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DISCLAIMER

The opinions expressed in this report are strictly those of the author and are not necessarily those of Raytheon, Texas Tech University, nor any U.S. Government agency.

ABSTRACT

Product support contracts that involve greater involvement and responsibility of the supplier in long-term field reliability performance are becoming more common.  One form of these contract types that require the supplier to assume a much greater share of the field logistics responsibilities is the Performance Based Logistics (PBL).  Under the PBL contract, the supplier is commonly asked to structure his reliability and support programs around a defined field availability and/or reliability goal.  In some cases, the supplier is required to improve the products field reliability during the course of the contracts period of performance while the product is in field use.

This paper describes a process for planning and estimating the cost of a reliability program under a Performance Based Logistic (PBL) contract.  The process is structured around a repairable system concept of fail-replace-repair-use cycles. The process was developed with the intent to minimize the performance and cost risks involved in the planning and future execution of the long-term PBL support contract.


The process uses a structured methodology utilizing past field performance information as a basis for predicting future reliability performance.  The methodology makes use of the predictive results as a basis for estimating the level of effort required to satisfy the PBL contract’s reliability and availability goals.
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CHAPTER I                                                                                                                                                                                  INTRODUCTION

A supplier’s contracted responsibility in support of a fielded product, after initial production, varies over product line ranging from little to no involvement to full logistics responsibility.  Contracting agencies, particularly military, have in the past, retained complete logistical control of aircraft and avionics systems utilizing vast support infrastructures based on maintenance concepts designed around full military (organic) repair responsibility.  The civilian supplier was involved in this maintenance structure only to the degree defined in a specific maintenance contract, usually limited in scope and short-lived.

In recent years, a movement for the contractor/user to relinquish the responsibility for full logistics support of a product throughout its product life has been seen.  Increasingly, a supplier is requested to provide contracted long-term commitment to all facets of the support tasks that were in the past assumed by the military support systems. The contractor’s motivation toward this transferring of responsibility is the reduction in overall support costs by a combination of reduced organic infrastructure costs and a reduction of costly, short-lived, repair contract administrations.  In simplicity, the contractor is motivated to replace his former costly organic maintenance and support functions with a, hopefully, less costly contracted supplier’s support system.  PBL is a business approach that “must provide the fleet with increased reliability and/or availability at the same or reduced cost.” [13]

A form of this contracted logistics support function is PBL.  This logistics contract type differs to most of the other types, primarily due to the supplier’s responsibility to provide support to a negotiated field performance metric goal.  The supplier is obligated, not only to provide repair and maintenance functions but also to provide the needed sustaining engineering, logistics, and support elements driven by the defined performance goal.  In many cases the contractor provides an incentive award to the supplier based on the attainment and sustainment of this defined goal.  

The supplier, when requested to provide a Return for Quote (RFQ) to a PBL contract, is confronted with a variety of cost-oriented risks.  Because of the usually long-term nature of the contract, in terms of the length of the period of performance and extent of logistics support requested, the supplier must accurately predict system field performance into the future.  He must be able to compare this prediction to a complementary level of effort required to maintain the contracted performance goal.  His ability to accurately predict this future performance is directly related to the degree of monetary risk he will assume over the contract length.  

This document presents a process for dealing with the issues involved with the estimation of supplier involvement associated with a PBL field reliability goal.  It is based primarily on the author’s experience with an avionics sub-system PBL contract but can be applied to levels above and below.  Thus the approach can be related and applied to the various systems comprising a system-of-systems approach leading to full PBL logistics responsibilities assumed by a sole or teamed logistics organization. 

CHAPTER II                                                                                                                                                                                  BACKGROUND

Performance Based Logistics contracts represent a drastic departure from the way logistics management, particularly military, has been done in the past.  This departure originates from political considerations and the taxpayer’s fiscal concerns.  A reformation of the acquisition and support practices of government owned aircraft, vehicles, and systems represents a political response to the taxpayers concern for the increasingly high cost of maintaining government-owned systems.  

Businesses and civilian suppliers of government services must also change their practices in response to this logistics support reformation movement.  The owner/users of the systems will demand that the suppliers provide PBL services as a contract requirement.  Suppliers who understand the concepts and expectation of PBL will win the growing number of support contracts.  The supplier, then, must also shift his prior logistics support practices in response to the PBL requirements.

From the PBL Army Implementation Guidebook, May 2002, “On September 30, 2001, the Quadrennial Defense Review (QDR) mandated implementation of Performance Based Logistics (PBL) and modern business systems with appropriate metrics to compress the supply chain, eliminate non-value- added steps, and improve readiness for major weapons systems and commodities.  PBL delineates outcome performance goals of weapon systems, ensures that responsibilities are assigned, provides incentive for attaining these goals and facilitates the overall life-cycle management of system reliability, supportability, and total ownership costs.”  This implies that PBL contracts will become the preferred and mandated business practice for providing product support.

In order to remain competitive in the market for product support business, a commercial supplier of logistics support functions must develop processes that are aligned to the PBL.  A start to developing these processes is an understanding of the contracting agency’s motivation to depart from their older support and maintenance structures.  Once understood, the supplier can develop a business procedure that will satisfy the underlying motivation of the PBL customer. is needed with and without user support responsibility is needed:

First we will briefly look at a three level maintenance structure, and then present the two level maintenance concept.  Finally we will look at the PBL concept and the effect it has on the total maintenance concept.  

2.1 Three Level Maintenance Concept

The three level maintenance concept has been long in use by most of the military branches.  The economic and political climate of the time defined the structure of this concept around the requirement that all maintenance functions would be accomplished by military or government employed personnel.  A graphical representation of the concept is shown in Figure 1. 

2.1.1
Organizational Maintenance Level

The organization level is the direct aircraft support personnel that provide the day-to-day maintenance and servicing of the aircraft and aircraft systems.  They are members of the armed forces serving squadrons and detachments deployed at numerous forward operating sites and ships. These are the people who work the aircraft lines and the flight deck.

Maintenance of the aircraft avionics system entails the prescribed daily and routine inspections and the unscheduled maintenance activity when a system failure occurs.  On a detected equipment failure, the technician/maintainer will isolate the system to a faulty replaceable unit.  Maintenance entails the replacement of the faulty unit, referred to as a Weapons Replaceable Assembly (WRA) or a Line Replaceable Unit (LRU).  The technician removes the suspected faulty unit and replaces it with a known good unit from a spares stock.  The technician performs his checks to verify that the aircraft system operates satisfactorily and is mission ready.

The technician, then, must be trained to be able to recognize a system fault and be able to isolate the fault to a replaceable unit.  His ability to carry out the maintenance task correctly is highly dependent on the training he receives and his experience with the system operation.  If he replaces a suspected faulty unit with one from the spares pool and the original aircraft fault is not corrected, he must continue the isolation process.  Then the originally suspected faulty unit was replaced incorrectly.  The non-RFI unit is not faulty and will be routed to the next level of maintenance where it should be checked good.  The unit is referred to as a Could Not Duplicate (CND).  More will be said about the CND actions and their effect [image: image1.wmf]Intermediate
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Figure 1: Three Level Maintenance Concept Repair Flow 

The technician will continue his maintenance activity until the aircraft system is returned to an operational status.  He will continue to isolate the system fault, continuing his fault isolation efforts by either replacing another LRU unit, the process of elimination, or isolate the failure to an associated system or the aircraft wiring.  The technician’s goal is to return the aircraft to an operational status in the shortest time in order to meet the aircraft’s operational commitments, availability.

The time that it takes to detect, isolate, remove, and replace a faulty unit is system downtime.  If the system is required to perform the aircraft mission, the downtime causes the aircraft to be in a non-mission ready status and the aircraft is not available to perform the mission.  The high state of aircraft availability is the essential goal of any maintenance and logistic system.  The user wants his system to be ready when he needs to use it.  

System design specifications call out for the modularization of the system to a few LRU level units.  The design is also required to be easily and accurately isolatable to a faulty unit by a trained organizational level technician, usually 90-98% accuracy. The designer will incorporate features in his system design to accomplish this isolation including automatic system diagnostic tests and checkout routines.  These Built-In-Tests (BIT) are designed to reduce the chance of an incorrect LRU unit removal from the aircraft and reduce maintenance downtime by reducing the time needed to isolate the system fault.  

The organizational level is responsible for originating a detailed description of the aircraft failure event involving the suspected faulty LRU.  The action is referred to as a maintenance event regardless of the results of any subsequent test or repair actions. The ultimate goal of any reliability program is to reduce the number of maintenance events by reducing the cause of removal of LRUs for any reasons.  The number of maintenance events during a specified operating period is a reliability measurement that will be presented and explained later in this document. 

Another type of maintenance event that must be presented is the Induced Failure caused event.  This type of event causes the LRU to be removed from service due to an externally caused or induced failure.  The cause can be maintenance error, external power fluctuations/surges outside a system’s design parameters, hail damage, bird strike, aircraft moving accidents, etc.  These causes fall outside the realm of normal expected system operation.  They cannot be ignored as a maintenance event cause because they generate a need for spares replacement to maintain operational requirements and they cause a non-RFI LRU repair requirement. 

Our discussion of the organizational level maintenance level has introduced some of the key points including system availability, mission downtime, spares pool, RFI and non-RFI, BIT, CND, and maintenance event.  These items will be referred to throughout this paper

Very rarely is a civilian user given total responsibility for maintaining the system at the organizational level.  Because this level of maintenance is directly linked to the aircraft and the aircraft’s deployed location, responsibility of maintaining the system on the aircraft goes to the organic military maintainer.  However, support contracts with many aircraft and avionics system suppliers do include provisions for technical support of the deployed organic maintenance organization.

The organizational level is generally not given the capability to repair a faulty unit to an operational status.  Except for minor adjustments, cleaning, and servicing, they depend on the next repair level, intermediate or depot, to accomplish internal LRU repair.  Therefore, the organizational level is highly dependent on the RFI spares stock to meet their operational status.  The spares pool, ideally, is a local spare part stock located close to the organizational level.  However, typically there are numerous aircraft operating in different locations (forward bases or ships) and a local spares stock either does not exist or is limited.  A regional or operating area spares stock may be established to support more than one organizational level within the area.  Generally, a combination of local spares stock, carried by the deployed outfit, supported by a regional spares stock is used.

The Navy Inventory Control Point (NAVICP) organization is given the responsibility to manage the inventory of USN aircraft assets including the spares stock, repair activities, and the different users.  With regard to the spares stock, they establish spares stock locations, determine spares stock quantities and manage the spares inventories.  They also have the responsibility of directing the flow of the non-RFI units to a repair facility and the repaired RFI units back to spares stock.  They have prime responsibility for asset accountability and management.

2.1.2 
Intermediate Maintenance Level

The intermediate maintenance level receives the suspected faulty system LRUs. They test the units using test benches, automatic test equipment, and system mock-ups in order to determine the cause of the system failure indication seen at the aircraft level.  Once the failure is detected, they isolate the failure to a System Replaceable Unit (SRU) level.  The faulty SRU is replaced with a good unit from the spares stock or, if given the capability, the SRU is repaired and reinstalled in the LRU.  After successfully passing a final performance test, the LRU is deemed as a RFI unit and sent to spares stock for future reissue.

On many systems the intermediate level may not be given the capability or trained to repair a suspect bad LRU or SRU.  This is usually the case due to the complexity of the system or requirements for repair facility and test equipment that cannot be carried by the intermediate level.  For example, a LRU or SRU may require a clean-room environment or extensive alignment bench capability that cannot be attained at a forward intermediate level facility.  In this case, the faulty unit is routed to a special maintenance facility or in most cases to a depot facility where the repair capability exists.  In many cases this capability exist only at the system manufacturers facility in which case the manufacturer is contracted to support the repair of the faulty unit. 

As was mentioned in the organizational level description, a suspected faulty LRU that is later tested and found to be good is referred to as a CND.  The intermediate level then first validates the condition of the returned LRU.  A suspected faulty unit that is tested without a detected fault implies that the unit was removed from the aircraft in error or that there may be a problem duplicating an aircraft level failure condition during the intermediate level test.

The technicians performing at the intermediate maintenance level receive training in the detailed troubleshooting of a system’s LRUs.  The training includes the use of the associated test equipment needed to isolate a fault to the SRU level.  If given responsibility, the technician is trained in the component level troubleshooting and repair of a faulty SRU.

User support of intermediate level maintenance is common.  The system supplier will provide technical assistance and training to the intermediate level at the intermediate level location.  The support is dependent to the limit defined in a support contract either as part of an initial system acquisition or a separate support contract.  User support may also be provided on an as needed basis requiring the user to provide technical assistance when requested by the intermediate level activity.

Intermediate level organization can support more than one organizational level unit.  They are usually located aboard large ships (aircraft carriers) or forward bases.  Spares stock and replacement part inventories can be located near the intermediate level activities or at a few central spares warehousing location.  For the USN, NAVICP again is primarily responsible for managing this spares stock. 

2.1.3 
Depot Maintenance Level 

 Non-RFI LRUs and SRUs that cannot be repaired at an intermediate maintenance level are returned to the Depot Maintenance Level.  The depot level possesses the capability to perform extensive testing and component level repair on the returned unit. This capability may exist because of the technical expertise of the depot personnel or because of the specialized depot repair facility’s capability.

In many cases, the depot level maintenance is the responsibility of the system’s manufacturer.  The manufacturer is contracted to provide the depot service.  Commonly the personnel and manufacturing facilities used to produce the system during the original production phase are also used to provide support for depot service contract.

The depot support organization includes a highly skilled engineering, test, and manufacturing staff. Many were present during the original system’s design phase.

The faulty LRU or SRUs are received at the depot where they are tested and repaired. The repaired, RFI, units are returned from the depot facility to the central spares stock.  The system components and parts needed to accomplish the repair of the returned non-RFI unit are most often located at the depot facility.  This stock of parts is a controlled stock that is segregated from the parts that could be used for other tasks.  This stock is purchased by contracting organization, NAVICP for Navy assets, and is under strict inventory control.

2.2 
Two Level Maintenance Concept

The two level maintenance concept essentially removes the intermediate maintenance level organization. Figure 2 shows graphically the components of the two level maintenance concept and the repair flow.  The functions performed by the intermediate level are given to the depot organization level. Suspected faulty LRUs are removed at the organizational level and are routed directly to the depot level maintenance level.  The depot maintenance level performed the entire tasks of test and repair of the returned LRUs.  Repaired and tested LRUs are sent to the spares stock.  As before, the ultimate responsibility for asset accounting and inventory control is assumed by NAVICP. 

The depot level function may be performed by a user/USN maintenance organization or it may be contracted out to a separate civilian repair organization or a combination of both.  Many times, the original system’s manufacturer provides the contracted repair function.  These contracts come in many forms but essentially; the contracts require the repair and rework of suspected faulty LRUs to an RFI condition.

The maintenance functions performed by the organizational level are left unchanged.  They are still responsible for the operation and maintenance of the system at the vehicle or aircraft level.  They also originate the discrepancy report and originate the maintenance event against a suspected faulty LRU.   Instead of routing the LRU to a relatively close intermediate maintenance level, the organizational level ships them to a depot facility or to a warehousing point for later transportation to the depot. 

2.2.1 
Advantages of Two-Level Maintenance Concept

The main advantage of the two level maintenance concepts over the three level maintenance concept is the complete elimination of the intermediate level organization.  The infrastructure cost associated with manning, equipping, and managing the numerous intermediate maintenance locations are effectively eliminated.  The former function of repairing the non-RFI units is assumed entirely by the depot level maintenance level where the ability to repair units beyond the capability of the former intermediate department resided even under the three level concept.  Thus, there is no maintenance functional loss between the two-maintenance concept types.
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Figure 2: Two Level Maintenance Concept Repair Flow
Depending on the number of intermediate level sites, the needed to provide ready spares stock to each of the separate intermediate level sites is also eliminated.  This includes the SRU and component spare inventories carried in order to affect the repair of the faulty LRUs as well as any forward located spares stock of LRUs managed by the intermediate level.  

The need for specialized intermediate level test equipment capable of isolating faults to SRU the level and special repair tooling at the intermediate levels is also eliminated.  The need to provide a support staff to provide technical assistance to maintaining the test equipment through repair support, upgrades, and overhaul is eliminated as well.  

Along with the elimination of spares stock goes also the reduction in inventory and accounting infrastructure.  By residing the repair SRU and component level spares stock at a more central depot facility, the complexity of the inventory task is significantly reduced.  This translates into reduced inventory and administration staffing. 

The depot maintenance functions may be fulfilled by an organization that is organic to the user organization (military) with assistance from an inorganic (civilian) contracted supplier.  More often, the contracted supplier of depot maintenance assistance goes to the original manufacturer of the system.  The level to which this assistance is contracted is dependent on the organic organizations capabilities, cost, and technical complexity.  The contracted supplier of repair capability then shares in the responsibility for the depot level repair of non-RFI LRU returns.  This sharing of responsibility may evolve to a sole responsibility for all depot functions.  Sole source depot repair responsibilities are one facet of the PBL repair contract type.  

2.3
Two-Level Concept with PBL
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 The next progression of the maintenance concepts involves the granting of greater responsibilities to a contracted supplier for not only the repair of the system, but also the inventory and logistics support responsibilities.  To varying degrees and depending on the type of PBL contract award a supplier, the spares and parts inventory administration tasks former assumed by the organic inventory control point (NAVICP) are delegated, by contract, to a supplier.  Then, the supplier is responsible for determining the correct spares inventory levels and controlling the spares asset pool in support of the end user’s needs.  The supplier provides spare parts and repair support directly to the end user.  Figure 3 shows graphically the components of the two level maintenance concept with PBL support and the LRU repair flow.

Figure 3: Two Level Maintenance Concept with PBL Support Repair Flow

PBL contracts may take many forms.  They are usually linked to some form of performance metric or some measurement of user performance (thus the name Performance Based Logistics). PBL is different for other repair support contracts in that the supplier is tasked to meet customer-oriented performance requirements, such as availability or reliability and improve product support effectiveness while reducing overall costs.  The user is buying response time and managing performance versus buying parts and managing inventory. Inventory responsibility is greatly shared with the supplier.

 Metrics are developed and tailored specifically to each initiative.    PBL support contracts may require suppliers to improve the reliability of the system components.  Repair response time, system 

Availability and reliability are the main areas where the supplier’s performance is measured.  During the period of performance, the supplier will track failure trends and analyze the results to identify areas requiring reliability improvements.

The benefit of the PBL concept with regards to the user is the transferring of responsibility for total system supportability.  The infrastructure formerly needed to control the inventory of parts and spares are transferred to the supplier.  The user can reduce the costs associated with the support of his total inventory responsibilities translating the cost savings into reduced total system’s management costs.

2.4
User’s Motivation for PBL 

The user’s ultimate motivation to move toward Performance Based Contracts is the reduction of Total Ownership Cost (TOC).  The TOC to the user is a combination of the initial acquisition cost of the system and the support costs associated with the system over its usable lifetime.  In most cases, the support cost over the lifetime far exceeds the initial acquisition cost.  Of course, the user is highly motivated to reduce this cost.  For military contracts, this savings is passed on to the taxpayer, the ultimate owner of the system.  

A Naval Aviation Systems Team presented a definition of PBL during a Naval Air Systems Command meeting [13]:

“PBL Definition:  A single supplier provides material to meet a customers’ requirements without the intervention of, or need for organic inventory managers or intervening storage, material handling, and transportation systems while providing increased product availability, reliability, technology insertion, and obsolescence management at a lower total cost to the Fleet Customer and the Navy.”

The Team went on to provide a definition of the general business approach:

“The PBL must provide the fleet with increased reliability and/or availability at the same or a reduced cost.”


Clearly, the user’s expectation from the PBL contract, from a business sense, is a reduction of the total cost of maintaining and supporting a system throughout the system’s usable life.  However, the actual end user, the pilot of the aircraft coming in for landing or the solider on patrol, is not thinking about the cost of the item he is using…He wants it to work when he needs it to work.   Reliability performance is his primary concern.  PBL accomplishes both, cost savings and reliability performance.

2.5
Repair Contract Comparison

Table 1 shows a few of the general contract types used to administer the repair of user returned items.  The different contract types are awarded for a certain period of time (period of performance).  The price and definition of the extent of supplier support to be provided to the customer/user vary between contracts types.  

The extent of the repair actions covered under each of the contracts is also defined in the individual contracts but generally the warranty, extended warranty, repair, and fixed fee types do not routinely cover the repair of the induced failure caused returns.  These are handled on an exception bases and are usually billed to the customer based on the extent of the repair action above-and-beyond the normal repair action.   For example, a LRU may be returned for repair following a maintenance personnel error causing damage to the unit (maybe a forklift damaged the unit during unpacking).  Since the damage to the unit is obviously an induced failure type, the repair is handled as an exception.  The supplier will negotiate a separate price for the repair and bill the customer. 

Table 1: Repair Contract Comparison

	Repair Contract Type
	How Costed
	Duration
	User Reliability Improvement Incentive

	Warranty
	Included in Acquisition Cost
	Short Duration
	Infant Mortality Failure Elimination

	Extended Warranty
	Usually high cost
	Normally short duration as defined in contract
	Failure elimination for the extended warranty period

	Repair
	Pay per Repair for fixed number of repair
	Limited period of performance.
	None

	Fixed Fee-Repair
	Fix Fee for fixed number of repair
	Limited period of performance.
	None

	Performance Based Logistics (PBL)
	Services for contracted period of performance. Usually long term
	Usually long term
	Improved profit by reducing demands (failures). Incentive award for performance

	Complete Logistics Support (CLS)
	Services for contracted period of performance. Usually long term
	Usually long term
	Improved profit by reducing demands (failures). Incentive award for performance


These contract types may also handle the CND type of returns the same way.  A unit returned for a suspected failure subsequently found to have no defect might be handled as an exception.   The labor and equipment costs to test and return the unit to an RFI condition may be separately billed to the customer.  If included in the Fixed-Fee type, the customer pays for a CND (test only) action at the same price of a repair.

Under the PBL and CLS contract type; the supplier is responsible for the repair of all returned units regardless of failure type.  This includes the two exception based failure types, CND and induced.  The burden is on the supplier to understand the extent of the contribution of the induced and CNDs on the total number of expected returns and to include this forecast into the negotiated contract price. 

The extent that the supplier becomes involved in the reliability of the equipment also varies between repair contract type and between individual contracts.  The usual extent of this involvement is shown in Table 1.  However, a contract may include separate clauses, regardless of type, that define unique reliability programs or supportability requirements.

 The warranty type repair contracts are similar to those applied to commercial purchased items.  The warranty contracts begin after first delivery and go for a usually short period of time after.  During the warranty period, the supplier agrees to repair the equipment without charge.  The definition of what is covered under warranty and the scope of the warranty repair is included in the warranty agreement. Usually induced failures are not covered under the warranty and are treated as over-and-above exception based repairs billed separately.   The supplier is concerned about the number and frequency of failures during the period because he is effectively repairing the system failures free.  So, the supplier is highly motivated to remove the failure causes, at least during the warranty period.  The types of failures seen during the warranty period are those that characteristically occur early in a products life or infant mortality type.

The extended warranty is an add-on types of repair warranty that simply extends the warranty period and repair responsibilities of the supplier over a longer period.  The extension period varies but usually is of short duration.  Again, the supplier assumes the responsibility for repairs based on defined failure type, labor, and repair material criteria.  The supplier most often shares the expected cost of the repairs to the customer in the form of a separate contract.  The supplier is highly motivated to reduce the number of returned unit below his expected number of returns.  Therefore, he is highly motivated to improve the reliability of his product, at least during the extended warranty period. 

The Repair and Fixed-Fee Repair are similar in performance but differ in the way the repairs are billed and paid.  Under the Repair type, the supplier will bill the customer for each repaired unit.  He may be paid according to the extent of the repair material and labor on each returned unit.  The supplier is responsible for providing a detailed list of repairs/rework completed on the unit including the repair material costs.  Based on the work completed, they will then receive payment for the particular unit’s repair cost.  Under the Fixed-Fee Repair type, the customer is billed a predetermined amount for the repair action regardless of the scope of the repair except for the induced and CND exceptions described earlier.

Reliability growth programs are usually not included under a Repair or Fixed-Fee repair contract.  The scope of the reliability programs that are included support the gathering of repair information, repair costing, and repair administration.  Failure data collection and failure data base management may also be included when specifically contained in the contract.  Because the supplier is paid by the number repairs completed, he does not possess a real incentive to improve the reliability of the equipment.

Under PBL and CLS type contracts, the supplier is responsible for the repair of all units inducted for repair action.  Generally, no distinction is made between system failures or induced failure types.  The supplier will repair all non-RFI’d units specifically called out in the contracting documents.  The contract delineates a certain period of performance, usually of longer duration than the other repair contract types.

The PBL and CLS contracts are intended to manage the supportability needs of the user during the system’s equipment useful life or life cycle.  Reliability is of primary concern to the user and to the supplier.  The supplier must reach and maintain a specified reliability and availability goal as part of the contract performance measurement criteria.  The supplier is highly motivated to reach the reliability goal and continue reliability improvements.  The field reliability of the system components drives the number of non-RFI units inducted into the supplier’s repair process.  The reduction of returns due to the reliability improvements below a forecasted level, increases profitability.  

In this section we have looked at the difference between the various maintenance levels and introduced a number of terms and definitions that will be used throughout the remainder of the report.  Next we will discuss the particular characteristics of PBL.  We will present a more detailed presentation of the motivations for offering a PBL contract to a supplier in terms of the supported system’s complexity and reliability performance.  We will also discuss the PBL contract terms with regard to planning a reliability program.  

CHAPTER IIi                                                                                                                                                                                  PBL RELIABILITY PLANNING & COST ESTIMATING PROCESS  

This chapter will present a methodology for determining and defining the supplier’s reliability engineering effort associated with a PBL contract from pre-contract award to initial reliability plan formulation. The methodology is presented in graphic form as a product waterfall diagram in Figure 4.  A detailed discussion of each area of the flow diagram will follow in the following sections of this paragraph.

While it is recognized that there will be many differences in the terms and conditions associated with the growing number of PBL type contracts, the methodology, presented here, can be used as a guide through the numerous areas of reliability and system engineering concerns.  The use of the methodology may surface areas of interest, particularly during the pre-contract cost estimation and negotiation phase that could later have an impact on the user’s ability to successfully support the PBL product.  The methodology will also provide guidance for the determination of contract requirements and specification to enhance better understanding of the defining terms and conditions that are critical to defining a good PBL support contract.   
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Figure 4: PBL Planning and Cost Estimation Methodology

3.1 Understand Requirements

Each of the process steps is composed of a number of elements that define the significant subjects and items of the process step.  Figure 5 presents the elements of the important first process step.
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Figure 5: Understand Requirements Process Step Elements

A clear and mutual understanding of all contract requirements is the important first step in the PBL program.  Many discussions between the customer and supplier will be required in order that the scope of supplier’s PBL effort will meet the expectation of the user.  These discussions should begin well before contract award to permit the proper and mutual base lining for estimating the cost of the of the PBL effort by both parties.  In most cases, the user will not know all the details associated with the supplier’s response to a user’s Request For Quote (RFQ) unless each detail is discussed.    Performance measurement criteria, performance expectation, data exchange, asset accountability, and transportation responsibility are a few of the important items that must be discussed in detail.

3.1.1 
Period of Performance

The period of performance is the time that the PBL contract will be in effect.  It is the time period that the supplier is contracted to perform the logistics support tasks defined in the contract document.  The period of performance may be described in terms of different and distinct performance phases such as a transition or introductory phase, a base contract phase, and a contract termination phase.  Table 2 shows an example of the delegation of responsibilities that may be defined in the contract document.  

Table 2: Example Period of Performance Phase Definition and Responsibilities

	PHASE
	User’s Responsibility
	Supplier’s Responsibilities

	Introductory Phase
	Asset Accountability Transfer

Spares Stock Transfer

Electronic Data Interface (EDI) set-up

Non-RFI Equipment Transportation set-up

Spares Requisition Set-up
	Asset Inventory

Spare Stock Inventory & Storage

EDI exchange set-up

Repair Capabilities set-up

Spare Stock Acquisition

	Base Performance Phase
	Non-RFI Transfer and Transportation

Requisition

Operating Time Record Updates


	Non-RFI Repair Inductions

Repair of Non-RFI Equipment

Spares Stock Management

Repair Parts Inventory Control

Performance Metrics

	Terminal Phase
	Asset Transfer and Inventory
	Asset Transfer

Repair Parts Transfer


3.1.2 
Projected Operational Time

An understanding of the projected operating time expected of the PBL supported system is required to allow both the user and supplier the ability to project the contract’s level of effort.  The projection estimates the usage level of the equipment over the period of performance.  It is the basis for estimating the quantity of expected repairs, spares and repair parts quantities, and manpower support costs.  The expected usage can be in terms of flight hours, for example.  Then, the user should provide a projection of flight hours for the period of performance.  Similarly, the usage rate could be in terms of equipment operating hours allowing a projection of total operating time during the contract period.

With the exception of an item with a high non-operating storage life, the number of equipment failures for any operating period is dependent on the level of usage, equipment-operating time, in the period.  The expected repair quantities for equipment exhibiting a failure rate over an operating period can be estimated knowing the expected operating time.  Then, the estimate of the level of effort of the repair, administration, and engineering efforts associated with a repair action can be determined and quoted more accurately. The projected operating time sets the basis for all repair estimates.

The user and supplier must understand the source of the operating data records that lead to the projected operating time figures.  When possible, records showing past equipment operating times should be referenced and used to provide an insight into past equipment usage.  The use of “k-factors” to convert one form of operating time estimates to another form are discouraged unless they can be validated from actual field usage information.  This validation must be mutual as the impact of using an incorrect projection of an equipment operating time forecast on the PBL cost estimation is significant.  

 Table 3 shows an example of an operating time projection based on an aircraft’s flight hour projection and the use of a flight hour to equipment operating time conversion factor of 0.75.  The conversion factor signifies that the equipment is operated 75% of the time when compared to the aircraft flight time.  The total operating hour projection for the period of performance for this example is 45,000 hours over a five-year period.  Clearly, the difference between the total projected flight hours and operating time is considerable, 60,000 hours as compared to 45,000 hours.

Using equipment Mean Time Between Unscheduled Removals (MTBUR) figure of 500 hours for each of the yearly operating times generates an estimated number of repairs inducted into the PBL repair process in Table 3.  A total of 89 repairs are forecasted over the five-year example period.  Considering an estimation of repair actions based on a 100% usage, in comparison, would generate a total of 120 repairs.  The difference between the results of using the two conversion factors is a total of 31 repair actions.  The 31 repair actions represent an equivalent of over one year of repair actions that could remain unfounded to the supplier if not properly scoped before contract negotiations.

Table 3: Conversion Factor Usage Example

	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	Flight Hours
	10,000
	12,000
	12,000
	13,000
	13,000
	60,000

	Conversion Factor
	0.75
	0.75
	0.75
	0.75
	0.75
	0.75

	Operating Time
	7,500
	9,000
	9,000
	9,750
	9,750
	45,000

	Equipment MTBUR
	500
	500
	500
	500
	500
	500

	Estimated Repairs  (75%)
	15
	18
	18
	19
	19
	89

	Estimated Repairs (100%)
	20
	25
	24
	26
	26
	120


It must be emphasized again that the projected operating time over the period of performance determines the level of effort for the PBL.  The user and supplier share the risks involved regarding the inaccuracy of the projection, in varying degrees.  A projection that is too high results in an estimate of repair activity that is too high when compared to actual equipment usage.  Then, in effect, the user is paying more for a lower level of effort, cost/repair action, from the supplier.  Conversely, a projection that is lower than the actual operating time generates a level of repair activity that is higher than estimated and the supplier is asked to do more while getting paid less per repair action.

3.1.3 
Surge Definition

The user and supplier may agree on a risk-sharing plan when dealing with the mutual understanding of the projected operating time inaccuracies.  The sharing of risks may be defined in terms of a surge or variable repair demand statement that would allow for the increased payment to the supplier during an increased operating time period and a payback from the supplier for a decreased level of effort associated with a less than expected operating time period.  The contract statement comes from an agreement between the user and supplier after gauging the uncertainty involved in determining the projected operating time figure.

A quote from Benjamin Franklin says, “…everything appears to promise that it will last; but in this world nothing is certain but death and taxes.”  It must be understood that the projected operating time received from the user is, in effect, his guess as to the usage of the equipment.  The supplier must understand the source and basis of the user’s projection.  When dealing with a military customer, a projection based on previous peacetime operating time historical data may not apply to an increased operating tempo requirement demanded by a conflict driven operating scenario.  The risks involved in the increased operational demands as they are translated into an increased PBL repair demand, must be defined and understood.  For example, would the performance based parameters and incentive awards be applicable to an operational scenario generating operating times more than double the projected value?  How is the actual increased demand on the PBL repair process to be handled when the spares stock quantities are overwhelmed by operational demands?  These questions, and other, can be answered with an understanding of the possible equipment usage in all scenarios derived from past field usage data or as-like equipment historical data.  Recognizing the uncertainty involved in forecasting these increased operational scenarios, usually driven by any number of unforeseeable events; a contingency plan can be applied through a well-defined surge clause in the PBL contract documents. 

3.1.4 
Contract Reliability Requirements 


The reliability of the equipment, along with operating time, is used to determine the expected number of unscheduled repair actions during the period of performance.  Like the operating time projection, the expected reliability of the system over the contract period must be clearly defined and understood by both the user and supplier. Similar risks are involved that can cause a disparity between the forecasted number of repair actions and the actual number of repairs during the course of the contract.  It is to the advantage of both parties to comprehend the reliability definition and expectation.


The prior discussion of the different repair contract types presented the idea of the supplier’s highly motivated desire to attain and surpass the PBL performance goal. The performance goal tied directly or indirectly to the expected equipment reliability, is defined in the contract document.  The performance goal represents one of the unique characteristics of the PBL type repair contract.  The supplier is expected to attain and maintain a performance goal, expressed in measurable terms, during the contract performance period.  Pre-negotiation cost estimate should provide for the engineering, labor and material costs connected to the reliability goal including a distinct reliability engineering program.

The PBL contract may include other reliability engineering tasks including detailed failure reporting requirements, engineering design change reporting, reliability metric reporting, and failure review board administration.  Further examples of the user’s emphasis on field reliability and the unique reliability requirements that may be included in the PBL contract are shown below from a Guidebook for PBL Contracts, 2002, [NAVICP]: 

· During the period of performance, the supplier will track failure trends and analyze the results to identify areas requiring reliability improvements.  

· User will provide an explanation of the mechanisms they will use to measure reliability and provide the Government assets to the database with explanation of what levels of repair are tracked (O,I,D levels)

· Reliability guarantees will encompass all modes of failure unclosing unit failures, caused by incorrect handling, incorrect servicing, and incorrect operation since the modes of failure are already included in Navy baseline cost.

· All reliability increases, real and envisioned, will be measured against Mean Flight Hours Between Maintenance actions (MFHBMA) in the case of Aviation contracts.

· User will explain how changes (design, procedural, etc.) will be tracked to assure that they are improving reliability.

The reliability requirement should be stated in terms that can easily be measured.  The specific metric to be used should be directly related to the determination of the number of equipment items returned to the supplier for repair.  More directly, the metric should relate to the number of unscheduled removals for a suspected system related failure.  One such measurement, introduced before, is the MTBUR metric used to determine the number of returns in Table 3.  The MTBUR encompasses the customer/users removal for all failure reasons including the induced failure types and the returns found to be CND on subsequent testing. Another term often used in place of MTBUR is Mean Time Between Maintenance Actions (MTBMA).  

3.1.4.1 Mean Time Between Unscheduled Removal (MTBUR) and Mean Time Between Maintenance Actions (MTBMA)

Both terms, MTBUR and MTBMA, when used here to describe the unscheduled equipment removals, do not include any scheduled maintenance tasks or events. When required by the user or due to a predetermined inspection cycle requirement, the effect of the scheduled removals have on the total PBL effort can be included as a separate repair demand.  The removals generated by the scheduled maintenance task can be considered a removal due to a time or usage sensitive requirement driven primarily by a previously determined quality or safety inspection criteria.  An example is the required removal of an engine from an aircraft for inspection and rework after a set number of flight hours.  Without a doubt, the scheduled removals increase the demand on the PBL repair and rework facility and must be included in the total estimated returns.  The scheduled removals, however, can be separately estimated using the total operating or usage time and the predetermine maintenance cycle time for the particular system.  In our discussions of system reliability to follow we will focus on the removal of system equipment due to unscheduled maintenance causes due to system failure only.   Our use of MTBUR and MTBMA will encompass only unscheduled maintenance removals that are later inducted into the supplier’s PBL repair flow.

The use and determination of MTBUR and MTBMA particularly by military organizations will include additional equipment removals besides the equipment failure caused types and those due to scheduled maintenance reasons.  At the organizational level, the equipment may be removed to facilitate the maintenance of another unrelated system component, for example. These unscheduled removals normally do not require additional maintenance action; the equipment is reinstalled after the maintenance task causing the removal is complete.  However, the removal is included in the determination of the MTBUR and MTBMA as used by the organizational level.  The point here is that there is a difference in the way that equipment removals are counted at the organizational level and in the way that the PBL supplier views removals.

Figure 6 shows graphically the possible differences in the perceptions of the equipment’s MTBUR/MTBMA metric as seen by the Customer/User and the PBL Depot. To the user, any maintenance task involving the equipment is perceived as a MTBUR/MTBMA contributor while the supplier views only equipment returns as the contributing elements to the metric. 

The primary reason for discussing MTBUR and MTBMA measurement is to reveal the difference between the equipment removals as seen by the customer and the supplier.  The task, as stated before, is to understand the differences and how they relate to the PBL contract requirements. If, for example, the supplier is asked to reduce and control the removals of equipment components at the organizational level, he can only accomplish this by influencing the equipment’s failure rate and to a degree the CNDs and induced failure types.  This is only a part of the total number of removals for all causes.  If it is understood that this is the extent of the supplier’s responsibilities, in terms of a PBL reliability performance goal, then only the removals for the equipment failure type, CND, and induced should be included in the MTBUR/MTBMA measurement.  If, however, the supplier is expected to reduce all organizational level removals for all causes, he must be given the ability to introduce changes at the organizational level to remove the cause of the removals.  The difference in the scope of the two different supplier responsibilities will result in a difference in the estimation of supplier PBL costs. 

