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FOREWORD -

This report supplements the rehablhty assessment effort docu-;'

mented in PRC R -1055, Eighth Reliability Assessment for the Orbltmg

Geophysmal Observatorles, 29 December 1967. The work for both

. reports was performed by Planning Research Corporatlon under con-

tract NAS5-9443, awarded by the Goddard, Space Fl:l.ght Center of the.
Natmnal Aeronautms and Space Admmlstranon. 'The 29 December re- :
port covers all reliability assessment activities durmg calendar year |
1967 It eﬂ:tends roverage through the first 6 months of 1968, and briefly
summarizes all of Planning Research Corporatmns s independent reliabil-

1ty assessment efforts regardmg the Orb1t1ng GeOphysmal Observatones.
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ABSTRACT

v

Tha monthiy FOOGO Failure Review Board mee‘f;ings to monitor -
the performance level in hardware development fabrication, . and test

procednres during the report permd are summarized. This failure

,reporting 'and follow-up_progra.rn is generally quite effective in 1sola.ting.

and solving problem areas. Participation in the OGO E launch readiness
review.and thev OGO. F'pre enVironmental critique is reported as well
as the design review of the Momentum Control Assembly for OGO F.
No 31gn1f1cant problems were detected in these act1v1t1es A brief re-
view of the in-orbit failure rates for the OGO spacecraft and the "trans-
mitter" anomaly of OGO V is reported; the observed failure rates are
gener-ally lower than those used in prediction acfiifities. A possible .
source of the OGO V transmitter d1ff1 alties and a petential solution to’ ’
the problem are suggested o ' '

A brief summary of the entire mdependent rehabihty as sessment

actiwty on the OGO project is presented.
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I. INTRODUCTION

Thls docuraent concludes the report on the elghth of a series of
rehab1l1ty assessments of the Orbltmg Geophysma.l Observatories con~
ducted by Planning Research Corporation for the Goddard Space thht
Center, National Aeronautics and Space Administration. The contractual
period of the study was from 25 january 1967 to 28 June 1968. Work per-
formed during calendar year 1967 is reported m PRC R-1055; reported
herein’ (PRC R-1055A) is the effort expended from 29 December 1967
to 28 June 1968. | /

‘The primary obJectwes of th1s assessment, as with all prevmus

' assessments, are delineated in Reference 1 and can be briefly sum-

‘marized as follows

.o To prov1de NASA with objective and mdependent estimates

of OGO spacecraft system reliability.

o To ass1st NASA in estabhshmg rellab111ty goals for the
.spacecraft system and major subsystems

o . To actas techn1ca1 advisor to NASA in qu renamhty
" matters. '

- To fulfill these obJect1ves in the eighth assessment three tasks

| - were ass1gned The first requxred a rehab111ty ans,lyms of five spec;ﬁc
- OGO design changes mplemented durmg the assessment period. These |
'analyses are reported in their entlrety 1n PRC R-1055. The second
‘ spec1f1ed PRC attendance at the monthly FOOGO Fallure Review Board

meetmgs and the provision to GSFC of comments and recommendatxons |

pertinent to th1s act1v1ty The thlrd task on-call consultmg, prowded

for techmcal sermces in spec1f1c rehablhty problem .areas not ant1c1- .

' .‘pated at the begmmng of the assessment permd

The remamder of th1s report is- d1v1ded into two sect1ons, the

4 ‘f1rst of which covers all work performed under the last two of the above

| tasks during the fmal 6 months of the assessment perzod efforts oc-.

curmg under these tasks m 1967 are reported in PRC R- 1055 The

y
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second section presents an overview of all independent assessment

‘activities performed by PRC during the eight assessment periods be-

‘ginning in October 1961 and terminating with this report.
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II.. ADDITIONAL EIGHTH ASSESSMENT EFFORT

’

A, ' Failure Review Board Meetmgs

Durmg the report perlod (January to June 1968), the elghth assess-

' ment task prov1dmg for a continuous review. of the level of performance

in hardware development, fabrication, and test procedures TS fulfilled,
as in the,preceding period, by attendance at, and independent reporting :
of, the monthly Failure Review Board meetings (FRBM!'s) held at the
spacecraft contractor's' plant. Reporting is aecomplished by means of

monthly technical letters recording PRC's observatmns of the FRBM's

and review of associated documentatmn

In summary, specific comments were. offered on 20 failure re-
ports representmg 8 problem areas durmg th» assessment period. For

two of the "problem" areas, the comments adduced add1t10na1 support

.for a position or action taken by the FRB; in two others, the comments .

involved suggested imprcvements in procedures.

For the other four problem areas, comments were of a cautionary

‘ nature, indicating a case- -by-case closure of in‘dividual failure reports

with no real resolution to the problem presented by the failures. This

procedure is probably unaviodable in some cases due to trade- -offs of
time, cost and rehab1l1ty, moreover, the 1nc1dence of such cases is

quite low in relation to the total number of fa1lure reports processed

“Nevertheless, 1t 1s incumbent on the independent re11ab111ty assessment

contractor to pomt out th1s s1tuat1on when it ex1sts.

These four areas representlng problems not yet totally resolved

are (1) leakage of solen01d va.lves, (2) osc111at10n of the b1stables, (3)

’ tape recorder b1t dropout ‘and (4) yaw reaction wheel stalled power out

of tolerance. , No pattern has been detected among the fa1lure reports,

: ’_however, that would 1nd1cate the ‘neces s1ty for systematic program changes._

Tne conduct of the mcetmgs and the procedures ut111zed are, in general

. felt to be qu1te sat1sfactory
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B. . Launch Readinees Review, OGO E

PRC reviewed the pertment documentation and participated in the
launch readmess review meetine for OGO E held at the spacecraft con-
tractor's fac111t1es on'January 16, 17, and 18, 1968. On the basis of
the information presented during the review axud prior assessment ac-
tivities, the folloWing commente were transmitted via technical letter‘
C68-5623, dated 30 January 1968.

