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Abstract

This paper describes the effort expended by Sandia Lab-
oratories in developing CDC6600 computer programs for Optimum
Repair Level Analysis (ORLA) and Life Cycle Cost {LCC) analysis.

Investigation of the three repair-level strategies refer-
enced in AFLCM/AFSCM B00-4 (base discard of subassemblies, base
repair of subassemblies, and depot repair of subassemblies) was
expanded to include an additional three repair-level strategies
(base discard of complete assemblies and, upon shipment of
complete assemblies to the depot, depot repair of assemblies
by subassembly repair, and depot repair of assemblies by sub-
assembly discard).

The expanded ORLA was used directly in an LCC model that
was procedurally altered to accommodate the ORLA input data.
. Avallable from the LCC computer run was an LCC value corres-
ponding to the strategy chosen from the ORLA.

Introduction

CDC6600 computer programs were developed by Sandia Labora-
tories in response to Contract Data Requirement List (CDRL)
ORLA requirements in a Base and Installation Security System
(BISS) contract with the Air Force, Electronic Systems Division.
Guidelines for the ORLA were initially obtained from Air Force
document AFLCM/AFSCM 800-4, entitled "Optimum Repair Level
Analysis (ORLA)." These guidelines were used with minor alter-
ation in preliminary studies for the BISS. In subsequent studies
involving substantial quantities of non-repairable hardware and
hardware that could be logically considered for depot repair as
an assembly, a more complex model of the ORLA plus a LCC ex-
tension to the ORLA were developed. 3
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An Overview of the BISS Program

The BISS Program encompasses the gechnology and hardware
necessary to offer a high level of security for Department of
Defense installations world-wide. 1In general the BISS detects
hostile activity at or near the perimeter of an installation
and processes this activity for suitable display to base
security personnel in the form of an alarm. Based on the
assessment of the data contained in the alarm, proper action
can be taken against the hostile activity.

This detection and asseasment problem is by no means
trivial and many types of sensors (and related technologies)
are required. The sensor data, to be useful, must possess a
high level of discrimination and security (including tamper
detection). The processing of the data must not degrade the
aforementioned characteristics, and the system must contain a
degree of built-in error detection capability.

The concept of maintenance on the BISS Program includes
maintenance personnel at the individual bases and maintenance
personnel at several higher level installations called depots.
Items and equipment for repair and diagnostics respectively
are proportional to the items to be repaired or discarded at
failure at each location. These factors as well as many others
including shipping cost, spare provisioning, personnel training,
etc., react with one another to yield the maintenance con-
straints associated with a given maintenance philosophy.

The Intent of AFLCM/AFSCM 800-~4

AFLCM/AFSCM 800-~4 lists two desirable aspects of performing
an ORLA. The first is a systematic approach to treating all
possible maintenance concepts. The second is the timely appli-
cation of the approach to all phases of analysis. Implied in
both features is the possibility that changes in design,
although requiring greater development-and acquisition costs,
might well be substantiated by a decreased life cycle cost.




Thus, the consideration of a particular maintenance concept
cannot be omitted just because the current design doesn’'t quite
conform. ' .

The Computerized ORLA

The original version of the ORLA computexr progrém very
closely followed the equations, terms and definitions of AFLCM/
APSCM 800-4. This program was used to determine the repair-~level
decisions for the Small Permanent Communications and Display
Segment (SPCDS) of the BISS. :

It was not until a subsequent study was started on the BISS
Seismic Péing Sensors that it was determined that the number of
repair~level optioné should be, expanded from three to six. In
addition, it was determined to be desirable that the ORLA input
data be used in a subsequent Life Cycle Cost calculation. To
facilitate this, the equations and format of the ORLA were modi~
fied to a LCC format., These changes as well as other minor
modifications dictated a restructuring of the ORLA computer
program. The remainder of this paper will address the new
ORLA and its companion LCC computer program.

Decisions Available

» The three decisions retained from AFLCM/AFSCM 800-4 were:

1) Discard a subassembly at the usage site (base) at failure
occurrence, this option is symbolized by (T)

2) Repair a subassembly at the base at failure occurrence, this
option is symbolized by (F)

3) Repair a subassembly at a higher level instaliation (depot)
at failure occurrence, th#= option is sgmbolized by (DD)

Implied within these decisions in all cases is the isoiation of
faults to the subassembly at the base. These decisions did not
consider the possibility that the cost of isolating failures to
the subassembly at the base level might be significant. in terms
of equipment and/or maintenance skill levglsz Three additional
decisions were considered that encompassed the aforementioned
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possibility. These’ decisions were:

4) Depot level assembly repair by subassembly repair at failure,
this option is symbolized by (DF)

S) Depot level assembly repair by subassembly discard at fail-
ure, this option is symbolized by .DT)

6) Base level assembly discard at failure, this option is sym-
bolized by (TT)

These decisions are summarized in flow chart form in Figure 1.

