UNCLASSIFIED

AD NUMBER

AD480384

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; Mar 1966.
Other requests shall be referred to Marine
Engineering Lab [Navy], Annapolis, MD
21402.

AUTHORITY

USNSSC 1ltr, 17 Sep 1969

THIS PAGE IS UNCLASSIFIED




.

UNITED STATES NAVY
MARINE ENGINEERING LABORATORY

ANNAPOLIS, MARYLAND — 21402
Apea Codr 30! 268771

NP/9820 (628 KHK)
Assigt. 62 701
Rept. 110/66

12 APR 1966

From: Commanding Officer and Director
To: Director, Special Projects Office

Subj: MEL Research and Development Phase Report 110/66;
Transmittal of

l. Transmitted herewith is MEL Research and Development
Report 110/66, Reliability Prediction for a Deep Submergence
Rescue Vehicle; Second Reliability Model, Assignment 62 701.

Copy to:
{See Distribution List, Page ii)

IN REPLY REFER TO:

et T sy L e

B 'S







TR Y

Reliability Prediction for a
Deep Submergence Rescue Vehicle;
Second keliability Model;

Assignment 62 701
: MEL R&D Pnase Report 110/66
v March 1966

- By
. Ropbert L. Ragot and
Robert L. Hamilton

KRCGBERT L., RACGY

BAH ppill

‘RCBERT L. HAMILION

? Apvrecved by-

62. SAJLJD‘leJ&.
R. J. WYLDE
. Electrical 3ystems Division

Each transmittal of this document outside the agencies of the
U. S. Government must have pricr approval of Chief, Bureau of
Ships, USN, (Code 210L), Washingtcn, D. C. 20360

— g —




S——

MEL Report 110/66

ABSTRACT

A second reliability mwodel of the Deep
Submergence Rescue Vehicle (DSRV) is defined.
On the basis of this wmodel, a prediction is
made cf the DSRV reliability for a typical
rescue mission. The predicted reliability
is computed to be 23%, for a 26-hour vehicle-
operating time. The major factor contributing
to the low predicted reliability of the vehicle
is the high failure rate assumed for the for-
ward and skirt (exterior;, lamps. A two-orders-
of-magnitude decrease in the assumed failure
rate for these underwater lamps results in a
predicted reliability of abcut B80%. Recom-
mendations are made for improving future DSRV
reliability studies.
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RELIABILITY PREDICTION FOR A DEEP SUBMERGENCE RESCUE VEHICLE,
SECOND RELIABILITY MODEL

1.0 INTRODUCTION

This report explains the need for a second reliability model
for the Deep Submergence Rescue Vehicle [D3RV,, defines the sec-
ond model, and presents the results cf the ccmputer run made with
it. It is emphasized that although the second model is considered
an improvement over the first model. it in turn has its limita-
tions. Rather than discontinue the reliability prediction effort
because an exact representation ¢f the vehicle cannot be achieved,
it will be continued as long as there are significant improve-
ments to be made in the reliability prediction.

1.1 Background. The DSRV is currently being developed by the
Special Projects Office (SP(' as a means of rescuing personnel
from a distressed submarine cn the ccean bottom. Under the

Task Statement of SPO Project Crder X»n. 5-0002 ’Budget Project
20), of 23 April 1965, the U. S. Nav; Marine Engineering Labcra-
tory {MEL), Annapolis was regquested t¢ ccnduct studies leading to
the prediction of reliability fcr the entire rescue vehicle
(including all electrical/electronic ard mechanical subsystems.
and structures of the vehicle!.

The desired completion date fcr the initial study was June 30,
1965. Due to a shortage of both available ti-e and personnel,

MEL secured contracter suppoert tc perferm a majer part of the
initial study. The follcwing study tasks. however, were performed
by MEL:

@® System definition: ©based ¢n a T. 3. Navy Bureau of Ships
{(BUSHIPS) concept drawing and eguipment lists from Sensors and
Navigation and Integrated Contrcl and Display Subsystem managers.

® Definition cof mission {rescue trip): phases and phase
times for that portion of a rescue mission when the DSRV operates
alone {(ocutlined in Appendix A). Trese times were correlated with
the Technical Development Plan !THDP) generated by SPO. The num-
ber of rescue trips reaquired to rescue the distressed submarine's
personnel complement was determined by correspondence with BUSHiPS
Code 525 (Submarines Branch).

113 s DAPUITIEN S TN 4 AL
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& [Lefinition of the total elapsed mission time: 36% hours,
and tctal vanicle uperating time of 26.2 hours.

® assigranent of use-factors (by means indicated in refer- f i
ence ta)) to each ¢f tnhe vehicle compornents for each phase of
the missicor..

Study tasks perfcrz.oed b, the contractor were:

e Constructicn of the first system model (block diagram)
and develcpuent ¢t reliapility equations for the system.

® Developuent of a computer program to calculate relia-
bilities tor the ccupcrents, vehicle functions, and the entire
vehicle.

® Leterininastion of Lest available, and mcst appropriate,
faiiure rate data fcr L35IV components.

Results of the initial relizbility study are reported in refer-

ences b, and {c)!. Ilhese references contain the system block

diagrams, tne computed reliabilities and a basic failure-rate

data package. Tnis data package contains many composite

tailuze rates which are supported oy a more detailed data

package retained by MiL. The computer program {(in the form of

card decks}! was supplied to MEL as part of the contractor's 1
study task. and 1s on file for record purposes.

2.0 3J5qMAKT

2.1 ‘he seccond zeliability model for the DSRV incorporates
more accurate system structuring plus corrections to several
component failure ratesz. A vehicle reliability of 29% for a
36%-hiour rescue missicn has been computed for the second
modei. 7Thnis 1s much lcwer than the 88% {predicted) and 94%
(allccated) figures which resulted from the first model. The
most significant contribution to this low reliability of 29%
is made by the high failure rate assumed for the forward and
skirt {exterior) lamps.

2.2 An appcoximate tradeoff of vehicle reliability versus the
failure rate for these lamps {see Figure 1) 1indicates a reduc-
tion in the assumed failure rate {(from 166,000 to 1,660 fail-
ures per miliion operating hours; will increase the predicted
vehicle reliability; tc about 80%. No significant increase

2
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beyond 80% is realized for further reduction in the lamp fail-

ure rate.

2.3 Further inpi:oveinent in DSRV reliabilit,; beyond the BO0O%
value can be effected by:

® Cenerall, decreasing other component failure rates,

® including s, sten DSKV, or functional redundancies which
were not kncwn during the development of the second model.

e Adding redundant eguipment.

2.4 Recommendations are made for improving future DSRV relia~
bility studies. Ihese recommendations include-

e Performance of additional detailed studies including
operational seguence analiysis and sensitivity studies.

e Ccnstruction ¢f a reliability model which allows for
dependenc, of cc:pconent failures.

& Determination of component failure distributions, and
sunming to yield coxposite failure-time distributions for
subsystems and/or capabilities of the vehicle.

