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AZLATIVE ACCIDEN:I PACBABTLITY ANALYEIS
Prepasred by:

D. B, Allmand
J. H. Armstrong
. H. Blair

E. V. Blevins
A. id. Corbin
3., B. Bowan

ABSTRACI: 7The complexity cf modern ordnance mahes difficult
the assessmeat of the overall effect on user safely of indi-
vidusl design, manmufacture, handling procedure o> use factsrs,
An ordarly process for the study of the relative safety of
alternate desizgns and/cc practices is presentecd, with an
sxanple of its use in analyzing = conplex electro-sechanical
tozb fuze systeam.

This analysis process consiits ofi

1. Organizing accident-inducing happeustances into diagrams
indicating possible combinaticni restlting in accident.

2. A2sligning best estimates ¢f probability to the individual
happetstances and cress-cohdcking for ccasistency.

3. Comdininz the resulting accidint possiviiities by appro-
priate mathecatical prccesses.

4, weighing tne relative frequency of exposure to th: vari-
ous hazard routes and the relative conisquen~es of accident
at oorrespcrding times and places in datercining an overall
aceident protability index.

Y« Deternining froa study cf these results the relative
3afesy of deuigns, effecte of inldividual probabilitles o~
cverall safety, points of especlal hazerd, areas for tast.
atc. 28 & tacis for aiministrative decisziens.

V. S. NAVAL JRDFANCE LANCAAYOR-
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The process deseribed has bteen fuund useful in the buparthent
as an &1l in reaching sound terhniczl conclusicns leadine te
cd=inistrative decisions and is presented in tre Snterest ol
a more sidesrread cppreciation for wrotlems fnvclves ia
achieving optizum ocdnunce designs.

It 13 recognized that the cholce of method zade herein
1s Lreqnently arbitrary and that many aiternaiive routes te
sizilar results zay exist. Further experience In tre use of
such analytical processes shculd lead to improvezent through
refinexent and perhaps throogh sc more tasis changes in
approach; cczzents on tlz nethods and conclusicas of this
rerort are sclicited,
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The vasic nmethod reported aas developed in the ccurse of
evaluation =ork on various fuzing and firing systens 1n the
Tock, redlied,y srojectile and wnderuater ordmarte prograTs.
The analysis of tre experimentas tomd fuze given herein is to
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The oplnions sta%2d Lerein are those of the fechhiical
Zvaluation Departxent and do not constitiute a recoxzzerndaticn
by the lutoratorr fuo the use of this systea cf oanalys:is.
bte considered exerplary culy, since tte particular design
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CHAFTER 1

INTROLUKCTION

1.1 The Asericun concept 7f the imrortance of the indivicdual
and the desirabiiity of reliance on advanced weapons as a
substitute for x23c manpower in creating a strong defense
would lead inevitzbly to empliasis cn safety to the uzer in
ordgance design and utilization for humanitarian reasons alone.
Up to a certain point thers 1s aiso a strung economic factor
in favor of safety; this is particularly true in the Navy
because of the potential losz of & major ship from &lmost any
ordaance accident. A morale factor must also be racognized,
since weapons must actually be used {toth in practice exercises
and service) to be effective an¥ TRose aitn poor reputations
safoty-wise will be ccnsistently slighted.

1.2 Conversely, providing safety in ordnance design tends to
incresse weapon complexity, development lead time, and cost

(and thms to reduce availability) and to reduce relfadility and
eoffectiveness. Offense being part of an effective defenss, an
ovarly-safe weapen could coulriiute to unsafety of a fleet uait
by failing to intercept an attaocker or by being so complex as

to bs unavalladle at the time and place needed. Balance Letween
safety, performance, availability and cost is therefore of the
utzmost importance.

1.3 Striking the many b~lances (such as the right time to give
up concealmsnt by starting an attati) involved in the playing
of the percentages #liich essertially makes up military tactics
i3 ¢ ex and difrizult enough as it is without bturdening the
flset forces w»ita explosive ordnunce safety prodlems., Time
for training is iimited and wust not be wasted eitler in having
tc learn compiicated safety routines to make up for hazardous
crdnsnce or, ot the other hand, in studying the extra readying
opsrations occasioned by excessive coxpiexity addcl In the
interests of safety.

1.4 ZEveryons is for safaty and aguinrt sin, but the cxast
poinut of balunce in safety of saxplosive ordnance iz & point of
such discussion. The ordnance designer dces not have the entire
patter in his harnids, 5in.e mauy of the conditions of fi.-T use
are determined, Te-sxamined and 2ltered by others in the navsl
establisheent who are pri=2rily concerned with taciics,
logistics, ship and aircrafi desizn, etc. These people cannut
be familiar with all the detailed dcsign c:-siderations,

COKFIDENTIAL




-

o e o AT RAR R IR S R TR SR RO O AR RER AR e

CORFIVBNT LAY,
NAVORD REPCRT »135

ranner-of-use assuzptions and closeted sceletons ixplicit in &
plece of ordnance hardwsre., Ths crdnaics designer ~ogs haye
the following responsibilitles, fncvever, which he should not
seek to avold:

a., Scod Dasign. A safe design 15 nct nocecsarily rave
cosplex or unrelisble than an unsafe cne. Tiwsre will always
be rocm for ingenuity and careful analysis in devising and
selecting effective sefing systems xhich do not disproportion-
ately compiicate or degrade the performance of ordnance.

b, Bslanced Design., Each feature of a design added for
safety’s sake s weighed carefully to see that it pays
its way in incroasing safety to an extent that makes up fus
any sdded cost, complexity, handling care and unreiiability it

troduces. Reducing one hezard is in vain if it contributes
to increasing others disproportionately.

c. Determination of Potential Hazards. If safety in a
design 1s less than desired, it can often be compensated for by
bhandling and use practices, There is an obligation to explore
possible avenues of unsafciy to instce that no serious faults
exist unknown and to make information avallable cn shich a
decision az to the urgency and value of an improvement in
design for safety can be based.

Approaches to Safety

1.5 ZThis report is prinarily ccncecned with fuzing systex
safety. In some cases, such a3 in nrojectiles, this say involve
considering only a *fuza® iftsslf; in other cases, as in Nawal
mines, aany separate components, both in the expendable crdnance
snd the planting craft, forn the ordnance safing and firing
systes and sust be studied.

1.6 Over the lonz history of ordnance, safety has been scught
by worious approacies, and an extensive philos-phy hrs deen
devaloped which a3sists an experienced ordnance enginser to
arrive at a safe design »ithout toc many faise ctarts. Some
of the philcsophies which have evolved may he sumnarized as
followss (many of the finer points which are essential to
their real neefulnsss havs, of idévesdily, bDeen omitted Lere,
end this should not be considered an ali-inzlusfve list).

a., the Interruvted Explosive Train. inis design featurs
has achieh virtuaily tha status of a pnilesophy. 2y stopjiag
the ;ropagation of ar accicental initiation at a s.2c ;-int, it
eliminetes many of the jooblexms stherzize assecizat.gd . iuft the
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nacessarily great electrical end/cr mechanical sensirivicy ol
the ~rianry explosive olement vhich initiates the wmiapon, The
locaticn of the interruption in the train, metkois for 2val~
uaticn, etc. are well estabijshed. Thc interrupted train
almost invariably complicates a design; 1f well designed, it
does not affest the rellab'lity of the 2rred explosive train
but the mechanicrl ope.eticn of or=ing 45 ac addwd phase or
operation shich canc Tarely be 100% reliabie.

b. ibe Fail.Safe Principle (in which failure of auy pars
tc operats e to lead towarc & dud rather than umsafe
operation) is invaluadble in avoiding accidents from unforeseen
possibilities of mal-treataent, risasseably and sinmormal
envircnment. Its affect on reliapility is direct and obvious,

¢. The Series of Szfety Psatures principle is based cn
the sound sysumption thal easier to achieve perfection
by designing so that two or smore independent salety feztures
(of a readily-dewonstrated level of reliability) must all fail
for there to be an accider? than by relying cn & single feature,
which sust be of undemonstrably high reliabdbility and shich will
fail 1f cmitted or circumvented. The affect of these added
faatures on c:glexicy ana reifability is unfortunate and the
matter of sctual independence must be most carefully examined.

d. The Overtest M‘;som seeks to desonstrate safety
by exaggera expected service environment to the point
where failures cf parts may occur or whaers it is nighly
unlikely tbat an eguival-nt sho:k, voltage or whatever will
ever te seen ir praciice, If fuim-es induced are not of an
unsefe nature, they are disregarded. %This pragmatic philosophy
weeds out many questicnable features, but aay be criticized as
leading to overdesign.

e, The Critical %tect classification® wisely reguires a
higher degree o pection and perfacticn in those attributes
of an individual plece of ordnance which affect safety., when
& great muny parts are considered to .iffect zafety (as in those
items relying cn a series of safety features), Lowever, there
may be 30 manv critical features as to diiute availabie
inspectizn effort to the extent that the high quallty level is
not actaally assured. High rejection rates where many 1imen-
32cns are crilival may Jzcparcize preduction «nd lead to
waivers beiny grauted, agaln dcfeoeting the system., It 1s often

¢ Ysed in the Ordnance Classificaticn i Dafects, & Naey
document governing the inspecticn and acse: anee ¢ ordzance
naterial.

3
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difficulc to classify atiributes; a dimeasion sligntly cut o
tolerance may affect operability only .ut tecome sisnificant
safety-wise iI farthes out.

f. Arbitrary Design-Feature Rezuirezents usually rzsult
from long experience ans undoudbtedly have kKept a great deal of
tod orduance out of service. Such things as cocked firing
springs, ctc. may te bannsd because of their contritution to
unsafety in sarticular cases; spplied in other cases, sucl bans
may not really apply and may seriously handfcap design.

Perhaps the most serious provlem is that it is ruman tc assume
that if all bans and rejulrements are compiifed with, safeiy is
assured, This is not true b f the impossibilily of

of the
including in any list all ranificuations affecting future
designs.

1.7 the various philosophies Tfurnish much assisténce, tut
thsre are simply tco many coasiderations, soee of them at tines
conflicting, to be asseszed continuously for their overall
effect. There 1s ziso the possidility that so many zafety
features will bu in serizs that the net addition tc sxfety of
sose of them 13 insufficient %o just’fy their cost (usinz cost R
in the fncilusive sense) while othes sccident scurces which are

rot considered because they do not happen to be covered by the
philosophies are of much greater feporiance.

1.8 It is the purpese of this report to discuss the metlods
and porsibilities of a zore all-inclusive method or asalysis
which attexpts, without pre-judgewsnt a3 to the izportunce or
unimportance of individual vrobabilitiez, 2c put the pleces
together into an overall, sesfquantitative picture in which the
tothl erfect of individusl desigh or usage fertures can tren be
ae3essed rore readliy. Ko new or additfonal test methods or
design feetures are ussuwed or involved, tut & mcre penstrating
{and 1adoricus) sethod of analysis is proposea. This analysis
cannot eliminate the need for design inzenufty or the coa-
dusticz of test programs. As will be discusse?, however, it
ppears that 4 trably vaiid conclusisns useful In cdesign
and ovalustion con oftsn te reached bty the logical conbination
oi existing data and reascnsble estimates,

1.3 %hile scoe of the thought reesesses inveived in accident
probability analysis are similer to those in reliability
analysis, the practical handling of ihe protlss 15 simost
cwmpletely different. Cne fundszentzl reason for this 1is that
there sre at lcast caly a few ways in whick & systex zan
function as intended, whilc there are alsost rumteiae » -3ys in
which 1t zan be uniafa. The philoscpl:icxl appreusl. ic-zing

4
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toxard a complete safety ansisis must tnerefore be bas!cally
different from chat seeking the closest cstimate cf the percent-
age rellability of & wespon, and the mathezatics used will te
correspondingly different. Jherever concepis related tc those
in reliablitty or effectiv.ness analys-- zrg usei herez, a
similar terminolcgy and syzbology has been sought, tut in cesb
of this analysis the selection of terms and syxtols is

arbitrary.

5
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CRaFIR 2

THE RAP ANAIYSIS

2.1 in sssence; the Relative Accident Protabilit- Analysis is
an orderly plan for breaking the complex pretlez of overall
safety of =2n ordnance item into cozponent parts which can be
assessed by logical treatment. The first major breakdown
separates factors of situatien, exposure, and severity. ¢f
thess three, the situation is by far the most cocplex.

The Situaticn

2.2 A "Situation” is defined as a period in the 2ife of the
ordnance during which the envirczment and conditicns which
affect safety and the reasults of 2 prezature actuvation are
essentially constant. ZThis neans that accident likelthood and
conseqtonces are assentially of one averageable value, To
{llustrate this, consider a f1ze stored with and without ‘
tooster. Kere the environmen: 1s esscntially the same but the
results of premature actuatiou would be guite different. Two
situations would result., Cn the other hand, & fuze which 1s 4
undergoing settick is under very different envijcnmental con~
itions frem one sitting on the sholf, Here the situations are
more obviously different. In briel, two factors are influe
esnt1al in the definition of sfiuation., IThe rirst deals with
the likelihood cf a presature actuaticn which depends to a great
extent on the enviroament and the arxing status of the itexm.
31w sacond deals with the prodbable results of zn actuation and
is more of a convenient and necessary artifics which will he
better apprecisted when the ssverity factor iz discussed,

2.3 In the RAP Analyzis the entire life history of the
ordnance ve crdnance component is raviewsd and the situations
which are iikely to arise are listed. This encourages a syste-
matic consideration of the factors in a situation which infiu-
ence tas salety of the crdnance. in broad cate;ories, the
Aistory starts witn pwmufacture and assembly. This s followed
by ¢ransportation and storaze and delivery to fleet unit:z for
tactical usa. Eandling and stowage on units of the flset usuval-
ly dicfer fro= handling ashore. In many cases, coxronents are
assephlad to =ake conplete weapons, thus changing the picture
&2 far as lethality and damage votentiality are coresrned,
Deiivery to the target izvclves the cowmiftions of launching and
svaling. Some ordnance which was prepared for use will not be
fired and will be returned to the sagazinc, ship, ar lase.

6
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Although these broad sftuations cover the normal expezied 1ifwg
there are other situations whi-i need to bte zcnsidered. These
are sitvuations which are nct irtended or desirable, >ut which
cannct always be avoided. Zome examples are fire, uirplane
crashes, hung ordnance, etc. The situations, both normal and
unusual, shich need to be constderad ail. Jdepend cn the type cf
ordnance and conditicns of 1its use.

frobuiilitv Factor

2,4 Befors becoming too involved in the situation, it is
advisable to see liow the situation fits into an overall proba~
bility of accident, For «2ch situztlon, a nucber is obtalned
which is the bast estimate of the probabllity of an accidant in
that situation. This mmber is the probabllity factor (P).
For the purpnses of this presentaticz of the HAP analysis, an
aceident is defined =3 the cxplosicn of the boosior or larger
charge. This restrictive definition is used only because the
danger of ¢xplosion 1is usually the primary concern in consid-
ering overall safety. ZThe RAP snalysis can be used cor extended
to cozpare other bad effects (such 85 tie opening of the para-
chute on & mine while still attached to the planting sircraft)
by s1zply redefining the accident. The zrobability factor is
obtsined from & situation diagrae, e procedure which will be
explained in detail in later Larzgrs~hs, A distorted picture
of the overall safety of the device T-uld be obtained if the
probadility factors of all situations sere given equal weight.
There are two reasons for this. PFirst, there are scoe situ-
ations which are —omson t., »ll cevices and some which occur in
the life history of only a Zew, Adjustments wust be zade for
the relative frequencies with which the ordnance 13 exposed to
the variocus situations. Second, the effects of premature
actuaticn cre far :ore serfous in some situations than in others.
A device w»hich 13 more susceptsbla to actuation in a situation
the consequences are more giave ~ust be penalized in its
comparison with other dovicas. A factor which might sppear 2o
affect the meight to be given a probadbility factor is situatinn
duration. Some situations extend fir a long pariod of time
while others exist cnly a moment. However, it has baen found
that this factsr is best handled directly in the sitvation
probabilities. The xcst important reasca for this is that the
situstions impose the environments which may Aiffer so 21k
in severity ani charzcter that time duraticn as a serarats
tactor may e meaningless and distorting.
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Exposwre Fa.tor

2.5 7o adjust for the freguency cf vxpesure to situsticns, the
probability factor (P) obtained from a situatioa is multiplied
by an exposure factor (E). <he evxrosure factor is dimensiocn-
less. It is determined by tke average nmunder of times to which
the average plece of crdnance will be exposed to the particular
situation. For a situation such as initial assembly, its
value is unity; for & situatfon such as “crash aboard carrier
with tung crdnance” 1t will be much szaller, while 1in some
situations such a= “fuzing missile® involving freguently
disassembled ordnancey it may be 2reater than unity. <The
exposure factor is subject to change by changes in tactical
doctrins, field harndling procedures, 2tc. (e.g., by & change
froe a8 dectrine of carcying « weapon on anté-subzarine patrol
to ona in which veapcns are used only oa strike missions)

more often than by changes in dasign, and therefore may well be
retained as a separate figure until the final stage of an
aralysis, to facilitate trying out tacticsi or handling pro-
cedure changes for their affect on safety.

Severity Tactep

2.6 AMjustment for the consequsnces of an aceijent in &
situsiicn is nede by oultiplying the probadiiity factor {(iJ

and exposure factor (B} by & severity facter {S). IThe sav.rity
factor 1s to represent the average "cos=t™ of an accident of *ad
ussumed type occurring in the si‘uatiez considarsd. *Cost™
may be an inclusive term including not snly the direct loss o
damage to material, ships and installatlions and In casualties
to personnel, but alsc perhaps some estimate of the loss of
tuctical capabilitis. and advantage, ccaprcaise of sscrecy,
effect on rorale, etc. The degree of inclusicn of these in-
tangivles must te stated., It 1s often satisfactory to make
the geverity factor a relutive term rather than an sbsolute one
(as by considering S for the sxplesion of 3 fuze beoster shile
the fuze 1s deing handled scrnirately z3 unity, § fp= an
accident {nvoiving -robable loss of a dogder as 10°, and S fo:
an accident Jeopardizing a carrfor &s 107, fco sxample), This
is decause competitive designs being analyzed will be used with
a sinilar main weapon charge, involving the identical hazaré -¢
a&ceidsntly saxploded In similer siiuailonse The 5 Facior is zo
repressnt cniy the cost asscciated with zalfunstion of the
crinanse deing analyzed; it would be an estimate of the
difference in cost betwssn that of an atrcraft accident in which
a bonb aboard expioled =3 cne in which it 2fd not  In silue
aticns where the daulage varies with the exact tirs . he
aseident {as in tho case of a rocket presaturs «2.hi. Jamage
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range of the launching aircraft) a eipghtsd sverage velue is
worked out, subisct to later c.oser individval analysis if
results warrant.

