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This Conference emphasizes the continued interest of the Electronic
Systems Division in the technical and managerial elements of
Maintainability Engineering.

The systems being developed by the ESD are usually non-mission
orientated; that is, they are required to provide ailmost continuous
performance (availability of approximately unity) of their respective
functions, Such systems must be capable of allowing rapid recognition
of failure locations and a restoration to failure-free performance.

Speakers at this Conference will indicaje the increasing burdens
placed upon the Air Force logistic and maintenance capability during
the development of weapon and suppért systems since World War II.

The Air Porce has taken steps to gombat this situation.
Quantitative statements for maintainability, design approaches,
demonstration techniques and support system analysis are finding their
vay into system contracts. In addition, a management philosophy and
approach has been generated for Maintainability Engineering.

The ESD has included Maintainability Engineering work elements and
quantitative requirements in contracts over the past years. Several
speakers will indicate past and current ESD approaches to Maintainability.

It is obvious that Maintainability Engineering is a dynamic
discipline. Today's methods or techniques will be obsolete tomorrow.
The ESD intends to reflect this changing Maintainability technology in
their contracts.

It is our hope that all in attendance at this Conference will obtain
a better understanding of the Air Force approach to Maintainability
Engineering and will recognize, as we do, the excellent work being done
by industry ergineers in the field of Maintainability Engineering.

Gpas H AH&/\

GEORGE H. ALLEN
Project Officer,
Maintainablility Conference
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Swopary of

eynote [
"The Air Force Maintainability Program"
Lt Col E. Fallon, Hq. USAF

Discussion of five topics relating to the Air Force Maintainability
Program,

~-- Maintainability and what it is.

-~ The Air Force Maintalnability Policy.

~= Industry's role in our program.

-- The Maintainability Specification, MIL-M-26512B,
== What Maintainability means to the design engineer.

"In the marathon to assure system maintainability, the Air Force
has taken the first steps. It still has a way to go. However, the
first steps were major ones. Mcintainability has been recognized as
a significant design parameter, tools to achieve it are being
improved and industry is giving the Air Force full cooperation in
the total program. Thée task ahead is to give the program management
attention, to the end that maintainability is as integral to the :
system as is reliability or performance."
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SUMMARY

One of the major problems experienced by the Air Force has been high
maintenance costs in its systems inventory. In part, this is due to lack
of complete understanding in the early stages of the contract,between the
using arm, the procuring agency and the producer. This has stemmed from
lack of clean-cut definitions of the terms and requirements involved in
"Mainteinability”. This paper attempts to relate the terminology used with
its systems concent and analyzes the definitions involved into finite terms.
These terms will be incorporated into contractual documents and specifica-
tions issued by ESD.

INTRODUCTION

The*AGREE Report published in 1957 states that "A great deal of sound
work has been done to enable engineers to design easily maintainsble elec-
tronic systems, but they must be educated in the subject and compelled to
study it, assimilate it, and incorporate it in the systems which they are
presently designing. The surest way to do this is to include an iron-clad
maintainability requirement in the specifications for each new system,
giving maintainability an operational definition of the type set out above
and rigorously testing and enforcing it. If this is done, the design
engineer will provide the maintainability the services so desperately needed!

Granted then that the engineers know "how" then "why" is maintain-
ability such a problem? In part at least, this appears to be due to a
problem of "comminications” on ome side and to semantics and basic under-
standing on the other. Contractors will usually give us what we need if
ve can specify it and it is within practical limits or "the state of the
art".

To 1llustrate the problem of agreement or disagreement on terms, let
me 1llustrate some of the definitions available for such s simple term as
feilure. (Show on View Graph)

#'Reliability of Military Electronic Equipment" - page 336, dtd 4 June 1957.
IA-1



DEFINTTIORS OF FAILURE

(1) PFailure - The cessation of ability of an item to meet the mini-
mum specified performence. (MIL-STD-829 - Page 11)

(2) Prailure - A malfunction which cannot be corrected by the oper-
ator by means of controls normally accessible to him during routine opera-
tion of the device and which results in inoperstiveness or substandard
performance. (Reliability, Principles & Practices - Page 296 - Calabro)

(3) Failure - The occurence of unsatisfactory performance by some
specified criterion. (Arinc - Page XII - Publication No 123-7-196)

(4) PFailure - A faillure is a cessation of ability to perform a
specified function or functions within previocusly established limits on the
area of interest. It is a malfunction which is beyond adjustment by the
operator by means of controls normally accessible to him during the routine
operation of the device. This requires that measurable limits be estab-
lished to define satisfactory performance of the function. (Martin Co. -
Definitions pertaining to reliability - Page 23)

Failure was generally defined above as the cessation of the ability
t0 meet a specified performance but there are other fine points also., Keep
in mind there are several types of failures: "Catastrophic" in which the
failure is sudden and usually complete (such as an open in a resistor or a
short in a capacitor) and there are "Creeping" failures or degrading types
in vhich for example power output on a set decreases. Fallures can also
be classified as "Independent” or "Secondary" depending on whether they are
the real causes of the trouble or if in turn, due to their failing another
part was caused to fail; for example, a voltage dropping Resistor shorts,
in turn the tube is burned out. We have 2 failures; one, the "R" is inde-
pendent; the tube is secondary.

The definition of failure is critical in specifying Reliability,
Maintainability or Availability. Care must be taken, especially when speak-
ing about a system or subsystem to define adequately the mode of operation
and the specific failure mechanism or limits. It must also be stated which
fallures will be considered relevant and vhich are not. It is possidble to
have equipment and subsystem failures but still retain mission availability.

To obtain specific performance then, requires that we at least agree
on wvhat the terms mean and be able to identify responsibility. "Maintain-
ability”" as an engineering science, is about in the same position today
that "Reliability” was some five years ago. At that time, reliability meant
"something trust-worthy" or "that which could be depended on." Under pres-
ent ucage, it is a probability statistic defined as: "the probability that
a given equipment will operate in a satisfactory manner for a given period
of time in its stated enviromment." By contrast, "Maintainability” is de-
fined in MIL-STD-829 as "The characteristics (both qualitative and quanti-
tative) of material design and maintenance resource planning wvhich make it
possible to meet operational objectives with minimum expenditures of main-
tenance effort (manpower, personnel skill, test equipment, technical Aaats
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maintenance support, facilities) under operational environmental conditions
in vhich scheduled and unscheduled maintenance will be performed.”:

This puts us st somewhat of a disadvantage in trying to define
contractually vhat we are looking for since it is not a directly measurable
item. However, AFR 66-29 requires that Quantitative Maintainability Re-
quirements be specified. In MIL-STD-829, the AF has defined some of the
terms that are used in Maintainability. Since this is the only AF docu-
ment we have at this time, we will use it as a base and add such new terms
as needed.

Let us first get the overall perspective as to where maintainability
fits into the AF weapons system and then we will break out the major con-
siderations into their components and allocate responsibilities. In a plece
of equipment or a system, it is fine to talk of reliabiliity, maintainability
or availability but we are really interested in "system effectiveness’.

That is the probability of a system (or equipments) performing its mission
vhen operated under specified conditions.

This can be illustraved by Fig 1 (show on view graph) which is a
modification of a study performed by *ARINC for the Air Force. This illus-
trates the concepts associated with system effectiveness and the time
categories involved. When possiblethe time category is shown as a block
and its concept designation is shown in parenthesis. This type of desig-
nation is used only where time is "pure”. If it must be combined with some
non-operating time category (for example "availability" is a probability
involving several time elements) we use the "concept" name only.

Usual relationuhips are shown by solid lines, and special types of
relationships are shown by dotted lines. The combination of active repair
time and operation time to give intrinsic availability is shown by a dotted
line for two reasons. First, improvement in this characteristic must be
achieved by the manufacturer, since it is primarily concerned with built-in
equipment properties -- assuming, of course, that the user is stayirg within
design limits. In the second place, it does not fit easily in the chain
with maintainability, since active repair time is involved in both maintain-
ability and intrinsic availability, while operating time is included in
intrinsic availability but is not involved in maintainability.

For simplicity, the chart omits one relationship which could have
been shown by a dotted line from free time to down time. This would have
indicated the problem arising from non-continuous equipment use. Since free
time does not exist for equipment in continuous use, u simple chaining of
time categories is possible for this case. However, under conditions of
intermittent use, there is a chance that down time may overlap free time,
thus reducing the degrading effect of down time on operational readiness
and hence on effectiveness.

#AF Contract 33(600)40259
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DEFINITIONS OF CONCEPTS

System Effectiveness is the probability that the system can successfully
meet an operational demand within a given time vhen operated under
specified conditions.

Reliability is the probability that the system will perform satisfactorily
Tor a.¥ least & given period of time vhen used under stated conditions.

Mission Reliability is the probability that, under stated conditions, the
system will operate in the mode for which it was designed (i.e., with
no malfunctions) for the duration of a mission, given that it was
operating in this mode at the beginning of the mission.

Operational Readiness is the probability that, at any point in time, the
system is elither operating satisfactorily or ready to be placed in
operation on demand when used under stated conditions, including
stated allowable warning time. Thus, total calendar time is the basis
for computation of operational readiness.

Operational Application - The probability that a system is used in the
environment for which it has been designed.

Availability is the probability that the system is operating satisfactorily
at any point in time when used under stated conditions, vhere the
total time considered includes operating time, active repair time,
administrative time, and logistic time.

Intrinsic Availability is the probability that the system is operating
satisfactorily at any point in time vhen used under stated conditionms,
vhere the time considered is operating time and active repair time.

Design Adequacy 1s the probability that the system will successfully accom-
plish its mission, given that the system is operating within design
specifications.

Maintainability Sggera.tionalz is the probability that, when maintenance
action 1s initiated under stated conditions, a failed system will be

restored to operable condition within a specified total down time.

Repairability is the probability that a failed system will be restored to
opersable condition within a specified active repair time with a given
manpower expenditure.

Serviceability is the degree of ease or Aifficulty with which a system can
be repaired.




DEFINITIONS OF TIME CATEGORIES

Operating Time is the time during which the system is operating in a manner
acceptable to the operator, although unsatisfactory operation (or
failure) is sometimes the result of the judgment of the maintenance
man.

Down Time is the total time during which the system is not in acceptable
operating condition. Down time can, in turn, be subdivided into a
number or categories such as active repair time, logistic time, and
administrative time.

Active Repair Time is that portion of down time during which one or more
technicians are vorking on the system to effect a repair. This time
includes preparation time, fault-location time, fault-correction time,
and final check-out time, for the system and perhaps other subdivi-
sions as required in special cases.

Logistic Time is that portion of down time Quring which repair is delayed
solely because of the necessity for waiting for a replacement part or
other subdivision of the system.

Administrative Tiue is that portiom of down time not included under active
repalr time and logistic time.

Free Time is time during which operational use of the system is not re-
quired. This time may or may not be down time, depending on whether
or not the system is in operable condition.

Storage Time is time during which the system is presumed to be in operable
condition, but is being held for emergency -~ i.e., as a spare.

IA-6



AVAILABILITY

We have now fitted availability, maintainability and time into the
overall concept of system effectiveness. Let us now look at these break-
downs into their finer subdivisions. "Availability" basically is the per-
centage of time the equipment/system is usable, taking into account its
"Reliability" (MIBF) and its "operational Maintainability" (MDT). For ESD
purposes in the real world we must be more specific and see what the finer,
more detailed divisions are.

We have Figure 2 (Time Breakdown of Systems/Equipment). (Show view
graph) Actual quantification examples will be covered by the next speaker.
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Availability (Sometimes referred to as Operaticnal Availability) -
Probability that the system or equipment is operating satisfacto-
rily at any point in time when used under the speciried conditionms.
This includes all down time.

A, = MIBE (Including Rea% Time and Operating Time)

Availability (inherent) = The probability that the system or equip-
ment when used under stated conditions in an ideal support environ-
ment shall operate at any given time. A; excludes ready time,
logistic time, administrative time.

Ay = MIBF rat time onl
active time only

You will note now that we have modified the "downtime" and the "up-
time" by several additional time subdivisions. They may have a strong
effect on the probability statistic.

It is important to note that in continuous operating systems such
as most ESD Command and Control systems, preventive maintenance i#-included in
dovntime (MDT) as well as corrective maintenance and must be used in your
calculations.

IA-8 (Fig 2)



ANALYSIS OF DOWNTIME

Administrative Downtime or Waiting Time - Downtime, other than
supply downtime during which work is not being done on the system.

Active Maintenance Downtime - The time during which work is actually
being done on the system/equipment from the time cf recognition of an
occurrence of failure to the time the equipment is back in operation at
its specified performance level. Includes both preventive and corrective
maintenance.

Here ve start our actual maintenance work. This involves the
"detection" that the operation of the equipment/system is unsatisfactory,
to "localize" the trouble to the component or rack involved. The "Diagno-
sis" vhich is the determining of the location of the malfunction :he
"Primary maintenance" (vhich will be defined later), "replacement® or the part
or plug in unit. 'Mest"of the equipment and going back on the air and'check
out ' It usually takes longer to localize and diagnose the trouble than it
does to do the actual repair.

Supply Downtime or Logistic Downtime - That time during which work
is not done on a system because of the unavailability of a needed item

from the usual supply.

Total Dowptime - The number of calendar hours that a system is not
avallable for use, including time for active maintenance, both corrective
and preventive; supply downtime, due to unavailability of a needed item;
and waiting or administrative time, during which work is not being done
on the system.



MAINTAINABILITY

We should differentiate nov bcivween "maintainability"- the capabil-
ity for an equipment to be restored to condition and "maintenance” which
is the work done on the equipment. Maintainability, 1¥ke Reliability is
a design parameter.

Design for Maintainability - Those features and characteristics of
a aystem/equipment design vhich reduce requirements for support including
tools and test equipment, facilities, spares, training and highly skilled
personnel required to perform maintenance and vhich improve the capability
to accept maintenance actions.

These ltems are gone into in somevhat greater detail in Section 3
of MIL-M-26512B. This specification carries considerable weight and
should be incorporated into your contracts and subcontracts. To assure
compliance it should be monitored closely. We are not adverse to trade-
offs in maintainability but we do want them documented.

These factors are quite inclusive. They cover the equipment proper,
the tools and test equipment to support it, and the personnel which oper-
ate and maintain it.

Keep in mind that by designing more readily maintainable equipment
and alternate modes of operation (back up modes) we can improve "Avail-
ability”.

IA-10



MAINTENARCE

Maintenance - All actions necessary for the retaining of material
in, or restoring it to serviceable condition, including servicing, repair,
modification, modernization, overhaul, inspection, condition determination
and initial processing of support items.

We have Figure 3 (Maintenance lLevels and Organization) (Show on
View Graph) vwhich covers the basic breakdown of Air Force Maintenance
activity. In essence Air Force Maintenance is based on the three echelon
system: "Organizational", "Field", and "Depot". By the illustration given
we can see the organizations involved, work assigned, personnel assigned,
and points of operation.

IA-11



Organizational

MAINTENANCE LEVELS AND ORGANIZATION
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(Fig 3)
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e t ~ The maintenance which a using organization
performs on its own equipment at the equipment site or flight line. Con-
sists of trouble-shooting functions; necessary alignment, calibration, and
performance test; prelaunch, preflight daily, or other periodic inspections;
preventive and corrective maintenance, and removing and replacing compo-
nents,

Majintenance (Field) - The maintenance normally performed at the maintenance
shop located at the equipment site. However, it may be necessary to perform
field maintenance on the installed equipment or flight line for certain
items that are difficult or impossible to remove because of size or method
of installation. Consists of the bench check of components, repair of
unserviceable parts; accomplishing technical order compliance and calendar
inspection; performing functional acceptance checks on equipment initially
received from supply sources; and testing, calibration, and reclamation as
authorized.

This is the work usually done by the maintenance shop at the main
base site. Sometimes it is done by mobile repair shops. On occzasion, due
to special problems, they may do work on the installed equipment. Person-
nel are part of the using command.

