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	Introduction

	This guide has been produced specifically for engineers to use as a practical tool in devising suitable experiments with which to solve real world problems. It does not discuss the history or mathematics of the technique except where absolutely necessary to illustrate an important point.

	Design of Experiments is an incredibly powerful tool in the right hands and will cut down significantly on the normal type of trial and error style experiments that are found routinely whenever engineers are trying to solve a problem!

	In this guide a software package called Minitab® Statistical Software is used to design experiments and analyse the results. You can download a free 30 day trial at www.minitab.com

	Minitab is just one software package that will do this but it is my preferred package simply because I believe it to be the best available – both for ease of use and accuracy of analysis. I have included a number of screenshots taken from Minitab where such screenshots aid explanation.

	Traditional teaching of DoE is generally poor in my opinion. This is for two principal reasons;

	
		The teaching is carried out by a mathematician or statistician, who blinds the student with complex formulae and makes the subject seem far more complex than necessary. Result; students who will forever decry the technique as too complex or too time consuming to be of any practical use in the real engineering world.

		The teaching is carried out by a real world engineer, who does not have sufficient grasp of the subject matter to convey it succinctly and simply. Result; students who don’t believe that the technique actually works and therefore steer clear of it in preference of what they know best – changing one factor at a time and testing the result. I will show later that in the vast majority of cases this is quite simply the wrong approach.



	 

	So, work through the text, don’t worry it’s short, and use Minitab to try out the various examples. You will quickly see just how powerful this technique is in practice and how easy it is to use.

	 


What is Design of Experiments?

	So what is “Design of Experiments” or DoE as it is known in its frequently abbreviated form?

	Basically it is a controlled experiment in which the experimenter is interested in both quantifying and optimising the effect of a number of input variables on one or more output variables.

	Let’s define two aspects here;

	
		The input variables causing the variation are called “factors”.

		The output variables being measured are called the “responses”.



	 


When Should It Be Used?

	In engineering and science, the most common reasons for using a DoE are;

	
		To identify the factors which most affect the responses

		To identify those factors which act together on a particular response – these are called “interactions”

		To determine the optimum settings of factors which satisfy a number of required responses



	There are a number of other reasons but let’s keep it simple for now and consider only the above reasons which will account for most of the problems you decide to solve.

	 


Main steps in solving a problem using DoE

	Step 1: Identify the Factors, Responses and Levels

	The first step is to identify the factors we are going to test.

	The initial DoE is simply to quantify the effect of each main factor on the responses and also if any combination of factors act together, in combination, on the response.

	Gather the experts on the process, and ask them the simple question:

	“What factors are most likely to have an effect on the response (or required output)?

	At this point you are likely to get a relatively large number of factors, and probably some debate and disagreement on the size of effect they might have!

	Push the debate hard and drive for a lower number of factors, the ones that are most likely to have an effect. The reason for this is very simple; the more factors you test in one experiment, the more runs are required in that experiment. I tend to aim for 3 or 4 factors in the first instance. Each trial in the experiment is called a “run”.

	Do not be afraid to challenge each factor that is proposed and don’t be afraid to offer some of your own. Subject matter experts are often blinded to potential factors which may have a significant effect on the responses simply because they are too close to the subject and fail to take a systems type view of the problem.

	Let’s assume we decide upon 3 agreed factors.

	We now need to agree the “levels” of each factor. This simply means that we will test each factor at a number of settings. Again, the more levels you decide to test, the more runs will be required.

	As an example, suppose we have 3 factors at two levels. This means that to test every combination of factors we will need 23 = 8 runs (2 levels3 factors)

	Testing every combination means that all of the main effects and interactions can be estimated. The name for this type of design is a “full factorial”.

	If you have a larger number of factors or levels then the number of runs can get too time consuming or expensive. It is possible in these cases to run what are termed “fractional factorial” experiments which simply means that all combinations are not tested. This also means that some of the main effects and interactions cannot be estimated independently – this is known as confounding.

	In the majority of cases it is better to reduce the number of factors and levels to those which are considered to have the most effect and then carry out a full factorial experiment.

	Let’s keep it simple and assume we have chosen three factors; A, B and C with two levels which we will call High and Low. We have one response which we will call Response X.

	Step 2: Create a Design

	We have the factors, levels and responses identified so it’s time to choose a suitable design.

	To do this:

	Enter Minitab and click on Stat/DoE/Factorial/Create Factorial Design

	You will then see this:
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	You’ll see that you have a choice of designs. Let’s look at your choices and what they mean.

	The only difference between the first two choices is that one uses “default generators” and the other requires you to “specify generators”. But what does this mean and is it important?

	The short answer is that for full factorial designs (which I recommend) they are not important. This is because the generators simply determine what subset of experiments is selected from the full factorial set of runs to form a fractional factorial set of runs. Since we are using a full factorial design then the generators are not relevant.

	The next option is a 2 level split-plot (hard to change factors). This type of design is used when there is at least one factor that is difficult to randomize. This is normally due to the fact that randomizing such a factor is expensive or time consuming. In reality it is rarely necessary to use such designs but if you do wish to use such a design then consult your locally available Master Black Belt or Black Belt.

	The next option is Plackett-Burman designs. These were developed in an attempt to reduce the number of runs required in experiments where this is important (such as where the runs are very expensive or time consuming) – the basic problem is that in such designs the interactions between factors is considered negligible. This is very rare in most engineering experiments. A full factorial experiment, with strictly limited numbers of factors and levels, means that Plackett-Burman designs are rarely required.

	The final option is a “General full factorial design”.

	These are used when at least one factor has more than two levels. This can be quite common but clearly using more than two levels will increase the number of runs required. My recommendation is to try not to use more than two levels for more than one factor since the number of runs will start to increase quite rapidly.

	As an example, consider a three factor experiment, where two of the three factors have 4 levels and the remaining factor has two levels. This will result in an experiment with 32 runs:

	(4 levels2 factors) x (2 levels1 factor) = 32 runs

	 

	You’ll remember from earlier that we have chosen three factors; A, B and C with two levels which we will call High and Low. We have one response which we will call Response X.

	This will result in 8 runs. Again we will keep it simple and carry out each trial only once (we’ll discuss replicating each run later).

	Click on the button marked “Display Available Designs”. You will see this:
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	You can see that this is a table of the number of runs in an experiment plotted against the number of factors. In this case we have 3 factors so we are looking at the 2nd column. There are clearly two experiments available, one with 4 runs which is coloured red and marked resolution III and the other coloured green and marked “Full”.

	So what does this mean? Earlier

	
	
	
	
	
	
	
	
	
	
	
	
	
	
		Number of center points per block

		Number of replicates for corner points

		Number of blocks.



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		You may be trying to develop a prediction model, in which case using replicates may increase the precision of the model.

		The cost of experimentation using replication is acceptable.



	
	
	
	
	
	
	
	
	
		1 block (all runs analysed as one block and taking no account of the day variable),

		2 blocks (runs taking place as two blocks and therefore taking account of the day variable, or

		4 blocks (runs taking place as four blocks and therefore taking even more account of the day variable, maybe splitting it into morning and afternoon shifts)



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Step 3: Carry Out the Experiment

	
	
	
	
	
	
	
	
	
	
	
	Step 4: Analyse the Results
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