[image: image10.wmf] Support

 

 

Logistics

 

Accounting

 

Costs

 

Repair Requisition

 

Administration 

Costs

 

LRU

 

Initial Testing Costs

 

LRU

 

Additional Testing 

 

Costs

 

SRU

 

Repair Action

 

 Cost

 

Log

istics

 

Accounting

 

Costs

 

Repair Requisition

 

Administration 

Costs

 

Reliability Data 

Data

 

Collection (FRACAS) 

Costs

 

Engineering

 

 Repair Support 

Costs

 

LRU

 

 Final Testing Costs

 

Field

 

Returns

 

Repair Parts 

 

Costs

 

Transportation

 

Costs

 

Transportatio

n

 

Costs

 

MTBUR

 

CND

 

Confirmed & Induced 

Failures

 

C

N

D

 


Figure 6: Difference in Perception of MTBUR/MTBMA

3.1.4.2 Mean Time Between Failure (MTBF)

 We have discussed how the MTBUR term, as seen by the supplier, is used to derive the number of expected returns for an unscheduled maintenance reason.  Included in the return number are those returns that are later determined to be no fault found, CND, and those that are considered to be the induced failure type?  The other contributor to the total number of returns is the number of returns due to actual system failures.  The metric associated with the measurement of system failures and the system operating time is MTBF, where:

MTBF=   Total Operational Time  (during a period)

                                                     Total Number of Confirmed Failures (during the period)

The user or supplier will sometimes use the MTBF and MTBUR terms interchangeably.  It is necessary to separate the terms in order to accurately estimate the contributions of the different failure types on the PBL effort.  The MTBUR term accounts for all the returns to the PBL depot for unscheduled repair while the MTBF term includes on the returns found to be confirmed failures.  The distinction is also necessary in that the MTBF term relates to the inherent designed reliability of the system and can be directly related to any previous design phase test or reliability prediction results.  The importance of the distinction will become more relevant when we discuss system design improvements contributing to growing the reliability to a PBL reliability goal.

As shown in Figure 7, each of the returns can be categorized in one, and only one, of the MTBUR sub-categorized: Confirmed failure, CND, or Induced failure.  Also, each of the components that make up the total system can be grouped in the same manner with a separate MTBUR, MTBF, CND, and Induced failure categorization.  We will see later during the analysis task that this grouping will aid in the task of determining system reliability improvement targets.

When dealing with the PBL Reliability requirements, as stated in the Request For Quote (RFQ) document or PBL specification, it is of great importance to both parties to reach an agreement on the definition of the reliability terms.  Both members need to understand what each of the terms means with 
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Figure 7: PBL Depot System Return Categorization

regard to the assignment of the reliability goal.  This must be accomplished prior to the analysis tasks that will further project an estimation of the level of effort expected of the supplier’s PBL repair flow into the period of performance.  Without this basic understanding of the reliability terms the supplier and user assume greater risks due to the difference in pre-contract award cost estimation and contract negotiation.  The difference between the results the supplier obtains from a cost estimation and an estimation developed by the user may be considerable because there is no agreed on basis of accounting for the total returns for repair.   This difference will greatly hinder contract negotiations.

 3.1.5 
Understand Reliability Metric Computational Method

The user and supplier should agree on not only the terms and specification of the reliability goals to be achieved but also to the exact computational method to be used in developing the metrics of concern.  Along with the method, the frequency of reporting and the method of reporting must be established.  These items should be written into the contract documents noting the specific parameters of the reliability equations, the delegated responsibilities for obtaining the information needed, and the frequency of reporting.  Under the PBL contract, the performance metric most often used is system and/or LRU level MTBF.  A user incentive award may be applicable to the MTBF calculation results in comparison to a defined MTBF goal.  Accordingly, the method to be used in determining the performance metric must be thoroughly agreed to by both parties.

Each contract may be different with respect the metric of concern.  However, the pre-negotiation cost estimation must still use the number of returns as the basis of estimating the PBL repair effort.  For example, the contract may use MTBF as the metric of concern during the course of the PBL period of performance.  As we have discussed, the MTBF metric does not account for the total number of returns and should not be exclusively used to estimate the total level of effort needed to support the contract.  However, as a measure of the demonstrated reliability of the system design and as a measure of the supplier reliability improvement efforts in pursuit of an MTBF goal, its use is appropriate.  

An example using the two methods for computing the equipment MTBF can be used to show the importance of understanding the computational methods to be used during the PBL effort.  The first uses the actual reported operating time from all units combined to determine a total fleet operating time.  The second method uses only the operating hour from the returned units requiring repair. As we have seen, MTBF computation, in the most applicable term, implies that the total fleet operating hours be used in combination with the total number of confirmed system related failures for a set period operating period.  This computation requires the collection of operational usage data from all fielded units in order for the metric to be most accurate. However, obtaining the usage data, on a regular basis from the different user organizations, most often operating from scattered and isolated operating locations, is difficult. This entails the reading of some form of time recording or elapsed time meter from each LRU in service.  For a vehicle-based system it could mean the reading of the odometer at set time intervals.  This is a very difficult task, indeed.

Recognizing the difficulties and sometimes impossibility of obtaining the essential total operating time element of the MTBUR/MTBF computation, the user and supplier will agree to use the elapsed operating time from only the units returned for repair.  An MTBUR and MTBF are computed using the elements of total operating time from the returned units and the total number of returns or the total number of confirmed system failures. Then an assumption is made as to the resulting MTBUR and MTBF results serving as an indication of the MTBUR and MTBF of all the fielded units. We will see how this assumption is faulty without first considering the factors that play into the hypothesis that the MTBUR/MTBF of the sample of failed units represent the MTBUR/MTBF of the entire population.    

3.1.5.1
Comparison of MTBUR Calculations from Fleet and Returned Units

Table 4 presents an example of quarterly MTBUR calculation results for a five-year operating period.  The single supplier depot accounts for the number of units returned for repair.   The Fleet MTBUR information is calculated using the total ETM from all units during the period, returned units and units still in fleet use. The information is obtained from reports on quarterly time readings by the user and from readings obtained on any returned units during the period.   Thus, the quarterly Fleet ETM represents the total usage during that period on all the system units.  From this quarterly total and using the total returns for the period, an MTBUR is calculated representing the Fleet MTBUR.

The ETM reading for a single returned unit is found by comparing the operating time on the returned unit’s ETM to the reading recorded from the unit since the last time the unit was returned for repair or the initial manufactured ETM reading if no returns were seen. Essentially, it is the time accumulated on the unit in fleet use since the last time it was seen by the supplier.   If a unit is not returned and is still operating in the field, no time will be recorded from it during the period.   

The Total ETM on the returned units is the sum of the operating times on only the returned units for the year quarter.  The Returns MTBUR shown in the table is calculated from the total ETM from just the returned units and the total number of returns for a period.  A 12-month rolling tabulation of the number of returns, operating time and MTBUR are shown for both the returned units and from fleet 

Table 4: System Total Operating Time and Depot Repair Returns Example
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information.  The standard deviation of the elapsed time readings during the applicable 12-month period is also presented for each period. A confidence interval is computed using the yearly information at an 80% level.  The Upper Limit (UL) and Lower Limit (LL) values are shown in the table.

  Using the 12-month information for both the fleet and the returned units, a plot of the MTBUR for each period is plotted in Figure 8.   It can be seen that the 12-month MTBUR values vary considerably between the fleet derived and the MTBUR computed from the returned units.  It can be seen that the MTBUR from the returned units cannot be used to define the fleet MTBUR at the 80% confidence level.

 The MTBUR of the returned units is a valuable metric for investigation of the effect of the different failure modes and their effect on overall system reliability.  We will see its use again in the following section.  However, both the supplier and user should resist using the metric as an indication of fleet performance.  Think of the use of the metric in a situation where the performance of a fleet of hundreds of units is judged on the performance of a small number of units with infant mortality (low operating time) units.  To imply that the entire fleet is operating with the same characteristics low operating time to failure as seen on the returned units is unfairly inappropriate.  The supplier, particularly, should resist the suggestion that a financial incentive award be established using the returned unit MTBUR metric as a basis.

The reporting frequency and reporting medium are other factors that must be agreed on by both parties with the requirement clearly defined in the contract documents.  A separate reliability report can be used with other requirements such as current engineering and failure trend investigation.  The reporting may also be included in the monthly program management report.  The contract should define the report content and frequency.

The customer and supplier may agree on another method for measuring the operating time element of the metric calculations.  Often times, the total flight hours accumulated on aircraft equipped with the system components is used in place of the total operating hours.  Then the MTBF metric becomes Mean Flight Hours Between Failures (MFHBF).   Since the flight hours total does not always take into affect the contribution of non-flight time to the total operating time, a conversion factor is used. 
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Figure 8: Plot Comparing Fleet and Returned Unit MTBUR Data 

We have already discussed these conversion factors and the need for their validation using previous operational data. 

3.1.6 
Understand the Source of the Metric Data


A challenge facing both parties is the determination of the source and use of user information as an element of MTBF computation.  The actual usage during the period of performance not only provides the total operating time element of the reliability metric but is also used to compare actual operational time for a period to the projected operational time and as a means to identify surge periods.


After discussing and reaching an agreement on the reliability metric to be used during the course of the contract, the user and supplier should delegate the responsibilities for obtaining the essential elements.  These responsibilities must be formally included in the contract documents and should include a definition of the source of the operating time information, how and where it is to be reported, and the reporting frequency.  For example, if the total flight hours are to be used for the metric computation, the user must report the figure for each computational period.  The contract would delegate the tasks to a specific user agency along with the frequency and required timing of the report. The medium for reporting the figure would also be described.   


The capabilities of the Internet and intranets, along with shared information databases, have tremendously increased our ability for direct sharing and interchange of information.  The use of this capability, particularly the exchanging of the user/user operational usage information and supplier repair actions results, enhances the timeliness and accuracy of the reliability metric results.  The use of this medium, as a means of sharing essential metrics elemental data, is highly recommended.

  3.2 
Modeling and Analysis
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We have seen how the definition and understanding of the contract requirements is the important beginning step in the PBL planning process.  Various methods of analysis and modeling can be used to aid both parties in the definition of these requirements.  The modeling and analysis process step also supplies the additional information that will allow translation of these requirements into an estimation of a level of effort needed to support the PBL contract.  The outcome of this process step will aid in the identification of reliability improvement targets and will define the expected field return rate for the contract period.  This in turn will lead to a basis for planning most of the repair demand driven items such as field spares requirements, expected repair parts usage, repair and engineering staffing, and the reliability improvement program. Figure 9 lists the important elements and activities conducted under the process step.

Figure 9:  Modeling and Analysis Process Step Elements

3.2.1
PBL Contract Example Case - Radar X System

A fictitious PBL contract will be introduced to aid in the explanation of the modeling and analysis steps.   At this point, both parties have come to an agreement and understanding of the contract requirements.  The supplier desires to continue the PBL process and complete his planning and estimation of the level of effort required to support the proposed PBL contract.

For our example we will use airborne navigation radar set (Radar X) previously installed in the user’s fleet of lease able corporate aircraft.  The supplier originally manufactured the radar set.  He has gathered and maintained extensive field failure data on the equipment since the units were first installed in the aircraft.  

· The proposed PBL contract requires the supplier to grow the radar set’s field reliability to a system MTBF of 270 hours in the shortest time.  The user expects the supplier to present a reliability growth plan that will support his MTBF goal.  

· Additionally, the user expects the supplier to present an improvement plan that will increase overall fleet MTBUR by also reducing CNDs and induced failures. 

· The contract period of performance is ten years.  

· The user has supplied an expected forecast of fleet aircraft usage for each of the years as shown in Table 5.  Both parties have agreed that a 1:1 fleet-equipment usage factor is appropriate (no adjustment factor).  

Table 5: Example Fleet Usage

	Contract

Year
	Flight

Hours
	Contract

Year
	Flight

Hours

	1
	12,000
	6
	18,000

	2
	12,000
	7
	18,000

	3
	14,500
	8
	20,000

	4
	15,000
	9
	21,000

	5
	18,000
	10
	20,000


· The user will pay the supplier an annual incentive award based on a twelve-month field MTBF metric determined at the end of each contract year.   

· The user will continue to support maintenance of his aircraft at the flight line level (organizational level).  Maintenance at the flight line level will consist of replacement of major units (LRUs).  The removed unit will be transported to the supplier for repair.

3.2.2
System Maintenance Structure and LRU Field Failure Data 

A system maintenance structure built around a list of the system’s LRUs is needed to display the past field failure data in a usable form.  A present reliability baseline is established from the information from which the effects of the future reliability improvement on the number of field returns can be assessed. This will lead to an estimate of the demands on the PBL repair process and future level of effort defined in terms of cost. 

Table 6 shows the list of LRUs for the Radar Z system.  The system consists of six LRUs.  The past field failure data is entered as confirmed failures and removal/returns for each LRU along with the CNDs and Induced failures.  Based on the flight hour total from the past operating period, MTBF, MTBUR, and failure rates are computed.  The failure rate is expressed as the number of failures per 1,000,000 operating hours or kfits.  Along with each LRU, a system level MTBUR, MTBF and failure rate has been computed. 

The system is modeled as a series system and the total system failure rate is the sum of the LRU failure rates.  The total system CND rate, expressed in number of CNDs per 1,000,000 removals/returns, is also found by adding the CND rate of each LRU.  The Induced failure rate is found similarly.  By reading the table we can see that there were 231 LRU removals from the radar system.  Of these, 198 were found to confirmed failures.  A total of 22 of the 231 removals were found to be CND and 11 of the 231 removals were found to be induced failure types.

Field failure data provides the best possible indicator of the performance of the equipment in the user’s environment. Since we are using the field data to provide a means of predicting failures into the future, we desire that the field failure information be obtained from the latest possible field operating period or from an operational period that is indicative of that to be expected in the future.  The period selected should have an accurate accounting of total operating hours and total returns/removals.  Also, information concerning the subsequent test results for the removals/returns to allow an accurate assessment of confirmed failures, CNDs, and induced failures.
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Table 6: Radar System X LRU List and Field Failure Information
3.2.3
Reliability Baseline

Essential to defining a future level of effort is a mutual understanding of a present field reliability baseline.  The reliability baseline will provide a starting point for the assessment of the future reliability growth and growth target.  If the supplier or user has taken the needed measures to accurately track the field performance of his product then the estimation of potential future growth can be accomplished with reduced risk. If the present equipment’s field performance is unknown, the supplier is presented with greater risks because the starting point for his cost and effort estimates is essentially undefined.  The need to revert to a field reliability estimating method based on an inherent reliability prediction method (Mil Hdbk-217 for example) with adjustments or one based on like-system past experience or engineering judgment, may be the only means of establishing the baseline.  Estimating field performance from prediction results is the subject of many software packages and each supplier may utilize different methods. The accuracy of these methods in establishing the initial PBL baseline defines one of the risks involved in estimating the future level of effort.  Field data is the recommended method and every effort to obtain this information is time well spent toward mitigating risk from both the user’s and supplier point of view.

3.2.4
Field Data Information and Growth Trend History

The information supplied by the field data can be interpreted in a number of ways.  Essentially, the data provides a point estimate of the present reliability, MTBUR and MTBF, of the system in terms of the operating period chosen to derive the results.  The point estimate by itself does not show any growth trend history of the system.  This information is helpful in being able to predict future reliability and the resulting level of supplier effort to support an expected reliability growth. 

For example, the point estimate of the MTBF results for the Radar X, shown in Table 6, is 202 hours.  If the same data were obtained for a prior operating period that resulted in an MTBF of 300 hours, we would be skeptical that 202 hours could be obtained in the future without applying corrective action.  Clearly, something is causing the MTBF to show a negative growth over time.  Alternately, if a prior period MTBF point estimate of 120 hours were obtained, the user would be concerned that an MTBF of greater than 202 hours could be obtained without any contracted corrective action from the supplier.  He would be paying for reliability improvement that is already there and in most cases already funded.

Thus, the reliability metric results from previous periods and an understanding of the reliability trends are important in deriving the negotiated contract reliability baseline. The factors affecting the past reliability growth trend in terms of present system configuration, previous corrective action effectiveness, and present corrective action implemented should also be consideration when deriving a negotiated reliability baseline.

More will be presented in the next sections about the configuration baseline of system components and its effect on the negotiated baseline and subsequent reliability improvement goal setting process element.  It is mentioned here to emphasize the importance of the need for past field reliability history information.  The Modeling and Analysis process step pulls the past reliability and failure trend information together, derives a reliability baseline and exposes the reliability growth trend history.   This information will then be used to evolve the PBL reliability improvement program.  The next steps will identify the feasible reliability improvements, establish a reliability growth goal, and provide a basis for the level of effort estimate for the reliability program improvements. 

3.2.5 SRU Repair Data

The system maintenance structure should be detailed to a lower SRU and sub-SRU level to the extent required to give visibility to the system’s repair history. The repair history information of main concern is the repair actions that were in direct response to the LRU removals shown in the LRU level failure date, Table 6 for the Radar System-X.  Thus, there will be a higher level, LRU, confirmed failure or induced failure recorded in the LRU Field Failure List and a subsequent recording of SRU repair action in the SRU Repair List.  Only repair data from the confirmed or induced failure causes is of interest.  Any repair or rework activity showing only an updating of the hardware should be excluded from the SRU List.

The SRU Repair Lists will reflect all repair activities associated with the LRU return.  All multiple SRU, secondary and dependent failures should be shown.  A primary and single point failure at the LRU level may generate more than one recorded SRU level repair action and should be included in the SRU list. Accordingly, the sum of the failure rates from the SRU List will not equate to the failure rate of the owning LRU shown in the LRU Failure Data Table.   

The primary purpose of gathering the information concerning the SRU repair and rework activities is to set a baseline for the reliability improvement effects on the future repair activity in support of an improved LRU level field reliability.  Most of the material and labor cost pertaining to the repair of a LRU return is primarily reflected in the SRU repair levels.  Then, the SRU baseline establishes a base for the repair cost estimates.  These estimates will be conducted under a subsequent process step.

From our Radar System-X example, a SRU level repair list, Table 7, is constructed showing the total number of repair actions for each SRU and sub-SRU in response to the Table 6 LRU returns.  A failure rate is computed for each SRU along with an MTBF.  
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Table 7: Radar X SRU Repair History

3.3 Scope Improvements
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The Scope Improvements process step and elements, shown in Figure 10, carries the analysis of the field failure data from the LRU level failure analysis to the SRU and failure mode levels.  The main purpose of this step is to determine the feasible reliability improvements that may be realistically introduced to meet the customer’s reliability goal. The approach taken to improve field reliability is the elimination/reduction of known field failure modes and the counteracting of the effects of any future or anticipated wear-out effects.

Figure 10: Scope Improvements Process Step Elements

3.3.1
PBL Reliability Growth Activities

The PBL user’s future reliability expectation must be weighed against the present performance baseline to determine the growth expectation.  Then an assessment of the contribution of one or more of three primary PBL growth activities can be made toward reaching the goal.  The three primary reliability improvement activities under PBL are: 

· Reliability Improvement through Design Changes

· Critical Item Refurbishment 

· Pro-active Replacement of Marginal Reliability Items prior to failure (conditional maintenance) 

3.3.2
Reliability Improvement Through Design Changes

This improvement activity focuses on the elimination of known equipment field failure modes through redesigns and equipment changes.  The activity uses the analysis of field failure information to define the targets for redesign activity.  The design changes will involve configuration changes to the hardware in terms of a circuit change, part change, or software/firmware changes.  The change may be a major update to the hardware involving a wholesale replacement of complete SRU or even LRUs.

The design changes must be within the limits stated in the PBL contract. The supplier will usually be granted the ability to introduce design changes that may change the design except in the case where performance characteristics or external interfaces are concerned.  The user will be involved in the approval of the design changes, particularly if they result in a change to the form, fit, or function of his equipment. The PBL contract may state that no changes to form, fit, and function are permit.

Reliability improvement may not be the only requirement for the update.  The user may also have contracted the supplier to make changes that would permit different performance or added capability to the previous system specification.  Then, the reliability improvement may be added with the performance driven changes.

Along with the actual redesign effort, the engineering effort to develop and test the change, a manufacturing effort entailing the production of the new hardware or change kits is needed.  This requires manufacturing material and labor.  Consequently, design changes, while allowing the largest amount of reliability growth, usually are more costly than the other reliability activities.

3.3.3
Critical Item Refurbishment

This improvement activity contributes most to sustaining the MTBF at the reliability goal by anticipating items with increasing failure rates due to wear-out and usage.  The activity identifies the repairable assemblies that can be returned to a like-new condition by an overhaul action.  These are items that exhibit some form of wear-out or performance deterioration over operating time.

The key to reducing the effect of the wear-out Critical Items is to anticipate the point of field failure of the item and to refurbish the item prior to its causing a primary failure mode in the field.  The activity is preemptive in nature; replace a marginally performing unit before failure.  The essential element in this activity is determining the defining measurable performance parameter that will provide an indication of performance deterioration.  This element could include output power readings, current demands, voltage drops, etc. or some form of on-board Built-In–Test (BIT) monitoring prognostics.

The PBL refurbishment activity will require the set-up of a refurbishment manufacturing process that may involve sub-contractors.  Along with the provisions for doing repair, the refurbishment manufacturing activity must be cognizant of the added spare components demanded by an item’s refurbishment.  Thus, there are added costs in doing a PBL refurbishment program as compared to fail-first repair demand driven activity. 

3.3.4
Replacement of Marginal Reliability Items prior to Field Failure

This improvement activity deals primarily with wear-out items that are non-repairable.  These include seals, gears, bearings, o-rings, etc.  The activity identifies the items that are wear-out and establishes an inspection or test criteria that will allow detection of a marginal condition.  If detected, the wear-out item is replaced to prevent possible failure. The activity is preventative maintenance in nature.  The condition of the wear-out items is evaluated during the course of any repair of a returned LRU.

3.3.5
Wear-out Item Identification
 

Field failure data and records of previous maintenance provide information that can aid in the identification of wear-out or life limited items.  A primary failure caused by a wear-out item will show up in the field failure data as the primary failure cause for the returned LRU.  The information from the maintenance records may be harder to discern.  A gasket or o-ring may be replaced as a matter of habit or convenience without any documentation trail.  There may have been no criteria to replace the wear-out items and the assembler may replace a wear-out item because “it looks worn-out.” 

Certain classifications of items exhibit obvious failure modes.  In [Reliability Analysis Center, 1995] “Reliability Toolkit: Commercial Practice Edition” a list of wear out items and an explanation of the reliability analyst job in assessing possible corrective action is explained:  In performing an assessment of the current products reliability problems, the underlying causes of each failure mode for high failure items must be determined.  The analyst must determine if a particular failure is due to a design deficiency or to wear or life limitation before a viable corrective action can be developed.  Certain categories of part have known wear out mechanisms and should be immediately regarded as suspect.  Table 8 is a list of such part categories.

Table 8: Categories of Life-Limited Parts, Materials, and Components

	Material Subject To Deterioration
	Components with Chemical Reactions

	· Insulation

· Rubber

· Adhesives
	· Batteries

· Propellants

· Some capacitors

	Moving Parts
	Protective Coatings

	· Bearings

· Pumps

· Actuators

· Pistons

· Crankshafts
	· Paints

· Anodizing

· Plating

	Parts with Electrical Contacts
	Material Subject to Fatigue and Corrosion

	· Switches

· Relays

· Connectors

· Brushes

· Commutators
	· Metals

· Concrete

· Composites

	Seals
	

	· O-rings

· Gaskets
	


3.3.6
Pareto Primary Field Failure Modes
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Knowledge of the present field failure modes and mechanisms is the key ingredient toward determining the potential growth activities.  A Pareto list of the failure modes should be made to determine the significant few that contribute most to the total failure count.  An example is shown in Table 9. More appropriately, the list should focus on the failure modes causing the removal from service. The user most often removes the faulty unit from service due to one primary failure cause.  Secondary and dependent failure modes should be disregarded at this time to improve focus on the primary failure types. The more detailed the list is in describing the failure modes and components/mechanisms causing the removal, the more accurate will be the assessment of the reliability growth activity to be applied.

Table 9: Failure Mode Pareto Chart Example

For example, we may have collected field data on our Radar system that shows that there were 58 confirmed failures of the Transmitter LRU (from Table 5).  With more detail we decompose these failure into failure modes.  We find that a Low Output RF Power failure mode exists.  We further decompose this failure mode to reveal more detail for possible corrective action.  We may find that there is a Transmitter Low Output RF Power failure due to overstressed Output Drive Transistor U1.  This last decomposition yields the detail we need to develop possible corrective action.  From this detail, we are able to specify a certain redesign requirement to the design team; redesign to eliminate the cause of the overstressed condition on transistor U1. 

3.3.7
Effectiveness Factor

A determination of the impact of any planned failure reduction activities can be applied to the Pareto list of the primary failure types using an Effectiveness Factor (EF).  This factor is primarily determined by a judgment of the future effectiveness of the planned corrective action on removing or reducing the failure mode.  

The judgment of the effectiveness of the improvement should be based on the particular corrective action applied in terms of the redesign effort taken.  For example, a redesign that completely replaces or eliminates a formerly high failure rate circuit can be assigned a very high EF. Conversely, a redesign effort that is considered to be only marginally effective in reducing a failure mode can be assigned a comparable lower EF.  A consideration must be given to any new failure modes that could be introduced with a redesign.  A particular failure mode may have been eliminated but what other possible failure types were introduced with the redesign?  System regression testing and environmental testing can be used to answer this question.

Testing of the redesign before fielding, including environmental testing at operational levels or higher, will aid in applying judgment in the selection of the EF. The key to using testing for this purpose is to adequately apply stress to the redesigned item.  The stress must be of adequate duration and level to gain confidence that the redesign will survive long-term field operation.  Application of an accelerated test scheme is highly recommended, where possible, including the use of Highly Accelerated Life Testing (HALT) test methods. 

Design reuse, particularly the use of a design from an already fielded and proven system, can greatly reduce the risk involved in judging the effectiveness of a redesign effort.  It is highly desirable to stick to a design that has shown to work under field conditions.  A new design concept or configuration may have been developed since the initial design and fielding of the system under improvement action.  The redesign effort then has already been completed and tested.  The improvement task then becomes the incorporation of an already proven design into the system.  The EF applied to this improvement activity can be accurately determined by field data from the using system.

As a rule of thumb, Larry Crow in ”Methods for Reducing the Cost to Maintain a Fleet of Repairable System “ [Journal of the Reliability Analysis Center, Second Quarter, 2003] states: “Choose an average effectiveness factor based on the proposed corrective actions and historical experience.  Historical industry and government data supports a typical average effectiveness factor EF=0.70 for many system.”

3.3.8
Effects of Wear-Out and Wear-Out Mitigation

 The Pareto list should also include the effect of any wear-out caused failure modes that have already appeared or are expected to appear during the PBL period.  The effects of any refurbishment programs and proactive-replacement activities can then be assessed against the wear-out items.  These two reliability activities may only show benefit in keeping the number of failures seen from a failure mode at a constant rate over the PBL period because of the increasing failure rate caused by future wear-out.  Still they are contributors to the total reliability planning.  On systems with a high percentage of mechanical components, the contribution of wear-out may become significant over the system’s expected operating lifetime. 

We model a system using a basic series reliability model where the summation of the failure rates of each component determines the failure rate of the system.  Then, at every given point in a systems operating lifetime, the systems total failure rate will reflect the changing contributions of the different item failure rates. For systems composed of mechanical items, an increasing failure rate is expected due to wear-out dependent on the fatigue life of the material used and the strength degradation over time.  Wear-out items will show an increasing failure rate with operating time and each item type in a complex system will show different wear-out characteristics.
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The combined effect of the change in failure rates of the contribution of item that comprise a system can be modeled using the so-called reliability “bathtub curve” shown in Figure 11.  The curve shows an infant mortality failure period where the failure rate of the system is decreasing usually due to the isolation and removal of substandard items from the system over test time.  A second constant failure rate period is shown, where the failures that occur in a system happen at a relatively constant average rate. Finally, an increasing failure rate period is shown, characteristic of items showing wear-out and an increasing probability of failure with time. 

Figure 11: Reliability "Bathtub Curve"

The system’s failure rate, shown in Figure 11 as a blue line, is the collective effect of the items that make-up the system.  While the system curve shows a definite point at which the failure rate curve starts to increase, in actuality each item in the system exhibits it’s own characteristics curve.  Then, to mitigate the effects of wear-out on a system, we must individually mitigate the wear-out of each of the wear-out prone items.  This is the purpose of the PBL refurbishment and proactive programs.  The ultimate goal is to prolong the system’s failure rate in the constant failure rate period by replacing the wear-out items prior to their increasing failure rate period.

The two wear-out related mitigation programs that have been introduced here, refurbishment and pro-active replacement, are used to combat the effects of wear-out.  They are not meant to replace the effort that should be applied to investigate the wear-out mechanisms and attempt through a redesign effort to eliminate or reduce the wear-out failure.  Root-cause failure analysis will separate the mechanical component failures that may be address with one of the mitigation programs from those that are candidates for redesign.

In “Practical Reliability Engineering”, Patrick D.T. O’Connor states that mechanical failures occur due to two primary causes:  Overload leading to fracture and Degradation of material strength.  He further goes on to include in his list of mechanical failure causes other assembly and maintenance causes:

· Backlash in controls, linkages, and gears, due to wear, excessive tolerances, or incorrect assembly or maintenance.

· Incorrect adjustments on valves, metering devices, etc.

· Seizing of moving parts in contact, such as bearings or slides, due to contamination, corrosion, or surface damage.

· Leaking of seals, due to wear or damage.

· Loose fasteners, due to incorrect tightening, wear, or incorrect locking.

· Excessive vibration or noise, due to wear, out-of-balance rotating components, or resonance.

Mechanical failures, therefore, are targets for improvement under the redesign program.  The assumption that all mechanical wear-out failures can be reduced by a one of the mitigation programs may be costly when compared to the cost of a possible redesign effort. The emphasis should first be on possible wear-out reduction through redesign in lieu of an immediate decision to incorporate a refurbishment or replace before failure program.  

3.3.9
System Maturity 

The maturity of the system, particularly with regard to the accumulated field operating time and previously exposed failure modes, must also be considered when developing the list of PBL failure modes.  A system that has been recently fielded still suffers from infant mortality failures dependent on the quality of the production environmental screening process and pre-fielding reliability growth testing.  These early-life failure modes, although they are significant with regard to the improvement process, must be identified and separated from those that are characteristic of the failure modes that will appear during long-term PBL.  The infant mortality failure modes can be usually attributed to process or screening inadequacy during the system’s production phase. The goal of the PBL re-design effort should address the failure modes that are characteristic of the constant failure rate portion of the reliability hazard rate curve (bathtub).  This does not mean that the removal of infant mortality failures seen in the fielded system do not contribute to the attainment of the PBL goal, they do.  But, when dealing with reliability growth during the usually long-term PBL contract period of performance, it is important to consider the design limiting reliability items that are expected to appear after system maturity.

3.3.10
Infant Mortality Failures

Infant mortality failures are characterized as latent failures that usually reveal themselves after a short operating time or during the first applications of a stressing environment. Knowing this characteristic, a manufacturer will routinely use Environmental Stress Screening (ESS) to accelerate the exposure of failures prior to delivering the system to the user for field use.  The ESS is used to screen the equipment for marginally operating components and parts.  Additionally, it is used to screen for defect that could have been introduced during assembly of the equipment including process and workmanship problems. Without an effective pre-delivery screening process, the infant mortality failure will appear usually only after a short time of field use.   

Infant mortality (early life) failures are mentioned here to point out the difference in the corrective action activities that can be applied to remove them versus the long-term failure mode type.   A different corrective action approach may be needed to reduce their contribution to the total expected failure count. Some possible infant mortality failure mode and corrective actions are: 

The infant mortality failure mode may show a predominance of workmanship related defects that can be corrected by addressing a process or assembly procedure.  Failures of this type may be the incorrect installation of a component, piece part, or hardware.  Corrective action would entail a possible procedural change and added personnel training.  

A particular part or component may exhibit an early-life failure trend that can be attributed to marginal performance under field operating conditions.  The marginality may be associated with a particular part vendor or manufacturing lot identified by a date code series.  Corrective action could entail replacement of the identified component with a screened and tested, known good, component during a LRU repair action.

The early-life failure type may be due to a design deficiency that reveals itself under a particular field operational condition.  The failure mode may be a stress dependent condition that is independent of the accumulated operating hours.  In this case, the failure occurs only when the system is subjected to a particular environmental condition.  Corrective action should include measurement and analysis of the field operating stress condition and a design effort to remove possible part overstressing.  

3.4
Plan Refurbishment
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Refurbishment entails the rework of repairable assemblies to a like-new condition.  It differs from a repair action in that the rework not only addresses the item or components of the assembly that have failed but also items that show wear-out or are expected to wear-out in the future.  Repairable units that show an increasing failure trend with time are targets for refurbishment action.  The Plan Refurbishment process step, Figure 12, includes the elements discussion of the actions needed to plan a refurbishment program.

Figure 12: Plan Refurbishment Process Elements

The approach to be taken for the refurbishment program to be effective is to establish a point where marginal performing items are removed from service prior to them causing a primary LRU failure.  This requires that we have some knowledge about the items wear-out characteristics over field operating time.  In this way, we are able to establish a point, measured in total accumulated field time, at which we should remove the item from service for refurbishment action.  By removing and refurbishing the unit we are preventing a possible primary LRU failure event.

The main ingredient to planning a refurbishment program is knowledge of the wear-out characteristics of the unit or component.  A review of past SRU inspection and repair history records is a starting point.  Emphasis on gathering information, not just on the primary failure cause, but also on any components showing marginal or degrading performance will lead to a Mean Time to Repair value, expressed in terms of operating hours, for each refurbishable SRU.  Life testing of a component under operational conditions will provide additional information. 

Another method for defining the time at which a unit is removed for refurbishment involves the measurement of a wear-out characteristic with respect to an inspection or test parameter.  This method is based on the prior determination of a parameter as a basis for indicating a unit’s degradation with respect to its total operating time.  For example, the inspection of a tire and the measurement of its tread wear over usage can lead to the determination of a miles driven to tread depth parameter.  By gathering measurement data on returned units alone with their operating times, a method for predicting the time to a failure will emerge.

Refurbishment will appear to generate a higher cost in terms of repair labor and material than waiting for the units to fail because the items are removed from service prior to their time to failure.  However, the proactive approach toward preventing the item from causing a primary LRU failure will reduce the number of LRU removals and LRU repair actions.  A cost savings will be realized due to the reduced number of LRU repair actions and associated processing, testing, and transportation costs.  

Also, without refurbishment, a failed SRU is usually only repaired to bring it to an operational condition.  Components that make up the SRU that show signs of wear will usually not be addressed until they cause a failure.  With the mix of repaired/replaced components and components still installed that are wearing out, the SRU time-to-failure becomes unpredictable.  Under refurbishment, the components that show wear-out are replaced as a matter of procedure. The goal of the refurbishment action is to return the SRU to a like-new condition and cause the time-to-failure to be predictable.

The effect of the refurbishment plan is to counteract the expected increase in failure rate of the item.  In this way, the failure rate of the item is predictable and manageable.  The most significant effect the refurbishment program will have will be to sustain the items contribution to the overall system failure rate at a constant level throughout the PBL contract. 

3.5
Project Improvements

This Project Improvement process step, Figure 13, includes the effort to move the reliability improvements identified in the previous steps into a realistic program plan and schedule.  We will determine the plan for incorporating the improvements with regard to the user’s expectation.  This is an expectation of and achieved field reliability goal within a defined period of time.  In this process step, the improvement analysis results that were explained in the previous process steps are translated into an improvement plan from which a level of effort can be determined.
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Figure 13: Project Improvement Process Elements

Program management plays a key role in the determination of the final improvement plan.  The subsequent analysis and failure investigation effort are only a part of the total number of factors needed to complete a program plan. The reliability improvement plan is an element of the total program cost estimate.  As such, the final negotiated price agreement will ultimately define the extent of the reliability improvements.    

3.5.1 Improvement Planning

A selection of the possible reliability improvements was made with the user’s reliability goal as an objective.  A time element is also involved with this reliability goal. The user will define, through the PBL specification, the expectation for field reliability growth.  The specification will define the attainment of a certain reliability goal/requirement by a certain PBL contract year.  Thus, an improvement plan and schedule must be developed that will incorporate the improvements identified in the previous process step with an expected completion time.  This will include the completion of any redesigns, manufacture of the redesign parts if needed, and the incorporation of the redesigns into the fielded LRU that will meet the user’s requirement.

The reliability improvement plan will include four phases:

· Improvement Design Phase: 

· Improvement Incorporation Phase

· Full Improvement Incorporation

· Reliability Sustaining Phase

The Improvement Design Phase includes the effort for the planning and designing of the reliability improvements including any redesigns and refurbishment programs. Any testing, including re-qualification testing, will be completed during this phase. This phase includes the manufacturing/building of any update parts from the redesigns or update kits that will be installed into the equipment during the incorporation phase.  The field reliability during this phase is not expected to change except from the effects of a refurbishment or pro-active replacement programs activities.

The Improvement Incorporation Phase includes the effort for the actual installation of the reliability improvements and update kits into the fielded equipment. The field reliability will grow at a rate determined by the incorporation rate and discipline.  The refurbishment and pro-active replacement program are in place and operating.  

Full Improvement Incorporation is the first full reliability measurement period after the updates have been incorporated into the equipment.  The full impact of the improvements on field reliability can be assessed against the reliability goal. Any new failure modes, previously undisclosed or introduced by the update incorporation, can be addressed.

Reliability Sustaining Phase includes the effort required to maintain the field reliability at the minimum specified level through continuous monitoring and failure mode mitigation. The refurbishment and pro-active programs will continue to operate.  A Failure Reporting and Corrective Action System (FRACAS) will be in place to allow identification of field failure trends.

3.5.2 Identify Improvement Incorporation Discipline

The incorporation of well-designed improvements to address field failure modes is the essence of the improvement process.  A paragraph Reliability Growth Management, MIL-HDBK-189, states:

“The planned growth curve and milestones are only targets.  They do not imply that reliability will automatically grow to these values.  On the contrary, these values will be attained only with the incorporation of an adequate number of effective design fixes into the system.  This requires dedicated management attention to reliability growth.”