An overall strategy for optimum maintenance might consist of
various combinations of these six decisions for a given system.
Care must be taken, however, when comparing alternatives so as
not to cross decision flow chart lines for a given assembly.
Referring to Figure 1, it can be seen that three paths are avail~
able for repair-level. If a mixture of decisions at the sub-
assembly level causes more than one path to be implied for a
given assembly, one must first pick the overall optimum path.
This can be done by comparing the summation of the subassembly
cost contributions for each option and selecting the minimum
cost path. Once this is done, one must restrict the repair-level
choices to those covered by the path containing the lowest total
assembly cost. For example, if the assembly is shipped to the
depot, one must choose between depot repair or depot discard
{Options DF and DT respectively):for all subassemblies even if
another option (base discard for example) might be cheaper for

a particular subassembly within the given assembly. The computer
program logic performs this sorting task automatically and the
decisions will be restricted to those that are logically con-
sistent.

A Discussion of the Equations Solved

In the course of assigning values to the six pOSSlble options,
-the comguter solves 51 equat10ns~ These equatlons Consider tHe
following costs as approprlate for the particular option selected:
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FIGURE 1

ORLA OPTION BLOCK "DIAGRAM
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1) Initial'spéres cost
2) Packing and shipping cost
3) Base stock level cost
4) Supply management and administrative cost
5) Peculiar Support Equipment (PSE) acquisition and develop-
ment cost :
6) Training (instruction) cost
7) Technical data cost, i.e. cost of technical manuals
8) Equipment maintenance cost, including forms and transaction
records
9) Repair materials and replacement cost
10) Depot safety stock
11) Replacement spares cost

Since there are different equations for a given cost item
(as a function of the chosen option), it would be illustrative
to develop a typical cost item in terms of the six options. The
cost item chosen for this development is number 8) above, equip-
ment maintenance cost. The general form for the equations cover-
ing cost item eight is:

UR . . ‘R) -
X8(I) = 12+PIUP- H—TB_E-'(T) « NOA(I)*QPA(I) - (TMCX + TR) CLTX (1)

where X refers to the particular option, i.e., T, F, DF, etc.

The other terms in the equation are as follows:

PIUP - Equipment life in years

UR - Utilization rate, i.e. number of operating hours per
month ) .

MTBF - Mean time between failures for subassembly I

NOA - Number of operating assemblies (excluding spares),
containing subassembly I '

QPA - Number of Ith subassemblies within the assémbly
containing subassembly I
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TMC -~ Average maintenance manhours per maintenance task
TR - Average manhours to complete maintenance and
transaction records :

Fully-loaded labor rate including consumable ma-
terials for activity considered

CLT

Equation (1) above applies directly, with appropriate sub-
stitution of values for the X-labeled items, for options F, DF,
DT and T. For option DD, the basic form of equation (1) is
assumed with an add~on term of T8(I). This add-on term is neces-
sary to reflect the added costs associated with the fact that the
assembly was originally repaired at the base by the substitution
of a new subassembly. A minor modification to the original ex-
pression is necessary, however, since the recordkeeping associ-
ated with the failure will not be duplicated at the depot. To
effect this, the term TR is set equal to zero in equation (1)
for the depot cost portion of DDB(I). The new equation becomes:

= . S . . .
DD8(I) = 12.PIUP-gperyy  NOA(I) -QPA(I) -TMCDD-CLTD + T8(I) (2)

}

When evaluating the equation tc be used with the cost item
TT8(1), one finds that the equation is logically always equal to
zero. This fact is due to the use of Organizational~level main-
tenance to arrive at the point of potential entire assembly dis-
card. The assignment to Organizational level is due tO the task's
being necessary regardless of which maintenance option is ulti-
mately chosen, that is, the ORLA does not treat this since it is
common fo all possible alternatives. Other cost items such as
this will be discussed later under the Life Cycle Cost discussion.

A similar treatment could be given tc all other equations
required. One could assume a general form of the equation and
then modify the equation to fit the physical and functional con-
straints of the particular option.




Constants for the Equations ;
The ORLA contains 67 constants in support of its 51 equa-
tions. Typical examples would be PIUP, UR, TMCDD, TR and CLTD
from equation (1). Of these constants, 36 are classified as
long term {revised from time~-to-time by the Air Force) and 31
are classified as system level (common for a given system).
Since these constants rarely change, they are a part of the com-
puter program proper. Changes to these constants can be effected
by the addition of control cards at the card deck input. Other
data are input to the computer at card deck input. These vari-
ables are broadly defired as assembly and subassembly related.

