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MAINTENANCE, REPAIR AND OVERHAUL MANAGEMENT

BACKGROUND

This invention relates to the management of a Maintenance, Repair and
Overhaul (“MRO”) business.

A number of businesses focus their operations on the maintenance, repair
and/or overhaul of complex equipment. Aircraft fleet and truck fleet maintenance
are two commonly known businesses in this arena. In addition other business that
have to maintain expensive complex machinery and other capital equipment such
as fully automated manufacturing plans also require the maintenance, repair and/or
overhaul of their equipment to keep the business operations running profitably.

Historically, business repair and overhaul function have evolved from the
need to resolve issues on the basis of a “necessary evil” in the conduct of
maintenance, repair or overhaul with a focus on a support of an existing business.
This historical approach has generally been at the expense of the focus on MRO as
a separate profit center, with the goals and objectives where the MRO functions
not leading to optimal competitive efficiency. As the various industries depending
upon fully maintained capital equipment that is compliant to industry or
government standards have evolved over time, in a degree of both technical
sophistication of their equipment and the oversight of regulatory agencies have
increased, efficient maintenance, repair and overhaul has become of greater
significance.

Additional pressures on MRO efficiencies have resulted from more
industries beginning the process of outsourcing major elements of previously
“in-house” maintenance efforts. Complicating the outsourcing decision have been
the lack of a real benchmark by which to evaluate which function should be
outsourced, as well as the fitness of any vendor being considered for an outsource.
The results of the strategic shift to a business model with an opportunity for

significant profit, is the need to express the operations of this business in a formal
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and useful way, and apply various analysis techniques to those understanding to
reach continually improving levels of efficiency. Moreover, the need to apply new
and innovative methods and technologies to the numerous MRO tasks drives a
need to clearly understand the relationships of those tasks as well as the impact on
business. Accordingly, there is a need for a focused and structured process and

technology analysis method to support, improve and manage the MRO businesses.

BRIEF SUMMARY OF THE INVENTION

A framework for maintenance, repair and overhaul business management
includes a first layer identifying business areas in an MRO business, a second
layer identifying one or more processes within each business area and a third layer
identifying one or more sub-processes within each process wherein the business
area include flight operations management, maintenance execution, maintenance
management, engineering and maintenance support, material management,
product development, enterprise management, strategic management, and demand
generation.

In various implementations, one or more of the following features may be
present. The framework may be presented and discussions of maintenance, repair
and overhaul management can take place based on the framework. For example,
the framework can be used if the basis for discussions of maintenance, repair and
overhaul management in connection with a particular business or company. The
framework can be used as a basis for a diagnostic analysis for the particular
business to identify gaps in the businesses approach to maintenance, repair and
overhaul management. Also, the framework can be used as a basis for training
personnel in maintenance, repair and overhaul management.

In another embodiment, the framework may be useful for determining what
software tools may be useful for a specific MRO business. The framework may
also be useful for determining how to customize specific software tools for the

business.
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Other features, advantages and embodiments of the invention will be
readily apparent from the following detailed description, the accompanying

drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 represents an architectural framework for maintenance, repair and

overhaul management in accordance with the invention.

Figure 2 illustrates further details of the architectural framework in
accordance with the invention.

Figure 3 illustrates even more details of the framework in accordance with
the invention.

Figure 4 represents typical performance cost curves.

DETAILED DESCRIPTION OF THE INVENTION

Maintenance, Repair, and Overhaul (“MRO”) may be defined as that class
of business activities that occur “post-delivery” to a customer (i.e., once title has
passed to the customer). It is not intended to encompass that activity which may
occur during manufacture or pre-delivery test. The delineation helps one to
understand the schedule and financial nature of MRO, and not to become
improperly focused on non-MRO. One example of this is the work that results
from wear and tear during aircraft production flight test (oil filter changes/brake
calibration/etc.) that also occurs on a regular basis during fleet operation. The
nature of the two functions are not physically different, but have different business
imperatives surrounding them which change their cost profile (skill levels
authorized to perform the task; hourly pay rate; etc.).

For the purposes of this invention, MRO begins once the manufacturer no
longer owns the merchandise. MRO encompasses sub-processes dealing with
physical aspects of the product (teardown; buildup; routing of removed items to
specific physical process areas for work; tagging of components; tracking of
configuration- inventorying of part and tools; etc.), with specific business

functions unique to MRO (inventorying of work during initial inspections;
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definition of unique work sequences based on emerging tasks; accessing of
“spares only” inventories; scheduling of multi-skill personnel against conflicting
work needs; movement of potential work across multiple physical sites,
optimizing product ﬁsability schedules vs. maintenance work requirements, etc),
and with business processes which are very common to the basic manufacturing of
the product (inventory of common components, payroll, shop floor control, human
resource activities, purchasing, component uansportation;_ etc.).

More particulaily, maintenance, repair and overhaul activities may be
considered distinct, but possibly overlapping activities, as described below.
Nevertheless, when referred to generally and unless noted otherwise, use of the
phrase “maintenance task™ or “maintenance activity” refers at least one of
maintenance, repair and overhaul of an item of equipment or a component of the
item. A “component” generally unless noted otherwise means a component, a
sub-component, an assembly, a system, or any other part of an item of equipment.
A component may include, but need not include, one or more sub-components.

An assembly may comprise a group of components that are integrated together.

Maintenance

Maintenance involves that class of work that is regular and repeatable, and
is focused on keeping the operational parameters of the product within acceptable
ranges of system performance. The work content tends to not be extensive for any
single element, but does require attention to detail and a focus of using the
information gathered during maintenance as a rough predictor and/or "pointer" to
stay ahead of more serious degradation's of performance. Typical maintenance
items include fluid quantities, hydraulic and pneumatic pressures, filter changes,
and general inspection for pressure leaks, moisture accumulations, and
cosmetic/visually obvious damage. Maintenance is usually considered to be the
lowest degree of complexity of work element fequired to assure the fitness of the
product for service.

The first task prior to physically performing any maintenance of the
product is the “induction” of the product into the maintenance process. Induction

requires that the product be identified as to type, usage, and configuration to allow
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proper and appropriate tasks to be performed. The induction process utilizes part
numbers, serial numbers, and model numbers as key points of identification. Once
fully identified, the product has proper maintenance requirements applied against
its' specific status (hours of operation, total and incremental; mission definition;
previous conditions noted in the records; etc.). The maintenance task requires
detailed knowledge of the maintenance instructions/manuals, utilization of a
maintenance checklist, meticulous record keeping of each task performed, and the
use of any specialized maintenance tools defined by the instructions. Some items
of calibrated tooling will be required. Knowledge of product operational
procedures is mandatory to assure safe, efficient, and complete maintenance of the
product. The use of engineering documentation (blueprints, schematics, wiring -
diagrams, etc.) is generally minimal, but familiarity as to location and availability
of this data is required. In an aircraft setting, the most commonly found skill set is
the ability to safely run engines, administer preflight system checks, quickly locate
and access all filters and liquid fill locations, and the ability to communicate
succinctly with flying personnel any situation which will impact their operational
envelope or which raises an unfamiliar situation. In a military setting,
performance of maintenance tasks is limited to those personnel with specific skills
and training for the type of maintenance required and for the specific aircraft in
their care.

Repair

Compared to maintenance, repair involves work items of greater
complexity and duration than those required for maintenance. While some repair
can be forecast with high degrees of accuracy, other repairs fall in the category
known as "emergent work” and involve those tasks that are found during
inspections or during other repair activities. The need to perform repairs might be
determined during use of the product, with the detail nature of the repair only fully
defined as a result of comprehensive inspections and/or testing. This
comprehensive inspection/testing is an extended element of the induction
procedure, and may require that work be authorized incrementally during

induction to reach the required level of detail. It is feasible that product design
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personnel, quality assurance specialists, or highly skilled technicians may all be
required to successfully identify all required repair activity for a given situation. It
is also possible that calibrated tools or other designated assets may be required
during the repair requirement detection phase of the induction process. Once a
repair is determined to be required, numerous coordinated activities must occur.
The work must be defined in detail, and all required components known and
accessed from various inventories, suppliers, and locations. All backshop work
must be defined, work orders specified, routings determined, and work scheduled
within the total available capacity. The repair work must be priced, customer
notified, and authorization to proceed issued. All purchased items must be
procured, received, inspected if necessary, and delivered to the user. Throughout
this process, all serial numbers, configurations, and end item authorization usages
must be maintained to assure proper installation and reporting of configuration to
the customer. Dependent upon the extent and nature of the repair, customer
engineering, quality assurance, or FAA DER may be required on-site. In some
selected instances, it may.be necessary to remove “good” components from other
end items that are in the MRO cycle to achieve short-term supply objectives (i.e.,
cannibalism). When this occurs, strict record keeping, transfer of serial numbers,
and solid configuration management practices must be applied to assure proper
replacement for the component. Repair requires greater degrees of operator/touch
labor skills than normally utilized for maintenance, and the types/extent of repair
work authorized at a given site will vary. Some general maintenance sites will be
authorized to perform some level of repair, with the most extensive repair work
only allowed at the depot level due to the availability of skills, tools, and support
personnel (engineers, etc.).

Overhaul

In contrast to maintenance and repair, overhaul tasks are the most complex
and time consuming of the three major categories of work (maintenance, repair,
overhaul). Overhaul is also used here to cover the tasks dealing with upgrade
incorporation, compliance with emergency configuration changes or validation

(i.e., TCTO and the like). Characteristic of this type of work is the discussions
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recently completed regarding the PDM project for restoration of outer mold line/
low observable coating for the B2.

The general characteristic of overhaul work that sets it apart from the
others is its degree of complexity and its predictability. Overhaul requirements are
seldom the result of emergent work, and are usually known well in advance of the
product entering the overhaul cycle. This makes the work much more amenable to
job sequence planning, master planning and optimization for resource allocation
(components; people; shop space; tooling; test equipment; usage scheduling; etc.),
and sets it apart from the other tasking profiles. In the ranking of this work,
overhaul is much more like production factory work than is repair or maintenance.
What creates complications is that within any given overhaul cycle some degree of
repair work may emerge based upon inspection during induction, or configuration
impacts during the overhaul cycle itself (mistakes, oversights, or unknowns).

The overhaul function is usually performed in physical facilities of some
complexity, and with a large amount of work taking place simultaneously on
numerous end products. Inventory control of components (new and in
refurbishment), WIP control, serial number component routing to proper end
items, movement and tracking of tooling and calibrated devices, and crew cycling
for efficient personnel usage are all significant challenges to an overhaul function.

Overlaying all of this activity is the need to maintain meticulous
configuration records of teardown, buildup, component addition/upgrade, and all
back shop processes utilized against the subject components (what, who, when,
process control parameters, etc.). Additionally, financial records must be carefully
structured to assure that appropriate contracts and/or customer authorizing
purchase orders are charged and tracked for the correct categories of wprk.

The present invention is applicable to all industries having MRO
busineéses, either as separate enterprises or business operations within a larger
company. The descriptions and examples herein are focused on aircraft as the
“most difficult” example of MRO. The use of the aircraft metaphor translates
directly to all forms of complex product/ mechanism MRO (ships; trains; oil

platforms; nuclear power plants; etc) with the major changeé being nomenclature
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for the end product being maintained, and the degree (and forms) of regulatory
agencies involved with industries that utilize these various products/ mechanisms.
The problems and solutions do not appreciably change from industry to industry,
only the percent of focus of the MRO activity that is unplanned. For example,
electrical power plants may have only 30% of their total MRO work as
“unplanned,” while oil platforms may have 80% of their total MRO work as

“unplanned.”

Against this backdrop of MRO activity, the MRO framework 10 is a
hierarchy of business areas processes and sub-processes that support an MRO
organization’s management. As shown in Figure 1, the first layer 20 includes

preferably nine business areas. In a second layer 30, each business area includes

at least several processes. In the third layer 40, each process includes at least

several sub-processes. '

As shown in Figure 2, the first layer of the MRO framework includes nine
business areas. These business areas include Flight Operations Management 1000,
Maintenance Execution 2000, Maintenance Management 3000, Engineering and
Maintenance Support 4000, Material Management 5000, Product Management
6000, Enterprise Management 7000, Strategic Management 8000, and Demand
Generation 9000.

These business areas are interconnected in this framework to represent the
lines of business communication that integrate the functions of each business area
into a coherent MRO organization. Each business area has lines of
communication, or information flow, with other business areas. Referring to
Figure 2, the strategic management business area 8000 communicates with supply
management 5000, flight operations management 1000, maintenance execution
2000, demand generation 9000, product development 6000 and enterprise
management 7000 business areas. The flight operations management business
area 1000 also communicates with maintenance management 3000, maintenance
execution 2000 and enterprise management 7000 business areas. Material

management business area 5000 also communicates with engineering/maintenance
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support 4000 and enterprise management 7000 business areas. Enterprise
management business area 7000 also communicates with product development
6000, demand generation 9000, maintenance management 3000 and
engineering/maintenance support 4000 business areas.

As shown in Figure 3, each of these business areas include several
processes. The processes exist at the second layer of the MRO business
hierarchical framework. The lines and arrows shown in Figure 3 represent the
communications, or informétion flow, between the different business areas and
different processes. Each process includes several sub-processes. The processes
exist at the third layer of the MRO business hierarchical framework. The
processes and sub-processes for each business area are described in detail further
below.

Referring to Figure 3, Flight Operations Management 1000 business area
includes four processes in the second layer: Assess Operational Requirements
1010, Plan Flight Operations 1020, Readiness and Prepare Aircraft 1030, and
Operate and Debrief Aircraft 1040.

Maintenance Execution 2000 business area includes three business
processes: Induct Equipment Into Maintenance 2010, Maintain Equipment 2020
and Test and Release Equipment 2030.

Maintenance Management 3000 business area includes five business
processes: Assess Maintenance Requirements 3010, Plan & Schedule
Maintenance 3020, Manage Maintenance Execution 3030, Manage Vendors
(Third Party Services) 3040, and Close Maintenance 3050.

Maintenance Management 4000 business area includes four business
processes: Define Work Content and Sequences 4010, Manage Product
Configuration and Change Control 4020, Analyze Failures and Evaluate
Maintenance 4030, and Manage Quality Assurance 4040.

Supply (or Material) Management 5000 business area includes six business
processes: Plan Supply 5010, Procure Supply 5020, Manage Shipments 5030,
Manage Inventory and Allocation 5040, Dispose Obsolete Supply 5050, and
Manage Suppliers 5060.
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Develop Products, Processes and Capabilities 6000; also referred to as
Product Development, business area includes five business processes: Assess
Required Capabilities 6010, Conduct Research 6020, Design Products and
Processes 6030, Produce Products 6040, and Acquire/Dispose Capability 6050.

Plan and Manage the Enterprise 7000, also referred to as Enterprise
Management, business area includes six business processes: Manage Finances
and Costs 7010, Manage Human Resources 7020, Manage Facilities 7030,
Manage Information 7040, Manage External Relations 7050, and Manage
Programs 7060.

Strategic Management 8000 business area includes three business
processes: Develop Goals and Objectives 8010, Maintain Strategic Plans 8020,
and Manage Logistics Network 8030.

Generate Demand 9000, also referred to as Demand Generation. Under
this business area, in the second layer, the framework includes five business
processes: Obtain Product Configuration 9010, Market Forecasts 9020, Create
Proposals 9030, Contract Maﬁagement 9040, and Manage Customer Agreements
9050. _

This specific modeling approach to define this MRO hierarchical
framework (both content and functional modification elements) allows for the
comparison of alternatives across solution approaches (both functional and
technical), and within potential method/ technology implementations to enable
equalized comparisons prior to actual implementation (i.e., expenditure of
TEeSoUrces).

This MRO Framework may be used for matching specific company
instances against the MRO model for purposes of “benchmarking” (i.e.,
comparison to industry best practices and/or world class approaches), gap analysis
(i.e., determining in which areas or processes a specific company may be lacking
or can benefit from improvement), measurement of efficiencies via application of
specific actual performance data to the modeled process elements (i.e., If a specific

company was structured per the model, what could performance look like?), and
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evaluation of existing technology/method/organizational approaches against a
potentially different (and industry validated) process.

One embodiment the invention is the linkage of applicable software
packages and technologies into cohesive process functions, integration across
those functions, and access to the resulting infrastructure utilizing various
technologies (including web based technologies). The invention is well suited to
this approach due to its detailed description and the integration of the activities
within a functional process and across multiple functions as well. The framework
is primarily a functional expression of the MRO world first, and then a basis for a
technical/ technology expression of that same world.

For example, there are a number of software packages that may be useful
for supporting the activities within an MRO business. The challenge is to
determine which software is best for which activities and business processes. The
MRO framework can assist in that challenge by establishing a standard business
model to which software tools can be mapped at the process or sub-process level.
In comparing a specific MRO business to the MRO framework, it becomes more
apparent which software tools may be useful for the specific MRO business. It
also becomes more apparent how to either modify the specific business to the
framework model to get the business to “fit” the software, or how to modify the
software to “fit” the speciﬁé business.

It is also important to note that not all of the capabilities of a specific
software tool are required to achieve success for the specified application,
dependent upon the individual implementation design for the total system.
Additionally, the software tools listed are for illustrative purposes only, and could
be replaced with similarly capable (or more robust) tools that are available, or as
they become available or required.

By way of illustration, there are some primary software tools mapped to
various processes, sub-processes, portions thereof, or combinations thereof in the
model. One such software solution is sold as Maintenix from Mxi Technologies,
located in Ottawa, Canada. Mxi Technologies specializes in software tools for

maintenance management in aviation applications, is useful for the following
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activities: Configuration Management, Maintenance Programs (What is to be
done, and in what sequence), Demand Planning, Work Execution
(Material/components, and labor tracking), Product and Process Reliability, and
Tool Management (for tools used to perform the maintenance tasks).

In the context of the MRO framework, the software tools from MXI
Technologies are useful in the following processés: evaluate readiness and
prepare aircraft 1030, operate and debrief aircraft 1040, induct equipment into
maintenance 2010, maintain equipment, 2020, test and release equipmént 2030,
assess maintenance requirements 3010, plan and schedule maintenance 3020,
manage maintenance execution 3030, manage vendors 3040, close maintenance
3050, define work requirement content and sequences 4010, manage product
configuration and change control 4020, analyze failures and evaluate maintenance
4030, manage quality assurance 4040, and obtain product configuration 9010.

Another software solution is available from PTC, located in Needham,
Massachusetts. PTC provides a number of software tools for Technical Document
Management, Engineering Order Management, Authoring and Release
Management, and Publishing. In the context of the MRO framework, software
tools from PTC may be useful to support the following processes: define work
requirement content and sequences 4010, and design products and processes 6030.

More software solutions are available from SAP, located in Newtown
Square, Pennsylvania provides integrated e-business platforms for a number of
business functions. These software solutions are useful for Financial
Management, Material/Component Management, Purchase Ordering, Warehouse
and Inventory Management, and Human Resource Management.

