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ABSTRACT

This work performed a systems level analysis of Submarine repair
budgeting and spending in an effort to articulate the unique behaviors of this
combined system of budgeting, supply chain management, and spending control.
Current Navy policies, procedures, and budget forecast methods were studied to
develop the basic causal relationships of the budgeting and spending behavior in
order to develop a basic model of the system. The effects of feedback and
delays inherent in the system structure were analyzed to determine overall
system amplification and oscillation potential in spending behavior is possible
given various changes to inputs. Observations over spending data recorded
from 1996 to 2006 for the submarine force are analyzed against the knowledge
of the system dynamics to determine if this real behavior can be successfully

reconstructed in the model.
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INTRODUCTION

Systems citizenship starts with seeing the systems that we have
shaped and which in turn shape us

-- Peter Senge, The Fifth Discipline

For as long as there has been a need to allocate limited resources to meet
the needs of an organization there has been a need to develop a systematic
method to plan and project future requirements. For financial resources the
development of budgeting systems that can consistently and accurately predict
future funding levels play an essential role in meeting the current and future
needs of the organization. Inaccuracies in any budget process can lead to
unwanted surpluses or shortages in financial resources that are necessary to
meet operational commitments. Shortages in financial resources limit the ability
of an organization to buy necessary items that directly or indirectly support short
term or long-term objectives. Surpluses in these same resources for a single
budget function limit the ability of the organization to efficiently allocate money
into the other budget functions thereby limiting the ability to meet requirements in

those areas as well.

When discussing accuracy in the context of budgeting different disciplines
of thought emerge. One common approach to developing accurate cost
prediction is through the use of statistical, analogous, or other cost estimation
methods. These methods result in the formulation of a cost estimation
relationship between measurable parameters and the resultant cost of
performing a specific function or group of functions. Several factors can affect
the accuracy of such a cost estimation function as well as the consistency of
predictions. These include but are not limited to the strength of the causal
relationships observed between measured input variables and the output

observed cost level.



Regardless of the overall accuracy or consistency of any cost estimation
relationship model the outcome of the model can be considered a ‘snapshot’ one
specific period in time. Models of this type cannot capture the time-series
behaviors the spending, projection, or correction to budget processes that occur
throughout the execution phase of any spending plan. Other things that can be a
source of error in static cost estimation models are that these models are limited
by the accuracy and timeliness of input information. Longer time spans for
information updates and lower quality of input information will yield poorer
predictions about future events. Two potential outcomes of future events that
can be attributed to time spans are oscillation and amplification of the predicted

results.

Amplification represents a pattern over time of over compensations based
on indicated normal trends or variability in input variables. If a system over
compensates for an upward trend then it can overestimate budget requirements
beyond the actual change in resource needs. Amplification can occur in any
system where there is a significant delay between the input and action
processes. Oscillation can occur whenever there are re-enforcing and balancing
behaviors that compete within the numerous system processes at work. At any
given time in a transient condition the relative effect of the re-enforcing behaviors
may be greater than, less than, or equal to balancing behaviors. Re-enforcing
behavior, also known as positive feedback loops, tents to cause the output of the
process to change in the same direction as the change in input. Balancing
behavior, also known as negative feedback loops, tends to cause the opposite
effect. The relative relationship between the numerous positive and negative
feedback effects can result in an oscillation around a steady state condition fall
below and rise above the desired output. This oscillation may coalesce to the
desired output level or grow worse over time depending on the unique system

dynamics and structure.



Modern systems theory indicates that by reproducing the fundamental
operational behaviors of both the budgeting process and the spending process it
is possible to gain insights into the impact that information delay and feedback
quality will have on the prediction consistency and accuracy of any budgeting
system. This method of budget analysis focuses more on the behaviors in the
system rather than the absolute accuracy of the cost estimation relationship in
use. Systems analysis and subsequent simulations that can be run in dynamic
models also allow for a range of controlled experimentation to test the effects of
potential policy changes that could affect the system structure or decision rules.
Simulation models can also be a useful training and learning tool in that policy
and procedure decisions can be tested to determine potential effects on the
current system. The systems analysis process also requires a scrutiny of the
effect or behaviors that policy and procedure may be intentionally or
unintentionally creating and may lead to a better understanding of potential areas

to improve in the budget and/or execution processes.
A. OVERVIEW AND SCOPE OF THIS STUDY

