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ABSTRACT

This report is a follow-up of the study done by Liang [1], [2] in 1977

to investigate nev techniques for analyzing SuperHILAC system availability.
Recent and more accurate data are used and emphasis is on the Radio
Frequency (RF) subsystem and its components. Time Series Analysis and
Total Time on Test plots are the main tools used in the analysis.
Recommendaticus for the improvement of RF availability, general SuperHILAC
verformance, and the data collecting process are given. The primary

result suggests that the RF operating period should be extended.
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CHAPTER 1

INTRODUCTION AND SUMMARY OF RESULTS

1.1 The Report

This report is a continuation of an earlier report by Liang [2]
with emphasis now on the Radio Frequeuncy subgystem and its components,
using current and improved data. It was stated in Liang's report that
improvement in overall SuperHILAC availability, which must be very
high for medical purposes, is best made by improving subsystems that
are needed in all modes of operation. Two such subsystems were Radio
Freguency (RF) and Other, with relatively low availabilities of .96
and .93 respectively. Since subsystem Other is not well defined, the
RF became the object of this investigation. It was hoped that the
components of the RF would show properties that were obscured at the
higher level. The analytic procedure of this report is essentially
identical to that in the earlier report, except that an operating period

analysis is added.

1.2 The SuperHILAC and the RF

A block diagram of the Supec Heavy Ion Linear Accelerat =, shewing
the 14 subsystems analyzed by Liang, is given in Figure 1.1. Some of
these subsystems have since been redefined somewhat.

For a given mode of operation, the SuperHILAC is a series system
in terms of the subsystems being used. The iiode of the SuperHILAC
depends on the injector(s) being used, the beam line, and time-sharing
in particular. Generally, Mode 1 indicates that the Adam injector is

providing the ions; Mode 2 indicates Eve is being used; and Mode 3,
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the parasitic mode, indicates that the ion beam of either Adam or Eve
is time-shared with another experimenter.*

Different jon beams from different modes may be accelerated in-
dependently and concurrently through the SuperHILAC by time-sharing.

This computer controlled process splits a second into 36 pulses and
allocates a number of pulses to each mode. For each pulse the electro-
magnetic field is tuned automatically and instantaneously to the specified
level by adjusting the RF gradient, frequency, aod phase. A fault tree,
constructed by Besse, for the KF subsystem 1s shown in Figure 1.2. The
RF is also a series system, and although there are spares for the driver
and final amplifiers, they are very seldom used.

Available computerized data can trace a SuperHILAC failure to the
failed subsystem (but see No. 12 in Conclusion). However, identification
of the subsystem component responsible requires careful reexamination
of logboox records. 1In some cases it was difficult to pinpoint the basic
event responsible and the failure was attributed to an intermediate event.
This caused missing data in some componen(: failure records.** A new and

entirely different categorization proceduire 1s being developed but has

not been put to use yet.

*The descriptions of Modes 1 and 2 given here are consistent with Liang's
report and are the ones used by Besse [3]. However, the definitions are

reversed in other SuperHILAC documents.

*%

For convenience, we shail often refer to an event in the RF fault tree
as a RF "component." 7Tt should be clear that occurrence of an event is

caused by some component failures.
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TABLE 1.1

COMPONENT DESCRIPTION

Event/Component No. Description
0 OTHERS
1 POWER FAILURE
11 Rectifier
12 Firing Circuit
13 Switch Gear
14 Capacitor Bank
2 OTHER MAIN POWER SUPPLY SHUTDOWN
21 D. C. Crowbar
22 Switched Off
23 Circuit Breaker
30 IMPROPER SETTING
3 ACTUAL CONTROL CIRCUIT FAILURE
31 Frequency
32 Gradient
33% 70W Amplifiers
34 Phase
35 MASTER CONTROLLER FAILURE
351%* Crystal
352 Master Pulser
4 MODULATOR FAILURE
41% 8641
42 2KV & 5, pPower Supply
43% Preamp
44 Machlett
45% Driver
5 OTHER MODULATOR SHUTDOWN
51% Noise
52% Breaker
6 DRIVER FAILURE
61* LCW 25K
62% Screen Modulator
63 RF Preamp: 250W, 400W, 2000w
7 OTHER DRIVER AMP SHUTDOWN
71 Flow Switch
72% Breaker
8 FINAL AMP FAILUKRE
81% 6949 Tube
82 Filament Transformer
83*% Plate Choke
9 OTHER FINAL AMP SHUTDOWN
91 Flow Switch

92%

Breaker



TABLE 1.1 (continued)

COMPONENT DESCRIPTION

Event/Component No. Description

10 DRIVE LINE FAILURE

101* Loop Motor

102* Insulator

103* Drive Line

110 MONITORING FAILURE

111* Phase

112% Gradient

120 COMPONENT FAILURE

121%* Relays

122 Boards

123 Other

130 NOTHER RF PROTECTION SHUTDOWN

132 Spark

132 Computer

133 Other

*Basic event with no failure record.



1.3 The Data

Operations data, recorded by the SuperHILAC crew in logbooks, have
been edited and transferred onto a computer file by B2sse. With the use
of program HILAC [3], information such as uptimes, downtimes,* and
subsystems at fault are easily obtained.

The logbook records go back for many years, but Liang used only the
computerized data existing at the time. That covered the 26 months period
from January 1974 to February 1976, where the recording units were .5 hours.
The present study covers the subsequent 24 months from March 1976 to
February 1978, with recording units of .25 hours.

On comparison, the computerized data contained many omissions and
mistakes. Having corrected the discrepancies, we ran the data through a
program that picks out those entries essential for a specified subsystem
analysis (see Appendix A for program listing). The selection was made with
respect to the subsystem alone and disregarded the operating mode. It was
felt that the separate mode analytic approach used by Liang is highly ques-
tionable when applied to subsystems, like the RF, which are essential in all
wodes of operation. Although the load on such subsystems may be different
for each mode, the major stress comes during periods of time-sharing, which
are most frequent, and thus fallures cannot be easily assigned as just due
to one single mode.** This fact 1s verified by the multiple entries in the
logbooks for such failures and the similarities of the availabilities,
obtained by Liang, of such subsystems for different modes. This problem

was not unknown to Liang; he called it Coupling of Type 1.

*
Dovntime and repair time will be used interchangeably.

*k
We wish also to point out that the schematic diagram used by Liang for
Mode 3 is incorrect.



Close examination of the failure data of the RF subsystem revealed
a large number of records each consisting of a succession of short
uptimes and downtimes terminating with a relatively long repair time.
Such a sequence of entries is actually due to one single failing component
and represents the instability before the final crash. Since the uni-
variate life distributions we will be using cannot account for this
characteristic, such a sequence was compressed into a single entry with
downtime equaling the sum of the separate downtimes. Figure 1.3 illus-

trates the procedure.

0
Time
Before: W
9
After: Up [7 Down l Up

FIGURE 1.3

REMOVAL OF INSTABILITIES

Another necessary adjustment to data before analysis can proceed
is the removal of discontiunuities caused by shutdowns, and, for part of
the analysis, those caused by maintenance breaks as well. For a shutdown
or maintenance break flanked by an uptime and a downtime, the discontinuity
was simply deleted, yielding a pair of t{necomplete data points. For a
shutdown or maintenance break flanked by a pair of uptimes or downtimes,
suspended animation wss assumed and the pair was merged inte a single
point. There are no justifications for these two steps, but they are
the least drastic. Although real time scale will be changed after such
an operation, the data and the analytic techniques turn out to be in-

sensitive to this change. Figure 1.4 illustrates the procedure.
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REMOVAL OF SHUTDOWN AND MAINTENANCE BREAKS

We did not remove or reduce any outlying data points. There were
only a couple of them in each series and their effects were obvious and

easily compensated.

1.4 Summary of Results

The following is a list of the main results of the study. Some were
also found by Liang and none contradicts those given in his report. More

general comments may be found in the Conclusion.

