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ABSTRACT

"A second reliability model of the Deep
Submergence Rescue Vehicle 'OSRV) is defined.
On the basis of this model, a prediction is
made of the DSRV reliability for a typical
rescue mission. The predicted reliability
is computed to be 29%, 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- 4
ward and skirt (exterior; lamps. A two-orders-
of-magnitude decrease in the assumed failure
rate for these undetwater lamps results in a
predicted reliability of abcut 80%. Recom-
mendations are made for improving future DSRV
reliability studies.
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RELIABILITY PREDICTION FOR A DEEP S-BMERGENCE RESCUE VEHICLE,
SECOND RELIABILITY MODEL

1.0 INTRODUCTION

This report explains the need for a second reliability model
for the Deep Submergence Rescue Vehicle "DSRV\, 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 cf 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 (SPC; as a means of rescuing personnel
from a distressed submarine cn the ccean bottom. Under the
Task Statement of SPO Project Crder N'. 5-0009 'Budget Project
20), of 23 April 1965, the U. S. Nav- Marine Engineering Labora-
tory (MEL), Annapolis was reauested to ccnduct studies leading to
the prediction of reliability fcr the entire rescue vehicle
(including all electrical/electronic and 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-ae and personnel,
MEL secured contractor support tc perfcrm a major part of the
initial study. The follewing study tasks- however, were performed
by MEL%

o System definition: based cn a C. S. Navy Bureau of Ships
(BUSHIPS) concept drawing and equipment lists from Sensors and
Navigation and Integrated Control and Display Subsystem managers.

0 Definition of mission !rescue trip),, phases and phase
times for that portion of a rescue mi-ssion when the DSRV operates
alone (outlined in Appendix A) . These times were correlated with
the Technical Development Plan 'TDPiP generated by SPO. The num-
ber of rescue trips reauired to rescue the distressed submarine's
personnel complement was determined by correspondence with BUSHIPS
Code 525 (Submarines Branch).

1.
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* i i c•f the total elapsed mission timeo 36* hours,
and tLtal v2icIu opeiating time of 26.2 qours.

SA-ssigrarent of use-factors (by means indicated in refer-

ence ".a# to eacF. cf tihe vehicle components for each phase of
the ;:ission.

Study taksk perf-_t.xed I, the contractor were,

* construction of the first system model (block diagram)
and deveiop-,Lent ct reliaDility equations for the system.

e Develop.uent c't a computez pzogram to calculate relia-

bilities tor the compcrnents., vehicle functions, and the entire
vehicle-

* Leterar.intior, -: best available, and mcst appropriate,

failure rate data for LSAkV components.

Results of the initial reiiability study are reported in refer-
ences b and 'c, . Tese references contain the system block
diagarms, the computed reliabilities and a basic failure-rate
data package. Tnis data package contains many composite

tailu-e rates which are supported ny a more detailed data
package £etcidred by bitL. The computer program (in the form of

card ,decks) ids supplied to MEL as part of the contractor's
study task- and is on file for record purposes.

2.0 S JAA-.

2.1 'ihe second reliability model for the DSRV incorporates
more accurate By-tem structuring plus corrections to several
component failure rates. A vehicle reliability of 29% for a
36½-hour rescue miss ion has been comp'ited for the second
modei. _nis is much lcver than the 88% (predicted) and 94%
(allocated) figures wnich resulted from the first model. The

most significant contribution to this low reliability of 29%
is made by the high faiiure rate assumed for the forward and
skirt (exterior) lamps.

2.2 An approximate tradeoff of vehicle reliability versus the
failure rate for tnese lamps ,see Figure 1) indicates a reduc-
tion in the assu;ned failure rate (from 166;000 to 1,660 fail-
ures per million operating hours' will increase the predicted
vehicle reliadility tc about 80%. No significant increase

2
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beyond 80C i reulized for further reduction in the lamp fail-
ure rate.

2.3 Fuither itpzovement in DSRV reliability beyond the 80%
value can be effected bg:

* 6enerall decreaiing other component failure rates.

* i.ncluding s. Le.,.DSW•f or functional redundancies which
were riot knwn Jurin9 the development of the second model.

* Adding redundant equipment.

2.4 Recomrnend: 1tions are made for improving future DSRV relia--
bility stiudies. :hese recommendations include-

* Perfczmance of additional detailed studies including
operational sequence analysis and sensitivity studies.

* CCenstruction cf a reliability model which allows for
dependent2 or cc:ponent failures.

a Determaination of component failure distributions, and
su3Taning to yield cLomTposite failure-time distributions for
subsystems and/or capabilities of the vehicle.

* An output data format which highlights changes and
defic enc e.ý. Deficiencies could then be immediately iden-
tified with a weak component, subsystem, or eauipment of the
vehicle - perforrarance weaknesses could also be highlighted.

3.0 NEED FOR NEW MO4DEL

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

Exwaples of tre inadecruacies of the first model together
with the charnges in concept and the changed failure rates.
are pnesented ir, the following paragraphs.

4
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3.1 Inadeauacies. in reference 'c%, Figures 2 and 13 (which
are block diagrams of the Navigation function) indicate the
vertical obstacle avoidance sonar as an alternate to the short
range sonar, televisions and viewports. This is an error. it
is a long-range, forward-looking 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 short-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 eauipments on the DSRV,
one for the two operator3 and one fcr the medical corpsman.
Previously there were to have been three fcr the DSRV crew.
plus fifteen (including three spares' fcr the rescuees.

The control and rescue sphere hatches will not be required to
keep out sea pressure. 1Hcwevez. these hatches will be required
to seal against a maxinum exter.nal pressure of five atmospheres
:see reference ,drý. This is the highest pressure personnel
could tolerate (for any appi-eciable Tuine' inside the distressed
submarine.