® An cutput data format which highlights changes and
defic:encies. [eficiencies could then be immediately iden-
tified with & wezak ccaponent,. subsystem, or equipment of the
vehicie - perfcrrance weaknesses could also be highlighted.

3.0 NEED F2R REW MOUBL

A new DSKV model 1s required because the definition of
the origiral model for the DSRV was a simplified expedient
to meet a contract deadline. It was admittedly not a good
representation of the D3nV as it existed prior to June 1965
and, subseguent to the pyblication of references (b) and (c),
there have been changes in the DSRV concept. Several com-
ponents have had new failure rates ascribed to them.

Exanples of tne inadegquacies of the first model together
with trhe changes 1n concept and the changed failure rates.
are presented in tne Icllowing paragraphs.
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A

3.1 Inadeguacies. 1In reference 'c!, Figures 2 and 13 (which
are block diagrams cf the Navigaticn function) indicate the
vertical obstacle avoidance sonar as an alternate to the short
range sonar, televisions and viewpcrts. This is an error. It
is a long-range, forward-locking device used tc detect obstacles,
while the short-range sonar is a dcwnward-looking sonar, used

to get a close-range sonar 'picture" cf the distressed submar-
ine's hatch area. While the televisions and viewports may be
forward-looking, they are again shcrt-range.

Figure 13 of reference {c) shows the horizontal obstacle avoid-
ance sonar as an alternate to the short-range sonar, televisions
and viewpcrts. Again, this is a misccnception. ]

3.2 Changes in Concept. As stated in reference (d), there
will be only two emergency breathing eguipments on the DSRV,
one fcr the two operatcrs and cne fo¢r the medical corpsman.
Previously there were tc have been tnree fcr the DSRV crew, ‘
plus fifteen (including tnree spares’ fcr the rescuees.

The control and rescue spherze hatches will not ke required to {
keep out sea pressure. rHcowever. these hatches will be reqgquired
to seal against a maximum exterral pressure of five atmospheres
‘see reference {d)!. This is the highest pressure personnel
could tclerate {for any appreciab.z time'l inside the distressed *
submarine.

The first model considered twc fccward-pcinting and six down-
ward-pointing 650-watt laups dlus a sirngie 250-watt skirt lamp.
The latest sernsor placement drawing reterernce {e}} by the
Naval Applied Science Labcratcry ‘LATAPL3CLENLAB) shows the
following {exterior) lauaps: )

® Two 800-watt, focrward-pcinting lamps.

8 Five 250-watt, dcwnwarg—pcinting lanps {one, located ¥
fcrward, is trainable fcre, aft and dcwn' .,

® A single 85-watt skirt lanp.

3.3 Changes in Failure Rates. Acco:sding tc NAVAPLSCIENLAB the ‘

underwater telephone will have a lcwer failure rate than is
assigned in the first mcdel. due to the use of transistorized
components. The new failure rate is 222 fiilures per million




MEL Report 110,66

operating houis. [inls cGrresponds tc a mean time between fail-~
ure 2f 4.500 ncurs.’

hew taliure r1ates have been assigned to the new lamps men-
ticned aouve in paragraph 3.2 on the basis of mean, or rated.
life figure: suppiied L, NAVAZL3l1EMN.A3., With no other informa-
tior available. tihe assumption is made trnat these mean-life
figures are eguivalent tc nean timne between failures. The
(assumnzd]! faiiu.e rates ‘the reciprccals of mean time between
failure) are:

T4y BI0-watt laups 1€.600 Failures per million
cperating hours
‘T 250 ana 85-watt 166.000 Failures per million
lamps operating hours

4.0 LCEPINISTON or SECUND MUDEL

vefinition ¢ the second L3KV model includes the block
diagrams. reélispility eguaticns, assumptions and limitations
and input data wnich are used to compute vehicle relianility.

4.1 Llcck Diagraws. Figures 1 througr 12 of Appendix b are
block diayrams represernting the twelve functions which com-
prise thre DsikV. ~ne second model is based on the same basic
DSRV concept as the first wodel. A comparison with Figures

1 through 12 of referernce {c¢c}. however, shows scme signifi-
cant difrererces 1n the logical connections of the two models.
These differences are due nct to the changes in concept, but

to a different and, it is hoped, a mcce accurate interpreta-
tion of the DSKV concept. The degree of accuracy of the second
model remains to be determined,

4.2 Reiizbility; Equaticns. Appendix C contains the FORIRAN
statement® used for computing DSRV reliability in the second
model. ‘The reliability equations for the twelve figures of
Appendix B are listed as seguences (SEQ) 1l tnrcugh 22. Overall
DSRV reliability is computed as the product of these twelve
equaticns. Seguences -3EQ) 34 through 45 are the reliability

* For details of the computer program set up for the second
mciel. see wrl. jechrnical Memcrandum 415/66 of Dacember 1965,
Deep Subuiergerce xescue Vessel Reliability Prediction.
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equations for the same twelve functions, when considered separ-
ately.

4.3 Assumptions and Limitations. ‘inherent in the definition
of the second model are the following considerations:

® Clzar water exists at the rescue site. This enables
the use of optical aids, as well as the use of short-range
sonar in the mating operation.

® Beacons suitable for aiding DSRV navigation are planted
prior to the first rescue trip.

® There are active personnel avoard the distressed submar-
ine. This enables DSRV homing on hull noise {hammering).

¢ A single television camerz wiil be sufficient for mani-
pulator operaticn.

@ COnly the three television cameras described in Appendix
A of reference (f) are considered. This constitutes a limita-
tion of the model since there are preser.tly four television
cameras on the DSRV (See reference 1)}.

® The rescue missicn is as defined in reference (a), and
as abbreviated in Appendix A c¢f this report.

o The viewport optical reliability (propability of no
optical degradation) is assumed egual to the viewport struct-
ural reliability.

® Emergency treathing eguipment reliability is assumed
equal to that of the oxyyen storage, contrel and display equip-
ment.

e The helium storage, contrcl and display eguipment
included in the Life Support function will probably not be
in the DSRV. 1Inclusion of tlis equipment makes the Life
Support function model! somewhat coaservative.

e DSRV components have an exponential failure distri.
bution.

® DSRV component failures are independent (failure of
one does not cause failure of ancther).
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Other comgcn2its not included in the model are the portable
radiaticn devector. differential pressure gauge. the invert-
ers fc: the scnars and other Sensor/Navigation egquipments, the
sonar (mechanical, installation, film cameras, strobe lights,
recorder and telemetry- and ultra high-freguency radio. The
radic. cameras. strcobe lights and reccrding eguipment are

not critical in completing the mission, and are therefore not
included. Omissicn c¢f the other components constitues a
Jimitavicen of the mcodel. Maintenance of the vehicle is not
considered.

4.4 1Input Data. Compcnent cperating times and failure rates
complete the definition of the second model. Appendix D
includes a computer listing of all input data in numerical
order fclilowing the component drawing numbers established

in reference ‘y). Appendix E is a computer listing of the
data, in numerical order cof assigned* component numbers.

