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SUMMARY

This study examines the relationship between envircrmental history and
missile firing success, based on & sample of 2585 NIXE-AJAX firings. The
TIKE=-AJAX was chozen because t.ho data comprised the only available sample on
U.8. missiles large encugh to permit the kind of analysis dons in thiz study.
The primary date came from the historical logbocks shich accompany each mls-
aile throughéut its 1ifa. The major variables wers: (1} date of manufacturae
and rebuilding {if any} for both ths misaile and tha missile guidance unit,
{2) time migsile was on & NIKE battery aite, {3} time missile galdance unit
was operated both before and after rebuild, and (4) cutcome of firing. Sup-
plemental data were gotten from the KIKE firing summaries maintalined by the
Dauglas Aircraft Campany., They covered (1) malfuncticna listed by airstezn,
and {2) the type of crow conducting the firing.

The aplit-mample technique was used in the analysis, with the 2585 firings
divided into two approximately equal samples by ¢dd and sven serial numbers.
The first ha'lf-:!ample was used for formulabing hypotheses about ralatict.tships
batween firing relisbility and the other variables. 'ﬁaa second half-sample
wog used to test the statistlcal significance of these hypothetiesl relstions.

The results of the study were that:

{1) Even after field-lsvel cverhaul of the mizailes immediately befora
tiring, missile usage on tactical aifes, particularly as measured 3y the
guldanee-unit cpebating-time, lowars firing relisbility.

{2} After n field~level overhaul, miasile sge factora have a negligihle
effect on firing reliability, if any; particularly, there appears to be no
post-overhaul effect of prior time in depot storage.
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(3} Exccpt for missile-guidonce malfunctions, the roliability of retmilt
mlosiles compares favorably with the reliability of those not rebuiit.

Theasa results should be interpreted in the light of maintenance policles
sirich provids a field-level maintenance inspection and repair-gs-necessary
inmediately before the firings. It is probable that missile sge and usapge
have greater unfavorabls aﬂ.‘ec’os on combat reliability than those asgessed
in thia atudy; but the ril.eltmt;-leél ‘;:verhe.ml 'inlﬁervening batween removal from
the site and firing allows us t¢ measurs only the residual effects subsequent
0 this maintenance action. Test Tirings are normally sonducted only after
very thorough checkout and maintensnce procedures. Tactical missiles, of
courae, would not have the benefit of this sort of maintenance Immediately
before firing.

This points up a problem that is commen to moat misslle progzrams. The
use of tenst [iring results ca.n_lead to unreslistic estimates of combat capa-
bility, and ecan tend to obscure empirical measurss of the =ffects of apo and
usage on firing reliabllity which, in turn, would be useful in determining
preferred maintenance procedurss for combat missites. At the time a misslle
weapon system is cc;nsidcrsd operational, it would seem advicable to initlate
test firings under conditions (1) which more closely simulata those of a
combat anvir;:muent, and (2) such that the effscts of pre-launch environments

on minsile rellability can be more sccurately asssssed.

by
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' . I.  THTRODUCTIGN

Cne of the major problems in determining a preferred policy for ICBHH
and other missile operation and maintcnance is the difficulty of estimatin,'g
the effect.s of age and usage on firing reliability. There have been snome
efforts to meuasure these effects on failurs rate_s at misatle checkou'a,* but
the typically small number of firings has ylelded very little information
concerning the effect on firing reltability.”™ The NIKE-AJAX program, how-
ever, did snmompass a large number of firings and thus ylsldsd a large sample
of environmental hiatories and firing cutcomea. This study uses 2585 of these
firings to explore the relationship botween pre-launch environments and
missile firing success,

The age effect examined here will hé limited to Ypermanent! changea in
missile firing reliability as a function of age, as oppoged to fiemporary't
thanges which may b.e detected and corrected by Iroutine checkout procodyres.
Since &1l of the NIXE missiles received a thorough checkout immediately prier
to firing, any dotectabla age effect would be a residual, or "pemanent®
offect.

The term "fusage® in this paper will mean the maintain_in}g of the missile
in a ready or aleri state, the operation of certain portions of the misaile
for checkout purposes, and its use for simmlated combat exercises. The effect
of usage on firing reliability is vitally important in determining missile

*3, &, Parkar, "Some Effects of the Logistics Envirenment of an Air-to-
Air Miesile," Proceedinps of the Symposjum on Guided Missile Relinbility,
Part I, December, 1958, Dept. of Defensec, pp. 111-116. W, H. McGiothlin and
P. R. Yorshis, Measuring Missile Checkout Relinbility Gver Time {U)}, The RAND
Corporation, Research Memorandum RH-2243, Aumust 15, 1958 (Secret).

e

P. d. Doyle and W. W. Szkil, Effects of Storage and Testing on Terrier
Sucgess Hates, U. 5. Waval Ordnance Laboratory, Corona, Calif,, May, 1958
{Conf iden‘bialj .
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naintenance policies. 1f operating the missile for chsckout purposes tends

to raduse firing relfability, then ikis loss muzt ba balanc¢ed against gains

in overall combat capability resulting from the prompt detection of temporary
age effscts, i.e., changes affecting reliability which cceur while the missile
fo standing in & ready, bub inert state. Similarly, if using the missile for
orew training reduces rellsbility, then this losa should be evaluated

against po;ssible gaina in combat effectiveness réul‘bi’mg from training per—
sonnel on tactical missiles.

Because of limitations in the kinds of data recorded in the hiatoriﬂs,*
and the absence of axperimental control in the samples, particularly with
respact to maintenance policies (see p. 35}, this study does not yield suffi-
clently eomplete planning information on the factors affecting missile combat
capability to permit an assessment of the optimal use of the misalle for
checkout and training purpoases. However, the measures of the sffsct of age
and usage factora on firing reliability should prove generally useful in
this area. 7This is particularly true m‘view of the unusually large sample
atudied here. .

“See D. S. Stoller and R. L. Van Hom, Mandgement Information for the

Maintanance and Cperntfon of the Strategic Missile Force, The RAND Corporation,
Research Memorsandum RM-2131, April 30, 1958.
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Il.  DATA

The najority of the data wers exiracted from the NIKE-AJAX loghooks by
the Field Service Division at Redstcns Arsenal. A logbook accompanies each
niasile throughout its life and provides a history of the environment to
which the missile ip exposed from manufacture to firing. Supplemental dats
weres obtained from ths firing summarles maintained by the Douglas Aircraft
Company, The following ars the datza variables:

I. Redatone logbooks

1. Hisalile mapufacturing date
2. Mlssile guidance unit manufaciuring date™
+ Missile rebulld dats {if any)
ke Nissile guidance unit rebuild date (if any)

5« Time on tactical site before rebuild, or sines new if ne rabuild
ocetrred .

