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Purpose.  This plan provides broad guidance, measurable milestones and the vision for Aviation to transition to a Condition Based Maintenance Plus (CBM+) program by the end of fiscal year 2015.  Furthermore, this paper seeks to identify principal stakeholders in Aviation’s transition to CBM+ and define stakeholder responsibilities in overseeing the transformation of Aviation logistics, maintenance and sustainment to CBM+.  
Defining CBM+.  At the Strategic Level, CBM+ is a set of maintenance actions based on real-time or near-real time assessment of equipment status, obtained from embedded sensors and/or external measurements or tests performed by man-portable equipment.  Data collected from health usage monitoring system or man-portable equipment is then translated into predictive trends and metrics, which are capable of anticipating when component failures will occur based on actual operating environment.  At the enterprise level, this predictive approach allows for anticipatory logistic, the ability to proactively acquire and deliver requisite spare parts needed to perform maintenance, prior to component failure.  At the Operational/Tactical Level, CBM+ is the ability to translate aircraft condition data and usage into proactive maintenance actions that enable unit maintenance personnel to achieve and maintain higher aircraft operational availability.  It also gives commanders a mission planning tool.  Through the use of prognostics, the aircraft predicts its remaining mission availability and/or time to failure, providing valuable information for the commander to determine which aircraft are ready for battle and aircraft that require maintenance.
Vision for CBM+.  The future of Army aviation is a predictive and proactive maintenance environment.  Component replacement metrics are derived by Aviation Engineering Directorate (AED) Engineers in concert with Original Equipment Manufacturer (OEM) engineers based on environmentally adjusted actual weapons system/component usage and system health data collected using embedded (on-board), automated health usage monitoring systems.  These systems will enable the development of component replacement programmatics based on actual weapons system/component usage, and system health in a specific operating environment.  The Army Logistics White Paper entitled “Delivering Materiel Readiness to the Army”, states that “Our most critical task is to sustain the combat readiness of our deployed forces and to maintain the operational readiness of the current force.”  To this end, Army Aviation Maintenance seeks to transition from its maintenance-intensive scheduled maintenance program and reactive unscheduled maintenance program to a predictive and reliability centered maintenance program - better known as CBM+.  CBM will begin by monitoring the health of dynamic components and eventually transition to non-dynamic components over time.  The transition to CBM+ is contingent on integrating enhanced technology into existing aviation weapons systems and support equipment, and embedding those same capabilities into future and developmental aviation systems, which will lead to improved components and better system reliability analysis thus increasing the operational availability of aviation systems.  Emerging commercial and nano technologies such as in-line oil sensors that have the capability to monitor the health of aircraft petroleum, oil and lubricants and nano-wires and sensors must be evaluated for military applications.  The desired endstate of CBM+ is increased aircraft operational availability, a reduction in unnecessary component removals with no evidence of failure (NEOF), reduced maintenance man-hours, and lower O&S costs through integrated logistics.  The real value of CBM+ is the reduction or elimination of unscheduled maintenance and the shortening of the logistics tail by reducing customer wait times, and excess stock levels.  
Adopting a CBM+ methodology will also require developing new readiness metrics that are capable of assessing aircraft availability under differing operational scenarios.  This new philosophy will dictate the need for a major change in policy from existing historical reporting systems to forward looking future capabilities-based assessment of unit readiness.  

Background.   The Deputy Under Secretary of Defense for Logistics and Materiel Readiness, in a policy memorandum dated 25 November 2002, established a policy for CBM+.  The plus extends the scope of CBM from maintenance to other technologies and concepts which impact logistics.   In September 2003, the Chief of Staff, Army (CSA) established Task Force - Aviation as one of the sixteen Army Focus Areas.  TF Aviation’s mission charter was to redesign “Army Aviation as a capabilities-based maneuver arm optimized for the joint fight; logistics tail shortened.”   The Sustainment Subcommittee’s approved restated mission was “To transition Army Aviation to condition based maintenance and implement the modularity construct Army-wide beginning in FY06, to reduce the aviation logistics tail and increase fleet sustainment.”  The TF Aviation’s stated goal for achieving full CBM+ is Fiscal Year 2015.
Case for change.  This is an unprecedented time in the history of Army Aviation.  CBM+ allows for the first major change in Aviation Maintenance practices and procedures in over forty years.  The decision to terminate the Comanche Program in February 2004 provided an unparalleled opportunity for the Aviation Branch to develop a maintenance investment strategy that is capable of pursuing needed technology insertions to support CBM+.  The Aviation Logistics Transformation strategy seeks to achieve Aviation CBM+ implementation more than 10-years ahead of original Aviation CBM forecasts.  The changing nature of Army missions require unprecedented flexibility, including the ability to rapidly deploy modular Army Aviation organizations into hostile territories on extremely short notice, thus the ability to forecast maintenance and spare parts requirements is essential to effectively sustaining the war fighter.

