cL's 8/v'vEC 00'00€ BOEZ S8-JEW-9 LS20G/.

00°0 09°6b1 vZ2°96 8/1'vEZ ¥0°0S2 VY102 S8-IeN-G BSEZ06 o

00'0 88°GiLy v¥8°66 826'€EEC 00°02S SOle GB-Jey-b cLY106 =
09'89¢ ¢s'e 82g'sS 8ar'cEg 00°00€ B80EZ S8-JEN-1I 962065/
02'08¢ A vcL0d g01L‘'€€2 00°€0S G0i2 68-904-/2 LLv1i06
vo'6bt 9/.°02 vv'Ss¢e S09°'2€e 90°0SZ S0tZ 68-984-52 0Lv106
02'6€1 00" tvi 02’9 SGE'cEC 00'00€ B8OEZ S8-994-G2 §6206/.
00°0C 000 00’0 S50°'2€2 0S°1 S0i2 S8-9e4-€¢ 69v106
000 ov'6.2 yy'9 €50°2€2 00'00€ 80€2 68-094-22 ¥5206L
000 ce'ege ye'ss €S.'LEC Y0'01S G102 G8-Ue4-§l LSE206
00°991¢ 96°1 9€’S ere'iIgg 2e'Ll)l B80EZ SB-G94-61 €5206/
00°0 8c'6vi 8v°'96 990°'1€2 00052 G102 S8-994-11 96€£206
08’iL8 80°ve 80'ieg 918'0€C 10°0VE 80EZ 58-Q94-6 25206/
000 000 00°0 9/v'0€EZ SS'I Si102 68-994-9 SGEZ06
e6'cL! 0e'} ¢t’S¢c YLv'0EC 98°€0C L0ZO0 S8-904-% 89t 106
80°¢8 88°'€c o¥'0c 1/2°'0€C 00°0VE 80E2 S8-0@4-| 16206,
00°'vSS cLt'¢e ¢t '8¢ 1€6'622 ¢8'98S [020 SB-Uepr-0¢ L9V 106

sein|e4 sjuspiou| seinjie4 (oses) {oos) {oes) (oes) {oes)
aiydonseie)n loleny ojydoliseen jsei sed isey Jed i1sei 1ed Atejnwngy 1sep 1ed  ubugz ereq 1equnp
vigeoliddy  e|qea)ddy +601 80L-v01 €01-001 ouidx3g uteinQg ld/nse )
{2%) @insodx3 |eAe 1emoy weiboid
Aprug siul Aq pelepisuo)
sieAe] 1emod yum eouenedx] jeoibojouoiyn JWSS




seinjie4 siuepIou) seJnyiey
owydosseie) iolepy
ejgeoyddy  ejqeoyddy

Aprig siyi Aq pesepisuog

000
00°0
00°0
00°0
9.°6L€
tc's8e
9/.°62¢
cE6hl
00’0
000
000
60’0
Q0’0
¢S'0l
00°G68S
00°0
00°0
00°0C
00°0
00°0
00°0
00°'0
00°0
00°0
00°0
00°0
000
00°0
88°'6.¢€
96°6.¢€
¥8°6.LE
¥9°6vi
vv'6c
000

(oes)

ojydonseien isei Jed

+601

L€ ebed

cg'ctd
br'98l
cE'SLY
9.°'9.%2
09711
0c'oi
c6'eet
8802
00'0
00'SlLY
19°62S
€9°0€S
€1°862
9¢° |
ov'L
el 6yl
r9'Siy
000
000
00’0
08°Gld
000
Pr6vi
viL6€
cZ ' L6€
bS L6€
va'6bi
¥8'Sit
9611
st Ll
14: 1Y
09°0¢
ci'9l
09'LEE

(09s)
isey ied
gol-v01

re'ct
ce’'s
eL'st
96°0¢
88°61
LLAR
LA 1
25 '8¢
000
B9'66
cL’6
80°8
88°¢
ce'cl
Be'¢cl
ceE’'8S
y0°00!
00°'C
0ag'C
000
8866
96°L1
c6°LS
96 ¢l
clL el
A
¥0'8S
¥8°66
0c'L0!
0c' Lol
0c'L01
bv'Se
80°0¢
821

(oes)
Isel ied
€0L-001

{%) ®insodx3 jpAe] 1I9moy

192°'26e
lve'ese
gzo'‘ese
20S°162
002'ise
169°'0G2
r61°'0Se
169'6ve
1pv'6ve
6et'ste
616'8¥2
lec'gye
tveive
v6e'LYe
S9E' b2
29.'9¢b2
2is'ove
266'Sbe
68652
L86'StHe
€86°'Sve
€9v°'642
£ob'She
£s1'st2
teg'vve
60L'v¥e
L8S'EYS
gecc'eve
918'2ve
cic'eve
oig8't¥e
L0E Lp2
L50'L¥e
1896'0¥2

(ses)
Alg[nwno
ousdx 3
weiboiy

S|9AB7 J8MOd UM eousiadx ] jeaiBojouoiyd JWSS

Z6'ELS
vs'Gee
v0°'0¢es
¥0'coc
¢0'€0Ss
96°¢0S
€0°€0S
te'6¢c
SG°1
00'0cs
G8'L8S
€1°.8S
S.°6¢v€
€682
90°€09
00°'0G2
00°02S
9/.'¢
veLd
¢s’e
00°'02s
$0°09
00°0S¢
9€°22S
tc'ces
ci'¢es
90°0S¢
90°02S
00°€0S
00°€0S
00°€0S
00°'0S2
00°0¢Z
iy 08¢

(o85s)
ise; sed
uieng

601lc
gtic
9tte
soic
911i¢
sol¢
sole
9itc
9tte
Sotic
120¢
0¢0c¢
€202
S0ic
S0lc
vZoc
soiLe
12oe
ocoe
€coc
sote
vecoc
tcoc
cloe
8102
60t¢e
$eoe
sote
G012
So1¢e
S0te
S0i¢
sotie
vcoe

sg-6bny-z2
sg-6bny-z|
sg-bny-g1
Gg-bny-z¢
Gg-b6ny-6

68-6ny-/

sg-bny-¢p

sg-bny-¢

Sg-ine-1¢g
§g8-{nr-0¢
S8-INC-62
S8-INr-62
S8-INP-62
S8-inp-ve
S8-InP-61
S8-InP-£ |
S8-INF-g1
Sg-Inp-g1
sg-inp-21
S8-inp-gi
$8-(Nr-6

SB8-|Inr-2

S8-unp-62
sg-unp-/|
S8-unp-/ |
SB-unp-4 4
gg-unp-/ ¢
Sg-unp-g|
Sg8-unp-/

sg-unp-g

gg-unp-|

s8-AenN-v2
G8-AepN-1e
S8-AepN-€1

eleQg

V-{20SiS
v.€206
€L€C06
68v 106
€l€C06
88¥ 106
LBV 106
1L€C06
0.€206
98+ (06

0-9¢0S1S

8-9¢0S1S

V-920S1S
S8¥ 106
¥8y106
69€206
€E8Y 106

0-9¢vsSlSs

8-9¢VSI1S

V-9¢vS1S
c8¥ 106
89€C06
L9€E206

0-5¢0S1S

8-620S1S

V-§20S1S
99€206
igv106
08v106
6L¥106
8.v106
LLV106
9.¥106
S9€C06

lequnp
l4/188 §

123




seinje4
owydoyiselen
ejqesy ddy

siuepIou;
lolepy
e|qeo)ddy

seinjie4
ojydosnseien

Aprig syl Aq peiepisuo))

00°0
00°0
00°0
89°64 1
00°'0
00’0
00'0
00°0
00°0
00°0
91°G8¢
00°0
96°v8S
1A M1A
9/.°6.¢€
00’0
00°0
00’0
y2'sge
96°'8
Yy LLS
88°6.€
¥8°6.€
00°'0
00°0
00°0
9€°'61
00°'0
y0°08¢
000
8v'6l
89°6L€
00°0
000
(oe8)

158} Jed
+601

ge ebey

8.°€EiLY
cg'tlLy
98'€ELYy
09°0¢
9L°'6v!
86°68¢€
¥.°68¢€
v¥6°68¢
yo'v81i
v0° 202
9£°01
000
9¢’1
891
9611
cO LY
gL Liv
L9y
cE0l
9€E’'SY
r9°1
09°L1
AR
000
00°0
60’0
89°0¢1
89°6¥1
ce'lt
000
9€°0ct
¢l
rrciy
'4: M 84

(008)
1s9) Jed
g8o0L-v0:

9g’El
oc'ei
oc'el
cs'8¢
ct’'8s
ve'se
¢E’'Se
9l've
vv'8Y
88°8¢
8v'61
00°0
9€'clt
cL'9S
9.°61
14 Mt
144N
0811
9561
ov'i6c
09°60¢
82’01
26°61
9L°L}
02’9l
c6'vl
95°8¢€
91°86G
oy L0t
000
96 '8¢
0¥ 201
8r'tl
yg'el

(0e5)
1se} ied
£€01-001

(o) einsodx3j |sAe| 1emod

022'992
20/°'G9¢
¥81°69¢2
999°v9¢
9lv'vae
991'$9¢2
Sst9'c9e
€ctL'e9eg
209'292
L2€'292
110'292
$£G'19¢2
2is'tae
696°092
612'092
912'092
869'6G2
621'65¢
199'852
851°'8S2
808°.s2
Lv0'LS2
y¥5'ose
1v0'96e
610'962
866°G52
61,6552
€16°'66¢2
£92'652
09, v62
85.'v52
262'vse
682'€6e
s22'es2

(oes)
Aejnwno
ouadx 3y
weiboiy

SleAeT] Jemod yim eaueiredxy (eaibojouosyn JWSS

88°L1G
LL LS
S9°L\S
00°'0se
€0°0S¢
85°1¢2S
AR A
ce'tes
€0°S/¢c
$0°0S2
00°€0S
0S¢
¥0'e09
00°0s5¢
90°€0S
cS'81S
ob'81s
8Z'81S
$0°'t0S
90°0S¢
80°19¢
90°€t0S
90°€0S
96°1e
05°02
02’61
80°99¢
S6'6ve
S0°€0S
cs't
€0'99¢
90°E0S
9l'v1s
yo'p1s

{008)
1se) Jed
uieing

]’

lZioe
6l0¢
tiog
9ile
glig
Lcoe
0coe
€c0¢e
9llie
920¢
9ite
9c¢o0¢e
giie
Gcoe
9tic
102
6102
t10¢e
9lie
sotie
9iie
soie
9iie
L1102
6102
1102
9ite
Se0¢e
soic
5¢0¢
9lie
soie
clog
8102

S8-AON-92
G8-AON-92
G8-AON-92
G8-AON-02
G8-AON-S
$8-120-0¢€
68-190-0¢
$8-120-0¢€
$8-190-92
$8-190-22
S8-190-61
$8-190-91
S8-190-¥1
G8-120-11
$8-190-¢
$8-190-¢
$9-190-¢
S8-190-¢
sg-deg-G2
sg-deg-v2
sg-deg-02
sg-deg-61
cgg-deg-/1
sg-deg-21
sg-deg-21
sg-deg-z|
sg-deg-zi
Gg-deg-2i
5g-deg-¢
5g-deg-/
59-deg-9
Gg-bny-1¢
s8-6ny-z2
sg-6ny-z2

eleQ

0-1£0S1S
8-1€0S1S
V-1€0S1S
§8€206
¥8€c06
0-0€0S 1S
8-0€0S1S
V-0t0S1s
£8€C06
S6v106
¢8€C06
v64 106
18€C06
¢92¢06¢
08€206
0-820S51S
8-8¢0S1S
V-820SLS
6L€206
€6V 106
8.€206
c6v106
LL€COB
0-G004H4
g8-500444
V-S004H4
9,.€206
189¢06¢
t6t 106
09209/,
GLECO6
06¥106
0-420S1S
8-/20S1S

lequny
n4nse|

124




6¢ ebed
00°'0 LSy
00°'0 26'StYy
00°0 cL'SiY
00°0 gL el
00°0 00°91L¢
000 89°66V
00°'0 000
00°0 es'8sS
00°0 00°0
00°0 00°0
00°0 88°66p
00°0 88°66V
00°0 9.°66¢
000 00°0
00°0 cL 66V
00’0 00°0
00°0 9.°66Y
00’0 000
00°'0 88°'Sly
00’0 6 vov
00°0C 96°6%1
000 00’0
00°0 cL'ee
00°0 00'0
00°0 00°¢c¢E
00°'0 26 l¢E
00°0 c6' 1€
te'6vl 8v'02
000 vi oty
00°0 0S'0LY
00°'0 LA RS
¥8°001 86
88°6¢€ cl’lE
00°0 09°|
seinjie4 sjuepiau| seJnjie4 (oe@s) (oes)
aydosiseien lolepw aiydosiseie) jse} 1ed 1se] Jed
e|geo)ddy  ejqeo)ddy +601 80L-401

