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Condition-Based Maintenance  

Background 
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Maintenance Evolution - Reliability 

Reactive Proactive Diagnostic/Analytic 

Reactive Maintenance 
Service assets as needed 

Planned Maintenance 

Condition Based Maintenance 

Maintenance at a specific frequency 

Managing maintenance schedules from conditions 

1980’s 1990’s 21st Century 

Calendar based Maintenance 
Maintenance at a fixed frequency 
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Terms & Definitions 

• Predictive Maintenance (PdM)– using a parameter to 

determine when an asset may fail 

• Condition Monitoring (CM) – using a parameter or 

information about an asset to determine its condition (in 

regard to that specific parameter) 

• Condition-Based Maintenance (CBM)– determining 

maintenance schedules based on condition type indicators  

• Model-Driven Monitoring – based on optimal model for 

current conditions. 

• Reliability Centered Maintenance (RCM) –includes processes 

to ensure assets perform as required – may involve all of the 

above plus ancillary functions (training, parts, etc.) 
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CBM & Maintenance Process 

Work 
Identification 

Work Planning 
Work 

Scheduling 

Work 
Execution 

History 
Recording 

Analysis 

Condition 
Monitoring 

Process 
Data 
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Condition-Based Maintenance (CBM) 

• Maintenance Plan Fundamentals  

• Quantitative 

• Qualitative 

• Requirements 

• Indicative Data 

• Integration with Work 
Management 

• Implementation Lifecycle 

• It’s a journey – very easy to start 
small 

• Motivate Key Personnel 

• Change Management 

 

Condition 

Input 

Analysis Maintenance 

Planning 

Work 

Order 
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Condition-Based Maintenance  

Value Proposition 
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Motivating Factors 

• More Effective Maintenance Strategy 

• Do only the maintenance required, when required 

• Fewer outages 

• Fewer induced errors 

• More focused work effort 

• Foundation for Decision Support 

• Easily extensible 

• Operations Support 

• Engineering Studies 

• Business Process Integration 

Capital 

Replacement 

Corrective 

Maintenance 

Calendar-Based 

Maintenance 

Condition-

Based 

Maintenance 

Capital 

Replacement 

Corrective 

Maintenance 

Preventive 

Maintenance 

Before After 
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Condition-Based Maintenance  

Business and Technical 

Considerations 
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Components to Success 

• Business Component 

• Leadership and direction - needs a cross-discipline team 

• Where are the costliest failures? 

• What information is available? 

• What information is needed? 

• How would information be integrated? 

• How to measure success? 

• Technical Implementation Component 

• Options for data collection 

• Condition Assessment 

• Typical Reference Architecture 

• EAM/CMMS Integration Methods 
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Condition 
Assessment 

Maintenance 
Triggers 

Execute 
Work 

Analyze 
Results 

Process 
Adjustments 

• Evolutionary Process 

• Start small but full cycle 

• Continuous Improvement 

• Practice in place to improve 

Continuous Improvement Process 
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Implementation Approach 

Current 

State 

Assessment 

Initial 

Configuration 

and 

Implementation 

Periodic 

updates, 

training, etc. 

•Review Sources of Information 

•Maintenance 

Management 

•Maintenance Description 

•Data Collection 

•Reporting Systems 

•Organizational Review 

•Pilot Selection 

•Initial business case 

•Architectural Diagrams 

•Data Context Definitions 

•Asset Family/System Content 

Definition 

•Initial User Interface Configuration 

•Data mart setup 

•Algorithm definition and 

configuration 

•Linking asset performance to 

maintenance process 

•Conduct Pilot 

•Business case updates 

•Rollout beyond pilot 

•Asses effectiveness and 

improve algorithms 

•Implement additional reports 

•Improve Data maintenance 

processes 

•Extend to predictive 

maintenance 

•Business case updates 
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Technical Challenges 

• Acquire Data from a Wide Variety Equipment 

• Organize and Classify Equipment for Scalability 

• Provide a Configurable Environment for Rule Building and 
Knowledge Capture 

• Support Exception-based Rule Processing and Notification of 
Maintenance Alerts 

• Facilitate Timely Access to both Real-Time and non-Real-
Time Equipment Information 

• Integrate with the work management (EAM, CMMS, etc.) 