The first model considered twc frc:ward-pcinting and six down-
. . ward-pointing 650-watt 2a-rps plus a ,irn.e 250-watt skirt lamp.

The latest sensor placement drawirig reterence [e)) by the
Naval Applied Science Labcratcry :'A.A? CiN.AB) shows the
following (exterior) ilamps,

* Týo 800-watt, fcrward-poc.1r.t.ng lamps.

s Five 250-watt, dcwnwaA-pocinting la;,ps •one, located*
forward, is trainable fcre, aft and down'.

* A single 85-watt skirt ia-,p.

3.3 Changes in Failure Rates. Acccrding to NAVAPLSCIENLAB the
* underwater telephone will have a icwer failure rate than is

assigned in the first model, due tG the use of transistorized
-. components. The new failure rate is 222 failures per million

5
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operating houis. jIris corresponds to a mean time between fail-
ure oi 4 500 IurC.

New lu±iuie tdtes nave been assigned to the new lamps men-
tione-a aic.vce in pýLgfaiph 3.2. on the basis of mean, or rated,
life tigu-fe, -.uppiiei bI NAvA_ 3:IE;Ai\._A3. With no other informa-
tion -iv=1iu. t.,e assumption is made that these mean-life
figuies are equiv.lent tc ,:ear, timne between failures. The
(assu:ned' fhxi.- L-tes Ithe reciprocals of ntear, time between
failu; e, l:

Sa; 800-watt !ay:ps 16.600 Failures per million

operating hours
"bn 250 and 85-watt i66:000 Failures per million

1=ps operating hours

4.0 NLIiN1 ,,, .\-_ D •CDEL

Definitior, c;f the second DSZI$V model includes the block
diagrams. reiiabiiit, ejuations, assumptions and limitations
and ir.put uaits wnicrh ate used to compute vehicle reliability.

4.1 '.;icck DiaqraaTs. Figures 1 through 12 of Appendix b are
block diayrais repzesenting the twelve functions which corn--
prise the D6RV. Tne second model is based on the same basic
DSRV concept as the first model. A comparison with Figures
1 through 12 of reference kc); however, shows some signifi-
cant differer~ces irL the logical connections of the two models.
These differences are due not to the changes in concept, but
to a different and, it is hoped, a more accurate interpreta-
tion of the DSKV concept. 7he degree of accuracy of the second
model remains to be determined.

4.2 Reliabilit, Equations. Appendix C contains the FORTRAN
statement* used for computing DSRV reliability in the second
model. The reliaoilit, equations for the twelve figures of
Appendix B are listed as sequences (SEQ) 11 through 22. Overall
DSRV reliability is computed as the product of these twelve
equations. Sequences 'SEQ) 34 through 45 are the reliability

* For detailis of the computer program set up for the second

moJel. see 1r.. 7ec-.nical Memorandum 415/66 of December 1965,
Deep Sub:rergence Rescue Vessel Reliability Prediction.

6
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equations for the same twelve functions, when considered separ-
ately.

* 4.3 Assumptions and Limitations. Ynherent in the definition
of the second model are the following considerations:

e Clear water exists at the rescue site. This enables
the use of optical aids, as well as the use of short-range
sonar in the matincg operation.

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

* There are active personnel aboard the distressed submar-
ine. This enables DSRV homing on hull noise (hammering).

* A single television camera will ne sufficient for mani-
pulator operation.

* Only the three television cameras described in Appendix
A of reference (i) are considered. This constitutes a limita-
tion of the model since there are presently four television
cameras on the DSRV 'See reference (i',).

9 The rescue mission is as defined in reference (a), and
as abbreviated in Appendix A of tr.is report.

"* The viewport optical reliability probability of no
optical degradation) is assumed equal to the viewport struct-
ural reliability.

e Emergency breathing equipment reliability is assumed
equal to that of the oxygen storage, control and display equip-
ment.

* The helium storage, control and display equipment
included in the Life Suyport function will probably not be
in the DSRV. Inclusion of this equipment makes the Life
Support function model somewhat conservative.

* DSRV components have an exponential failure distri-
bution.

0 DSRV component failures are indeperident (failure of
one does not cause failure of ancther).

7
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Other comcreiotr not included in the model are the portable
radiation Jetector, differential pressure gauge, the invert-
ers fc• the icnars and other Sensor/Navigation equipments, the
sonar (mechanlcadi installation, film cameras, strobe lights,
recorder anJ teleroetry and ultra high-frequency radio. The
rad'Lo camevras. strobe lights and recording equipment are
not cr4tical in .ompleting the mission, and are therefore not
included. Omission of the other components constitues a
lim4tatiorn of the ;odei. Maintenance of the vehicle is not
considered.

4.4 Input Data. Ccmponent operating times and failure rates
complete the definition of the second model. Appendix D
includes a computer listing of all input data in numerical
order foilowing the component drawing numbers established
in reference 'g)- Appendix E is a computer listing of the
data, in numezical order of assigned* component numbers.

Sevezcal changes in component failure rates have been made
to correct errc.rs mnade in transposing them from the data pack-
age, which was a working document: to the Reliability Data
report: whIch is part of reference (c). These changes are
listed: by assigned number, in Appendix F.

