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SUMMARY

This study examines the relationship between environmental history and
missile firing success, based on a sample of 2585 NIKE-AJAX firings. The
MEKE-AJAX was chosen because tﬁe data comptrised the only available sample on
U.S. missiles large enough to permit the kind of analysis done in this study.
The primary dats came from the historical logbocks which accompany each mis-
aile throughéut its life. The major variables were: (1) date of manufacture
and rebuilding (if any)} for both the misaile and the missile guidance unit,
(2) time missile was on a NIKE battery site, (3) time missile guidance unit
was operated both before and after rebuild, and (4) cutcome of firing. Sup-
plemental data were gotten from the NIKE firing summaries maintained by the
Douglas Aireraft Company. They covered (1) malfunctions listed by a}"stem,
and (2) the type of crew conducting the firing.

Tha split-sample technique was used in the analysis, with the 2585 firings
divided into two approximately egual samples by odd and even serial numbersa.
The first ha}f—uample was used for formilating hypotheses about relatic;iships
between firing reliability and the other variables, 'fhe accond half-sample
was used to test the statistical significance of these hypothetical relations.

The resulta of the study were that:

(1) Even after field-level overhaul of the missiles inmediately befors
firing, missile usage on tactical sites, particularly as measured Jy the
guldance-unit opetating~time, lowers firing reliability.

(2) After a field~level overhaul, missile age factors have a negligible
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) Except for missile-guidance malfunctions, the reliability of rebuilt
missiles compares favorably with the reliability of those not rebuiit.

These results should be interpreted in the light of maintenance policles
vhich provide a field-level maintenance inspection and rt;pair-a?s-necessaw
immodiately before the firings. It is probable that mi_ssile age and usapge
have greater unfavorable ef.é‘ectu on combat reliability than those assessed
in this study; but the field-level overhaul intervening between removal from
the site and firing allows us tc measure enly the residual effects subscguent
to this maintenance action. Test firings are nomally conducted only after
very thorough checkout and maintenance procedures., Tactical missiles, of
course, would not have the benefit of this sort of maintenance immediately
before firing.

This points up a problem that is common to most missile programs. The
use of test firing results ca.n_lea.d to unrealistic estimates of combat capa-
bility, and ean tend to obscure empirical measurss cf the effects of age and
usage on firing reliability which, in turn, would be useful in determining
preferred maintenance procedurea for combat missiles. At the time a missile
wcapon system is co.nsidered operational, it would seem advisable to initiate
test firings under conditions (1) which more closely simulate those of a
combat envin‘mment, and (2) such that the effects of pre-launch euvironments

on miasile reliability can be more accurately assessed.
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' . I. INTRODUCTICN

One of the major problems in determining a preferred policy for ICBM
and other missile operation and maintenance is the difficulty of estimatinfg
the eﬂ‘ects of age and usage on firing reliability. There have been some
efforts to measure these effects on failure ratep at missile checkout,* but
the typically small number of firings has ylelded very little information
concerning the effect on firing reliability.** The NIKE-AJAX program, how-
ever, did encompasa a large number of firings and thus yielded a large sample
of environmental histories and firing outcomes. This study uses 2585 of these
firings to explore the relationship baotween pre-launch environments and
missile firing sucecess.

The age effect examined here will bé limited to “permanent® changes in
missile firing reliability as a function of age, as opposed t;o ftemporary®
changes which may b.e detected and corrected by foutine checkout procedures.
Since all of the NIKE missiles received a thorough checkout immediately prior
to firing, any detectable age effect would be a residual, or "permancntit
effect.

The term "usage® in this paper will mean the maintain;tng of the missile
in a ready or alert state, the cperation of certain portions of the missile
for checkout purposes, and its use for simulated combat exereises. The effect

of usage on firing reliability is vitally important in determining missile

*2. E. Parker, "3ome Effects of the Logistics Environment of an Air-te-
Alr Missile," Procdeedings of the Symposium on Guided Missile Reliability,
Part I, December, 1958, Dept. of Defense, pp. 111-116. W, H. McGlothlin and

P. R. Yorshis, Measuring Missile Checkout Reliability Over Time (U), The RAND
Corporation, Research Memorandum RM-2243, Ausust 15, 1958 (Sccret).
1H¢

P. J. Doyle and W. W. Szkil, Effects of Storage and Testing on Terrier
Success Rates) U. 5. Naval Ordnance Laboratory, Corona, Calif., May, 1956

z Confidential




RM-2560

e

maintenance policies. If operating the missile for checkout purposes tends

to reduce firing reliability, then thils loss must bs balanced against gains

in overall combat capabllity resulting from the prompt detectlon of temporary
age effscts, i.e., changes affecting reliability which occur while the missile
is standing in a ready, but inert state., Similarly, if using the missile for
erew training reduces reliability, then this loss should be evaluated

against poﬁsibl‘a gaina 1n combat effectiveness r;ﬁulting from f-rairiing per-
aonnel on tactical miasiles.

Because of limitations in the kinds of data recorded in the hiatoriea,*
and the gbsence of experimental control in the samples, particularly with
respect to maintenance policies (see p. 35), this study does not yield suffi-
olently complete planning information on the factors affecting miassile combat
capability to permit an assessment of the optimal use of the missile for
checkout and training purposes. However, the measures of the effect of age
and usage factors on firing reliability should prove generally useful in
this area. This is particularly true m'view of the vnusually large sample
studied here. ‘

*See D. S. Stoller and R. L. Van Hom, Management Information for the

Majintenance and Operatjion of the Strategic Missile Force, The RAND Corporation,
Regearch Memorandum RM~2131l, April 30, 1958.
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II. DATA

The majority of the data were extracted from the NIKE-AJAX logbooks by
the Field Service Division at Redstone Arsenal. A logbook accompanies each
missile throughout its 1ife and provides a history of the environment to
vhich the missile is exposed from manufacture to firing. Supplemental data
were obtained from the firing summaries maintained by the Douglas Aircraft
Company. The following ars the data variables:

I. Redstone logbooks

1, Misailes manufacturing date

2. Misasile guidance unit manufacturing date®

3. Missile rebuild date (if any)

Lo Missile guidance unit rebuild date (if any)

5. Time on tactical site before rebuild, or since new if no rstuild
ocourred

6. Time missile guidance unit was operated befors rebulld (if any)

7. Time missile guidence was operated after rebuild, or since
manufacture if no rebuild occurred

8. Date of firing

9. Location of firing

10. Outcoms of test.

II. Douglas data
1. Misaile and missile guidance unit serial numbers at the time of
manufacture
2. Type of crew conducting firing
3, Malfunctioning system when known.

The completeness of the logbook entries for the above variables ranged
from 100 per cent for date of manufacture and cutcome of test, to approxi-
mately 80 per cent for time-on-site and time the missile guidance unit was
operated. We had no means of assessing the accuracy of the entries.

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

from January, 1953 to Dacember, 1958, the number included in the Redstone
sample, and the number for which both Redstone and Douglas data were available.

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

K B, il WA R W T

DIRT RIS
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Table 1

TQTAL AND SAMPLE NIKE-AJAX FIRINGS:
JANUARY, 1953 - DECEHMBER, 1958

Redstone| Both Redstone and
Year Total?| Sample | Douglas Samples
1953 79 0 (o]
1954 297 20 2
1955 - 568 | 3 | 367
1956. pxl 60C 592
1957 794 772 657
1958 87, 73 391
Data Missing - 107 10
Total 3323 2585 2113

"SThe total population of firings was obtained

from the quarterly Project NIKE Firing Tests Summary,

Bell Telephone Labaratories, December, 1954 to
Fourth Quarter, 1958 (Confidential).

Both the Redstone and the Douglas'data include firing outcomes.

Redstone

scored 74 per cent of the total firings as successful, while Douglas listed

68 per cent succesaful. The following table shows the extent of agreement

between the Redstone and Douglas scorings:

SCORING COMPARISON

Douglas i Redatone Scoring
Scoriﬂg Successful | Unsuccessful | Total
Succeaaful 1407 39 1446
Unsuccessful 140 527 667
Data Misaing 353 119 472
Total i 1900 685 2585

L
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crepant, primarily so that we might use the total sample of 2585 firings

rather than the 2113 for which both Redstone and Douglas data were available™
The Douglas data identified mall‘unctioning systema as shown in the fol-

lowing table. The Redstone data did not include system malfunctions in

firings which were scored successful.