• Provide visualization of benefits realization 
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Conceptual CBM Model 

Collect 

Sensors, 
Indicators, PdM, 
SCADA, PLC, etc. 

PI Interfaces, PI 
Manual Logger, 
PI Data Acesss 

Context 

Asset Hierarchy, 
System Model, 
Peer Groups, 
Calculation 

Model 

PI Asset 
Framework (AF) 

Analyze 

Condition 
Algorithm, 

Prioritization, 
Health Status, 

Rate of Change, 
etc. 

PI Advanced 
Computing 

Engine (ACE), PI 
Notifications 

Act 

Visualize, 
Integrate, Notify, 

Improve 

PI Notifications, 
PI Data Access, 
PI Web Parts, PI 

ProcessBook, 
etc. 
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Condition-Based Maintenance  

PI Infrastructure Components 
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CBM PI System Infrastructure Components 

PI ACE and 

Work 
Management 
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The PI System: Connect 
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(Visuals) 
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Connect 
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Intelligent Electronic Devices 
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• Templates allow quick creation of 

meta data structure for assets 

• Hierarchical structure allows for 

logical browsing for equipment 

information 

• Use of Element Relative Displays 

makes for more consistency in 

displays and reduces time spent 

creating displays 

• Built on a SQL Server platform, 

resulting in scalability and 

reliability 

PI Asset Framework (AF) : Context –  
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AF – Putting AF into Best Practice 

Shaping your data by: 
Condensor 

Heatexchanger 

Column 

Valve 

Pipe 

Pump 

  Column661 

  Condensor661 

  P661_1 

  P661_2 

  HeatExchanger661 

  Valve661_1 

  Valve661_2 

OpeningGrade PI Point:  \\MOBILEVBC\Valve661_1.OpeningGrade 

InspectionResult Table Lookup: SELECT InspectionResult FROM … 

LastInspection Table Lookup: SELECT LastInspection FROM …  

SerialNumber Table Lookup: SELECT SerialNumber FROM … 

XZY Formula: A=OpeningGrade;[A*0.98] 

1. Defining types of assets  

         Schema of typical asset definition 
Templates 

Elements 
2.  Association to a “real” asset 

      Created from Template 

3. Describing the “real” asset  

     Having Units Of Measure (UOM) 

      Data references from everywhere 

Attributes 

Hierarchy 4. Physical/logical asset structure 
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Analysis Options 

• AF – Asset Framework 

• PI Subsystems 

• Totalization 

• Performance Equations 

• PI Advanced Calculation Engine (PI ACE) 

• Schedule Options 

• Natural 

• Event 

• Visual Studio Add-In 

• Flexible and Extensible – Models in MDB 
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Configure custom alarms based on any data source by leveraging the flexibility of PI AF 

PI Notifications 

• PI ProcessBook 

• PI DataLink 

• MyPI  

  (PI System 

Explorer) 

Delivery channels: 

• Email 

• Web services 

• OCS 

• Custom developed 

PI Server 

Other data sources 
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• Disparate Data Triggering 

• Use multiple disparate data sources to develop and trigger 

custom alarming conditions and notifications 

• Escalation Management 

• Notification delivery to the chain of command 

• Auditing 

• Supports reporting audit trail through notification lifecycle 

• Cross-System Messaging 

• Programmatically extend notification delivery to seamlessly 

integrate messaging to third party applications (e.g., 

workflow, ERP, and asset maintenance systems,) 

• On Demand Visualization 

• Provide immediate visualizations using PI WebParts, PI 

ProcessBook and PI DataLink 

PI Notifications Benefits 
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PSE&G Customer Case Study 

Implementing Condition-Based 

Maintenance for an Electric 

Utility 
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PSE&G 

• Utility Overview 
– New Jersey Based 

– Total Assets ~ $14 Billion 

– Total Revenue ~ $7 Billion 

• Service Territory 
– 70% of New Jersey’s population 

– 2.0 million Electric customers 

– 1.6 million Gas customers 

– 2,600 Square Miles  

• Delivery Implementation 
– 1999 – SAP 

– 2000 - OMS, GIS & CAD  

– 2002 - CMMS 
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PSE&G Customer Case Study 

Business Challenge / Problems 

Addressed 
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Motivating Factors 

• After an equipment failure, sufficient data collected to 

determine why 

• No formal capital expenditure determination plan 

• No formal preventive maintenance scheduling program  
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Challenges 