This thesis performs a systems analysis and dynamic model development
for the budgeting and execution of Operational Target (OPTAR) funds for repair
and repair parts on board submarines of the United States Navy. The overall
result is the development of a “proof of concept” simulation model that can
emulate the major behaviors of both budgeting and spending as they change
over time. These changes can occur as a result of changes in both demand,
supply system adjustments, and external funding. By emulating the spending
and budgeting behaviors this model hopes to provide insights into why previous
studies into causal relationships between operational activity and expenditures
may not have provided conclusive findings. As a general process planned
maintenance and repairs are funded through an allotment from the Navy’s
portion of the annual department of defense appropriations act. As these ships

conduct maintenance and repairs throughout the fiscal year obligations are
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incurred that reduce the remaining balance of available funds for the rest of the
budget period. The Navy Comptroller, based on the cost experience gained from
previous budget periods and forecasted operational commitments, programs
future budget levels to meet force requirements. This constitutes the basic

budget cycle that will be modeled and developed as a part of this work.

The OPTAR funds associated with repair and repairable Items is most
commonly referred to as RP OPTAR and will be referred to as such in the
remainder of this work. The two major classes of submarines in use by the
United States Navy, namely the Los Angeles (SSN-688) and Ohio (SSBN-726)
classes of ships are the specific focus group within the submarine force and will
be referred to generically as Submarines in the following discussions. The focus
in this specific OPTAR type and the specific ship classes is due in part to the
availability of spending history, the relative majority of these two classes of ships
in the total submarine force inventory, and the author’s experience with the

maintenance and repair processes at the ship level.

The insights gained into the budget and execution process as a result of
this work may however be readily applied to other types of submarines and other
Navy vessels since the maintenance and OPTAR processes are similar in many
respects on those ships or ship classes. Furthermore the study of OPTAR
processes only represents a portion of the total funding for all operations and
maintenance activities within the Navy submarine force. Therefore the
mechanics of how costs are incurred, and the demand for maintenance, cannot
be readily applied to all budget areas and this study does not attempt to do so.
The models developed in this study can however generically relate demand from
any source to ultimate budget behavior and therefore the lessons learned from
this work can be used to understand the unique combination of federal spending
controls and supply chain management for any larger Submarine Force or Navy

process.



The Navy Visibility and Management of Operating and Support Costs
(VAMOSC) database was the source of the RP OPTAR expenditure levels used
as the test data in this study. A period of ten fiscal years form 1996 to 2006 was
utilized to develop or scrutinize patterns observed in spending behavior over that
period. The VAMOSC data covers a larger range of time (approx 24 years) but
going back farther than 10 years was determined to be unnecessary since many
of the policies and procedures that govern budget development have changed
and evolved over time to the current forms. In addition it is the specific interest of
this study to look at a specific change in spending behavior that has occurred
since the inception of the Global War on Terror. To do that analysis the five
years prior to fiscal year (FY) 2001 and the five years after FY 2001 were felt to
be sufficient to illustrate the change in behavior in this regard. More on the

specific behavior pattern shift will be discussed in later sections of this work.

To develop the causal relationships that form the basis for the dynamic
simulation model the current written policies and procedures in use were studied
and referenced. The budget and execution processes however involve many
intangible interactions between operational commanders, supply chain
managers, and budget programmers. Many of these interactions are vital to the
successful matching of needs to resources and often fall outside of the limits of
the existing written guidance. This model is therefore limited in that it cannot
capture all of the effects of human judgment, interpretation, and communications
that occur in this real world process. Through the building of a simulation model
however this work can form a valuable decision support tool for those people
involved in the process because it may articulate behaviors and patterns that are

the result of complex interactions that traditional, “static”, support tools cannot.
B. CONTENT OF THIS THESIS WORK

Chapter Il of this work is a summary of the basic background research that
has been done in the area of Operations and Maintenance (O&M) and OPTAR

budget processes over the last several years. Chapter Il discusses the
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methodology that was used to obtain RP OPTAR data from the Navy VAMOSC
database and the association of submarine level OPTAR fund codes with
VAMOSC data elements. Also in this chapter an analysis of potential behaviors
in expenditures is discussed. Chapter IV develops the causal relationships and
structure of both the spending and budgeting processes associated with RP
OPTAR. Included in this discussion is an explanation of the use and methods
employed by the Navy Comptroller’'s Ship Operations Model cost estimation

program.

