| zmomm:ou P i

~ fk;

( ”,i J'nxr.mmw AND QUALITY mmmm" . VP{’ A

:—H—-,ar cEREy l 6 s e R TSR

Alvin Steinberg el '“:o::;fﬁf',
. Reliebilicy and Quality Office o o b
Enginl Programs. Marahall Space Flight Center, NASA St

Hanagement and management control, by one definition, cqn be chought of

as a communications network with program data flowing upward :to top manage-
ment for digestion and decision making. The role of Reliebility and Quality
(R & Q) in NASA program management is well defined by the NRC 200 series

specif*cetious and complementary procurement rogulationeq ‘An exsmina:ion'f :
of the flow of 'R & Q data 1s, perhaps, one of the ‘best waya,to become familiar
with the ncope of R & Q operacions. ISR e i

RELIABILITY DAIA

The bulk of the reliability tasks are primarily influential during

hardware development. They. can be categorized into management, modeling,_
design controls, and test. Documentation includes:

1.

T i;

3.

4,

s,

A reliability program plan: the management document with identity as
to level of effort, organization, schedule, authorities, ; -

A failure mode and effects analysis with criticality ranking.

Periodic (monchly) natrative progress reporte listing activities such

'ag design reviews, etetietical test designs, human factore, and maintaiu-

ability actions,

Periodic (monthly) acatietical reports on test reaulte, malfunccion occur=
ence, reliebility assegsment. , ;

Special One-tima reporta on statistics, logistics, envitonmenﬁe, operations,

success probability, and operations research studies. . . . .

QUALITY CONTROL DATA

The quality control influence is slanted toward development hardware

_ | identification, accuracy of test equipment, and adequacy of specifications,
. During production, QC then becomes the key factor in assuring that all hardware
meets delivery criteria, performance and dimensionality. Documentation includes:

I

2

manufactured parts . .

The Queiity Control program plan.

The quelity monthly status report with atatietios on
procured material _ , el
corrective actions ' R

- 1
i

material review K
tests; qualification and acceptance g
delivery quantities and schedules

- manpower, hardware, and test costs

eudits and sutveye ofneuppliers and in-houee plant operationa
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3; Acceptanc; test plan, . e A
4. Logbooks for each ﬁalivered item, . g j :
" 5. Inspacttqn plan, ey 3 & 3 ' ; 1. S ;é. : .
PROGRAM DATA o S iy . - 5
" The overall hea}th of a program is defined by program rapor?g'ﬁn;' rJ_' - i
1. Costs I ;.' . . E
2.. Schedules Ef
'3, Product specification i 5
:, 4, .Devélopdent and test plam, ; ? o
5, Development progress reports (monthly)
6., Production progress report
7. Configuration (change) control report
APPROACH o | 3;

| . - LR

The general NASA philosophy is that R & Q must be idemtifiable elements i
of all programs. Separate R & Q staffs are required of each prime contractor
as exists within NASA, A government £nspection agency, usually under the Dept, ‘

of Defense, supports NASA' at the contractor's plant by conducting final in- 1;2

. spection and hardware acceptance, In addition, for large programs, the NASA

Center maintains a staff of R & Q resident people to monitor contract compli- Qﬁ
ance. By these techniques, real time reaction is achieved for any material :
or management problem that occurs.

Technology used on space hardware and management of programs is both
routine and unique. Special activities exist in such areas as metrology, non-

- destructive testing, telemetering, :rainins, and data procnlling bayond routines

used £ot mplu consumer 3oodl.
i 4
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'APPENDIX: EXAMPLES OF DATA AND SPECIAL STUDIES

'Qualitz Control

Progghm.v

b’RfS-Q ks

- Malfunctions from systems tests i
} Planning tickets (inspections)
. Discrepancy summary (inspection)

development milestones . .

i,

(exerts from monthly status repart)-f;:[  iy
" Corrective actions »

2 ' . Component qualification test matrix
" QC eventa; design review,.test, ‘t°°‘:ff

S

Fatlurelquo. effect, and cfitidality.analyéic'

- .Reliability assessment criteria

¢ trend of systems tests
rqﬁorte}, Qualification tests
: Acceptance tests
: demonstration tests’
learning curve, manutacturing nanhourn
redundancy decisions !
‘redundancy decisions.f-:lm

‘5_P-1 Fogs test rate
P2 i ‘,teat schedule .
p-3
pab ’-.Line of Balance
‘Reliability
R-1-1 |
" Bele2
‘R=1-3 J | : _
1 ‘ Reliability_apportionmeht
Re2-2
R-B-l - Monthly status report:
Re3=2 B LS
R-h-l'f;fspooial‘one time
Relhud Thi itk T e s
Reb=3 s
. R=5-1 " BSpecial studies:
RS T
R=5-3 A v
'='ﬁ§tf4 7 :V ': .35f

reliability demonatration incentivo

engine test history (malfunctions)

