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Can you allow process variation to 
cover the full tolerance zone? 

 

I have in an earlier article elaborated on the possibility for using more than one item 
in the First Article Inspection. In this article, I will go one step deeper and elaborate 
on why you should consider not to allow the process variation to cover your full 
tolerance zone. A pre-requisite in my recommendations in this article is, that the 
aim is to have a 3 or even 6 sigma process. 

Do not allow process variation to cover 
your full tolerance zone 

 
The illustration below shows 5 parts all lying inside the tolerance limits, however the 
illustrated possible normal distribution curve clearly shows that there will be items 
outside specification. If you have made your design and tolerance calculations 
correctly, you will not be able to accept this.  
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Another reason for not accepting this is simply, that the tolerance zone stated for a 
dimension, should be regarded as the tolerance zone for the finished part. This should 
allow contributions from not only the process variation, but also the tool manufacturing 
accuracy, the measuring & verification accuracy, as well as tool-to-tool and cavity-to-cavity 
verification (if e.g. plastic injection molding is the process). As illustrated in the figure 
below. The size of each contribution depends on the processes involved and verification 
methods. 

 
 

I acknowledge that it can be debated if the measuring accuracy should be 
considered as a contribution, as in above figure. I prefer to look at it, as something 
you need to at least consider. The significance of the measuring method can be 
checked with various GaugeR&R methods. 

Already during the early development, when creating the design, this needs to be 
incorporated in the 3D CAD and the tolerance calculations. 
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Measuring 5 items and taking a few statistical elements into account, I am going to 
propose 3 conditions that should be fulfilled for a dimension to be accepted in a FAI 
report; 

• The mean of the 5 items must be within 50% of the tolerance zone 
• The range (Max-Min) of the 5 items is no more than 30% of the tolerance 

zone (USL-LSL) 
• All items must be within 80% of the tolerance zone 

This is illustrated in below figure 

 
 
I am using 50% & 80% in this guideline. This can naturally be argued and can be 
depending on process, manufacturing and verification methods. My experience in high 
volume consumer products is, that this is a good rule of thumb. In lower volume 
production, you might need help to do test to establish your own guideline. 
 
It is quite easy to create a FAI report template which automatically checks these conditions 
and clearly indicates if something is not fulfilled, giving the designer valuable extra 
information to judge on. 
 
The above guideline can also be used to base a selection of dimensions for a later 
process capability analysis.  
 
If you only measure one item, a good rule of thumb could be, that it needs to be within 
50% of the tolerance zone, as illustrated below, where the green item is within 50% and 
can be approved. The red item is outside 50% and should either be corrected or more 
items measured. Alternatively, the design should be revisited to check if the tolerance 
zone can be extended. 
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Following the above conditions will ease your product qualification by giving clear 
guidance for item approvals, at the same time as it will increase your quality and lower 
your failures. 
 
Whether you can allow the process variation to cover the full tolerance zone, is a 
judgement for the individual dimension and the process it is manufactured by and 
evaluated with. But I hope I have given you some more insight to how this can be 
evaluated. 

 

Gert Plenge 

Project & Team Manager 

Founder of MechExcellence 

www.mechexcellence.com  

Initial published on LinkedIn on February 6, 2017 

 

http://www.mechexcellence.com/
http://www.mechexcellence.com/