1. RF and Computer subsystems’ maintenance records show that the
failure processes may have Decreasing Failure Rate (DFR)
distributions, implying that the operating perioed should be
ertended. Maintenance records for RF events Final Amp Failure
and Filament Transformer display the Increasing Failure
Rate (IFR) property, while all other RF components have

operating periods with exponential fallure distributions.
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Downtimes are likely to have DFR distributions. RF and most

component uptimes are also DFR. Fault tree branch Aetual Control

Cirecuit Failure and its components are the only ones possibly
having exponential uptimes.

Among the intermediate events, Actual Control Circuit Failures
and Other RF Protection Shutdowms are most frequent. They in
turn are caused mainly by failures of basic components Phase
(No. 34) and Other (No. 133) respectively.

There does not appear to be a seasonal pattern in the RF
failures.

Refinement of the reccrding unit reduced RF mean time to fail
(MITF) to 31.00 hours, however the RF availability remained

at .96.

There are no serial autocorrelations within, and no cross-~
correlations between, the uptime and downtime series of the

RF and Computer subsystems, and of three RF components.
Downtime distributions are concentrated over rather short
intervals. RF subsystem has a mean time to repair (MTTR)

of 1.14 hours with half of the downtimes caused by "trip-offs"

of .25 hour.
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CHAPTER 2

TOTAL TIME ON TEST PLOTS OF UPTIME AND DOWNTIME SERIES

2.1 Introduction

Total time on test (TTT) plots [4] provide information about local
behavior of the failure rate function r(t) , which is of chief interest
in our failure data analysis. If the failure rate is constant or
decreasing, no replacement or maintenance should be planned since the
present unit is actually "better" than a new .or an overhauled one.
If unit failures are observed at ordered ages X(l) < X(Z) < v S-X(N) N

then

T(X(i)) = NX + (N - 1)([X )] 4 oeee 4

(1) @ " *a

(2.1)
(N-1i+ 1)[X

@ " X@-n!
is the total time on test to age X(i) , and T(x(i))/T(x(N)) is the
scaled total time on test at age X(i) . A plot of T(X(i))/T(X(N))
versus % for i=1,2, ..., N as in Figure 2.1 provides information
about 1r(t) . If the plot is strongly concave, it is very likely that
r(t) is increasing (IFR). If the plot is strongly convex, then r(t)
is probably decreasing (DFR). See Appendix C for a listing of programs
to calculate and plot TTT.

The cumulative total time on test statistic [9: page 267)

N-1
(2.2) vy = 121 T(X(i))/T(X(N))

is useful in testing HO : exponentiality versus Hl : DFR and not

exponential. Under Ho , VN is stochastically equivalent to a sum
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of N - 1 independent uniform random variables on [0,1]. It can

v
be shown thai under HO , the distribution of ZN = Y12(N - 1 [N fll - %]

converges to ttat of a N(0,1) random variable. The corresponding

test rejects HO in favor of IFR at significance level a if ZN >c

where P[ZN > e, I Exponentiality] = o« . For N > 10 , ZN is approxi-

s ]

mately N(O,1) . If ZN > 2 (i.e., ZN is preater than 2 standard
deviations) then this is evidence in favor of IFR. If ZN < =2, then

this is evidence in favor of DFR.

2.2 TTT Plots of RF Failure Data

TIT plots of the uptime and downtime series, obtained with program
RF (Appendix B), of the RF, two intermediate and three basic RF components
are given in Figures 2.1 - 2.12. These 12 series have shorter MITF
than others.

The initial long flat portions of the downtime plots are due to
round-offs of .25 hour and/or a near degenerate distribution. They should
not be interpreted as exhibiting the IFR property. Liang had hoped
that improved accuracy would be able to remove such features. However,
it now appears that im practice the downtime distributions can be
regarded as discrete with only a few assumed values.

Most uptime and downtime plots shown here have noticeable convexities,
indicating that the underlying distributions are likely to be DFR.

TTT plots for the other RF components, obtained with smaller samples
(11 < N < 30), and for the Computer subsystem, show a similar property.
This could mean glven that the subsystem or component has been up

(or down) for time x , the probability of its remaining in the current

state 1is higher, the larger x 1is. In other words, replacement of a
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functioning unit is undesirable. There are other interpretations.

It could be that given a collection of uptimes (downtimes), the "bad”
("less drastic") ones were seen to have failed (be repaired) quickly,
causing the rest to have relatively longer records.

Since most basic component downtimes are DFR, the downtimes of the
intermediate components and of the RF should also be DFR, as they are.

It could be shown that a mixture, as in the case for downtimes of a
series system, of DFR distributions is also DFR [5: Chapter 4.4].

On the other hand, the uptimes of a complicated series system are
often exponential (see SuperHILAC uptimes in [2]). It is known that a
superposition of a large number of different renewal processes often
produces a Poisson process [5: Chapter 8.4]. However, our RF uptime
series cannot be exponential since the number of diagonal crossings is
insufficient.* One ewplanation for this is that different designs were
often used to replace failed equipment and we are probably seeing the effect
of a mixture of different distributions that existed at various times.

Among the components, Nos. 3 (Actual Failure), 31, 32, and 34 are
the only ones most likely to have exponential uptimes from our TTT results.
This indicates that the Actual Failure branch of the RF fault tree may
be much more complicated than tne rest.

It must be pointad out that the results presented here are only valid
when the uptimes, and downtimes, are independent drawings from some
distribution. This assumption 1s supported by our time series analysis

results in Chapter 5.

*
The distribution of the number of crossings under exponentiality depends
on sample size. For N = 20 , the mean number of crossings is just under 3.
The expected number of crossings under exponentiality is of order

e-l/2nn as n > o,
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CHAPTER 3

ANALYSIS OF OPERATING PERIOD

3.1 Introduction

According to the experiences of the SuperHILAC crew, more failures
exist in the early portion of an operating period.

The operating period between general maintenance shutdowns is
usually 12 days long.* To test this hypothesis on the RF, all 38 operating
periods, shown in Figure 3.2, were superimposed together as in Figure 3.1.
Note that the lengths of the downtimes have been ignored. This is
because (1) it makes the analysis simpler, (2) a bivariate analysis seems
fruitless since the uptimes are uncorrelated with the downtimes (Chapter 5),
and (3) the downtimes are insignificant relative to the much longer uptimes.

Treating the failure in each operating period as a truncated point
process, a scaled total time on test can be defined for the processes
(see [6], {7}). Let n(u) Dbe the number of operating periods under
observation at operating age u . Let Z(l) 5_2(2) < e f-z(N) be

the ordered failure epochs in the pooled process. Plot

(1)

f n(u)du

0
2

f n{u)du

0

VArsus i- i=1,2, ..., N.

*
Very short operating periods are associated with holidays. Long operating
periods are anomalies.



Assuming the failures in each operating period can be modeled as a
nonhomogeneous Poisson point process with intensity function A(e)
(analogous to the failure rate}, a convex TTT plot indicates A(t)

is decreasing while a concave TTIT plot indicates X(r) is increasing
{6]. TIf A(t) is decreasing, we expect more failures in the startup
phase of the operating period. As in the last chapter, we can use
the cumulative TTT statistic to test for a constant intensity

function.
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POOLING OF OPERATING PERIOD UPTIMES
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3.2 TTT Plots of Pooled Operating Period Uptimes

TTIT plots of the pooled operating period uptimes of the RF, two
intermediate and three basic RF components are given in Figures 3.3 - 3.8.

The plot for the RF is near exponential, but is oredominantly below
the diagonal. A plot for the Computer subsystem, not shown here, displays
slightly stronger DFR behavior. This suggests that the RF and Computer
subsystems' operating periods ought to be extended.

Among the RF components, all except those associated with Final
Armp Failure show signs of being exponential and therefore operating periods
for these components should be lengthened also. The Final Amp Failure
branch of the fault tree exhibits IFR properties. Hence it may be
desirable to overhaul its assoclated components more frequently, particularly
the Filament Transformer.