Chapter V provides the discussion of how the causal relationships
developed were formulated into a dynamic model of stocks and flows using the
Stella ® programming software. In this chapter basic experiments are performed
to articulate the system responses to basic input changes. Chapter VI performs
additional sensitivity analysis of the as built model to understand the implications
of adjustments to controllable parameters on the model responses. Chapter VI

provides a conclusion and areas for model improvement and additional research.
C. DYNAMIC HYPOTHESIS

As a basic measure of readiness a submarine, as with any type of
weapons platform, must be able to conduct any and all missions assigned to it by
higher authority when such as need arises. This most basic form of readiness
can be called operational readiness. Modern submarines contain millions of
parts within hundreds of complex mechanical, electrical, and electronic systems.
Within the space and weight limits of the submarine’s design thousands of repair
parts are stored on board and constitute the ships inventory level. In general the
amounts and types of repair parts on board are determined by historic demand,
the unigue equipment and systems configurations, and a base level of parts
always maintained to support critical propulsion, power generation, weapon
systems, navigation, and life support. Parent squadron and groups of these
ships also maintain ashore supply facilities to house and deliver thousands of

other types of parts to the submarines to replenish on board inventories as they
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are used or to supply parts that did not meet historic demand on board an
individual ship but are now necessary due to unforeseen maintenance
requirements. If emergent conditions arise where the parent group or squadron
cannot fill and order from it's inventory it can obtain parts from another ship,

squadron, or group as necessary to meet the demand.

Therefore as a total submarine force there is a total inventory of parts to
fulfill the aggregate demand for planned and unplanned maintenance
requirements. A basic measure of ‘readiness’ as it applies to the repair parts
allowances can be described as ‘material readiness’. For the submarine force
the amount of repair parts inventory currently maintained amongst all the ships,
groups, and squadrons reflect the need to meet both planned and contingent
future demand. In this context material readiness can be understood as the total
available repair parts in the system, relative to the target levels (based on
experience) that are required in inventory. If inventory levels drop and are not
replenished there is a possibility of a shortfall occurring in some critical need
area. This may result in the inability of a ship or group of ships from being able
to fulfill operational mission requirements while awaiting repair parts. Therefore
in a broader context material readiness can also be understood as a unique form
of operational readiness since the ability of the logistical system to meet the
needs of the submarines directly affects operational capabilities.

The concept of supply chain management, and the effects of improper or
inadequate execution thereof, are well-documented subjects in the modern
business literature. Systems dynamics theory has been able to articulate the
undesirable effects of information delay, information error, and cause-and-effect
relationships on the performance of supply chain management systems. These
efforts have led to a better understanding of the complex reactions that supply
chains have to external stimulus and demand and have resulted in overall
improvements to the process. Modern supply chain management also includes
the study of forecasting of future requirements in the budgeting phase of the
business cycle. Budgeting is also a very critical component in the overall

7



effectiveness of the supply chain management because it aligns the right amount
of money or assets to fulfill order requirements. However in the typical supply
chain (corporate) the budget represents a “best guess” of future requirements
and is based on very accurate assessments of demand. Spending variance from
the budgeted amounts is expected and routinely occurs and the amount of
variance is studied and used to improve forecasting and execution methods for

future periods.

The submarine force faces many of the same challenges that any modern
business faces when attempting to manage it's repair parts supply chain.
However as a federal agency the method of budgeting and spending control are
fundamentally different than most modern business approaches. Due to the
much less predictable nature of submarine operations it is fundamentally more
difficult to precisely forecast future budget needs. Unlike a normal business
entity no market exists for submarine operations that can be easily understood or
forecast. Therefore natural demand variance for repair parts year to year can be
substantially higher than a modern business would tolerate. As a result the
submarine force must be able to meet unplanned requirements with some level
of assurance by maintaining a level of inventory large enough to meet current

and contingent needs within reasonable limits.

