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1. Overview of Explosives Testing Users’ Group (ETUG)
Explosives Classification Standardization Efforts
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ETUG Participants
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LABORATORIES

Applied Research Associates, Inc. /Air Force
Research Lab (Tyndall Air Force Base)

DHS S&T/Transportation Security Laboratory

ARDEC — Picatinny Arsenal

Dugway Proving Grounds - AMTEC Corporation

Army Research Lab — Aberdeen Proving Grounds

Edwards Air Force Base

ATF/National Center for Explosives Training &
Research

Eglin Air Force Base

BAE Systems: Kingston TN

Energetic Materials Research and Testing Center
(EMRTC)

BAM — German National Laboratory

Federal Bureau of Investigation (FBI)

Battelle — Ohio Laboratory

Lawrence Livermore National Laboratory

Canadian Explosive Research Laboratory (CERL

Los Alamos National Laboratory




ETUG Participants
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LABORATORIES
Naval Air Warfare Center (China Lake) Safety Management Services, Inc./TEAD
Naval Research Laboratory Sandia National Laboratory : Albuguerque, NM
NSWC-Indian Head Division Sandia National Laboratory : Livermore, CA
NTK Aviation America, Inc. Australian Munitions: Mulwala, Australia

Orbital ATK: ABL, Bacchus, Elkton, Lake City,

TNO — Netherlands National Laboratory
Promontory,

Rocky Mountain Scientific Laboratory Vista Outdoors: Federal Cartridge




ETUG Charter

The ET Users Group Participants collaborate to improve and standardize in-

process characterization test methods for explosives, propellants and pyrotechnic
materials.

— Based on “ETUG-GS01-15: ETUG Standard for In-Process Classification of Explosives”

Our approach includes systematically minimizing the variables associated with
energetic materials testing to enable consistent/repeatable test data and
interpretation of test results.

This will be accomplished by:

— Developing procedures and methods

— Applying technologies

— Reaching consensus

— Performing periodic “Round Robin” test series on standard materials
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Life Cycle Stages of Explosives
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Key Parameters for Explosives
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Elements of a Successful Risk Management Program

Explosives

Risk Assessment

N

Test Data
Process Information
* Process Parameters

 Equipment Specification

Etc.

J

Process Hazards Analysis

Employee Process ga;e;y_ _
/. Participation Information ~ / Propgergﬂpgs
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of Change g P
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ETUG Charter Includes
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Sensitivity Testing: Ability to initiate from an energy stimulus

o Friction, Impact, ESD, Dust Explosibility, Auto-ignition Temperature, etc.

Requirements:

* Must Simulate In-Process Energy Stimuli & Conditions
* Data must be in Engineering Units

Reactivity Testing: Propagation characteristics after ignition, including: rapid
burning, deflagration or detonation

Requirements:

* Must Simulate In-Process:
— Energy Stimuli
— Configuration
— Conditions



ETUG Standardization Efforts Include
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Detailed Procedures & Protocols
Machine Verification (Specifications, Calibration, etc.)

Test Sample
— Consistent Sample and Environmental Conditions
— Consistent and Repeatable Sample Application

Non-subjective Reaction Detection
Proper application of Statistics

— Data Collection
— Data Comparison



Sensitivity Test Equipment

Friction:
— ABL Friction
— BAM Friction

Impact
— MBOM Impact
— BAM Friction

ESD
— Approaching
Thermal

— DSC
— SBAT

ETUG Initial Focus




In-Process Energies verses Material Response Data

Impact Example

—
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Detailed Procedures

Title: BAM Friction Test No.: X Page: 1 of 10
Reference: UN Test 3 (b) (i), AOP-T, Ed. 2, Rev. 1 Rev: X Date: X

* Procedures in ETUG website lIbrary | s v et s osastons s e e sy ansgamens

Services, Inc. (3M5) Test Site, which may be different from your test gite. Use of this procedure
constitutes an agreement to hold harmless SMS (www.smsenergetics.com), the ET Uzers’ Group
(www.etusersgroup.org), or any associated entity for damages caused by the use or misuse of this

° content. The user is fully responsible to ensure that the procedures and testing at their facilities comply
ro C e u re S re S S with all applicable codesz and standards.

THIS TRAMING MODULE 15 TO BE USED A S A COMPANION TO THE ET USERS' GROUP TES

— Machine Verification " e

1.1 This document describes the basic safety requirements and
procedures for conducting 2 BAM Friction Test Sample

— Veri fy Site Re peata bil |ty Frion Test are prescribed. The procedtre fof anayzing,

evaluating and interprefing the data is also described. - &‘.ﬂ =
This test is used to determine the sensifivity of a substance when -]
-f- ] subjected to a sliding frictional force. .
— Gas Analyzer Verification
1.2 This procedurs is approved for use with materials that present no worse than the fellowing hazards:
. . . . 121 = = Propellants: 5 grams maximum
. ngh_speed V|de0 Appllcatlon 122 E = Pyrotechnics: 5 grams maximum
1.2.3 = Wetted primaries: 5 grams maximum = Solids
. S I R 1 t d P t 1 124 = Secendaries: 5 grams maximum = Liguids
ample Receipt and Preparation et
2.1

— Bruceton Testing

22 Copies of this procedure shall be made available in the testing area control room.

23 Perscns conducting this test must be trained in this procedure and the applicable support
procedures. The record of this fraining must be propery documented.