Since most RF components are exponential and since we are dealing
with superposition, the RF plot is expected to be exponential. The fact
that it is not as exponential as we wish suggests that our description
of the component-RF relationship may have slight deficiencies. Never-

theless, the reasoning for extending the operating period remains valid.
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CHAPTER 4

SUMMARY STATISTICS

In Table 4.1 several summary statistics are given. The first
column entries are the SuperHILAC units, subdivided into subsystems,
RF intermediate and basic components. RF components ncot listed have

no failure records. The other columns are:

N+1
1. Mean time to fail (MTTF) = Z Ui/N where
i=1

N = number of failures

Ui (i =1, ..., N) = uptime prior to 1% failure

UN+1 = incomplete uptime prior to shutdown.

2. Mean time to repair (MTTR) = D .

3. Availability (A) = I—'ﬁ",—r—FM_’f_T;TTP

4. Number of failures (N) .

5. Coefflcient of variation (CV) for uptimes =

cwcm

6. CV for downtlmes.

The estimates of MTTF, MITR, and A are defined in accordance with
common engineering practice. They are in fact only valid under
statistical independence and identically distributed uptimes (downtimes).
Qur time series analysis will show independence to be a valid assumption.
These crude estimates are useful for comparison purposes. The validity
of our comments may be weighted by the sample size and the coefficlents
of variations given. For small samples, the CV is not calculated.

On inspection, the table shows two points: (1) availability Is not
a good measure of performance here since uptime dominates downtime, and

(2) on the basis of MITF, RF intermediate events Actual Control Cireuit Failure
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and Other RF Protection Shutdown caused the most failures as expected.
A partial ranking of RF components in terms of failure rate (ﬁ%%f)
is given in Figure 5.1. 957 confidence intervals are also plotted.

In Figure 4.2 the RF failure rates within the 38 maintenance intervals
are plotted chronologically. Based on this small sample, there does not
appear to be a seasonal pattern in the RF fallures, although component
failures may be seasonal. According to SuperHILAC personnel, there
should be different SuperHILAC failures in the summer and winter when

temperature varies. However, this question was not pursued further.



RTF intermediate cvents

RT hasic components

TABLE 4.1

SUMMARY STATISTICS

Unit sy R A N Cv (UP) GV (DOWY)

Computer 32.49 1.18 .97 313 1.37 1.75

RF 31.00 1.14 .96 328 1.15 2.36

0 340.23 .83 1.00 30 1.59 1.30

1 421.24 1.70 1.00 24 1.31 2.26

2 340.36 .68 1.00 30 1.18 1.31
30 3523.25 1.00 1.00 2

3 156.59 1.21 .99 66 1.04 .39

4 404.29 2.41 .99 25 1.07 1.40
6 1173.14 1.69 1.00 8
7 1761.25 .85 1.00 5

8 479.89 .68 1.00 21 1.34 1.71
9 1778.21 .50 1.00 5
120 2642.75 .25 1.00 3

130 91.78 .97 .99 113 1.26 3.56
11 1761.50 .55 1.00 5
12 1509.86 .46 1.00 6
13 2641.69 1.67 1.00 4
14 3521.92 3.00 1.00 2

21 363.86 .71 1.00 28 1.13 1.30
22 5285.63 .50 1.00 1
23 5285.76 .25 1.00 1

31 620.41 1.55 1.00 16 .94 1.65

32 879.19 1.95 1.00 11 1.05 .95

34 319.65 .73 1.00 32 1.07 1.12
35 (352) | 3521.92 3.00 1.00 2
42 1320.41 1.21 1.00 7
44 3522.16 2.63 1.00 2
63 2642.19 1.00 1.00 3
71 2113.55 1.00 1.00 4

82 621.46 L4 1.00 16 1.50 62
91 3523.50 .63 1.00 2
122 3523.75 .25 1.00 2
123 5285.76 .25 1.00 1

131 210.47 .48 1.00 33 1.38 98
132 1760.55 1.21 1.00 v

133 139.82 1.15 .99 74 1.29 3.67
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CHAPTER 5

TIME SERIES ANALYSIS OF UPTIME AND DOWNTIME SERIES

By using time series analysis techniques, we hope to reveal some
underlying structures of operation and failure processes in order to
predict RF status with past history. The ability to predict accurately
is important in scheduling medical usage. The structures we wish to
identify belong to the class of Autoregressive Integrated Moving Average
(ARIMA) processes. We refer the reader to the book by Box and Jenkins

[8] for a complete description of the ARIMA model.

5.1 Univariate Analysis of Serial Data

One modelling attempt is to fit univariate ARIMA models to the uptime
and to the downtime series. Serial plots of RF uptimes and downtimes are
given in Figures 5.1 and 5.2. The question we wish to address is: given
past history of the lengths of the uptimes (downtimes), what can we say
about the next uptime (downtime)? In simple mathematical terms, we may
wish to find the values of the parameters p , q , ¢. (i =1,2, ..., p) ,
Oj (j=1,2, ..., 9@ , v, and oz in the equation

(5.1; ¢(B)(zk - ¥ = 8(Ba,

where

= - — ewe - P
$(B) =1~ ¢.B 4B

= - o e - 4
3(B) = 1 6,8 BpB
S

th . .

z, = length of the k uptime (dowantime)
H = mean time to fail (repair)
a, = independent random shock during the kth uptime (downtime)

2

with mean zero and variance 9,
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The estimated values of the above parameters depend on the sample

autocorrelations ri

(5.2) r, = i=20,1,

where 2 = mean of the series.

The first 5 sample serial autocorrelations for the RF and three

of its components are given in Table 5.1.

TABLE 5.1

SAMPLE SERIAL AUTOCORRELATIONS

RF Component No.

3 130 133
i Up Down up Down Up Down Up Down
1 .12 .02 ~.04 -.10 .07 -.03 ~.12 -.01
2 .06 .00 .13 -.06 -.02 -.00 .04 ~.03
3 ~-.05 -.03 .04 .16 .05 -.03 -.03 -.02
4 -.05 .10 ~.15 -.02 -.06 -.00 -.07 -.04
5 .01 .01 ~.17 ~.05 .01 -.03 -.07 -.04
N 323 66 113 74

Under Normality, which unfortunately is not true here, the standard error

of r is usually > 1/ . Nevertheless, the autocorrelations are

i

small, and other tests indicate that the uptimes and downtimes of the

RF and component Nos. 3, 130, and 133 are each uncorrelated random

variables: z = + a -



Of the above three components, Nos. 3 and 130 are intermediate
events and No. 133 is a basic event. No other basic event has enough
data for a reliable analysis. Based on the above experience, similar
analysis with other intermediate events was not attempted.

Examination of uptime and downtime histograms* (Figures 5.3 and
5.4) indicates a logarithmic transformation might be able to produce
Normality and brings along more powerful testing procedures. Some
trials in this direction resulted in slightly larger and positive auto-
correlations for small lags. However, sample autocorrelations are known
to be correlated, and the values were not large enough to reject our
earlier hypothesis.

The preceding analysis has been app '~d to the SuperHILAC Computer

subsystem (No. 9) and identical results were <l:tained.

5.2 Transfer Function Apnalysis of Serial Data

Since there are no autocorrelations within each uptime and downtime

45

series, let us see whether something might be said about the next downtime,

say, given the past history of the uptimes. 1In simple mathematical

terms, we may wish to seek the values of the parameters b , r , s ,
. . 2 .,

Gi (i=1,2, ..., ), mj (j =0,1, ..., s) , Wy s uy , and o, in

the equation

(5.3) (7 = u) = S HBO® Gy = w) + m

where

"Note the near degenerate downtime distribution.
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§(B) =1 - 8B - -+ -8
w(B) = Wy = wlB - ese - usBS
Yo = kth downtime
X = kth uptime

th

noise at the output.

o= k

The estimated values of the above parameters depend on the sample

cross correlations rxy(i) :

cy (i)
(5.4) Ty = XY 1= 0,+1,
Cy 0) - cyy(O)
wvhere
N-1
1 = - .
N ) (xk RS ) i=0,1, ...
k=1
(5.5) c. (1) =
Xy .
N+i
i - - o
N kzl (xk—i - x)(yk -y i=0,-1, ... .