Actual reliability growth is achieved only with the incorporation of design improvements into the fielded equipment.  Having a completed design improvement means nothing to field reliability unless it is incorporated (installed) into the fielded equipment.  Thus, the rate of reliability growth is dependent most on the rate of incorporation of the changes (updates) into the equipment.  This rate is determined by the discipline used in incorporating the changes during the updating of the equipment.  The discipline to be used is a program management decision with consideration given to such things as equipment location, accessibility to the field equipment, equipment return rate, equipment update turn-around time, facility capacity, and the expected rate of field reliability growth.  Some of these improvement incorporation disciplines are:

· Forced-retrofit: Under this discipline the improvements are incorporated in the shortest possible time.  The changes are installed into the equipment regardless of whether the equipment has failed or not.  In some case, the changes will be installed while the equipment is in the field.
· Attrition-based Retrofit on LRU return: Under this discipline the changes are incorporated when the LRU is returned to the supplier for a failure.  The rate of incorporation is dependent on the return rate (MTBUR) of the LRU.  Once the LRU is received, the supplier will install the updates regardless of whether the SRU that is the subject of the change has failed.  All LRUs will be returned to the user with the improvement.
· Scheduled-retrofit:  This discipline is a controlled and forecasted method for incorporating the improvements into the field equipment.  The improvements are installed according to an incorporation schedule.  The equipment is removed from field service and the changes are made at a planned rate.  The field reliability growth rate is then predictable and controlled.  
· Attrition-based on SRU failure: Improvements incorporated using this discipline are done when the SRU that is the subject of the change suffers a failure. The changes are incorporated in the SRU during the time the SRU is being repaired for the field failure.  The reliability growth rate is dependent on the failure rate (MTBF) of the SRU. Consequently, the rate of growth is small in comparison to the other disciplines.  
A mix of incorporation disciplines may be used to make the changes to the fielded equipment.  Some improvements can be installed under one discipline type while another is installed using a different type.  However, each discipline type yields a different growth rate contribution to the total fleet growth rate.  The choice and mix of incorporation disciplines used must be made with consideration given to the total fleet growth rate expected by the user. 

3.5.3 Configuration Consideration during Improvement Incorporation 

The choice of incorporation discipline presents an accounting challenge to the supplier.  Each SRU and LRU that has completed the improvement incorporation process must be traced. This trace ability permits the management of the field reliability growth.  The supplier will be able to determine the number of units that have been updated with the improvement changes and will be able to estimate the effect of the improvements on the total fleet reliability at any given time.  Additionally, the level of effort required to complete the changes, the work remaining, can be deduced from an accounting of the incorporated updates.   

3.5.4
Incorporation Schedule and Reliability Growth Projection

A simple means for estimating the fleet reliability during the period of change incorporation.

can be derived by determining the present failure rate of the fleet equipment from the following formula:

(% of equipment updated) (Failure rate of equipment with change) + (% of equipment not updated)(failure rate of unchanged equipment) = present failure rate of fleet equipment

3.5.5
Radar X Example: Incorporation Planning

 A field reliability growth to a system MTBF of 270 hours is the expected and specified reliability goal.  The 270 hour MTBF requirement sets the target of the reliability improvement analysis and planning.  After the improvement analysis process, we find that we will be able to attain this goal by reducing the field failures through redesigns and refurbishment activities to the Transmitter, Receiver, Signal Processor, and Display LRUs.  Using the Scope Improvement process step we have identified improvement activities in each of these LRUs that will reduce, with some degree of expected effectiveness, their field failure mode.  This is accomplished by analyzing the improvement needed to reduce failures at the SRU level.  Table 10 shows the results of the improvement analysis.  We determine that an improvement design phase of two years is needed to design, test, and manufacture the SRU level redesigns needed to reduce the failure modes.  We further determine that a full year is required to incorporate the changes into the user’s fleet of radar LRUs.

Table 10: Scope Improvement Process Results, Radar X SRUs
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LRU-1, TRANSMITTER 18.9 635 18.9 635 16.0 748 14.5 999 15.0 999

TWT 3.00 4000 3.00 4000 3.00 4000 3.22 4500 3.33 4500

Exciter 6.90 1739 6.90 1739 4.80 2500 3.63 4000 3.75 4000

High Voltage Power Supply 4.50 2667 4.50 2667 3.75 2667 2.23 6500 2.31 6500

Fan Assembly 1.80 6667 1.80 6667 1.80 6667 2.17 6667 2.25 6667

Low Voltage Power Supply 1.80 6667 1.80 6667 1.80 6667 2.17 6667 2.25 6667

Interconnect 0.90 13333 0.90 13333 0.90 13333 1.09 13333 1.13 13333

LRU-2, RECEIVER 11.40 1053 11.40 1053 8.55 1403 10.33 1403 10.69 1403

Analog to Digital Converter 0.90 13333 0.90 13333 0.90 13333 1.09 13333 1.13 13333

Synchronoized Video Detector 3.00 4000 3.00 4000 3.00 4000 3.63 4000 3.75 4000

IF Amp 5.70 2105 5.70 2105 2.85 4210 3.44 4210 3.56 4210

Power Supply 1.20 10000 1.20 10000 1.20 10000 1.45 10000 1.50 10000

Low Voltage Power Supply 0.60 20000 0.60 20000 0.60 20000 0.73 20000 0.75 20000

LRU-3, SIGNAL PROCESSOR 10.8 1111 10.8 1111 7.8 1538 9.4 1538 9.8 1538

Scan Converter 5.40 2222 5.40 2222 2.40 5000 2.90 5000 3.00 5000

Threshold Detector 0.90 13333 0.90 13333 0.90 13333 1.09 13333 1.13 13333

Filter 0.90 13333 0.90 13333 0.90 13333 1.09 13333 1.13 13333

Range Converter 1.20 10000 1.20 10000 1.20 10000 1.45 10000 1.50 10000

Low Voltage Power Supply 0.90 13333 0.90 13333 0.90 13333 1.09 13333 1.13 13333

Processor 1.50 8000 1.50 8000 1.50 8000 1.81 8000 1.88 8000

LRU-4, ANTENNA 14.70 816 14.70 816 11.45 1048 13.17 1101 13.63 1101

Antenna Drive 6.60 1818 6.60 1818 4.29 2800 4.83 3000 5.00 3000

Gyro 1.20 10000 1.20 10000 1.20 10000 1.45 10000 1.50 10000

Duplexer 1.50 8000 1.50 8000 1.50 8000 1.81 8000 1.88 8000

Bearing 1.20 10000 1.20 10000 1.20 10000 1.45 10000 1.50 10000

Wave Guide Assembly 0.60 20000 0.60 20000 0.60 20000 0.73 20000 0.75 20000

Servo Feedback assembly 3.60 3333 3.60 3333 2.67 4500 2.90 5000 3.00 5000

LRU-5, DISPLAY 5.70 2105 5.70 2105 5.70 2105 6.04 2400 7.00 2143

Display Processor 0.60 20000 0.60 20000 0.60 20000 0.73 20000 0.75 20000

Low Voltage Power Supply 0.90 13333 0.90 13333 0.90 13333 0.97 15000 1.00 15000

CRT Assembly 1.80 6667 1.80 6667 1.80 6667 1.45 10000 2.25 6667

Power Supply 0.60 20000 0.60 20000 0.60 20000 0.73 20000 0.75 20000

Fan Assembly 1.80 6667 1.80 6667 1.80 6667 2.17 6667 2.25 6667

LRU-6, CONTROL PANEL UNIT  3.60 3333 3.60 3333 3.60 3333 4.35 3333 4.50 3333

Xxxx = Refurbishment or Pro-active replacement activity

Xxxx = Redesign activity

Table 11 shows the plan for the improvement program and the projection of reliability growth.  During the first and second years there is no projected increase in LRU MTBF and consequently no system level reliability growth.  The incorporation of the improvement updates to the SRU begins at the beginning of the third year.  At the end of the third year, the installation of the updates has been completed. The MTBF at the third year shows an improvement but is not expected to be at the specified level because the full effect of the improvements is not felt until the beginning of Year 4.  The reliability of the system during the fourth year will be at the specified level.  The MTBF is sustained at the specified level from the fourth year to the end of the ten-year PBL contract period. 

Table 11 also shows an estimate for the total number of LRU returns, confirmed failures, CNDs, and induced failures based on the MTBF growth for each of the contract years.  These figures will be used in the succeeding process steps to estimate the labor and material needed to support the repair of the system components.  Notice that the flight hour projection received from the user is used as a basis for these estimates.

Table 12 and 13 show the result of the SRU level improvement results and their effect on the number of SRU failures from year 1 through year 10.
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LRU-1, TRANSMITTER 18.0 999 18.0 999 18.0 999 20.0 999 21.0 999

TWT 4.00 4500 4.00 4500 4.00 4500 4.44 4500 4.67 4500

Exciter 4.50 4000 4.50 4000 4.50 4000 5.00 4000 5.25 4000

High Voltage Power Supply 2.77 6500 2.77 6500 2.77 6500 3.08 6500 3.23 6500

Fan Assembly 2.70 6667 2.70 6667 2.70 6667 3.00 6667 3.15 6667

Low Voltage Power Supply 2.70 6667 2.70 6667 2.70 6667 3.00 6667 3.15 6667

Interconnect 1.35 13333 1.35 13333 1.35 13333 1.50 13333 1.58 13333

LRU-2, RECEIVER 12.83 1403 12.83 1403 12.83 1403 14.25 1403 14.96 1403

Analog to Digital Converter 1.35 13333 1.35 13333 1.35 13333 1.50 13333 1.58 13333

Synchronoized Video Detector 4.50 4000 4.50 4000 4.50 4000 5.00 4000 5.25 4000

IF Amp 4.28 4210 4.28 4210 4.28 4210 4.75 4210 4.99 4210

Power Supply 1.80 10000 1.80 10000 1.80 10000 2.00 10000 2.10 10000

Low Voltage Power Supply 0.90 20000 0.90 20000 0.90 20000 1.00 20000 1.05 20000

LRU-3, SIGNAL PROCESSOR 11.7 1538 11.7 1538 11.7 1538 13.0 1538 13.7 1538

Scan Converter 3.60 5000 3.60 5000 3.60 5000 4.00 5000 4.20 5000

Threshold Detector 1.35 13333 1.35 13333 1.35 13333 1.50 13333 1.58 13333

Filter 1.35 13333 1.35 13333 1.35 13333 1.50 13333 1.58 13333

Range Converter 1.80 10000 1.80 10000 1.80 10000 2.00 10000 2.10 10000

Low Voltage Power Supply 1.35 13333 1.35 13333 1.35 13333 1.50 13333 1.58 13333

Processor 2.25 8000 2.25 8000 2.25 8000 2.50 8000 2.63 8000

LRU-4, ANTENNA 16.35 1101 16.35 1101 16.35 1101 18.17 1101 19.08 1101

Antenna Drive 6.00 3000 6.00 3000 6.00 3000 6.67 3000 7.00 3000

Gyro 1.80 10000 1.80 10000 1.80 10000 2.00 10000 2.10 10000

Duplexer 2.25 8000 2.25 8000 2.25 8000 2.50 8000 2.63 8000

Bearing 1.80 10000 1.80 10000 1.80 10000 2.00 10000 2.10 10000

Wave Guide Assembly 0.90 20000 0.90 20000 0.90 20000 1.00 20000 1.05 20000

Servo Feedback assembly 3.60 5000 3.60 5000 3.60 5000 4.00 5000 4.20 5000

LRU-5, DISPLAY 8.40 2143 8.40 2143 8.40 2143 9.33 2143 9.80 2143

Display Processor 0.90 20000 0.90 20000 0.90 20000 1.00 20000 1.05 20000

Low Voltage Power Supply 1.20 15000 1.20 15000 1.20 15000 1.33 15000 1.40 15000

CRT Assembly 2.70 6667 2.70 6667 2.70 6667 3.00 6667 3.15 6667

Power Supply 0.90 20000 0.90 20000 0.90 20000 1.00 20000 1.05 20000

Fan Assembly 2.70 6667 2.70 6667 2.70 6667 3.00 6667 3.15 6667

LRU-6, CONTROL PANEL UNIT  5.40 3333 5.40 3333 5.40 3333 6.00 3333 6.30 3333

: Project Improvements, Radar X Example
Table 12: SRU Improvement Projection, Year 1-5, Radar X Example
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: SRU Improvement Projection, Year 6-10, Radar X Example

3.6 Forecast Effort

The elements of the Forecast Effort process step are shown in Figure 14.  The estimation of the cost to execute the PBL contract over the period of performance is directly related to the reliability growth planning.  In the previous process steps, a field reliability projection was completed.  The projection was based on the incorporation of improvements to attain the reliability goal and the implementation of mitigation efforts to sustain the field reliability into the future.  The reliability planning and analysis that yields the projection permit the forecasting of future LRU and SRU repair demands.  This forecast of future repair demands is an essential element of the cost estimation tasks.
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Figure 14: Forecast Effort Process Step Elements

    The basic elements of the PBL cost estimate should encompass the future tasks of: 

· Repairing the returned equipment including manufacturing and manufacturing support costs. 

· Design, building, and incorporation of reliability improvements including engineering, test, manufacturing, and support costs

· Sustaining the reliability at the goal by including engineering support, field training, obsolescence mitigation, FRACAS, and future reliability improvements.

· Logistics tasks including asset accounting, spares level maintenance, transportation, and repair requisition tracking.  

3.6.1 Repair Cost Estimation

The estimation of the repair cost, including material and labor, will be determined from the total number of expected field returns that in turn is determined by the effect of the reliability improvement program.  The estimation of MTBUR for the operating period during the PBL contract is the basis for determining the repair demands.  The other essential cost estimation element is the cost per repair estimate for the SRU and LRU level repairs.  Having knowledge of the repair demands and the cost to complete the repair action, an estimate of total repair cost over the contract period can be made.

Figure 7 introduced the categorization of field returns for the purpose of defining the reliability performance metrics.  This same categorization scheme aids in the determination of the estimate of the total cost of completing the repair of the field returns.  MTBUR determines the total LRU repair demand.  Of this total demand, the confirmed failures and induced failures represent the number of LRUs that require some type of actual repair action to remedy a failure.  The CND category, on the other hand, represents the number of LRUs that require no actual repair action for a failure except testing.

Figure 15 presents a repair cost estimation model.  Included in this model are the major elements that contribute to an estimation of the total PBL repair cost.  The model does not take into account any updates or the incorporation of design improvements as a result of the re-design from the reliability improvement effort.  These costs are estimated separately. 

 The cost elements labeled as MTBUR are applicable to all returns.  Then, the cost estimates for these elements are found by multiplying the unit cost for each element by the total number of returns.  The additional cost for returning a CND LRU to field service would be the number of CND returns multiplied by the unique CND additional testing unit cost.  The unique testing includes any environmental or special testing used to attempt to duplicate a user’s failure.  

The additional cost estimate for the actual repair of the returns following a failure, confirmed or induced, requires additional information depending on the fidelity desired in the cost estimate.  For example, if a standard average cost per LRU is used then the repair cost can be found by multiplying the
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Figure 15: Repair Cost Estimation Model

number of LRUs requiring repair by the average cost per LRU.  However, if visibility down to the SRU repair cost is desired then the average SRU repair cost for each SRU type can multiply the number of expected SRU repairs, by type.  Then, the sum of the SRU cost estimates would represent the major part of the total LRU repair costs.


The accuracy or the level of confidence the estimator has in the SRU and LRU unit repair cost is dependent on the source of the historical repair data.  When possible, the source should include actual cost data from previous repair actions from the supported system.  Actual repair cost information from as like or similar types of LRUs or SRUs can be used as a substitute in the event that historical data on the supporting system does not exist.  This data will yield a better repair cost estimate and will permit a more credible estimate. 

3.6.1.1
Engineering Repair Support Costs Estimation

The Reliability Data Collection Costs and Repair Engineering Costs elements are shown in Figure 15 separated from the normal repair estimation flow.  These two elements play a supporting role to the repair activities.  Their cost estimation is not directly associated with the number of returns but must be determined by an understanding of the needed support activities required to sustain the repair organization.  Also, user requirements, such as failure reporting responsibility, will play into defining the extent of the data collection and engineering support role.

The Engineering Repair Support costs should include the cost associated with an engineering staff’s support of the repair of the returned equipment including technical support, repair process changes, part supplier interface, test equipment support, configuration and engineering change support, and special test administration. These tasks may be expressed, for cost estimation purposes, as a percentage of the average cost per unit repair.  Records showing actual support costs from past repair contract performance from the same or similar field system are unequivocally helpful in defining and justifying these cost estimates.

The Reliability Data Collection costs include the estimate for the collection of LRU and SRU failure data for the purpose of MTBUR/MTBF calculation and for the monitoring of field failures for new failure trends.  This estimation should include only the effort needed to collect the failure information from user documentation and test results. 

3.6.1.2
Radar X Repair Cost Estimation Example

We have seen how the total number of expected returns and the total number of expected LRU/SRU returns is an important element in the repair cost estimate.  We will refer to the Radar X system to provide an example of the formulation of these important factors.  Table 14 presents the projection of the LRU repair activity for the Radar X example.  The projected number of LRU returns, confirmed failures, CNDs and induced failures are obtained from the projected reliability improvement projection presented in Table 11.  Thus, for each year we have a forecast for the total number of returns for each LRU.  Table 14 presents a summary of the forecasted total LRU level repair activities for the entire period of performance.

Table 15 presents the summation for the total SRU level repair activities for the contract period.  This table is simply a summation of each of the projected annual SRU repairs shown in Table 12-13.  Table 16 indicates the total forecasted repairs expected for each of the SRUs.   

Table 14[image: image36.wmf]Spares

Stock

Inventory

Control

RFI

WRAs

and/or

SRUs

Non

-

RFI

WRAs

and/or

SRUs

Organizational

Maintenance

Level

Depot

Maintenance

Level

Contractor

Depot

Support

Spares

Stock

Inventory

Control

RFI

WRAs

and/or

SRUs

Non

-

RFI

WRAs

and/or

SRUs

Organizational

Maintenance

Level

Depot

Maintenance

Level

Contractor

Depot

Support

[image: image37.wmf]Spares

Stock

Inventory

Control

RFI

WRAs

and/or

SRUs

Non

-

RFI

WRAs

and/or

SRUs

Organizational

Maintenance

Level

Contractor

Depot

Support

Spares

Stock

Inventory

Control

RFI

WRAs

and/or

SRUs

Non

-

RFI

WRAs

and/or

SRUs

RFI

WRAs

and/or

SRUs

Non

-

RFI

WRAs

and/or

SRUs

Organizational

Maintenance

Level

Contractor

Depot

Support

[image: image38.wmf]Project

Effort

Project

Effort

Forecast

Effort

•

 Repair Cost Estimation

•

 Repair Support Cost

•

 Reliability Improvement Cost

: Radar X System Field Returns Projection

Table 15:[image: image39.wmf]94

86

72

56

51

49

41

0

10

20

30

40

50

60

70

80

90

100

B-52

F-14

UH-1

F-15

SSN-688

AIM-9

KC-135

1969

1955

1970

1953

1954

1946

1969

Development Start

Planned Phase Out

(Last Model)

Years

[image: image40.wmf]0

5

10

15

20

25

30

1960's

1980's

Today

20-25 Years

10-15 Years

2-5 Years

 Radar X Total LRU Field Returns

Table 16: Radar X System Total SRU Repair Summary[image: image41.wmf]Project

Improvements

Project

Improvements

Sustain

Effort

•

Failure Reporting and Corrective Action System

•

Parts Obsolescence Mitigation Program

•

Field Support

•

Customer Directed Engineering Investigations

Project

Improvements

Project

Improvements

Sustain

Effort

•

Failure Reporting and Corrective Action System

•

Parts Obsolescence Mitigation Program

•

Field Support

•

Customer Directed Engineering Investigations



3.6.2
PBL Reliability Improvement Cost Estimation

Any future redesign required to achieve the reliability goal should be accounted for separately from the equipment repair activity.  The costing approach should be similar to a new design phase and should include the cost for engineering, manufacturing, and testing.  The cost to incorporate the design changes, the actual labor associated with its installation into the system equipment, may be included in the repair cost depending on the extent of the design change or the extent of the work needed to incorporate the change.  If the incorporation of the changes into the equipment is extensive, the cost estimate of the incorporation process can be separated and accounted for as an updating of the equipment as part of the reliability improvement cost element. 

The redesign cost element will appear as a short-duration labor and material cost element of the overall PBL cost estimate.  The engineering portion of the redesign effort will be intensive during the improvement design phase.  After completion of the design, documentation, and testing of the redesign, the manufacturing of update parts or kits can commence and the required engineering effort will decline.  

Finally, the incorporation phase can begin. The updated and redesigned parts are installed into the equipment at a rate determined by the incorporation discipline.  During this time, the amount of engineering labor should be low.  The engineering tasks during this phase should include only the effort to support the installation of the kits into the equipment and may include any special testing that may be required to validate the operation of the equipment following the change.    

3.7 Sustain Effort

The Sustain Effort process step, Figure 16, describes the effort required to support the PBL effort from the completion of the improvement incorporation phase to the completion of the contract.  The process includes the effort required to sustain the field reliability at the specified goal and to support the test and repair of returned equipment.  


Figure 16: Sustain PBL Effort Process Elements

A sustaining engineering staff should be included in the PBL labor estimates to manage the system’s performance during the course of the contract.  This effort is separate from the effort to complete the improvement redesigns and is also separate from the effort required to support the equipment repair activities.  Some of the key tasks that must be covered under the sustaining engineering tasks are:

· Parts obsolescence mitigation including impact studies, periodic obsolescence surveys, part and vendor alerts, second source qualification, and lifetime buy decision.  The material cost associated with any expected obsolete parts might be included here.

· Reliability Failure Reporting System (FRACAS) including the effort required to inspect, test, and manage failure data on the returned equipment.  This effort will not only track the MTBF/MTBUR metric during the contract period but will also detect and analyze any new field failure trends to root cause.

· Future Reliability Improvement including the engineering effort required to implement design changes and improvements to the system to reduce the effect on system reliability from any yet undisclosed failure modes.  This effort will manage the improvement changes that may be needed to combat a future failure trend.

· Field support and customer directed improvement studies including the effort required to support studies requested by the user for performance improvement studies, possible software upgrades, or user training.  The actual effort to perform the equipment changes resulting from the findings of the studies should be accounted for as an over-and-above cost element to PBL.  

3.7.1
FRACAS

Maintenance of a Failure Reporting and Corrective Action (FRACAS) system provides a means of gathering field failure data and equipment usage information during the entire period of performance.  This information is most important to the supplier to permit the identification of new failure mode and failure trends that may degrade the reliability of the system below the PBL goal.  The identification of the new failure trends is a first step in the supplier’s ability to develop a corrective action that can be quickly incorporated into the fielded equipment as design changes.  The identification of failure trends may also lead to changes to the refurbishment or pro-active replacement programs as another means to mitigate the cause of the failure trend.

FRACAS systems are as varied in scope and presentation among equipment support organizations and industry.  The common purpose of all the information systems is the desire to collect the failure information as a beginning step in identifying the need for improvement.  The better FRACAS systems, the ones that threat a field failure as an opportunity for improvement, are circular in nature following a closed-loop process from failure identification, corrective action development and implementation, and effectiveness monitoring.  An illustration of a closed loop reliability FRACAS Process from Raytheon System Company “FRACAS Best Practice Process” is shown in Figure 17

  

Figure 17: Closed Loop FRACAS Process

3.7.2 Obsolescence Mitigation

A major challenge in providing long-term support for an electronics system is the management of repair parts stock with regard to the influence of parts obsolescence.  No product, material, or part is immune to the risk of diminishing manufacturing sources and material shortages. The driving factors in the diminishing manufacturing sources, referred to as DMS, are the reduction of expected life cycle for microcircuit technology and longer support requirement in terms of service life expectancy, particularly for military systems.

Brian Tepp, in “Managing the Risk of Parts Obsolescence” points out that the expected life cycle for microcircuit technology, Figure 18, has shifted from an expected market availability of 20 to 25 years in the 1960’s and 10 to 15 years in the 1980’s to two to five years or less today.  This means that newly designed systems will run into parts shortages in as little as two years from design inception, not 


Figure 18: Microcircuit Life Cycle Expectancy

production.  This means that a system having a long design-to-acquisition lead-time suffers the influence of DMS even before the production phase and initial fielding is completed!  Semiconductor technology could change over seven times during the acquisition cycle which could cause significant risk that components selected during system development and demonstration might be obsolete before initial operating capability or sooner.

Along with the reduction in the microcircuit life expectancy is the added expectancy of system service life.  With service life extension programs, support requirements for military systems have increased to 25 to 30 years.  Figure 19 presents the life cycle for a number of major weapons systems where the expected phase out of the last model is extended past 35 years.  For a support and maintenance activity, the worst-case scenario is having a nonfunctioning system that cannot be repaired because the required replacement part is no longer available.  Thus DMS directly affects the readiness and availability of a fielded system throughout its service life cycle.

3.7.2.1 PBL Obsolescence Mitigation Program

 DMS is a condition brought about when the last known manufacturer announces his intention to discontinue production of an item or group of items still required for systems support. The thrust of the PBL obsolescence mitigation program is to assure the ongoing availability of electronics and non-electronics repair parts to sustain the repair of the fielded equipment throughout the contract period of 


Figure 19:  Life Cycles for Major Weapons Systems

performance. Without a doubt, one of the biggest factors to the assurance of future repair availability is the initial selection of part type and part manufacturer during the initial design phase of the system development program.  Thus, a system’s initial designer and manufacturer have a large contribution to the long-term support posture by his initial selection of parts. A standard parts selection process, where parts are selected from a list of proven and stable component suppliers, helps to assure that parts will be available in the future.   On first impression, an initial system’s designer and manufacturer, who is later contracted to provide PBL support, is then better positioned to provide DMS mitigation.  However, the ability for a PBL supplier to provide mitigation of DMS is most dependent on the effectiveness of his PBL parts obsolescence program.

A PBL parts obsolescence program should be proactive and reactive in nature.  The ability of the program to provide advanced prediction of part obsolescence is the proactive portion and the method of the response to pending or immediate parts obsolescence forms the reactive part.

· Proactive:  The methodology in place that provides for the monitoring of component availability and component supplier status.  This component “health” monitoring can be accomplished by close communication and liaison with a component supplier.  Membership in an industry-wide, shared, component availability information system is essential to reducing the parts obsolescence notification time (time between the point a component supplier decides to discontinue a part and the point the component user is notified).  Participation in part obsolescence alert programs can sometimes provide up to a one-year projection of a component’s availability allowing PBL supplier reaction time.     

· Reactive:   The response procedures the PBL supplier uses in response to the notification of a component’s diminishing supply.  The common responses that the PBL supplier can initiate to mitigate DMS are:

1. Establish second source of component supply.

2. Investigate an alternate, available, part in the system’s design application.

3. Procure sufficient repair stock of the DMS component prior to complete discontinuance.

4. Redesign circuit/SRU/LRU to remove need for the DMS component.

3.7.2.2
Parts Obsolescence Program Considerations

The obsolescence responses will entail different levels of supplier effort.  The most costly response is the redesign response in which a design, test, and manufacturing of a new SRU is involved. This is by far a last resort response if the reason for redesign is parts obsolescence only.  However, if the parts obsolescence issues are coupled with a need to redesign due to a need to eliminate a known field failure mode then the cost of the redesign effort can be more justified by the expected reliability improvement.  

The establishment of a second source and the investigation of a possible alternate part for application into the design to mitigate a DMS will incur engineering costs.  These cost are directly related to the level of investigation and testing required ensuring that the alternate part or component supplier can provide the minimum system performance.  In some case, the testing may require environmental qualification testing including thermal or vibration.  In some cases and dependent on the components usage in the system, flight and safety considerations will be involved that may lead to flight testing before actual fleet deployment of the new component.  The DMS response translates into a need for a sustaining engineering level of effort that should be part of the PBL cost estimate.

The procurement of a sufficient repair stock of a DMS component to ensure that the PBL supplier can replace a possible DMS designated component failure is commonly called a life-time-buy response.  The decision to respond to a DMS using a life-time-buy is influenced by the expected failure rate of the component, the life expectancy of the system’s support requirement, and the component cost.  Key to the determination of an expected life-time-buy quantity is the past component’s repair usage data or failure rate.  This information is commonly found in the FRACAS database.  Thus, parts obsolescence management drives part of the requirement for the FRACAS sustaining task and cost estimate.

A foolproof method for estimating the future cost of future parts obsolescence is     

3.7.3 Field Support

Field Support of the system equipment is an integral part of the PBL equipment maintenance concept.  From Figure 7, we see that field returns consist of actual confirmed equipment failures, CNDs, and Induced failure types.  Our discussion thus far have focused on the supplier’s influence on the number of returns due to equipment failure, where a reliability improvement program has been planned for incorporations of fixes to reduce equipment failures and its contribution to MTBUR.  Field support allows the supplier to influence, to varying degrees, the two remaining components of MTBUR.  The degree of influence of the PBL field support is dependent on the contract terms and the funding received.  

A field support staff is typically based close to the equipment user’s operational sites. The staff is usually permanently located at the various sites and in some cases will actually deploy with the operational military unit during field exercises, fleet deployment, and increasingly, armed conflict. In some cases, the user will mandate a level of field support from the supplier and will include this requirement as part of the contract requirements.  On others, the supplier must justify the field support staff as a necessary element to PBL success or as the most cost effective solution in terms of the user’s desired performance goal. 

Field support allows the supplier the ability to closely monitor the performance of the equipment in the field.  A difficult field failure mode can be more rapidly corrected using the usually more experienced supplier-trained field support personnel. The contribution of a field support staff PBL will also include:  

· CND Reduction

· Induced Failure Reduction

· Field Failure Investigation

· Rapid User Support Response 

· User Training

· Forward Repair Capability

CHAPTER IV                                                                                                                                                                                  SUMMARY & CONCLUSION
A process for the planning of a reliability improvement program under a Performance Based Logistics contract has been presented in this report.  PBL contracts are becoming more frequent as part of the governments push for reduced defense system acquisition and support costs.  Defense contractor’s who desire to benefit from these future PBL contracts must develop processes and procedures aligned to the customer’s expectation of long-term performance and support programs.  Field reliability will drive future contract acquisitions.   
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		1 - TKW 019		86		86		0		Nonrelevant		12/19/01		1/16/02		200201

		1 - TKW 007		112		112		0		Nonrelevant		1/31/02		2/1/02		200202

		1 - 058		88		88		0		Relevant		3/18/02		4/3/02		200204

		1 - 012		299		299		0		Relevant		3/21/02		4/9/02		200204										0-100		254		51%

		1 - 073		119		119		0		Nonrelevant		5/14/02		5/16/02		200205										101-200		87		17%

		1 - 033		449		449		0		Nonrelevant		7/16/02		7/16/02		200207										201-300		52		10%

		1 - TKW 030		195		195		0		Nonrelevant		7/16/02		7/19/02		200207										301-400		26		5%

		1 - TKW 016		298		298		0		Nonrelevant		7/26/02		7/26/02		200207										401-500		15		3%

		1 - TKW 038		79		79		0		Nonrelevant		7/25/02		8/6/02		200208										501-600		10		2%

		1 - 041		653		653		0		Relevant		9/3/02		9/6/02		200209										601-700		11		2%

		1 - 015		1904		1904		0		Relevant		10/25/02		10/25/02		200210										701-800		8		2%

		1 - TKW 051		338		338		0		Nonrelevant		2/20/03		2/20/03		200302										801-900		7		1%

		1 - 031		1148		1148		0		Nonrelevant		3/12/03		3/12/03		200303										901-1000		7		1%

		1 - SNN 016		2305		2305		0		Nonrelevant		3/20/03		3/20/03		200303										1001-1100		3		1%

		1 - TKW 031		901		901		0		Nonrelevant		3/27/03		3/27/03		200303										1101-1200		1		0%

		1 - SNN 011		2720		2720		0		Nonrelevant		3/4/03		3/4/03		200303										1201-1300		2		0%

		1 - TKW 077		60				0				4/1/03		4/1/03		200304										1301-1400		4		1%

		5 - 006						0		Relevant				10/8/02												1401-1500		0		0%

		5 - 006						0		Relevant				9/10/02												1501-1600		4		1%

		5 - 025						0		Relevant				8/30/02												1601-1700		4		1%

		5 - 035						0		Relevant				11/22/02												1701-1800		1		0%

		5 - SNN 003						0		Relevant				3/3/03												1801-1900		1		0%

		5 - SNN 010						0		Relevant				9/12/02												1901-2000		0		0%

		5 - SNN 016						0		Relevant				1/1/03												2001-2100		1		0%

		5 - SNN 028						0		Relevant				4/16/02														498

		1 - 006		249		250		1		Relevant		9/9/97		9/9/97		199709

		1 - 002		1103		1104		1		Relevant		6/7/99		6/19/99		199906				3		2		1		0.4045199175

		1 - TKW 013		52		53		1		Relevant		11/21/00		2/6/01		200102

		1 - TKW 037		61		62		1		Nonrelevant		5/31/01		5/31/01		200105

		1 - SNN 021		372		373		1		Nonrelevant		5/31/01		8/20/01		200108

		1 - 068		109		110		1		Relevant		8/6/01		9/7/01		200109

		1 - TKW 054		83		84		1		Relevant		11/13/01		11/19/01		200111

		1 - 074		66		67		1		Relevant		1/2/02		1/9/02		200201

		1 - TKW 041		109		110		1		Relevant		1/22/02		1/23/02		200201

		1 - 063		100		101		1		Nonrelevant		5/29/02		5/30/02		200205

		1 - 023		1045		1047		2		Relevant		1/30/01		2/18/01		200102

		1 - 047		292		294		2		Relevant		1/18/02		2/1/02		200202

		1 - SNN 011		2678		2680		2		Nonrelevant		8/14/02		8/16/02		200208

		1 - TKW 018		675		677		2		Nonrelevant		2/6/03		2/6/03		200302

		1 - 033		159		162		3		Nonrelevant		6/16/98		6/16/98		199806

		1 - TKW 008		268		271		3		Relevant		7/27/01		8/27/01		200108

		1 - TKW 007		105		108		3		Relevant		10/2/01		11/1/01		200111

		1 - SNN 018		983		986		3		Nonrelevant		1/30/02		2/19/02		200202

		1 - 074		71		74		3		Relevant		3/25/02		3/27/02		200203

		1 - 045		356		359		3		Relevant		11/20/02		11/20/02		200211

		1 - 046		437		440		3		Relevant		2/28/03		2/28/03		200302

		1 - 050		170		174		4		Nonrelevant		8/24/01		9/13/01		200109

		1 - 068		112		116		4		Relevant		12/19/01		1/8/02		200201

		1 - 050		823		827		4		Relevant		2/21/03		2/21/03		200302

		1 - 011		218		223		5		Relevant		5/18/99		5/24/99		199905

		1 - SNN 027		174		179		5		Relevant		2/29/00		6/1/00		200006

		1 - 029		1154		1159		5		Relevant		11/21/00		1/9/01		200101

		1 - SNN 018		988		993		5		Relevant		4/24/02		4/29/02		200204

		1 - TKW 002		115		120		5		Relevant		5/14/02		5/19/02		200205

		1 - 035		306		311		5		Relevant		5/20/02		5/22/02		200205

		1 - 037		157		162		5		Relevant		1/15/03		1/15/03		200301

		1 - SNN 002		669		675		6		Relevant		6/11/98		6/11/98		199806

		1 - 015		1035		1041		6		Relevant		7/27/99		8/2/99		199908

		1 - SNN 023		398		404		6		Relevant		8/18/00		8/22/00		200008

		1 - 045		119		125		6		Relevant		9/19/00		9/21/00		200009

		1 - 042		148		154		6		Relevant		11/7/00		12/4/00		200012

		1 - 067		34		40		6		Relevant		4/9/01		4/17/01		200104

		1 - TKW 022		235		241		6		Relevant		11/28/01		12/3/01		200112

		1 - SNN 025		1520		1526		6		Relevant		4/21/02		4/30/02		200204

		1 - TKW 038		79		85		6		Relevant		9/24/02		9/24/02		200209

		1 - 033		461		467		6		Nonrelevant		12/30/02		12/30/02		200212

		1 - 031		348		355		7		Nonrelevant		2/19/99		2/19/99		199902

		1 - 042		82		89		7		Relevant		6/13/00		6/13/00		200006				18		104		6		0.6467616668

		1 - TKW 001		48		55		7		Relevant		10/24/00		10/31/00		200010

		1 - 007		717		724		7		Nonrelevant		11/7/00		12/4/00		200012

		1 - SNN 016		2046		2053		7		Nonrelevant		4/4/01		6/5/01		200106

		1 - SNN 026		801		808		7		Relevant		9/11/01		9/28/01		200109

		1 - TKW 045		42		50		8		Relevant		10/16/01		10/19/01		200110

		1 - 011		656		664		8		Nonrelevant		12/3/01		1/2/02		200201

		1 - TKW 039		424		432		8		Nonrelevant		3/30/03		3/30/03		200303

		1 - 019		48		57		9		Relevant		9/21/98		10/22/98		199810

		1 - SNN 005		1189		1198		9		Relevant		1/4/00		2/21/00		200002

		1 - SNN 023		251		261		10		Nonrelevant		7/21/99		7/21/99		199907

		1 - 048		115		126		11		Relevant		9/12/00		9/18/00		200009

		1 - 061		66		77		11		Relevant		8/1/01		9/7/01		200109

		1 - 060		247		258		11		Relevant		4/9/02		4/18/02		200204

		1 - SNN 002		1014		1026		12		Relevant		11/27/01		12/12/01		200112

		1 - TKW 046		68		80		12		Relevant		11/28/01		12/4/01		200112

		1 - 071		62		74		12		Relevant		12/3/01		12/7/01		200112

		1 - SNN 021		385		397		12		Relevant		12/7/01		1/15/02		200201

		1 - SNN 019		2334		2346		12		Nonrelevant		3/4/03		3/4/03		200303				50		321		6		2.9560729604

		1 - 026		86		99		13		Relevant		3/12/98		3/12/98		199803

		1 - 048		129		142		13		Relevant		3/7/01		5/21/01		200105

		1 - 065		129		142		13		Nonrelevant		2/8/02		2/25/02		200202

		1 - SNN 017		1030		1043		13		Relevant		4/18/03		4/18/03		200304

		1 - 008		66		80		14		Relevant		6/16/98		6/16/98		199806

		1 - 009		275		289		14		Relevant		5/27/99		6/2/99		199906

		1 - TKW 047		51		65		14		Relevant		10/19/01		10/23/01		200101

		1 - SNN 023		506		520		14		Relevant		9/4/01		9/25/01		200109				36		343		10		2.9807583993

		1 - SNN 011		15		30		15		Relevant		10/9/97		10/9/97		199710

		1 - 013		574		589		15		Relevant		6/25/99		7/8/99		199907

		1 - SNN 002		752		767		15		Relevant		12/7/99		12/16/99		199912				13		177		14		1.0439078454