2.7 The severity fuctor 1s essential in welighiuyg the reiative
safety of ordnance designs ana should not be left cut except in
azking comparisons iimited to cnc snecific weapsn and situation.
The figure of not mors than one ascldert ~in a mil.ion” often
quoted as & goal for navy fuzing does not adequutely express the
true need for all types of ordnanca. If acceptable in the
planting of submsrine-laid nines, it is clearly excessively
stringent on a relative basis for aircratt-laid mines, and like-
wise if acceptable for a fuze alone 1is inadequate for the same
fuze in a 2000 1b, boxd on a carrier deck.

Relative Accident Probability Index

2.8 The product PES 1s a number which characterizes tle hazard
from the device in a situation and is preperly weighted for
co:g:rison with other sitvations. Since F is expressed as the
prodability of an accident in a situation per devics, S is
dimensiecnisss, 3nd S 1s exprassed as Lhe monetary loss por
accldent (in some multiplé of doliars), the product PES is the
probable relative dollar loss through accidents in & situation
per davice - an index which rates the hazard fvrxz the device in
& situation. To obtain an overall picture, thr_jndexes of all
situations are added. The resvit 1s a mmber ()PFS) cailed the
Relative Accident Prodabjlity .rdex (RAPI} which cai be used to
compare different devices. It has been found most meaningful

to express the overall accident cost attributable to the use of
a Jesign of ordnznce In terms of cost per unit of ordnencs
sanufactured or assembled. Such Figures are then in fors to be
compared with the cost of marufacture of the nrdnance unit, with
the cost of use {logistics, firing, planting, etc.) and with ihe
tactical usefulness per unit (e.£. shipping damage ger mina).

2.9 An sdditional factor may be recornizeds the probatla
mnberr of uriis Lo be used. Since this can always be cranked
in at the end of the procass without criinarily auiifying the
{igures that nave gone befure, we have arbtitrarily chesen to
exclude it frowm the RAP analysis. If added, this facter has
the fateresting property of teiding Lo ruduce the errect of the
severity factor, the bigger-bang items of ordnance for other
reasons noreally beinz vsed iz szaller quantitics. The total
cost of eccidents from all the ordnancs of a given tyre Ranu.
fastured tends to be mors ccastsnt.

9
CCRTIDERTIAL

I




SN ST PRI F IO PRIITIE DTG BUE PR KT TR TP S IMI 21 PPEENI0S Aerr e R RABARIAR T v o -

CONFIDENTIAL

NAVCRD HBRORT 4135

Factor Determiration

&.10 OFf tne factors discussed norzally only the zituation
provabllity factor {P} is complicated to understand and Qiffi-
cult to base cn knesn vaiuves, The gezeral prao.ilure for
establishing this factor will be considered briefly hers; since
probability factor deterxzination s the nub {and the biggest
part by far; of the RAP znalysis, the datailed procedur= is
discussed in the later chapters on Situation Disgrams, Prc-
bability Assignuent «nd Summaticn of Path Probabilities. at
thils point, a glance at 7ig. 4-3, a diagram of the paths to
unsafety in one situation for & iuab fuvze, may help clarify the
discussion to follow.

2.11 <he analysis procedure to deteramine the probadility of
an accident in a given situation is akin to the developmen’ of
& complicated wiring disgram from cospcnent circuits, The
whole disgram i{s far too coeplicated for norasl thought
proc:sses, tmt thz ind{vidual components and circuits are quite
simple.

2,12 In ths RAP situation prodability znalysiz, the iudividusl
circuit equivalent is the "accident path®, 4An accident
priceeds from srme “event™ or happenstance through what ever
other cvents are requirsd by the design of the ordnance item
and the circumstances at the tin? to the explusion of the
booster and/or zain charge. In uost cazes other harpenstances
are required to completu the pat.a. The events are not
necessarlly in time sequeacz; = previcus svent such as omiss-
fon of & safaty device in manufacltiurs may becobe part of an
accident path later when some other untoward event starts the
aceldent process.

2.11 In a situution we sust consider a multiplicity of
sceident pathe, for there are alwcs: always sevaral ways in
=hich safety may Ye defeated. The oaly meaningful cverall
probability of accident for a gziven situation is the summatio.
of all these individual paths. In practice, the analystis
process approaches this figure by a systematic 1listing of &1l
feresean paths, their arrangement in & diagram, and their
cowdining by avprorriate rathenatleal nrecoesses,

2.14 1The esutvalent cf thre irdaividual conponent in the wising
disgram 1s the “event®, a cin-le Lappening or condition whese
pretatility under the conditicns peculiar to the siuation can
be estimated fre= exparience or @ priori knowlegg. v« * 'stere
zined ty test. Ixerples sre theé aceidental dropp’ng ¢ a fuze
in such a monner as :2 close an inertia smiten, the snosting
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of two sires in the process c” assembling a fuce, tue iznition
of a pyrotechnic delay columty heat {rca zn adjacent cxpiosive
motor, or the inappropriats turning of a safety switch in an
afreraft crdnance firing circuit control box.

2.15 The keystone of the Relative Accident Protability
é.x’x;}.yustis the use o¢ the same 1;:1\:@ rgs th; sane egent in

erent Gesigns or systexs be considered In each case wiere
the_sam# conditions axist. For exampls, in comparing t#o mortar

es1gns externally and operationaily similar, the possi-

bility of a second round‘'s being dropped into the mortar xhile
the previcus one is still within the barrel would be assuced ths
same for each, Since most competing systems include many
comeon design features and the sane exteras) factors are opere
ating on toth, it is oftcn possible to gst an appraisal of
their relative safety that is more accurate than the knowledge
of the prodbatilities of individual events used in making the
analysis, due to this canceling effect.

2.16 when the whole summation has besn zade, thc results can he
re.iewed to ses the parts significantly respcnsible for the
total. The product of the prohabilities of the individual
evants making up each path is the protability of an ac2ident
vii that path. If this path probability is snail, the effect
o the overall safety of the probability value of each event

which occurs in such low-prodability paths is also szall,
no matter how the individual event grobability may be.

Conversely, if en indiv.dual evant occurs in a short accident
path having a relatively highar probadbility, its value has
great effect cn the answer. These relationships meke the
analysis very sffective in pin-jizting desten features where
iaprovemsnt in safety can dest be sought, in selecting areas
in which detersinaticn of probabil’ties by tezt 1is important
and werranted, and in determining tr: maximum change in overall
safety that would result from eliminating a safety Zoature or
from redvcing the probsdility of some event tending toward
sccident to zero.

osez of ‘he 338
2.17 Pressntly foteseen uses of the BAD analesiz 27z o*Ten fa
the following paragraphise Specific ways I which a particular
exasple of u RAP 3nalysis couid be used a3 8 basfz 2or toch.
nicai and sdninistrative decisicns are given in Cheptar 9.
Uses of the Relative Accident Probedilit  » .lvsiss

&, To ziford a lcgical procedure for considesing ei:
ths rouies Lu undwioiy Dy an claarly ccasideration of e

11
COFIDEXTIAL

PSR TN A

W




LU RN T ST R W ESRPRR

[T

CONF IDANT IAL
NATCRD REFORT 4135

things thal can go wrong throughout the life history of a fuzirg
system, thus avolding "blocpers.™

be

It can hardly b3 assured that all paths will be round,
but the proladlility of missing a serious path is cut
dowa by any systematic con.idsration. “ris is parte
icularly important whsre divided responsibilities sre
involved (BuOrd-BuAer; Arzy launcher and Navy fuze;
ete.) and therc 1s & sepious Tikelihced that both
parties may miss checking a possibility Zor acciaent
in the belief that the other is aware cf it and taking
precautions,

To channel design and evaluation effort (safety-wisc¢)

into fruitfual channels by affording & fairly quick index, a'

priorl, of the net benefit possible froa removing & huazarde-

g.on:uvg:m possibility, eetablishing & risk wmore closely by
sty ete.

Ce

Zhers can be little gain in overail safety ros
eliminating or studying a hazard wkich is not causing
accidents; and the affort involved, cften major, may
ropresent inefficient use of mcney and engineering,
Purtherzore, side effects of the change may result in

& worse overall situation. For example,; express
hizhway construction might result in increased total
bazard if blowouts, rather than collisicts and other
factors which superior highway engineering could reduce,
wars the principal causs cf accidents,

Tc foster simplified ordaance design by permitting tho

use of novel types cf safing or the elizination of soke exlste
ing design requirements if the alternative systems can bte shosn
te affcrd equal. or better overail safety.

The ultirmate criterion of a safe design 15 that it

not causs accident expense, not that it puss certain
tests or contain certain features. 1the cli.cer the
actual use of this criterion can be attained, the
better will be the balunce tetween sarety, oparabllity,
and manufacturing and cevelopment cost. It Is our
helfef that reney and talent spent or overall esti-
mating methods and their application will yleld a
graater recurn at this tine than similar effort in
ordnance design, test, Cr sSpecilic testemsthnd
developrent programs. This $&s true oniy tecause of the

12
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generally goed salety oshich is characterisiic of
American ordnance at present and the exirese complaxity
i1 ordnance cesign which 13 rampant despite earnest
fndividual efforts $o fignt i%.

d. To furnish guidan~e in the determination of lanajing
and tactical dcetrine ror existing designs of cordnance as it is
atfectad by safety considerations,

Operations are often spoken of &3 invelving a
*calculated >isk," usuaily without resl caleculations.
The RAP Analysis furnishes a frezewsrk for such sisk
stucfes and therefore more realistic puidance.

Things the AP Analysis Won't Do
2.18 RAP Analysis will iiots

a. Bstimate within a close range the accigjent nost and
rate for aa ordnsnce design.

The individuzl prodabilities zoing inte the picture
ere not »ell enougi. establishied In kost cases to be
put on an &ccurate quantjtative scale, and the surma-
tion cannot b2 closer than the avarage of its parts.
This i3 why the ‘erm "Relative™ is included in the
title; because of comecn term: appearing in the
analysis of different competitiv: designs and in
different situstions i~ the sare design, many valuable
cosparisons can e xzade, and most administrative
decisions can be zade correctly cm sucsh a4 basia, but
the answer canno: be expecied to de a 1 10f matter
unlass it heppens that only & fer individual protas-
bilities are significant in the aaswsr and that these
are cnes cn which extcensiva data are availatle,
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CLAPIER 3

SITUATIONS IN THE LIFE RISTORY OF A BOMB FUZE

3.1 The first step in the RAP analyris of a plece or ordnance
is the divislcn of 1its complete 1life nistory (from a specified
initial point to a specified end point) into analytically
discrete gitustions. The reasons for such divi.ion are dis-
cussed in general terms in paragrephs 2.2 and 2.3; te ipftiate
the expositicn of the RAP analysis tochnigue by snecific
example, this chapter introduces a hombh fuze chosen as the
ordnance item to considered and gives the reascning behind
the division of its 1life Listory into situaticas preparatory
to the snalysis covered in detail in succeeding chagters.

The Bomd Fusze EX-200

2.2 1In selecting a fuze tc te used as an exasple, several
fuges wore considered., Tho EX~-ZGO wes chosen because it incor-
porated slectric arming, which i{s a relatively new method for
fuze arming, along with the usual zechanical interruption and
Intorlocks, 7The cholce of thil:z fuze xas further influenced by
the fact that the development stage was nearing completion and
it was folt that an analysis of the fuze would e profitatle in
regard to the fcrtheoming evalustien, ks it happered, develop-
went of this fuze was subsequently cancelled. HEcwever, the
E{-200 turned cut to te a good choice for fllustrating the
asthod becsuse its complexity required conrsideration of a wide
varlety of factcers in mumerous combinations, thuz giving ex-
perience in many problems in such an anaiysis.

3¢3 The EX.3C0 1s an i=pact fuze for an athwartship woll
designed to detcnate the GP low drag bombs. The fuze was
designed for interchangeable use in torbs having the new 2,781
inch fuze well. It contains an interrupted cxpavsive train
with a positive lock on the *cui-of-1ine” rcter when in the
unarsed position., Tae fuze 1s energized elect=f:ally ~nd the
arsing and firing pyrotechnic delays, which are elect-ically
fired, arc selacted by rwans of conirci gear in the aireraft
at the time of benmd relwase.

The bombardier =ay sslsct two Jirine deiay times (instan-
tanroous and 50 ms) and two different aiing d2isy times
(6.5%0.5 end :CX 0.5 seconds) depending upen the tactics oi the
wfs5fcn. This is accooplished by twxc dual peosition selector
switches in the charging gear (SWy and SWp of Fiz. 3-7 .

1
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ne fuze comprises threo serasate firing trains, cach
leading to a cermmon 9€ gram tetryl boostcr. Each trati: consists
of a primer, detcnator and tet.v1 lead, Tha primers as- seated
in & stypol heuslng and extend ~own into the aluninum die-cast
roter and lead houcing. 1ne detonators are housed in a stcel
rotcrs All electrical components are encased in the potted
stypol housing. Also incluled in the al-»{num die-cast nousing
are two explosive ectuators. Both cperate switehes and, in
addition, oae turns the rotor intc the arzed rositicn.

3.4 Plgure 1.1 is a schematic Glagraz of the eliectrici
circuit of the fuze. The circuit diagram shoss the ssitches
in the norzal non-cperzted pcsition. Arming snd firing tizmes
of the fuze are determinci by the choice of the magnitude of
the applied voltage and its polarity. If a chargivs poteatial
of 300 7olts iz chosen with & polarity such that the grounded
side of the fuze circuit 1s positive, the fuze will have a
nominal arming time cf 6.5 seconds and will fire instantaseocusly
upon impact. The circuit action is as foliows: The aprplied
voltage charges the two storage capacitors C3 and C3 and fires
the actuator A1 which, after a nominal delay of 2 seconds,
operates switch §j. The 225 volt diode then breaks down,
charges the condenser C4, and in the process fires the actuater
Az, After 4-1/2 seconds, the sctyator aligns the rotor aad
operates the switch S2. 0On impact the switch R-S5W-1 closes and
24255 both the instantaneous and 50 zs primers. The prigers
will fire ia time order., If tha oprosite polarity s chosen,

- the IN46 diode will prevent surrent flow through the instan-

taneous primer, allowing only the 50 =s rrimer to fire. Thus
the choice of 2 cnarging polentiul of 300 volts provides an
arming time of 6.5 seconds (2 ssccnds from the actuater A)
delay time and 4-1/2 <econws from the arciug actuator Ap delay
time) and the choice of the polarity deternines if the firing
on impact is fnstantaneous cr is deiayed %G =i{lliseconds.

3.5 If a 10 second arming delay fs deaised with Instantsnecu:
firing unon impact, a 195 volt charging potentisl is chesen
with a polarity such that Lhe grounded terminal of the fuze

is positive. The condensers Cy and Cy and the actuatos 4,
operate as described above. Eowever, iz thls case the 225
vclt diode wiil nct functlen since the applied voltage is le-s
than 1ts breakdown gclential. Instead the stcrage condenser
€3 discharges throurh ihe CRC circuit composed of itsell, A3y
and C». These coriocnents are $o chosen that there wili oo
3.1/2 secoa? dclay tefera condenser Cp churges 0 o sufrictent
potential to break dosn one cf the low woltace (33iC) dTodes.
When the dicle fires, the 4-1/2 second 2ala - actuator (A7) 1s
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activated and the fuze arms approxicately 4-1/2 seccnds later.
Firing cf the instantanecus and 50 ms p. 1mers occurs uporn
impact as described above. If 1C sccend arming with 50 ps
firing dalay 1s destires, the polarity of the 195 vclt charging
potentisl is reversed. The circuit zetion s ldeatical as
tefere with the exception that tho oppealte lom vl l.age dlode
ps>ses current and fires the 4~3/2 second actiatcr. The twe
dicdes are comnected in parellel with reversed polaritfes tc
provide for the two polarities of the charging poctential. Only
the 5C m3 priver (ires as described above.

3.6 The condenser Cy which 1s s1so chsrged along witn the
condenser Cq during The charging ot the fuze s ccnnected
threough an Impact switch designated R-Sw-2 in Figurs 3«1 tc a
shorting switch andé an eleven second delay prizor I parallai,
The shorting syitch operates by the action of the two sccond
actuator &). It provides for sterilization of the fuze in the
event a prersture impact sufficient to operate the "Jiggie®
switch occurs within two scconde after the fuxe is churged. If
an irpact cczurs after two seccnds and before the selected

tice of 6 or 10 seconds, the arming actuator A, and the
switches {t conirols will nct have oparated. Henec the instane
taneous and 50 =g priwsr will not be [ired. However, the 11
second primer s111 be fnit{ated; tke fuze neantinme a1 have
cozpleted its oruing cycla.

3.7 A4Also shosn in Fig. 3-1 is the rotor lock shaft and the

<p switch s3. The drop switch within the fuze is restrained
by a8 shear disc until the instant of drop. The cxtendsd shaft
of the drop switch locks into a hole in the retor. 1In the
eveli of premature action by ihe arming actuator i, or the
prizer and detcnators, the rotor would be held in the unarmed
positicn. %hen the drop switch has acteu, by the pulling zway
of the charging insert and nlug, its extendea shaft is withdrawn
from the rotor; howevery the rotor is still heid in the safe
position by a shear wire. After abcut two inches <f free f3ll,
the drawing cut of the charging catle cause: svitchin; to be
cenpleted $n the bomt rack which allows the charging volrage to
te upplied to the fuze. Voltage 15 applied until thne diss is
sheared &nd the charging insert is pulled away frem the fuze.
Th$s occurs after abeut 6 inches cf free fall, The release of
the shafe 22s¢ orpzraterz switchi 83 wnizh disconnects tre internal
¢lrculs of the fuze frok the extd-nal ccntasts. The switches
designated In Fig. 3-1 zs 2-u%-1 and N-5We2 ciose the circuits
Iroaw the condensers to the primers tjcn inrsct, They ore en-
cased fn the stypol lousing and are ozrnidirecticr:2I1" sensitive,
and they oparate c& 37 g or greater impacts,

15
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3.3 The charging gear located in the plane 1s shewn schezati-
cally in Fig. 3-2. Al aay tiz=e up %o the inuin.u of aror the
pilot cr toxrardler may selact the arxing and firing delays
dnsired. ‘hese delays arc esturlizned oy the selecticn cf the
positicus of swivenes Gy and Sz Téspectively. The oaly cther
swlteh resaining for the bo-tardier to n-erate is the tozxb
release switch or, it need be, the tent jettiscen switch.

