										[UWTSD. 2018.]	
Fault Diagnosis and Condition Monitoring
			[Condition Monitoring. (2020).]

William Tomos John Bowen	BOW16832669
30/01/2020				


Contents
1) Introduction										   3
2) Discusstion 										   5
3) Equipment Failure									   6
4) Potential Failure                     								   8
5) Temperature Measurements 							 	   9
6) Dynamic Monitoring									  **
7) Oil Analysis									 	  **
8) Corrosion Monitoring									  **
9) Non-Destructive Testing									  ** 
10) Conclusion										  **
11) Reference List										  **



[bookmark: _Toc451422571]

Introduction
Condition-based monitoring is a maintenance method used within industry tasked to warn the maintenance department of any change in machinery that would result in potential catastrophic failure. Condition monitoring monitories a parameter of condictiones such as vibration, temperature and many more in machinery. In doing so would ensure that mitigation can be put in place, prior to the failure coming fruition. Condition monitoring technologies normally use two types of standards. These two standards are ISO and ASTM. ISO stands for International Organization for Standardization. ASTM stands for American Society for Testing and Materials.

The list below contains some key points that are taken into account when condition monitoring.
· Condition Monitoring Overview
· Vibration Analysis and Diagnostics
· Lubricant Analysis
· Acoustic Emission
· Infrared Thermography
· Ultrasound
· Motor Condition Monitoring and Motor Current Signature Analysis (MCSA)
· Model-Based Voltage and Current Systems (MBVI Systems)
[En.wikipedia.org. (2019).]

The use of this technique allows the maintenance department to schedule a strategic action in which they may replace a component and or recalibrate the machinery. Condition monitoring is typically used on rotating equipment, auxiliary systems and other machinery that involves electricity, while non-destructive testing  are used for static plant equipment such as heat exchangers and boilers.






















DISCUSSION

Due to the broad range of topics to discuss, this report will conclude the following topics:

· Equipment Failure
· Potential Failure, P-F Diagrams and Task Frequency
· Temperature Measurements
· Dynamic Monitoring
· Oil Analysis
· Corrosion Monitoring
· Non-Destructive Testing























EQUIPMENT FAILURE 
[image: ]
[21 Types of Pipe Corrosion & Failure. (2017).]

There are many reasons why equipment failure. The most common causes that lead to failure are Metal fatigue, Bearing failure, Misalignment, Corrosion, Inadequate Maintenance and Accidents. The result of these factors results in costing the company downtime, resources and profit.

Metal fatigue occurs when cut are made in electrical wiring within the machine without the use of cutting tools. As the operator makes their way through the wire, the metal works harder to harder, creating fatigue.
When several cycles of such stress have occurred, the metal typically becomes brittle and snaps off. The result of this causes a break point in the circuit resulting in the machine not running.
[Ybcomponents.co.uk. (2015).]

Premature bearing failure is most commonly caused by the contamination or loss of bearing lubricant. Although mechanical defects such as the unbalance of misalignment of bearings can also lead to bearings failing prematurely.
[Ybcomponents.co.uk. (2015).]















POTENTIAL faILURE























TEMPERATURE MEASUREMENTS
[image: ]
[Fluke.com. (2020).]
Most failures in equipment are caused by temperature regardless of specifics like Electronic, Electrical, Mechanical etc. Infrared thermography can detect heat patterns in the infrared wave-length spectrum that are not visible to the unaided eye as shown in the diagram above. These heat patterns can help identify deteriorating components before they fail. Thermograph shows where heat is emitting. The brighter the heat is emitted on the image, the hotter the object it is.
[Fluke.com. (2020).]
With an infrared camera you can capture thermal images without making direct contact with equipment. That means you can capture thermal information from operating equipment at a safe distance and have a better chance of seeing temperature anomalies under normal operating conditions. Most popular infrared cameras (also known as thermal imagers) capture radiometric thermal images that contain apparent temperature measurements for each pixel within the image. With that capability, you can identify an anomaly and then drill down to calculate the apparent temperatures of the points in question.
When to use infrared thermography
[bookmark: _GoBack]The non-contact nature of infrared thermography makes it ideal for a wide range of applications where components are moving, very hot, dangerous to contact, difficult to reach, impossible to shut off, or could be contaminated or damaged through contact. Infrared cameras are also very helpful in detecting energy or moisture-related problems in a building envelope. 
The benefit of today’s technology
Unlike early thermal cameras that were large, very expensive, difficult to use, slow to acquire data, and offered poor image resolution, the technology has evolved to produce compact, ergonomic cameras that are easy and fast to use, are much more affordable and provide high resolution images. With the proper infrared camera and lens, you can scan details from targets as small as 25 microns to targets several hundred feet tall. The speed and convenience of today’s infrared cameras enable you to conduct inspections faster and find problems in areas that you might have otherwise overlooked.





















