UNCLASSIFIED

AD NUMBER
AD109333
CLASSIFICATION CHANGES
TO: UNCLASSI FI ED
FROM: CONFI DENTI AL

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Operational Use; 26 OCT 1948.

O her requests shall be referred to Departnent
of the Alr Force, Attn: Public Affairs Ofice,
Washi ngt on, DC 20330.

AUTHORITY

USAF Itr 5 Jun 1961 ; USAF Itr 5 Jun 1961

THISPAGE ISUNCLASSIFIED




NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with e definitely related
government, procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, speclfications, or other
data i1s not to be regarded by implication or other-
wise as Iin any manner licensing the holder or any
other person or corporation, or conveying any rights
or permissicn to manufacture, use or sell any
petented invention that may 1n any way be related
thereto.




asR
F -

C ONTFIDENTI AL

2 RANDA

RESEARCH MEMORANDUM

¥

§F

o Noare S

AR
Ly lfé;;’i , 4
A

m..
PN S =

This naterlal contalne faformation affecting fhe natlonal defense of the Mnited Siaias within
the @meonlng of the csplonage laws, Titls 18 U.S.C., Secs. 798 and 7 : the tisremirglee
or the revelation of which In any mennur to an unauthorlzed persos is prufibited by fow.

{ SEE TITLE PAGE FOR DISTRIBUTION RESTRICTIONS

This Is a working paper. Because it may be expandad, medifled, or withdrawn
at any time, permission fo quote or reproduce must be obtcined from RAND.
. The views, :.onclusion.,, and recommendations expressed hercin do not
necassarily roflect the ofiicial visws or policies of the United Staies Air Force.

SANTA MONICA L= CALIFORNIA

CONFIDENTIAL A

BRI PRI



e

A

e s o bR

e

. -
et BT D

S

gy e

N s e el i

a

T ——.

CONFIDENTIAL

U. S AR FORCE

PROJECT RAND

RESEARCH MEMORANDUM

26 October 1948

' Copy Mo, 116
N —=

This material conteins information aftecting the national defense of the United States within
the g of the esp ge laws, Titie 18 U S C. Secs. 793 ond 794 the transmission or the
revelation of which n any manner to on urauthorized person is prohibited by low

Assigned to

This is @ working paper Because it may be expanded, modified, or withdrawn
ot any tme. permissiun 1o quote o reproduce must be obtained from RAND.
The views conciusions anet recommendations expressed herein do not neces-
sanly raficer the official views o rolc ec of the United States Air Force.

DISTRIBUTION RESTRICTIONS

No restriction on further distribution, other than
those izposed by security regulations.

The p-ﬂ n Déammtm

% PRRTI PR

1700 mAIN ST SANTA MONICA . CALIFORNIA e,

CONFIDENTIAL

.\
,




STMMARY

CONFIDENTIAL

TABLE OF CONTENIS

IFTRODUCTION

MATHEMATICAL MODELS

A,
B.
c.
D.
K.
F.

Definition of Envirommentel Severity and Fallure Resistance
Humber of Envirommental Occurrences

Severity of Envirommental Occurrences

Fallure Resistance

Probability of Ho Failure for the Population

Modele Bxamined

DISCUSSION
A. Viriation of Fallure Reslstznss with Time
B, Symplifying Approximations
C. Tmproving Reliability by Artificial Selection

CORCLUSIORS
REFERERCES

LIST OF SYMBOLS

CONFIDE: THAL

PiGE

ro

—1 A W

3888

n
W

27

“owmaT
l/
D]



==

L

 CONFIDENTIAL

LIST OF FIGURES

FIGURE

1. Graphical Method of Evaluating Probability of Success - Model Ia....Fage
2. Probebility of Succesa ve. Moean Humbsy of Occurrences - Modsl Ia....Pags
3. Probability of Success vs. Mean Nuwmber of Occurrences - Model Ib....Page
L. Probability of Success ve. Mean Number of Occurrences - Model Ic....Page
5. Probability of Succees vs. Msan Number of Occurrences - Modsl II....Page
&, Probability of Success ve. Mean Number of Occurrences - Model IIT...Page
7. Probability of Success va. Mean Humber of Occurrences - Model IV....Page
8. Probability of Success vs. Mean Number of Occurrences - Model V.....Page
9. Exponential Approximations of Probabllity of Success - Model Ia.....Page