Sengitivity Analysis
In an effort to meet the intent of AFLCM/AFSCM 80C~-4 and to

allow for modeling of inflation/deflation of costs, the computer
program contains a three-level sensitivity analysis. The vari-
ables considered for a sensitivity study are 1) item costs and

2) item failure rates. Both of these variables are allowed to
vary to 150% and 50% of their values in addition to their nominal
input values. This allows for 3 x 3 or 9 different sets of ORLA
" results. Thus if one felt that the cost of an assembly was
controlled by parts that would become less expensive due to com-
petition, one could look at the 0.5 cost printout. With MTBF as
a variable, one could model the possibility that the assemblies
might become more reliable with increascu manufacturing experience
or improved screening. Likewise, if experience shows that fail-
ures are occurring more freguently than predicted, one could
refer to the 0.5 MTBF printout.

An ORLA Printout

Figure 2 represents a-typical printout for one selected
value of MTBF, the nominal or 1.0 valve and for three values
of CAL (item cost), 0.5, 1.0 and 1.5. Several comments are
in order for the content of this printout:




Fipure 2
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1) Three costs, one for three levels of subassembly cost, are
presented for each subassembly. ]

2) The TT option, Base Discards Assembly, contains only one
cost. This cost is compared for decision purpoges to the
sumnation of the subassembly costs for the other options.

3) The "Least Cost Decisions" heading details the rxepair-level
decisions for 1.0 MTBF. It should be noted that two sub-
assembly decisions changed from DF (Depot Repair after Depot
Isolation) to DT (Depot Discard} as a function of the sub-
asgembly cost varying to 0.5 of nominal value.

4) Although the computer logic was not exercised, it should be
noted that the recommended decisions always followed physi-
cally achievgble paths, i.e., DT and DF are in the same logic
path in Figure 1.

5) The recommended decision is to perform fault isolation at the
base to the assembly level, i.e., the CDVS. The entire COLVS
is then replaced at the base and the faulty CDVS is forwarded
to the depot for repair. Once at the depot, the CDVS is
fault isolated to the subassembly level and depending on
the particular failure, the faulty subassembly is either
repaired or discarded.

Another comment with respect to the sensitivity analysis is
appropriate at this time...it truly is a hedge against the future.
If the decisions were relatively close and one suspected a shift
in the cost or MTBF, one could check the overall effect by
scanning the appropriate table and column. The sensitivity
analysis is also good fcr checking the worst case consequences
of making uniform decisions, e.g., converting a singular discard
action to a repair if all other suhasseﬁbly dispositions were
repair. ’

A Discussion of Life Cycle Costs

A review of the 1l cost items treated by the ORLA would
indicate that those cost items are the items that would change
ag a function of the particular repair-level decision chosen.
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There is anothar set of costs and equations that pertain to
thoge costs that would not change as a function of the repair-
level decision. These costs are commonly referred to as Or-
ganizational-level or LCC costs. A summary of these costs is
given below: ’

1) Cost of technical data eiclusive of Technical Oxders (TO's),
e.g., DD1423 data such as FMECA's, Hazards Analyses, etc.

2) Cost of that portion of the TO's concerned with organizational
level maintenance, i.e., maintenance at the Configured Item
(C1) discard or replacement level, ’

3) Site preparation and installation costs, e.g., cabling,
supports, etc.

4) . Peculiar Support Egquipment required for installation and

alignment. Also, that PSE associated with CI-level trouble-

shooting.

Common support equ{bment acquisition cost where existing

base or depot gquantities are not sufficient.

6) ‘Training costs associated with CI-level troubleshooting.

7} Initial and continuing costs for Air Force special operator

(/]
v

training. )

8) Acquisition costs of peculiar training equipment (in addition
to the use of CI's or subassemblies of Ci's).

9) Maintenance pers: ::zi transit time to a site. Preventive
(scheduled) mai:::ananc= and corrective maintenance associated
with non-failed {up#:ating) hardware.

10) ORLA-related (discard) costs associated with non-repairable
items. These items were excluded from the ORLA since a
repair-level analysis was not needed.

11) Design and development costs of a system, including the costs
of Engineering Mcdels, testing and eveluation.

12) Acguisition costs of the system hardware, including testing
of follow-on hardware and the associated overall management

.

costs.



-12-

The above costs, when added to the aforementioned ORLA
costs, yield the Life Cycle Costs associated with a given system
deployment.