System

Amment [EX N NS NN E RN ERE NN ENNXENNNNE) 55
BoOSEEBr esdcesacssncacancsesancansrss 12
Flight Coverage R Y RN A RN Y Y R P 1
Ground Guldance agdasphaesecnsevernsn ‘98
Hiasilq Cuidance Unit seeseescsacsas 127
Hydraulic secessasassnsnsscssesasese 13
Launcher [ ER N RN RN RN NRNEERERERENNNERLY XN} ] 3
'Pmpulﬂion esscssncesenscaasesssssas 82
mssilew('gmeral)a sr000ss0s0 0 cenn _ﬂ

Tota].b (AN YRS ENNNENENNNENENNENS] 638

8These malfunctions are attributed to
the misaile rather than the ground equip-
ment, but the specific system is unknown.
bIncludes multiple system malfunctions

in a single firing. A1l the malfunctions

listed here were considered to have contri~
tuted to the fallure of the mission.

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

malfunctions. It was decided to retain these firings because (1) there may

*The Redstone criterion of a successful test was "a missile released
within launching time (on or before the scheduled launch time) that bursts
within 225 feet of the target."® The Douglas criterlon was more stringent.

BT T o RN L L P
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have been an interaction between the performance of the misssle and the fail-
ure attributed to the ground syatom, and {2} there was no way to detemine
the malfunctioning aystems in the 472 firings for which the Douglas data were

mnissing.
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I11. NIKE OPERATION AND MATNTENANCE

The NIKE-AJAX is a ground-to-air milssile approximately 33 feat long,
including the booster section, and weighs about 2400 pounds. It hag four
components:. missile guldance, hydraulic, propulsion, and warhead. The pro-
pulsion system is composed of a solid-propellant booster and a ligquid-fuel
rocket motor. The ground system-is composed of a target-acquisition radar,

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

Since one of tho two main varlables studied hers is the effect of missile
usage on firing reliability, it is pertinent to describe briefly the NIKE's
operational environment. When a missile is received on a tactical site, the
battery, warheads, detonating cords, and fuel are installed to make it a
%ready missile.® There aru nomally about 30 ready missiles and one train-
ing missile on a tactical site. Missiles on a site are given daily, weekly,
and monthly checkouts, and are also used in simulated combat exercises for
crew training. 7The daily checkout is a visual check. The weekly one provides
certain tolerance checks which require the guidance and hydraulic units to
operate for 5 to 10 minutes, while the monthly checkout operates the same
gystems 15 to 20 minutes. The combat exercises requirs elsvation and handling
of the missile, plus operation of the guidance and hydraulic units for about

5 minutea. On a training mimsile, these units may be operated as much as

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

%éAM-A-z, Over-all System Operation, December 8, 1952, Revised May 8, 1954
Confidential}; Bell Telephone Laboratories, Ine., and Douglas Alreraft

Company, Inc., Project NIKE, History of Development, April 1, 1954 (Confidential).
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15 hours a month. In this study, usage is .measured by the number of months
on site and the number of hours the guidance unit is operated.

There are ths usual three levals of maintenance - organiszationel, fiesld,
and depot. Organizational maintenance consists primarily of tolerance adjust-
ments and the replacement of major components. A depot-rebuild was requirsd
after two years on a site during the period of this study; the current limit
4s. 30 months. Also, the reb::\-ﬂb miasiles included in this study were seldom
raturned to a site prior.to firing at Ft. Bliss. Currently, however, a sub-
stantiai number of rebuilt missiles are placed on tactical sites prior to
raturn to Ft. Bliss for firing.
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IV. MISSILE CONTINUITY

The missile does not necessarily kesep the same components throughout
its history. Guidance units, especially, are often replaced. Of those
missiles which were fired without a rebuild, only 43 per eent still contained

thelir original guidance units, and of those which were rebuilt only 23 per
cent contained their original guldance units. However, there was 95-per-

#
cent overall agreement between thé rebuild status of the missile and of

the guidance unit, as can be seen in the following table.

P

g Miasilae
i Missile
i Guidance Data |
Unit fiNon—rebuilt | Rebuilt | Missing j Total

' Non-rebuilt 1139 67 76 | 1282

Rebuilt : 3 953 2 1008
: Data Missing 7 50 o8 295
: Total 1 1320 1070 195 | 2585

Similarly, the difference between the manufacturing dates for %he mis-
sile and for its guidance unit was generally small: less than 150 days in
93 per cent of the cases. The rebuild dates were also within 150 days of
each other 1n 93 per cont of the cases. For these reasons we have used
single variables to defins the age and rcbuild status of the missile, rather
than using one for the guidance unit and one for the missile. It should
be pointed out, however, that since guidance units often become separated
from missiles, the “time-on-site! measure does hot necessarily apply to the
guidance unit at the time of firing; and similarly, the measure of its usage

does not necessarily apply to the rest of the missile.

"”Excluding the pguidance unit, in this discussion.
0 ¥ [
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V. HMETHOD OF AMALYSIS

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

Sample I was used in an exploratory mamner to form hypotheses on what var-
lables or combination of variables wers related to firing reliability.
Sample IX¥ was not inspected until 4his step was eomplete, after which it

was used to provide statistical tests of the hypotheses formed from Sample I.
This procedure allowed us to exomine many possible relationships in Sample I
without impairing the validity of the statistical significance tests which
were performed on selected relaticnships ‘1n Sample II.

The relations in both samples were examined through grouping the firing
results according to both controlled variables and the variable of interest,
The success ratios observed in the cclls of the tables thus formed were con-
verted into Chi-square statistica. These statiatics ave derived by comparing
obaerved freq;xenciea with those frequencies expected under the hypothesis
that the variable of interest has not affected the data.:* Since the data in
the tables ars success ratios, the particular form of the Chi-square statis-
tic known as the binomial index of dispersion is x-cquired.“

*See, for example, W. J. Dixon and F. J. Massey, Introduction to Statis-
tical Analysis, 2d ed., McGraw-Hill, New York, 1957, pp. 221-227.

*p. G. Hoel, Introduction to Mathematical Statistics, lst ed., John Wiley
and Sons, New York, 1947, pp. 196-197.
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VI, RELATION OF DATE OF FIRING, DATE OF MAWUFACTURE, FIRING CREW,
AND REBUILD STATUS TO FIRING RELIABILITY

Figure 1 gives the proportion of successes in groups of 100 firings as
a function of date of firing. Figure 2 provides the aan:e presentation as a
function of date of manufacture. Hissiles mamufactured after about December,
1954 (Missile Serial No. 4193). included & major modification, particularly
in the guidance unit. The curves drawn in Figs. 1 and 2 were fitted tq the
data by an adjusted least-squares method described in Appendix A.

The preliminary analysis of the data (see p. 11) revealed a tendency for
firing reldiability to rise for lator ‘dates of firing; this tendency could not
be accounted for by the intercorrclation of firing dates with other variables,
suach as dates ‘o_r manufacture.” in searching for an expl'ana.t.i.on, we found
that around July, 1956, missiles began receiving a special painting which
greatly reduced the propulsion faillures caused by "burn-throughs® in the
earlier firings. The following table provides the distribution of critical
failures attributed to malfunctions in the propulsion system, as a functicn

of date of manufacture and date of firing:

<

Date of Firing

Apr 54 - | Aug 156 — | Oct 157 - Data
Aug 156 Oct 157 { Nov t58 Missing Total
Date of Propuls., Propuls‘.' Propuls. Propuls.‘ Propuls.,
Manufacturef N [Failure| N |Failure | N |Failure { ¥ [Failure N |Failure
Aug 152 - .
Apr 54 460 3 329 12 1147 4 7 1 943 i8
Apr 5, ~
Dec 54 {297 9 362 13 275 4 9 1 %3 27
Dec 154 ~
Feb 158 69_ 2 133 1 405 1 92 3 699 7
Total 826 42 jeay 26 827 9 108 5 2585 g2

¥5ee dppendix B for a detailed presentation of the interrelations between
date of firing and other variables,
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Since the purpose of this analysis 15 to atudy the effects of age and
usage, it is useful to control or eliminate secular trends which are due pri-
marily to the date of firing. For this reason, the firings whose failures
were attributed to propulsion malfunctions were eliminated from the sample,
"leaving a total of 2503 firings. 8ince we did not have information on sys-
tem malfunctions for the 472 f;i.rings for which the Douglas data were not
available, we did not eliminate propulsion malfunctions from 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 missing were primarily during the
years 1957-1958, Thus, some missile failures due to propulsion malfunctions
arg probably included during this period. However, as can be seen from the
above table on.propulsion malfunetlions, the rate of this kind of failure ia
go small for the later firings that the bias should be negligible. The
remainder of this paper will be concerned with the sample of 2503 firings,
i.e., those remaining after removal of the 82 misaile fajlures attributable
to known propulsion-system malfv.}nctions.

