NAVIRADEVCEN IH-143 -

AN ANALYSIS OF THE QUANTITATIVE MATNTAINABILITY
AND SUPPORTABILITY CHARACTERISTICS OF A WEAPON SYSTEM TRAINER

MR. M. P. GEREITY

You may have been asking yourself, Why all the emphasis lalely at the Center in specily-
ing Device Mzaintainahility; especizlly Quantitative Values. The answer, in & word, Gentlemen,
is utilization. The device that ¢an be repaired more quickly will be utilized more, hecause
the training arganization utilizing it will have increased confidence in the device. They will
Imow they can successfully aceomplish their training program cn-tfime, every fime, and will
confidently regard the device as a vital part of that training program. Additionally, the
device which requires a shorter Preventive Maintenance Program to keep it operational will
he utilized more, simply by being "available' for training mors hours.

But, again, Why Quantitative Values? It is true that GQualitative features can be designed
into trainers to improve their mainlainability, such as moedular construction, roll-out shelves,
fasteners with quick-disconnect features, ad infinitum. However, this tells ug nothing, other
than the fact that we have facilitaied the maintenance man's tasks., But how much—and how
effectively ? —#e don't know, and you don't know! Then how can we find out? By putting in
the Qualitative design features, and putting numbers on them. Nexi, test to see if the es-
timated values are valid. When they are good, excellent! We can reuse these features
again with cordidence. When they are bad, then we will definitely know they are bad, and we
lmow where to improve on our efforts in the future., In essence, we have put a handle on
how and where to progressively improve the device in a2 manner which can show us, with
each successive step, where fo next direct pur efforts, o achieve the greaiest advancement,
toward our goal of greater uiilization.

Today I will show vou the depth of insight given us to improve training device utilization
through Guantitative Maintainability Analysis. The daia used to illustrate this comes from
the first Training Device Maintainability Demonstration test, completed four months ago.
It ran for gsixty-one consecutively scheduled utilization days, using the normal utilization
environment, with no simulated failures, Navy THADEVMEN (TI¥'s) performed all of the
maintenance, Two NTDC and two Contractor representatives witneseed the test, as observers,
and recorded the data. Contractnally, we specified 2 maximum fixed nomber Df Maintenance
Man Mimutes (MMM), allowable to keep the trainer operational, for each hour it was utilized.
MMM is the product of the number of TD's performing a task, times the clock minutes required
to perform it. Two TD's performing a fask, 15 minufes long, is 2 x 15 or 30 MMM. The
contractual resulig are shown in Figure 164.
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Figure 164. Device 2F84 {(Flight)
Maintainahility Index, Maintenance-Man-Minutes/Utilization Hour
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(1) The Unscheduled Maintenance limit shown at the top, was §. 6§ Maintenance Man
Minutes per Utilization Hour {MMM/UH). The actual required effort was only 6. 58; an
improvement of 32 percent,

(2) The other contracted value shown at the bottom wag for the combined Scheduled
and Unscheduled effort not to exceed 33.75 MMM/UH. The actual effort required was 19. 8]
an improvement of £1 percent.

(3} By the two contracted values, it was inferred that Scheduled maintenance alone
would be 24, 14 MMM/UNR, The actuzl results here were 13-32 MMM, an improvement of
45 percent under cur inferred limit.

The admirable performance by the contractor in surpassing our goals is worthy of note
here. However, as you can see, this only tells us the man-effort required to keep the de-
vice operational on an overall bagis. This data alone does not tell us how often maintenance
was required, what the TD work load looks like or how to specifically improve oo this effort.
The wealth of data collected during the demonstration does permit ws to perform & more in-
depth analysis of the Device Maintainability beyond that required by the contract. Paren-
thetically, this extended approach is the type employed as the basis for Demonstrations in
accordance with MIL-STD-471, which the Center is now specifying in all future maintain-
ahility programs,

First, we will begin with the Scheduled Preventive Maintenance effort. The data were
separated into the deily checks and other Preventive Maintenance (PM) efforts. The histo-
gram of the daily check distribution by 1/4 hour intervals is shown in Figuere 165. Both the
actual clock time and the maintainability index expressed here in Mzinfenance Man Hours
(MM) are equally distributed dbout the 1/2 hour point, From this we now know that the
average daily check is 1/2 hour long, requiring one TD to perform it.