In the context of the MRO framework, software tools from SAP may be
useful in the following processes: plan supply 5010, procure supply 5020, manage
shipments 5030, manage inventory and allocations 5040, dispose obsolete supply,
5050, manage suppliers 5060, produce products 6040, manage finances and costs
7010, manage human resources 7020, manage facilities 7030, and manage

programs 7060.
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Still more software solutions are available from Manugistics, Inc., located
Rockville, Maryland, which focuses on software solutions for enterprise profit
optimization. In particular, Manugistics has software tools directed to supplier
relationship management and supply chain management. Such software tools are
useful for Capacity Planning, Scheduling and Resource Optimization, including
personnel, facilities and tools, and for Material/ Components Optimization.

In the context of the MRO framework, software tools from Manugistics
may be useful for the following procésses: plan and schedule maintenance 3020,
analyze failures and evaluate maintenance 4030, plan supply 5010, plan shipments
5030, manage inventory and allocations 5040, manage suppliers 5060, and
manage logistics network 8030.

In another embodiment, this invention is useful as a knowledge and/or
expert tool for training personnel in the operations and management of an MRO
organization. This MRO framework may be embodied in a computer-readable
medium, such as removable storage media or fixed hard drive on a computer, as a
program or set of instructions interlinked in a hierarchical fashion to present the
details of this framework to a user. The information may be presented in a
graphical user interface with a text and graphics that are hyperlinked to lower
layers of the framework to provide linkages to more and more detailed
descriptions of the various processes and sub-processes and activities in an MRO
organization. In addition, the details may be cross-referenced and cross-linked to
provide a later movement across the framework to provide a user an easy facility
to develop understandings of related sub-processes across various business areas
in an MRO organization. Such a framework, for example, may be established
within a spreadsheet outlining the various areas, processes and sub-processes of
the framework providing hyperlinks to other files and documents and presentation
materials providing a detailed description underlying the operations and
management of the operations in an MRO business.

Moreover, this information and expert knowledge tool may be linked to
simulators and demos to provide additional training for users. Thus, this tool

provides a useful network interface to a plethora of other MRO training resources.
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In one aspect, the MRO Framework may be considered to be a hierarchical
business process model with a variety of interrelated or interlinked business
processes and sub-processes. The following detailed description is an illustration
of the model for an MRO business operating in an aircraft industry. Unless
otherwise noted, the business terms and sub-processes shall have their ordinary
meaning as understood by one of ordinary skill in the art in the specific industry to

which the framework is applied.

1000 Flight Operations Management

The first business area, Flight Operations Management 1000, includes four
processes in the second layer, and nine sub-processes in the third layer. The four
processes include Assess Operational Requirements 1010, Plan Flight Operations
1020, Evaluate Readiness and Prepare Aircraft 1030, and Operate and Debrief
Aircraft 1040.

1010 Assess Operational Requirements

The first process is Assessing Operational Requirements 1010. This
process includes three sub-processes: Manage Missions 1010.05, Establish
Operational Matrix 1010.10, Review Fleet Composition 1010.15. These sub-
processes provide basic workflow requirements for fleet operations information
support as are well known in the art. These sub-processes primarily relate to
identifying and defining flight requirements, establishing standards and checking
that the fleet equipment generally complies with those standards.

1020 Plan Flight Operations

The second process in the second layer is Plan Flight Operations 1020.
This process includes in the third layer two sub-processes, which are: Flight
Requirements 1020.05 and Flight Scheduling 1020.10. These sub-processes
provide workflow requirements for fleet operations as are well known in the art.
These sub-processes include assessing short-term and long-term requirements for

meeting operations objectives, and providing short-term and long-term scheduling
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of the end items of equipment, including capability assessments of the individual
end items to meet the schedule and finding substitutes if necessary.

1030 Evaluate Readiness and Prepare Aircraft

The third process in the second layer is Evaluate Readiness and Prepare
Aircraft 1030. This process includes in the third layer two sub-processes: Prepare
Aircraft For Flight/Mission 1030.05 and Perform/Report Checks 1030.10. In the
sub-process for preparing the aircraft for flight, the configuration is compared
against the configuration required for the mission. Also, any consumables are
replenished. In the sub-process for performing/reporting checks, a final clearance
is given as to flight worthiness. First, a pre-flight check is made and the results are
recorded. Assuming that the results of the pre-flight check do not ground the
aircraft, the manifest and passenger details are recorded. Lastly, a final check of
the maintenance forms are reviewed and if no outstanding maintenance actions
will ground the aircraft, it is authorized for flight.

1040 Operate and Debrief Aircraft

The fourth process in the second layer of flight operations management is
Operate and Debrief Aircraft 1040. This process includes in the third layer two
sub-processes. The first sub-process is Perform/Record Check 1040.05.
Performing and recording check involves the following: After a flight has
concluded a post flight test/check cycle is performed and the aircraft is checked to
ensure that it is able to turnaround and operate again without need of maintenance.
Assuming that the aircraft is mission worthy (able to turnaround immediately) its
stores and consumables are replenished.

The second sub-process is Record Flight Flash Mission Details 1040.10.
Once the aircraft has performed a mission it’s flight log is updated. After each use
of the equipment a standard ‘debrief” is followed is ensure all necessary lifing,
billing and maintenance data is cqllected. The key stages of this sub-process are:

= Updating the usage information, i.e., the number of flying hours,
number of landings etc.

» Recording of any noted problems by air or ground crew, such as noisy
nose-gear retraction on take-off. This also includes pilots notes.
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» The recording of any ‘Operational Events’ that occurred during the
usage, such as identify if the aircraft had a ‘heavy landing’ or ‘flew
over salt water’ etc.

= A check of the recorded passenger roster and cargo manifest as created
on departure

= Ifthe flight was designated as, or used any systems that were under ‘in-
flight’ operational test requirements the results of the test must be
recorded; typically this comprises of an indication of whether the
system under test performed adequately or not, and if not a description
of why.

Once the flight/mission details are completed the current status of aircraft
systems may be assessed; discrepancies recorded against systems may
‘downgrade’ their capability and upcoming ‘planned’ maintenance may also t
prevent them from being used until the maintenance is complete. A check of the
combined systems capability gives an overall indication of the ability of the

aircraft to fulfill another flight requirement or enter maintenance.

2000 Maintenance Execution

The first layer of the MRO framework includes a second business area,
Maintenance Execution 2000. Under this business area, in the second layer the
framework includes three business processes: Induct Equipment Into Maintenance
2010, Maintain Equipment 2020 and Test and Release Equipment 2030. Each of
these processes includes a variety of sub-processes in the third layer of the
framework.

2010 Induct Equipment Into Maintenance

In the third layer under the Induct Equipment Into Maintenance Process
2010, there are seven sub-processes. The first sub-process is Collect Product
Engineering Data (pre-staging) 2010.05. Before the arrival of the equipment all
product engineering data needs to be gathered and pre-staged. First, the most
recent approved configuration of the equipment is determined. Next, the
documentation describing the actual as-maintained configuration is gathered. The
last documentation that needs to be gathered is that documentation which relates to

any engineering changes that have been called for. Once all of the pertinent
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documentation has been gathered it is analyzed to identify any possible work that
could emerge as a result of any discrepancieé that exist between the as-maintained
state of the equipment and the current as-designed/as-approved configuration.

The second sub-process is Collect Component Engineering Data 2010.10.
Before the arrival of any new equipment testing and inspection metrics and
procedures need to be determined for all components that are to be considered
during the maintenance cycle. Any engineering change information that pertains
to components of the equipment is gathered and from this data part turn-in
requirements and RoR routing requirements are ascertained.

The third sub-process is Pre-Stage Maintenance Material 2010.15. In this
sub-process all spares are moved into the staging areas (virtual or actual) and any
material that may be needed to perform commonly occurring unscheduled |
(unplanned) work is placed on reserve.

The fourth sub-process is Accept Equipment Into Maintenance 2010.20.
Upon arrival of the equipment a check is made to assure that the equipment
matches what was expected to arrive according to contracted agreements. Once
this confirmation has been done all lifing information is reviewed including
equipment logbooks as well as actual inspection of the equipment to validate the
lifing data. The Equipment Log book is also inspected to identify any outstanding
or deferred maintenance on the equipment and to highlight any discrepancies
between the fecorded state of the equipment and the actual. Included in this
inspection process is a systems test that will allow for the gathering of baseline
readings. These readings will be used as a reference during the maintenance cycle
as well as for historical, archived data.

The fifth sub-process is Inspect And Determine Status 2010.25. Inspection
and determination of status refers to the series events that occﬁr up front when
equipment arrives for maintenance. When equipment arrives for maintenance an
initial inspection and testing sequence is performed and a review of all engineering
change/modification state documents is made to identify any changes in
configuration of the equipment. Once the review of documentation is made, the

actual state of the equipment to be inducted is determined and cross-referenced
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with the results of the documentation review. Lastly, if any discrepancies are
found during cross-referencing they are captured and recorded for analysis and
potential additional to the maintenance plan.

The sixth sub-process is Launch Pre-Stage Plans 2010.30. In the first step,
all required resources are confirmed as being available to be pre-staged. Finally
all required resources are staged either at a transaction level (in preparation for
physical movement) or are actually moved to a physical staging area.

The seventh sub-process is Identify And Record Unplanned Work 2010.35.
In this, the final stage in the induction cycle, a review of maintenance records is
made and any discrepancies that have not been addressed are captured. Once this
capture has been made the performance baseline information and the open
discrepancies are recorded. The open discrepancies may contain additional work
that needs be negotiated within the existing contract so at this point a finalization
of this additional (unplanned) work is made. Next, a recording of performance
information is logged for further review during the maintenance cycle. This data
is also archived for use as an as-received baseline for future use in client
negotiation. Finally an update is made of all equipment forms and maintenance
records to reflect all of the recorded and archived information.

2020 Maintain Equipment

The second process of the second layer under Maintenance Execution 2000
is Maintain Equipment 2020. The process of maintaining equipment includes 17
sub-processes in the third layer.

The first sub-process is Work Planning 2020.05. This sub-process reflects
the on-going management of the workload throughout the maintenance cycle. One
of the main areas where MRO differs from traditional ERP is in that MRO
Maintenance is dynamic and cannot be fully planned up-front. The management
of the work load requires that the maintenance managers and work centers
managers have a complete and accurate view of the current maintenance
requirements and status, this is provided by: a review of any outstanding
maintenance write ups, a review of existing work orders and a review of existing

work packages.
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The view must be dynamic and responsive to maintenance performed. It
provides ‘up to the minute’ status information and facilitates priority and on-going
maintenance planning. This review allows for the logical packaging of existing
work into maintenance work packages, which are then assigned to the appropriate
maintenance personnel.

The second sub-process is Resource Planning and Allocation 2020.10. At
the beginning of this sub-process resource needs (material, tools, and tagged
assets) are identified for the work to be done. Once they are identified they are
reserved or have a requisition made for their acquisition. Once the required
resources are obtained or reserved they are assigned and then transferred to the
appropriate personnel as work requirements dictate. Depending on need Kanban
containers as well as fixtures and crane crews may need to be routed to the work
site. A hold may need to be placed on the work order for a number of reasons and
the work may be delayed until a later date, the last event allows for this
occurrence.

The third sub-process is Work Order Generation 2020.15. This sub-
process allows for the generation of work orders that are either unplanned o;
planned and either on-equipment (still attached to the equipment) or off-equipment
(no longer attached to the equipment.). The last phase of the sub-process allows
for a work order to be created from an existing work order, related to the
maintenance being carried out on the first work order but is carried out by a
different organization or skill set. For example, should a panel be bent while
removing to access the landing gear, an ‘assist’ work order may be raised to task
the ‘sheet metal’ shop to repair the panel.

The fourth sub-process is Perform and Record Work on Equipment and
Tools 2020.20. Before work is actually performed a review, confirmation, and
update of work steps is undertaken. This process includes an analysis of the order
in which work to be carried out, an analysis at the task level of each work step,
and an analysis of whether or not work steps should be included. Once this
analysis is completed any re-ordering of the work sequence is done. After a work

step has been completed all details are recorded. These details include action
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taken, how the failure occurred (assuming that there was a failure), and a narrative
describing at a fairly high level what work and in what steps the work was actually
performed. A QA approval may or may not be needed to allow for continuance to
the next work step or final clearance if the final work step has been reached.

If an Interactive Electronic Technical Publication (IETM) tool is available
the technician will use the IETM to guide the work performed. The IETM
contains all the necessary step and sequence information which can be used to
populate the work steps recorded in the MRO system; this removes the need of
storing, reviewing, including and excluding steps and task from work orders since
they are built dynamically from the technician’s use of the IETM.

The fifth sub-process is Work Order Routing 2020.25. In this sub-process
the routing of a work order is mapped out. Initially the next work center must be
identified, this is done by matching the capabilities of the work center with the
required work; on some occasions more than one work center may be able to
perform the work and a choice is made depending on location, work load and
priorities.

Next, the identified next work center needs to be notified that there is work
pending for it. This notification takes place to assure that the capacity to do the
work at this center exists (skill sets are present, tools, equipment in place). Next
the technicians and administrators that will be responsible for doing the work are
notified that there is work pending for them. Work order status is then updated to
reflect the current state of the work order (open, closed, in transit, defayed). Lastly
the work order is routed to the next work center. |

The sixth sub-process is Work Order “Ground Run” Recording 2020.30. A
"Ground Run" is a term used when an aircraft equipment/component is tested on
the ground. It refer to the testing of aircraft engines, off the wings on the ground
and held by a specially designed fixture or with the engines installed on the
aircraft (using the aircraft as a de-facto holding fixture). Ground runs attempt to
monitor the "raw" performance of equipment/components. In the case of aircraft
engines, an example of performance information to be gathered from a ground run

includes power or thrust rating.
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The seventh sub-process is Work Order Spare Parts Ordering 2020.35.
This sub-process allows for the ordering of spares directly from the work order. If
after a review of a work order is made and it is determined that additional spares
will be needed over and above the ones that were pre-staged they are ordered
directly. After the order has been placed its status is ‘monitored to assure timely
delivery and expediting of the order. 4

The eighth sub-process is Work Order Material Resource Management
2020.40. During and before the commencement of work all resources that are
needed to perform the work must be managed. First, needs relating to support and
ground equipment are reviewed on the work order. Some items of support
equipment, such as engine cradles etc. must be pre-booked to ensure availability at
the time the work order is commenced,; failure to adequately plan the support and
ground equipment requirements will result in 2 work delay.

A reservation and/or assignment is generated directly from the work order
to allow for ready access and a speedy delivery.

Tools, support, and ground equipment are closely tracked to assure
availability for éompleting needs. In particular small items and tools are closely
tracked through the use of tool control. All tools ‘checked out’ to a technician or
Work Order must be returned before the work order can be authorized as
complete. This is to ensure that no tools are ‘lost’ or ‘left’ inside the equipment
where they may cause a safety hazard.

The ninth sub-process is “Bit & Piece” Recording 2020.45. This process
details the requirement to document all Bit and Piece parts (i.e., consumables)
used for each work order (i.e., nuts, bolts, etc.). This provides a count of specific
Bit and Piece Parts used for each work order and assists in the development or
parts and stores requirements by work order and job.

The tenth sub-process is Cannibalization 2020.50. Circumstances may
necessitate removal of a part from one structure to fulfill a spares need of another
structure. This may be necessary due to discontinuation of spares production, a

limited number of spares produced, unacceptable delivery date etc.
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The need for a cannibalization is established only after all other routes to
satisfy the parts request have been attempted. The replacement must have been
placed on order and a ‘rejection’ or ‘back-ordered’ notice must have been issued.
Once these conditions exist a cannibalization may be authorized to satisfy the parts
request and a suitable ‘Donor’ item of equipment is identified that has the required
parts installed on it of the correct modification state and serial number, lot range
etc.

Once the removal has taken place it is recorded and either the original
‘Back-order’ is rerouted to satisfy the now missing part on the Donor of the
Cannibalization or a replacement spare part order is generated to assure
replacement of the cannibalized part.

The work order that recorded the removal of the cannibalized part from the
‘Donor’ is then placed on hold until a part arrives to replace the pért that was
removed; this insures visibility of the cannibalization action and provides a work
order for the recording of the installation of the replacement part when it is finally
received. Lastly, the cannibalized part is installed onto the receiving structure.

The eleventh sub-process is Local Spares Re-Routing (Tail Number Bin
Swap) 2020.55. If there is a high priority need for a part, a review is made of on- |
hand spares and priorities are examined to ascertain if parts allocated to one tail
number may be used to fulfill the high priority need of another. Ifit is determined
that it is appropriate to reroute the donor spare to the high priority work order, it is
done and a spare part order rerouted to the donor bin to assure replacement.

The twelfth sub-process is Component Removal 2020.60. This sub-process
describes the removal and transfer of a part from a piece of equipment. First, the
structure that will have the item, structure, component etc. to be removed is
identified, and then the item, structure etc. to be removed is identified and the
removal is recorded. The item that has been removed is then routed for repair and
if the item is to be placed back on the original structure it is tracked as same
on/same off. Finally, the item is transferred or turned in.

The thirteenth sub-process is Component Installation 2020.65. This sub-

process describes the installation of a part onto a structure. First, the structure to
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receive the installation is identified as well as the component to be installed. Next,
the installation is validated against the Logical Build to assure that the resulting
structure conforms to the approved configuration. Finally, the installation is
recorded.

The fourteenth sub-process is Track Human Resources Time and
Attendance 2020.70. Human Resources tracks time and attendance by recording
technicians assigned to work, by time on work order, and by time to complete
individual tasks.

The fifteenth sub-process is Close-Out Work Order 2020.75. In closing out
a work order a review of work order completeness must be performed before the
work can be authorized as complete. Any maintenance tasks that have been
deferred and need to be rescheduled are done so based upon their initiating
conditions. Initiating conditions can be defined as those conditions under which
additional maintenance needs were discovered, i.e., while removing and installing
a UHF radio, corrosion was discovered on a mounting bracket — in this situation
the initiating condition was the remove and install task. Finally, the status of the
work order is updated.

The sixteenth sub-process is Monitor Work Progress and Status 2020.80.
After reviews are made of equipment status, work package status, work order
status, and WIP status work order estimates are updated which lead to an update of
work order status. Depending on work order status there may be a need to delay
the work order or defer the work requirement until a later date.

The seventeenth sub-process is Integrate Completion of Fabricating with
Assembly Needs 2020.85. If fabrication of spares is necessary the completion of
fabrication and delivery are scheduled to support with assembly need, i.e., “Finish

building it and deliver it no sooner than we need it.”

2030 Test & Release Equipment

The process of Test & Release Equipment includes two sub-processes. The
first sub-process is Test and Release Equipment and Tools 2030.05. At the end of

the maintenance cycle final testing and the recording of results takes place to
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assure proper lifing and to assure that there exists historical data pertaining to the
final state of the equipment at the time of delivery. Once this data is recorded the
work is declared “complete” and all appropriate forms are filled out to reflect this
event. The customer’s approval as to the acceptability of the work that has been
performed is obtained and upon receipt of this acceptance all remaining work is
closed out. Next, all of the maintenance forms and the utilization histories are
updated and the configuration data is changed from “WIP” to “Deliverable.”
Finally, all maintenance data is collected and archived for future reference.