2.4 The general cperating procedure for the test site shall be the overall geverning procedure and shall
be followed in comjunction with the safety rules and technigues in this procedure.

3.0 APPLICAELE DOCUMENTS

3.1 General Operating Procedure for the test site

32 Management of Change Procedure for Testing, current revision.

3.3 Definition of Terms for Explesives, current revision

3.4 Energetic Material Transportation, current revision

35 Firing Procedure, current revision




Machine Verification: Example

Modified Bureau of Mines (MBOM) Impact

o p * 2 i;x <
Home position - ,,‘14 “ @ —

Verify full impact LE
Inspect surfaces i
Drop weight guide bar
alignment

Drop time (60 cm): W

ms

No binding in collar
Verify weights



Standard Test Samples Used

e Test Samples Used:

— HMX 4 micron, shipped to each test site
— Smokeless Powder
* Hodgdon Clays, purchased by each lab or shipped from SMS to Germany and the Netherlands
* Hodgdon Varget, purchased by SMS and manufactured by Thales
 Sample Conditioning:
— Sample dried for 20-24 hours at 50°C
— Prior to testing: Sample conditions at 65-75°F and 10-45% r.h. for 2 hours prior to testing
— Moisture content measured

 Sample Application
— Use of sample templates
— On-line demonstration




Standardized Reaction Detection

* Gas Analyzer: Impact, Friction, & ESD
= Numerical result of CO concentration
= 1+ppm changesin CO
* High Speed Video (HSV): Impact & Friction
= Jetting or Light
= Video documentation
 HSV & Algorithm (GoDetect-ESD): ESD

= Automatic Reaction Detection based on criteria:
= Buoyancy, brightness, shape, uniformity, and color.
" Video documentation
erl

®
u



Standard Gas Analyzer and Chambers

MBOM Impact Chamber

*Drawings on the website www.etusersgroup.org/round-robin-current



HSV Reaction Determination: jetting

* Considered a Go if jet speed is
greater than 1000 inches per
second for heights 20cm or less
— If when filming at 2000 frames

per second, in one frame the

particles travel from under the
insert to the edge of the anvil

* Video of No-Go and Jetting
reactions are here:

http://www.etusersgroup.org/re
action-detection-discussion/



http://www.etusersgroup.org/reaction-detection-discussion/

Reaction Determination: Jetting
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Impact Jetting

Frame 1 Frame 2




High-Speed Video w/ Algorithm
(Automated)




Case Study: Automated HSV-ESD

* Video of ESD tests at Normal Speed




Case Study: Automated HSV-ESD

* High-speed video (at lower frame rate than what is used in
GoDetect algorithm)




Statistical Comparison of Results

e Statistics used to determine if results between laboratories
are statistically different.

— The SRC Method (as adopted by the ET Users Group) uses a t-value.
t-value is a measure of the difference between results, with higher
values indicating greater disagreement. t-values greater than 3.75
indicate a statistically significant difference. Can be used with
Probit, Bruceton, SEQ, Langlie, or other adaptive test method.

— A Chart Significance Method (also adopted by the ET Users

Group), can be used to determine statistical significance for trials
completed at a given energy level.



1. Standardization Efforts: Summary
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ETUG Participants are fulfilling our Charter

The ETUG TMM facilitates test standardization and technical collaboration

The ETUG Library is a resource for the standard procedures and protocols
developed to date

Our standards are being validated via Round Robin testing

Standardized Testing based on sound principles results in:

— Accurate & Repeatable Test Results
— User Confidence

In-Process Classification/Characterization required for proper facility siting, risk
assessment, and risk management




2. ETUG Test Methods Matrix™
Database

A Resource for In-Process Classification and
Characterization Information




ETUG Test Methods Matrix™
Database

Location: www.etusersgroup.org/test-methods-matrix

Objectives:
1. Documents the Technical Basis for In-Process and UN Tests

2. An informal tool to facilitate technical discussions

Sponsor: ETUG

Data base Stewards/“gate keepers”:
— ETUG: In-Process Classification
— IGUSY2: UN MTC

1. International Group of Experts on the Explosion Risks of Unstable Substances (IGUS)
} 2. IGUS is comprised of members of the United Nations Explosives Working Group (UN EWG)
e/
Usi I

@
oup


http://www.etusersgroup.org/test-methods-matrix

UN EWG Charter

United
Nations
Transport of L Global Harmonization
Systems

Dangerous Goods
Subcommittee

{
Subcommittee
(TDG) (GHS)
*+ GOs Delegates
* NGOs Delegates

UN Explosives Working GHS
Manual of Tests Group (EWG) Chapter 2.1

and Criteria (MTC) |—> GHS Focused “Explosives”

y

To be Revised

To be Revised for
GHS Focus

International Group of Experts on the
Explosion Risks of Unstable Substances

GOs: Government Organizations
NGOs: Non-Government Organizations (|GUS)
(e.g., SAAMI, IME, etc.)