3.9 The comtination of slectrical arming end charging is a
relalively new and vntried _ystexm for Unitod States beal fuzing.
The forces associated with frea failing tozus which are ncr-
relly used as a msans cf arzing do not readily lend themsclves
to fuzing systens for lon dragz bezmbs siace the recuire=ents
prohibit the use of araing wirss asd air vanes. Because cf
these design rastrictions, it beccres necessary %o deped upe
the aircraft charging systenm fe= part of the safety which
cannot te designed into the fuze. This s accacplished in the
BX-2C0 fuzing Systex 5y installing, in seriss with the firing
Jead, switches and interlccking relays which prevent the eser-
glaing current {ran getting to the fuze input ter-insls until %c
desired time. Scxe of thsse swilches are shown in rig. 3-2.
Skg 13 a “pull-out operated and shorting switch.® Walie ia the
noseal peaition, this switch =aintalus & short acrcis the fuze
inmt terminals and interrupts the firing circuit. =his switch
is crarated by the falling tosb as 1t drips Zres of the rack.
Ihe ferlss edanected shackle interlock switches designated Suz
and 5%, ureak the liring circuit as lo~g as the shackles are in
cloced nosition. <These switciies clcse as the shackles cren to
release the tont. The 1r erleclh relay designated 23 also
isolates the firing circuit fro= the plane suprly voltage.
This relay 1s activeied by the bomb release switch. 4An addi-
tional switch not shown in the schemstic was rropesed £o7 use in
the landing gear tc interrupt the =harging circuit xhen the
lading peer was down. This wuc ty provide a2diticnal safely
during fuzing; take off and landing. 7The ficul switch is the
zaster arcancnt seitch which controls all the armazent power
und st bo closed tefore dropping. Thus a minirun of &

ttches %3 used to add to the safety of the fuzing systea,

2410 After the tomd is in place in the rack, iae fuze is pushed
vy into the well fron below, und the retaining plug 1s screwed
in and tightened. 2The charging plux froz the tamk Tack ~an
then be insarted inic the fuze at any tize tofore take cff.

3.11 Jrior o ¢rop, the bezbardier has selected the atning
end Tiping Zelay dosirad by chcosing the proper settings of the
charging gear. Frem this point cn, the ac*. ° &ropy 1s the same
a3 for any norzal boch release. At the inctant of drep, tre
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bozb relecse switeh is presszed; this onerates the lmterleck
relay dhj. The charging voltage then Avpears at the caitches
in the vozh rack. At the same iime the boxb releass# solzncic
1s activated; tne shackl:s begin tc opei and vhen opencd, close
the saackle interlcsk switches. After abzut twe inchas of [ree
fall, the “pull-cut cperatod shortisg snd charging sxitch® SWg
causes awitching to be cczpleted in the bomb rdck, unshorting
the fuze input and applying voltage to the fuze until the disk
1s sheared and the charging insert is pulled eway [frox the boct,
Arping then proceeds as described in the paragraphs cbove.

Division of Life History intc Situaticns

3.12 The 11fe history of a fuze such as the EX-200 is made vy
of several periods which have teen Jefined in paragraphs 2.2 an?
2.3 as situations. In order to make these diviszivas,it is
necessary to study the environments in which a fuze finds
itself, the state of aasenmdbly and arzing of the fuxe znd the
severity of any accidext which might occur in these environ-
ments. Backtracking a 1ittle, it appears that the iife history
of fuges falls into two mora ';asic periods of its existerce,
whici: are in tura divis1bis into situations. The fuze's 1life
begins after its manufacture; tihea there follows a perizd of
shat mizht de considersd a latent existence durirg which the
fuzes are handled in 1:.30 gwpn or lots. It perforzs no
functions snd has very little inrluence on other ordnance.
Transpartation ususlly takes place in sealed containers or
amsunition carriers from the loading plent to a place of storsge,
where 1t is kept for an indefin’le perind cf time. Juring this
so-called quiescent periocd, the environment cf the fuse, while
varying fros time to tims with handling, trensportatlon, ac=dieat
tezperature, etc., is within averageable limits for the purpose
cf setting up a situation. Another consideraticn 1s thz resulx
of 4 precature actusticn. As will bde smen later, the results
of & premature action in this early period of a fuze's exist-
ence will be quite different and considerably less severe than
in aay other verlod of its 1ife.

313 After a period of tiwe, the fuze will de rezoved trom
atorage, transported to a now loccality, unpached znd =:ade ready
for the use for which 1t was =azufastured, It is at this point
that the remainder of & fuzse's 1ife cycle rasses conraratively
fast as coapared to {ts storsge existonce, Mare tne fuev Jind
itsal? in severel Cifferent cneironzents shich may changze -alner
abruptly and cn which the prospect of prezature sstuatic:. Ry
greatly aepend. In additlon, since the fuze is ncw assocla:il
with larger quantities of wxplosive axd 1s in the »roxisity of
vulnerat:ic equipment of war such as planes and ::l, ., the
saverity of a rrex.iure actuaticn is increasel cons'leradly as
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ccopared to thar ~f fts rirst resfod oF exisicnce, Thus it
scems that wwo basic factors detsrnine the reginaing ond ené
points of & situation., Ihey s.¢ (aj the enviroa=cat and 3tate
of arming ahich influrnes the _wonts =hich iy csust presature
actuatinu, and (b) the resuits of 2 prematire actnuaticn.

3.14 The first situatica izen in the Iye histery ~f this fuze
entlalls all of this first tasle rericd of existence and 1ic

called storaze, handline ang fron ﬁ.-:aticn outside of crdnance.
In cose It d7d becose Iiitiate s the explosion aculc protably
te confined to the azeunition carrisr and there weuld ¢ insig-
nificant dszage to the stcrage area, In essence, this situ-
atica is made up of the events that may occur frco the tire or
assertly through storage and transportatica tc the peint of
unpacking just prior to the fuzing of the tozbs. Inis divisicn
is adequete for this fuze, Other fuzes rcguiring prepzration
(such as applying ar=ing wires) zay warrant divisicn into
additfional situations,

3.15 After a fuze is uapacked and zade ready for ure, it is
here that its second perfod of life tegins., After the prectec-
tion of its container is rereved, it 3s inserted fato the fuze
well of the homb, ZIThis situuticn, knosn as fuzing, exicis for
only a short pericd cf time. It tegins with the szeruon of
the fuze iatov the well and ends with the clcsing of the cone-
tainer cover. <he fuze is now in a different envircarent as
compared to that of transportation and storage. The likelihocd
of being dropped or spuricusly initlated increases as it is
handled during rercval frem the container and inserted in the
bomb. The scverity of an accident oey te increased by the fzact
that the fuze and bext arc brought tegether rhysteally. Sizilar
tc fuzing, there is th3 reverse situatlon cf defuzing. This
situaticn exists because there ray be seasons Tor re=oval of
the fuze froex the tosb, as wmould ce the case if tactical plans
had clanged and tembs cannot *c stored in s fuzed cenditien,

It is likely that the defuzing situatacn aould te nore
hazardcus than fuzing, since eiectrfczl connectlions ruy have
been made und the pianc ®may have been in flirht and subjlested
to the environzent assiclated with norral fifght. It .s
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censldered that the time reguired Jor defuzing and the sever-
1ty in case of an accideat wouid be the same as for fuziig.»

3.16 After the bomt is fuzed, therc muy te cccasicns that wiil
necessitate the hundiing of a fuzed b.,nb. Thic z=ight ccour AL
tie tocb has to te recoved fzom 1zne piane ;: agu;r.e;.k ’.‘;ﬁ
operaticn, ¢r situaticn, is designated as fuzed toxb handlis
and includes all svents follcwing the act of fuzing to the
actual connecting tc a plane., During the situation. the fuzed
bocb Ay te transported in a tomb carrier frem one part of the
deck to onother, passing 2a the proxixity of other beats or
planes, There exists the possibiiity of collisicn with oblects
cn the deck, or the tozb falling from the cerrying vehicle. f(n
this purticular instance, it has been pointed cut in parapgtaph
3.12 that the aormal procedure wculd not involve the handiing

of a bocb fuzed by the EX-2(0. However, it is anticipated thn*
operating conditions could cause deviations from this noreal
procedure cften enough to regnire its inclusifon in the analysis.

3.17 After the toob is fuzed, the slectrical connections
batween the fuze and plane have to be made. Here there i3 a
rarked chinge in the anvirchoent of ths fuze teecause it is now
under the influence cf the electrical system of the plane. A
path to its internal circuitry has been estadblished and the
probability values assizned to the events of the situation are
affected. Tho connect of a fuzed borb to the airplane thus
becomes a s§{u¢' tion. %ﬁ act ol making physical connection such
a3 the engaging of the bomb lugs =ust ba considered in the
situation, although ncrmally this wculd be done before the tomb
is fuzed.

3.18 After the fuzed Leeb is conncsted to the plare, there will
be last minute checks of switches aud eiectrical eoanections.
During the check out period there axists a possibility of cer-
tain crilical switches being pushed and even the charces of
sccidently dropping the domb rrca the rack cnto the decl.,
Althouch the severity of an accident during this check cut
period is prcbably ao higher than when the fuze ic ceing
connected to the plane, its envis ona;nt has changed to tne

& The m=:chantcal factors invoived in fuzing and defuzing
aré often oprosits in dirasctica {as 2n the case of a fuze that
is screwed into & projectile) and may therefors be orofoundly
dUfereat dn effest, particularly 1f logfesl {trowgh perirps
unauthorized) uthods are used which appliy loais I wnintendcd
lceaticns. In mechaniczl fuzes particularly these factars zust
te very carefully considered.
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extant thut the fuze 1s now more than ever under the influenc:
of the electrical systez of the plane so vbat this enacking out
pezisd on deck tefore take-of? 1S necassarily a separate
situaticn.

3+19 The next situaticn ir shich « fuze finds itself 1s rake-
off. 7This 13 a shor: pericd of tice berinning at the ¢ix% the
plane hLac bcen given the $1gnal to tuke-orr until 1t ic afr-
vorne and sut of danger of an accideni which zight affect the
carrier. There has been a change in the fuze's environszent in
that it 1s now exposed to launcning accelerations and plane
vibrations which might possibly defeat scme of its mechanical
features. As the landing gear 1s retracted, an additicnal
stfety block from the Plane's electrical power systez 15 reo-
zmoved, thus increasing the probability of extraneovus charring
currents getting into the fuze. The severity of an accident in
this situatiop is reduced somewhat by the fuct that the danger
to the carrfer and to other planes cn the carrier is decreasing
a3 the situation progresses. Closely assocfated with the take-
off situation is the period of normal flight. The severity of
an accident 1s greatly reduced since the carrfer is no longer
in any danger; however, ths environment is much the Saze as
that of take off. Ir these ixo situvations the electrical
system of the plane and the charging gear are the predomi-
nating factors in the environzent of the fuze and they increase
the probability of spuriovsiy initiating the explosive
components. The situstion of fiight includes the events frem
norsei take off to intentional’ op or return to base withcut
trying to drop.

3,20 The next logical situaticn in the life history of a fuze
is normal drep, This sould very well be the last situastion in
a fuze’s IIfe for it is here that it rerforms the zork for
which 1t was intended, and at the end of the situation 1=

des . This situation includes the events which =ight occur
{rom the time the bomb is reieased until it is safely separated
from the plane. Yere the cafety features of the planc are no
loager in effect, current has deer applled t~ the fuze
intitieting some of the explosive cccponents within a lethal
range of the plare, and also at the inctant of drop the
positive mechaanicai interlock is rezoved, The rrodability of
the bomb being safely separated from the Planc tefere the
occurrence of an accident dopends now on a ssaili rumber v

-series events since many of the cefety features have been

delibsrately emoved 1n thiz new cavircarent. Jetiison is a
special case of normal dropj since the fuze has not been areged,
the hazard should ve less. Therefore, no srrefel situatfcn is
called for unless there is scce peculiarit; o l.ie process
necessary fer jettisoning shich cight cinnze t. a2 story.
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3.21 Although the life of a fuze shculd have ended after
norzal drop, there are coceasions wmhen .3 is desiradle to return
avoard the aircralt carrfar without dro.rping the orincnce.*
For this reascn, 1t 1s nacessary to ccasider the events which
wight occur on the return, it is c¢vident that iLolh normal und
atnormal situations can exist when x piane raturus with its
tonts, and these conditions create different eavirsnzents for
the fuze wmhich necessitate the defining of separate situations,
The first consideration will be a return with norzal landing.
This situation is made up of the events which might ccour
during the Ianding. The events will be similar to those during
the take-off situation. Freparations were wade to drcp the
tomb, but it was not dropped. In this situation, it is assuzed
that the ordnance and plane are in & normal condition durisng
the landing.

3.22 Seversl tyress of abnormal situatioas can develop during
the return and landing with tcabs. The environuent of theze
situations makes it necessary to establish serarate situations.
A situation can possidbly arise mhen an attempt was made to drop
tl;: bah, bztat the drop ';:nd m!mxccisiml, resglting in the
situation of return wit rdnance. The iuzd
release and ;mﬂémﬁmn closed and pcsaidly
ths fuze charging switches. Soee malfunction prevented a
normal drop tut the extent of this is not kucwn. 1In this
gituation 1t 15 assumed that the ordnancs ccmes off on the
Janding. The events of the situation are influenced by the
a~ts of closing the switches during flight and the mechanical
inpacts of the boed as 1t roils os sitdes down the deck.

3,23 GCther afstuations w221 come Into the picture when a crash
landing of the plams cccurs. Cne situation under cuch an

envircieont would be ket cf cpash on land with pur

crissnce.s® fste It is assuced EEAE the domb Is Eiiﬁgod and
charging rlug say bde detached froz the fuase. There is a

slight chance that the fuze §s charzed. Another situatica

® Since it would alaays te desirable to cring the
ordnsace ack sboard as contrasted to Jettiscnirg the tomb or
ditching the aireraft, this situation should be ccasidered in
any ansiysis in the hope of showing that bringing it tack is
also safe, If the hopy 1s nct borne out, rastrictions can
then be placed in the usa doctrine.

*s  Titn small boabs it may bte nacessary to consider 2 Le=b
hurg by one lug. This situation, which wes nct coasidered in
this ahaiysis, cculd e considerably rore dangercus :ince tis
charging plug nay have pulled ocut normally =hen th. - was
attecpted,
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which prasents itsell mould be crash on landins ¥ith rorzal
ordnance. <This involves the events which could cccur duving
what started stt %o be a norzul 1znding tu: resulted in a crash
of the =-;'---.-..

s Laz -

3.26 heeping in view the >vents that h~=spen after i crash en
landing, tws {inal situatlions are deseribed. I & boub 15 aot
detonated curing a crash landing, disposal orerations must
follow., Ths torb may be defuzed cr 1t might bLe disposed of by
letting it =lide overboard without defuzing. Thus the rend-
sring ordnance safe or disposal of crduance after crash landing
Is a sItustion zcde up of uwvents which are pertinent to this
operation. It doas not fnclude defuzing ty the normal method
discussed 12 paragreph 3.17.

3.25 The final situaticn to be considered is that of rezaving
the bomb fro= the plane., It may cr mar not necessarily be
Influenced by the crash snvircnwent, but includes the rexoving
of a fuzed bomb from the plane for any reason. It is not a
noraal procedure to recove a fured bord fre= a plane so 1t is
most 1likely to be an operation caused by a crash landing and
influenced by that environzent. The rezoving of a fuzed to=b
2rs= 2 plane 1s discwuraged in tombs using the EX-200 fuze, ty
the fuct that the fuze is easily removed. The remova) cf 2
fuzed bomb is most 1ikely to take place in a situation wherc it
is physically jmpossible to de.uze the boxbdb, such us ifn a
crash landing.

3.26 Table 3.1 lists th~ situs*jions into waich the if
history of the EX-200 has teen divided for the initfal RAP
Analysis. It 1s us:ally necessary to further define in writing
the end points of the individual situations in making up a 1list
for use as & sworking reference in an sctual analysis; this has
not been included here tecause of the uncertsin status cf thc
EX=-200 design which makes 1t difficult and unprofitable to

pin down certain assemdbly and use procedures shich had not been
firaly established,
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Storage, Handling and Transportation

Fuzing
Defuzing
Fuged Bomb Hardling

CCp IDENTIAL

Ta8lk 3.1

Situations

Connecting Fuzed Bomb to Airpiane
On Deck Before Take Off

Take Off
Flight
Normal Drop

Returr: with Noreal janding
Return and landing with Hurg Crdiisnce

Crash on landing with Hung Crdnauce

Oucside of Crdnance

Crash on Landing with Norzmal Ordnance
Rendering Ordnance Safe or Disposal of Ordnance sfter
landing

Crash
Reeo7ing Bomd
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SITCATION DIAGRAS

4,1 Situation diagracs are full of cvents having rrobabilities.
There ray be a crobatility that the detonator is supcrsensi-
tive; a protatiiity that a ~otor was nct instalied; a proba-
tility that shosks have breoken a pin; ete., Somc of these
events will te in serfes; f.e. sufcty $s not defeated unless
ail the even*s cecur. Cthers will te in parallel; f.e. efther
event circumvents cafety. Situation disgramrs {nvolve = lot of
manipulation of the probabilities of these events an3 !n this
raspect there are certain rules which apply.

oeries - Parallel Events

4.2 If en event (P1) has a protability of success (p3) and
another event (F,) has a probability of svecess (py) and the
two events are independen:, then the protability that on any
one try both events will he successful in the rreduct Piboe If

the success of the operation derends cn the concurrent succass
of these twc events, the evcnts are in series., In this case,
the prolatbility of success of the operaticn is given by
P=FyPye But if the success of the oreration depchds ¢ the
success of either or both of the events, the events are in
parsllel. The poutabili.y of suceess of the operation is then
given tys p=1i -y,qG, shere S and g, are the probatilities of
failure of the eveniz. JSince q3=1l-p; and qp=1-p,, tke
expression in tercs of successes is:

y=p1¥po “Parz

4.3 As a very si=mple example <f serles events, assucc that

the successful operaticn of a fuze de.ends .o the fir'ng of

the primer and aralag of the rotor. If p; is the prodability
that Lhe prizer will fire and p, is the prebahflity that the
rotor will te in the arzed pesiticn, then the rnrokatility thate
fuzs %11l ojerale Is Papoe if we assuxe 2 very dad exi.zcive
train with ;= 0.7 and pZm0.7, the prodatility thet 1ha trails
9812 cpesate i3 Co%.
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4.4 Redundancy {n expiorive trains can be used Lo L11u
fentical

perallel events. Assupe that a fuze contalns twe <
nrirers, efther ~rg of Jhich can Sotwawe i exrlosives, and
thet these primers eacn rave & C.7 probarilily ¢f crerating.
The provubility that one or both o tne primers w*l. operate
15 C,7240.7 -0.49=0.91 ,

