[bookmark: _Hlk30354055]












Matthew John Permintella | Mechanical Engineering HND | 13/11/19

Condition based monitoring














Contents
1.0 Introduction……………………………………………………………………….Page 2
2.0 Equipment failure………………………………………………………………...Page 2
3.0 Potential failure, P.F diagrams and task frequency……………………….….Page 3
4.0 Temperature measurements………………………………………….……...Page 3-4
5.0 Dynamic monitoring…………………………………………………….……..Page 5-7
6.0 Oil analysis…………………………………………………………….……….Page 7-9
7.0 Corrosive monitoring………………………………………………..……….Page 9-10
8.0 Non-destructive testing	…………………………………………………….Page 10-11
9.0 Conclusion………………………………………………………………….…...Page 12
10.0 Bibliography…………………………………………………………….……...Page 14




















1.0 Introduction
Condition Based Monitoring (CBM) is a type of predictive maintenance that involves using sensors to measure the status of an asset over time while it is in operation. The data collected can be used to establish trends, predict failure, and calculate remaining life of an asset.

2.0 Equipment failure

There are many potential reasons why equipment failure occurs the likely ones are listed below:

· Design error.
· Improper installation.
· Improper operation.
· Faulty material.
· Improper fabrication and construction.
· Inadequate maintenance or errors.

“To effectively improve equipment reliability through maintenance, design changes, or operation improvement. An understanding of potential equipment failure mechanisms, their causes and associated, system impacts is required. Equipment failure should be defined as a state or condition in which a component no longer satisfies some aspect of it design intent (i.e. functional failure has occurred due to the equipment failure).  Condition-monitoring tasks can identify impending equipment/ component failures that may result in functional failures.” (abs-equipment_condition_monitoring, 2019 Page 7)


2.1 Potential failure, P.F diagrams and task frequency

It can be said that most failures are not age related, but often there are warning signs before equipment breaks down. The P-F curve is essential aspect for it can allow one to understand reliability and maintenance life span of an asset.  Failure within a component is generally recognisable before it gets to the point of failure, by examining the P-F we can understand when it may occur and act upon this before the cost increases. By recognising there is an issue it can lead to planned maintenance at a lower cost before a component gets to complete failure.
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Fig (1) P-F diagram (abs-equipment_condition_monitoring, 2019)

There are two main points of the P-F (Fig(1)) curve that need to be identified:
· Potential failure gives at indication that the equipment is starting to fail and deteriorate.
· Functional failure gives indication that the equipment has reached its useful limit and will no longer be operational.
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Fig (2) Equipment performance vs. Time

Along the X-axis of the P-F curve is time. At the start of the axis is when failure starts to occur; at the end of the axis is when the machine fails. Along the X-axis there are several instances during which the faults can be detected before the point of failure.



3.0 Temperature measurements
Temperature measurement within condition-based monitoring can help indicate there is a potential failure related to the change in temperature in the mechanical equipment, any changes identify excessive mechanical friction (i.e. inadequate lubrication or faulty bearings), degraded heat transfer (i.e. fouling in a heat exchanger) and even poor electrical connections (i.e. oxidized connections or loose).

Below is a table of the more common methods used to analysis temperature in mechanical systems.
	Method
	Description
	Applications

	Point temperature
	Normally a thermocouple or RTD ‘imbedded’, can be provided as an encapsulated sensor for permanent fit.
	Can be used on all accessible surfaces. Walk around versions take time to settle and are less robust than the pyrometer.

	Area Pyrometer
	Measure the emitted IR radiation from a surface. Often with a laser sight or area indicator.
	Very good for walk around temperature checks on machines and panels.

	Temperature paint / stickers
	Chemical indicators calibrated to change colour at specific temperature.
	Good for inspection rounds.

	Thermography
	Handheld still or video camera sensitive to emitted IR.
	The ultimate, high resolution thermal picture, camera costs £10k up, service £500 per day.
Camera use and interpretation does require high level of expertise.


(semanticscholar.org, 2019)
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Fig (3) Shows hot bearing using infrared thermographer.

4.0 Dynamic monitoring
Dynamic monitoring is a technique that involves analysing and montoring energy emitted from mechanical equipment, there are many forms measured these include pulses, vibration and acoustic effects. As well as measured changes in vibrations.  The changes in characteristics  can indicate problems such an imbalance, wear and misalignment or damage.


