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IN MANUFACTURING, THE FIRST GOAL IS
TO MAKE A GIVEN PRODUCT or part as 
consistent as possible—that is, always 
the same. Second is to make what we 
want—that is, does it meet our speci-
fication or requirement? Clearly the 
two concepts go hand in hand: Did we 
make what we wanted, and is it the 
same every time? Finding the answer 
can be easier said than done.

First, did we make what we want-
ed? Well, sometimes a customer might 
set a specification or requirement for 
something beyond our or maybe even 
the world’s capability. I’ve had custom-
ers actually tell me that they wanted 
the specification that way because they 
wanted me to do the best that I could. 
Well, that may sound good, but in the 
business world, not so good. If you 
agree to meet a specification and can’t, 
you end up not meeting the require-
ments of the sales contract—and you 

might not get paid. Agreeing to an un-
realistic specification just to get a sale 
might help a salesman’s numbers, but it 
won’t endear him to the manufacturing 
department, accounting department or, 
especially if it results in a lawsuit, the 
CEO. Think about job security.

The second issue is a little more 
complex. How do you know you are 
making the product the same way every 
time and to the specification? This gets 
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It’s all in the 

numbers
(But can we believe them?)

Consideration of our 
ability to measure and 
verify the components 

that make up the system 
needs to be given priority 

at the very beginning.
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Being consistently consistent is trickier than it sounds.

(continued on page 32)





us to the issue of measurement. In the 
specification (and/or sales contract), 
not only should you agree on what is 
to be made but also how to measure 
that it has been made properly. When 
you make the measurement, will you 
get the right number?

This is where organizations like 
International Standards Organization 
(ISO) or American Society for Testing 
and Materials (ASTM, www.astm.org) 
come in. They, working with a cross-
section of industry, develop standards 
for materials and test methods. Regard-
ing test methods, ASTM shepherds the 
development of test procedures and 
equipment for measuring something, 
verifies the precision and accuracy of 
the test and publishes a standard to 
codify the test method.

Accuracy has to do with “did you 
get the correct measurement value?” 

Bias is a systematic error that contrib-
utes to the difference between the mean 
of a large number of test results and 
an accepted reference value. The “ac-
cepted reference value” is considered 
the true value and, therefore, bias has 
to do with the degree to which that 
true value is not obtained. In general, 
through calibration bias can be reduced 
or eliminated. Precision has to do with 
the inherent variability of the test 
method itself. Does the method provide 
the same number every time, or does 
it vary—and, if so, by how much? In 
ASTM parlance, precision is stated in 
its published standards as the repeat-

ability and the reproducibility of the 
method. Repeatability has to do with 
the difference between two test results 
performed by the same operator in the 
same laboratory with the same appara-
tus and on the same test material under 
constant operating conditions. Repro-
ducibility has to do with the difference 
between two single and independent 
results obtained by different operators 
working in different laboratories with 
different test equipment on identical 
test material in the normal and correct 
operation of the test method.

Thus, when a specification is writ-
ten and/or sales contract agreed to, 
these are important considerations. The 
following story is an example.

I once had a grease customer who 
wanted the consistency of the grease 
we sold him to be very consistent 
(pun intended). Grease consistency is 
a somewhat ethereal word to describe 
the apparent thickness, soupiness or 
whatever of the grease. ASTM D217-10 
describes the test method for measur-
ing consistency of greases (see Table 1). 

I suppose a very inconsistent grease 
is like a brick and a very consistent 
grease is like a thick fluid—since the 
numbers go up—but that seems coun-
terintuitive. But I digress. Anyway, 
people refer to grease consistency by 
its National Lubricating Grease Insti-
tute (NLGI) ranking as shown in Table 
1. As I recall, the customer specified 
the grease at 305 +/- 5. The product 
wasn’t much; we merely mixed an in-
ert solid lubricant into base grease that 
we purchased according to his specifi-
cation. The base grease was an NLGI 
No. 1 (see Table 1). As you can see, a 
No. 1 can vary from 310-340, but what 
about a 305? After we mixed the addi-
tive, the consistency decreased a little 

(got thicker) and was on the low end 
of a No. 1.

However, to address the issue of 
how consistent the consistency of our 
grease was, one should look to the 
ASTM method, D217-10 concerning 
the variability of the test method itself 
(see Table 2).

It states that the methods worked 
penetration variability for more than 
one lab and operator is 23 units. Thus, 
we—the customer and I—could vary 
by 46 units (+/- 23) and statistically 
have the same result. As you can guess, 
with a specification of +/- 5, we could 
test the same batch and sample of the 
grease and at least 82% of the results 
would be out of specification. Thus, he 
could, and did, frequently reject a lot 
and send it back. We could have simply 
relabeled it, sent it back and 23% of the 
time it would have met the specifica-
tion. If this sounds like a recipe for di-
saster, it is only because it was.

Clearly, in the design and specifica-
tion of various systems, consideration 
of our ability to measure and verify the 
components that make up the system 
needs to be given priority at the very 
beginning. Both customer and vendor 
quality assurance departments and/or 
outside test labs need to be able to gen-
erate the same numbers on the same 
samples within the confines of the test 
methods being employed. Salesmen 
should not accept orders for the impos-
sible just to make their sales numbers. 
After all, it’s all in the numbers.
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Table 2. Repeatability and Reproducibility

Penetration Penetration 
range

Repeatability, one  
operator and apparatus

Reproducibility, different 
operators and apparatus

Unworked 85-475 8 units 22 units

Worked 130-475 7 units 23 units

Prolonged worked 130-475 8 units 29 units

Block Under 85 7 units 11 units

Table 1. Categorizing Consistency in 
Greases

Worked 
penetration

NLGI 
grade

Grease  
consistency

445-475 000 Semifluid

400-430 00

355-385 0

310-340 1

265-295 2 Smooth

220-250 3

175-205 4

130-160 5 Hard/block
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