Diagrams of Events

4.5 The exanples given have been very sizple. In citnaticns
the events can teccme guite complex and coerbinaticns of secles
and parallel events exist, Grapkic representations are usced
to show the relations and seguences of ovents ia the situaticg,
These are called sfituation diagrams. The very simple diagrans
of two events iIn scries and two in parallel are given dby:

>——{§——-{E—> series

PRy P,

parallel
p=p *+p, - P,

In the abova diagrazs, the event Py has the rrcbability cf
oscurrence py and the event P, has the probability of ceccur~
rence po. The events are indeper immt; I.e. the cccurrence cof
#y does not change p; etc. An exixmple of & serles-rarallel
combination of events is given bys

& P2 53
3 iZ

An expression for the protability of success =nore iae evaats
are mutually independent is ottaincd bty breaking this into
parts. oince Py and F, are n .irles as ere alse 73 and P,

and P; and Fg, we can sel dosn  new ciagrams

Sy S
T
—
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by this notation P;F, 1s an event forzed by combini.g the
events Py and Pp ang it has a probtability of suctess py po.

dcw P3Py and P3P, are in parallel snd the produbllity of suececass
throvgh these Eaths iss

PPt P3Pa ~P1PoP3P4

However, this is in serics with P5P6, so the tolal expression
tecomess

(pypa¥ P3Py =%:PoP3Ps) Py D
and expanding:
P=PyPoPsPet P30sPsPg ~P1P,P3PaPsPs

A core detailed discussion of the manipulation of thLese proba-
bilities is given in Appendix 4 .

zross Products

4.6 It was noted that the expressicn for the probability of
success shen t®o or ore events are parallel contsins cross
products. If F; and F, are paraliel. p is given bys

a'-’y_"' Py =Py P
Hers P1Po is & cross product., If Pl’ Pzg and P3 are parallel,
then

p= P1+ 7’2* P3 ‘plpz -Plp_'} 'P2P3+ p1P2P3

Here pipay PPy PoP3 and pyp Py Are all eross products. The
significarce of the cross products say best bte explained by
using the sinrle exarmple cf two parailel events in which the
success nf aither s7ent mecans the success of the operation.
The expression for this is:

p=p;be. -5Ps
The protatilitles ;; and p; are associated ®ith ewents Py and

Ppe Since success degends en the cccur.en ¢ :f Py or Pp or
botk, the :.tuation 1is represented gramnlcs.ly by Fig. <.i.
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rfer this cxazple, ae can ixa:;ine that the area. bounding Y3 an?
F2 arc scaled to the nrotabilities Py cad P23 f.e. Dy2Pa7PyPye
inre totai area enccmpassing #y and Fo 1s the »robability of
success, however, it will e ncted tnat the arca ottained by *
adding P and Fa is too large by the a.ount PyPy- Ihe eress
preduct ?)%p appearing in the expression p=pl+ fo =b3ip ts
therefore a cerrection for the simultanecus cccurrence of Py
and P, which is one success and not two. It 1s alsc inter-

esting to note that when events must occur simultaneously (cr
in serfes), the only useful area 15 that bounding 3320

Fig. 4-1 kelps to fllustrate why the probability of success
tends to decrease when the rumter of serics eventc incresses.

4.7 The rrotability of success invoiving three events zhese
succes: derends cn the occurrence cf any cr any cc=binzticn of
tae events 1s given bys .

p=py¥ oyt py ~PyFo -F1P3 -P2p3t PIPse;y-

The "plus sign¥ assoclated with p1p2p3 1s not i==ecdiately

cbvicus, but is easily explained bty Pig. é4-2. The sum
mnt p2+ P3 includes the area o30oP3 three times. The three

corrective terms F1Pas P1P3s and PaPy each contain PIFoP3y and

since they ave  3:biracted, they :ffecticely remove the area
plpzps. Sut since the simultaneous oceurrence cf the events

i',_, by and o 15 a success, the prebability plpap3 rust te

ncluded snd’it is therefore added. The cross rroduct terzs of
four or more rerallcl events can e anslyzed im a sicflar
xanner.

4.£ iIn the cozplicated serics - rFarallel arrangencats of events
which characierize a situation diagram the ercss proiuct terns
teccne very difficult to handle. 1heir ‘nportance :c evident
when the vrobatilities Involved are fairdy iarge, as in the
exatrle given In raragraph 4., Sut the 1aP Analysis concusns
sufety failures and ascident protability and therefcre dwals
®itn pretadbilitlies which are rolatively srall, Fer cxacile,
tle orissicn cf a ro*cr, arning cauced by shocks, rrizes
frnllicr by static electricity, ete. avre events which cccur
relatively infrequertly. Protabilities of C.1 woull te leree
for such events. Yalues of C.C) or C.l0) would or-, »arl,
rerresent “re exrecred range., wWhen the prizary ve'l: 5 arc so
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szall the eress rrodusts becerme exceedingly smiii. 1F ko o
rerallel ovents rave ecual prokat{lities ¢f cecu~ring of iC7°,
for practical purpecses it 4s just 3s mzaningful to sreal. of tie
cosbined probability 35 2 ia I0v ratzer than 199 {n 10,Ce,

In rost cases in the RAF Analysis, the cou:is »raduets ~ar te
droppeds  If Lhis were not *rue, the aralvwzis as presented here
would become toc invelveld to pe practicsal.e

4,% 5o definite rule can be given recarding the édropring of
cross rreduct tesms.  In general It Is desiradbie to neglect
then entirely since this rakes thé snalys!s ruch sizprler.

when this is dcne, the final answer will te corrsct if it <s
rounded off tefore the cross vroduets have 2 effect. in those
cases vhere 1t 15 desirable to carsy figures 4in the anczer which
are of the sarv nagnitude as creoss product terss, thsre is no
slternative tut to include the significant cross preducts. This
protler will be discussed further in Chaptcr 6.

Syrtols

4,10 Since the diagrax:s eay coatain a large nuzter of evenis,
nozenclature can tecome a problem. In games or exreriments
shero the outcome is classcd elther as & success or a faillurs,
1t has Leen customary to assoclate "p® with the probabdbility of
success and "Q" with the probakility of fatlure., The HAP
Analysis is concerned with safety fallures, and Ior consistency
it mizght seex reasonable tou use the letter "(“ with aprro-
priste subscripts tc identify all events and "q" with appro-
friate subscrints to iden*Sfy al? urotabliliities. FHosever, it
Las been found tnat in conplicated situaticas the sutscripts
teccre unwieldy and offer little clue te the naluse cf the
svent represcnted. ii:e use of a series of ietters has proved
rore satisfactory.

4,11 In a situaticn the probability cf a safety failure of &
device 1s deterrined bhys

a. lnfluences of environkent
b, Charazteristics of auzllisary rechaaisms and zear
c. Tne characteristics cf the device itself

® Tre accident raths in different sttuaticns are also ¢n
rarsllel vith eack cirer. 3Jeglest of oross products tets epn
s{tuatiorns 1s Jjustifiabvie, hoaever, tecause if the muztoer of
accidents In any cne s*tuation s large encugh ¢ r-edtce a
significant crncc rroaduct with the szctdent rretadi?illes in
andtrer situ-ticn. the design 1s sc unsefe trat 3t =111 rave to
te revized, thus maling 3 very close RAF [ .uc vilue cf ealy

acadamic Iintevosti.
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In gensrai the envircnment exerts forces on the device cor "
the suxilfary gear wshich tend tc defeat safety, and the
respense of the device and auxillady peot devend uren cheir
charucteristics. 3y this reasoning, there i{s a logical Tresk~
down which can be used tn advant~ge 1n estabtlishing nomencla-
ture, Thea, by definitions

K with appropriate subscript will dencie the txistence
of a dangerous zechanical Influence (such as srock,
crushing, etc.)

B with appropriate subscrint w'11 denote the existence cf
a dangeroas electrictl influence (such as static 2ice~
tricity, AP flelds, power lines, etc.)

G with appropriate subscript will denote the existence of
& miscellaneous dangerous influcnce (such as fire,
chenical, ete.)

4,12 ¥Within the device or auxiliary gear a safety faflurc will
derend on the fault, fatlure, or cmission or sowe component
and/or the proper or near-,roper functioning cf other cospo-
nents. Therefore by definitions

P with appropriate subscript wi.d. denote the proper or
near-proper functioning of & compouent in the device.

¢ with appropriate sutserint »i1? denote the fallure,
fauit or waission of a component in the device.

R with appropriate suticript will denote the proper or
near-proper functioning of a componen: in the asuxilizry
Rear,

§ wiin appropriate subscript will dencte the fault, fail-
ure or omissicn of & cozpenent in the auxiliary gear.

One s3diticnal factor which wil?® need conszideration s timing.
It will frequently happen that certain events w11l lead tc s
aceldent only 1f they cccur in a particulor order at a rar-
ticulsr time. 7Thiaz freguently decreases the chance <f an
sccident. Then by definition:

T witn appropriate subseript w111 dencte the occuricnce of
& necesssry ordar oo cther timing of events.
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In the sense intended here timing will of necessity beeore an
event, It is not intended that t{his timing should be used to
adjust varvine duraticns of sirvatipons (such as 30 yvears
stocage as opposed te 10 ds falling}. As menticned in
paragraph 2.4 the duration of situaticns is considerad whren
protabilities cre assigned Lo the event: .iid 1s not a simple
zultiplication facter since the environment and forces involved
are so different in different situstions. The timing which wiil
aprear in diagrans as the event T will be concerned with the
order of events or with a restriction on time in which the
event must occur. Por example, if an accident can occur if
event A 1s fcllowed by event E t not 1f event B 1is
followed by event &, thsn the only accident path 1s A
followmed by B. This order is in itself an event. 5y incro-
ducing this event, T, the ixportance of the crder is recog-
nized, and later in the analysis when probadbility values ars
being assigned to A and B these necd not be ccxplicated dy the
necassary order of events. As a second example, if event A
mast occur during some normal function of the device (such as
during the burning time of a pyrotechnic column) the restric-
ticn on the time during which event A will contribute to an
accident will reduce the p: ohability of an accident by this
means., Again during the assignrent of probabilities it will
frequently be much easier tb assign a probability of
ceeurrence to event a withoit considering the effects of the
tine restriction. Tha timing 1s then a separate series event.
This prccess of simplifying events is Ziscussed further in
paragraph 4.15.

4.13 To the events X will be assigned protabilities of occur~
ronce 3 10 the events £ will te assigned probadilities of
occurreance a; atc., Upper case letters represent events amd
lower casa letters represent the protapilities of the
occurrence of Lthese events. 1Ic f3lustrate this, the path
Pp04 representing two serles eveants v*ll have a probablifty

Pa0ge

4.14 The nomenclature ovtlinesd atove srovides the advantage
thit in the dftugram 1t 2s possible to tell at & glance if the
evant occurs outside the ordnance system or, if within,
whether it 1z in the device itself or in the auxiliary gear.
Zhe symbols are much casier to rerexber because the sub..ripts
2o not becom: 30 unsloldly and tne letterc immedlatcely
associate themselves with tyres of events.
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Preparing a Stituation Diagram

4.15 The complexity of a dlagren depaids to a grest exltent on
the complexfty of the device teing analyzed and the desires
of the analyst in redusing cvents to simple form. The analyst
plays an important part for Lo Tusc talance the Inclusiveness
of his event, which if too inclusive makas probadbility assign-
rent very difficult, against the complexity of his diagram,
For example, if the anzlyst defines ¥; as the event thst in

the situaticn shock will break & detent which, 1l properly
aligned, will fall free permitting the firing pin to strike
the primer which fires and causes flame to irpinge on the lead
tecause the rotor is absent, he is well cn his way toward
arriving at a very sizpls diagran. But his troubles wili arise
when he tries to assizn a prcbadility my. If, on the other

hand, he defines X; as the event that stock w11l break the
detent, P) as the event that the detent is in a particular
crientation, {3 as the evenc that the retor will te missing,
und P, as the cvent that the primer will initiate the less, ke

4s geing to have & more coxrlex disgrsm but will stand a geed
chance of having figures cn which to base his estimates of the
rrobabilities. In general, it is prcferadle to simplify the
inaividual events at the expense cf complicating the diagram.

4,1€ 1t is felt that tne steps involved in preparing a diagrac
zre test rcrtrayed by ths use of an exsmple., In Charter 3 $he
sleatric Bezd Fuze X200 was described. Cne of the situations
listed was “normal drop” (situatien ":i®). A dfagram for this
situation appears as Fi1g. 4-3. This diagran will be develojped
step Uy step to show the thought involved.

4,17 To recoastruct the situation driefly, »e are ccncerned
with a toob tuzed by the Zlectric Bomb FuZe ai-20C which is in
the act of teing cropped on a target. Altheugh &t s true
that the tomb may drop froe an internal rick through tonb bay
doors or miy drop from an external rack, those are censiderced
sufriciently sintlar to te Included in & singla sitvatica.
Thre act of releasingz the boxb rezoves all safety nrevided in
the release gear; i.e. the switches which rrevent chrarges from
getting into the fuze are rurpcssly closed. A Charge s gl
cn the cradenscrs in the fuze and the arming covele %5 automats-
241lly set in motion, Fren the ingtant of rellass until s.ze
safe seraration of ozt and =lune 15 realized. tre ~lane 1s
in 3anger of bteing Zestrcyed or daraged 45 a nremcsture
explosion sheuld cerur.

3%
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3,18 Fro= the instant of release, the tize to cozplcte arcing
depenc; unon ryrotecrnis and L delays in the fuce ind hoa
trese zight Lave teen affected by rrevious environments, The
fusc secomes wougtesslvely zore dangersus or more 1linely ad
caratble of reing initlated as a funciisn of tize, Cn the
other hand, the airplane 's less 1iyelr to be destrcyed or
daragad as the Gistunce betseen bexb and plane increases.
This Jdistance is a functicn of time. It §s necessary to
striie an average somewhere in the tizme or space when the
planz 1s in danger. This is dene by the ctolce of severity
factor, 1.e¢. the cest of the accident ls taken as soce
fracticn of the value of the airplane.

4.19 In the inte=val during which the bord 1s w!ihin lethal
range, what coulu go wrong? wWrat even's could cause a pre-
zature bosot burst? The answers to these questicns 7ill te
feund in the accident paths. The accident paths will ccmtine
to form a ¢lagram and from the dfagram a relaifve aceident
protatiliity or probahility factor can te obtained.

4.20 In the description of the operatlon of the fuze it wa-
notea that:(a) charging is acconplished through the bridge wire
cf a 2 seceond actuaior thos initiatfng it, (b) the 2 seccnd
actuuztor operates severdal switche~, one cf which suprlies
enargy to the 4-1/2 second astuator, and (¢) the 4-1/2 second
actuator turns the rotor, thus ccrmoleting the arning cf the
fuze. On the average, £-1/72 seconds is ccnsidered to te
sufficient tize for the toz=b toc fall to a safe distance, and
therefore Situation 17 §s deflaed as existing for 4-1/2
seconds from the instant of bozb release. In the physical
descripticn 1t was polinted cut that the primers and actuators
are located in a plastic section which also hcuses thr elec-
sronic compenents. The rotor is 1in & cssting shich fits telos
the plastic seetic;. Lot us arsume that o sperating, the

2 second actvator develops tcd much —ressuse uné ruptures the
ccrrer tellexs and that the hot gases thus releessed initiste &
acarty priser. 7ZThis event xze will call Ppe Let us further

assuce that the 4-1/2 secend actuator sas tnitiated spuricusly
at some carlier tire and was atle to offect roter arzing
tecause the rotor lcoch shaft was short or missing. These events
will tc cailed Og and {12. The three events in serics will
rean an accident. GSehczatlcally, this acclident gath 1-.xs like

this;
I S SR e Y
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4,21 At first glance this accident path appears to te far-
fetched. Thera is geed likelihcod the* 1t is, but tals is
semething that w4l come cuc when nroz~tility vaiuss are
assigned to the events and compared to other paths. In setzing
de_n_accident vaths vor a situation diapvam, It is alsays
Decessary to repress the urge to 1_5eY *thc_ret® ac inconse-
quentiui or absurd and therefore not wmorth eensidering. put
with the Turther consideraticn that a safety failure rate of
not more than cne in cne xmillion is a gcal in fuze design, it
becores evident that an azccident =ay te 2n itself very
improbable. If this zoal is to te reaiistic, a lot of individ-
val paths containing a lot of crazy continations of events will
have to be considered scriously. Iterefore the path which is
a "most unfortunate¥ combvination of “"highly improtable® zvencs
tust not te ignored; added to many more like 1t, 4t contrib-
ttes its bit to an accident rreobability of real properticns.

4,22 Our first event Py, resulted in the firing of a primer.

With the priper firing, there are ways tesides tha previcus
actuation of the 4-1/2 second actuator fn which the fuze safety
could te Qefeated. If the rotor hiad never teen installed
(event ¢), the primer would fire Cirectly at a lead. 7Tre

£iring of the lead by the primer we will call Fige The two
raths combined look like this:

Lo —Fid—>

Chvicusly there =»e cther ways iIn which the safety siprlied
the rotor cculd te defeated. The primer cculd fire th
lead directly even with the rstor in the unarced pesition
{¢g}y or the prirer cculd fire the detcnator in the unarzed
rotor (Pg) and this conld fire the lead (Fg). It .s rossitl-
that rough treatient and fLandling could have raoken tha shear
wire nermittins the rotor to turn to the armed position ():4)
or that the shear wire was never vresent and the rotor sorked
Ztself into the arred rositicn (',7). Cerbining all of these

gives the folleming perticn of the final diagras:

t
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4.23 All the raths which have teen 1isted so far have started
#ith the event P, that the-2 second actustor brewks it confine-
rent and initiates a prixer. 7There are other rays in =hich

the prirers can be initiated. JhLe primers have high electrical
sensitivity, and although the fuze circuit s designed to
isolate the primers and numerous eiectrical checks are made
curing assembly to preclude wiring errors, there is still a
possibility that tad wiring was misscd cr that subsseguent
treatment induced a fault which would perzit the charging
surrent i¢ f£ira a primer. Ihese and olher considerations,

such as shock, &, F. induced current, etc. arc included 4in the
event €y that the primer 1s sctuated sruricusly. Since tre
cvent (3 associates with prirmer fering, 1t will e folloncd by
the events previously preszented invcivring defeat cf the safetv
rrovided by the rotor. A4s a secend rart of the diagran, we
raves

ahe result of a ceontinuaticn of this rrecess s rsivan In
Fig. 4-<. <he events arncaring in this fizure are ~xfined in
<atle 4.1,
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4.24 rvents raving protabilities shich are <early eual tc

i.U are exitted frow diagrams. In certiastlen with the ran;
Srail protatilities of cwents which usually make up a path,
tiese large provadbilitirs nave very little effect on the vilue
of the final znswer. Furtherzore, since in most cases Lhe hases
for estizmates of valucs are not ge~d ancugr {2 ~1“ae departure
frem the Lse of a Jecsdal syster, vslues suck as .8, 0.9 etc.
wctld generally te carrfced at 1.0 and %1l1 not change the patr
value. Fer exanple, in Fig. 3-3, Fy is theevent that the

2 second actustor initiates a primer. ZLlt+enizh this event is
considered as the start of the path, there are certuin things
which must occur btefore the actuator fires. Switches rust
close; power must be availlable. iione of these are certaintles
(i.e. prodability equal to 1.0}, but since they are invoivzs
in norzal functioning, thesc rrcbabilities are nrobutly of the
order of C.9 or better. 3Because these evenis i:ave so little
effect on the path answer, they are czitted or tacitiy
incleded in other cvents, thus simplifying the diagraz.