The 11 central sample cross correlations for the RF and three RF
components are given in Table 5.2.
Under Normarity, standard error of rxy(i) is usually > 1/VN .
Again the values are small considering the sample sizes, indicating
that the uptimes and downtimes are mutually uncorrelated random variables.
The preceding analysis was repeated with the Computer subsystem

and identical results were obtained.
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TABLE 5.2

SAMPLE CROSS CORRELATIGNS

RF Component No.

i 3 130 133
-5 .08 -.15 -.07 -.10
-4 .10 -.04 -.10 .09
-3 -.00 .06 -.05 -.07
-2 -.09 -.13 0h -.09
-1 ~.03 .03 .18 .10

0 .01 ~.09 -.11 -.01

1 .12 .10 . 16 .12

2 .05 ~-.01 .23 -.07

3 .13 -.04 -.07 .27

4 .04 .32 L0 ~-.11

5 ~-.01 -.06 .18 -.06

N 328 66 113 74
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5.3 Problems in Real Time Analysis

One approach used by Liang [1}, but was not repeated here, involves

real time variables like bimonthly mean failure rate (MFR) and mean

repair rate (MRR). These data are:

[ 8]

Discontinuous because of the existence of several idle months.
Liang had to "invent" data points to fill the gaps.

Few in numbers. Bimonthly data for our 2 years period give

at most a 48 points time series, just barely enough for a
reliable analysis. Shorter interval yields more missing data
points.

Not very reliable, Some bimonthly MFR and MRR would have to

be obtained from averages of only a few uptimes and downtimes.
Difficult to interpret, since they would cut across maintenance

periods.

Because of the above, real time analysis with MFR and MRR was not

attempted.



CHAPTER 6

CONCLUSION

In Chapter 1 we gave a list of raw results obtained from analyses
described in preceding chapters. 1In this conclusion we offer inter-
pretations of results and recommendations for the improvement of SuperHILAC

performance.

1. Information in the stored data files contains too many dis-
crepancies with logbook data. These errors were incurred
during coding and key punching. We expect that by having
the SuperHILAC crew doing the coding directly, in addition
to keeping a log, data handling errors will be minimized.

2. Logbook entries are not well designed for categorization into
the 14 subsystems. Furthermore, descriptions are not detailed
eaough to trace RF failures to the components responsible.
Future logbook format, component definitions, and descriptions
of fault tree events should be linked without ambiguities.

3. There is a conflict of interests concerning information
provided by the logbooks. Summary statistics favored by
SuperHILAC personnel and bookkeeping uvsage use a different
set of information than a statistical life testing model.

In particular, our study needed to know (1) actual termination
time of a maintenance break iustead of the scheduled time, and
(?) actual compcnent responsible for failure and the effective
downtime instead of a history of the trial-and-error search
process and the instability before the final crash. Although
not much can be done since different analyses require different

data, we felt it is appropriate to point cut this fact.


http://analyt.es

Refinement of the recording unit produzed no changes in the
time series analysis or TTT plots. The .25 hr unit did
manage to bring out more failures and therefore reduced RF
MTITF and MITR irom 51.70 and 2.00 hrs to 31.00 and 1.14 hrs
respectively. However, the availability remained at .96.
The Computer MITF and MITR were reduced from 146.50 and

2.14 hrs to 32.49 and 1.18 hrs respectively, with a drop

of availability from .99 to .97. Further refinement of u..it
is always welcomed, but we feel it is unnecessary for our
purposes unless "trip-offs” of less than 7.5 minutes are
considered significant.

As (4) has shown, the interpretation of MTTF and MITR depend
on what is considered as a failure. Many SuperHILAC failures
considered by Liang were not actual failures - e.g.,

Source Element Change, Set-Up, Stripper Foil Change - but
were necessary steps prior to an experiment. Removal of
such nonfailures, particualrly in Adam, Eve, and Other
subsystems' records, would yield higher MTTF. Likewise,

the definiticn of the availability of the SuperHILAC needs
reexamining. Availability of .95 was somehow set to be a
desirable level of operation. We wish to point out such a
goal is unreachable even if RF were made perfect.
Experimental set-ups have already slashed Adari, Eve, and
Other subsystems' availability down to .82, .94, and .93
respectively. For our purposes, we feel that if tuning and

Experimenter's downtimes (subsystem 14) were not considered



as actual failures, neither should set-ups. In any case,
improvement in SuperHILAC availability rests more on the
efficiency of set-up procedures than on reliability of the
R¥.

Partially because of (5), we feel availability is not a good
measure of desirable SuperHILAC performance. The RF down-
times are €» short compared with the uptimes that a 50% decrease
in MTTF would cause no appreciable decrease in availability.
Since scheduling periods of continuous use is important,

MITF, and hence reliability, would be a better measure.
Another point in the interpretation of availability concerns
the parasitic mode. Availability of the parasitic mode was
found by Liang to be larger than those of the other modes
when we expected lower availability, since the parasitic beam
puts more stress cn the system. It seems that the higher
availability came about because the parasitic beam was never
turned on until the system had been operating satisfactorily
for some time.

Although only basic time series analytic technigues were used,
we are convinced that the RF and the SuperHILAC are too un-
stable, in terms of their constituents, and their workloads
are too random to sustain any ARIMA structures. Besides
sample information like mean and variances, there may not
exist any reliable predictions of uptimes and downtimes.
Further time series analysis is unwarraunted unless more stable

data could be obtained or some physical model is to be tested.
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The uptimes of the RF and its components are found to be
either exponmential or DFR. This suggests thit no replacement
or overhaul cf units should be made until the unit goes down.
For the RF and most components, this is impossible since
scheduled maintenance dictates that service be done at a
given time, whether the unit is up or down.

The maintenance records of the RF, and all but one RF com-
ponent, are found to be either exponential or DFR. This
neans the RF operating period should be extended, perhaps

to a month. Only the Filament Transformar shows IFR
property and suggests more frequent maintenance on this

unit is desirable.

Liang has shown earlier that subsystem Other with avail-
ability of .93 and MITF of 18.15 hrs is the worst subsystem.
This study found that RF basic component number 133 (Other)
is the worst among its peers. Together with RF intermediate
component number O (Others) and basic component number 123
(Other) they comprise 36% of the total number of failures
and 407 of the total downtimes. Clearly a great deal of
effort must be put in constructing better fault trees for
the SuperHILAC and the RF if we are to identify and correct
the weaknesses of the system.

The RF failure records did not show any seasonal patterns.
Inspection of the Computer subystem data also failed to turm
up seasonal patterns. If summer temperatures are thke cause

of more failures, the Cooling subsystem data should reveal it.
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13.

14,

However, Cooling was found by Liang to have a MITF of
1479.64 hrs and avallability of 1.00, and hence cannot
account for much of anything. This indicates that current
records do not identify actual causes of RF failures, but
only indicate components that necded imnpediate attention.

If our MITFs were not so much larger than our MTTRs, and

we have accurate information about the shut-off relation-
ships among the components (i.e., the status of a component
when another component is down), then we can test the accuracy
of our RF fault tree by comparing actual RF availability
with derived RF availability from component data. But since
MITF >> MITR, availiabilities are insensitive to shut-off
relationships [2). Liang has therefore put unnecessary
emphasis on the importance of these relationships.

All our componeant uptimes were obtained under assumption

of functional independence, i.e., failure of one component
will not shut off another. Our derived RF availability

A =1 Ai = .964 is < actual RF availability of .965,

which agrees with theory. The contrary result (A _ > A)
that Liang got is probably due to data error.

We have not made too many assumptions in our analysis.