Also unlike a normal business entity spending variance cannot be a
unique learning tool in the budgeting process because spending rates are tightly
controlled to ensure compliance with the requirements of public law. Spending
over levels appropriated by law is not possible without specific approval and
formal budget changes to the planned budget amounts. Spending under levels
appropriated by law is also undesirable because it undermines credibility in
justifying future budget requests. Finally, as a larger part of the Plans, Policy,
Budgeting, and Execution processes the length of time between budget request
(and changes thereto) and spending authority is significantly longer than most

corporate systems.



It is the hypothesis of this work that these behavior mechanisms, the need
to maintain a large inventory level to meet current material readiness through
adequate material inventory, the need to forecast future budget levels and make
corrections with long lead times, the tight spending controls in place to comply
with public law, and the less predictable nature of submarine operational
planning all lead to significant errors in financial forecasting and budgeting over
time in the supply chain management system. Two fundamental system
dynamics outcomes that can occur are oscillation and amplification of the system
response to changes in demand. Furthermore external forces outside of the
supply chain management process that would add or remove funding from the
system may create additional amplification or oscillation potential in year to year
spending.

The remainder of this thesis work shall develop the system that includes
the behavioral elements discussed above in order to test this dynamic hypothesis
against actual observed spending patterns. The following chapter discusses
previous research into cost estimation of both OPTAR and Operations and

Maintenance (O&M) accounts for various Navy components.



THIS PAGE INTENTIONALLY LEFT BLANK

10



Il. PREVIOUS STUDIES OF OPTAR AND O&M PROCESSES

For the last two decades several research efforts into ways to improve the
accuracy and consistency of Navy budgets for both OPTAR and larger
Operations and Maintenance accounts have been done. This section provides
an overview of these research efforts and the results that have been obtained
through that body of work. Also included in this section is the summary of
findings from the only Congressional Budget Office research into Navy O&M

budgeting processes.

In 1987 Williams performed a study that investigated the nature of OPTAR
expenditures for the FF-1052 and CG-27 ship classes. His work attempted to
utilize the OPTAR expenditure records to determine if a parametric cost
estimation relationship could be formulated. Williams was unable to conclusively
determine relationships that were statistically significant. He went on to further
state that a possible explanation for this was a lack of formal records of OPTAR
expenditures for a long enough period.1 At that time there was no formal
centralized record keeping location for OPTAR obligations. The current Navy
VAMOSC system, maintained by the Naval Center for Cost Analysis, did not
come on line until 1992. Kuker and Hansen in 1988 attempted to determine if a
causal relationship existed between operating schedules and overall OPTAR
obligation patterns for a three year period. The study found that although general
patterns could be inferred between operating schedules and OPTAR costs that
the model failed to accurately predict costs at an individual ship or ship class

level.2

In 1989, the Congressional Budget Office (CBO) performed an
investigation into the Navy Steaming Days Program. The steaming days
program is the method the Navy utilized at that time to determine future resource

1 williams, 1987, p. 27.
2 Kuker and Hansen, 1988, p. 63.
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levels and to validate expenditures of O&M funds. A steaming day is a unit of
activity that the Navy utilized at the time to allocate O&M expenses and to
measure effectiveness of resource usage. Although the central focus of the CBO
was to analyze the effectiveness of the Navy in relating resource allocations to
measurable readiness objectives the study did conclude that the Navy did not
have a good understanding of the ‘cost’ of operations or readiness levels and
therefore heavily relied on past budget execution data instead of true cost

projection to meet readiness or operational needs.3

In 1993, a research effort by Ting attempted to utilize manpower, material,
maintenance, and overhaul costs to develop a basic cost forecast model of
Operations and Support (O&S) costs for Navy ships. The study shows that
manpower levels and employment were found to have the best predictive ability
in determining overall O&S cost levels for Navy ships. Outside of manpower
levels however Ting was unable to show significant cost driver relationships for
the other factors and O&S costs overall.4 An OPTAR cost allocation model study
by Catalano in 1998 attempted to create a cost estimation relationship between
several operational factors and overall repair parts costs for Pacific fleet surface
ships. His model used operational factors such as time before overhaul, months
of deployment in the fiscal year, and other explanatory variables. The study
failed to produce conclusive or significant relationships, as measured by

regression analysis, in the developed model.