The overall conduct and documentatxon for.this review generally
conformed to the recommendations made by PRC (letter C67-4373,

28 June 1967) at the conclus1on of the OGO E Pre-Environmental Test

' Critique and OGO D Launch Readiness Review; that is, detailed handouts
of agenda items were provided to pa.rt1c1pants frior to the meetmg, and
‘th,e discussion of "assembly histories" was focused on problem areas.
All areas appeared to halve. beeh adequately and eff*ciently covered,

With respect to the discussions of battery capacity (in relation to
maximum allowable eclipse time) and system thermal performance, it
was suggested that it might be productive to examine these two areas
together. "If, for example, some experlmer;ts must be shut down' in ,
eclipse because of battery capacity and during sunlight due to thermal ‘
problems, rather ‘detrimental effects on the overall data gathermg
functlon could result even if the same experlments are not mvolved
~The decision as to which exper1ments to cycle is a function of the dura-
tion of shutdown, the data gathermg relat10nsh1ps of the cycled experl-
meni3, the peno.d between ecllpses and ‘fu.ll,»sunl1ght, experiment relia-
'biiity, etc. The develooment of an optimal cYcling strategy might be
enhanced 1f some consideration were given to these and other factors

under both’ condltlons that might requlre cyclmg

C. Momentum Control Assembly De31gn Review

-

’I‘he Momentum Control Assembly (MCA) de<51gn review package

| was briefly revxewed by PRC prior to,attendance at the design review

lReference 13, conta.lmng ‘the: prehmmary expenment operatlo"ns -plan
for OGO F, appears to have 1mp1ernented the intent of this recommen-
datmn, partlcula.rly w1th resPect to power, ava11ab1l1ty
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meeting held on 2 April 1968. Based on the meeting and the design
" review package, no significant deficiencies in the design or implemen-
- tation approach of the MCA were noted.

During the design review meeting there was some discussion con-
cerning the possible addition of a saries of redppdant diocdes to existing
relay coil @ransient suppression diodes in the Control Switching Assembly
(CSA). The purpose of the proposed additional diodes would be to im-
prove reliability by making the failire of one diode in the shorted con-
dition harmless. On the basis of infoxjm‘atior’i presented, and consider-
ing the likely failure modes of these ‘dio‘des,_ the use of additional diodes
for units of new design or n;lanufa’.clture was recommended. However,

. since theﬁ:e is no reason to believe that the present circuitry is less
reliable than proven spacccraft equipment, PRC recommended against

modifying the CSA solely for the purpoese of a.ddin'g redundant diodes.F1

D, Pre-Envir.onmental Critigue, OGO F

' PRC reviewed the pertinent d'ecumen.tation and participated in the
pre- env1ronmenta1 critique of OGO F held at the spacecraft contractor's
faci 11t1e onn May 7, 8, and 9, 1968, On the ‘b is of the mformatmn pre-
sented during the rev1ew and prior assessment activities, the following
comments were transmitted via technical letter T68-5720, dated May
1968. | " |

| The overall conduct and dr*cumentatmn foy this ¢ritique were
'gerierally.satlsfactory, although distribution of the documentation prior
to the meeting would have been desirable. CQVerage of all areas and
action items taken during the meeting appeared to be adequate.
Two' of the 'problefn areas discussed duri:rig the meeting, however,
are such that the complexity of the phenomena involved would seem to
'_ limit the predmtablhty of spacecraft behavior. . ‘

'I'he first of these problem areas concerns the poss1b111ty of oscil-

lation in the magnetic ampllher bistables. This problem was p‘)revmu_sly

mentioned in PRC letter C68-5710, dated 1 May 1968.' A separate’

Subs equent 1n£orn1at10n 1nd1cates that the recommended course of
action Was 1mp1emented
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meetmg was held on May 7 durlng the course of the cr1t1que to dlscuss
" the problem more fully, It was concluded from all current evidence,
that detailed knowledge of the dynarmc behavior of these umts is unavail-
able, and, therefore,_assurance of the1r pr oper operat1on is constramed ' o
by, the state of the art of n.agnetlc amp11f1ers. - . B |
.' A similat s1tuat10n exists in the second problem area in mvolving
poss1ble nonlmear 1nteract1on between the spec:lal purpose and wideband
transmltters first noted on OGO V. Thrs problem Was d1scussed in PRC o
letter C68 5684, dated 5 April 1968 As md1cated in that letter, certam'- o
undesu‘ed modes. of operauon of the varactor output staaes are conceiv- o
: able. however, to date, the ex1stence of these modecz has ne1ther been |
proved nor drsprovem | ' '
" In both of these prob‘e:m

for analyucal understandmg, whlle perhaps necessary, is not. entlrely

‘uroas the subst1tut1on of emprrlcal results', v

o satlsfylng. " On the other hand both problems have only appeared spor-
adlcally and therefore, may not Justlfy the expendlture of tlme ano funds

‘neces sary to.arrive at a-more complete theoretlcal undcrstandmg

: a
3

E. ) A. ssment of (_)peratronal Snacecraft S F B

Durmg the assessment perlod two areas relatrve to the opera-

S t,»onal spacecraft were brleﬂy mvestlgated. These were (1) the trans- |

m1tter anomaly notlced on. OGO V and (2) observed randorr- catastrophlc
p1ece-part fa:!.lure rates on all OGO spacecraft. The T ,ults, prev1ously

transm1tted via techmcal letters are summarlzed in the followmg two R |

,/’,‘f :

o subsectmns.

ST B o Transmrtter Anomaly, OGO V

Br1ef1y, th1s anomaly mvolved the loss of the carrrer from o ’ '
the specxal purpose transm1tter and a concormtant drop in- forward povver - | o :
and r1se 1n reverse power of w1deband transmltter A when both were SR '
transrmttmg over the du'ectmnal antennas. Before the anomaly could N
be thorou ghly mvest1gated 1t dlsappeared Somewhat later, the forward
power of w1deband transm1tter A dropped by a factor: of 10. ) .
- The anoma.ly was mvest1gated by PR,C, prrmaml*y' from the pomt
of v1ew of transrmtter mteractmn. | It was concluded that the effect of

mteractmn m these transm:xtters would be to cause unusual modes of
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op’eration.due to parametric pumping in the varactor output :sta.ges.