4.24 It will be noted that in Fig. 4-¢ there ar2 nunercus
duplicaticns of events. For exawrle, Iy, €75 Fgs €9y C15 Coy
and T3g anpear four times; (), G131, and {4 appear three times,
etc. In the final diagram, it is desirabdle to have no
dupijcations, for an event {is discrete. Furtherrore, dupli-
cations tend to increase the difficulty of determining the
valia cross products ahichapply to correct the answer obtained.
However, the rreparation ¢f a work s;cet, such as Pig. 4-4
=ith 1t5 nmumercus duplicitions, s a -~ remeended step in the
rreparation of a dilagran.

4,26 Experience has rroved that the folloxing steos are Lest
suited to the orderly preparation cf a situatiocn diagram,

a. Step 1. Aceldent Paths, The first stcn in the prepa-
ration of a diagram Is to set down individual accident paths.
At this tire 12 1s wise to Jisregard duriicatica which is
cceurring so that full atteation can te directed tc *ne nature
cf the events snd the factors which affect them. At no other
tize 4s the device itczelf under greater scrutlig. It is
ricturcd in the 1ight of experlence, aided by Irarinuiien, Ina
situatfon and the events which could levad to accidents sre set
goarn as they come to mind. 7The result is a acrd sheet soze-
thing ltre Fig. 4-4 4t this time any cecacern regarding he
rinesl appearsnce of the diagram is apt to detraet frem the
¢hevght atth =hich each path %s ccnsidered and reduce the ciTe
exercised in exrlering all pessible avenies.
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b, Step 2. Eystematic Cerbining. Step 1 =iy seemlt in

Mttle sps.em or order In the say the accident =athe ase

isted. Jter 2 45 rurely mech niesl and involvec a~dering
and cozbining raths tc reduce duplicaticn and the slze of the
dlagran. Tt 2111 veunally te founs ¢hat cac 4nftisl) cwent
%111 lcad intc a nunber of othor event. 2 that the patks

tend %o branch. This is 2llustratced in Fip. 4-4 =here the
initial events are not repeated, as they well might be in a
first work sheet. lHemcvins duplication in initial events is
actually a part of stcp 2, tut 1< usually so simple that 1t is
done in step 1 without causing any distractisz. depoving
duplicaticn“in later events in the accident path chain reguires
a little more manipulation. Figs. 4-5 and 4-6 f1lluctrate
stages in the process of combining paths, It %11} be noticed
that many duplicatiocns have teen romcved in Fig. 4-6 and that
only (13, Cj and Og5 are dupliicated In Piz. 4-3 shich is
considered on2 of the simplest practical éiagrams for this
situaticn.

c. Step 3. Assessing Duplication. 1% is cften difficult
to rezeve all duplications cf events and come up with a
diagram which is casy tc foilow. 1In ¥iz. 4-3 durlicaticn has
tecn perzitted to remain becavse recoval woulé@ require cc=pli-
cated crcasing lin-s and otherwise modifying existing rules
(#hich will be discussed later). Lunlicatisn is undesirarle
Bacause in the fuil expansion of the terms it will intrccuce
terxs vhich are incorrect and, in the rigorous sense, non-
existent. Howzever, in the nrseticel use cf the RAF Analysis
it 1s quite unlikely that these terns will affect the usastle
part of the protatility factor. 1In the event there is a
guesticn, it 1s alwsys pacsible to =rifte down the terms and
deterzine where the incorrect proucts affeect the answer.
Guides to writine cross nroduct terws will ke found in
appendix A.

4,27 uhén duplication is allcsed to rezatin, it 33 asvisatle
to note tnis cn the diagraw as doae cq Fir. 4-3. This mires
tne probler of picking cut aprrorriate cress products

considerztly ecasier. In the morz acmrlicated diagrams a
reascnabie arcunt of hrideing of lines %il) not sercwe o
duplicaticn. The bulance tetween optirus riscsine and

Sifplication is o maller of jucgzent. 100 rueh fridein,  ~ares

1
aa

the diagram extremely hurd to follow, Too mich durlication
lcads ¢t Snuccuracics in the study of cross oreducr effacts

4,23 it w211 bts nor=d that zI1 tanc i'nes *~infar Jiffescnt
i=vals 1ia tle Jlagrac of Fipg. 4.3 are slaat s These sia~tine
lines serve & rartfcular rurtose, T¥ ¥ oo sutdirect lens”

.
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frer left to ripkt. In folleming 2
~crmisyitle to enter a slanting lire
vo otion to the right. This 1
these wo note that the path Poi,. ¢
tut the cath Féc; *mld =~ nire reve 3
slanting line. aeferring to Fig. 4-¢ r¢ ce2 that 22h; s a
valic ,u%th, but Fgls 1s not. If the line joining these a0
rorticnc ¢f the diagram had beea drann vertically, there would
tc no way to zuke this distinction.

1
ies the recuirerent,
4

Y P
np d'crcoticon on

$.29 7The events which make up a situation diagram are usually

a zixture of independent events and nutually exclusive events,
Independent events are t.nose wshich can cceur inde-cndentl, of
any other events. COne independent event dces n~t creclude
2nother; the two can co-exist. Fer exaomple, In Fig. 4-3,

Py and (4 are independent for all practical purpcses. The
actuation cf a orimer by the actuator is ccnsidered to ie
copletely inaopendent of the closure of <he reel switch. These
independent events give rise to cross products. The product
P35 exists. Iutually exclusive cvents are events which cannct

co-exist; one event precluuecs the other. In Fig. 4-3 (9 and
Fg are rutually exclusive events, i.c. the event that the

seizer fires a lead with the rotor in the aafe position does
not exist if the rotor was never installed, oince tae cross
procduct is a correction for the similtarecus occvrrence of
eveats {paragraph 4.6), mutvalls evclu-ive events de nct neve
cross products., However, there is & factor linking the
mutually exclusive events. If we ccnsider the protability trat
the rotor 1s atsent and the probabdbility that the rotor is
present, il &s apparent that these two rust add to 1.0. in
assigning prodability values to the events in Flg. 4-3, it
shculd e realized that the value of ps shewld te pultiplicc by
1~Q9 to correct for those tires wxhen the rotor &5 absent. 35.%
tke value of l-gg 1s 0.99 (Fig. 6-1) and it :oatritutes nothi~g;
¢tc the ansscr. It will usually te found thit this facter can
be g:ifsed btecause 1t 1s toc great a refinezent fer the systen
ernlavad,

4.30 In practice the dezarcatica between inderendent even
and =utually exclusive events £s usuaily not very cizar.

tiue exasprie given in the last raragraph, it coulZ te argucl
tlat the firiag of a primer might ereate distustunres oifch
woald inrluence the closvce of the rewd saitch w0 **us <le
twe weuld nct te traly inderendent., In generel, <f i..fcn

-
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has been fiund rore
tae effects of ine
This sl11 te Gi3-
cussed 1in getatl in cha e £
4.31 Iln suxmary, the situatlen diapgras $s 2 vrapble preze
tion cf the accident paths 30 ar-anged that individual pzt
are clearly discernitle ard tie -c-atic1s of paths to ea*h
other are deplcted. 1t is a map of the rsautes threough siich
afety can be dcfeated where each event 1s identified ty a
syntol having an assigned probability value,

nla-

hs

* In very sizplc Slagramc a symbology has boen used to
acte the d:ffcren:c tetween inzererdient 2nd mutuslly exclusive
eveats. This is 1llustrated ty the follosins example.

- -—{cl—>

w ;
L

. Y
A

A and & are mutually —x-lu:!vc, and te siznify this treir ratrs
are jedned ty vertical ilnes. rercissille =ctlen vn the
vertical iines !< ind'ﬂ1ted ty ascens. € and L

mituclly oxelusive. The equation for this si
(a<4+t) (¢c+d). Ia dr..s screne avent .

,a
aeuid te Joince in the normal zmanner by sl.oting lt.es.
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S
bomb Rele

n 1" - hernal Lrop From
ase to Safe ueparation

grent Symbol Even® efiniticen

My
0y
O
05
Py
B
Fg
Pg

Rough handling mechanically zrms ro%or.

50 ms or instantanecus vrimer actuated spuriously.
4-1/2 sec. actuator {a,y) cpuriously inftlated.

A detcnator is spuriousiy initiated.

2 sec. actuator (4;) inftiates a prizer.

4-1/2 sec. actuater {hy} initlates a primer,

2 sec. actuvater (4, fires a detonator.

4-1/2 sec. actuator (&) fires s detonator.
JTizer fires a lead-poter in safe positicn.

A detcnator fires a lead-roler in safe pesition.
Pricer fives a lead-rotcz adsent.

2 sec. actuator (&) fires 2 lead.

4-1/2 sec. actuator (i) fires a lead.

4=1/2 sec. actuator (A} fires iead-roter alsent.
2 sec. actuator (Al) gives very shert or . duliy.

Reed switeh 4n fazt prizesr circull (Reow=il 1s
closed or closes.

Rotor arms tecausc of nissing shear-wire.

Rator fs nissing never installed}.
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TAELE ¢ 1 (Cent'd)

Lvant Lefinition

4-1/2 sec. actuntor (Ap) ["ves very shert or no
delay.

fotor lockshaft short or =issinz.

The transform which ecrrecls for the prosakility
values of Ci, C5, and (4 shich are based urea
6-1/2 seccnds {the tize in which a oremature is
censidered dangercus) tc eomrurablc vziues faor
2 seconds. The transform If .cccunts for the
fact that A2 has a norzal delay of 4-1/Z seceads
leaving 2 seconds for accfdent.

The transform which correcis for the rrobabilisy
values of C1, 05, and (4 which are bascd u~on
6-1/2 seconds to cccparacle values for 4-1/2
seccnds. The transform Tg acccunts for the facs
that a3 has a normal delay of 2 seconds leaving
4=1/2 seconds for accident.

Ap arxs roter before Ciring primer or detonator,

z
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FIG. 4-1

FIG. 4.2

INTERSECTION OF TWO EVENTS

INTERSECYION OF THREE fwviaTe
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PROBABILITY AGLIGNRLNT

5«1 Havling ohtained in the diagram a graphic picture of the
routes and events which witll lead to zcetdents,y uic next major
step in the analysis is to assign numerical veliues’lo the
protatilities of occurrence of these events, {ff-hand, this
woulu appear to he a difficult task. This, however, is not the
case if the persons making the assignment have a general,
practical knowledge of ordnance and of the "situation" under
cornsideration and will earnestly seek knowledge obtalnable

from the experience of others in service use of similar items
under related conditions. Also many guantitative values czu

be obttained directly from test results of the device under
consideration or of similar devices. Only in part of the cases
w1ll 1t be necessary to arbitrarily assign values,

Arbitrary Assignments

5.2 It is realized that in artitary assipgnmnents, 1t is unlikely
that two people would assifn *he same protatility of coccurrence
to a specific event. In the final results, which are generally
used conly in the rclative sense, this may make very little, if
any, difference if the individual values are selected on a
comperative basis and consistency is maintained through cross-
checking of related events. If more than one person 1is
aseipgning pre:ability values to the various situaticens, it is
advisable that those persons as a group review the values for
all the situations so that the assigned values for each of the
situations and events are made cn the same tasis ¢r from a
common reference point. Sources of information which may be
useful in assigning probability values sre: (C reports on
similar service ozdnance; statistical data frem fleet oper-
ations; test and cvaluation data; and Acceptan.c Quality Level
assignments stated in the design disclosure documents governing
manufacture.

5.3 1In assigning a numerical value to the protability cf the
occurrence of an event, it is desirablc to use a decadal
system, That is, the protability is set ecual to 1 x 10°%,
where the exponent, an integer, 1: the numter to be assigned.
*his method has gseveral advantages. It 1s relatively casy to
decide or determine 17 a probabilitzzis nearer to une ocoyr-
rence in 10 (16°4), or 1 in 100 (107<), or 1 in 10CC (107°),
etc., while 1n most cases it would be daifficult,y in & pre-
liminory analysis, tc assign valucs .« ith an accurac] . —z2anter
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than a factor of ten, Also, If the diagrams arc cunplicated
and lengthy end there are a “arge number of situztions, the
computations vecome much simpler with such & system. After
the analysfc 15 completzda, it 1s kncwn which values are
critical in resnect to the overall answer. Then these values
may te examined more clos2ly and a mosc accurate figure may te
ottained through further investigation, or as a result of an
evaluation program or from other additicnal data which may be
obtained ty increased effort.

Systematic Scheme of Assignment

5.4 1In order to assigii vulues which are as realistic as pos-
sible, it 1s necessary that it be done in a systumatiz manner.
Since the various events have been broken down into groups
(see para. 4.11 and 4.12), it is desirable to assign protability
values by groups rather than to individual events encountered
in a situation diamgrum without regard tc similar events
occurring in other situations. This means that 1t is highly
desirable that all of the diagrams be completed before an
attempt to assign any probability values is made; the advan~-
tages can readily be seen as values are assign=ed in the example.
On the other hund, no attempt should be made to guess in advance
which values are Eo ng to turn out to be the cricical ones, &s

s would probatly affect and tias the accuracy of the analysis.

5.5 wWhile it is best to assign the protability to an event in
all situations at one time, it should be noted that the nroba-
bility of cccurrence me, cr may not bc the same for the same
event in the various situaticns. It so happens that C; has six

different values throughout the situations of the example fuze
while Q7 has only one value., This is logical since 01, which

is the spurious actuation of thc 50 ms or instantaneous primer,
is highly dependent upon the environvwent which frequently makes
different situations. On the other hard, C7 which is the event

that a missing shear wire allows the rotor to arm, is the recult
of an.asserbly error and has little, if any, dependence upon the-

[

environment existing in a situation. Other events, such as Uy,

which 15 the accidental pushing of the bomb release tutton,
may occur in a very few of the situations (3 in this anslysis).

Example Probability Values

5.6 The assigning cf values may best be described by an actual
illustrativn. For this step 1n the analv~:=. a work sheet like
Table 5.1 my be used; the various situatic.s ure listed scross
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the top and the events down the left side. It is advantagecis
Fo nave the work shaet zncmrlote with =11 the events listed.
This makes 1t much easier to cross-che.k the probahiiity values
as they are assigned. i’or this exarnple, we will werk with the
group of cvents designated by the symbol 0. There are five of
these events as shown in Table 5.1. iIn the fiu.t event, 01,

{spuricus initiation of 50 m3 or instantaneous primer) in
situation "a", (assembly, packaging, storage, handling, and
trangportaticn ocutside of ordnance - this includes all
situations before the bomb and fuze are associated, from loading
rlant to ship's magazine, to unpacking just prior to fuzing) we
will assign to x a value of 3. This means the probability of
03 occurring is one in 1C00 (1/1000). At first thought, this

value of x may seem very large, but it must be remembered that
this situation may cover a lot of time and "ground" - from
loading plant to use.

9«7 For the most part this assignment was arbitrary, but there
were sone facts which could act as guides in getting the prota-
bility into the right order of magnitude. The most sensitive
wire-bridge primer which has been produced in large numbers is
in the class known familiarly as the ND«24, Total production
of this class of primer fcr fuze and other uses runs well into
the millions. The history of use of this primer 1s spotted

by unintentional actuations, some of known. but many of unknown
causes. Although the records do not lend theniselves to easy
determination of the rate of accidents in fuze assembly and
handling it must be assumed that these operations had their
share. bBecausg of the fact that numerous stories of spurious
actuations of the ND-24 primers had come to, light, it was felt
that the rate must-be somewhere between 104 and 102, 1In the
face of the stories and reports, it did not seem reasonable tc
assume that, on the averags, more than 100,CCC of these primer-
could be assembled into fuzes without at least cne accident.
The primers used in the Bomt Fuze EX-2C0 .re about 2C times
wcras sensitive to capacitor discharge than the WD-24 and about
twice as sensitive to direct current initiation. Tt must be
assumed that these primers would be involved in an even_grcate:
number of incidents. .For this reason, the vaiue of 10-3 was
assigned as the orotability that the instantaneous or 50 ms
prirer would bte spuriously initiated.

5.8 In the se.ond =2vent, 0y, the same value (3) 1is assigned

since this primer 1s similar to the other two and has the sare
sensitivity. 1In tie third event, 03, the actuator is more

sensitlive or more susceptidle to spurious initia.ic *han the
primers; therefores 1 value of 2 1s assigned tc x (1,100), 1In
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04 the value is the same as C3 since the sensitivity of the

actuators is the same. In 05, since the detoaatcr is nuct as
sensitive or succeptible to Srurious initfation as the
actuators or the primers, a value of 4 is assigned to x. This
and the precediny paragraph have illustrated the process cf (a)
determining with the best ‘nformation available a reasonatle
value for the occurrence of a key event, and (b) using this
key event as an anchor point reconciling the values assigned
as the probatilities of other related events.