4. Tims miseile guidance unit was oparated befors rebuild (if any)

7. Time missile guldaence waz oparated after rabuild, or since
manufacture if no rebuild occurred

8. Date of firdng .

9. Location of firing

10. OQutcoma of test.

IZ. Douglas data
1. Misails and missile guldance vunit serial numbsrs at the time of
manufacture
2. Type of erew conducting firing
3. Malfunctioning system when Xnown.

The completeness of the logbovk sntries for the above variables ranged
from 100 per cent for date of manufacture and cuteome of tesd, to approxia
mately £0 per cent for tlme-cn-site and time the miassile guldance unit was
oparated. We had no means of assesaing the accuracy of the entries.

Table 1 glves the total population of NIKE-AJAX firings for the period

frem Januwary, 1953 to Dacember, 1958, the number ineluded in the Redstone
sample, and the mumber for which both Redstone and Douglas data were available.

*he missile guidance unit is contalned in tha missile and should not be
confused with the ground guidance radars and computer.

A B g ] BT WA
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Table 1

TOTAL AND BAMPLE NIKG-AJAX FIRINGS:
JANUARY, 1953 - DECEMSER, 1958

Redstone| Both Redstone and
Year Total?{ Sample | Douglas Samplea
1953 79 4] o
1954 297 20 2
955 - 568 1 37h 357
1956 711 &0C 592
1957 795 771 657
1958 874 713 391
Data Missing - 107 10k
Total 3323 2585 2113

"®The total population of firings was obtained
from the quarteriy Project RIKE Firing Tests Sumary,
Bell Talephone Laboratories, December, 1954 t¢
Fourth Quarter, 1558 (Confidential).

Both the Redsione and the Douglas'data inelude firing outcomes. Readstone
scored 74 per cent of the total firings as successful, while Douglas listed
68 psr cent successful. The following table shows the extent of sgraenent
betwaen the Redstene and Douglas scorings:

SCORING COMPARISON

Douglas ’ Radatene Scoring
Scorizg Succesaful | Unsuccessful ]l Totael
Successful 1407 39 Liks
Unsuccessiul, 140 527 &67
Data Miseing 353 119 472
Total : 1500 11 2585

i b g g A Y, =
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The Redstone data wera glven prefercnce when the twe scorings were dis-—
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crepant, primarily so that we might use the total sample of 2585 firings

rather than the 2113 for which both Redatone and Douglas data were available®

The Douglas data identified malrunctionmg systemo as shown in the fol-
lowing table. The Redstone data did not include system malfunctions in

firings which wers =mcorszd succeasful.

Bysten

Amament - =
BooBOI scisvcavsnosansrascsranonane 12
?light COVEI‘&EO ANsrsETANIEASE S IR AN i
Ground G‘lida-nca dgqassdassvendsenasn zjg
Hiss':!le‘ Gulidance Unit scenassnocrnses 12?
Mralllic FESSEEATAFLIBN SIS SR NS IS 13
LBUNCHEr siesssczsacrsncosrncesssass 3
Pmpulﬂian B - ¥4
Hissile_a(gener&lja FEEOERIEA SR A gﬂ

Totalb AL AR R ERE L ERLEREES EREN.] 638

%These malfunctions are attributed to
the misgile rather than the ground equip-
ment, but the specific system is vnimown.
PIncludes multiple system malfunciions

in a aingle firing. A1l the malfunctions

listed here were considered to have coniri-
tuted to the failure of the mizsion.

Sines this study iy primarily concorned with relating missile history
to the firing cubeome, the question arises as to whether the sample should
include firings which were scored unsuccessful bocause of ground-system

malfunctions. It was decided to retain these firings because {1} thers may

“’l‘he Redgtone critsrion of a successful tost was "a missile released
within launching time {on or before the scheduled launsh time} that tursts
within 225 feeb of the target.® The Douglas critericn was more stringent.

o T Y . %
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heve baen an interaction between the performance of the missile and the fall-
ure attrituted to the ground system, and (2) there was no way %o detemmine '
the malfunctioning aystems in the 472 firinga for which the Douglas datz were

nissing.
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II1. NIKE OPERATICN AND MAINTENANCE

The NIKE-AJAX is & ground-to-sir missile approximately 33 fest long,
including the beoster section, and weighe about 2400 pounds. It ‘haa_ four
components:_ missile guldance, hydraulie, propulaion, and warhead. The pro-
pulsion system ia composed of & solid-propellant booster and a liquid-fuel
rocket motor. The ground syatem-is composed of a target-scquisition radar,

a target-tracking radar, a missile-tracking radar, and & computer. The com-
puter receives target-location information from the target-track radar and
transmits instructions to the missilo guidance unit via the missile-track
radar.*

Since one of tho two main variables studied here is the effect of mimsile
usage on firing reliability, it is pertinent to deascribe briefly tha NIXE!s
operational environment. When a missils im rsceived on a tactical site, the
battery, warhesds, detonaiing cords, and fuel are installed to make it a
Yready missile.® There ary nomally sbout 30 ready missiles and one train-
ing missile on & tactical site. Missiles on & site are given daily, weekly,
and monthly checkouts, and are alse used in simulated combab exercises for
crew training. The daily checkout is a visusl check. The weekly one provides
certain tolerance checks which require the guidance and hydraulie units to
operate for 5 to 10 minutes, while the monthly checkout cpermtes the smams
eystems 15 to 20 minutes. The combat exarcises require elevation and handling
of the missile, plus operation of the guidance and hydraulic units for about

5 minutes. On a training missile, these units may be operated as much as i

*For a more complete exposition on the NIKE history, deseription,and
operation seé Bell Telephone Laboratories, Inc., Cuided Miasile System,

%QAH--A-I, Qver-all System Operation, December 8, 1952, Revised Hay 8, 1954
Confldentisl); Bell Telephone Laboratories, Inc., and Douglas Alreraft

Company, Inc., Projsch NIKE, History of Pevelopment, Aprdl 1, 1954 (Confidential).

. CHMDENTIIT
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15 hours a month. In this study, usage is measured by the nmber of months
on site and the number of hours the guldance unit is operated.

