
Comparability and Equivalence



Navy Additive Manufacturing

• Initiative with Submarine Industrial Base to rapidly integrate 
Additive Manufacturing qualified parts into supply and 
manufacture system

• “Qualified” material requires testing and objectives are often 
to be “as good as” the traditional or wrought version

• Many methods used across AM community to establish 
equivalency but not codified



Equivalence Testing



Equivalence Introduction

• Problem: Some batches are experiencing tensile that differs from 
28 ksi . A consultant has recently implemented design changes 
and SPC methods. 

• Data: We sample n= 20 coupons and they have a mean of ത𝑦 and 
standard deviation of s.

• Method: Two-sided one-sample t-test

• Conclusion:  Consultant …”with a t-statistic of 1.67 and p-value 
of 0.15 we have proven our mean is equal to 28 ksi”

• Question: Have we really established the equivalency of the 
mean of 28?

• Practitioners may criticize us for the stats term fail to reject the 
null believing you either accept the null or accept the alternate 
hypothesis; but it is quite descriptive.



Equivalence and Comparability

• Failing to reject is a good start! Target value should fall within Confidence Intervals too.

• Need to determine what difference ∆ from 28 is practically significant. Is it 0.000001, 0.1, 
1, or 10 ksi?

• Conduct two one-sided tests (TOST) by adding and subtracting this delta value to the 
desired target (28 ksi).

• Test of equivalence for a delta of 0.25



Reference and Post-Change



Comparability Tools



Specifications



Considerations for Approach

Protect Navy/operators from consequences of concluding
comparability when Reference (R) and New (N) are not 
comparable.

Protect vendors from consequences of concluding lack of
comparability when R and N are comparable.

Incentivize vendors to acquire process knowledge
concerning N (and perhaps R in similarity).

Enable decision making with practical sample sizes.
• The practical sample size for the qualification of a reference standard
will be quite different than for the transfer of a manufacturing site.



Considerations for Approach

• Examine the entirety of the process distribution (mean and  
standard deviation).

• Statistical rigor should consider criticality and measurement 
scale of the attribute.

• Demonstrate robustness to violations of assumptions.

• Be transparent, easy to explain, and easy to compute by 
scientists with no formal statistical training.



Case Problem



Defining Comparability
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Statistical Tests Demonstatration
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Statistical Tests Demonstration
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Quality Ranges Demonstration
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Comparability Tools
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Questions?
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