Several charges in ccmponent failure rates have been made
to ccrrect errcrs made in transposing them from the data pack-
age, which was a working document. to the Reliability Data
report. wh.ch 1s part of reference (c). These changes are
listed. by assigned number, in Appendix F.

?
In several 1nstances, changes in component operating times
were made i be consistent with the second model or with new
battery and hydraulic package power-prcfiles. These power pro-
files were changed tc agree with operating time estimates of
NAVAFPLSCIENLAB an& Lnward Research Corporation. These changes
in operating time are listed in Appendix F.

5.0 RESULTS

Appendix D contains the print-out of the computer results
for the second model. Pages 1 through 6 present the eguipment
and component reliabilities. Page 7 lists the twelve function
reliabilities and the overall DSRV reliability fiqure of 29%.
In computing these functicn reliabilities, each component is
considered in only one of the twelve functions, during any
Jiven time pericd. This disregards the fact that, operation-
ally, the ccmponent could be contributing to more than one
Eunction at a time. Since so many components contribute

D e

* Each componernt is given an identification (cr assigned)
number . for use in the computer program.

8
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to both the Navigation and the Search and Surveillance functions
during the same time period (i.e., the functions overlap in

time and in shared components), all compcnents cof these systems
were considered under Navigation alcne. The Search and Surveil-
lance function was then assigned a reliability of unity. This
procedures does not affect the overall vehicle reliability, but
does make it impossible to separate these twc functions.

A list appears on page 8 of Appendix D of the twelve func-
tion reliabilities with the functions considered separately. 1In
computing these "functional” reliabilities, all components which
operationally affect a function are included. Thus, some com-
ponents may contribute to several different functions. These
functional reliabilities are, therefore, scometimes smaller than
the function reliabilities listed on page 7 of Appendix D.

€.0 DISCUSSION OF RESULTS

The study based oa the first mcdel (reference (c)) computed
a predicted vehicle reliability of 88%, and on the basis of a
few changes in the prediction mcdel and the addition of a redun-
dant component (an undexrwater telepncne), an allocated reliability
of 94%. Generally, a somewhat lower value than 88% or 94% would
be expected for the second mcdel, siiaply because the structure
(block diagram) of the second mc¢del is more conservative than
the first model. B8y conservative it is meaxt the second model
considers as series-~conanected compcnents. several components
which were considered as paraliel-cornnected components in the
first model. The predicted reliability of 23% for the second
model is much lower than was expected.

Table 1 of this repcrt is a cc-parisonof the function
reliabilities of the second :ncdel with thcse of the first model.
From the values presented for the second neodel, it is clear
that the cause of the low venicle reliability lies with the
Navigation* function {reliability of 66%) and the Mating and
Transfer Function (reliability cf 46%; -- either in the struc-
turing of these two functions or in tre ccmponent reliabilities
used in them.

* Note that this is the combined Navigaticn-—-3earch and Surveil-

lance function mentioned in garwgraph 5.0.
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TABLE I

A CCMPARLSON OF THE FUNCTION REIIABILITIES
FCR HE FIRSY AND SECOND DSRYV REIIABILITY MODELS

First Model Second Model )
Function Prediction Allocation  Prediction
1. Vehicle Control .
and Propulsion 0.9933 0.9933 0.9884
2., Navigation 0.9434 0.9434 0.6632
3. Structural Integrity 0.9993 0.9993 0.9966
4. Communication 0.9876 0.9968 0.9934
5. Manipulator 0.9896 0.9896 0.9994
’ 6. Mating and Transfer 0.9966 0.9966 0.4646
I 7. Surveillance and Search 0.9991 0.2991 1.0000*
8. Computer 0.9987 0.9987 0.9988
9. Life Support 0.9911 0.9911 0.9911
10. Power and Distribution 0.9824 0.9824 0.9824 ‘
11, Hydraulic Package 0.9976 0.9976 0.9983
12, External Sensors 0.9974 0.9974 0.9999
.Vehicle Reliability .. ... . _
(Froduct of twelve
function reliabilities) 0.8838 0.9431 0.2925
* In the second model. the Surveillance and Search function is
accounted for in the Navigation function,

10 _ 1
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Examining the component reliabilities in Appendix D reveals
that the (exterior) lamps are the only components having lower
reliabilities than 92%; most components having reliabilities
greater than 99%. At the bottom of Figure 2 {Navigation), of
Appendix B, the trainable lamp {123]* is shown to be in parallel
with two fore lamps (112). Inserting the corresponding relia-
bilities in the reliability eguation for this combination of
components gives roughly 66%. These lamps, then, are the cause
of the low reliability computed for the Navigation function.

A similar examination of Figure 6 [Mating and Transfer)
of Appendix B indicates that the skirt lamp [146), with a relia-
kility of about 48%, is the primary cause of the low reliability
(46%) for the Mating and Transfer function,

Figure 1 of this report presents the (approximate)
tradeoffs of lamp failure rate versus the resulting Vehicle,
Navigation and Mating and Transfer functicn reliabilities.

No significant increase in venicle reliability beyond about

80% results from decreasing the failure rate of the lamps more
than two orders of magnitude below the value ascribed to them
in the second reliability model. For the same decrease in

lamp failure rate, the reliapility of the Navigation and Mating
and Transfer functions will approacl maxiiwums of 88% and 96%
respectively.

From the above discussion, it is evident that although the
low lamp reliabilities are the direct cause of the low relia-
bility in the second model, either (a, the structuring of the
Navigation and the Mating and Transfer functions or (b) the
component reliabilities {(other than the lamp reliabilities)
used in these functions beccome the limiting factors of vehicle
reliability, when high lamp reliabiiity is assumed. The deter~
mination of the structuring details, or component reliabilities
which limit the vehicle reliability in the secend model to a
maximum of about 80% is not within the scope of this study.

* Numbers in parentheses are assigned numbers fcr components
(See Appendices D & E).

11

ot T SR AR

P




MEL Repcrt 1.0/66

7.0 CONCLUSIONS

On the basis of the SRV model defined herein, the follow-
ing conclusions are made-

® The exterior lamps {the skirt and forward lamps specifi-
cally) are the most significant contributors to DSRV unrelia-
bility. This is due primarily to their high {(assumed) failure
rates.

e Even with very reliable skirt and forward lamps, the
DSRV reliability approaches a maximum of only about 80%.

o Skirt and forward lamp reliability (and the reliability
of the other external lamps as well) needs to be improved. A
reducticn in the skirt and forward lamp failure rate of between
one and two orders of magnituvde would be worthwhile, in terms
of increased vehicle reliability (increasing it from 29% to
about 80%).