		1 - 069		186		202		16		Relevant		12/17/01		1/4/02		200201

		1 - 061		79		95		16		Relevant		3/15/02		3/26/02		200203

		1 - SNN 008		701		717		16		Relevant		3/8/02		3/22/02		200203

		1 - 022		2252		2269		17		Relevant		2/7/02		2/20/02		200202

		1 - 036		103		121		18		Relevant		1/14/99		1/14/99		199901

		1 - TKW 004		93		111		18		Relevant		12/5/00		12/11/00		200012				18		266		15		1.7675358572

		1 - 019		59		78		19		Relevant		12/1/99		10/8/99		199910

		1 - 033		384		403		19		Relevant		4/3/00		6/1/00		200006

		1 - 078		96		115		19		Nonrelevant		8/27/01		8/27/01		200108

		1 - 070		33		52		19		Relevant		8/17/01		9/11/01		200109

		1 - 035		280		299		19		Relevant		12/12/01		1/16/02		200201

		1 - SNN 017		179		199		20		Relevant		1/5/98		1/5/98		199801

		1 - 060		70		90		20		Relevant		5/2/01		7/17/01		200107

		1 - 078		123		143		20		Nonrelevant		11/8/01		11/14/01		200111

		1 - SNN 008		279		300		21		Relevant		3/20/97		3/20/97		199703

		1 - 059		59		81		22		Relevant		2/14/01		3/7/01		200103

		1 - TKW 038		55		77		22		Relevant		11/9/01		11/13/01		200111

		1 - 063		73		95		22		Relevant		2/7/02		2/11/02		200202

		1 - TKW 003		271		294		23		Relevant		1/2/02		1/29/02		200201

		1 - TKW 023		629		652		23		Relevant		2/21/03		2/21/03		200302

		1 - 012		173		197		24		Relevant		3/30/98		3/30/98		199803				6		136		23		0.8164965809

		1 - 058		35		59		24		Relevant		5/7/01		7/24/01		200107

		1 - TKW 043		75		99		24		Relevant		12/19/01		1/7/02		200201

		1 - 021		1901		1925		24		Relevant		9/13/02		9/18/02		200209

		1 - 034		179		204		25		Relevant		3/18/99		3/18/99		199903				6		144		24		0.632455532

		1 - 079		253		279		26		Relevant		3/30/03		3/30/03		200303

		1 - TKW 002		347		373		26		Relevant		5/9/03		5/9/03		200305				15		346		23		1.9073791543

		1 - 019		80		107		27		Relevant		5/26/00		6/13/00		200006

		1 - TKW 018		551		578		27		Relevant		10/23/01		10/24/01		200110

		1 - 079		225		252		27		Relevant		10/1/02		10/1/02		200210

		1 - 001		574		602		28		Relevant		10/26/99		11/4/99		199911

		1 - TKW 015		52		80		28		Relevant		2/15/01		5/16/01		200105

		1 - SNN 016		2275		2303		28		Relevant		12/17/02		12/17/02		200212

		1 - 046		408		436		28		Relevant		12/5/02		12/5/02		200212				29		672		23		3.338829623

		1 - SNN 023		264		294		30		Relevant		9/23/99		9/28/99		199909				17		442		26		1.3498971154

		1 - 023		1		31		30		Relevant		7/18/01		9/14/01		200109

		1 - SNN 003		292		323		31		Relevant		11/17/97		11/17/97		199711

		1 - 041		66		97		31		Relevant		9/19/00		9/22/00		200009

		1 - 019		119		151		32		Relevant		9/25/01		10/10/01		200110

		1 - 064		70		103		33		Relevant		3/9/01		3/30/01		200103				23		621		27		3.1188575997

		1 - 052		42		76		34		Relevant		4/17/01		6/26/01		200106

		1 - 073		82		116		34		Relevant		10/29/01		10/29/01		200110

		1 - TKW 006		326		360		34		Relevant		1/25/02		2/26/02		200202

		1 - 074		76		110		34		Nonrelevant		8/27/02		8/27/02		200208

		1 - SNN 027		454		488		34		Nonrelevant		11/20/02		11/20/02		200211

		1 - 006		775		809		34		Relevant		1/28/03		1/28/03		200301

		1 - 046		50		85		35		Relevant		8/29/00		9/3/00		200009

		1 - 063		34		69		35		Relevant		9/18/01		9/19/01		200109

		1 - 043		635		670		35		Relevant		9/20/01		10/4/01		200110

		1 - SNN 015		1843		1878		35		Relevant		5/2/03		5/2/03		200305

		1 - SNN 019		133		169		36		Nonrelevant		5/26/98		5/26/98		199805

		1 - TKW 012		261		298		37		Relevant		7/18/01		8/23/01		200108

		1 - SNN 008		746		783		37		Relevant		9/5/02		9/5/02		200209				39		1140		29		4.9654677972

		1 - TKW 021		40		78		38		Relevant		7/30/01		8/27/01		200108

		1 - 057		962		1000		38		Relevant		1/7/03		1/7/03		200301

		1 - SNN 006		130		169		39		Relevant		3/3/97		3/3/97		199703

		1 - 026		214		253		39		Relevant		5/26/99		6/16/99		199906

		1 - 009		290		329		39		Relevant		9/14/99		9/21/99		199909

		1 - TKW 050		113		153		40		Relevant		3/18/02		3/26/02		200203

		1 - 045		316		356		40		Relevant		9/5/02		9/18/02		200209

		1 - 004		585		627		42		Relevant		7/25/00		8/3/00		200008

		1 - 062		622		664		42		Nonrelevant		12/16/02		12/16/02		200212

		1 - 030		1095		1138		43		Nonrelevant		5/18/00		6/7/00		200006

		1 - 033		404		448		44		Relevant		11/15/01		11/19/01		200111

		1 - 015		1299		1345		46		Nonrelevant		12/5/00		2/9/01		200102

		1 - 048		144		190		46		Relevant		11/20/01		11/30/01		200111

		1 - TKW 055		73		119		46		Relevant		12/3/01		12/4/01		200112				40		1416		35		5.5783464143

		1 - SNN 007		334		381		47		Relevant		3/20/97		3/20/97		199703

		1 - 025		108		156		48		Relevant		4/3/98		4/3/98		199804

		1 - TKW 019		35		84		49		Relevant		9/25/01		10/1/01		200110

		1 - 015		1616		1665		49		Nonrelevant		1/7/02		1/21/02		200201

		1 - SNN 016		2223		2272		49		Relevant		3/18/02		4/4/02		200204

		1 - TKW 057		227		276		49		Relevant		3/19/03		3/19/03		200303

		1 - 026		163		213		50		Relevant		12/9/98		12/9/98		199812				5		246		49		0.4472135955

		1 - TKW 007		45		95		50		Relevant		1/10/01		2/16/01		200102

		1 - 041		105		155		50		Relevant		4/11/01		4/13/01		200104

		1 - 069		64		115		51		Relevant		7/5/01		7/30/01		200107

		1 - TKW 042		75		126		51		Relevant		9/25/01		10/2/01		200110

		1 - 007		525		577		52		Relevant		7/7/99		7/15/99		199907

		1 - TKW 030		141		193		52		Relevant		5/21/01		8/1/01		200108

		1 - 044		274		326		52		Relevant		11/30/01		1/11/02		200201

		1 - 056		79		132		53		Relevant		11/9/01		11/15/01		200111

		1 - 042		174		227		53		Relevant		12/19/01		1/11/02		200201

		1 - 039		271		325		54		Relevant		11/15/99		12/16/99		199912

		1 - 031		546		600		54		Nonrelevant		12/8/00		2/16/01		200102

		1 - 026		107		162		55		Nonrelevant		4/21/98		4/21/98		199804

		1 - 006		393		448		55		Nonrelevant		4/9/02		4/18/02		200204

		1 - SNN 002		611		667		56		Nonrelevant		4/14/98		4/14/98		199804

		1 - SNN 009		532		588		56		Relevant		8/10/00		10/9/00		200010

		1 - 066		41		98		57		Relevant		6/20/01		8/10/01		200108

		1 - 034		94		152		58		Relevant		10/7/98		10/7/98		199810

		1 - 027		366		424		58		Relevant		2/7/02		2/20/02		200202

		1 - SNN 002		1027		1087		60		Relevant		7/31/02		7/31/02		200207

		1 - TKW 039		232		292		60		Relevant		8/8/02		8/8/02		200208

		1 - TKW 038		55		115		60		Relevant		12/11/02		12/11/02		200212

		1 - SNN 001		510		571		61		Relevant		5/13/98		5/13/98		199805

		1 - 026		1459		1520		61		Nonrelevant		5/14/02		5/19/02		200205

		1 - TKW 014		900		962		62		Investigation		5/2/03		5/2/03		200305

		1 - SNN 016		396		406		64		Relevant		1/6/98		1/6/98		199801

		1 - TKW 017		40		104		64		Nonrelevant		2/22/01		3/29/01		200103

		1 - SNN 017		955		1020		65		Relevant		9/18/02		9/18/02		200209

		1 - 011		149		215		66		Relevant		10/29/98		10/29/98		199810

		1 - 011		676		742		66		Nonrelevant		8/12/02		8/12/02		200208

		1 - 047		143		210		67		Relevant		9/19/00		9/22/00		200009

		1 - SNN 002		677		745		68		Relevant		8/30/99		9/8/99		199909

		1 - TKW 018		601		669		68		Nonrelevant		2/6/02		2/20/02		200202

		1 - 017		1855		1923		68		Investigation		5/22/03		5/22/03		200305

		1 - 045		245		316		71		Nonrelevant		6/11/02		6/12/02		200206

		1 - 053		331		402		71		Relevant		11/20/02		11/20/02		200211

		1 - 039		193		266		73		Relevant		7/12/99		7/12/99		199907

		1 - 005		485		558		73		Relevant		12/4/01		1/14/02		200201

		1 - 047		216		290		74		Relevant		7/27/01		9/20/01		200109

		1 - 045		127		201		74		Relevant		10/16/01		10/25/01		200110

		1 - 020		100		176		76		Relevant		7/31/98		7/31/98		199807

		1 - SNN 015		1765		1841		76		Relevant		1/20/03		1/20/03		200301

		1 - 010		575		652		77		Nonrelevant		5/4/98		5/4/98		199805

		1 - SNN 010		1449		1526		77		Nonrelevant		3/5/01		4/26/01		200104

		1 - SNN 001		246		324		78		Relevant		1/14/97		1/14/97		199701

		1 - SNN 015		137		215		78		Relevant		12/4/97		12/4/97		199712				4		310		78		0.5773502692

		1 - 031		820		899		79		Relevant		7/3/02		7/9/02		200207

		1 - 009		765		845		80		Relevant		12/1/00		2/6/01		200102

		1 - 050		82		163		81		Nonrelevant		3/8/01		5/23/01		200105

		1 - 019		980		1061		81		Relevant		4/25/03		4/25/03		200304

		1 - 048		192		274		82		Relevant		12/2/02		12/2/02		200212

		1 - TKW 020		41		124		83		Relevant		4/9/01		6/6/01		200106				19		1452		76		4.1273584433

		1 - SNN 007		411		495		84		Relevant		10/10/97		10/10/97		199710

		1 - TKW 008		273		357		84		Relevant		2/21/02		2/26/02		200202

		1 - SNN 017		213		298		85		Relevant		8/28/98		8/28/98		199808				4		336		84		0.8164965809

		1 - TKW 005		582		667		85		Relevant		9/18/02		9/18/02		200209

		1 - 059		228		317		89		Relevant		10/18/02		10/18/02		200210

		1 - SNN 008		302		392		90		Relevant		9/25/97		9/25/97		199709				3		264		88		2.6457513111

		1 - 040		96		186		90		Relevant		2/8/00		2/24/00		200002				5		439		88		2.5884358211

		1 - TKW 040		68		158		90		Relevant		11/28/01		12/3/01		200112

		1 - 022		2272		2363		91		Relevant		1/20/03		1/20/03		200301

		1 - SNN 009		302		394		92		Nonrelevant		6/4/97		6/4/97		199706				3		273		91		1

		1 - 009		179		271		92		Relevant		6/16/98		6/16/98		199806

		1 - 011		226		318		92		Relevant		8/31/99		10/6/99		199910

		1 - SNN 001		375		468		93		Relevant		5/29/97		5/29/97		199705

		1 - SNN 023		296		389		93		Relevant		1/4/00		4/24/00		200004

		1 - 012		202		297		95		Relevant		12/11/98		4/2/99		199904

		1 - 061		106		201		95		Relevant		7/11/02		7/16/02		200207

		1 - TKW 048		350		379		95		Relevant		3/30/03		3/30/03		200303

		1 - 013		471		567		96		Relevant		4/26/99		4/26/99		199904

		1 - SNN 023		409		505		96		Nonrelevant		4/5/01		4/27/01		200104

		1 - TKW 067		50		146		96		Relevant		2/22/03		2/22/03		200302

		1 - 069		212		309		97		Relevant		3/31/03		3/31/03		200303

		1 - 008		82		180		98		Relevant		2/18/99		2/18/99		199902

		1 - 079		0		98		98		Relevant		11/26/01		11/29/01		200111

		1 - 001		470		570		100		Relevant		8/6/99		8/12/99		199908

		1 - 008		357		457		100		Relevant		11/21/00		12/8/00		200012

		1 - TKW 035		37		140		103		Relevant		10/29/01		11/5/01		200111

		1 - 072		294		397		103		Relevant		7/3/02		7/9/02		200207

		1 - 067		348		451		103		Relevant		3/27/03		3/27/03		200303

		1 - SNN 024		113		218		105		Relevant		9/29/99		11/6/99		199911

		1 - TKW 014		792		898		106		Relevant		5/7/02		5/9/02		200205

		1 - TKW 041		0		107		107		Relevant		11/14/01		11/27/01		200111

		1 - TKW 008		359		466		107		Relevant		10/24/02		10/24/02		200210

		1 - 010		655		764		109		Relevant		9/16/99		9/27/99		199909

		1 - 008		461		570		109		Relevant		7/5/01		7/10/01		200107

		1 - 057		635		747		112		Relevant		1/7/02		1/29/02		200201

		1 - 064		105		220		115		Relevant		4/19/02		4/24/02		200204

		1 - TKW 034		52		169		117		Relevant		3/5/02		3/7/02		200203

		1 - SNN 018		993		1110		117		Relevant		9/27/02		9/27/02		200209

		1 - TKW 039		295		413		118		Relevant		12/2/02		12/2/02		200212

		1 - TKW 011		295		414		119		Relevant		2/6/02		2/19/02		200202

		1 - 030		1548		1667		119		Relevant		8/13/02		8/13/02		200208

		1 - SNN 015		997		1117		120		Relevant		11/21/00		2/5/01		200102

		1 - 008		185		306		121		Relevant		1/12/00		1/24/00		200001

		1 - TKW 017		108		229		121		Relevant		11/29/01		12/13/01		200112

		1 - TKW 036		310		433		123		Relevant		2/21/02		2/25/02		200202

		1 - 010		766		889		123		Nonrelevant		6/24/02		6/27/02		200206

		1 - 038		346		469		123		Relevant		2/21/03		2/21/03		200302

		1 - 079		100		225		125		Relevant		6/3/02		7/8/02		200207

		1 - 052		82		208		126		Relevant		11/8/01		11/14/01		200111

		1 - 070		54		181		127		Relevant		8/7/02		8/7/02		200208

		1 - TEM 001		1111		1238		127		Relevant		8/9/02		8/9/02		200208

		1 - 025		1040		1167		127		Investigation		5/14/03		5/14/03		200305

		1 - SNN 009		400		528		128		Relevant		9/15/97		9/18/97		199709

		1 - 028		1367		1496		129		Relevant		11/16/01		11/29/01		200111

		1 - 043		674		803		129		Relevant		1/14/02		1/24/02		200201

		1 - TKW 055		120		249		129		Relevant		4/8/02		4/16/02		200204

		1 - 047		295		424		129		Relevant		10/24/02		10/24/02		200210

		1 - 040		191		321		130		Relevant		10/9/00		10/18/00		200010

		1 - 007		583		714		131		Relevant		6/13/00		6/16/00		200006

		1 - 021		1765		1896		131		Relevant		4/24/02		4/28/02		200204

		1 - 035		143		276		133		Relevant		10/26/99		11/4/99		199911

		1 - TKW 022		101		234		133		Relevant		7/13/01		8/21/01		200108

		1 - 072		155		288		133		Relevant		10/29/01		10/30/01		200110

		1 - TKW 009		101		236		135		Relevant		1/8/03		1/8/03		200301

		1 - 011		502		638		136		Relevant		4/17/01		6/13/01		200106

		1 - SNN 017		301		438		137		Nonrelevant		8/11/99		9/13/99		199909

		1 - 006		252		390		138		Relevant		4/26/00		5/11/99		199905

		1 - 029		1005		1144		139		Relevant		2/7/00		6/12/00		200006

		1 - 034		660		799		139		Relevant		3/5/01		3/14/01		200103

		1 - SNN 004		428		568		140		Relevant		1/27/00		2/24/00		200002

		1 - 059		85		225		140		Nonrelevant		1/7/02		1/24/02		200201

		1 - SNN 003		116		257		141		Relevant		3/6/97		3/6/97		199703				5		699		140		0.8366600265

		1 - TKW 031		83		224		141		Relevant		8/17/01		9/17/01		200109

		1 - SNN 016		2072		2216		144		Relevant		10/3/01		10/24/01		200110

		1 - TKW 035		519		666		147		Relevant		3/23/03		3/23/03		200303

		1 - TKW 015		83		233		150		Relevant		3/12/02		3/14/02		200203

		1 - TKW 024		72		223		151		Relevant		1/14/02		1/28/02		200201

		1 - 031		360		513		153		Relevant		6/28/00		8/9/00		200008

		1 - 060		92		246		154		Relevant		1/21/02		2/1/02		200202

		1 - 052		211		365		154		Relevant		1/7/03		1/7/03		200301

		1 - SNN 009		625		781		156		Relevant		1/25/02		2/6/02		200202

		1 - TKW 012		300		456		156		Relevant		4/9/02		4/17/02		200204

		1 - TKW 057		67		223		156		Relevant		10/15/02		10/15/02		200210

		1 - 004		880		1037		157		Nonrelevant		8/28/01		9/24/01		200109

		1 - 076		80		237		157		Relevant		6/25/02		6/27/02		200206

		1 - 037		0		157		157		Nonrelevant		8/22/01		8/30/02		200208

		1 - TKW 046		83		246		163		Relevant		6/10/02		6/11/02		200206

		1 - SNN 004		259		425		166		Relevant		1/7/98		1/7/98		199801

		1 - TKW 036		140		309		169		Relevant		7/23/01		8/24/01		200108

		1 - 004		403		573		170		Relevant		2/10/98		2/10/99		199902

		1 - 002		928		1099		171		Relevant		3/18/99		3/18/99		199903

		1 - SNN 023		520		691		171		Nonrelevant		3/8/02		3/15/02		200203				55		7659		139		15.650367623

		1 - SNN 019		171		344		173		Relevant		9/14/99		9/22/99		199909

		1 - SNN 024		221		394		173		Relevant		2/22/00		6/13/00		200006

		1 - 004		703		878		175		Relevant		2/1/01		2/20/01		200102

		1 - SNN 017		441		617		176		Relevant		3/21/00		6/21/00		200006

		1 - 011		322		498		176		Nonrelevant		8/1/00		10/11/00		200010

		1 - TKW 032		83		262		179		Relevant		9/11/01		9/13/01		200109

		1 - 041		160		339		179		Relevant		9/20/01		10/4/01		200110

		1 - SNN 012		275		457		182		Nonrelevant		2/9/98		2/9/98		199802

		1 - TKW 043		326		508		182		Relevant		3/12/03		3/12/03		200303

		1 - TKW 008		83		266		183		Relevant		2/15/01		2/27/01		200102

		1 - 049		414		597		183		Relevant		4/1/02		4/12/02		200204

		1 - 062		436		619		183		Relevant		9/24/02		9/24/02		200209

		1 - TKW 004		420		605		185		Nonrelevant		3/17/03		3/17/03		200303

		1 - 031		609		797		188		Nonrelevant		3/28/02		4/9/02		200204

		1 - 038		156		345		189		Nonrelevant		7/1/99		7/12/99		199907

		1 - TKW 006		334		524		190		Relevant		9/26/02		9/26/02		200209

		1 - TKW 039		39		230		191		Nonrelevant		11/9/01		11/13/01		200111

		1 - SNN 002		770		962		192		Relevant		9/6/00		10/24/00		200010

		1 - 058		108		303		195		Relevant		11/20/02		11/20/02		200211

		1 - SNN 011		91		289		198		Relevant		7/10/98		7/10/98		199807

		1 - 057		752		954		202		Relevant		10/15/02		10/15/02		200210

		1 - TKW 003		66		269		203		Relevant		7/5/01		9/20/01		200109

		1 - TKW 012		54		259		205		Relevant		3/7/01		3/30/01		200103

		1 - 034		802		1009		207		Nonrelevant		3/4/03		3/4/03		200303

		1 - TKW 006		114		322		208		Relevant		8/8/01		9/11/01		200109

		1 - TKW 043		100		309		209		Relevant		7/12/02		7/16/02		200207

		1 - TKW 023		67		277		210		Relevant		7/12/01		8/10/01		200108

		1 - 031		926		1136		210		Relevant		1/17/03		1/17/03		200301

		1 - TKW 007		129		339		210		Relevant		3/20/03		3/20/03		200303

		1 - TKW 051		120		331		211		Relevant		4/26/02		4/27/02		200204

		1 - 007		307		520		213		Relevant		6/25/98		6/25/98		199806				12		2486		207		4.3658454004

		1 - TKW 024		224		437		213		Investigation		5/14/03		5/14/03		200305

		1 - TKW 045		52		268		216		Relevant		4/3/02		4/16/02		200204

		1 - TKW 002		123		340		217		Relevant		8/28/02		8/28/02		200208

		1 - 033		163		382		219		Relevant		8/4/99		8/26/99		199908

		1 - TKW 016		73		296		223		Nonrelevant		1/14/02		1/28/02		200201

		1 - 044		41		267		226		Relevant		1/8/01		1/22/01		200101

		1 - 015		1667		1894		227		Relevant		7/24/02		9/30/02		200209

		1 - SNN 021		138		366		228		Nonrelevant		12/6/00		2/9/01		200102

		1 - 025		408		637		229		Relevant		9/19/00		10/19/00		200010

		1 - 054		50		280		230		Relevant		11/29/01		3/15/02		200203

		1 - 053		88		320		232		Relevant		4/9/02		4/17/02		200204

		1 - TKW 011		58		294		236		Relevant		6/14/01		8/9/01		200108

		1 - 042		229		468		239		Relevant		5/22/02		5/24/02		200205

		1 - TKW 022		243		482		239		Relevant		6/11/02		6/12/02		200206

		1 - 014		60		303		243		Relevant		8/2/00		9/13/00		200009

		1 - SNN 006		580		824		244		Relevant		10/29/01		11/1/01		200111

		1 - 020		177		422		245		Relevant		9/30/99		11/7/99		199911

		1 - TKW 026		115		360		245		Relevant		2/21/02		3/3/02		200203

		1 - 015		1045		1292		247		Relevant		5/18/00		6/9/00		200006

		1 - 025		158		406		248		Relevant		9/30/99		10/1/99		199910

		1 - 027		116		364		248		Relevant		10/20/99		11/5/99		199911

		1 - 021		1509		1764		255		Nonrelevant		3/20/01		5/1/01		200105

		1 - SNN 025		150		408		258		Nonrelevant		1/18/00		1/18/00		200001

		1 - SNN 027		183		442		259		Relevant		1/2/02		1/18/02		200201

		1 - 029		1177		1436		259		Relevant		12/3/01		1/1/02		200201

		1 - TKW 012		461		720		259		Relevant		4/2/03		4/2/03		200304

		1 - 015		1352		1615		263		Relevant		7/5/01		8/20/01		200108

		1 - TKW 055		251		393		264		Relevant		10/31/02		10/31/02		200210

		1 - 006		496		765		269		Relevant		11/6/02		11/6/02		200211

		1 - 059		329		602		273		Relevant		3/30/03		3/30/03		200303

		1 - 005		206		482		276		Relevant		5/24/00		5/31/00		200005

		1 - 013		192		469		277		Relevant		4/1/99		4/16/99		199904

		1 - 075		66		347		281		Nonrelevant		4/18/02		4/23/02		200204

		1 - TKW 031		227		509		282		Relevant		5/20/02		6/17/02		200206

		1 - 067		50		333		283		Relevant		2/28/02		3/12/02		200203

		1 - TKW 004		117		400		283		Relevant		7/3/02		7/9/02		200207

		1 - TKW 048		66		350		284		Relevant		8/23/02		8/28/02		200208

		1 - 013		594		884		290		Relevant		3/21/00		5/25/00		200005

		1 - SNN 008		408		698		290		Relevant		4/9/01		5/2/01		200105

		1 - 036		494		784		290		Nonrelevant		10/18/02		10/18/02		200210

		1 - 041		341		641		300		Nonrelevant		4/2/02		4/30/02		200204

		1 - SNN 013		596		900		304		Relevant		7/10/00		7/17/00		200007

		1 - 046		90		396		306		Relevant		1/30/02		2/18/02		200202

		1 - TKW 026		362		686		324		Nonrelevant		10/31/02		10/31/02		200210

		1 - TKW 045		273		599		326		Relevant		1/8/03		1/8/03		200301

		1 - SNN 026		811		1141		330		Relevant		1/6/03		1/6/03		200301

		1 - SNN 017		622		955		333		Relevant		5/21/02		5/23/02		200205

		1 - TKW 023		281		617		336		Relevant		8/28/02		8/28/02		200208

		1 - 062		89		428		339		Relevant		1/28/02		2/13/02		200202

		1 - SNN 025		430		770		340		Relevant		11/15/00		12/4/00		200012

		1 - TKW 010		43		383		340		Relevant		11/26/01		12/7/01		200112

		1 - 049		73		414		341		Relevant		2/8/01		3/23/01		200103

		1 - 014		630		975		345		Relevant		6/25/02		6/28/02		200206

		1 - 066		101		447		346		Relevant		4/3/02		4/15/02		200204

		1 - 036		136		486		350		Relevant		3/21/00		6/9/00		200006

		1 - 025		637		987		350		Relevant		3/28/02		4/12/02		200204

		1 - TKW 029		37		390		353		Relevant		7/17/01		8/21/01		200108

		1 - 060		263		617		354		Relevant		3/20/03		3/20/03		200303

		1 - TKW 029		766		1121		355		Relevant		2/6/03		2/6/03		200302

		1 - TKW 029		408		766		358		Nonrelevant		5/29/02		5/30/02		200205

		1 - TKW 035		153		513		360		Relevant		6/11/02		6/12/02		200206

		1 - TKW 028		40		406		366		Nonrelevant		6/5/02		6/6/02		200206				40		12396		310		35.93712458

		1 - TKW 031		511		894		383		Relevant		12/19/02		12/19/02		200212

		1 - SNN 001		1205		1593		388		Relevant		10/9/00		11/13/00		200011

		1 - 009		330		725		395		Nonrelevant		7/14/00		7/25/00		200007

		1 - 030		1152		1548		396		Relevant		9/11/01		10/8/01		200110

		1 - SNN 006		181		579		398		Relevant		6/3/99		8/4/99		199908

		1 - SNN 013		184		584		400		Relevant		4/15/99		5/24/99		199905

		1 - SNN 010		105		507		402		Relevant		5/1/98		5/1/98		199805

		1 - 051		87		491		404		Nonrelevant		1/13/02		2/1/02		200202

		1 - TKW 003		295		703		408		Investigation		4/10/03		4/10/03		200304

		1 - 028		956		1366		410		Relevant		4/2/01		4/27/01		200104

		1 - TKW 037		77		495		418		Relevant		7/11/02		7/16/02		200207

		1 - 039		331		756		425		Relevant		2/20/01		3/7/01		200103

		1 - 013		887		1321		434		Relevant		4/17/01		6/28/01		200106

		1 - TKW 052		56		492		436		Relevant		1/30/02		2/6/02		200202

		1 - TKW 052		504		940		436		Relevant		3/30/03		3/30/03		200303

		1 - 034		211		656		445		Relevant		9/6/00		10/17/00		200010

		1 - SNN 002		70		522		452		Relevant		5/30/97		5/30/97		199705

		1 - TKW 018		89		549		460		Relevant		5/31/01		8/1/01		200108

		1 - TKW 005		101		582		481		Relevant		3/5/02		3/12/02		200203

		1 - SNN 018		496		981		485		Nonrelevant		1/30/01		2/15/01		200102

		1 - 049		600		1094		494		Relevant		2/12/03		2/12/03		200302

		1 - 002		419		922		503		Relevant		7/7/98		7/7/98		199807

		1 - TKW 033		170		676		506		Relevant		10/3/01		10/8/01		200110

		1 - TKW 042		156		667		511		Relevant		9/30/02		9/30/02		200209

		1 - SNN 003		1914		2434		520		Relevant		12/12/02		12/12/02		200212

		1 - 043		93		621		528		Relevant		2/6/01		2/20/01		200102

		1 - 002		1106		1650		544		Relevant		9/12/00		11/1/00		200011

		1 - TKW 027		41		587		546		Relevant		11/19/01		11/21/01		200111

		1 - 035		311		889		578		Relevant		3/30/03		3/30/03		200303

		1 - 028		1499		2079		580		Relevant		3/30/03		3/30/03		200303

		1 - 057		43		633		590		Relevant		8/23/01		9/14/01		200109

		1 - SNN 026		174		778		604		Nonrelevant		3/1/01		4/11/01		200104

		1 - SNN 019		350		957		607		Relevant		3/5/01		3/13/01		200103

		1 - SNN 001		575		1189		614		Relevant		10/6/99		10/7/99		199910

		1 - 014		5		627		622		Relevant		1/2/02		1/18/02		200201

		1 - 032		100		726		626		Relevant		11/2/99		12/16/99		199912

		1 - TKW 020		130		761		631		Nonrelevant		7/3/02		7/9/02		200207

		1 - 050		189		822		633		Relevant		12/3/02		12/3/02		200212

		1 - SNN 015		1119		1760		641		Relevant		5/20/02		5/22/02		200205

		1 - 065		145		797		652		Nonrelevant		4/25/03		4/25/03		200304

		1 - 040		323		993		670		Relevant		8/27/02		9/5/02		200209

		1 - TKW 014		91		790		699		Relevant		11/16/01		11/30/01		200111

		1 - TKW 041		117		849		732		Relevant		3/27/03		3/27/03		200303

		1 - SNN 005		447		1180		733		Relevant		1/12/99		8/6/99		199908

		1 - SNN 025		778		1519		741		Relevant		12/19/01		1/17/02		200201

		1 - SNN 015		218		967		749		Nonrelevant		1/4/00		5/2/00		200005

		1 - 030		335		1089		754		Relevant		9/22/99		10/6/99		199910

		1 - 020		425		1190		765		Relevant		10/28/02		10/28/02		200210

		1 - 029		226		1002		776		Relevant		7/6/99		7/6/99		199907

		1 - TKW 056		49		827		778		Nonrelevant		10/8/02		10/8/02		200210

		1 - 028		145		946		801		Relevant		9/8/99		4/28/00		200004

		1 - 023		217		1043		826		Relevant		1/25/99		5/24/99		199905

		1 - 055		81		909		828		Relevant		2/11/02		2/26/02		200202

		1 - 019		151		980		829		Relevant		8/16/02		8/16/02		200208

		1 - TKW 049		50		899		849		Relevant		5/2/03		5/2/03		200305

		1 - 015		179		1032		853		Relevant		4/28/99		5/10/99		199905

		1 - TKW 032		267		1151		884		Relevant		3/12/03		3/12/03		200303

		1 - TKW 047		67		984		917		Relevant		3/12/03		3/12/03		200303

		1 - TEM 001		191		1111		920		Relevant		8/8/01		9/24/01		200109

		1 - SNN 010		522		1443		921		Relevant		1/4/00		5/31/00		200005

		1 - 017		929		1855		926		Relevant		2/28/02		3/4/02		200203

		1 - TKW 053		66		999		933		Relevant		3/3/03		3/3/03		200303

		1 - SNN 011		1726		2672		946		Relevant		4/18/02		4/24/02		200204

		1 - 018		0		988		988		Relevant		8/31/01		8/31/01		200108

		1 - 077		61		1072		1011		Relevant		4/18/03		4/18/03		200304

		1 - SNN 013		908		1947		1039		Relevant		1/6/03		1/6/03		200301

		1 - 063		105		1175		1070		Relevant		3/13/03		3/13/03		200303

		1 - 026		272		1456		1184		Relevant		4/9/01		4/30/01		200104

		1 - SNN 028		68		1301		1233		Relevant		2/7/02		2/21/02		200202

		1 - SNN 024		425		1661		1236		Investigation		5/22/03		5/22/03		200305

		1 - SNN 019		963		2329		1366		Relevant		10/31/02		10/31/02		200210

		1 - 021		139		1506		1367		Relevant		7/26/00		7/27/00		200007

		1 - TKW 001		55		1425		1370		Nonrelevant		1/15/03		1/15/03		200301

		1 - SNN 011		292		1688		1396		Relevant		10/13/00		11/15/00		200011

		1 - SNN 007		525		2041		1516				5/24/00		5/24/00		200005

		1 - 039		762		2285		1523		Relevant		3/31/03		3/31/03		200303

		1 - SNN 016		479		2036		1557		Relevant		9/6/00		10/31/00		200010

		1 - 007		753		2311		1558		Relevant		10/28/02		10/28/02		200210

		1 - SNN 003		337		1896		1559		Relevant		8/8/01		9/25/01		200109

		1 - 009		847		2510		1663		Relevant		1/28/03		1/28/03		200301

		1 - SNN 004		576		2298		1722		Relevant		3/14/03		3/14/03		200303

		1 - 022		396		2248		1852		Nonrelevant		4/10/01		6/12/01		200106

		1 - 008		571		2711		2140		Relevant		9/25/02		9/25/02		200209

																				468		32690		70		325.944223431
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		3 - 001						0				T&E: Wire harness is not properly assembled.
ADAMS: Insulation is broken, replaced housing element, electrical box, limitter, wire splice.		Relevant		Wire Harness						12/11/02

		3 - 005						0		ATO FLIR HAND CONTROL DOES NOT SLEW.		Verified c/c. Replace Az/El slew switch.		Relevant		Slew Transducer S7						1/21/03

		3 - 006						0						Investigation								12/11/02

		3 - 007		N/A		N/A		N/A		SO's HCU is inoperable. Causes TU to return to the stowed position.		Fails at bench test. Elevation slew holds at -13 V.		Relevant		Worn transducer.		1/16/01		N/A		1/22/01

		3 - 009		N/A		N/A		0		SENSO's HCU is Inop		Slew switch sticks at +13v in El. LCS does not operate in push position. RTV		Relevant				8/27/01				9/19/01

		3 - 010		N/A		N/A		0		Joystick has drift		Slew switch has high El drift stuck at -0.7vdc. Thumb switch is intermittent. RTV: Vendor adjusted the electric box and replaced switch 4 for an intermitent short.		Relevant				8/29/01				9/19/01

		3 - 020		N/A		N/A		N/A		SO HCU degraded, selecting slew does not bring FLIR out of stow. Selecting scan with switch 1 will bring FLIR out of stow.		FWD switch SW7 (Az/El slew switch "PUSH" position) does not work.  Vendor found and re-soldered broken wire.		Relevant		Broken wire		4/25/01		N/A		5/9/01

		3 - 022						0				Thumb switch is missing. El offset is out of spec. Replace Az/El slew switch.		Relevant		Slew Transducer S7						12/4/02

		3 - 028		N/A		N/A		N/A		None received.		Fails 12V on EL drive. TRK switch does not work.		Relevant		2 Failures:  Trigger switch,  Element		2/14/00		N/A		2/16/00

		3 - 028		N/A		N/A		N/A				CND		Nonrelevant		CND		9/20/99		N/A		9/21/99

		3 - 030		N/A		N/A		N/A		None received.		No fault found.		Nonrelevant		No fault found.		10/13/00		N/A		10/18/00

		3 - 032						0				Left switch will not select WFOV.		Relevant		Transducer S1						6/1/02

		3 - 033		N/A		N/A		N/A		None received.		Fails EL drift. Drive Set @ -12Vdc		Relevant		Element		2/8/00		N/A		2/16/00

		3 - 035		N/A		N/A		N/A		FLIR designator switch broken.		CND		Nonrelevant		CND		6/7/99		N/A		6/9/99

		3 - 035		N/A		N/A		N/A		None received.		Found intermittent short. Causes15V to short out.		Relevant		HCU		2/8/00		N/A		2/16/00

		3 - 036		N/A		N/A		0		Only brings FLIR out of Stow does no other function.		Slew switch stuck at -13vdc. HF (release consent) switch does not operate. RTV		Relevant				7/12/01				9/19/01

		3 - 038		N/A		N/A		N/A		Sensor operator's joystick missing cover on center button.		Center switch knob missing.  All functions work properly.		Nonrelevant		Customer Induced		3/8/01		N/A		3/20/01

		3 - 041		N/A		N/A		0		Could not toggle from Black Hot to White Hot		Replace RCS does not operate in right position. RTV		Relevant				6/27/01				9/19/01

		3 - 041						0				Az/ El slew offsets are too high.		Relevant		Slew Transducer S7						12/3/02

		3 - 046						0		SO's MFCU (MultiFunctional Control Unit) will not slew.		No voltage when slewing azimuth. Range/Designater switch does not designate.		Relevant		Slew Transducer S7		2/26/02				3/12/02

		3 - 047						0		SO HCU will not slew		Az drift is excessive 0.25Vdc. El slew has no output.		Relevant				10/8/01				11/1/01

		3 - 048		N/A		N/A		N/A		ACRT lock trigger button on HCU needs set screws.		Track switch does not operate - set screw is missing.		Relevant		SW6 set screws stripped		4/30/01		N/A		5/9/01

		3 - 050						0		Condition Unknown		Verified HCU operation with system. Ran additional ESS testing. No faults found.		Nonrelevant		No fault found		9/12/01				10/3/01

		3 - 057						0		SO's HCU won't slew the FLIR out of stow. All other functions are 4.0.		Will not operate Fwd slew. Slew voltage does not exceed -9.8Vdc		Relevant				10/25/01				11/1/01

		3 - 060						0				Red trigger switch is broken. Switch will not spring back after being pulled.		Investigation								4/10/03

		3 - 078						0				Bad Slew Switch. Stuck at 13 VDC.		Relevant		Slew Transducer S7						9/4/02