In severai instances, changes in component operating times
were made to- be consistent with the second model or with new
battery and hylraulic package power-profiles. These power pro-
files were changed to agree with operating time estimates of
NAVAPLSC1IENLAB an&ihoward Research Corporation. These changes
in operating time are 2.isted 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 eauipment
and component reliabilities. Page 7 lists the twelve function
reliabilities and the overall DSRV reliability figure of 29%.
In computing these function reliabilities, each component is
considered in only one of the twelve functions, during any
gjiven time period. This disregards the fact that, operation- 4
ally, the component could be contributing to more than one
function at a time. Since so many components contribute

* Each corip:)nrnt is given an identification (,r 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 of these systems
were considered under Navigation alone. 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 two functions.

A list appears on page 8 of Appendix D of the twelve func-
tion reliabilities with the functions considered separately. In
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, sometimes smaller than
the function reliabilities listed on page 7 of Appendix D.

6.0 DISCUSSION OF RESUILS

The study based on the first model (reference (c)) computed
a predicted vehicle reliability of 88%, and on the basis of a
few changes in the predictio. -model and the addition of a redun-
dant component (an underwater telephone), an allocated raliabilty
of 94%. Generally, a somewhat lower value than 88% or 94% would
be expected for the second mowdel, simply because the structure
(block diagram) of the seconrd :ticdei is moze conservative than
the first model. By conse:rvative it is mednt the second model
considers as series-connected compcnenta, several components
which were considered ds parallel-connected components in the
first model. The predicted reliability of 29% for the second
model is much lower than was expected.

Table 1 of this report is a C7 .ofisofof the function
reliabilities of the second mcdel with those of the first model.
From the values presented for the se.ond model, it is clear
that the cause of the low vehicle zeliability lies with the
Navigation* function fzeliabiiity of 66%) and the Mating and
Transfer Function (reliability of 46%) - either in the struc-
turing of these two functions or in ti'e component reliabilities
used in them.

* Note that this is the combined Navigation--Search and Surveil-

lance function mentioned in paragraph 5.0.

9
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TABLE I.

A C•MPARISON OF THE FU•JCTION RELI ABIL-ITIES
FOR '1HE. F.LS-7, AND SECOND DSRV RErIABUlTY MODELS

First Model Second Model
Funct ion Prediction Allocation Prediction

1, Vehicle Control

and Propulsion 019933 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

7. Surveillance and Search 0.9991 0,9991 1.0000*

8o 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 .
(Product of twelve
function reliabilities) 0.8838 0.9431 0.2925

SIn the second model, the Surveillance and Search function is
accounted for in the Navigation function.

10
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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 J123'* is shown to be in parallel
with two fore lamps (112). Inserting the corresponding relia-
bilities in the reliability equation 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-
tility of about 48%, is the primary cause of the low reliability
(46%) for the Mating and Transfer function.

Figure 1 of this r e p o r t presents the (approximate)
tradeoffs of lamp failure rate versus the resulting Vehicle,
Navigation and Mating and Transfer function reliabilities.
No significant increase in vehicle 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 reliability of the Navigation and Mating
and Transfer functions will approach maximums 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 become the limiting factors of vehicle
reliability, when high lamp reliability is assumed. The deter-
mination of the structuring detail6, or component reliabilities
which limit the vehicle reliability in the second model to a
maximum of about 80% is not within the scope of this study.

* Numbers in parentheses are assigned numbers for components

(See Appendices D & E).

11
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7.0 CONCLUSIONS

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

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

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

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

e Furtner 6tud; is required to improve the Navigation and
the Mating and Iransfer function reliabilities (exclusive of
lamps). TIhis is mandatory if any significant increase in DSRV
reliability beyond 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 equipment.

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. It 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
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- 8.1 An operational analysis which emphasizes operations involv-
ing the DSRV and its mother vessel only. frhis analysis will
establish better use-factors for the individual components and
for the vehicle systems. it is felt that the use-factors can
be more readily estimated for vehicle capabilities than for
any other defined element in the structural £-.odel of the system.
The reasoning behind this conclusicn is thnat capabilities can
be related to both the mission event-time sequence and to
contributing hardware. (See Appendix G foz 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 operation cf ancther. In combination
with this analysis, the construction of a logic-oriented relia-
bility model wherein no vehicle component appears more than once
(at any given time) in the total vehicle reliability equation.
Examples of such a model fiock diagrams) are shown in Appendix G.

8.4 Additional sensitivity analyses. similar to the one which
resulted in Figure l.. to detenrnine the sensitivity of all
functions, capabilities- _r,.c ccan .poite failure distributions and
parameter values.

8.5 Maintainability ar.n safet- anal-sez --Wnicr would contribute
to tradeoff studies with reiiSbiiit.. SKizt iamps, for example,
could be replaced during each light--cn 'D3P.V on mother ship)
period. Other lamps cannot be replaced without sacrificing a
great deal of mission tine.

8.6 An output data fcrmlt si .ilar to that used in this report,
i.e., one which shows c¢o::ipu-ed reliaLilities for vehicle com-
ponents, sub-systems, capabilities; and major vehicle functions.
Changes in component failure distri.iut-ion and other input data,
and the addition or deletion of ccmponents, should be highlighted
under appropriate headlines. With such a format, deficiencies
(low reliabilities) in these areas car. be readily identified
with deficient hardware iteMs, and zcrrective action initiated.
For example, the reliability runofý 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

1
13
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to Le t.e !Qw £eiiauilit, cf a particular component. A possible
remed, to tctrs prcL±e!:, would be tc restxict the use of this
particulaz cý'rtpurent to uniy tne mating phase, thus reducing
the t2t.l cuporIt operatinq time and tr.ereuv improving the
compoie!. t ieiiabil tI .