10. Expanentlal Approximetions of Probability of Success ~ Model IV.....Page

CORDEENTIAL

5
9
i1
12

13

2L

7




fomte G -

S
| COREATIAL
ko SUMMARY

A theoretlcal study is made of some of the factors effecting ''chance''®
dietribution of failure of physical articles., ({''Chance'' failure is defined as
failure that has equal probabil}ty of occurrence to survivors during equal time
intervals throughout the operating period). A ver: simplified model of mech-
anism and enviromment is set up as a polnt of departure. Several other more
realistic, and more sophisticated, models ure introduced and compared with the
original simple case., It is shown that v;rious extensions and alterations of
chance failure curves describe reasonsble combinations of mechanism and environ-
ment, provided the mechanism does not deteriorate in fallure resistance (i.e.,
doss not tend to wear out) during the operating period. Because of their short
£1ight durations, guided missiles can be expscted to f£it this condition.
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IRTRODUCTION

A previous study of experimental data(l)/have shown that many feilures
of equipment, particularly of the kinds associated with gulded missiles,
rescmole a ''chance'' faillure distribution as defined in the Summary, above.
A detailed examination of this type of failure and the way in which it relates
to ''wear out’' fallure has been the next logical step in studying guided
missile reliability.

The investigation of fallure of equipment naturally invelves a study of
the charac%eristics of the mechanism in relation to operating enviromsent.
Interest muet be Pocused on (a) the inherent resistence to failure of the
article and the ways in which this resistance may vary and (b} the severity
of the enviromment and the ways in which it may vary. Prcbably there are
infinite conditions under which enviromment and resistance to fallure can
combine to give a'chance’ distribution of failure, and an exheustive math-

ematical study would be too involved for the present purposes. Instead, some

particular relations between resistance and environment will be comsidered. In

what followse, the selected sets of conditions ars called *'models''.

A simplified model of ''chance'' fallure would operate under the following
conditions:

[

All the mechanisms are identical in fajlure resistance at the start.

time.

3. Fulilure arises from the occurrence of a single event or one of several
events, an instance of which is equally likely to happen at any time
and thus have a fixed probability of occurrence per unit time.

The conditions of this model of failure appear oversimplified in the following

regpects:

Condition 1. Individusl mechanisms are not 11kel§ to exhibit the same failure
resistance but will have some sort of frequency distribution between the
best and worst of the population. A fixed probability of failure per unit
time, of course, results if an enviromment more severe than a particular

value fails all the mechunisms and less than that severity value fails none

of the mechanisws. With variability of fallure resistance among mechanisms,

the probability of failure per unit time varies among the different indi-

viduals,

CONFIDENTIAL

2. The failure resistance of the mechanisms does not decrease with operating
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Condition 2. Deterioration of failure resistance can be expected of at least
@% some characteristics of a mechanism during operation. However, for the
, short perlods of use in guided missiles the assumption seems valild. Deteri-
oration priocr to use can well be considered under condition 1 as producing
a variable fallure resistance among different members of the population.
Condition )., Failure probably arises as the result of the failure-causing-
enviromment exceeding the failure resistance of the particular mechanism.
The enviromment could consist of a series of discrete events whose maegni-
tude 18 distributed in some as yet unspecified fashion. A simple assump-
tion 1s that the events occuwr at equal time spacings. More realistically
their time spacings might be considered a random variable, having a perti-
cular mean value.
A continuously variable enviromment such as a radio-signal voltage
can be evaluated as a series of discrete events, for the peak voltages may
well lmpose the greatest strain on electrical componsnta. The severity of
each event i; the peak voltage; the ween frequency of occurrence is deter-
nined by the average spacing of the peaks.
Mathematical Models
‘ In view of the preceding remarks some realistic assumptions are made as %o
the distributions of envirommental severity and fallure resistance and models
Failure of mechanlsms resulis from a varietﬁ of en&irénmsntéiveffects“sﬁégu—m»._m“
as forces, heat, electrical phenomena, chemical reaction, etc., and all the
ramifications of such physical occurrences. The whole spectrum of environ-
rental effects are potential causes of failure for a particular machanism
which has a specific but different level of resistance to each effect.
It appears reasonable toaseums that the various types of occcurrences are
independent events as are the mechanism's faillure resistance to each of the
types of enviromment. Failure of the mechanism is then the occurrence of any
one of several independent events. The models examined assume a single fype
of environment and evaluate the resulting failure distridbution with time. The
failure distribution of an actual mechanlism must aécount for all causes and is
ié therefore a new distribution made up of those arising from each cause. Some
typical cages of combined distributions have been discussed in Ref. 1. g
| ;
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In this discusslion both failure resistance, R, and envirommental severity, E,
are evaluated in terms of the initial mean fallure resistance of the population