		3 - 089						0		Laser trigger guard missing fron SO HCU.		Slew switch has low EL output. No greater than +7.2. RTV		Investigation								11/8/01

		3 - 1001						0		Condition Unknown		T&E: Az and El Slew switch set (stuck?) at -13 V DC. Replace slew transducer S7.		Relevant		Slew Transducer S7						10/31/02

		3 - 1003						0		ATO: FLIR HCU LEFT HAND BUTTON INOP. WHEN PRESSED LEFT. LEFT ON LHS SHOULD FOCUS FAR. DOES NOT WORK.		T&E: Az El slew switch stuck at 3.5 VDC on the test set. Replaced transducer.		Relevant		Slew Transducer S7						3/20/03

		3 - 101						0		TRANSDUCER (THUMB CONTROL) TAKES TOO MUCH FORCE TO OBTAIN MAX SLEW RATE.		Hand control passes all bench tests. Complaint not warranted to units operation.		Nonrelevant		CND						4/10/03

		3 - 107						0		Cannot control FLIR from ATO Control.		T&E: Cannot slew the TU. Slew switch is broken, replace switch S7.		Relevant		Slew Transducer S7						10/31/02

		3 - 201						0		CANNON PLUG ON ATO GIMBAL CONTROL IS BENT.		Verified customer complaint. Plug cannot be connected for testing. RTV for repairs		Nonrelevant								5/1/03

		3 - 2012A						0				ADAMS: Verified slew transducer failure- switch out of adjustment (alignment?) Replaced switch.		Relevant		Slew Transducer S7						10/1/02

		3 - 2020						0				ADAMS: Slew switch functional, but returns to null slowly. Replaced switch.		Relevant		Slew Transducer S7						10/1/02

		3 - 3144						0		ATO HAND CONTROLLER IMPROPERLY SELECTS DISTANCE SETTINGS		T&E: Az/El slew switch stuck at +3.5 VDC.		Relevant		Slew Transducer S7						1/21/03

		3 - 3156						0		ASE PANEL LIGHTS DO NOT ILLUMINATE DURING MASTER CAUTION PANEL TEST.		No fault found testing HCU. Customer complaint is not relevant toward system FLIR control.		Nonrelevant		CND						5/5/03

		3 - SNN 001						0		Trigger guard on AFTO FLIR control loose.		Passed all testing. Trigger guard is loose. RTV		Relevant								11/13/01

		3 - SNN 001		N/A		N/A		N/A						Relevant						N/A		1/31/97

		3 - SNN 004		N/A		N/A		N/A		HCU has stripped out set screw to center switch.		Will not operate forward command. REPAIRED at Vendor. (Received 9/12/98) Switch 7 is inoperative due to broken wires. Set screw missing.		Relevant		Miscellaneous		9/3/98		N/A		5/19/99

		3 - SNN 012		N/A		N/A		N/A		No slew down or left. Drifts without stick.				Relevant		Transducer		7/29/99		N/A		8/2/99

		3 - SNN 013		N/A		N/A		N/A		Inop when TU is removed from stow position. TU is commanded into lookup position, turret will not slew down.		Will not allow slew down. (5/19/99) REPAIRED at Vendor. Replaced transducer.		Relevant		Transducer		3/17/99		N/A		3/19/99

		3 - SNN 013		N/A		N/A		N/A						Relevant						N/A		4/1/97

		3 - SNN 013		N/A		N/A		0		Super-sensitive to left slew, will jump 15 to 20 degrees to left.		Slew switch stuck at -13v in Az. RTV: Vendor replaced slew switch element.		Relevant				6/21/01		N/A		9/19/01

		3 - SNN 014		N/A		N/A		N/A		SO's HCU makes FLIR go to freeze during boresight.		Passes all tests at bench and at system level.		Nonrelevant		CND		12/19/00		N/A		1/16/01

		3 - SNN 015		N/A		N/A		N/A		FLIR continually rotates when the SO selects FLIR.		C/C verified. Az/El Slew switch is stuck at +13V dc in Az.		Relevant				3/16/01		N/A		5/9/01

		3 - SNN 015						0						Relevant		Slew Transducer S7						11/7/02

		3 - SNN 016		N/A		N/A		N/A		FLIR spins uncontrollably clockwise.		AZ slew stuck at +13 VDC. RTV.		Relevant		Transducer		11/4/99		N/A		11/10/99

		3 - SNN 016						0		None		Az slew set at -12.9V dc. RTV		Investigation								11/13/01

		3 - SNN 017						0						Relevant				10/27/98		N/A		1/19/99

		3 - SNN 017						0		REMOVE HCU FOR A/C 616				Investigation								4/2/03

		3 - SNN 026		N/A		N/A		N/A		Laser switch broken. (Does not return to the off position when released.)		Verified complaint.		Relevant		HCU Switch		5/3/00		N/A		5/8/00

		3 - SNN 027		N/A		N/A		N/A		Under SO control, the FLIR slews 60 degrees down when measured from center position. Works 5.0 under ATO control.				Relevant		Worn transducer.		12/8/00		N/A		12/15/00

		3 - SNN 027		N/A		N/A		N/A		Moves uncommanded in clockwise direction.		Fails standing drift voltage at 2.4 VDC. Should be less than 0.25 VDC.		Relevant		Electric Box		11/18/99		N/A		11/19/99

		3 - SNN 032		N/A		N/A		N/A						Relevant						N/A		2/26/99

		3 - SNN 032		N/A		N/A		N/A		FLIR wanders excessively and does not center when slew switch is pressed. On the FLIR display there was no cooling alert on left hand side.  There was an "X" over the . . . (rest cut off).		FWD command does not work;  Az/El SLEW switch does not operate in the "push" (FWD) position.		Relevant		Broken wire		4/24/01		N/A		5/9/01

		3 - SNN 034		N/A		N/A		0		TU slews left in Az w/ selected @ SO, desc follows to ATO/patched into ATO wiring		Slew switch stuck at +13v in Az. RTV: Vendor replaced slew switch element.		Relevant				6/21/01				9/19/01

		3 - SNN 037		N/A		N/A		N/A		SO's gimbal position control, Left control switch INOP.  Does not work when pressed.		Left control switch center (PUSH) position does not operate.		Relevant		HCU Switch		4/18/01		N/A		5/9/01

		3 - SNN 039		N/A		N/A		N/A		ZOOM is intermittent.		Verified C/C at -40C.		Relevant				4/3/01		N/A		5/9/01

		3 - SNN 043		N/A		N/A		N/A		ATO Focus induces uncommanded right slew in FLIR.		Az/El slew switch does not set below 250mV in Az when released; causes excessive drift.		Relevant		Transducer		3/9/01		N/A		5/9/01

		3 - SNN 045		N/A		N/A		N/A		AZ and El will not respond.				Relevant		Transducer		7/29/99		N/A		8/2/99

		3 - SNN 047		N/A		N/A		N/A		Sticky switch.		Track and thumb switches stick. RTVed. On return, track switch (S6) stuck, laser trigger (S5) binding. RTVed, both switches replaced. Evidence of tampering was noted by vendor ("S6 loosen, S5 housing sides disformed")		Relevant		Switch		10/10/00		N/A		10/13/00

		3 - SNN 050		N/A		N/A		N/A		Laser trigger does not move.		Range switch stuck in range position. Slew switch damaged.		Relevant		HCU Switch				N/A		8/14/00

		3 - TKW 007						0						Investigation								3/12/02

		3 - TKW 008		N/A		N/A		N/A		SO HCU trigger guard switch inoperable - unable to employ AVT.		Slews constantly at azimuth.		Relevant				12/4/98				4/13/01

		3 - TKW 009						0		FLIR HCU will not stow properly. Cannot move passed the tray table.		ADAMS: Wire harness is damaged and causing intermittant opens. Replaced.		Relevant		Wire Harness						10/23/02
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		2 - 006		903		920		17		FLIR WILL NOT FOCUS PROPERLY. EU IS BAD.		No fault found. Performed 1 cycle ESS and still CND.		Nonrelevant		CND				979		1/21/03

		2 - 006		84		903		819		Explosion Unit		No Customer Complaint. Domed top cover.		Nonrelevant		Customer Induced		1/3/00				1/7/00

		2 - 007		1280		1897		617		FLIR EU FILS OP AND BIT RESULTS ARE WRA2 FAIL		T&E: Verified c/c. Gim Dis 000 EIS Deadtime Fail, EIS Y convolver failure.  Replaced EIS CCA (3185389-1) 1053 with _____. Replaced I/O flex CCA due to open between 2J4-127 to P2-179.		Relevant		EIS CCA				1901		1/31/03

		2 - 007		84		1280		1196		Inoperative.		Left front handle broken. Chassis damaged on left front and right rear. Right rear cover damaged. Safety wire missing from filter nut. Damage observed to shipping container (cardboard box). No visual internal damage observed. IBIT fault Torquer Driver Fai		Nonrelevant		Customer Induced		11/3/00				1/18/01

		2 - 008		264		588		324		FLIR system malfunction after 3 hours of operation. Initial T/S discovered no video, gimbal disable fault, no TU movement via HCU, and FLIR Failed on system status page of CDU. Swapped TU w/o success. Swapped EU from A/C 614 with success.		I/O flex (MSN 1041) open between J2-18 and P1-170.     Also found  EIS dead time fail.  Will need new or repair 1553 and EIS CCAs.		Nonrelevant		28V Electrical				752		8/12/99

		2 - 008		752		982		230		None Smells of Diesel fuel		EIS Dead Time Fail and EIS Y Convolver fails IBIT.  Replaced EIS CCA  in:  3018  out:  1051		Relevant		EIS CCA		4/22/02				5/1/02

		2 - 009		1726		1740		14		FLIR inop.  No video display or Menu display.		CND C/C at T&E.  Perform 3-axis vibe and 1 burn-in cycle to try to duplicate customer complaint. Vibe and ESS completed no faults indicated.		Nonrelevant		CND		6/7/01		1789		6/14/01

		2 - 009		1094		1682		588		No video, gimbal disable, no FOV control, cooling stays on. AMTP does not recognize SW version.		I/O flex (msn 2064) +28 VDC trace fused open - replaced with MSN 6584 (3154328-2). Diode pack U58 on 1553 CCA was secondary failure.		Nonrelevant		I/O Flex		11/13/00		1726		2/1/01

		2 - 009		213		1093		880		None received.		Gimbal disable B00. (Resolver Reference Fail.) Replace servo CCA (MSN 1038) 3177182-1. U13 2693588-1 replaced/lost. EIS dead time fail (MSN 1047) 3185389-1.		Relevant		Servo CCA U13		8/13/99		1094		9/21/99

		2 - 010		595		924		329		None received.		I/O flex trace fused open.		Nonrelevant		Possible customer induced		10/26/99		925		11/2/99

		2 - 010		925		1038		113		None Software update		EU is fully operational. The I/O Flex is a dash 1. Found 3 CCA with improperly aligned wedgelocks the  2A4, 2A11, and 2A12 reseated CCA's. Loaded 7.19 software.		Nonrelevant		Software Update		6/20/02				6/24/02

		2 - 011		152		834		682		FLIR inoperative. Sand accumulated on CCAs.		EMI filter is burnt at 3-phase pins on connector. Greenish yellow dust on PWBs is apparently from volatilized material (not sand.) 5 v power supply (3154328-1 MSN 1040) is burnt. (3-phase connected directly to CCA, does not go through transformers first.)		Relevant		Unknown		10/7/99		836		11/11/99

		2 - 011		862		1529		667		FLIR raw video is blurry, works 4.0 when playing.		Video is not properly digitized, IBIT 51 fail (Ref Norm Frame Fail). Replaced the Ref Norm CCA MSN 1043 w/ MSN 6520. Replaced the 2K3 relay 500 update. The I/O flex is a dash 1.		Relevant		Ref Norm CCA		6/12/02		1540		6/18/02

		2 - 011		1540		1542		2		CANNIBALIZED ITEM C12393/AAS44 CONTOL-CONVERTER FOR MODEX 302 ORIGINAL MCN 018CGXM		T&E: After power-up, unit will not power down. Suspect bad relay on the 1553 CCA. Replaced U58 ( 2693579-1) diode quad pack on 1553 CCA 1034 and reinstalled. Post 1553 install, no 28V supply to the 1553 card resulting in no communication. I/O Flex line bu		Nonrelevant		28V Electrical				1582		3/20/03

		2 - 011		836		856		20		EU Fails test		Has Gim Dis E00 (Torquer Power) when moving from stow. Q11 and Q12 (Darlington transistors) shorted collector to base.		Relevant		El Torquer Driver CCA		5/31/01		862		8/1/01

		2 - 012		333		1770		1437		Condition unknown.  Needs software upgrade.		IBIT fails EIS dead time #102 and EIS Y convolver #103 - replaced EIS CCA 1053 (at bd shop as of 7/2/01) with 2049.		Relevant		EIS CCA		4/10/01		1771		6/20/01

		2 - 012		1771		2335		564		INSTALLED EQUIPMENT. RAN FOR 1.5 HRS. TURRET LOST GIMBAL CONTROL. VIDEO AND PICTURE CONTROL STILL WORKS. COULD NOT MOVE TURRET W/ HAND CONTROL EITHER. ATTACK PAGE WORKED.		T&E: I/O Flex +28 V line is open from front to 2J4-127. Replaced I/O Flex 1030 with 6631.		Nonrelevant		I/O Flex						12/6/02

		2 - 013		623		638		15		(Attempts to install)  Smoked on installation. Burnt M/B CCA. Burnt I/O flex.		Replaced the Motherboard MSN 1048 w/ MSN 3121 and I/O flex MSN 1036 w/ MSN 6620 burnt. 1553 (MSN 1041) U58-B and U58-D shorted. Replaced the 5V PS 3154372-1 MSN1039 W/ 3209333-3 MSN7012.		Nonrelevant				1/11/99		652		2/19/99

		2 - 013		652		1529		877		None No MAF		Gimbal disable.  1553 CCA fail.  1553 CCA replaced.  In:  6585  out:  1005		Relevant		1553 CCA		6/11/02		1540		6/12/02

		2 - 014		72		312		240		Software upgrade only.		No fault found.		Nonrelevant		S/W upgrade only		12/6/00		317		3/6/01

		2 - 014		317		483		166		Inop (Software update)		No fault found. CND 3 axsis vibe and 1 Thermal Cycle.		Nonrelevant		S/W upgrade only		6/10/02		567		6/12/02

		2 - 016		137		378		241		Internal explosion (domed top cover) during system troubleshoot.		Burnt EMI filter. 28 volts appears shorted.  Internal pressure build up bowed motherboard outward damaging connectors. Standoffs also broken. Numerous CCA connectors also broken. Fused 28 Volt trace on I/O Flex. U58B and U58D diodes shorted.		Nonrelevant		Possible customer induced						9/2/99

		2 - 017		2602		3234		632		FLIR Tu will not come out of stow. Tested in AOP, got call out 7.16. Reloaded SACI and cycled mission power, same fault		T&E: Flir will not come out of stow. 1553 CCA is bad. Replaced 1553 CCA 3136 w/ 1036 (line pull from 012).		Relevant		1553 CCA				3241		12/4/02

		2 - 017		2561		2571		10		EU has no video and will not slew in azmuth or elevation		Has a Gimbal Disable F04 El Torquer fault. Replaced the 2A10 Torquer Driver MSN 1050 w/ MSN 6517.
On 10/02/01 GDF03 Az Torquer fail Replaced 2A9 Torquer Driver MSN 6671 w/ MSN 6527.		Relevant		El Torquer Driver CCA		7/13/01		2602		9/21/01

		2 - 019		1237		1244		7		EU Inop		No/Out from 2PS1 5V module. Replaced MSN 2005 w/ MSN 2016(B)		Relevant		5V P/S CCA		8/20/01				9/7/01

		2 - 019		52		1226		1174		No customer complaint.  S/W update only.		Nuts on 2J3 and 2J4 need tightening. Three top cover screws will not torque down.		Nonrelevant		Not a failure. No customer complaint.		3/5/01		1237		5/3/01

		2 - 020		661		682		21		Converter inop		Replaced I/O flex (in:  6624  out:  1016); 28V line is open.		Relevant		I/O Flex		12/20/01		684		1/17/02

		2 - 020		648		649		1		FLIR electronic control unit inoperative. Software version 6.05 (FCK EU)		1553 CCA causes left control switch on HCU to activate all HCU functions when depressed. Replaced 1553 CCA 1042(C) with 1043(C).  1042(C) had bad U50.		Relevant		U50 on 1553 CCA		1/30/01		661		4/25/01

		2 - 020		511		617		106		FLIR shows fail on CDU. Fails BIT test.		IBIT flags EIS dead time and EIS convolver fail. Replace EIS CCA 1034 (touched up pins on 010, 012, & 013).		Relevant		EIS CCA		7/25/00		648		8/3/00

		2 - 020		105		498		393		Fails AMTP. Video will blank off intermittently.		CND.		Nonrelevant		CND		8/31/99		511		10/5/99

		2 - 021		148		651		503		TU would not leave the stow position.		Motherboard burned in 3 places.		Nonrelevant		Customer Induced				663		1/21/00

		2 - 021		663		1395		732		None.  Needs software upgrade.		No fault found.		Nonrelevant		Not a failure. No customer complaint.		4/9/01		?		6/20/01

		2 - 021		1395		2613		1218		NONE: P3 UNIT: Customer Info- s/w upgrade, Gimbal Disable.		T&E: CND customer complaint. Could not verify the Gimbal Disable fault. Reprogramed to 7.16 s/w. This one came back with P3 WRA1 TKW 039 which had a Gimbal Disable. Fault believed to be turret and not the EU.		Nonrelevant		CND						12/6/02

		2 - 022		400		1836		1436		No customer complaint.  S/W update only.		No fault found.		Nonrelevant		Not a failure. No customer complaint.		3/5/01		1837		5/3/01

		2 - 023		NR		1561		?		Upon power up, TU did not come out of stow and no symbology was displayed. Found FLIR I/O fault and tripped # 2 A/C primary bus FLIR 20 A circuit breaker. During post flight inspection, found EU jam nuts loose and connectors could move side to side.		Motherboard burnt at XAJ1 connector and around ECL line shielding traces that connect to safety ground. 115 V shorted to 28 V. Failed 5V CCA. Az torquer CCA failed (probably due to heat damage from burnt connector). Servo CCA failure - replaced U1 P/N 269		Nonrelevant		Unknown		11/7/00				11/17/00

		2 - 023		148		1155		1007		Unit causes Gimbal disable fault. Turret cannot slew.		Replaced 15V P/S #1057 with 1018(G). No 15 Volts. Replaced Zoom/Symbology #1060.		Nonrelevant		Dependent Failure		6/2/99		NR		7/20/99

		2 - 023		1561		1564		3		None: NO MAF		T&E: No fault found. Performed 1 cycle of burn in and received an Elevation Torquer Drive Fail. Replaced El Torquer CCA 1115 post repairs. Replaced U18 (Microcircuit 3173509-2.).		Relevant		El Torquer Driver CCA				1640		12/6/02

		2 - 024		407		409		2		EU bad.		Gimbal disable 000. 2J2 connector appears to have been overheated. Open in I/O flex between 2J4-127 (GIMDISI) and 2J2-32 (+28LAS) replaced msn 3157 with 6587. Motherboard msn 1052 Omni tested OK.		Nonrelevant		I/O Flex		4/23/01		430		5/17/01

		2 - 024		226		317		91		None received.		Gimbal disable. No communication. No +28vdc out to TU. I/O Flex bubbled up by 2J2. I/O Flex 1047 replaced with 3157.		Nonrelevant		I/O Flex		5/26/00		407		6/11/00

		2 - 025		657		663		6		EU inoperative.		Resolver angles rolling. Reprogrammed memory to 7.12. Motherboard had a burnt etch near PS1 connector (5V power supply) - scrapped Mother Board was replaced installed MSN 1053 (from NAWC 026 TX51310045). I/O flex OMNI tested OK. Connector 2J9  had evidenc		Relevant		Motherboard etch fussed open.		11/22/00		667		3/6/01

		2 - 025		667		839		172		Failed ORT twice never able to bring up unit.		IBIT flags an EIS Dead Time fail (102)  and an EIS Y Convolver fail (103). Replaced the EIS CCA MSN 1034 w/ MSN 1058. Gimbal Disable GD C00, No EL RX S1 to Servo CCA. Open between XA1-204 on Mother Board to 2J2-53 on the I/O Flex performed point to point		Relevant		EIS CCA		5/6/02		847		5/9/02

		2 - 025		116		619		503		EU shows fail after running ORT and AMTP.		Gives a constant GIM DIS at turn-on no code issued. 28V line fused on I/O Flex. (MSN 1059) replaced. Servo CCA causes Gimbal disable B00 replaced MSN 1057 w/ MSN 1036. 1553 Opto-isolator fail. EIS dead time fail and Y Convolver fail replaced MSN 1015 w/ M		Nonrelevant		I/O Flex		5/3/00		657		5/8/00

		2 - 026		1135		1136		1		EU for FLIR Kit 6 is Inop		Laser arms but will not fire. Seeing a low voltage drop across the R7 1K ohm resistor in the Laser Arm line. Replace the I/O Flex MSN ? w/ MSN 6628.		Relevant		I/O Flex		1/24/02		1142		3/1/02

		2 - 026		440		1023		583		None received.		2J2 and 2J3 connector and safety wire loose. Fails gimbal disable. (No operational brake command.) I/O Flex J4-127 (GIMDISI) to P2-179 and J4-128 (GIMDIS0) to P2-178 fused open - replaced with MSN 6583 (3154328-2). Replaced Relay 2K3 2A4, replaced I/O fle		Nonrelevant		I/O Flex		9/12/00		1135		9/26/00

		2 - 026		184		437		253		FLIR turret does not power up.  No FLIR display at all on MFD. EU fans do power up. Verified discrepancy with known good A/C.		Verified customer complaint. 1553 timeout error and no symbology. (No 5V.) U2 (P/N 2693759-1) on BA 5V PWR Supply (s/n 2006, P/N 3217328-1 failed.		Relevant		5V Power Supply CCA		5/28/99		440		6/16/99

		2 - 026		1142		1605		463		FLIR EU INOP		No fault found.		Investigation								5/21/03

		2 - 027		?		144		?		Constant Gimbal disable. No cooling. No video.		28 V lines open in I/O flex. 1553 CCA’s U58-B appears to be open. IR Regulator 2PS2 causes bit fail #23. (IR Regulator overcurrent.)		Nonrelevant		I/O Flex		3/18/99		146		3/18/99

		2 - 027		757		1067		310		None No MAF		No Faults Found performed updates to I/O Flex MSN 6585		Nonrelevant		NC/NFF		5/6/02				5/11/02

		2 - 027		146		299		153		Not able to communicate with T.U.		CND. 2 ESS thermal cycles completed.		Nonrelevant		CND		2/21/00		364		2/3/00

		2 - 027		364		737		373		WRA2 Fails test. WRA BIT words 16, 4 and BIT status word 0 = 0004.		Has Gim Dis 000 No code and 1553 internal wrap fail. Found XA13-134 to 2J2-18 (TURETDET) open. Separated the I/O Flex and Mother Bd. Found bubble on I/O Flex. +28V line 2J2-18 to P1-170 is fused open. Replaced MSN 3133 w/ MSN ?.		Nonrelevant		I/O Flex		7/5/01		757		8/1/01

		2 - 028		158		752		594		EU will not power up turret.		Replaced transformer/rectifier assembly (burnt). Replace IR transformer (burnt). Det Regulator R25 burnt (also replaced U1, U3, U5, Q1, Q2). Had another bad 15 volt power supply.		Nonrelevant		Possible dependent failure.		4/26/99		754		5/10/99

		2 - 028		754		837		83		Constant Gimbal Disable cue. Will not reset. EU power supply readings fluctuate. Burnt smell. No shorts found on wiring.		EMI filter failed. I/O flex bubbled at 28 volt trace although not fused. Short between 28 volt traces and P1-166. Also blue wire on I/O flex and no potting over connector pins. (Possibly bubbled trace was there prior?)		Relevant		EMI Filter		11/4/99				11/11/99

		2 - 029		130		2477		2347		Software upgrade only.		No fault found.		Nonrelevant		Not a failure. No customer complaint.		1/30/01		2533		4/25/01

		2 - 030		1133		1937		804		No MAF- Gimbal Disable		T&E: Verified c/c. GD E00. Transformer 2T1 Rectifier #4 is bad (3169761-1 (E)).		Relevant		Power Transformer						11/22/02

		2 - 030		1131		1132		1		Software Update		Software update		Nonrelevant		S/W upgrade only		4/1/02		1133		4/5/02

		2 - 030		413		1131		718		Burned out.  Needs software upgrade.		Up dated the software to 7.12 No other faults noted.		Nonrelevant		No fault found		2/26/01				6/21/01

		2 - 031		339		1545		1206		No customer complaint.  S/W update only.		No fault found.		Nonrelevant		Not a failure. No customer complaint.		3/5/01		1546		5/3/01

		2 - 032		104		757		653		EU fan does not run. System will not power up.		Large amount of residue inside the unit. I/O flex (MSN 1061) bubbled @ 28 V trace J2-18 to P1-170. (Not fused.) EMI filter (MSN 011) 28 V shorted to 28 V RTN. 5 V P/S (3217328-1 MSN 2014) causes 3 phase test set breaker to trip.		Relevant		Unknown		9/8/99				11/11/99

		2 - 032		1430		2011		581		NONE: NO MAF		T&E: No fault found. Performed 1 cycle ESS and still a CND.		Nonrelevant		CND				2041		1/16/03

		2 - 032		757		1389		632		Suspected damage by a shorted Plug-5 on W-12 on the CMUX this short burned out other avionics components. TU checked good when ran on another aircraft.		CNV ESS Testing 1 cycle complete. Found 1553 CCA opto-isolater fail. Replaced 1553 CCA 1060 (replaced U56) w/ 6563.		Relevant		1553 CCA		10/9/01		1430		10/26/01

		2 - 033				262		0		Smoked after installation.		1553 U42. Removed 1553 CCA (MSN 1062) replaced. Removed I/O flex (MSN 1068).		Nonrelevant								12/18/98

		2 - 033		274		347		73		No menus displayed		Fused I/O flex trace (MSN 3127). Failed U58-B diode open. Turret detect line on motherboard has heat related damage.		Nonrelevant		I/O Flex		11/18/99		405		11/29/99

		2 - 033		271		273		2		Video w/no symbology or symbology with no video.		1553 CCA (MSN 1062) U58-B shorted and relay K9 shorted (+28V shorted to OBITDRV line.)		Nonrelevant		Probable induced per Mark Rogers. U58 interfaces outside EU.				274		2/18/99

		2 - 034		1099		1860		761		AIRCRAFT DOES NOT HAVE FLIP VIDEO OR GIMBAL CONTROL.		T&E: Gimbal Disable 000 present on power up. Replaced I/O Flex CCA 3161 w/ 5009 due to +28 V GIMDISI line is open.		Nonrelevant		28V Electrical				1954		3/11/03

		2 - 034		86		716		630		Gimbal disable on MPDs. 0.8 VDC measured for Gimbal Disable in/out signal from EU.		I/O flex gimbal disable trace measured open 2J4-127 to P2-179. No damage seen externally. (MSN 1069)		Nonrelevant		I/O Flex		10/6/99		730		11/11/99

		2 - 034		730		1098		368		No customer complaint.  Needs SW 7.12.		Safety wire installed wrong on 2J1 connector - corrected.  No functional fault found.		Nonrelevant		Not a failure. No customer complaint.		3/28/01		1099		5/9/01

		2 - 035		795		828		33		NO GIMBAL CONTROL. VIDEO WAS INTERMITTANT. CANNON PLUG J2 WAS IMPROPERLY WIRED CAUSING JACK TO BE LOOSE. GIMBAL NEEDLES WERE GOING HAYWIRE. WHEN J2 WAS MOVED, THIS WENT AWAY. LOUD POPPING SOUND.		T&E:Found Gim Dis I00 (Az Rate fail) at incoming.  Fault cleared after removing and reinstalling the D-C40 CCA (2A2). Removed I/O Flex CCA for OMNI. No physical damage noted from the loose J2 connector. Found the pins on the 2K2 socket of the EMI filter w		Relevant		IEC						1/10/03

		2 - 035		154		155		1		None received.		Unit received with physical damage. No failures observed during incoming test and evaluation. 2J5 connector found slightly bent. L bracket on front, bottom edge missing with 2 broken screws in chassis. Rear edge of chassis slightly bent. Transformer T1 an		Nonrelevant		Customer Induced		10/10/00		157		10/17/00

		2 - 035		157		795		638		Software update only		Updated software to 7.16 and relpaced 2K3 relay for excess of 500 hour.		Nonrelevant		Software Update		5/29/02				5/30/02

		2 - 036		706		911		205		EU CAUSES FLIR FOCUS PROBLEMS AND IS INOP IN ALL FOV MODES.		T&E: Video fault found at -40 C of burn-in. Video was scrambled w/ no symbology. Replaced Zoom Sym CCA 1005 w/ 3131(K) (rotable: replaced U17, U18 and U19) and problem cleared.		Relevant		Zoom Symbology CCA				926		1/9/03

		2 - 036				134		0				No communication with WRA1 and will not power down. U58-B shorted on 1553 CCA (MSN 1064).		Nonrelevant		Probable induced per Mark Rogers. U58 interfaces outside EU.				135		2/18/99

		2 - 036		135		450		315		Gimbal disable warning would not go away.		I/O flex has open lines, lamination is raised under F11 side - replace.  Motherboard OMNI tested OK. Fails to respond to HCU, will not power off - replaced 1553 CCA 1064 (replaced U58) with 1035.		Nonrelevant		I/O Flex		12/19/00		522		4/3/01

		2 - 036		522		699		177		FLIR INOP No video at MFD		The line filter has a burned pin 25 (+28V unswitched). I/O Flex MSN 6578 PN 3154328-2 failed for shorts J10-89 to J4-73,  J2-9, -18, -43. EU MB MSN 1068 XAJ1 pins 1,2,3,4, and 9, 10, and 16, 17 , 18, 19, 20, 21, and 24, 25 are all burned and missing. Inst		Nonrelevant		Customer Induced5V P/S CCA		11/27/01		706		12/6/01

		2 - 037		265		265		5		None No MAF; crash victim		Numerous CCAs damaged and pulled.		Investigation		Customer Induced		8/22/01		270		10/3/01

		2 - 038		188		553		365		Needs updated loader program.		Video is very grainy. IBIT: EIS deadtime fail. EIS Y convolver fail. Replace EIS 1064.		Nonrelevant		EIS CCA		9/7/00		571		9/18/00

		2 - 038		571		608		37		FLIR edit function Inop. No I or A symbol present on MPD		Gimbal Disable D00 fail at power up. GimDis input (+28Vdc) is open from XA17P2 -P179 to J4-127. Replaced I/O Flex MSN 3113 w/ MSN 6627. Replaced MB MSN 3100 w/ MSN 1027 from SNN 010 51310172.		Nonrelevant		I/O Flex		8/17/01		616		9/7/01

		2 - 039		64		89		25		Laser will not fire.		CND. Performed 3 axis vibe and 1 ESS thermal cycle.		Nonrelevant		CND		8/29/00		260		8/31/00

		2 - 042		45		119		74		Failed BIT test.		Cracked cover on rear corner. Could not duplicate failure at incoming test and evaluation. Ran unit for 2 hours and performed 10 IBIT tests without failure. Performed vibe and thermal cycling and failure still can't be duplicated. (1/9/01 - ETM at 207 wit		Nonrelevant		CND		9/26/00		225		10/3/00

		2 - 043		126		231		105		Gimbal disable at all times.  Fails ORT and AMTP.		Gimbal Disable G000. Open in I/O flex between 2J4-127 (GIMDIS1) and 2J2-32 (+28LAS). Motherboard msn 6507 OMNI tested good.		Nonrelevant		I/O Flex		5/14/01				5/31/01

		2 - 043		231		866		635		Eval and quote		T&E complete no faults found visual inspection of 1553 while installed showed no signs of over temp behind K9 relay.		Relevant		1553 CCA		6/25/02		901		7/3/02

		2 - 044		54		56		2		No video, however had full control and system passed all tests. After EU swapped out, FLIR worked properly.		No digital video. Zoom Symbology CCA 6505 replaced. No video out of 2J7 also observed once.		Relevant		Zoom Symbology CCA		8/4/00		195		8/11/00

		2 - 047		589		724		135		None No MAF no response		Fails for "Laser Disable" Laser ARMI line and +28v are open (2J4-124 to XA13-134) respectivly. Replace the I/O Flex MSN ? w/ MSN 3111		Relevant		I/O Flex		3/1/702		735		3/15/02

		2 - 047		735		851		116		None No MAF		T&E: El torquer causing Gimbal Disable.  Replaced Torquer CCA 6549 w/ 1089 (rotable: no fault found) . Components replaced on Torquer CCA 6549 were Q6 & CR3 (Drive HI), and Q11 & CR5 (Drive LO).		Relevant		El Torquer Driver CCA		9/13/02		1060		9/18/02

		2 - 047		79		577		498		FLIR fault BIT status word 1 8000 and gimbal disable.		GD000 no code displayed. EL resolver readings are incorrect. Bad system select present, except in the test mode. There is an open between J4-110 and XA13-79 (SYSSEL2). Gimbal Disable (GD000) caused by opens in disable lines XA13-P134 to I/O J4-P127 (GIMDI		Nonrelevant		I/O Flex		6/15/01		589		7/26/01

		2 - 048		52		70		18		Converter Inop		Has a constant GD000. Fails IBIT for Internal 1553 WRAP Fail, no communication w/ TU due to 28 volt line open on the I/O Flex trace bubled. IBIT fails for Servo Position Voltage Az/El motors shorted. Replaced I/O Flex MSN 6503 w/ MSN 312 Replaced Servo CC		Nonrelevant		I/O Flex		9/26/01		150		10/10/01

		2 - 049		51		149		98		No customer complaint. SW update from 6.05.		No fault found.  2J11 and 2J4 pins recessed, not locked in place - replaced I/O flex MSN 6519 w/ MSN 6014. Installed 7.12 SW		Nonrelevant		Not a failure. No customer complaint.		4/5/01		303		4/17/01

		2 - 051		62		236		174		A/C 1553 FAIL no codes.		No fails durring T&E. CND performed 3 axsis vibe and 1 thermal cycle. Still CND		Nonrelevant		CND		6/12/02		262		6/18/02

		2 - 052		125		231		106		FLIR EU calling out both FLIR and EU bad.  Causes noise on MPD when target moves.		Causes a laser disable when trying to fire laser.  Open between 2J4-124 (28V) and XA13-134 (1553 CCA).  OMNI tested I/O Flex 6520  P2-203 to 2J4-124 (LASARMI) laser arm interlock fused, no bubbling, so blue-wired to re-use.  2J4-126 (SYSSELP) to 2J3-100 a		Nonrelevant		I/O Flex		3/21/01		356		4/16/01

		2 - 053		185		186		1		None No MAF		No Fault found 3 axis vibe and 1 thermal cycle		Nonrelevant		CND		1/1/02		204		3/1/02

		2 - 053		42		181		139		EU failed when power spiked during relase checks. Causes no turret movement.		Failed IBIT for Az Torquer Diver Fail. Replaced 2A9 Az Torquer Bd MSN 6590 w/ MSN 6671. IBIT fails for an IR Reg overcurrent.		Nonrelevant		Customer Induced		11/5/01		185		11/14/01

		2 - 054		0		350		350		FLIR EU BIT Gives a WRA 1 fail, contacted Raytheon and confirmed failure of TEC.		Laser will not arm. Open between 28VDC and 2J4-124 need to OMNI The I/O Flex MSN 6524 w/?  And EU MB MSN 6529 w/ ?.		Relevant		I/O Flex		11/29/01		356		3/15/02

		2 - 055		30		1051		1021		Radar works 30 Min then goes to backup trans mod failure. Unit pops 400Hz during safe to trun on test. Unit internaly faults.		T&E: IBIT flags C1 Nov Ram Fail. Troubleshot the Dual C-40 cards and found them all working correctly.  Could not duplicate IBIT fault. Performed 3-axis Op vibe and still CND. Close troubleshooting as a CND.		Nonrelevant		CND				1074		10/10/02

		2 - 056		1677		1887		210		UNUSABLE FLIR VIDEO. EU FAILS DURING BIT TEST.		Gimbal Disable I00 (AZ Rate Fail) found on system power up. Replaced Ref Norm CCA 6525 w/ 1057.		Relevant						1899		4/15/03

		2 - 057		189		906		717		FLIR Gimbal Disable constant. No FLIR fault/failure indication on AOP, AMPT, or FLIR bit page.		T&E: Verified C/C. GD000. Gimbal disable IBIT line open at I/O flex 2J4-127 to XA13-134. Replaced I/O flex 6523 with 6564.		Nonrelevant		I/O Flex				916		11/22/02

		2 - 057		76		119		43		FLIR will not slew with HCU. "GIM DIS" displayed on MFD repeat gripe. Removed EU due to elevation torquer motor fail.		After ESS Testing Torquer Driver causes Gimbal Disable F02 in 2A10 slot, excessive rate. Replaced MSN 6596 w/ MSN 1050 Repaired and installed into Torquer Driver 2A9 MSN 1050 failed again 10/25/01 MSN 6567.		Relevant		El Torquer Driver CCA		10/4/01		189		10/8/01

		2 - 058				544		0		None No MAF		CND 1 thermal cycle still CND		Nonrelevant		CND		1/31/02		553		2/14/02

		2 - 059		50		1909		1859		NO MAF		No fault found. Inspected inside of EU and did not see any problems. Checked all power lines through the I/O flex connectors and everything is normal. Post updates, received a NOVRAM A1 BIT failure at unit test. Replaced the DC-40 6686 w/ 1247 (ESD 104237		Relevant		Dual C40				1944		4/8/03

		2 - 060		135		507		372		Unable to lock target with FLIR Front or Back.		Fails IBIT Com fail 102 - FLIR has no track gate. Replaced Dual C40 2A8 MSN 6660 w/ MSN 6842 from TKW 025		Relevant		Dual C40		9/18/01		520		9/19/01

		2 - 060		520		1362		842		FLIR SYSTEM STAYED IN COOLING MODE WITH INTERMITTANT OPERATION. FLIR WORKED WHEN NEEDED.		T&E: No fault found. Perform 1 cycle ESS and still CND.		Nonrelevant		CND				1382		1/31/03

		2 - 062		72		196		124		BIT screen showed fail code 0080		Has a constant GD E00. El torquer P/S fail. Replace 2PS4 5VPS.		Relevant		5V P/S CCA		1/31/02		198		2/14/02

		2 - 063		179		240		61		None No MAF		Tested with no video.  Replaced Zoom/Symbology in:  1031 rev j  out:  6529		Relevant		Zoom Symbology CCA		8/27/02				9/4/02

		2 - 063		176		178		2		Gimbal stopped working after approx. 20 minutes of 4.0 operation. Gimbal disable alert came on. Upon landing checked switch and cycled the gimbal switch with no luck.		Gimbal disable G02. Replaced Az Torquer Driver 6578 (replaced Q5 and Q6) with 6588.		Relevant		Az Torquer Driver CCA		3/29/01		179		4/16/01

		2 - 066		123		377		254		Could not lase from SO station. BIT word status 1-4000, 2-3000, 3-4AC0.		1553 CCA fail.  Laser relay fail.		Relevant		1553 CCA		11/13/01		414		11/16/01

		2 - 067		50		774		724		EU is causing gimbal disable. Turret not cooling . WRA1 fail and it 2 (0080 000) and 10 (0800 0000). Swapped EU with aircraft 615 and everthing worked.		T&E: Produced Gim Dis F04 (El torquer failure) twice with TU NAWC 062. Believed to be from TU out of balance (missing rear cover and HEC). Performed 1-cycle of BI and did not duplicate customer complaint.		Nonrelevant		CND						12/11/02

		2 - 068		156		1003		847		FLIR INOP		T&E: No video or symbology on display. Replaced Zoom Symbology CCA ____ w/ ____ , and video problem fixed. When removing I/O flex for update, observed the 28V unswitched line on the Motherboard to be burnt. Sent Motherboard for OMNI check. Replaced both M		Relevant		Zoom Symbology CCA				1009		2/28/03

		2 - 075		69		86		17		FLIR TU fails for no video, GD100 FLIR will not move.		Zoom/Symbology fail.		Relevant		Zoom/Symb CCA		11/8/01		91		11/14/01

		2 - 075		39		59		20		Fails BIT, Video RAM Torquer Driver		El Torquer Bd fails gives a GDF02 at power on. Darlington Transistors Q11 and Q12 measured 3.1 ohms. Replaced El Torquer Bd MSN 6688(N) w/ MSN 6684(N).  Installed 7.19 SW and got intermittent NVRAM Fail B1 (134). Removed Dual C40 MSN 6707(K) to replace U4		Relevant		El Torquer Driver CCA		8/27/01		69		8/27/01

		2 - 076		598		744		146		FAILS SELF TEST		T&E: Verified Gim Dis E00 (torquer drive power failure) at power up. Replaced the 15 V Power Supply CCA  6521 w/ 3121 (rotable: replaced Voltage Regulator U1 5/02, repeat fault 7/02, CND fault 1/03).		Relevant		15V P/S CCA				750		1/16/03

		2 - 076		0		514		514		None No MAF		Fan does not work, all 3 windings are open. No video when powered up swapped all cards with a known good unit, no joy. FOD was found in the fan lodged between the side wall and a blade. Pulled the I/O Flex (-2) and the Motherboard for OMNI. I/O Flex check		Relevant		FOD found in the fan.		6/20/02		598		6/21/02

		2 - 077		50		1048		998		NO MAF		Gimbal Disable E00 (Torquer Drive Power Failure) and Stab Position Fail found on power up. Replaced 15V power supply (3154368-1) 6558 w/ 6521.		Relevant		15V P/S CCA				1052		4/25/03

		2 - 078		298		515		217		NO MAF		No fault found at incomming. Performed 1 thermal cycle to screen hardware, and stil could not duplicate fault.