5.9 Now we are ready to assign values fcr the next situation
which 1s Fuzing - inserting the fuze in the bomb. This
sjituation differs from situation "a" in that the time required
to remove a fuze from its container and tc place it in the fuze
well of the bomb is only a matter of minutes for & normal
overation. Thus, any cccurrences which depend on time will be
minimized. Alsc, a fuze which has teen removed from its
shipping container »:1i be nundled more carefully than one in
the container. The following values will te assigned: € for
Cy, and 03y 4 for O3 and 04 and 7 for Og. Situation "c" is

concerned with defuzing of the bombt for any reason. The
probability values for the various events in this group are
considered to be the same as for situation "d". 1In situation
"q" (handling of the fuzed bomt), the handling of a fuzed bomb
will be even more careful than the handling of a fuze; the fuze
is more protected and it is less likely that the fuzed tomt will
te dropped; therefore, higher values wlil be assigned to x for
the events in this situation., The assignrent of numerical
vuluss for the events of other situations is done in a similar
manner,

5.10 For events such as Qz (missing shear wire permits rotor
to be in armed position prior to operatior cf arming actuater)
which are a function of the initfal assembly cf the fuze, the
value will logically (at least as a first approximation) te

the same for all situations considered. This prctabiiity is
typical of many in that it can te further broxen down intc two
series probabilities. Cne 1s that the wire is missing (frem
omission in manufacture in this case, since the design of this
fuze is such that it will not fall out once it 1s in place)

and the sscond 1s that at any particulur time the nnrestrained
rotor may te ir. such an angular orientation that 1t will rermit
fire~through. In the assembly of the fuze the atsence ur the
shear wire would, ‘inder rulss nresently in effect, L2 con-
sidered a critical defect and therefore the insrecticn cf this
part would re more thorcugh than for some ~ther part rf the fuza
Also, the method of rcoter assembly glves o-.»*evr assurance that
th2 shear wire 13 net missing. indepondant osilmatass ol the
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frequency of a missing shear wire duri. © manitaciure nave
ranged from 1/2003 to 1/100CC. For this example we will say
1/4G00 (1/4 x 1079), whish seems cuite realistie. The rotor
Serves as the interrupter for the explosive train and dnring
the arming perlod it rotates 9C degrees from tw: vnarned
position to the fully armed position. However, the explosive
train will reliably fire-through when the rotor is in a po-
sition 25 degrees from the fully armed position. (This 1is
determined by explosive train reliability tests in the labora-
tory.) Therefore, if a rotor were not restricted in its
rotational movement and there were no unbalance tending to
orient the rotor in any particular attitude under normal
vibration or jolting, a random distribution of angular dis-
placement might be assumed. Under these condixions it could te
sald that the rotor would be in a fira-through position 23/90
of the time. However, since the rotor is unbalanced and has a
tendency to remain in the unarmed position during vibration cr
Jolting when the fuze is in the vertical, booster~dcwn posi-
tion, we will sag that the rctcor would be in a fire-through
position 1/2 x 28/90 of the time. Thus, the probebility that
a missing shear wire wi&l result in ag armed fuze s

1/2 x 28/9C = 1/4 x 1072 or (3.89)1077,* putting this into the
decadal sysiem, 25 explained !n the following note, we get

1 x 10~% which will be'iised as the value for ¢7 in all situ-

ations.

* The rule used for “"rounding-off" in the dec2da) system
when an actual estimate of a probability is given 1s determined
by at least squares criteria in the logarithm of the proba-
bility., It _4s as follows: The given estimate is written in the
form K x 10™%, where x is a positive integer and 1<K ¢10.

Then, 1f K 1s less than 3,162, the estimate used in the analysis
is viven as 107X, 1If K is greateI than 3.162, the estimate used
in the analysis 1s given as 10°*tl, A5 ay exampla. 1f an
estimate were given as .000273 which equals 2.73 x 10'4, the

valus tc be used in the analysis is 1077, If the estimate were

L)

given as ,000367, the value to te used would be 1073 since

3.67 > 3.16. 1In en analys's of this type where preducts of the
individuai terms ar: the end result, this form o¥ rounding off

will result in the least dicrersion of the result from the term
vulue.,
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5.11 #For other situaticns and feor other grovps o8 2, .uts,

the values are assigned in the sare maaner., In this wndipsls,
a value cf 7 was the largest assigrned, It c.n bte ceen in
Chapter 6 that a nigher value of the vx-caent wonld nave very
little, 17 eny, sipnific.nce after *he 2ultipifcaticn cf the
serfes probabilities fn a patl. Further..r-, it is felt thas
predicting a probability of cceurrence cf one In ten millicn
fer a single event 1s certainly encuga ¢f a strain en the
interpretaticn cf data, and that, although probabilities cf this
magnitude and sraller =ay actually exist, it !s unrecascaatle to
telieve than norrally these will be good encigh rases for
predicting them.

Reason for Pessimistic Assignnents
5.12 There is one other basic ruie which should ke frllewed.

In the case of those probabilities whose assignment 3s bised en
e sxperience and data, the valuc used ,a this first
apprex sagion should Be the higkest considered lirzely or

ossible. That is, 1f there 1s no basis for gnying that an
event probability is any greater taan lx 105 nory on the othker
hand, that it is any iess than 107<, the 107< walue should te
used. Jf 1t turns out that the overall hazard terms in which
this probabkility rlays a part sre srall, ncthing has been lost.
1f it is significant, a better value can te obtained by greater
effort in a secondear. roxizmaticn anzlrsis. Ju the othar hang,
i1f a low prcbability (high exponent) had been selected and the
event should later turn cut to te more fregtent, its signifi-
conce to th® analysis resuli wouid have been nlssed.

5.13 Other exacples of the reascning tehind the choice of
rrobatility values in another analysis are given in Ariendix .

2
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CHAPLER 6

SUMMATION OF PATH PROBABILITIES

6.1 Tehle 5,1 lists the p.ebability vil. rs. Assoelsbed with
‘the "O" events (see 4,11) occurring in all situations of the
RAP Analysis of the Bomb Fuze EX-200. 1In a complete RAP
analysis similar tables would be prepared for all events. As
explained in Chapter 5 these are exponents for the tase 1T
and are listed in this manner.to take advantage of the easier
computations of the decadal system. These values are plugged
into a situation diagram to obtain the probability factor.

To 1llustrate this, the probability factor for situation "i",
which appears in Fig. 4-3. will be computed,

Preparing the ‘ork Sheet

6.2 The top path in Fig. 4=-3 is G Tg01: This is a cerles

path, and its probability is the product of the probabilitlaes
q1s tg and oj. From tables 1ike Table 5.1, we would fin¢ that

q; carriles the exponent 2, tz the exponent 1 ana that o;
carries the exponent 4. This means that q; has been assigned e
wluelC™ Bthe value 1v “and o has the value 104, The path

probatility in accordance with the simple rule for series
events given in 4.2, 1s the praduct of these individual proba-
bilities and has the valie 107/, This was obtained by simply
adding the exponents. This illustrates one advantage of thre

decadal system.

6.3 The second path in Fig. 4-3 i3 §4Tp0y; the third path is
1*8%s5
GTgks; the tenth path 1s G1P1309. Table 6.1 lists the 36

paths taken from the normal drop situation, (Fig. 4-3). It is
a work sheet used in the determination of the probdability
factor. The symbol for the protability of -ccurrence of esch
event is listed separately in each path in which 1t appears,
and under each 1s placedthe value of the exponent obtalined frum
Table 5.1 and similar tables for other events. The path prota-
b114ty exponents appearing in the right hand column are the
sums of the exponents appearing in the rows, obtained as in 6.2.

Ihe First Approximation

6.4 All the paths or rows are in paralle?. "The corblnation of
tnese to obtailn a situation probability faect.r invelves the us?2
of the ec¢nat.uns fer the probubilities of par.llel events
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(éppendix A). The equation fer the cortining of the ,rcta-
bilities of two jarallel inderendent events 15 giver 1n rara-
gravh 4.2 und is p= p, 4+ Po = Pjlipe  When two evenls are
exelusive the cyuatien iz p = pl'+ p,. Although thesc cyuattons
ale ool SIMPlol TGl AneSg s GirerL g bpaw bled pailis they Jot v
illustrate that the first order terms ure simply added. This

1s the first step in the swrimation of path ~rotabilities; f.e.,
p=py+ p; s taken as a first approximation of

P = p1-+ Py = P1Ps when it applies, and as illustrated in
paragraph 4,8, this 1s often a satisfactory appreximution.

€.5 oSumming the path protabilities ton obtain a first appruxi-
r.ation of the probability factor for the situaticen is quite

simgle as long as the decadal system is employed. For examgle,
16” +

= (,00000001; 107°+ 107¢ = 0.00000002; and 107®+ 10

+1078= ©.00000102. It will be noted that the ampearance of
the exponent -8 placed a unit in the eighth place to the right
of the degimal; the addition of two path protatilities of

value 107~ placed two units “n the eighth place; and the

additicn te this of the value 107 ° placed a unit in the sixth
place. If a table 15 set up with exponent column headings, the
prrobatility factor for a situation will be rbtained as a
decimal fraction simply by placing the nunter sf path presa-~
bility exncnents under the apprropriate columns rerembering, <f
course, that each time 1C or.a mltiyle of ten is reached, the
cclunn to the left is increased. 4 table of the data obtalned
from Table €.1 is given below.

1{2}13]4]|5]16]718 91011'121314

DECIMAL

{0 o122} 2}4]9F6] 61 3 2] 1) 2

1 ]
This table shows that under the rath prcbability <clumn of
akle £.1 there was 1 - three, 1 - four, 1 - five, 1 - six,
sevens, ¥ - aiehts, ete. Cf ccursc, this saue ,»4vlt could
e been oshtaired 1f there had teen no - sixes ann & - seven:,
All exponents are nejative,

Tak
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6.6 The first approximation of Lhe probubility factor can be
carried as it appears in the t-ble or can be shifted to ~*her
decimal nunits, Siace an ucoident rate of o.e in one miiiion
is a goal in fuzae design, it seems advicatle to cazrry the
answer in millioaths. The approximation nf the prahability
rfactor 1in the examnig civel then beoge-~ . 1111,49 x 107°,
Table 6.2 1y Tud _ S W . roximation work shect
for all <ituaticns involving the BX-200 bomb fuze., The
figures ore obtained by the processes described in the above
paragraphs.,

€.7 in Table 6.2 ths probabi%ity factors are carried out to

the exponent 16 (i.e. tc¢ 16716y, 1t 15 apparent that many of
the places carried are not significant and that ths sub-
traction or addition of the larger cross product terms would
cnange figures far to the left cf the 1l6th place. However,
there is one advantage in carrying a lot of apparently mean-
ingless plrces in the work sheet. If some change 1s made in
the device, the direction of the effect 2an be observed by
simple addition or subtraction no matter how small it may be.
But 1t must te remembered that it is not correct to state that
theﬁprobability of accident in situation “"a' 1is 3.3224471 x
10°¥, for such a statement implies an aceuracy which is known
not to exist in the first approximation.

Kagnitudes of Errors

€.8 At this stage in the analysis arriving at a numerical
value which 1s sufficientiy accurate to te quoted as the pro-
bability factor for the particular situation requires three
tasic steps. These arves (a) a critical review and re-evalua-
tion of the path or paths which contrikute the greatest amounts
to the numerical values of the first approximatiocn, (b) a
review of the effects in these paths of rounding-off values as
part of the decadal system, and (¢) &ai.. assessment of the
corrective effects of cross products. Step (a) is necessary
since, as pointed out in Chapter 5, many cf the probatility
values are assigned on the tasis of persona. opinion or
Judgment. Assuming there has been reasnnatle ccensistency in
the personal trait of optimism or pessimism which influenced
the -Judgment 1in assigning these values, the paths which con-
tritute the most tc, or cctually control the magnitude o~ the
probutility fuactor are the more likely causes of eacecidznts and
therofore shuuld te the focul peoints of study or tusting. 7IThis
step is therefore a "seccnd look" to see if there 1s sube-
stantial background for these inrluential cholices. step (b) is
to determine if the system of round:ng-ofi r: .¢rmended with the
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decadal systewm has tlased the results to the extent that the
path appcaring to be the most 1lircly . ause of accident sctually
Js not, For example a value of 1/3CC vased on tast or actual
experlence would be rounded-off tc 1/100. If this were to
happen saveral times in u puth, the path angwer could te
affacted by a factor of 10, Stap (c; is a more mechanlical
step. Its primary purpose 1s to obtain an idea of the mag-
aftude of the error in the answer which is attributable to lack
of rigorous mathematical treatment. In this step the larger
cross product terms may te applied to the answer cr may te
ignored after it has been estatlished to what extent they
inrluence the auwwur. The step also incluaes decisions re-
garding the exlstence or non-existence cof cross products, and
therefore requirr; that the relationships of the events ue
classified as either independent or exclusive (1.29 anz

Appendix 4).

6.9 Situation "i" will azain be used as the example 1llus-
trating steps of the analysis, In Table 6,1 it is noted that
the path Q11T9Q4 has a probability greater than any other path.

Q13ls defined as the event that the 4-1/2 second actuator burns
very fast or gives no.delay. (g 1s defined as the event that

the reed switch in the instantaneous primer. and 5C willisecond
primer circuit is closed or closes. T9 medifles the prota-
tilities kased on &-1/2 seccnds since the accident can only

occur in 4-1/z seconds. Since it 1s rounded off to 1 it does
net centribute to the nath value, The combination of these
events would cause tomb exploslon before safe separation had
teen attained, 'This is clarified by reference tc Flg. 3-1.
The delay providsd by the 2 second actuator will allow the
bomb to fall some distance from 1lhe plune but since the
desizned safs seraration time is 6-1/2 seconds thnis is
obviously not yet a safs distance. If then the 4-1/2 second
actuator gives no delay and closes the primer cireuit in which
the reed sviten 1s already clossd the btomb will exzlcde two
seconds after release. Short turning of the 4-1/2 second
actuateor 13 a variation which would permit more, tut presumaily
not eaough, separation of tomb and zirplane a* the tire of
Getoration.

~
[l DU I

6,10 ifie probatllily Wi wus mosipned Lhe value 107%, This
means tihat on the nverage 1t was felt that one in a hundres of
the 4=1/¢ second delay actuatoers would bura through very
rapidly or give no delay., This rather pessimictic estimat:
may be based cn 2 distrust cf pyrntectinic delays -~ had
experien e with sorme such delays or a combinatien :. .oth.
pxperience with py.otechnie delay columns hac ihdic::?d thet
L A Anatne Edeea A

Al mn AmnTmeer s1mitn? o0 mdrban edoenm
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else "fire through" without delay. Th{s; tendencyv to "Tire
through" anpears to relate to such fuciors us vigor of initia-
tion, nature oi confining welils, and dcloy column length. Thus
great variations in this regard can be exrected from different
physical arrangements, and the tendency for any rarticular
delay element to "fire thiough" must ul!irately te ludged on
the basis.of_éts performance. Lacking such information the
figure of 10 © was selected on the basis of test work performed
on two delay cartridges, one having a nominal delay cf two
seconds and the other a delay of fiv: seconds. althcugh these
delay cartridges are initiated by a percussion primer and also
differ in other physical aspects; there seemed to te too little
evidence to assume, at iiils time, that the delcy actuvators of
the bomb fuze would te less likely to “fire throush”. In 1049
tests of the two second delay cartridge seven "fired through"
thus giving a best estimzte of 1/150 on the average. In 253
tests of the flve second delay cartridge two fired through
thus giving a best estimate of 1/141. The value of one in one
hundred was therefore assigned to adhere to the decadal system.
Someone having more confidencg in thig particular design might
have chosen a figure like 107" or 1077 and in either event this
would have a marked effect on tfe value of the probability
factor. If these two people were to get together, they might
settle on an intermediate value, btut the point that is brought
out is that this is an area 1n which testing is important.
Unless the estimates are actually ludicrous the RAP Analysis
will point to the areas of danger which require attention
through remedial measures or proof that ‘he opinions involved
were far too pessimisti.., Because of the curtallment of this
fuze development the burning times of these specific actuators
were not adequately checked and the estimated value of qj3

remains douttful,

6.11 The other event of interest in this path is Q4. The
value of 107~ assigned to q, was based on some knowledge of the

sensitivity of the switch. Tests demonstrated .that these
switches could be functioned by drops of a fraction ¢f an 1inch.
Lacking, however, is sufficient information on the types of
shocks or internal vibrations which the tomb might encounter
in flight, the freguency with which bombts may be expected to
bump other bombs, and *he nrohability that switches wii? be
defectlve through premature closure, Thus q4 may alsc be a
pessimistic rstimate which would be Improved if ail the facts
were known, -‘The value of re-examination ¢f the path is te {(a)
corfirm that the path 1s a valid accident rath, (L) show where
more effnrt should te placed In trhe gathur! g ind analysis of
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available information or in testing a2, (¢) note how changus
can Improve tha «itusation. In the caxumpls given, tnere is
consideradble doutt that the puth 1s as dungerous as thesc
fipures indfcate., Bt if we assume that thase flgures are
substantlally correct, the analys.s ashows that -vch imrrovement’
in this individual situation can te rbtaiucd bty (1) use cf a
less sensitive switeh, and/or desirn cf switch to reduce the
rossibility of closure as a defect, and (2) increasing the
reliability of the delay time.

6.12 The inspection of paths for the effects cf rounding-off

is most useful when two raths hzve the same value, for by this
process it may be possible tc determine which of the two raths
is the slightly more probable cause of accident., For naths of
nearly egual value to differ by a factcr ¢t 1C in the decadal
system recuires an unfortunate combinution of rounded-off

values in cne or botl of the paths. 1The examination cf all
events relative to each other for the effects of cross products
1s a tedious process which usuzlly vields ioo 1little to justify
the work involved. The protatility factor for situation "iY
deterrined with the consideration of all creoss products
(Appendix A) diffurs enly slightly from the first approximaticn.
In general the consideration of the effects of rounding-off and
of the Exposure and Severity Factors should be undertaken befcre
any cross-product study is made since these effects will usually
overshadow any cross~product terms.

0.13 The process of checking tr: effects of cross-products can
be greatly simplified when only the largest raths are considered
The significant products will usually come caly from the high
probability paths. The largest contributions to the proba-
bility factor anproximation cof situation "i" come from the paths

ol

containing the events ¢, ¢1; and Q (Tsble &.1). The chances

are very good that the largest cross preducts will come frcm
combinations containing qy, 433 and/or q4.

6.14 The first step is to assume that the events aprearing ia
naths parallel to the path of highest acclident probabllity are
indepandent of the evants in the path of highest protahility
and therefcre have cross products. From Tab]Q 6.1, we find thag
the two most impertant paths are (11Tghg (20772) and 43Tyl (1077
Aeferring to Fig. 4-3, we sse that these patls, if independent,
would gombine to give & cross product g3tggijtogs with a value
of 10°°. If the assumption of independence is correct, the
first approximation probabiiity factor for situa®’. "1V
(Tatle é.e% would, ny this cne cross product, %e ~c:rected to
1110 x 107°. Howewer, to cheuit the assumptlon of iutependeuncc,
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It 1s necessary to examine the definitions of events. 1lhese
are glven in Table 4.1.

6.15 For all practical purposes, 1t secms rcasonable to con-
sider §3 (shoct or no delav of 2 sec. actuator), (33 (short or
no delay of 4-1/2 sec. ucluuator), and %5 \reed switch 1s closed
or closes) as independent. But on examining the definitions of
Tg and Ty, we find that by definition Tg reguires that event

Gy and not Q;; occurs.and that Tg requires that event ¢i3 and
not Q1 occurs. These T's establish the mutual exclusiveness of
the paths considered and the cross pronduct considered in the
abeve paragraph does not exist. In retrospect this is guite

apparent, In the diagram (Fig. 4-3), we aote that in addition
to the paths we chose for first consideration, there are three

paths containing ¢3Q11, viz. $161101, §1¢1105, and Q1Q11Q.