Maintenance (Depot) - That maintenance which is beyond the responsibility
or the capability of the using command. Involves work performed on mate-
rial requiring major overhaul or complete rebuilding of components. Nor-
mally accomplished at Air Force lLogistic Command facilities or commercial
maintenance shops, but sometimes performed in the field by depot mainte-
nance teams, This is the work usually performed by the AFLC Depots and
corresponds to 5th echelon maintenance in Army units. It is supposedly
capable of complete rebuilding of equipments. Frequently, this is con-
tractor maintenance.

Repair Facjlities - Let us consider now the AF Maintenance Organizational
gset up. Basically, it is performed in 3 echelons namely Organizational,
Field, and Depot. Before going into the MIL-STD-829 definitions, I would
like to analyze what we expect from "Maintenapce." This involves "all
actions necessary for the retaining of material in, or restoring it to a
serviceable condition. Maintenance includes servicing, repair, modifica-
tion, modernization, overhaul, inspection, condition determination, and
initial provisioning of support items." You will note that this includes
preventive maintenance ("retaining of materiel™) and corrective
maintenance ("Restoring it to a serviceable condition").

I'd 1ike to bring in here two variations on the basic definitions
by adding: "Primary Maintenance" - "The technique of performing a mainte-
nance action in minimum time without isolating the specific cause of
failure." For example: replacing a defective plug-in unit. "Secondary
Maintenance" which is defined as "a maintenance action on the replaceable
unit to restore the unit to specified performance." This is usually done
away from the original equipment as a bench operation. Considerably more
equipment (test, etc.) is usually required. Frequently, this is beyond
the scope of "Organizational maintenance."
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Total Maintenmance

a. "Preventive Maintenance" - That maintenance performed to main-
tain a system or equipment in sstisfactory vperstional condition by pro-
viding systematic inspection, detection and correction of incipient
fallures before they occur or develop into major failures. Keep in mind
that this means "downtime" just as much as when we refer to "corrective
maintenance" of operating equipment but we call this "scheduled downtime"
In standby equipment this does not affect availability. We may replace
parts still functioning in a satisfactory manner because of schedule
replacement, or because marginal testings has indicated trouble may be
near. P.M, 1s substitute for improved reliability or quality but it does
not improve reliability of itself. It does help to improve "operational
readiness" .

b. "Corrective Maintenance" - That maintenance performed on sh un-
scheduled basis to restore equipment to a satisfaciory condition by pro-
viding correction of a failure which has caused degradation to the equip-
ment below its specified performance. Here are the repairs to equipment
vhich has failed or malfunctioned. It involves use of maintenance person-
nel as distinguished from adjustments which can be performed by the oper-
ator such as frequency drift, correction, etc. Within the concept of
corrective maintenance, redundancy can be considered. In general, there
is a "switchover redundancy" in which a failure is compensated for by
another unit being put into service, "switchover standby redundancy”,
and "priority redundancy" where the second unit is in operation at all
times. In some of our systems, we have redundancy on a priority basis in
vhich some equipment which in use may be used to carry on the prime job.

NOTE: All maintenance time should be logged in with proper breakdown
given. AFM 66-1 is the basic manual covering Air Force procedures. This
is being modified for Electronic Systems reporting.

Effective Maintenance Time - (See Fig 4) (Show on View Graph)
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Effective Maintenance Time - The cumulative summation of (but not
limited to the time spent by maintenance people in; Preparing equip-
ment for maintenance, testing and inspecting to isolate faulty components
and systems, performing scheduled or unscheduled removal » replacement and
repair of systems and/or components, maintaining and operating ancillary
equipment associated with the end article. This maintenance does not in-
clude logistic time lost from actual maintenance due to delays caused by
lack of parts and components. It does not include administrative time by
maintenance, accounting, clerical, and supervisory personnel.

Time
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(Fig 4)

Note the above 1s active time. It does not include admin. time
or supervisory personnel unless actively engaged in maintenance
work,

An important point however in our work at ESD is that our systems (C&C)
generally call for continuous operation and frequently have redundant
equipment sections or subsystems. Perhaps we need a few new definitions
to cover these conditions to help analyze what we can expect in operations.

For "Mission Availability", we define it as the probability that a
stated percentage of missions of time duration "T" will not bave any fail-
ure in any mission which can not » through repairability, be restored to
service in a time equal to, or less than the time constraint "L,
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For "Equipment Availability" - The probability that a stated

percentage of equipment will be available for use at time "T" due to
the combined effect of the survivors and units restored to service
through repairability, in a time equal to, or less than, the time
constraint "t."

By use of these definitions, we can now develop the mathematical
relationghip between Reliability-Ps, Equipment Availability—h& , and
Mission Availability ~AM ,

100 7) E = Equipment availsbility curve =

-pt (1T
-8

1
80

& Approaches M

60 = -
= maintainability (M = 1-e"/* ¥)
7) M = mission availability curve =
~rTe- g ¢
40 o
é/Approaches zero
20

PS = probability of survival =
e“T.

Approaches zero

0 400 800 1,200 1,600 2,000 2,400 2,800
200 600 1,000 1,400 1,800 2,200 2,600

Probability of survival or availability, %

(1) T = time, hr

These will be developed by the next speaker but the graph
i1lustrates the relationship of "Maintainability(Operational)" to
improving the P.. '

(1) Chart and definitions from 1 Atch
Reliabllity Principles and Practices MIL-STD-829
by S.R. Calatro (McGraw-Hill)
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QUANTITATIVE MEASURES OF MAINTAINABILITY
S. R. CALABRO
AEROSPACE ELECTRONICS TECHNOLOGY, INC,
SUMMARY

This paper stresses the importance of specifying maintainability in a quantitative
manner, and compares the advantages of doing this over past qualitative descriptions. It
also includes the mathematical models which are used for time availability, mission avail-
ability, and equipment availability. The importance of the time constraint is also stressed
and o nomograph which facilitates trade-offs between maintainability and reliability is
explained.

In the past, many of the definitions of maintainability were qualitative in nature.
As an example, a typical Department of Defense definition states that:

"Maintainability is a quality of the combined features and
characteristics of equipment design which permits or enhances
the accomplishment of maintenance by personnel of average
skill under natural and environmental conditions under which
it will operate".

It is obvious that such qualitative definitions are subject to various interpretations,
and because of this, quantitative definitions have been developed. For example, a cur-
rent definition of maintainability is:

"Maintainability is the probability that a device can be re-
stored to operational effectiveness within a given period of
time when the maintenance action is performed in accord-
ance with prescribed procedures" .

Another quantitative definition is that of repairability in MIL-STD-829 (USAF):

"Repairability is the probability that a system/equipment will
be repaired once started, in a given period of time with a
given manpower expenditure",

It should be noted that both these definitions assess the probability of the mainten-
ance action being performed within a given period of time. This time interval has been
labelled the "time constraint". This is an important concept because it puts a time limi-

! Tiie definition of maintainability is a quote from “"Reliability Principles and
Practices", Page 113, by S. R. Calabro, published by McGraw-Hi!l Book
Co.
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tation on the maintenance activity which is necessary to achieve mission success.

If we assume that repair time is exponentially distributed, it facilitates the devel-
opment of the quantitative measure of maintainability. Despite arguments to the contrary
wherein it is claimed that the exponential is not the proper distribution to use, since the
limit of all distributions is the exponential, its use is within the acceptable limits of ac-
curacy for prediction techniques. This is no different than the practice which has been
successfully used in reliability prediction techniques, despite the fact that in some in-
stances, the exponential is not completely applicable.

If the mean time to repair is labelled g, we can express the probability of perform-
ing zero repairs in time t as exp (-t/#). Therefore, the probabilily of performed one or
more repairs in time t, or the repairability is the unity complement, namely:

R=1-e* )

Since the reciprocal of # represents the repair rate u expressed in terms of number
of repairs per hour, the repairability equation can, therefore, be expressed in terms of
v, instead of ¢, as:

-ut
R=1-¢e "

Having established the repairability equation, it should now be a relatively simple
task to predict the maintainability of a device once the time constraint and mean time of
repair have been established. The mean time of repair is dependent on at least the fol-
lowing: the maintenance discipline which will be employed; the qualifications and train-
ing of maintenance personnel; and the types of tools and test equipment which will be used.
All of these, in turn, being a function of any cost limitations.

Moreover, these factors have a bearing on the time it will take to diagnose, local-
ize, and repair a failure. For example, if the maintenance discipline prescribes that
failures will be repaired at the part level, we will obtain a different repair time than if
pluggable or throwaway replacements are specified.

When protypes are involved in a contract, the mean time of repair can be deter-
mined as illustrated in the following example.

Exomple: Data from a reliability test were collated and tabulated below.
Calculate # and u. What is R expressed in per cent for | he? 2 hr? 10 hr? What con-
clusions can be drawn from the calculated results?

Solution. Raw data were re-arranged as shown. Column 1 shows the num~
ber of times that a repair action occurred, with a duration as indicated in Column 2. The
totals for each Column are shown. The mean repair time # is the ratio of the sum of Col-"
umn 3 to the sum of Column I.

1 .
See example 9-1 "Reliability Principles and Practices” by S. R. Calabro,
published by McGraw=Hill Book Co., Page 121.
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“Frequency of occurrence Duration of each main-  Product of Columns
tenance action in hours 1 ond 2
2 1 2
4 2 8
7 3 21
13 4 52
16 5 80
16 6 926
24 7 168
10 8 80
é 9 54
4 10 40
3 11 33
1 12 12
106 78 646
Total number Total
of occurrences maintenance hours

* These data were rounded off to the nearest hour merely to simplify
calculations.

646 =6.09 hr.
106
1 1
—# = .09 repairs per hour

P

)

Substituting in equation (1):

! -0.162
-e

R (1 hr) = 15 per cent
-2(0.162
R (2 hr) e (0.162)

= 28 per cent
"R(10hr) =1 - e-10(0.162) = 80 per cent

The results highlight the obvious fact that for a given repair rate, the greater the
value of t, the greater the probability of repair.

If no prototypes are available or if testing time is limited, the repairability may be
predicted by simulating each repair action step by step in a manner similar to time and
motion study techniques. A wooden mock-up may be used for this purpose or applicable
time and motion study time units for various skill levels.

IB-3



The next example features a typical repairability prediction at the component level.

! Example: A radio receiver consists of 5 components, nomely: power supply,
R-F stage, Mixer, |-F stage, and Power Output stage. The failure rate for the entire
receiver was predicted to be 176.37 per cent failures/1000 hr.

(o) Estimate the value of the mean time between failure, m and repair
rate, u for the receiver if the replacement times for each component are equal and 0. 1
hour in duration.

(b) Estimate the value of # and v if the failure rates of each compon-
ent expressed in terms of per cent per/1000 hr are respectively 15.28, 40.28, 33.58,
54.34, and 32.89, and the estimated replacement times for each component in hours are
respectively 0.1, 0.15, 0.2, 0.3, and 0.4.

Solution.

(@ m = 1 = 567 hr
0.0017637
Since the replacement times for each component are equal, their relative frequen-
cy of failure is not considered and, therefore, the replacement time of 0.1 hr is the mean
repair time of the receiver g. The repair rate of the equipment u,, is:

ve = 1 =1 = 10repairs per hr.
fe 0.1

(b) When the replacement times are not equal for each component,
we must first tabulate the data as shown in the following table. Assume a mission time

T of 1000 hrs.

U See example 12-2 "Reliability Principles and Practices” by S. R. Calabro,
McGraw-Hill Caok Co., Page 219.
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TABULATION OF DATA

m 0) @) (4) )
Nomen- Probability of Relative Estimated com- Product of
clature failure of each failure ponent replace- columns

component in frequency ment time g _ hr 3and 4
time T.
Pe=1-e adl
0.148 = 0.10]
PS 0.148 1.463 0.1 0.0101
0.330 = 0.225
R-f 0.330 1.463 0.15 0.0337
0.286 = 0.196
Mixer 0.286 1.463 0.20 0.0392
0.417 = 0.285
I-f 0.417 1.463 0.30 0.0855
0.282 = 0.193
PO 0.282 ‘1,463 0.40 0.0772
¢ = 1,000 $fg. = 0.2457
Pen 4fs
&
where: f = frequency
$c = mean time to repair component
Ng = total number of repair actions §i. e., in this case the sum of the
relative frequencies which is unity

Substituting we get: go = 0.2457 = 0.2457

1

andu =1 = ] = 4.48 repairs per hour
fe  0.2457



s

The foregoing example represents a simplified version of the basic techniques which
con be used to predict mean time to repair.

It must be realized, however, that many more factors must be considered, all of
which have an effect on g. RCA is currently working on a contract with the Rome Air
Development Center, which although following similar prediction ideas, is much more
sophisticated and detailed. |t is expected that this study will add significantly to quan-
titative measurement techniques for maintainability.

Once having determined or predicted the mean time to repair; and the failure rate it
now becomes possible to express availability quantitatively. The most familiar, but by
no means the only measure of availability, being the up time ratio (UTR). The UTR is
the ratio of the mean time between failure (MTBF) to the sum of the MTBF and mean down
time.

It can also be expressed in terms of u and r as follows:
N es—2
“rtu

There are two other measures of availability which should be of some interest.
These are mission availability and Equipment or Product availability.

"Mission availability is the probability that a stated number of missions of time dura-
tion T will not have any failure in any mission which cannot, through mainfc‘inobilify, be
restored to service in a time equal to, or less than, the time constraint t".

"Equipment availability is the probability that a stated percentage of equipment will
be available for use at time T due to the effect of the survivors and units restored to ser-

vice through maintainability in a time equal to, or less than, the time constraint t". !

The mathematical expressions for these two forms of availability are respectively:

-ut
-rTe v

A =e (&)

/\15 =1-e v (n-e"T) (4)

1
See poges 125 and 125, "Reliability Principles and Practices by S. R.
Calabro, published by McGraw=Hill Book Co.
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Figure 1 shows the curves for probability of survival, P, when no maintainability is

practiced, and Mission and Equipment availability when u =4, t = 0.25 hr and r = 0.001
fph.

It should be noted that the P; curve approaches zero at a much faster rate than the
mission availability curve, A p. *This is due to the fact that those missions which have
no failure exceeding 0.25 hours in duration are considered to be a success. It should be
obvious, therefore, that the greater the time constraint which can be permitted, the more
the economy and greater the success of missions so defined.

The Equipment availability curve never approaches zero because as the mission time
approaches infinity, the probability of survival of original units approaches zero, and
therefore, the percentage of survivors with failures not exceeding more than t hours to
repair approach a limiting value as an assymptote and equation 4 becomes the maintain-
ability equation

M=1-¢"
1

Figure 2 shows a nomograph which is a very useful tool for the designer. Through its
use, for a required equipment availability, he can trade off between reliability and main-
tainability.

It consists of three scales. The extreme left-hand scale plots the average number of
failures rT which product is symbolized as d. Similarly b = ut on the right-hand scale is
representative of the average number of repairs which can be performed in time t for o
given value of u. .

Thus for a required value of A E . a compromise can be made between the most econ-
omically values of b & d, which will prcvide the availability. This also determines the
failure rate, r, and repair rate, u, once the mission time, T, and time constraint, t,
have been determined by mission requirements.

For small values of d A E and /\ are approximately equal (see figure 1). For
larger values, a similar nomograph can be constructed for A M-

1
See page 133, "Reliability Principles and Practices", by 5. R. Calabro,
published by McGraw=Hill Book Co.
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ON THE SPECIFICATIONS
OF
RELIABILITY, MAINTAINABILITY,
AND
AVAIILABILITY REQUIREMENTS

by
Anthony Coppola

Rome Air Development Center
Griffiss AFB NY

SUMMARY

The preparation of adequate Reliability, Maintainability
and Availability requirements involves the careful consideration
of the form presents its own potential problems and these must be
anticipated at the time the contractual documents are prepared.
Disputes between the Air Force and the contractor can be avoided
by careful preparation of requirements and such care will repay
its cost.

INTRODUCTION

Air Force experience with Reliability, Maintainability and
Availability requirements (R&M requirements) has revealed the
recurrence of various problems which may be avoided by proper
clarification of the requirements inthe contractual documents.
This paper will deal with the documentation of R&M requirements
and, hopefully, will help the reader to minimize his future R&M
contractual problems.