The other PM effarts are shown in Figure 186 histogram which is more complex. Not
as aobvicusly as before, but numerically the 50 percent middie~point in the eiapsed clock
distribution is again about 1/2 hour, actually 33 minutes, The Maintainability Index mid
point cceurs at 3/4 of 2 man-hour. This indicates the use of 1 1/2 TD's in the average PM
task, o5
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Next, arithmetically averaging all the tasks, we caleulated a mean value of 63 clock
minutes and 100 MMM. This indicates the usage 0f1 2/3 TD's in a PM tagk. Finally,
averaging all the discrete tasks shown over the iest period, vields 1 1/2 PM actions for
each 18 hours of Utilization. These 3 pieces of Information, plus the daily check, permit
us to describe the average PM scheduled effort as follows:

A 1/2 hour daily check, using 1 TD, followed by an overail average of one hour PM
requiring the availability of 2 TD's for each 11 hours of Utilization. However, this additional
PM action will vary as follows: actually only 1/2 hour or less 50 percent of the time; irom
1/2 to 1 hour 25 percent of the time; and firom i to 4 hours the final 25 percent of the {ime.
This variance in PM task times is not conducive to the efficient Seheduling and Utilization
of TD's. A prugdently developed schedule is required here to perform the appropriate PM
at the required time while still programming the task to provide an equal time effort every
day. This is, therefore, one area noted ag requiring further review to improve our Main-
tainability and provide a more consistently available device for utilization.

Next, the Unscheduled Correciive Maintenance effort was analyzed. Thirty-cight inde-
pendent corrective maintenance zotions were recorded ip the 3 month test period. Data was
again arranged in ascending order by 15 minute intervals and the histogram is ghown In

Figure 167.

Once again the middie 50 percent point was 1/2 hour elapsed clock time requiring 1 /2
TD's to perform the tagk. Further review of the test data yielded a Mean Time Between

Repairs (MTBR) of 24, 4 hours.

Therefore the average corrective maintenance affort can be described as follows: One
action each 24 vtilization hours, pormally reguiring the availability of 2 TD's for 30 minutes

to eorreet the proble.

A further analysis of the elapsed clock time data by its three component parts followed,
But first, please note the form of the elapsed clock time distribution; continuous to 1 /2 hours
with subsequent discrete actions to 4 hours. Figure 168 shows the breakdown of this elapsed
clock time by its three componenis; Fault Location, Repair and Check-out Time. You will
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note the Fqult Location histogram shown at the hotlom closely resembles the overall elapsed
clock fime histogram. This is because it is the most significant component part, Fifty-
seven percent of the average corrective maintenance action time was spent in Iocating the
Fault; 34 percent in effecting the repair, and 9 perceni in post repair checkout. This makes
a very strong point for automatic fault detection and locating equipment in the design of train-
ing devices. TInclusion of this type of equipment in the trainer hardware could immediately
cut Corrective Maintenunce (CM) time by 50 percent. Further, the present T crew was
frained in a formal eourse on the equipment, Their replacéments wiil be mainly on-the-job
trained and fauit location time will increase accordingly, By comparison, where automatic
fault detection and locating equipment is used in a device, the fault location time will remain
constant for the life cycle of the device, becoming even more important as the device ages
and staris into the wear-out portion of its eurve with the less proficient maintenance personnel
attending it, A further cost effectiveness study is indicated here on the value of automatic
fault detection and locating equipment versus increased utilization.
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All the histograms so far have shown the bulk of data grouped in a low time interval, 0
with less frequent occurrences gspreading out over longer time intervals, This is the
characteristic distribution of electronic-and electromechanical equipment—The Log. —Normal
distribution. Figure 169 is this characteristic curve, Since the raw data obviously evidenced
this distribution so well, a final analysis can 2180 be performed whmh is by far the most sig-
nificant toward lsolatinﬂr the areas which reguire an improvement on our efforts.
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Figure 169. Log Normal Distribution

Taking our sample of CM repairs actually efiected, a cumulative probability of accom-
plishing a. repair within a given time or less was plotied, This is the Maintainability Function
shown in Figure 170. This curve can be interpreted in two ways: The first is—When any
fault is detected, there is a B0 percent probability that the repair can be accomplished in
32 minutes or less and a 90 percent probahility of repair in 2 1/2 hoursg or legs. The second
way—Of any 100 probakle failures, 50 will be repaired in 32 minufes or less, and 30 will be
repaired in 2 1/2 hours or less, We are now beginning to put a quantitative value on the
down times we can expect to experience. This curve is good for any percentage, of course,
however, it accuracy is subject to the engineer's judgment of what curve best '"fits into
the limited mumber of plotied points, Also, it tells us nothing about the accuracy of the
sample data we are usging for cur predictions. To achieve a greater degree of accuracy and
confidence, the original data poinis are apain plotted on Log-Normal Probability graph
paper shown in Figure 171, The paper is preprinted with & Log distribution on the abhscissa
and percent Normal Probability digtributed as the ordinate axis. The points ag plotted on
this preprinted distribution paper should be a siraight line, indicating that the data has a
unity eorrelation with the log-normal characteristic curve describing electronic equipment.
Here is where the reliability or '"goodness' of the data sample is put to the test, In arbi-
trarily taking a limited sample from anything, there is always the possibility of selecting
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or collecting some pieces of information which may be the actual oddball happenings rather
than the run-of-the-mill happenings in that situation. In the present case, if the plot.of the
raw data pointg elearly defines a straighf line, we know we have a collecied renresentative
sample, I it is only broadly indicative of a atraight line, the data Ig not totally representa-
tive, and the accuracy of any further interpretations is not to be taken too literally. Fortu-
nately, our data samples do sharply indicate a straight line plot ag now shown. |

At this point, knowing we have a valid sample of the device maintainability, we draw in
this indicated straight line, and in doing so, pass frem the realm cof simply observing what
has occurred, into a new realm of aceurate prediction of what will occur concerning this
dewice's maintenance, justified by the patural law of the normal distribution. This straight
line plot ig called the Maintainability Characteristic.