of mechanisms, making them dimensionless ratios:

fallure resistance of a particular mechanism
initial mean failure resistance of the mechanisms

n .

severity of a particular envirommental event
initial mean failure resistance of the mechanisms

B KUMBER OF ENVIROMMENTAL OCCURRENCES

In all the models the fallure-causing environment will be considered as a
geries of discrete events of varying ssverity. The events are assumed to

be random occurrences equally likely to happen at ary time during the operating

perici; the mean time between events is desigmated V.
The mumber of occurrences (n) exhibited during «u operuting period (t) fol-
lows a Poiseon distribution in which the probability of precisely n occurrences,

P(n), is given by the expression:

P(n) = %3 {%) e t/57. ---------------------- (1)
Y

C SEVERITY OF ENVIROMMENTAL OCCURRENCES

If the distribution function of the severity of discrete envirommental

occurrences is represented by f(E), then the probability of a single event not

exceeding a particular value, El’ is:
1
P, (ESE) - PE)AE = = = = = = = = = em o e o - - - (?)
1 1
/0
and the probability that none of a series of n events exceeds the value E1
becomes ’
, //Ll n
P (E<E)) =| / f'E)dE T T T (%)
n 1 Jo

During an operating period, t, the probability of no enviromment exceeding
a given geverity 1s the summation of the probability of getting each number of
ervironmental events times the probability that none of that number exceeds the

(8281000

given vulue In severity:
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1 |
In passing it 18 recalled that the expression 1 - 7(E)3E represents
o
the probtability of the enviromment having a valus greater than El during a

single event which 1s considered a potential cruse of fallure. If the mech-
anism is to have a reasonable chance of swrviving an operating period consisting
of a large number of such events, 1t is obvious that the prebability of fallure
per event must be very small. Expanding equation (%) in an infinite reries, the
third and subsequont terms may, under these special conditioms, be disregarded
as increesing powers of a very small quantity and:

1 t/y t/y n
f(E)dE} = [Pl (EgEl)] :{ P, (Ef;El)] - - (5)

O

t/y s the expected or mesn mmber of occurrences, n, indicating that the
conditions of the model are closely approximated by assuming a constant number
of envirommental events equal to the mean number occurring during the time
interval. The approximation (Eq. 5) may be substituted for the exact expression
(Eq. 4) if convenient under the conditions stated.

FATIURE RESISTARCE

As before stated the failure resistance of a mechanism in the model will be
asgumed to be the maxigmum envirommental severity that the mechanism can withstand
without failure. Fallure resistance, which will be designated by R, will be in the
same dimensionless unite as environmental occurrence severity, E. The normal

distributicn is intuitively setisfying as a description of faillure resistance of g

o 2R AN
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a group of mechanisms and is used for all models. By previous definition ths

@; mean of the fallure resistance distribution is unity; the stendard deviation is

450
designated by the symbol o. From the normal distribution\d) the probability of
failure resistance of a mechaniem having a value between Rl and (R1 + dR) is

R, - 1)
P(R,¢RCR, + @) - —= R el NP S (6)

q/ 2n ¢

£. PROBABILITY OF NO FATLURE FOR THE POPULATION

o]
[

The probability of no failurs fcr a particuler mechanism having a failure
resistance Rl i3 obviously the probaebility that no envirommental evenf exceeds

R, in severity (Bq. 4)}. The probability of no failure of a randomly selected
mechanism 1s then the integral over the range of R valuss of the probability of

no envirommental event being more severe than the value Rl times the probability

of getting a mechanism with the preclee failure reslgtance Rl’

) R

3 o - . R - 1)2

A = d - Al o

, p- S5 [ i “E)dE][ 1 (R }m--(?)