At unit test, recived Nov Ram fail D1. Replaced DC-40 3154309-1 6633 w/ 3484 (K) (rotable: Nov Ram fail: replaced U25)		Relevant		Dual C40						5/9/03

		2 - SNN 001		649		825		176		None received.		I/O flex (MSN 3121) J2-13 is open to P1-169.		Nonrelevant				1/13/99		828		2/19/99

		2 - SNN 001		828		1157		329		None received.		Noisy video identified. Causes gimbal disable B00 (resolver reference) failure. Servo CCA failure MSN (0005).		Relevant		Miscellaneous - Servo CCA failure.		10/10/00		1217		10/18/00

		2 - SNN 002		2036		2080		44		Condition Unknown		T&E: No fault found. Performed 1 cycle of BI and still CND.		Nonrelevant		CND				2109		12/19/02

		2 - SNN 002		~248		1335		1087		None received.		Gimbal disable. No communication. Replace 2PS1 (5V PS CCA) due to no output.		Relevant		2PS1 (5V PS CCA)		2/8/00		1337		2/23/00

		2 - SNN 002		1337		2035		698		Software update only.		No fault found		Nonrelevant		Not a failure. No customer complaint.		3/20/01		2036		5/3/01

		2 - SNN 003		370		1174		804		None received.		No problem found.		Nonrelevant		Not a failure		10/8/99		1175		11/11/99

		2 - SNN 004		321		531		210		Constant Gimbal disable. No cooling.		Verified: 28 VDC lines open in I/O CCA. I/O flex M/B 28 V etch is bubbled up.		Nonrelevant				3/18/99				3/18/99

		2 - SNN 005		424		970		546		None received.		Line filter flamed out due to an internal short.  Problem appears to have occurred around a vaporized screw that used to be attached to the bottom of the assembly.  Resolver ref. RXRef hi & Lo open. I/O flex open between 2J2-23 & P1-58, 2J2-24 & P1-55.		Relevant		Line Filter.		7/29/99		972		8/12/99

		2 - SNN 005		1791		3328		1537		CONDITION UNKNOWN. MAKE RFI.		T&E: A/C 1553 failure at system power up. Removed 1553 CCA MSN 1013 and replaced with 6597.  Right side cover is punctured and seperated from chassis.		Relevant		1553 CCA						3/27/03

		2 - SNN 005		972		1785		813		None received.		2J10 connector ring found loose. Unit passed all testing.		Relevant		Workmanship		7/17/00		1791		8/3/00

		2 - SNN 006		471		533		62		TU will not slew. Cooling and Gimbal disable.		I/O flex (MSN 1022) open between J2-18 and P1-170, 9 Mohm between J2-13 and P1-169. 1553 (#1009) CCA. U58-B shorted.		Nonrelevant		28V Electrical		6/2/99		537		7/20/99

		2 - SNN 007		1		554		553		FLIR inop no video present bearing keeps scrolling.		CND EU powered up fine. Installed an I/O Flex MSN 6581 dash 2 with updated resistors. 3 axsis vibe and 1 thermal cycle. Still CNDed		Nonrelevant		CND		2/27/02		624		3/12/02

		2 - SNN 007		1217		2793		1576		No cooldown, no video, no FOV control. BIT fail codes: WD2-0080; WRA1-30,31; WRA2-16. Gimbal disable. EU causes a TU callout BSW1 - 8000, BSW2 - 0920, BSW3 - CAD0.		EU does not communicate. Internal 1553 wrap fail during IBIT. 28 volt line in the I/O flex is burnt up - replaced msn 1023 with msn 6581 (3154328-2). ETM cracked - replace.		Nonrelevant		I/O Flex		11/3/00		1		1/22/01

		2 - SNN 008		360		363		3		None received.		1553 CCA caused system select error. U42 replaced.		Relevant		1553 CCA U42		1/11/00		418		1/14/00

		2 - SNN 008		418		2184		1766		FLIR picture blurry and barely distinguishable.  Date removed 02164.		IBIT flags EIS convolver fail.  Replaced EIS (In-1051:Out-1054)		Relevant		EIS CCA				2205		7/3/02

		2 - SNN 008		252		355		103		None received.		Tested OK.		Nonrelevant		Not a failure		8/25/99				9/28/99

		2 - SNN 009		525		619		94		None received.		No communication. Cannot power down. 1553 CCA failed. (MSN 1025). I/O flex open between 2J2-13 and P1-169. (LASARMIR) Lase before Arm indication.  Replaced U1 and C3 on 15V P/S CCA 1006.		Nonrelevant		I/O Flex		1/27/00		625		2/10/00

		2 - SNN 009		625		709		84		SDC Inop		Chassis is cracked scrapped and dented. Appears to have been dropped. EIS BIT fault as well. Replaced EIS CCA.  Replaced 1553 CCA.  Replaced M/B.		Relevant		Motherboard		10/2/01		727		10/10/01

		2 - SNN 010		697		1218		521		EU Inop. Failure due to suspected FLIR malfunction.		Gimbal Disable No code and 1553 Internal Wrap fail. Open in 28V line XA13-134 to J2-18 (AZERROR) Bubbled. Replaced I/O Flex MSN 1024 with 6534 (a -1) and Mother Bd MSN 1027 with 1052.		Nonrelevant		I/O Flex		7/5/01		1280		8/1/01

		2 - SNN 010		1280		1303		23		FLIR displays "GIM DIS" on status page. EU shows fail also the WRA's are 41, 45, 46 on WRA1 and on WRA2 it shows a 3.		CND written up for 1 Thermal cycle. Writen up for 3 axsis vibe due to droped unit in the field. Fault code WRA2 3 is the Servo CCA this fault was caused by the faulty slip ring in TU 074.		Nonrelevant		CND		3/12/02		1370		3/21/02

		2 - SNN 010		687		697		10		None received.		No S/W communication. T2 transformer, ribbon flex, I/O M/B flex burnt. I/O flex (MSN 3116) burnt. R/R Servo 3177182-1 (MSN 1021), Det Regulator 3154392-1 2PS3 (MSN 1022), IR Regulator 3154384-1 2PS2 (MSN 1045)		Nonrelevant		(Aircraft cabling)						12/4/98

		2 - SNN 011		187		569		382		Constant cooling, gimbal disable, and 1553 data bus fail.		Damage to chassis identified at incoming inspection. (Unit may have been dropped.) At incoming test, CND. 2J11 connector loose (A/C 1553).		Nonrelevant				9/7/00		609		9/26/00

		2 - SNN 012		2346		2347		1		FLIR No Output		T&E: Open between J2-32 (+28VLAS), 33 (+28VSCAN), 31 (+28VTEC) to XA13-134. Replaced I/O flex 3111 (+28V line bubbled CCA) with 6635 and Mother Bd 1006 w/ 6607.
UT: No communication between HCU and EU- replaced 1553 CCA due to opto isolator failure 1003		Relevant		1553 CCA						12/17/02

		2 - SNN 012		1934		2333		399		EU or control converter is bad.		T&E: Open TU Detect line from XA13 pin 134 to J2 pin 18 on I/O Flex.  Replaced I/O flex in 3111 out 3119 (+28v line bubbled CCA) and performed y axis vibe. Laser will not arm. Replaced I/O flex again (in 3119).
UT: Video was garbage, replaced Ref Norm CC		Nonrelevant		I/O Flex				2346		10/18/02

		2 - SNN 013				2646				FLIR would not move to boresight position, BIT shows 5 volt fault.		Found 2J5 connector broken at warehouse incoming inspection. Could not duplicate the customer complaint. I did notice that the TU was not slewed to the proper BS position. Recenterd the target and it passed everytime. Found internal damage 115VAC PHC HEX		Relevant		Workmanship		12/18/01		2678		1/11/02

		2 - SNN 014		898		898		0		FLIR EU INOP. WILL NOT ALLOW LASER TO FIRE DURRING BORESIGHT. WHILE ATTEMPTING TO LASE, A LASE BEFORE ARM FAULT OCCURS.		T&E: Verified customer complaint. I/O Flex CCA is open between 2J2-13 and P1-169 (+28V LASARMIR). Replaced I/O Flex CCA 6650 w/ 1042 (rotable:blue wired GIMDISI line).		Nonrelevant		28V Electrical						3/20/03

		2 - SNN 014		898		898		0		FLIR EU power supply inoperable. Per 2/27/01 email (Mike Askins):  Had attempted to install FCK on a Core B aircraft. 115vac had been applied to 28vdc line or v.v. due to miswiring extra breakers required for that configuration. Straightened that out, and		Line Filter SN 0065 hermetic seal is blown open.
2nd T&E: Turret oscillates. Found bubble in I/O Flex CCA. Replaced _____ w _____.		Nonrelevant		EMI Filter		3/21/01				5/16/01

		2 - SNN 014		231		244		13						Nonrelevant						246		5/20/97

		2 - SNN 014		246		785		539		FLIR would not respond. Gimbal disable error.		Could not duplicate the customer complaint.		Nonrelevant				6/28/00		898		7/13/00

		2 - SNN 015		220		532		312		No gimbal control. No +15 V on pin 21 and no –15 V on pin 30. Suspect 15 V P/S IC inop.		Replace 2PS2 (MSN 1028) IR regulator. Failed 15V-AIR measurement. R13 burnt open. R15 also replaced.		Relevant		IR Regulator CCA		9/20/99		534		10/20/99

		2 - SNN 015		534		723		189		TU inoperative. EU shows as failed on CDU. Gimbal disable.		Complaint verified. AZ torquer (2A9) MSN 1050. No drive, shorted.		Relevant		Az Torquer Driver CCA		7/17/00		781		7/13/00

		2 - SNN 018				1070				Multiple I/O faults during system intialization no BIT codes displayed failed prior to 7.16 upgrade.		Passed all IBIT and all other testing. 1 thermal all BIT passed. CND ETM was cracked and replaced.		Nonrelevant		CND		2/8/02		7		2/14/02

		2 - SNN 018		7		10		3		Received bad FLIR converter control (EU) from supply		T&E: Verified c/c. #11 Comm 1553 opto isolator fail. Replaced 1553 CCA MSN 1003(B) with 3112(C) (rotable- "EU TEM001 would not power down", replaced U58 2693579)
AT: Gim Dis B00 indicated, replaced Servo CCA 0005 w/ 1020 (rotable: "Az indicators scoll"-		Relevant		1553 CCA				14		12/3/02

		2 - SNN 019		539		725		186		None		T&E: No video on powe-up and unit does not respond to commands. IBIT failure "Unit Fails to Return Requested Data.." Error 0X804. Replaced Ref Norm CCA 3154320 to fix.		Relevant		Ref Norm CCA				748		10/24/02

		2 - SNN 019		539		679		140		Warning on MFD Lase Before Arm, will not Lase.		CND 1 Thermal cycle Laser Fires and unit passes all self test.		Nonrelevant		CND		3/7/02		718		3/15/02

		2 - SNN 019		529		529		0		Software upgrade and check out.		Test connection damaged.  Resymbolized Memory CCA.  S/W upgrade 7.09 to 7.12.		Nonrelevant		Software Update				539		6/20/02

		2 - SNN 020		382		386		4		INOP due to aircraft shorts.		28V lines are open in the I/O flex. Flex is bubbled up between J2 and P1.		Nonrelevant		(Attempts to install)  28 V lines are open in the I/O flex. Flex is bubbled up between J2 & P1.		12/4/98		389		4/2/99

		2 - SNN 020		389		471		82		None No MAF		+28V short.  Replace I/O flex.		Relevant		I/O Flex		3/12/02				3/15/02

		2 - SNN 020		471		536		65		Causes turret to spin.		Replace Tracker Interface  in:  6590  out:  1052		Relevant		Tracker CCA		8/7/02		555		8/7/02

		2 - SNN 020		555		570		15		EU INOP		Gimbal Disable F02 (El Torquer Bit Failure) found at incomming evaluation. Replaced El Torquer CCA 3177177-1 MSN 1129 w/ 1012.		Relevant		El Torquer Driver CCA				572		4/15/03

		2 - SNN 021		1014		1248		234		None reported (No MAF).		Gim Dis E00 Torquer Drive Power fail with 30 V overcurrent. IBIT Flags Torquer P/S Fail. Replace 2PS4 15V P/S MSN 1066 w/ MSN 3185		Relevant		15V P/S CCA		7/5/01		1253		8/1/01

		2 - SNN 022		156		156		0		None received.		No fault found.		Nonrelevant		No fault found		5/9/00		192		6/1/00

		2 - SNN 022		156		208		52		Fails self test.		28V line fused open in I/O flex replaced MSN 1065 w/ MSN 6582. 1553 CCA was secondary failure.		Nonrelevant		I/O Flex		11/3/00		211		1/18/01

		2 - SNN 022		120		154		34		None received.		No fault found.		Nonrelevant		No fault found		1/7/00		156		1/7/00

		2 - SNN 023		372		372		0		Could not load 7.12 due to a bad operational check.		Could not duplicate customer complaint.  No fault found.		Nonrelevant		CND		1/30/01		374		4/25/01

		2 - SNN 023		267		360		93		EIS dead time fail and EIS Y Convolver fail. Fails BIT. No secondary indication.		Fault verified. Replaced EIS CCA msn 1021 (replaced U10?, U13 p/n 3178294-2).		Relevant		EIS CCA		3/2/00		372		3/10/00

		2 - SNN 024				1205				Software update to 7.16		No 28 vdc from EU visible etch damage to I/O Flex behind 2J2 connector. Replaced the I/O Flex MSN 3155 w/ MSN 3122 a -2 with updated resistors.		Relevant		I/O Flex		4/5/02		1215		4/6/02

		2 - SNN 025		159		361		202		Inop shows fail at all times, horizontal distortion on video screen.		Gimbal Disable line shorted to chassis when checked at XA13 P117.  Replaced the Mother Board MSN 3114 w/ MSN 3100 and replaced the I/O Flex MSN 3123 w/ MSN 6626. Ref Norm fail during IBIT - replaced Ref Norm MSN 3107 w/ MSN 6552. Failed digital video test		Nonrelevant		I/O Flex		9/6/01		370		9/24/01

		2 - SNN 026		79		1279		1200		Fails to operate		28 V line is open Bubbled up. Replaced the I/O Flex MSN 3125 w/ MSN ? 1553 will not communicate K5, CR16, and U7 have burned replace 1553 MSN 3104 w/ MSN ? the Laser Arm signal is developed through this circuit. OMNI test MB MSN ?		Nonrelevant		Customer Induced		2/1/02		1281		2/14/02

		2 - SNN 026		1281		1477		196		None: NO MAF		T&E: Intermittant loss of video and symbology. Replaced the 5V P/S 2PS1 and video restored.		Relevant		5V P/S CCA				1540		2/4/03

		2 - SNN 027		176		265		89		No video and gimbal lock failure.		Fused 28 V trace on I/O flex. (No heat damage to MB.) I/O Flex (3124). 1553 CCA (3107).		Nonrelevant		I/O Flex		12/4/99		269		12/16/99

		2 - SNN 027		269		533		264		FLIR fault when laser code entered.		At incoming test and evaluation, CND.		Nonrelevant		CND		9/6/00		803		9/18/00

		2 - SNN 028		79		460		381		FLIR Fail and Laser Over Heated display on CDU and MFD.		CND		Nonrelevant		CND		5/8/00		468		5/8/00

		2 - SNN 028		468		948		480		None.  Needs software upgrade.		1553 communication opto-isolator fail #11, cleared after re-seating 1553 CCA. Loaded 7.12 SW		Nonrelevant		Not a failure. No customer complaint.		4/2/01		950		6/20/01

		2 - TEM 001		1180		1321		141				T&E: Verified C/C of Gimbal Disable 000 and horizontal noise in video.  I/O Flex was open between J3-91 (Tu detect) and P2-206 and P2-179 was broke and burned.  Remove I/O flex and MB CCA for OMNI . Found short J416 (not used)  to J310 (Az Resolver Shield		Relevant		1553 CCA				35		10/10/02

		2 - TEM 001		821		1176		355		None		Dent on bottom cover inspected no internal contact or damage. Fails for a gimbal disable GD E00 Torquer Drive Power. Replaced 2PS4 MSN 3121 w/ MSN 1025.		Relevant		Torquer Motor		4/25/02		1180		5/3/02

		2 - TKW 001		57		266		209		FLIR EU bad, causes gimbal to freeze.		Verified CC GDE00 Torquer P/S fail. There is no +15V - replaced the 15V P/S 2PS4 MSN 3185 w/ MSN 1006 from SNN 009. Found a recessed pin on 2J11 Pin 8 1553 bus line.		Relevant		15V P/S CCA		7/17/01		268		7/26/01

		2 - TKW 002		50		1110		1060		EU FAIL		T&E: No fault found. Performed 1 cycle ESS and still  CND.		Nonrelevant		CND				1131		1/10/03

		2 - TKW 003		392		394		2		FLIR EU is bad.		T&E: Found the 1553 CCA +28 VDC line burnt at the CR 15, CR 5 diodes. 28 V pin on the CCA was beginning to melt the connector. I/O Flex is a -1. Replaced Mother Bd CCA and I/O Flex 3160 w/ 6629.  Replaced 1553 CCA 3145 w/ 1005 (rotable: "BIT flags ATO Las		Relevant		1553 CCA				395		12/3/02

		2 - TKW 003		70		171		101		FLIR displays no video.		Zoom/Sym failed Replace MSN 3169 w/ MSN 1029 from SNN 018 51310544		Relevant		Zoom Symbology CCA		3/4/02		173		3/12/02

		2 - TKW 003		182		269		87		No FLIR video		T&E: No Fault found.  D.Decker inspected all video boards and connections. All looked OK.  Performed 1-thermal cycle and still CND.		Nonrelevant		CND		8/27/02		392		8/27/02

		2 - TKW 003		70		180		110		FLIR EU causes constant Gimbal Disable in flight and constant elevation display cycling.		Consatnt GD000 present. GIMDISI (+28vdc) is open, Replace I/O Flex MSN 3166 w/ MSN 3160.		Nonrelevant		I/O Flex		5/14/02		182		5/16/02

		2 - TKW 004		117		207		90		No MAF		Internal 1553 Wrap IBIT fail. Memory does not hold changes, will not communicate - replaced Memory bd MSN 3130 with MSN 1054 from NAWC 019. Grey scales are distorted, fails video interface - replaced Zoom/Symbology bd MSN 3165 with MSN 3104 from NAWC 038.		Relevant		Memory CCA		7/27/01		235		9/7/01

		2 - TKW 005		57		2219		2162		TURRET WILL SLEW. NO DRIVE COMMAND.		T&E: Verified c/c. Servo CCA replaced 6523 w/ 0005 (rotable: CND fault, passed OP test from SNN 018, 51310766). Gim Dis B00 BIT failure still present 1/24/03. Unit ran as test set and failure has not returned 2/6/03.		Relevant		Servo CCA				2231		1/13/03

		2 - TKW 006		85		564		479		None		No Fault Found passed all testing. Sent for 3-axis vibe and 1 ESS cycle Replaced the memory CCA MSN 6518 w/ MSN 6506 updated software to 7.16		Nonrelevant		Memory CCA		11/5/01		565		11/13/01

		2 - TKW 006		565		569		4		QDR - During operational check of FLIR KIT found ECU to have no video output after using another aircraft's ECU for T/S.		1553 CCA K9 relay burned through the board replaced CCA MSN 6533 w/ MSN 6585. XA13 connector pin 134 on the EU MB is damaged over heated the pin is gone from the interconnecting board (1553 CCA) Replaced EU Mother Board MSN 6534 w/ MSN 6529 also replaced		Relevant		1553 CCA				591		4/30/02

		2 - TKW 008		328		355		27		FLIR SYSTEM HAS 1553 FAIL AMTP CALLS OUT EU.		Verified customer complaint. BIT result is a 1553 CCA Comunication failure.  Replaced 1553 CCA (3154402-1) 1012 w/ 6587(E).		Investigation		1553 CCA						5/9/03

		2 - TKW 008		43		68		25		EU failure no elevation		Gimbal disable G0C (no drive). Replaced 2A9 El torquer/driver CCA MSN 6588 (replaced U15) with MSN 6529.		Relevant		El Torquer Driver CCA		2/21/01		225		2/22/01

		2 - TKW 008		315		317		2		FLIR EU INOP. UNABLE TO GET SOFTWARE VERSION OR BIT CODES. CONSTANT COOLING AND GIMBAL DISABLED.		T&E: No communication failure. Visual Inspection reveled U58 (Quad Diode Network) burnt on 1553 CCA. Replaced MSN 6567 w/ 1012 (rotable- replaced U58). Still receiveing a 1553 failure. Separate I/O Flex 6524 and Motherboard  6606 for troubleshooting. I/O		Relevant		1553 CCA				328		1/23/03

		2 - TKW 008		225		300		75		FLIR Gimbal engaged to disabled with switch to enable and power on FLIR EU fails ORT and AMTP		This unit would not power down Replaced the 1553 CCA MSN 1005 w/ MSN 6588. The gimbal disable line is open in the I/O flex between XA17P1-179 (El Drive Hi) and 2J4-127 (Gim Disable). Replace I/O Flex MSN ? W/ MSN 6524 Replaced the EU MB MSN ? w/ MSN 6606.		Relevant		I/O Flex		6/20/02		315		6/21/02

		2 - TKW 009		30		990		960		Gimbal Disable and no Vid on FLIR.		T&E: Verified C/C. Gimbal Disable F02 at turn on. Replaced torquer CCA out 6553 in 6643 (line pull from TKW 017).		Relevant		Az Torquer Driver CCA						10/10/02

		2 - TKW 011		357		396		39		FLIR EU fails in use over temp.		CND performed 1 thermal cycle. Failed DP 5 system would reset and display a 1553 fail at +55 degrees C. Replaced the Memory CCA MSN 6520 w/ MSN 3108 from NAWC 037		Relevant		Memory CCA		12/19/01		414		1/11/02

		2 - TKW 011		50		341		291		Inop		Exterior dent in bottom cover no associated internal damage or cause to functionality. Gimbal Disable at turn on GDG04. Replaced 2A9 Az Torquer Bd MSN 6567 (replaced Q11 Darlington transistor, Q12 Darlington transistor, CR5, and CR6) with MSN 6558. Replac		Relevant		Az Torquer Driver CCA		8/16/01		357		8/22/01

		2 - TKW 017		0		1138		1138		Lost video.		T&E: Laser fire failure. Suspect one of the resistors on the (-2) I/O flex is opening up.  Inspection reveals the I/O flex has (3) resistors that are the 1 Ohm surface mounts. (cause for the laser not firing?) All glass diodes check good- no cracks of any		Relevant		OTS						10/7/02

		2 - TKW 018		5		191		186		FLIR would not power up		Fails IBIT Comm Fail C1 and C2. Replaced Dual C40 MSN 6738 w/ MSN1201 tested good.		Relevant		Dual C40		9/5/01		194		9/6/01

		2 - TKW 018		194		853		659		FLIR INOP. WHEN POWER WAS APPLIED GOT AT PICTURE, BUT FIXED IN ONE POSITION. AFTER CYCLING POWER FLI STAYED IN STOWED POSITION.		T&E: No video or symbology when powered up. Replaced 5V P/S ____ w/ _____. Laser Arm signal through I/O flex has a higher than normal resistance. Replaced I/O Flex CCA 5014 w/ 3016.		Relevant		5V P/S CCA				857		3/3/03

		2 - TKW 022		154		183		29		NO FLIR DISPLAY. ATTEMPTED COLD START AND ORT OF AIRCRAFT AND FLIR BUT ONLY WOULD DISPLAY A FLASHING TAC DISPLAY AND NO FLIR. GIMBAL WORKED FINE AND I COULD CONTROL.		T&E: No fault found. Performed 1 cyle of ESS to duplicate c/c, still a CND. Unit is being used in the software engineering lab- Mark Rogers		Nonrelevant		CND						2/17/03

		2 - TKW 022		96		96		0		Software Update		Update the software to 7.16		Nonrelevant		Software Update		2/22/02		154		2/25/02

		2 - TKW 023		160		213		53		Unable to convert data.		Passed all incoming tests. Performed Operational testing Vibe and one Thermal cycle. No Faults Found		Nonrelevant		CND		9/25/01		283		9/27/01

		2 - TKW 023		283		238				Software Upgrade Only		Pulled I/O Flex resistor for update.  Test Set 8/27.  Blew the +28 V Resistors on TEST SET.		Nonrelevant		Software Update						7/26/02

		2 - TKW 024		113		113		0		Sofware Upgrade Only		Test Set		Nonrelevant		Software Update		7/24/02		171		7/26/02

		2 - TKW 025		130		141		11		Circuit Breaker for FLIR Electronics Unit was popped would not reset.		System Select line 3 is shorted to chassis. Separate I/O Flex (MSN 6560) and Mother Board (MSN 6585) for OMNI tested reinstalled. I/O Flex failed OMNI replaced w/ MSN 6613. There is an open on I/O flex P2-Pin 203 (LASARMI) pin is completely burned out of		Nonrelevant		I/O Flex		8/17/01		143		8/22/01

		2 - TKW 030		51		180		129		Software Update		Loaded 1.0 software P-3 version		Nonrelevant		Software Update		5/24/02				5/28/02

		2 - TKW 033		53		76		23		UNABLE TO CONVERT DATA		T&E: Unit would no power up. Low resistance measured between the 3-phase lines and chassis. Found motherboard burnt under the EMI filter. The 28V TRQG00DZ line on the motherboard was burnt in several places. This burnt line crossed over the 3-phase power		Nonrelevant		28V Electrical						3/27/03

		2 - TKW 035		119		122		3		QDR: EU FOUND BAD DURING OPS CHECK		T&E: F02 (El Torquer Bit Fail) called out during BIT. Pulled and repaired El Torquer Driver CCA 2A10 p/n 3177177-1 MSN 6711. Found Darlington Transistors Q11 and Q12 were shorted emmiter to base.  Right panel of chassis is disattached. This unit was mated		Relevant		El Torquer Driver CCA						1/29/03
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										1Q97		5		326		65		47.1189982916		2										80%		0.2

										2Q97		3		637		212		207.5580240158		7

										3Q97		3		219		73		65.1843539509		17

										4Q97		4		208		52		34.205262753		26

		21		1090		52				1Q98		6		469		78		76.4994553358		33																				Z&T values

		13		1675		129				2Q98		12		1063		89		113.187261035		39		44		148																1.356

		4		2354		589				3Q98		4		862		216		199.5436460193		42		63		365																1.533

		5		3665		733				4Q98		5		183		37		30.0133303717		45		17		54																1.476

		7		2491		356				1Q99		6		489		82		34.205262753		52		61		82																1.440

		15		3144		210				2Q99		11		2744		249		316.4077633802		53		119		419																1.363

		17		10853		638				3Q99		17		3127		184		468.5622664609		54		32		528																1.333

		13		2909		224				4Q99		13		3181		245		255.5254014168		67		149		347																1.350

		5		2909		582				1Q00		5		618		124		90.2790119574		74		64		172																1.476

		17		2910		171				2Q00		18		5963		331		407.7573969547		81		203		512																1.330

		13		2407		185				3Q00		13		2660		205		372.3733651551		89		65		449																1.350

		20		3594		180				4Q00		18		5591		311		456.7994976417		103		167		554																1.330

		22		3184		145				1Q01		23		4033		175		182.7732347363		117		125		231																1.319

		17		6602		388				2Q01		19		5641		297		476.0462039593		139		152		566																1.328

		35		3979		114				3Q01		36		7375		205		331.0451978445		147		134		276																1.285

		41		9142		223				4Q01		40		4739		118		162.6805880182		147		85		152																1.285

		53		12737		240				1Q02		55		10048		183		257.5740003505		147		138		227																1.285

		41		15335		374				2Q02		40		7765		194		189.6146142128		147		156		233																1.285

		39		10906		280				3Q02		39		8656		222		372.3358662565		153		145		299																1.285

		30		7515		251				4Q02		29		8527		294		391.8470440253		159		199		463																1.311

		43		14963		348				1Q03		50		17894		358		468.5622664609		166		273		443																1.285

										2Q03		15		5040		336		406.5907032877		174

										3Q03

		471		124364		264		182.9106297132				489		108058		221		325.944223431				202		240																1.285
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TU Failures

		WRA		ETM Out		ETM In		TIME		Text56		Received Date		Induction Date		Date Code

		1 - SNN 001		246		324		78		Relevant		1/14/97		1/14/97		199701

		1 - SNN 007		334		381		47		Relevant		3/20/97		3/20/97		199703

		1 - SNN 008		279		300		21		Relevant		3/20/97		3/20/97		199703

		1 - SNN 006		130		169		39		Relevant		3/3/97		3/3/97		199703

		1 - SNN 003		116		257		141		Relevant		3/6/97		3/6/97		199703				5		326		65		47.1189982916

		1 - SNN 001		375		468		93		Relevant		5/29/97		5/29/97		199705

		1 - SNN 002		70		522		452		Relevant		5/30/97		5/30/97		199705

		1 - SNN 009		302		394		92		Nonrelevant		6/4/97		6/4/97		199706				3		637		212		207.5580240158

		1 - 006		249		250		1		Relevant		9/9/97		9/9/97		199709

		1 - SNN 009		400		528		128		Relevant		9/15/97		9/18/97		199709

		1 - SNN 008		302		392		90		Relevant		9/25/97		9/25/97		199709				3		219		73		65.1843539509

		1 - SNN 007		411		495		84		Relevant		10/10/97		10/10/97		199710

		1 - SNN 011		15		30		15		Relevant		10/9/97		10/9/97		199710

		1 - SNN 003		292		323		31		Relevant		11/17/97		11/17/97		199711

		1 - SNN 015		137		215		78		Relevant		12/4/97		12/4/97		199712				4		208		52		34.205262753

		1 - SNN 017		179		199		20		Relevant		1/5/98		1/5/98		199801

		1 - SNN 016		396		406		64		Relevant		1/6/98		1/6/98		199801

		1 - SNN 004		259		425		166		Relevant		1/7/98		1/7/98		199801

		1 - SNN 012		275		457		182		Nonrelevant		2/9/98		2/9/98		199802

		1 - 026		86		99		13		Relevant		3/12/98		3/12/98		199803

		1 - 012		173		197		24		Relevant		3/30/98		3/30/98		199803				6		469		78		76.4994553358

		1 - SNN 002		611		667		56		Nonrelevant		4/14/98		4/14/98		199804

		1 - 026		107		162		55		Nonrelevant		4/21/98		4/21/98		199804

		1 - 025		108		156		48		Relevant		4/3/98		4/3/98		199804

		1 - SNN 010		105		507		402		Relevant		5/1/98		5/1/98		199805

		1 - SNN 001		510		571		61		Relevant		5/13/98		5/13/98		199805

		1 - SNN 019		133		169		36		Nonrelevant		5/26/98		5/26/98		199805

		1 - 010		575		652		77		Nonrelevant		5/4/98		5/4/98		199805

		1 - SNN 002		669		675		6		Relevant		6/11/98		6/11/98		199806

		1 - 008		66		80		14		Relevant		6/16/98		6/16/98		199806

		1 - 009		179		271		92		Relevant		6/16/98		6/16/98		199806

		1 - 033		159		162		3		Nonrelevant		6/16/98		6/16/98		199806

		1 - 007		307		520		213		Relevant		6/25/98		6/25/98		199806				12		1063		89		113.187261035

		1 - SNN 011		91		289		198		Relevant		7/10/98		7/10/98		199807

		1 - 020		100		176		76		Relevant		7/31/98		7/31/98		199807

		1 - 002		419		922		503		Relevant		7/7/98		7/7/98		199807

		1 - SNN 017		213		298		85		Relevant		8/28/98		8/28/98		199808				4		862		216		199.5436460193

		1 - 031		335		335		0		Relevant		10/15/98		10/15/98		199810

		1 - 011		149		215		66		Relevant		10/29/98		10/29/98		199810

		1 - 034		94		152		58		Relevant		10/7/98		10/7/98		199810

		1 - 019		48		57		9		Relevant		9/21/98		10/22/98		199810

		1 - 026		163		213		50		Relevant		12/9/98		12/9/98		199812				5		183		37		30.0133303717

		1 - 036		103		121		18		Relevant		1/14/99		1/14/99		199901

		1 - 004		403		573		170		Relevant		2/10/98		2/10/99		199902

		1 - 008		82		180		98		Relevant		2/18/99		2/18/99		199902

		1 - 031		348		355		7		Nonrelevant		2/19/99		2/19/99		199902

		1 - 002		928		1099		171		Relevant		3/18/99		3/18/99		199903

		1 - 034		179		204		25		Relevant		3/18/99		3/18/99		199903				6		489		82		76.0124989722		27		2597		96		119.2208800237

		1 - 012		202		297		95		Relevant		12/11/98		4/2/99		199904

		1 - 013		192		469		277		Relevant		4/1/99		4/16/99		199904

		1 - 013		471		567		96		Relevant		4/26/99		4/26/99		199904

		1 - 023		217		1043		826		Relevant		1/25/99		5/24/99		199905

		1 - SNN 013		184		584		400		Relevant		4/15/99		5/24/99		199905

		1 - 006		252		390		138		Relevant		4/26/00		5/11/99		199905

		1 - 015		179		1032		853		Relevant		4/28/99		5/10/99		199905

		1 - 011		218		223		5		Relevant		5/18/99		5/24/99		199905

		1 - 026		214		253		39		Relevant		5/26/99		6/16/99		199906

		1 - 009		275		289		14		Relevant		5/27/99		6/2/99		199906

		1 - 002		1103		1104		1		Relevant		6/7/99		6/19/99		199906				11		2744		249		316.4077633802		26		4278		165		233.7523870713

		1 - 013		574		589		15		Relevant		6/25/99		7/8/99		199907

		1 - 038		156		345		189		Nonrelevant		7/1/99		7/12/99		199907

		1 - 039		193		266		73		Relevant		7/12/99		7/12/99		199907

		1 - SNN 023		251		261		10		Nonrelevant		7/21/99		7/21/99		199907

		1 - 029		226		1002		776		Relevant		7/6/99		7/6/99		199907

		1 - 007		525		577		52		Relevant		7/7/99		7/15/99		199907

		1 - SNN 005		447		1180		733		Relevant		1/12/99		8/6/99		199908

		1 - SNN 006		181		579		398		Relevant		6/3/99		8/4/99		199908

		1 - 015		1035		1041		6		Relevant		7/27/99		8/2/99		199908

		1 - 033		163		382		219		Relevant		8/4/99		8/26/99		199908

		1 - 001		470		570		100		Relevant		8/6/99		8/12/99		199908

		1 - SNN 017		301		438		137		Nonrelevant		8/11/99		9/13/99		199909

		1 - SNN 002		677		745		68		Relevant		8/30/99		9/8/99		199909

		1 - 009		290		329		39		Relevant		9/14/99		9/21/99		199909

		1 - SNN 019		171		344		173		Relevant		9/14/99		9/22/99		199909

		1 - 010		655		764		109		Relevant		9/16/99		9/27/99		199909

		1 - SNN 023		264		294		30		Relevant		9/23/99		9/28/99		199909				17		3127		184		294.2713977871		39		6543		168		237.006602344