@ Further study, is required to improve the Navigation and
the Mating end Transfer function reliabilities (exclusive of
lamps). This is mandatory if any significant increase in DSRV
reliabllity beycnd about 80% is to be attained. Improvement
could be made by

® decreasing component failure rates

® restructuring the functional models to include redundant
paths which may have been missed in the second model, or

® adding redundant eguipment.
8.0 RECOMMENDATIONS AND FUTURE PLANS

Improvements in the present method used to predict DSRV
reliability and in the utilization of the information available
from DSRV reliability studies are considered necessary. 1t is,
therefore. recommended that all future DSRV reliability studies
include the items listed below. Future MEL efforts in relia-
bility prediction will use these improvements to the greatest
extent possible within funding and time limitations.

12




——

MEL Report 110/66

8.1 An operational analysis wnich emphasizes operations involv-
ing the DSRV and its mother vessel only. This analysis will
estaklish better use-factors for the individual components and
for the vehicle systems. It is felt that the use-factors can
be more readily estimated fcr vehicle capabilities than for

any other defined element in the structural :rcdel of the system.
The reasoning behind this conclusicn is taat capabilities can
be related to both the missicn event-time seguence and to
contributing hardware. (See Appendix G tor the location of
capabilities in the structural model’.

8.2 Establishment of procedures fcr the determination and
reporting of failure distributions (versus time) for all ve-
hicle components, subsystems, capabilities and functions.

8.3 A dependency analysis to account for the effect of failure
of one component on the operaticn cf ancther. 1In combination
with this analysis, the constructicon of a logic-oriented relia-
bility model wherein nc vehicle component appears more than once
{(at any given time) in the total vehicle reliability eguation,
Examples of such a model {olock dizgrams) are shown in Appendix G.

8.4 Additional sensitivity analyses. similar to the one which
resulted in Figure 1. to deternine the sensitivity of all
functions, capabilities. znd conpcsite fFailure distributions and
parameter values.

8.5 Maintainability ard safety anal.ses which would contribute
to tradeocff studies with re=iizbiiity. 35Kirt iamps, for example,
could be replaced during ezcn lignt-cn ‘L3%V on mother ship)
period. Other lamps cannot be replaced without sacrificing a
great deal of mission tire.

8.6 An output data fcrmat si:ilar to that used in this report,
i.e., one which shows coupu-ed reliavilities for vehicle com-~
ponernits, sub-systems, capaoilities. and major vehicle functions.
Changes in component failure Aistriwnution and cther input data,
and the addition or deieticn of ccmpcerents, should be highlighted
under appropriate headlines. With such a format, deficiencies
(low reliabilities) in these arezas c¢an be readily identified
with deficient hardware iteirs, and z-rrective action initiated.
For example, the reliability runctf might indicate that the
"look down" capability has a low reliability during the mating
phase of the rescue mission, and pin point the primary cause

13
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to Le tne iouw reliapitiity cf z particular component. A possible
remed, t¢ this proemien would pe tc restrict the use of tnis
particular compenent to unly tne mating phase, thus reducing

the tcetal couanpcnent Cperating time and trereby improving the
componernt reliabilit) .
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' . Appendix A
Mission Phases and Phase Times
| MISSICN PHASES ' PHASE TIME (MINUTES)
TRIP  TRIP  TRIP 3 TRIP

1 2  THRU N-1 N
1. UNCOUPLE FROM MOTHER SUBMARINE 5 5 5 5
2. DESCENT ‘ 13 13 13 13
3. SURVEILLANCE AND APPROACH 20 20 7 7
4. ANCHOR AND ALIGNMENT 7 7 7 7
L S. HATCH PREPARATION AND MARKER 13 3 3 3
6. WINCH HOGK AND HAUL DOWN 5 5 5 5
7. SKIRT DEWATERING 5 5 5 5
8. PRESSURE EQUALTIZATION 3 3 3 3
9, TRANSFER OF RESCUEES 25 28 25 25
10. UNCOUPLE FROM DISTRESSED 3U3. 5 5 5 5
11. ASCENT 13 13 13 13
12. SURVEILLANCE AND APFROACH 7 7 7 7
13. ANCHOR AND ALIGNMENT ? 7 7 7
14, WINCH HOOK AND HAUL DOWN 5 5 5 5
' 15. SKIRT DEWATERING 5 5 5 5
16. PRESSURE EQUALIZATION 3 3 3 3
SU3 1UTALS 141 131 118 118

17. TRANSFER OF RESCUEES AND
RECHARGE BATTERIES 50 50 50 25
i TOTALS 191 181 168 143
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Appendix B

Second DSRV Model Block Diagrams
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Appendix C

Second DSRV Model Fortran Computer
Statement
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PAGE 1
FORTRAN STATCMENT

PROGRAM TO CCMPUTE RELIABILITY OF DSRV FOR A 13 TRIP MISSION
KOOIFIED SEPT. 141965
THIS IS WORST CASE. [.€.¢NO REPAIRS ALLOWED AND
ALTERNATE MODES ARE ACVIVE.

OIMENSION R{250)9DSNO(3) ,FRELILZI4FUNCN (12,2)4FRELP (12)
READ 500, (FUNCN{L,1)FUNCN{TI,21s0=k022)
PRINT 100
L=0
LaLel
[FIL~24)343,1
READ 200,F40SNG»T14T2,T3,T4,TSUM,FRyNAS
RINAS}=EXPF(-FRoTSUM)
PRINT 300,FpDSNGsT1eT2,T73,Ta, TSUMFR.NAS,RINAS)
IF(SENSE SWITCH 012242
FREL (1) -R{T)eR(B)sR(LZIOR(14}#R{1C)I®R(195)0R(LL)*R(L1GI*R(1TIOR(18
Yel(lam({Lle=~R{1I)®04 0 La—{1lo~{1.~R{1D)oa2)e(1.-R(13)802}))e{L.~-R(9
JeR{110)1 )}
FREL (2)a R{2B)eR(3D)eR{32)0R:22)*RILI)SR{LBCI*RILIBL) (1. ~(2s~R(20
JoR{24) )@ L. ~R(L1I)®R{126))%(1.~RIL1&))Iei1.-R(L1&)IOR(27)OR(23)))e{
Le={Ll.~R{142)8R( 143110 (2.~R(L1S)OR(161) )10 (Le—{1.-RIL16DER(19T) ]!
1.-R{1201eR1184)*P(123)}etlo~{la~(1.=R{120)OR{119}eR(18B2))0(L.~R(1
831¢{2.,=t1.-RILL7))Io(1.~RUNLBID))Ie(La-Tdoa-R{121}002Z)el) ,~R(122])0e
2))1))oR{111IOR{1BIIRIIB4)I® (L.~ a~RIL12)002)0(]),.~R(123)))
*Q(196}
FREL(3)aR{23)eR(124)0R(35)0e2aR{36)eR{37)eR{3IBIoR(129)
FREL(4)= R{125)eR{127V#R{128)
FREL (5)= R{44)eR(129)%{1.=(1.~R(130)&¢R{198})0{1,.-{R{1B5)2R(186)
RILBT))Iel1a=(1.-R(18B))e{le-A(13«)0e2)e{) . ~R(135)ee2)})0ll.-().-(1L
e=RUL3L})OlL~(1a~R{1BEIOIL.=(Lla~R{132)IB(Le-RE3IZ)IDDI})@(La=(l0o~
R(156)¢R{187))e{1.-R{134)ee2)a{].-R{135)ee2)})}}
FREL (6)1=R{136)eR{137)eR(1™ YaR(139)8R(140)eR(L&2I*R(162)%R(146)
(1.-01.-R{L1441+R(199))13(1.- RUVAS5ISR{201))e(Ll.~11.~RIL14T7)002)e(].~
RU14B1ee2) 1) )8 (1,~t1.~RI150})0(1.~RU1S01eR{15])IeR{1T4))*(1.~(R(190
Yiell.~(1.~R1189)%RI191})el1l.~RI149)}))))
FREL (7) = 1.
FREL (8) =R{5B)eR(59)eR{60IeR{51ISRIE218RIOL IORIGI)BR{65)
FREL {9)=RIT1)eR(73)eR(7BI*R{BOI2R(BZ)e{1l.~{L.~R(69)*R[T2)oRIT&)eR
[T0))001.-RIT61IPR{6F)e02))n (|, ~L1.~RITE6IER(TTISRI{TI)oR(BL))O(L.~RI
69)eR(T761))
el1.-11.-R{202))1#(1.-R(203})} )
FREL (10)=R[85)eR184)
FREL [1l;=R{1560)
FREL (12)=R(163)eRI164)
PROD=1.
DO ¢ I=1,12
PROD=PROD®FREL1L)
PRINT 600, (FUNCHNIT, 1), FUNCNLT 20 ,FRELVI)eI=1,12)
PRINT 700,PRCD
FORMAT{1HL 420X, TYHLISTING OF COMPONENTS AND FAILURE RATES USED IN
RELIABILITY CONPUTATION ///10xy109H FUNCTION OQESCRIPTION DRAWING