The second sub-process is Release Equipment and Tools 2030.10. Once
work has been completed all work orders, maintenance forms and schedules are
reviewéd and QA’d. Next, a review of outstanding maintenance actions is made
to assure that any outstanding work to be done is accounted for and that the air
worthiness and mission capacity of the equipment is not affected to an
unacceptable level. Next, any “In-Flight” operational test requirements are
identified and clearly noted. Lastly, the equipment is released back to the

operators and tools released back into inventory.

3000 Maintenance Management

The first layer of the MRO framework includes a third business area,
Maintenance Management 3000. Under this business area, in the second layer the
framework includes five business processes: Assess Maintenance Requirements

3010, Plan & Schedule Maintenance 3020, Manage Maintenance Execution 3030,

~ Manage Vendors (Third Party Services) 3040, and Close Maintenance 3050. Each

of these processes includes a variety of sub-processes in the third layer of the

framework.

3010 Assess Maintenance Requirements

The first sub-process is Incorporate New Requirements 3010.05.
Incorporate new requirements are those activities that evaluate maintenance
requirements to be included in the maintenance program. New, changed, updated

or removed maintenance requirements arise from several sources including:
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» development of new capabilities, this covers the on-going changes to
the planned maintenance cycle brought about by the development or
introduction of a new capability such as the introduction of a new
system on an aircraft, a new test bed, or even a new aircraft entirely,

» published by Original Equipment Manufacturer (OEM) or regulator,
such as the FAA mandating an inspection of all 747 central fuel tanks

* engineering changes which may be developed internally, such as the
actions required to install ‘seat back video’ units.

All of these requirements must be incorporated into the maintenance
process, and documented in the maintenance plan.

The second sub-process is Continuous Improvement 3010.10. Continuous
Improvement revolves around the identification of opportunities to improve the
effectiveness and efficiency of the maintenance program. Maintenance
requirements based on continuous improvement initiatives are the focus of this
process. Quality Assurance data (either from an overall QA perspective on
maintenance processes as well as from flight operations quality assurance) and
failure & maintenance records are essential parts for continuous improvemeht—
based maintenance requirements.

The third sub-process is Update Maintenance Schedule 3010.15. Updated
maintenance schedules must be published with enough frequency to keep
personnel aware of the equipment maintenance timetable. When an update is
published all previous versions become obsolete and must not be used. Careful
configuration management of the published schedules is required to ensure that all
equipment are being maintained to the latest standard. |

The fourth sub-process is Baseline Fleet/Equipment Details 3010.20.
Determine the size and composition of the fleet and equipment based on
acquisitions, disposals, deployments, etc. since the last baseline. These details are
updated from the strategic fleet management plan that compares current against
required capability and buys or sells equipment as necessary; in addition any
equipment ‘losses’ must be taken into account.

The fifth sub-process is Baseline Equipment Utilization 3010.25. Baseline

Equipment Utilization involve the identification of maintenance requirements
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based on the fleet's utilization levels - that is, how the fleet is used stipulates how

often and what type of maintenance needs to be completed.

3020 Plan & Schedule Maintenance

The first sub-process is Plan Maintenance Schedule 3020.05. An
assessment of the maintenance facilities in terms of capability and capacity (e.g.,
facilities, personnel, etc.) is the focus of Plan Maintenance Schedule. The results
will determine the baseline maintenance plan, which outlines the feasible
maintenance work and availability to perform the feasible maintenance work for
each maintenance facility - internal as well as external (i.e., contracted work that
utilizes third party facilities).

The second sub-process is Planning of Schedule and Capacity 3020.10.
This process involves the activities/events of scheduling a maintenance plan. The
maintenance plan describes the type of work required at what intervals (i.e., time-
and usage-based or preventive maintenance/PM) or due to What triggers (e.g.,
trend-based or predictive maintenance/PdM). A schedule of when the
maintenance plan should actually occur (i.e., the specific dates) is then
determined, which is the focus of this process.

The third sub-process is Schedule Process Elements 3020.15. To assure
that the maintenance cycle proceeds smoothly a schedule needs to be developed to
assure that all required parts, tools, specially trained personnel, and test equipment
are available when needed. Also, to assure that work is completed in a timely
manner QA validation and customer metrics/deadlines must be established.

The fourth sub-process is Plan and Provision Material 3020.20. This
process prepares the materials required for maintenance work based on a bill-of-
work, which outlines required maintenance work and its associated required
materials.

The fourth sub-process is Authorize Assignment of Work Order to
Personnel 3020.25. Authorize Assignment of Work Order to Personnel refer to
the activity of assigning specific personnel (e.g., having special certification,

skills, etc.) to a defined work.



10

15

20

25

30

WO 03/021501 PCT/EP02/09880

27-

The fifth sub-process is Assign Support Equipment 3020.30. Assign
Support Equipment refers to the activities related to the assignment of tools used
for maintenance work support (including testing devices) for authorized planned
and scheduled work orders.

The sixth sub-process is Kit and Issue Material 3020.35. An analysis is
made to determine what materials, components, tools, and tagged assets will be
needed to complete a work order and either a reserve is placed on them or a
requisition is generated if they are not available directly. Once this has been done
a kit is set up and the kit is issued.

The seventh sub-process is Initiate Re-Planning and Re-Scheduling per
Unplanned Work Orders 3020.40. If at any time unplanned work is identified, a
baseline plan needs to be developed for either rolling in this new work or

scheduling it for a later date at this point a plan is developed but not acted upon.

3030 Manage Maintenance Execution

The first sub-process is Perform Performance Reporting, Analysis, and
Corrective Action 3030.05. This Process describes the requirement for specific
measurable data and analysis to evaluate the organizations Key Performance
Indicators and the established goals of the organization. |

The second sub-process is Plan Project 3030.10. The Project Planning
process outlines those activities involved in preparation of executing maintenance
projects. These projects include one-time major maintenance program either
mandated through regulatory requirements or continuous improvement/reliability
engineering implementations. A

The third sub-process is Plan Capacity 3030.15. Capacity Requirements
Planning (constitutes the process for carrying out capacity planning, evaluation
and capacity leveling. Using the available capacity in a work center and the
capacity requirefnents generated by orders, we can evaluate facility utilization.
The available capacity specifies the possible Work center output per workday.
Multiple capacity categories can be defined for one work center hanger or site.

Capacity requirements are generated during lead-time scheduling and specify the
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distribution of individual service requirements that require the facilities available
capacity.

The fourth sub-process is Perform Production/Facility Master Planning
3030.20. This sub-process refers to the Performance of Maintenance facility
master planning.

The fifth sub-process is Establish Visibility of Sparable Items for
Maintenance Schedule 3030.25. Authorize Assignment of Work Order to
Personnel refer to the activity of assigning specific personnel (e.g., having special
certification, skills, etc.) to a defined work.

The sixth sub-process is Identification of Sparable Items 3030.30. This
sub-process requires the identification of separable items. This process is required
for accurate baseline inventory counts, materials planning, materials ordering, pre-
staging and maintenance execution planning.

The seventh sub-process is Track Assets by Contract Ownership 3030.35.
When assets are purchased they are assigned to a contract. The asset belongs to
that contract until utilized or until formally transferred to another contract for use.
Contract identification/re-identification transactions are tracked and audited by
this activity.

The eighth sub-process is Maintain and Track Assets 3030.40. This event
refers to the maintenance, location and disposition of tagged assets (e.g., tools and
test equipment/calibration devices). “

The ninth sub-process is Plan Budget Allocations 3030.45. Plan Budget
Allocations is the identification of work requirements by work area and associated
costs, upon identification of baseline costs budget planning can be accomplished
and required ‘budgets can then be dispersed to the appropriate cost and work
centers.

The tenth sub-process is Collect Production Data 3030.50. Collecting
Maintenance and execution data provides the organization with detailed
requirements for the planning, conducting and review of execution of work orders
across the business. Each event is fundamental to planning and budgetiné of the

Maintenance and Engineering function.
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3040 Manage Vendors (Third Party Services)

The first sub-process is Transfer Equipment/Asset to Third Party 3040.05.
This sub-process describes the activities completed when transferring an aircraft or
rotable to service providers for the completion of specific work. These activities
include sending equipment data, work requirement data, configuration data and
management information.

The second sub-process is Monitor Third Party Work 3040.10. This sub-
process describes the activities completed when transferring an aircraft or rotable
to a service provider for the completion of specific work. During the course of
third party work, regular status updates are received including such information as
time to completion and disposition of item. When the job has been completed,
data is received describing the maintenance performed including repair and
replacement information. If parts were replaced, configuration updates and
changes are received and documented.

On-going status and progress information is essential if accurate Estimated

Time to Complete is to be maintained. Without up-to-date information problems

and delays cannot be proactively managed.

The third sub-process is Receive Equipment/Asset from 3rd Party 3040.15.
This sub-process describes the activities completed when transferring an aircraft or
rotable to a service provider for the completion of specific work.

When the item is received from a 3rd party it is inspected and tested to
ensure that the contracted maintenance was performed correctly and there was no
damage during shipping. The maintenance forms and utilization history are then
checked and updated if necessary with the information from the 3rd party vendor.
Information about the manner in which the 3rd party vendor performed the service
is then collated, including on time accuracy and quality of work. This data can

then be used to assess overall performance of the 3rd party.

3050 Close Maintenance

The first sub-process is Record Technician Houfs 3050.05. This sub- .

process refers to collecting activities necessary to obtain technician work hours by
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work order or project. The recordihg of hours provides a baseline to estimate
effort for similar projects or work orders. By establishing a baseline for effort
maintenance planners can more accurately assign projects and predict work order
completion. Additionally, technician hours will provide important information for
the development of workforce planning and hiring models.

The second sub-process is Finalize Project Financials 3050.10. This sub-
process refers to the activities required to finalize financial data of a specific
maintenance project. This includes the identification of work hour expenses,
contractor expenses, third party expenses, supply and stores expenses, cost of
aircraft out of service, travel expenses and other T&I. These expenses will
provide a detailed and roll-up snap shot of the project expense. Project expenses
should be routed to the appropriate organization, which will then post expenses
and begin the final payments or collections for the project.

The third sub-process is Close Project Accounts 3050.15. This sub-process
refers to the activities required to close the financial data of a specific maintenance
project. This includes the identification of expense accounts such as: work hour
expénses, contractor expenses, third party expenses, supply and stores expenses,
travel expenses and other T&I. Outstanding accounts will be identified to ensure
all expenses related to the project have been identified, reviewed and included in
the overall expense of the project. The project financials will then be closed with
no additional expenses accepted.

The fourth sub-process is Perform Billing Cycle 3050.20. This sub-process
refers to the way in which contract maintenance services are billed. The billing
cycle is similar to that of other departmental and organizational billing cycles.
Service are provided based on a service level agreement, services are billed based
on the contract and accounts receivables bills for the service performed. A
maintenance order can be settled to a cost center, fixed asset, project, G/L account

or another order.



10

15

20

25

WO 03/021501 PCT/EP02/09880

-31-

4000 Engineering and Maintenance Support

The first layer of the MRO framework includes a fourth business area,
Maintenance Management 4000. Under this business area, in the second layer, the
framework includes four business processes: Define Work Content and Sequences
4010, Manage Product Configuration and Change Control 4020, Analyze Failures
and Evaluate Maintqnance 4030, and Manage Quality Assurance 4040. Each of
these processes inclﬁdes a number of sub-processes in the third layer of the

framework.

4010 Define Work Content and Sequences

The first sub-process is Project Planning 4010.05. The Project Planning
sub-process outlines those activities involved in preparation of executing
maintenance projects. These projects include one-time major maintenance
program either mandated through regulatory requirements or continuous
improvement/reliability engineering implementations.

The second sub-process is Optimize Standard Work Order Templates
(Including Unplanned Work) 4010.10. A standard work order template is a model
from which all standard work orders will be based upon. That is, all work orders
should have a common "look and feel" that is based on this template. Work order
templates are developed for both planned and unplanned work (e.g., emergencies),
and for each specific work type due to be performed.

It is recommended that periodic review of standard work order templates be
performed on a regular basis. Improvements should be made around efficiency
and effectiveness of the standard work order templates as it applies to work
execution and management. Inputs for improvements can be initiated by end-
users' inputs (e.g., mechanics, technicians, supervisors, etc.) or through a review
board. It is also recommended that while review and improvements are
conducted, adherence to regulatory requirements, overall/strategic business
objectives, and configuration changes (through technical orders/directives) must

be emphasized.
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The third sub-process is Re-Validate Work Instructions to Configuration
Requirements 4010.15. Upon configuration changes or due to routine efforts on
improving maintenance execution (e.g., through reduction in information gap
around equipment configuration information currency), work instructions must be
validated for accuracy as well as efficiency and effectiveness.

This sub-process emphasizes the review and validation that work
instructions conforms to the configuration requirements. As suchitisa
continuously repeating process that is performed on a periodic/regular basis.

The sub-process begins and ends with confirming whether or not work
instructions are in conformance to configuration requirements. In order to ensure
conformance, configuration changes must be closely monitored, parts
requirements for the updated configuration must be confirmed, the physical
maintenahce build must be established/updated accordingly, maintenance
requirements must be modified to configuration specifications, and the
actualization of the approved configuration changes must be monitored.

The fourth sub-process is Manage Work Documents 4010.20. This
sequence of events allows for the managing of all work documents relating to the
performance of work. These documents may include, but is not limited to
configuration data, TCTO, TO, AD, engineering schematics, historical, and
measurement data. These documents are staged, issued, updated, gathered, and re-
archived.
| The fifth sub-process is Create Job Order 4010.25. This sub-process
involves the activities around job order creation. Maintenance tasks are identified
and job orders are defined. Then, the master work-schedule is updated based on
all required, routine/planned jobs. Finally, the job orders are pre-staged so that it
is ready for transaction upon execution dates.

The sixth sub-process is Define Maintenance Tasks 4010.30. Define
Maintenance Tasks refers to those activities that define the specific tasks/steps
required for a given work order. In addition, this sub-process also involves the
continuous monitoring and updating of theses tasks is included within the define

maintenance tasks, hence the loop-back flow.
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Once a task is defined and detailed, triggering conditions and tolerances are
defined to indicate when the task must be performed. Additionally, manuals
and/or reference materials to support the execution of the tasks are defined.
Finally, since the each maintenance task is dependent on a work order, each task
will be grouped to a work orders and maintenance schedule for periodic/planned
execution.

The seventh sub-process is Define Default Work Orders 4010.35. Default
Work Orders are the set of maintenance work that are expected to be performed.
This sub-process refers to those activities that define the default work orders that
are required for a given type of maintenance work. For example, during a minor
service or flight-line checks, certain types of work orders will be automatically
produced for the required maintenance work. These work orders are default work
orders for the minor service of flight-line checks.

Once a default work order is defined, maintenance tasks (or specific
activities to accomplish the required work) are associated to the work order (refer
to sub-process Define Maintenance Task for the development of maintenance task
and its associated details). Work profiles (i.e., resource requirements) for the work
order are also identified in this sub-process.

The eighth sub-process is Define Default Work Profiles 4010.40. Work
Profiles outline the characteristics of a work order. That is, it specifies the type of
supporting manuals required, the types of experts/technicians/mechanics required,
the parts/materials required, the tools/assets required, as well as the metrics to
measure thé quality of work performed for a specified work order.

The ninth sub-process is Define Default Work Steps 4010.45. Work Steps
details the steps required to accomplish specific tasks within a default work order.
That is, it specifies the type of supporting manuals required, the types of
experts/technicians/mechanics required, the parts/materials required, the
tools/assets required, as well as the metrics to measure the quality of work
performed for a specified work order task.

The tenth sub-process is Task Manual Definition 4010.50. Task Manual

Definitions refers to the activity of defining manuals required to support a specific
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task and managing the relationship. That is, for a given task, what are the sets of
supporting documents required to enable proper execution and completion of the
task?

The eleventh sub-process is Plan Maintenance Schedule 4010.55. This
sub-process refers to the activities around the planning of a maintenance schedule

from the perspective of defining work sequences.

4020 Manage Product Configuration and Change Control

The first sub-process is Track Requirements Additions, Deletions, or
Alterations by Tail Number in Work 4020.05. This sub-process is concerned with
the tracking/recording (for audit trail purposes) of any configuration changes on a
specific tail number. Alterations in the form of Technical Orders/Directives from
OEM (Original Equipment Manufacturer) or FAA (Federal Aviation
Administration) are recorded and the status of its realization is tracked/monitored
closely for regulatory compliance purposes. Additionally, maintenance
improvements are added, deleted, or altered.

The second sub-process is Audit Configuration Trail on a Regular Basis
4020.10. As with any auditing process, this process centers around the
reconciliation of actual vs. recorded/database information. Specifically, it is the
gap analysis of the configuration information in the equipment configuration
database against actual configuration as well as those technical orders/directives
relating to configuration changes from Original Equipment Manufacturer's
(OEMs) or Federal Aviation Administration (FAA). Once a strategy of “when,”
“where,” and "how" the audit process is going to take place, configuration
information will be reconciled. -Where gaps exist, work leading to conformance to
the most valid configuration may be in order.

The third sub-process is Manage Configuration Che{nge Requirements
Library 4020.15. All configuration change requirements are managed through a
library system, where all configuration change information (paper or electronic)
are kept and managed. This sub-process outlines the activities involved in the

management of the configuration change requirements library.
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To manage a library of information the sub-process begins with developing
a method or system to track documents/information/knowledge capital. For
example, in public libraries one would find the library of congress system for
identifying specific books and journals.

Once a method is defined, required information (i.e., configuration change
requirements) will be gathered with all information being accounted for using the
defined library system/method. Other library functions will also be performed,
inéluding: information archiving, retrieval and distribution of a requested
information/knowledge capital (i.e., configuration change requirements), and
version control.

The fourth sub-process is Manage Equipment Logical Configuration
4020.20. The logical .configuration describes the hierarchical structure of an item
of equipment (i.e., aircraft) using generic descriptors, rather than specific
equipment part number and/or serial number. The logical configuration describes
the major components and parts that make-up an equipment/end-item. Key
activities include: (1) Structure Definition: Defining the equipment's parts and
components; (2) End-Item Description: Defining the specific tail-numbers for a
given structure; (3) User Reference: Defining the codes used in the structure and
end-item definition, as well as how it maps back to industry standard codes (e.g.,
ATA); aﬂd (4) Version Control: Ensuring configuration updates are recorded
properly and released for incorporation to the end-item.

The fifth sub-process is Engineering Change Development 4020.25.
Engineering changes are modifications to an item of equipment (aircraft
configuration/design, parts, and components) that are initiated as a result of
regulatory requirements (e.g., FAA), Original Equipment Manufacturer (OEM)
recommendations, or reliability/continuous improvement initiatives.