- While the a alysis of such actlon is. exceedmgly difficult, being described

. by nonlinear equat1ons w1th txme -varying parameters, it is "evident that

‘the coupling of energy between the output stages must be prevented to
avoid undesn'ed results. The varactor type of transm1tter requires ‘
"spec1a1 treatment in that this des1gn is more cr1t1ca1 with re spect to '
1nteract1on between transrnltters than more conventmnal de signs, The .
1nteract1ons tend to make ground teotmg in nonanecho1c surroundmgs
difficult due to the effect of reflected energy The incorporation of cir-
culators or gyrators for transmitter 1solat1on was suggested to a11ev1ate

thlS problem. :

2. Observed CGC Orb1ta1 Fa11ure Rates |

, o In ReferenCe 2, observed fa11ure rates based on orb1ta1
f11ght data, as of 30 November 1967 ‘of four oGO spacecraft were tab-.
"';ulated based on -an upper 60- percent confldence level for elght hxgh-
populatlon generlc part types.' These rates were compared to the results
found in Reference 3 on a part by part ba51s at both 60- and 95~ rercent
con“dence mtervals. The results of Ref reace 3 are based on data, as
‘. of May 1966 from a w1de va.rlety of operatmnal spacecraft The com..

' parlson is tabulated in Exh1b1t 1 ) ‘ ' v
| ) The correspondence in part fallure rates between the two sources
“1s quite goor1 1mply1ng that the results are reasonably 1nd1cat1ve of the
'imagmtude of p1ece-part fa11ure rates to be expected in spacecraft de-

s1gned and bu11t prmr to the 1965- 1966 t1me perlod
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'~ “II. AN OVERVIEW OF ALL OGO INDEPENDENT
| RELIABILITY ASSESSMENTS.

A. Introduction | -

It is, the purpose of thls section of the report to br;.efly summar:ze
the efforts of Planning Research Corporatmn devoted to Improvmg the
re11ab111ty of the OrbItIng Geophysmal Observator1es ' These efforts |
~ are the result of eIght Independent re11ab111ty assessment studies con-
ducted from October 1961 through June 1968 The primary objectives
of these assessments are: outlIned in Reference 1 and Section I of this
report. The elements of an Independent re11ab111ty assessment which

' _def:l.ne the activities to be undertaken to meet these obJect1ves are as L “

| follows° '

| . Estabhsh and allocate rehabIhty' goals for the system and -

. 'ma‘]or subsystems .

2. Construct a preliminary system relIabIIIty model
3. Select generic component part fa11ure rates.
4, Make a preliminary reliability predzctmn. _‘ _ ‘
5. | IdentIfy potent1a1 re11ab111ty problem areas, usmg a faIIure' ,
- mode, effect and cr1t1ca11ty analysm ’ '
X 6. Construct more detaIIea re11ab111ty models‘for potential"'
problem a.reas and exercise these. models w1th more de- :
tailed component part fa11ure rates. . B
B S Evolve and analyze competing designs for problem areas.
N 8. Conduct engmeermg design reVIews. | ‘

9. Recommend deSIgn changes. : N
10. _y:Per10d1ca11y update. reliability predIc:tIons and allocatzons .
‘ (reﬂectmg effect of desIgn ‘.nanges, ‘etc..) and contmue to -

o perform deta11ed analyses of pote.ItIal problem areas.

11‘:.' ReVIew the development contractor 8 reIIabIhty prOgrams
| | ‘and plans. o | f . |
Jl2s Rev:Iew, in detail, the development contractor s rehabIhty ,

R efforts.
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13, ‘Rev_iew independ‘entlyr the trouble and failure.reports.
14, Observe tests and analyze and_report; on the test‘. i"esults.
© 15, Participate in the development. contractor's d:esivgn r'erriews.
l6. . Offer advice regardmg noncomphance w:.th Spec1f1cat1ons
" and contractual requirements. .
| Subsect:.on II1.B br1ef1y summarizes the act1V1tv of each report
" period, General and specific benefits resulting from the independent

' a'ssessments are outlined in subsection IIL. C.

&

B. Summary of Efforts

1. First Assessment Per1odiOctober 1961 February_ 1962)

.,' N ThJ.s assessment period was devoted primarily. to estabhsh-
| 1ng the initial pred1ctmn and’ allocatlon of OGO spacecraft rehablhty

" Two models were éstablished to predict re11ab111ty--one based on the
classical success/fallure approach and the second and preferred meLhOd', '
based on part1al performance degradatmn in a continucis manner rather
than the d1chotomous treatment 1mposed by the classical aoproach Gen-

, eral as sumptwns with respect ta the mission profile, operatmg proce-
dures, enwronmental fac\ors, etc., were estabhshed and a set of pzece-'
: part fa11ure rates for use m the model evaluatlon were demgnated based
on the best avaﬂable mformatlon. | __

' Numer:.ca,l values of rel1ab1l1ty for the maJor subsystems and the
spacecraft syst»em were presented as a funct1on of time using both model-
ing approaches At the end of one. year the preferred approach gave a
~ reliability of. 0.25, whereas the result of the classical approach was less
than 0.01.. The assrgned goal was 0.70. This goal was apportmned to the

- major subsystems indicating strongly the necess:.ty for upgradmg the re-
. l1ab111ty of the Attltude Control and Stab:.hzatmn (ACS) and Communrcatlon
. 'and Data Handhng (CDH) Subsystems. - B . o
’ , In add:mon, a detalled rehabﬂlty analys;.s of the mam commutator o
matnx in the CDH was performed and a des1gn ta1lored to the m1ssron |
was recommended to replace the more general c’(es:.gmr A determmatmn
" was. made of the average power generated by the solar cells under cond1-
v"-:’taons of random mmblmg of the OGO <'pacecraft. A cr1t1que of the
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spacecraft ‘contractor's concurrent re11ab111ty report was made designa-
ting dlfferences in the modelmg approach and the magnitude of assumed

failure rates. Fmally, an analys1s was performed tradmg off werght |

‘reduction of the structures subsystem through redes1gn of the appendage '

deployment release mechamsm agamst loss in' rehab111ty

,’2,.- ’ Second Assessrnent Perlod (February 1962- September 1962)

