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Hard Body Armor
Standard for Ballistic Testing

The objective of this protocol is to establish for DoD-wide use, statistically-derived test
methods for hard body armor that will provide for increased confidence in the performance of
personal protective equipment. This protocol also establishes standard testing references,
protocols, procedures, and analytical processes for hard body armor testing.

As necessary, the Services will use the standards and information in this protocol to
update Test Operating Procedures (TOPs), Military-Standards (MIL-STDs), Contract Orders-
Purchase Descriptions (CO-PDs), and other documents relevant to this commodity area.

DOT&E will work in coordination with the Services, USSOCOM, and the Defense
Logistics Agency to update this protocol at least annually. As this protocol is codified into the
aforementioned documents, updates to this protocol may be directly addressed via updates to
those documents.

Protocols established in this standard supplant those currently in practice across the DoD.
However, this protocol does not address all issues associated with conducting a hard body armor
test. Test agencies, contracting officials, and material developers should therefore continue to
use and reference TOPs, MIL-STDs, and other guiding documents currently in use to fully
explain test setup and execution procedures. This protocol is not intended to be applied against
already qualified designs.

Elements of Standardization

Table 1 establishes standard reference documents and source information related to this
standard. The list is not meant to be all encompassing. For elements referenced to this standard,
those elements are found later in this document. Elements referenced to Service requirements
documents reflect that this is a testing standard and not a requirements document. Service user
representatives and the USSOCOM establish Service and USSOCOM unique requirements. This
includes, for example, the threat munitions and respective velocities to be applied against this
testing protocol. The one exception to this is the back-face deformation (BFD) standard. The
Services and USSOCOM have adopted a BFD standard that is the BFD cannot exceed 44 mm.
The Army, for hard armor, has used a BFD standard that is the BFD cannot exceed 43 mm
without penalty. With the adoption of the laser scanning methodology for BFD measurement
and with the analysis completed by the National Institute of Standards and Technology', the
DoD adopts the rounding methodology described in ASTM E29-087 (so-called “five-even rule)
for rounding the BFD measurement to 0.1 mm. Therefore, for uniformity, with this standard,
and unless changed by formal requirements documents (a Service-generated, JCIDS compliant
capability production document, for example), the DoD adopts as the BFD requirement the

' National Institute of Standards and Technology, Dimensional Metrology Issues of Army Body Armor Testing,
February 17, 2010.

* ASTM E29-08, Standard Practice for Using Significant Digits in Test Data to Determine Conformance with
Specifications.






Material Developers may choose between the clay calibration techniques defined by NIJ
0101.03 and NI1J 0101.06 only, until such time that a single clay calibration technique is
identified by the Clay Working Group and incorporated into this standard.

Fair Hit/No Test Criteria: Fair hit/no test criteria for test anomalies other than impact
velocity (yaw, shot spacing, etc) will be in accordance with TOP 10-2-210 and MIL-STD-3027.
In event of a conflict between those references, TOP 10-2-210 will take precedence.

For impact velocity anomalies, Table 2 identifies the standard fair hit/no test criteria for
this hard body armor standard. In the case of an under-velocity shot which results in either a
complete penetration (CP) or a BFD greater than 44.0mm, the shot result will be included in the
analysis to conservatively estimate soldier protection capability. If the under-velocity shot
occurs on the first shot, the plate will be replaced with a contingency plate to ensure a completed

test matrix.

Evaluator Accepts or Rejects for
TostResult Inclusion in Analysis Proceed to next
Impact Velocity data point for that
- . plate?
Peneftration BFD Penetration BFD
No Penetration
Acceptable (PP and CP) Measured Include as success Include Yes
Complete
Acceptable Penetration Not measured Include as failure Not measured Yes
(CC)
¢ No Penetration : .
Too High " (PP and CP) Measured Notincluded Notincluded No
Complete
Too High Penetration Not Measured Notincluded Not included No
(cC)
BFD <(44.0 mm or
No Penetration combat developer . g
Too Low (PP and CP) defined catastrophic Notincluded Notincluded No
limit)
BFD> (44.0 mm or
No Penetration combat developer .
Too Low (PP and CP) defined catastrophic Notincluded Included No
limit)
Complete
Too Low Penetration Not measured Include as failure Not measured No
(cP)

Table 2. Fair Hit/No Test Criteria for Velocity Anomalies

Definition of Complete and Partial Penetrations: Figure 1 graphically describes
conditions of partial and complete penetrations associated with hard armor testing.
















Sample Size/Statistical Confidence in Test Results: Table 4 displays the resistance to
penetration and back-face deformation statistical analysis required for this protocol. The first
and second shot standards are established to provide a high level of statistical confidence in the
test results. For resistance to penetration, the lower confidence level for the probability of no
penetration, P(nP) is the statistic of interest and the result compared against a 90% probability of
no penetration for first shot and a 70% probability of no penetration for second shot. For back-
face deformation (BFD), the Upper Tolerance Limit will be computed using back-face
deformation as a continuous normal random variable and the result compared against the
requirement.

Resistance to Penetration

[* Shot 2" Shot
Analysis Methodology Lower 90% Confidence Level Lower 90% Confidence Level
Back-face Deformation
Analysis Methodology 90% Upper Tolerance Limit on 80% Upper Tolerance Limit on
BFD with BFD with
90% Confidence 90% Confidence

Table 4. Statistical Analysis Methodologies

Analysis Methodologies: The Lower Confidence Level (LCL) of the P(nP) is calculated
using the Clopper-Pearson method. The LCL for P(nP) is calculated for the 1st and 2nd shots by
combining shot locations, plate sizes, and environmental conditions.

For BFD, the arithmetic mean of the BFD measurements for both first and second shots is
calculated as well as the indicated Upper Tolerance Limit (UTL). The 90 percent UTL at 90
percent confidence provides the estimated BFD measurement below which 90 percent of BFD
measurements will occur, with 90 percent confidence. The BFD UTLs are calculated for the first
and second shots by combining shot locations, plate sizes, and environmental conditions.

Threat Munitions: The Services and USSOCOM will generate requirements documents
that identify the threat munitions and associated velocities that will be applied against this
protocol. As noted previously, the BFD requirement of not exceeding 44.0 mm will be the DoD
standard until superseded by a validated capabilities document.

This protocol does not prevent the Services or USSOCOM from conducting testing with
additional threats that may not be applied against this testing protocol.

Conclusion: The Services and USSOCOM will document adherence to this protocol in
formal test plans and reports.