The Engineering Change Development sub-process addresses the activities
associated with the developmeht of Engineering Change - from identification of
engineering change requirements, all the way through the authorization for

executing/completing the approved engineering changes.
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The sixth sub-process is Engineering Change Application 4020.30. Upon
implementation authorization, all required equipment engineering change shall be .
released (i.e., publicized to the organization for the purposes of awareness and
implementation planning). The Engineering Change Application sub-process
focuses on those key activities/events around the release and scheduling of the
required engineering changes.

The seventh sub-process is Manage/Monitor Engineering Change 4020.35.
To ensure proper execution and completion of a required engineering
change/modification, proper management/monitoring of the engineering change
execution process is mandatory. This sub-process emphasizes the key
activities/events around the management/monitoring of engineering change
execution and completion.

Upon initiation of the engineering change process, constant evaluation 6f
the equipment must be made for the purposes of reviewing whether or not the
equipment have been completely modified per planned engineering changes. Any
non-compliance cases must be identified and, when necessary, "Grounding
Notice" (i.e., notification of lacking air-worthiness) will be issued. Otherwise,
assuming all work has been done to requirements specification and meets FAA

requirements on air-worthiness, the engineering change work can be closed.

4030 Analyze Failures and Evaluate Maintenance

The first sub-process is Compile Data 4030.05. This sub-process refers to
the data collectin_g activities necessary to compile data when identifying and
analyzing maintenance failures. Data will be collected from a variety of sources
and may include but is not limited to OEM records, work orders, flight logs,
discrepancy reports and investigation reports.

The second sub-process is Collate and Process Data 4030.10. This sub-
process refers to the activities required to establish a baseline database warehouse
to enable report generation, queries and analysis of maintenance failures. The sub-
process requires the collection, collation and population of various data sources for

the population of the warehouse.
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The third sub-process is Analyze and Report 4030.15. This sub-process
refers to the activities required to perform an analysis of information for the
evaluation of specific and overall maintenance and engineering failures. This
specific sub-process details the steps required to produce failure trending reports

and analysis supporting initial cause analysis and problem identification.

4040 Manage Quality Assurance

The first sub-process is Monitor and Investigate Maintenance 4040.05.
Monitor and Investigate Maintenance Exceptions refer to Quality Assurance
activities that attempts to ensure executed maintenance work has been performed
according to a set acceptance level (usually defined by regulatory bodies such as
Federal Aviation Administration and/or Original Equipment Manufacturer). This
sub-process emphasize further on discovering cases of discrepancies or exceptions
made to the execution of a planned maintenance work. Once identified, it is made
visible to the organization (maintenance department in specific) to ensure
accountability and proper resolution. Action plans are then made to rectify any
issues around the discrepancies that were identified.

The second sub-process is Flight Operational Quality Assurance (FOQA)
4040.10. Flight Operations Quality Assurance (FOQA) is a system that enables
training captains and safety officers to understand the operational performance of
their fleet. In this way training can be focused to produce optimal operational
performance. Risk and defect trends can also be managed through FOQA and in
this way costly incidents can be avoided.

The Flight Operations Quality Assurance sub-process refers to the
continuous activities relating to the analysis of aircraft/fleet operational
performance. Flight operations data are recorded and downloaded for analysis.
The objective of the analysis is to find risk and defect trends associated with the
aircraft/fleet and develop solutions/recommendations to mitigate costly incidents.
FOQA data includes not only input from flight data recorders but also information

from all potential safety sources, such as air traffic control and maintenance shop

floors.
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The third sub-process is Safety Management Systems 4040.15. Managing
safety is the focus of Safety Management Systems sub-process. Assessments are to
be conducted, possible hazards should be highlighted, risks must be analyzed, and
corresponding mitigating actions will be identified. Meanwhile, records of all
safety assessment findings and solutions should be recorded for meeting
regulatory and Original Equipment Manufacturer's requirements to avoid possible
penalties or termination of warranty. |

The fourth sub-process is Continuous Maintenance Improvement 4040.20.
Quality Assurance activities (includes: monitoring maintenance
exceptions/discrepancies, flight-ops quality assurance, and safety quality
assurance) produce action plans that aim at improving quality. This sub-process
concentrates on the implementation of those action plans. It starts with the
identification of QA Actions, followed by developing an implementation plan, and

ending with the actual implementation and the monitoring of the implementation.

5000 Supply Management

The first layer of the MRO framework includes a fifth business area,
Supply (or Material) Management 5000. Under this business area, in the second
layer, the framework includes six business processes: Plan Supply 5010, Procure
Supply 5020, Manage Shipments 5030, Manage Inventory and Allocation 5040,
Dispose Obsolete Supply 5050, and Manage Suppliers 5060. Each of these

processes includes a number of sub-processes in the third layer of the framework.

5010 Plan Supply

The first sub-process is Analyzing History and Forecasts 5010.05. This
sub-process centers around the review of historical information of supply
usage/demand and performance of previous demand forecasting. The business
objective is to create the most accurate forecast of customer demand possible to
drive the creation of supply plans in order to meet the demand.

This sub-process involves the evaluation of prior forecast with respect to

actuals (Check Forecast Performance), updating of future forecasting based on
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new information (Receive New Information and Update Forecast), developing a
strategy for analyzing new forecast (Set-Up to Analyze Forecast), and
manipulating the forecast to derive the final expected demand (Analyze and
Manipulate Forecast).

The second sub-process is Building and Managing Loads 5010.10. The
Build and Managing Loads sub-process, which includes accurate demand levels
with actual lead times, and recommended shipments are created by the Supply
Plan. From these shipments, loads may be then created on the basis of available
inventory levels, vehicle capacity, and destination availability.

The third sub-process is Closing the Period 5010.15. This sub-process
aims at ensuring balanced and updated financial information at the appropriate
period-end. It will assist the process of reporting financial transactions, on-going
financial processes, and account revaluations.

The basic steps required to complete a period end close are outlined below.
These steps are not always completed in this order..

Update Current Settings: Where required, update posting period

parameters to reflect the next posting period. Any sub-systems where the current
period defaults as the posting period need to be updated to reflect the period
change. This is necessary to prevent transactions from being incorrectly posted to
the prior period. If necessary, manually update the currency exchange rate in
multi-currency systems. Assets should be depreciated at this stage. Work in
progress (WIP) should be settied to the correct account(s). Some integrated
financial systems also require the sub-ledgers to be closed via batch update
programs prior to closing the general ledger. Whenever possible, the sub-ledgers
should be closed prior to running the preliminary financial reports. This will
increase the accuracy of the initial run of reports, reducing the need for adjusting
entries.

Interface External Data: If required, interface external system or sub-

ledger transactions into the general ledger. Review and validate entries made by
operational systems to prevent unnecessary reclassing of expenses later in the

process. In certain systems, the interfacing of these transactions delays closing
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due to the length of time necessary to run the interface program. If this situation
arises, there are two strategies which may improve month end close times.

A. Design the period-end schedule so that such updates are performed
periodically throughout the month. This will reduce the number of transactions
which must be interfaced at period-end, decreasing the time necessary to close the
books. This method is preferred when the volume or amount of the remaining
transactions is difficult to predict.

B. Schedule the interface to run several days before the true period-end
and create an accrual for the remaining transactions. This method is preferred
when the volume or amount of the remaining transactions is predictable.

Revaluation / Accrual / Reclassification Process: All foreign currency

accounts in Accounts Receivable, Accounts Payable, and the General Ledger must
be revalued to reflect fluctuations in the exchange rates. . For those items which are
open, reversing journal entries should be posted to the G/L. These journal entries
can be corrected once the actual items have been posted. Accruals should be
entered for each incomplete transaction and reversed as the transactions are
completed. Inventory should be revalued against standard costs during this step.
Although inventory revaluation is not necessary each period-end, it should be
performed regularly to avoid large year-end adjustments. Customer credit
balances and vendor debit balances should be reclassified to A/P or A/R
respectively to reflect their impact on the balance sheet.

Allocate Indirect Costs: The accounting department may choose to allocate

indirect costs across different cost centers. The method of this allocation must be
agreed upon by both accounting and the various departments which will receive
portions of these costs. If possible, avoid basing the allocations on complex
formulas or statistics that are not available early in the period-close cycle. Simple
allocations performed early in the close cycle are necessary for a timely closing
process.

Process Pre-Close Reports: After all preliminary transactions have been

entered, run the trial balance, balance sheet, profit and loss statements, and cost

and margin reports. These reports will provide the basis for various departments
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to review their financial performance. Simplifying and standardizing these period-
end reports will decrease closing times. Route these reports to the appropriate
departments for review.

Review Reports: Various departments review the pre-close reports to

determine any adjustments or journal entries that need to be made. These

departments can also begin to analyze cost variances.

Enter Adjusting Entries: The accounting department enters the proposed
journal entries to adjust or reclassify expenses. To prevent unnecessary rework, a
control method should be instituted to prevent the inaccurate reclassification of
expenses. An example might be to require authorization on each adjustment from
all affected departments. |

Run Final Financial/Control Reports: Produce the final balance sheet,

profit and loss statements, and cost and margin reports. These reports should be
distributed to the various departments.

Close Period: Close the period to back posting. In many systems, it is
recommended to perform a limited or soft close which will allow the backA posting
of journal entries to thét period should the need arise. After this close takes place,
any further adjustments will require balances to be recalculated and reports to be

reproduced. The period can be closed completely at a later date (next period-end

.or year-end). The total number of pefiods in the fiscal year is determined during

the implementation of the financial system. While some systems limit the number
of periods to twelve (corresponding to a calendar year), many systems allow for
additional periods. These additional periods are used for adjustments, which occur
after the fiscal year has ended, or for journal entries which are not period specific.

Process Year-End Transactions: (Note: This step occurs only during year-

end close.) During the year-end close, the balance of the cost and revenue
accounts needs to be carried forward to the correct balance sheet accounts. In
multi-currency systems, an adjustment may need to be made to correct differences
caused by the different currency exchange rates used with the balance sheet and

P&L statements.
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Implementing this business sub-process will provide timely and accurate
financial information at period-end. There are opportunities within this sub-
process to automate procedures and processes, which will reduce human
intervention. The information that results from this sub-process will provide a
strong basis for decision making and planning.
| The fourth sub-process is Creating Replenishment Plans 5010.20.
Constrained Supply Planning begins by developing a Replenishment plan, a list of
the ideal allotment of goods for manufacturing plants and distribution centers '
based on current inventory, safety stock levels, products in transit, and current
production schedules.

The fifth sub-process is Forecasting Aggregation and Reconciliation
5010.25. The sub-process of forecasting supply and demand may involve multiple
data inputs from the various markets that the organization serves. In order to
understand the total demand for supplies, each distribution centers/warehouse will
provide it's own region's supply/demand forecast information. The data inputs are
then aggregated to formulate total demand as well as reconciled to ensure
information accuracy/quality.

This sub-process involves the aggregation and reconciliation of those
forecast information to understand the total demand of supplies. It will be used to
plan for production or set the level of ordering quantities, distribution plan,
transportation plans, etc.

The sixth sub-process is Generate Optimized Supply Solution 5010.30.
This process describes the requirements to establish a supply chain navigator
which when developed may be used to create a strategic supply chain plan with
scenarios.

The seventh sub-process is Managing Deployment Exceptions 5010.35.
While planning for the allocation of supplies (i.e., which locations need supply
and how much should be sent), exceptions may arise due to unexpected
demand/materials usage, routing issues (e.g., changes to infrastructure, delays due
to natural conditions, etc.), or regulatory requirements. As such, the planning of

supply replenishment quantities to specific distribution centers/warehouses (i.e.,
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the supply deployment plan) must incorporate fluctuations of demand, routing
issues, as well as other unexpected events. This is the objective of the
management of deployment exceptions: It is a process where exceptions to the
planned supply deployment decisions must be made upon to balance the efficiency
and effectiveness of materials/supply distribution.

The eighth sub-process is Transferring Data 5010.40. Prior to generating a
forecast using a demand-planning tool (DP/EE), three main steps are required.
The first step is to define the necéssary background information for the demand-
planning tool. Next, the demand history data (actual sales or consumption data
preferably) should be loaded from an external system. Finally, it is necessary to
use the data transfer application (DTA) to send demand history to the demand-
planning tool.

The ninth sub-process is Develop Material Requirements Plan 5010.45.
Long term planning is a simulative form of Material Requirements Planning
(MRP). The benefits of using long term planning in this way are that the master
data and the methods used in the normal MRP procedures are used in the same
way in long term planning. Thus the objectives of lon-g term planning can be rﬁet
with relatively little extra set up effort and training.

Material Requirements planning is intended to offer the means to plan in
the short, medium and long term against varying planning scenarios. A production
planner may adapt the conditions of these scenarios to explore planning results
without affecting the operative (i.e., current) planning situation. Primarily long
term planning is used to plan capacity over a long period of time.

In the longer term, results may be useful to develop a long-term purchasing
outlook. This forward look can be useful to negotiate long-term delivery
schedules and contracts with suppliers. This information is increasingly
demanded by suppliers in order to plan their own capacity. The long-term results
may also be used in cost center accounting and inventory controlling to plan
production costs for work centers, producf costs and inventory levels. Therefore it
is the concept of long term planning which links material replenishment to the

longer-term objectives of cost accounting and inventory level planning.
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5020 Procure Supply

The first sub-process is Manage Purchase Requisitions 5020.05. This sub-
process describes the requirements to Manage Purchase Requisitions. Purchase
requisitions are prepared based on pre-established acquisition triggers (such as
required stock levels, or near term schedule needs for an item) and authorized
based on established business rules. The requisitions are processed, and based on
the rules, become purchase orders releasable to the authorized suppliers.

The second sub-process is Purchase Materials and Services 5020.10. This
business practice describes the process of purchasing materials. It discusses the
option of conversion of purchase requisitions into purchase orders using a vendor
selection process as well as the option of converting planned orders directly into
purchase orders, eliminating the purchase requisition step.

Receive Approved Purchase Requisitions: The purchasing process begins

with the receipt of purchase requisitions. Ideally, a purchasing department will
receive requisitions electronically, but in some instances they are received as
multi-copy forms. Requisitions are the authorization to purchase a wide variety of
products, goods and services. These requisitions are released prior to receipt by
the purchasing agent through an authorization process. Authorization hierarchies
maybe based upon value, material group, material type, material class, or even by
product line. Hierarchies for approval will differ among industries. Many
companies have eliminated the use of purchase requisitions for material used in
production or sales. Instead, these companies allow the purchasing department to
convert planned orders from material requirements planning (MRP) into purchase
orders directly. Companies with manual purchase requisitions use the purchase
order as the requisition, so duplication of data is eliminated.

Select Vendor: Once the approved purchase requisitions are received, the
vendor from who the materials will be purchased is selected. The purchasing
agent will determine the source of supply capable of fulfilling the specified
requisition agent will look at whether the material had been purchased before and

from whom, as well as look for letters of intent or existing vendor agreements. If
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no existing vendor is available or the current vendor(s) is unable to meet the
requirements of the purchasing agent, a new source is identified. Typically, a new
vendor is chosen from a list of already approved sources. For instance; there may
be five vendors capable of supplying a part, however, because of quality or
delivery problems, three have been blocked from use. Therefore, the purchasing
agent can only select from a list of two. The selected vendors are then given the
necessary specifications and then provide the buyer with quotations. Traditionally
the lowest bid wins. The buj/er is responsible for the quality, quantity, and price
of all purchased materials and services. Vendor relationships are also managed by
the buyer. The buyer typically will obtain quotations for high volume materials to
use in future purchases or cost reduction objectives.

Many éompanies are moving towards alliances that provide mutually
beneficial and exclusive partnerships. These partnerships involve sharing of
knowledge, improving quality, sharing engineering data, manufacturing brocessés,
and certification, so that materials received are pre-inspected and certified by
counting. By utilizing these relationships, material can go right to unrestricted .
stock from goods receipt. This alliance makes sense for high volume, higher cost
materials that may be more difficult to make. It also reduces the number of
vendors and improves the quality, price, and delivery of the material.

Generate Purchase Orders: After the source of supply has been selected,

the purchase order conditions are negotiated and the material specifications are
finalized. Purchase orders are then generated either from a MRP planned order or
in reference to purchase requisitions. Finally, the purchase orders are sent to the
vendor(s).

Monitor/Control Process: In order to control the purchasing process, the

purchasing agent maintains performance measurements for each vendor including:
purchase price variance, late deliveries, quality performance, inventory levels, and
cost control. Other purchasing control activities include: past due purchase orders
(quantity and value), late deliveries, planned vs actual delivery in quantity and

monetary value, freight, premium charges for faster delivery, and cost reductions.
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This data is collected after a purchase order is closed out and may be maintained
individually for each vendor.

The purchasing agent has several tools that can be used to assist in the
buying cycle: (1) Letter of intent - incentives when quantity or monetary amounts
of purchases are met. (2) Blanket orders - orders for large quantities to be
delivered over a period (of a year) which may have a predetermined delivery
schedule or can be released, as required, by a call from the buyer. (3) Contract - a
binding purchase quantity over an agreed period that guarantees the vendor a fixed
quantity for a lower fixed price. (4) EDI, FAX - transmitting purchase orders via
electronic mail therefore reducing paperwork and lead time. (5) Purchase list -
provides a list of items to buy after MRP run that can be sorted by buyer, plant,
commodity, due date, vendor, inventory planner, or value. (6) Quotation file - a
list of quotations for materials sourced from different vendors for new products
used in competitive analysis and future purchases

The third sub-process is Manage Vendor Invoices 5020.15. This sub-
process describes the steps required for the managing the vendor invoice process.
Invoices are received for payment, and are mafched (electronically or physically)
to the receipt transaction for the authorized items. If all matching rules are met,
including validation of acceptance as to quality, the invoices are paid via the

accounts payable process.

5030 Manage Shipments

The first sub-process is Managing Distribution Exceptions 5030.05. While
planning for the distribution of supplies, exceptions may arise due to unexpected
demand/materials usage, routing issues (e.g., changes to infrastructure, delays due
to natural conditions, etc.), or regulatory requirements. As such, shipments of
planned supplies must incorporate fluctuations of demand, routing issues, as well
as other unexpected events. This is the objective of the management of
distribution exceptions: It is a process where exceptions to the planned
distribution decision must be decided upon to balance the efficiency and

effectiveness of materials/supply distribution.
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The sub-process begins with a review of all exceptions. Then, they are
resolved through a logical approach (e.g., prioritizing exceptions, etc.) and, finally,
the transportation and distribution plan optimized and updated.

The second sub-process is Managing Transportation Planning 5030.10.
The objective of this sub-process is to maximize a company's transportation
resources and capabilities in order to deliver its products to the customer at the
lowest possible cost.

Efficient shipment routing and equipment loading across the inbound and
outbound distribution network leads to cost-effective use of transportation assets
and ensures that customer service level requirements are satisfied. Transportation
Planning addresses customer orders, inbound raw materials, equipment transfers,
transportation equipment capacity, constraints, and shipping and receiving
requirements. The sub-process begins with identifying transportation
requirements and service providers and collecting supporting historical data; it
leads to a strategic plan that leverages an organization's position to lower

transportation costs by negotiating favorable terms and contracts with service

providers. This business practice concentrates on the strategic elements of

transportation planning.