The effort in thlS period consisted pr1mar11y of a ref1nement
of the pred1ct1on act1V1t1es of the first asses sment pericd, spec1f1ca11y,'
to br1ng more reahsm into. the ‘second assessment

a. A number of simplifying assumptmns , that, of neces-'

| s1ty, had been made in the prehmmary assessment |
, - were e11m1nated
| b. - Launch and POGO effects were brought into the ‘

assessment

c.  Each 1nd1V1dual subsystem assessment was more de- e

talled and mcorporated the latest de51gn changes
~d, Bas1c failure rates were rewsed based on new
| information. ' )
| ~e.” Both rel1ab1l1ty models were reevaluated to reﬂect
. ‘ . the greater depth of engmeermg analysis.
Compensatmg effects in the models resulted in no significant change in

" the pred1cted system re11ab1l1ty numerlcs.

An mdependent compilation of the OGO spacecraft parts comple- o

ment was also completed durmg th1s assessment permd

‘ 3 | Th1rd Assessment PenodiSeptember 1962 Apnl 1963)

The th1rd assessment further refmed and updated the results -

of the f1rst two assessment perlods. Pmmary emphas:s was placed on.

R .mcreased engmeermg analys1s at. the subsystem level guided by the

 basic obJectwe of achlevmg a complete assessment of all aspects of the -

'_-spacecraft The mathematmal models were rewsed to-include subsys- f

,tem mterface cons1derat10ns a.nd apphcable data ar1smg from all avall-

‘ able OGO spacecraft, and subsystem tests were mcorporated 1nto the

Rt e

oo R
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asses sment The numerical values of pr.edicted' spacecraft reliability
resultmg from the revisions were considerably lower than those derlved
- in the previous assessments. . The preferred method resulted in a value
*of 11 percent, whereas the classical approach yielded a value less than
0.1 percent; E |
. 'l'he‘spacecraft reliability goal of 0.70 for 1 year's operation was
reapportmned based on ‘the updated information ava11able durmg this as-
,sessment period. The ACS and CDH subsystems were reaff1rmed as
'.bemg the weakest links in the system. Numerous recommendatmns for

the 1mprovement of their inherent reliability were made.

A spacecraft weight prediction methodology was briefly mvestlgated

" and the prime contractor's approach to this problem was reviewed. The

concurrent pr1me contractor s rel1ab111ty assessments were also remewed .

- and a subsystem by- subsystem comparison was made -with the PRC as-
| sessments. Finally, a detailed review of the OGO solar paddle vibra-
tion test results and a computemzed ana1y81s of the revised structural

. design was accomphshed

4, “ Fourth Assessment Period (Apr11 1963 March 1964) -

In this assessment perlod attentmn was focused on partlcular

problem areas rather than on. spacecraft system re11ab111ty assessments.

o One problem treated in great deta11 was the discrepancy now mamfest

between ‘the pred1ct10ns of spaceoraft rellablhty as reported by ‘the

B apr1me contractor ‘and PRC. All of the ava1lable prxme contractor's re-

, liability reports were reviewed and analyzed in detail, and a step- by-—step
comparatrve analys1s was made with PRC's approach. S1gn1f1cant dlffer-v

| ences were found in the mathemadtical models. (cla.ss1ca1 approach in both
cases), parts_ complements, failure modes cons1dered, subsystem descr1p~
tions, and fallure rates. . The effects of parameter drlft screening on
fallure rates were evaluated and strongly recommended for use for tran-
sistors and diodes. ' ' . | o
Three 8pacecra£t elements and one expenment were smgled out for '
deta:.led analys1s. A method of opt1m1z1ng the ass:Lgnment of command
functmns to the OGO comrnand relay rnatrlx was derived that bas:cally

- Nf'%ﬁ;‘.ﬁ‘»‘“‘ PNE A
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minimized the effort of smgular coramand system failures and that
could be 1mp1emented with no hardware changes whatever The honzon
' scanner -in the OGO AGCS subsystem was subjected to a detailed stress
analys1s focusmg on the fatigue life (launch and or_b1ta1) of the flexure-
pivot springs. The third spacecraft element analyzed was the Power
Supply Subsystem and, -in particular,‘ the effect of certain switch;lng
circuit modifications made to this subsystem. In _cOnjun’lction with this
 analysis, a review of available nickel-cadmium battery test reports was
. also conducted. lThe reliability of the radio astronomy experiment flown |
on the first EGO was analyzed in con51derab1e detail. A nnmber ef recom-
mendatlons for re11ab111ty 1mprOchent was made, however, it was con-
cluded that the experiment reliability was cons1stent.w1th the reliability =
of the spacecraft itself, | o | |

- The final effort u”ndertaken during'this' asses sment period was an
ana1y81s and evaluation of the operatwnal aspects of spacecraft system
re11ab111ty to develop a pract:.cal means of assux 'ing that the maximum’
"'value" is obtained from an orb1t1ng spacecraft and. partlcularly to de-
' terminé the remed:lal actions that can be taken in the face of spacecraft
madfunction. Dlagnost:u, routines and dec1s:10n-act10n charts weéere gen- ..
erated for the CDH, ACS Power Supply, and Thermal Control Subsystems

5 F1fth Assessment Penod (January 1964-August 1964)

This assessment contirued the emphas1s of the fourth assess-
. ment permd by concentratmg on engineering and re11ab111ty analyses of
spec1f1c areas in an attempt to upgrade system reliability.