		1 - SNN 001		575		1189		614		Relevant		10/6/99		10/7/99		199910

		1 - 019		59		78		19		Relevant		12/1/99		10/8/99		199910

		1 - 011		226		318		92		Relevant		8/31/99		10/6/99		199910

		1 - 030		335		1089		754		Relevant		9/22/99		10/6/99		199910

		1 - 025		158		406		248		Relevant		9/30/99		10/1/99		199910

		1 - 027		116		364		248		Relevant		10/20/99		11/5/99		199911

		1 - 001		574		602		28		Relevant		10/26/99		11/4/99		199911

		1 - 035		143		276		133		Relevant		10/26/99		11/4/99		199911

		1 - SNN 024		113		218		105		Relevant		9/29/99		11/6/99		199911

		1 - 020		177		422		245		Relevant		9/30/99		11/7/99		199911

		1 - 039		271		325		54		Relevant		11/15/99		12/16/99		199912

		1 - 032		100		726		626		Relevant		11/2/99		12/16/99		199912

		1 - SNN 002		752		767		15		Relevant		12/7/99		12/16/99		199912				13		3181		245		255.5254014168		47		9541		203		248.7803291539

		1 - 008		185		306		121		Relevant		1/12/00		1/24/00		200001

		1 - SNN 025		150		408		258		Nonrelevant		1/18/00		1/18/00		200001

		1 - SNN 004		428		568		140		Relevant		1/27/00		2/24/00		200002

		1 - SNN 005		1189		1198		9		Relevant		1/4/00		2/21/00		200002

		1 - 040		96		186		90		Relevant		2/8/00		2/24/00		200002				5		618		124		90.2790119574		46		9670		210		249.0550954703

		1 - SNN 023		296		389		93		Relevant		1/4/00		4/24/00		200004

		1 - 028		145		946		801		Relevant		9/8/99		4/28/00		200004

		1 - SNN 010		522		1443		921		Relevant		1/4/00		5/31/00		200005

		1 - SNN 015		218		967		749		Nonrelevant		1/4/00		5/2/00		200005

		1 - 013		594		884		290		Relevant		3/21/00		5/25/00		200005

		1 - 005		206		482		276		Relevant		5/24/00		5/31/00		200005

		1 - SNN 007		525		2041		1516				5/24/00		5/24/00		200005

		1 - SNN 024		221		394		173		Relevant		2/22/00		6/13/00		200006

		1 - SNN 027		174		179		5		Relevant		2/29/00		6/1/00		200006

		1 - 029		1005		1144		139		Relevant		2/7/00		6/12/00		200006

		1 - 036		136		486		350		Relevant		3/21/00		6/9/00		200006

		1 - SNN 017		441		617		176		Relevant		3/21/00		6/21/00		200006

		1 - 033		384		403		19		Relevant		4/3/00		6/1/00		200006

		1 - 015		1045		1292		247		Relevant		5/18/00		6/9/00		200006

		1 - 030		1095		1138		43		Nonrelevant		5/18/00		6/7/00		200006

		1 - 019		80		107		27		Relevant		5/26/00		6/13/00		200006

		1 - 007		583		714		131		Relevant		6/13/00		6/16/00		200006

		1 - 042		82		89		7		Relevant		6/13/00		6/13/00		200006				18		5963		331		407.7573969547		53		12889		243		304.0089229842

		1 - SNN 013		596		900		304		Relevant		7/10/00		7/17/00		200007

		1 - 009		330		725		395		Nonrelevant		7/14/00		7/25/00		200007

		1 - 021		139		1506		1367		Relevant		7/26/00		7/27/00		200007

		1 - 031		360		513		153		Relevant		6/28/00		8/9/00		200008

		1 - 004		585		627		42		Relevant		7/25/00		8/3/00		200008

		1 - SNN 023		398		404		6		Relevant		8/18/00		8/22/00		200008

		1 - 014		60		303		243		Relevant		8/2/00		9/13/00		200009

		1 - 046		50		85		35		Relevant		8/29/00		9/3/00		200009

		1 - 048		115		126		11		Relevant		9/12/00		9/18/00		200009

		1 - 041		66		97		31		Relevant		9/19/00		9/22/00		200009

		1 - 045		119		125		6		Relevant		9/19/00		9/21/00		200009

		1 - 047		143		210		67		Relevant		9/19/00		9/22/00		200009

		1 - 050		49		49		0		Relevant		9/6/00		9/7/00		200009				13		2660		205		372.3733651551		49		12422		254		339.4824567417

		1 - TKW 001		48		55		7		Relevant		10/24/00		10/31/00		200010

		1 - 040		191		321		130		Relevant		10/9/00		10/18/00		200010

		1 - 011		322		498		176		Nonrelevant		8/1/00		10/11/00		200010

		1 - SNN 009		532		588		56		Relevant		8/10/00		10/9/00		200010

		1 - 025		408		637		229		Relevant		9/19/00		10/19/00		200010

		1 - 034		211		656		445		Relevant		9/6/00		10/17/00		200010

		1 - SNN 002		770		962		192		Relevant		9/6/00		10/24/00		200010

		1 - SNN 016		479		2036		1557		Relevant		9/6/00		10/31/00		200010

		1 - SNN 011		292		1688		1396		Relevant		10/13/00		11/15/00		200011

		1 - SNN 013		904		904		0		Relevant		10/24/00		11/15/00		200011

		1 - SNN 001		1205		1593		388		Relevant		10/9/00		11/13/00		200011

		1 - 019		117		117		0		Relevant		11/2/00		11/17/00		200011

		1 - 002		1106		1650		544		Relevant		9/12/00		11/1/00		200011

		1 - SNN 025		430		770		340		Relevant		11/15/00		12/4/00		200012

		1 - 008		357		457		100		Relevant		11/21/00		12/8/00		200012

		1 - 007		717		724		7		Nonrelevant		11/7/00		12/4/00		200012

		1 - 042		148		154		6		Relevant		11/7/00		12/4/00		200012

		1 - TKW 004		93		111		18		Relevant		12/5/00		12/11/00		200012				18		5591		311		456.7994976417		54		14832		275		396.4281085935

		1 - 044		41		267		226		Relevant		1/8/01		1/22/01		200101

		1 - TKW 047		51		65		14		Relevant		10/19/01		10/23/01		200101

		1 - 029		1154		1159		5		Relevant		11/21/00		1/9/01		200101

		1 - TKW 007		45		95		50		Relevant		1/10/01		2/16/01		200102

		1 - 023		1045		1047		2		Relevant		1/30/01		2/18/01		200102

		1 - SNN 018		496		981		485		Nonrelevant		1/30/01		2/15/01		200102

		1 - SNN 015		997		1117		120		Relevant		11/21/00		2/5/01		200102

		1 - TKW 013		52		53		1		Relevant		11/21/00		2/6/01		200102

		1 - 009		765		845		80		Relevant		12/1/00		2/6/01		200102

		1 - 015		1299		1345		46		Nonrelevant		12/5/00		2/9/01		200102

		1 - SNN 021		138		366		228		Nonrelevant		12/6/00		2/9/01		200102

		1 - 031		546		600		54		Nonrelevant		12/8/00		2/16/01		200102

		1 - 004		703		878		175		Relevant		2/1/01		2/20/01		200102

		1 - TKW 008		83		266		183		Relevant		2/15/01		2/27/01		200102

		1 - 043		93		621		528		Relevant		2/6/01		2/20/01		200102

		1 - 059		59		81		22		Relevant		2/14/01		3/7/01		200103

		1 - 039		331		756		425		Relevant		2/20/01		3/7/01		200103

		1 - TKW 017		40		104		64		Nonrelevant		2/22/01		3/29/01		200103

		1 - 049		73		414		341		Relevant		2/8/01		3/23/01		200103

		1 - 034		660		799		139		Relevant		3/5/01		3/14/01		200103

		1 - SNN 019		350		957		607		Relevant		3/5/01		3/13/01		200103

		1 - TKW 012		54		259		205		Relevant		3/7/01		3/30/01		200103

		1 - 064		70		103		33		Relevant		3/9/01		3/30/01		200103				23		4033		175		182.7732347363		72		18247		253		358.2402540427

		1 - SNN 026		174		778		604		Nonrelevant		3/1/01		4/11/01		200104

		1 - SNN 010		1449		1526		77		Nonrelevant		3/5/01		4/26/01		200104

		1 - 041		105		155		50		Relevant		4/11/01		4/13/01		200104

		1 - 028		956		1366		410		Relevant		4/2/01		4/27/01		200104

		1 - SNN 023		409		505		96		Nonrelevant		4/5/01		4/27/01		200104

		1 - 026		272		1456		1184		Relevant		4/9/01		4/30/01		200104

		1 - 067		34		40		6		Relevant		4/9/01		4/17/01		200104

		1 - TKW 015		52		80		28		Relevant		2/15/01		5/16/01		200105

		1 - 021		1509		1764		255		Nonrelevant		3/20/01		5/1/01		200105

		1 - 048		129		142		13		Relevant		3/7/01		5/21/01		200105

		1 - 050		82		163		81		Nonrelevant		3/8/01		5/23/01		200105

		1 - SNN 008		408		698		290		Relevant		4/9/01		5/2/01		200105

		1 - TKW 037		61		62		1		Nonrelevant		5/31/01		5/31/01		200105

		1 - 022		396		2248		1852		Nonrelevant		4/10/01		6/12/01		200106

		1 - 011		502		638		136		Relevant		4/17/01		6/13/01		200106

		1 - 013		887		1321		434		Relevant		4/17/01		6/28/01		200106

		1 - 052		42		76		34		Relevant		4/17/01		6/26/01		200106

		1 - SNN 016		2046		2053		7		Nonrelevant		4/4/01		6/5/01		200106

		1 - TKW 020		41		124		83		Relevant		4/9/01		6/6/01		200106				19		5641		297		476.0462039593		73		17925		246		377.983907693

		1 - 060		70		90		20		Relevant		5/2/01		7/17/01		200107

		1 - 058		35		59		24		Relevant		5/7/01		7/24/01		200107

		1 - 008		461		570		109		Relevant		7/5/01		7/10/01		200107

		1 - 069		64		115		51		Relevant		7/5/01		7/30/01		200107

		1 - TKW 030		141		193		52		Relevant		5/21/01		8/1/01		200108

		1 - SNN 021		372		373		1		Nonrelevant		5/31/01		8/20/01		200108

		1 - TKW 018		89		549		460		Relevant		5/31/01		8/1/01		200108

		1 - TKW 011		58		294		236		Relevant		6/14/01		8/9/01		200108

		1 - 066		41		98		57		Relevant		6/20/01		8/10/01		200108

		1 - TKW 023		67		277		210		Relevant		7/12/01		8/10/01		200108

		1 - TKW 022		101		234		133		Relevant		7/13/01		8/21/01		200108

		1 - TKW 029		37		390		353		Relevant		7/17/01		8/21/01		200108

		1 - TKW 012		261		298		37		Relevant		7/18/01		8/23/01		200108

		1 - TKW 036		140		309		169		Relevant		7/23/01		8/24/01		200108

		1 - TKW 008		268		271		3		Relevant		7/27/01		8/27/01		200108

		1 - TKW 021		40		78		38		Relevant		7/30/01		8/27/01		200108

		1 - 015		1352		1615		263		Relevant		7/5/01		8/20/01		200108

		1 - 078		96		115		19		Nonrelevant		8/27/01		8/27/01		200108

		1 - 018		0		988		988		Relevant		8/31/01		8/31/01		200108

		1 - 023		1		31		30		Relevant		7/18/01		9/14/01		200109

		1 - 047		216		290		74		Relevant		7/27/01		9/20/01		200109

		1 - TKW 003		66		269		203		Relevant		7/5/01		9/20/01		200109

		1 - 061		66		77		11		Relevant		8/1/01		9/7/01		200109

		1 - 070		33		52		19		Relevant		8/17/01		9/11/01		200109

		1 - TKW 031		83		224		141		Relevant		8/17/01		9/17/01		200109

		1 - 057		43		633		590		Relevant		8/23/01		9/14/01		200109

		1 - 050		170		174		4		Nonrelevant		8/24/01		9/13/01		200109

		1 - 004		880		1037		157		Nonrelevant		8/28/01		9/24/01		200109

		1 - 068		109		110		1		Relevant		8/6/01		9/7/01		200109

		1 - SNN 003		337		1896		1559		Relevant		8/8/01		9/25/01		200109

		1 - TEM 001		191		1111		920		Relevant		8/8/01		9/24/01		200109

		1 - TKW 006		114		322		208		Relevant		8/8/01		9/11/01		200109

		1 - SNN 026		801		808		7		Relevant		9/11/01		9/28/01		200109

		1 - TKW 032		83		262		179		Relevant		9/11/01		9/13/01		200109

		1 - 063		34		69		35		Relevant		9/18/01		9/19/01		200109

		1 - SNN 023		506		520		14		Relevant		9/4/01		9/25/01		200109				36		7375		205		331.0451978445		96		22640		236		362.5533040059

		1 - 045		127		201		74		Relevant		10/16/01		10/25/01		200110

		1 - TKW 045		42		50		8		Relevant		10/16/01		10/19/01		200110

		1 - TKW 018		551		578		27		Relevant		10/23/01		10/24/01		200110

		1 - 072		155		288		133		Relevant		10/29/01		10/30/01		200110

		1 - 073		82		116		34		Relevant		10/29/01		10/29/01		200110

		1 - SNN 016		2072		2216		144		Relevant		10/3/01		10/24/01		200110

		1 - TKW 033		170		676		506		Relevant		10/3/01		10/8/01		200110

		1 - 030		1152		1548		396		Relevant		9/11/01		10/8/01		200110

		1 - 041		160		339		179		Relevant		9/20/01		10/4/01		200110

		1 - 043		635		670		35		Relevant		9/20/01		10/4/01		200110

		1 - 019		119		151		32		Relevant		9/25/01		10/10/01		200110

		1 - TKW 019		35		84		49		Relevant		9/25/01		10/1/01		200110

		1 - TKW 042		75		126		51		Relevant		9/25/01		10/2/01		200110

		1 - TKW 002		111		111		0		Relevant		10/18/00		11/2/00		200111

		1 - TKW 007		105		108		3		Relevant		10/2/01		11/1/01		200111

		1 - TKW 035		37		140		103		Relevant		10/29/01		11/5/01		200111

		1 - 023		41		41		0		Nonrelevant		10/29/01		11/1/01		200111

		1 - SNN 006		580		824		244		Relevant		10/29/01		11/1/01		200111

		1 - TKW 054		83		84		1		Relevant		11/13/01		11/19/01		200111

		1 - TKW 041		0		107		107		Relevant		11/14/01		11/27/01		200111

		1 - 033		404		448		44		Relevant		11/15/01		11/19/01		200111

		1 - 028		1367		1496		129		Relevant		11/16/01		11/29/01		200111

		1 - TKW 014		91		790		699		Relevant		11/16/01		11/30/01		200111

		1 - TKW 027		41		587		546		Relevant		11/19/01		11/21/01		200111

		1 - 058		86		86		0		Relevant		11/2/01		11/3/01		200111

		1 - 048		144		190		46		Relevant		11/20/01		11/30/01		200111

		1 - 079		0		98		98		Relevant		11/26/01		11/29/01		200111

		1 - 052		82		208		126		Relevant		11/8/01		11/14/01		200111

		1 - 078		123		143		20		Nonrelevant		11/8/01		11/14/01		200111

		1 - 056		79		132		53		Relevant		11/9/01		11/15/01		200111

		1 - TKW 038		55		77		22		Relevant		11/9/01		11/13/01		200111

		1 - TKW 039		39		230		191		Nonrelevant		11/9/01		11/13/01		200111

		1 - TKW 010		43		383		340		Relevant		11/26/01		12/7/01		200112

		1 - SNN 002		1014		1026		12		Relevant		11/27/01		12/12/01		200112

		1 - TKW 022		235		241		6		Relevant		11/28/01		12/3/01		200112

		1 - TKW 040		68		158		90		Relevant		11/28/01		12/3/01		200112

		1 - TKW 046		68		80		12		Relevant		11/28/01		12/4/01		200112

		1 - TKW 017		108		229		121		Relevant		11/29/01		12/13/01		200112

		1 - 071		62		74		12		Relevant		12/3/01		12/7/01		200112

		1 - TKW 055		73		119		46		Relevant		12/3/01		12/4/01		200112				40		4739		118		162.6805880182		118		21788		185		294.0019921272

		1 - 043		674		803		129		Relevant		1/14/02		1/24/02		200201

		1 - TKW 016		73		296		223		Nonrelevant		1/14/02		1/28/02		200201

		1 - TKW 024		72		223		151		Relevant		1/14/02		1/28/02		200201

		1 - 014		5		627		622		Relevant		1/2/02		1/18/02		200201

		1 - 074		66		67		1		Relevant		1/2/02		1/9/02		200201

		1 - SNN 027		183		442		259		Relevant		1/2/02		1/18/02		200201

		1 - TKW 003		271		294		23		Relevant		1/2/02		1/29/02		200201

		1 - TKW 041		109		110		1		Relevant		1/22/02		1/23/02		200201

		1 - 015		1616		1665		49		Nonrelevant		1/7/02		1/21/02		200201

		1 - 057		635		747		112		Relevant		1/7/02		1/29/02		200201

		1 - 059		85		225		140		Nonrelevant		1/7/02		1/24/02		200201

		1 - 044		274		326		52		Relevant		11/30/01		1/11/02		200201

		1 - 035		280		299		19		Relevant		12/12/01		1/16/02		200201

		1 - 069		186		202		16		Relevant		12/17/01		1/4/02		200201

		1 - 042		174		227		53		Relevant		12/19/01		1/11/02		200201

		1 - 068		112		116		4		Relevant		12/19/01		1/8/02		200201

		1 - SNN 025		778		1519		741		Relevant		12/19/01		1/17/02		200201

		1 - TKW 019		86		86		0		Nonrelevant		12/19/01		1/16/02		200201

		1 - TKW 043		75		99		24		Relevant		12/19/01		1/7/02		200201

		1 - 011		656		664		8		Nonrelevant		12/3/01		1/2/02		200201

		1 - 029		1177		1436		259		Relevant		12/3/01		1/1/02		200201

		1 - 005		485		558		73		Relevant		12/4/01		1/14/02		200201

		1 - SNN 021		385		397		12		Relevant		12/7/01		1/15/02		200201

		1 - 051		87		491		404		Nonrelevant		1/13/02		2/1/02		200202

		1 - 047		292		294		2		Relevant		1/18/02		2/1/02		200202

		1 - 060		92		246		154		Relevant		1/21/02		2/1/02		200202

		1 - SNN 009		625		781		156		Relevant		1/25/02		2/6/02		200202

		1 - TKW 006		326		360		34		Relevant		1/25/02		2/26/02		200202

		1 - 062		89		428		339		Relevant		1/28/02		2/13/02		200202

		1 - 046		90		396		306		Relevant		1/30/02		2/18/02		200202

		1 - SNN 018		983		986		3		Nonrelevant		1/30/02		2/19/02		200202

		1 - TKW 052		56		492		436		Relevant		1/30/02		2/6/02		200202

		1 - TKW 007		112		112		0		Nonrelevant		1/31/02		2/1/02		200202

		1 - 055		81		909		828		Relevant		2/11/02		2/26/02		200202

		1 - TKW 008		273		357		84		Relevant		2/21/02		2/26/02		200202

		1 - TKW 036		310		433		123		Relevant		2/21/02		2/25/02		200202

		1 - TKW 011		295		414		119		Relevant		2/6/02		2/19/02		200202

		1 - TKW 018		601		669		68		Nonrelevant		2/6/02		2/20/02		200202

		1 - 022		2252		2269		17		Relevant		2/7/02		2/20/02		200202

		1 - 027		366		424		58		Relevant		2/7/02		2/20/02		200202

		1 - 063		73		95		22		Relevant		2/7/02		2/11/02		200202

		1 - SNN 028		68		1301		1233		Relevant		2/7/02		2/21/02		200202

		1 - 065		129		142		13		Nonrelevant		2/8/02		2/25/02		200202

		1 - 054		50		280		230		Relevant		11/29/01		3/15/02		200203

		1 - TKW 026		115		360		245		Relevant		2/21/02		3/3/02		200203

		1 - 017		929		1855		926		Relevant		2/28/02		3/4/02		200203

		1 - 067		50		333		283		Relevant		2/28/02		3/12/02		200203

		1 - TKW 015		83		233		150		Relevant		3/12/02		3/14/02		200203

		1 - 061		79		95		16		Relevant		3/15/02		3/26/02		200203

		1 - TKW 050		113		153		40		Relevant		3/18/02		3/26/02		200203

		1 - 074		71		74		3		Relevant		3/25/02		3/27/02		200203

		1 - TKW 005		101		582		481		Relevant		3/5/02		3/12/02		200203

		1 - TKW 034		52		169		117		Relevant		3/5/02		3/7/02		200203

		1 - SNN 008		701		717		16		Relevant		3/8/02		3/22/02		200203

		1 - SNN 023		520		691		171		Nonrelevant		3/8/02		3/15/02		200203				55		10048		183		257.5740003505		150		27803		185		294.9116381523

		1 - 058		88		88		0		Relevant		3/18/02		4/3/02		200204

		1 - SNN 016		2223		2272		49		Relevant		3/18/02		4/4/02		200204

		1 - 012		299		299		0		Relevant		3/21/02		4/9/02		200204

		1 - 025		637		987		350		Relevant		3/28/02		4/12/02		200204

		1 - 031		609		797		188		Nonrelevant		3/28/02		4/9/02		200204

		1 - 049		414		597		183		Relevant		4/1/02		4/12/02		200204

		1 - 075		66		347		281		Nonrelevant		4/18/02		4/23/02		200204

		1 - SNN 011		1726		2672		946		Relevant		4/18/02		4/24/02		200204

		1 - 064		105		220		115		Relevant		4/19/02		4/24/02		200204

		1 - 041		341		641		300		Nonrelevant		4/2/02		4/30/02		200204

		1 - SNN 025		1520		1526		6		Relevant		4/21/02		4/30/02		200204

		1 - 021		1765		1896		131		Relevant		4/24/02		4/28/02		200204

		1 - SNN 018		988		993		5		Relevant		4/24/02		4/29/02		200204

		1 - TKW 051		120		331		211		Relevant		4/26/02		4/27/02		200204

		1 - 066		101		447		346		Relevant		4/3/02		4/15/02		200204

		1 - TKW 045		52		268		216		Relevant		4/3/02		4/16/02		200204

		1 - TKW 055		120		249		129		Relevant		4/8/02		4/16/02		200204

		1 - 006		393		448		55		Nonrelevant		4/9/02		4/18/02		200204

		1 - 053		88		320		232		Relevant		4/9/02		4/17/02		200204

		1 - 060		247		258		11		Relevant		4/9/02		4/18/02		200204

		1 - TKW 012		300		456		156		Relevant		4/9/02		4/17/02		200204

		1 - 026		1459		1520		61		Nonrelevant		5/14/02		5/19/02		200205

		1 - 073		119		119		0		Nonrelevant		5/14/02		5/16/02		200205

		1 - TKW 002		115		120		5		Relevant		5/14/02		5/19/02		200205

		1 - 035		306		311		5		Relevant		5/20/02		5/22/02		200205

		1 - SNN 015		1119		1760		641		Relevant		5/20/02		5/22/02		200205

		1 - SNN 017		622		955		333		Relevant		5/21/02		5/23/02		200205

		1 - 042		229		468		239		Relevant		5/22/02		5/24/02		200205

		1 - 063		100		101		1		Nonrelevant		5/29/02		5/30/02		200205

		1 - TKW 029		408		766		358		Nonrelevant		5/29/02		5/30/02		200205

		1 - TKW 014		792		898		106		Relevant		5/7/02		5/9/02		200205

		1 - TKW 031		227		509		282		Relevant		5/20/02		6/17/02		200206

		1 - TKW 046		83		246		163		Relevant		6/10/02		6/11/02		200206

		1 - 045		245		316		71		Nonrelevant		6/11/02		6/12/02		200206

		1 - TKW 022		243		482		239		Relevant		6/11/02		6/12/02		200206

		1 - TKW 035		153		513		360		Relevant		6/11/02		6/12/02		200206

		1 - 010		766		889		123		Nonrelevant		6/24/02		6/27/02		200206

		1 - 014		630		975		345		Relevant		6/25/02		6/28/02		200206

		1 - 076		80		237		157		Relevant		6/25/02		6/27/02		200206

		1 - TKW 028		40		406		366		Nonrelevant		6/5/02		6/6/02		200206				40		7765		194		189.6146142128		171		29927		175		242.9039265007

		1 - 079		100		225		125		Relevant		6/3/02		7/8/02		200207

		1 - 061		106		201		95		Relevant		7/11/02		7/16/02		200207

		1 - TKW 037		77		495		418		Relevant		7/11/02		7/16/02		200207

		1 - TKW 043		100		309		209		Relevant		7/12/02		7/16/02		200207

		1 - 033		449		449		0		Nonrelevant		7/16/02		7/16/02		200207

		1 - TKW 030		195		195		0		Nonrelevant		7/16/02		7/19/02		200207

		1 - TKW 016		298		298		0		Nonrelevant		7/26/02		7/26/02		200207

		1 - 031		820		899		79		Relevant		7/3/02		7/9/02		200207

		1 - 072		294		397		103		Relevant		7/3/02		7/9/02		200207

		1 - TKW 004		117		400		283		Relevant		7/3/02		7/9/02		200207

		1 - TKW 020		130		761		631		Nonrelevant		7/3/02		7/9/02		200207

		1 - SNN 002		1027		1087		60		Relevant		7/31/02		7/31/02		200207

		1 - TKW 038		79		79		0		Nonrelevant		7/25/02		8/6/02		200208

		1 - 011		676		742		66		Nonrelevant		8/12/02		8/12/02		200208

		1 - 074		76		110		34		Nonrelevant		8/27/02		8/27/02		200208

		1 - TKW 002		123		340		217		Relevant		8/28/02		8/28/02		200208

		1 - TKW 023		281		617		336		Relevant		8/28/02		8/28/02		200208

		1 - 070		54		181		127		Relevant		8/7/02		8/7/02		200208

		1 - TKW 039		232		292		60		Relevant		8/8/02		8/8/02		200208

		1 - TEM 001		1111		1238		127		Relevant		8/9/02		8/9/02		200208

		1 - 030		1548		1667		119		Relevant		8/13/02		8/13/02		200208

		1 - SNN 011		2678		2680		2		Nonrelevant		8/14/02		8/16/02		200208

		1 - 019		151		980		829		Relevant		8/16/02		8/16/02		200208

		1 - 037		0		157		157		Nonrelevant		8/22/01		8/30/02		200208

		1 - TKW 048		66		350		284		Relevant		8/23/02		8/28/02		200208

		1 - 015		1667		1894		227		Relevant		7/24/02		9/30/02		200209

		1 - 040		323		993		670		Relevant		8/27/02		9/5/02		200209

		1 - 021		1901		1925		24		Relevant		9/13/02		9/18/02		200209

		1 - SNN 017		955		1020		65		Relevant		9/18/02		9/18/02		200209

		1 - TKW 005		582		667		85		Relevant		9/18/02		9/18/02		200209

		1 - 062		436		619		183		Relevant		9/24/02		9/24/02		200209

		1 - TKW 038		79		85		6		Relevant		9/24/02		9/24/02		200209

		1 - 008		571		2711		2140		Relevant		9/25/02		9/25/02		200209

		1 - TKW 006		334		524		190		Relevant		9/26/02		9/26/02		200209

		1 - SNN 018		993		1110		117		Relevant		9/27/02		9/27/02		200209

		1 - 041		653		653		0		Relevant		9/3/02		9/6/02		200209

		1 - TKW 042		156		667		511		Relevant		9/30/02		9/30/02		200209

		1 - 045		316		356		40		Relevant		9/5/02		9/18/02		200209

		1 - SNN 008		746		783		37		Relevant		9/5/02		9/5/02		200209				39		8656		222		372.3358662565		174		31208		179		257.9752632767

		1 - 079		225		252		27		Relevant		10/1/02		10/1/02		200210

		1 - 057		752		954		202		Relevant		10/15/02		10/15/02		200210

		1 - TKW 057		67		223		156		Relevant		10/15/02		10/15/02		200210

		1 - 036		494		784		290		Nonrelevant		10/18/02		10/18/02		200210

		1 - 059		228		317		89		Relevant		10/18/02		10/18/02		200210

		1 - 047		295		424		129		Relevant		10/24/02		10/24/02		200210

		1 - TKW 008		359		466		107		Relevant		10/24/02		10/24/02		200210

		1 - 015		1904		1904		0		Relevant		10/25/02		10/25/02		200210

		1 - 007		753		2311		1558		Relevant		10/28/02		10/28/02		200210

		1 - 020		425		1190		765		Relevant		10/28/02		10/28/02		200210

		1 - SNN 019		963		2329		1366		Relevant		10/31/02		10/31/02		200210

		1 - TKW 026		362		686		324		Nonrelevant		10/31/02		10/31/02		200210

		1 - TKW 055		251		393		264		Relevant		10/31/02		10/31/02		200210

		1 - TKW 056		49		827		778		Nonrelevant		10/8/02		10/8/02		200210

		1 - 045		356		359		3		Relevant		11/20/02		11/20/02		200211

		1 - 053		331		402		71		Relevant		11/20/02		11/20/02		200211

		1 - 058		108		303		195		Relevant		11/20/02		11/20/02		200211

		1 - SNN 027		454		488		34		Nonrelevant		11/20/02		11/20/02		200211

		1 - 006		496		765		269		Relevant		11/6/02		11/6/02		200211

		1 - TKW 038		55		115		60		Relevant		12/11/02		12/11/02		200212

		1 - SNN 003		1914		2434		520		Relevant		12/12/02		12/12/02		200212

		1 - 062		622		664		42		Nonrelevant		12/16/02		12/16/02		200212

		1 - SNN 016		2275		2303		28		Relevant		12/17/02		12/17/02		200212

		1 - TKW 031		511		894		383		Relevant		12/19/02		12/19/02		200212

		1 - 048		192		274		82		Relevant		12/2/02		12/2/02		200212

		1 - TKW 039		295		413		118		Relevant		12/2/02		12/2/02		200212

		1 - 050		189		822		633		Relevant		12/3/02		12/3/02		200212

		1 - 033		461		467		6		Nonrelevant		12/30/02		12/30/02		200212

		1 - 046		408		436		28		Relevant		12/5/02		12/5/02		200212				29		8527		294		391.8470440253		163		34996		215		302.3567538597

		1 - 037		157		162		5		Relevant		1/15/03		1/15/03		200301

		1 - TKW 001		55		1425		1370		Nonrelevant		1/15/03		1/15/03		200301

		1 - 031		926		1136		210		Relevant		1/17/03		1/17/03		200301

		1 - 022		2272		2363		91		Relevant		1/20/03		1/20/03		200301

		1 - SNN 015		1765		1841		76		Relevant		1/20/03		1/20/03		200301

		1 - 006		775		809		34		Relevant		1/28/03		1/28/03		200301

		1 - 009		847		2510		1663		Relevant		1/28/03		1/28/03		200301

		1 - SNN 013		908		1947		1039		Relevant		1/6/03		1/6/03		200301

		1 - SNN 026		811		1141		330		Relevant		1/6/03		1/6/03		200301

		1 - 052		211		365		154		Relevant		1/7/03		1/7/03		200301

		1 - 057		962		1000		38		Relevant		1/7/03		1/7/03		200301

		1 - TKW 009		101		236		135		Relevant		1/8/03		1/8/03		200301

		1 - TKW 045		273		599		326		Relevant		1/8/03		1/8/03		200301

		1 - 049		600		1094		494		Relevant		2/12/03		2/12/03		200302

		1 - TKW 051		338		338		0		Nonrelevant		2/20/03		2/20/03		200302

		1 - 038		346		469		123		Relevant		2/21/03		2/21/03		200302

		1 - 050		823		827		4		Relevant		2/21/03		2/21/03		200302

		1 - TKW 023		629		652		23		Relevant		2/21/03		2/21/03		200302

		1 - TKW 067		50		146		96		Relevant		2/22/03		2/22/03		200302

		1 - 046		437		440		3		Relevant		2/28/03		2/28/03		200302

		1 - TKW 018		675		677		2		Nonrelevant		2/6/03		2/6/03		200302

		1 - TKW 029		766		1121		355		Relevant		2/6/03		2/6/03		200302

		1 - 031		1148		1148		0		Nonrelevant		3/12/03		3/12/03		200303

		1 - TKW 032		267		1151		884		Relevant		3/12/03		3/12/03		200303

		1 - TKW 043		326		508		182		Relevant		3/12/03		3/12/03		200303

		1 - TKW 047		67		984		917		Relevant		3/12/03		3/12/03		200303

		1 - 063		105		1175		1070		Relevant		3/13/03		3/13/03		200303

		1 - SNN 004		576		2298		1722		Relevant		3/14/03		3/14/03		200303

		1 - TKW 004		420		605		185		Nonrelevant		3/17/03		3/17/03		200303

		1 - TKW 057		227		276		49		Relevant		3/19/03		3/19/03		200303

		1 - 060		263		617		354		Relevant		3/20/03		3/20/03		200303

		1 - SNN 016		2305		2305		0		Nonrelevant		3/20/03		3/20/03		200303

		1 - TKW 007		129		339		210		Relevant		3/20/03		3/20/03		200303

		1 - TKW 035		519		666		147		Relevant		3/23/03		3/23/03		200303

		1 - 067		348		451		103		Relevant		3/27/03		3/27/03		200303

		1 - TKW 031		901		901		0		Nonrelevant		3/27/03		3/27/03		200303

		1 - TKW 041		117		849		732		Relevant		3/27/03		3/27/03		200303

		1 - TKW 053		66		999		933		Relevant		3/3/03		3/3/03		200303

		1 - 028		1499		2079		580		Relevant		3/30/03		3/30/03		200303

		1 - 035		311		889		578		Relevant		3/30/03		3/30/03		200303

		1 - 059		329		602		273		Relevant		3/30/03		3/30/03		200303

		1 - 079		253		279		26		Relevant		3/30/03		3/30/03		200303

		1 - TKW 039		424		432		8		Nonrelevant		3/30/03		3/30/03		200303

		1 - TKW 048		350		379		95		Relevant		3/30/03		3/30/03		200303

		1 - TKW 052		504		940		436		Relevant		3/30/03		3/30/03		200303

		1 - 039		762		2285		1523		Relevant		3/31/03		3/31/03		200303

		1 - 069		212		309		97		Relevant		3/31/03		3/31/03		200303

		1 - 034		802		1009		207		Nonrelevant		3/4/03		3/4/03		200303

		1 - SNN 011		2720		2720		0		Nonrelevant		3/4/03		3/4/03		200303

		1 - SNN 019		2334		2346		12		Nonrelevant		3/4/03		3/4/03		200303				50		17894		358		468.5622664609		158		42842		271		378.1493348599

		1 - TKW 077		60				0				4/1/03		4/1/03		200304

		1 - TKW 003		295		703		408		Investigation		4/10/03		4/10/03		200304

		1 - 077		61		1072		1011		Relevant		4/18/03		4/18/03		200304

		1 - SNN 017		1030		1043		13		Relevant		4/18/03		4/18/03		200304

		1 - TKW 012		461		720		259		Relevant		4/2/03		4/2/03		200304

		1 - 019		980		1061		81		Relevant		4/25/03		4/25/03		200304

		1 - 065		145		797		652		Nonrelevant		4/25/03		4/25/03		200304

		1 - 025		1040		1167		127		Investigation		5/14/03		5/14/03		200305

		1 - TKW 024		224		437		213		Investigation		5/14/03		5/14/03		200305

		1 - SNN 015		1843		1878		35		Relevant		5/2/03		5/2/03		200305

		1 - TKW 014		900		962		62		Investigation		5/2/03		5/2/03		200305

		1 - TKW 049		50		899		849		Relevant		5/2/03		5/2/03		200305

		1 - 017		1855		1923		68		Investigation		5/22/03		5/22/03		200305

		1 - SNN 024		425		1661		1236		Investigation		5/22/03		5/22/03		200305

		1 - TKW 002		347		373		26		Relevant		5/9/03		5/9/03		200305				15		5040		336		406.5907032877		133		40117		302		418.0124413417

																				489		108058		221		325.944223431

		5 - 006						0		Relevant				10/8/02

		5 - 006						0		Relevant				9/10/02

		5 - 025						0		Relevant				8/30/02

		5 - 035						0		Relevant				11/22/02

		5 - SNN 003						0		Relevant				3/3/03

		5 - SNN 010						0		Relevant				9/12/02

		5 - SNN 016						0		Relevant				1/1/03

		5 - SNN 028						0		Relevant				4/16/02






_1124105614.doc


Spares







Stock







Inventory 







Control







RFI 







WRAs 







and/or 







SRUs







Non







-







RFI 







WRAs







and/or







SRUs







Organizational







Maintenance







Level







Contractor







Depot







Support







Spares







Stock







Inventory 







Control







RFI 







WRAs 







and/or 







SRUs







Non







-







RFI 







WRAs







and/or







SRUs







RFI 







WRAs 







and/or 







SRUs







Non







-







RFI 







WRAs







and/or







SRUs







Organizational







Maintenance







Level







Contractor







Depot







Support












_1121030221.doc


Scope







Improvements







Modeling & 







Analysis







Project







Improvement







Forecast







Effort







Sustain







Effort







Understand







Requirements







Plan







Refurbishment







Identify Proactive 







Replacements







Customer’s







Requirements and Needs












_1123145441.xls
WRA LEVEL REMOVALS_1-1Ratio

																		YEAR 1										YEAR 2										YEAR 3										YEAR 4										YEAR 5										YEAR 6										YEAR 7										YEAR 8										YEAR 9										YEAR 10

																		SH-60B				31561.0						SH-60B				31603.0						SH-60B				31067.0						SH-60B				31220.0						SH-60B				32527.0						SH-60B				32230.0						SH-60B				31933.0						SH-60B				31920.0						SH-60B				31920.0						SH-60B				31920.0

																		HH-60H				11952.0						HH-60H				11675.0						HH-60H				11618.0						HH-60H				11624.0						HH-60H				11676.0						HH-60H				11540.0						HH-60H				11179.0						HH-60H				11165.0						HH-60H				11165.0						HH-60H				10395.0

