EAL QETA/029 Maintenance of Mechanical Systems

Elements 29.1 and 29.2: Assessment
Fault Finding Techniques 

Faults can be costly.  The cost of production downtime is very difficult to estimate as many factors have to be considered. Apart from the simple lost production/profit, there can also be penalties for late delivery (which may be many times the cost of the product delivered), and also potentially complete loss of customers as they have had to elsewhere for their supplies, often never to return. This is becoming increasingly important with a move to ‘Lean’ and ‘Just in Time’ manufacturing which necessarily mean that there is no large warehouse full of stock ‘just in case’ there is a breakdown.

The following will give you a rough idea of the losses that can occur due to lost production only. A production line is scheduled to produce 100 complete units per hour, and each unit sells at £75.  That means a loss of revenue to the company amounting to £7500 for every hour lost in downtime (in a 24hour plant that amounts to £180,000). These figures may seem large, but they are typical for a production facility, and remember the actual loss may be far greater. The smooth running of production, the fixing of faults, and rectifying problems before they cause breakdowns can be seen to be extremely important. It is essential that the maintenance technician gets the line up and running as quickly (but safely) as possible.  Downtime is expensive and you must realise that you will be put under a lot of pressure to get problems resolved.

‘System’ is a word which we use a lot:  telephone system, railway system, voting system, hi fi system, central heating system. But we often fail to grasp what ‘system’ means.

Take the railway system.  This involves a ‘process’ (the movement of people) which has ‘inputs’ (passengers, or goods at one stage of their journey) and ‘outputs’ (those passengers or goods arriving at the next stage).

A railway system can be very complex.  So to begin with, let’s have a look at a basic central heating system.

Central Heating System

A central heating system will have inputs, and outputs, which can be simplified as the following.

Inputs: 

· Fuel

· Water

Outputs:

· Heat

· Exhaust gas/smoke

With this information we can construct a simple block diagram and start to get an idea of how a central heating system works.
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In the central heating system, we require the inputs to combine (burning the fuel and adding cold water), to produce hot water.  The hot water is gravity fed through a radiator to provide the final required output, heat.  The by-products of the heating process – exhaust gases and/or smoke – are unwanted outputs which are vented.

The central heating system is a very simple one.  However, even the most complex systems can be divided and further subdivided to form simple, easily understood units.  
We can take any domestic or industrial system, and by starting with listing the inputs and outputs we can begin to develop a simple block diagram to describe the system. Let us imagine an industrial packaging machine. First we need to list the inputs and outputs.

Inputs: 
· Product and cellophane during the wrapping stage.
· Glue and labels during the labeling stage

· Electrical services, pneumatics and lubrication are common services input at all points.

Outputs:

· Correctly packaged product

· Badly packaged product

· Damaged cellophane

· Damaged labels

· Badly positioned labels

· Heat, vibration and noise.

Once we have established the inputs and outputs, then we can construct the block diagram in a logical way as follows. Remember the ancient Chinese proverb: ‘even the longest journey starts with a single step’, and the answer to the question on how to eat an elephant….one mouthful at a time. That is, any problem must first be broken down into smaller ones to enable them to be solved.  
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Stage 1:
The product needs to be wrapped securely in cellophane.  This is the wrapping stage.

Stage 2:
Badly packaged product needs to be identified.  This is the first inspection stage.

Stage 3:
The correctly packaged product requires labeling.  This is the labeling stage.

Stage 4:
Badly labeled product needs to be identified.  This is the final inspection stage.

Outcome:
Correctly packaged and labeled product.

You can see from the block diagram the various inputs, the un-required outputs and the required output.  Damaged materials, cellophane and labels are removed at the appropriate stages.

How logical thinking can help

The ability to find faults is not a gift, it’s a process which enables the maintenance technician to think the problem through to it’s logical conclusion.

Some people associate fault finding with detective work.  This is true to some extent as you have to search for clues – that is, collect the evidence.  Others say it’s a process of elimination.  There is a certain amount of truth in that as well, for you have to analyse the evidence, eliminating the symptoms along the way.

Many of you will already have had to solve problems, and not really have labeled the technique which you have used. The following is a technique which combines the best of detective work with the best of analysis to ensure that you achieve your goal – to determine the cause and rectify the fault – as often as possible.