4.1 Ultrasonic analysis

Ultrasonic analysis allows changes in sound patterns to be detected these pattern changes are caused by wear, fatigue and deterioration. Ultra-high frequency in the region of 20kHz to 100kHz is used with a translator, its converted to visual or audible output. Often this technique is used to condition monitor bearing wear or fatigue.



4.2 Shock pulse analysis

Shock pulse analysis is used when a metal to metal contact is source of wear, it is typically used on roller bearings, impact tools or engine valves. A shock pulse analyser it set up the specific type of component / equipment being analysed, it is useful in identifying problems with lubricant, oil seals, incorrect bearing alignment.

“SPM stands for shock pulse monitoring. The term “shock pulse” describes what is produced when a ridge or asperity from one surface contacts a ridge or asperity of another surface when the lubricant film, designed to separate those surfaces, is lost.” (Machinerylubrication.com, 2020)



4.3 Spectrum analysis

Spectrum analysis transforms data that are in the time domain to frequency domain using FFT.  Fast Fourier transformation is a method of viewing the signal of vibration, which is more useful for analysis, the signal is broken down into specific amplitudes at component frequencies.


We can measure the signal’s amplitude at 10 Hz, then again at 20 Hz, etc., until we have a list of values for each frequency contained in the signal. These values or amplitudes are then plotted over the frequency scale. The number of component frequencies the waveform is divided into is referred to as the number of lines of resolution. The resulting plot is called an FFT spectrum.
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Fig (4) shows amplitude (Skf.com, 2019)
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Fig (5) shows waves lengths (Skf.com, 2019)
4.4 Board band vibration analysis
Broadband vibration measurement is considered a cost-effective method for diagnosing machine condition or state, it is the most commonly used.  BVM is considered reliable and is used to determine common machine faults such as loose part, structural weakness, imbalance turbulence etc.  It can be used to monitor engines, belts, journal bearings, roller bears, electric motors, pumps and turbines.



4.5 Time waveform analysis

This technique utilizes accelerometers placed at critical points on bearings, motors to analyse acceleration and velocity which can be recorded to plot graphs, amplitude vs time is often referred to as time waveform. This technique can identify instabilities, looseness, misalignment and  also chipped, cracked or broken teeth. Generally, this techniques can monitor gearboxes, roller bearings and pumps.
The below fig (7) shows a signal from an accelerometer or velocity probe as it appears amplitude vs time, it is also known as a time domain graph or plot.
 “Time waveforms display a short time sample of the raw vibration. Though typically not as useful as other analysis formats, time waveform analysis can provide clues to machine condition that are not always evident in the frequency spectrum and, when available, should be used as part of your analysis program.” (Skf.com, 2019)
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Fig (6) Amp vs. time (Skf.com, 2019)






5.0 Oil analysis
Oil analysis is a condition technique for monitoring oil deterioration it involves laboratory analysis of the lubricant’s properties, wear debris and suspended contaminants.  Generally, it is performed during routine predictive maintenance.  It gives vital information on the lubricate and machine state.
There are many sensors available for oil-based monitoring some of these are:
· Water-content sensors
· Particle-concentration sensors
· Particle-counter sensors
· Dielectric constant sensors
· Viscosity sensors
· Oil-quality and oil-properties sensors

5.1 Atomic emissions spectroscopy
This technique involves chemical analysis of a sample, the sample is subjected to high energy and temperature conditions.  Under these conditions the quantity of an element can be determined,  elements of interest include iron, aluminium, copper, tin, silver.  This technique can be used to analyse diesel and gasoline engines, hydraulic systems and gearboxes.

5.2 Dielectric strength tests
Dielectric strength tests are utilized when measuring insulating quality of the oils.  The quality of the oils can deteriorate when the oil breaks down or contamination occurs.  The oil is subjected to electrical stress at a set temperature, voltage is passed through the tested sample.  This technique is useful in testing oils in transformers, cables and breakers.