AGENCIES INVOLVED

Although the procuring activity designated by the Air Force
is directly responsible for documenting contractual R&M require-
ments, both the using agency and a technical office specializing
in R&M should also be involved. The needs of the user are, of
course, of primary importance and must be considered in formu-
lating R&M requirements. It is the job of the R& specialists to
advise the procuring activity of the best approach to satisfy these
needs under the time money and manpower constraints imposed on the
procurement. The results of the efforts of all three agencies
should then be an appropriate and realistic contractual requirement;
these properties will be established by the form and magnitude of
the requirement.
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COMMON FO OF
a. MIBPF

The requirement form most often employed has been Mean
Time Between Failures (MI'BF); this is the most appropriate form
for procurement on the equipment (rather than system) level.
The most frequent dispute arising from the use of this form is
over the definition of failure. A contractor will often request
that failures of certain parts, such'as pilot lights, monitor
circuitry, etc. not be counted against the equipment during
reliability demonstration. The acceptability of such a request
should be established when the requirement is written; it may
ve decided to permit such a procedure. As a general rule, however,
failure should be defined as any departure from specified perform-
ance. If a pilot light is specified, failure of that light should
be counted against the equipment. Many disputes will be eliminated
if this point is established in advance.

b. MR
Maintainablility must be also specified and a Mean
Time to Repair (MIR) requirement should accompany the MIBF
requirement. On the same subject, a quantitative requirement
defining an acceptable preventive maintenance period should be
also clearly established.

c. Availabilit

Although MIBF and MIR are sometimes utilized for system
procurements, availability requirements are more common. These
requirements invoke their own problems. The first question that
must be answered by the procurement documents is, simply, '"when
is the system considered available?" Thie may be when every
component - : available or when a certain minimum nunber is avail-
aeble. Either way is acceptable, depending on the particular system
involved, and both have been used in different Air Force procurements.
The form desired must, however, be stated in the procurement document,
and when appropriate, the minimum number of components necessary for
system availability must be stated.

Another problem with availability is the definition of
component availability. The usual formula for availability is:

A= MBF____
MTEF + MR

However, MIR does not include preventive maintenance time and it is
sometime replaced in the formula by Mean Down Time (MDT). Again
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either term may be acceptable, but the desired one must be clearly

specified. It should also be noted that the use of MTEF in the
formula requires a definition of component failure.

d. Effectiveness

Finally, the use of various measures of effectiveness is
possible, Thase measuces, which include, for example, kill prob-
ability, incorporate R&M requirements with performance criteria
in an overall specified probability of system success. While this
is a worthwhile endeavor it requires extreme care in its use. Sys-
tem effectiveneas is dependent on operating environment and thus
the requirement must be based on a given, even if completely hypo-
thetical environment. In addition, all the factors affecting system
effectiveness must be demonstrable as the confidence in the achieve-
ment of the required effectiveness can be no greater than the confi-
dence obtained for the achievement of the least measurable factor.

SELECTING THE MAGNITUDE OF THE REQUIREMENT

Once the form of the requirement is established, a figure must
be selected. This figure must never be less than that obtainable
without specilal effort under the existing State of the Art. Even
"off the shelf" equipment should never be permitted to possess less
reliability than its complexity indicates is within a normal capa-
bility. Selecting requirements for this type of equipment, as well
as determining the magnitude of effort required to meet the needs
of the user in any mrocurement, requires some measure of the exist-
ing State of the Art. The following are three methods employed by
RADC as indicators of the State of the Art in equipment reliability.

a. Previous Equipment

The most obvious indicator of the State of the Art in re-
liability is that achieved by previous equipments. For this reason,
reliability figures available to RADC are filed and consulted as
necessary. Shortcomings of this method are that not all equipment
experience finds its way to the files, statistical significance of
data received is often undeterminable and the degree of similarity
between existing and proposed equipments may be questionable. This
method should, therefore, be utilized with caution.

b. Complexity Formulas

Another approach employed by RADC to determine a State of
the Art figure is the use of formulas relating equipment failure
rate to its parts count. Formulas have been developed for radar
and communications equipment and for data processing equipment.
The former is presented in specifications MIL-R-264TL4 and MIL-R-
27070 as a means for determining quantitative requirements when no
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operational requirement is stated in the other procurement documents.
Drawbacks to the method include the fact that the parts complement
is usually not available before procurement of the equipment and
thus the formulas indication of the State of the Art cannot be
checked against the users needs before the procurement action begins.

c. Prediction by Function

The latest measure of the State of the Art in reliability
under development by RADC is the prediction of reliability by equip-
ment function. This method will permit the prediction of the reli-
ability achievable in an equipment by State of the Art methods from
an examination of the major functions of that equipment. For example,
current studies reilate the MIBF of a pulsed radar to its peak power
output. Publication of this method is immanent and it will provide
the procuring activity with a valuable tool for establishing realistic
reliability figures in the future.

OTHER FACTORS TO BE CONSTDERED IN DOCUMENTING REQUIREMENTS

It should now be obvious that g definition of failure must be
established at the time the requirements are documented. On this
problem are hinged most of the disputes between contractors and the
Air Force about R&M requirements. Other items, however, also cause dif-
ficulties, and some of these items are:

a. Requirements vs. Goals

The specified figures are R&M requirements not goals.
It would be most helpful if contractors would cease changing these
worde ia the contractual documents they prepare. Cases have existed
where four successive versions of a contractor generated specification
have labelled R&M requirements as goals despite repeated rejection
by the Air Force. The only way to correct this situstion is for the
Air Force to stand firm on calling a requirement a requirement until
the contractors are convinced that it is, indeed, a requirement.

b. Unregiistic Requirements

A requirement does not have to be too lenient to bve
unrealistic. One Air Force system even now possesses & requirement
for operation "24 houre a day, 365 days a year." This requires per-
fection and such reguirements are generally as enforceable as no
requirements at all. (The system in question, fortunately, has been
subJected to & thorough religbility program and hence has not been
cause for alarm. However, the Air Force could have been in serious
difficulties in enforcing this requirement if the contractor did
not accept its intent.)

C. F - t
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It is not sufficient to specify only the RM requirements.
It must be clearly required for the contractor to pursue an active
program for achleving these requirements. This program should
include design guidance and review, prediction and verification of
achievement. There must be sufficient documentation for the Air
Force to monitor program progress. It is well to remember that the
contractor must deliver only those items specifie~d regardless of
any verbal promises to do better.

d. Verification

The demonstration of achievement of the R&M requirements
mst be specified. Such demonstration is costly and time consuming;
without it, however, any R&M problems with the equipment must be
corrected in the field after the contractor's liability has ended.
This is far more costly and time consuming. There are many ways
for demonstrating reliability with varying degrees of confidence.
The advice of a R&M specialist in determing the tests to be required
would be of great value. On this point, it should be stressed that
the method of test must be compatible to the requirement. If, for
example, the requirement is computed on the basis of a parts count,
then the failure of any part on the list must be counted regardless
of the actual effect on equipment performance.

CONCLUSION

The reader should not conclude from the preceding discussion
that contractors should not be trusted. He should, however, realize
that the Air Force has a right to insist on delivery of only those
items specified in the contractual documents. In addition, any
items not clear or well defined may result in disputes which, however
settled, do not benefit either the contractor or the Air Force in the
long run. It is far better to spend days in preparation of a clear,
appropriate and realistic requirement than to risk montha of dispute
and & final unsatisfactory solution. If the reader will do no more
than apply some extra thought to the preparation.of the next require-
ment with which he is involved, this paper will have been worth its
presentation.

IC-5



AFSC MAINTAINABILITY POLICY

by

Major William P, Crumpacker

Hq AFSC

Presented at
Maintainability Conference
12-13 March 1963

Electronic Systems Division
Laurence G. Hanscom Field
Bedford, Massachusetts



AFSC MAINTAINABILITY POLICY

Major William P, Crumpacker
Hq AFSC

By now there should be little doubt by anyone that Maintainability (M)
is essential if our systems are to be effective. M is a definite require-
ment that cannot be brushed aside or given just 1lip service, It is not
going to go away. Close monitoring beginning at DOD is a reality. Non-
compliance at any level is a risky venture. Past records and data from
reporting systems such as AMM 66-1 and AMM 65-110 show the tremendous impact
of poor M. As our systems become more complex, and they will, it doesn't
take much forecasting to show that they may become virtually impossible
to maintain so as to meet availability requirements and accomplish their
mission, As far as costs go, it is rapidly becoming a matter, not of
spending dollars early to reduce the total cost, but spending now so the total
cost will be economically Teasible,

The AFSC policies are concerned with M beginning with the receipt of
the SOR. This assumes that we are ready with all the knowledge necessary
to provide the required M. We still need to increase our knowledge of M
but today with what we know we can achieve M. We have our policies,
regulations, specifications, etc. that are necessary to promote a fine system
M program, yet there is still some degree of apathy or reluctance on the part
of managers to forge ahead. The management aspects are solid and follow an
approach that has been proven to be successful many times, Perhaps a
discussion of the comments received by AFSC that question the validity or
soundness of the M program will reveal more than a mere listing of current
policles.

These svidently are the points that need clarification,
1. How should l_d requirements be expressed?

Here we are talking about quantitative M requirements. There
is no one numerical figure that has been developed that can express systems
M requirements for all types. AFR 66-29A gives same guidance regarding
statements of requirements. For the using coomand the operational ready
rate is probably the most important factor. M is not the only contributor
to this factor but it is an important and integral part of it., The avail-
abllity requirement used frequently by ESD in L systems is almost synonomous
with operational ready rate. To take a step closer to pure M the apportion-
ment and breakdown of available time to perform defined mainTenance tasks is
one of our best measures of M, These can be expressed in terms of MTIR,
remove and replace times, turnaround time, servicing times, checkout times,
etc., Subsystems should be allocated a limit of contribution to downtime
and MTCE manhours. These do not consider cost particularly but do allow
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determination of discrete time requirements to meet mission objectives,
Meeting time requirements does not particularly assure ease nor economy of
maintenance. The maintenance manhours/task, skills, support equipment,
etc, are also important requirements or limitations that must be
exproessed, Requirements must be related to the 3 levels of maintenance
with primary emphasis on organizational, field next, and then depot.
Statements of requirements have been recognized as a major problem in
M and I would like to mention a few actions being taken to resolve it.
There was a symposium at Seattle hosted by Boeing on this subject.

The 2nd Annual AF/Industry meeting at Andrews 26 - 28 March has a
panel devoted to measurement of M and the AF M Manual now being written
is to give guidance at all levels on how to express M requirements.

Obviously these requirements must be in the SOR, PSPP, SPP, RFP!s and be
stated in the contract. Many of our comments come from SPO organizations
regarding negotiations. One that worries me is the remark that the
contractér hired a M expert with a PHD and that he, through a series of
questions that would probably baffle most of us, confused the situation
to a point where the M requirement was deleted because the AF negotiator
was convinced we didnTt know what we wanted. This is not the teamwork we
envision., It may be true ocur requirements need more definitization and
clarification is in order, but the failure to resolve these guestions
during RFP and prenegotiation contacts with the Air Force and waiting
until the last minute leaves reasonable doubt as to good intentions of ali
involved., This situation, though infrequent, can easily be corrected by
proper planning by both parties and getting together to reach a mutual
understanding. Maintainability has progressed beyond the question of
whether quantification is required. It is a definite requirement.
General statements such as "the system should be easy to maintain"

are completely unacceptable as well as quantified values that are stated
as goals or objectives in contracts. They are almost meaningless except
as targets above a specified minimum aceceptable requirement that must be
met.,

2. How can we be sure our requirements are realistic?

This question normally comes from the uninformed after a long
series of other questions about why M in the first place. Worrying
about the possibility of unrealistic requirements is not as big a
problem as determining what M is required to assure the mission
acc.arlishment. Conceivably @ new system will not be able to perform
because it cannot be maintained without advances in M beyond our
capabilities. I would hope this would be recognized early. It may be
that the system would truly not be feasible. We are getting close to
that situation now with some of the systems envisioned. R & M data,
along with APM 66-1 and AFM 65-110 data, can to a great extent tell us
what is feasible or realistic. If the requirement appears too stringent,
there are many tradeoffs that can be effected before and certainly after
the SOR by both the Air Force and the contractor.

3. Where do we get the money?



Additional requests for money for M is basically a result of
lack of planning. This problem is intensified when we try to back into
some already going programs, M is then a separate package that can be
bought or not. Munds were never planned for it as they should have been
and it becomes another cne of those "abilities" that are considered by
some to be nice to have but we cannot afford. Costing M is somewhat akin
to costing speed or altitude for an aircraft. When we have to back into
a program we must get a cost figure but on a new one it is an integral
part of the systems cost and not a package on the side that can easily be
cut in a cost reduction exercise. If we believe we have a balanced program
at the beginning we should maintain such a balance and when cuts occur balance
them also. On a new system w2 should never ask the contractor to bid and
quote costs with and without M. The many checkpoints established for
review of SORs, PSPPs, SPPs and contracts are catching those documents early
that do not have M requirements. We at Hq AFSC are now reviewing all contracts
for definitization over a certain amount for R and M requirements and
disapproving those that ‘are not satisfactory. We do not arbitrate on the
level of the requirements but determine if they comply with current
directives. Most Divisions have set up an internal check with the Division
procurement review board and the Division R & M office to assure their
approval at Hq AFSC. Provisions in RFBs and letter contracts are still
a problem. A revisiontc the AFPI has been submitted that will include
R & M provisions in RFBs as a check 1list item, PMI 1-9 now includes M
Program and MIL=M-26512B as check list items for technical proposal work
statements. A major effort is underway to eliminate letter contracts or
at least reduce the time between them and definitization. All of these
actions, for a large part, are to assure initial funds and eliminate those
last minute added on requests.

L. What about MIPRs?

AFSC policy on this 1s that if we &re the acquisition agency we
request the M requirements of the product and funds or obtain a signed
waiver from the other service or agency stating no requirement exists,

If it is a joint use system, AF will include the AF requirement. If
another service is the acquisition agency the AF will include the M
requirement with funds. This should come out in AFSCR 70-2 shortly.

5. Do we really need M pecple in the SPO?

The answer is definitely yes. It is one of our basic M policies.

The M programs in our systems programs must be managed. Contract work
statements alone cannot take the place of an M coordinator in the 8PO,
Furthermore, we require the contractor to identify an organization or
individual responsible for the contractor'!s M effort, We must provide

a matching focal point and manager that can and will manage the program.
This position is required by AFSCR 80-9 and must be maintained. Without
this man actively managing a program involving millions of your dollars

M can easily slip through the crack in spite of contract requirements.
Continued reliance on the Division M staffs only perpetuates the problem.
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Today we do not have an abundant supply of qualified people for these
positions. Some of the proposed training courses would help but now the
selection of the best qualified man will have to do. M is such an interesting
and challenging area that anyone assigned in the area Tor any length of time
usually becomes enthused and shortly thereafter becomes quite proficient.

We are working toward getting an AF specialty code for M personnel. This

is a recognized requirement that should be met as soon as possible.

6. Now a question or request from industry: A common base for bidding.

This is a serious problem and no doubt is frustrating to contractors,
especially those that are highly motivated to have the best M effort. The
demonstration requirements appear to be the questionable area, Too often
campetitive contractors are left on their own to develop a demonstration
plan without guidance as to the degree of assurance desired by the Air Force.
The costs are volatile in this ares and the contractor can easily price
himself out by presenting an excellent program that is beyond our needs.