Optimization requires a company to review its current transportation
process. Many companies are rationalizing their transportation strategies to
identify opportunities for exponential improvement in both cost and service
performance (See Figure 4). Areas for optimization focus on three areas of
transportation planning: mode selection, carrier negotiation, and quality
management.

Transportation plans are now oriented in a new direction; they focus on

managing the transportation process instead of transactions.

5040 Manage Inventory and Allocation

The first sub-process is Manage Procurement Quality 5040.05. Generally,
the process of Quality Management involves planning, executing, verify results,

and continuous adjustments to the quality of the materials in the organization. In
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maintenance operations, this includes the quality of goods received from vendors,
parts in-process, and products being delivered to customers. The degree to which
quality management is implemented depends greatly on the industry and customer
needs. However, with most customers now demanding higher quality of products
or services, the need for effective quality assurance is greater than ever before.
This is resulting in the implementation of quality initiatives for improving quality
at the source. Instead of inspecting quality into materials/products, which was
known as Quality Control, industry has is moving toward preventing quality
problems from occurring which is referred to as Quality Assurance. A main
ingredient in preventing quality problems is strategic partnerships between a
company and its suppliers. Companies are reducing the number of their suppliers
because of the inherent nature of strategic partnerships and the increased demand
on resources resulting from maintaining those relationships.

Even though the last part of the sub-process deals with participating in,
monitoring, reviewing, and adjusting of vendor relationships, it affects all the
aspects of procurement. At every stage in the procurement process, the
monitoring, participating, and adjusting of strategic partnerships occurs. For
example, during the design of a product it is typical for a company to consult their
strategic suppliers to see if they can provide the specific material according to the
company's specifications.

Quality Management processes are often defined by industry standards.
For example, ISO 9000 standards, which are widely accepted, define the elements
of a quality management system. One company activity where a strong Quality
Management program is essential is the Procurement process. Quality
Management should play a major role in each step within the procurement
process.

Note that there are manufacturers for whom some of the procurement steps
do not apply. If this is the case, the practices noted in this document for those
inapplicable procurement steps should not be ignored. They can most likely be

applied during other applicable steps in the process to achieve the same result.
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The second sub-process is Receive and Put Away Materials 5040.10. The
objective of Receive and Put Away Materials sub-process is to provide data
integrity of material on hand and on order, so that future material planning,
commitment to customers and internal consumption requirements can be carried
out accurately. These objectives are obtainable in an organized warehouse with
accurate recording and tracking of all material.

In order to better plan and control the receipt of materials, the sub-process
will reflect the typical business practices of a particular industry. For instance,
manufacturing firms that produce medical devices must adhere to the Food and
Drug Administrations guidelines on Good Manufacturing Procedures. These
procedures directly affect all the aspects of manufacturing ranging from
procurement through plant maintenance. The procedures are specific and inform a
company on what tasks are to be and how they are to be performed. An example
is the need to quarantine rejected raw materials from all other materials.

Many materials can be within the entire Receive and Put Away practice at a
particular moment in time. In order to facilitate a means of tracking their flow, it
is important that recently received goods are input into the system in an efficient,
accurate, and timely manner. There are many consequences if timeliness does not
exist within the system and a few are: (1) Creation of rush orders for materials
that are already in stock resulting increased cost and over supply of materials.

(2) Inaccurate production plan due unknown quantities of materials within the
warehouse. (3) Inability to take advantage of payment discounts.

Also, there are many consequences if accuracy does not exist within the
system and a few are: (1) Space problems within the warehouse and plant due to
over ordering of materials already in inventory. (2) Increase in obsolete materials
within the warehouse/plant. (3) Increase in inventory shrink. (4) Chaos in the
warehouse causing a duplication of effort in attempting to pick materials.

The third sub-process is Manage Warehouse Operations 5040.15. This
sub-process describes several techniques of managing a warehouse, which enable

tracking and movement of all materials. It focuses on the methods used for
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managing goods movements within the warehouse. Some inventory management
elements of goods issue to production are also included.

The main purpose of this business sub-process is to aid in the improvement
and efficiency of warehouses that use warehouse management mainly through
increasing the physical accountability for all materials, increasing the accuracy of
goods movements in supplying materials to actual usage and tracking differences
between goods requested and goods issued to insure correct delivered quantities.

Excluded are the physical and planning functions of Goods
Removal/Picking and Receive and Put Away Materials, which are covered in other
processes. Some of these methods may be integrated with automatic warehousing
equipment, but describing how this is done is also outside the scope of this
business process.

Managing a warehouse characterized by high volume and many materials
is a complex task. Some common warehouse performance goals pull the energies
of the warehouse in opposite directions, making successful management even
more difficult. For instance, the ability to fulfill production and customer demand
is usually a primary warehouse goal. This requires having sufficient on-hand
materials readily accessible for application to incoming materials requirements. A
simultaneous goal is minimizing warehouse inventory. Excess inventory is
expensive to manage and store, can reduce cash flow, and impedes warehouse
efficiency. It also risks material waste due to obsolescence, damage or loss.

Many techniques are available to warehouse managers and personnel to help
balance these goals. Like the opposite pull of performance goals, creating a too-
complex warehouse management environment will reduce the efficiency gained
by the individual techniques. The combination of techniques employed should be
chosen carefully, based on its ability to significantly promote achieving the
business objectives.

Organize Warehouse Structure: The organization of a warehouse has a

direct impact on the placement, transfer, and picking of items. An optimal
location of items within a storage area minimizes costs associated with the

placement and picking of items. Appropriate placement of materials improves the
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balancing of high and low material activity, size or specific conditions. Easy
access to commonly used material provides improved service levels, reduced cost,
reduction of scrap and improved accuracy of counts.

The flow of material through the warehouse is an important factor when
considering warehouse organization. Materials, storage areas, typical demand,
picking and placement strategies need to be analyzed when determining the
warehouse organization setup. For example, it may be desirable to place goods
issued to maintenance in a maintenance staging afea physically near the beginning
of the maintenance process.

The organization and management of warehouses has become imperative
for timely, effective processing of logistic requirements within a company. The
Warehouse Management (WM) application component provides flexible,
automated support to the processing of all goods movements and in maintaining
current stock inventories in a warehousing complex.

By organizing a warehouse appropriately it is possible to: (1) Define and
manage efficient warehousing structures. (2) Optimize material flow smoothly.
(3) Process goods receipts, goods issues and stock transfers quickly and easily.

In the warehouse structure storage areas can be classified as custom-
designed, high rack storage, bulk storage, fixed bin storage etc. Different
materials can be placed in each storage area depending on their properties. Within
a storage type, a storage section is a series of storage bins with the same features.
These bins are used for the purpose of stock placements. For stock placements,
the following features of storage bins can be important: (1) distance to the
turnover point; (2) loading capacity; (3) temperature.

Determine Storage Bins & Bin Characteristics: A record can be created for
each individual storage bin, which identifies the warehouse number and storage
type in which it is located. Additional characteristics of the storage bin that can be
assigned in the storage bin record include: (1) Maximum weight. (2) Total
capacity. (3) Fire containment section. (4) Storage bin type for example for small

or large pallets.



10

15

20

25

30

WO 03/021501 PCT/EP02/09880

-52-

Assigning these characteristics is useful to the material handlers so that
they can quickly identify where a specified bin is physically located. When
defining storage bins, the number of bin types should be limited to those that add
value for the business. For more information about designing a warehouse

structure refer to Solution: Define Warehouse Hierarchy.

Classify Materials using ABC Analysis: ABC classification is a system
used to determine the importance of materials, and thus the type of control needed.
This is based on the principle that relatively few items often dominate the results
in any situation. It is common for approximately 20% of inventory items to use
80% of warehouse management expenses. Similarly, 30% of the items require
15% of the expenses, and the remaining 50% require only 5% of management
budget. Therefore, determining the correct classification of materials can help
focus these Warehouse Management expenses to achieve the greatest results.

One way to calculate ABC rank of a list of materials is to determine their
annual number of units multiplied by unit cost. The result of this calculation is the
"total annual dollar usage" of each item. The itemg are then ranked in order of
dollar usage percentage of annual sales. The top 20% of dollar-users would be
ranked as class "A,” and so on. A

"A" jtems are high priority. They need complete and accurate record
keeping, frequent management review, frequent review of demand forecasts, etc.

Setting ABC classifications is a prerequisite for cycle counting, and affects
counting frequency. Bins storing "A" materials should be counted more oﬁen than
bins storing "B" materials. The rating may also suggest physical placement of
items in the warehouse. The most frequently used items should be stored in the
most accessible storage areas. "A" items get preferential pIacement at the ends of
aisles, near productidn, or at human-reach level.

Select Source and Destination Bins: By using stock placement Strategy the

Warehouse Management System automatically searches for a suitable storage bin
in the warehouse for placing goods into storage. As a rule, you define a certain

stock placement strategy for each storage type (for example, search for the next
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empty bin) in order to optimize stock keeping and the material flow within the
warehouse.

Stock removal in the WM system refers not only to the picking of goods
for deliveries or for production purposes, but also to the removal of materials from
a storage bin (or storage type) in the warehouse for any reason. To facilitate the
search for materials in the warehouse, it is possible to use stock removal (picking)
strategies available in the WM system.

When moving goods, the movement order can specify to the operator the
exact source and destination bins. This takes away the operator's guesswork thus
picking/placing speed and accuracy increase, improving warehouse efficiency.
Great control over managing inventory can be gained by knowing the status of all
bins in the warehouse, type, location, capacity, current contents, current available
space, material allowed in bin, whether or not the bin contains pallets. It requires
rigorous record keeping of all bin characteristics and goods movements to
maintain this system.

A smart system will be able to easily locate any material in a warehouse,-
even if it is stored in multiple scattered locations. It will also identify empty bins
which can accept storage of goods received. Depending on the system chosen, it
may be possible to manage goods placement dynamically instead of on a dedicated
bin basis. Dedicated (fixed) bin placement requires material to be placed in a pre-
defined bin or set of bins. Randomized (dynamic) placement allows the material
to be placed in any appropriate open bin in the warehouse. Randomized
placement reduces overall space usage and alleviates problems related to over-
crowded fixed bin space. It helps balance goods in the warehouse for better access
and may improve traffic flow. It also accommodates fluctuations in the types of
materials stored with less physical reorganization of the warehouse due to demand

changes.

Receive Materials: Warehouse personnel should begin tracking the
material flow via a reference number immediately upon receipt. They should

count and verify material quantity and reconcile differences for more accurate
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material planning. Accurate material receipts lead to accurate inventory counts
and open order balances.

Check Quality: Some materials may require quality inspection upon
receipt and before storage. A batch of material may be placed in a restricted or
blocked status until this quality inspection is completed. Quality data can then be
recorded, usage decisions made, and the appropriate material movement made.

Evaluating and establishing procedures ensures the condition and quality of
incoming materials, work-in-process, and finished products. This ihcludes
adhering to quality standards, material specifications, company policies, and
regulations. For more information about Receiving Materials into the Warehouse
refer to Receive and Put Away Materials.

Count & Move Materials, Update Bin Data

Controlling Inventory at Bin Level: 1t is useful to view and control all
warehouse materials by “bins.” A bin is defined as the smallest area used for
addressing and tracking inventory. Some examples of “bins” include: a) a box on
a shelf for holding a material, b) a small storeroom which is easily managed by
one knowledgeable person, ¢) an area holding one or more pallets of material. A
bin may be reserved for only a single type of material, or can store different
materials in sequence, or composite bundles of related materials. For instance a
bin may always store nails, or the bin may store nails today and screws tomorrow,
or it may always store small packets of 6 nails and 4 screws.

Detailed bin knowledge may be used for some advanced managément
techniques such as forecast-based space management. For example, there may
exist an outstanding order of a large amount of material that requires use of certain
storage bins. Recognizing this a week ahead of time enables warehouse personnel
to shift materials around during slow times and create space for the large
shipment. Lack of this knowledge might create a large backup of materials
waiting in the goods receipt area. This situation might block traffic or delay
supply of goods to areas of need,

Empty Bin Inventory and Cycle Counting at Bin Level: Bin control can

also be useful for maintaining continuous knowledge of current inventory. Again,
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this requires disciplined record keeping of expected bin contents. Every time a
material movement is expected to empty a bin, the operator should verify that the
bin is actually emptied. If material remains, this fact identifies an inconsistency of
inventory knowledge. The operator would record the amount of material
remaining, thus continually improving knowledge of current inventory. This
technique is especially useful when employing an inventory cycle-counting
strategy. In brief, cycle counting replaces a mass shutdown for yearly total stock
counting. Insfead, each material type is counted periodically throughout the year,
depending on its usage and value. High turnover or critical raw materials might be
counted monthly, while maintenance materials might be counted yearly. With bin
control at work, each bin can be cycle counted. Every time the bin is verified as
empty its invertory count is considered complete and the bin will not require
counting again until the standard period expires. In this way, inventory is actually
taken more often with less impact and more precision.

Prioritize & Monitor Demands: The warehouse is inundated by demands

from many directions — sales and distribution, production, internal needs,
maintenance schedules. Critical to smooth operation is the ability to prioritize and
monitor these demands to ensure they are visible and completed in a timely
manner.

Evaluate demand load using a request document. The Request document
represents the basic warehouse unit of work. Each should contain a completion
date provided by the requester. It may also be helpful to track a earliest-need date
as well or institute standard maximum lead times based on the function. For
example, if production needs materials by 3:00 PM Friday, the standard may

dictate delivering them by that time but no earlier than 2 hours before.

Ship Goods Based on Demand: A warehouse may include the shipping
department, but often a Sales and Distribution department manages shipping of
goods. In either case, the warehouse will need to contribute some basic data about
the materials provided. The warehouse may provide a list of the type and quantity
of material in the shipment, serial numbers, expiration dates, and handling

instructions. Much of this data is used to generate the Bill of Lading. Data should
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also include a reference to the original request (such as a sales order) so that the
correct delivery information will be associated with the package. Order
verification is usually part of the loading process. The warehouse would provide a
high-level checklist of the order contents picked for comparison with the sales
order. It is important to be aware of any data that the warehouse should store for
auxiliary purposes such as creating shipping documents.

Additionally, sales and distribution data can be used to help increase the
efficiency of the warehouse. Knowledge of dock schedules and other logistical
data may be used to determine the timing and physical destination of shipping
material movements. The warehouse will need to know at which of several docks
to drop the delivery, the intended carrier, whether to drop materials in a shipping
staging area or put directly in a truck, etc.

Take Action Based on Information: If large shipments are expected to

come, the warehouse personnel must make room before the goods arrived at the
warehouse location. Establish a rigorous method for executing, tracking, and
statusing all goods movements. This-can be done by using movement request
documents (henceforth called "Requests"). The initial movement request
document specifies the types and quantities of goods to be moved. Ultimately, the
Request should also specify the source bin and destination bin. Typically, a
Request is printed to serve as a movement tag, or fed to an automated movement
device. When used this way it actually causes the movement to occur. In many
implementations, the document is stored as an electronic record. Successful
completion of any movement should be recorded with a Request ID to update
inventory quantity and location statuses. Warehouse personnel should be allowed
to cancel the movement portion of the Request (i.e., prevent immediate
movement), while retaining knowledge of the still-existing material need. The
initial Request itself may be canceled with authorization.

The "request queue" or ordered list of Requests must be prioritized based
on timing and business needs. At any time, managers should be able to view time-

ordered reports of requests, anticipate volume of work, notice unusual shipments,
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identify bottlenecks, etc. These abilities provide a lot of leverage for proactively
managing workflow, floor space, and personnel scheduling.

Generate Reports: A set of reports summarizing warehouse data assists in

improving a variety of decisions. Reporting may be done manually, but sheer data
volume and accuracy requirements usually imply creation of reports by scanning
electronically stored warehouse data. Those designing the warehouse
management system should take into account the set of reports needed, and
determine reliable ways of gathering; storing, and retrieving key data.

A basic set of reports simply provides various ways of viewing the contents .
of the warehouse. Some basic report examples: (1) List all locations and current
quantities of material X. (2) List contents of any storage area (a rack, an
automatic storage machine, etc.). (3) List of empty bins/pallets meeting specified
storage characteristics such as size, temperature, fast-moving vs. slow-moving.

(4) List of partially filled bins or pallets. (5) List of materials in order of goods
receipt or expiration dates. (6) Show inventory turnover rates.

The fourth sub-process is Count Inventory 5040.20. The annual physical
inventory counting is a sub-process that attempts to maintain the accuracy of the
book to actual inventory quantities. Physical inventories are required to ensure
that the inventory quantities and values on the system are accurate. While many
companies in the past have relied on taking inventory once a year, the preferred
method for counting inventory is taking cycle counts throughout the year. This
method goes hand in hand with conducting ad-hoc counts, which are initiated by
the user when some sort of discrepancy in item quantity is discovered. An ad-hoc
count is a user-initiated count for a specific item and storage location. It can occur
at any time for any item. The ad-hoc count normally results from count
discrepancies found during one of the store operations. Ad-hoc counts are not
planned in advance, thus materials to be counted would be manually selected.

Counting inventory is an important activity and carried out for the
following reasons: (1) To identify differences between physical and stock on hand
figures in the system. (2) To identify stock differences and update the stock in the

system. (3) To investigate differences and close any gaps in other operational
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processes that cause the shrinkage. (4) To notify the relevant managers of their
shrinkage figures and to highlight various problem areas within the various
material categories. (5) To have a process that is carried out on a regular basis (to
avoid distortion in the other operations).

Basic counting procedures include the use of:

Blind Counting - Counts are made without awareness of the theoretical
stock amount.

Duplicate teams - each count is carried out by two (or more) teams
operating independently. When completed counts are compared, discrepancies are
reconciled, and agreed on.

Identify Variances - After a count is made, variances outside agreed
tolerances are investigated, and reconciled. Differences that cannot be accounted
for are then recorded in a variance account determined by accounting, after an
approval process.

Classify Materials on ABC Basis: ABC classification is one of the most
widely spread forms of classification used by manufacturers. It allows companies
to treat materials differently according to their characteristics. ABC classification
groups materials into various counting categories and is the vehicle used to
determine how often a material should be counted according to its consumption
value, perishability, volume, and vendor lead time. Usually these categories
correspond to the ABC analysis of materials but can also be defined by the user.
ABC classification works as a pre-step to cycle counting (a method of monitoring
physical in;/entory at regular intervals within a physical year). These
intervals/cycles depend on the physical inventory indicator for cycle counting
which is set in the material master storage 1 view. ABC classification can also be
used for other purposes, such as determining stock location or batch selection, but
is most commonly utilized for physical inventory purposes.