The {fact that a special path was put into the diagram to give
the §31G;) combination was in itself a "red flag", for the co-
existance of ¢j and (j; would be automatic if the two paths
containing ¢; and §;, singlr had been independent. e note

that further down in the diagram this independence 1s recognized.
For example, the cross product gjiq1ipi12 exists.

6.16 Continuing with the investigatica of the highest proba-
bility paths, it is necessary to examine *he c¢ross products
resulting from the combi..ing of 0305, 03Q4s and 05Q4. The

largest cross product coming from these is q11t901q4 with a
value gf 10'7, and tne next largest is qitgo;qq wigh a value

of 107 . The product q;q;10;34 has a value of 10”°, Consider-
ation of the definitions of 0,, 05y and Q4 leads to the
concl.sion that there is no reason not to consider them as
independent. A ccntinuation of this process will shew ihat
the;e are no other cross products which con.ribute as much as
107 to the probability factor. The c¢ross products considered

will change the probability factor of.situation "i" from.a
first approximation of 1111.496 x 107 ° to 1111.385 x 107°,

6.17 A3 mentioned in paragraph 6.12, the offects of rrunding-
off values to remain in the decadal systeit may have far moere
effect on the value of the probability factor than the eross
preducts. & good example of this is found ‘n the To and T9

events appeering in situation "i". These ev %35 were defincd as
transforms with the exact values of 2/¢-~1/2 w3 4=-1/2/6-27
which were riunded-off to 0,1 and 1.0 respes*lvcly. legiecting
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eross nrodiets entirely ge wil: oya‘i_ 2 the effect cof reunding.

off these values. 13 appears in three pevhs; viz, Q1T801,
CJ_TRG5, and 1Ty . "9 also appears in tnree palhs; viz.
1Ty 7 \L*,:'*N SAR; . oL el 5 contriiuced

the value 0.001101101 to the first approximation probability
factor. by using the exact values of Tg and T9 and leaving all
other values unchanged, we find that thesc six paths should have
contributed 0,001001001 to the prcbability factor. * Thus the
use of the decadal system on T8 and T9, which had established

intermediute values, gave us a first approximation which wzs ¢ceo
large by the amount 0.u00600100, and a tetter second approxi-
mation is 1011.3965 x 107 The consideration ot cross

products would further reduce this value but to a much less
extent than the rounding-off.

* This step luvolves departure from the decadal system
in da‘ermining the pa.u valucs, In this case ét was simolifi-d
oy ‘he fact that te \‘) = ] and l41- Qa—- 107 The six pa:iis

are glven by the cxpansion of
= 10764 1094 263 = 0.001001001

c4
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TABLS 6.1

PATE PRODABILIDY WCRNI ZES.LT

sveat Probabilities
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TABLE 5.1 (Cen.td)
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CHAFTER 7

EXFCSURE FACTCR

7.1 The noed ond sicairicanc. of tie ~aiosure fantor in the
Ra¥ nna;jsis is crielly renticied in Lraoter <. Suth a factor
13 necessary 50 that acjustzents can e made for the relative
fregucncies #ith zhich the crdnonce is exposed to the —arisus
situations. Fco exarnle, 2ll fuzes ranufactured will not be
involved in all situstions in ahich the fuze will be the source
of accidents, It =cuid be foolhardy te rut as cuch effort iats
aesigaing fur safely 3in cpashes as in norzal handliuc unless
crast.es tecone =ore cosron. In order to get @ zore serlistic
{{gure =hich chzructrrizes the safety of > pilece of crdnance
in a particular situation, it is neceosary to define an exyros-~
ure factor. The exposure factor () is the numter of times to
#shich the average piece cf crdnance 4s exparcd to the partic-
ular situation. It then teccmes cne ters in the preduct FLS
(dfscussed in Chapter 2) which rates the OVerall hazard cf the
device 1n a situstion,

7.2 A rnoaledge of the probtability cf an aceident in a
situution cr the daxzage which it -ould cause cannot give an
overall picture of the hazards cf a situatien. Lven thourh tle
accident probability and/or severity of such an accident nay
be high in & perticular situution, if the expectaticn of
exposure to the sitnation is negzligible, the overall hazard
frez the ordnance 1s not ascessarily ptent. It scers that
1ittle could te gained and mach =ay be lcst by expansive vffory
toc recuce the orocatility of an accident n the si‘h: ion; if
the safety 1rdax is already low tecause of the weighting
infl » of the oxpesure factor. Fer exazmple some pefnt
cetonating reciet fuzes aze aesigned to te very seusitive so
as to te effective agalast =-dern ai::raft. There is consid-
vrakble .c1.e:n over the tact that threy ~an te initiatid bty
ﬂaln. us the nrobabili:y of an aectaant in an air-to-air
cental >x~unt <n where tre reo:ets ars Jized in a rafn sterz
aculd te very high. On £irst thought ~ng ={zht decide that il
i3 necessary tc re-zesign tre {uze t¢ jrovent an actident to
the launching aircraft. ncaﬂver, tris i3 rounc to te unneces~
2ry :;cn cxazinutlion of lhe exposure facier Shich indtc Ses

that tie need for gooc v sibzl"" in air-to-alr cembat cruces

most of *he a7ticn to cosur stove ths cidlda,.
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it can tase. ihe eLpusure faster is . dimensionless nuzter.
Sinee most situations are part of Llhe acrzal lire pistery of
the fuze, the average fuze #ill te exrcsed tc %lex once and
only once. The mest commen walue of the exposure factor wiil
therefore bte unity. In other zituations wshich ure deserided -
as unintended or atnorzal, the average fuze is not exyosed

i x even cnce 2nd the factor may te considerutly less than unity.
| The exposure factor cay also Fave a value greaters than unity
’ due to the fact that arn orénance itez can under certain

I
i circumstances (to te discussed later) te ex;csel to 2 situation
‘ rore :imes thon one.

Attenuating cffects

7.4 1Ike siynificance of the oxrosure facter e = oo illustroated
by comnaring its effect in two different situations. For
instance, in situation "k* (return and lunding w{th husg
crdnance), the plane is returatng after making an attespted
drofp. rfrior tc the retura, everything appeared tc te szorzal
uatil it uas found that the terb fatled te drep, necessitating
that the rlane return w{th the crdnsncc., The Crequency of this
occurrence 1is not tcc difficult te ascertiain und o {eeling for
this value can te found ty a study of avuilatle operation
statistics, Since it arpears that thils situaticn is not too
infrequent, an expcsure factor of 0.1 was  hosen as being a
fairly reaiistic value. For comparison, situusticn ®1i% {crash
~n landing with hung ordnance) s considered. This sitvatica
1s similar to “kE" oxcept that there the plane crashes during
the landing. 3Since 2 crash ¢a lan.ing with hung sednsnce is a
zuch iess fregucnt occurrence, an exposuse vsliue of C.LCCCH
was selected, which means thut n tic sverize 1 in 26,(C0

benk fuzes will te exposed to crash lancing -ith hung criaaacs,
cr %@ could say ti.al the expectaticn of the average
exreriencing this situaticn Is 1 in eC,CCL.* A3 discussed
earlier in the repert, the RAF index for a situation is the
predact Pbo (P pProtability factor, E= uxprsure fa2ctcr, and
8= Jevaer!ty ractoer). By wxarialang tie values in .fe precuct
PLY for these two situatlfons, it Is seen that *he sevegity

facter for situutions "« and "1* are the zarme (3 x 0/ frop
Talle 2.1) 7The tes: estimates ¢ the rrobakility of a- acclident
3 tlese tue sftustions, az dotormiqed iy ke situatien

ERSTAG LR L A SEL Y LR b 2 DO o LASIETE SN SN R L P

- 1933 sttas on <
- crafi although the exyosire Jzoter “twatinn
2lr .as a.% Jdire-~tly derivatie froz these stat

tndfcate thut R frsior s 2.e ricnt tider < rapn CuCe.
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383 x i87° fur ssluadic
v n BTE, 0 Iris Licicates ¢
probatilfity «f «n zce in saitustic

that In situziion “z". lloaever, rejyective PLS
vaiues for ! iwo situsti.ns 2re ccmpi. i, it &5 fou.d that
the cxreoted accident cast from crasn landings with hunc
oranance J3 sbout oreti.ousandth of that frem norzal lundings »i*h
hung crdnance. Thus it Is seen that althcough the rr.tabliity
of an accident in cituation "1% is twice as great as 15 “v",
the potential hazard presented by situaticn M1 !5 less

tecause of the very low exposure factor.

7
Lat e
mie iz alzest “wice

bxazple Analysis Values

7.5 As discussed earlier, nost of the uormal situatfsns that
ariszv in Lhe life history of a fuze will have an exposure
factor of 1. Actually about half the situaticns nazed in this
analysis pertain to getting the fuze fron the naaufzciurer to
the situaticn zhere it iz dropped., In order fcr a fuze to live
a norr:al life, it zust teo exposed to these conventicnal
situaticns at least once. 7The situations which fall intc thic
category ares storage, handling, ete.; fuzing; coanceting
fuzed boxb to airplane; on deck befcire take off; take off; and
flight. The situation of rormal drop is an intended rart of %e
1ife ristory of all fuzes. Howmcver, it will not have an
expesure of wiity since a fair percentage of fuzes for varicus
ressons are veturned tc tase. Ccnseguently, frcz study of
operaticncl rceports, und discussions with cognizant personncl,
it scexs that a reasonable figure for the exncsure factor for
normal darcp is C.7¢5.

7.6 Since the cenventional situations concersn the preparat ton
of the fuge for its int<nded usc, the remafaing situatloas,
which we think ¢ 22 uainiended cr at-eormal, ccacern that
portion of the iife ricztory resulting froz faflu'c ¢f 3 fuze %o
te normally dropped. Not all fuzes which expertence the
s&tustion of fliswt will e norzolly _ooppdd. These Jales
be returncd tc the carrier or jettiscned. Jettisoning Is
considered 2s a sreclzl forr cf normal drop anc is =ct con-
sidered % thls unalysis (see rarsgraph 3.20%. The diugranm
c: rig. 7-1 shows the relaticnshipy of the various situariens
to cach othed in 3 tins-wise fashion and hey *h2 exsosuTe
factors are livided n-ong sttuzlions. Si.uce the avre-~age fuze
usuaily is sutjected to the norral sigmaticns from il v wid
handling trrough flight (see Fig. 7-1), thc oxpesure faster is
2,0, 7Yt is true that a s£=all numger cf I .e” Le¢ Temsvec from
storapse for test purposes, tut this !5 12-2i 2red o have -
negligible e rfect on ine exposurs factor, Fl,use Tel smouns
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that the exposure factor for normal dr-yu 1s C.79%, ulthough

Ve Jrmtop for “‘*:h' 2 1.0 Flaa 28U of 21] M35 oxrnsed
ioblie mad v'.:_ _...‘_“u‘_‘ﬁ‘ w. L oA -—-qn;}dl S vl e ke iy

1nto other situations as shown in che Clagram. A value or

0.15 has been assigned to situation "}" (return osnd ncrmul
landing). Statistics indicate that there is a fairly high
incidence of plunes returning with hung ordnance in which the
ordnance pulls free of the plane and is subjected to deck
iripacts; for this reason it has been given an exposure factor
cf O.1. Crash on landings with hung or normal ordnance are
not excessively common so this type of situation has been
assigned a relatively low exposure factor, Thus it is scan
that the fuzes which are exposed to the situation of fligh
and are not dropped are, in most cases, exrosed to the two
situations discussed above. Some fuzes are subjected to other
situations as shown in Fig. 7-1, but their exposure factors
are very smell and thus will not arfect significantly the
exposure factors assigned situations"j# and “"k".

Ze/ Lne situaticn of deluz ng whicn soncerny the vomoeval of
~““ fuze for any reason at all may te classed as an unintended
situatlon. It is certainly undesiratbtle to have to defuze a
vomb; however, it 1s necessary in some cases even though the
fuze way never have been connected to the nlane. lost tombus
that are¢ returned and are subjected to a normal landing will
te defuzed. In some instances defuzing will tak~ place in
thnse situations which are abnc.mal such as return and landing
with hung ordnance or crash landings. In ccnsidering all the
instances in which defuzing occurs, both in returned ordnance
and that not sutjected to flight, a value of 0,25 was selected
as an exposure factor. ‘The exposure factcrs for al; the
situations of this analysis are listed in TaLle 7Tele

Dependence on Tactical Doctriaes

7.0 As mentioned above, the exposure factor can (ssure a
value greater than unity, This would occur in cases where the
ordneonce may be taken out on a flight mission, returned and
defuzed, then luter used on another missicn. This would
usually te the result of standard usage of the uvrdaance lter.
An exarple of this would be un aircraft parachute flare which
is left on board tiwe aircraft until it 1s fired. Yhus it would
get rereated expesure teo the flight situation.

v ihe expesure factor does not necessarily rona’r a fixed

A 3
value, wi. as exrrassed in Chapter 2, its variartic. may fre-
oty

yuaontly LYe the resilt of chunges in tactical decirtie or flela
reaaling precoduici.  For exampie, lilstructicrns mev Ze irsued
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that there shall ke no fuzed Berbs retovad from Tate < exeert
In 3n ezergeney:  this -oulc reduce the g rgurs fo o rir
situslicn “d* (ruzed Lemt handitngd. 5irflarly « 2irective
ray e issued tiat no Ieneings ateara an uirer~"t c-nrice

with fuzed Lurls snall cecur, thus r-ducing the cx:osure factor

in the affected situatZons.
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TASLE 7.1

EXAMPLE EXPOSURE PACTCRS

Cituation Exposure Pactor
a, stg‘x;ggéeasgmemd Transportatica 1.6
b. Fuzing 1.6
¢. Defuzing 0.25
4. Fuzéd Bomd Handling 0.01
e. Conne¢cting Fuzed Bosb to Afrplane 1.0
f. ©On Deck Before Take Off 1.9
g. Take Off 1.0
h. Flight 1.0
t- Noreal Drop 0.75
Jo Return and Norsal Landing 0.15
k. Rsturn and landing with Bung Ordnance 0.10
1. Crash on landing with Hung Ordnance 0.00C05
#. Crash ca Iiandaxz with Nosaal Ordnance €. 000075
. fendering Ordaance Safz cr Disposai of
Ordnance After Crash landing 0.000125
o. Hezoving Bosb 0.0
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CEAPTER 8

SEVERITY PACTCR ASSIONMED

8.1 The severity factor (b) represents .. average "ioss"

in a given situation for a particular accident and as used

iz this analysis, is expressed in terzc cf doliurs. As dise
cussed in paragraph 2.6, the loss as a resul: of an acclident
or “cost* of an accident, may be divided intd two parts: (1)
tangible considerations Zsl) which aouid te the cost resuitang

from raterial loss or damsze; and (2) intangille ccasidera-

oy

T

% tions (S;) which wculd be the cost resulting froa swen things
= as the loss of 1life and injury tc personnel, estc.

i Z2anzible considerations

= 6.2 Once assuzmpticns as to type of packaging, carrytng air-
= craft, size of boxb, etc. to be considered typical of the usc
= of the ordnance item are agreed upcn, fairly geed values fer
= the tangible cnst of zn accident in a sifuaticn can often be
&2 arrived at from data available with a 1ittle sezcching.

el However, the most important aspect for the usefulness of the
- analysis is the relationship between the vulues for the dif-
< ferent situations, and these ratics should be checked iur

e reasonableness. There will be little wrgument, for exasple,
=, that the average vcst of san mccident occursing on a flight

& deck at landing and involving the explosion of a 1C00 1b.

== toad 1s greater than that of the same exrlosion aboard the

’;% aircraft in flight, siace damage to the aircraft is the same
= in etther case and that to the carrier and cther planes aboard
2~ mast be sdditfonal. The greatest differvence in S-factor

5{", values wili norsally occur, cf course, tetwsen thcsc situsilons
= where only 2 tosster explodes and tho.c where the xain charge
% is detonated. The choice of any reescnable ratic for these
i valves will go much of the way towmard properly velghing the
%‘; relative accldent ccnsequence between situa.icvni.

= 3.3 Since such assusntions as whether & 250 lt. or 0G0 1b.
= bo=b is being used with the fuge, sheiler its pormal uss iz 2fF
’f-;“';» carriers or air fields, stc. will affect S-factors greally,
= these assvepr.ions pust te stated spacificaily., The degree te
if_‘_ which intsagibie (Sy) coaslderetlcns are incloded —ust alse te
= stated. In zeneral, it may te est to c1T these in naking &
id first anaiysis and to include thez later ¢ v 4f Loy are found

. to te essential in arriving At the specifuc <zizmisirasiv

decisicns sh.ch are scught. In this «talzsli., the fntangt ~le
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losses (S;) were rot incluaed in the severity factor. but a-e
discussed in paragraph 8.1c =d 8.i3.

Value Assignmaats

8.4 For this particular amalycis, sit alfon "h™, ahich is the
plane in flight with fuzed tombs reudy to drop, nas been
sclected &s the starting poiat fer severity factor assignzoent.
This situvation was selected as the first for rconsideratica
tecause if an accident occurs during flight, only the plane
would be icvolved and it would be considered a total loss.

#¢ will say that this fuze ana vozb are carried ty a progeller-
driven piane valued at J200,0003 then, a vaiue cf 2 x 107 »111
be assigned to S for this situation.

2.5 ‘i@ should next ccncider situation ©i (normal drup of the
ordnance} which includes the evernts that might occur froz the
time of bemdb release to safe sepucstion. It is estimated in
the absence of- infurmation. =2t this stage of the anzlysis, of
the nature of 1ihely accidental initiztioans in this situaticn,
that one-half of the accidents xulich occur in this sitvation
would occur before the boob reaches a safe seraration 2istance.
fherefore, a value of 1 x 107 is assigred.

8.6 The next lcgical situation to consider would be “e®
{(connecting the fuzed bocb to the plans). This situation was
selected because it is thought that nn zceident cecurring

here could conceivably cause os ruch daxage as in any cf the
situations. Sush an a: 3ident »ould most likely result in a
total loss of the plane ca xhich the tont was bteing installed
and damage of varying extent to other planss plus darage to
the carrier - the extent of which would depend on the size and
location of the boeb at time of detonatjon. A value of & x 107
seeas reascnatle for this sitvation.

