Experimental tools for the evaluation of the ballistic resistance 2

Vstop testing

= Nominal conditions i.e. mimick expected situation in the field How certain that a given armour is safe at Vstop ? 1 shot ? 3 shots ? More ?

 confidence level

V50 and Ballistic Limit

• V50 = Velocity for 50% probability of failure • Ballistic limit approach  extend V50 to a range of levels (e.g. 10% to 90% instead of just 50%)

Aims of the evaluation

-To assess the protective capability of a given armour -To compare e.g. aged versus new armour

Experimental tools

Questions !

With Vstop, is (1 failure in 10 shots) different from (0 failure in 10 shots) ?

 confidence intervals

Do the variations of V50 in QC reflect real differences between batches ? How to interpret a 5% decrease of V50 (or V10%) in aged versus new specimen ?

 evaluate uncertainty ! … and is armour A with 3% decrease of V50 after accelerated ageing, better than armour B with 5% decrease ? O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019 O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019

Bullet / armour = complex interaction process Fully deterministic and predictable result for each shot ? 

« (non-aviation) critical safety items includes personal protective devices and 0.4 percent AQL is applied »

(also: tightened sampling using 0.25%, and reduced sampling not allowed)

Normal inspection: smallest sample size 32 items up to 1200 lot size (125 items above) (0:32) plan, 9% customer's risk at β = 5% Tightened inspection: See Agresti & Coull, The Am. Stat., 52/2, 1998 i.e. consider 4 hypothetic additional shots, 2 of which would be failures, and calculate the CI using Wald method.

-quite pessimistic, therefore the conservative character of this approach (x=0)

O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019

Consider 1 hypothetic additional shot and that it would be a failure (this is the worst case for n+1) and calculate the CI using Wald method.

• This is also pessimistic like Agresti&Coull's approach (yet not as pessimistic nor conservative, see graph)

• Coincides with the ''rule of three'' when x=0 failure (but can be used when x>0)

Interpretation of the « rule of three » 

  pass or fail) with individual probability of failure p  binomial model Probability of exactly k failures in n shots in given conditions Probability of x ≤ k failures in n (independent) shots Plot of the probability of getting maximum k failures in n shots (• (1 -𝑝) 𝑛-𝑖 Operating characteristic (OC) curves abscissa = real proportion of non-conformities in population (unknown) O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019 Operating chracteristic curves depend on the number of shots and the number of failures Interpreting test results : use value of p at Y = β  at (1-β) = 95% confidence, • p ≤ 10% if k=0 failure in n=30 shots, • p ≤ 15% if k=1 failure in n=30 shots, Standard statistical approach for Vstop



  (0:80) plan, 4% customer's risk at β = 5% Mil-STD-105-E ~ ISO 2859-1  A specification for the sampling of ballistic protective equipment  High sampling rates compared to usual practice O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019 Standard statistical approach for Vstop Estimation of a realistic customer's risk for ballistic protection equipment Review of Department of Defense Test Protocols for Combat Helmets -2014 Summary of 12174 shots on 2435 helmets (5 shots / helmet) with 7 (shot) failures  mean failure rate per shot = 0.06% with CI = [0.03%, 0.1%]  mean failure rate per helmet = 0.3% with CI = [0.1%, 0.6%] (recommended analysis since shots on different parts of helmet are not equivalent) • Existing practice and publications set thresholds for acceptance in quality control  necessarily limited sensitivity, the actual quality level is probably / hopefully much better  Provides a starting point for a realistic performance goal  Interest of consolidating test results throughout product life (selection, incoming QC, additional testing of fielded equipment) • Need for a performance goal = effective level of failure rate as assessed in a very large / unlimited number of tests • must be > 0 • proving risk = 0 is impossible with a finite number of tests • a very low risk cannot be excluded with a reasonably designed armor • must be very close to 0 -but how much ? O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019 Standard statistical approach for Vstop OC curves and QC standards -case of a single lot Evaluation of a single lot of finished size • Purchase of a single lot of equipment • Re-evaluation of products after storage ? • Sampling without replacement  sample / lot size effect • Thus hypergeometric statistics instead of binomial (Not very different in practice with sample size << lot size) N / size = 60% N / size = 6% ISO 2859-2 Indexing by limiting quality LQ with consumer's risk β <10% (0:30/50) yields β risk = 5% (hypergeometric) vs. 10% (binomial) (0:30/500) yields β risk ≈ 10% (both hypergeometric and binomial) O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019 Take x=0 failure in n=10 shots Analyze at 95% confidence level (maximum 5% risk of wrong conclusion) Rstudio > binom.confint(x=0,n=10,conf.level=.95) 11 different methods for the derivation of the CI ! Confidence interval : probability of failure is somewhere between lower and upper bounds = in this case approximately between 0 and 30% • Note that 'asymptotic' method is useless when x=0 (this is the classical Wald approximate interval, which righteously does not claim validity for low or high levels of probability) Upper bound of CI when x=0 failure, as a fct of number of shots • Green line: asymptotic (Wald) not valid for x=0 • Agresti-Coull = most conservative ➢ ≈ 40 shots to prove risk of failure < 10% ➢ ≈ 90 shots to prove risk < 5% • Wilson (and 'exact') methods less strict For x=1 failure • Green line: asymptotic not degenerated but still not valid for x/n small • Same trends for Agresti-Coull and Wilson O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019 Interpretation of Agresti-Coull method Agresti-Coull == « add two(*) sucesses and two(*) failures adjusted Wald interval » (see ''adjWald'' curve) (*) more precisely : Z α/2 ² (Z α/2 =1.96 ≈ 2 for α= 0.05)

-•

  Brown, Cai & DasGupta, The Annals of Statistics 2002 vol. 30 No.1 -Agresti & Coull 1998)  Use Wilson CI O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019 Wilson CI is between Agresti-Coull and Rule of Three, i.e. between ''add 2 successes and 2 failures'' (most conservative) and ''add 1 failure'' (most laxist) Comparing two test results (1) with n = 10 CIs for x=0 and x=3 overlap  cannot conclude that they are statistically different • In this test with 10 shots, 0% and 30% failure frequencies cannot be distinguished • Only 0% and at least 60% frequencies will be proved to be different Plot of CI vs. experimental frequency of failure (Wilson, n=10 shots) O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

β Standard statistical approach for Vstop

  

	OC curves and QC standards
	OC curves mentioned in initial US police body armor standard in 1972 (no longer since then)
	Comparison of .04 and .06 versions of the body armor NIJ standard (K. Rice, NIST)
	• QC oriented	
	Notice improvement for level IV plates with (0:2) plan replaced by (0:24)
	O. MAUZAC (MININT/CREL)	3rd workshop on ageing -2019

• ''inspection by attributes'' (= Pass / Fail) • AQL acceptance quality limit / supplier's risk α • LQ limiting quality / customer's risk

Standard statistical approach for Vstop OC

  

curves and NIJ body armor standard … but still 5% chance of certifying a product with 12% single test event failure probability O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019 Standard statistical

approach for Vstop Implementation of mil-STD-105-E in armor procurement

  

US Department of Defense, Defense Contract Management Agency (2014) :

O. MAUZAC (MININT/CREL)

Agresti & Coull, The Am. Stat., 52/2, 1998 O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019

O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019

O. MAUZAC (MININT/CREL) 3rd workshop on ageing -2019

Confidence intervals

Which method for deriving the CI ?

12 coverage = confidence level at a given value of the probability Check whether confidence intervals intersect when comparing results

The ballistic limit approach 21 Applications:

• QC (V50 must remain in a given interval)

• Assesment of risk level at a given bullet velocity