14
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Appendix A

Mission Phases and Phase Times

MISSION 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

5. HATCH PREPARATION AND MARKER 13 3 3 3

6. WINCH HOqK AND HAUL DOWN 5 5 5 5

7. SKIRT DEWATERING 5 5 5 5

8. PRESSURE EOUALIZATION 3 3 3 3

9. TRANSFER OF RESCUEES 25 25 25 25

10. UNCOUPLE FROM DISTRESSED S73. 5 5 5 5

11. ASCENT 13 13 13 13

12. SURVEILLANCE AND APPROACH 7 7 7 7

13. ANCHOR AND ALIGNMENT 7 7 7 7

14. WINCH HOOK AND HA'jL DOWN 5 5 5 5

15. SKIRT DEWATERING 5 5 5 5

16. PRESSURE EQUALIZATION 3 3 3 3

S 3 '1 OTALS 141 131 118 118

17. TRANSFER OF RESCUEES AND
RECHARGE BATTERIES 50 50 50 25

TOTALS 191 181 168 143

t.
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Appendix B

Second DSRV Model Block Diagrams
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;TMNI FORTRAN STATEMENT 
PG

C
C PROGRAN; TO COMPUTE RELIABILITY OF DSRV FOR A 13 TRIP M4ISSION
C MCJDIFiED SEPT. 1,.1965

-C THIS IS WORST CASE. I.F.,N0 REPAIRS ALLOWED AND
C ALTERNATE MODES ARE ACTIVE.

1 DIMEN~SION R(250),OSNOI3),FREL(I~i,FUNCN (12,2),FRELP (12)
2 READ 5OO,IFUNCNtI,13,FUNCNII,2i,1.1,'2)
3 1 PRINT 100
4 L0O
5 2 L-L+1
6 IFIL-24)3.3,1
7 3 READ 200,F,OSO.40TIT2,T3,T4,TSUM,FR,NAS

-a R INAS)-EXPF I-FR.TSUM)
9 PRINT 300,FPDSNOTI,r2tt3,T4,rSuM.FR.NAS,RINASI
10 IF(SENSE SWITCH 0122,2
11 22 FREL (l) -R17).R18)'RI 1Z)sR(14)#R(1O).R(195).R(LI)*R(16)#R(17)OR(I8

2 )*R(IL1Ifl)
12 FRIEL (2)- R128)oR(3D)-R432)oR:22).R1191.RIIBOG)R(181).11.-(I.-R(20

3 I.-R1120).R1184)*P(123))o11.-II.-11.-R112011R1119).R(182))(I.-R(I

13 X RqELI 31-R1331'R( 1241.R135)..2.P(36).R137).R1381.R(39I
14 FREL(4)- R(115)*RII27)RI128)

-15 FREL (5). R144).R(129).I1.-(I.-R(130).81198)I.I1.-IR(185I.R1186).

-3 RI1SB).R(187)).I1.-R(134)..'i.i 1.-R(1351)..2)III
16 FREL 16)-R(136)*RII371-RII- IeRI139).RII4DI'R(1411.R(162).R(14610

2 R(148).-?) II3.II.-II.-RI 150D1I.L.-R11501.R115) j.PI1741)).i.-R(R190

1? FREL (ii* 1
to FRIEL (8) =R4583.R159).R(6D1-R161 I.RI62,RIL64!.RI63).R(651
19 FREL (9)=R(711.R(731.RUBI.-RLID).R182).il.-(h.-R169).RIIZI.R174).R

2 691'R171)I)
x *(I.-II.-RI202)1*I.-R(2O3))

FREt. I1O)sRI85).RI84)
-21 FREL f1it;R(160)

22 g:REL (I2)=R(163l.R(t64)
23 PROD=1.
24 DO 4 1-1,12
Z5 4 PROD-PROD.FRELIII
26 PRINT 600,(FUNC'14( ,11,FUNCNII,2).FREL, :).Iz1.12)
27 PRINT TDO.PROD

28 100 FDRMATfIIshL201,IHLISTING OF COMUONENTS AND FAILURE RATES USED IN
1 RELIABILITY ComPUTATION ///IOX,1OQH FUNCTIDN DESCRIPTION DRAWING
2 OPERATIN4G TIMES MINUTES TOT. OPER. FAILURE RATE ASSIGNED NO.
3 RELIABILITY /20X.SIHOF COMP. ND. TI 12 T3-12 T13
4 HRS.

C-1
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PAGE 2
Q STMNT FORTRAN STATEMENT

9 300 FORMAT113XeAi.4X.ZAS.A8,4F5.0,8X.FS.2t6Xt9.8,BX 1'3.IIX.FT.6//I
C 200 FORMATIAI,2A8.AS,4F4.o.FI.2,9xFe.7. 13)
I S00 FORMAI(IOASI
2 600 FORMAT '(IHI,-122M RELIABILITY FOR 2AS,3H ISF9.6/111
3 ?00 FORMATI1M0/IS0N0RELIABILITY OF O.S.R.V. FOR 13 TRIP MISSION IS

I F9.61
4 42 FRELP (I]- FREL (1)
5 FRELP 212i FREL (2)
6 FRELP (3)xFREL (3)
7 FRELP (4)-R11701.R(12?l.R(128)
a FkELP 15Ix FREL (5)
9 FRELP (6)- FREL W6
0 FREIP 7..-1-lSIROo)I.R17.(9IR12e.-.