Apnig sIut AQ pelepisuo)

¢6°66
9L'vl
96°66
vo'ev
cL’66
$0°91
000
8cLl
00°0
00°0
?0°Gl
88°G1l
96°Gl
9L}
00'94
08'S
8091
000
0o8'vi
9L'vl
¥8°G6
000
AN
000
v2's
91°'8
00°'8
v9'st
tc'ct
vo'ct
ve'el
¢5°S8
vcoe
ce'cl

(oe58)
1se] Jod
€01-001

(%%) einsodx3 |9Ae] 1emod

108°'6.2
182°'642
192'v.2
tve'vie
820'v.2
805'€L2
886'2.¢
986'2L¢
906°'2Le
G06'2le
£06'2/2
v8e‘'2Le
v98'1.2
tve'tle
8ee'LLe
818'022
808°'0/2
882°'042
182'0L2
[92'692
[v2'692
/66892
566'89¢
566'89¢
¥$56°'892
vi8'892
G6.°'892
512892
59v'89¢
£56'292
6bv'L92
I1¥6°'992
I¥2'992
8€£2'99¢

(o@8)
Alejnwno
ouidx3
weiboiyg

S|eA87 16MOd Uiim eduenedxy jeoibojouoiy) 3WSS

oo'oes
00°0¢Zs
00°02S
00°€ElLe
€0°'0¢s
00°'0¢s
0S°!
0008
061
0s't
c1'61S
00°0¢2S
00°0cs
00’9
00°02S
vo'01
00°'02S
0S°1
00°0¢2S
00°0¢S
00°0s¢e
0S§°1
000V
06°1
c9°64L
96°64
0v'64
00°'0S2
8¢ '80S
¢1°80S
00°80S
00°00¢
90°€0S
12'81

(oes)
1se) ied
ujeing

Soic
90t¢e
sole
ctoe
S01¢e
S0te
901¢
cloc
901¢
90ic
S0lLc
S012
Sote
T
s01e
S¢oe
Sotc
soie
901e
901e
90ie
801¢e
Sc0¢
scoe
icoc
0¢0¢
€eoce
cc0e
601l
8102
S10¢
920¢
9¢02
9¢o0e

ubugz

98-99Q-6
98-00Q-/

98-28(Q-9

98-08(Q-9

98-08Q-¢

98-AON-92
98-AON-¥2
98-AON-v2
98-AON-G |
98-AON-11
98-AON-9

98-190-52
98-190-81
98-120-91
98-190-¥1
98-190-8

98-190-¥

9g-deg-¢gi
9g-bny-¢g
98-Inpr-62
gg-1nr-94
98-unpr-9g
9g-unp-42
gg-unp-
gg-uer-ge
9g-uer-y2
g9g-uer-ge
9g-uepr-Zi
9g8-uepr-2|
gg-uer-gi
9g8-uepr-2|
68-20Q-¢€¢
68-90Q-02
G8-20Q-11

sleg

G0S106
L6ECOG
¥0S106
89206/
£€0S106
¢0S106
96€Cc06
19206¢
56€206
¥6€£C06
105106
00S106
66v106
992065/,
86¥ 106
$920S5!¢
L6¥106
96v106
€E6€ECO6
c6€c06
t6€C06
06€¢06
¥920SL
€920S¢
J-EE0SLS
H-€€0S1S
V-€E0S1S
68€C06
0-CE0S1S
8-¢€0S1Ss
V-¢E0S1S
88€C06
L8€C06
98€CO06

lequinn
li4/1se]

125




op ebeyd
00’0 b9'Siv 02'Sl lvv'682 00°02S 901g [B-1BW-C 01206
000 LL'SLY L6°66 126'882 00°02S SOlg (8-4epN-C 81S5106
00’0 00’0 000 Loy‘'88e 051 0ic0 [8-JeN-C 97,206,
96°'v85 AN 165°21 66€°882 00°€09 SOlg [8-a84-% L15106
00'0 $9°6L1 AN A 96.°/82 00002 9012 [/8-994-61 60vc06
c6'0ls ¥c'e 95°'eve 965'/82 00°197 SOIZ [8-Q04-/1 915106
00°'0 09°'6.1 t9'L S£8'982 00002 9012 /[8-9ed4-pi 80+C06
8¢°08€ AN | 82701 G€9'982 00°'€0S SOIZ /8-984-p1| 515106
00’0 LA N 4 89°66 2€1'982 00°02S SO1Z £8-994-41 $1G106
000 89°6/L1 09°¢L 219'682 00002 90!2 /[B-ae4-9 L0¥206
00°0 eL'6L} vv'L clv'S82 00002 9012 ([8-9e4-¢ 90v206
00°0 89°641 $9°L cic'sge 00002 9012 [g-uep-iE S0vc06
00°0 v9'6L2 cl'9l ¢10'S82 00°'00E 2102 [B-uUer-ig §.206¢
00°0 88'Sly ¥8°66 cilL'vBe 00°02S SOlg [8-uer-o¢ €15106
00°0 00°0 ]: M) Z61°'vee 90°S G012 [g-uer-/2 AR AN}
000 8¢'6.¢ 8’91 /81°'vB2 00°00E€ 2i0Z [B-uep-gg vL20G2.
00°0 v9'6€1 80°18 /88'€EBZ 00°00€ 2102 [8-uep-/| €.206¢
00°'0 v9°'66V 1 4: L8S'EBS 00°02S 9012 [g-uer-gi $0vC06
00°0 9/.°66%V 88°G1 /90'c82 00°'02S G012 [g-uep-gi 115106
00°0 vY9°66¢V cl' 9t LvS'282 00025 9012 [g-uer-gl €0+206
00°'0 v9°66¢ 00°'91 120282 00°02S SOl¢ [8-uep-g| 0LS106
00’0 09°¢ggl ¥9°8¢ .05'1g2 00°00€ 2102 [g-uer-gi €205/,
00°0 89°66¢ 80°91 L0Z2'L82 00°02S 9012 [8-uer-ol covco6
00°0 9.'66¥ 88°G1 £89°082 00°02S SOiZ [B-uer-§ 605106
00°0 89°66¢V ¢l 9l .91'082 00025 9012 [g8-uer-2 lobCc0o6
00°0 08°'66¢% 88°Gl L¥9'6/2 00025 SOlZ 98-20Q-0€ 8OSLO6
00°€ cL’Sl1 9/.°82 L21'6/2 00°0S2 2102 98-98Q-€2 1£20SL
00°0 2L vaSs 80" L1 £/.8'8/2 00°02§ 9012 98-90Q-81 00¢+206
96°'SE v¥8°8¢€ 89°8¢ LS€‘8/2 00°12¢ 2102 98-20Q-8! 0.206S¢.
000 08's8b 00°001 9€0'8/2 90°06S SO0IZ 98-9€(Q-91 /105106
000 cL'6LS $0°91 9bv'L/2 00009 9012 98-2eQ-Gt 66€C06
00°0 00’91} 89°66 9+8'9/2 00025 GO0I2 98-20Q-21 905106
00°0 00'0 890 9¢e'9le 00'G cl02 98-28Q-C1! 6920G6¢
000 95°66¢ v2'ol 12€'9/2 00°02S 90ig 98-98(Q-t| 86€C06
seinjie 4 sjuepiou] seinjie4 (%es) (oes) {oe5) (oe5%) {oes)
oiydonseie) tolepy owydosnseie) ise} Jed 1sey Jed 1se1 Jed Alejnwno se} Jed  ubuj eieq lrequinN
e|qesiddy  ejqeaiddy +601 goL-b0O 1L £€01-001 ouwidx3 unieing 14/188}
(2%) einsodx3 |9A8 1emod weiboiyd

Apnig siul Aq pelepisuc)

8[eAe Jemod YliM eduenedx ] jesibojouoiyy INSS

126




iy ebey

00°G8S 82’1 gc'ct LEL'EOE 00°€09 SOLZ [g-unp-g 6cG106
000 9G6°€9¢ ye't YE1'€0€ 00°G/2 9012 [8-unpf-9 LZA LA
t0'08¢€ :2ANNE 8c°L01 6S8'20€ 00'€0S SOLg [B-unp-p 825106
00°0 00°'v62 pv'S61 96€'20€ 00°02S 90t [B-unp-g €2r206
00’0 el 109 Yv've 9€8°10€ 00°00L SOtZ [LB8-AepN-0O€ LCG106
p2'08C 9111 vo'oe 9€1'10E 90°€0S 9012 ([8-Aen-62 22v206
00°'0 09'899 ve'L €E9'00€ 00°089 9012 [/B8-Aey-92 12¥206
96° 112 914 ¥9'9 €56'66C 96'€¢¢ 0120 /B-ABN-1g $8206G¢
00'0 80'8.€ ¢S LE} 0EL'662 00°02S SO0L2 (8-Aep-0¢2 926106
000 YL LLY 9211 012'662 00025 9012 ([8-Aep-81 02206
000 go'tie ¢S ve 069'862 00°0S2 SOIZ [8-Aep-pi S¢cS106
00'0 96'SYvS 89°662 ov¥'862 00°058 GOtZ [8-ABWN-6 vcS106
000 89°1S oc's 065°.62 8E 06 9012 [8-Ae-| 61¥206
600 c5§'l62 ci'gie 66¥'L62 00°02S S01Z2 [g-1dy-0¢€ £€25106
00°0 14: T4 26°t1 6.6'862 00°00€ 0120 [B-1dV-63 ¥8206¢
00°0 968'16¢ 96 L. 6.9'962 0005, 9012 [8-1dv-gg 8iv206
000 26'SLYy ¢L’'66 626'G62 00'02S SO0LZ [8-1dy-¢g 225106
00°0 cL €8e oo'¢cli 60¥'662 00°00€ 0120 [g-1dy-22 €8206.
8v LYS 09°1 00°'902 601'662 00,64 9012 [8-1dv-ig L1¥206 ~
00°0 y9'Siy vo'st Zig'v6e 00025 9012 (8-idy-g g9itvco6 -~
000 9.°€8} 0o0'¢cl ¢6.'e62 00°002 0120 ([8-idy-9 28206GL
v9°'6 00'0tc v0'96 26S'€62 0002 Liog (g-idy-yp 125106
00°0 96°'¢c8l 14 MY 2.2'c62 00002 0120 [g-idy-2 18206¢
00°0 82'Sid 9¢€°Gl 2.L0'e6C 00025 90iZ [8-Je-LE Siv2o6
00°0 08°'¢8l 9611 265’262 00°002 0120 [B-1e-9¢ 0820G¢
vZ'6¢s 80t gv'clt 26€'262 00°/95 9012 lB-leN-€2 PLYCO6
9€'6Y c6°621 8291 G8/.'I6Z 00°002 1102 [B-12N-61 0CG106
00°0 08'est oo'¢cl G8S'16¢ 00002 0120 [8-lenN-61 Y RAVINA
91°'08¢€ ge'ti v0'02 S8E'162 00'E0S 9012 [LB-1en-/1 €LYC06
00°0 $8'€B1L 00°¢ci 288'06C 00002 0120 /[8-leN-9| 84206/
00°'0 00°0 00°'0 €89°'062 0S't Li0C L8-1eN-p L 615106
00°0 ry'Giv b7°G1 189062 00°02S 90iZ [8-ienN-€| A% FA
000 c6'E8t c6 11 191'062 00°002 0120 [B-1eN-21 L120S¢L
000 09'Stt 80°S1 196'68¢ 00°02S 901le [B-Jep-11 11¥206

seinje sjuepiou| seinjie4 (oes) (ons) (oes) {oes) (0e8)

aydosisejen Jolepy oydonsere) ise) Jod ise) Jed Iset sed mejnwno jsel 1ed  ubug eleqQ Jjequny

ejgedyddy  ejqeoyddy +6014 801-¥01 €01-001 owdx3 ujeing ndnsey

(%) @insodx3 jene iemod weiboid

Apmig syl Aq pelepisuog

sjeae] Jemod ylim esusuedx 3 jesBojouoiyd IWSS

g . 1 s




X X X
X X X
seunjle 4 LTI seJn|e

00°'0
00’0
00’0
es’6l
00'0
000
00'0
00°0
00’0
000
00’0
00°0
00°0
000
(M
ov'o
00°0
00°0
vy LIS
000
00°0
00°0
000
00°0
00°0
00°0
000
000
000
00°0
0070
00°0
00’0
¥0°08¢