Brandt developed a parametric cost model in 1999 to attempt to estimate
O&S costs for non-nuclear surface ships. He used displacement, length, and
crew manning levels as the independent variables in the study. The study
concluded that there was an average O&S cost level that was constant for an
individual ship class and that the age of the individual ship had no significant or

measurable impact on the cost of operations.

3 CBO / NSIAD-89-172, pp. 2-3.
4 Ting, 1993, p. 54.
12



The Navy Comptroller’'s Ship Operations Model was analyzed by a MBA
project group in 2003 to determine if improvements in this cost estimation
model’s accuracy and predictive consistency could be improved upon for non-
nuclear surface ships. The group performed a statistical analysis of the certified
obligation reports of the Type Commander in order to formulate linear models
(single or multivariate) for each aspect of Navy O&M funding for the ships under
study. They then compared their improved model’s results to the Ship
Operations Model results from 1998 to 2003. The study concluded that a general
relationship existed between repair parts cost and operational activity.®> The
improved model proposed by the project group could match or improve forecast
accuracy over the Ship Operations Model in all O&M funding categories. The
model also improved consistency of results as measured by the Mean Average
Percent Error (MAPE) measurement from the actual spending levels.6
Submarine data was not included in the scope of this study due to the classified

nature of operational schedules for the force.

In 2007, Rysavy performed a statistical analysis of the OPTAR costs
associated with 688 class submarines in the Pacific fleet. Rysavy utilized
obligation records from the Type Commander as well as expenditure information
from the Navy VAMOSC database to determine if homeport location had a
significant effect on overall OPTAR expenditures. The study concluded that no
significant statistical different in OPTAR costs existed in the three Pacific fleet
submarine homeports that were included in the study. However during the
statistical analysis of the OPTAR data a strong relationship was found between
the deviation of observed OPTAR from the average OPTAR level and the
deviation of observed operations tempo (OPTEMPO) from the average
OPTEMPO for the ships in the study.

5 Hascall et al., 2003, pp. 50-51.
6 Ibid., p. 51.
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In summary there have been several attempts to improve the cost
estimation models in use by the Navy or to develop new models to explain the
behavior of operations, maintenance, and support costs. No single study has
been able to find a single or set of causal influences that can explain the overall
pattern of spending that occurs over any period of fiscal years and/or ship
classes. Because of this the Navy continues to, as was the case in 1989, rely on
historical cost experience as the starting point and best indicator of future needs
levels. Factors that drive cost can include operations tempo, manpower, or other
parameters but no single or set of these variables has been able to fully explain
the pattern of expenditures for any single ship, ship class, or for the overall force.
The next area of this study analyzes record of expenditures was obtained from
the Navy VAMOSC database and the correlations between Navy VAMOSC
elements and the OPTAR funding codes for repair parts and repairables at the

ship level.
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I1l.  ANALYSIS OF NAVY VAMOSC REPAIR OPTAR DATA

As discussed in the previous section the Navy Visibility and Management
of Operating and Support Costs is a database of expenditure records for all
Naval vessels that is maintained by the Naval Center for Cost Analysis. Records
for over 20 years are maintained for all Naval and Marine Corps weapon systems
and include all direct cost elements, some indirect cost elements, and some
other non-cost information such as flying hours, steaming information, manning

levels, and platform age.”