Transformation Link.  Transitioning Army Aviation to a CBM+ program requires a conscious shift from reactive, fault-based and exhaustive preventative maintenance methodology, which is identified by component or weapon system failure, to a proactive or predictive CBM+ approach that performs maintenance upon evidence of need (permitting maintainers to plan, sequence and perform needed supply and maintenance actions with minimal impact on operations) and relies on automated on-board or man-portable data collection sensors.  CBM+ will be supported by automated maintenance information systems that seamlessly integrate (requirements and performance data) with other logistics systems.  CBM+ has the potential to lead to more efficient maintenance practices and procedures, improved operational availability, and cost savings associated with smaller logistics footprints.  Integration of CBM+ predicted component and airframe requirements data into an end to end logistics system can improve performance of supply, transportation, as well as maintenance operations.  Accurate and timely transmission of requirements through integrated data systems can be combined with known process cycle-time, captured by Automated Information Systems (AIS) and Unique Identification (UID) movement data, to optimize and synchronize acquisition, maintenance, supply and transportation processes.  Furthermore, CBM+ as part of the platform maintenance environment (PME) results in component and airframe data collection that will promote the development and integration of an end-to-end aviation life-cycle maintenance and logistics management system that employs timely and accurate integration of data systems, and supports the Army’s end-to-end logistics system.  CBM+ enables responsive and predictive maintenance that will eventually reduce the Aviation logistics tail and expense.

Transformation Goal.  The objective of transforming Aviation maintenance from its current reactive, fault-based maintenance program requires the elimination or reduction in the frequency of selected scheduled maintenance tasks which rely on an assumed fatigue life or logical standardized time before overhaul (TBO), the legacy tasks derived replacement times based on worst case scenario.  These tasks are being replaced by tasks tailored to actual platform usage in a specific operating environment.  One of the key objectives of CBM+ is to reduce the unnecessary maintenance burden on units, while improving and/or extending component life from a finite quantity to one where component replacement is based predominantly on objective evidence of need.  Achieving this change must be done within the constraints of an Army and nation at war, while ensuring system safety, in addition to improving equipment reliability, availability and maintainability.  The ultimate goal of CBM+ is to know and understand the actual status of equipment, which will reduce unnecessary maintenance; plus reduce total operations and sustainment (O&S)/ownership costs. 
Enablers.  Using new enablers and modern maintenance processes will allow the Army to connect logisticians to an integrated, enterprise data warehouse.  This approach makes us more effective in our ability to rapidly identify diagnose, and repair platforms. Plus integrated platform systems will seamlessly collect and transmit critical platform information that can be used to support holistic lifecycle system support.   This set of capabilities incorporates the condition based maintenance plus (CBM+) initiatives from the Office of the Secretary of Defense.  These capabilities are being managed collectively to develop and describe a single logistics operational environment under the Common Logistics Operating Environment (CLOE) program.  
CBM+ enabling technologies include but are not limited to 

· Real-time data migration in a common logistics operating environment (CLOE)

· Joint, Common Logistics Operating Picture (JCLOP)

· Closed loop information systems that receive and transmit maintenance actions/instructions from the data warehouse down to the platform level and incorporate all automated systems