With respect to, spacecraft hardware elements, a detailed analysis
" of the S-50, (POGO) Power Supply Subsystem was conducted mcludmg
g recommendatmns for a hlgher degree of redundancy, solar array require-
ments versus battery depth of discharge, and sclar array capab1hty The
: POGO expenment programmer design was reviewed, and its impact on .
spacecraft and mission re11ab111ty was evaluated. Other changes simi-
larly reviewed mcluded the use of capac1t1ve tachometers for the attitude.
- control reaction wheels and changes. in the un1versa1 w:.rmg system and

' ccmmand recexver frequency
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~ Analyses of a more general nature mcluded the. determmatmn of
the potential worth of a parts burn- -in program for OGO and an evaluatmn
of the increased reliability that could be ant;c1pated through the use of
integrated circuits to replace discrete components in the OGO space- |
‘craft. An mvest1gat1on of the "purple plague™’ phenomena was also con-
; ducted. F1na11y, a recommendatmn for a single clas s1ca1 OGO reliabil-
:1ty model was made to resolve the dlfferences still outstanding between
_the spacecraft contractor and PRC. R R

~ Finally, the fallure h1stor1es of units to be integrated in OGO A
were rev1ewed to determme their potcnt1al flight reliability. Also re-
 viewed were the OGO prototype thermal vacuum and spacecraft torsional

i vibration tests.

6. | Sixth 'Reliabillty Assessment (J-anuary"1965-April' 1966)

The analy51s of various cr1t1ca1 OGO hardware elemerts
, contmued to play a central role in this assessment perlod A rather |
" lengthy and detailed analys1s of the enable relay and driver circuit in

_ the command system was made together with a number of suggested

- alternate configurations. It was firmly recommended that no changes

‘be made, Due to the boom deployment failure of OGO I, an analys:Ls of

' the ‘boom deployment. system was undertaken resultmg m a number of
de51gn and testing recommendatlons Also rev1ewed in some -detail was

- the ACS nongated inverter. An alternate des:tgn approach ut111zmg a dig-
ital techmque was proposed that would be more stable with respect to
component tolerance build-up and parameter drift.

In this assessment periodg, 1ncreas1ng emphasis was placed on

“manufacturmg" re11ab111ty reﬂected in the estabhshment of the monthly |
System Index Report (SIR) " The SIR was estabhshed to prov1de a contin-

_uous monitoring of hardware development fabr1cat1on, and acceptance

procedures as reflected in the development contractor' s failure report’

B summanes. ‘Also, the fa1lure histories ‘of units to be mtegrated in OGO a

- were rev:Lewed to- determme their potent1al ﬂlght re11ab111ty

Fmally, a more detailed study was undertaken to evaluate the
- potentlal reha‘b:.hty improvement to be ant1c1pated for OGO through re--

' ‘placement of d1screte components in the digital command decoder Wlth |

T A e T e et e T e e
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‘ integrated circuits. A design approach was presen’red, including specific
parts, which would reduce the decoder failure rate by a factor of one- third,
An’'updating was also made of the S-49 EGO and S-50 POGO system reliabil-
‘ity mcdels and of the’ p_redictions reflecting design changes that had been im-
'plemented since the third assessment. The reliabilities improved only a

' negl1g1ble amount and are essentially equwalent for the two spacecraft.

7. Seventh Assessment Pemod (January 1966 December 1966)

Two major design changes were analyzed during thls assess=-
ment per iod. The first of these mvolv 'd a redesigned hor1zon scannei
to overcome the "cold-cloud effect" noted subsequent to the launch of

‘OGO I. The second is referred to as.the Control SW1tch1ng Assembly
.(CSA) des1gned to provide a spin-up capab111ty for OGO in the event of
loss of three-axis attltude control and stabilization. For the horizon .
scanner, the opt1ca1 mechamcal electyical, electromc, re11ab111ty,
and system aspects of the rede31gn were ascessed and compared to the
'.pre‘nous wideband scanner des1gn. The mod1ned version was found to
be superior on all counts. For the. CSA in addition to the usual failure
mode and effects anal’}f‘s:ts, the effects of false commands *Vere consid-
ered, and alternate.c1rcu1ts and command related 1mprovements were -
‘ suggested . , | ‘
The SIR was contmued durmg th1s assessment permd and an anal-~
'ysis of the fallure histories, etc., of the units to be mtegrated in the -
OGO B spacecraft was evaluated _ \

Durmg this assessment per1od a completely rev1sed and s1mp11—
fled spacecraft system rehablhty model was also formulated and evalu-
ated incorporating all design changes, latest state of the art in rehab1hty
ana1y51s, and the results of orb1tmg OGO spacecraft In conJunctlon -
with th1s reassessment and on a consistent basis with it, -the opera- -
tional re11ab111ty of OGO's 1, 'II and IIT was evaluated through August 1966.

8. E1ghth Assessment Penod (January 1967 June 1968)

a. Des1gn Charges

Durmg this permd seven’ des1gn changes were analyzed
to determme the1r 1mpact on subsystem and spacecraft rehab:.hty These

changes and the results ofv the analyses are as follows:

o

PR T A R L S A LR
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(1) Modified Attitude Control Subsystem (ACS)
- for OGO's D, E, and I

A number of changes were incorporated into the

ACS under this modification, all designed to preclude a failure.similar
to the roll channel magnetic amplifier failure of OGO III. The motor
driver magnetic amplifiers were redesigned, time delay circuits were
added to the‘ roll and yaw reaction wheel, solar array control channels
limiting and ﬁltering ‘comiponents were added to the low-level and bi-
stable circuits, new valve driver circuits were provided, and mechani-
cal modifications of the solar array and OPEP drive mechanisms were
incorporated. | |

The analys1s of these modifications 1nd1cate that all were based on
sound engineering principles and all had a p051t1ve impact on spacecraft
reliability. | | |

(2) 'Modlfled Power Supply Subsystem (PSS) for
' 0GO's D, E,.and F

r . This modification is primarily designed to pro-
vide for the‘ use of nickel cadmium batteries for all missions, rather
than ut111zmg sﬂver cadmium batteries for POGO mis sions, as was pre-
.viously the case. In addition to the battery change, the series regula-
‘tors, 125°F thermal switches, and cycle relay were eliminated. from the ‘

previous de51gn, and battery recondltmnmg circuits weré added. Com-
mand capability was also augmented '
' The ana.tys1s indicates that, W1th the possible exceptlon of false
' 'command considerations, the new de51gn is, in all'respects, equal to

‘or better than its ptedeces’Sor. -

(3) : Mod1f1ed TaEe Recorder for OGO F

’I‘he unmod1f1ed tape. recorder accepts data from

‘, the telemetry encoder at a rate of 4 kilobits per second (kbps)- and stores-'

" these data on a magnetm tape travelmg at a speed of 1.18 irches per sec-‘ :

'ond The mod1f1ed recorder accepts data at an 8- kbps’ rate and drwes

j -_,the tape at 2.36 mches per second.
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When evaluated irom the point of view of torque margins, bit drop-
out, and wearout, the modification appears not to presert any new prob-
lems or to Create'neticeable additional hazard to the operation of the |
tape recorder over that exhibited by the unmodified units.