This may not be the fastest method but I think you’ll find it’s consistently the most successful.

The Six Step Approach
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Step 1 – Collect the evidence

When they arrive at a fault a lot of people think they have to be seen doing something.  They make a guess and dive straight in.  They start taking things to bits or making adjustments before thinking.
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Step 2 – Analyse the evidence

Consider all the evidence logically to ensure that none of it is wasted.
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Step 3 – Locate the fault

In addition to analysing the evidence, you may need to use some of the specialist aids (test equipment) to isolate the faulty component.
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Step 4 – Determine &remove the cause

Before making the repair you must ask why it has occurred, then find and remove the cause.  If this is not done the fault is likely to reappear.
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Step 5 – Rectify the fault

Adjustment, repair or replacement must happen only after step 4.
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Step 6 – Check the system

When you have repaired the fault and cause you must run the system to check that it is working properly.  

Half Split Method of Fault Finding

[image: image3.jpg]%

®

Input
network

©,

1

Firstaudio
frequency
stage

©

S—

Interstage
coupling
network

®

Second audio
frequency
stage

Loudspeaker




You can use the half-split method of fault finding to help you with step 3 (Locate the fault) of the six step approach.  It works most efficiently in conjunction with the system’s functional diagram.  Consider the diagram shown above which is a simplified functional diagram of a two stage amplifier.

Imagine there is no output from the speaker.  If you had a suitable test instrument you could make tests at test points 5, 4, 3 ….and so on.  This is known as the ‘Input to Output’ technique. If you found that measurements at each test point up to and including test point 2 were incorrect, and that a measurement made at test point 1 was correct, you might think that the input network was faulty.  To find that out you made five measurements. 

Here is a different search method.  Make your first test measurement at test point 3.  You are in affect splitting the circuit into two halves.

In this example the fault is in the input network, so the reading at test point 3 would indicate a fault.

Make a measurement at test point 2, effectively splitting the left-hand half of the circuit in half again.  The reading would indicate a fault once more.

A further reading made at test point 1 would narrow down the fault to the input network.  So you will have found the faulty block with three readings instead of the original five.

In this simple example, the saving you make by using the half-split approach isn’t much – just three readings instead of five.  But what if the system you are fault finding contains ten blocks as in the next example on the following page.

In this case there is a problem in block 3.  Starting from the output and working back, you would need to make nine measurements to find the faulty block.  

How many would you need to make using the half-split approach?

A first measurement made at test point 5 would indicate that the fault was to the left.  A second measurement at test point 3 would show that the fault was to the right, and a third measurement at test point 4 would identify the faulty block.

So in this example a half-split search strategy finds the fault in three measurements, instead of the nine you would need to take using an output-to-input search.  In fact, if you had 100 blocks you could find the faulty block with a maximum of seven readings-quite a help.
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The Emergent Problem Technique.

This is another technique which involves looking at a problem with an analytical eye. The basis of this technique is to consider that something has happened to cause the fault. We then ask the questions, what has changed and what has happened in the period running up to the fault. It is important to gather as much information as possible, and not to automatically discount actions as they may have had an indirect effect on the fault occurring.
In any equipment failure there are factors that have caused a deviation from the normal mode of operation (changed factors)

Sequence

Analysis: determine the real problem or problems

Prioritise: seriousness, urgency, the expected outcome

Statement: write down the problem or variance

Describe the problem
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Set Boundaries - use the description to narrow down the field of investigation

Differences- look for factors that are unique to the problem 

Identify – changed factors

Diagnose – list and categorise each changed factor in terms of which it explains the facts
Ask yourself 
· Is there a deviation from the standard or norm?

· Is the cause unknown?

· Do I need to know the cause?

· Do I need to be involved?
If all points are answered ‘Yes’ then use the six-point technique
Fault Finding Aids - Algorithms

An algorithm is a form of flow chart.  It includes decision making and resulting actions.  Based on the answer to each question, a particular route through the flow chart is taken.  If you look at the algorithm shown below you will see that it uses symbols which have these meanings written in the shapes.
Gives the direction in which you move through the chart
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This illustration is obviously a light-hearted look at the way algorithms work.  You might see how this step-by-step method would be useful in fault finding.

Question


Yes or no








Start or Stop





Action
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