The most obvious being suspended animation during maintenance
in order to join uptimes and downtimes. This is of course
incorrect since all kinds of testings are being made, but it
may be unimportant considering these uptimes and downtimes

are truncated random data.
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APPENDIX A

SUBROUTINE FOR SUPERHILAC SUBSYSTEM DATA RETRIEVAL

Subroutine RADIO and the accompanying two sets of program HILAC
updates, listed here, are used to select from a stored data file the
relevant information for a SuperHILAC subsystem analysis. Subroutine
RADIO utilizes the input and output features of program HILAC but
avoids all its other subroutines.

Subroutine RADIO serves two functions. One is to produce detailed
output similar to program HILAC but for one specified subsystem and
without SuperHILAC operating mode considerations. Another is to rearrange
and condense this output into a table as input to program RF (Appendix B).
Update statements titled TABLE need to be inserted for the second function.

Besides deleting irrelevant information concerning other subystems
and recalculating uptimes between failures and shut-downs, subroutine
RADIO also edits maintenance breaks and orders events with respect to
time to adjust for having ignored operating modes. An example of

maintenance break editing is shown in Figure Al.1l.

RF Subsystem Data

Down

— ; L

rvode 1: Up Maint. I Up l * l #~ time
ol_ J )

Mode 2: Up i Maint. I Up l ‘

9 i |
L faint.
RF (compressed): Up { Main { Up I '

FIGURE Al.1

COMPRESSION OF MAINIENANCE BREAKS
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SOOI RADID

=hOHILACLZ
#E HILACWS
PROGR AN Hl’ur({NpUT QUTPUT,FUNHCH]S
I HILAT 4
DIMENSION RFDATA(300,5) INDEX (40
JINDEX=1
=] HILAC.45.
60 10 1
=1 HILAC.62
1 CAtL RAUIDIRFDATA,INIEX, SINOEX)

INSERI. HILALLES e e

SUBRIUTIIE HADIO(RFDATA [HOEX, JIHU X1
COMMOMN/AZ AD AR cAFRAY AT AU AUT L AL (750,100 ,B(5
YEVENT( 21 ,EVTI(250,2) ,EXE, IMIX,GU14),Ul10}1,1L
2 QD0 W AKGT v QU QUT RO, RFy RFAC RTy RULRUT,SC,SFySFA, ST, SU,SUT, LD, UF
FLUFL L UT UL UUT s VD 1 YF s VFALVT s YU s VUT s WO g WF ¢ WF AW HT s WU o WUT
e A X0 TR TE A T e T T P L (L O o e P A s B e
DIMENSION RFOATA(500,5), INDEX(40),2(80,2)

C COMPRESS MAINTENAMCE INTERVALS
C. . . .

ITMl=1HM+]
e AN N0 _

dyLV t

TN Y 2 O e

JV4€0, EF EFALET, EU, EUT,

DO 5 =1, 1M
CEFLALLLD T ) WMNELSIGO TO 5.
K=T1¢+1

D0 & J=%, 1M1

TFLCALLSYTH.NEL3 Y LORL ALY, 1)L EQ.O0VIGD
QO T
52 LL=J-

FEALLLEG. TGO TO S
Blo=zZae={alllyli=-11+A10],2)
SHALL=2T1G+AL 1, 4))

o 4 LP=x,LL

_BIGIE 8% (AP ) R ALILE,2Y)

BIG n(‘fﬂ(l‘B[urOIGl'
SHMALLI=8TGL+AL(LP. %}

G SMALL=AMINI(SMALL, SMA‘L‘)
ALIT, D)=L +AINT{BIG/ 24
ALCL 2V =BICG-24%{AL1T,10-1)

o522

e e AU L A E M AL ZBLG
Nd 43 LP=K,LL
63 AWLP.7d=2 L .
5 CONTIHUZ

e lnke)

DELETE IRRELEVANT IAFORMATION

1T1:0
00 1 [=1,1M L
IF(AL(L,7).EQ.21G2 TG 1

P(),PF ’pFAva'pU

IFCCALOTy 71 .ENLS T ORGIALIT STV GEQaa) aCRa (AL IT+7)oEQRQL3).ORL(ALIT6,.
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1£Q.9))%50 10 2
GO 70 Y ... . . ... ol
2 17=11+1]
B & © N PN N

2017, 2’-7’1*[#\1(1-1)-1)‘Al(lyZ)
1 CaOnfLive e L.

e e

.- 89RT Z WITH RESP=CI IO TIne .

S B -

15 lF(leyZ).LE Z{1+1,2))G0 \._,(O
L0y X Ll
Y=Z(1.2)

R ___J

S A O O I I 8 O P O

2(1,2)1=2(1+]1,2)
ZL1+1,1 =X

Z(I+1,2)=Y

EMAX O U= e O

GO T0 15

A=l ol U

IF{1.1NE.ITIGO TO 15

C ODUTPUT AND UPTIME CALCULATION

o e el e e e e

P 7 IL=1,1T7

IP=Z2{IL.1} e e

IF(AL(LIP,7).NE.SICD TO 8
3 K=1B .

UPT IMZ=0

C_ . ... _FCUCR TadlLEs INSERT = 6C TO_33
PRINT 100, (EVTLIP,L ) L =1y2),0AL0IP
GO 12 .7_.

sy Ly L=1,T!

U E LFUUALLIO 3 71 0f0o3) o AN (AL (K, 7). EQe 411G0 TO 3

K=IpP
C . ___ . FGR_TABLE, INSERY - GO 70 33

9 BETIME=24%(ALIP, 1) =0) +AILIP, 21~ (RAZIAMR S 1= 1V +A MK 2D +ALK, 43D

PRIMT 100.(EVT({1P,L1isL= lely(Al(vaL) L= 1, ‘r) UNIH:;(A;HF‘»L):L 6v

I N 8 E

10O FORMAT (1X,2A10,7F7. 2;
.33 1=500-TT-INOEX(JINGEX ) +1

RFDATA([;I)=AHIPy1I

CRFDATAUI 21=ALL IR 20

RFDRATA(L+31=41{[2,4)
L KRFDATAU I 4)=UPTINE__

REDATA(L,51=3101IP,7)
1L COBTYINUE — - —
JINDEX=JINDEX+]
_ INDEX(JIMODEX)={T +INCEX (JUNDEY =10 e e
RE TURNM
END . B
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FICENT _TABLE . e e e e e -
*] HILAC. IO
——— e DAT A LAY LTOHIAY L SEPT/IOHSERTEMBER. L APP I LJICHARRIL
FF(IHEACER.EQ.XAY) JANDLIIYEARLEDLII7BYICO TO 33 i
L AP (HEADERZEDL SEPTI o AND{IYEARSENR.LS77))00 . T0 33 o
JFOU(HEADER JEQJXAY ) JORJIHEADER.EQJAPRIL)LANDLLIYEAR EQLLSGT6VICE T
1 15
DATA FEB/)1ORFEBRUARY ¢
— JEUHEARFRZFOLFER) JANDLLIYEARLEQLIGT61)CO TO 149
D HILAC, 3!
D HLL A e e e e
1 HILAC.63
o .33 READ_JOL, (ENENTULLY H1=1.20, (BOLY =128} .. i ..
GO TO sC
_149 _BRTNI 177
717 FORMATUHL, /)
e PRINT 150, LURFDATAL 1), 0=2-5Y1=1,500) . ..
150 FORMAT(5F3.2)
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APPENDIX B
PROGRAM FOR SUPERHILAC SUBSYSTEM COMPONENT
UPTIME AND DOWNTIME EDITING

Program RF and its four supporting subroutines, listed here, are
used to obtain (1) the uptime and downtime series, and (2) the pooled
naintenance information from the output of subroutine RADIO.

For uptimes and downtimes, program RF (1) merges consecutive
downtimes, {(2) joins time segments separated by shutdown/maintenance,
(3) discards downtimes which lead an operating period, and (4) gives
useful statistics and other information. For the maintenace analysis,
program RF does the above for each operating period and then pools the
uptime information into a vector. Details of the above procedures were
given in Chapters 1, 3, and 5.