j - ﬁ/ 2n O
or
R pu Y
o0 /3 R-1)2
P: £(B) [ S 3-1/2( o ) @R - - - - - (8)
oz 0 a0
Q==-0 (o] _ .
{
€ince in the modela selected the integral cannot be evaluated directly, a
| graphical method is employed. For corresponding values of Rl ranging from O to
| P B ]
- < -t/y =
‘ o, 8 graph ls plotted wsing Q = & G Jg f(E)dﬂj as ths ordinate valus and
e
L
R
. 1 1 _1/2 (R - l‘) 2
= . e o dR as the abscissa value. Then an
1/ R N R
'§§ element of area under the curve is

s
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and the whole area under the curve is

By repeating this procedure for varlous values of the msean number ¢i environ-
mental occurrences, ﬁ, corrasponding to different lengths of the operating period,

t, a curve of probabllity of success or reliability for a particular model can be
reiated to the operating period.

MODELS EXAMINED

Model Ta. The envirommenval severity is assumed tc have the negetive expo-

E
nential distribution f(E) = 515 e 0.2 the mean value of E being 0.2. The least

severe events occur most often and the frequency of occurrence decays exponentially
as the severity increases, a trend that applies to many environmental features,

for example, air gusts. The probability of the envirommental severity of & single
event being greater than unity (mean failure resistance of the mechanisms) is
approximately 0.007.

The failure resistance of the mechanisms 1is sssumed to have the normsl distri-
bution:

/ - 1)2
£(R) = ——i o712 (Ro.e)
0.7 /2x

for which the standard deviation, 0.2, produces a rather wide spread of values
of R {95.5 percent lie between 0.6 and 1.4), The failure resistance was assumed
not to deteriorate with use. Tlg. 1 is a typical serles of working curves, the
area under each of which represents the reliability for a lifetime comnsisting of
n mean number of envirommental occurrences. In Fig. 2 reliability is plotted as
a function of mean number of occurrences (operating time) using the velues obtained
from Fig. 1. The negatlve exponential character of the curve is obviously similar
to the '‘chance'' fallure distributions found in actual data.

Model Tb. This model is ldentical to ¥ndel Ta except that the standard devia-
tion of the mechanism fallure ruszistiance is o = 0.25 and the frequency distribution

of environmental severity,
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£(E) = %‘ ca-E/S o
The mean severity of envirommental events (ﬁ—m 5) is then much grester than the
mean fallure resigtance and the occurrence of an envirommemtal event practically
agsures & failure. The probability of success is very nearly the probability

that nc envirommental event occurs, and, as might be expected, the probability

of success curve is only slightly hicher than the exponemtial curve represent-

ing the probability of no svents ccowrring whem ¢ evemts are expected {see Pig.3):

-n -
P=oe where n =

gt

Model Ic. The region intermedliate between the extremes of Models Ta and Ib
iz examined by choosing the mean envirormental severity equal to the meen failure
resigtance. The standard deviation of failure resistance is 0.25 as in Ib.
Figure b {llustrates the exponential character of this failure probability inter-
mediate between those of Figs. 2 and 3. The dotted curve 18 the exponential

_ o0l

Model I1. The conditions of this model are identical to those of Model Ia
except that environmental severity was assumed te have ¢ normal instead of neg-

ative exponential distribution:

E - 0.6]2

f(E) = 0015 ’
0.15.,/2n

Most of the emvirommental events have a severity neer the mean value, 0.6,
and practicelly all severities lie between 0.15 and 1.05. Fig. 5 illustrates
the exponential character of reliebility as a function of operating time. It
is noted that after a rapid early decrease in reliebility thse faillure rate levels
off. This is inlerent in the conditions and constants of the model for In the
early stages (emall values of ﬁ) the weaker mechanisms are falled. After this
weeding out process has continued for a8 time, the remaining population is suf-
ficiently failure resistant thet the probability of occurrence of an enviromment
severe snough to cause fallure 1s very remote. The mean failure resistance of
the remaining population then incresses with elapsed opsrating time and the pro-
bability of failure per unit time decreases with increased use.