																		TOTAL				43513.0						TOTAL				43278.0						TOTAL				42685.0						TOTAL				42844.0						TOTAL				44203.0						TOTAL				43770.0						TOTAL				43112.0						TOTAL				43085.0						TOTAL				43085.0						TOTAL				42315.0

										FLIGHT HOURS						40000.00		OP HOURS				12000.0						OP HOURS				12000.0						OP HOURS				14500.0						OP HOURS				15000.0						OP HOURS				18000.0						OP HOURS				18000.0						OP HOURS				18000.0						OP HOURS				20000.0						OP HOURS				21000.0						OP HOURS				20000.0

		Level								MTBF-                                                  CONFIRMED WRA FAILURES		Confirmed Failures		failure rate		MTBF    (start)		Confirmed Failures		failure rate		1st year MTBF		50975.0		f.r		Confirmed Failures		failure rate		2nd year MTBF		50975.0		f.r		Confirmed Failures		failure rate		3rd year MTBF		50975.0		f.r		Confirmed Failures		failure rate		4th year MTBF		50975.0		f.r		Confirmed Failures		failure rate		5th year MTBF		50975.0		f.r				failure rate		6th year MTBF		50975.0		f.r				failure rate		7th year MTBF		50975.0		f.r				failure rate		8th year MTBF		50975.0		f.r				failure rate		9th year MTBF		50975.0		f.r				failure rate		10th year MTBF		50975.0		f.r				TOTAL WRA FAILURES

		WRA		1						LRU-1, TRANSMITTER		58		1450.00		690		17.39		1449.28		690		0.00		0.00		17.39		1449.28		690		0.00		0.00		21.01		1449.28		690		0.00		0.00		21.74		1449.28		690		0.00		0.00		26.09		1449.28		690		0.00		0.00		26.09		1449.28		690		0.00		0.00		26.09		1449.28		690		0.00		0.00		28.99		1449.28		690		0.00		0.00		30.43		1449.28		690		0.00		0.00		28.99		1449.28		690		0.00		0.00				244

		WRA		1						LRU-2, RECEIVER		35		875.00		1143		10.50		874.89		1143		0.00		0.00		10.50		874.89		1143		0.00		0.00		12.69		874.89		1143		0.00		0.00		13.12		874.89		1143		0.00		0.00		15.75		874.89		1143		0.00		0.00		15.75		874.89		1143		0.00		0.00		15.75		874.89		1143		0.00		0.00		17.50		874.89		1143		0.00		0.00		18.37		874.89		1143		0.00		0.00		17.50		874.89		1143		0.00		0.00				147

		WRA		1						LRU-3, SIGNAL PROCESSOR		33		825.00		1212		9.90		825.08		1212		0.00		0.00		9.90		825.08		1212		0.00		0.00		11.96		825.08		1212		0.00		0.00		12.38		825.08		1212		0.00		0.00		14.85		825.08		1212		0.00		0.00		14.85		825.08		1212		0.00		0.00		14.85		825.08		1212		0.00		0.00		16.50		825.08		1212		0.00		0.00		17.33		825.08		1212		0.00		0.00		16.50		825.08		1212		0.00		0.00				139

		WRA		1						LRU-4, ANTENNA		45		1125.00		889		13.50		1124.86		889		0.00		0.00		13.50		1124.86		889		0.00		0.00		16.31		1124.86		889		0.00		0.00		16.87		1124.86		889		0.00		0.00		20.25		1124.86		889		0.00		0.00		20.25		1124.86		889		0.00		0.00		20.25		1124.86		889		0.00		0.00		22.50		1124.86		889		0.00		0.00		23.62		1124.86		889		0.00		0.00		22.50		1124.86		889		0.00		0.00				190

		WRA		1						LRU-5, DISPLAY		15		375.00		2667		4.50		374.95		2667		26.0		0.00		4.50		374.95		2667		26.0		0.00		5.44		374.95		2667		26.0		0.00		5.62		374.95		2667		26.0		0.00		6.75		374.95		2667		26.0		0.00		6.75		374.95		2667		26.0		0.00		6.75		374.95		2667		26.0		0.00		7.50		374.95		2667		26.0		0.00		7.87		374.95		2667		26.0		0.00		7.50		374.95		2667		26.0		0.00				63

		WRA		1						LRU-6, CONTROL PANEL UNIT		12		300.00		3333		3.60		300.03		3333		26.0		0.00		3.60		300.03		3333		26.0		0.00		4.35		300.03		3333		26.0		0.00		4.50		300.03		3333		26.0		0.00		5.40		300.03		3333		26.0		0.00		5.40		300.03		3333		26.0		0.00		5.40		300.03		3333		26.0		0.00		6.00		300.03		3333		26.0		0.00		6.30		300.03		3333		26.0		0.00		6.00		300.03		3333		26.0		0.00				51

										RADAR SYSTEM		186		4650.00		215		56		4649.06		215						56		4649.06		215						67		4649.06		215						70		4649.06		215						84		4649.06		215						84		4649.06		215						84		4649.06		215						93		4649.06		215						98		4649.06		215						93		4649.06		215								783

		Level								MTBUR -                                        REMOVALS/RETURNS		RETURNS				MTBUR    (start)		RETURNS				1st year MTBUR		50975.0		f.r		RETURNS				2nd year MTBUR		50975.0		f.r		RETURNS				3rd year MTBUR		50975.0		f.r		RETURNS				4th year MTBUR		50975.0		f.r		RETURNS				5th year MTBUR		50975.0		f.r		RETURNS				6th year MTBUR		50975.0		f.r		RETURNS				7th year MTBUR		50975.0		f.r		RETURNS				8th year MTBUR		50975.0		f.r		RETURNS				9th year MTBUR		50975.0		f.r		RETURNS				10th year MTBUR		50975.0		f.r				TOTAL Removals, CND, MI

		WRA		1						LRU-1, TRANSMITTER		67		1675.00		597		20.09		1674.28		597		0.00		0.00		20.09		1674.28		597		0.00		0.00		24.28		1674.28		597		0.00		0.00		25.11		1674.28		597		0.00		0.00		30.14		1674.28		597		0.00		0.00		30.14		1674.28		597		0.00		0.00		30.14		1674.28		597		0.00		0.00		33.49		1674.28		597		0.00		0.00		35.16		1674.28		597		0.00		0.00		33.49		1674.28		597		0.00		0.00				282

										CND		6		150.00				1.80		150.00								1.80		150.00								2.18		150.00								6.43		150.00								2.70		150.00								2.70		150.00								2.70		150.00								3.00		150.00								3.15		150.00								3.00		150.00										29

										Induced		3		75.00				0.90		75.00								0.90		75.00								1.09		75.00								1.13		75.00								1.35		75.00								1.35		75.00								1.35		75.00								1.50		75.00								1.58		75.00								1.50		75.00										13

		WRA		1						LRU-2, RECEIVER		39		975.00		1026		18.59		1549.28		645		0.00		0.00		18.59		1549.28		645		0.00		0.00		22.46		1549.28		645		0.00		0.00		23.24		1549.28		645		0.00		0.00		27.89		1549.28		645		0.00		0.00		27.89		1549.28		645		0.00		0.00		27.89		1549.28		645		0.00		0.00		30.99		1549.28		645		0.00		0.00		32.53		1549.28		645		0.00		0.00		30.99		1549.28		645		0.00		0.00				261

										CND		4		100.00				1.20		100.00								1.20		100.00								1.45		100.00								4.28		100.00								1.80		100.00								1.80		100.00								1.80		100.00								2.00		100.00								2.10		100.00								2.00		100.00										20

										Induced		0		0.00				0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00										0

		WRA		1						LRU-3, SIGNAL PROCESSOR		43		1075.00		930		16.50		1374.86		727		0.00		0.00		16.50		1374.86		727		0.00		0.00		19.94		1374.86		727		0.00		0.00		20.62		1374.86		727		0.00		0.00		24.75		1374.86		727		0.00		0.00		24.75		1374.86		727		0.00		0.00		24.75		1374.86		727		0.00		0.00		27.50		1374.86		727		0.00		0.00		28.87		1374.86		727		0.00		0.00		27.50		1374.86		727		0.00		0.00				232

										CND		10		250.00				3.00		250.00								3.00		250.00								3.63		250.00								3.75		250.00								4.50		250.00								4.50		250.00								4.50		250.00								5.00		250.00								5.25		250.00								5.00		250.00										42

										Induced		0		0.00				0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00										0

		WRA		1						LRU-4, ANTENNA		50		1250.00		800		15.00		1249.86		800		0.00		0.00		15.00		1249.86		800		0.00		0.00		18.12		1249.86		800		0.00		0.00		18.75		1249.86		800		0.00		0.00		22.50		1249.86		800		0.00		0.00		22.50		1249.86		800		0.00		0.00		22.50		1249.86		800		0.00		0.00		25.00		1249.86		800		0.00		0.00		26.25		1249.86		800		0.00		0.00		25.00		1249.86		800		0.00		0.00				211

										CND		1		25.00				0.30		25.00								0.30		25.00								0.36		25.00								0.38		25.00								0.45		25.00								0.45		25.00								0.45		25.00								0.50		25.00								0.53		25.00								0.50		25.00										4

										Induced		4		100.00				1.20		100.00								1.20		100.00								1.45		100.00								1.50		100.00								1.80		100.00								1.80		100.00								1.80		100.00								2.00		100.00								2.10		100.00								2.00		100.00										17

		WRA		1						LRU-5, DISPLAY		16		400.00		2500		4.80		399.95		2500		26.0		0.00		4.80		399.95		2500		26.0		0.00		5.80		399.95		2500		26.0		0.00		6.00		399.95		2500		26.0		0.00		7.20		399.95		2500		26.0		0.00		7.20		399.95		2500		26.0		0.00		7.20		399.95		2500		26.0		0.00		8.00		399.95		2500		26.0		0.00		8.40		399.95		2500		26.0		0.00		8.00		399.95		2500		26.0		0.00				67

										CND		0		0.00				0.00		0.00								1.00		0.00								1.00		0.00								1.00		0.00								1.00		0.00								1.00		0.00								1.00		0.00								1.00		0.00								1.00		0.00								1.00		0.00										9

										Induced		1		25.00				0.30		25.00								3.00		25.00								3.00		25.00								3.00		25.00								3.00		25.00								3.00		25.00								3.00		25.00								3.00		25.00								3.00		25.00								3.00		25.00										27

		WRA		1						LRU-6, CONTROL PANEL UNIT		16		400.00		2500		4.80		400.03		2500		26.0		0.00		4.80		400.03		2500		26.0		0.00		5.80		400.03		2500		26.0		0.00		6.00		400.03		2500		26.0		0.00		7.20		400.03		2500		26.0		0.00		7.20		400.03		2500		26.0		0.00		7.20		400.03		2500		26.0		0.00		8.00		400.03		2500		26.0		0.00		8.40		400.03		2500		26.0		0.00		8.00		400.03		2500		26.0		0.00				67

										CND		1		25.00				0.30		25.00								0.30		25.00								0.36		25.00								0.38		25.00								0.45		25.00								0.45		25.00								0.45		25.00								0.50		25.00								0.53		25.00								0.50		25.00										4

										Induced		3		75.00				0.90		75.00								0.90		75.00								1.09		75.00								1.13		75.00								1.35		75.00								1.35		75.00								1.35		75.00								1.50		75.00								1.58		75.00								1.50		75.00										13

		WRA		0						RADAR SYSTEM		231		5775.00		173		80		6648.25		150		26.0		0.00		80		6648.25		150		26.0		0.00		96		6648.25		150		26.0		0.00		100		6648.25		150		26.0		0.00		120		6648.25		150		26.0		0.00		120		6648.25		150		26.0		0.00		120		6648.25		150		26.0		0.00		133		6648.25		150		26.0		0.00		140		6648.25		150		26.0		0.00		133		6648.25		150		26.0		0.00				1120

										CND		22		550.00				7		550.00								8		633.33								9		618.97								16		1080.73								11		605.56								11		605.56								11		605.56								12		600.00								13		597.62								12		600.00										109

										Induced		11		275.00				3		275.00								6		500.00								7		456.90								7		450.00								8		416.67								8		416.67								8		416.67								8		400.00								8		392.86								8		400.00										69

										Electronic Unit CND Rate						2.0%						2.0%										2.0%										2.0%										2.0%										2.0%										2.0%										2.0%										2.0%										2.0%										2.0%

										Electronic Unit Maintenance Induced Rate						8.0%						8.0%										8.0%										8.0%										8.0%										8.0%										8.0%										8.0%										8.0%										8.0%										8.0%

										Hand Control Unit CND Rate						6.3%						6.2%										6.2%										6.2%										6.2%										6.2%										6.2%										6.2%										6.2%										6.2%										6.2%

										Hand Control Unit Maintenance Induced Rate						18.8%						18.7%										18.7%										18.7%										18.7%										18.7%										18.7%										18.7%										18.7%										18.7%										18.7%

																																						10.86										10.91										11.32

																																						748.966										727.333										628.889





SRU FAILS 1-1

		

		Level		LRU								ITEM NAME				MTBF (predicted)		40000		Failure Rate      (kfits)		Projected Annual SRU Failures		MTBF    (start)

		Level		LRU								ITEM NAME				MTBF (predicted)		Actual Failures		Failure Rate      (kfits)		Projected Annual SRU Failures		MTBF    (start)				MTBF    (improved)

				1								Exciter						23		575.00		0.00		1739		250.00		4000

		SRA		4								Antenna Drive				28902		22		550.00		0.00		1818		333.33		3000

				2								IF Amp						19		475.00		0.00		2105		237.53		4210

				3								Scan Converter						18		450.00		0.00		2222		200.00		5000

				1								High Voltage Power Supply				250000		15		375.00		0.00		2667		153.85		6500

				4								Servo Feedback assembly						12		300.00		0.00		3333		200.00		5000

				6								LRU-6, CONTROL PANEL UNIT		300				12		300.00		12.00		3333		300.03		3333

		SRA		1								TWT				250000		10		250.00		0.00		4000		222.22		4500

		SRA		2								Synchronoized Video Detector						10		250.00		0.00		4000		250.00		4000

				1								Fan Assembly						6		150.00		0.00		6667		149.99		6667		Pro-active Replacement

				1								Low Voltage Power Supply				3522		6		150.00		0.00		6667		149.99		6667

				5								CRT Assembly				3522		6		150.00		0.00		6667		149.99		6667

				5								Fan Assembly						6		150.00		0.00		6667		149.99		6667		Pro-active Replacement

		SRA		3								Processor						5		125.00		0.00		8000		125.00		8000

				4								Duplexer				28902		5		125.00		0.00		8000		125.00		8000

		SRA		2								Power Supply						4		100.00		0.00		10000		100.00		10000

		SRA		3								Range Converter						4		100.00		0.00		10000		100.00		10000

		SRA		4								Gyro				28902		4		100.00		0.00		10000		100.00		10000

		SRA		4								Bearing						4		100.00		0.00		10000		100.00		10000		Pro-active Cleaning, Lub, Replacement

				1								Interconnect						3		75.00		0.00		13333		75.00		13333

		SRA		2								Analog to Digital Converter						3		75.00		0.00		13333		75.00		13333

				3								Threshold Detector						3		75.00		0.00		13333		75.00		13333

		WRA		3								Filter						3		75.00		0.00		13333		75.00		13333

				3								Low Voltage Power Supply				3522		3		75.00		0.00		13333		75.00		13333

		SRA		5								Low Voltage Power Supply				3522		3		75.00		0.00		13333		66.67		15000		Redesign

		SRA		2								Low Voltage Power Supply				3522		2		50.00		0.00		20000		50.00		20000

				4								Wave Guide Assembly				28902		2		50.00		0.00		20000		50.00		20000

				5								Display Processor						2		50.00		0.00		20000		50.00		20000

		WRA		5								Power Supply						2		50.00		0.00		20000		50.00		20000
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WRA LEVEL REMOVALS_1-1Ratio

																		YEAR 1										YEAR 2										YEAR 3										YEAR 4										YEAR 5										YEAR 6										YEAR 7										YEAR 8										YEAR 9										YEAR 10

																		SH-60B				31561.0						SH-60B				31603.0						SH-60B				31067.0						SH-60B				31220.0						SH-60B				32527.0						SH-60B				32230.0						SH-60B				31933.0						SH-60B				31920.0						SH-60B				31920.0						SH-60B				31920.0

																		HH-60H				11952.0						HH-60H				11675.0						HH-60H				11618.0						HH-60H				11624.0						HH-60H				11676.0						HH-60H				11540.0						HH-60H				11179.0						HH-60H				11165.0						HH-60H				11165.0						HH-60H				10395.0

																		TOTAL				43513.0						TOTAL				43278.0						TOTAL				42685.0						TOTAL				42844.0						TOTAL				44203.0						TOTAL				43770.0						TOTAL				43112.0						TOTAL				43085.0						TOTAL				43085.0						TOTAL				42315.0

										FLIGHT HOURS						40000.00		OP HOURS										OP HOURS										OP HOURS										OP HOURS										OP HOURS										OP HOURS										OP HOURS										OP HOURS										OP HOURS										OP HOURS

																		12000.0										12000.0										14500.0										15000.0										18000.0										18000.0										18000.0										20000.0										21000.0										20000.0

		Level								MTBF-                                                  CONFIRMED WRA FAILURES		Confirmed Failures		failure rate		MTBF    (start)		Confirmed Failures																																																																																												failure rate		10th year MTBF				TOTAL WRA FAILURES

		WRA		1						LRU-1, TRANSMITTER		58		1450.00		690		17.39		1449.28		690		0.00		0.00		17.39		1449.28		690		0.00		0.00		19.33		1333.33		750		0.00		0.00		15.00		1000.00		1000		0.00		0.00		18.00		1000.00		1000		0.00		0.00		18.00		1000.00		1000		0.00		0.00		18.00		1000.00		1000		0.00		0.00		20.00		1000.00		1000		0.00		0.00		21.00		1000.00		1000		0.00		0.00		20.00		1000.00		1000				184

		WRA		1						LRU-2, RECEIVER		35		875.00		1143		10.50		874.89		1143		0.00		0.00		10.50		874.89		1143		0.00		0.00		10.36		714.29		1400		0.00		0.00		10.71		714.29		1400		0.00		0.00		12.86		714.29		1400		0.00		0.00		12.86		714.29		1400		0.00		0.00		12.86		714.29		1400		0.00		0.00		14.29		714.29		1400		0.00		0.00		15.00		714.29		1400		0.00		0.00		14.29		714.29		1400				124

		WRA		1						LRU-3, SIGNAL PROCESSOR		33		825.00		1212		9.90		825.08		1212		0.00		0.00		9.90		825.08		1212		0.00		0.00		11.96		825.08		1212		0.00		0.00		10.00		666.67		1500		0.00		0.00		12.00		666.67		1500		0.00		0.00		12.00		666.67		1500		0.00		0.00		12.00		666.67		1500		0.00		0.00		13.33		666.67		1500		0.00		0.00		14.00		666.67		1500		0.00		0.00		13.33		666.67		1500				118

		WRA		1						LRU-4, ANTENNA		45		1125.00		889		13.50		1124.86		889		0.00		0.00		13.50		1124.86		889		0.00		0.00		14.50		1000.00		1000		0.00		0.00		13.64		909.09		1100		0.00		0.00		16.36		909.09		1100		0.00		0.00		16.36		909.09		1100		0.00		0.00		16.36		909.09		1100		0.00		0.00		18.18		909.09		1100		0.00		0.00		19.09		909.09		1100		0.00		0.00		18.18		909.09		1100				160

		WRA		1						LRU-5, DISPLAY		15		375.00		2667		4.50		374.95		2667		26.0		0.00		4.50		374.95		2667		26.0		0.00		5.44		374.95		2667		26.0		0.00		5.00		333.33		3000		26.0		0.00		6.00		333.33		3000		26.0		0.00		6.00		333.33		3000		26.0		0.00		6.00		333.33		3000		26.0		0.00		6.67		333.33		3000		26.0		0.00		7.00		333.33		3000		26.0		0.00		6.67		333.33		3000				58

		WRA		1						LRU-6, CONTROL PANEL UNIT		12		300.00		3333		3.60		300.03		3333		26.0		0.00		3.60		300.03		3333		26.0		0.00		4.35		300.03		3333		26.0		0.00		4.50		300.03		3333		26.0		0.00		5.40		300.03		3333		26.0		0.00		5.40		300.03		3333		26.0		0.00		5.40		300.03		3333		26.0		0.00		6.00		300.03		3333		26.0		0.00		6.30		300.03		3333		26.0		0.00		6.00		300.03		3333				51

										RADAR SYSTEM		198		4950.00		202		56		4649.06		215						56		4649.06		215						62		4247.65		235						54		3623.38		276						65		3623.38		276						65		3623.38		276						65		3623.38		276						72		3623.38		276						76		3623.38		276						72		3623.38		276				644

		Level								MTBUR -                                        REMOVALS/RETURNS		RETURNS				MTBUR    (start)		RETURNS																																																																																														10th year MTBUR				TOTAL Returns

		WRA		1						LRU-1, TRANSMITTER		67		1675.00		597		20.09		1674.28		597		0.00		0.00		20.09		1674.28		597		0.00		0.00		22.60		1558.33		642		0.00		0.00		18.38		1225.00		816		0.00		0.00		22.05		1225.00		816		0.00		0.00		22.05		1225.00		816		0.00		0.00		22.05		1225.00		816		0.00		0.00		24.50		1225.00		816		0.00		0.00		25.73		1225.00		816		0.00		0.00		24.50		1225.00		816				222

										CND		6		150.00				1.80		150.00								1.80		150.00								2.18		150.00								2.25		150.00								2.70		150.00								2.70		150.00								2.70		150.00								3.00		150.00								3.15		150.00								3.00		150.00						25

										Induced		3		75.00				0.90		75.00								0.90		75.00								1.09		75.00								1.13		75.00								1.35		75.00								1.35		75.00								1.35		75.00								1.50		75.00								1.58		75.00								1.50		75.00						13

		WRA		1						LRU-2, RECEIVER		39		975.00		1026		11.70		974.89		1026		0.00		0.00		11.70		974.89		1026		0.00		0.00		11.81		814.29		1228		0.00		0.00		12.21		814.29		1228		0.00		0.00		14.66		814.29		1228		0.00		0.00		14.66		814.29		1228		0.00		0.00		14.66		814.29		1228		0.00		0.00		16.29		814.29		1228		0.00		0.00		17.10		814.29		1228		0.00		0.00		16.29		814.29		1228				141

										CND		4		100.00				1.20		100.00								1.20		100.00								1.45		100.00								1.50		100.00								1.80		100.00								1.80		100.00								1.80		100.00								2.00		100.00								2.10		100.00								2.00		100.00						17

										Induced		0		0.00				0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00						0

		WRA		1						LRU-3, SIGNAL PROCESSOR		43		1075.00		930		12.90		1075.08		930		0.00		0.00		12.90		1075.08		930		0.00		0.00		15.59		1075.08		930		0.00		0.00		13.75		916.67		1091		0.00		0.00		16.50		916.67		1091		0.00		0.00		16.50		916.67		1091		0.00		0.00		16.50		916.67		1091		0.00		0.00		18.33		916.67		1091		0.00		0.00		19.25		916.67		1091		0.00		0.00		18.33		916.67		1091				161

										CND		10		250.00				3.00		250.00								3.00		250.00								3.63		250.00								3.75		250.00								4.50		250.00								4.50		250.00								4.50		250.00								5.00		250.00								5.25		250.00								5.00		250.00						42

										Induced		0		0.00				0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00						0

		WRA		1						LRU-4, ANTENNA		50		1250.00		800		15.00		1249.86		800		0.00		0.00		15.00		1249.86		800		0.00		0.00		16.31		1125.00		889		0.00		0.00		15.51		1034.09		967		0.00		0.00		18.61		1034.09		967		0.00		0.00		18.61		1034.09		967		0.00		0.00		18.61		1034.09		967		0.00		0.00		20.68		1034.09		967		0.00		0.00		21.72		1034.09		967		0.00		0.00		20.68		1034.09		967				181

										CND		1		25.00				0.30		25.00								0.30		25.00								0.36		25.00								0.38		25.00								0.45		25.00								0.45		25.00								0.45		25.00								0.50		25.00								0.53		25.00								0.50		25.00						4

										Induced		4		100.00				1.20		100.00								1.20		100.00								1.45		100.00								1.50		100.00								1.80		100.00								1.80		100.00								1.80		100.00								2.00		100.00								2.10		100.00								2.00		100.00						17

		WRA		1						LRU-5, DISPLAY		16		400.00		2500		4.80		399.95		2500		26.0		0.00		4.80		399.95		2500		26.0		0.00		5.80		399.95		2500		26.0		0.00		5.38		358.33		2791		26.0		0.00		6.45		358.33		2791		26.0		0.00		6.45		358.33		2791		26.0		0.00		6.45		358.33		2791		26.0		0.00		7.17		358.33		2791		26.0		0.00		7.53		358.33		2791		26.0		0.00		7.17		358.33		2791				62

										CND		0		0.00				0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00								0.00		0.00						0

										Induced		1		25.00				0.30		25.00								0.30		25.00								0.36		25.00								0.38		25.00								0.45		25.00								0.45		25.00								0.45		25.00								0.50		25.00								0.53		25.00								0.50		25.00						4

		WRA		1						LRU-6, CONTROL PANEL UNIT		16		400.00		2500		4.80		400.03		2500		26.0		0.00		4.80		400.03		2500		26.0		0.00		5.80		400.03		2500		26.0		0.00		6.00		400.03		2500		26.0		0.00		7.20		400.03		2500		26.0		0.00		7.20		400.03		2500		26.0		0.00		7.20		400.03		2500		26.0		0.00		8.00		400.03		2500		26.0		0.00		8.40		400.03		2500		26.0		0.00		8.00		400.03		2500				67

										CND		1		25.00				0.30		25.00								0.30		25.00								0.36		25.00								0.38		25.00								0.45		25.00								0.45		25.00								0.45		25.00								0.50		25.00								0.53		25.00								0.50		25.00						4

										Induced		3		75.00				0.90		75.00								0.90		75.00								1.09		75.00								1.13		75.00								1.35		75.00								1.35		75.00								1.35		75.00								1.50		75.00								1.58		75.00								1.50		75.00						13

		WRA		0						RADAR SYSTEM		231		5775.00		173		69		5774.09		173		26.0		0.00		69		5774.09		173		26.0		0.00		78		5372.68		186		26.0		0.00		71		4748.41		211		26.0		0.00		85		4748.41		211		26.0		0.00		85		4748.41		211		26.0		0.00		85		4748.41		211		26.0		0.00		95		4748.41		211		26.0		0.00		100		4748.41		211		26.0		0.00		95		4748.41		211				834

										CND		22		550.00				7		550.00								7		550.00								8		550.00								8		550.00								10		550.00								10		550.00								10		550.00								11		550.00								12		550.00								11		550.00						93

										Induced		11		275.00				3		275.00								3		275.00								4		275.00								4		275.00								5		275.00								5		275.00								5		275.00								6		275.00								6		275.00								6		275.00						46

										Electronic Unit CND Rate						2.0%						2.0%										2.0%										2.2%										2.4%										2.4%										2.4%										2.4%										2.4%										2.4%										2.4%

										Electronic Unit Maintenance Induced Rate						8.0%						8.0%										8.0%										8.9%										9.7%										9.7%										9.7%										9.7%										9.7%										9.7%										9.7%

										Hand Control Unit CND Rate						6.3%						6.2%										6.2%										6.2%										6.2%										6.2%										6.2%										6.2%										6.2%										6.2%										6.2%

										Hand Control Unit Maintenance Induced Rate						18.8%						18.7%										18.7%										18.7%										18.7%										18.7%										18.7%										18.7%										18.7%										18.7%										18.7%

																																						10.86										10.91										11.32

																																						748.966										727.333										628.889





SRU FAILS 1-1

																										FY03				FY04				FY05				FY06				FY07				FY08				FY09				FY10				FY11				FY12				FY12

																										SH-60B		31561.0		SH-60B		31603.0		SH-60B		31067.0		SH-60B		31220.0		SH-60B		32527.0		SH-60B		32230.0		SH-60B		31933.0		SH-60B		31920.0		SH-60B		31920.0		SH-60B		31920.0		SH-60B		31920.0

																										HH-60H		11952.0		HH-60H		11675.0		HH-60H		11618.0		HH-60H		11624.0		HH-60H		11676.0		HH-60H		11540.0		HH-60H		11179.0		HH-60H		11165.0		HH-60H		11165.0		HH-60H		10395.0		HH-60H		9625.0

																										TOTAL		43513.0		TOTAL		43278.0		TOTAL		42685.0		TOTAL		42844.0		TOTAL		44203.0		TOTAL		43770.0		TOTAL		43112.0		TOTAL		43085.0		TOTAL		43085.0		TOTAL		42315.0		TOTAL		41545.0

																										OP HOURS		12000.0		OP HOURS		12000.0		OP HOURS		12000.0		OP HOURS		14500.0		OP HOURS		15000.0		OP HOURS		18000.0		OP HOURS		18000.0		OP HOURS		18000.0		OP HOURS		20000.0		OP HOURS		21000.0		OP HOURS		20000.0

		Level										ITEM NAME				MTBF (predicted)		40000		Failure Rate      (kfits)		Projected Annual SRU Failures		MTBF    (start)		Projected Annual SRU Failures		1st year MTBF		Projected Annual SRU Failures		2nd year MTBF		Projected Annual SRU Failures		3rd year MTBF		Projected Annual SRU Failures		4th year MTBF		Projected Annual SRU Failures		5th year MTBF		Projected Annual SRU Failures		6th year MTBF		Projected Annual SRU Failures		7th year MTBF		Projected Annual SRU Failures		8th year MTBF		Projected Annual SRU Failures		9th year MTBF		Projected Annual SRU Failures		10th year MTBF		Projected Annual SRU Failures		11th year MTBF				TOTAL SRU FAILURES

		WRA		1								LRU-1, TRANSMITTER		1450				63		1575.00		18.90				18.9		635		18.9		635		16.0		748		14.5		999		15.0		999		18.0		999		18.0		999		18.0		999		20.0		999		21.0		999		20.0		999

		SRA				2						TWT				250000		10		250.00		3.00		4000		3.00		4000		3.00		4000		3.00		4000		3.22		4500		3.33		4500		4.00		4500		4.00		4500		4.00		4500		4.44		4500		4.67		4500		4.44		4500				41

						2						Exciter						23		575.00		6.90		1739		6.90		1739		6.90		1739		4.80		2500		3.63		4000		3.75		4000		4.50		4000		4.50		4000		4.50		4000		5.00		4000		5.25		4000		5.00		4000				55

		SRA				2						High Voltage Power Supply				250000		15		375.00		4.50		2667		4.50		2667		4.50		2667		3.75		2667		2.23		6500		2.31		6500		2.77		6500		2.77		6500		2.77		6500		3.08		6500		3.23		6500		3.08		6500				35

						2						Fan Assembly						6		150.00		1.80		6667		1.80		6667		1.80		6667		1.80		6667		2.17		6667		2.25		6667		2.70		6667		2.70		6667		2.70		6667		3.00		6667		3.15		6667		3.00		6667				27

		SRA				2						Low Voltage Power Supply				3522		6		150.00		1.80		6667		1.80		6667		1.80		6667		1.80		6667		2.17		6667		2.25		6667		2.70		6667		2.70		6667		2.70		6667		3.00		6667		3.15		6667		3.00		6667				27

						2						Interconnect						3		75.00		0.90		13333		0.90		13333		0.90		13333		0.90		13333		1.09		13333		1.13		13333		1.35		13333		1.35		13333		1.35		13333		1.50		13333		1.58		13333		1.50		13333				14

		SRA		1								LRU-2, RECEIVER		875		250000		38		950.00		11.40		1143		11.40		1053		11.40		1053		8.55		1403		10.33		1403		10.69		1403		12.83		1403		12.83		1403		12.83		1403		14.25		1403		14.96		1403		14.25		1403

						2						Analog to Digital Converter						3		75.00		0.90		13333		0.90		13333		0.90		13333		0.90		13333		1.09		13333		1.13		13333		1.35		13333		1.35		13333		1.35		13333		1.50		13333		1.58		13333		1.50		13333				14

						2						Synchronoized Video Detector						10		250.00		3.00		4000		3.00		4000		3.00		4000		3.00		4000		3.63		4000		3.75		4000		4.50		4000		4.50		4000		4.50		4000		5.00		4000		5.25		4000		5.00		4000				45

						2						IF Amp						19		475.00		5.70		2105		5.70		2105		5.70		2105		2.85		4210		3.44		4210		3.56		4210		4.28		4210		4.28		4210		4.28		4210		4.75		4210		4.99		4210		4.75		4210				49

						2						Power Supply						4		100.00		1.20		10000		1.20		10000		1.20		10000		1.20		10000		1.45		10000		1.50		10000		1.80		10000		1.80		10000		1.80		10000		2.00		10000		2.10		10000		2.00		10000				18

		SRA				2						Low Voltage Power Supply				3522		2		50.00		0.60		20000		0.60		20000		0.60		20000		0.60		20000		0.73		20000		0.75		20000		0.90		20000		0.90		20000		0.90		20000		1.00		20000		1.05		20000		1.00		20000				9

		SRA		1								LRU-3, SIGNAL PROCESSOR		825		3522		36		900.00		10.8		1212		10.8		1111		10.8		1111		7.8		1538		9.4		1538		9.8		1538		11.7		1538		11.7		1538		11.7		1538		13.0		1538		13.7		1538		13.0		1538

						2						Scan Converter						18		450.00		5.40		2222		5.40		2222		5.40		2222		2.40		5000		2.90		5000		3.00		5000		3.60		5000		3.60		5000		3.60		5000		4.00		5000		4.20		5000		4.00		5000				42

						2						Threshold Detector						3		75.00		0.90		13333		0.90		13333		0.90		13333		0.90		13333		1.09		13333		1.13		13333		1.35		13333		1.35		13333		1.35		13333		1.50		13333		1.58		13333		1.50		13333				14

						2						Filter						3		75.00		0.90		13333		0.90		13333		0.90		13333		0.90		13333		1.09		13333		1.13		13333		1.35		13333		1.35		13333		1.35		13333		1.50		13333		1.58		13333		1.50		13333				14

						2						Range Converter						4		100.00		1.20		10000		1.20		10000		1.20		10000		1.20		10000		1.45		10000		1.50		10000		1.80		10000		1.80		10000		1.80		10000		2.00		10000		2.10		10000		2.00		10000				18

		SRA				2						Low Voltage Power Supply				3522		3		75.00		0.90		13333		0.90		13333		0.90		13333		0.90		13333		1.09		13333		1.13		13333		1.35		13333		1.35		13333		1.35		13333		1.50		13333		1.58		13333		1.50		13333				14

						2						Processor						5		125.00		1.50		8000		1.50		8000		1.50		8000		1.50		8000		1.81		8000		1.88		8000		2.25		8000		2.25		8000		2.25		8000		2.50		8000		2.63		8000		2.50		8000				23

		SRA		1								LRU-4, ANTENNA		1125		13917		49		1225.00		14.70		816		14.70		816		14.70		816		11.45		1048		13.17		1101		13.63		1101		16.35		1101		16.35		1101		16.35		1101		18.17		1101		19.08		1101		18.17		1101

		SRA				2						Antenna Drive				28902		22		550.00		6.60		1818		6.60		1818		6.60		1818		4.29		2800		4.83		3000		5.00		3000		6.00		3000		6.00		3000		6.00		3000		6.67		3000		7.00		3000		6.67		3000				66

		SRA				2						Gyro				28902		4		100.00		1.20		10000		1.20		10000		1.20		10000		1.20		10000		1.45		10000		1.50		10000		1.80		10000		1.80		10000		1.80		10000		2.00		10000		2.10		10000		2.00		10000				18

		SRA				2						Duplexer				28902		5		125.00		1.50		8000		1.50		8000		1.50		8000		1.50		8000		1.81		8000		1.88		8000		2.25		8000		2.25		8000		2.25		8000		2.50		8000		2.63		8000		2.50		8000				23

						2						Bearing						4		100.00		1.20		10000		1.20		10000		1.20		10000		1.20		10000		1.45		10000		1.50		10000		1.80		10000		1.80		10000		1.80		10000		2.00		10000		2.10		10000		2.00		10000				18

		SRA				2						Wave Guide Assembly				28902		2		50.00		0.60		20000		0.60		20000		0.60		20000		0.60		20000		0.73		20000		0.75		20000		0.90		20000		0.90		20000		0.90		20000		1.00		20000		1.05		20000		1.00		20000				9

						2						Servo Feedback assembly						12		300.00		3.60		3333		3.60		3333		3.60		3333		2.67		4500		2.90		5000		3.00		5000		3.60		5000		3.60		5000		3.60		5000		4.00		5000		4.20		5000		4.00		5000				39

		WRA		1								LRU-5, DISPLAY		375				19		475.00		5.70		2105		5.70		2105		5.70		2105		5.70		2105		6.04		2400		7.00		2143		8.40		2143		8.40		2143		8.40		2143		9.33		2143		9.80		2143		9.33		2143

						2						Display Processor						2		50.00		0.60		20000		0.60		20000		0.60		20000		0.60		20000		0.73		20000		0.75		20000		0.90		20000		0.90		20000		0.90		20000		1.00		20000		1.05		20000		1.00		20000				9

		SRA				2						Low Voltage Power Supply				3522		3		75.00		0.90		13333		0.90		13333		0.90		13333		0.90		13333		0.97		15000		1.00		15000		1.20		15000		1.20		15000		1.20		15000		1.33		15000		1.40		15000		1.33		15000				12

		SRA				2						CRT Assembly				3522		6		150.00		1.80		6667		1.80		6667		1.80		6667		1.80		6667		1.45		10000		2.25		6667		2.70		6667		2.70		6667		2.70		6667		3.00		6667		3.15		6667		3.00		6667				26

						2						Power Supply						2		50.00		0.60		20000		0.60		20000		0.60		20000		0.60		20000		0.73		20000		0.75		20000		0.90		20000		0.90		20000		0.90		20000		1.00		20000		1.05		20000		1.00		20000				9

						2						Fan Assembly						6		150.00		1.80		6667		1.80		6667		1.80		6667		1.80		6667		2.17		6667		2.25		6667		2.70		6667		2.70		6667		2.70		6667		3.00		6667		3.15		6667		3.00		6667				27

		WRA		1								LRU-6, CONTROL PANEL UNIT		300				12		300.00		12.00		3333		3.60		3333		3.60		3333		3.60		3333		4.35		3333		4.50		3333		5.40		3333		5.40		3333		5.40		3333		6.00		3333		6.30		3333		6.00		3333				54
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