There sre ths uaual thres levels of maintenance -- crganizational, field,
and depot. Organizatlonal maintenance consists primarily of tolerance sdjust-
ments and the replacement of major components. A depot-rebuild was requipsd
after two yeara on a site during the period of this study; ths current ilmit
4a 30 months. Alse, the reb-.;ilb missilms included in this siudy were seldom
raturned to a aite prior to firing at Ft. Blizs., Currently, however, & sub-
stantial number of rebuilt missiles are placod on tactical sites prior to

raturn to Ft. .Bliss for firing.
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IV. MISSILE CONTINUITY

The missile does not necessarily keep the same components throughout
1ts history. Guidance units, especially, are often replaced. Of those
missiles which were fired without a rebuild, only 43 per cent 8till contained
their originel guidance unite, and of thosa which were rebuilt only 23 per
cent contained their original guidance units. However, there was 95-per-
cent overall spgreement bobween the vcbuild status of the missile* and of

the guidance unit, as ean be sesn In the follewing table.

Migoile

Missile
Guidanca Data |
Unit fl¥on-rebuilt | Rebuilt | Hissing | Total

Non-rebuilt 1139 &7 76 1282
Rebuilt ’ a 953 21 1c08
Data Missing 147 50 98 295

Total 2320 1070 195 | 2585

Similarly, the differonce betweon the manufacturing dates for the mis-
sile and for ity guldance unit was generally small: less than 150 days in
93 per cent of the cases. Tho rebuild dates were also within 150 days of
each other in 93 per cont of the cases. For thesc rcagons we have used
single variables to define the age and rcbuild status of the missile, rather
than using one for the geidance unit and one for the missile. It should
be pointed out, however, that since puidanee units often become separated
from missiles, the "time-on~oite' measure docs not necessarily apply to the
gaidance unit at the timo of firing; and similarly, tha measure of its usage

does not necesaarily apply to the rost of the missile.

“Exeiuding the guidance unik, in this discussion.
WO ™
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V. MOTHOD OF AMALYSIS

The 2585 firings were divided into two spproximately equal samples,
called Samples I and 1I, on the basis of odd and even serial numbers.

Sample I was uned in an exploratory manner to form hypotheses on whal var-
isbles or combipation of variables were related to firing relisbility.
Sample IT was nobd inspected untdt dhis sbep was eomplete, after which it

waz used Lo provide statistical tests of the hypotheses formed from Sample I.
This procedurs allowed us to exmminoe many possible relationships in Sample I
without impairing the validity of the ptatistical significance tests which
wero performed on selected relaticnships ‘in Sample II.

The relations in both samples wore examined through grouping the firing
results according to both controlled variables and the variable of Interest.
The success ratios ohserved in the colls ‘of the tables thus formed were con-
verted into Chi-square ptatdstics., These statistics are derived by compsring
cbaarved rreq:xenciea with those frequencies expected under the hypothesis
that the variable of interest has not affected the de:.‘b:t..‘-‘t Since the data in
the tables are success ratios, the particular form of the Chi-square statis-
tic known as the binomial index of dispersion 1s requircd.’

*See, for example, W. J. Diwon and F. J. Maszey, Inbroduetion to Statis-
tical inalysis, 2d ed., MeGraw-Hill, New York, 1957, pp. 221-227.

*p, G. Hoel, Introduction to Mathematieal Statistics, lat ed., John Wiley
and Sone, New York, 1947, pp. 196-197.
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VI. RELATION OF DATE OF FIRING, DATE OF MAHMUFACTURE, FIRING CREN,
AND REBUILD STATUS TC FIRING RELTABILITY

P ’ Figure 1 gives the propertion of successes in groups of 100 firings a=

a function of date of firing. Figure 2 provides the sams presentation as a

funotion of date of manufacture. Missilea menufactured afbar about Dacembar,
1954 (Missile Serial No. 4193).included & major modification, particulamdy
in the guldance unit. The curves drawn in Figs. 1 and 2 were fiited tq the
data by an adjusted least-squares method described in Appendix A.

The preliminary snalysis of the data {see p. 11) revealed & tendency for
firing reliability to rise for latoer ‘dates of firing; this tendenc:!r could not
be accounted for by the intercorrclaticn of firing dates with other variables,

| . such as dates .o_r manufacture.” .-In searching for an mcplzangtion, we found

that around July, 1956, missiles began recelving a special painting which

greatly reduced the propulsion fallures caused by Yhurn-througha® in the

| ; eariier firings. THe following table provides the distribution of eritical
‘ failures attributed to malfunctions in the propulaion aystem, &8s a function

: of date of manufacture and date of firing:

Date of Firing

T
Apr Y54 — | Aug '56 — | Oct 157 - Data
Aug 156 Oct '57 Nov 158 Miasing Total
Date of Propula. Propula, Propuls. Propuls.. Propuls.
Hanufacture] N [Failureq ¥ |Failura | N {Failure { ¥ [Fatlure ¥ | Failurs
Aug 152 -
Apr 134 460 A 329 12 187 4 7 1 oL3 48
Apr 54 -
Deg T54 297 9 362 13 275 Y g 1 9.3 27
Dec 134 ~
i Feb 738 49 2 133 X FAel) 1 92 3 699 7
Total  i826| 42 {ea) 26 lewr]l o lucsl 5 lasesl e

¥5ee Appendix B for & detalled prescntation of the interrelations between
date of firing and other variables,

.cLL;:.. Lo WL
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Since the purpose of this analysis 1s to study the effects of aga and
wsage, it is useful to control or eliminate secular trends which are due pri-~
marily to the date of firing. For this reason, the firings whome failures
were attrituted to propulsicn malfunctions were eliminated from the sample,
"leaving a total of 2503 firings. Since we did not have information on sys-
tem malfunchbions for the 472 l’iringa for which the Douglas data were not
available, we did not eliminate propulsion malfuncticne Irom this group.
This creates some bias in the data, because as can be seen in Table 1, the
firings for which the Douglas data are misaing were primarlly during the
years 1957-1958, Thus, mome missile fallures due to propulsion malfunctions
are probably included during this period., However, as can be sean from the
above table on.propulaion malfunctions, the rate of this kind of fatlurs ia
80 small for the later firinga that the biss should be negligibla. The
remainder of this paper will be concerned with the sample of 2503 firings,
i.0., thoge remaining after remeval of the 82 missile failures attributabls
to known propulsion-systen malﬁfnctions.