OPERATING TIMES MINUTES TOT. OPER. FALILURE RATE ASSIGNED NO.
RELIARILITY /20Xs53HOF COMWP, NO. Tl 12 T3-12 713

HRS. )
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STMNT
300
200
500
600
700

42

800

c-2

w N

PAGE
FORTRAN STATEMENT

FORMATII3X oAl s 4Xe2ABoABy&FS5.0,8XeF5.2,6X0FF.8,BXe13¢11X,FT.86/7)
FORMATIAL 2AB0A894F&.0¢FT.2¢9XFB.7:13)

FORMAT{10A8)

FORMAT (1HL, (22n RELIABILITY FOR 2A843H [SF9.6//))
FORMAT{1HO//SOHORELIABILITY OF DeS.R.V. FOR 13 TRIP MISSION IS
F9.58)

FRELP (1)= FREL (1)

FRELP (2)= FREL {2)

FRELP (3)sFREL (3}

FRELP (4)=R{17Q)eR(127)eR(128)

FRELP (5)= FREL (5)

FREL? (6)= FREL (6)

FRELP (7)a{l,~1{1.-R{152)eR(200:)€{1.=R{17TIeR(159)0R{192))e{i.~(}.
~11.-RE1TTIOR(LSSIORI1ISBID@fL. (R(193))#(2~{1.~R(153))e(1.~R(154)
1)1)s€lem{1le~RIITSIwa2)a(l ~R{ T6)002 )} )eR{256)eR{193)8R(192)0(1.
=(1.~R{L5T)Iee2)0(2.~R(194)))

FRELP (B)aR{5B)sR(59)10R[LOIVRILIISR(62)#R(64)R(6I)R(24)SR(6LS)
FRELP (9)aFREL (9)

FRELPILCI=FREL (10}

FPELPF (11)= R (17D)

FRELP (12)=R(172)0R{173!

PRINT 8OO, (FUNCN ([sL),FUNCN (142),FRELP (1),1=1,12)
FORMAT(1MY,(32H FUNCTIONAL RELLIABILITY FOR 2AA.3H IS F9.6//1))
END
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Appendix D

Seccnd D3xVv Model C(omputer pPrint-out
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1 © RELIABILITY FCR VEH.CTL.+ PROPUL IS 0.988405
RELIABILITY FCR NAVIG. + HOMING. 15 0.663193
RELIABILITY FCR STRUCT.INTEGRITY 1S 0.996622

RELIABILITY FOR COMMUNICATION IS 0.993423

RELTABILITY FOR MANIPULATOR 1S 0.999360
.- SECIABILIYY FOR  MATING + TRANSFR IS 0.464560
.- RELIABILITY FOR  SURVEIL.+SEARCH. 7S 1.000000 %
o CRELIABILITY FOR  COMPUTOR IS 0.998772 |
N RELIABILITY FOR  LIFE SUPPCRT IS 0.991124

W

RZLIABILITY rOR PORER AND CIST IS 0.982371

4
¥

- RAELIABILITY FOR HYDRAULIC SYST. IS 0.998257

& nurid 2y

- SE1LIABILITY FCR EXT SENS1000000+ IS 0.9998%7

P e un
. 1]

t {ABILITY DF D.S.R.V. FOR 13 TRIP MISSION IS 0.292463

{A
1
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T FUNCTTONAC RELTABILITY FOR  VEH.CTL.+ PROPUL IS 0.988405 -

“TFUNCTICNAL RELIABILITY FCR NAVIG. ¢ HOMING. IS 0.663163

“"FUNCTIONAL RELEABILITY FCR STRUCT.INTEGRITY IS 0.996622
T FURCTIONAL RELTABILTTY FCR  COMMUNICATION 1S 0.991088

~__FUNCYIONAL RELIABILITY FCR MANIPULATOR IS 0.999360

" FUNCTIONAL RELIABILITY FCR MATING + TRANSFR IS 0.464560
~TFUNCYTONAU RELTABICTTY FOR  SURVEIL.#SEARCH. IS 0.793586

~ _FUNCTIUNAL RELIABILITY FCR COMPUTOR IS 0.9987C5

~ “FUNCTTONAL RELIABILITY FCR  LIFE SUPPCRT IS 0.99112¢

—FURCTTUNAL REUTABTUTTY FCR POWER AND DIST 1S 0.982371

FONCTTONAL RELTABILITY FCR HYDRAULIC SYST. IS 0.997555 ‘

_

FUNCTTONAL RELIABILITY FOR EXT SENS1000000+ IS 0.998899




MEL Report 110/66

Appendix E

Listing of Second DSRV Model
R Input Data in Crder of Assigned Number

{The assigned numbers are contained in the
. three right-hand columns.}

L




m—

IESC‘I’I:_‘I'ION DRAWING

COMP. NUMBER

uLllN PROP SVS%3-0§01
VPRCPELLER S+8023-047S
VSHROUC ROR+ACQ03-0480/084
VEERCURY TRIM 03-0430
VMERC TRIN C+D03-0255/59
VPRPL SYS C+0 03-0280/04
VIHRUSTERS + C03-0490
VRTN + DPTH SEQ2-0108-14
VEALLAST SYS 02-0435
VEXT BAL®JET C03-0236/40