Eodel_III. The conditions of this model are identical to those of Models

Yo and JI except that envirommental severity is assumed to have a rsctangular ﬁisw

tribution. That 18, the severity of individual envirommentel occurrences is equal-
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1y likely to have any value between an upper limit, 1.1 and lower limit, 0.1.
Then |,

1
tHE) = 3 —o1

f f(E)dE =R - 0.1 (0.1<R =1.1)

3

Fig. 6 represents the reliability of this model as & function of the length
of the operating period. An exponential type of chrve is observed which approaches
& horizontal reliability asymptote of 0.31. Under the conditions of the model, it
is impossible to fall that fraction of the mechanisms whose failure resistance is
greater than the most severe envirommenval event (1.1).

Model IV. This model corresponds to Model Ia, having e normel distribution
of fallure resistance end a negative exponential distribution of envirommental
severity. BHowever, the mean fallure resistance is assumed to deteriorate with
time instead of being constant. The deterioratlion rate is assumed to be pro-
portional to the degree of deteriloration at any time using the relation for mean

failure resistance, R = % {3 - e0.0Ul n) end a constant standard devistion of
failure resistance, 0.1,

meking .
{R Ly 0-001 By T2
f)
1{R) = 1 e’l/2 0.1

I
0.1 2% =

The envirommental severity distribution of this model is:

] .5
£{E) =5—_‘—1- e 0.1 .

“Tm?

]
!
Fig. 7 indicates the rather normsl tendencies of the probabllity of failure : !
versus mmber of occwrrences (time) of this medel, which tendencies have been f
postulated as the distribution type attendant upon mechanisms that wear out. It
can be shown that the deviation of the model distribution function from e normal

is practically eliminated by the use of an arc tangent Tunction to represent mean

mechanism failure resistance:

R=a+%btan  (cn-+d) in place of the exporential decay of mean failure

reslatance .(a,b,c, and @ are constants). @ % \
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CONFIDENTIAL
Modsl V. As a variant of Modél IV the diminution of fallure resistance is

asgumed to have an arbitrery but conceivable function of operating time:

£ (u)
1- J”u £{u) du

©

g =21-

PO

vhers f£(u) iz the normal dietribution function and u is evaluated as u = 0.017 -3,
This function is similar in derivation te the force of mortality used in
actuarial calculations., The enmvircmmental severity used in this model ia:

£(R) ”6% e-E/o.l

i

The rellability of this model as a function of the number of occurrences
shovn in Fig., 8 has rather normal characteristics.
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TABLE OF MODELS USED

RESULTING FAILIRE

MODEL NC, RESTSTANCE ERVIRORMENT DTSTRTRIITION

Ia "Normal" disiri- Negative exponentialf Envelope of chancd

bution Least severe events { failure curves of
ocour most often. increasing resis-
Mean enviromment lowj tence. Fig. 2,
| relstlve to mean D. 9.
i resistance,
]

b Same as Ia Seme as Ia except Close to chence
mean enviromment faillure. Fig. 3,
high relative to p. 11.

igtance,

Ic Same as Ia Semp as Ia except Close to chance
mean enviromment failure. Fig. b,
equal to mean resis-j p. 12.
tence,

II Seme aa Ia "Hormal™ distribu- Approximate chamq
tion. Mean environ- | faillure modified
ment elightly lower | by long lived

i than mean resistance! survivers Fig. 5,
p. 13,

oz Same as Ia Rectangular distri- | Approximaste chance
bution. Memn environy failure medified
slightly lowsr than | by some immortal
meaxn reialtance survivors. Fig. 6,

e p. 15, .
v Seme as Ia, except Seme as Ta, except | Resembles "Normal"
resistancs dexter:f.orateé’ mean envircmment distribution curvei
during operation, very low relative | Fig. T, p. 16,
1.e., "wear out” to meen starting
cccurs. reaigtance.

v Same as Ia except Same as Ia except Similsr to Model
resistance deter- ean enviromment Iv. Fig. 8, p.18.
jorates 1n a mammer ry low relative
similar to human fto mean starting
life expectancy. LJ;”i%@.’ie‘i‘.ance.

¥

CONFIDERTIAL




s LYy el IR A TR RS A 3 A

y ekl i

VAR -

_ =20~ i
GONFIDENTIAL -
DISCUBBION
A, Variation of Failure Resistance With Time.