8.7 1The vuiue of 8 ia situation “£™ {on ceck zefore tahe-off)
is considered to be the saze as for "e® tecause the lceation
of the pilane and its surrcundingz i.. this sitvation wcule act
differ much frox those in "e”,

8,8 1In situstion "z" (take-off) the peotentisl hasacd 5 the
carrier 1s recuced s the plane lsaves the carrier, co 2 waluc
htmg those cf sfruations "hL" and TeV will be seles.«d - say
1 x 107,

8.9 Next we #ill couaider situuziion Ta- (storage, hanaling
and transrortation outside of ordnancel. *h!; situation ceovess
the Ize {rom menufaciure of the fuze %u t & -ize of its use.
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As a rule, icaded fuzes are handled and packaged in such a
Eanner that they will not counterixl. » others 1if cne shouic
detenzie inadvertentiy. Ihe ceai of au accident I this
situation ray vary considerably, HKowever, for this aralysis
we will assfgn » value of 10 times the cost cof cne fuzz. Then
assuming the cost of & fuze to ve $£20, a vaiu- 3f ,C02 x 10?
will te aszigned.

.10 Sitvation *b™ {fuzing) shere the boecb and fuze coze to-
gether, 1s a situation of very short duration. It bezins with
the inserticn of the fuze into the well of the bcsb and ends
with the closing of the fuze ratainer cover. In this situaticn,
it is estimated thst about SOZ of the time the fuze is in such
& position that, if the booster shculd detonate, the ma‘n
charge of the besb would also detonate. Therersrz, a value of
1 x 107 will be assigned to this situaticn. Ir situation *c"
(defuzing), the conditinns are considered to be the sa=c 2s for
“d%, so the valuc of S would te the sare, Should thic turn sut
to be a high-hazard sftvation, a x=orc detasiled break-doan right
have to be made.

8.11 Situation "2" (nandling cf the fuzed bozb) is not 2
norzal gractice in the Navy, but it aay be necesstry under
certain conditlons, JThe damage resulting frca an accident
occurring in this situation wmould te of sbout the saze rcagni-
tude as in *b* or “c™ for the time the fmze is installed in
tte beat. Therefere, since the fuze is in < g bagt 100X of
the tire in this situation, & value of 2 x 104 will bte assigned
Values ror the other situatic..s were assigned ty similar
reasoning and ere given in Tatle 8.1. It should be noted that
in situatficns which involve 2 crash of the plane, as situ-
ations 1, © and n, the cost of the damage to the plane is not
included in the cost of the accident because the plane dazage
would be practically the sawe whether or not ordnancc »as
aboard.

Intangidble Consideraticns

8.12 The intangible losses ccatained in S say in some cases

be far more lmportant than the tangitle losses. In the exanmple
snulysis they rave nol been avoided on the basis of un:impore
tance, tut decause their prorer evaluation and assignment
frequently requires broader nerspective then the authors c=n
claim te possesz. The crippling of a earvier auring ar izper-
Luot naval operation can 50 Rore be Judged solwly on the Twsis
of the tost of repair than can the inconvenience of the loss

of @ nickel ncedrd for a parking meter bo vasw X o {ive cents.

In either exampls it is probable that cnly 3 s:le~t few cax
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eppreciate thoe full Imjacl £ the accident. The Som ander of
tre Task Poroe meuld be in *he Lest puollivn o appreciate a
gelicate balance of rewer sch ellxht loss of rpotential

ehc cuccess of thi
“lep Cr not L0 tuKe a
chance cf recelving a ticret because the zarking nicrel was
lest sas influenced by the need to Wy sn ice crearn cone
racher ti:an a ioag asaitea dentzl avpointzent weulG not be
inown to the casual passer-by. Tiat particn of the sevesisy
factor depending on the intanpitle loases is not 5o easily
averaged and not so wigely aprrecilatea. sefore courletien of
an important an«lysis, a better apprecifsticn of thcsc intan-
gibles can te obtalined bty tzlhing to {leet personnel.

operation. That the decliston ¢f wh

3.13 1In spite of the cifficultias involved in arriving at
realistic velues of the 5, facter, the applicaticn of good

coxcn sense wiil usually throw weignt to the proper situations.
Tt Taquires no more then oOXoCh senwe to zeduce that an
accident destroying the eclement of surprise in an atgack ==
have more serious ceascquences if it cccurs early rather than
late in Lle operziien evexn though the tingilie lussus expressea
in dollar cost of dazage inflicted =1y be the same. in these
cases, even through the broad rerspective reguired for proper
evaluaticn of these intangibles 1s lacking, the coxcon sense
approach w1ll help to plice sccident consecuerces in the proper
order and thus uid in intelligent design.
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CHAPTER 9

RESULTS AL A BASIS FC2 DECISIONS

9.1 Coompletion of the Torral analyr’:, cnce the individual
situation probabilitles have been worked out as discussed in
Chapter 6 and the expcsure aad severity factors selected as
noted iz Chaptess 7 and 8, is merely a ratter of setting up a
table and muitiplying and adling as indicated. Table 9.1 gives
the result for the pX-2v0 exarcple.

9,2 From this point on, the lozic.l procedure for refining,
verifying and using the results depends on i{te actual values
cobtatned in the analysis. Since lhis procecurs will vary wit.
overy item studied; this chapter Is wretten in narrative foo .
describing thought processes and further mathezatical analyss.
in an order appropriate for this case only. Seze methods of
attack of general usefulness are indicated, but in any speciflc
RAP study, once all the probatility expreossions are sct up and
solved, the most efficlent course of further action zust be
worked out for that study individuaily.

EX-200 inalysis Study

9.3 The rirst thing we consider. naturally, is the RAP Index
value. It werks out that the estizited accident cost (exciuding
intangibles in this case, as noted in Chapter 8) is §24.CC per
fuze zamfzctured. % Js 1s .bviously unsatisfactory, if truc.
Bven though this might not rvepresent a mzjor part of the danmage
expected to be achieved, per bred, frcx= use of the fuze and
therefore still perm’t a favcrable overall weapon-system cost
baliwsicey it is evident that even dcutling the coct of the fuze
(perhaps $20)} sculd bs 31 good tuy if it eliminated =ost of the
accidents. The money may &s well 2 spent con fuzes as on 3ir-
crait, iince all of the intangibles will also te on the side cf
safety. It is therefore necessary to lock into the causes of
this very high value, te ses mhat thcy a.¢ aud »hat can ve done
about thea.

Situaticn Prodabilitv Cevparisons

.4 Kxamining the iadividual situaticn P25 products shows that
the btulk ~f the hacard lies in twc situations: “norzmal arcp” ang
*return with hung ordnance.® Sinse the best Is zmadey and fuzea
for the and purposa of delnz droprad arze3d tn a tsrget, ang
since it is knoan frox experiente thur .. & bombs will hang
that jettisoning the alircraft In such cases 35 8.0.P. i hichly
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ungesirable {eve: assuxing that the ; 1lot coulé tell whethir 2t
net all Lwwibs fwd Leen reieased), the.e situaticas cannot be
elioinated by a slight change ir use dectrine. The cause. of
thece higr. "rnimbiilitles xest thesefore bo studicd in g.ieotold

detail.

2.5 before considering the twc worst situations, it is well to
check the HaP Index for the rest of the situations, since this
1s no great effort and the results may influence the course of
the rest of the study. e find that the suwration for all
cituationy exceprt £ znd ¥ ic 12.9 cents per fuze. Inclusion of
intangible accident costs wouio caise this figure, tut on the
other rand, all indjvidual probabilities w.ere selected cn the
hilgh side in cas# of doubt, so it nmay re exrecter inat the
actual cest shoula not te =uch, if any, grealer than this value
and ray well be much lower. Frovided that the difficulites in
the two other situstions can be reduced to & crcparatle level,
the fuzc desigs should be hasically scuna saretys:ce. 1ne
actual 12 cents per fuze Tirure is not accurate easugh fer ripu-
ring a balance sheet, tut indicates clearly that fuze accidents
aould act be a major cost ftem In corparison with the other
costs of the ~cmplete weapon systen.

Peter: ining the Procier Factors

7.€ kcw, returaing tc the protlem chiidren, we need to deter-
zine what haprenstances are restonsitle for the iz values in
situations i and k. Since the vaiues of *those nrebzbilities in
other zituations wnich conjrimaune significantly to *he 12 cent
figure are iz the .1 x 10-0 range, we should ccnsider all paths
with an ead product of 10~7 or greater, Chezling with the work-
shest (Table 6.2) for situation i, we find that the foilowing
paths contribute to this extants

Path path prolah{lity cxpeaent
4211889 3
Sitsqe 4
n2%135%+ s
Sat.o; é
S1%89; ?
01210643 7
%137 ?
ru 7
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Cloamn *h - o >~ -
Sincc the §yytyds Fath

w8 =3+t resoivd the
fere other paths 5112

Q169194s and g3itg0g. st {re-
qﬁe?’.&l? in tmq'sfe z:.%c:-tant raths are 3, 431, t3 and ¢ and
therefore by cirecting cur attenticn ¢6 tie3e =2 can hépe to
obtain the greatest Improveleal. The events IQ and Ty are
defined as transforzs ansd no practical gatn will te sgaifzed
froa changing thex., I ixproveceat ic Lo te gained, !t rus:
coze iran Gys Qs OF Gge

9.7 & scheze for judging the ‘=pertance of individcel f#2tors
is given in Aprendix C wnere the “relaiive sens’tivitz® 1s de-
fined by the eguation:
xy: Sub of path probablilities
j e(e) = = 9Tc¢ _ of raths centaining of
« Py 9 Bu= of all paih protabiiites

r1 «°(©) 15 tre "relative sensitivity™ of an evert upon situatim
“o" whore®indicates a particular vajus of the probability of
the event®. In t!is parttcular case, Sq3{1) =0.1, Sq;:(1)= 0,%
and 8q;(1)=1.0. Zhus it is apparent that changing ¢; will have
the gréatest effect on the probability of accident in the situa~
ticn, and aiso that chanping q33 will have a large effect. The
values ror q, and q1] werc re-excnined in paragrephs 6.10 and
6.11 where considerable Juitu‘icatiun was found for their seiec-
tion at the values 1 x 10-1 and 1 x 16-7? respectively.

9.8 It will te ncted that all paths with probabilities of 104
or worse invclve firing of the tomb ®ith a shortened, tui not
zero, delay after charging at the instant of drop. <That is, cre
of the twc delays which togethcr maxe up the arming delay time
is ineffective and burst cecuss 2 or 44 secsnds short of the
8fz zzpzTatien distance, This par affect our severity factor,
and if each delay were made equal to a time to drop te sefe
separation, presucaply nc airtcraft dazage would occur 3n any of

Yo . A mmsiee -
these cases. Inle sxpedient 3ppoasz una~egptadls o isr counts,

however. &lncs separation velocity is proportional to the
square of the 2lapsed tire, 2 greater than proportional increuse
in ke zinlirmurm hocting altitude for fmpast burst wculd cosult,
w»hich would probably te tactically unaccertable in tris fuze,
Seecndly, sheuld 4n truth one boxb in a hundred or a trousand

® This syxbolegy and the cconoept of "sensitivits™ £ an cverall
probabiliiy to changes in value of a rartlcular ~ospenent
prohabilisy 1s equally anplicable to &,  ~. used c.gcessfully -
2€liabili*y analysis. Present exaTris: or cach use at JCL .Te
on tas:s I higher classiffcaticn dutr a ge.eralizec esrcsiticr.
un the e .hcd =2y e expected e b2 avallalle i due course.
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turst 1a flight near ze alrolznc. even thoush ns damage vere
dore, the fuze wctld iexediateliy 3cquire & tad reputation and
its use sculy very ilhely te curbed, ofifjcisily or Inforzally,
Ly iue users thezcelives.

2¢3% Several useful cenclusicns new follow i=zediately;

(a) Every precaution zust be taken in trie ranufactire of
these particular corponents ang their “nspectiosn zust be at a
lavel te i.sure caliastenance of low safety fallure rates.

(t) Since the performance of explusive devices canuetl be
zeasured for the ones actually ueed in the ordnincs, bur can
cnly te deduced frca the perforzance of their orothers frired 1n
test, & great ccal cf testing on this particular dasizn will be
required tc establish that a lcw fire-threugh ratq ha: in fact
been achieved.

{c} Sizalaply. it zust bte Jemonstratcd by test that the
envircazent of the falling bomb 3oes nct cfien produce switch-
2lxsing shechis on emérgeuce from ihe Loxb bay or inciuae
vitration cozponents capable of causing switch clesure., This
must te dexonstrated in all aircraft types, at all usable speeds
with &ll appifcable bcab sizes and iypes. Since even showing
that thic lllelthood zas less than 1 in 10 ip all these cases by
sirply dropping boz=bs with switch closwre indicators would tahe
hundreds of dreps, sone sexi-grantitalive test prograc rust te
uxed - such as measuring the environzent cor using Lypersensitive
switcries as ingicators,

9.1C The products q11 Qs> Q1t8Q.s a73 9)Q33Q4 "ust De brougnt
o soce value in the 1C-% range o be conparable te the values
for the fuze performance in all other situations. Dimgratcatic-
ally, our q 1q4 probler. then loors like this, i1 breken down
~ore cozpletely:

':‘rcduct
__)_,..e lesc
/ Ll xilc

|
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It 15 doubiful 17 switsh nin-clesirs can be assurod ve 22 extent
greater than abcut 1 in iC8, because ¢of tonme-bumplsg asscociated
with inadvertent mis-conncat‘cn of salveing c» intarva.czater
hook-urs In the larger, s ri-bork zirsrart. The natural (re-
quenzy cf the trembler switches {s i{n the vizsiantty of 130 cps,
shich neasns that they are 2lzg probably subject e oocnsfonal
clcsures From ajreraft vidratien, wx%i: . clankets this frequensy
range. Therefore the normal critical classifization cf & cafec~
tive (closad or lcw-resistance) switch Is orobably adecuate to
contrnl thiz point in manufactures, and il may be assured that
the possitility that an Initfally food switch tecozas dzilective
froa handling, shock ana vibratioa historsv cen be virtually
elizinated by desigring it to »ithistand severe ovsrsimilations
of servica or aerodynazic conditions.

5.11 No matter shat we do sbout gt aud gie, thersrore, g3
must be assured to about 1 x 1074 or better. There is no regus
ler quality assurance schedule of sumpling whick will assurs
this level by brute force. Unless the design can be made such
that onission of the delsy coluwr does not result in a fire-
through, scme speciul design feacure which positivaly rrecludrs
assexbly without the delay ccitzn or else 100% radiographic
inspection aust be instituted fo:&roduc'.ion quaiity contralve
and the absence of fire~through likelihood in a properly
assembled element =ust be dermonstrated by some quantitativa-
estivate technique ~ perhaps tests ai abnormasl tenperatures sith
special, more poweriul initiators, and tle like. It #2111 te
essuxed, in order to contimue study of the fuze, tlat some satis-
factory solution is found for the q;3 q, problem, axd the
related gy qg raths wi.sh togetler acectint Sor over 99.9% of the
probabiliéies. The cost of the necessary steps rentiored atove
indicate that we have hese a frultful plave te seer some system
design change to by-pass these probiexs.

9.12 &ituation *k¥* is veturn znd landing with & iwng tosb.
Bxpericnce has provea that this 1s « situastlon which occurs
guite frequently. The anulysis azs indicated that ror the
exazple {uze this is a situaticn which can te gquite costly. From
Table 9.1 we ncte that the estimaten cost per fuse Loz

. ction for a critical defest {assuning an inspection 1';:.‘
g;?:iggr than 320C) gives assurance al the 50% contlderce !fz('u.
that no mora than 0,3 of the switches produged zill “ave this
defect.

% An exactly simdiar prohlem exists in hand greaades, xhere
absence of the delay cclumn virsuglly 23sures an avuident, Tie
Arzy has found it necessary to go to autarazic x~ray sonitoring
of the presonce of the columz in WUF ¢ ¢ e production.
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t 13 doudrful 1 switch ncn-clesies can bo assired ve an exten.
Ieater thdn about 1 in L0C, beszuss of toab-turmLing associated
1th ‘nadvsrtent mis-scnzs.tifcn of saiveling <r intery..crmeter
032-urs in the larger, mu *4 bemb alrcrasi.  The faLel rre~
dency of tho trembler swiiches s {n the vicinity of i0G o,
fich neans thst they fce 2128 yrusably subjoel te oogiaglonn)
2e5ucns T aireraft vilraticn, which tlankets Lis frequency
ahge. Therefore tha normal oritical classification of & defoc-
fve (elosad or lcw-resistance) switch fo srobably adecuate to
ontrel thiz point In sanufacture™, and it may be aszumed that
le possibilfty that an initfally pood switah lacszas derzctive
sox handling, shock 2nd vidbratioa history c2n be virtualis
lizinated by desipminy 1t to wniinstamd seva-e ovarsimlations
f servicr or aeradynazic ceaditions,

.11 No metter what w¢ 2o stout 45t aud qé¢, therercre, 1
ist he sscured to abwut 1 x 1074 or better. There Is no ragu-
3x quality assuzence schedule of sanpling which will assurs

11s level by brutas force. Unless ihe design can be mede such
ut oxissfon of the delay colizn dyes net pesult in a fire-
wrough, scze speciui design res.ure which nositivaly preciudes
jsembly without the delay coitzn or else 100% radiograrhic
1spection zust be iistituted fur productior QUARLIZLY oratrslee
W the ubsence of fire-through 1ikelthood .o a pronarly
»sentied ejezett sust be cemoastrated by some quantitative-
itinate techulgue - perhaps tests at abnormai tenperatures with
cial, zoce peweraul inftiators, anc the like., It «111 e
isuxed, in erder > contimue siudy of the fuze, that sc.e satis-
ictaTy solutions is found fer the 933 94 protlem, and the

*lated q; go raths -' fch together acc&t far wier $9.9% of the
‘obatiliiies. The cost cf tte necessary steps menticned atcove
wicate that we have here a fruitful Flace 10 See: some s¥stem
'sign change to by-pasx these problioxs,

1z Bitustion ¥k® ig return znc laniing %:th a hwmng bowd.
perience hac prevea that this is a situaticn which oceusrs

ite frequently. The anuiy<js hcs indicated that for the

aaple fuze this is a situaticr which can be quits coStly, Froa
tle 9.1 we ncte that the estimzted cogt rer fuce Lo

AT0-

nspection for a eritical defect (wssuning an inspection lst
GLier thea 30T gives assurance at the 57k conlidence level
At an mowe than 0,38 of tre switches produced 112 havs this
ifent.

4n axactly sizilar prohlen exists in herd g:-emdef., -h:':c_
zence of the deley celumn viesually 33s5urss an accideut. Tue
=y has found it 2scessavry to go .o automatic x-ray monitoring

the presence cf the colis In W€ of the producticn,