• No predictive maintenance 

program or strategy 

• Significant liability risk and 

system outage potential from old 

equipment vulnerable to failure 

• Limited assessment tools for 

determining asset condition 

• Decreasing expertise in both 

field maintenance and 

engineering 

• No formalized capital spending 

program 

• Asset Information in a variety of 

disparate systems 

 

 

Asset Population by Division and Age Class Within 

Equipment 
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SAP PM for PSE&G Electric Delivery 

• Equipment & Locations 
– Class and Characteristics 

– Nameplate 

• Maintenance Plans 
 (56k Plans) 
– Calendar-based 

– Counter-based 

– Condition-based 

• Notifications 
– Damage and Cause Codes  

grouped by Equipment 

• Equipment Visibility 
– PM Plan Cost/Hours vs. Actual 

– CM Cost 
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PSE&G Customer Case Study 

Approach and Solution 
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PSE&G Functional Areas 

• Data Collection 

• SAP Asset Information  

• Time-Series Data Collection 
Application 

• Diagnostic and Inspection Data 

• Asset Analysis and Reporting 

• Condition Assessment 

• Work Prioritization 

• Alerts / Notifications 

• Maintenance Management 

• Measurement Points 

• Maintenance Plan Modifications 

• Notifications 

Data Collection 

Analysis & Reporting 

Maintenance Management 

Raw data 

Measurement 

points 

Notification 

Feedback 
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PSE&G Conceptual Model 
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PSEG System Integration 

PI HDW 

MV90 

ESOC PI 

PI - OPC 

Hydran 

Doble 

SAP-PM 

Diagnostic data 

Delta-X 

MDT 

Transmission 

SCADA 

Distribution 

SCADA 

Transformer 

loads 

PI Manual Logger 

Weekly substation inspection 
SAP order history and 

technical object updates 

Transformer oil 

analysis 

Gas equipment results 

Breaker 

Tests 

Electrical 

test results 
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PSE&G Condition Algorithms 

• Calculation Structure 
– CA = F1(M1) + F2(M2) + F3(M3) + … 
– Factors driven by data available 

– Example Factors 
• CM Cost & Count for Past 6 Months 
• Operation Count for Past 6/12 Months 
• Gas Analysis – Change over time 
• Average Load over Time 

• Peer Groups 
– Apply calculations by peer group 

– Voltage, Class, Type 

– Example Groups:  
• 26KV – 69KV GCB 

• 138KV+ Power Transformer 

• LTC Vacuum Tanks 
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PSE&G Alerts & Notifications 

• PI-ACE Algorithms monitor real-time & weekly 
inspection data 

• Creates emails and SAP notification 

• Examples: 
– Excessive LTC Operations 

– High GCB Temperatures 

– Low GCB Pressure 

– Low Transformer Oil Tank Levels 

– Low Nitrogen Cylinder Pressure 

• Measurement Points updated in SAP 
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Assets in PI System 
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Calculation Models in PI System 
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Condition Assessment 
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PSE&G Visualization 
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PSE&G Visualization 
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OSIsoft Software and Services Used 

• PI Server 

• PI Manual Logger 

• PI Interfaces 

– UFL, OPC, etc. 

• PI MDB/AF 

• PI ACE 

• PI WebParts 
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Results 
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Results 
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Tangible Benefits 

• Annually document savings 

• 2005 – Approximately $3MM  

• Reduced Maintenance Costs 

• More targeted and reduced Capital Expenditures 

• Failure avoidance 
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Intangible Benefits 

• Platform for many other analytic efforts 

• Used for limiting component determination for critical 

circuits 

• Used for Work Prioritization – ensuring the right work is 

performed 

• Results in quicker analysis of failures 
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PSE&G Lessons Learned 

• Right Vision (Business & Technical) 

• Organizational Changes to support system 

• LOB Control 

• Change SME thought process 

• Tied success directly to SME and Asset 
Engineers Goals 

• Constantly Measuring Inputs 
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Conclusions 
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Conclusion 

• Condition Based Maintenance (CBM) is a 
business imperative 
– Business and Technical Considerations 

• PI is the right framework for Condition Based 
Maintenance  
– Complete path for implementation 

– Provides value now and over time 

• Customers have achieved success 
– Many success stories in many industries 

– One of our leading topics in the CoE 
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