It is perheps obvious that if all the fastors affecting the probability
of failure of survivors remained unchanged with the passage of time, the pro-
bability of survivor fallure would elso remain unchanged and a pure ®‘change!’
fellure distribution would be the only possible outcome of the circumstances,

The models examined display deviation from the ''chance'’ hypothesis which muat
arise from a variation of the survivor failure resistance with time since the
other factors are assumed invariable.

in the non-dstsriorating models, as has been pointed cut, the early failures
tend to eliminate the weaker units, Thus the mean failuwrs resistance of the sur-
vivors increases with the passage of time. The failure distribution of Model Ia
is plotted in Fig. O together with the ''chance'' distributions corresponding
to several points in the time history of Model Ia. The ‘'chance'' curves fit
the model curve very closely in the region close to the tangent point. In fact
the model failure distribution is the envelops af & serles of ''chance'' curves
vhose mean times-to-failure increase with increasing time.

In contrast with increase in failure resistance of a population from natural
selaction with passage of time, the effect of time deterioration of feilurs re-
gsistance was noted in Modeie IV and V. In Fig. 10 it ies apparent that the rather
normal distribution curve of Medel IV is the Envalope of a meries of “chance™
curves whose slope-to-height ratics {failure susceptibilities) inérease numeri-
cally with Increasing time. It 1s interesting to speculate that the deterioration
of the surviving population in an actual situation might compensate for the increase
in nmean failure resistanrce resulting from the elimination of the weaks. Should
these opposite effects maintein the fallure resistance distribution of the survi-

vore identical to the criginal distribution, a pure '‘'chance'' failure distribution
would result.

£ Bimplifying Approximations,

Examination of the basic formula for probability of succese (Eq. 7) making
use of some gimplifying aseumptions sheds some light on the conditions that would
produce an actval failure distribution similar to those arising from pure *’chance'’
oceurrences, It is recallod that a pure ''chance'' fallurs distribution evaluates

the probability of success, P, during an cperating peried t as:

R

Asilgrmn ¢

R T |
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Using £(B) to deseribe the distribution function of the snvircpmental

WAV Ad

severity and f{R) to denote the dietribution function of the mechamism failure
reslatance, equetlon 7 reduces to:

P = - o~ /Y [1' f(E)‘mJ £{R)aR

[
1

The range of fallure resistence employed in Model Ib is nerrow compared to
the range of savirommental eeverity. Consequently, there is little more pro-
pabliity of failure for the weak wmschanisme than for the strong onss and the
distribution of survivors will not change much with time. MNoreover the mean
value of the fallure resistence of gurvivors changee even lsss. In Model Ib
the probability of fallure for the average mechanism at the start is 0.819 per
each envirommental event. During an operating period t, the expected number of
faillure ceuvsing circumstances is: = 0.819 t/} vhieh produces & ''chance'!
distribution of probebility of success during time t for the average mechaniem:

P8ty ... . (12)

The probability of success of the average mechanism (BEq. 12) is practically
indistinguishable from that of the distributed population shown in Fig. 3.

From equation 11, if all the mechanisms have the same failure regiatance,

Rl, the probabllity of success reduces to the ''chance'' form:
-t/ [ s £(x) am] it
p Byt AR e - (13)

regardless of what form the envirommental distribution, f(E), may have. As

pointed oul above, a population of mechanisms displaying a parrow range of

feilure resistance may be reascpebly approximated by the average mechanism of

the population. Engineering design apd quality control procedures tend to produce
mechanisms with small ranges of failure resistance compared to environmental
saverity which should therefore produce ''chance'' failure distributlions regardless
of the envirommental dietribution, provided, of course, wear-out sffscte do not
enter inte the process.

CONFIDENTLAY
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/ Now conslder the simplifying assumption thet all emvirommental events are of
ﬁ’ equal geverity El. Then the probebility of a single envirommental event bsing
more severe than a particuler failure resistance, Ry i8¢

S

1]

P (B>R) =1 =/R'f(xx)dm 1 1f OCR<E,

Oif B

] <B< 02

and frem equation (11) the probability of success of the population of mechanisms
during tims ¢+ is:

E +
fy [t
P=6 (R)dR  + P(R)4R = = = = = = = = = = = = (14)
< 0200 1
= cegt/y + 1-¢

vhere ¢ iz the fraction of mschaenisme having e fallure resistance less than the
1 and 1-¢ is the fraction having a failure resistance
greater than El. The fallurs distribution under this simplifying assumpticn is

a hybrid composed of & chance failure fraction, c¢, and an invulnerabls fraction,
l-¢. Models II and JII producs distributions rather similar in character to that
described by Eq. 1¢.

i ) enviromental severlty, B

Should envirommental severity have a distribution, the smallest velus of
which 18 greater than failure resistance of the strongest mechanism, any occur-
rence will fail any mechanism. The probebility of muccess 18 then the probabllity

of vo envircimsntal cccurrences,

-t /v
P==e ./y

vwhich also is & pure '‘chance'' failure distributiom.