VRES BAL+JEY C03-0222/24
NCOPP NAV 03-0108-01
NCEAD RECK TRCO3-0108-02
NRATE GYRO PKGO2-0108-04

NEEAC REL 03-0131-03
NNAY COMP 03-0250

NHMG BEAC 03-0131-02
NNAV CISP 03-0108-07

NGYRQ COMPASS 03-0172-02
NVERTICAL GYROO03-0172-04

OCAPSULE STRUCO3-03Cl/1C
OACCESS HATCH 03-0321/30
CELECT PENET 03-0331/40
OCPTICAL PENETO03-0341/50C
CCUT HULLSFRANMD3-04C5

CFLOT MATERIALO3-0440

MSKIRT ODEWATEROQ3-0445/4%
PHANIPHTOOL JEDI-0415

KMERC TRIM $ M03-0250-01
KLIFE SUPPORT 03-0250-02

KEXTER BALLASTO03-0250-03
KCONT PROPUL 03-0250-04

KPWR CISTRIB 03-025C-05
KEX SASRS 03-0250-06
KINT SNSR 03-0250-07
KSTRUCTURES 03-0250-08

LC S 02 ST C+003-06C1/04
LC S €02 REMOVO03-0605/09
LC S HUMID C+00Q3-0610/14
LC S HELIUM C+03-0615/19

T3-
Ta T2 1% T3

I l
6T, 63, 54. 5S4,

69. 67. 57. 57.
42. 40. 34. 34,
100. 90. 77. 7.
100. 90. 77. 77.
67. 65. 34. 5S4,

42. 40. 34. 34,
100.90. 17. 7.

33. 33. 31. 31,

58. 58. 56. 43.

75 75. 75, 49.
49. 49. 36. 3é6.
55. 55. 42. 42.
191,181.166.142.

T« 1. 7. 1.
55. 355. 42. 42.
153.143.143.117.
55. 55. 42. 42.
191.161.168.142,
191.181.168.142.

191.181.168.142.
191.101.168.142.
191.181.168.142.
191.181.168.142.
191.181.168.142,
191.181.168.142.
20. 20. 20. 20.

160. 90. 17. 77.
141.131.118.118.

8. ¢&. 6. 8.
69. 67. 57. 57.

191.181.168.142.

191.181.168.142.
191.181.168.142.
49. 39. 39. 39.
141.131.118.118.
141.131.1186.118.
l141.131.110.118.
141.131.118.118.

MEL Report 110/66

A
TOTAL N
OPER. FAlLyRE NIMRIR
Inms l ,

12,10.00061070.00€0503007
12.60.00003790.0000020008
7.30 «00002365009
17.20.00113620.0000657010
17.20.00099970.0000578011

12.16 «0001680012
7.50.00199980.0002664013
17.20 «0002930014

6.70.00048810.0000722016
11.90.00042150.0000352017

15.80.00055740.000035201¢
8.30.016646G00.0020000019
9.50.00095330.0001000020
36.50.00219400.0000600022
1.50.0000203G.0000200023
9.50.,00006670.0000070024
30.70.00307170.0001000027
9.50.00010270.0000108028
36.50.00365670.0001000030
36.50.00365670.0001000032

36.50 «0000150033
36.50 +0000150035
36.50 «000015003¢
36.50 +0000150037

36.50.00006110.0000017038
36.,50.00003660.0000010039
4.40 0001020140
1.90.00046070.0002425044
17.20.00012100.00C0070058
26.10.00018320.00C0070059

1.60.00001150.00C0070060C
12.6C.00008880.00C0070061
36.50.00025600.0000070062
36.,50.00025600.00C00070063
36.50.00025600.00C0070064
8.60.00006030.0000070065
26.10.00201480.00C0770069
26.10 «00€01:00070
26.10.00264280.00C1010071
26.10.0000¢370.00C0001072
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DESCIPTION DRAWING
l 7 come. NUMBER

L'C S TEMPeP C+03-0620/24
LCS YOXICS C+C03-0605/09
LR S 02 ST C+D03-0635/39
LR S C02 REMOVOI-0605/09
LR S HUMID C+DO03-C&45/49
LR S MELIUM C+03-0690/54
LR S TEMPeP (C+03-0695/%9

LRS TCXICS C+002-0605/09
+R—5—PRESSIV

BAUX BATT 03-04101-2

BMAIN BATY 03-04101-1
VHYCRAULIC PHRO3-0450/%4
NFORE TV CAM 03-0123-01
NFORE LIGHTS 03-Q138-01
NU/W PHONE 03-01Cl-01
NCL HYOROPHCNEQ3-0162-07
NSKIRT PR GAGEO3-0162-08
NSHORT R SONARO3-0146-06
NSKIRY TV CAM 03-0123-02
NAFT TV CAN  03-0123-03

NHATCH PH ¢ 1C03-Cl101-02
NYIEWPT OPTICS02-0341

NOQO SATY L17503-0138-02
MAFT LIGNTS 03-01238-09%
NTRAINABLE L1T03-01238-02
OINY STRUCTUREO3-C351/20C
CU/W PHCNE 02-01C1~01
NCCON SYS C ¢ 003-0210/15
CCOM S¥S C ¢ 003-0210/15
CHATCH PM ¢ 1C02-0101-02

PHYORAUL IC PHRO3-0450/54
PSHORT R SONARO3I-0144-06
PYIEWPY OPTICS03-0341

"PSKIRT TY CAX 03-0123-02

PAFT TV CAM  (3-0123-03
PAFT LIGHTS 03-0138-05
P30C WATY L17303-0138-03
MRATING SVSTEMO3I-0433
ASKIRT SEAL 03-0499

HSKIRT XPR (0003--0232/3%

[T T
1641.131.118.118.
141.131.118.118.
8?7, 85. 82. 82.
j1al1.131.118.118.
87. 85. 82. 82,
137.135.132.106.
81. 8%. 82. 82.
141,131.118.118.

T3

$SUY=08EI75Y 8T, 83. 82. 82,

191,181.168.142.

191.181.168.142.
42. 40. 34, 34,
l4. 14. 1l4. 14,
14, 14, 14, 14,
55. 85. 42. 42.
55. 55. 42. A2,
67, 67. S54. 54,
14. 14. 14. 14,
16. 14, 14. 14,
14. 14. 14. 14,

14,
14.
l4.

14.
14,
14.
l4. 14, 14. 14,
14. 14, 14, l&.
191.101.168.142.
al. 71. T1. 71,
55. 55, 42. 42,
141.131.118.118.
141,131.1168.118.

1a,
14,
14,

14
14,
14,

1a.
18.
18.
i8.
18,
18.
18.
20.
..
20,

8.
L D
8.
| B
8.
[ 1
8.
20.
9.
20.

8.
8.
8.
e.
8.
S.
8.
20. 20.
9. &6,
é0e 20.