I believe the "A" appendix of MIL-M-26512B that ESD uses is the best
guidance in this area we have. We are hoping to get industries! views on
this at the AF/Industry meeting and resolve this problem for all types of
systems,

7. What about g'.data and status reporting?

The M status reporting of our systems is a requirement that will
soon be an essential part of overall system status reports. The new AFSCR
80-1 Reliability requires a quarterly report on AFSC Farm 1lLhL. Maintainability
reporting in terms of MTTR and max downtime is included with R to aid in
reporting availability as is used in some of the L systems of ESD. This is
2 first attempt at M status reporting and is tailored more for ESD than other
Divisions,

Eventually we hope to be able to cover all types of systems. This, in
conjunction with a proposed R & M data collection and feedback system
compatible with and including AFM 66-1 and APM 65-110, should provide
some needed M standards and reflect the state of the art regarding system
and equipment M.

ARSI wen an w S an oo

These questions or comments about M reveal the common criticisms that appear
to prevent the wholehearted acceptance needed. The vaguemess concerning how
to express M requirements must be clarified. We hope to standardize the
parameters To the extent possible so requirements can be understood by all.
If funding for M is included at the beginning it will be supported. The
AFSC must increase the number of people assigned to M.
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Quantitative M is a relatively new engineering discipline. Time and
maintenance manhours were approached first because they are essential to
mission accomplishment. We must progress to those parameters that define
costs, spares, specialized equipment and tools, skills and other resources
including depot support. We expect to rely quite heavily on the logistics
comand in jointly developing these other parameters.

In closing I would like to commend the ESD/RADC team and their contractors
for their contributions in advancing M. The M studies conducted, "A"
appendix of MIL-M-26512B, and the techniques used for M analysis and
tradeoffs in some of the L systems are all examples of some of the most
advanced M technology. Finally, more conferencessuch as this that extend
beyond just M people talking to themseives and include the Divisions and
SPO managers are needed to increase the knowledge and appreciation of the
definite requirement for and means of achieving systems M.
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SUMMARY
The ESD interpretations of the Air Force and Systems Command policies

and directives relative to the design for maintainability during research and

development of Command and Control systems are presented. The definition
and mission of "L" Systems is described, the organizational structure
indicated and the general modus operandi outlined.

The interrelation of maintainability with reliability is discussed in
terms of availability for systems of long mission times along with the
necessity for trade-off between these various characteristics,

Typical contractual statements for "L" Systems are cited with
accompanying program plan development,

DEFINITION AND MISSION OF "L" SYSTEMS

The breadth and variation of the Air Force Systems Command's efforts
require a means of categorizing these efforts into subelements for manage-
ment and control, The AFSC program structure was developed to provide the
criterion whereby each AFSC job is categorized in the program structure
PS 4LOOL through PS 499L. The command and control systems, often referred
to as "L" Systems, are composites of equipment, skills, and techniques
which, while not instruments of combat, are capable of performing the
cleerly defined function of enabling a commander to exercise continuous
control of his forces and weapons in all situations by providing him with
the information needed to make operational decisions and the means for
passing on these decisions,

A complete system includes all subsystems, related facilities, equip-
ment, materiel, services, and personnel required for operation of the
system so that it can be considered a self-sufficient unit in its intended
operational environment. The mission of these systems may then be stated
a8 that of collecting, transmitting, processing and displaying information
for command decisions and for control of forces, weapons and aerospace
vehicles. From this simple mission statement for the systems developed by
the Electronic Systems Division (ESD) we get a vivid picture of the
importance of this work to the defense and survival of our nation and our
allies. Without these systems there could be no early warning, detection,
interception nor destruction of aggressor weapons in time to prevent
destruction of our nation and resources.
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To develop these systems, various USAF organizations have been
amalgamated into a well coordinated team to provide a concurrent and
harmonious approach to the task of providing electronic systems for
command and control of aerospace forces. This team is comprised of
representatives from research and development, logistics, training and
the various using commands with specific system acquisition responsi-
bilities being assigned to a specific System Program Office (SPO)
identified by a program structure designator between 400L and 499L.
Technical support for the program is provided by the Rome Air Develop-
ment Center (RADC) at Griffiss AFB, Rome, New York and non-profit
organizations such as MITRE, The officer in charge of the SPO has the
official title of the System Program Director and as such is charged with
the reaponsibility to develop and to deliver the first complete system to
the using command on schedule, at the lowest cost possible and with the
highest practicable capability, reliability and maintainability.

MAINTAINABILITY REQUIREMENT

The Department of Defense, Headquarters USAF, and the Air Force
Systems Command have recognized the importance of maintainability in the
system concept. They have issued directives and regulations to stress its
considerations during early planning and feasibility study stages, as well
as the need for comprehensive reliability and maintainability programs for
operational development projects., These requirements are clearly
enunciated in AFR 66-29A Maintainability Program for Systems, Subsystems,
and Equipments and AFSCR 80-9 Research and Development Maintainability.
These policies and procedures are implemented by the ESD Policy Letter
No. ( g? and ESDR 80-( ) Research and Development Maintainability which
are included as appendices 1 and 2 respectively.

We at ESD are dedicated to the maintainability precepts called forth
in these documents and strive to enforce them to the maximum degree
commensurate with’thOXFrogram réquirements; however, we feel that our
problems are slightly varied from those of other divisions. The Command
and Control Systems are faced with excessively lengthy mission time, but
on the other hand are blessed with the capability to perform maintenance
on these ground systems. With these possibilities in mind, the ESD
stresses the importance of "availability" which permits trade-offs
between the design parameters, performance, reliability and maintainability.
By achieving a short mean-time-to-repair (MTTR), a lower mean-time-
between-failure (MIBF) can be tolerated and yet achieve the high percentage
of availability demanded of the system. For this reason the reliability
and maintainability progrem is considered as one whereby the optimum
balance between all characteristics are sought to obtain the minimum
system total cost and yet achieve the operational requirements with the
desired confidence. :
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ESD POLICY ON MAINTAINABILITY

Maintainability is recognized as a major design factor and in con-
Junction with performance and reliability provides a major contribution
to system effectiveness. Thererore, it shall be a prime consideration
in the source selection, planning, deaign, development, production, equip-
ment installation and operation of all electronic systems within the
cognizance of the ESD., Each System Program Office responsible for the
development of electronic systiems, subsyutems or equipments, will provide
the necessary direction and control to achieve the required maintainebility
of that equipment.

Quantitative maintainability requirements shall be established for
all electronic systems to be developed within the cognizance of ESD.
These requirements shall be incorporated into each Request for Proposal
(RFP), Proposed System Package Program (PSPP), System Package Program
(SPP), Statement of Work (SOW), system/equipment specification and other
contractual documents released to contractors.

These maintainability requirements will be expressed in terms of
mean-down-time (MDT) with a constraint on the maximum or extreme value an
individual down time will be allowed to assume. The constraint will be
expressed as a probability (usually 90%) that no individual down time will
exceed a specified interval of time.

These quantitative requirements shall extend through the contractors
to the subcontractor and vendor levels. Each prime contractor will be
required to impose quantitative maintainability requirements on each con-
tractor which are compatible with the overall system requirements and will
require subcontractor demonstration that the imposed requirements have been
met or exceeded.

To assist in achieving the quantitative maintainability requirements,
each overall system program will provide for an adequate contractor main-
tainability effort as prescribed in AFR 66-29A and MIL-M-26512B. What is
considered to be adequate is determined by the program schedule, the type
of equipments to be incorporated into a system, and thestatement of
quantitative maintainablility requirements. However, each system program
will provide at least the following key maintainability work elements:

a. Predictions, at selected milestones, of achieved system
maintainability.

b. Formal maintainability design reviews.

¢. Collecting, processing and analyzing downtime data from
all scheduled tests.

d. Corrective action for causes of unmaintainability.

.

yeo,
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e. Demonstration of quantitative maintainability requirements.
f. Review of all ECP's and non-ECP's for maintainability effects.

g. Submission of periodic reports on maintainability program
progress.

Each system program will contain major maintainability program mile-
stones at which the SPO will review the progress of contractors and will
take the necessary action to keep the maintainability program compatible,
effective, and correctly time phased with other elements of the overall
program.

Funds will be provided for maintainability programs in submission of
any initial program funding requests and in the awarding of contracts.
Funding adequacy is determined on the basis of system complexity, nature
of the equipment to be incorporated into the system, the level of
quantitative requirements, and the depth and scope of each maintainability
program element.

Each SPO will maintain complete, factual, and timely information re-
garding the status of all maintainability program elements for continuous
review and program control within the SPO and for preparation of reports
as required by higher Air Force management levels.

A staff office (OFR) for maintainability will be manned to provide
staff guidance and assistance as necessary to assure & vigorous and
aggreasive maintainability program.

MAINTAINABILITY ORGANIZATION
The organization established at the ESD and assigned the responsiblity

for the staff management of all maintainability efforts is as indicated
in Figure 1.

Office of Technical Requirements and
Standardization
Col A.M. Cate
I _ T T 1
Engineering Requirements| |Tech Data] |Test Standards and
Division Division Division| [Standardization
Major J.R, Barton Division
[ 1
Reliability and Configuration Quality Assurance
Maintainability Management Branch
Branch Branch
Mro. G.H. Allen |
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The responsibilities, functions and procedures to be followed in
implementation and enforcement of the maintainability programs are
clearly defined in ESDR 80-( ), Research and Development Maintainability.
A copy of this regulation is attached.

MAINTAINABILITY PROGRAM

The requirement for an aggressive and effective maintainability program
has been established in AFR 66-20A and AFSCR 80-9 and implemented by the
ESD via ESDR 80-( ) Research and Development Maintainability and ESD
Policy Letter No. ( ).

The basic vehicle utlized to implement the maintainability program is
MIL-M-26512B and Appendix A thereto for demonstration. This specifica-
tion is by necessity general in nature and was written to be equally
applicable to electronic, aeronautical, ballistic and space systems. For
this reason ESD has found it necessary to supplement the instructions
contained in this specification and its appendlix with more explicit
guidance in the preparation of PSPP's, SPP's. SOW's, Specifications,
Requests for Proposals (RFP's) and contractor ReliabilityMaintainability
Plans. In addition, ESD recognizes that guidance must be provided all
bidders in the form of a briefing in order that all may have a clear
understanding of what is expected in the R&M effort for the system.

After a contractor has been selected, ESD provides more explicit
instructions and direction in order to obtain the type of program needed
by the Air Force to support the design and development of a specified
system. This guidance provides a firm requirement for specific tasks to
be accomplished by the contractor, time phasing of events, contractor
monitoring procedures, and methods of communication.

Bidders' Briefing. The ESD's Staff Reliability/Maintainability
Coordinators perticipate in bidders' briefings as required. The purpose
of this participation is to: (1) review, interpret, and answer
questions relative to the numerical raquirements for R&M; (2) explain
overall ESD philosophy in its approach to maintainability (availability);
and (3) outline and recommend the type and quantity (or depth) of
information needed for evaluation of bidders' R&M proposals. We feel
that the proposal submitted by the prospective contractor as a result of
this meeting provides a very important document for it is here the major
input by the contractor for the R&M plan is found. This document thus
provides the basis for the definitized and approved R&M plan,

Program Plan. Immediately after selection of a contractor, a
meeting is held with the successful bidder to formalize and definitize
the F&M Program Plan. The basic document submitted as part of the
bidder's proposal is amplified so as to provide an accurate description
of the contractor's effort in compliance with the quantitative system
requirements. The proposed R&M Program should be comprised of the
plan or strategy to be employed in achieving the design for reliability
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and maintainability; prediction of the quantitative figures to be

achleved by the‘r proposed system; the organizational structure and the
lines of communication between the various activities; the design review
structure, its authority and modvs operandi; the corrective action loop;

a description of the experience and achievements on past programs which
involved nurerical requirements; and where possible, a comparison of unit
operational or achieved MIBF's on similar systems with predicted component
MIBF's on the proposed system or subsystems., It is this proposed plan

that is discussed in minute detail and amplified to meet ESD's require-
ments. The purposes of this meeting with the contractor are to establish

a series of tasks to be accomplished based on the proposed plan and

system requirements; the tasks definitized by accurate task description;
calendar time duration; time phasing and manhour allocation to perform

these tasks; establish monitoring or review points; discuss the contractor's
procedures for monitoring subcontractor and vendor activities; establish
lines of communication between the procuring activity and the contractor and
his subcontractors; identify personnel involved in the effort and define
their respective responsibilities; and establish the type and content of
reports to be submitted to the Air Force and the schedule to be followed.

Iask Requirements. There are several taaks that are considered
extremely important to the RéM Program to assure that the specified
requirements are met. It is important that quantitative requirements be
clearly defined, but we feel that the design review provides the most
powerful tool available to us to assure that prime consideration has
been accorded the reliability and maintainability design parameters early
in design and that continued emphasis is placed on this function
throughout the acquisition cycle. For this reason ESD is emphasizing
this task to a greater degree than all others., Tasks meriting specific
discussion as a minimum are as follows:

1. Design Revjews. Design reviews are expected to be
accomplished with varying emphasis and frequency throughout a program.
In the initisl conception stages of a system, the reliability and
maintainability groups should review the proposed configuration for such
points as the use of standard circuits of proven reliability, compare
pump-fed systems with pressure-fed systems, liquid rocket engines with
solid rocket engines, one computer manufacturer with another, etec. With
such comparisons, a paper study may be accomplished to obtain an estimate
of the system reliability and maintainability figures of merit. The
system configuration which is decided upon is then reviewed in detail.
Such reviews and evaluations by the reliability, maintainability, and
quality control groups will be acheduled for all significant designs
before they are finalized. Design Review Check Lists should be employed
to assure complete coverage of the design factors and will include a
detailed examination of the design documents, drawings, and specifications.

The ESD expects to participate in these design reviews
and is especially interested in the overall strategy employed to attain
the reliability, maintainability and performance requirements; circuit
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application; component application; parts application; stress analysis
(margin of safety); and physical or mechanical reviews. Should the
responsible ESD agency not attend any such meeting, detailed minutes of
the transactions, corrective actions, end follow-up procedures shall be
provided for review as an appendix to the periodic report.

2. Statistical Engineering Actjvitjes. The reliability and
maintainability program shall incorporate optimum utilization of statistical

planning and analysis. This shall include the application of such methods
as design of experiments, enalysis of variance, and other methods
particularly suited to the design and development phases, and the use of
statistical quality control methods in the manufacturing proceas, A
mathematical model must be maintained throughout the program which
presents a continuous representation of the reliability of the system.

3. Establish and Maintain a Failure Reporting, Analysis
and Feedback System. The contractor shall have a system for collecting,

analyzing, ana recording all failures that occur in-plant as well as those
that occur at test or installation sites. This system shall be described
and the applicable flow-charts provided to indicate the routing of such
failure reports for analysis, corrective action, and follow-up. The forms
utilized for this reporting system shall include all the necessary data

to enable analysis and shall be compatible with the procuring activity's
feilure reporting system.

4. Recommend Milestones or Monitoring Points. Program

monitoring commences with the award of the contract and continues through
the phases of design, production, installation, and operation. It is
essential that specific points be identified that are suitable for formal
review of the program efforts. The Air Force requires at least eight
such review points as specified in AFR 80-5 and USAF Bulletin 506, but
additional points may be designated based upon the system requirements.

5. Management of Subcontractor and Vendor Efforts in

Reliability, Maintainability, and Quality Control. It is essential to
good program menagement that a detailed plan be formulated that imposes

specific requirements and procedures on the subcontractor and supplier.
These requirements should be in sufficient detail to assure that such sub-
systems or equipments meet the apportioned reliability and maintainability
requirements and the quality control standards.

6. Human Engineering. The product assurance program shall
apply the principles of human engineering in all operations during
manufacture, test, maintenance, and operation of the system or subsystem
vhere personnel are involved. The design should incorporate those
engineering features that minimize the possiblity of degrading relia-
bility and maintainability through human error. Human engineering
personnel shall participate in the approval of all designs and proposed
tests to assure that the principles in MIL-STD-803 have been incorporated
in the design and are reflected in the test plans.
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7. Effects o tion, H
and Maintepance. The effects of the above on ‘the reliability of the
product shall be considered in the design of the equipment and any
special storage, packaging, transportation, handling and maintenance
requiremepts shall be made known to the Air Force.

8. Establish {eontrols to assure that all handbooks reflect
the true system configuration and that the operation and maintenance
instructions reflect all equipment changes and procedural improvements.