Hext, the affect of the type of ersw conducting the firing was sxamined.
Experienced Amy crews from tactical sites fired spproximately 58 per cent
of the sample. 'Thess firings wers called "annual service progran rounds.”
Another 18 per cent were fired in treining programe by inexperienced Army
erews pgenarally receiving their {irpt experisnce in actual firings. Another
7 per cent were fired by contracter or Army Ordnance crews, and for 1% per
cent the crew information was missing. The following table gives the success

rate by crew type after ramoval of propulsion failures:

NP .
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The training-program firinge represented only & very small praportion
of the total firinga during ‘the later firing dates, & fact which tended to
raise the eatimate >¢ reliability as & function of firing date. In the
rme;inder of this paper we shall trest the firing-crew varisble in thres
groups: annual garvicc', training program, and a combined group made up of
the contractor, Army Ordnance, and firings for which the crew data wers
minsing., Only the annual servige greup will vsually bs pressnted in tadular

- - form, bub when statistical significance tests are cited they ars a result
‘of all three groups in Sampls II. The complets set of results is given in

Another variable closely related to dats of firing is the retuild atatus
of tha midslle. Only 9 per ceni of missiles fired before May, 1957, wers
rebuilt, while about 8] per cent fired after thias date wers. rebuilt before
Tiring. Table 2 presents the relation between date of firing and success
rate for missilea fired by annual service erews, with dates of manufacturs
and rebuild atatus conirolled. Thers ix no longer a consistent trand in
reliability as a funetion of date of firing, and tha X *value for Sarmple II
was not significant. Reading meross the rows mnder the corresponding rebuild
statuses of Table 2, one can s3ill see evidence of inersasing reliability
g2 a funetion of later manufacture-dates for non-rabuilt missiles, whils tha
raliabliity of retuilt missiles rises only slightly. When date of firing
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" Table 2

RELIABILIYY FOR ANNUAL SERVICE CREWS AS A FUNCTION OF DATE OF PIRING
DATE OF MARUFACTURE AND REBUILD STATUS CONTROLLED®

Date of Manufacturs

{ Aug 52 - Apr 54 Apr 5k = Dac 54 Dec 54 — Fab 58

[ - {Non-Rebuilt | Rebuilt 4| Non-Rebuilt] Rebutit 4Non-Rebuilt] Rebuilt
_f K

| piring lv s v [wlodes | v |wsls s |5l
Apr 54 -] 221 3 212 1} i 0

Aug 56 |Q62)%72.3] Q-2 jamd| g0z | (1| — | G8)|s03| (0} -
Aug 56 -} 64 119 9. 9 75 10

f Oct 57 | (51} {797 (91)[76.5] (69)] 75.8 | (76)[83.5] (57)(76.0 | (&)} —
Oct 57 -] © 109 b 125 131 | 102

Nov 58 €} [— | (50}|82.6] (1)} -- (95} [76.0{{110) |84.0 | (86)|8L.3
Data 1 o b Q 1 o

Migsing | {0} |-~ {0} [= (1} { — (0} |- (1){-— foy; .
289 231 305 217 238 112

Total {213} |73.7[{182)|78.8 [(21) ] 79.0 {172} {79.3]{196)|82.4 | (92)}a2.1

a?irings with missing data concerning rebuild status are not included
in any of the tableés throughout the remainder of the paper. As previously
mentioned, failures atiridbuted to propulsion malfunctions are excluded.

b'I‘hn number in pamthesis indicates the number of successss.

PPercentages ars not shown when N is less than 25.
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is not controlled (tct\nl in Table 2}, and all three groupe of crews for
Sample 1Y are considered, missiles manufactured after December, 1954, were
significantly more reliable{at the 95th percentile)than thoss manufactured
prior to this date. The group mamufactured bebween August, 1952, and April,
1954, did not provo significantly differcnt from the April, 1954 - December,
1954. group in Sample IX; the two are combined as a single group in the
remalnder of the analysis, and labeled tha #old model." The "new modelft
comprises misoiles manufactured after December, 1954 {after the major modi
fization).

In Teble 2, we may alse examine the effect of rebnild status on relia-
bility, with crew, dats of manufacture, and date of firing controlled. The
rebutlt missiles show a scmewhat higher reliability hers, and also for the
other two crew typea (not shown), but the difference did not prove to be
significant in Sample IZ. It should be pointed out that the large majority
of tha rebuilt missilés in this pawple expericnce only & stoerage environment
between rebuild and firing, while the majority of the non-rebullt missiles

have scme tactical-site enviromment between manufacture and firing.
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ViI. RELATION OF TR MISSILE ACK FACTOR TO RFLIABILITY

Table 3 presents reliabllity as a functien of age‘at firing, with crew,
model, and rebuild status conbrolled. The age referred to here is that from
marmufacture to firing, repardless of interveming rebuild. For non-rebuilt
missiles, thers is no difference in reliability as o function of missile ape

for the old model, and an apparont decrament for older missiles of the new

model. Howaver, the sample size for the latter is amall, and the age-

reliabjlity relationship did not prove significant in Sample II. Similarly,

no sipnificant rolaticnship was found bét.ween the age factor and reliability

when bobh rebuilt and non-rebuilt sbatuses were examined. In view of the

fact that the missiles were piven a thorcugh field-level overhaul immediately
before firing, the lack of statistical simmificance between the age factor

and firing reliability i1s interpreted 2s follows: The effect, if any, that

1 tha age factor has on the missile reliability is negligible after a field- .
level overhzul.

Table 3

RELIABILITY FOR ANHUAL SERVICE CREWS AS A FUNCTION OF AGE OF MISSILE:
MCDEL AND REBUILD STATUS CONTROLLED

0ld Modal New Modal
Non-Rotuilt Rebuilt Hon-Rebuilt Rebuilt
Misaile Age
{Days) ¥ ls I N {s is 18 |sis 1w |s |49,
7 - TOZ | 293 j226 177.1. 2 2)— g2 156 jB5.7] 21 § 18 | —

702 - 1109 ] 283 |25 [76.0] 96| 7 |77.2| 55] 39 |70.9| 35 ] 28 {80.0
1100 -2002 | 16 12|~ {30t2s {0l of ol— sé | 46 [82.1
Da.t.n Missing 2 13- o] 0|~ 1 1| e~ ) O ==