1 FRELP 18I.R(58).R(59).R16014IR(E.1 1R(62).Rlb4).R(631.R124).R(651
7 FREIP (9)-FREt (9?

3 FRELP:LOJ-FREL (10)
4 F)?ELP Ill)- R (171)
5 FKELP (i2).R(112)-R1?3!
6 PRINT 800,(FUNCN IhII),FUNCN 11,2)bFRELP II.2
7 goo FOAMATCINI.(3211 FUNCTIONAL RELIA81LITY FOR ZA9.3H IS F9.6//))
a END

c-2
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Appendix D

Second DSiij Model Computer Print-out
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i-LIARILITy FCR VEH.C7L.* PROPUL IS 0.988405

RELIABILITY FCR NAVIG. + HOMING. IS 0.663193

RELIABILITY FOR STRUCT.INTEGRITY IS 0.996622

RFLIABILTTY FOR COMMUNICATION IS 0.993423--

-RELIABILITY FOR MANIPULATOR IS 0.999360

- ,ELIABILITY FOR PATING + TRANSFR IS 0.464560

"RELIABILITY FOR SURVEIL.+SEARCH. TS 1.000000

"" RELIABILITY FOR COMPUTOR IS 0.998772

RELIABILITY FOR LIFE SUPPCRT IS 0.991124

RELIABILITY FOR POWER AND CIST IS 0.982371

R . .ELIABILITY FOR HYDRAULIC SYST. IS 0.998257

- - r!XABILITY FOR EXT SENSIO00000÷ IS 0.999897

.'LIABILITY OF D.S.R.V. FOR 13 TRIP MISSION IS 0.292463
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-FUNCTONAL RELTABILITY FOR VEH.CTL.I PROPUL IS 0.988405

-FUNCTICNJA. RELIABILITY FCR NAVIG. + HOMING. IS 0.6631M3

-FUNCTIONAL RELIABILITY FGR STRUCT.INTEGRITY IS 0.996622

--- LUT[rflJKAt RELIABIrLTY FOR COMMUNICATION IS 0.991088

-- FUNCTICNAL RELIABILITY FCR MANIPULATOR IS 0.999360

... UNCTINAL RELIABILITY FCR MATING + TRANSFR IS 0.464560

-- NCTI Al-REE•I•IlITY FCR SURVEIL.4SEARCH. IS 0.793586

F-BNCTIUAL RELIABILITY FOR COMPUTOR IS 0.998705

SFUNCTIUNAL RELIABILITY FCR LIFE SUPPORT IS 0.991124

--UNL I IuL¶E1TAZTV-LTY FOR POWER AND DIST IS 0.982371

-- FT CTInNWL RELIABILITY FCR HYDRAULIC SYST. IS 0.997555

FUNCTIUIAL RELIABILITY FOR EXT SENSIO00000+ IS 0.998899
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Appendix E

Listing of Second DSRV Model
Input Data in C.rder of Assigned Number

(The assigned numbers are contained in the
three right-hand columns.)
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DP X RAWN TI Z T3- TO ?OTAL FAILURE
¢o~ - NUMBER ,OPER. RAT E Nfl,7

i i pO SI 0 I1 II [ T1~

'VýqAIN PROP vSS03-0401 6*1. 65. 54. 54. 12.1o.00061070.ooo503o007
VPRCPELLER S+803-0475 69. 67. 57. 57. 12.*60.00003790.0000030008
VSHRCUC RoR+ACo3-0480/04 42. 40. 34. 34. 7.50 .0000365009
VKERCURY TRIM 03-0430 100. 90. 77. 77. 17.20.00113620.0000657010
VNERC TRIM C*003-0255159 100. 90. 77. 77. 17.20.00099970.0000578011
VPRPL SYS C40 03-0260/14 67. 65. 54. 54. 12.10 .0001680012
VTHRUSIERS 4 C03-0490 42. 40. 34. 34. 7.50.00199980.0002664013
VYTN + DPTH SE03-0100-14 100.90. 77. 77. 17.20 .0002930014
VeALLAST SYS 03-0435 33. 33a 31. 31. 6.70.00048810.0000722016
VEXT BAL+JET C03-0236/40 58. 58. 56. 43. 11.90.00042150.0000352011

VRES 9AL+JET C03-0222/24 75. 75. 75. 49. 15.80.00055740.0000352018
NCOPP NAV 03-0108-01 49. 49. 36. 36. 8.30.01664000.0020000019
NCEAC RECK TRC03-0108-02 55. 55. 42. 42. 9.50.00095330.0001000020
NRATE GYRO PKG03-0104-04 191.181.166.142. 36.50.00219400.0000600022
NBEAC REL 03-0131-03 7. 7. 7. 7. 1.50.00003030.0000200023
NNAV COMP 03-0250 55. 55. 42. 42. 9.50.00006670.0000070024
NHMG BEAC 03-0131-02 153.143.143.117. 30.70.00307170.0001000027
NhAV CISP 03-0108-07 55. 55. 42. 42. 9.50.00010270.0000108028
NGYRO COmPASS 03-0172-02 191.161.168.142. 36.50.00365670.0001000030
NVERTICAL GYR003-0172-04 191.181.166.142. 36.50.00365670.0001000032

OCAPSULE STRUC03-0301/1C 191.181.168.142. 36.50 .0000150033
OACCESS HATCH 03-0321/30 191.161.168.142. 36.50 .0000150035
CELECT PENET 03-0331/40 191.101.168.142. 36.50 .0000150036
CCPTICAL PENET03-0341/50 191.181.168.142. 36.50 .0000150037
CCUT bULL+FfA§03-04C5 191.181.168.142. 36.50.00006110.0000017038
CFLOT PATERIAL03-0440 191.181.168.142. 36.50.00003660.0000010039
PSKIRT OEWATER03-0445/49 20. 20. 20. 20. 4.40 .0001020140
FAANIP+TOCL JE03-0415 18. 8. 8. 8. 1.90.00046070.0002425044
KPERC TRIM S M03-0250-01 100. 90. 17. 77. 17.20.00012100.0000070058
"KLIFE SUPPORT 03-0250-02 141.131.118.118. 26.10.00018320.0000070059