9. Prepare a manloading chart to depict the projected
manpower expenditures. Such information as manpower allocations per task
and the time phasing of task accomplishment will be added.

10; Test and Demonstration. Test activities not only involve
incoming inspection of parts and materials and qualification of non=-

standard parts, but also environmental and operational testing of elements,
subsystems, and complete systems. Detailed test and demonstration plans
shall be prepared to demonstrate the operational and performance require-
ments of the contract with the specified degree of reliability and
maintainability. In addition, & planned and scheduled program of
functional testing of equipment shall be conducted during design and
development phases to estimate the reliability and maintainability
achieved and to provide data feedback to be used as a basis for improvements
in design.

11. Quality Control System. Written descriptions of the
quality control procedures to be utilized in management of the contractor,

subcontractor and supplier activities will be prepared.
12. Compile and submit failure data summaries periodically.

13. Prepare spare parts lists based upon mathematical model
and applicable parts failure rates.

14 Maintain a weak links chart that depicts such informatiocn
as the component failing most frequently, the corrective action required,
the action agency and the status of the corrective action.

15. Establish Training Program for Key Pergonnel.  Such
programs should take full cognizance of previous reliability/maintaina-
bility and quality control education negotiated on other programs and be
planned to supplement that training with lectures, pamphlets, and posters.

16, Prepare and submit periodic reports which contain the
detailed accomplishments by task during the reporting period. Specific
entries should be made on the current predicted and achieved values of
reliability and maintainability. Problem areas that are known to exist or
are anticipated should be listed along with the planned courses of action
to correct or alleviate such problems.
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Fallure data summaries and other data specified should
be affixed as a part of the report.

Examples of actual tasks included in active contracts are
indicated in Appendix #3.

CONCLUSIONS

The success of the Relisbility and Maintainability Program is a
direct function of the excellence of the program plan, the effectivity
of the organization and personnel involved, and the clear understanding
by .all participants of the requirements, procedures, and philosophy
underlying the development plan. It is believed that this paper has
provided you with the ESD policies and procedures in implementetion of
those eatablished by Hqs USAF and AFSC.

The program plan provides an orderly approach to the design, develop-
ment and production of reliable and maintainable equipment and deserves
special attention by all personnel concerned with its execution. The
preparation and definitization of the plans affords several useful
purposes: (1) it is a valuable exercise for the personnel to participate
in the reliability and meintainability groups' approach to the problem;

(2) the coordination, definitization and description of the tasks or

work items, assures understanding and agreement between not on the
contractor personnel, but the procuring activity as well; (3) it delineates
the area of responses and describes the activities of the associated

groups; and (4) it serves as an important contractual document that reflects
an officlal working document agreed upon by all agencies involved.

The finished Reliability and Maintainability Program Plan discussed
and developed by this method precludes any future misunderstandings as
regards intent and scope of each task and facilitates the monitoring of
the program by the procuring activity.
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APPENDIX 1
ESD Policy Letter No. ( )

Maintaipability jn Electrenlic Oystems

1. Statement of Policy

Maintainability will be a prime consideration in the source aelection,
planning, design, development, production, equipment installation, and
operation of all electronic systems within the cognizance of the Electronic
Systems Division (ESD). Maintainability ie recognized as one of the major
characteristics, in conjunction with system reliability, performance, and
cost which contributes to overall electronic system effectiveness. There~
fore, each office responsible for managing specific systems will provide
direction and control to achieve required Maintainability of systems
within their cognizance.

2. Nee titative b @

Quantitative Maintainability requirements will be established for all
electronic systems. These requirements will be incorporated into each
PSPP, SPP, system specification, SOW and other contractual documents
released to contractors. Provisions will be made for the demonstration of
the stated guantitative requirements at a selected milestone within each
overall system program.

3. s -

System quantitative Mainteinability requirements will be expressed in
terms of mean-down-time (MDT) with a constraint on the maximum or extreme
value an individual downtime will be allowed to assume. This constraint
will be expressed as a probability (usually 90%) that no individual DT
will exceed a specific amount of time,

Prime contractors will be required to impose quantitative Maintain-
ability requirements, which are compatible with the overall system
requirements, on individual subcontractors and to provide for subcontractor
demonstrations that imposed requirements have been met or exceeded.

be bility Pro t \4

To assist in achieving the quantitative Maintainability requirements,
each overall system program will provided for an adequate contractor
Maintainability effort in accordance with AFR 66-29 and MIL-M~26512. The
degree of adequacy is dependent on the program schedule, the type of
equipments to be incorporated into a system, and the statement of
quantitative Maintainability requirements. However, each system program
will provide at least the following key Maintainability work elements:
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a., Predictions, at selected milestones, of achieved system
Maintainability.

b, Formal maintainability design reviews.

c. Collection, processing and analysis of downtime data from
all scheduled tests,

d. Corrective action for causes of unmaintainability.
e, Demonstration of quantitative maintainability requirements.
f. Review of all ECP's and non-ECP's for maintainability effects.

g. Submission of periodic reports on maintainability program
progress.

Each system program will contain major maintainability program mile-
stones at which a SPO will review the progress of contractors and will
take nacessary corrective action to keep the maintainability program
compatible, effective, and correctly time-phased, with other elements
of the overall program.

5. t 0 8

Adequate funds will be provided for maintainability programs in sub-
mission of any initial program funding requests and in the awarding of
contracts. Funding adequacy is determined on the basis of system
complexity, nature of the equipments to be incorporated into the system,
the level of quantitative requirements, and the depth and scope of each
maintainability program element.

6. Re e orce Levels Status Documents

It is a management responsibility to provide direction and control to
each element of a maintainability program. Each SPO will maintain complete,
factual, and timely information regarding the status of all maintaina-
bility program elements for continuous review and program control within
a SPO and for reports, as required, to higher Air Force management levels.

" 7. Siaff Assistance
Staff assistance in the area of maintainability will be provided to

each SPO by the Office of Primary Responsibility in accordance with
ESD Regulation 80-( ).
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APFENDIX 2

ESDR 80-( )
ESD REGULATION (Proposed) HQ ELECTRONIC SYSTEMS DIVISION
No. 80- ( ) AIR FORCE SYSTEMS COMMAND

Laurence G. Hanscom Field, Bedford, Mass,

Research and Development
MAINTAINABILITY

THIS REGULATION ASSIGNS RESPONSIBILITIES FOR THE IMPLEMENTATION, MANAGE-
MENT,. AND CONTROL OF MAINTAINABILITY PROGRAMS WITHIN THE ELECTRONIC
SYSTEMS DIVISION (ESD)., THIS REGULATION IMPLEMENTS THE PROVISIONS OF
AFSCR 80-9, FURTHER AMPLIFIES ESD POLICY LETTER NO. ( ) WHICH RELATES

TO MAINTAINABILITY, AND IS IN ACCORDANCE WITH THE REQUIREMENTS OF

AFR 66-29 AND MIL-M-26512.

1. RDDO LY _u. [0)

a. Each SPO Director will appoint a qualified individual (or
individuals) who will have prime responsibility within a SPO for
establishing SPO-contractor maintainability programs, monitoring the
progress of each contractor on his approved maintainability program, and
making recommendations to appropriate SPO personnel for necessary
redirection of any maintainability program. This individual (or
individuals) will distribute within the SPQ all approved policies,
regulations, bulletins, and specifications pertaining to maintaina-
bility and will advise the SPO Director of any significant changes to
these policies, regulations, bulletins, and specifications affecting
SPO plans, operations, and/or the acqusition of equipments.

b. The individual (or individuals) assigned the responsibility of
maintainability monitor will be identified to the Office of Primary
Responsibility by name, office symbol, stop number, telephone number,
and room/building number. His training and experience in maintainability
will also be submitted.

2. Office of Primary Responsibility. Deputy for Technical Services,
ESSTE-2, will serve as Office of Primary Responsibility. This office will:

a. Assist each SPO in the establishment of quantitative maintaina-~
bility requirements and methods of demonstration.

b. Assist each SPO ir establishing design for maintainability
philosophy and procedures.

c. Assist each SPO in the establishment of elements of maintaina-
bility programs.

IIB-Appendix 2



d. Assist each SPO in the negotiation with contractors of
maintainability program elements.

e, Assist each SPO in periodic reviews of contractor progress on
maintainability programs and furnish recommendations to each SPO with
regard to improving either contractor performance or necessary re-
direction of the scope and intent of each reviewed maintainability

program.

f. Participate, as required, in any briefings on maintainability
presented at bidders' conferences.

g. Participate, as required, in source selection boards to assure
proper emphasis on maintainebility.

h. Compile, maintain, and distribute to each SPO approved manage-
ment procedures, methods, and instructions for maintainability programs.

i. Provide each SPO with coples of all approved policies, regula-
tions, bulletins, and specifications on maintainability and assist in
interpreting these documents for application on particular SPO contracts.

j. Provide the ESD member on the AFSC Maintainability Task Force
and other representative groups. Represent the ESD in effecting
necessary coordination in maintainability matters with other Divisions
and Centers of AFSC, USAF, DOD, other services, and industry, except
as this responsibility may be delegated for specific aspects of a
problem,

k. Arrange, as necessary, limited attendance conferences on
maintainability which involve industry and SPO participation. The
purpose of these conferences is to explain fully the current approved
policies, regulations, bulletins, and specifications on maintainability.

1. Cooperate with the Deputy for Technology and the Deputy for
Advanced Planning in developing long-range plans for studies and research
in maintainability techniques.

m. Chair and distribute agenda and minutes of monthly meetings with
SPO maintainability monitors.

n. Cooperate with the Training Office in developing and in
conducting maintainability education programa.

o. Review all PSPP, SPP, Specifications, and Work Statements for
compliance to approved policies, regulations, bulletins, and
specifications on maintainability.
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p. Provide the active staff element necessary to assurs implementa-
tion of adequate and uniform policies and procedures on all maintainability
matters within the ESD. This will involve review and interpretation of
all maintainability policies, procedures, bulletins, and specifications
and regulations issued by higher headquarters.

3. Specific Functions of g SFO Maintalnabllity Mopdtor:

a. Act as a general focal point within the SPO for all matters
pertaining to maintainability,

b. Assist the Office of Primary Responsibility, as required in the
development of maintainability policies, regulations, bulletins, and
specifications.

c. Assist other SPO personnel in establishing design for maintaina-
bility philosophy and procedures.

d. Provide contractors with detailed instructions regardiné
maintainability program requirements,

e. Review contractor maintainability program plans and initiate any
corrective actions designed to bring plans within the acope and intent of
approved policies, regulations, bulletins, and specifications on
maintainability.

f. Take necessary action to insure that proper quantitative
maintainability requirements are incorporated into PSPP's, SPP's, SOW's
System Specifications, and all contractual documents furnished
contractors by the SPO,

g. Establish appropriate maintainability program monitoring points
with contractors.

h. Conduct maintainability program reviews at the established
monitoring points. At these meetings, the SPO maintainability monitor
will:

(1) Review and determine the adequacy of the overall progress
of the maintainability program. Assistance from the OPR and/or RADC
(see paragraph 4) will be requested sufficiently in advance of these
meetings in order that these organizations will be able to provide the
requested support.

(2) Discuss the adequacy of all maintainability program
reports submitted to the SFO,

(3) Review any maintainability problems affecting compliance
to the quantitative maintainability requirements and insure by follow~
up that timely corrective action is planned or being taken.
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(4) Review the adequacy of contractor's design for maintaina-
bility techniques.

(5) Determine the overall progress toward the achievement of
the quantitative maintainability requirements.

(6) Determine that the contractor's corrective action system
is correctly functioning and that maintainability engineers and others
involved in the corrective action process are aware of their respective
responsibilities,

i. Following each maintainability program review, a SPO maintaina-
bility monitor will:

(1) Document his findings and recommendations.

(2) Review his findings and recommendations with appropriate
SPO personnel in order that any corrective recommendations can be
implemented.

(3) Furnish to the OFR a copy of findings, recommendations,
and SPO actions to be taken or taken on the reviewed maintainability

program,

j. Periodically, review each maintainability program with the SPO
Director.

1. Attend and perticipate in the scheduled monthly meetings of SPO
maintainability monitors.

4. Maintainability Support Functions of RADC:

a. Provide technical support to the SPOs, upon reguest, in the
following areas:

(1) Establishment of quantitative maintainability requirements.

(2) Establishment of design for maintainability philosophy and
procedures.

(3) Review of maintainability mathematical models, maintain-
ability demonstration plans, and other technical reports.

(4) Review of contractor progress on a maintainability program.
b. Specific individuals will be designated by RADC to the SPOs and

the OFR as to the individuals aasigned to provide the support defined in
paragraph 4a.
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¢. Provide a central office for the collection, evaluation, and
dissemination of applicable maintainability statistics (mean downtime,
mean time to repair, repairability values, etc.).

d. Furnish consultant service in the application of the informa-
tion required by paragraph 4c to current and future maintainability
programs,

e. Manage contracts for an/or conduct research in maintainability
techniques on projects assigned to RADC.

f. Provide an associate member on the AFSC Maintainability Task
Force and other representative groups.

g. Provide, upon 13quest, a member for source selection boards.

h. Provide consultant service to ESD elements on technical advance~
ments in the areas of maintainability prediction, analysis, and
demonstration.

i. Attend and participate in scheduled monthly meetings of SPO
maintainability monitors.

j+ Attend monthly coordination meetings on maintainability matters
with the OPR.

5. bility Su % ctions of Deputy for Technolo H

a. Establish a maintainability research and advanced development
program, based on current and future ESD system requirements. This
program should include at least components application techniques,
circuit techniques, materials and processes, packaging, repair vs throw-
away maintenance concepts.

b. Assume responsibility for the planning, funding, and implementa-
tion of research programs in the areas indicated in paragraph 5a.

1 Attachment
Check List
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CHECK LIST

Ten Key Actions to Be Taken By
A SFO Majiitainability Monitor

1. Assist in establishing quantitative maintainability requirements.

2. Assist in defining design for maintainability philosophy and
procedures.

3. Arrange for maintainability program plan submission and determine
the adequacy of the plan.

4. Arrange for establishment of a mathematical model which relates
maintainability and other system characteristics. The model is to be used
for trade-offs analyses, corrective actions evaluations, and prediction
calculations.

5. Require a contractor to have a maintainability design review plan and
procedure. Arrange to participate in selected reviews.

6. Establish SPO~contractor maintainability program monitoring points.
Conduct program reviews at these points, Determine the adequacy of the
means employed by a prime contractor to control the maintainability
efforts of his subcontractors.

7. Require that a contractor has a well defined corrective action
procedure for eliminating (or reducing in effect) the causes of
unmaintainability.

8. Arrange for submittal and review of maintainability program reports.

9. Assist in establishing maintainability demonstration philosophy
and procedures and arrange for review of test plans and test results.

10. Arrange that maintainability program reports and findings are

submitted to other SPO activities (reliability, system engineering,
logistics, etc.) for their use in performing their functions.
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APPENDIX 3

Sample Tasks from ESD Contracts
on R&M Programs

1. Equipment R/M Design Reviews (Task I, NUDETS Program)

DES SSISTANCE

Preferred Parts List

A preferred parts list (PFL) will be developed for the 477L System
in accordance with MIL-E-4158B and will be supplied to the equipment
design activity for parts selection criteria. In the case of sub-
contractor supplied equipment, subcontractors will be required to
comply with this list except that existing subcontractor parts lists may
be used subsequent to approval. In these cases, back-up data relative
to parts application and acceptibility will be required.

Parts Approval

Parts approval will be based upon the PPL., Components or parts
recommended or required in equipment design, but not identified in the
PPL, will be subject to Air Force approval in accordance with the
requirements of MIL-E-4158B. For the 477L prototype equipment,
deviations or relaxation of MIL-E-4158B application may be granted,
concurrent with customer approval.