In 2007, as a part of his research Rysavy was able to correlate the Navy
Comptroller funding codes for Submarine repair OPTAR with the associated
Navy VAMOSC database element descriptions by systematically comparing the
recorded expenditure levels over several OPTAR codes and VAMOSC elements
and compensating for the effects of inflation on the records. He was specifically
able to determine the following relationship between Navy RP OPTAR codes and
VAMOSC Elements:8

Category Comptroller Fund Codes Navy VAMOSC
Database Element

Repair OPTAR | M3: Aviation depot level material 1.2.2.1: Repair Parts

(RP) purchased by the Ship Forces part of and Repairables — Cost
operating forces. of non-aviation depot
MB: Non-aviation depot level material | level repairable and
in the Navy Stock Account, used to repair parts for use in
accomplish organizational level maintenance of the
maintenance. ship and installed
MR: Repair Parts used in the equipment.
performance of organizational level
maintenance on ship’s equipment.

Table 1. Repair OPTAR Codes and Associated VAMOSC Element.

7 Navy VAMOSC website http://www.navyvamosc.com/about.html. Accessed October 2007.
8 Rysavy, 2007, pp. 33-34.
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Rysavy also determined that the M3 OPTAR funding category did not
apply specifically to the individual submarines but was rather an OPTAR
category utilized at the Squadron, Group, or higher levels.® From this linking in
the 2007 study it is now possible to query the VAMOSC database and retrieve
with confidence the actual RP OPTAR expenditure data for the submarine force.
The following represents the RP OPTAR expenditures for the Los Angeles Class

submarines over a ten-year period form 1996 to 2004.

Submarine Repair / Repair Part Expenditures 1996-2004
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Fiscal Year

—&— Ohio Class —#— Los Angeles Class —&— Total Spending

Figure 1. Submarine RP OPTAR Expenditures 1996 to 2004

The expenditure data exhibits characteristics of several outcomes of
dynamic systems with feedback and delay mechanisms. The level of average
expenditures for the submarines appears to oscillate around a central and more

general trend. Oscillations are amongst the most common modes of behavior

9 Rysavy, 2007, p. 36.
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in dynamic systems.10 Oscillations can be attributed in part to any significant
delay in any part of a negative feedback loop of events. In general in any system
where there is a measurement of some event, a goal level or expected outcome,
and a corrective process may form a basic negative feedback cycle. If thereis a
delay in the measurement, reporting, or perception of spending, a delay in
decision making about how to correct spending patterns, or a delay in executing
the necessary changes to spending behavior then an oscillation around the

desired outcome may result.

Another observation of the expenditure data is that, aside from a general
pattern of oscillation, there appears to be a significant change in the amplitude of
the expenditure patterns after 2001. The peak-to-peak changes in annual
spending appear to be significantly higher after 2001 than before 2001. Another
interesting artifact of the data is that spending levels are always relatively higher
during the second year of the budget than the first. This can be seen as the
general tendency for odd year spending levels to be higher than the even year

levels that precede them.

It is apparent from a preliminary analysis of the expenditure data from the
Navy VAMOSC database that several symptoms of systems behavior such as
oscillation and amplification may be occurring. The exact cause of the behavior
may be due to several different influential factors in both the budgeting and
spending processes coupled with information delay at one or more stages of the
process. In addition there may be several re-enforcing and balancing causal
loops that may be competing over time for dominance in the system response.
The next section develops the basic causal structures at work in the budget,
execution, and spending control processes that form the complete repair OPTAR

cycle.

10 sterman, 2000, p. 114.
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IV. FORMING A CAUSAL DIAGRAM OF THE OPTAR PROCESS

This section discusses the development of a causal diagram of the repair
OPTAR budget and execution process that forms the basis for the construction of
the dynamic model. The causal structure consists of three main elements that
capture a portion of the larger OPTAR process. Each of these elements is

discussed in more detail below.
A. DEMAND FOR REPAIR PARTS

The demand for parts used by the Submarine force during the execution
of operational requirements over the fiscal year consists of both a fixed and
variable component. The fixed portion of the repair parts demand is attributable
to the planned maintenance system (PMS) and the types and quantity of tasks
that are determined by the ship’s PMS schedule. Planned maintenance is
designed primarily to find and replace defective equipment and parts prior to a
large-scale failure of the component or system. The variable portion of the repair
parts demand is attributable to both unplanned repairs / maintenance that occur
as a result of failure of a component / system or as a result of replacing defective
or worn parts in a component / system that were identified by planned

maintenance.