Total 594 1454 17644 | 448 §355 |79.0 {238 {196 182.4 (132 | 92 |az.2

B ap e g e {;'rg |!|
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It is interesting to examine the sffects of the missile age factor on
rellability, independent of the usage factor. We atiempted to investigate
the age-rellability relationship for non-rebuilt missiles which experisnced
only & storage environment between manufacture and firing, but the sanple
sige and epread in age were not sufficient to measurs any possible effect.
In the rebuilt portion of the sample the effect of age may be examined
independently of usags becanse only a amall portion of these missiles
sxperienced a site environment bstween rebuild and firing. The rangs in
age from rebuild to firing is fairly small, however. Table 4 presenta the
reliability of rebuili misailes as a function of date of redbuild, with crew
and model controlled. Table § provides the reliability of rebuilt missiles
a3 & function of age sincla rabulld ab firing, with crew and model controlled.
There was & slight trend for missiles wiih later rebuild dates to have a
higher roliability, tut ihis did not prove signifiecant., There was no evi-
dent relationship betweer reliability snd age of missile since rebuild,
This was true even though thers is a pesitive corralation between early
ratruild date and age of missile since it was rebuilt (see Appendix B) which,
in visw of the sligli‘.'ly lower rellability for missiles with early rebuild
dates, would tend to favir lower reliability as a function of miaaile ags
sincs rebuild.” Since the missiles received a thorough field-level main-
tenance inspection ahd repair as nhecessary ismediately before firing,
we may conclude that the effect, if any, between reliability and the miasile
age factor is neglipible after a fieldwlsvel overhaul. '

 *nite Sands Proving Ground disassembled, thoroughly inspected, and fired
four missiles which had been in dspot storage for from 27 to 46 months in order
to examine the effact of storing miassiles for long pericds. Two of the four
failed in flight; but At was concluded that the csusea were not necessarily
due to storage effeacts. Oystems Test Div., White Sands Proving Ground, New
Shelf and Service Life of NIXE-AJAX Misslles, Test Plan 70, Technical

Mexico,
Mems. 515, March, 1958 Zcqng.dentia.li.
' ik PR

LR
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Table 4

RELIABILITY FOR FEDUILT MISSILES WITH ANNUAL SERVICE CREWS AS A
PUNCTICN QF DATE GF REGUILD; FODEL CONTROLLED

t 0ld Model New Model

| . Misaile Rebuild .

[ Date 3] 5 |gs N |s | %

LI _. Hars 1_2_’ 195k — . } - -+ L -
Mar. 14, 1957 193 |38 | 76,71 8 51 — 3

Mar, 1h, 1957 -
| Sept. 20, 1957 1189}153)81.0i15] 13} —

P Sept. 20, 1957 -

July 2, 1958 70| s7ls1.4]92] 761 82.6
Dats Missing | 25| 18]— || 22} —

Total 477 | 376l veusisa | 135 | e0.4
1
|
i ' i
+ 4

Table 5

RELIABILITY FOR REQUILT MISSILES WITH ANNUAL SERVICE CREWS AS A
FUHCTION OF AGE SIUCE RERUILD; HQDEL CONTRCLLED

Missile Apo 1d Hodel : Hew Hodel
Since Rebuild
{Days) Nis| % R ts |gs
8- 14 128 (102] 79.7 | 64| 56| 8r.5
144 - 255 175 {136 | 77.7 37| 26 70.3
: 255 = 1467 5 | 1161 80.0 11 | 10] -
i : Lo
' Data Missing | 29| 22| -- 23] —
E Tatal 4771376 ) 78.8 1 143 {115 | 0.4
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VIII. RELATION OF MISSTLL USAGE TC RELTADILITY

Table 6 preaents reliability on a function of number of montha the
mizoile was located on a tnctical site, with crow, modol, and rebulld atatus
conirolled. %The data gave the time-on-site prior to rebuild, or since new
if no rebiz:’gld occurred, but since only a small portion of the missiles in
this sanple were on a site subsequent to a rebuild, the variable ineludss
egsentially ail the site-timo cxperienced. I we assume that a rebuild
eliminates any deterioration in reliability due to site environment, then
we would expect tc find the firing-succcss rate related to aite~time in only
the non-rebuilt portion of the samplo. Table & shows a weak negative corre-
lation betwecen site-time and rcifability. The X ¥value for Sample II was
slgnificant at the 86th percentile. As expected,.there waz ne relationship
between site-iime and reliability for rcbuilt missiles.

Table &

RELIABILITY FOR AMNUAL SERVICE CREIS A5 A FUNCTION OF TIME-CH-
TACTICAL-SITE; MODEL AHD REBUILD STATUZ CONTROLLED

014 Hodel Hew Mudel
Time Missile Non-Rebuilt Rebuilt Hon-Hobrilt Robuilt
Vas on Site
(Months} HIBEEN I B Mo g s tus [N )s IS

0 -~ 0.8 | 157 (122183.0| 52| K2 [e0.8 8150 (129 |66.0 ) 24 | 13 [—
0.8 - 13,0 28 1186 175.0 1130 {1021 98.5§ 281 2 {75.0] 13 | 11 }~
13.0 - A8.D Bl | 62 176.53198 1160 (s0.8F 491 39 |79.6 1 71 | 57 {20.3

Data Missing | 138 } 84 [—— | 68 s0]|-- K1} 2 — {2413

Total 594 | 454 176.6 L 48 {354 §79.0 §238 }196 j82.4 112 | 92 [82.1




RH-2560
-26—-

Table 7 presents raliabilit)r ad a funciion of the amount of time recorded
o the missile puidance unit since rebuild, or uzince new if no rebuild has
svceurrod, with crew, model, and reimild statns condrolled. There appears
to be a negative correlation betwcen reliability and the amount of time the
guidance was used. The X2 value for Sample II was significant at the 85th
pereentila. On cxamining Table 7, we seo that thers in 1i3&le apread in
time~on~the-puldance-unit for rcbuilt mis:‘silcs. If we obtain ax‘\rnlue for
only the non-rebuilt portion of the sample, the sigmificance level rises to
the 96th percentile.