Part cation Aids and Recommendations

A Project Data Book (PDB) for the 477L Prototype has been prepared
for the equipment designer's assistance. This PDB will be periodically
updated throughout the life of the program to include the following:

a. PPL

b, Part standards (voltages, signal levels, impedances, etc.)
c. Input/output specifications

d. Responsible project design engineers

e. Reliability application and de-rating information

f. Design review procedures,

Design Review

Design reviews will be conducted by reliability/maintainability
engineers for each equipment to ensure compliance with reliability/
maintainability objectives. Reviews will include review and signoff
of equipment schematics and drawings prior to release to production.
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These reviews will be conducted in accordance with the attached

design review checklist, and in accordance with the Project Data Book.
Records of design review will be masde available to the USAF upon
request, Exhibit B, Parts I, II and III, and Exhibit C of the
availability program plan are also attached. In the case of sub-
contractor supplied equipment, design review will be performed by the
subcontractor in accordance with provisions of paragraph 3.5. In

cases of commercial equipment with experienced field usage, experienced
data will be submitted as part of a design review.

Corrective Action Recommendations

Reliability/maintainability recommendations resulting from design
reviews will be documented, and a report of action by the cognizant
design ‘engineer will be required.

Evaluation of Proposed Changes

Proposed changes in the design of equipment will be reviewed by
reliability/maintainability engineers in compliance with paragraphs
4.1, 442, 4.3 and 4.4. Reliability/maintainability apportionments and
predictions will be up-dated as necessary.

2. Subcontractor Control (Task V, EMT)

Description of the Task

Quality Assurance will perform surveillance of subcontractora of
equipment in two areas of eifort. (1) quality control and (2) relia-
bility and maintainability. The quality control system of each sub-
contractor shall be monitored by Quality Assurance to determine
compliance to established criteria for the following:

a. Quality control procedures

b. Drawing and change control

¢. Supplier surveillance by the vendor
d. Receiving inspection and test

e. Inspection and test during manufacturing
f. Process control

g. Calibration of measuring instruments
h. Final inspection and test

i. Proper sampling inspection

Jj. Methods to indicate inspection status
k. Control of discrepant materials

1, Storage of materials

m. Quality control records

n. Packing and shipping control

o. Corrective Action system.
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Using MIL-Q-9858 as a guide, Quality Assurance will require corrective
action for all elements of the above for which each subcontractor does
not comply. Quality Assurance representatives shall perform surveil-
lance of the quality control systems of the subcontractors by means of
survey checklists, day to day observations, witnessing of processes and
inspections, performing inspections, as necessary, and witneasing final
inspections and acceptance tests.

Quality Assurance will monitor the following areas of the reliability
and maintainability program of each equipment subcontractor:

a. General reliability program of the subcontractor

b. Compliance to detailed equipment design specifications

c. Compliance to service conditions

d. Dependability of materials and parts

e¢. Compliance to performance requirements

f. Equipment maintainability characteristics

g. Human Factors

h. Personnel job tasks and reliability indoctrination

i. Reliability analysis (MTBF) with subcontractors reports in
accordance with the requirements of each subcontract.

After the eward of each purchdse order or subcontract for equipment,
a Quality Assurance Engineer will begin coordination of the sub-
contractor's reliability, maintainability and quality control program.
Problem areas will be promptly reported in order that Quality Assurance
can obtain corrections. Checklists and other control medias will be
developed under Task 14.

Duration of Task

The program will start immediately when purchase orders are awarded
to subcontractors. Surveillance of an equipment manufacturer shall be
discontinued after he has satisfied all obligations of his contract.

3. System Reliability/Maintainability Mathematical Model (Task A,
Big Rally II)

Identification of the Task

Establish and modify, as necessary, a system reliability/maintain-
ability mathematical model.

Description of the Task

will develop a mathematical model for system reliability/
maintainability from field data and available equipment evaluations.
Circuit availebility calculated from the model shall use the equipment
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configuration where transmission is over the most hazardous path, since
there are many posiis;e sources and destinations for a particular
transmission, then other path would have a higher circuit availability.
At least one model for each of the three phases on the installation of
the system could be developed for comparison during interim operation
and maintenance, but only an assumed configuration for the final system
shall be used for developing the model. Establishment of the model will
utilize available information on equipment MIBF, MITR, propagation path
failure, fallure rates etc., where such information is available on
equipment and systems of essentially the same complexity. In addition,
the configuration of the power generating equipment is not known, so

a likely configuration will be assumed. The model will measure the
effect of these criteria on channel availability. The model will be
developed using established statistical analysis techniques by the
Equipment and Systems Evaluation Department with system information
coordinated by the Systems Planning Department and the Quality Assurance
Department,

Duration of the Task

The development of the model will begin in April and extend
through the middle of May.

Man Loading (Man Months )

Dec. Jan. Feb. Mar. Apr. May

Manager, Quality Assurance .02 .02 .01
Senior Engineer .35 15
Senior Statistician 1 o5
Engineering Aide 5 5
Stenographer 2 2
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VALUE ANALYSIS

Rovert L. Bidwell

Martin Company

Around the turn of the century, many companies had become so large that
top management was no longer in direc* contact with everything going on in
their company. Furthermore, these companies were so complex that management
had to direct their energies toward planning, policy, and general adminis-
tration rather than individual efforts or methods. Hence, the efficiency
expert, the time and motion study man, came into being. This man was a tool
of management used to put more value into certain operations of the company.
"Time is money" Ben Franklin said, and the efficiency expert improved the
company's position by givin; more value to time.

It was almost a half century later than another expert in search of
increased value entered the picture. He 'was and still is looking for ways
to improve design, to perform the same function at lower cost or, if
possible, to eliminate the function altogether. He is the Value Engineer,
sometimes known as a Value Analyst.

The Air Force definition of the function of Value Engineering AFR
70-16 reads as follows:

"Walue Engineering is a proven cost preveniion and cost reduction
technique. Properly applied, the technique (1) identifies the
function of a product or service, (2) establishes a dollar value
for that function and (3) endeavors ‘to provide that function at
the lowest cost without degradation of performance or quality."

At Martin-Orlando, we call the overall program Value Analysis.
Personnel supporting this effort are charged with securing greater value
and reliability. Simplicity is their by-word. They work to eliminate
unnecessary functions. Complexity in design normally adds more detail
parts which are susceptible to failure and need to be maintained in the
field. All of this adds cost and decreases value. Our Value Engineer's
effort to eliminate unnecessary functions is an extremely important part
of Value Analysis but it is only a part of the complete cost reduction
effort. We have organized our attack on costs and oriented to the total
cost of doing business - not just engineering, not just time and motion
studies but encompassing the entire business operational spectrum. At
Martin-Orlando we say that Value Analysis is everybody's business, from the
general manager to the mail boy.

Such a program starts with the aggressive support and intense interest
from the general manager and flows throughout the plant to all levels of
operation. The organization of the program ensures that a cost reduction in
one area does not mean more work or cost for someone else in another area.

It allows the man in finance to work with a man in purchasing to make a
savings on an item ordered in the engineering department. We are continually
reducing lhe tendency to add safety factors upon safety factors which result
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in overdesign in the names of safety or reliability when these things could be
accomplished adequately at much lower cost., Value Analysis strives for
reliability, but at the same time it ensures that a part with a maximum 1ife
cycle requirement of ten years is not designed to last {>r 100. Only through
this type or organized cost reduction can maximum savings be realized. This
type of full cooperation between groups has made our program at Martin-Orlando
a living thing. We all work toward common goals and individual goals and
these goals are real and measurable.

Let's be more specific. Let's look into this Value Analysis program.
Eliminating unnecessary functional costs does not just happen; you must make
it happen. First of all, since we decided this must be a plant-wide program,
everybody must understand what Value Analysis is and why we need it.
Furthermore, they must understand Value Analysis methods and techniques. 1In
other words, they must understand what they can do to contribute to the program.
To achieve this understanding, classes and seminars are conducted; pertinent
articles and editorials are placed in the company periodicals. In addition, a
continuing promotional campaign reminds people of their duty and shows some
of the results of Value Analysis throughout the plant.

A Value Analysis team, lead by an experienced Value Engineer, puts the
program into effect on each project. The team representatives come from
Finance, Procurement, Manufacturing, Engineering, etc. This group has a full
time job. They identify and analyze functional requirements of a system or
an assembly and aid others on the project who have cost savings ideac. Page
and line schedules are kept so that management can see how the Value Analysis
activities are progressing, from concept to implementation. Budgets are
transferred and program personnel monitor the changes, ensuring progress. A
Value Analysis team should snow a net return of approximately 5-1 on its
operating expenditure. One such team at Martin-Orlando returned a net of
2%~1 over a one year period.

Let's take one Value Analysis study item on which this team worked and
look at the results. A standard tube clip has three functions; (1) Mechanical
fastener, (2) R.F. Shield, (3) Heat Sink. Analysis indicates that these
functions can be performed for a few cents each on a volume basis. As a
result of such an analysis, costs were reduced approximately 98% while
performing these same functions with equal reliability. The Martin-Orlando
Value Analysis organization has trained representatives in each section and
department of the company, from procurement to the paint shop. These
representatives help promote the program to their people, aid in following
through on Value Analysis recommendation, and record pertinent data.

Our Value engineers go to work on a project when the initial study is
being made and continue their efforts through research and development,
production and field support. During the early stage of development is the
best time to accomplish functional cost versus performance analysis before
tools or other non-recurring costs are fixed, forcing implementation costs
to cut deeply into any savings. This, of course, is the hardest place to
measure savings, but it is also where simplification efforts are most
fruitful in producing long term savings.

An integral and vital part of any successful Value Analysis program is
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the custuvmer. His wholehearted cooperation is a must. First of all, the
customer can supply the incentive and recent ASPR's and AFR's make this easier
to accomplish. While patriotic duty and personal pride in doing the best job
at the lowest possible cost are fine incentives, there is nothing like the
possibility of increased company profits to enlist the strong support of
management. For example, if you reduce costs on fixed price contracts by

one million dollars, you have actually increased your sales effectiveness

as much as fifteen million dollars. We also have fixed price with incentive
clause type contracts at Martin-Orlando, and in this case both the contractor
and the customer realize profits from Value Analysis. Let's look at the million
dollar figure again. If we share this savings on a 70-30 percent basis with
the customer, we still have a savings of $300,000. It would require additional
sales in the neighborhood of $4,500,000 to bring in this kind of profit to the
company. The customer, of course, has made a savings of $700,000. No wonder
Value Analysis and incentive contracts win favor with management and with the
services.

But, the customer's responsibility is not over with the signing of the
contract. We pointed out that these contracts enable us to save millions of
dollars but the contractor cannot save a cent without the cooperation of the
customer.

the customer has a still bigger job if we are to realize the full
potential that the Value Analysis effort can produce. He must be fully informed
on the contractor's program; how it is organized, how much is being saved,
and he must recognize and support the study of potential savings. He must be
able to sort out the normal experience curve reactions to increased production
from the Value Analysis contributions and measure the contractor's program on
the basis of net realized results. The customer's part is a big one; he -t
must be aware of the many things he can do to aid the effort and he must be
aware of the roadblocks which can be placed in the way of progress.

Reaction times to Value analysis recommendations are critical. Deriving
benefits from changes often depends on working them into the production
schedule at a certain time. A delay can be costly or may even negate any
advantage to the change. The customer must be set up to react to Value
Analysis suggestions on a 30 day basis and should be able to make immediate
decisions on simple problems.

One thing which would help both the contractor and the customer is a
technically qualified person from the customer's office located in the
contractor's locality, armed with the authority to approve qualified change
recomnendations. He can also assist in securing approvals from a higher
authority when Class I changes are necessary.

The customer's engineering staff and his local representative must be
willing to challenge the status quo. Wwhen the contractor finds a better,
more efficient way to perform a function, the customer must be willing to
re~evaluate his requirements expeditiously to see if the new way can meet
his needs and vice versa. If a tolerance or finish is challenged, the
customer should look at his specifications and decide if the tolerance or
finish is really needed for this application. Again, prompt action and local
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authorization cannot be overemphacsized.

The ever increasing squeeze on company profits and the rising cost of
defense items can be stopped. It takes a highly orgenized program, hard
work, and cooperation between the customer and the contractor. A Value
Analysis program can be successful. We have made it successful at
Martin-Orlando.
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CONTRACTOR IMPLEMENTATION OF A MAINTAINABILITY PROGRAM

W. ROBERT GIBSON

Maytag Support Development Corporation

Impetus for the generation of a contractor maintainability program most
generally finds its origin in one of four circumstances; (1) specific direction from
the customer; (2) interest in the improvement of a product line; (3) to meet or beat
competition; or (4) by uncontrolled organizationu! evolution. The reasons for imple-
menting a maintainability program have little influence én its success other than the
impact on the motivation of the responsible personnel. The ultimate success of the
program is dependent upon the application of technically accurate engineering
techniques and administratively sound management tools with which to establish,
monitor, control and evaluate maintainability activities. These actions must be in
technical consonance and appropriately time phased with the overall system develop-
ment effort.

Incorporating a maintainability endeuvor into the development, testing
and production cycle for a complex system gives rise to administrative problems born
of any design control or monitoring function. Among these are: increased overhead
costs; additional coordination, reporting and justification requirements; as well as,
added paper work. Each of these items represents an undesirable restraint on system
development and management.

The technical problems associated with the implementation of a complete
maintainability program are even more serious and complex than those presented by
administrative inconveniences. Since maintainability is a characteristic inherent in
equipment configuration, maintainability stipulations must be expressed as system
technical requirements. These requiremenis must be: scientifically correct; in support
of the system mission; and useful in developing design trade-offs.

Thus, the contractor is confronted with what would appear, at first glance,
to be a complex montage of "profit-eating" administrative and technical problems.
The severity of these problems is overshadowed, however, by somewhat obscure con-
tractor benefits and urgency to provide maximum feasible ease and economy of
maintanance for military systems.
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The necessity for returning military equipment to service in the shortest
possible time requires no explanation. The urgency to minimize equipment maintenance
expenditures is exemplified by the Air Force expenditure last year of over 6 billion
dollars for equipment maintenance. By comparison, the national debt created by four
years of the American Civil War was 2.65 billion. Significant improvement in the
ease and economy of complex electronic system maintenance can be attained through
improved maintainability contracting methods, program control, program integration
and personnel motivation.

CONTRACTING REQUIREMENTS

Customer delineation of detailed operational requirements and system
support restraints is essential to the realistic implementation of a contractor maintain-
ability program. In turn, contractor personnel must provide the cognizant System
Program Office (SPO) with sufficient maintainability planning information to allow
an accurate evaluation of the intended scope, depth and methodology of program
implementation. Individual considerations and attendant priorities to be used in main-
tainability design trade-offs should also be included in all proposals and statements of
work for Electronic Systems Division equipment.

The basic goal of the Electronic Systems Division reliability program is
to provide the Air Force using commands with electronic equipment that will perform
their designed functions for the longest possible time without repair, adjustment,
calibration, equipment condition verification and/or modification. The Electronic
Systems Division maintainability program is directed toward supplementing equipment
reliability by reducing the effort, materials and time required to perform these actions.
Equipment operational goals can best be met by contractor system effectiveness programs
that include a well defined maintainability program that is complementary in concept
and timing to other technical efforts,

A. RELATIONSHIP TO MISSION REQUIREMENTS

Maintainability design requirements must be stated in terms of the basic
mission for which the equipment is intended. Time to repair, as the sole measure of
maintainability, is acceptabie only when constant availability of equipment is essential
to achieving mission objectives. The use of interchangeable equipment and/or function
redundancy, often increases the time available to perform maintenance on a functionally
sub-standard item. !n such a case, additional effort can be directed toward attaining
economies in the types, complexity, and numbers of support tools, equipment, facilities,
materials, and personnel required to perform established maintenance actions.

The best trade-off between the ease with which essential maintenance can
be performed and the economy of the operation must be established for each system,
sub-system, assembly, sub-assembly and component. As an example, System X is
required to meet a particular military need in a remote area. The cognizant SPO
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possibly would provide the contractor with the following items as part of the basic
system planning data:

1. Operating Environment:

(a) Self-contained, trailer-mounted, for use in temp-
erate and near arctic locales.