(4) Modified Command Distribution Unit (CDU) for
OGO F

;Ihis meodification provides for the elimination of |
.CDU modules 6, 8, and 9'a'nd, their replacement'with one, two, or three,
new modulies , depending on the number of additional impulse cemmands '
desn‘ed | |
The analys1s 1nd1cates that the probab111ty of the modified CDU {fail-
ing in such a manner as to prevent the execution of an impulse command

or cause t'he'false' execution of another impulse command is negligible.

(5) .Data Switching Assembly (DSA) for OGO F

o The. purpose of the DSA is to reduce the total num-

'.ber of W1res requ::.red to connect certain d1g1ta1 expermments, located in

the appendages, to the spacecraft data handling subsystem. - The DSA is

an entirely new assembly for OGO F. | |
.The results of the analysis are (1) that the pr obablllty of the DSA

- failing in such a manner as to.lose any or all of the associated experi- .

ment data is essentially negligible, and (2) that the failure effects asco-

' ciated with the DSA are straightforward and do not extend beyond the DSA

or even beyond an md1v1dua1 c1rcu1t within the DSA.

(6}  Spin Premsmn Control Asaembly for 0GO's.
I E and F, and SAT Switch for OGO E ‘

Only a fallure mode and effect analysm was per-
formed for these two OGO spacecraft modifications, The failure effects

are stra1ghtforward and do not extend beyond the units under consideration.

- (7) Momehtum Central Assembiy (MCA) for OGO F

. A " The purpose of this mod1f1cat10n is to permit a
greater degree of control flexibility than previously existed. The modi~ -

‘fications are straightforward and present no reliability problems.
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"b. ' Other Activities

) Attendance at the Failure Revi'ew Board meetings |

‘(FRBM's) and at var1ous OGO spacecraft cr1t1ques during the report

per1od revealed no Pr oblem areas that were" not adequately dealt with -

in the framework of the meetmgs. No pattern could be found that would

1nd1cate a need for any c;ystemat:rc changes in the program for develop-

;..mg, fabr1cat1ng, testmg, or momtormg the OGO spacecraft hardware. A
s Th1s act1v1ty was substitut: >d for: the SIR of the prevmus two assess~
'ment permds to 1*'nprove response t1me to problem areas, a. number of
o ‘whlch were reported in a tuchmcal letter durmg t.he course of the e1ghth

' assessment penod. :

' The /enerahzed sPacecraft effect1veness pred1ct10n 1n use at the

f'bcgmmng of the report per1od was reeva:.uated and found not to haVe
\' .A:jbeen s:.gnzf:tcantly altered 1 oy the demgn changes consulered durmg the

',per1od s o ,vl\,_j_

Revxslon and extensmn of the operatmnal assessment methodology

- through September 1967 was also accomphshed durmg th1s report per1od.
o The conclusmns are that the 1n1t1al oneratlon of OGO'S I, O, and ]II was o
: ‘worse than ant1c1pated whereas the1r long range operatlon is better than

' ‘was expected based on. the predwtwe models.

C : Advantages of the OuO Independent Re ab111ty Assessments

l

It 1s the purpose of th1s subsectxon to 11st some advantages, general

’ and spcc1f1c felt to have accrued to the OGO program as a result of th1s B
e serles of elght assessment studres. Subsectmn IiLGC. 1 hsts general ad- f

o _vantaoes, whereas subsectmn III C 2 d1scusses spec1f1c beneﬂts

- 1 o General Advantages of an Independent Rel1ab1l1ty Assessment

@ .,'I‘he assessment is. system onented as contrasted w1th :'

the development contractor s natural emphams on the

o

- f.equ1pment or subsystem level.

b , -Assures the use of an obJect1ve {i.. €., reahsta.c) model

e c ObJectwely exammes trad1t10na1 or "pet" des1gns and

| ‘\dfprocedures.g' | ‘ _ }
B d.' "Identl.fles potent1al problern areas before they b/ef:.«me

’frozen desxgns. T A N L T B

"
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e. '-Separates pol1t1ra1 from technical 1mp11cat10ns.
-f. .~ Provides detailed’ attention to the technical aspects of
| reliability by an exper1enced well- balanced te"‘”t“}
g.  Provides an added incentive to the re11ab111ty efforts
of the dev elopment contractor. |
-~ hs -Provides system effectweness and m1ss1on dec1s1on
| v1nputs, | |
i, ‘Provldes inputs to mﬂuence des1gn dec1s1ons and pro- -

N gram direction through rat1ona11y based opt1m1zat10n

procedures.

| 2 . Some Spec1f1c Beneflts of the OGO Assessments ‘

To 1dent1fy spec1f1c beneflts that have been derwed from the

0GO re11ab111ty assessments, ‘it is helpful to conszder the conclusmns

and’ recommendatmns ‘that have been subm1tted These are contamed 1n
‘ltthe pubhshed reports. (References 4 through 11) that document each’ as-,_'

‘sessment perwd ‘Not «li of these w1ll be c:Lted here, but’ 111ustrat1ve ex-'
amples will be dzscussed to brmg out the varlety of. advantages that can .