Count Inventory: Cycle Count: This practice outlines the process for
completing a cycle count and posting the inventory. Cycle counting is a method
of physical inventory where inventory is counted at regular intervals within a

fiscal year. The cycle intervals are based on the ABC analysis which categorizes
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all materials as either A (fast moving/high value), B (normal movement/average
value), C (slow moving/low value). This system allows fast-moving/high value
items to be counted more frequently than slow-moving/low value items. The
cycle count is based on a Physical Inventory Document (PID). The PID lists
which materials are to be covered by the count. A default PID is generated for
each count based on the ABC Classifications of the materials. The PID can be
amended and saved for re-use at later counts. On completion of the count the
book inventory value is compared to the actual quantity, as stored in the system.
Any discrepancies are identified. The data recorded by the physical count can be
amended or the differences can be posted. ‘

Count Inventory: Take Full Physical Count: This practice outlines the
process for completing a periodic count and posting the inventory. The Physical
Inventory Document (PID) lists which materials are to be covered by the count.
The periodic inventory process is very similar to the process for the cycle count,
with the major difference being the selection of the materials to be counted. The
periodic inventory system is often used by warehouse personnel when dealing
with slow moving materials (materials with low turnover rates). While cycle
counts are done at regular intervals throughout the year, the periodic inventory is
done annually, with every material being cpunted. During counting, the entire
warehouse is blocked for material movemehts. On completion of the count, the
actual inventory is éompared to the book inventory as stored in the system, and
any discrepancies are identified. The data recorded by the physical inventory can
be amended or the differences can be posted.

The fifth sub-process is Manage Inventory Valuation 5040.25. The sub-
process of managing inventory valuation involves monitoring the cost of inventory
as it moves through various stages of the value-added process (e.g.,
manufacturing, fabrication, assembly, reformation, etc.) from raw material to
finished goods. As materials are received into a company, warehouse and
inventory control personnel account for the number and monetary value of the
materials received. The number and price of the materials are then entered into a

company's system for tracking and further evaluation. A company's accounting
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department becomes involved in the inventory valuation management sub-process
in several ways. In addition to having access to the inventory counts and costs, an
accounting department's involvement in inventory valuation management may
include some of the following: working with inventory and warehouse personnel
to agree on how much inventory is cost-efficient to have in stock at any given
time, creating formulas to calculate the value of a material as it moves through the
stages of the value-added process, participating in taking physical inventory
counts along with inventory and warehouse personnel to ensure that stock amounts
are accurately reported. It is necessary that companies follow good inventory
control procedures. To achieve this, the accounting department should work
closely with other departments to determine inventory control policies. This often
can be difficult since sales and production departments usually want as much
inventory as possible at hand so that many types of orders can be filled more
quickly. At the same time, the accounting department usually wants to keep
inventory low in an effort to keep costs down, the rationale being that a closely-
controlled inventory frees up cash for other company uses. Ultimately, these two
sides need to agree on the most financially beneficial inventory management
approach for the company to take.

Record Physical Inventory Transactions: As material moves into and out

of a company, it must be accounted for on volume and cost bases. At the time that
materials arrive into the company, warehouse personnel account for the number of
items brought into stock and then determine which items will be valued at a
standard or variable moving price. A standard price is a fixed price at which an
item is valued when it arrives at the company. For example, a company may
purchase 100 widgets at the cost of $12.00 per widget. The company decides that
the widgets only have a value of $10.00 to the company, and therefore this value is
re-assigned to the widgets. A company may determine that the standard price of a
product is to be higher, lower, or the same value that was paid for it. Should a
company decide to price incoming items at a variable price, then the price of the
item fluctuates up or down depending on the actual cost of subsequent purchases

of the same item. For example, if a company purchases 100 widgets at the cost of



10

15

20

25

30

WO 03/021501 PCT/EP02/09880

-61-

$10.00 apiece, and the next order of the same type of 100 widgets cost $20.00
apiece, then all 200 widgets are valued at $15.00 apiece.

As material is received into a company, several other inventory (and, in
turn, accounting) decisions must be made. Companies who are committed to
closely controlling their inventory will use tracking systems to keep watch over
their materials. One of the more typical means of categorizing and accounting for
inventory is through ABC analysis. Items labeled as "A" items are high-movers,
"B" items do not move as quickly, and "C" items are slow-movers. Determining
which items are A, B, or C movers is done through historical data usually taken
over a one-to-three year period of time.

Many companies will periodically conduct counts of their inventory,
known as cycle counts. Cycle counts can take place in addition to a fiscal year-
end inventory count, and can occur at any point during the fiscal year--quarterly,
monthly, etc. Often, different items in inventory have different cycle counts, with
fast-moving items counted more frequently than slow movers. This can help at
fiscal year-end inventory time in that discovering inventory inconsistencies early
on can help eliminate problems during fiscal year-end inventory. Since lost
inventory is lost money (and too much inventory means that money has been spent
which reduces cash flow), discovering inventory problems during cycle counts can
help reduce the number of lost dollars at year-end.

One of the ways that some companies attempt to control inventory and
regulate cash flow through a process called Economic Order Quantity (EOQ).
This is a method or ordering stock in a way that minimizes the costs of acquiring
and carrying inventory. The formula for determining the quantity of material to
order is:

Quantity = square of (2 x annual demand x average cost of order
preparation/annual inventory carrying cost percentage x unit cost).

Other companies subscribe to an inventory control policy known as just-in-
time manufacturing (JIT). This type of operating environment is designed to
minimize the volume of inventory carried by a company at any given time.

Carrying minimal inventory, in turn, theoretically maximizes productivity and
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minimizes the cost of inventory carried. With JIT, a company keeps on hand only
the required inventory necessary to produce their goods. These companies must
work closely with their vendors and customers to coordinate inventory delivery of
the raw materials and shipping of the finished product. Ultimately, the necessary
materials arrive (or are produced) "just-in-time" to be used or sold. Ultimately,
since materials are not either waiting to be put into production, or waiting to be
shipped, the cost of carrying inventory is greatly reduced. However, as with any
mnventory control method, JIT can only be successful if it is supported by other
solid management policies and procedures.

Maintain and Update Inventory Value: The value of inventory is affected

by several factors after it is brought into a company: general overhead, contract
negotiations, general cost of labor, cost of benefits, etc. As inventory moves
through the production process and moves closer to becoming a finished good, its
value increases. If inventory remains on the shelves and is not put to productive
use within sufficient time to recuperate the money spent for that material and the
labor put into the final product, this can put a strain on a company's cash flow.
After the incoming material has been categorized and valuated upon entry
into the company, each piece of material is then grouped into an account where its
value will be tracked by the accounting department as it moves through production
or remains in stock. For example, raw material may be in Account 1 and a
grouping of four similar component types are categorized into Account 2, and so
on. Formulas will have been set up to calculate the cost and value of each piece.
After material has been received into a company, a standard or variable
price is assigned to it. Often the date when material was received into inventory
can affect its value. Usually, companies use the LIFO/FIFO system as one way of
determining the cost of an inventoried item. LIFO/FIFO refers to "Last-in-first-
out" and "First-in-first-out" respectively. The last item that has been purchased is
usually the most expensive whereas the first item inventoried was purchased at a
lower cost. For example, a company purchases forty cases of widgets at the cost
of $100 per case in March. Another forty cases of the same type of widgets cost
$120 per case in April, and a third set of forty cases of widgets costs $140 per case
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i May. For the next production order requiring the use of this type of widget, the
company will want to use the widgets last purchased ($140 per case in May) since
they were the most expensive. While most materials probably will not surge in
price so quickly, there are many materials whose markets are more prone to
fluctuations, for example, oil, gasoline, grains, etc., the prices of which frequently
change by the barrel or bushel. The FIFO system may be applied to other types of
materials that have a short shelf life.

The value of inventory changes further as it goes through production. The
value of the material increases throughout the development process from raw
material to finished good. Material has one value as raw material, and then this
value changes as the material passes through various development stages to
become the final product. At each subsequent staging area, the value of the
material will change as more time, labor, and components are added to the original
raw piece.

In order to re-calculate the value of material as it moves through the
production process, many companies have an automated system that records a
material's movement through production. This is known as automatic
identification (AI). Computer-related equipment can read, record, and respond to
tracking symbols on inventoried material. Tracking symbols may include printed
symbols and bar codes. Materials labeled with bar codes can be easily tracked as
they move from the raw material stage to work-in-process (WIP) stage, and
ultimately to finished good stage. This type of system can help a company re-
valuate material as it goes through each‘ stage of the production process. It will be
necessary for a company to re-valuate materials during the production process in
order to see how much inventory is being utilized. The closer materials come to
being part of the final product, the more value the materials gain. In general, an
Al system can assist both inventory control and accounting personnel account for
stock volume and value through computer-linked tracking systems.

A company will want to move their inventory out as quickly as possible.
No matter what stage inventory stock is at - raw material, WIP, or finished good -

the longer it stays around, the less cost-efficient it is for a company. Therefore, all
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departments need to work together to account for and move inventory as quickly
and efficiently as possible.

Monitor Inventory Status/Performance: A cycle count needs to be

performed in order to keep both inventory control and accounting personnel aware
of the state of inventory stock. Performing cycle counts throughout the year helps
a company to catch potential problems prior to the end of the fiscal year. In
addition to cycle counts, a full inventory should be taken at fiscal year-end for
reporting purposes. At this time, the accounting department will need to calculate
the cost of goods sold, and the cost of the inventory that has been lost or gained
throughout the fiscal year. Formulas for calculating these costs vary by company.
Once the costs, gains and losses have been calculated, a report is generated
reflecting the totals for the fiscal year. It is at this point when companies need to
re-evaluate their inventory control and cost accounting procedures. While cycle
counting cannot guarantee inventory accuracy, it can help identify inventory
control problems early on. As with any inventory control approach, cycle
counting can only be effective when used in conjunction with solid management
policies and procedures.

The sixth sub-process is Manage Inventory Reports 5040.30. Inventory
management reports provide the ability to increase inventory turnover, provide
timely information, and improve inventory planning. This éub-process involves
the identification, creation, and generation of those reports that are required for
inventory management and performance measurement.

The seventh sub-process is Manage Environment Safety and Health
5040.35. The objective of this sub-process is to provide employees a workplace
free from danger, risk, or injury, and to avoid environmental hazard conditions.
Additionally, it is intended to ensure that the organization complies with all laws
and regulations as they relate health and safety.

The eighth sub-process is Manage Inventory Transfers 5040.40. Inventory
transfers include the planning, data entry, and documentation of all goods
movements to, from, and within the storage locations in the warehouses used by

the company. A goods movement (also called a material movement or stock
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movement) is an event that causes a change in stock. The ability of a company to
identify movement requirements will allow materials to be moved accurately and
efficiently. Depending on how the company is organized or on the sales and
distribution policy used, goods movements may involve more than the receipt and
issue of goods. Goods movements may be used to: (1) Balance inventory
quantities in multiple storage facilities. (2) Efficiently distribute goods needed on
an emergency basis. (3) Consolidate storage bins. (4) Scrap materials due to
obsolescence or reclassify them for other uses.

Identify Inventory Movement Requirements: The requirement to move a

material can be internally generated (e.g., consumables), or generated by
externally sourced requirements (e.g., finished goods or service items). The
plamming of anticipated inventory movements can be affected by using reservations
identifying the material that has been allocated to a particular customer or
production order. Reserved quantifies affect the availability of stock for other
activities with the company. For example, if stock is reserved for consumption for
maintenance it is no longer available for use for other company activities - e.g.,
sales orders. Warehouse personnel use these reservations to plan goods
movements for specific dates to ensure that the reserved amount of material is
available when needed. The warehouse manager may need to prioritize inventory
movement requirements to ensure that all movements occur in a timely fashion,
see - Manage Warehouse Operations.

Determine Method of Movement: Inventory movements can occur for a

specific quantity of material. The method by which the material is moved, may
depend upon the distance of the movement, the transportation to be used, and the
value of the material to be moved. Cost, efficiency, accuracy and information
available during the movement may be directly impacted by all these factors. For
example, a company may make personal computers. These are relatively
expensive and fragile pieces of equipment. Because they are expensive items, the
shipping party may wish to keep track of the shipment of these computers between
it's storage facilities. In addition, these computers may be expensive to ship, thus

the may want to assign these costs evenly over the stock value of the items
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shipped as well as have the receiving party (bill-to-party) billed for the costs of
shipping. Finally, the receiving party may keep inventory low and require just-in-
time (JIT) shipment of these computers, requiring the shipping party to use faster
modes of transportation.

When determining the method of movement, it may also be necessary to
determine the type of movement. This material can be moved from one storage
location to another storage location and this may occur within a single plant or
between two plants. Also, it can be designated for a specific purpose without
being physically moved. For instance, a computer may be blocked for shipmenf to
a customer because it must first need to be quality inspected. Thus, the goods
movement in this case was from available for sale stock to quality inspection
stock. Finally, it can be moved and designated.

Execute Inventory Movement: Once the appropriate documentation has

been completed the inventory movements can take place. Depending on the
complexity of the warehouse environments and the picking strategy chosen
previously, the inventory selected for movement will be removed from storage
(e.g., physical inventory movement from plant to plant). If the movement involves
inventory of significant value or occurs over large distances, it may be necessary
to monitor the movement to ensure its delivery and receipt. A goods issue will be
posted. Once the inventory reaches its final destination warehouse personnel will
receive the inventory and place it into its proper storage location using the
appropriate put-away strategy.

Financial accounting implications can result from inventory movements.
Whether or not accounting documents are produced will depend on whether the
mventory has crossed defined valuation areas. As a result, if the movement took
place between distinct accounting entities, billing may need to be initiated to
ensure delivery costs are assigned to the goods being moved. The invoice (billing
document) may need to be verified to ensure that stock values where increased and
decreased appropriately. For example, a company may look at the good issue,
goods receipt, and invoice, to ensure the quantity and value of stock match (a

process commonly referred to as three-way matching). In addition, if any goods
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were damaged in the process, this would also need to be reflected in these

documents.

" 5050 Dispose Obsolete Supply

This process includes one sub-process - Perform Disposal of Assets
5050.05. This sub-process describes the work steps for Performing Disposal of
Assets. This includes documenting the disposal or transfer of assets and
accounting for the loss of the value of those assets in inventory, as well as any

revenue generated by sale of the assets if it is not scrapped.

5060 Manage Suppliers

The first sub-process is Manage Vendor Performance 5060.05. Managing
supplier relationships is the sub-process of developing and maintaining good
working relationships with select, qualified suppliers. The goal of these
relationships is to ensure that the right materials and services are purchased from
the right supplier and delivered at the right time.

The second sub-process is Manage Vendor Data 5060.10. Manage Vendor
Data pertains to the Maintenance of group supplier data in a central location. This
data repository should be accessible from all units of the company and should
support business processes reliant upon supplier data, such as the purchasing and
mvoice payment functions.

Effective supply chain management is increasingly becoming a major
source of competitive advantage. Maintaining accurate supplier information
should improve purchasing and accounting operations. For instance, maintaining
central records of all vendors used by the company enables the aggregation of
demand from any one supplier across all operational units within the company.
The aggregation of demand would give a central purchasing group increased
power When negotiating purchasing terms and conditions (i.e., prices, discounts
and schedules).

In addition to the improved purchasing power gained by aggregating the

purchasing function, having a central purchasing agency will facilitate the
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planning of purchasing, the rationalization of suppliers and the integrity of
supplier information. Well-defined supplier information enables a global
purchasing group to operate. Thus, a central purchasing authority would have a
vested interest in maintaining accurate supplier data. Although holding
information centrally is a key concept of this best practice, it is not mandatory to
have a central purchasing authority if a group's operational units purchase different
materials to each other. In this case a more decentralized purchasing
organizational structure would be more effective. The data storage should still
remain central.

The third sub-process is Manage Vendor Agreements 5060.15. This sub-
process meets the objective to evaluate, negotiate and implement agreements with
vendors that deliver the highest net margins. These agreements include detailed
consideration not only of discounts/rebates awarded to the company but of other
factors that are part of the net profit margin, i.e., shipping, storage etc.

Environment/ Characteristics: The process of managing vendor

agreements is conditioned by the kind of relationship that a buyer may have with
any given vendor. This relationship can range from a traditional one (where the
buyer is concerned only with getting the best price and conditions for the
exchange) to a more interdependent, cooperative one (where buyer and seller work
together, considering more aspects of the contract, i.e., shipping/storage costs,
sales forecasts/targets etc.).

Payment terms are arrangements with the vendor that are often overlooked.
Arrangements are a way to get the buyer to pay immediately, for example, the
sooner the vendor receives payment the better discount the buyer will get. The
vendor actually ends up losing money but they receive payment promptly.
Agreements with vendors are normally made for certain time periods and therefore
specify beginning and ending dates.

Challenges: (1) To move from an ad-hoc, deal driven agreement
negotiation process to a more long-term, strategic focus with net profit margins in
mind. (2) To move away from complex deal structures with high administrative

overhead to simpler deals which require less hours to maintain. (3) To accurately
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and thoroughly weigh the costs associated with the agreement against the profits
expected as a result of the agreement. (4) To reduce the number of vendors.

(5) To eliminate duplicate tooling charges in the production process that can occur
when raw material is supplied from multiple vendors.

Business Practice Description: Vendor agreements are longer-term

arrangements between a company's purchasing organization and a vendor
regarding the supply of materials or the performance of services within a certain
period according to predefined terms and conditions. These agreements may be
referred to by a number of terms including "blanket,” "master,” "framework" or
"umbrella" agreements.
The terms and conditions on which a vendor agreement is based include
financial terms, delivery/replenishment details, and dates of applicability.
Financial terms include: (1) Invoice unit price. (2) Associated additional
costs i.e., distribution terms. (3) Discounts (volume, value, timing based,
performance based). (4) Payment timing. (5) Payment methods (Electronic Data
Interchange (EDI), Direct Payment (DP) etc.). ‘
Delivery/replenishment details include: (1) Pack sizes. (2) Delivery
quantities. (3) Delivery points. (4) Lead times. (5) Return policy. (6) Service
levels / targets (i.e., delivery accuracy). (7) Exception handling if targets not met.
(8) Deadlines (i.e., how many weeks prior to a change must the dealer be notified).
Vendor agreements are used to provide vendor incentives for doing
business with the company in expectation of high performance. The company
identifies the type of agreement that is best suited for a vendor and material.
Through discussions, common objectives are defined. Vendor agreements define
a target quantity or value for a period of time. These agreements are reevaluated
near the end of the validity period to determine if the agreement can be extended,
revised, or whether the vendor needs to be replaced. A vendor must be able to
meet both the expectations and requirements of the purchasing company. Vendor

evaluations are carried out to determine future purchases and conditions.
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6000 Product Dévelopment

The first layer of the MRO framework includes a sixth business area,
Develop Products, Processes and Capabilities 6000, also referred to as Product
Development. Under this business area, in the second layer, the framework
includes five business processes: Assess Required Capabilities 6010, Conduct
Research 6020, Design Products and Processes 6030, Produce Products 6040, and
Acquire/Dispose Capability 6050. Each of these processes includes a number of

sub-processes in the third layer of the framework.

6010 Assess Required Capabilities

The first sub-process is Determine Level of Competence for All
Installed/Planned Processes (Cpk) 6010.05. This sub- process involves
determining if the schedule turnaround time is accurate and valid, such as by
measuring the amount of actual versus estimated time to complete a specific
production cycle. The measurement of CpK (a statistically calculated number per
standard formula) provides a measure of the capability of the process being
measured to provide quality output at a level acceptable to the product user.
Hurdle levels of CpK are established to enforce required quality levels, such as 6
sigma quality.