Table 7

RELIABILITY FOR ANNUAL SERVICE CREWS A4S A FUNCTION OF TIME MISSILE GUIDANCE
UNIT WAS OPERATED SUBSEQUENT TO REGUILD, OR SINCE NEW IF NO REBUILD
QCCURRED; MODEL AND GUIDANCE UHIT REBUILD STATUS CONTROLLED

Cld Medel Now Hodel

Time Missile . . ; =
Ouidance Unit] Non-Hebuiit? Recbullt Non-Rebuilt Rebuilt
Wan Operated

{Hours) N |s Bslin s 1]l n|s]dsln (sl
O = 3.2 1 69| 54 | 78.33258 | 205 [79.1] 91| 77| 84.6 ] 65 ;52 |80.0
3.2 - 'z.leb 1551123 | 79.64116 | 91 |74.4} 97| 4 |86.6 ] 30 |26 [86.7
Fo0 —~ 257.9°% |297 (220 | Mhe1t 22 16 1=- } 77| 55714 f & b—
Dats Misaing | 25§ 20 § -~ j 25| 21 §-- 2| 27 2} 21—

Total 546 1417 | 76.6]421 [ 332 |78.98 267 |218 | 8L.6 {103 &k [81.6

‘%In Tables 7, 8, and 9 the rebuild statun refers to the miseile guidance
unit, In previous tables it referred to the rebulld status of the remainder
of the missile.

bya per cenb of this group is between 7.0 = 30 hours.




RM-2560
-2

Table B presenta reliability as & function of total time the guldance
unit was cperated, both before and after rebuild for rebvuilt missiles only,
with erew and model controlled. Ne significant relationship is observed.

As mentioned earlier, only 43 per cent of non-rebuilt méssiles and 27
per cent of those rebuilt contained theilr originel guidance units at tha time
of firing. The time the guidance unii is operated, therefore, does not necas-
sarily indicate the amount of usage the remainder of the miasile has exper-
Jenced in an appreclable portion of the sample, We attempled to examina the
relationship between reliability and the amount of time recorded on the
guidance unit for non-rebuilt missiles which retained their orlginal guidance
unita. The results were of the same directicn ss for ths total sample, dbut
the sample size was too small to determine whether there was a stronger

relationship under these conditions.

Table 8

RELIABILITY FOR MISSILES WITH REBUILT GUIDANCE (RIITS AND ANNUAL SERVICE CREWS
45 A FUNCTION OF TOTAL TIME THE MISSILE GUIDANCE WNIT WAS (PERATED, BHOTH
PRICRt AND SUBSEQUENT TC REOUILD; MODEL CONTRCLLED

Total Time
Misslle
Guidanse Unit| Old Model New Model
Waz Opsrated ’

{Hours) '[¥ [ 3 1% | n |5, | %

0.7- &6.6] 70} 5L1%2.9] 12 9 |- '
6.6 - 14.3 |156 {125 [€0.1] 33 | 25 {75.8
>

4.3 =« 245.5%(122 1 97 |79.5| 5L } 44 |86.3
Dats Mimaing | 73| 55| — 4 6| — ,
Total 2l (332 178.91103 | 8, {81.6

8g3% of this group is between 14.3 - 40 hours,

o ey wrfw
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Table ¢ presents the missile failures attributable to the guldance unit
as a functicn of the amount of time recorded on the unit since rebtuild,
or since new if no rebuild has occurred, with rebuild status controlled.
The data cover all three craw-types and both models. 7The percentages given
in this table should not necessarily be interp.ret.ed as direct reflections
of guldance-unit reliability; since the oystum causing the fatlure was
listed as uninown in approximataly 45 per cent of the ceaes. The trend
i1s for the numbar of fallures atiributed to guidanee-undt malfunetions in
non=retuill missiles to be positively correlated with the amount of time
the unit was operated. The relationship d;.d not, however, test aignificant
in Sampie II. There ia no relationship evident betwesn the number of
guidante-unit malfuncticns and operating time since retuild. It should be
observed that this table is not strictly comparsble with provious results,
since crew type and model have not been controlled. The total time regis-
tered on the guidance unit on retuilt missiles {nct ahown} showed no
relationship to the numbesr of guidance-unit malfunebions.

It ia interesting to note in Table % that while the overall reliszbility
of rebullt misslles 1z generally as high or higher than that of non-rebuilt
missiles, the raliability of tho puidance unit appears' tc be apprac:l.ahl)t
lower in the rebuilt missiles. This differsnco is significant at the 96th
porcentile in Sample II. As mentionnd bofore, this apparent decrement In
the guidancseunit performance does not show evidence of being related to
the time the unlt was operated prior to rebuild.
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Tavie 9

THE, RELATION OF KNOWH MISSILE GUIDANCE UNIT FAILURES TO THE AMOINT OF OPERATING
TIME @ THE GUIDANCE WIIT SUDSEQUENT TQ HREBUILD OR SINCE NEW IF HO
REBUILD QCCURRED; GUIDANCE UNIT REBUILD STATUS CONTRALLED®

Tims Guidsnce
Unit Was -Non~Rebuilt - Rebullt
Operatsd 5 . 1 N
(Hours) N> |s {258 |¥°. Is P

Oy ~ 3.2 | 156) 161 ]96.6 | 295 [ 269 } 91.2
3.2 - 7.0 2691 256 | 95.2 {167 | 152 | 91.0
7.0~ 257.9% | L2802 929 ) 28] 38 {94.7

Data Missing | 66| 61} — ] 29|~
Total | 909 | 860 { 95.6 {530 | 486 {91.7
*Includes gll three types of crews. Does

not Include firlngs for which retufld-status
data wers missing,

YExoludes firings which falled because of
non=guidance-system malfuncticnal also ex—
cludes firings for which the Douglas data
{system-mal function information) were net
availabla, :

6% of this group 1s between 7.0-30 hours.

Finally, an effort was made to examine, over the total mample, the
rellabllity of non-rebuilt missiles which had more than 30 hours of operating
tine on the guidance unit. The 53 missiles in this category had a suceess
rate of 67.9 per cent, as compared to 75.0 per cent for the 11282 non-rebuilt
misailes with lesaz thsn 30 hours of guldance operation. While this result
is in the expectad direction, the difference was not significant for this
size of sample. Rebuilt missiles which had more than 40 houre :;f total
guidance cperating time were similarly examined. The 46 missiles in this
category had a success rate of 76.1 per cent, as compared to 77.9 per cent
for tha 928 rebuilt missiles with leas than 4O hours total guidance operating
time. The difference is clearly insigrificant.