2. Maximum Allowable Downtime:

(@) Five hours per week; no single outage to exceed
one hour.

3. Assigned Operating and Maintenance Personnel:

(@) Duties: Required to both operate and maintain
the radar system and all supporting equipment.
(i.e., power generation and distribution,
communications, etc.)

(b) Skill Levels: 5and 7 (minimum of 2 years technical

experience).

(c) Courses Completed: Basic electronics, OJT on
similar systems, and specialist course.

4. Maintenance Policy:

() Repair: Remove and replace sub-assemblies, com-
ponents, and parts while equigment is in place.
Repair of removed items on site by bit and piece
replacement, with 8 hour rear echelon response to
equipment requests.

(b) Calibration: Not to be more frequent than once
each 7 operating days using the tools and test
equipment provided.

(c) Adjustments: To be completed as part of normal
operation using the tools and test equipment
allocated.

(d) Functional Checkout: To be provided by a built-in
signal simulator, comparator and readout system.
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5. Maintenance Facilities:

(@) Work Area: &' x 8' containing a 3' x 5' work
ench.

(b) Storage Area: 480 cu. ft. capacity adjustable

shelving space.

() Equipment Available: Hand tools (kit contents
described multimeters, VTVM, oscilloscope
(specifications) etc.

6. Equipment Power Sources: (Beyond system operating requirements)

(@ 1 KW 110 - 120 volts, 60 cycle

(b) 1 KW 110 - 120 volts, 400 cycle + 1 cycle
(c) Pneumatic - none

(d) Hydraulic - none

Contractor response to these criteria should include an outline of the specific
guidance to be provided designers and system support planners in the following areas:

(V)  Apportionment of allowable downtime
between preventive maintenance,
calibration and malfunction correction
for all equipment levels.

(2)  Restriction of circuitry, physical layout
and packaging to accommodate all on
site maintenance actions using the
allocated tools, test equipment and
facilities.

(3) Guidelines in the development of
trade-offs between downtime, incorpora-
tion of additional tools, test equipment,
personnel skill requirements, etc.

It becomes apparent that developing a system configuration that requires the
use of large, delicate, high power requirement support equipment is impractical in this
instance. The customer must be given tangible evidence that the contractor design and
planning personnel are given adequate and timely information conceming system technical
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requirements and limitations. Further assurance is required by the customer that
appropriate methodologies have been provided to dynamicclly implement the above
guidance.

Proper initiation of a realistic maintainability program is significantly
effected by contractor identification, interrelation and feedback of these considerations
to the contracting agency. This interchange of planning data must be included in the
technical proposal and continue throughout the design activity into actual operation.

B. DEFINITIVE GOALS

The total hours required for all system maintenance can be directly related
to the maximum allowable downtime established for the entire system. In a similar
manner, the total number, types, and complexity of the tools, test equipment and
facilities needed to perform maintenance can be easily compared to the total allocation
of these items. Since any given system is composed of a series of equipment items,
each of these entities must be assigned its portion of the overall aliocation of the main-
tainability requirements outlined in MIL-M-26512. These goals must be specific and
stated in appropriate units of measurement for the convenience of generating the
cumulative goals and/or requirements in each of the above areas.

As an example; a unit of a hypothetical system has been assigned
the following maintainability goals:

Mean time to perform any maintenance action: 5 minutes.

Maximum allowable downtime: 1 hour per/100 hours of
actual operation.

Tool restrictions: All field maintenance action to be

completed requiring no more than the following items:
1 slot head, 6' blade, insulated screwdriver; 1 pair 3'
long nose insulated pliers; and 1 - 500 watt soldering

iron.

Test equipment restrictions: All field maintenance to

be completed requiring no more than the following items:
1 shelf-contained multimeter. (range_specifications);

1 VIVM (specifications); 1 special signal source
(specifications); 1 oscilloscope.

Personnel restrictions: All malfunction recognition,
isolation and repair, calibration, adjustments, and
preventive maintenance must be capable of being per-
formed by a single 5 level mechanic (detailed qualifica=-
tions) within established time limits.
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In addition to the above items, special restrictions may well be
imposed on the work area, climatic conditions, overhaul cycle,
preventive maintenance cycle, calibration accuracies and
tolerances, etc.

Detailed maintainability requirements must also be stated for off-the~shelf
and Government Furnished Equipment, as well as, for new design. It must be recognized
that the benefits gained from a stringently controlled maintainability design effort can
be negated by the inappropriate selection of an item of GFE to be used with a new design.

At times, technical necessities will dictate contractor receipt of a waiver
on a given system support restriction. For instance, state-of~the-art limitations may
force the use of test equipment that requires more power, space and/or personnel skills
than are allocated. Appropriate adjustments in the system support capability are
required, in such circumstances, in order that technical goals might be met.

C. PROGRAM MILESTONES

Proper sequencing, timeliness of program direction and adequate statusing
of maintainability achievements are essential ingredients in the management of a mean-
ingful maintainability program. All maintainability program actions must be clearly
identified and properly sequenced in order that they might be directly related to the
overall technical program schedule. Completion of certain maintainability program
actions is prerequisite to the initiation of subsequent activities. Specific activities in
the development of good equipment maintainability characteristics must be tied to
major milestones in the technical program.

The sequencing of events, time periods and common tie points established
between maintainability and system schedules will vary widely between programs.
Certainly, the maintainability program for a communication "black-box" would be
significantly different in the depth of application than that employed on a massive
search radar. It should be noied, however, that the scope of the maintainability
considerations would be approximately the same in both instances.

The following is a listing of typical maintainability actions that are required
during the various technical program phases:

TECHNICAL PROPOSAL

Stipulate the maximum allowable expenditures of system support
resources on the system and sub-system levels.

Detemine the maximum allowable downtime for the overall system
and the individual sub-systems.
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Develop the methodology for implementing the maintainability
program within the contractor organization.

Prepare a detailed maintainability program plan.

Generate a maintoinability program schedule of events related to .1
the overall technical development program.

Predict equipment maintainability characteristics.

INITIAL DESIGN

implement the maintainability technical effort.
Generate detailed maintainability design and planning direction.
Monitor the design of system equipment.

Participate in design reviews prior to the release of the engineering
drawing.

Assist in the development of design trade-offs.

Generate detailed data required to plan training, technical
manuals, spare parts, etfc.

EQUIPMENT FABRICATION

Monitor equipment fabrication to determine specific assembly
problems that would be maintenance problems in an operational
environment.

Monitor the checkout of newly fabricated equipment to determine
the accuracy of the maintainability predictions and verify the
capability of allocated equipment to perform:necessary field
maintenance.

Prepare recommendations for changes to equipment design and/or
maintenance procedures in order to eliminate noted problems.

The actions listed above are representative of the many maintainability
activities that must be carefully planned and statused to assure proper program control .
Each of the specific milestones determined by the SPO to be important to a given
program must be statused as part of the contractuad. reporting requirements. In addition,
the current status of the maintainability effort should be continuously available for
customer inspection.
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D. TECHNICAL RELATIONSHIPS

Maintainability is not an end unto itself. Neither is the existence of a
contractor maintainability program a panecea for all technological and logistics ills.
It is instead, another mechanism, which when realistically applied in consonance
with other technical disciplines, can dramatically improve total system effectiveness.

The ease and economy with which a front panel gusset on an electronic
chassis can be removed and replaced in the field is of little concem. The reliabillty
of simple mechanical devices of this type is such that maintenance actions are required
only as a result of physical damage. Real concern for maintainability characteristics
is generated, however, whenever an item of relatively low reliability is part of an
operational system. The amount of interplay between the reliability and the require-
ments for ease and economy of maintenance increases as inherent reliability decreases.
Value engineering, human factors, and quality assurance activities also share common
interests with maintainability.

The requirements established and the responsibilities assigned each of these
areas within the contractor organization must be carefully scrutinized for points of
interface with surrounding areas. Each of these interfacing points must then be
evaluated in terms of required data exchanges and elimination of duplication.

It must be recognized that maintainability is a system design parameter
that must be included in trade-offs with other design restraints. The implementation
of a maintainability program must also be accomplished with comparable enthusiasm
and technical integrity as that exhibited by similar programs.

E. CONTRACT STIPULATIONS

The military contract has, at times, become an awesome thing to industrial
organizations. In many instances, there has been a growing tendency on the part of the
contractor to become less and less specific in the statement of the character, quality
and at time the quantities of material and/or services to be delivered to the military
service. This tendency is not indicative of a contractor attempt to evade contractual
or moral responsibilities. It is, however, symptomatic of the constantly tightening
technical requirements that loom in front of military equipment planners. These needs
are subsequently reflected in the specifications levied against the contractor. The
urgency of the demands leaves little time to generate truly quantitative requirements.
Thus, a qualitative requirement is levied against the contractor that is open to inter-
pretation as to what constitutes an accurate statement of work, proper implementation
and/or satisfactory performance. This sometimes imponderable series of events has led,
more often than not, to extreme conservatism on the part of the contractor in promising
to deliver a somewhat etherial characteristic in a product.

In recognition of the contractor's dilemma, the maintainability technical
Y
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office at Electronic Systems Division Headquarters has launched an aggressive in-house
progtam to identify system maintainability requirements, methods of implementation and
standards of acceptable performance in specific detail. These requirement- are stated
in finite units of measure that are related to the true technical mission of ine sys tem
under consideration. In addition, the acceptable level of performance is specifically
stated for the guidance of the cognizant SPO.

To date, one of the major objections to including maintainability require-
ments in an incentive type contract has been the inability to specifically state goals,
milestones, and standards of performance. Electronic Systems Division maintainability
personnel are confident that their recent activities in these areas have negated this
objection.

PROGRAM CONTROL

The difference between profit and loss is control. Control in this context
is not intended to convey the idea of rigid adherance to a particular grouping of
previously established ground rules. Quite the contrary, our interest is in the develop-
ment of flexibility of operation and the capability to direct and/or redirect any portion
of the maintainability program with the conviction of faith in the decisions reached.
The application of sound management practices in conjunction with technical ingenuity
can provide this kind of flexibility in any contractor maintainability program.

A. IDENTIFICATION OF FUNCTIONS

The detailed function required in order to effectively implement the main-
tainability stipulations as set forth in the basic contract must be identified in minute
detail. Each of these specific functions must then be set forth in a detailed statement
of work and related to all other functions of a similar nature. This examination of
function is necessary to determine the best possible sequencing of events and to
eliminate duplication. Following the sequencing of the various required actions, a
detailed schedule of events must be completed and coordinated with the system
schedule of activities.

The identification of detailed data requirements upon which to
base the maintainability program is exemplary of this process.
The maintainability data generation cycle begins with the
determination of exactly what bits of information are needed
to accurately determine the maintainability characteristics of
equipment design. Once identified, it becomes apparent that
the data can be used in numerous other operations as a basis
for logistics support planning. As an example, the number,
types and frequency of required maintenance action; the tools,
test equipment (standard and special) and the numbers, types
and skills of personnel required to perform maintenance
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activities are required to determine the maintainability character-
istics of a design. This data is equally important to persons
generating technical publications, spare parts inventories,
training programs, and contractor technical services. The
determination of how the data is to be gathered and the method

of distribution and updating is peculiar to each program.

Accurate scheduling of the complete data gathering and
distribution process becomes the key to successfully controlling
the time and expense incurred in implementing this segment

of the maintainability program.

A similar process is required in the identification, sequencing, scheduling,
implementing, statusing and evaluating other maintainability program functions.

B. DEPTH OF IMPLEMENTATION

The degree of sophistication in a maintainability program can be judged
by the appropriateness of the depth of implementation. As mentioned previously, the
number of considerations taken into account in the evaluation of maintainability
characteristics on any given equipment level remain the same for all types of systems.
The extent to which these considerations are applied, must of necessity, vary between
programs. It must also be recognized that the amount of paper work and internal
coordination required in the implementation of a maintainability program must be kept
to some predetermined level.

The needs of the military customer must be used as the guidelines in
seeking the appropriate level of maintainability activity for a particular system.
Anticipated maintenance actions to be performed by the using organization and/or
back-up logistic support organizations are fundamental in determining required main-
tainability characteristics.

This process can be exemplified by the case of a hypothetical
system to be used in a remote location. The nature of the equip-
ment under consideratibn is such that hermetically sealed solid
state modules are required in 75% of the circuitry. Mean time
to repait |imitations established by the customer necessitate the
use of plug=in modules for in-place removal and replacement of
faulty items. Epoxy encapsulation negates the possibility of
repairing the individual modules, thus, eliminating the need to
perform maintainability functions below the complete module
level. A decision to make each of the modules repajrable at
the field location would change the depth of implementation
required to achieve customer ease and economy of maintenance
goals.
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A definite reason must be identified by the contractor for each of the
functions performed in the name of attaining good system maintainability. Inability
on the part of the contractor to justify internal activities to this degree is indicative
of poor program control .

C. PROGRAM STATUSING

The identification of functions and the determination of the depth of
implementation to be given those functions provides the maintainability program
manager with a sizing of the work that confronts his organization. From this point
on, the ability to determine the exact point to which the program has progressed
toward stated goals is of extreme importance. The initiation and conclusion of each
maintainability function must be scheduled with regard to the overall technical program.
Each of the finite products coming from these astions must also be inserted into program
schedules.

In the case of the maintainability dota generation activity, the
start dates must be subsequent to the availability date for the

data itself. The anticipated date of completion must be prior to
the earliest need date for the down stream functions that the

data is to support. The simplicity of this example is almost absurd,
however, this basic point in program management has been the
nemesis of numerous contractor maintainability programs.

The accurate status of all facets of the maintainability program should be
included in the periodic progress reports contractuatly.required by the SPO. Accuracy
in decisions to redirect a program is largely dependent on the managers ability to
specifically judge progress in relation to contractual requirements.

0. MAINTAINABILITY DEMONSTRATION

The actual accomplishments of the maintainability effort must be demon~
strated under the requirements of MIL-M~26512. Demonstration of the true maintain-
ability characteristics inherent in equipment design provide proof of acceptable
performance by the contractor and a source of data for further improving equipment
maintainability characteristics. Firm methodologies must be generated that allow the
efficient utilization of all maintainability teedback information generated as a result
of required demonstration and/or actual field experience. Particular attention should
be given to the up~dating of the basic planning data from which the logistics support
needs were originally derived.

MOTIVATION OF COMPANY AND PERSONNEL

The genesis of a maintainability program may well be the urgent demand of
the customer, but this impetus is not sufficient in itself to adequately perpetuate the
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program in a dynamic manner. Sustenance of a top quality technical activity must be
based on the motivation of the individual personnel involved in the implementation of
the program. This mo:ivation is essential to achieving the level of competent per-
formance that will make the maintainability effort truly meaningful to both the contractor
and the customer. The motivation for the company, as a whole, is derived from the
capability to define, control and evaluate the overall activities in such a fashion as

to allow the attainment of contractual goals within the allocated budget.

Personal gratification in the accomplishment of a technical activity in the
best possible manner is the most effective motivating force for maintainability personnel.
The availability of technically sound engineering aids and implementation mechanisms
is the most effective manner of instilling confidence in maintainability personnel .

A high degree of technical integrity in a maintainability effort significantly effécts the
enthusiasm of the implementing group, and sharply increases the degree of program
acceptance by the design engineering staff.

The value of a maintainability program lies in the ability to adequately
motivate the individual engineer to incorporate MIL-M~26512 requirements into his
every action. This degree of motivation is in turn dependent upon the integrity of the'
technological foundation and the administrative methodologies. Nothing short of
excellence in these areas will produce the required results.

There is no doubt, that implementing a worthwhile maintainability
program represents a challenge to contractor administrative and technical resources.
However, these efforts are not without significant reward. It has been demonstrated,
that detailed definition of maintainability requirements; realistic programming;
technical integrity in design guidance; and meticulous management control will
generate: a simple design; time, manpower, and material savings; a more com-
petitive product; and a happier customer.
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MINUTEMAN GUIDANCE MAINTAINABILITY
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SUMMARY

The Minuteman guidance system is an example of a complex electronic
system designed for extremely high availability, The basic system was
developed in the absence of a formal maintainability program, though an
advanced model system development program has been started with main-
tainability being given serious consideration.