Figure 172 illustrates the broad range of knowledge we now possess about this device.
This is again 2 "*duc-gram" which can be read in 2 ways. The first way; 32 minutes is the
Ceometric mean repair time. About this average point, we can predict that 25 percent of
all OM actions will take no less than 23 minutes, but no longer than 48 minutes to accomplish
a repair. Fifty percent of the CM actions {of which we have already defined the center Z5b
percent) will take no less than 15 minutes and no more than 75 minutes to accomplish &
repair. We can similarly predict any desired percentage heymptotically approaching 100 per-
cent. The second method of interpretation is shown across the botton. Twenty-five percent
of all CM actions will require 15 minutes or lesgs to accomplish a repair. TFilty percent will
require 32 minutes or less to accomplish a repair, and so on. Of the failures as shown
here, 95.4 percent will be repairable in approximately 6 1/4 hours or leas.

The door is now opened to the accurate determination of our down time and such related
jtems as the appropriate utilization schedule. As noled previously, we will average 1 failure
for eath 24,4 hours of utilization. Twenty-five percent of the failures will not affect utili-
zation as they will be corrected in 15 minutes or less—our tolerance being 15 minutes before
a training period is lost. The second 25 percent will require from 135 to 32 minutes to effect
a repalr and these periods will be lost. Continuing in this amalysis, it is found that ¢cumula~
tively 10 percent of the training periods will be lost over any reasonable period of time.
Therefore, schedules developed with 10 percent positive slack can be accomplished on time
avery time,

We can also analyze the TD work Load more accurately and schedule gur personnel
accordingly, and most significantly, we can go back into the device with time studies to
isolate the repair areas by their time to be accomplished, and, from thig information,
determine where improvements are required to effect the besl improvement in utilization.

The most rewarding areas will be the repairs tetween 15 and 32 minutes. Reducing these
times ta 15 minutes or less will result in an additional hour of utilization for each improve-
ment of, at most, about 17 minutes. By comparison, 75 minute jobs would require a decrease
of 80 minutes in order to realize that same additional hour of utilizaticn, and would probabkly
cost a lot more to achieve, Obvicusly repairs of less than 15 minutes require no improve-
ment.,

The salient point here is that, even as we advance toward more solid state and integrated
circuiiry in any contemporary group of NTDRC training devices, of which most are considered
tn be in the category of one or two of 2 kind the hardware guts of the devices which fenerate
different simulations are the same equipment, reused again and again for years at a time in
various combinations, with minor modifications, to achieve individual results. An improve-
ment in these basic bullding block areas in one device will also be rezlized agzin in the next
devices vsing that improved design. Additionally, costs which may now appear as excessive
for a single device improvement if in the basic areas, c¢an be reviewed for their benefit to
future devices and in actuality may be a real savings worthy of the initial cost. One example
here is the application of the automatic fault detection and locating equipment meniioned
previcusly.
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Figure 172, Device ZF84(Flight)Distribution of Corrective Maintenance Actions

From this viewpoint we can now see how this advancement toward that minimum main-
tenance—maximum utilization goal can be realized in an ever advancing technology in con-
fident, progressive, guantitative increments.

In summation, the first Maintainability Demonstration served primarily to confirm the
satisfaction of coniractusl requirements. However, it also served as a feasibility study
in the concepts of Maintainability and its value to the overall device and training program.
The resulig of thia study are:

{1} Work load distributions and schedules can be derived lo maximize man-power
utilization of TD's. -

{2} Devices do ccnform to the log—normal distribution and there is therefore a built
in check of the accuracy of data samples taken in a demonstration through the plotting of the
log—noermal maintainakility characteristic.

{3) Based on the confidence determined from the log—normal maintainability
characteristic, the corrective maintenance down time can be predicted. From this informa-
tioon, fraining prog‘rams can be confidently scheduled accordingly. ’

(4) Areas warranting imprevement can be better identified as to the amount needed
to effect an increase in utilization, Realistic cost-elfectiveness studies can be applied to
thesze improvements because quantitative values are employed in the analysis.

{§) Problem areas can and will be improved in subsequent procurements through
improved specification writing at NTDC and contractor redesign of the basic building
blocks for simulation,

These vital characteristics now bared to inspeciion and review show us how o pro-
gressively improve our training programs and device avallability characteristics by meas-
urable means; and N'TDC can more firmly advance toward its goal of better tools for more
effective {raining through the application of Quantitative Maintainability’ Analysis.
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