(oe5)

aydosiseren Jolepw ojydonseie) ise) sod

e|qediiddy  eiqeayddy

Apmig siyy Aq pelepisuo)

601

2y ebed

89°6/.¢
89°'64¢
000
9L vbi
96°6L2C
89°'6.¢
00'0
89°¢6 1
tg'eet
9€ L6
94°¢8
06'0
09°¢e8
99°Giy
08°€8g
re'e8
9.°¢t8
89°¢c8
v0'2¢
95°€8¢
v9°e8e
c6'062
89°€8¢
90°¢ 1Lt
9E'vL
¥3°'GiLy
00°0
89°'899
¥2's9c
90°'p.LY
2l’€8e
8v'Siy
c6'Sly
[0 9t

(0e5)
1sey 1ed
go0i-vot

26°'Gl
96°G1
el
¢6°6¢
vo9l
00°'91t
00°0
vo'et
go‘ci
c6 ' vSt
1A
000
00°¢ct
2666
o8t
08°41
88711
88°11
80'ElC
vo'ci
967 L1
cl vece
c6° L1
88°¢c8
¢l’'6S
c6°'66
000
80°/0¢E
8g'clt
9s° LV
va Ll
ci' ool
9471
82°L01

(o858)
1se} Jed
€0tL-001

(%) einsodx3 jeae] 18mod

rro'vie
vri'ELe
vry'eLe
ser'ele
g88l'Ele
888°21¢€
88S'21¢E
98G°'21¢
g/e'zie
gze'gie
695'1 1€
69¢v'L1E
89v°'LiE
89e’lle
8ye'0lE
gvl'ole
8v9'0l€E
8rS'0le
gsrvy'ole
L89'60€
L8E'60C
L80'60€
196'80¢
£92'80¢
€90'80¢
G26°L0¢€
So¥'l0€
00v'/0€
00¥'90¢
001°'90¢
085'60¢
082'S0¢
09/.'vog
ove'vog

(0es)
Ale|nwino
ouidx3
weiboiyg

s|eAe] 1emod yum esusiiedx ] jeaiboouoiy) IJNSS

Crp

00'00€
00°'00€
009
00°0S2
00°'00€
00¢€
St
ote
g6 '6¢1¢
99'959
00°0014
0§}
96°'66
00°0¢S
96°66
00001
00°001
00°001
00°19/4
00°'00¢t
0o0'0o0€
00°02s
00°'00¢
ci'voc
ge’'sel
00°02s
or'd
00°0001}
00°00€
00°02S
00°'00¢t
S0°0¢2s
00°'02s
00°€0S

(oes)
1sel Jed
uleing

Lteo
ti¢co
0120
Le0c¢
1120
11e0
1ico
0120
oico
S01¢
0i2o
{c02e
0120
S01c
0120
oLco
(U xAY
oteo
S0lL¢c
oteco
o1zo
sotc
ogico
90tc
90tc
sotLe
0ico
901¢
0120
soie
[ AY)
Soie
801i¢
soie

ubug

/8-des-61
(8-des-/|
(8-deg-/
.8-des-g|
L8-deg-G|
(8-deg-21
L8-deg-¢

(9-deg-¢

(8-deg-|

(8-Ony-2y
L8-6ny-2}
28-Bny-y
.8-Bny-4

L8-6ny-9

18-Bny-p

L8 Inp-1¢
.L8-Inr-82
/8-1nP-€2
L8-inr-g1
L8-Inp-9 |
LB-INT-6

L8-1nr-9

L8-inp-g

L8-1nP-1

l8-unp-gg
l8-unp-g2
l8-unp-gg
lg-unp-gg
L8-unpr-g |
L8-unp-7 |
l8-unr-g1
L8-unp-g|
l8-unp-1 |
[8-unp-1y

ejeq

cPbS106
l¥S106
00£0SL
0Erco6
0vS1L06
6€S5106
g€S5106
66C05¢/
86205/
LESIVG
6206/
62vc06
9620657,
9€5106
§620SL
¥620S/
€620SZ.
¢6206¢,
SESLO06
1620G/
06¢0S.L
PESLO6
68206
LXAZ4 ]
{2206
£€€S.06
8820G/.
92y206
L820SL
cES1L06
98206,
lESLOE
Scrcos
0ES 106

lequwnpN
fi4rise

128




seinjle4 sjuepioy| seinjie4
aydosiseien iolep
e|geo)ddy  ejqesyddy

Apnis syl Aq pesepisuo)

000
14: A%
000
0Cc'61
00°C
00°0
000
09°2s
00°0
00'0
cL’IS
000
peLee
020§
000
8c'Lce
000
¢SS
c/'6l
96°1S
00°0
00°0
¥2'LSe
¢o'o
000
25’61
00°0
vvLS
000
000
0c'6?b
00°0
00’0
00°'0

(oes)

aydosiseien sey sed

+601

£v ebey

000
¥9°601
08°'SLy
96 ¥92
89'SLp
00°0

00°0

0b 09¢€
000

2589
00°6v€E
95 €€2
881

eV
000

ve |

09°'€92
89°2S€
88 byl
88°8¥€
¥9°€92
v9°€92
v8°1

00°0

2L €92
88 vl
00°0

26°8v€
89622
09 b1t
¥8°S91
09°/81
89°6.2
89°6/2

(oes)
1se} 1ed
80L-¥01I

ve's
862
89°66
oyt
ro'ool
000
cl'S
89°201
00’0
eL L
clL'0e
vo'cy
cS'9v
9.°'6¢
000
95°91
to'ct
oy’ S
[ANA:
2602
002!}
00'clt
9691
000
4
c6'6¢c
000
ve'1e
0091t
00°91
09°0¢€
ci'8l
¢6'Gl
96°'G1l

{(085s)
159} Jod
€01-001

(%) 81nsodx3 |86 semoy

6Lv°'€2E
60v°'€2E
661°'€2E
6€9°'cece
6€£€£°'22¢
618'12¢
gig'1ze
808'12¢E
g8gz’1ce
L82'12¢
£es'02e
£10°02€
€EEL'6lE
ESt'6lE
£02'61l¢€
2oz’'6le
2s6'8ie
2l9'8l€
2si'sle
206°'L1LE
28E'LlE
2ot'L1e
2z2s'gie
2rs'ole
opS'9lE
082'91¢
010'91¢€
600°91¢
68Y'SlE
6€£2'Gle
yoL'SLE
vsg'vig
rvo'vie
14298 2>

(0e5)
Alejnwno
suidx3
weiboiy

S[8AGT JI8MOd Yiim eousuedx 3 (eaibojouoiyn INSS

96’
00’
96"
00’
00’
0s’
0l
00’
0S’
00’
00’
00’
00°
00’
0G’
00’
00’
00’
00’
00’
00’
00’

cl

00

6
0se
6lS
oo€
0cS
l

0csS
o

1 4°FA
0es
08¢
08¢
0S¢
!

0S¢
0114
0cs
0S¢
0cs
08c
0]:74

‘08¢
0s’
00’
00’
0S’
00’
00"
00’
00’
00"
00’
00"

4

08¢
0se
i

0cS
0se
SEl
0S¢
ole
00¢€
00¢

(o858}
159) Jed
uieIing

s01z
6202
1120
S012
1120
6202
S012
1120
S0L2
1202
8202
5012
S013
8202
8202
sotg
solg
6102
6102
2202
solg
soig
solg
6102
s01g
2202
2202
L20¢
1120
1120
1120
1120
1120
1120

ubugy

88-904-01
88-q04-6
88-994-¢
88-VUE[L-62
88-uer-/g
88-uer-pg
88-uer-gg
g8-ver-zz
gg-uer-g|
£8-28Q-62
/8-90Q-€2
.8-90Q-€2
18-20Q-6|
/8-20Q-G|
18-28Q-01
[8-%90(-8
.8-90Q-%
L8-AON-82
L8-AON-22
LB-AON-(C
L8-AON-1g
L8-AON-L1
L8-AON-ZI
L8-AON-01}
/8-AON-8
L8-AON-9
18-190-82
L8-190-01
[8-190-6
.8-190-¢€
l(8-des-0¢
.8-des-9¢g
[8-deg-¢2
L8-d85-12

eeQ

cl€0G/,
6EvC06
GGSi06
L1€0GY,
¥SS5106
8EVC06
0lEDSY
€5S106
600G,
c56106
LEYCO6
80€0G L
L0E0SL
9E¥C06
SEey206
90€0G¢,
S0E0SY
165106
0GS5106
veEvrcoe
v0€0G/
€0€06/,
c0€0SY
65106
10€0SL
EEYCO6
AN EA ]
LEY206
8bS106
IPS106
9vS5106
S¥S106
v#5106
€ySioe6

jequiny
n4nse |

129




seinje4 siuspiou| seinjiey

00°0
82 08¢
00°0
91§
00°0
00°0
00°0
00°0
00°0
00°C
89°1S
000
00°0
00°0
00°0
00°0
00°0
9€°1§
00°'0
82'€95
A4
oY 08¢
82'08¢
00°0

(oes)

alydosisejen Jolepy sjydosisejen 1se) sed

ejqedliddy  e|qeoiddy

Apmig siyi Aq pelepisuo)

+601L

v ebey

or'661 96°'Gl

vo't1 00,01t
8c'Siy v0'001
g/.'8b¢g 96°'0¢
000 v2'oe
9.°G1y 96°66
82'08S 89°ve
88°0b $Y8°G6
000 000

99°'9¢ 25'88¢
c6°'601 88°62
000 89°G

00°0 00°0

ov's 0072

000 000

8r°'Sid $y8'66
09'Gid 9/.°66
clivt og'1e
9/.°'89¢% v9°66
clL'e v0°c¢
oZ'gve 00°\¢
0211t p8°901
gl it 80°L01

c¢L'Sib ¢5'66

(oe5%) (oe5)
I1sej Jed 158} J0d
801-v01 €0L-001

(%) einsodx3 jene semod

LS8'LEE
lE9'1EE
vei'LEE
vig'oce
y60'0€€
690'0€€
6¥5'62¢
926‘'82¢t
58.°'82¢
tg/'see
v9z'sze
v96'L2¢
v¥S6‘L2E
2G66°L2¢€
Ze6'L2E
le6'sL2e
Liv'iee
168'92¢
Lv9'92¢
890'92¢
S9v°'s2e
S¥6'¥2E
erv'vae
6E£6°'€2E

(0e5s)
Alejnwno
awidx3
wesboiy

S|eAeT 'emod yiim eousuedx 3 jesibojouciyd INSS

00022
96°'¢0S
96°61S
00°0cS
00°'Se
00°02S
96°229
96 0b1
0s't
r6'61LS
00'00€E
000!
GS'\
00'0¢
061
96°61S
96°616S
00°'0S¢e
96°¢LS
96°¢09
96°616G
00°€0S
96°¢c0s
88°'61S

(0e5%)
i1se} sed
ujeing

90¢e
IR EAY
tico
oeoe
90¢¢
li2o
(RRAY)
8020
90cce
tico
0€o0Z
8020
0e0¢
i1eo
8020
litco
1120
6c0¢
ti1co
ti1co
6c0c
Lico
tico
1120

ubuz

88-14v-0¢g
88-1dy-61
gg-1dy-gy
88-1dv-01
pg-1dy-¢

8g-1dy-g

88-1dy-g

88-1BW- 1€
88-JEW-0€
88-1EN-62
88-1BWN-8¢C
88-1EN-GC
88-1BN-€2
88-1eN-12
88-1en-1¢g
88-1eN-0 1
§8-JEN-G

88-1BN-b

88-494-52
88-494-02
88-004-61
88-qe4-g1
88-994-p1
88-984-01

sle()

€00+06
89G106
{95106
AR A
c00v06
996106
696106
SLEOYY.
f00+06
r9G6106
Evvco6
AL AT
crveos
€95106
€IE0SL
c95106
196106
(R A XA
09G5106
655106
0vv206
865106
L5S106
965106

requinN
14/se]

130




Appendix A.2

A Quick Calculation of
the Effect of
Failure Correlation Factor
VS.
s . Engine Out Capability

»
”

131




(218

OOTORRELATION vs

A preliminary trade off study

"clusterimg”

with reliability

well as engine out capability

Let,

R1 = rocket engine reliability excluding plumbing to tanks.