Hodel Te 1llustrates the case in which the distributions of fallure resist-
ancs and exvironmental severiiy overlap sach other to a very great extent. While
the actual distribution deviastes appreciably from the approximation based on the
grude assumption that all the mechanisms exhibit the meen value of failure resist-
ance, the percent of error arieing from the approximation is surprieingly small.
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C. Improving Reliability by Artificlal Selection

: process to lmprove reliability im the light of the models exeminsd. Such aa
: artificial selection procsas is designed to eliminate the weaker individuals

from tbe pojulation by subjecting the whols propulation to a pre-uss emviromment
. which will fail the poorer specimens.

|
i ~
. @
Some general inferemces can be drawm regarding an artificial selection

I the fellurs resistence of the swrviv-
ors is greater than that of the unselected population, sm Improvement in relia-

| bility results. The fellure distribution of the selsst group will exhibit the
ssmo gemeral characteristics ms that of the origine) population bwb the meen

] time to fallure will tend to be longer and the probebility of fallwre during

‘ equal operating vexriods will bde amaller.

The criterion of an effective seloction process is that it either fall or

! indicate the weak unite and fwrther that it doss not seriously weeksm the surviv-
ors of the process (little deterioratlon during selection). It follows that the
; skimming off of a random seample 18 zn ineffictive process.

Sarvice comiitlonz tend to
tend {0 large varlatioms in euvirommental severity llke the conditlops of the models

exmainsd. S8election under service comditions will usuvally produce little improve-

: ment in the selected population as the selection process will not fall soms of the
vesk units and will fall some of the strong ones, thus, slcisming off a random
sample. Effectlve salection results fraa a closely comtrolled emviroomsnt desigued

. to fall all the mechenisms weaker than the desired value und pass the stromger
ones. A further requirement of the sslsction emvircoment 1s that it doss not
woaken the fallure resistance of the survivors., A standard "ruaning in® test on
aircraft engines 1o en exsmple of a comirolled elimivaticn of weak units,

co JOES .
1. It appears that a negative expomsntial or “chance” type of fallure g
distribution epproximately describes resscmable combinations of envirorment and
mschanifim having the distribution types assumed, provided the mechaniem doee not
deteriorate in failure resistance. During the short operating periods of interest
| in guided misesile reliability predictlon, the asswumption of no deterioration
eppeers fuite valid. Also for short operating periods an exponential or “chemce
\ approximation 1s very accurate.

\ CONFIDENTIAL 1 }
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’ ﬁ@ 2. The introduction of failure resistance deterioration into the
: situaticn changes the characteristics of the failure distridbutiom with time to &

, rather normal appearing function, at leest for reasomsble deterioration assump-
' tlons.
3. Artificial wselscticn processes may ve set up to ilmprove rsliability by
eliminating week numbers and thus increase the average failure resistance of the
g population. A closely controlled enviromsent that doss not seriously lmpair the
!

failure reslistance of the survivors appears best suited to the process.
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LIST OF SYMBOLS

5 congtant
& constant
a constant

& constant or
a differential element of a varlable es dx

tho constent 2.7183
envirommental geverity
meen envirommental severity

a fvnction of the parsnthesized variable
wsually the distribution fumotion

normal distribution function of u=___ 1 e -1/2 2
V 2n
a cangtant

number of envirommental events cccurring during en operating
period

average muber of envirormentel events cccurring durin; en

‘opsrating period

probabliity
ordinate velue wused in probability computation
fatlube wvesistance

mean fallure resistsnco

avacisss valms

operating period

average time Interval belween environmental events
a particular value of the varlable as R,

expected number of events or failures

standsxrd deviation
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