Next, the effect of the type of crew conducting the firing was examined.
Experienced Amy crews from tactical sites fired approximately 58 per cent
of the sample. Thess firings wers called “annual service progran rounds.'
Another 18 per cent were fired in training programs by inexperienced Army
erews generally receiving their first experience in actual firings. Another
5 per cent were fired by contractor or Amy Ordnance crews, and for 19 per
cent the crew information was missing. The following table gives the success

rate by crew type after ramoval of propulsion failures:

Grote 4-'~m
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Firings & Successful

Anﬂ“&i BOrVice CYreW cevscnssse JJ;52 78-6
Trmiﬂg PIORYAN casecsevsvsecesr h58 68-6
Contractor and Army Ordnance ., 121 76.0
Data miauﬂg s2essssbecnenctees &22 2&58

s 2503 75.9

\
The training-program firings represented only a very small proportion

of the total firings during ‘tho later firing dates, & fact which tended to
raise the estimate > reliability as a function of firing date. In the
reln:jtinder of this paper we shall treat the firing-crew variable in three
groups: annual gervico', training program, and a combined group mads up of
the contractor, Army Ordnance, and firings for which the crew data were
missing. Only the annual service group will usually be presented in tabular
form, byt when statlstical significance tests are cited they ars a result
‘of all three groups in Sample IX. The complets set of results is given in
Appendix GC.

Another variable closely related to dats of firing is the rebuild status
of the midsile. Only 9 per cent' of mlssiles fired before May, 1957, were
rebuild, while about 81 per cent fired after this date were. rebuilt before
firing. Table 2 prcsents the relation between data of firing and success
rate for missiles fired by annual service crews, with date of mamufacturs
and rebuild status controlled. There is no longer a consistent trend in
reliability as a function of date of firing, and the X¢*value for Sampls II
was not significant. Reading across the rows under the corresponding rebuild
statuses of Table 2, one can still see evidence of inereasing reliability
43 a function of later manufacture-dates for non-rebuilt missiles, while the
rellability of rebuilt missiles rises only slightly. When date of firing

]
L]
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" Tabls 2

RELIABILITY FOR ANNUAL SERVICE CREWS AS A FUNCTICW OF DATE OF FIRING;
DATE OF MANUFACTURE AND REBUILD STATUS CONTROLLED®

Date of Manufacture i
Aug 52 - Apr 54 Apr 54 = Dec 54 Dec 54 ~ Fab 58

Non-Rebuilt § Rebuilt { Non-Rebuild} Rebutit -{Non-Rebuilb} Rebuilt
Date of :
Piring | ¥ % N || N |B N |88 |8 |& N | %
Apr 5h -] 20 3 22 Y B 1 0
Aog 56 |(62)%72.3] @}~° jar0){ 0.2 | Q)| — | @803 | ()| —
Aug 56 -] 6h 19 al 91 75 10
Oct 57 | (51) |79:7| (91)|76.5] (692 75.8 | (76) [83.5| (57)|76.0 | (6)] —
Oct 57~ O 109 1 125 131 | 102
Nov 58 ©) |- | (50 sz.b )} -- (95) |76.0{(110) [84.0 | (86)|84.3 i
Data 1 0| 1 0 1 0
Miasing-| (0) [-- (0} |- (1) | — (0) |— (1)]|— (0} - -
289 231 305 217 238 112
Total 1{213) |73.7[(182)|78.8|(21) | 79.0 |(172){79.3)(196) |82.4 | (92)]82.1

®Firings with missing data concerning rebuild status are not included
in any of the tablés throughout the remainider of the paper. Aa previously
mentioned, failures attridbuted to propulsion malfunctions are excluded.
b‘me number in parmthes:’t.s indicates the number of sueccesses.

°Percentages are not shown when ¥ is less than 25.
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is not c¢ontrolled (to‘l‘:al in Table 2), and all three groups of crews for
Sample II are considered, missiles manufactured after Decembsr, 1954, were
significantly more reliablef{at the 95th percentile)than those manufactured
prior to this date. The group manufactured between August, 1952, and 4pril,
1954, did not prove significantly differcnt from the April, 1954 - December,
1954 group in Sample II; the two are combined as a single group in the
remainder of the analysis, and labeled the "old model.® The "new model™
comprises missiles manufactured after December, 1954 (after the major modi-
fication).

In Table 2, we may also examine the effect of rebuild status on relia-
bility, with crew, date of manufacture, and date of firing controlled. The
rebuilt missiles show a semewhat higher reliability here, n.nd also for the
other two crew types (not shown), but the difference did not prove to be
significant in Sample II. It should be pointed out that the large majority
of the rebuilt missilés in this sample expericnce only a storesge environment
between rebuild and firing, while the majority of the non-rebuilt missiles

have scme tactical-site enviromment between manufacture and firing.
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VII, RELATION OF TUE MISSILE AGE FAGTOR TO RFLIABILITY

Table 3 presents reliability as a function of age at firing, with erew,
model, and rebuild status controlled. The age referred to here is that from
marufacture to firing, regardless of intervening rebuild. For non-rebuilt
missiles, there is no difference in reliability as a function of missile age
for the old model, and an apparont decrement for older missiles of tho new

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

reliability relationship did not prove significant in Sample IXI. Similarly,

ne significant relationship was found between the age factor and reliability

when both rebuilt and non-rebuilt statuses were examined. In view of the

fact that the missiles were given a thorough field-level overhaul immediately
before firing, the lack of statistical significance between the age factor

and firing reliability 1s interpreted as follows: The effect, if any, that

the age factor has on the missile reliability is neé,ligible after a field- -

level overhaul.

Table 3

RELIABILITY FOR ANHUAL SERVICE CREVWS AS A FUNCTION OF AGE OF MISSILE;
MCDEL AND REBUILD STATUS CONTROLLED

Old Model New Model
Non-Rebuilt Rebuilt Non-Rebullt Rebuilt
Missile Age T 1
{Days) N |8 [ N S it & I nls g S

7« 702 293226 177.1) 2 2 |- 182 1156 |85.7) 21 { 18 |~
702 - 1109 | 283 {25 |76.0| 96 | 74 [77.2]| 55| 39 |70.9| 35 | 28 |&0.0
1110 - 2002 | 16| 12 |-~ {350 {218 794 | o} o]-- 56 | 46 |82.1
Data Missing| 2| 1}-- ol o]~ 1l 1|-- 0] of~

Total 594 {454 §76.0 | 548 Y354 179.0 | 238 |196 1 82.4 |112 | 92 |82.1

v

W aen Je e iy e b l{'mi|!|
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It 1s interesting to examine the effects ef the missile age factor on
reliabillity, independent of the usage factor. We atbtempted to investigate
the age-reliability relationship for non-rebullt missiles which exparienced
only a storage environment between manufacture and firing, but the sample
size and epread in age were not sufficient to measure any possible effect.
In the rebuilt portion of the sample the effect of age may be examined
independently of usage because only a amall portion of these missiles
experienced a site environment between rebuild and firing. The rangs in
age frem rebuild to firing is fairly small, however. Table /4 presenta the
reliability of rebullt missiles as a function of date of rebuild, with erew
and model controlled. Table 5 provides the reliability of rebuilt missiles
as a funetion of age a:l.nc‘e rebuild at firing, with crew and model controlled.
There was a slight trend for missiles with later rsbuild dates to have a
higher reliability, btut this did not prove significant. There was no evi-
dent, relationship betweer reliability and age of missile since rebuild.
This was trues even though there is a positive correlation between early
rebuild date and age of miasile since it was rebuilt (sse Appendix B) which,
in visw of the slight;ly lower reliability for missiles with early rebuild
dates, would tend to favor lower reliability as a function of missils age
since retuild.® Since the missiles received a thorough field-lsvel main-
tenance inspection ahd repair as nacessary immsdiately before firing,
we may conclude that the effect, if any, between reliability and the missile
age factor is negligible after a fisld-level overhaul. '

*{hite Sands Proving Ground disassembled, thoroughly inspected, and fired
four missiles which had been in depot storage for from 27 to 46 months in order
to examine the effect of storing missiles for long periods. Two of the four
feiled in {light; but it was concluded that the causes were not necessarily
due to storage effects. Systems Test Div., White Sands Proving Ground, New
Mexico, Shelf and Service Life of NIKE-AJAX Missliles, Test Plan 70, Technical
Memo. 515, March, *195 ani;%dential «

@7 R TR ey
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RELIABILITY FOR REBUILT MISSILES WITH ANNUAL SERVIGE CREWS AS A
FUNCTION OF DATE OF REBUILD; MODEL CONTROLLED

Old Modcl New Moded
Missile Rebuild .