- “bei ,ssoc:.ated W1th these studies,

: The specrﬂc benef1ts listed below fall 1nto four general categones. : |

- ’I‘he fzrst of these are recommendatmns ‘that have been proposed by PRC "
o ',pm 1ts technlcal adwsory capamty and that have acthally been 1mp1emented .

("The second category conslsts of recommendatmns that cannot be mcorpo- -

" rated in current des1gns but clearly demand cons:deratxon in aollow-on

| spacecraft or in second gene- atmn observatorles. The third category of

i “anefits are study conclusions that, although tney do not. lead d1rect1y

des1gn change recommendatmns, do open areas whxch memt add1t10na1

study. - The benefm.t denved in these cases is the 1dent1f1catmn of potent1a1

) Weaknesses and the 3ust1f1cat10n of a searchmg review by the spacecraft

those study results that ‘mdwate e1ther the potent1a1 problem areas do not . TR

«emst or that no recommended actlon is: requ1red

Selected examples ‘of spec1f1c beneflts in each catego y ,ar-.e hsted ,

' "'m the followmg subsectmns. R
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a. Im;glemented Recommendat1ons '

(1) -The tone decoder W1thm the Command Subsystem o
' ,was cr1t1ca11y exammed in Re erence 4 (page 102). Expanded c:apab:.hty
" of this device was recommended and, as a cons equence, ‘the number of
_~ava1lab1e tone r‘ommands was mcreased durmg the course of a redesign.
: (2) - The CDH subsystem employs funnel cir«uits wmc.h- :
control the gatmg of both analog and d1g1tal data. The or1g1nal design of
3 these c1rcu1ts gave unwarranted prlorlty to the d1g1tal data and compro-
mised the rehab:tllty of the analog data transm:.s sion, All aspects of this
design were carefull.y analyzed in Referenvce 4 (page 106), and ,s.uggestions.

- were presented for improvement Subsequent drawing releases revealed

- that des1gn changes were n.mplemented and the problem was alleViated;

, (3) An analy51s of the program failure reports, re-

| qu1red for preparat:.on of the OGO Svstem Index Reéports, revealed that
the program was suffermg from a poss1ble dechne in hardware quahty

‘The results of th1s analys1s were. reported in the uystem Index Report

| (PRC D- 1140), dated 25 November 1965. The analys1s was based on-all
failure reports issued. prmr to 30 Sep‘rember 196". The contractor has |

implemented a program to more cxosely control the total pro ess-of pro-', -
.ductmn, from recelvmg mspectwn to fmal testing. |

: (4) . In the course of a detailed engmeermg ‘and reha- N

b111ty study performed on. the control sw;.tchmg assem’bly (Reference ,.0), o

it was recommended that a second set of relay contacts be placed in ser-

ies w1th an exlstent set to prov1de additional protectlon agamst inadvert-
. ent entry into the yaw spm mode of operatlons. Thls suggestlon was .
g accepted and 1mplemented on both the’ OGO B and OGO D spacecraft
o (5) " The mod1f1ed power control unit for OGO's D, E

s ‘and F mcorporated a number of recommendatlons resulting from the de-

.gta11ed analys1s performed by PRC on this subsystem during’ the f1fth as-‘ -
' sessment per:tod ‘These: recommendatlons were pr1mar11y a1med at

ach1ev1ng mcreased rel1ab111ty through the prov1s1on of added svntchmg

s capab1l1ty for the purpose of redundancy (cross-strappmg) and the ehm1-‘

| o nat1on of certam nonessent1a1 p1ece parts, the fa11ure of Wthh could be
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“highly detrimental to the subsystem. The recommendations are docu- -
mented in Reference 8, and the extent to which they were 1rnplemented

hd

is documented in Reference 11,

b. Open Recommendations

‘ (r) In the course of the third assessment an analysis
- was made of the relatwe merlts of the decodmg schemes in use in the
: telemetry and command port1on of the CDH.(_Reference 6, pp. III. A, 251-
267).  This analysis'-compares the failure effects of single-level gating
and double-le_\Arel gating 'invboth command and telemetry applications. It
' is_',,shown that the double-level' scheme used in'th,e -command decoder is
‘ better applied to the commutation function in the telemetry system. Con-
versety, the command decoder, currently implemented W1th single-level
' gating, would be more reliable if double-level gating were used The rec- .
'ommendatmn that these schemes be mterchanged for the two apphcatlons
could be mcorporated m later OGO models. '
N . (2) .~ ]'.n perforrmng the britial re11ab111ty assessments

of the Command Subsystem, the questlon of optimal ass1gnment of com-
mand furctlo-as to He intersections of the CDU’ command matrix was raised
N by the assessment team. The question was a natural one since a single |

failure in the CDU could, depending on. the assignment used, cause com- -

".plete loss of otherw:.se redundant functions or similar undes1rable events. '
- In response to th1s problem, a methodology was: developed (Reference 7)

‘ that would, rather szmply, y1eld near- opt1ma1 ass1gnment° in the type of
Command Subsystem ut111zed m OGO. Since the methodology is related
‘to the relatzve values of the. actual command functmns, optnmzatmn must
be performed for each veh1cle. , o :

, (3) In preparmg the spacecraft cr1t1ques for OGO A,

OGO B and OGO G, PRC dlscovered certam problem areas (battery leaks,-..
"OPEP wrap-up fatlgue, horlzon scanner testing, bobm deployment, etc.) '
that, while not correctable for the sPec1f1c Spacecraft concerned bécause S
of time consxderatlons, were pertment for later spacecraft. For example,"

) “ 1t was suggested in the OGO C: rehabxhty cr1t1que that the honzon scanner

s .

ik
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“vanced study would be req‘uired to determme the opt1ma1 m1x of mtegrated
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‘had n'ot been tesied under conditions approximating those it would face in
flight. Since that flight, NASA has further tested scanner performance
to demonstrate that a scanner modified to reduce the serlousness of cold
clouds would quite probably overlook cold atmospherlc masses and per-
form as intended. | "