Wnrss e i v Ao T4

e s a
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In summary, the results of thie siudy appear to support the hypothesia
that sven alter a fleld«lavel overhaul, prior missile usage, as measured hers,
is generally negatively correlated with firing relisbility, The numder of
months the non-rebullt missile was on a tactical aite showed a weak negative
correlation, and the number of cperational houra on non-retuilt misailes ovi-
denced a scmewhat stronger negative relationship. Because of the divorcs
rate between the guldance unii and the remainder of the missile, the time-on-
pite measurs is strictly upplicla'ble' to only 43 psr cant of the non-rebuilt
guldance units. On the other hand, while the opsrational time on the guidanca
undt probably gives & good measurs of' the usage of the guidance unit, it is
indicative of usags of the remainder of the non-retuilt missile in only 43
per cent of the cases. If we eliminatas both ground- and propulsion-system
failures, the guidance unlt sccounts for approximately 61 per cent of ths
reusining known causes of fallures. This fact, togsther with the relation-
.ship to reliabilsty found in this paper, indicates that the time the puidance
unlt is operated may be a better memsure of usage than the time-on-site.

An alternative hypothesis to explain the negative correlation betwaen
guidance-unit operating time and reliability is that inhsrently inferior
missiles require more time for the guldance unit to be calibrated, and this
inferior quality is s%ill present when the missiles are fired. We attempted
to check this possibility at a HIXE site. One of the findings was that the
frequency wlth which tclsrance adjustments were required at checkout increassd
as & function of the rumber of checkouts undergone: Thls tends to support
the c¢oneluaion that the guldance-unit coperating-time is a valid measura of

missile usage.
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IX. RELIABTLITY AS A FUNCTION CF CHECKGUT UEHCY

As mentioned in the Introduction, we do not have enough information
from the historical summaries to determine aptimal misafle checkout fre-
quencies in this study. However, 1t may prove useful to present a simplified
model of how one would use such information to d.evelep preferred maintenance
policies. When a checkout is performed on a tactical missile, it is
implicitly aasumed that there is some chance of 2 failure oocurring during
tha standing period since last cheackout. If we make the usmual asaumption that
the time-to-fallure is defined by ths negative exponential distribution, the
probabillity of surviving ¢ hours of staniiing tine may be expresssd by & t'/-i,
whare t represents the mean-standing~time-to~failure. In this study, we
could not asasess this Yhemporary" effaoct of standing time con tastical missiles.
The eff'ect of standing time on checkout reliability has been experimentally
meagsured on other missiles, however."

This study found that use of the missile, as defined by operation of
the galdance unit for checkout and other purposes, was negatively corrslated
with firing reliability sven ‘a,t‘ter the perfarmance of s field-lavel overhaul.
¥When we introduce this factor, along with an assumption about the probability
of surviving the standing time between checkouts, we may draw the hypothetical

diagram seon on the next page.

*See, for example, Final Report on the Employment and Suitability Test
of the GAR-1 {Falcon)} Misaile, Hq. Air Proving Grounds, Bgiin AFB, Florida,

January, 1957, p. 153 and &. L. Story, "Military Implications of Guided
Weapons Reliability {U), Procecdings of the Joint Military-Industry Cuided
Missile Relisbllity Symposium, Redstone Arsenal, Huntsville, Alabama, Yol. 1,
October, 1956 (Secret;.
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ﬁ-u -
Firing >
Reitability "" A "4

| ] i } | [
Time on Tactical Site t

Teat
Firing

The missile 1s assumed to have reliability A when delivered to the zsite.
Tho time betwden checkouts is X and reldiability is assumed to fall by an
amouny, C~-D, during X hours of atanding in a ready state. During the time
from delivery to the test firing, the reliability drop due to usage 13 A-C.
We will assume that the effact of age independent of usage is negligible
hers. The reliability increase represented by B-C is intended to represent
the effect of the Ilcld-levsl maintenanee‘the missilen in this sample receivs
prior to firing. The value A-B represents the usage sffect remaining after
the field maintenance, which was the quantity measured on the NIKE sample,

If we adopt this very simple model of reliability of the tactical
- miasile, and assums that the missila remains on a site for a fixed period
without receiving a depot-rebuild, we may sclve for an optimal checkout
frequency. Such & polisy would simply maximize the area undsr the reli-

ability functlon.

P L Mans ’
SHNERENImL
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In actuality, the facters affecting missile combat reliability sre

mich more complicated than as outlined here. The reduction in firing reli-
ability as a function of usage may net be 1inesr,™ and three other factors
which are important are not considered: the cost of maintenance, missile
time off zlert due to chockeuts snd resulting maintenance, and use of the
missile for {‘.raming.** ‘

"icGlothlin and Yorshis, op. cit. {Cf. footnote, p. 1.)

*por & model which considers mome of these factora, see Eloise B. Bean
" and W. He McGlethlin, A Model for Asgessing the Effest of Maintenance on
Minsiia Reliability, The RAND corgoration, Research Memorandum RM=2451, -
Septembeyr 23, 1959. See alano R. La¥alles sdnd D. S. Stoller, Tha Effast
of Maintenance and Reliability o Brrec{‘.ivcn sg_of &

tien, l;esaarch Manorandum RM-1499, June 8, 1955 (Secrst — Limi‘bod Distri-~
bution).
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X, CONCLUSIONS

The primary conclusions of this study are that within the range of age
and umage factors studled here, {1} thers is evidence that, even after a
field-level overhaul, prior missile nsage on tactical sites, particularly ss
measured by the guidance-unit operating-time, reduces firing reliability;
{2) the effect, if any, of missile sge factors on reliabilit .s negligible
after a rield-level overhaul, and particularly, there appears to be no post-
overhgul effsct of prior time in depot storage; and (3} with the exception
of missile-gnidance malfunctions, the reliat;ility of rebullt missiles com-
pares quite favorably with those not retuilt.

These results should be interpreted in the lipght of maintenance policies
which provide a field-level maintenancs inspection and repalr-as-necessary
on the HIKE imnedistely pricr to firing., It is probable that the unfavorable
effects of missils age and usapge on combat reliability are greater than thoaa
neasyred here; bub the intervening field-level overhaul between removal from
site and firing allows us to measure only the residual effects subsequent to

this maintenance action. Test firings are normally.conductad cnly after
very thorough checkout and maintenance procedures. Tactical missiles, of

courss, would not have the benefll of this sort ¢f maintensnes Immediataly
befors firing.

This points up a problem that is common to most missile programs. The
use of test firing resulis can lead to unrealistic estimatea of sombat capa-
bility, and can tend to obscure empirical measures of the effects of age and
usage on firing reliability which, i turn, would be useful in determining

preferred maintenance procedures for combat missiles. At the time a missile

weagpon system 1s considered operabtionzl, it would seem advisabla to initfate

[ TS WL




test firinga under conditions (1} which more closely simuats those of a

RM-2560

combat environment, and {2} such that the effects of pre=launch environments

on miseile reliability can be more accurately assessed.”