Date N | s |% In]ls | 4s
Mars 12_’ 1954 - ¢ " 1 - - 4 .
HMar. 14, 1957 1193 |48 ] 76.7| 8 51 —
Ma.ro lh, 1957 -

Sept, 20, 1957 189 1153 18L.08 151 13§ o=
Sept. 20, 1957 - | _
July 2, 1958 70| 57]81.4]92)] 76| 82.6
Data FMissing 25| 18]~ | 28 21} -
Total 477 | 3761 78.6]143 1115} €0.4
Table 5

RELIABILITY FOR REBUILT MISSILES WITH ANHUAL. SERVICE CREWS AS A
FUNCTION OF AGE SINCE REBUILD; MODEL COHTRCLLED

Miasile Age 0d Model Hew Model
Since Rebuild

{Days) N S %5 H!s |%s
8~ 144 ‘128 {102 79.7 | 6. 56] 87.5
144 - 255 1751136 71.7 37 | 26| 70.3
255 — 1467 145|116 80.0 11 | 10] —
Data dissing | 29| 22— | m| 23| —

Total w77 | 376 | 78.8 | 13 {135 e0.4
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VIII. RELATION OF MISSILI USAGE TO RELIABILITY

Table 6 presents reliability as a function of number of months the
missile was located on a tactical site, with crew, model, and rebuild status
controlled. The data gave the time-on-site prior to rebuild, or since new
if no reb’uirld occurred, but since only a small portion of the missiles in
this sample were on a site subsequent to a rebuild, the variable includes
essentlally all the site-timo cxpericnced. If we assume that a rebuild
eliminates any deterioration i-n‘ reliability due to site environment, then
we would expect to find the firing-success rate related to site~time in only
the non-rebuilt portion of the sample., Table é shows a weak negative corre-
lation between site-time and reliability. The X ¥value for Sample II was
slgnificant at the 86th percentile. As expected,. there was no relationship
between site-time and reliability for rcbuilt missiles.

Table 6

RELIABILITY FOR ANNUAL SERVICE CRIZJS A3 A FUNCTION OF TIME-QH-
TACTICAL~SITE; MODEL AHD REBUILD STATUS CONTROLLED

0ld 1fodel New Model
Time Missile Non-Rebuilt Rebuilt Hon-Rebuilt Rebuilt
Has on Site | .
{Months) N 5 s fn ] A lr-x s %5 N ]S |5s
0 -~ 0.8 | 147|122 |83.0] 52| s2feo.8f150 {129 {660} 24 | 11 |—
0.8 - 13.0 248 1186 |75.0 1130 J1024{78.5) 281 21 {75.0} 13 | 11 |-
13.0 - 48.0 Bl | 62 {76.51198 [160 |€0.8F 49 (| 39 [79.6 | 71 | 57 |20.3
Data Missing | 138 | &4 |- | 68| 50 |- ni|{ 74-- {13 |--
Total 594 | 454 |76, | 148 {354 §79.0 §238 1196 I82.4 J112 | 92 |e2.1
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Table 7 presents reliability as a function of the amount of time recorded
on' the missile puidance unit since rebuild, or gsince new if no rebuild has

oceurred, with crew, model, and retwild actatus eontrolled. There appears

to be a negative correlation betwcen reliability and the omount of timo the

guidance was used. The X2 value for Sample IT was significant at the 85th
- percentile. On examining Table 7, we see that thers is 1little spread in q

time-on-the-puidance-unit for rcbuilt mis:;ilcs. If we obtaln aX*value for .:

only the non-rebuilt portion of the sample, the significance level rises to

the 96th percentile.

Table 7

RELIABILITY FCR ANNUAL SERVICE CREWS AS A FUNCTION OF TIME MISSILE GUIDANCE N~
UNIT WAS OPERATED SUBSEQUENT TO REBUILD, OR SINCE NEW IF NO REBUILD
OCCURRED; MODEL AND GUIDANCE UNIT REBUILD STATUS CONTROLLED

Old Model New Hodel

Time Missile - - ’
Guidance Unit] Non-Hebuilt? Rebuilt Non-Rebuilt Rebuilt
Was Operated T

{Hours) N |s SiN s jdsIn|s|dss N {s]T
Ouh - 3.2 ]| 69| 54 1 78.31258 | 206 {79.1] 91| 77| &4.6] 65 152 )80.0
3.2 - 7.0, 1551123 | 79.41116 | o1 |78.4 97| o4 86.6 | 30 |26 |86.7
7.0 - 257.9° |297 |220 | The1} 22| 16 |-~ } 77| 551718 6 L Jom
Data Hisuing 25§ 20 | -- 251 21 {-- 2 2§ 2 2 |

Total 546 {817 | 76.4]421 | 332 |78.9] 267 |218 | e1.6 103 |en [e1.6

“*In Tables 7, 8, and 9 the rebuild status refers to the missile guidance
unit. In previous tables it referred to the rebuild status of the remainder
of the missile.

boo per cent of this group is between 7.0 - 30 hours.
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Table B8 presents reliability as a function of total time the guldance
unit was operated, both before and after rebuild for rebuilt missiles only,
with crew and model controlled. No significant relationship is observed.

As mentioned earlier, only 43 per cent of non-rebuilt missiles and 23
per cent of those rebuilt contained their originel guidance units at the time
of firing. The time the guidance unit is operated, thersfore, does not neces-
sarlly indicate the amount of usage the remainder of the missile has exper-
ienced in an appreciable portion of the sample. We attempted to examins the
relationship between reliability and the amount of time recorded on the
guidance unit for non-rebuilt missiles which retained their original guidance
unita., The results were of the same direction as for the total sample, but
the sample size was too small to determine whether there was a stronger

relationship under these conditicns.

Table 8

RELIABILITY FOR MISSILES WITH REBUILT GUIDANCE UNITS AND ANNUAL SERVICE CREWS
AS A FUNCTION OF TOTAL TIME THE MISSILE GUIDANCE UNIT WAS CPERATED, BOTH
PRIOR AND SUBSEQUENT TO REQUILD; MODEL CONTRCOLLED

Total Time
Missile
Guidance Unit]| 01d Model New Model
Was Operated ’

{(Hours) '| N | 8 3 | n S.| %

70 ¢ 51 |72

0.7 - 6.6 9] 12 21— -
6.6 - 14.3 {156 {125180.1{ 33 | 25 |75.8
4.3 = 285.5%(122 | 97 [79.5| 51 | 44 |86.3
Data Missing | 73| 59 |~ 7 6| —~ ,
Total 421 1332 {78.91103 | 84 §8l.6

888% of this group is between 14.3 -~ 4O hours.
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Table 9 presents the missile failures attributable to the guidance unit
as a function of the amount of time recorded on the unit since rebuild,
or sines new if no rebulld has occurred, with rebuild status controlled.
The data cover all three crew-types and both models. The percentages given
in this table should not necessarily be inter;;reted as direct reflections
of guidance-unit reliability; since the system causing the failure was
listed as uninown in approximately 45 per cent of the cases. The trend
1s for the numbar of failures atiributed to puidance-unit malfunctions in
non=rebuilt missiles to be positively correlated with the amount of time
the unit was operated. The relationship did not, however, teat aignificant
in Sample 1I. There is no relationship evident between the number of
guidance-unit malfunctions and operating time since rebuild. It should be
observed that this table is not strictly comparable with previous results,
since crew type and model have not been controlled. The total time regis-
tered on the guidance unit on rebuilt missciles (not shown) showed no
relationship to the number of guidance-unit malfunctions.

It is interesting to note in Table 9 that while the overall reliability
of rebullt missiles is generally as high or hlgher than that of non-retuilt
missiles, the reliability of tho gnidance unit appears- to be apprec:l.ably‘
lower in the rebuilt missiles. This differsnce is significant at the 96th
percentile in Sample II. As mentioned before, this apparent decrement in
the guidanceeunit performance does not show evidence of being related to
the time the unit was operated prior to rebuild.

0 ...’:r.;‘;,:*.-wﬁ:|=i-erlmm | !"T' ﬂ L”
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Table 9

THE RELATION OF KNOWN MISSILE GUIDANCE UNIT FAILURES TO THE AMOUNT OF OPERATING
TIME (N THE GUIDANCE UNIT SUDSEQUENT TO REBUILD OR SINCE NEW IF NO
REDUILD OCCURRED; GUIDANCE UNIT REDUILD STATUS CONTROLLED®

Time Guidance
Unit Was ‘Non-Rebuilt - Rebuilt
Operated v | b
(Hours) N° |s %5 N°. Is 75

3.2- %70 269 ] 256 | 95.2 1167 | 152 } 91.0
700 - 257090 &28 !002 93-9 g 38 36 9’“7

Data Missing 661 61| - 0] 29 |-
Total | 909 } 860 | 94.6 { 530 | 486 | 91.7
*Includes 21l three types of crews. Does

not include firings for which retuild-status
data were missing.

bExoludea firings which falled because of
non-guidance-system malfunctionsy also ex-
¢ludes firings for which the Douglas data
{system-mal function information) were net
available. :

°26% of this group 1s between 7.0=30 hours.