KEXTER BALLAST03-0250-03 8. 8. 8. 8. 1.60.00001150.0000070060
KCONT PROPUL 03-0250-04 69. 67. 57. 57. 12.6C.00008880.00C0070061
KPWR CISTRIS 03-0250-05 191.181.16e.142. 36.50.00025600.0000070062
KEX SNSRS 03-0250-06 191.181.168.142. 36.50.00025600.00C0010063
KINT SNSR 03-0250-07 191.181.168.142. 36.50.00025600.00C0070064
KSTRUCTURES 03-0250-08 49. 39. 39. 39. 8°60.00006030.0000070065
LC S 02 ST C+003-06C1/04 141.131.118.118. 26.10.00201480.0000770069
LC S C02 REMOV03-0605/09 141.131.118.118. 26.10 .0000100070
LC S hUMID C*003-0610/14 141.131.118.118. 26.10.00264280.0001010071
LC S HELIUM C*03-0615/19 141.131.118.118. 26.10.00000370.0000001072

E-11..
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DESCIPT" DRAWWG T T - T1 QTtAL FAILURE
NUMBER 1 TO& OPIlk. RATE

C TEPiPP C403-0620/24 141.131.11U.118. 26,10.00219280.000©038073
LCS TOXICS C*C03-0605/09 141.131.118.118. 26.10 .0000100074
LR S 02 ST C#D03-0635/39 67. 65. 82. 82. 17.80.00137730.0000770076
LA S C02 REMOV03-0605/09 141,131.118.118. 26.10 .0000100017
LA S HUMID C*D03-C645/49 87. 85. 82. 82. 17.80.00180660.0001010078
LI S HELIUM C+03-0650/54 137.135.132.106. 28.20.0000400.0000001079
LA $ TEMPsP C+03-0655159 87. 85. 82. 82. 17*00,00149890.0000830080
LAS TCXICS C*C03-0605/09 141.131.118.118. 26.10 .0000100081

L• •: 3••03r6•Eq T, 3.82. 82. 17.60,00070700.0000440062

SAUK BATT 03-04101-2 191.181.168.142. 36.50.00916360.00-2506084

SPAIN BATT 03-04101-1 191.16h1166.142. 36.30.00465390.0002367065
VMVCRAULIC PMR03-0450/54 42. 40. 34. 34. 7.50 60000938110
NFORE TV CAP 03-0123-01 14. 14. 14. 14. 3.00 .0033330111
NFORE LIGHTS 03-0138-01 14. 14. 14. 14. 3.00 .1666000112
NU/W PHONE 03-OlCI-01 55. 55. 42. 42. 9.50 .0002220113
NCL HYCROPHCNE03-0162-07 55. 55. 42. 42. 9.50 .0010000114
NSKIRT PR GAGE03-0162-08 67. 67. 54. 54. 12.10 .0000330115
NSHORT A S0tAR03-0146-06 14. 14. 14. 14. 3.00 .0025000116
NSKIRV TV CAN 03-0123-02 14. 14. 14. 14. 3.00 .0000180117
WAFT TV CAN 03-0113-03 14. 14. 14. 14. 3.00 .0033330111

NMATCH PH * IC03-e101-02 14. 14. 14. 14 3.00 .0000400119
NVIEWPT OPTICS03-0341 14. 14. 14. 14. 3.00 .0000150120
NHOG WATT LITS03-0130-03 14. 14. 14. 14. 3.00 o0166600121
NAFT LIGHTS 03-0138-05 14. 14. 14. 14. 3.00 .1666000122
NIUAINAILE LIT03-0130-02 14. L4. 14. 14. 3.00 .1666000123
0INT STRUCTURE03-C311120 191.161,1601.42. 36.90 .0000150124
CUim PHONE 03-0CI0-0 81. 71. 71. 71. 15.50 .0002220125
NCON SYS C + 003-0210/15 55. 55. 42o 42. q.50 .0000810126
CCON SYS C # 003-0210/15 141.131.114.116. 36.10 .0000810127
CHATCti PH * 1C03-0101-02 141.131.1164118. 26.10 .0000400120

PHYORAULIC PMR03-0490194 18. 0 .0. 8. 1.90 .0000938129
PSHORT A SOMARO3-0146-06 1. S6. 6. 6e 1.90 .0025000130
PVIEWPT OPTICS03-0341 Ise 5. 6. s. 1.90 .0000190131
PSKIRT TV CAK 03-0123-02 16. ,. 6. 6. 1.90 eO000180132
PAFT TV CAN 03-0123-03 18. 6. B. 6. 1.90 .0033330133
PAPT LIGHTS 03-013$-05 16. 1. 8. 1* 1•90 .1666000124
P80C WATT LITS03-0138-03 18. g. I. 8. 1490 .0166600135
M•ATING SYSTEMO3-0455 20. 20. 20. 20. 4.40 .0000-40136

ASKIER SEAL 03-0459 91. 91. 91. 66. 19.30 ,0001953137
ASKIRT XPA %;*003-0232/39 20. 20. 20. 20. $.40 .00000091138
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TOWTAL VMILUftI