A
AL FauRe i
; TIME. I
26.,10.,00219280.0000838073
26.10 «0000100074
17.80,00137730.0000770078
26.10 «0000100077

17.80.001680660.0001010078
28.20.00000400.0000001079
17.00.00149890.00008308080
26.10 0000100081
17.80.00078700.00C0440082
36.50.00916360.0072506084

36.50.000635390.0002367085

71.50 +0000938110
3.00 .0033330111
3.00 .1666000112
9.50 .0002220113
9.50 +0010000114

12.10 .0000330115
3.00 .0025000114
3.00 .0000180117
3.00 .0033330118
3.00 .0000400119
3.00 «0000150120
3.00 .0166600121
3.00 1666000122
3.00 .1666000123

36.50 +0000150124

15.50 +0062220129
9.50 0000810126

26.10 0000810127

26.10 «0000400120
1.90 .000093812%
1.90 .0025000130
1.90 .0000150131
1.90 «0000180132
1.90 «0033330133
1490 «1686000134
1490 «0166600125
4.0 «0000540136

19.30 +0001953137
4.40 «0000051138




—

[ EENUE ]

——

Sy
: DESLPTIN DRAWMG Ta- T YOTAL  FAILURE L
N P B L DY T vl
; IWANCHORS  NARO3-0A28'  37. 37. 37. 37. ' euuu 00633330139
! NSKIRT PR GAGEO3-0162-00 31. 31. 31. 31 6.080 «0000330141
‘ NALT SONAR  03-0146-04 67. 67. S4. S4. 12.10 0033330142
. NOEPTH SONAR 03~0546-05 €7. 7. 54. 34. 12.10 «0033330143
! NSHORT R SONARO3-0146¢-04 20. 20, 20. 2C. 4.40 «0025000144
{ HSKIRT TV CAN 03-0123-02 20. 20. 20. 20. 4,40 «0000180148
MSHIRY LIGHT 03-0130-04 20. 20, 20. 20. 4440 «20636000146
! MAPT LIGHTS 03-0330-05 20. 20. 20. 20. 440 «1666000147
_MBO00 WATY L1ITS03-0132-03 20, 20. 20. 20. 4,40 «0166600140
"MAPY TY CAM  03-0123-03 20. 20. 29. 20. 4,40 «0033330149
M VIEWPTI PTICS03-0241 19. 10, 10. 1¢ 2420 «000015015%0
MHATCN PH ¢ 1€03-010i-02 10. 10, 10, 10 2.20 «0000400151
_SSHORT R SONARO3I-0146-06 14, 14. 14. 14. 3,00 «0025000152
SSKIRT TV CAM 03-0123-02 14. 14. l4. l4. 3.00 «000018015%)
_SAFT TV CAN_  03-0123~03 14, l4. l4. ls. 3.00 «0033330154
"SHATCH PH ¢ 1003~0101-02 14. 4. 14. ié. 3.00 «0000400155
_SFORE TV CAM 03-0123-01 27. 27. l4. la. 3.50 «0033330156
SFORE LIGKHTS 03-0138-01 14. i4. 14. 24, 3,00 «1666000157
SCOM SY3 C ¢ 003-0210/15 14. 14. 14. la. 3.00 «0000010158
STRAINABLE LIT03-0138-02 14. 14, 14, 14. 3.00 «16660001%9
HHYDRAULIC PWRO3-0450/34 99. 91. 84, 84, 18.60 0000938160
N EXT SENSDISP03-02083/8% 67. 67. 34. Ss. 12.10 «0000210161
_ MEXY _SENS DISP03-0285/89 3l1. 31. 31, 31. 6.80 «0000210162
ESHMERT PR GAGEC3-0162-08 19. 8. 8. 8. 1.90 «0000330163
EEXT SENS DISP03-0285/89 19. 0. &. 8. 1.90 +0000210164
CU/u PHONE 02-0101-01 141,.131.116.118, 26.10 «0002220170
 HEYDRAULIC PUR03I-0450/%4 141.131.110.118. 26.10 «0000938171)
ESKIRT PR GAGE03-0162-08 116.106.93, 93. 20.40 «0000330172
_ ERXT SENS DISP03-0205/89 116.106.93,. 93. 20.40 «0000210173
" MCOM SYS C ¢ 003-0210/1% 10. 10. 10. 10. 2:20 «0000010174
$600 WATT LITS03-0130-02 14. 14, 14, 14, 3.00 «0166600175
SAFT LIGHTS 03-0130-09 14. 14. 14, 14, 3.00 «1666000176
_SVIEUPT OPTICS03-0341 14. 14, 14, 14, 3400 «0000150177
: ‘NHOR O A SONARO3~0146-03 67. 67. 54. S4. 12.10 «0023%000180
! NVER C A SONARGI-0146-02 67. 67. 54, 54, 12:10 «0025000101
' NCOM SYS € ¢ D03-0210/19 14. 14, 14, 14, b YLy} «0000010182
NIV CAR C ¢ D 03-0225/727 14. 14. 14, 14, 3,00 «0002100183
: NPAN ¢ TLY EQPC3-0123-04 14. 14, 14, 14. 3.00 ~3010000184
i PFORE YV CAN 03-0123-01 10. 8. 8. O. 1.90 «003333018S
PIV CAN C ¢ O 03-0225/727 18. ¢&. 6. &, 1490 «0002100186

]
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DESEHTION
l Comp.

DRAWING
NUMBER

PPAN ¢ tlt’tehbs-btzj-oJ

PTRAINABLE L1IT03-0138-02
NECORE YV CAN 03-0123-01
NPAN ¢ TLT EQP03-0123-04
KIv CAlt C + D 03-0225/27
SPAN ¢ TLT EQP03-0123-04
STV CAR C ¢ D 03-0225%/721
STRAINABLE LITO03-0138-02
Vv EXTSENSOISPO3-0285/69
NSONAR CTL + DO3-02C1

NSONAR CTL ¢
PSONAR CTL +

MSONAR CTL ¢ 003-0201
SSONAR CTL ¢ 003-0201
NIV CAN C o 0 03-0225/21
LATMOS SAMPLE 03-0630/34
L HATCH PM ¢1C02-0101-02

003~-0201
0013-0201

Ta

18.
168,
10.
i0,
10.
14.
14,
10.

T3-
T2 5 T

8.

s.

10.
10.
10.
14.
14.
10.

100.90.

6.

14.
8.
20.
14,
14,
3.
3.

7.

14,
8.
20,
is.
14.
3.
3.

8.

8.

10.
10.
10.
14,
14,
1¢.
1.
4.

14.
8,
20.
14.
14.
3.

-
Je

.|
8.

10.
10.
10.
14,
14.
10.
7.
S4.

14.
8.
20.
14.
14.
3.
3.