ﬁ‘ina]ly, an effort was made to examine, over the total sample, the
reliability of non-rebuilt missiles which had more than 30 hours of operating
time on the guidance unit. The 53 missiles in this category had a success

rate of 67.9 per cent, as compared to 75.0 per cent for the 1182 non-rebuilt

missiles with less than 30 hours of guidance operation. While this result
is in the expected direction, the difference was not significant for this
g8ize of sample. Rebuilt missiles which had more than 40 houra oli‘ total
guldance operating 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

e —————— T o

for the 928 rebullt missiles with less than 40 hours total guidance operating
time. The difference i1s clearly insigaificant.

SRMEY B RS Y
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In summary, the results of thie study appear to support the hypqthosia
that even after a flald<level overhaul, prior missiles usags, as moasured hers,
is generally negatively correlated with firing relisbility, The number of
months the non-rebuilt missile was on a tactical site showed a weak negative
correlation, and the number of operational houra on non-rebuilt missilss svi~
denced a somewhat stronger negative relationship. B8ecauss of the divorce
rate between the guldance unit and the remainder of the missile, the time-on-
site measure is atrictly applicable to only 43 per cant of the non-rebuilt
guldance units. On the other hand, while the operaticnal time on the guidance
unit probably gives a good measure of the usage of the guidance unit, 1t s
indicative of usage of the remainder of the non-rebuilt missile in only 43
per cent of the cases.’ If we eliminats both ground- and propulsion-system
failures, the guidance unit accounts for appro:dma.tely. 61 per cent of the
remaining known causes of failures. This fact, togsther with the relation-
.ship to reliability found in this paper, indicates that the time the guidance
unit i3 operated may be a better measurs of usage than the time-on-site.

An alternative hypothesis to explain the negative correlation between
guldance-unit operating time and reliability is that inherently inferior
misslles require more time for the guldance unit to be calibrated, and this
inferior quality is still present when the missiles are fired. We attempted
to check this possibility at a NIKE site. One of the findings was that the
fraquency with which tolerance adjustments were required at checkout increased
as a function of the number of checkouts undergone: This tends to support

the conclusion that the guidance-unit operating-time is a valid measure of

missile usage,
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IX, RELTABILITY AS A FUNCTION OF CHECKOUT FREQUENCY

As menbioned in the Introduction, we do not have enough information
from the historical surmaries to determine optimal miasile checkout fre-
quencles in this study. However, it may prove useful to present & simplified
model of how one would use such information to d;velop preferred maintenance
policies. When a checkout is performed on a tactical missile, it is
implicitly assumed that there is some chance of a failure cccurring during
the standing period since last checkout. If we malte the usual assumption that
the time-to-failure is defined by the negative exponential distribution, the
probability of surviving t hours of standing time may be expressed by a t/ .*,:
where t represents the mean-standing~time-to-failure. ‘In this study, we
could not assess this "temporary? effect of standing time on tactical missiles.
The effect of standing time on checkout reliability has heen experimentally
measured on other missiles, however.

This study found that use of the missile, as defined by operation of
the guldance unit for checkout and other purposes, was negatively corrslated
with firing reliability even ~.'-1.N:m:- the performanca of a field-level overhaul.
VWhen we introduce this factor, along with an assumption about the probability
of surviving the standing time between checkouts, we may draw the hypothetical

diagram aeen on the next page.

*See, for example, Final Report on the Employment and Suitability Test
of the GAR-1 (Falcon) Missile, Hq. Air Proving Grounds, Eglin AFB, Florida,

January, 1957, p. 15; and 4. L. Story, "Wilitary Implications of Guided

Weapons Reliability* {0 » Eroceedings of the Joint Military-Industry Guided
Missile Reliability Symposium, Redstone Arsenal, Huntsville, Alabama, Vol. 1,
(Secret,g. )

October, 1956




oo SONTIRENTHAL ’

§13453560 ‘ Q

O OO >

?---q
;L'l::glllly I" X “‘

] ] i } l |
Time on Tactical Site '

Test
Firing

The missile is assumed 4o have reliability A when delivered to the site.
The time betwden checkouts is X and reliability is assumed to fall by an
amount, C~D, during X hours of standing in a ready state. During the time
from delivery to the test firing, the reliability drop due to usage i3 A-C.
We will assume that the effect of age independent of usage is negligible
here. The reliability increase represented by B-C is intended to represent
the effsct of the field-level maintenance the missiles in this mample receive
prior to firing. The value A-B represents the usage effect remaining after
the field mainienance, which was the quantity measured on the NIKE sample.

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

ability function.

oA -ﬂmr.a *ﬁﬁ l ’ ‘l L
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In actuality, the factors affecting missile combat reliabllity are

much more complicated than as outlined here. The roduction in firing reli-
ability as a function of usage may not be lihear,* and three other factors
which are important are not considered: the cost of maintenance, missile
time off alert due to checkouts and resulting maintenance, and use of the
nlssile for tra.ining.** .

"McGlothlin and Yorshis, op. eit. (Cf. footnote, p. 1.)

**por a model which considers scme of these factors , see BEloise E. Bean

" and W. H. McGlothlin, A Model for Assessing the Effect of Maintenance on

Missile Reliability, The RAND Co?omtion, Research Memorandum RM-2451, -
September 23, 1959, See also R. S. LaVallee dnd D. S. Stoller, Tha Effect
of Maintenance and Reliability on the Operational Effectiveness of &
3 » The RAND Corpora-
go;\,' .l;eaearch Manorandum RM-1499, June 8, 1955 (Secret — Limited Diatri-
tion).
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The primary conclusions of this study are that within the range of age
and usage factors studied here, {1) there is evidence that, even after a
field-level overhaul, prior missile usage on tactical sites, particularly as
measured by the guidance-unit operating-time, reduces firing reliability;
(2) the effect, if any, of migsile age factors on reliabilit .a negligible
after a field-level overhaul, and particularly, there appears to be no post-
overhaul effect of prior time in depot storage; and {3} with the excéption
of missile-guidance malfunctions, the reliat;ﬂity of rebuilt missiles com-
pares quite favorably with those not rebuilt.

Thease results should be interpreted in the light of maintenance policies
which provide a field-level maintenance inspection and repair-as-necessary
on the NIKE immediately prior to firing., It is probable that the unfavorabls
effects of missile age and usage on comdbat reliability are greater than those
measured here; but the intervening field~level overhaul between removal from
slte and firing allows us to measure only the residual effects subsequent to
this maintenance action. Test firings are nommally.conducted only after
very thorough checkout and maintenance procedures. Tactical missiles, of

course, would not have the benefit of this sort ¢f maintenance immedistely
before firing.

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

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

vegpon system 1s considered operational, it would seem advisable to initiate




test firings under conditions {1} which more closely simulate those of a
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combat envirorment, and (2) such that the effects 'of pre-launch environments

on missile reliability can be more accurately assessed.”

*See D. S. Stoller, The Measurement of Missile Relisbility in Pre-Launch
Operating Environments, The D Corporation, Research Memorandum RM-2508,
Jamiary 1, 1960.

‘~.¢!‘£l. ) 4::'.% .
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Appendix A
RETHOD OF DETERMINING RELIABTLITY TREND

In Figs. 1 and 2, the firing succese rates are plotied by groups of

100 firings against the date of firing and the date of manufacturs, respec—
tively. It 1s evident by inspection that a secular trend exists in the dats.
A function of tha form

Y = A + BX + Cx? s
wherse

I = success rats

X = date

A, B, C = fitted constants,

was considered adequate to represent the trend within the range of the data
for each figurs. 3Since the success rates observed in the dsta are not ran-
dom observations from homogeneous binomial populations, the least-aquares
methcd for caleulating fitted constants was adjusted to account for the
heterogeneity. The adjustment was made by (1) estimating the standard devia-
tion of each growp, (2) weighting each observed-success rate hy dividing by
the estimated standard deviation, (3) obtaining a least-squares fit on the
weighted success rates, and using step (3) to form a new estimats of the
standard deviation for each group and reiterating a suitable number of times.
The calculating procedure is given below:

N
Let: Y (X} = observed success rate for date group X;

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

i . - ml

¢
-
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A(i), 3(1) » \c("") = least-squares coefficients, i-th iteration; and

Z((,i) (X) = weighted observed success rate for date group X,
i-th iteration.
(1) Calculate least~aquares caefficlents Ag, By, Cp With Yo{(ZX) and X.
(2) 1el3(x) = g+ BX + 0x2

3) z{x) - x (x) / J ) [1 ALY (xi]

(Since the groups are equal in size, the factor for the mumber of obaservations
in the group may be dropped witheut affecting the resultu.).
(4) Caleulsts least-squares coefficients Ay, By, €y with Z,1)(x) end 1.
) zc(l)(x) = A5 + ByX + X2

) 1) - M) \' 1M x) [1 - rcm(x)]

OIRAE ro-(x)/ \I 2 |- !c(z’(x)]

{8) Calculste least-aguares coefficients Ay, By, ('Qwiti'a 20(2) (X) and X.
9 2g@(x) = ay ¢ B x4 cx2,

ete.