· A Common Tactical, Standard Army Management Information Systems (STAMIS) such as the Unit Level Logistics System – Aviation Software Change Packet 6 (ULLS-A SCP6) and eventually the Global Combat Support System- Army (GCSS-A) will gather and integrate information obtained from the PME
· Enterprise data warehouse (DW), capable of recording condition, usage, maintenance, parts tracking, environmental conditions, and intelligent prognostics.  This DW must provide detailed data to AED and OEM engineers plus provide summary programmatic information to program and materiel managers

· Portable maintenance aids such as Integrated Electronic Technical Manuals, Platform Maintenance Environments (PME), Automated Historical Records, Cockpit Voice Recorders & Flight Data Recorders (CVR/FDR)
· Health utilization monitoring systems (HUMS) is the network of sensors that provides data to the PME for component condition determination and prognostic forecasting; Embedded Diagnostics/ Prognostics (ED/EP) with nano sensors that monitor, transmit and record operating parameters
· In-line Oil Sensor technology and reporting that feeds the data bus for analysis and reporting
· Automatic Identification Technologies (AIT) used to enable unique identification of tangible items (UID) for financial officer accountability; parts marking technologies such as unique item identification (UID) ensures data integrity and data quality throughout the life cycle of components of a weapon system and supports multifaceted applications and users (UID data is globally unique and unambiguous, permits collection of cost, cycle time and performance data in AIS throughout the life cycle, linking CBM+ driven activity with UID to summarize discrete aircraft/component action information into a defensible Army-wide requirements planning process)
· Regime recognition platform data linked to component AIT/UID for the purpose of maintaining a components actual usage; automatic regime recognition allows for the determination and storage of aircraft operating conditions that allow for the potential of CBM+; for example if an aircraft has been operated conservatively a component life can be extended, however, if a component has been operated in damaging conditions the component life would be reduced; thus health monitoring equipment and regime recognition alert maintainers to the actual status of equipment based on actual condition verses just aircraft operating hours
· Highly reliable components with integrated smart/self-diagnosing/repair technologies
· Lighter multipurpose modular test kits and built-in automatic test equipment

· Survivability enhancements (active and passive systems)/redundant systems

· Embedded Command and Control and Communications (EC3) for transmitting/data bursting ED/EP data from the platform through the CLOE infrastructure to maintainers for maintenance planning, commanders for decision making and logisticians for parts acquisition decisions
· Total Asset Visibility (TAV) of the end to end Logistics System
Common Logistics Operating Environment (CLOE).  CLOE enables CBM+.  The Army envisions that CBM+ will revolve around the construction of a data-centric platform operating environment within the Single Army Logistics Enterprise (SALE).   SALE is the combination of Global Combat Support System – Army (GCSS-A) at the tactical level, Product Lifecycle Management Plus (PLM+) for data warehousing, and Logistics Modernization Program (LMP) at the national or wholesale level.  For CBM+ to be a success, Aviation maintainers and logisticians from the flight line to the Army Materiel Command, Integrated Materiel Management Centers (IMMC) to the Depot must all have visibility on component failures, reasons and replacement component availability.  SALE will monitor critical maintenance data elements using platform-based processors to determine platform-level component health and critical systems health by using algorithms jointly developed and validated by AED and the OEMs.  These algorithms will support metrics that use physics of failure for each component and focus engineering efforts to merge traditional areas (such as system, reliability, design, and controls) to rethink the way we design, build, and support future systems with new dynamic maintenance programs.  The CLOE operational architecture view is the starting point for systems and technical architecture views that will eventually apply to all Army platforms and systems.  The strategy calls for CLOE enablers to be incorporated into designated systems as a part of reset, new system design, or modification programs.  Because CLOE affects all Army platforms and the logistics enterprise system, and is dependent on system-specific build or modification schedules and standards, the pace of implementation will be affected by both affordability considerations and the rate at which new systems are introduced over time.