Note: There is a problem with Lhe initial value of the uptime

series.
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510
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PROGRAM RE{INPUT,UUTPUT,PUNCH)
COMMON /A/IK,RFOATA(500,5)
CIMENSION UPTIME(S500),0FF(500)
DIMENSION UPMAX(SO! ,MAXI(501,UP00L{5001
IK = AMOUNT OF RFDATA
RFOATA = INPUT DATA (DAY TIME.COWN,UP,OPTICGH)
IK=0

DC..2 J=1500..-.. . - . Lo L. e e

UPTIMET J) =Q.

IK=]K+1

READ 112, (RFDATAL 1K ,0)¢d=1,5)
“GRMAT(SF8. ™)
[F{RFOATACLLIK,5).NE.8.1G0 TO 11C

IK=IK-1 e e e . e et e e e ey

SRINT 1
SORMAT(LIHLY
PRINT 111, IK
"ORMAT(L6IS)
ORMAT{10F 8.2}
o----MERGE .CONSECUTLIVE DOWNT.IMES .{0-0QCARDSY. . ...
JALL MERGE
JJ = AMOUOUNT OF UP-DOWN PAIRS
KPP, IKK = DATA SEGMENT TO BE ANALYZED
UPTIME,OQFF = UP-DOWN PAIRS
Pp=1

[KK=IKeLl o .. o o o P e e

ANALYSTS DF MAINTENANCE SEGMENTS 1

[NSERT FOLLOWING 12 CAKCS FOR MAINT ANALYSIS
[FLAG=KZ=0
GO T0 99

KPP =1KK . - oo S el e el

00 510 KP=KPP,IK
IF((RFDATAIKPs 5).NE.3.) ANDL(KP JNELIK)IGO TG 510
[KK=KP+]

R3A=RFDATA(IK¥ ,3) _
R4=RFDATALIKK, 4)

RS =RFDATA( I KK,5) . S T, e e e f i

G0 10 96
CONT INyc
CONTINYE

RFDATA(IKK,4)=,001

- REDATA{IKK,3Y=RFLATALIKK,51=0 ... .. . ... .....
JOUIN TIME SEGMENTS SEPERATED 3Y SHUTDOWNS/MAINTEMNANCE

CALL JOINUUPTIME OFF KPP, I FK, JJ)
IGNORE STARTING OOQWNTIME
K=1
IFIUPTIME(L Y. EQ.0)K=Z
IGNORE ENDING ZERO UPTIME __ . .. ... .. .. ..

TFQUPTIME(JJ) +EQ.0.0011JJ=dJ-1

PRINT 6563
FORMAT( 16H DOWN ue)
PRINT 664, LOFF(L),UPTIME(L],1=K,14)
FORMAT{2FB.2)
AVATLABILITY STATISTICS . - e

CALL STAT (UPT IME+OFF,K,JJdsPERIOD)




C
G ANALYSLI S OF - MAINTENANCE . SEGMENTS 2 e
C INSERT FULLOWING 41 CARDS FOR MA[NT ANALYSIS ,
IFIPERICD.LE-CLQ0L1)IGO YO 14 - :
CALL MAINTIUPTIME +KeJdJyJY, IFL A(',UPDOL,UPHAK KZ} '
14 TF{(IKK-1).EQ.IK}IGO T0O 10
RFDATA(IXK,3)=R3

e PEDATALIRE 2 =R o]
RFCATA[IKK,5)=R5
54 10 %8 .. . : o .

10 PRINT L1 .

11 FORMAT{(/,1X,1%4APDOLED MAINT =1. . . !
PRINT 123,{UPCOLIL},I=1,J1)

€ oo DRDER _UPMAX _ — :

£O 16 L=1,KZ i

N O
XMIN UPMAX(L'
. .._.D3 185 1=L,KZ . e R
[F{UPMAX(T}.GEXHINIGO TO 15
e XMINSUPMARLT — o . - -
J=1
15. CONTL{NUE . S
UPMAX{J)=UPMA X (L) I
16 UPHAX{LI=XMIN . e ]
C FIND INDICES i
e UPOD Y+ Y 2 L0CO ae e
KY=1
LI=1 . . e
5 14=0
CC 4 Il=KY,KZ . - e
TFUUPMAXCT L), NE. UPHAXTKY11GO TQ 3 :
/S S T 2 . —
3 IFIUPOCLIIYLLE, UPMAX{XY 1150 TO 6
CIl=1-14 . . SR,
MAXT{KY) =] :
IFIKY.EG.XK2)GO TO 7 o e
KY=KY +1 i
_ 6 l=1+1. e ——
[F{I.LE.(JI+111G0 10 5 .
7 PRINT 124KY .
12 FORMAT(1X,23HTOTAL NUMBER OF MAINT INTERVALS =, 15) ,

JPRINT 13 e

13 FOPMAT(1X,32HINDICES OF MATNT Ei\D ING PUINTS =1 i
e — PRINT YL14(MAXI(I)0=1,KY) I
Jdd=ra-1 e e e e e e e e

END
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SUBROUTINE MERGE ‘ |
__ COMMON, /A/IK REDATA(500,5)

c MERGE CONSECUTIVE DOWHTIMES (0-0 CAXDS) ;
C J = NUMBER OF 0-0 CARDS _
c JJ = END LOCATIONM ;
¢ . KK = START LOCATIGM o B
C LK = FLAG VARIABLE FCR ADJUSTHENT TO KK
J:
LK=0 1
. DO 7 I=1,IK L . o
C TEST FOR 0-0 CARD
. IF((RFDATA{134) sNE<C)+.OR.(RFDATA(L,5).8E.0)I1G0 TO 7. . . '
IF{RFDATA(I-1,5) .NE.O)LK=1 |
_Cc__ _COUNT _NUMBER OF. _§-0 CARDS_ e :
8 IF{(RFDATA(I+J+4)aNE.0O)oORs({RFOATA(I+J,5)NE.0})G0 TO 11 i
S 1N 3 N O
GO TG 8 j
L1 Jd=14d=0 o o
KK=[—1+LK t
e IF(JJ.EQ.KKIGO_TO 13 . ) . . o
OOWN=0
i
1

o UP=RFDATALRK o4 ) e e
C MERGE

__D0 12 L=KK,JJ . i L e

DOWN=DOWN+RFDATA(L ,3) i

. ,J“,_REDAlA(LL3):BEDALAijﬁlzo_.N_.v,.MM~"n“~__‘.__“hm,_-u____“_l
12 RFDATA{L,5)=8.

C , RESET L o o L

PFDATA(JJ144~DOWN )
_RFDATA(JI &) =UP :

RFDATA(JJ,5)=0
T I U
13 LK=C
T 1F(RFDATA{I:+5).EGQ.3.JRFCATA(L2)=0. e e
RETURN
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94

15

60

21

T UP=UP+RFDATA(L,4)

_COMMON /A/IKsRFDATA(500,51

OFFLJII=REDATA(ILZ) .

‘DO 94 L=KK,LK

"LF{RFDATA(LI+J,5}.EQ.0)G0 TQ 91
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SUBROUTINE JOIR{UPTIME,OFF JKPP,1KK,JJ}
DIMENSION UPTIME(IKK]),OFF{IRK)
JOIN TIME SECGMENTS SEPERATED BY SHUTDTWNS/MAINTENANCE .
J = NUMBER GF SHUTDOWNS/MAINI CARDS TO SKIP i
JJ=0 '
ADJUST STARTING POINT
RRPP=KPP
DO 1 I=KPPP, KK
IF((RFOATA(L+32)«NELO.)ORCIRFDATA(I+4).NE.O.)IGO TO 2
KPP=KFPP+]
DO 77 [=KPP,IKK
IF(EFDATA(L+5).EQ.8)GD T0 77

IUE-D S .

UP=DOYN=0 !

Ju=JJ+1 L . B
RECORC IF FAILURE CARD

[F(RFODATAl1,5).NE.Q)GO TCO 70 .. _ . L.