The iteration i3 terminated when

"‘;" , Yc(i)(x) -~ Yc(i-l)(x) = desired accuracy.
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Appendix B
INTERRELATIONS OF ACE AND USAGE VARTABLES

Table 10 provides the interrelationa of the variables studied in this

paper.

Propulsion malfunctions are includeds The following is the cods to-

the column headings:

A.
B.
C.
D.
E.

F.
G.
H.
1.
J.
K.

L.
M.
N.
0.

Number of missiles in group

Percentage of successful firings

Percentage manufactured from August, 1952 to August, 1954
Percentage fired from April 27, 1954 to August 5, 1957

Average age of missile at firing in days (firing date minus manu-
facturing date)

Percentage of missiles that were retuild

Percentage of missiles that were robuilt from December 3, 1954 to
June 7, 1957

Average age of ,piaaﬂe subsequent to .rebuild in days (firing dats
minus rebuild date)

Time missile was on tactical site in months

Total time missile guldance unit was operated in hours since manu-
faciure

Time miseile guidance unit was operaf.ed gince rebuilld, or since
manofacture A€ no rebuild occurred

Percentage of missiles {ired by annual service crews

Percentags of missiles fired by Army Ordnance crews

Percentage of missiles fired by field training program crews
Percentage of missiles fired by contractor crews

Percentage of missiles for which erew data were missing

‘.




Table 10
: : £ 2
INTERRELATIOH AMONG VARIABLES® P&
. , , ]
_ Al leldplE|Flela]llsfr]lelalalolr *©
Date of famufacture
Aug 52 -~ Dec 53 1‘7]- -68 1.00 076 - 888 033 .21 m 6.7 u.l} 8.6 I56 Om .39 oco OOA
Dec 53 - Apr 54 472 1 7211.04 62 D032 | .44 |.33|233]120.3 |25.0 g.z 63|.01f.25.00|.11
Apr 5k ~ kug 54 472 | WTL11.0Q .64 | €81 ) .321.28 | 2560 8.6112.6] 5.7| .64 |.c0|.23 {.01 .13 v
hug 5l - Dec 54 A7L 1 .75| 04 .29 poss | .89 1.27 {254 )10.8]13.3] 6.3] .52{.00].13 ).¢0) .55 :
g Dec 54 - Sept 55 350 1771 .0q.32 1969 |70 (.08 (164 b18.2 | 20.8]12.7f .50 | .on) .01 |.on ).z :n

Sept 55 -Feb 58 |39 { .| .od .19 | 383 [:20]ck |265) 1.7] 7.0] 5.2| w0 | co | o5 | a7 | ag
Total 2585 071& 055 -50 89’{ ;45 022 228 91»6 13-8 3.6 ‘58 .CO 019 005 als

Date of Firing

b-27-54 to 1-12-58 1413 | .66 ].860.00 {501 }.01|.0L}| Sh| 1.9| 7.6 7.4 .50 ).0L{.38.].03].C8
1-18-56 to 8-23-56 | 413 [ .71 |.75P.00 | 452 | .01 .01 {210 5.2110.0110.01 7L }.COJ .26 f.01 ] .02
8-23-56 to 5-08-57 | 412 | .71 {.67 L.00 1930 | .25 .25 247 [ 12.2[15.7 | 12.6] .65 | .co| .31 f.01 | .c2
5-03-57 to 10-2%-57 | 413 | .72 1.462) .00 [09 «83 | .76 | 215 |10.2{17.7 | 12.9{ .53 ] .c0 | .22 | .CO «25
5-03~58 to 11-07-~58 | 413 8l [.201 .00 1252 «4 1 .10 21-4 1604 19-2 lu9 +28 1 L0 § 0O L0 ].72

Dai‘.a Zi’issing 108 -72 015 .—. — '67 ol? —— 11&-9 17-3 8.2 011 101 .01 008 079
Total sss | .o {.55] .50 |eon | .5 ].22 228 9.6]13.8] 8.6] .58 |.c0].19 |.05 | .28
j mesun

iissile age (Days)

Tl M2 { .80 1.29]1.58 | 316 1.01}.00|206| 0.6] 5.6 5.5].63]|.00].16 [.c6].15
455702 M2 1.681.751 91 | €07 [.05]1.031299) 3.71 9.3} 9.0] .68f.00}.29 }.c0).02
702-8%5 £3 1.67).721.93 | 793 |.08 .05 |274 ] 9.1]13.6|13.9 «65|.001.30 {.00| .04
897-1109 L2 | 7214918 D019 | .58 0.37 f172 | 12.3 |17.2[12.6) .55 | .c0 | .2, |.c0 | .21
1110-1278 412 76 521 2 1186 o9 | 53 | 208 15.3 18-3 5-7 571 .CO 15 1.00 | .28
1278-2002 413 | .79 1.63] .05 pas) |.98).36 | 285 | 24.7|18.1 | 4.5} .50 | .co ! .08 .00 | .43
»Daffa. !i'i.ssing m -72 017 — A— 071 -21 — :Jl.ol 16¢7 7-’& 012 501 -01 -82 -05

Total R5B5 | «Th |.55].50 {694 1.45].22)228] 9.6|13.8] 8.6] .58 |.c0l.19 |.051.18

For footnotes, see p. 42.




Table 10 ~— continued

als el ol elrlc|laual sl ol x|l ]a]lclole

iissile Rebuild Date . ) ! '

o Rebmild 1320 |70 |66 | .83 | i3] 00| —| —| 5.7 [10.3] 10.9 .65] 00| .28 .c2] .06
03-12-54 to 10-30-56 | 178 | .74 |.51 | .48 |1179 |1.00|1.00|345 | 8.6 |23.2 | 11.7] .62| .00] .26| .co| .12

5 10-31"56 to 03'11&"57 178 073 o67 012 ul&5 1.00 1.00 212 807 1505 6-‘:« -55 .0 023 Lo 22
= % 03—1&.—57 to 06"07"57 173 072 -52 00 12.17 1.00 1.00 2[55 13-6 Mt? c? 063 000 .06 .Q‘J -_30
¥ B 08-07-57 to 09-20~57 | 178 | .79 .27 | .00 |1334 |1.00f .00|272 }15.1 J17.4 | B.7 .54) .col .o4] .co| .42
*"S— ~Q1-15-58 %o 07-02-58 1 179 1.82 L.37 1 .Co [323] |1.col .001233 {29.8 1226 | k.4 .29 .01f .00l .col .70
Total 2585 0716 -55 .50 8910- 'hs -22 228 9.6 13-8 ,8.6 .58 ‘00 019 005 nlB

% Age Since Rebuild (Days) ’

ifo Rebuild 1320 {71 |66 | 83} 8,1 | 00| —| — | 5.7 {10.3] 0.4 .65 .cof .28{ .01| .06

3 - 105 177 | .78 |34 | .08 11139 |1.co| .20| 79 |16.4 [17.8 | B.q .53] .00} o4l .COl .43

105 - 144 L7T {75 |45 | 11 [ 1151 |1.CO[ .47|125 §15.3 [16.4 5.4 .59] .01 4] CO| .27

m - 19l$ 177 -77 -39 qu n93 l.OO Ok? 169 13.9 17-9 .3 .57 .OG -O‘? «CC 036
194 - 255 176 | .75 {45 | .20 1213 |1.00f 52222 |14.5 [15.5 | L. .66{ .co| .cel .cof 426
255 - 373 177 }.79 |«72 | .26 |2306 [1.00] .72|307 {11.5 [17.6 | B.d .63] .co| .1l .co] .23

IE 373 - 1447 177 | «77 |obh | <07 {1341 |2.00} .63[465 |13.4 |21.6 | B .27] .cO| .13] .co] .é0
Data Missing 206 [ |25 ] 3| me| —| —| —] 9.3 (15| 2. .30} o] 05| .09] .:2
Total 2585 | 7 [.55 | .50 | eon | .us| .22|228 | 9.6 |23.8| B.4 .58 .c0] .19| .08] .12

aca— _

Time on Site (Months)

¢] 250 | +73 | .56 09
0.1 ~ 0.8 365 | +79 |.32 «17
0.8 - 7.0 3657 .73 |74 «13

7.0 - 13.0 366 oL {72 o135
1300 bl l9lo 366 073 nl‘-9 |19

19.0 - 45.0 365 |.78 [.31 ] .08 |1228 | .93] .20{193 j24.1 |22.41 6.Y ..8] .cof .07 .co .45
Data Hissing 508 |69 [.66 | 66| a3 | 239] .28l261 | — [13.6| e a7f 0] 2| Lou| .28
Total 258548 .74 .55 | .50] s9n | .45l .22 228 9.6 [13.8] 8.4 .58 .00l .19| .05] .18
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Table 10 — cont._inued