Other Data Collection Methods and Inputs.  In addition to the enabling technologies listed above, historical data collection methodologies such as existing STAMIS, historical records, visual inspection, DA Form 2410 database and incident and accident reports will continue to provide valuable information on aircraft condition into the foreseeable future.  In summary, CBM+ should be the product of a mature data supported process.
Responsibilities.  Aviation has a unique set of stakeholders with diverse responsibilities.  Some of the key stakeholders and their key responsibilities are listed below.
· HQDA, DCS, G4 is responsible for developing condition based maintenance vision, policies and guidance that comply with the Office of the Secretary of Defense guidance on CBM+.
· The Logistics Transformation Agency (LTA) is the Army’s responsible agent for developing the Common Logistics Operating Environment (CLOE), and as such will establish operational and technical architecture views that will ensure CBM+ enablers have common interfaces across both ground and air systems.

· PEO Aviation is responsible for issuing policy and guidance to the Aviation Program managers.  Existing policy related to CBM+ includes a Policy Memorandum dated 22 MAR 02, Subject Aviation Digital Source Collection (DSC) and Health Usage Monitoring Systems (HUMS), which directed the creation of a DSC Integrated Product Team (IPT).  The PEO Aviation Memorandum further centralized the materiel decision-making authority for HUMS at the PEO Aviation level, stating the ultimate goal was to completely procure and field one standardized HUMS and DSC system across Army Aviation.  A second policy memorandum dated 1 AUG 04, Subj: Maintenance Reduction Initiatives, directed Aircraft Program Managers to pursue commonality across platforms and to seek maintenance initiatives that will result in a reduction in maintenance burden on the field level maintenance units.

· Aircraft PMs oversee the integration of DSC/HUM systems, Cockpit Voice Recorder/Flight Data Recorder (CVR/FDR) on aircraft platforms.  ICW AED PMs determine technical specifications required to manage aircraft operating parameters.  

· Program Executive Office, Combat Support & Combat Service Support (PEO CS/CSS); Product Manager, Test Measurement and Diagnostics Equipment (PM TMDE) is the materiel developer for the digital source collector (DSC) Operational Requirements Document (ORD) approved on 30 June 1996.  PM TMDE translates user requirements into a technical/materiel solution.  As such the PM TMDE in coordination with PEO Aviation develops the performance specifications for the DSC and selects the DSC.  The DSC will monitor, collect and provide/transmit aircraft and component HUMS information to Army aircraft maintainers/crewmembers for corrective action.  In coordination with PEO Aviation, the PM TMDE develops an acquisition strategy for DSC (systems also known as HUMS, cockpit voice recorder (CVR) and flight data recorder (FDR)) and resources system integration and acquisition strategy.

· The U.S. Army Materiel Command (AMC) serves as the automation integrator and is responsible for integrating the current tactical unit level logistics systems (ULLS) capabilities into Global Combat Support System – Army (GCSS-A) and linking it to the Logistics Management Program (LMP)/national level system.  Product Lifecycle Management Plus (PLM+) serves as the integrating system that links GCSS-A data to LMP thus ensures seamless data migration from platform maintenance management systems to the integrated materiel management centers (IMMC).  AMC in coordination with the Life-Cycle Management Commands (LCMC) and Research Development and Engineering Command (RDECOM) at the Wholesale/National Level, performs trend analysis, determines airframe and component life limits and tracks Reliability, Availability, Maintainability (RAM) data.

· Aviation/Missile (AM) Lifecycle Management Command (LCMC), the Army Aviation lead in coordination with the Communications and Electronics (CE) LCMC as well as the Soldier/Ground Systems (SGS) LCMC resource Sustainment System Technical Support (SSTS) requirements to develop metrics for health of dynamic and non-dynamic components thus transitioning them to CBM+.  AMC’s subordinate LCMCs continue to be responsible for spares provisioning, management and consumption tracking as well as developing trend analysis on component life-cycle.  AM LCMC also manages the DA Form 2410 database.

· RDECOM’s Aviation Engineering Directorate (AED) oversees the Airworthiness of Army aircraft and components and provides the technical cognizance and aircraft airworthiness as well as determines data specifications required for engineering cognizance.  AED is responsible for data parameter monitoring, requirements modeling, airworthiness substantiation, usage spectrum development and assisting in maintenance policy determination.  AED in concert with the OEMs will determine requisite algorithms and metrics, which will eventually enable the elimination of TBOs.  It is important to note that some components may never achieve CBM+ without major component redesigns.