UPTIME(JI)=SRFODATALL +4)

G0 10 77 *
TEST FOR ZERO PREVIOUS UPTIME L

1F(RFDATALI +4) .NE.DIGO TO 60 :
SEARCH FOR MEXT FAILURE CARD

FOATA(I+4,5).EQ.0}GO TG 71

~ TEST FOR DOWN-DOWN
IF(RFDATA{I+J,4).NELOIGO TO 78
KK=1-1
LK=1+J

_ U JOIN DOWN=DUWN
DOWN=DCWNN+REDATA(L,3 )

UP=UP+RFDATA(L,4)
REDATA{L,31=REDATA(L4)=0,
RFDATA(L,5)=3.

.. RESET, e e e e
REDATA(LK,5)=C
REDATA(LK,3}=COWN
RFDATA(LK,4]1=UF
JJ=gJ-2
IF(4J.LT.013J=0
G0 70 17

DOWN-UP
LK=1+J-1
DO 79 L=I,LK
RFDATAIL,5)=8
GO 70 76
SEARCH FOR MEXT FAILURE CARD

J=J4+1
GO 70 &0
JOIM UP-UP/OOWN
LK=1+J
DO 93 L=[yLK
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RFDATA(L+5)=8 i
93 RFODATA(L4)=0._ _._.
RESET
RFDATA(LK,5)=0
RFDATA(LY y4)=UP
76 JJd=JJ4-1
77 CONTINUE
__RETURN .
END |

e i

SUBROUTINE STAT(UPTIHME WOFF,Ky»JJ»PERIUD) !
L DIMENSION UPTIME(JIJI0FF(IID_ _
AVATLABILITY STATISTICS I
J1=JJ
UP=D0WN=0.
DO 10 [=K,JJ
UP=UP+UPTIME(L)
10 _DOWN=DOWN+OFFA{1)
PRINT 11 ,UP
11 FORMAT(1X,15HTOTAL UPTIHES =,712,2)
PERIDD=UP+DOWN
PRINT 15,PER10D
15 FORMAT(1X,BHPERIOD =,F19,.2)
... IF(PERIOCLLE.0.001)G0C _TO 60 .
AVAIL=UP/PERIOD
Up=UP/1JJ-K } }
IF((OFF{J3) cEQeOs ) JAND(SJaNELKIIIL=03-1 }

DOWN=DOWN/{J1-K+1)

PRINT 20.,UP
20 _FURMAT{1X,19HMEAN TIME TO FAIL _=,F8.2)_____

UP=1/Up .
PRINT 30,UP , ;
30 FORMAT({1X,19HMEAN FATLURE RATE =,F3.2)
PRINT 40,L0nN
40 FORMAT{1X,21HMEAN TIME TO REPAIR =,F5.2)

O PRINT SOAVAILL
50 FORMAT (1X,14HAVAILABRILITY =,F13.2)
60 RETURN

END
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SUBRDUTINE MAINT{UPTIHE, Ky JJyJLs [FLAG,UPOOL,UPHAX,KZ) 65
DIMENSIOH UPTIME(JSS) | ]
LIMz N5 108 UFOOL(530) ,UPHAK(50) ,UPTIMI50) :
J1 = SIZE UF UPUDL
J2 = SIiZE OF uPTlH
UPMAX = ENDING POINTS OF MAINT INTERVALS
1FLAG = 1 ASTER CALL MAINT
_UPODL = PODLED MALINT o e
KZ = S12t 0OF UPMAX
UPTIH = VEMPDRARY STORAGE OF INDIVIDUAL MAINT .
LE = 1OWER INDEX FOR UPQUL
IF{IFLAC.NS.O0IGO TO 625 _ .
[FLAG=1
UPOILL LI=UPTIME(K) . . . S
Jl=JJd-K+1 ‘
IFIJ1.LT.21G0 T0 627 ]
DU 626 1=2,J41
€26 U2D0L(1)=UPOCL {I~-1)+UPTIME(I+K-1) , o
627 KZ=KZ+1 |
CCUPHAXIKZ)=UPOOLAI L) o _ N
GO 13 2 !
ACCUMULATE UPTIME o _ L
£25 UFTIMILI=UPTIMELK)
J2=zdd—K+1 o o
00 601 I=2,42
L AGL UPTIMII)=UPTIMII-L)+UPTIME( Lek~1)__ .
KZ=rZ+1 |

UPMAX(KZ)=UPTIM(J2} . - . e o e s
LB=1 :
DO 6022 1=1,J2 ] e e e e

[E{UPTIM{I).LT.UPUOLILB)}IGO TO 607 ‘
CIFUPIOLEJY ) W LTWUPTIMUINIGO TGO 6GB _ . o o oo
CO 603 J=18,J1 »
IF{4.EQ.J)16G0 TO €08 )
JE({UFDIL (J) wLELUPTIM( 1)} .AND . {UPOOL (J+ 1) .GELUPTIMII)IIGO TOU 604
€03 CanlINUE
604 Ji=J1l+1
LE=j+2
UPT=UBCOL (J*+1) ;
UPDLL LI+ 1) =UPTIMIT) o
CO TO 605
€07 Jl=Ji+1
LB=L8+]
CLLRT=UPDOL(LB-L)
UPOOLILB=1)=UPTIM(I)
SHIFT N - S e ,
€04 D0 635 L=LB,J1 i
IF(L.EQ.J1IGOD TO &28
UPTL=UPOOL (L)
€28 UPGOLI(LY=UPT _

€05 LPT=uPll i
!

G02 CONTINUE
Co 10 2
ATTACH
£08 KZi=Jl+l
Lodl=dleg2-rel
DO 609 J4=K21,J1
UPDOLtJ)=UPT IM( L) ’
609 I=141 oo
2 RETURN ,
13

ENC
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APPENDIX C

PROGRAM FOR CALCULATING TOTAL TIME ON TEST

Program TTTPLOT and {1ts six supporting subroutines, listed herc,
are used to calculate and plot the total time on test transform for
(1) uptimes or downtimes, and (2) pooled operating period uptimes.
The input to program TTTPLOT 1is the output of program RF. Detalls

of the total time on test plot were given in Chapters 2 and 3.
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PRCGWAN TTTRPLCTUINFUT JOUTPUT (TAREF9, TAPEGZINPUT)

T COMMON /A/L(Hﬂ")/B/FYqMAXI(SD)

'

DIMERSICHN X(UE) N(ug0) NSI4n0) JNN(LUR)
DIMENSION X1(HEU)YLI(HCD) o X2(HE1)2Y2(H8L),SPFCS(3E)
TEQUIVALENCE(XT(1)+X2(2)1)4(Y1(1)sY2(2))

2 iNPUT CATA

> = ORCLCMEC UISTIHCT VALLES GF Z o
Moo= REMAINING LUM3FE GF 1TEws GO TEST
F - LU-EER OF CISTINCT valLueS CF 2
NS = CCUNTS OF ThE REPETITION CF VALUES CF X
'X1,2 = NORSALIZED X-AXIS R
Y12 NORN¥AL1IZED TTT
_SPECS = PLCT SPECIFICATIONS

1

"ot

INSERT TrE FOLLCWING 18 CARDS FOR MALNT RUN o
KY = T10Tal MUMCER CF MAINT IGTERVALS

TUMAXI = ILUICES GF ENDING POINTS FOR TuE paINT I0TEPVALS

HN = REMAININLG DUMBER CF MAINT INTERVALS ON TEST ;
REAC(BV30EIRY S (MAXIC(I) s I=13KY) N

200 FORMAT(ibIS)

AN ]

T2 PRINT 3u

C

FRINT 1¢.RY

10 FGRMAT(1IX v 34hTOTAL LUMBFK CF PAINT IBTERVALS = 415) ‘

2

n
%

CPRINT Sebs (AXI(I)el=la8Y)

PHRINT 24
FORMAT(1X¢3SHILDICES CF MAILT ENCING POILTS =)

PEAL (843502
IFLECHISLINPUTI Y2 222

IPp FORMAT(1 A 1enlilPUy CATA =)

39 FOmMAT(IRFB.2)

TCALL TTTINF W N XoXInY1) 7777

TPRINT RO

PRINT 222

CALL SOAT(X«N+NF.NS)
FCR MAINT RuUN. IHSERT -  CALL SORTI1(NNMS«NF)
TFOF MAINT RUNs REMCVE TFE FOLLOWING CARD = CALL SovERA
CALL SOVEPRA(NF «X4NS) ’ i
FGP MAINT RUM. PEPLACE BY - CALL TTTI(NF NNWN. Y|X1 71)

NCS=zh(1) E
FCP MAINT RUN. INSERT - " CALL FIX1(NOS.X1.Y1) o

LE FORMAT( /41X, 27THTOTAL TIME QON TEST VALUES =)

TEPECS(L)yELLL

eLCTT ' -

X2(1li=v,
Y2(1l)=y.