R2 = reliability of plumbing.

Assume a single engine plumbing reliability of RZ2 = 0.999 and that increases

in numbers of rockets produce directly proportional

complexity.
Since reliability decreases with 1i1ncreasing complexity then 1if,

R

Since smaller

2 t=
n

.. 16

exp(n In(0.999))

"state of the art"
more reliable then R1 increases as n
This i1s because the more engines there are,

R1 := n

o R R2

! .9895 n n

986 | [ 0.985 10,999 1

987 | [0.972196 {/0.998001 |

{ .988 Lo 9615048(:0. 997003 |

|_.989 1 0.9528571]10.996006

| .99 | 0.9461968110.99501

F.99;_ 0.9414801/{0,.994015

| .992 0.9386757!10.993021

[ .993 1 0.9377636110.9920279

| =994 ' 0.9387355!10.9910359

| .995 | 0.9415944,10.9900449

1,996 | 10.946354610.9890548_

|- 297 1L0.953042 [10.9880658

{998 | 0.9616943|10.9870777

L .999 { 0.9723611:10.9860906

1 .9991 ) 10.9851045{|0.9851045 |
| 0.9854696810.9841194 |

Consider now engine

out capabi

of single large liquid
as the driver follows.

EMEGEINE QUT CAPABILITY

rogket engines vs
Weight and cost as

1s also considered but mnot calculated.

increases in plumbing

the total rAiumber of rocket engines

engines are more mature thus possibly
(the no. of engines) increases.
the smaller they are.

n
RT := R2 'R1
n n n
.99 o D "}
M H
}
i
| ]
RT i
| HEE R I
n i
' f I
ﬁ3‘{M’Pﬂm mﬂsMIMJ
1 16
"No. of engines"”
RT = 0.9302877 minimum reliability
8 with 8 engines and
NO engine out cap-
ability.
lity:

if the number of engines varies from 4 to 16,

the total no.

of engines

the maximum engine out capability

m:

Kk =

RS = total

C = 1.0 cost

AT SN o

reliability with engine out capability.:
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m 1= 4
R1 := R2 := exp(m In(0.999))
m m
1.989 |
i,ng ‘
.87 Now et
f.o88 |
L.989 k 1= 3 ..4 engines required for success
.99
[ [991 |
1 .992 | W m! Pk m—k
| 993 RE := ™ : PR - RE O
| 2994 k sl L (M= kD K m m;
. .995 k
5-996,{
',997 | RS := W C RE R2 RS = 0.994688!
L2998 k k  m 4
9991

Let REC = reliability with correlated failures

J =1 ..7 = the number of correlated failures
_4
i J :
REC = 11 = e , for four engines
j 1000 |
REC
J

0.996006
0.992024 !
| 0.9880539 .
0.9840957
;1 0,9801495
1 0.9762151 |

Thus 4 engines are no better thanmn 1 1f the correlation factor
between 20 and 307 as shown below.

RT := REC RS
J J 4

RT

Jo.

L 0.9907153
. 0.9867545
0.9828055 |
0.9788684 |
1 0.9749421
- 0.9710296_
L 0.9671279
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Not only are four engines no better thanm one under the above conditicens,
three or two engines are also no better. In fact the correlation factor
drives the results and begins to do so at atout 15%.

Time did not allow a thorough study ot the effects of cost or weight.
In fact the entire subject i1is complex enough to warrant a separate study.

One could easily envision that an 1ncrease in the number uf engines,
plumbing and detection apparatus would increase weight thus reduce payload
and might quickly render a clustered system uneconomical.

The purpose of this brief set of calculations 1s not to draw conclusions
but that correlation factors of about 13% are definitely a "red flag'" that
warrants further study. It appears that ligquid engine manufacturers are
overly optimistic about correlation factors.
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Yu Shen
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= SUMMARY

This report contains reliability data for the following families of United States launch vehicles: Thor/
Delta, Titan, Atlas, the Saturn "Family”, the Scout “Family”, and the Space Shuttle.

The reliability data was obtained through the statistical models and procedures described in Section
2.0 as applied to the “Launch Vehicle Failure History Data Base” compiled by C.T. Clague of the Aerospace
Corporation and other data sources given in the bibliography. The resuits of the analysis are summarized
in the following table.

The statistical model and algorithm contained in this report is unique andis the only technique except
for D. Lloyd’'s model that has been developed expressly for launch vehicles. It provides conservative
reliability estimates during the “early launch” period of development. it also converges to the same value
obtained by D. Lloyd when a sufficiently large number of launches and ortests have been attained. Unlike
D. Lloyd's method, it does not require judgement as to whether or not a failure has been corrected nor
does it require that component failure mode be known.

OBJECTIVE AND BACKGROUND

The objective of this reportisto produce a statistical model and algorithm which can estimate
launch vehicle reliability based solely on attribute data that presently exists. In addition, the methodology
isto serve as a means of estimating stage and system reliability. A secondary objective is to use the modet
as a means of predicting the reliability of new systems.

Presently existing methodologies do not meet the objectives cited above.

By way of background, the first attempts to measure launch system reliability were made in order
to either ascertain what level of reliability had teen attained at a given point especially prior to customer
“buy off” or acceptance.

in the 1960's the most widely accepted approach was to assume that each test or launch was
independent of all others. Using this assumption, one could easily calculate the reliability at any given
level of confidence using the Binomial distribution. It became obvious, however, that reliability and
contidence levels above 90% would require an inordinately large number of tests. In the early 70's
Bayesian analysis was introduced. However, due to the subjective nature of prior distributions which rely
on expert judgement rather than direct results from experiments and tests, the Bayesian approach did
not receive wide acceptance in the aerospace industry.

In recent years D. Lioyd of TRW began developing a methodology that does require judgement, but the
judgementis based solely on evidence that the propensity for certain failure modes to occur has been reduced
by redesign and retest.

Or. D. Lloyd's method appears to be the most recent attempt made to estimate reliability or
developmental environment which includes Reliability Growth until now.

The methodology developed for this study is discussed in Section 2.0 of this report and is an approach
which has some attractive features not found in other methods. This methodology was applied to the
historical data obtained during the course of the study to produce the tables of reliability data which follow.
A summary of all the resuits is given in Table A.2 and results for individual launch vehicle failures are
indicated in Tables A.2a through A.2f.

.
It
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TABLE A2a: RELIABILITY OF THE THOR/DELTA FAMILY

Thor / Delta

Vehicle Name
Data Coltection Delta
Period

60-87

Success
; 0.9402
Ratio: Mean 09110

0.9615

0.9950

Stage 172

Stage 1

Stage 2

@)
4
w
O
<
-
"]

Stage 3

Stage 4

Propuislon

Guidance

Flight Control

Structure

SYSTEM

Electricat

Separation

Other or (UK)
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TABLE A2b: RELIABILITY OF THE TITAN FAMILY

Titan
Vehicle Name

Data Collection Titan Il Titan Titan 34D Combine
Period

62-76 64-87 82-87 59-87

Success
0.8864 0.9406 0.7355

0.8323 0.9055 0.4978
0.9272 0.9651 0.8990

0.9946 0.8678

Stage 172

Stage 1

Stage 2

o
z
w
1]
<
-
"]

Stage 3

Stage 4

Propulsion

Guidance

Flight Control

Structure

SYSTEM

Electrical

Separation

Other or (UK)

140




Vehicle Name
Data Collection
Period

TABLE A2c: RELIABILITY OF THE ATLAS FAMILY

Atlas

Atias E
60-88

Atlas F
61-81

Atlas SLV/
67-83

Atlas G

84-87

Atlas H

83-87

Combine

5788

Success
Ratio: Mean

0.7426
0.6454
0.8240

0.8883
0.8359
0.9276

0.9445
0.8736
0.9652

no failure
0.6313

no failure
0.6313

Stage 172

Stage 1

Stage 2

o
4
w
(V]
<
[
[

Stage 3

Stage 4

Propulision

Guidance

Flight Control

Structure

SYSTEM

Electrical

Separation

Other or (UK)
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Vehicie Name
Data Collection
Period

TABLE A.2d:

RELIABILITY OF THE SATURN FAMILY

Saturn "Family”

Saturn |
62-65

Saturn IB
66-75

Success

Ratio: Mean
5%
95%

no failure
0.7943

no failure
0.7743

Stage 0

Stage 172

Stage 1

Stage 2

STAGE NO.

Stage 3

Stage 4

Propulsion

Guidance

Flight Control

Structure

SYSTEM

Electrical

Separation

Other or (UK)
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TABLE A2e: REUABILITY OF THE SCOUT FAMILY

Scout "Family"
Vehicle Name
Data Collection
Period

Scout Combine

60-88 57-88

Success
Ratio: Mean 0.9420 0.6404
5% 0.9023 0.1821
95% 0.9683 0.9744

Stage 0

Stage 172

Stage 1

Stage 2

Q
P 4
w
(V]
<
-
']

Stage 3

Stage 4

Propulsion

Guidance

Flight Control

Structure

SYSTEM

Electrical

Separation

Other or (UK)
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TABLE A2f: RELIABIUTY OF THE SPACE SHUTTLE

Vehicle Name
Data Collection
Period

Success
Ratio: Mean

Stage 172

Stage 1

Stage 2

[}
-4
w
(L]
g
-
0

Stage 3

Stage 4

Propulsion

Guidance

Flight Controt

Structure

SYSTEM

Electrical

Separation

Other or (UK)
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1.0 EXISTING METHODOLOGIES
For the purposes of this report, the following existing methodologies will be brietiy discussed.

- Binomial

» Polynomial Curve Fitting
« Bayesian

* D. Lloyd’'s Method

1.1 The Binomial Method

The “traditional,” or classical, approachto reliability demonstrationin a go/no-go type environment
is the Binomial distribution shown below. In addition to the obvious constraints of the assumptions listed
below, it is interesting to note, for example, that it would require 45 launches with pg failures to
demonstrate 0.95 reliability at 90% confidence. Since trials are assumed to be independent, the growth
eftect (a type of dependency) cannot be evaluated.