5.3 Ferrography
Ferrography is a specialized type of oil analysis used to study particle wear on machine components through analysis of contaminants in lubricating oil. It can be used to diagnose or predict errors occurring on machinery. This techniques is closely related to tribology, which is essentially the study of friction between two interacting mating surfaces.
Pratical composition can be broken down into six catorgories:
· Contaminants
· White nonferrous
· Copper
· Babbitt
· Ferrous wear
· Fibres
“Analysing the size, shape, colour, magnetism light effects and surface detail of wear particles, a skilled analyst can paint a picture above the nature, severity and root cause of abnormal wear. This information enables maintenance to implement effective corrective action.” (Machinerylubrication.com, 2020).

5.4 Moisture measurement
Moisture detected in lubricating oils or hydraulics even in small quantities can have consequences as degradation of lubricants, component surfaces and additives.  This leads to accelerated wear due to reduced fluid film strength; the limits of moisture are set by the system designer or manufacturer.
5.5 Kinematic viscosity test
A kinematic viscosity test is a useful technique in analysing oil contamination or deterioration over a time period, these tests are completed using a viscometer, results are useful in calculating the dynamic viscosity of a sample.  This technique can be used to test oil in engines, transmissions, gearboxes, compressors and various systems.






6.0 Corrosion monitoring 
Corrosion monitoring is a useful process that can give indication of corrosion to which extent, as well as corrosion rate and state of material. Corrosion coupons, corrosion meter is used to gather information on corrosion states.
Benefits of corrosion monitoring may include:
· Avoiding unplanned shutdowns of plants by providing the state of the operational equipment;
· Prevention of safety failures and potential disasters;
· Assessing the remaining life or life extension of infrastructures;
· Product quality control by minimizing contamination caused by corrosion;
There are many corrosion monitoring techniques each with their own application and limitations, time and cost considerations.
	Technique
	Parameter

	Corrosion coupons
	Weight loss, visual appearance, corrosion rate

	Electrical resistance (ER)
	Change in Ohmic resistance, metal loss, corrosion rate

	Linear polarization resistance (LPR)
	Potential and current, instantaneous corrosion rate

	Zero-resistance ammeter (ZRA)
	Galvanic current, corrosion rate

	Potential monitoring (PM)
	Potential of materials

	Electrochemical impedance spectroscopy (EIS)
	Current through the cell induced by an AC potential, corrosion rate of coated substrates

	Potential-dynamic polarization
	Current response as a function of potential, passivation, breakdown and re-passivation potentials, critical current densities of passivation

	Thin-layer activation (TLA) or gamma radiometry
	The change in gamma radiation, metal loss, erosion and pitting corrosion

	Hydrogen probe
	Hydrogen diffusion through metal

	Ultra-sonics
	Wall thickness and cracks

	Radiography
	Wall thickness and cracks

	Thermography
	Local hot spots and leaks

	Acoustic emission
	Impingement, leaks and cracks

	Eddy current
	Wall thickness and cracks

	Borescope
	Visual appearance

	Magnetic flux leakage (MFL)
	Wall loss

	Pipeline inspection gage (PIG)
	Detection and sizing of cracks, corrosion, dents, and other surface defects using a variety of NDT techniques


(Sciencedirect.com, 2020).
7.0 Non-destructive testing 
Non destructive testing consists of various non-invasive techniques, this technique is used to evaluate components, material properties or an entire process unit, this process can detect or measure the presence of damaged components (e.g. cracks or corrosion).  NDT is a safe cost affective, reliable way of monitoring equipment many times without causing down time or damage to equipment.

Conventional NDT are general simpler than the advanced methods of non-destructive testing techniques. Some of the conventional ones are listed below:

· Acoustic emission testing (AET)
· Infrared testing (IR)
· Leak testing (LT)
· Liquid penetrant testing (PT)
· Electromagnetic testing (ET)
· Magnetic particle testing (MPT)
· Radiographic testing (RT)
· Film radiography (FR)
· Ultrasonic testing (UT)
· Straight beam
· Vibration analysis (VA)
· Visual inspection (VI)

“Overall, NDT offers many advantages compared to destructive testing. The testing equipment is often portable and can be performed numerous times on a single component. The component itself can be thoroughly evaluated externally and internally for harmful flaws. The disadvantage is that the results are often qualitative and may be repeated and interpreted differently by various inspectors.” (Inspectioneering.com, 2020)

8.0 Conclusion
Having completed extensive research on condition-based monitoring there are a vast amount of techniques and methods of evaluating equipment/parts each have its own advantages and disadvantages and cost association, and some have limitations and viability. 
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