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Prognostics and Health Management (PHM),  

an effective and efficient system to manage the health of equipment in real time 
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Abstract: 
This article describes the new emerging and fast 

changing equipment diagnostics model: a 
Prognostics/Diagnostics Health  Management system 
(PHM) which transforms the conventional equipment 
engineers’  labor intensive tasks  to an expert knowledge-
based equipment e-diagnostics implementation.   
Techniques to transform from data content to information 
to knowledge to intelligent decisions and actions will be 
discussed to demonstrate the improvement at Equipment 
level.  The PHM would enable global e-manufacturing 
operations through knowledge and information sharing, 
provide fast response by identifying miss processing or 
equipment malfunction symptoms within 3 to 5 minutes, be 
adaptive to individual process, empower equipment/process 
engineers to have more control of their equipment/process, 
and eliminate or reduce potential human error in manual 
equipment data analysis 

 
Prognostics and Health Management (PHM) is a 
system function that provides comprehensive 
assessment and reporting of system health, and 
detection of performance degradation for safety 
critical and/or maintenance significant functions. 
Diagnostic and prognostic tools implemented in the 
PHM system provide accurate prediction of the 
remaining life or time span of proper operation of a 
component. This information on the current damage 
state, predicted damage accumulation and remaining 
life coupled with the availability of resources and 
expected equipment requirement, will enable the 
system user to make appropriate decisions about 
maintenance actions. The PHM approach is 
significantly different from the conventional time-
based life management of equipment components. 
Key to accomplishing PHM is being able to integrate 
prognostic and accurate assessment of actual 
material condition information from a number of 
sources to provide a material condition assessment.  
 
To fully enable the predictive element of any 
prognostics and health management (PHM) concept, 
there has to be a capability to relate detected incipient 
fault conditions to accurate useful life remaining 
predictions for any point in time. The key to 
accomplishing this is being able to understand 
incipient fault-to-failure progression characteristics for 
the component and/or subsystem of interest and 

having realistic and verifiable prognostic models. 
 
PHM system allows the users to diagnose faults 
accurately and predict failures and life remaining of 
these components to ensure safety, generates high 
availability, and reduce costs. PHM accomplishes 
these goals through the merging of an understanding 
of the component’s particular physics of failure, 
analytical models, physical models, statistical 
techniques and actual failure experience data. This 
domain knowledge plays a very important role of 
building an effective and efficient equipment health 
management system. 
 
PHM is an innovative, reliable, low-overhead 
technique that could identify the early signs of failure 
of equipment accessory components. PHM would 
revolutionize equipment availability/readiness by 
improving equipment reliability and enhance 
maintainability by providing better information for 
problem diagnosis and planning. 
 
The number of sensors in a cluster manufacturing 
equipment is expected to increase significantly due to 
the incorporation of new instrumentation in support of 
automated operation. As a result, sensor maintenance 
requirement and associated costs are expected to rise 
significantly. The rule-based design of the PHM 
system will have the ability to autonomously estimate 
the quality of individual sensor data in order to focus 
calibration and diagnostic requirements on those 
sensors suspected of having degraded output. 
 
The implementation of PHM-Equip infrastructure as 
shown in Figure 1 provides a global Internet-based 
collaborative knowledge base accumulation and 
sharing environment. The current challenge of 
equipment maintenance issues such as NO DTC 
(Diagnostic Trouble Code) or DTC false alarm from 
the built-in equipment diagnosis system can be 
resolved by PHM-Equip system. We have a NO DTC 
scenario if the equipment built-in diagnosis system 
can’t pinpoint the root causes of equipment faults. 
DTC false alarm occurred, when the equipment 
engineer replaces the failed components according to 
the equipment diagnosis results, the equipment fault 
still exists. 
 
The PHM system uses an advanced Knowledge 
Management (KM) Rule-based methodology used by 
equipment engineers to automatically determine when 
an equipment fault occurs, what caused it, and how to 
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correct it. The PHM system incorporates Statistical 
Process Control (SPC), Multivariate Analysis (MA), 
Data Mining (DM) and Pattern Recognition (PR) 
technology to find out the variables associated with 
the system faults. With the combination of SPC, MA, 
DM, Pattern Recognition techniques and Expert 
Knowledge-based rule technology, the PHM system is 
capable of identifying the failing sensors (i.e. 
prognostics) as shown in Figure 2 and 3. 
 
In summary, a practical application of e-Diagnostics, 
e-Prognosis, will be demonstrated to prove the 
viability e-manufacturing predictive maintenance 
solution.   
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Figure 1. PHM-Equip Infrastructure 

 
Figure 2. Degrading Oxygen Sensor  

 
Figure 3. Normal Oxygen Sensor  

 
 
 