, A Bic|op E|Fle|{r|TI Ji K LlXx|x]olep
Total Guidance Unit '
Operating Time (Hrs) _

.7 - kos 337 177 037 -51{- 58’5 -13 -11 215 2.6 2.9 20? 075 .m .11 -01 -12
Led = 6.6 337 |4 |.52 | .55 751 .29 1,16 {232 | 6.4 | 5.5 4.7 LB7] 01 6] .01] 26
6.6~ 9.9 337 |73 [.56 | .56 | 683 |.42 [.26 |223 | 9.2 | 8.2 | 5.9 .62| .c0o| 19| .01] .18
9 9 - uﬁ‘a 337 .73 -65 oJ&9 1020 052 0214 21&3 12.1 11.9 i 706 .6’& .00 -18 -m 018
'3 - 21 20 337 -70 -56 ¢’4.7 .1.033 .55 021 207 13!5 l7l5 " 10.3 051 .Ol -2"- .CO o2
21.2 - 2i45.5 337 1,75 481,28 11119 1,69 1,23 1222 115,0 $36.9 | 16,7 .50% ;c01 1721 .col .33
Data Missing | 563 }<72 [.63 |.58 B77 |+47 [+33 |247 | 7.5 | Lhe8] o4k 008 25] .03 .28

Total zssgr,'m «55 {.50 | 89k |.45 |.22 {228 | 9.6 [13.8 | s.6] .58] .00 .19] .05] .18
Guidance Unit )
Operatlng Time (Hrs) ’ . .

0.4 - 2.4 368 |.75 {40 1.19 | 985 |.74 [.39 [86 [11.2 [12.3 | 1.8] .75] .cO) .0&| 0O} .22
2y = 3.2 368 1.80 1.38 .20 1041 |.74 |.25 {204 [11.9 {12.7 | 2.8] J64) 00| .07 ] .CO| .29
3.2 =  4a5 368 |74 |49 |33 o0l |.45 .27 Jaus 0.4 2. 3.8 .57 ol a1t.01] .22
Lt - 7.0 367 |77 |52 1-53 | 798 .32 |.17 270 | 7.3 | 9.6 5.6] .58} .01] +20] .01] .20
7'0- 13'2 367 -72 066 -78 783 -16 l09 271 8-7 1105 906 059 UCO -28 .01 .12
13.2 - 257.9° 367 1.65 .72 {76 ] 878 [.19 |16 R9s 110.0 |25.8 | 27.8{ .56| .01] .34 ] .co0] .09
Data :’ﬁssing 380 t71 . 65 . -m 720 . 27 N 23 250 16-7 - bt . 37 0L 029 -05 929

Total 2585 |74 |55 |.50- | 894 |45 |22 o8 | 9.6 p3.8 | 8.6 .58 .00} .19).05] .18

Crew Type : .
Annual Service 1&93 76 |58 [.52 | 870 {40 [.22 R09-|9.1 P2.1 | 7.4[1.00| .c0|.c0].c0| .00
my Ordnance 1.78 k78 |.88 | 726 .14 lco B39 | 8.6 Pi.7 | 11.7] .00 h.0O] .CO|.00] .CO
Fi&l’d mining ng‘ ['Oh U6’i 083 Ow 801 '22 021 53 6-8 1’6'9 1305 .00 .00 1-00 -00 .CO
com!acm 3_17 -73 -07 -92 237 00 LOO - 0.3 »ol 111} .CO| -00] €O L.CO .CO
Crew Data Missing W72 175 126 {.08 1105 [.83 L25 13.7 (18,1 7.8] CO| .CO} .CO | .00 [1.CO
Total ases |.an bss |50 |esn |as Loz fes | 9.6 ha.s | e.6) 58] .c0] .19 1.05] .18

“Sem p.39 for key bo borheads,
‘;Tgtal time sines manufacture.
8

percentofmsgreupiabetweenmmdwhuum.

e since rebudild or since mamfacturs if no rebuild oceurred.
©gh per cent of this group 1s between 13 and 30 houra.
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Appendix ©
SUPPLEMENTARY TABLES

Tables 11-17 correspond to Tables 2-8 in the text and provide complets
data for the three crew groupings: Anmnual Service, Training Program, and
others. The last group comprises Contractor and-Army Ordnance crews, and
covers thosa firings for which crew dita were missing. These tables include
the data for firings with un}mom. retuild status, which were omitted in
Table 2-8. Missile firings .uhich failed because of malfunctions in the pro-
pulsion system have been deleted from these tables.

R



Tadle 1L

RELTABILITY AS A FUNCTION OF DATE OF FIRING: CREW, DATE OF
MANUPACTURE, AND REBUILD STATUS CONTROLLED

—1,17-.

OO5e~I1

Aug S2-Apr 5% Apr 5%Dec 54 Dec S4-Feb 38
Rebudld Bebuild Rebuild
Status Status Status
Hon-rebullt [Rebuilt | Missing § Non-rebuilt | Rebuilt | Mlssing f|lon-Rebullt | Rebullt | Missing
Crev Type Date of Firing} ¥ s |y |s| ¥ s ] s ¥is8| Wls | ] s | ¥ ]slnis
Apr Sh-rug 56 § 224 | 262} 3] 1] 8 6} a2 {170 1] 1] 0| OF 31 | 28 ojo]| oo
Ancual Service| Aug 56-Oct S7 6k sriugfor| 2 1| 91 [ 69 | oal76| 2|8 75 lst | 0] 6] 17]22
Oet 57-Mov 58 0 0{109] 90| 2 2 1 1 ]125/951 0| o132 |10 |w2i86] 10| 9
Datd Misaing 1 o] o]l of 3 3 1 1 ol 01 2| 2 1 1 ojol 4] 2
Total 289 | 213 |231f182] 15 12 305 |asr [2a7fa72| b 0] 238 fi196 |n2 (32 (3 |23
Apr Sh-Aug 56 § 165 | 102} 2| o] 3 3] 61 | w ol of ol of 171 |15 0|0t olo
Training g 56-0ct 57 51 sk |u1] 5 4] W [ 28 | 35]a5] 4| 3 o o ojo] 5] 4%
Progrez Oct S7-Kov 58 0 ol 3| 2] o o 0 0 71 61 o} o "] ¢] ojo| o} 0
Data Misoing 0 ol o] oy 0 o o 0 of 0] 0lo 0 0 e!of| oo
Total 216 1 37|59 || B8 7haor |68 | s2n| sf 3] 17 |15 olofl s| &%
Contractor, Aapr Sh-aug 56§ 20§ 16 o) o) 3 2] ) 71 o] o]l olol]l s 3] oflof13]|2
Army Ordnance, | Aug 56-Cct 57 3 1119 |13 o o 3 2 63| B 3) 3 11 8 T1 9 11 3
and Crev Data | Cet 57-Kov S8 1 oj28 j23{ o o 1 1 {135/08] 1) 1] 30 fas5 |128 i1 3
Missing Data Missing 0 o0} o]l 2 2 o "] ol of 5] 3 o 0 0| o} 8s|6s
Totsl 25 | awjer |36 5 4] 20 | w a8l 9| 7| w1 |36 |ass 107 | 82

e 4
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RELIABILITY AS A FUNGTIQN OF ACE OF MISSILE; CREV,
AND REBUTLD STATUS CONTROLLED

Table 12

l':CDaq »

Hew Yodel

Qld Model
Rebuild Reruild
Status Status

ilon-Rebuilt | Rebuilt |[Missing [ilon-Rebuilt [ Rebuilt Hesing

issile Age i
Creu Type (Days) i s 4 |s i s i s N}s|u s
) 7~ 702 293 ] 223 20 21 5 {44 182{256 |2 {18 |19 1
Anmual Service]  702-1109 283 A5 | 6| ] 915 551 39|35 |28 g8 7
1110-2C02 6] ‘12 | 350 f278t 9 | 8 0 0|5 |45 o 0
Pata lfissing 2 1 o] o] 6|5 1 1]l p]o L 2
Total SGb | 4S54 | 448 354 1 29 |22 238§ 196 11_2' 92 325
7- 702 L7 95 1] o] 3|3 7] 15| pj o ¢ o0
Training 702-1109 1850 204 | 331221 5 | & 0 oj0}lo 5 &4
Program 1102-2002 n 6| 671581 & |3 0 olejo 0o 0
PData “dssing 0 0 o]l of o }lo o o|lo]o 0o o
Total 3230205 li0L [s01312 130 17! 351 0 ! 0 5 4
Contractor, 7= 702 3] 19 aj 0] 3|2 3] 3% | K } 4 | 19 16
Army Ordnance, [ 702~1109 10 6{ 41 {25 2|2 4 2147 |35 3 2
and Crew Data | 1110-2C02 5 212020541 2 |2 0 0 8 |48 l 0
Hissing Pata Missing 0 ] 2] 2y 715 0 o} olo e 6
Total 45 27 |25 B2 | 14 |1 47 35 _l3s 107 82