Obtaining the Life Cycle Costes of an Assembly

A LCC computer program was developed to incorporate the
cost.s mentioned in the last paragraph and the results of the.ORLA.
It should be noted that the ORLA equations contain amortizing
expressions. (Several of these will be discussed later in this
paper). For this reason, the results of the ORLA cannot he used
directly with the LCC computer program. To allow the ORLA data
to be used directly as input to the LCC computer program. one
must re-run the ORLA computer program and re-amortize the appro-
priate costs to the actual decisions chosen. For instance, if
test equipment is amortized over all subassemblies, but subse-
quently two are deemed throwaway, one must re-amortize the test
equipment to only tiose subassemblies to be tested. Once the
ORLA has been altered to reflect the actual decisions chosen,
the ORLA data can be used-directly in the LCC computer program.

Assumptions
Inherent in the ORLA program and in the data are s=veral

assumptions. The assumption having the most pronounced etffect
involves the Adetermination and treatment of non-standard parts,
i.e., which parts must be added to the Air Force inventory to
support a given design and how their documentation and intro-
duction costs are to be amortized.

Another assumption of lesser consegquence is an estimate
of the number of part failures associated with each assembly
failure. For this analysis a rate of 1.2 failed parts per 1
failed assembly was chosen. '

A final example is the assumptior that the cost to repair
test equipment is negligible., This may be a valid assumptior
for special designed test equipment utilizing Air Force stand-
ard paris but may very well not be avvalid assunption for less
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reliable commercial hardware.

Limitations

The ORLA program is lengthy and very closely approximates
the complex problem of determining life cycle costs for many
options., It however falls short of the real wozld in some
areas by the vary nature of the complexity of the problems
modeled., PFcr instance, there are no provisions for cost es-

2 lation or da-asscalation in labor rates, parts prices, costs

- ' shipping, etc. 1In actuality, parts and labor costs will
increase during the life of the BISS hardware for'most cases.

A noticeal:le exception are I.C.'s; they have actually maintained
the same price or become cheaper. In view of the uncertainties
of trying to predict an inflation rate and to assess its impact
on each of the variables, all costs in the ORLA reflect 1978
dollars.

The ORLA program contains several equations pertaining to
stocking of spare subassemblies and parts. Also contained are
pipeline delay times. Although the delay times can be taken
at worst case conditions, there is no attempt to add any worst
case conditions to the need for spares, i.e., spares are con-
aidered always available if stocked at the MTBF-directed fail-
ure rate. Confidence limits can be applied for guaranteeing
no shortages and the spare parts/subassemblies costs can be
added manually if necessary.

New Parts in Inventory

Several of the BISS items of hardware required the intro-
duction of new parts into the Air Force inventory. As a general
rule those items that more closely approximated the state-of-
the-art in design had more new ﬁarts. Equations contained in
AFLCM/AFSCM 800~4 do not differentiate between those parts that
will likely have a one-time use in a design and those parts that
will likely have use by other agencies and designs. In an
effort to allow for this, the ORLA makes an assignment of the
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costs associated with new part documentation and introduction
to short-term or full-term amortization depending on the
potential for further use. The parts costs are then "weighted"”
with a value proportional to their use on BISS alone. The
useful life of the BISS hardware is 10 years and full-term
amortization consists of the full 10 year time base. Short-term
amortization has been set at one year.

An example of parts costs that would be amortized over one
year is Complementary Output Symmetry Metal Oxide Semiconductors
(COsSMOS) I.C.'s. Parts costs that would be amortized over 10

'years would include special cut crystals and high precision or

special-valued resistors.

It is noted that the calculations for new part "weighting”
are performed external to the computer program and are input
ag two variables per subassembly at card input time.

The -ORLA also has provisions for allocating the costs of
new parts over all subassemblies that use the new part. In this
way, a given subassembly will not have to carry the full costs
asgociated with a new part.

] Field Peculiar AGE

Each of the repair-location options covered in the ORLA has
a potential for a different set of supﬁort equipment. After
determination of the normal complement of support equipment at
bases and depots, one must allocate the additional (peculiar)
Aerospace Ground Equipment (AGE) to the subassemblies that it
services and only to that equipment, These calculations arxe
made external to the computer program and are input as six vari-
ables to the computer program at card deck input.

Conclusion

This overview of the ORLA and LCC computer programs was
intended to show the limitations as well as the usefulness of
the decisions obtained. The ORLA is a powerful tool in the
conceptual design phases through the operational phases.
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Although costs associated with changing previous decizions
increase as you progress through the design and manufacturing
phaseg, one can have quick access to the life cycle cost
differences for any decision chosen.