) . (4) A number of recommendatlons with respect to the‘;‘
Command D1str1but1on Unit modification were proposed by PRC in the
e1ghth assessment period. These are documented in Reference 11 and
'relate to s1mpl1f1cat1on of the ground selector circuits. Although theu'
implementation is not critical from a probab1l1st1c V1ewpo1nt, their im--

plementatmn would effect a- greater degree of simplicity and re11ab111ty

c. Recommendatlons Suggestmg 'Further Study

‘ _ (l) Luring the fourth assessment perlod PRC con-
tril mted to an effort to develop a practical means of ensurmg that the max-
imum value, both sc1ent1f1c and engmeermg, ‘would be obtained from oper-
atxonal orbiting sPacecraft. ‘This problem was termed the "qu1ck -look"
problem, and the PRC contnbutmn is documented in Reference 7. Briefly,
this effort consisted m verlfyl..g rationale and provzdmg flow dlagrams
and dec1s1on act:.on charts for the OGO subsysterns, whlch would permit
the 1solat1on of malfunctwns for which remedml actxon could be taken by .
ground command Further development of the qulck look concept was con-
tmued by GSFC ' 3 , o
, (2) Two separate stud1es ‘were: undertaken to mvest1gate
the feaS1b1l1ty of replacmg d1screte component part circuits in OGO with in-
tegrated c1rcu1ts. The first was of a prel1mmary nature (Reference 8), wh11e"'
othe ‘second- actually redesigned a small d1g1tal portmn .of the system (Ref-
erenre 9) Both stud1es 1nd1cated the fea sibility and mcreased rehab;thty
- of the approach The area con51dered 1n the redes1gn was SO0 hm1ted how- ‘

ever, that a cons1derab1e number of d1screte component parts were necessary -
the system, thus reducmg the force of the recomme; :latmn. A more ad-‘

- 1c1rcu1ts and dlscrete part c1rcu1ts in the OGO satelhtes. L
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(3) As a result of the boom deployment failures noted
-~ on the f1rst OGO launch, a detailed des:Lgn cr1t1que of the OGO boom de-
ployment system was performed The results of this. studyare documented
in Reference 9. A number of des1gn changes were suggested for further
| study Among these were the use of’ hellcal torsion springs to improve
- the positive torque margins, _the}}use -of subiiming solids to control the |
boom'depioyment rate, and the use of ﬂatelectricallharnesses to reduce
‘bending resistance and improve repeatability. In,order to demonstrate |
 the util'ity of s.ny modification, a test prog‘ram to determine if adequate" |
pOS1t1ve torcue margm exists at all deflectmn angles at an ambient tem-
'perature of -60°F before and after aging was suggested

(4) In the control switching assembly study noted
earlier (Reference 10), PRC quest1oned the necessity of the four-timer
~design of the gas 1nh1b1t loglc functlon. It was pointed outvtha‘.t if only.
two of. the timers were used, it might be vpossible to achieve the same |
-operatmn with mcreased re11ab111ty Further study is requ1red to deter-

~ mine 1£ two t1mers would truly prov1de the performance des1red

' d. . | Recommenda.tmns for No Further Action

' (1) In the. process of assessmg the Structures Sub-
system, it was noted that the solar paddles appeared to be vulnerable to’
‘damage durmg the launch phwse of the mis sion. ’I'h1s was mdmated in
Reference 5, ‘and further study was recommended. Contmued analys1s
‘took the form of a rnathemat1ca1 model of the structure and a computer
“‘program for. exerc1s1ng the model. The results were reported in Refer- "
‘ence 12 and indicated that- test:.ng should be conducted to ensure that struc-
. tural d1ff1cu1t1es would not be encountered. Testmg revealed that the prob-

-lem wa.s riot of a serlous ma.gnltude, however, the value of the study : is |

ORI
RURRS I

'endent m the spec1a1 emphasm that was Dlaced on these tests and the im- _
yproved schedulmg for. the tests, . . _ —
o ‘(,2); Detaded assessment efforts 1n the CDH area o
_uncovered the fact that a large number of dlodes werc bemg carried in

the. spacecraft but not used in the cucurtry. Bccause the quant1ty of such
diodes was m excess of 1 000 a check on the welght cost, and reha.b111ty

‘pena.lty was made. These d1odes are electncally unconnected pa.rts m
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standard welded circuit modules, and a brief study revealed that the trade-

off involved in removing them did not warrant any action. This study was

‘beneficial, however, in that it allayed any fears that the excess components
- were exacting a disproportionate penalty on the spacecraft. These findings
. Were reported directly by letter (C63-282, dated 30 January 1963).

(3).. In one attempt to Upgrade OGO'system reliability,

~ the development contracter suggested a reconf1guratlon of the enable re-

lay and driver circuit in the OGO Command Subsystem. Other configura-
tions were suggested by NASA and PRC, since this circuit did appear to be
a weak link in the subsystem. Detailed analysis by PRC revealed, however,

that the unit was inherently quite reliable and that alternate configurations,

. l ‘while. eliminating originally existent failure modes, only introduced others

with equal or higher probabilities of occurrence and similar or more det-

_ ‘rimental effects on the subsystem. 'l‘hu‘s, it was recommended. that no

changes be *nad\ in the enable relay and driver conf1gura,t1on on the basis

of 1mproved rel1ab111ty

(4) Asa pa.rt of the seventh assessment effort, PRC
stud1ed the design of the advanced OGO horizon scanner. This study in-

cluded operating principles, system and cir cuit deszgn, mecha*neal im-

4 plementatlon performance tests, and reliability.. The detalls of these

studies. are documented in Reference 10, No.major recommendatmns

were offered since no major problems were discovered. in any of the in-

vestigated areas. The benefit of studies such as this, aside from minor

recommendatlons, is in the. independent confirmation of the design quality

of a cr1t1cal Jtem in the OGO Attitude Control and Stablhzauon Subsystem.
(5) ‘The eighth assessment study of the seven mod1-

flcatlons mentioned earlier (subsectlon III. B 8.a). resulted in no ma_]or

récommendations for change; 41ndeed, most of the modifications were

. jndged'to be a significant ‘im'p‘xfov'ement over previous designs.

&

*

&
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