1
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RM-2560
pryas
Table 13
RELTABILITY FCOR REBUILT MISSILES AS A FUNCTION OF
DATE OF REBUILD: CREW AND MODEL CONTROLLED
Cld Model { New Model
Crew Type Missile Rebuild Date N [s|n| s

Mar 12, 1954 - Mar 14, 2957 | 193 juue| 8| s

Annual Mar 14, 1957 - Sep 20, 1957 | 189 |153| 15| 13
Service Sep 20, 1957 - July 2, 1958 7001 571 92 7
Data Missing 251,181 28 21

Total 477 1376 |143 | 115

Mar 12, 1954 - Har 14, 1957 B3| 651 o 0

Jraining Mar 14, 1957 ~ Sep 20, 1957 18|15] © 0
Program Sep 20, 1957 -~ July 2, 1958 0} 0y © 0
{Data Missing 12 ] 10 5 L

Total 113 ] 9% 5 4

Contractor,  |Mar 12, 1954 - Mar 14, 1957 | 47| 33| 23] n
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
Missing Data Missing 1% | 11 ji06 81
Total 259 1193 1242 | 189

oy mptes g et
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Table 14

RELIABILITY FOR REBUILT MISSILES AS A FUNCTION OF
ACGE SINCE REBUILD: CREW AND MOUEL CONTROLLED

0ld | New
Model Model
‘Missile Age Since
Crew Typae Recbuild ?Days) N ]38 |N 3
A | 8 - 1 128 102 84 56
 lhh - 255 1751136 ] 37| 26
Annual Service 255 - 2467 U516} 111 10
Data Missing 29| 22| 21§ 23
Total 477 | 376: 1143 1115
: : 8 - 14 | 23 0 0
Training 14t - 255 2119 0 0
.Program 255 - 1467 46| 38 o] ©
Data Missing 12| 104{ 5 4
- _Total 1131 9041 51 &
Contractor, 8 - i 421 27| 821 63
Army Ordnance, U4 -~ 255 77§ 61 321 26
and Creow Data 255 - 1467 1261 94| 21| 18
Migsing Data Miasing 14§ 11 |107 | 82

Total 259 1393 {202 1189

age o v Y EPE N
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Table 15

RELIABILITY AS A FUNCTIION OF TIME (N TACTICAL SITE;
CREY, MODEL, AYD HEBUILD STATUS CONTROLLED

Hew Model

01d Hodel

Rebuild Rebuild

Status Status

Non-retuilt) Rebuilt Miasing ]JNon-retuilt{ Rebuilt Missing

Time Missile Was . ; .8

Crew Type Cn Site (Months)} N S | 5 | K s N 5| x S N 5
0 - o.8 147 1221 52 42 0 oj150]129] 1| 1| 13} 10
Annual Service .8 - 13.0 28 | 186 {130 | 102 8 6 28} a| 13| 1 7 5
13.0 - 48.0 gL | 621198 | 160 5 50 891 9| | 7 7 7
Data Missing ne| 104 | 68 sol 16 1l 1 7] 1w} 13 I 1
Total 596 | hsh (648 | 354 | 29| 22§ 238 196| n=2| 92| ;| 23
0 -~ 0.8 81 22 17 1 18 16 1, 0 0 o] 0
Training 0.8 ~ 13.0 130| 84| 3% 26 1 1 1 1 0 0 4 L
Progran 13.0 - 48.0 39| 23} 25 2 A 2 0 (v} 0 0 1 0
Data Missing 73] 1 220 16 é 6 0 0 0 0 0 0
Total 323 205 (100 | e | 12| 10} 17| 15| o] ol 5|
Contractor, o - o8 | 25) 00l23] 35| 2| 21 39| m| 0| ol 3| 2
Army Ordnance, 0.8 - 13.0 21| 12| 65 50 4] 0 5 2] 15 15 0 0
and Crew Data 13.0 - 48.0 5 2 {126 95 0 0 0 o041 79 2 b3
MKissing Data Missing 3 3| 27 12 9 3 3 5 5|1102] 719
Total 451 271235 {1821 L, | 1 KT 36] 135) 07| 07| &2

G3LINM/a3IHISSYTIONN
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Table 16

RELIABILITY 4S5 A FUNCITION OF TIME MISSILE GUIDANCE UNIT WAS CPERATED SUBSEQUENT TO REBUILD, OR
STHCE NEW IF NO REBUILD OCCURRED; CRE, HOUEL, AID GUIDANCE-UNIT REBUILD 'STATUS CONTRCLLED

New Model

Qld Model
Rebuild Retuild
Status Status

. Time Guidance § Honerebuilt] Rebullt § Missing Jlon-rebuilt} Rebuilt | Missing

Unit tas K ;

Crew Type Operated (Hours) | K s | s N | s E | s n s H| s
Q.4 - 3.2 &9 sp| 258 206} | n§ 7? 65) 52 2 1
Apnual Service 3.2~ 7.0 155 | 1231 16| 91| 10 9 971 84| 30| 26 1 1
7.0 - 257.9% 297 | 220 22| 16 [ Ly 171 % 6 4 1 1
Data ifissing 25 20 25| a | 77| s7 2 2 2 2 7 é
Total 566 | M7 42| 332 1104 | 81f 267 | md) 203 & | 11 9
* 4 04- 3.2 13 9| 20| 12 ol of 1| 1] of of of o
Training Program| 3.2 = 7.0a 11] 91 | 35 h 4 5 5 0 0 1 1
7.0 - 257.9 175 f 13| a) 16 1 1§ 13| 10 0 0 1 1
Data Missing 20 12 7 6] 161 48 0 o] o of 1 1
Total 263 1113 92| 69| aa| 53§ 19| 14 ) 0 3 3
Contractor, 0~ 3.2 4 21 w07 2 2 2 7 61 é6| s5 1 1
Army Ordnance, 3.2~ 7.0 18 »|ws| .68 ol of 30| 24| 2| 2 2 2
and Crew Data 7.0 - 257.9% 0| 18] 18| 17) 1§ of 17} 9| 18] 1 2 2
iissing Data Misaing 1 ol 4| 4| | 1] 33| 27| o of 73] =
Total 53 1 231 173 ) 17} 13] e7| 66] 124 | w0| 78 59

2jpproximately 92 per cent of these groups are between 7 and 30 hours.

Q3 LINFY/a31dISSvIONN
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Table 17

RELTABILITY FCR MISSILES WITH REBUILT GUIDANCE IRIITS, AS A FUGICTION OF TOTAL TLiE GUIDANCE

UHIT WAS OPERATED BOTH BEFCRE AND AFTER REBUILD; CREJ AHD MODFL CONTRCLLED

Q3LINIT/Q3IISSYIONN

01d iledel tew Model
Rebuild Retuild
Total Status Status
¥ Time Guidance [Ton~rebuilt Rebuilt, | Missing Non-rebuilt] Rebuilt Missing
. Unit Vas : T
Crew Type Operated (Hours)§ M 5 H) S i s N 5 N 5 N s
0.7- 66 fam |ws| o] o 2| afamlan| 2] ol ol o
Annual Servics 6.6 - 14.3 161 | 118 | 15 | 125 5 50 58{ &h| -33] =25 1 1
1.3 - 205.52 1135 | 1034 122) 97 8 7 15 9| 51| &4 1 1
Data iissing 39 31 3 59 9 68 19 14 7 6 g 7
Total 566 | K17 | 421 | 332 104 | eLf 267 28| 103} a | 11 9
0.7~ 6.6 62 L3 14 7 0 c 5 5 0 o 1 1
Training Progran 6.6 - 4.3 E4 59 19 13 1 1 10 8 3] 0 0 0
1.3 ~ 245.52 86 51 B8] 29 2 2 0 o a (4] o o
Data Missing 3 20 2 2 7€ ] 50 4 3 0 0 2 2
Total 263 173 92 69 81 53 191 16 o (s} 3 3
Contractar, ) 0.7 - 6.6 20 5] 21 7 0 O] 251 2| ) 13 1 1
Army Orcdaance, 6.6 - 13 15 1 7 57 1 1 12 9 19 17 o 0
and Crew Data .3 - 245,52 15 7] e{ 70 0 0 6 3] 85| &5 1 1
Total 53 Ml 234 173 17 13 ar 661 124 | 100 T8 59

8ipproxizately 88 per cent of these groups are batwsen 14 and 40 hours,
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