“See D. S. Stoller, The Measurement of Missils Relishility in Pre-Lsunch
Operating Em_r%roment.s, The D Corporation, Research Memorandum RM-2508,
Jamsary 1, 1960.
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Appendix A
METHOR OF DETERMINING RELIABTLI TY TREND

In Figs. 1 and 2, the firing success rates ere plotied by groups of

100 firings sgainat the date of firing and the date of manufacturs, respso-
tively. It is evident by inspection that a secular trend exiats in the data.
A function of the form

T~ A+ BK+CX?,
where

Y = muccess rats

X = date

A, B, C =~ fitted constants,

was considered sdacquats to represent the trend within the rangs of the data
for sach figurs. 3ince the success rates obeerved in the data are not ran-
dom observations from homogensoma binomial populations, the least-aquires
mathed For calculating fitied constants was adjusted to account for the
hetercgeneity. ‘The adjustment was made by (1) estimating the standard davia-
tion of each grow, {2) weighting each cbserved-success rate Yy dividing by
the estimated standard deviation, {3) obtaining & least-squares fit on the
waighted puccesa rates, and using step (3) to form & new estimata of tha
standard deviation for each group and reiterating a muitsble number of times.
The calculating procedurs is given below:

-

Lety !o(l) = phaerved success rate for date group X

zéi) {x) = calculated suscess rate for date group X, i-th iteration;

-
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AW, 5, 61 & 1ooet-squares costfictents, i~th tteration; and

zii) (X} = wetghted observed success rate for date group X,
1=th iteration.
1) Calculate least~aquares cosfficlents Ag, Bo, Cp With To{X) and X.
2} YUy = &y + Bx + 022

3 28 - v / J M) [1 - xcm(xﬂ

(Since the groups are squal in size, the factor for the number of obhservations
in the group may be dropped without affecting the resultu.)_
(4) Caloulets least-squares coefficients Ay, By, 0y with Zo$2)(X) and .
53 26(x) = &y + myx « 0x2

(6) 1P x) « 2) Jrc‘”ou [1 -zcﬂ)(x)]

(M 2z, ') - rotx)/l ®x fi- Icwm]

{8} Calculate least-squares coefficisnts Ay, By, t‘zwith zofz) (X} and X.
6) 25'0x) = 4y + BX + 022,

ete.

The i1teraticn is terminated vhen

"“x"x ‘ rc(i}(x} - Yc(i_l}(x) = desired Accuracy.
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Appendix B
INTTRRELATIONS OF AGE AMD USAGH VARTADLES

Table 10 provides the intermlati;:na of the variables studied in this
paper. Propulsion malfunctions are included. The following is the cods to-
the column headings:

A. Number of missiles in group

B. Percentage of successful firinpge

C. Percentage manufactured from August, 1952 to Auguss, 1955

D. Percentags fired from April 27, 195, to August 5, 1957

E. Average age of minsile at firing in days {firing date minus manu~

facturing date)

F. Percentage of missiles that were rebuilt

G. Percentage of misoiles that were rebuilt fromw December 3, 1954 to

~ June 7, 1957

Ho Aversge age of missile subsequent to -rubuild in days (firing dats

minus retuild date)}

I. Time miselile wasz c;n tactical site in months

J. Total time missile guidance unlt was operated in hours since manu-

Lacturs

K. Time missile guidances unil was operaf.ed. gince rebuild, or since

mannfacsture 1f ne rebuild cccurred

L. Percentage of missiles fired by annual ssrvice crews

M. Percentage of missiles fired by Army Ordnance crews

N. Percentage of misslles fired by field training program crews

0. Poraentags cf missiles fired by contractor crews

P. Parcentage of missiles for which ¢raw data were misaing
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Appendix ©
SUPPLEMENTARY TADLES

RM-2550

Tables 11-17 correspond to Tables 2-8 in the text and provide complete
data for the thres craw groupings: Annusl Service, Training rrogrqn:, and
others. The last group comprises Contractor and Amy Ordmancs crews, and
navers those firinga for which crew dita were nlasing. These tables include
the dats for firings with wimow: rebuild status, which were cmitted in
Table 2-8. Missils firings which falled beczuse of malfunctions in the pro-
pulaion system have been deleted from these tables.
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RM-2560
b=
Table 13
RELTABILITY FOR REBUILT MISSILES AS A FUNCTION oOF
DATE OF REBUILD: CREW AND MODEL CONTRCLLED
Old Model | Mew Model
Crew Type Missile Rebuild Date N |s N 8
Mar 12, 195 - Mar 14, 2957 | 193 j1u8| 8] 5
Annual Mar 14, 1957 - Sep 20, 1957 | 189 J1s3| 15| 13
Service Secp 20, 1957 - July 2, 1958 70051 92 7%
Data Migsing 25 118t 28] 2
Total 577 {376 |43 | 115
Mar 12, 1954 -~ Har 14, 1957 83| 651 o 0
Training Mar 14, 1957 - Sep 20, 1957 1[15| ¢ o
Program Sep 20, 1957 ~ July 2, 1958 o] o] © 0
Data Missing a2 | 10 5 L
Total 113 | % 5 [
Contractor,  [Mar 12, 1954 ~ Mar 34, 1957 | 47 | 331 23] 1
Army Ordnance, [Mar 14, 1957 - Sep 20, 1957 123 | 85 5 2
and Crew Data {Sep 20, 1957 ~ July 2, 1958 75 | 64 {118 | 95
Masing Data Missing Linjws| &
Total 259 1193 |242 | 189
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Table 14

RELIADILITY POR REBUILT MISSILES AS A FUNCTION OF
ACE SINCE REBUILD: CREW AHD MODEL CONTRCELED

ad | New
Model | Model
! ' ‘Missile Ape Since
! Craw Type Rebuild ?Dnys) N 8 N -3
¥ __ - e S T E T I I R
Ll - 255 175336 37| 26
. Annual Service 255 ~ 167 45 1161 11y X0
1 Tata Missing 2| 22 23
Total 477 | 376'[163 | 115
Training Ik - 255 2| 19 ¢} ©
.Program 255 — 1467 46| 381 o] ©
Data Missing izl 10{ 5 4
i Total 1131 90 5 Lk
Centractor, 8- i 424 27| 82y 63
Army Ordnance, 1n - 255 771 61| 32| 26
and Crow Data 255 - 1467 1264 94| 21| 18
Mlesing Dats Mlosing bt 11 | 107 8z
[ 189

Total 252 1393 |22 |
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