The results of the two programs are reviewed from the maintaina-
bility viewpoint, and the basic approach proposed for a formal program is
presented.

INTRODUCTION

As present-day electronics systems increase in complexity, the
problem of keeping these systems available for performing tasks for which
they were designed becomes increasingly significant. Closely paralleling
the availability problem is the related problem of the extremely high cost
of maintenance and repair, spares, facilities, and redundant systems
required to ensure minimum capabilities of the using organization. It is
axiomatic that one way to minimize cost is to increase the percentage of
time during which specific systems are available to perform the tasks for
which they were designed. Certainly, new concept and approaches must be
encouraged and tried.

The Minuteman guidance system is an example of a system developed
under a radical concept with the objective of increasing system availability.
Briefly, the concept was to design a system with reliability high enough to
preclude maintenance during its normal useful life. The actual reliability
goals were set surprisingly high, considering the complexity of the system
and the state-of-the-art. With this concept it was only natural that all low-
reliability components and features of the system had to be either elimi-
nated or redesigned for greater reliability. For those components or
features that traditionally were included primarily to facilitate maintenance,
it seemed logical to simply eliminate them since no field maintenance would
normally be required to repair failures. As a result, connectors, for
example, were eliminated in the early design in favor of spot-welded con-
ductors. All electronic’components were integrally paékaged to facilitate
functional considerations and minimize cabling and weight. The system
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was hermetically sealed in a dome welded to the base, and was pressurized
with an inert gas. An advantage of the sealed concept, in addition to heat
transfer considerations, was that higher reliability would result from pre-
clusion of unskilled maintenance attempts. The maintenance concept for
the sealed package was simple. In case of catastrophic failure, the entire
sealed unit would be replaced with a spare and returned to the factory or
depot for repair.

It became apparent very early in the development program, however,
that some of the approaches were erroneous, and, before design was very
far along some changes were considered mandatory. It was decided that
connectors would be necessary to facilitate removal of modules. Later in
the design cycle, it was decided to repackage the modules to facilitate
production ~heckout and system maintenance. At some expense, the system
was repackaged in such a way that the computer could be separated from
the rest of the system after the hermetically sealed dome was removed.
This way, each could be manufactured and checked out as separate sub-
systems. Further, whenever malfunctions were discovered in the computer
during guidance system repair, the entire computer could be quickly re-
placed with a spare with minimum system down time. No changes were
made to the hermetically sealed packaging concept.

With the hindsight that comes during the latter stages of a program,
one sees clearly what should have been done differently; at the same time,
it is profitable to evaluate carefully the results of previous programs. In
the case of the Minuteman guidance system, it is interesting to note that
some of the basic changes were in the interests of maintainability. Further,
the maintenance concept called for all maintenance internal to the hermeti-
cally sealed package to be performed at a special depot. In the process of
determining the tooling and test equipment required to equip the depot, one
fact became evident. The depot maintainability of the guidance package
could have been improved had there been a specific program during early
system design to anticipate, plan, and specify exact maintainability param-
eters.

The Minuteman guidance system develcpment program began several
years before any significant emphasis was placed upon the subject of main-
tainability by the military forces or by industry. At that time, no specific
maintainability requirements were placed on the system, but many other
specifications and conditions relative to weight, volume, reliability, en-
vironment, power, etc., were imposed upon the development engineering
team. In some cases, compromises between conflicting requirements
were necessary and trade-off studies were required to optimize the various
factors, It was small wonder, then, that factors such as maintainability,
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which were not quantitatively specified or imposed upon the development
team, were sacrificed during the trade-off studies.

The Air Force, in mid-1959, focused attention on the subject of
maintainability by releasing specification MIL-M-26512. §Still, it was not
until MIL-M-26512A was released in December 1960, a year and a half
later, that a maintainability program was well defined. It was during 1960
that Autonetics concluded there was a need for a separate organization
specifically responsible for complete support systems engineering. The
result was the establishment of a Logistics Engineering Organization
charged with the responsibility of ensuring adequate support of Autonetics
products. Consideration of the approaches to be taken toward fulfilling this
responsibility and influences brought on by the emphasizing of maintaina-
bility by the Department of Defense led to the establishment of a Maintaina-
bility Engineering Unit within the Inertial Navigation Logistics Engineering
Group. This unit was assigned responsibility for ensuring overall systems
maintainability, including the influencing of prime equipment designs so as
to minimize support systems requirements. It was reasoned that the physi-
cal location of the Maintainability Engineering Unit within the Logistics
Department would help preserve the point-of-view of the using organization
when analyzing designs for maintainability.

BASIC MINUTEMAN GUIDANCE SYSTEM MAINTAINABILITY

Although no formal maintainability program was set up for the basic
Minuteman guidance system, considerable thought was apparently given by
the customer to the problems of maintenance within the using organization,
The basic approach, however, was to make the system so reliable that
maintenance tasks such as remove/replace or physical adjustments would be
essentially precluded. To accomplish the desired goals, an extensive and
comprehensive reliability development program was implemented from the
basic element manufacture through system level design.

Unfortunately, the interpretation of reliability is commonly vague. It
would appear that many are aware that the rigid definition of reliability --
""The probability that a system will not fail within a specified time period
when operating under specified design considerations' - - does not, in fact,
account for all factors pertaining to effective use of equipment. Conse-
quently, the word '"reliability' has been twisted to fit many situations where
effectiveness is actually under consideration, and the word ''reliability' is
commonly used in place of the word '"availability'. The end result is con-
siderable difficulty in interpretation of quantitative values.

The validity of this observation is apparent from the fact that using
organization maintenance considerations turned out to be primarily in terms
of availability rather than reliability alone. In a technical sense, certain
types of guidance system failures requiring circuit adjustments occur
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rather frequently, Because the missile is operationally unavailable when
these failures occur, automatic scheduled maintenance was designed into
the system to offset the effects of the failures. Design trade-offs were re-
quired to attain the optimum approach, and, as it turned out, the results
serve as an example of one extreme of the manual-to-automatic spectrum of
possible means of performing maintenance,

Examples of such automatic maintenance are: recalibration of inertial
instruments, and checkout of complete missile functions for in-specification
performance. Periodic recalibration is necessary for the inertial instru-
ments because the scale factors and biases under the present state-of-the-
art can be expected to drift out of the extreme tolerance requirements after
a certain period of time., While these out-of-tolerance drifts do not consti-
tute failures in the sense that the instruments no longer perform, they do
constitute failures in the sense that specified missile operation cannot be
met unless some adjustment is made to regain in-specification performance.
During the calibration procedure, scale factors and biases are also com-
pared against no-go limits to check for catastrophic failure.

Missile system checkout is also required to ensure, to a very high
probability, that missiles assumed to be ready for launch actually are
ready., Although failures requiring manual maintenance occur at an ex-
tremely low rate, failures will eventually occur and eventually all missile
systems will fail. The failures must be discovered quickly enough to ensure
operational requirements for ready missiles at the moment of need. The
approach selected for accomplishing system checks and recalibrations was
to use the guidance system computer for automatic checkout. The basic pro-
grams for the checks are stored in the computer, while test sequencing is
controlled by logic functions provided in the operational ground equipment.
Basic systemn status and performance are checked every minute, and gyro
drift rates are checked every 16 minutes, All failure detection is based
upon a ''go, no-go'' concept, with key circuit parameters sampled and com-
pared with established limits stored in the computer program.

A major design trade-off consideration relative to automatic mainte-
nance was the location of computer circuitry necessary for system checks,
but not required for flight. Because weight is an extremely critical factor
relative to missile range, it would be logical to eliminate everything from
the missile that is not absolutely essential during flight.

It was determined, however, that the computer necessary for missile
guidance was capable of performing essentially all checkout requirements.
Had additional requirements been placed on the ground, much of the air-
borne computer, including memory functions, would have required duplica-
tion and interface signals would have greatly increased. Requirements for
buffer and driver amplifiers would have essentially cancelled any potential
weight savings by the addition of modules and connectors. As it turned out,
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careful expansion of basic computer circuitry for flight increased the air-
borne weight by a very small percentage. The input-output communication
requirements were held to only five encoding lines (for targeting and
startup), and total operational-site reliabilfty was increased through
reduction of components. Test sequencing and no-go logic were built into
the command and control console which basically provided encoding and
decoding communications between the missile system and the launch
control facility. This approach lightened missile weight without the dis-
advantages mentioned earlier, since the necessary communication was
already available..

In the normal operational mode, the Minuteman guidance system is
considered to be operational unless a no-go signal is received by the launch
control facility. Upon receipt of a no-go, a maintenance crew is dispatched
to the missile site. The troubleshooting procedure consists of determining
whether the malfunction is in the missile or in the operational ground equip-
ment. If it is the ground equipment, the malfunctioning drawer is replaced.
If the trouble is in the guidance system, an appropriate repair crew is dis-
patched to the site to remove and replace the entire guidance package. The
missile is next activated and processed through self-checks and into the
strategic alert mode of operation. A targeting crew arrives then to target
the missile.

The malfunctioned guidance system, after replacement with a spare,
is returned to the special repair depot for repair. At this point, the welded,
hermetically-sealed guidance package must be cut open before any repair
can be attempted. From the maintainability standpoint, this feature is not
the most desirable. Other unmaintainable features, typical of complex
equipment designed to meet stringent weight, volume and performance
requirements, are also evident. One such feature is the lack of test point
accessibility in some areas; another is the subsystem layout, which makes
it difficult to repair one subsystem without disassembling others. It is
difficult at this point to determine what improvement could have been possi-
ble under the same design considerations had maintainability requirements
been formally specified. It is apparent, however, that the problems had
to be overcome by the various support elements provisioned.

IMPROVED MINUTEMAN GUIDANCE SYSTEM PROGRAM

Inevitably, the success of the initial Minuteman program brought on
demands for an improved version. The result is a new program wherein
a lighter, still more reliable and maintainable guidance system is being
developed. The increased requirements of performance flexibility, relia-
bility, and weight reduction have made it necessary to consider microcircuit
electronics. As a result, new types of maintainability problems are emerg-
ing.
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Although the improved Minuteman program does provide for a limited
maintainability program, varicus factors have resulted in its reduction to
an austere level. The effort began very early in the program as participa-
tion with the preliminary engineering team and with specific responsibility
for determining the logistics concept and making maintainability recom-
mendations. A cost and availability study was made for various design
configurations of the guidance system and maintenance philosophy.

Initial maintainability recommendations called for a design that
would allow remove/replace of guidance subsystems through the side of the
missile without the necessity for removing the re-entry vehicle. This
approach would have required a different work platform than that now pro-
vided for the basic configuration. Access to the subsystems by removable
missile skin or pullout design would have to be provided; sufficient test point
accessibility and test equipment would be desirable, with maximum use of
the guidance system computer utilized in conjunction with the test equipment.
A positive safety device to disarm all ordnance squibs and the re-entry
vehicle would be required to prevent accidents during hot tests.

The philosophy was desirable from a cost and missile availability
standpoint. Direct support cost could be lowered because demand for
heavy equipment for removing the re-entry vehicle and guidance package
and associated crews could be eliminated and a complete guidance system
spare would seldom be required. Subsystem spares and portable test equip-
ment could be carried by the fault isolation crews.

It was quantitatively shown that since the missile in-commission
availability was already extremely high, a reduction in the out-of-
commission time would not significantly increase the availability of the
missile. However, reducing the out-of-commission time would signifi-
cantly reduce the equivalent dollar cost of ''spare' missiles and using
organization complexes while preserving overall effectiveness.

It was determined, however, that weight would be excessive due to
structural requirements. As it turned out, the subsystem that would have
to be removed most frequently, the stable platform, is also the heaviest
and most cumbersome package requiring the most care in shock and vibra-
tion isolation. This consideration reduced attractiveness of providing for
partial guidance subsystem maintenance at the using organization level.

Another approach investigated was the possibility of replacing
guidance subsystems from the top of the missile with the re-entry vehicle
removed. Structural problems requiring control of the center-of-mass of
the system made it desirable to mount packages on the underside of the
basic structure, This requirement caused the packages to be inaccessible
with the guidance package mounted to the missile third stage. Therefore,
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the cost advantage was decreased to only the difference between the cost of
a complete system spare and subsystem spares.

As must be expected, not all recommendations relative to maintaina-
bility can be incorporated into any program. In the case of the Minuteman
improved guidance system, overriding requirements included safety,
structural problems, weight limitations, and a desire not to significantly
change the maintenance concept for the using organization,

Through close coordination with the responsible design engineers,
however, significant improvement is contemplated in the system packaging
concept which represents a compromise between optimum design from the
maintainability point-of-view and other requirements. Basically, the single,
welded, hermetically-sealed guidance package is being eliminated in favor
of several subsystem packages. .This one change alone represents a vast
improvement in system-level maintainability. In addition, low power level
flight control elcctronics from all three missile stages will be packaged withinthe
guidance system. This change increases the missile third stage weight
slightly, but overall missile maintainability will be vastly improved. Many
‘control unit failures which require removal of the complete missile in the
basic configuration can be corrected on the improved system by removal of
the guidance and control package only.

In addition to easily removed packages, it is planned that the separate
outer skin of the basic system will be eliminated in the improved system,
the complete wiring harness will be easily removed in one piece, and cooling
lines will feature quick disconnects. Mounling fasteners will be of a com-
mon type and minimum amount. Basic design criteria yet to be determined
include system level test point requirements, and access and internal pack-
aging of the subsystem.

GENERAL MAINTAINABILITY PROGRAM

The course of events surrounding the Minuteman guidance system
development has been encouraging in a number of respects relative to
advancement in the field of maintainability, It is apparent that there are
still many opinions, on the part of both customer and contractor, as to the
extent of need for maintainability program, scope of such programs, and
approach of the program. On the other hand, the fact that there is cur-
rently a program contracted for proves that there is general agreement
that maintainability must be given serious consideration.

Currently, there is very little theoretical work available relative to
techniques and procedures that will permit maintainability problem areas
to be crystalized or particular areas to be evaluated and compared with an
operational system as a whole. The problem faced, then, when embarking
upon a full-scale maintainability program, is how does one actually
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accomplish the desired intention of a basic program. It is reasonable that
sound, realistic approaches for accomplishing the desired intentions of
maintainability programs must be developed and presented if proposed
programs are to be accepted. The approach taken relative to Minuteman
guidance was that systems analysis from a maintainability point-of-view
must become common if true design for maintainability is to ever occur.
Solid trade-offs must be possible with other.design objectives. Based on
these concepts, a study was initiated to define all the significant parameters
and their relationships. Fundamental techniques were developed, and the
use of advance probability techniques and transfer function theory was found
to be highly useful in evaluating parameter relationships and their meaning
to the prime hardware and its support elements.

The basic program is essentially in accordance with specification
MIL-M-26512B; however, there is much left unsaid in this specification
relative to how its requirements can actually be implemented, For com-
pleteness, the overall prevailing philosophy as to program requirements is
briefly reviewed.

First, a maintainability program involving integrated maintainahility
design optimization between subsystems and the support system must be
accomplished by a single responsibility to be effective. The reason is that
maintainability is not a function of hardware design alone, but of the support
environment and maintenance procedures as well. It is possible for a given
equipment design to be highly maintainable in one maintenance environment
and grossly unmaintainable in a different environment. Under such situa-
tions, it becomes impossible to simply specify design goals and expect
individual design engineers to meet them without providing relatively de-
tailed specifications as to the planned test equipment, maintenance pro-
cedures, throw-away level, personnel, and troubleshooting logic with
respect to the system, subsystems, and lowest level reparable component.

The problem of optimizing all factors and possibilities to the greatest
extent, relative to maintenance, requires a true systems engineering type
analysis and study, and requires high-caliber technical personnel. Basic
design and support decisions must be made during study and preliminary
design phases, and must satisfy all other design criteria. These decisions
must be made such that a high probability exists that detailed design for
maintainability 