The second sub-process is Determine Additional Processes Required to
Meet Existing and Forecast Market Demand 6010.10. This sub-process includes
the identification of additional processes based on existing or future anticipated
demand. These sub-processes may include required steps based on additional
volume and/or changes in product specifications. Additionally, this may include
re-tooling of the facility or the addition of temporary facilities or capacities.

The third sub-process is Verify Against and Update Capacity Plans
6010.15. This sub-process includes the identification of additional processes
based on existing or future anticipated demand. These sub-processes may include
required steps based on additional volume and/or changes in product
specifications. Additionally, this may include re-tooling of the facility or the

addition of temporary facilities or capacities.
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6020 Conduct Research

Conduct Research includes one sub-process, which is Evaluate State of the
Market Processes and Alternates 6020.05. This sub-process includes the
development of research topics and information to provide the organization with
the most updated and current processes for M&E product development. This will
include extensive market analysis, strong knowledge collection and processes for

continuous improvement.

6030 Design Products and Processes

The first sub-process is Design Products 6030.05. Product Configuration
should be considered in order to alleviate confusion of product complexity. At the
point of quotation or sales order entry, only relevant questions regarding prodiict
options require input.

Environment/Characteristics: Product Configuration significantly reduces

the number of distinct BOMs listed in a system, since BOMs can be organized by
classes and product variations can be produced from them. One BOM covers the
spectrum of all possible configs.

The ability of companies to customize, or configure, a product based on
customer demands is a requirement in the highly competitive market of today.

Customers demand the ability to custom order many products driving
companies to a production pull strategy (assemble-to-order) as opposed to more
traditional push strategy (make-to-stock).

An example is customer or country specific requirements such as labels or
language specific instructions.

Challenges: Communication between product Engineers and the Sales
departments can be difficult to coordinate in a time that is acceptable by the
customer.

Marketing is not always able to communicate to the consumer all of the
available products. |

The process of servicing the customer is hindered by an internal lack of

understanding of the products offered.
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The time required to attain the expert level in the sales order entry process
is too long. Sales order entry clerks are not always aware of the latest product
offerings. Pricing can be dependent on the configurable product and on the
customer who is ordering the product.

The lead-time on products that are configurable (assemble-to-order) is

typically longer than make-to-stock items.

Business Practice Description: Product configuration refers to configuring
a base product to meet dustomer requirements as opposed to creating a new unique
product for each customized order. The ability of companies to customize, or
configure, a product based on customer demands is a requirement in the
competitive market of today. Customer's demand the ability to custom order many
products driving companies to a production pull strategy (assemble-to-order) as
opposed to more traditional push strategy (make-to-stock).- In order to stay
competitive, companies must accommodate demands and should also consider the
implications to many of their processes, including: sales, order entry, engineering,
materials planning, manufacturing, service, and the system which is intended to
handle this integration.

Receive Request for Quotation: In this step, a customer can inquire about

prices and options, which can accompany a particular product. An example of
product configuration occurs during the ordering of an automobile. The customer
may be attracted to a base model vehicle, but at the time of purchase he or she
requests certain options to be added to the base model of the new vehicle: black
leather seats, CD player, etc. All of these options are simply additions, or
configurations, to a base model vehicle.

Multiple levels of this configuration can exist. An attachment, such as a
radio, may be configurable, but questions regarding the configuration of the radio
need not be asked unless the radio option has been selected as a higher-level
option. A dynamic price list should also be available at this time, often for a "what
if" analysis for the customer to assess the possibility of purchasing additional

options.
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Enter Sales Order: At the point of sales order entry, not all options which

are listed on the generic BOM can be addressed. For example, the manufacturer
may not offer an optional amplifier unless the CD player has been ordered. In this
case, the sales order clerk should not be concerned with questions regarding the
amplifier if the CD player is not ordered. In this example, the amplifier and the
CD player have a dependency; the inclusion of the amplifier on the final
production order is dependent on the inclusion of the CD player. Engineers can
build in their product expertise, enabling the product configurator with their
intelligence, to make rule based decisions such as: (1) Exclusion: an item is
excluded from the order based on other selections. (2) Preconditions: an item
selected depending on a previously selected item. (3) Action: an action is
performed, such as price calculation or material quantity adjustment, depending on
the selection of an item. (4) Mandatory/Optional: items are either included each
time or as on option to the BOM.

If a customer orders a material with configuration options, sales offers the
customer a pre-defined set of choices. Once the preferences are captured,
manufacturing and order fulfillment can be completed since all valid combinations
of the BOM have been defined. If a customer orders a base model, the order can
go directly to Production since there are no options available to a base model.
Production produces the vehicle, relieving the items that are reflected on the BOM
from the inventory, and the vehicle is delivered to the customer.

An integrated Product configurator will allow the Sales order entry clerk to
be educated about the latest product offerings based on the knowledge in the
system from Engineering, Marketing, and Pricing. (The software packages that
support product configuration are referred to as conﬁguratdrs.) The configurator
will allow the sales order entry clerk and the customer to perform a "what if"
scenario for option pricing enabling the customer to establish a best value |
assessment. An availability check can be performed at the time of order entry in
order to provide the customer with accurate information.

Develop Configurable Product: During product development, product

engineering must work closely with purchasing and production to determine ‘which
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components and subassemblies should be produced in-house and which should be
externally procured. In general, companies should concentrate their in-house
production efforts on their core competencies, and outsource all other materials.
The Bill of Material (BOM), which is a list of the components that make up a
semi-finished or finished product, specifies whether an item is to be produced in-
house or externally procured.

A material can have a single-level or multi-level BOM, depending on its
complexity. A single-level BOM is one where the components cannot be
configured. As aresult, the product of a single-level BOM is not a component of
another material. In a multi-level BOM, there are materials that are both
components of higher-level materials, and products of lower level materials.
Multiple-level BOMs are used in material requirements planning (MRP) to
determine dependent requirements for components. This process is called the
BOM explosion.

Together, the BOM and routing can be thought of as the "building blocks"
of a manufacturing enterprise. The routing outlines the work centers and
operations required to manufacture the product. During production, the BOM and
routings are used together to form a complete picture describing how the product
is assembled and what components make up the product. They are used to
determine if customer demands can be met, and are used to document the
production processes that define the business. Accurate BOMs and routings
enable a company to successfully track its costs and processes. In addition,
accurate BOMs and routings allow a company to improve its existing products and
production processes which will result in long-term profitability.

To handle product configuration the BOM can be updated to contain the
base model, a mandatory option, as well as all of the optional selections. When
the customer requests to have the leather seats and CD player the sales person
places the order to the manufacturer indicating that the base model vehicle is to be
built with the base model radio being replaced with the CD player, and the bench
seats being replaced with bucket seats covered in black leather. The original BOM
has all parts listed including the base radio, CD player, bench seat and bucket
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seats. After the sales order is entered the production facility should receive a
I;roduction order that refers to a production BOM. This BOM should list the base
model vehicle with the CD player and bucket seats, with the base radio and bench
seats. By entering a BOM generically, and allowing all of the possible options,
the system will contain only one BOM for each vehicle model and variations can
be made from it. Product configuration will significantly reduce the number of
distinct BOMs listed in a system, since BOMs can be organized by classes and
product variations can be produced from them. |

Run MPS/MRP: The production plan, forecast, available and planned

inventory, inventory policy, and rough cut capacity planning are all inputs to the
Master Production Schedule (MPS). The production plan provides information
that capacity is available to produce the sales plan. Master scheduling has to
arrange the products to be made into a logical and carefully planned sequence that
fulfills the requirements of the business: balancing supply with demand,
minimizing inventory investment, increasing service levels, and stabilizing
material procurement (internal and external). ‘

Master scheduling usually reviews the production plan, forecast, inventory
levels, and inventory policy to prepare a master schedule. Because of the nature of
configurable products it is not possible to create a forecast for production planning
since the options of the configurable product are typically selected by the
customer. It is possible to create special packages that are based off of the generic
configurable product that can be treated as a stockable product. These special
packages would typically be configurations that are ordered most frequently by the
customer. By creating these stockable assemblies, production can be leveled when
customer requirements are low and lead times can be reduced if the majority of the
production time is spent producing the base assemblies. Consideration should be
given to the structure of the stockable types for future re-configuration upon
customer request.

Automobiles, computers, chemical products, bicycles, power tools,

semiconductors, and drugs are some examples of products that are master
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scheduled. Master schedule items require close monitoring of production
resources (work centers) and carry significant value in terms of inventory.

Once the master schedule is executed, MRP (Materials Requirements
Planning) is run. MRP looks at the master schedule to see what will be produced
and when, and then it looks at the current inventory levels for the materials
utilized in production BOM. MRP then plans production and purchase orders for
when they are required. If the MRP cannot meet the requirements of the MPS, the
MPS has to be adjusted and MRP is run again.

Create Custom Production Order: The generic BOM, which contains all

possible items for the final assembly, is entered into the product configurator. The
sales order is entered and the various options are selected based on the allowable
options that the customer wants. By building production orders using a product
configurator, the correct items will be reflected on the BOM for production and
the inventory will be adjusted properly at order completion. In addition to
configuring BOMs, a product configurator should also support the concept of
configurable routings. This concept follows closely with configurable BOMs and

can be very useful in coordinating the assembly of configurable products.

Custom Build Product: Production produces the product, relieving the
items that are reflected on the BOM from the inventory, and the product is
delivered to the customer.

The BOM that is exploded for a specific production order is one in which
specific items have been selected at sales order time from the generic BOM by
considering the customers requirements in combination with the validation rules
that have been built into the system regarding Engineering expertise.

Examples of product configuration are being utilized today. For instance,
Levi Strauss uses an in-store personal computer to tailor a pair of jeans to the
customer's measurements. The customer types their measurements into the
computer, and the monitor informs the customer of which style would fit them
best. The customer's measurements are used to give the jeans a customer fit.
Tailored jeans are shipped back to the store or directly to the customer within three

weeks and cost only $10 more than a mass-produced pair. When this system was
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adopted by a Cincinnati store, its sales of women's jeans increased 300% in one
year.

Product configuration enables the sales, production and distribution of
complex products that contain a high number of possible options. The ability of
companies to customize, or configure, a product based on customer demands is a
requirement in the highly competitive market of today.

The second sub-process is Define Production Processes 6030.10. This sub-
process refers to determining the most appropriate manufacturing and planning
strategies for a company. The strategies should support their customer needs
through the most efficient means of producing the product while keeping in mind
customer satisfaction, quality, and overall costs.

Environment/Characteristics: Client is often looking for quick fixes to

complex problems. Manufacturing methods are often based on company tradition.
Challenges: Keeping pace with changing customer demand. Pfoviding a
final product that is priced competitive while maintaining quality. Resistance to
change is often strong among the initial designers. Employee job security tends to
decrease when strategy changes are considered.
The third sub-process is Optimize Production Processes 6030.15.
The objective of this sub-process is to determine the most appropriate
manufacturing and planning optimization strategies for a company. The strategies
should support their customer needs through the most efficient means of
producing the product while keeping in mind customer satisfaction, quality, and
overall costs.

Environment/Characteristics: Client is often looking for quick fixes to

complex problems. Manufacturing methods are often based on company tradition.
Challenges: Keeping pace with changing customer demand. Providing a
final product that is priced competitive while maintaining quality. Resistance to
change is often strong among the initial designers. Employee job security tends to
decrease when strategy changes are considered.
The fourth sub-process is Manage Product Testing 6030.20. This sub-

process is management of product testing. This testing may be accomplished in a
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variety of ways. It may be accomplished by customer groups, internal testing or
governmental agencies. When developing an M&E product, testing is critical.
This testing may be conducted with governmental oversight and require the
organization to provide and track product testing guidelines and the performance
measures.

The fifth sub-process is Manage Product and Service Changes 6030.25.
This sub-process is management of the product and service. This includes the
events which detail defined set up of samples, creation of samples and supporting
sales information. Additionally, it includes the management of product grouping

known as batches and management of these groups of products.

6040 Produce Products

The first sub-process is Leveling Loads 6040.05. Load leveling involves
the modification of production plans based upon the constraints imposed by
production capacities. After a replenishment plan is created the demands placed
upon production resources must be considered to determine if those needs can be
met by the manufacturer. When the current manufacturing processes and
resources cannot meet the needs of the unconstrained production plan, load
leveling attempts to take advantage of periods in which additional or leftover
capacity exists to shift capacity so that some/all of the existing unmet needs may
be satisfied by the plan. Additional shift of capacity to other resources in the same
plant and to other resources in other plants are also possible solutions that can be
applied automatically by the system to solve overload situations.

The second sub-process is Managing CPP Exceptions 6040.10. Managing
Exceptions involves the modification of production plans based upon the
constraints imposed by production capacities. After a the exception plan is
created, the demands placed upon production resources must be considered to
determine if those needs can be met. When the current manufacturing processes
and resources cannot meet the needs of the exception production plan, load
leveling attempts to take advantage of periods in which additional or leftover

capacity exists to shift capacity so that some/all of the existing unmet needs may
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be satisfied by the plan. Additional shift of capacity to other resources in the same
plant and to other resources in other plants are also possible solutions that can be
applied automatically by the system to solve overload situations.

The third sub-process is Execute Discrete Production 6040.15. This sub-
process has the objective to manufacture products efficiently through the use of
similar processes, minimized shop floor controls, and reduced material
management efforts in a discrete manufacturing environment.

Environment/Characteristics: (1) Production planning may not consider

actual capacity compared to theoretical capacity. (2) Material may not be
available if backorders exist from suppliers. (3) Work centers may break down
causing bottlenecks in the production process. (4) Lead times may be inaccurate
causing differences in projected production time to actual production time.
(5) Capacities or scrap may be miscalculated resulting in inaccurate output data.
(6) Material master files, bills of material, and routings must be defined
accurately. (7) Production priorities are maintained and recalculated. (8) Input
and output to the shop floor are controlled. (9) Management of production
backlog.

| Challenges: (1) A large amount of data is collected and must be entered on
a timely basis. (2) Actual performance must be measured and variances recorded.
(3) Production priorities can change rapidly. (4) Planned output is defined based
on business planning, sales forecasting, market planning, and production planning,
all of which can be difficult to coordinate. (5) Materials are issued to staging areas
(WIP) which require replenishment. ‘

The fourth sub-process is Execute Repetitive Production 6040.20. In
preparation for repetitive manufacturing to occur, materials must be easily
accessible to the production line. In repetitive manufacturing, materials are staged
“anonymously" (i.e., without reference to a particular order) at Work In Progress
(WIP) locations close to the production line. These WIP locations can either be
supplied from a central warehouse or an outside supplier. Numerous methods
exist for the replenishment of the WIP locations, the following methods may apply

in any repetitive manufacturing environment.
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The fifth sub-process is Manage Production Quality 6040.25. Quality
Management can help manufacturing improve the quality of their products and, as
a result, achieve an increase in overall customer satisfaction. Compliance with
QM standards is an important factor in producing high-quality products. Such
products promote long-lasting customer relationships, reduce expenses, and
improve competitiveness. The ISO 9600 international quality standards, for
example, specify that a QM system should be integrated with all processes in an
enterprise.

The development of a thorough quality inspection plan is a good first step
on the road to implementing quality in delivery. A quality inspection plan

describes the inspection process for one or several materials in a plant.

6050 Acquire/Dispose Capability

The first sub-process is Determine Process Application to Other Products
6050.05. Once the manufacturing processes are established they may be utilized
for other products. These events provide the foundation to apply current product
production processes to other production venues or products.

The second sub-process is Establish Capital Budget Plan and Schedule
Integrated with Process Support 6050.10. This sub-process includes
understanding previous capital expenditures, as well as integrating capital budget
requirements based on the organization's five-year strategic plan. This may
include items such as expansion of facilities, business systems, and equipment
acquisition.

Schedule integration with process support begins with inputting the new
capital budget plan and then identification of planned process changes to support
the strategic capital budget requirements. This may include maintenance

agreements, supplier/vendor arrangements, etc.

7000 Plan and Manage the Enterprise

The first layer of the MRO framework includes a seventh business area,

Plan and Manage the Enterprise 7000, also referred to as Enterprise Management.
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Under this business area, in the second layer, the framework includes six business
processes: Manage Finances and Costs 7010, Manage Human Resources 7020,
Manage Facilities 7030, Manage Information 7040, Manage External Relations
7050, and Manage Programs 7060. Each of these processes includes a number of

sub-processes in the third layer of the framework.

7010 Manage Finances and Costs

The first sub-process is Manage Assets 7010.05. Traditionally, managing
fixed assets has been a time intensive process that produces little value. By
implementing an efficient asset management program it's possible to achieve
significant cost and productivity advantages. With good asset management,
depreciation rules, costs, and budgets can be effectively controlled and
maintained.

The following sub-processes are typical accounting functions of most
organizations. The second sub-process is Perform Cash Management 7010.10.
The third sub-process is Pay Taxes 7010.15. The fourth sub-process is Close
Financial Period 7010.20. The fifth sub-process is Manage Activity Based
Costing 7010.25.

The sixth sub-process is Manage Product Costing 7010.30. This specific
business sub-process is most intended for organizations that plan to develop and
sell a specific service and or product line. It is best suited for maintenance and
engineering organizations, which currently have or are planning to deploy an

outsourcing capability.

7020 Manage Human Resources

The first sub-process is Administer Workforce Planning 7020.02. This
sub-process includes the objective of managing internal promotions and mobility
within the organization while enhancing each employee's capacity to handle
responsibilities and authority. The sub-process also includes the objective to
accurately determine and schedule the appropriate type and number of human

resources required for the organization to carry out business requirements.
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. The second sub-process is Manage Organization Infrastructure 7020.05.
This sub-process has the objectives to (1) facilitate accurate organizational
planning and forecasting; (2) enable efficient and accurate processing of other key
Human Resource tasks such as payroll, time management, and benefits
administration; and (3) to achieve position administration as it relates to the
defined organizational structure.

The third sub-process is Manage Employee Information 7020.10. When an
employee is hired into an organization crucial personal details (e.g., SSN, bank
account details, address, family members, etc.) must be both captured and
maintained.

The fourth sub-process is Evaluate and Develop Employees 7020.15.
Employee development and evaluation pertains to the integration of employee
training programs, and the tracking of employee performance and competencies.

The fifth sub-process ié Manage Recruiting 7020.20. Manage Recruiting is
concerned with the activities related to the human resources recruiting sub-
process. It starts with planning for a need, communicating the need, screening
candidates, and selecting the candidate.

The sixth sub-process is Manage Travel 7020.25. Manage Travel is
concerned with the activities related to the business related travels of employees.
The seventh sub-process is Schedule Employees and Manage Time
7020.30. This sub-process is concerned with scheduling and recording the work
schedules of employees to maximize employee productivity and capturing useful

data for improving employee attendance and moral.

The eighth sub-process is Manage Benefits and Compensation 7020.35.
Benefits administration pertains to the management of employee benefits (i.e.,
health plans, insurance plans, savings plans, flexible spending accounts and flex
credit accounts).