PHINT 3S4(Y1¢(1)+1=1,NOS} )
i

- B

SFECS(2)=3, |
SPLCS(T7)=h.

TEPECETE T T T T T T T T T T T T T T T T T T T T T T T T T T e

£)E6.
SPECS(F)=1.x : : o
SPECS(1r)=1.¢ C o A : . .

TTTRPRECS (I =1L TroTTrTTT T o T T T T

SPECS{12)=92.p
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TUSPECS (B it g

Ye(zi=l.,

CALL QULILI{SPECS)
CPECSE9)z1v,.
SPUCS(1M) =1,

catL LXLILI(;P €C3)
'}) LC(J)_i T : T N
cPtCS(H)-d.U :
speEcsesI=teg o S
SPECS(17)=.12

SPECS(IR) =1y

SpeCS(19)=d.y 0 T o T mmmn mo
SPLCS(2J):‘.
SPECS(21)=2.
«PLLF(Zuiiﬁ" oo T o e
SPLCS(2A)=d,. 4
SPECSi281=1l.u

CaLL NCOLTL(SPECSY
CALL MNODLIB(SPECS)
SPECSt24)=1,

TCALL TITLES(ZSHTOTAL TI'E Ui TEST PUUTHSPICS)

| l
i
|
3

SPECS{13)=NuS+l.
SPECS(15)=1.0 N
TSPECs(ISIEL Y i oo e
CALL SULLILIIXZ+Y2.SFELS)

x2(21=1.

SPLCS(13i=2.

Casy = .1

SHACE = .05

Catl, CLLILE(XZ Y22 LASH«SPACE «SPECS) §
CALL COSEMND(3PECS :

TEND
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SLLACUTIIE Ao TIYeNyiiFe™ S)
(Ot S/l ety
LE-5FSI0h XK adMal (s (aet)
ko= elo i OF CATA 11 2
Z 1S Uil ab TER EXECUIIC:

1

JAL=LEL)
Lo 1o Izeeddn
I Sy DO T e N2 e ()
I 1(1).Ll.n.)n:n+1

1S 2 Izier i
2u LS(L1=@

tFE=1
S »eli=z21y

Lo 47 lzzaX

G IF(Z2¢2)ebTaxmilidx™»ln=201)

TIF AT il b e BR+1 L TO @

*lfFYy=x~1il

02 99 I=1K

IR D s a e a LTS LRF Y TS (LY #)
3y IF (2001 ebsan>iil}Ztl)=2max+l

PE=i-+1

TeU YD 3w

6: If‘—ur’-l
Pil)=r )
(U 78 Izzetiy
To i) =idI-0)=-0.3¢0-1)

FLTULAR:.

Bl

SUBRUUTINE sQKTl(rh,;g‘qF)
[ IT-ED St oS! ]F)' (I,r.) C
ceinsch /L/K..”axx(,

LI = ﬁ”UUHT_QFAUATA iz
L o= e ST T
LI=g
L=l
- "'r i?"':': 'ﬁl‘ TOTTTTT T T Tt T T e e m T e

LU 31 Li=2arY
TLi=rr 7 T T
NN(LJ)=KYY
LusLJd+l
TUIR(CTVES L ART(LEYYCO T2 22T
IF(LILGT M AZRI(LKIICO TO 9

GO TG 52
B I T
1k Li=lb-1
FYY=4yY -1
T T RELgFY T T T T s s e
IF{LL b e b AL (LKKIIBS T 22
GO 19 14
T2 vWYysvyy.1 T T TTTTTTT oo
Z1 COnTINUE
CBeTURN

INE
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SUERGCUTILE SCVERA(LF «+X4i:8)
T ERSTIO XALEY WS (NFD
n = ESTit-ATED FEAN

$2 = ESTIMATEU vAaRIni.CE
o Cv = ESIiMATEY COEFFICIENT UF VARIATIGH
t.=w
A=,
Tz, ) ) ) i

[0 1 I=1eDiF
t.ol.+0S(1)
TRTARY LIS UL)
SZ2HlS(IV=x (1) x=2
/N
S2/1.-L*%7
VESKLRT(S2)V /A

FRINT 20,0V
21 FORMLT(1LX+22KEC0OEFr. OF VARIATICH = 1F5.2)
FETURDN
NG

[ VAN - 72}
RS I
H o™i

SULUCULTHLE FIKL{LcSaylayl)
CUMCh /L /ZET P AXT LT
CIFEMSTOGr TP (adi') o X1 (1 08)aY1(iius)
J=1
k=1
EC 1s I=1eM13S
IF{LeEGHAXL(R)IGE TC 5_

Tyeep(eYzYLODy T o “"""‘}
J=Jd+] '
CC TC 1w i

5 Kzmey 0 T TTTTT Tt

1¢ COnTINUE
FUS=RCS =R Y

TTLG 20 I=1hus
Y2UIY=FLLAT (1) /i108S

28 YLUII=STEAP (L) /TEXP(1,08)

" TRETURE I T
[,
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SURROUTTiE TTTUNF el o XaX1471) o N
DIFENSLICH Xtivr Do NAINF Y o XT 048 1) oY) TEYP ()
Tere = LISTIOCT UM ATIVE TTT
Nos = TLiab bk of ITENS Te572D
TUNCHENALL)
D2 12 I=1.NOS
10 X1(I)=FLOAT(1)/NaS

Ly N23M3+1 h T T

4
3

6 T1CIIEY1(L}/YL(N3)

T YLUDETENP(NE )

TEMP (1)} =X{1)»NCS

DO 2&: I=zcalir
PO OTER(IN=AX0L1-X(T=1) ) «h(1)+TEHMP{~1)
o Ne=1 '

N1=NF-~1

(0 4P c=14Ni
CUUNZENZHN(U)=N(J+1) -1

[0 3¢ I=N2«N3
36 YI(II=TFMP(O)

N3=THZ2+HINF) -] '
LU 58 I=N2WN3 ‘

TETYLUIVETEMPINFY B i - o R
LT 68 IZ3+Ns
€ YLUID=YLI(1)/Y2(N3) o o

RETUFM
END

SUBROUTINE TTTL(NF+NNsNsX+X1yY1)

LI = AMOUNT OF DATA IN 2
TFMP = DISTINCT CUMULATIVE TTT
Triznéy CToT o e mmmm ey
DO 1 I=1,L1
1 XLAI)=FLOATII) /LI
TTEMP (1) =X (1) ~NN{L)
DC 2 1z2,NF
2 TEMEF(I)=TEMF{I-1)+(X(I)=X{I-1))#NN{(I}
S T e S
N1=NF -
53 3 1
TTUNZIN2 NI -N(T R -1
00 4 J=N2.N3
YI(JI=TEME(T)
TN2=N3er 0 T T T
N3=N2+N(NF) -1
D3 5 J=N2+N3

0L 6 I=1.N3

T RETURN
END

T DIMENSION NNUNF )X INF I XL(ROR) s YT (48 VTEMP (e CE T N RE)Y

PRI S,

71
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