Stated mathematically the Binomial Distribution is as follows:

y N)Rx1 RV -1.¢c ifN<S<o0

where;
S = number of successful start tests
N = number of trials
R = reliability
C = contidence level

1]

where it is assumed that

« Trials or tests are independent

« Each trial results in success or failure

» The reliability (probability of success) of each system is the same on each trial
» The number of tests is fixed in advance of the demonstration test

1.2 Polynomial Curve Fitting
Polynomial trends are of the form
Y=A+BX+CX2+DX?+ ... Xk

The straight line is a special case having or 4 the first two terms on the right hat.d side of the equation.
Generally speaking, it is unwise to fit a high-degree polynomial to the data because of the possibility of
mixing trend and cycle. The polynomial can be forced to fit data quite closely by just adding enough terms.
This, however, does not contribute any information about trend. Infact, 1 degree of freedom for error
is lost for every parameter that is estimated from data. Thus, if there are n observations and n degrees
of freedom are lost in fitting a polynomial of degree n-1 item, there are 0 degrees of freedom left for
error!
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1.3 Bayesian Analysis
For the purposes of this report, Bayesian analysis can be divided into two categories:

1. Reduction of the number of tests or flights to demonstrate that a given level of reliability has been
achieved.

2. The Beta-Binomial Model
If it is desired to reduce the numbers of tests or flights required to demonstrate a given leve! of
reliability, then Bayesian analysis can be useful. If the following equation, taken from reference 1, is

solved forn at R=0.95,r=0, P=0.50 and C=90% confidence is desired, thenit can be concluded that only
14 launches would be required.

1

2 Rn-r+1 r
(1-P)(1-R) fp q do

0

C=

1+

2 ! n~r o r+t
(P)(R) p q d
R

where;
n = number of launches
r = number of failures
R = reliability
C = contidence level
P = Bayesian Prior

The Beta-Binomial Bayesian modelis used for Bayesian estimation when information is available about
components of similar design and application. tn this model, several similar components are treated as a
single class. The probability p of each component in the class is assumed to be constant, but will have
different values from component to component. if the Binomial distribution is used to obtain the probability
of K failures in n trials, then the conjugate distribution g(p) for the class is the Beta distribution. This
model weights the reliability growth effect and can be applied to forecast the reliabilities of launch
vehicles. The detailed theoretica’ analysis can be found in reference 2. The disadvantage of this model is
that it is very difficult to separate the total sample data into several similar components unless there
is detailed engineering analysis concerning each failure mode during the different periods of launch vehicle
development history.

Bayasian approaches are highly sensitive to the prior distributions used. If no meaningful estimate
of the prior probability of success can be made, none of the above conclusions apply. Particularly, one
must be wary of consistent optimism or pessimism when records of success do not support the prior
probabilities.

1.4 D. Lloyd's Method

In Lloyd’s model, the rationale is that when engineering corrective action for afailure is implemented,
the probability of recurrence of that failure is reduced; therefore, such failures should not be carried as
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full failures in subsequent reliability estimates. The failure value for each failure model is assumed to be
f - 1_(1_ .Y)lln
where vy is the confidence level and n is the number of successful tests after corrective action.

Based on a detailed engineering analysis for each tailure mode, the result of each failure for each
failure mode can be obtained by solving the above equation. The final result of the reliability estimation
is R = 1- ¥f/N where Xf is the cumulative failure number ot all failure modes and N = the test number.

This model weights the growth effect and can be extended to forecast the reliability, the failure mode
and the launch number at which the failure mode occured as well as the faunch number at which it was

corrected. The confidence level y is directly related to the final results and requires subjective
judgement as to what value is to be used.

2.0 ANEW STATISTICAL MODEL
The developmental history of any launch vehicle can be considered as two time periods - the early
testing period and the performance period. Generally, during the early testing period the unreliability of
a launch vehicle is high and unstable. After a “failure, analysis, and fix" process, in conjunction with
technical and design improvements, the unreliability of a launch vehicle decreases and stabilizes in
the performance period.
A statistical model which weights the reliabilities of these two periods has been developed. The detailed

descriptions of the materials for reliability analysis of vehicles, stages, systems, and engines (or motors)
are introduced in the following sections.

2.1 Estimation of Launch Vechicle Reliability
The easiest way to estimate the average unreliability of a launch vehicle is:
U, = F/L (1)
where U, is the estimated average unreliability, and F and L are the cumulative tailure and launch numbers.

As was mentioned before, the reliability growth effect must be considered to get a more realistic
estimation of the unreliability. In the present model, the average unreliability is defined as

U=y, - auU (2)

where AU is the change in reliability caused by reliability growth and can be explained as
AU = AF/L

or

AF=AU-L (3)

where AF is the cuin'ilative failure correction number.
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Averaging both sides of equation (3) results in

AF=aU- L
2
or —
AU=2. AF (4)
L
Substitute equation (1) and equation (4) into equation (2)
u=F.2.4%F (5)
L L

The estimation of the unreliability of the launch vehicle al the n'" launch can then be approximated as

N Fn
Fi- —= Lj
oy

Up=0o 2020 7 ) (6)
Ln Ln N

where L, is the i launch number, and F, is the cumulative failure number at the i*" faunch.

The reliability R, at the n' launch is

E(Fi" ?' Ll)

Fn 2 i=1 n

= =1 —_ —

Ro=1 - Un Ln Ln N (7)

The concepts of confidence levels based on the value of average reliability from equation (7) are now
illustrated as the following.

Let N be the launch number, ther X = N « R is the success number
5th confidence -

Roos = X (8)
X+ (N-x+1)Fogs 2N-2x+2, 2x)

95th confidence -

{x+1)Foos 2x+2,2n- 2x) (9)
{(n-x) + (x+1)Fogs{ 2x+ 2, 2N- 2X)

Rogs =

where F (n n,) is the 100 r® percentile ot F-distribution with n, numerator and n, denominator degrees
of freedom.

This completes the formulation of the launch vehicle reliability calculations. The example which
applies this model is given in section 5.
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2.2 Estimation of Stage Reliability

The basic method of estimating the stage reliability ot a launch vehicle in the present study is based on
the following assumptions:

1. The failure of the launch vehicle must occur in one of its stages.

2. The starting operation time for each stage is followed by the order of stage number. In other words,
the first stage should begin operating before the second stage.

The following formulation has been developed to perform the reliability estimation for the i'" stage

Fsi « Uy

Rsi=1 -
-1 (10)
Fyv- ( 3 Fsi) e Uy
j=1,jd-1

where R is the reliability of the i'" stage, F,, is the cumulative tailure number of the i'" stage, F is the
cumulative failure number of the launch vehicle, U is theunreliability of the launch vehiclefrom equation
(6).

For example, the reliability for

First stage: Rgy1=1 - Fsi+ Uy
Fv
Second stage: Rs2=1 - _ Fe2e Uy
Fy- Fs1‘ Uv
Fss' Uv

Third stage: Rsa=1 -

Fv’ (F;1+ Fsz) . Uv
Since the value of U, in equation (10) has been weighted, the estimation of reliability for each stage
R, is also a weighted average.
2.3 Estimation of System Reliability

The basic assumption for the method of estimating system relaibility in the present study is that the
tailure of the launch vehicle must occur in one of its systems.

The average reliability of each system of the launch vehicle can be formulated as
R =1-U-F_/F (11)

sys | v sys | v

where R, is the reliability of the i'" system, F__ is the cumulative failure number of the i'"" system, U,
is the unreliability of the launch vehicle, F_is the cumulative failure number of the launch vehicle.
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2.4 Estimation of Engine (or Motor) Reliability
The basic assumption of the method for estimating engine (or motor) reliability is if any of the
engines (or motors) in a stage fails, then the entire stage has failed. Since the failure of a stage can be

caused by either engine (or motor) failure or other failures, the cumulative failure number of engine
(or motor) in this stage needs to be known. The model for estimating engine (or motor) reliability is
described as

Nei

1/
Rei= (1 - Usi’ Fev/ Fsi)

where
R,, is the reliability of the engine (or motor) in the i*" stage.

U,,is the unreliability of the i*" stage which can be obtained by 1-R,, from equation (10).
F, is the engine (or motor) cumulative failure number in the i*" stage.
F, is the cumulative failure number of the i'" stage.

N,; is the number of engines (or motors) in the i'" stage.
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3.0 DATA COLLECTION

Based on tiie analysis of section 2, the following table for data collection of each launch vehicle was
developed.

Vehicle Name

Data Collection from __ ___Yrto Yr

Total Launch Number

Total Failure Number

Date Failure Success Failure Failure Failure Engine or
Launch Run Stage System Descrptn Failure Y/N
Table A.3
in this table,
Date: the date when the launch vehicle failed

Eailure Launch: the launch number at which the launch failed

Success Bun: the number of successful launches between two failures

Eailure Stage: failure stage number

Eailure System:. one of the following systems failed: propulsion, separation, flight control,
structure, electrical, guidance, etc...

Eailure Description: failure mode

Engine or Motor Failure Y/N: Y = engine or motor failure;

N = no engine or motor failure.

This table template was then applied to the history of all US Launch Vehicle Families according to given
cut-off dates. The cut-off dates and the resulting historical tabulations are given in the supplement to this
appendix.

4.0 ALGORITHM

The general solution procedures of launch vehicle reliability analysis can be described by the following
steps.

1. Use Table A.3 to collect the data for each launch vehicle.

2. From the date of “Failure Launch” listed in Table A.3, the launch vehicle reliability can be
estimated by applying equation (7) in section 2.1. The corresponding 95th and 5th confidence levels can
be obtained by solving equations (8) and (9) in section 2.1.

3. From the data of “Failure Stage” listed in Table A.3 and the launch reliability obtained in step

2, the reliability of each stage of the launch vehicle can be caliculated by using equation (10} in section
2.2
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4. The date of “Failure System” together with the results of step 2 provide the information to obtain
the reliability ot each system in the launch vehicie by applying equation (11) in section 2.3.

5. From the data of “Engine (or Motor) Failure Y/N" listed in Table A.3 and the result of step 3, the
reliabilities of each engine (or motor) can be obtained by solving equation (12).

5.0 EXAMPLE

Consider the “Atlas/Centaur” as an example. The general information about the "Atlas/Centaur” is
illustrated in the following figure which is taken from the report "Hazard Analysis of Commercial Space
Transportation”, Volume |, May 1988, published by the U.S. Department of Transportation.

Following the solution procedures described in section 4:

1. Table A.4 lists all the failure data on the "Atlas/Centaur”, The data collection period is from 1962
to 1987. The launch number of the "Atlas/Centaur” during this period is 67, and the corresponding failure
numberis 11. Inthis example, the failure data was collected fromthe “Launch Vehicle Failure History Data
Base,” which was compiled by Cindy Thatcher Clague of the Aerospace Corporation (refarence 4).

The March 26, 1987 failure, shown in Table A.4, which was caused by a lightning strike is considered
as an externally caused failure. This failure is eliminated in the present reliability analysis otherwise all
failures are included.

2. Based on the data in Table A.4, we used equation (7) in Section 2.1 to estimate the launch vehicle
reliability. The estimation of the reliability for n=67 is

R, = 0.9069
The corresponding 95th and 5th confidence levels, obtained by solving equations (8) and (9), are

Ry o5 = 0.8450
Ryes = 0.9489

3. From the “Stage Failure” data in Table A.4

The first stage is siage 1/2 and nas ihe failure number F,, = 2.
The second stage is stage 1 and has the failure number F, = 2.
The third stage is stage 2 and has the failure number F, = 6.

The reliability of each stage can be obtained by solving equation (10). In this example, the unreliability
of the vehicle is U, = 1-R, = 0.0931, and the cumulative failure number of the vehicle is F, = 10.
Substituting these values into equation (10), we get

R,, = 0.9814 for stage 1/2.
R,, = 0.9810 for stage 1.
R,, = 0.9420 for stage 2.

4. From the “System Failure” data in Table A.4

The failure number of the propulsion is 5.
The failure number of the structure is 2.
The tfailure number of the separation is 1.
The failure number of the flight control is 1.
The tfailure number of the electrical is 1.

