QETA/029 Maintenance of Mechanical Systems.


Condition Monitoring Techniques.

Condition monitoring is the term applied to any test which measures or checks the ‘current condition’ of a machine. The intention is that maintenance is carried out only when required, and not by some pre-determined time or hours run basis.
 Any technique which measures something that can be used to predict what is happening inside a machine, or the progression of some parameter which will indicate the optimum time for maintenance can be called ‘condition monitoring’. However, there are some common techniques used, especially on rotating equipment.

· Thermal monitoring 

· Vibration monitoring 

· Noise monitoring 

· Temperature monitoring 

· Spectrographic oil analysis 

· Particle retrieval 

Thermal monitoring 
usually refers to the use of imaging cameras (like ones you may have seen on police programmes), where cameras are used to survey equipment and whole factories. 
An experienced operator will be able to determine if areas generating heat are outside normal parameters and arrange for further investigation. Heat is generated when equipment starts to fail, if it is operating in an unusual manner (due to alignment problems, or overload for example). The use of thermal imaging can be used to detect any heat loss patterns, so can be used to indicate the condition, or even the omission of insulation panels, to find leaks in roofs (water holds heat during the night, so puddle shaped warm areas appear on roofs), poor or degrading electrical connections etc. 
It can be used for fault finding on hydraulic or pumped systems, to indicate whether a fluid is flowing in pipes for example. Thermal imaging cameras vary in cost from a £1000 to £30000, with increasing resolution and accuracy with increasing price. Training and experience is required to operate a thermal camera for analysis purposes.
The use of temperature monitoring 
This tends to mean the placement of instrumentation directly onto a machine to measure the temperature at a point. This is often used for remote monitoring of unmanned equipment to ensure it shuts down before catastrophic failure occurs. Temperature is a poor indicator of bearing condition, as a failing bearing for example will only start to increase significantly in temperature a matter of hours before failure. Temperature probes are cheap and can be integrated into factory control systems quite easily.
Vibration monitoring 
This is a loose term given to the collection and analysis of vibration data from (usually) rotating equipment. It ranges from simple velocity measurements (how much something physically vibrates), which can only really indicate imbalance or misalignment, and therefore a general indicator of health, to full analysis of vibration patterns which will indicate specific frequencies of vibration to allow accurate determination of exact faults (specific bearing faults, looseness, gear and shaft problems and impellor damage for example). Full vibration analysis requires a lot of experience and training, with low capital cost of equipment.
Noise monitoring 
This can include ultrasonic measurement which is a measurement of very high frequency noise and can indicate the condition of equipment. Bearings for example emit a very high frequency noise when they start to fail (outside of the audible range of humans). Ultrasonic techniques can also be used to detect leaks in hydraulic or pneumatic systems (internal and external). For example, a failing hydraulic valve will allow fluid to by-pass even when closed (a bit like a leaking water tap), this produces a high frequency noise. Capital cost of equipment is low, but utilising the equipment involves a lot of subjective opinion.
Spectrographic oil analysis 
This involves the sampling of oil from a machine and testing it for the elements present, like having a blood test in hospital. The results and having knowledge of the internal make up of the machine can give an indication of the wear patterns inside the machine, what is wearing, and at what rate. 
There are many types of oil analysis, from simple particle counting (how many bits are in the oil), through quantifying approximate levels of iron and steel (ferrography), to full elemental analysis of particles. 
The first two methods involve the whole sample and all the particles contained and tend to be quick, cheap, and reliable, and are often carried out on site with minimal capital equipment cost and training. 
Spectrographic analysis involves the filtering of the oil sample to below 5 microns in size, and the burning of the oil in a special flame. Each element (ie iron, aluminium, chrome etc) will burn with a very specific type of light frequency (colour of the rainbow if you like), and very accurate percentages of particles can be recorded. 
The problem with this type of analysis is that all the particles in the oil above 5 microns are not recorded (it is hoped that if there are large particles, there will also be small particles, but this is not always the case), and the process is relatively expensive (capital cost of equipment is high, and is beyond the capabilities of the normal workplace laboratory).
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