AR ey

¢
&




§ Liaid Tt

et i

T

3

i

Ll .
w2y

et P
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F-1- PRODUCTION ENGINES QUALITY ANALYS]S

MOOE “IND )= REPLACCVEN

ReraiLure nOT CONFIRKED

ENGINE NO. 2019 he S T SOURCE' DATA - CPERATION rnu.una REPORTS
- FAILURE MODES PER '[gST ) . OTY | UANTITY OF FAILVRES i
- S - - S n/F
. |FIRST EB M {HOT-FIRE 1.[HOT-FIRE 2 |HOT-FIRE 3. |HOT-FIRE 4 [HOT-FIRE 5.|HOT-FIRE 6 |[HOT-FIRE 7 |HOT-FiRE €. |SECOND EBMpross] g g | H/F [¢ o 76180
(). WG G)s 4 | |5 (9) (6. R s .ot el ] §. B
(3)- (20) -s ) (9 : (1) )
(11)(20) 4 el i 2 (8) 1.4 |
x | ' SeE % 5 2117 |12 |3
2 (7) ) i 1) @t | |- o
* ] (9) ] CORC DN N : :
» . - » L . -
: ' 1 (1). (1) .
-[Test Tves| 151 al.4, |41, 1. 1 : : e
lacT/ Nt /150 /40:0|***/10.01** ¥ 40.0|****/40.0 . . | TOTAL DURATION-CUM.~ 317.2 -
: FAILURE DESCRIPTION e FAILURE DESCRIPTION .
~__PRIMARY MODE AND FREQUENCY. . " PRIMARY MODE AND FREQUENCY : T
A. LEAXAGE - AR, _ . | p. ELECTRICAL MALFUNCTION L - .
. 1. Seals and/or gaakets BT Rl e 11 |- . 9. Out of spec .- . = fransducer 4
T ) Bet:reen tubes . - = T/C tubular 2 * N D
B ' - o ‘B. ,m\mmcmmc DEFECT . i ‘ e
B: .mnmx . o #iviehe 10. Misaligoment™  “-- ... . = Line assembly] 2
+ 3. Bulge in braid . - i= Flex hose assy 3. 11. Contamination . "= Iine assemdbly] 2 |°
- 4. Cracks in parent metal’ - T/C angle bracket| 2 e T & o
| “.5. Band buckled ‘ , - Bozzle extension | 2 . v = i . =
" 6. Erosion at leading edge = T/C body lugs i ? - -
» 7. Tareads galled - -Plng/chack valve 1 4 = : X . - =
C.' OPERATION MALFUNCTION _ ; ST
- 8. Actuation light. - Checkout valve 1 : : il
R : : .
% 5 i L ror, O . . ‘”"”;ﬂ L ; o @
) 2 = q-r‘:‘_.‘i-f‘ﬁfi & - i b ] ‘-‘ - R o |
' gt : g ) = ) - - | .
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‘Failure Mode and Effect Analyeis
Concept: MSFC Dwg 10 M30111A, "Design Analysis" _ ' |

' ¢
Criticality number = A a k AT x 1o 2 ‘ ’ b

i m H
o/ = percentage of all failn;rea of an item relative to the
failure mode considered (failure mode frequency ratio)

B = probability that a specific failure will ¢ause mission :,"
loss (vehicle loss probability). Rated ih one of four o
classes; 0, 0 to 10%, 10% to 100%, and 100% ,

k = environmental adjustment facton / K {
A = failure rate per 106 hours or 106 cycles (generic) "
: ; { 4
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RELIABILITY ASSESSMENT (Demonstratien)
of LIQUID ROCKET ENGINES iy

Referencet Chapter 16 of "Reliability: Management Hothod, and
' Mathematics", Lloyd and Lipow ’

'+ Considerations: ‘ . _ ) _ :

1. A static firing of a rocket engine is a reasonable simulation
of a flight test. Lo

2. Selected static tests can be used to estimate réli;bility.

3« Heterogeneous tests such as those to overstress conditions

or with experimental or overage hardware will be excluded
from the statistic. Also excluded ars fallures attributed to
test stand failures or human factora that would have no
influence during flight.

b, All tests counted will be treated binomially and success
- weighted as to test time. Veighting factors are established
, from a mortality curve using the formula:

W, = pi* e(l-pi) )
where k is the timo for normal operating duration

1 is the time to run duration less than k

- -
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