· Logistics Support Activity (LOGSA) serves as the database manager and data repository for CBM+.  LOGSA will determine the legitimate code file requirements and maintain the sterile database for Aviation Systems and component collection, data transfer standards.  LOGSA also manages the electronic technical manual database, conducts equipment Post Fielding Support Analysis (PFSA), and manages the Computerized Optimization Model for Predicting and Analyzing Support Structures (COMPASS) which is a level of repair analysis (LORA) application.
· The PM AOAP is a subordinate organization under LOGSA and will continue to work with and monitor the commercial development of in-line oil sensor technology for military application.
· PM Lead the Fleet – Restructured (LTF-R) will produce the CBM prototype proof of concept in FY05, which will develop the capability to retrieve HUMS data from the operational fleet and translate data into maintenance instructions.  The program will also develop a prototype data warehouse to collect, normalize, store and analyze the data that supports the required predictive methods.  Warehouse data and information will also be available for use by customers.  PM LTF-R will define and perform a proof of concept demonstration of the methods to predict required maintenance on selected components of AH-64, CH-47 and UH-60 aircraft based upon condition and usage.
· Army Test and Evaluation Command (ATEC) serves as the Army’s Operational Test Agency and will validate/verify DSC, HUMS, CVR and FDR and future CBM+ data collection system functionality meets critical design capabilities and specifications.

· US Army Safety Center (USASC) manages the Aviation Safety Management Information System (ASMIS) and provides the Aviation community with fleet safety (accident and incident) trend analysis.
· The U.S. Army Training and Doctrine Command’s (TRADOC) Combat Developers at the United States Army Aviation Center and School (USAAVNCS) in coordination with the United States Army Aviation Logistics School (USAALS) develop HUMS requirements for aviation systems.  The United States Army Aviation Center and School (USAAVNCS) serves as the combat developer and together with the United States Army Aviation Logistics School (USAALS) the user representative for aviation condition based maintenance.  USAAVNCS develops standard tactics techniques and procedures (TTP) and integrates proper usage parameters into Aviation training programs for the safe operation of Army Aircraft.  Furthermore USAAVNCS in coordination with the USAALS trains aviation maintainers and maintenance officers on proper maintenance practices and procedures to ensure the safe operation of Army aircraft.  USSALS also verifies/validates new maintenance procedures.
· MACOMs are responsible for providing field input into the condition based maintenance development process and may be called upon to provide assets to assist in technology concept development and demonstration.

CBM+ Technology Development and Testing Timeline.  A brief list of some of the on-going CBM+ initiatives and their associated timelines are provided below.
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Road Ahead for CBM+
· Diagnostics maturation – continue to mature the on-board embedded diagnostics to reduce ambiguity in fault identification and failure cause analysis.

· Embedded prognostics development – use the mature diagnostics to develop prognostic algorithms; embed algorithms into aircraft platform maintenance environment (PME) tools, so that the weapons system can predict future failures and calculate remaining useful life.

· CLOE – continue to develop CLOE to enable CBM+ and define operational architecture and infrastructure required to pass diagnostics and prognostic data from the weapons system throughout the SALE.

· CBM+ - achieve end-to-end visibility of usage, consumption and parts availability data; combined with data transfer from the weapons system maintainer to the logisticians at all levels in near real-time thus enabling proactive ordering and acquisition of spares, plus providing commanders with accurate decision support information.

Summary.  CBM+ technology has the potential to monitor the health of aviation weapon systems, and sub-systems through the use of on-board diagnostics (near-term goal) and on/off-board prognostics (long-term goal), which lead to component reliability improvements, reduced maintenance man-hours, and to reduced aviation accidents and incidents.  For the present, the objective of CBM+ is to achieve a CLOE over the course of the next decade.  The CLOE environment directly supports efforts to achieve the Army’s integrated logistics enterprise and to enable joint force interoperability and interdependency, sense-and-respond logistics, network-centric warfare for logistics, and a fully modernized and transformed sustainment environment for the future that supports multifunctional, expeditionary, combined-arms units on a distributed, non-linear battlefield.  The transition to CBM+ will enable Aviation to achieve the CSA directed mission of reducing the Aviation Logistics Tail.
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