TOTAL

FA!LURE
RATE

AEY-
NIMBOR

.00300001 87

+16656000128
<0033330189
.0010000190
.0002100191
0010000192
.0002100193
«1666000194
0000210195
+0020060196

«0020000197
«0020000198
«0020000199
«0020000200
+00062100201
«0000150202
«0000400203
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Appendix F

Changes to Input Data
Used in Second DSRV Reliability Model
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: A. Component Failure Rates in Exrror in First Model

Failure Rate
(Per 10° Hrs.)

Changed
Assigned No. Description of Component From To
012 Propulsion System Cont.
e & Disp. 57.8 lé68*
} 033 Capsule Structure 10 . 15
: 035 Access Hatch 1 15
036 Electrical Penetrations 0.1 15
_ 037 Optical Penetrations 0.1 15
' 070 Control Sphere CO,
. Removal 0.2 10
; 074 Control Sphere Toxics
k Cont. and Disp. 0.2 10
a77 Rescue Sphere CO, Removal 0.2 10
081 Rescue Sphere Toxics Cont.
and Disp. 0.2 10
111 Fore TV Camera 3300 3333
133 Aft TV Camera 3300 3333

* The Reliability Data supplement to ARINC's 30 June 1965
report, Deep Submergence Rescue Vehicle Equipments Reliability
Predictions and Allocations, is used as the source of correct
failure rates for the first reliability model.

e
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B. Jompinernt railure Rates Changed by Latest Information
Failure Rate
J (per 10® Hrs.)
Changed
Assigned NoO. Cescription of Component From _To
112 Fcre Lights* 3300 166,600
157 Fore uights 3300 166,600
113 wnderwater Phone 500 222
’ 125 Underwater Phone - 500 222
170 «nderwater Phone 500 222
121 800-Watt Light 500 16,660
135 800-Watt Light 500 16,660
148 800-Watt Light 500 16,660
i75 800-wWatt Light 500 16,660
122 Aft Ligats 3333 16,660
134 Aft Lights 3333 16.660
147 Aft Lights 3333 16.660
17¢ Aft Lights 3333 16.660
123 Irainable Light 3333 16,660
159 Trainable Light 3333 16,660
188 Irainable Light 3333 16,660
194 Trainable Light 3333 16,660
‘ 146 3kirt Light 250,000 166,600
* Light failure rate based on information from M. Goodman of

NASL. Underwater Phone failure rate from S. Keller of NASL.

¢
[pe——




B

Sonmintiy

—————

MEL Report 110/66

C. Component Failure Rates Added in Second Model

Assigned No.

120
131
150
177
137
184
187
190
192

Description of Component

Viewport Optics
Viewport Optics
Viewport Optics
Viewport Optics

Skirt Seal

Pan and Tilt Eguipment
Pan and Tilt Equipment
Pan and Tilt Equipment
Pan and Tilt Equipment

Failurg Rate
(Per 10~ Hrs.)

15%*

* The computer program for the first reliability model and
not the 30 June 1965 ARINC report, defines the components
which were included in the first model computations.
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D. Compcnent (perating Times Changed in Second Model

Assigned No.

supply B

F-4

lio
129
160
171
114

115
i41
le3
172
1le
130
144
152
117
132
145
153
19
128
151
155
124
126

127

158

174

182

136
138

139
140
142

eratirn
ower-p

Operating Times (Hrs.)

Changed
Description of Component From To
hHydraulic Power 26.1 7.5%
liydraulic Power 26.1 1.9
Hydraulic power 26.1 18.6
Hydraulic Power 26.1 26.1
Cirectional Listening Hydro- 6.1 9.5
phone
Skirt Pressure Gauge 12.

Skirt Pressure Gaugu
Skirt Pressure Gauge
Skirt Pressure Gauge
Short Range Sonar
Snort Range Sonar
shcrt Range Sonar
Short Range Sonar
skirt TV Camera
Skirt TV Camera
skirt TV Camera
Skirt TV Camera

liatch
natch
tiatch
natch

Fhone and Intercom
Phone and Intercom
Phone and Intercom
Phhone and Intercom

internal Structure
Communication System
Cont. and Disp.
Communication System
Cont. and Disp.
Jommunication System
Cont., and Disp.
Communication System
Cont. and Disp.
Communication System
Cont. and Disp.
Mating System
Skirt Transfer Cont.
and Display
Anchors and Markers

Skirt Dewatering System

Altitude Sonar
doEiTes 2E°cRassty

n_batt
?cleaRF

.

.

DO DOODOANONOO O WWWW
VO OODOODOOOS LN

.

22.2

22.2

22.2

NV LW
oo\ JEV R e)

1

N
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.

OWNOWWLEsHWWAR WOHOGON
NMONHOORWOOAMOO,L, Y DH
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-
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o
.
wn

26.1

gry and hydraulic power
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D. Component 9perating Times changed in Second Model (cont'd.)

Operating Times (Hrs.)

e rea et St AR RIS« e b el e e A1 e

AP IO i .

Changed
Assigned No. Description of Component From TO
143 Depth Sonar 12.6 12,1
: 161 External Sensors Disp. 7.0 12.1
* l62 External Sensors Disp. 7.0 6.8
. l64 External Sensors Disp. 7.0 1.9
B 173 External Sensors Disp. 7.0 20.4
T 195 External Sensors Disp. 7.0 17.2
180 Horizontal Cbstacle
Avoid. Sonar 12.6 12,1
T 181 Vertical Obstacle
. - Avoid. Sonar 12.6 12.1
i 183 TV Camera Cont. and
' Disp. 9.3 3.0
. 186 TV Camera Cont. and
j Disp. 9.3 1.9
T 191 TV Camera Cont. and
; - Disp. 9.3 2.2
! i93 TV Camera Cont. and
T Disp. 9.3 3.0
r 201 TV Camera Cont. and E
; Disp. 9.3 3.0 ;
: 196 Sonar Cont. and Disp. 13.1 12.1 i
[ 197 Sonar Cont. and Disp. 13.1 3.0 .
i 198 Sonar Cont. and Disp. 13.1 1.9 :
' 199 Sonar Cont. and Disp. 13.1 4.4 :
. 200 Sonar Cont. and Lisp. 13.1 3.0 H
E 202 Atmosphere Samplirng 6.0 .65 :
' 203 Hatch Phone and intercom 18.5 .65
E
{
!
{
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¢ Appendix G

1 Recommendation for Modeling of the DSRV in
i an Advanced Reliability Study : F
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BOOLEAN EXPRESSION AND PROBABILITY BQUATION
FOR A PORTION OF THE DEPTH CONTROL MODEL

A. BOOLEAN EXPRESSION

141* = 141 { (145 (122 v 129)] v [146 (122 v 129)] v [149]}

Where V designates "or®, and "and" is indicated by multipli-
cation.

This expression is simplified to the following:

141* = 141 { (122 V 129) (145 V 146) V 148}

B. RELIABILITY EQUATION

141% | = P14l 31~ [1- (1-(1-P122)(1-P129)
S (1—(1-{?145l;(1-1>146))] [1-pre8]}

Where Pr and P represent probability.
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