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Measurement has probably existed in 
some rudimentary form, as long as man 
has socialized. 

Early measure used the body as the 
standard. (See Figures 1 and 2, images 
courtesy of Starrett.)

As we have industrialized, we have 
pursued greater levels of precision to 
yield repeatable results and products. We 
have taken sub-measurement to what was 
once unfathomable. (See Figure 3, image 
courtesy of Starrett.)

Some examples of slicing the larger 
measurement into standards that we use in 
our shops each day are inch or millimeter. 
We speak a language that people often do 
not understand. We say a thou, a tenth, 

“
When you can measure  
what you are speaking about,  
and express it in numbers,  
you know something about it.

 L O R D  K E LV I N

a mil, etc. This jargon goes against the 
rules generally taught in math courses but 
nonetheless, is how machinists speak. 

Here are the common examples and the 
current distance/linear measure: 

1 in = 25.4 mm (.0254 m)
.001 in = .0254 mm
.0001 in = 0.00254 mm

Currently the ultimate measure of 
length is the 633 Helium-Neon Laser.  
Accurate up to .000 000 000 005 mm 
(femtometers). This is not relevant to the 
work that we perform but illustrates the 
value measure based on industry. 
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Rules of Measurement… 
or the Measurement of Rules
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Photos in Figures 1-3 courtesy 
The L.S. Starrett Company.
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So how does this relate to my machine shop? Simply, “do what 
you say and say what you do.” If you tell a customer that you can 
grind a crankshaft that meets or exceeds OE specifications, you 
must maintain calibrated gauges that can quantitatively ensure that 
their expectations are met. With a crankshaft, that means that you 
must have a micrometer that is certified to be accurate to =/-.0001" 
(0.00254mm) at an absolute minimum. I say this, because there are 
mics that only have an accuracy level of +/-.001" (.0254mm) and 
guessing where you are between the hash marks; is just a guess, 
unless you are using a Vernier “Ten One Thousandth” micrometer. 

 In 1950 a U.S. Military Standard, MIL-STD-120 Gage 
Inspection, was released. This standard stated that when parts 
were being measured that the accuracy tolerances of the measuring 
equipment should not exceed 10% of the tolerances of the parts 
being checked. This rule is often called the 10:1 rule or the 
Gagemaker’s Rule. For calibration of measuring equipment, MIL-
STD-120 stated that the accuracy of the measurement standards 
used for calibration should not exceed 20% of the tolerances of 
the measuring equipment being calibrated. Both of these rules have 
evolved over the years into what is often called the TAR, or test 
accuracy ratio, and the past requirements of 10:1 or 5:1 are now 
typically stated as a 4:1 requirement, or 25% of tolerance.

 What does recognition of this rule mean for you? Let’s use 
a common example to lead us to the point. I have read social 
media post, heard comments on the tech line or been a part of 
conversations where DIYer’s, under hood tech’s, etc.  bring parts 
into a shop with a caliper and advising the machine shop as to what 
dimension to machine to; even worse, questioning the results of a 

part that was machined because their ten dollar plastic digital caliper 
says that you are wrong Mr. Machinist. We, as machinists, maintain 
calibrated gauges that are compliant to NIST (National Institute of 
Standards and Technology) and their ten-dollar caliper is not. 

 Maintaining standards and following rules if not always easy in 
the service and repair industry that survives by salvaging what would 
otherwise be junk but it builds credibility. To gain trust, you must 
prove that you can produce repeatable and reproducible, effective 
results. 

GR&R or Gauge Repeatability and Reproducibility is a key 
measurable in world of measuring devices that can be a guide to 
how we set up processes. In Gauge R&R, repeatable is when a 
machinist can measure a part multiple times and get the same result. 
Reproducible is when a 2nd machinist can measure the same part 
with the same gauge and get the same result. 

This rule does not mean that the result is a quality product, 
but without consistency, you will never achieve a superior level of 
quality. An example would be making an exhaust valve from Cast 
Iron. You can physically produce a part that meets all dimensional 
criteria of a valve, but it cannot meet the required performance 
expectations of an exhaust valve. This is a common mistake in 
the ISO certification world. Being certified does not mean that the 
product will meet your demands if your application demands are 
greater than the materials or design. It certifies that what is said is 
done and what is done is documented.

There are more books on Metrology and Quality than can ever 
be squeezed into a few paragraphs in a magazine article. I hope this 
piques the curiosity of some to research, read or listen to an audio 
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books or podcast. Maybe some of the info can 
arm you with data that rebuts the guy with a 
plastic caliper or to look at how much rework 
costs you. Sometimes that cost is incurred 
internally, and a customer is none the wiser, 
but it is cost. 

So, in closing, every measure must 
have a standard. The standard of a 
micrometer is a gauge block and the 
measure of the engine machinist is 
being able to consistently understand 
the rules of measurement and produce 
products that meet a given part parameter while understanding the 
interrelationship of the components in an engine. It is not an easy 
task; if it were… a caveman could do it.n
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