152




o

General Dynamics General Stage Data
Atlas Centaur Launch Vehicle

[ Stage 172 Stage 1 Stage 2
Stage Data
Designation Atlas G Centaur D-1A
Stage Mass, Klbm 320.875 38.771
FAIRING Usable Propellant, kibm 300.832 29.734
n.¢ Stage Length, 76.7 298
Stage Diameter, ft 10 10
- Number of Engines 2 1 2
E -, | Guidance Data
Manufacturer Honeywell
Type Four Gimbal
FUEL TANK ~r——d— ) Inertial
CENTALR Engine Data )
oxIolzER Manufacturer Rocketdyne Rocketdyne Pratt and Whitney
TANK T2 8.8 Designation YLR-89-NA-7 YLR-105-NA-7  RL-10A-3-3A
] 9 Number of Starts Possible 1 1 2
- Fuel RP-1 RP-1 LN,
x:;t‘:s'az Q'} { ‘ Oxidizer LOX LOX LOX
13.1  |Ssvedfe———d 336 Mixture Ratio, O/F 225 222 5.0
$ 2 7 9 r Average Thrust per Engine, bl
Sea Level 180,750 60,500 —
Vacuum - - 16,500
Average Chamber Pressure, psia 650 733 474
OxIDIZER — Spexific Impulse, sec
T Sea Level 269 220
Vacoum 292 kb3 4465.4
Total Burn Time, sec 153 283 404
Nozzle Expansion Ratio 8 25 61
—— Nozzle Exit Area, ft? 11.24 11.66 8.22
10.0 Engine Cant Angle, deg 0 0 ]
‘;'53 Thrust Vector Control Gimballed Engines and Verniers Gimballed Engine

_ 1 3

ALL DIMERSIONS ARE 1% FEEY -

Figure A.1. Atlas/Centaur launch vehicle configuration anc data.
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TABLE A.4: FAILURE HISTORY DATA OF ATLAS/CENTAUR

Vehicle Name: Atlas/Centaur
Data Collection from: 62 to 87
Total Launch Number: 67~ .
Total Failure Number: 11
Date | Failure {Success | Failure| Failure Failure Engine/Motor
Launch | Run | Stage System Description Failure Y/N
05/08/62 1 0 2 Structure Centaur upper stage structure failure N
06/30/64 3 1 2 Propulsion Centaur hydraulic failurs, Loss of C, N
hydraulic power
03/02/65 5 1 12 Propuision Loss of Atlas thrust during liftoff, due to fuel Y
starvation of booster engines stemming from
N closure of fuel preveiue
04/07/66 7 1 2 Propuision Centaur restart sequence failure, engine N
ignition occurred but not sustained due to fuel
L deplation
08/10/68 16 8 2 Propuision Failure of boost pump H,O, supply system N
: centaur didn't achieve its second main engine
start
11/30/70 21 4 1 Separation Nose fairing failed to jettison properly N
05/08/71 23 1 2 Flight Control | Centaur pitch control lost N
02720775 34 10 1 Electrical Atlas booster section electrical disconnect N
failed during booster jettison
09/29/77 42 7 12 Propulsion Atlas booster engine hot gas leak failed missior Y
06/09/84 62 19 2 Propulsion Failure occurred at A/C Separationra liquid N
oxygen tank crack
03/26/87 67 4 - other Lightning strike failed mission N
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By solving equation (11), the reliability of each system can be obtained

RD'opuIslon = 0.9535
Rsnucluu = 0.9814
Rsspafation = 0.9907
Rlllghtconlrol = 0.9907
R = 0.9907

electrical

5. There are two engines (YLR-89-NA-7) in stage 1/2, one engine (YLR-105-NA-7) in stage 1, and
two engines (RL-10A-3-3A) in stage 2. From Table A.4, the failure number of engine YLR-89-NA-7 is
2. The failure number of engine YLR-105-NA-7 is 1, and the failure number of engine RL-10A-3-3A is
0. By solving equation (12) together with resulits of stage reliabilities, the reliabilities of each engine can
be obtained.

Ryirsonay = 0.9907
YLR-105-NA-7 — 09905
AL.10a.3.3a = No Failure

The results of the reliability analysis for the "Atlas/Centaur” are summarized as

ATLAS/CENTAUR BELIABILITY
Yehicle

Mean 0.9069
5% 0.8450
95% 0.9489
Stages

Stage 1/2 0.9814
Stage 1 0.9810
Stage 2 0.9420
System

Propulsion 0.9535
Structure 0.9814
Separation 0.9907
Flight Control 0.9907
Electrical 0.9907
Engines

YLR-89-NA-7 0.9907
YLR-105-NA-7 0.9905
RL-10A-3-3A No Failure

The reliability estimation of "Atias/Centaur” based on equation (7) at each launch is described in
the following figure, A.2.
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6.0 RESULTS

The statistical model (section 2) and the data coliection method (section 3) following the solution
procedures (section 4) have been applied to twenty-four U.S. launch vehicles. The results are listed in
Table A5.

in Table A.5, launch vehicles are separated into six groups based on their developmentai histories. The
results of the *Combine” in Table A.5 are the reliability estimates for each group. The following
formulations, based on Bayesian reliability analysis, have been applied to perform the calculation for each

group.

1SR
u-ﬁ2|

i1

-

where N is the vehicle number in the group, R, is the reliability of the i" vehicle, i is the mean reliability
of the group.

SR
= — i-

N-1,§' '
where o is the variance.

Let :
a=B(1-p)-n

g

=E(1-p) +p-1
c

Then the mean of the group is
u = a/{a+b)
The 5% confidence level is

|t05=
a+ b' l Ogd 2b,23)

The 95% confidence level is

a- Fosd 23, 2b)
b+ a- Fosg 23,2b)

Ross =

The reliability estimations for each engine of the launch vehicles are not listed in Table A.5. They are
partiaily listed in the matrices which are for engine reliability analysis.
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7.0 CONCLUSIONS
A new model has been developed which has the tollowing advantages:
1. This model weights the reiiability growth effect. Since the reliability of a launch vehicle can be
estimated from each past launch, the extension of this model should be able to predict the future reliability

of the launch vehicle.

2. The formuiations of the model are simple and easy to apply. A computer program is being developed
for future applications.

3. The results of the calculations are only dependent on the data collection.

4. The reliability estimations of vehicles, stages, systems, and engines are separated, which reduces
the restrictions to the data collection.
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Appendix A.4

History
of
US Launch Vehicles
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Cut-off dates for launch vehicle reliability data

Launch vehicle Cut-off date Failure No. Launch No.
Thor/Delita
Thor 01/25/57 - 08/05/83 66 369
Delta 05/13/60 - 03/20/87 12 181
Titan
Titan | 02/06/59 - 03/05/65 24 68
Titan I 03/16/62 - 06/27/76 16 94
Titan 11 09/01/64 - 02/11/87 11 137
Titan 34D 10/30/82 - 11/28/87 2 11
Atlas
Atlas A 06/11/57 - 06/03/58 5 8
Atlas B 07/19/58 - 02/04/59 4 9
Atlas C 12/23/58 - 08/24/59 3 6
Atlas D 04/14/59 - 11/07/67 42 197
Atlas E 10/11/60 - 02/03/88 18 49
Atlas F 08/08/61 - 06/23/81 17 96
Atlas SLV 02/02/67 - 05/19/83 4 73
Atlas G 06/09/84 - 03/26/87 0 5
Atlas H 02/09/83 - 05/15/87 0 5
Atlas/Centaur 05/08/62 - 03/26/87 10 67
Jupiter 07/26/58 - 10/23/58 3 6
Juno 12/06/58 - 05/24/61 5 10
Saturn | 10/27/62 - 07/30/65 0 10
Saturn IB 02/26/66 - 07/15/75 0 9
Saturn V 11/09/67 - 05/14/73 1 13
Vanguard 12/06/57 - 09/18/59 8 11
Scout 07/01/60 - 03/25/88 14 110
STS
Space Shuttle 04/12/81 - 09/29/88 1 26
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Vehicle Name: Thor
Data Collection from: 57 to 83
Total Launch Number: 369
Total Failure Number: 66
Date | Failure [Success | Failure | Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
01/25/57 1 0 1 Propulsion Missile fell back on launcher, oxygen start tank Y
fill and check valve maifunction
04/19/57 2 0 1 Human Erroneously destroyed by RSU N
05/21/57 3 0 2 Structure Fusel tank ruptured N
08/30/57 4 0 1 Propulsion Propellant valve pneumatic line failure Y
10/03/57 6 1 1 Electrical Microswitch failure in MFV delayed signa! to N
gas generator valve opening
10/11/57 7 0 1 Propulsion Possible turbopump failure Y
12/07/57 9 1 1 Electrical Electrical systems malfunction, no main engine N
cutoff
01/28/58 1 1 1 Guidance Excessive trajectory dispersion after 95 sec. N
terminated by RSO
02/28/58 12 0 1 Propulsion Premature shutdown, failure of gas generator Y
LRRP or liquid ox line
04/19/58 13 0 1 Propulsion Fell back on launcher due to fuel system Y
matfunction
04/23/58 14 0 1 Propulsion Turbopump failure Y
07/13/58 18 3 1 Electrical Main engine cutoft failed to get through N
circuit problem
07/26/58 20 1 1 Structure Pneumatic line failure caused MLV closure N
missile broke up due to aerodynamic forces
08/17/58 22 1 1 Propulsion First stage malfunction, Turbopump failure Y
11/05/58 24 1 1 Guidance Actopilot malfunction N
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Vehicle Name: Thor
Data Collection from: 57 10 83
Total Launch Number: 369
Total Failure Number: 66
Date | Failure [Success ]| Failure | Failure Failure Engine/Motor
Launch | Run | Stage System Description Failure Y/N
11/08/58 25 0 3 Propuision 3rd stage failed to ignite Y
12/05/58 27 1 1 Propulsion Liquid oxygen tank pressurization malfunction N
12/30/58 30 2 1 Guidance Guidance malfunction at liftoff N
01721/59 31 0 1 Propulsion Exploded on pad. A malfunction during N
ccuntdown
01/23/59 32 0 2 Electrical Electrical malfunction prevented cutoff and 2nd N
stage Ignition
01/30/59 33 0 1 Propulsion Liquid oxygen tank pressurization problem N
06/03/59 47 14 3 Propulsion Premature engine burnout due to fuel Y
exhaustion, Insufficient velocity was gained for
orbital attainment
06/16/59 49 1 1 Guidance Autopilot did not program possibly liftoff switch N
didnot extract
06/25/53 51 1 2 Electrical A diode failure in the D-timer brake circuit N
caused the Agena engine to burn to fuel
exhaustion
06/29/53 52 0 1 Electrical Electrical malfunction R/V did not separate N
retro-rockets did not fine
07/21/59 53 0 1 Flight Control | Flight controller did not program; Launcher arm N
did not extract liftoff pin
08/14/59 60 6 1 Propulsion Fuel depletion, fusl underioad, leak or engine Y
miscalibration
09/17/59 65 4 2 Separation 2nd stage retro device failed, 3rd stage did not N
ignite
12/01/59 77 11 1 Propulsion Main engine cutoff occurred 6 sec. early. Y
Possibly main liquid oxygen valive closed
prematurely
12/14/59 79 1 1 Flight Control | Control failure, Missile stability !ost N

164




Vehicle Name: Thor
Data Collection from: 57 to0 83
Total Launch Number: 369
Total Failure Number: 66
Date | Failure [Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure YN
02/04/60 83 3 1 Electrical Failure of the fuel injector pressure switches or N
a short around them
02/19/60 86 2 1 Guidance Autopilot component failure N
06/29/60 94 7 2 Guidance 2nd stage attitude instability N
08/18/60 97 2 1 Propulsion Failure of the first stage hydraulic system Y
10/26/60 101 3 2 Separation 2nd stage failed to separate N
11/30/60 103 1 1 Electrical Main engine shutdown from a premature N
MECO signal
03/30/61 11 7 3 Propulsion A hydraulic system failure resulted in lose of Y
attitute control
06/08/61 13 1 3 Propulsion Fuel line leak, Engine failed to provide thrust Y
07/21/61 118 4 1 Flight Control | Control system instability N
08/03/61 119 0 2 Flight Control | A failure occurred in the hydraulic system whicH N
provides the power for engine gimballing
10/23/61 125 5 1 Propulsion Hydraulic failure and a failure in the engine Y
actuating system
11/05/61 126 0 3 Guidance Apogee was higher than predicted as a result N
of excess velocity
01/13/62 131 4 2 Electrical Blew a fuse in the line to the gyro guidance N
packages
01/24/62 133 1 2 Propulsion 2nd stage misfired, An acutator lug on the 2nd Y
stage thrust chamber was broken
02/21/62 134 0 1 Propulsion The fuel vent valve stuck open during first burn Y
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Vehicle Name: Thor
Data Collection from: 57 to 83
Total Launch Number: 369
Total Failure Number: 66
Date | Failure {Success | Failure | Failure Failure Engine/Motor
Launch | Run | Stage System Description Failure Y/N
03/19/62 136 1 1 Guidance Pitch HIG gyro malfunction N
05/10/62 140 3 1 Electrical Failure of the 1st and 2nd stages to separate N
which was caused by 1st stage electrical
malfunction
06/20/62 147 6 1 Propuision High temps weakened the load-carrying N
capabilit of the Thor engine section
07/25/62 153 5 1 Propulsion The main oxidizer valve only partially opened N
10/15/62 162 8 1 Propuision The actuator potentionmeter voltage show a Y
continuing loss of power
02/28/63 174 11 0 Propulsion Solid motor failure Y
03/18/63 175 G 2 Electrical Electrical short circuit in the safe-arm junction N
box
04/26/63 177 1 3 Guidance Failure in harizon sensors N
06/12/63 179 1 1 Propuision During 1st engine operation a power short Y
condition developed, igniters were set off by
radiated heat from the nozzle
11/09/63 191 11 1 Propulsion overheating of the boattail section Y
11/10/63 192 0 1 Flight Control | Unstable and premature termination of N
powered flight
03/24/64 203 10 2 Electrical Electrical short circuit, loss of guidance and N
control
04721/64 204 0 UK Flight Control | Failure of flight control N
04/27/64 206 1 UK UK UK UK
05728/64 207 0 UK UK UK UK
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Vehicle Name: Thor