DYNAMIC MONITORING
https://www.ims-evolve.com/news/what-is-dynamic-monitoring.html 
http://www.dynamicmonitoring.co.uk 

















OIL aNALYSIS
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[Routine Oil Analysis. (2020).]
Oil analysis (OA) is the laboratory analysis of a lubricant's properties, suspended contaminants, and wear debris. OA is performed during routine predictive maintenance to provide meaningful and accurate information on lubricant and machine condition. By tracking oil analysis sample results over the life of a particular machine, trends can be established which can help eliminate costly repairs. The study of wear in machinery is called tribology. Tribologists often perform or interpret oil analysis data.
OA can be divided into three categories:
1. analysis of oil properties including those of the base oil and its additives,
2. analysis of contaminants,
3. analysis of wear debris from machinery,

Oil sampling is a procedure for collecting a volume of fluid from lubricated or hydraulic machinery for the purpose of oil analysis. Much like collecting forensic evidence at a crime scene, when collecting an oil sample, it is important to ensure that procedures are used to minimize disturbance of the sample during and after the sampling process. Oil samples are typically drawn into a small, clean bottle which is sealed and sent to a laboratory for analysis.

In addition to monitoring oil contamination and wear metals, modern usage of OA includes the analysis of the additives in oils to determine if an extended drain interval may be used. Maintenance costs can be reduced using OA to determine the remaining useful life of additives in the oil. By comparing the OA results of new and used oil, a tribologist can determine when an oil must be replaced. Careful analysis might even allow the oil to be "sweetened" to its original additive levels by either adding fresh oil or replenishing additives that were depleted.
Oil analysis professionals and analysts can get certified in compliance with ISO standards by passing exams administered by the International Council for Machinery Lubrication (ICML).
For purposes of Oil Analysis Program (OAP) trend analysis, replacement, replenishment or drain and flush of lubricating fluids in excess of half an engine’s oil capacity (2.5 gallons or more) will be considered an Oil Change and the engine will be placed in code Charlie (C) for three flights to establish a new working trend. Oil-Wetted Maintenance (OWM) is any replacement of engine components within an oil-lubricated system (bearings, gearbox, pumps, etc.). OWM actions shall be documented on DD Form 2026 and submitted to OAP lab for update of Oil Analysis database. (a) Special Samples can be requested by the laboratory whenever they feel its necessary. (b) Whenever directed by the unit maintenance activity to investigate suspected deficiencies.
The NDI/JOAP laboratory will set the standards and intervals of oil analysis. The AMU will have to deal with it.
A typical predictive maintenance technique is ferrography, which analyses iron in oil.
OA was first used after World War II by the US railroad industry to monitor the health of locomotives. In 1946 the Denver and Rio Grande Railroad's research laboratory successfully detected diesel engine problems through wear metal analysis of used oils. A key factor in their success was the development of the spectrograph, an instrument which replaced several wet chemical methods for detecting and measuring individual chemical element such as iron or copper. This practice was soon accepted and used extensively throughout the railroad industry.
By 1955 OA had matured to the point that the United States Bureau of Naval Weaponsbegan a major research program to adopt wear metal analysis for use in aircraft component failure prediction. These studies formed the basis for a Joint Oil Analysis Program (JOAP) involving all branches of the U.S. Armed Forces. The JOAP results proved conclusively that increases in component wear could be confirmed by detecting corresponding increases in the wear metal content of the lubricating oil. In 1958 Pacific Intermountain Express (P.I.E.) was the first trucking company to set up an in-house used oil analysis laboratory to control vehicle maintenance costs which was managed by Bob Herguth. In 1960 the first independent commercial oil analysis laboratory was started by Edward Forgeron in Oakland, CA.
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[Corrosion Monitoring Instrument, CAGR, System, Services, Sensor, Methods, Preventation | Market Report 2018-2026. (2020).]

A corrosion monitoring program provides comprehensive monitoring of all critical components of industrial objects, assets, facilities and plants for signs of corrosion. For reliable operation it is important to identify the location, rate, and underlying causes of corrosion. A corrosion monitoring program identifies any non-conforming alloycomponents, as these are generally susceptible to accelerated corrosion and can give relatively frequent cause for catastrophic failure. Corrosion Monitoring can provide significant advantages when integrated into both preventative maintenance and the processes inherent to safety management programs. Based on the results of the Corrosion Monitoring program, informed decisions can be made, not only regarding the remaining life of the object affected by corrosion but also regarding life extension strategies, prospective material selection, and cost-effective methods for remedy of corrosion issues and problems.

Corrosion Monitoring uses a wide range of measurement techniques. non-destructive testing (NDT) methods are the most effective and broadly applied testing methods. Suitable NDT methods for the monitoring of corrosion include:
· Ultrasonic testing
· Radiographic testing
· Guided wave testing
· Electromagnetic testing
The selection of the appropriate method as well as the detection and monitoring of corrosion requires knowledgeable and experienced personnel.
[En.wikipedia.org. (2019).]










[bookmark: _Toc451422583]nON-DESTRUCTIVE TESTING
https://www.twi-global.com/technical-knowledge/faqs/what-is-non-destructive-testing 
https://en.wikipedia.org/wiki/Nondestructive_testing
https://www.youtube.com/watch?v=tlE3eK0g6vU
https://www.youtube.com/watch?v=8ImyGPkNlDU 














CoNCLUsION

To conclude this report was
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