1' 0 k'e. 1TIL OIR

ANCHRcI0S * AR0O3-0425t  37o 37. 37. 31. 684.uU *0033330'139-
PSKIRT PR GAGE03-0162-08 31. 31., 31. 31. .608 =000330141
hALT SONAR 03-0146-04 67o 67. 54. 54. 12.10 :0033330142
MOETH SONAR 03-0146--0S 47. 67. 54o 54. 12o10 90033S30143
NSHORT 0 SONAR03-0146-06 20. 20. 20. 20, 4.40 .0025000144
PSKRIT TV CAN 03-0123-02 20. 20. 20. 20. 4. 40 .0000180149
PSMIRT LIGHT 03-0133-04 20. 20, 20c 20. 4.40 *1666000146
PAPT LIGHTS 03-0338-05 20. 20. 20. 20. 4:40 .1666000147
0400OVATT LITSO3-013a-03 20. 20. 20. 20. 4d40 .0166600146
N(AFT TV CAN 03-0123-03 20. 20. 20. 20. 4*40 .0033330149

* N VIEWPTrPIICS03-0341 10. 10. 10. 10 2.20 .0000150150
MHATCH PH * 1C03-0101--02 10. 10o 10. t0. 2.20 .0000400151
MSORT R SOAN0R3-0146-06 14. 14. 14. 14. 3.00 .0025000152
SSRIRT TV CAN 03-0123-02 14. 14. 14. 14. 3.00 .0000100153

* SAFT TV CAP 03-0123-03 14. 14. 14. 14. 3.00 .0033330154
$H4ATCH OH * 1C03-O101-02 14. 14. 14." 14. 3.00 .0000400155
_SFORE TV CAN 03-0123-01 21. 27. 14. 14. 3.50 .0033330156
SFbRE LIGHTS 03-0138-01 14. 14. 14. 14. 3.00 .1666000157
SCON SYS C * 003-0210/15 14. 14. 14. 14. 3.00 .0000810198

* SRAINABLE LIT03-0134-02 14. 14. 14. 14. 3.00 .1666000159

NHYDRAIJLIC PMiR03-0450/54 99. 91. 64. 64. 13.0 .0000936160
h EXT SENSDISP03-0245/49 47. 67. 54. 54. 12.10 .0000210161
NEXkTSENS DISP03-0219/89 31. 31. 31. 31. 64.0 .0000210162
ES~iif Pi 4AGE03-0162-0I 19. 1. 6. 6. 1.90 .0000330163
IEXT SENS DISP03-0245/89 19o $a So Go 1.90 *0000210164
CJww PHONE 01-0101-01 141.131.116.116. 26040 .0002220170
RHYDVRAULIC FWR03-0450/54 141.131.11.116I. 26.10 .0000930171
ESKINT PR GAGE03-0162-08 114.104.93. 93. 20.40 .0000330172
tEXT SENS CISP03-0203/89 114.106.93. 93. 20.40 .0000210113
PCON SYS Ct 003-0210/15 10. 10. 10. 10. 2.;20 .00000610174

S600 MATT LITSO3-0130-02 14. 14. 14. 14. 3.00 , .014600115
* SIFT LIGHTS 03-0136-05 14. 14. 14. 14a 3.00 .1464000176

SVIEWPT OPTICSO3-0341 14. 14. 14. 14o 3.1O0 00000150177
-oft 0 A iO5EAAM03-0146-03 67. 67. 54. 54. 12.10 00025000180
NVER 0 A SONAPOS-0146-02 47. 41. 54. 54. 12.10 .0025000161
MCON SYS C *003-0210/15 14. 14. 14. 14. 3..;-) *0000810182
NTV CON C *0 03-0225/27 14. 14. 14. 149 360b .0002100133
N PAN * ILT EOP03-0123-04 14. 14. 14. 14. 3.00 -'J141000184

!PR V CAN 03-0123-01 16. So So 6. 1.90 .0033330185
PTV CA% C *003-0225/27 16. 1. 1. S. 1d9c .0002100186
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~ECPTOa DRAwWS~ Tl T3 T- TO TOTAL. FA!LuA&gGOFP, NUMBER T TZ Ti OPER. RATS
'PPWe I I I II TIMEL

r AN 4 L EOP03-0123-04 3.Is . 8. 8. 1 .oo1oooo.
PTRAINABLE LIT03-0138-02 16. I. S. 6. 1.90 .16,60001,8
NFORE TV CAN 03-0123-01 10. 10. 10. 10. 2.20 ,0033330189
RPAN # TLT EQP03-0123-04 10. 10. 10. 10. 2J20 .00t0000190
XTV CA14 C * 0 03-0225127 10. 10. 10. 10. 2420 .0002100191
SPAN * TLT EOPO3-0123-04 14. 14. 14. 14. 3J00 .0010000192
STY CAN C # 0 03-0225/27 14. 14. 14. 14. 3400 .0002100193
STRAINASLE LIT03-0138-02 10. 10. 10. 10. 2,i'O .1666000194
V EXTSENSOISPO3-0285159 100.90e. 7.. 17. 17.20 .0000210195
NSONAP CTL 4 003-02CI 67. 67. 54. 54. 12.10 .0020000196

NSONAR CTL * 003-0201 14. 14. 14. 14. 3.00 .0020000197
PSONAR CTL + 003-0201 6. 1. 6. 6. 1.90 .0020000198
PSONAR CTL * 003-0201 20. 20. 20. 20. 4.40 .0020000199
SSONAR CTL * 003-0201 14. 14. 14. 14. 3.00 .0040000200
MTV CAP C * 0 03-0225/27 14. 14. 14. 14. 3.00 ,0002100201
LATMOS SAMPLE 03-0630/34 3. 3. 3. 3. 0.65 0000150202
L NATCH PH *1C03-0101-02 3. 3. 3. 3. 0.65 .0000400203

E-4



MEL Report 110/66

Append ix F

Changes to Input Data
Used in Second DSRV Reliability Model



MEL Report 110/66

A. Component Failure Rates in Error in First Model

Failuze Rate
(Per 10 Hrs.)