The ninth sub process is Administer Payroll 7020.40. Payroll processing
includes generating accurate and timely payroll disbursements that can be

distributed both efficiently and cost effectively.
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The tenth sub-process is Administer Compensation 7020.45.
Compensation management includes administering and maintaining a monetary
and nonmonetary rewards/incentives program.

The eleventh sub-process is Manage Environment, Safety and Health
7020.50. This sub-process relates to complying with government work safety
rules and reporting requirements. The objective is to provide a safe environment
to minimize lost productivity due to employee injuries and administrative time

spent on compliance activities associated with injuries.

7030 Manage Facilities

The first sub-process is Manage Equipment Master Data 7030.05. This
sub-process has the objective to create and maintain master data for maintenance
of machinery, material, and resources for planning and executing periodic or usage
maintenance necessary to operate facilities with a minimuim of unscheduled
downtime.

Environment/Characteristics: (1) Assets or resources used in the

manufacturing process that experience wear or degradation of performance over
time, must be identified. (2) Other non-production assets or equipment that
require maintenance need to be identified. (3) Manufacturers warranty, service
manuals, bill of materials, parts list, assemblies, and service intervals etc., ideally
are available fro entry into this master data. (4) Commitment to plant maintenance
strategy must be obtained. (5) Resources (internal or external), required to
perform the work must be identified. (6) Need to identify which records needs to
be kept for legal purposes.

The second sub-process is Perform Plant Maintenance 7030.10. [This sub-
process includes both preparing for, performing and recording the maintenance
activities of the plant and/or fleet assets. This sub-process focuses on the business
aspects of supporting the maintenance activities described in detail above. A
problem with maintenance, as it is practiced in industry, is that most companies do

not adequately merge the business plan with the maintenance plan.
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The third sub-process is Plan Plant Maintenance 7030.15. The objective of
planning plant maintenance is to ensure the long-term and continued availability
of production and reduce unnecessary costs that arise from repairs, system

replacement, and production loss.

7040 Manage Information

The first sub-process is Manage Information Systems 7040.05. The

. Archiving sub-process provides for the development of a set of events to complete

to ensure that proper archiving of specific information is both conducted and
maintained. This should be conducted on a regular basis to ensure compliance
with business continuance policies.

The second sub-process is Manage Information Exchange 7040.10. This
sub-process details the activities required for the management and exchange of
information which will assist leadership with the management and decision
making for the business. This information exchange is largely a data warehouse
which is populated with information such as customers, ordering information,
purchasing, etc. |

The third sub-process is Manage Knowledge Capital 7040.15. This sub-
process is the management of the organizations knowledge capital. Functional
departments and organizations will develop various process, information and
knowledge, which may or may not be licenseable processes or technologies.
These objects are very valuable to the organization and to prevent the loss of
information due over the course of time it is cfitical that a solid process be

developed to capture and maintain the organizations knowledge base.

7050 Manage External Relations

The first sub-process is Manage Relations with Investors 7050.05. The
activities included within this sub-process are focused on various public
notifications required, annual meeting content and distribution of annual reports.

The second sub-process is'Communicate Government Compliance

7050.10. Companies have a vested interest in complying with all government
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regulations as they relate to employees, processes, or capital equipment utilized to

perform their basic business tasks (i.e. aircraft; power plants; etc).

The third sub-process is Manage Public Relations 7050.15. Managing
public relations includes all tasks and events relating to communication and
marketing of the organization to outside individuals, groups and or organizations.

The fourth process is Manage Labor Relations 7050.20. Managing labor
relations is the sub-process of collective bargaining with particular groups of
people within an organization. This may include union negotiations, contract
disputes or any negotiation with a group of individuals represented by an external

entity.

7060 Manage Programs

The sub-processes included within this activity deal with the establishment
of program structures (performance criteria; schedules; budgets; accomplishment
milestones) and the company-customized manner within which programs interact
with organization structures and other required business function. This area is so
diverse that individual sub-processes have not been defined, but the requirement

for program management is denoted as of significant importance to any MRO.

8000 Strategic Management

The first layer of the MRO framework includes an eighth business area,
Strategic Management 8000. Under this business area, in the second layer, the
framework includes three business processes: Develop Goals and Objectives
8010, Maintain Strategic Plans 8020, and Manage Logistics Network 8030. Each
of these processes includes a number of sub-processes in the third layer of the

framework.

8010 Develop Goals and Objectives

The first sub-process is Set Corporate Missions/Goal 8010.05. This sub-
process describes the requirements to develop and set the corporate missions and

goals. While the corporate mission are longer term in timeframes and rarely
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change, most executive teams will review the mission to ensure that it fits with the
longer-term corporate strategy.

The second sub-process is Determine Key performance Indicators (KPI’s)
8010.10. This sub-process describes the requirements to link the KPI’s to
controllable events and leverage the KPI’s to front line personnel. In order for
KPI’s to be useful to both measure and manage the business unit, the KPI’s must
be easily and directly linked to business process results or events. Additionally,
KPI’s are then leveraged to everyone in the organization to ensure that each task
performed by individuals and work performed by teams has a direct impact and
link to the measurable performance of the unit.

The third sub-process is Set Budgets/Schedules/Quality Measure in
Accordance with KPI Recommendation 8010.15. This sub-process describes the
requirements to establish Key Performance Indicators, which measure the
performance of the business or business unit. KPI’s should be created which
measure across performance areas without limiting measurement to financial

performance.

8020 Maintain Strategic Plans

The first sub-process is Plan Capacity 8020.05. This sub-process describes
the requirements to develop Capacity Planning requirements. It includes looking
at information for current needs, comparing past forecasts with current capacity
requirements and forecasting future capacity requirements.

The second sub-process is Develop Business Plan 8020.10. This sub-
process concerns the requirements to develop Annual Budget/Costs.

The third sub-process is Establish Corporate Policy and Standards 8020.15.
This sub-process concerns the requirements to establish and develop strategic
plans from both financial and operational perspectives.

The fourth sub-process is Design and Implement Pricing Strategy 8020.20.
This sub-process includes gathering information and developing policies and

procedures for establishing pricing and promotions.
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8030 Manage Logistics Network

The first sub-process is Develop Logistics Strategy 8030.05. Developing
logistics strategy begins with an understanding of how the components of a
logistics system work in harmony to create buyer value for the customer and
strategic value for the company. There are ten key components of a logistics
strategy, organized on four key levels, which must be fully coordinated and
integrated to achieve world-class logistics performance. They are:

1. Implementation level: (a) Information Systems; (b) Policies and Procedures; (c)
Facilities and Equipment; and (d) Organization and Change Management.

2. Functional level: (a) Warehouse Design and Operations; (b) Transportation
Management; and (c) Materials Management. 3. Structural level: (a) Channel
Design; and (b) Network Strategy. 4. Strategic level: (a) Customer Service.
Source: Robeson & Copacino, eds., The Logistics Handbook, New York, The
Free Press, 1994.

The second sub-process is Develop Resource Plan 8030.10. The term
resource refers to all production, maintenance, transport, stordge, waste disposal or
recycling facilities, aé well as the persons working within them. Within strategic
management, developing a resource plan (i.e., short-term, mid-range, and long
term planning) for the business involves the critical analysis of relevant
information (e.g., supply and demand, market trends; etc.) to ensure that a strategic
plan is in place to cope with fluctuations inherent in the businéss, such that all
resources required to fulfill demand will be available.

The third sub-process is Manage Transportation Network 8030.15.
Transportation is a central element in the logistics chain. The development of
efficient and cost-effective transportation strategies is essential to ensure a high
level of customer service while minimizing operating costs. This solution
provides a high level overview of the steps necessary to take advantage of the

transportation functionality.
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9000 Generate Demand

The first layer of the MRO framework includes a ninth business area,
Generate Demand 9000, also referred to as Demand Generation. Under this
business area, in the second layer, the framework includes five business processes:
Obtain Product Configuration 9010, Market Forecasts 9020, Create Proposals
9030, Contract Management 9040, and Manage Customer Agreements 9050.

Each of these processes includes a number of sub-processes in the third layer of

" the framework.

9010 Obtain Product Configuration

The first sub-process is Determine Fleet Content (By Family and Block)
9010.05. In advance of arrival of new equipment the aircraft operator and or the
Original Equipment Manufacturer must identify the fleet type (fleet family), fleet
generation type (aircraft model) and fleet generation sub type of aircraft by tail
number.

The second sub-process is Determine Configurations 9010.10. From the
obtained configuration documents the as-designed configurations are determined
and any unique configurations are identified. From the as-designed data logical
maintenance builds are designed. A logical maintenance build (as the equipment
should be configured) will be used in the future to assure that maintenance tasks
result in an approved configuration. Part alternates are identified and input into
the parts catalog and the ability to revise and update this information is
established.

The third sub-process is Manage Change 9010.15. Orders for engineering
changes need to be considered before and during the maintenance cycle so that
preparations can be made to integrate these changes into existing maintenance
plans as well as for identification of possible “unplanned” work. These orders for
engineering changes, also know as T.O.’s (Technical Orders), are archived before
arrival of equipment and need to maintained and updated when appropriafe. Once
these change orders have been archived, references to the actual engineering

change documents are made. The engineering change documents differ from the
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orders in that they describe, at a low level of detail, what changes need to be made
from an engineering perspective where the orders for these changes are
announcements that a change is needed or pending. These engineering change
documents are then referenced to all open or pending work orders so that they may
be integrated into the work schedule. After the scheduling changes are made the
work plan is updated and the approved configuration of the equipment is updated
to reflect the changes that have/will be made.

The fourfh sub-process is Obtain Spares Requirement Information 9010.20.
In this sub-process, information is gathered regarding current and future spares
requirements.

The fifth sub-process is Plan Spares Requirements 9010.25. In this sub-
process, current and future spares requirements are planned for in terms of
content, quantity, and warehouse locations. Preferably, temporal consideration is
provided for just-in-time delivery of spares coordinated with predicted

maintenance schedules.

9020 Market Forecasts

The first sub-process is Develop and Execute Marketing Plan 9020.05. The
second sub-process is Perform Sales and Operations Planning 9020.10. The third
sub-process is Forecast Customer Demand 9020.15. These sub-processes These
sub-processes provide workflow requirements for business and sales forecasting as

are well known in the art.

9030 Create Proposals

The first sub-process is Determine Strategic Capacity for Market 9030.05.
This sub-process deals with the determination by the MRO business of the kinds
and types of maintenance, repair, and overhaul work which the business will target
and “propose” on to potential customers, as well as the determination of that work
which will not be sought by the business. |

The second sub-process is Establish Essential Technical Issues and

Calendars for Customers and Providers (Proposal Technical Terms) 9030.10. The
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activities contained within this sub-process deal with investigating the technical
issues which exist and/or are forecasted to exist for the potential customers (i.e., Is
the demand for heavy maintenance increasing or decreasing, and why?), and how
do those customer needs match with the MRO providers’ plans and forecasts.

The third sub-process is Prepare Bill of Work 9030.15. This sub-process
deals with the detailing of the tasks which were proposed to, and accepted by, the
customer to be performéd on his end items.

The fourth sub-process is Pricing of Proposals to Customer 9030.20. This
sub-process utilizes the details created by the Bill of Work, and applies company
pricing rules to those tasks to establish the work package baseline cost to the

customer.

9040 Contract Management

In Contract Management process 9040, the sub-process is Plan
Maintenance Schedule 9040.05. Planning maintenance follows completion of the
maintenance schedule. Planning is the process of determining the dates and
resources needed to perform critical maintenance activities. Once planning is

complete maintenance scheduling and execution may begin.

9050 Manage Customer Agreements

The first sub-process is Manage Customer Satisfaction 9050.05. The
second sub-process is Manage and Evaluate Account 9050.10. The third sub-
process is Manage Customer Data 9050.15. These three sub-processes all deal
with the close tracking of customer issues, and the response to those issues to the
satisfaction of the customer. By managing customer data effectively, the MRO
operator increases the probability of repeat business and cost effective contract
negotiation in the future.

The fourth sub-process is Manage Customer Agreements 9050.20. This
sub-process deals with the detailed tracking of each line item established by the

bill of work, reporting the status of those details to the customer representatives
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assigned, and assuring that the customer responds to the status as contractually
specified.

The fifth sub-process is Perform Credit Management 9050.25. The
activities contained within this sub-process deal with the creation of proper
customer credit records, and the performance of credit checks, and associated
financial stability investigations. This can be a critical task for major item MRO
providers as any single customer credit failure can jeopardize the entire MRO
business.

The sixth sub-process is Perform Collections 9050.30. The activities
contained within this sub-process deal with the timely and complete collection of
moneys owed to the MRO business by customers and/or vendors (in the case of
the returh of unacceptable components to those vendors, or collection against

warranty reimbursements.)

While this invention has been shown and described in connection with a
preferred embodiment, it is apparent that certain changes and modifications in
addition to those mentioned above may be made from the basic features of this
invention. In addition, there may be many different types of computer software
and hardware that may be utilized for practicing the invention, and the invention is
not limited to the examples described above. Accordingly, the described
embodiments are to be considered in all respects only as illustrative and not
restrictive, and the scope of the invention is therefore indicated by the appended
claims rather than the foregoing description. All changes that come within the
scope and range of the equivalency of the claims are to be embraced within their

scope.
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CLAIMS

‘What is claimed is:

1. A method comprising:
presenting a framework for maintenance, repair and overhaul
(MRO) business management, the framework comprising business areas including
flight operations management, maintenance execution, maintenance management,
engineering and maintenance support, material management, product
development, enterprise management, strategic management and demand
generation; and

discussing MRO business management based on the framework.

2. The method of claim 1 further comprising discussing MRO business

management for a particular enterprise based on the framework.

3. The method of claim 1 further comprising using the framework as a
basis for a diagnostic analysis of a particular enterprise to identify gaps in the

enterprise’s approach to MRO business management.

4. The method of claim 1 further comprising training persdnnel m MRO

business management using the framework.

5. The method of claim 1 wherein the strategic management business area
communicates with material managemént, flight operations management,
maintenance execution, demand generation, product development and enterprise
management business areas; wherein flight operations management business area
communicates with maintenance management, maintenance execution and
enterprise management business areas; material management business area
communicates with engineering/maintenance support and enterprise management
business areas; and enterprise management business area communicates with
product development, demand generation, maintenance management and

engineering/maintenance support.
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6. The method of claim 1 wherein the flight operations management
business area includes the processes of assess operational requirements, plan flight

operations, evaluate readiness and prepare aircraft and operate and debrief aircraft.

7. The method of claim 1 wherein the maintenance execution business
area includes the processes of induct equipment into maintenance, maintain

equipment and test and release equipment.

8. The method of claim 1 wherein the maintenance management business
area includes the processes of assess maintenance requirements, plan and schedule
maintenance, manage maintenance execution, manage vendors and close

maintenance.

9. The method of claim 1 wherein the engineering and maintenance
support business area includes the processes of define work requirements, manage
product configuration, analyze failures and evaluate maintenance, and manage

quality assurance.

10. The method of claim 1 wherein the material management business area
includes the processes of plan supply, procure supply, manage shipments, manage

inventory and allocations, dispose obsolete material, and manage suppliers.

11. The method of claim 1 wherein the product development business area
includes the processes of assess required capabilities, conduct research, design

products and processes, produce products, and acquire and dispose capabilities.

12. The method of claim 1 wherein the enterprise management business
area includes manage finances and costs, manage human resources, manage
facilities and assets, manage information, manage external relations, and manage

programs.

13. The method of claim 1 wherein the strategic management business area
includes the processes of develop goals and objectives, maintain strategic plans,

and manage logistics networks.
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14. The method of claim 1 wherein the demand generation business area
includes the processes of obtain product configuration, market forecasts, create

proposals, contract management and manage customer agreements.

15. A hierarchical framework for maintenance, repair and overhaul (MRO)
business management comprising:
first layer identifying business areas in MRO business;
second layer identifying one or more processes within each business
area; and
third layer identifying one or more sub-processes within each

process.

16. The hierarchical framework of claim 15, wherein said business areas
include flight operations management, maintenance execution, maintenance
management, engineering and maintenance support, material management,
product development, enterprise management, strategic management and demand

generation.

17. The hierarchical framework of claim 16, wherein the flight
management business area includes the processes of assess operational
requirements, plan flight operations, evaluate readiness and prepare aircraft and

operate and debrief aircraft.

18. The hierarchical framework of claim 16, wherein the maintenance
execution business area includes the processes of induct equipment into

maintenance, maintain equipment and test and release equipment.

19. The hierarchical framework of claim 16, wherein the maintenance
management business area includes the processes of assess maintenance
requirements, plan and schedule maintenance, manage maintenance execution,

manage vendors and close maintenance.
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20. The hierarchical framework of claim 16, wherein the engineering and

maintenance support business area includes the processes of define work

- requirements, manage product configuration, analyze failures and evaluate

maintenance, and manage quality assurance.

21. The hierarchical framework of claim 16, wherein the material
management business area includes the processes of plan supply, procure supply,
manage shipments, manage inventory and allocations, dispose obsolete material,

and manage suppliers.

22. The hierarchical framework of claim 16, wherein the product
development business area includes the processes of assess required capabilities,
conduct research, design products and processes, produce products, and acquire

and dispose capabilities.

23. The hierarchical framework of claim 16, wherein the enterprise
management business area includes manage finances and costs, manage human
resources, manage facilities and assets, manage information, manage external

relations, and manage programs.

24. The hierarchical framework of claim 16, wherein the strategic
management business area includes the processes of develop goals and objectives,

maintain strategic plans, and manage logistics networks.

25. The hierarchical framework of claim 16, wherein the demand
generation business area includes the processes of obtain product configuration,
market forecasts, create proposals, contract management and manage customer

agreements.

26. A method comprising:
presenting a hierarchical framework for maintenance, repair and
overhaul (MRO) business management comprising:

a first layer identifying business areas in MRO business,
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a second layer identifying one or more processes within each
business area, and
a third layer identifying one or more sub-processes within
each process;
mapping a plurality of available software tools each to support one
or more sub-processes;
comparing a specific MRO business to the hierarchical framework;
determining which sub-processes of the specific MRO ‘business
correspond to which sub-processes in the hierarchical framework; and
selecting the software tool mapped to one of the sub-proceses for

application to the corresponding transaction of the specific MRO business.

27. The method of claim 26, further comprising presenting the software
tool to the specific MRO business.

28. The method of claim 26, wherein said business areas include flight
operations management, maintenance execution, maintenance management,
engineering and maintenance support, material management, prdduct
development, enterprise management, strategic management and demand

generation.

29. A method for managing IT support for a maintenance, repair and
overhaul (MRO) business, the method comprising:
organizing the MRO business operations into a hierarchical
framework comprising:
a first layer identifying business areas in MRO business,
second layer identifying one or more processes within each
business area, and
third layer identifying one or more sub-processes within each
process;
selecting a plurality of software tools to support one or more

processes and one or more sub-processes; and
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customizing the plurality of software tools to correspond to the business

operations.
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