Defects in equipment or components can occur due to many reasons.
Equipment and part quality contribute to the rate at which defects are created in
these systems. Sources of equipment defects in this category are largely based
on design and manufacturing and are minimized through the stringent adherence
to quality controls in the procurement process. Other defects can emerge as a
result of improper compliance with operating procedures or operating the
equipment beyond operational limits. Improper equipment operations can lead to
defects that are collateral results of operational practices. Procedural
compliance and operator training are two primary mechanisms used to limit

operational errors that can result in equipment failure and the necessity for
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repairs. Finally defects will naturally build up as a result of the cumulative run
time of the machinery or systems in the submarine. The amount of time that the
ship’s systems are operated is largely determined by operational schedules and
larger operational needs.

Planned maintenance requirements are generated by the manufacturers
and Navy system designers based on the requirements of the technical manuals
and operational experience. The Navy utilizes the Maintenance and Material
Management (3M) system to set forth scheduling and execution requirements for
the PMS program. Planned maintenance requirement cards (MRC), generated
for each major PMS task, list the required (or potentially required) parts, tools,
and equipment that must be used for the work. Planned maintenance includes
preventive (time based) work, e.g. replace worn parts on a pump if vibration
exceeds a certain tolerance, as well as general measurements and inspections
that must be performed on a specific component or piece of equipment. Some
PMS tasks are situational in nature and are not firmly scheduled. These tasks
may be performed when a certain operational limit is reached or a certain amount
of cumulative run time is met for a component or system, e.g. clean and inspect
the air filter every 200 hours of operation or when differential pressure exceeds

0.5 pounds.

PMS requirements are scheduled in various ways depending on the
specific time scope in question. The broadest form of PMS scheduling is the
cyclic PMS schedule. The cyclic schedule contains all the major PMS tasks that
have periodicities greater than or equal to one year and cover a period from the
end of the ships last major overhaul until its next scheduled major overhaul.
From the cyclic schedule quarterly and weekly schedules are developed that
contain the more frequently performed PMS tasks. The individual submarine
typically schedules PMS requirements based on a general knowledge of the
ships operational schedule for the upcoming year. Major PMS items are
scheduled during in port periods since the typically require the affected system to

be shut down.
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The total demand for repair parts necessary to meet PMS requirements
for the submarine force can therefore be articulated as having a variable and
fixed portion. The total fixed repair parts demand is a function of the normal
execution of the PMS schedules on all the ships. The demand for repair parts
from this source would not be expected to vary significantly as a function of how
much the equipment was operated. The other demand for repair parts from the
PMS system can be attributed to the level of operations. Since some PMS
requirements are situational (typically based on wear measurements) than
additional operational activity will increase the demand for repair parts to meet

situational needs.

Defects that are not identified by the PMS system can manifest
themselves in system or component failures. In the event of a system or
component failure corrective repairs are necessary. Repair parts that are
necessary to perform these repairs are supplied from the ship’s on board stock if
available or ordered from the supply system as necessary. The total demand for
repair parts necessary to perform corrective repairs varies by the nature of the
repair and the specific system in question. However the rate at which equipment,
if operated properly, is susceptible to failure or breakdown can be attributed to

the inherent rate at which defects build up in the system as discussed previously.

As PMS or repairs are conducted the total level of equipment defects on
the ship are reduced and thereby acts to balance the growth in demand for
additional repair parts above base levels of the PMS schedules. PMS and
repairs both can require the securing of ships systems and equipment that may
be necessary to meet operational requirements. The PMS requirements that
form the base PMS schedules represent a balance between the performance of
excessive PMS (to minimize equipment defects) and the performance of
excessive repairs due to breakdowns that may occur. The following figure
depicts the basic causal structure of repair parts demand and includes the stock

and flow arrangement for the parts demand and defect elimination processes.
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Figure 2. Defect Generation / Removal and Stock Level Structure

In the stock and flow arrangement above there are two main sources. The
first source consists of the introduction of new repair parts into the supply system
to maintain desired inventory levels. It is a function of the overall spending rate
on repair parts and the speed at which they are acquired into the system. As
PMS tasks (that consumes repair parts) and repairs are performed the demand
for repair parts will grow and the rate of removal of rep