Changed
Assigned No. Description of Component From To

S012 Propulsion System Cont.
& Disp. 57.8 168*

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 2

Removal 0.2 10
074 Control Sphere Toxics

Cont. and Disp. 0.2 10
077 Rescue Sphere CO 2 Removal 0.2 10
081 Rescue Sphere Toxics Cont.

and Disp. 0.2 10
il 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.

F
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B. .om2ý.nent ailure Rates Changed by Latest Information

Failure Rate
(Per 106 Hrs.)
Changed

Assignedd tNo. Description of Component From To

112 Fcre Lights* 3300 166,600
15' iore Lights 3300 166j600
113 Lnderwater 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-Watt Light 500 16,660
122 Aft Lignts 3333 16,660
134 Aft Lights 3333 16,660
147 Aft Lights 3333 16,660
176 Aft Lights 3333 16.660
123 Irainmdle Light 3333 16,660
159 Trainable Light 3333 16,660
188 Irainable Light 3333 16,660
194 Trainable Light 3333 16,660
146 Skirt Light 250,000 166,600

* Light filure rate based on information from M. Goodman of

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

F-2
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C. Component Failure Rates Added in Second Model

Assigned No. Description of Component Failurg Rate
(Per 10 Hrs.)

120 Viewport Optics 15*
131 Viewport Optics 15
150 Viewport Optics 15
177 Viewport Optics 15
137 Skirt Seal 195.3
184 Pan and Tilt Equipment 3.0
187 Pan and Tilt Equipment 1.9
190 Pan and Tilt Equipment 2.2
192 Pan and Tilt Equipment 3.0

* 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.

P-
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D. Component Operating Times Changed in Second Model

Operating Times (Hrs.)
Changed

Assigned No. Description of Component From To

110 Hydraulic Power 26.1 7.5*
129 Hiydraulic Power 26.1 1.9
160 mydraulic Power 26.1 18.6
171 hydraulic Power 26.1 26.1
114 Directional Listening Hydro- 6.1 9.5

phone
115 Skirt Pressure Gauge 3.4 12.1
141 Skirt Pressure Gaug, 3.4 6.8
163 Skirt Pressure Gauge 3.4 1.9
172 Skirt Pressure Gauge 3.4 20.4
116 Short Range Sonar 6.8 3.0
130 Snort Range Sonar 6.8 1.9
144 Snort Range Sonar 6.8 4.4
152 Short Range Sonar 6.8 3.0
117 Skirt IV Camera 8.8 3.0
132 Skirt TV Camera 8.8 1.9
145 Skirt TV Camera 8.8 4.4
153 Skirt IV Camera 8.8 3.0
I19 iijtch Phone and Intercom 18.5 3.0
128 hatch Phone and Intercom 18.5 26.1
151 hiatch Phone and Intercom 18.5 2.2
155 hatch Phone and Intercom 18.5 3.0
124 internal Structure 18.2 36.5
126 Communication System

Cont. and Disp. 22.2 9.5
127 Communication System

Cont. and Disp. 22.2 26.1
158 Communication System

Cont. and Disp. 22.2 3.0
174 Communication System

Cont. and Disp. 22.2 2.2
182 Communication System

Cont. and Disp. 22.2 3.0
136 Mating System 5.7 4.4
138 Skirt Transfer Cont.

and Display 3.9 4.4
139 Anchors and Markers 5.9 8.0
140 Skirt Dewatering System 5.6 4.4
142 Altitude Sonar 12.6 12.1

* oNeyopera ingo ies pre tasedehgnlbattery and hydraulic power
supp y ower-p 0 es in e venic e RFP.
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D. Component Operating Times changed in Second Model (cont'd.)

Operating Times (Hrs.)
Changed

Assigned No. Description of Component From To

143 Depth Sonar 12.6 12.1
161 External Sensors Disp. 7.0 12.1
162 External Sensors Disp. 7.0 6.8
164 External Sensors Disp. 7.0 1.9
173 External Sensors Disp. 7.0 20.4
195 External Sensors Disp. 7.0 17.2
180 Horizontal Obstacle

Avoid. Sonar 12.6 12.1
181 Vertical Obstacle

Avoid. Sonar 12.6 12.1
183 TV Camera Cont. and

"Disp. 9.3 3.0
186 TV Camera Cont. and

Disp. 9.3 1.9
191 TV Camera Cont. and

Disp. 9.3 2.2
193 TV Camera Cont. and

"Disp. 9.3 3.0
201 TV Camera Cont. and

Disp. 9.3 3.0
196 Sonar Cont. and Disp. 13.1 12.1
197 Sonar Cont. and Disp. 13.1 3.0
198 Sonar Cont. and Disp. 13.1 1.9
199 Sonar Cont. and Disp. 13.1 4.4
200 Sonar Cont. and Eisp. 13.1 3.0
202 Atmosphere Sampling 6.0 .65
203 Hatch Phone and ..ntercom 18.5 .65
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Appendix G

Recommendation for Modeling of the DSRV in
an Advanced ReliaDility, Study
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BOOLEAN EXPRESSION AND PROBABILITY EQUATION

FOR A PORTION OF THE DEPTH CONTROL MO0DEL

A. BOOLEAN EXPRESSION

141B . 141 ([145 (122 V 129)] V [146 (122 V 129)] V C14

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

This expressiion is simplified to the following:

141- = 141 ( (122 V 129) (145 V 146) V 148}

B. RELIABILITY EQUATION o

(1-(1-P145) (1-Pl46D)] 11-P148]1

Where Pr and P represent probability.
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