Data Collection from: 57 to 83

Total Launch Number: 369

Total Failure Number: 66

Date | Failure %uccess Failure | Failure Failure Engine/Motor

Launch | Run Stage System Description Failure YN
09/02/65 250 42 UK Guidance Guidance failure, destroyed by RSO N
01/06/66 260 9 2 UK Failed to orbit UK
05/03/66 269 8 2 Propulsion Fire in thrust section due to leakages Y
05/18/68 301 31 1 Guidance Gyro failure, Booster guidance malfunction N
0211771 335 33 1 Propulsion Expioded after 40 sec. UK
02/18/76 354 18 UK UK UK UK
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Vehicle Name: Delta
Data Collection from: 60 to 87
Total Launch Number: 181
Total Failure Number: 12
Date | Failure [Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
05/13/60 1 0 2 Flight Control | 2nd stage attitude control maffunction, N
No 3rd stage ignition
03/19/64 24 22 3 Propulsion Loss of 3rd stage haliway thru burn Y
08/25/65 33 8 3 Propulsion 3rd stage igiition before separation, N
Did not achieve orbit
09/18/68 59 25 1 Guidance 1st stage control system (rate gyro) N
07:25/69 71 11 3 Propulsion 3rd stage (AKM) thrust dropped during burn Y
possibly nozzle blown off
08/27/69 73 1 1 Propulsion 1st stage hydraulic system failure Y
10721771 86 12 2 Flight Control | 2nd stage contro! gas oxidizer vent valve N
failure, leak
07/16/73 96 9 2 Propulsion 2nd stage hydraulic system pump motor failure Y
01/19/74 100 3 2 Flight Control | 2nd stage electronics failure N
04/20/77 130 29 2 Separation Clamp band released early N
0913777 134 3 0 Propulsion SRM (Castor IV) burn-through Y
05/03/88 178 43 1 Electrical 1st stage electrical short in relay box N
(main engine shutdown)
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Vehicle Name: Titan |

Data Collection from: 59 to 65

Total Launch Number: 68

Total Failure Number: 24

Date | Failure |Success | Failure | Failure Failure Engine/Motor

Launch | Run Stage System Description Failure Y/N
08/14/59 5 4 1 Structure Vibration fired holddown bolts: 1B1E pulled N
causing shutdown

12/12/59 6 0 1 Propulsion Failure on pad: destruct system UK
02/05/60 8 1 1 Structure Failure at T+43 sec. N
03/08/60 10 1 UK UK UK UK
04/08/60 12 1 UK UK UK UK
07/01/60 18 5 1 Propulsion Failure at stage | hydraulics Y
07/28/60 19 0 1 Propulsion Stage | premature shutdown UK
08/10/60 20 0 UK UK UK UK
09/29/60 23 2 UK UK UK UK
12/03/60 26 2 1 UK Vehicle destroyed UK
12/20/60 27 0 2 Propulsion No stage Il ignition UK
01720/61 28 0 2 Propulsion No stage i ignition UK
03/02/61 31 2 2 UK Premature stage Il shutdown UK
03/31/61 a3 1 1 UK Premature stage | shutdown UK
06/23/61 36 2 2 UK Premature stage Il shutdown UK
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Vehicle Name: Titan |

Data Collection from: 59 to 65

Total Launch Number: 68

Total Failure Number: 24

Date | Failure [Success | Failure Failure Failure Engine/Motor

Launch | Run | Stage System Description Failure Y/N

12/15/61 49 12 2 Propulsion No stage Il ignition UK
01/20/62 50 ] 2 Propulsion No stage Il ignition V1.4
02723762 52 1 2 Propulsion No stage Il ignition UK
05/01/63 60 7 1 Propulsion Failure at liftoff UK
07/16/63 61 0 2 Propulsion No stage Il ignition UK
08/30/63 &3 1 1 Propulsion Gas generator shutdown Y
12/08/64 66 2 2 UK Stage i prel. shutdown UK
01/14/65 67 0 2 Propulsion No stage ! ignition UK
03/05/65 68 0 1 Propulsion Propellant depletion Y
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Vehicle Name: Titan |}
Data Collection from: 6210 76
Total Launch Number: 94 b
Total Failure Number: 16
Date | Failure kuccess Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
06/07/62 2 1 2 Propulsion Stage il gas generator oxidizer injection Y
blocked
07/25/62 4 1 2 Propulsion Stage Il fuel pump leak downstream of TCV Y
failure due to combustion instability
12/06/62 8 3 2 Propulsion Stage |l oxidizer bootstrap line failure Y
01/10/63 10 1 2 Propulsion Gas generator oxidizer injector blocked Y
02/16/63 13 2 1 Separation Umbilicals failed to disconnect properly N
04/19/63 15 1 2 Propulsion Bootstrap premature shutdown Y
05/09/63 17 1 2 Propulsion OX leak, Premature shutdown of stage Il N
10% loss of stage Il oxidizer during S | flight
05/29/63 20 2 1 Propulsion Subassembly 1 thrust chamber fuel valve leak Y
occurred at engine ignition
06/20/63 21 0 2 Propulsion Gas generator oxidizer injector clogging Y
04/30/65 45 23 1 Propulsion Subassembly / shutdown abruptly and vehicle Y
flight continued erratically, Turbopump failure
06/14/65 48 2 1 Flight Control | Loss of vernier nozzle N
09721/65 54 5 2 Electrical Premature shutdown of stage {i, bad connector N
coupled with a surge in the AOS power
11/30/65 57 2 1 Propulsion Fuel leak, possibly at cross-over manifold with Y
resultant thrust vectoring
12/22/65 60 2 2 Human Control of record stage lost following ctaging N
{Guidance) Probably due to technician reading wrong scalef
05/24/66 67 6 1 Separation No r/v Separation N
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Vehicle Name:

Titan |l

Data Collection from: 6210 76
Total Launch Number: 94
Total Failure Numbe-: 16
Date | Failure [Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description kailure Y/N
04/12/67 69 1 2 Flight Control | Stage ll yaw rate gyro N
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Vehicle Name:

Titan 1l

Data Collection from: 64 1o 87
Total Launch Number: 137
Total Failure Number: 11
Date | Failure {Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
09/01/64 1 0 3 Propulsion Premature transtage cutoff, Pressure system Y
failure
10°15/65 6 4 3 Propulsion Propellant freezing in stage Il engine bi-prop Y
valve engine failed to shutdown
12721/65 7 0 3 Flight Control | ACS engines failed to shutdown after vernier N
burn loss of attitude control
082666 10 3 0 Structure P/L tairing failure during SRM flight Y
C472€:67 16 5 2 Propulsion Stage Il engiri~ thrust dropped to 172 nominal Y
gross contamination on Martin side of interface
11/06/70 48 31 3 Guidance IGS-IMU failure, The electroni~ spension of N
the IMU shorted out
021174 75 26 3 Propulsion Centaur stage failed to start after separation, N
failure of LO, boost pump
05720775 85 9 3 Guidance IMU failed, Internally shorted transistor N
09/1577% 99 13 2 Propulsion Engine failed to shutdown on command burned Y
to completion, hard contaminant in fuel valve
09/05/77 106 6 2 Propulsicn Low velocity at stage Il shutdown Y
03725/78 110 3 2 Propulsion Turbina drive hydraulic pump failure after Y

igntion




Vehicle Nane:

Data Collection fronc
Total Launch Number:
Total Failure Number:

Titan 34D
8210 87
11

2

Date | Failure [Success { Failure Failure Failure Engine/Motor
Launch { Run Stage System Description Failure Y/N
08/28/85 8 7 1 Propulsion Stage | engine shutdown prematurely-massive Y
leak shortly after ignition
04/18/86 9 0 0 Propulsion Insulation/case debond vehicle disintegrated Y

at T+8.764 the first explosive flash was noted




Vehicle Name: Atlas A
Data Collection from: 57 10 58
Total Launch Number: 8
Total Failure Number: 5
Date | Failure [Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
06/1i/57 1 0 Structure
09/25/57 2 0 Structure
02/07/58 5 2 Fliight Control
02/20/58 6 0 Flight Control
04/05/58 7 0 Propulsion




Vehicle Name: Atlas B
Data Collection from: 58 to 59 :
Total Launch Number: 9
Total Failure Number: 4
Date | Failure {Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
07/19/58 1 0 Flight Controi
09/18/58 5 3 Propuision
11/17/58 6 0 Propulsion
01/15/58 8 1 Propulsion
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Vehicle Name: Atlas C

Data Collection from: 58 to 59

Total Launch Number: 6

Total Failure Number: 3

Date | Failure [Success | Failure Failure Failure Engine/Motor

Launch | Run Stage System Description Failure Y/N

01/27/59 2 1 Guidance
02/20/59 3 0 Propulsion
03/18/59 4 0 Propulsion
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Vehicle Name: Atlas D
Data Collection from: 59 to 67
Total Launch Numben: 197
Total Failure Number: 42
Date | Failure {Success | Failure| Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
04/14/59 1 0 Propuision
05/18/59 2 0 Propulsion
06/06/59 3 0 Propulsion
09/09/59 6 2 12 Electrical Electrical signal to initiate separation did not N
reach the pyrotechnic cartridges
09/16/59 8 1 Propulsion Hydraulic failure
01/26/6C 19 10 Guidance
03/10/60 23 3 Propulsion
04/07/60 24 0 Propulsion
05/06/60 26 1 Flight Controf
06/22/60 30 3 Electrical
07/02/60 32 1 Electrical
0722/860 33 0 Flight Control
07/29/60 34 0 Structure Static or dynamic loads, higer than could be N
predected, rupture of LOX tank
09/12/60 37 2 Propulsion
09/29/60 41 0 Electrical
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Vehicle Name: Atlas D
Data Collection from: 59 to 67
Total Launch Number: 197
Total Failure Number: 42
Date | Failure [Success | Failure | Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
10/12/60 43 1 Propulsion
12/15/60 47 3 1 Structure Rupture in the missila LOX tank Y
04/25/61 52 4 12 Flight Control | Unsatisfactory due to a failure in the flight N
control system
09/09/61 57 4 172 Electrical Failure of the ground power umbilical to eject N
normally at liftoff
10/21/61 59 1 12 Guidance roll control was lost N
11/22/61 61 1 12 Flight Control | Booster pitch control lost N
12/22/61 65 3 2 Flight Control | Sustainer engine failed to cutoff N
01/26/62 68 2 172 Guidance Failure of Mod Ill G Guidance system N
02/21/62 [A| 2 Propulsion
04/09/62 74 2 2 Electrical Electrical failure, excess altitude and under- N
velocity condition
07722/62 57 12 2 Guidance Failure of engine burning time N
10/02/62 92 4 Electrical
12/17/62 98 5 1 Propulsion Thrust chamber oscillation Y
01/25/63 100 1 Structure
03/09/63 104 3 Flight Control
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Vehicle Name:

Atlas D

Data Collection from: 59 to 67

Total Launch Number: 197

Total Failure Number: 42

Date | Failure [Success | Failure Failure Failure Engine/Motor

Launch | Run | Stage System Description Failure Y/N
03/15/63 106 1 Propulsion Hydraulic failure
03/16/63 107 0 Flight Control
06/12/63 111 3 172 Propulsion Booster hydraulic accumulater failure, Y
Exploded just after launch
09/06/63 117 5 Propuision Hydraulic failure
09/11/63 118 0 Propuision
10/07/63 119 0 Propulsion
11/13/63 123 3 Propulsion Hydraulic failure
01/21/65 149 25 Propulsion Injection failure, no separation Y
03/02/65 153 3 12 Propulsion Stage failed due to loss of thrust Y
05/27/65 159 5 172 Propulsion Booster exploded Y
03/04/66 175 15 172 Flight Control | Failure of sustainer low pressure hydraulic N
system at booster jettison
05/03/66 179 3 UK UK UK UK
18C




Vehicle Name: Atlas E
Data Collection from: 60 to 88
Total Launch Number: 49
Total Failure Number: 18
Date | Failure [Success | Failure { Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
10/11/60 1 0 172 Guidance Nitrogen control-gas was broken off, causing N
control-gas depletion
11/29/60 2 0 1 Propulsion Loss of sustainer engine hydraulic pressure Y
01/24/61 3 0 i Flight Control | Lost vehicle stability N
03/13/61 5 1 1 Flight Control | Premature shutdown of the sustainer engine N
due to fuel depletion
03/24/61 6 0 12 Flight Control | Control bottle helium was dapleted during N
boost phase and the booster package was not
jettisoned
06/07/61 9 2 12 Propulsion Combustion instability in B1 thrust chamber Y
06/22/61 10 0 12 Flight Control | Excessive pitchover rate during boost phase N
09/08/61 13 2 1 Propulsion Sustainer engine shutdown shortly after jettiso Y
of the booster section
1 i/1 0/61 16 2 1 Propuision Sustainer engine shutdown during main stage Y
transition
02/28/62 20 3 UK Structure UK UK
07/13/62 21 0 1 Propulsion LOX leak during flight, failure of slow-closing Y
propellant valve
12/18/62 22 0 172 Propulsion Booster engine shutdown due to loss of lube oil Y
07/26/63 26 3 1 Electrical Spurious voltage transients on range safey N
cutoff cire.1itry
09/25/63 29 2 1 Propulsion Sustainer hydraulic system failed at staging Y
02/12/64 30 0 1 Guidance Guidance failure in premature engine cutoffs N




Vehicle Name:

Atlas E

Data Collection from: 60 1o 88
Total Launch Number: 49
Total Failure Number: 18
Date | Failure [Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
08/27/64 32 1 UK Guidance Radial impact error BB NM short, GD/A did not N
perform an analysis
12/08/80 36 3 12 Propulsion Booster engine nol 2 shutdown prematurely, Y
due to loss of oil
12/18/81 37 0 12 Propulsion Propulsion B1 GG burn through Y
—
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Vehicle Name:

Atlas F

Data Collection from: 61 to 81
Total Launch Number: 96
Total Failure Number: 17
Date | Failure {Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
12/12/61 3 2 1 Guidance The ARMA guidance system computer mal- N
functioned. Engine cutoff 4 sec early
12/20/61 4 0 1 Propulsion Loss of sustainer hydraulic pump iniet pressure Y
04/09/62 5 0 1 Propulsion The sustainer lox turbopump was destroyed by Y
an internal overpressure
08/10/62 7 1 1 Flight Control | Missile failed to roll to the planned target N
azimuth
11/14/62 12 4 1 Guidance Guidance computer malfunctioned N
03/23/63 17 4 UK UK Missle self-destructed at 91 sec. JK
10/03/63 19 1 172 Propulsion B1 Main fuel valve failed to open Y
10/28/63 20 0 1 Propulsion Sustainer hydraulic return system failed Y
04/03/64 23 2 172 Propulsion Thrust imbalance due to B1 main fuel valve Y
sticking
08/08/66 29 5 12 Propuision Abnormal operation of B2 engine caused high Y
fuel and iow LOX usage, partial blockage of
the B2 LOX high pressure system
10/11/66 30 0 12 Propulsion Fusel starvation of B1 engine due to matfunction Y
of B1 engine fuel prevaive
10/27/67 39 8 12 Propulsion Loss of vehicle stability caused by small leak in Y
booster hydraulic high oressure system
05/03/68 45 S 1 Flight Control | Divergent oscillations of booster pitch control N
11/06/68 52 6 1 Propulsion Vernier engine hydraulic pressure lost after Y
SECO
10/10/69 58 5 1 Propulsion Sustainer and vernier engines shutdown Y
prematurely




Vehicle Name: Atlas F
Data Collection from: 61 to 81
Total Launch Numbex: 96
Total Failure Number: 17
Date | Failure [Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
04/12/75 80 21 1 Propuision Damaged thrust section allowed ovarheating Y
and premature shutdown of the sustainer and
vernier engines
05/29/80 95 14 12 Propulsion B1 engine paerformance was 79% of nominal Y

and injection time was late
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Vehicle Name: Atlas SLV
Data Collection from: 67 to 83
Total Launch Number: 73
Total Failure Number: 4
Date | Failure [Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
11/30/70 26 25 2 Separation Nose fairing failure to jettison N
12/04/7 1 30 3 1 Flight Control | Lost attitude control E pack N
02/20/75 42 1 1 Electrical Electrical disconnect failure during Atlas boost N
separation
09729777 52 9 12 Propulsion Hot gas leak in the booster gas generator Y
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Vehicle Name:
Data Collection from:

Total Launch Number:
Total Failure Number:

Atlas G
84 to 87
6

Date | Failure [Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
03726/87 6 5 Other Lightning struck vehicle N
-
-
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Vehicle Name: Atlas H
Data Collection from: 83 to 87
Total Launch Number: 5

Total Failure Number: 0

Date Failure [Success | Failure Failure
Launch | Run Stage System

Failure
Description

Engine/Motor
Failure Y/N
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Vehicle Name: Atlas/Centaur
Data Collection from: 62 to 87
Total Launch Number; 67
Total Failure Number: 11
Date | Failure [Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
05/08/62 1 0 2 Structure Centaur upper stage structure failure N
06/30/64 3 1 2 Propulsion Centaur hydraulic failure, Loss of C, N
hydraulic power
03/02/65 5 1 172 Propulsion Loss of Atlas thrust during liftoff, due to fuel Y
starvation of booster engines stemming from
closure of fuel prevelue
04/07/66 7 1 2 Propulsion Centaur restart sequence failure, engine N
ignition occurred but not sustained due to fuel
deplation
08/10/68 16 8 2 Propulsion Failure of boost pump H,O, supply system N
centaur didn't achieve its second main engine
stant
11/30/70 21 4 1 Separation Nose fairing failed to jettison properly N
05/08/71 23 1 2 Flight Control | Centaur pitch controi lost N
02720775 34 10 1 Electrical Atlas booster section electrical disconnect N
failed during booster jettison
09/29777 42 7 1/2 Propulsion Atlas booster engine hot gas leak failed missior Y
06/09/84 62 19 2 Propuision Failure occurred at A/C Separation a liquid N
uxygen tank crack
03/26/87 67 4 other Lightning strike failed mission N
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Vehicle Name: Jupiter

Data Collection from: 58 to 58

Total Launch Number: 6

Total Failure Number: 3

Date | Failure [Success | Failure | Failure Failure Engine/Motor

Launch | Run Stage System Description Failure Y/N
03/05/58 2 1 4 Propulsion 4th stage failed to ignite Y
08/28/58 5 2 2 Separation Booster burned into remaining stage upper N
stage fired in wrong direction

10/23/58 6 0 2 Separation 2nd stage faiied to fire premature separation N
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Vehicle Name: Juno

Data Collection from: 58 to 61

Total Launch Number: 10

Total Failure Number: 5

Date | Failure [Success | Failure Failure Failure Engine/Motor

Launch | Run Stage System Description Failure Y/N
07/16/59 3 2 UK Guidance Guidance failed, destroyed by RSO N
1
08/14/59 4 0 1 Propulsion Booster tuel depletion Y
03/23/60 6 1 3 UK Ignition matfunction UK
02/24/61 8 1 2 UK 2nd stage malfunction UK
05/24/61 10 1 2 UK 2nd stage failed to ignite UK
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Vehicle Name:

Saturn |

Data Collection from: 62 to 65

Total Launch Number: 10

Total Failure Number: 0

Date | Failure [Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure YN
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Vehicle Name; Saturn 1B

Data Collection from: 6610 75

Total Launch Number: 9

Total raiiure Number: 0

Date | Failure |[Success | Failure | Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
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Vehicle Name:
Data Collection from:

Total Launch Number:
Total Failure Number:

Saturn V
671073
13

1

1

Date | Failure {Success | Failure | Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
04/04/68 2 1 2 Propulsion Second stage engine malfunction Y
3 Third stage failure to restart
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Vehicle Name: Vanguard
Data Collection from: 57 to 59
Total Launch Number: 11
Tota! Failure Number: 8
Date | Failure [Success | Failure Failure Failure Engine/Motor
Launch { Run Stage System Description Failure Y/N
12/06/57 1 0 1 Propulsion First stage lost thrust, exploded after 2 second Y
02/05/58 2 0 1 Flight Control | First stage control system malfunction after N
57 sec
04/28/58 4 1 2 Propuision Bad 2nd stage shutdown preventing 3rd stage Y
firing
05/27/58 5 0 3 Flight Control | Improper 3rd stage trajectory loss of attitude N
control
06/26/58 6 0 2 UK Early 2nd stage shutdown prevented 3rd stage UK
firing
09/26/58 7 0 2 UK Below minimum 2nd stage performance UK
prevented orbit
04/14/59 9 1 2 Guidance Loss of 2nd stage pitch control N
06/22/59 10 0 2 Propulsion Low tank pressures after 2nd stage ignition Y

caused instability
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Vehicle Name: Scout
Data Collection from: 60 to 88
Total Launch Number: 110
Total Failure Number: 14
Date | Failure |Success | Failure | Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
12/04/60 3 2 2 Electrical Failed to ignite: Caused by wire break or N
disconnected power input
06/30/61 5 1 3 Propulsicn Improper venting causing ignition leads to be Y
severed
08/25/61 6 0 4 Separation Diaphragm separation system failure N
11/01/61 8 1 1 Guidance Guidance failure destroyed by RSO after N
30 sec
04/26/62 11 2 3 Guidance Control was lost dus tc H,O, not being availabl N
05/23/62 12 0 2 UK 2nd stage shock input all three axes 0.29 sec UK
aiter ignition
04/05/63 18 5 3 Flight Control | 3rd stage reaction control system failure N
04/26/63 19 0 3 Electrical short circuit in the destruct system, attitude N
control was lost
07/20/63 23 3 1 Propulsion stage | engine nozzle tailure Y
09/27/63 24 0 4 Flight control | Pitch motor failure, koss of vehicle control N
06/25/64 28 3 2 Electrical Linear shaped destruct charge was ignited by N
an unplanned electrical input
01/31/67 51 22 4 Propulsion Motor graphite nozzle insert resulted in rupture Y
of the motor case
05/29/67 56 4 3 Propulsion Failure of motor caused by unstable chumber Y
pressure
12/08/75 94 37 3 Propulsion 3rd stage nozzle failure Y




Vehicle Name:
Data Collection from:

Total Launch Number:
Total Failure Number:

Space Shuttle

81to 88
26
1

T

O-ring failure

Date Failure [Success | Failure Failure Failure Engine/Motor
Launch | Run Stage System Description Failure Y/N
01728/86 25 24 0 Propulsion Vehicle exploded 73 sec. after launch-SRM Y
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