SMS on SAAMI Delegation . )
Informal Organization
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TEST METHODS MATRIX™

Introduction

The porpose of the ET Users Gooep is 10 sprove and standardae In-Process Test methodoioges, To faciitate ths purpose. the ET Users’
Growp Test Methods Matrix™ has been adopted and o beng developed by panticipating members. Tha Test Methods Matrix™ database
cutines the purpose, key test parameters, and ndicators for each sensitivity and reactivity characterzation test prescrbed in the technical
paper enttied “In-Process Mazard Characterization of Explosives™ (clck 10 view). In-Process testing simulates »-process condtions and
1S USed 10 JUgMent rEk-253esSsMment of processng and handing of propelants. explosves, and pyrotechnics (PEF) matecals and anicies. The
Catabase Cocuments the techacal DasH fOr SaCh 151 AND PrOVIcRs PCtures 30D VCeDs Of VaNOUS MeaCTION Types This Bows aach test 10 D8
technically scnitaged 10 determng improvements and requened $1andardgaton

Addecnaty, the €T Users Grocp Test Methods Matric ™ nas 3 section on the UN Manual for Testieg ang Crteda. This section s outlned
tased on the test 3emes isted n the UN Mancal and follows the same format a5 discussed above. The UN Manual tests are included in the
database since many of the in-process tests use similar or the same test parameters The International Group of Experts on the
Explosion Risks of Unstable Substances (IGU 5) has stewardship for any additicns or modifications 10 this secton

In-Process (IP) Tests UN Tests

IP Series 1: Is the bulk matenal very sensitive? UN Series 1: Is the material potentially explosive?
+ Impact 4+ Test1({a) UN Gap test

+ Friction + Test1(b) Koenen test

+ ESD + Test1(c) (i) Time/pressure test

+ Thermal + Test 1 (c) (i) Internal ignition test

UN Series 2. Is the substance too insensitive for
inclusion in Class 17

4+ Test 2 (a) UN Gap test

IP Senes 2! Is the bulk matenal explosive?
+ Zero gap test

+ Internal ignition test

+ Test 2 (b) Koenen test
IP Series 3. Is the material a candidate to be less T f
than a mass/ high explosion hazard (1.1) for the + Test2(c) (i) Timeipressure test
current process + Test 2 (c) (i) Internal ignition test

+ Substance thermal stability test

UN Series 3: Is the substance too dangerous for
+ Smali-scale burning test transportin the form in which it was tested? and Is
the substance thermally stabie?
+ Cap sensitivity test
+

NOL Card Gap Test

+ Test 3 (a) (i): BOE Impact

Test 3 (a) (vil): MBOM Impact
IP Senes 4: What are the design restrictions to

uoleJisuowsa

conform t0 a non-mass/ high explosion hazard
configuration?

+ Critical height
+ Cntical diameter

4+ Internal ignition test

i+ i+ +

Test 3 (b) (i): BAM Friction

Test 3(b) (iv): ABL Friction

Test 3 (c) (i) Thermal stability test at 75°C

Test 3 (c) (4) SBAT thermal stability test at 75°C

Test 3 (d) Smali-scale burning test
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TEST METHODS MATRIX™

_UN Gap Test

Contents puoe]

Test Purpose

The purpose of the UN Gap Test

15 10 measure the abilty of 3 substance to propagate a detonation

from defined shock and confinement

INTRO

+ Main

UN SERIES 1

Test 1 (a) UN Gap test
Test 1 (b) Koenen test
Test 1 (c) (i) Time/pressure
test

Test 1 (c) (i) Internal

ignition test

UN SERIES 2

Test 2 (a) UN Gap test
Test 2 (b) Koenen test
Test 2 (c¢) (i) Time/pressure
test

Test 2 (c) (i) Internal

ignition test

UN SERIES 3

Test 3 (a) (i): BOE Impact
Test 3 (a) (vi): MBOM
Impact

Test 3 (b) (1): BAM Friction

Test 3 (b) (iv): ABL Friction

Tact 2 i 1Y Tharmal



Test Variations +

The UN Gap Test is used in both Test 1 (3) and Test 2 (3). In UN Test 1 {3) no gap is between the

stability test at 75°C

booster and substance. In UN Test 2 {3) there is 3 PMMA spacer between the booster and the 2 Test 3 (c) (i) SBAT thermal
substance. stability test at 75°C
Test 3 (d) Small-scale
Key Parameters . ()
burning test
$ny Objectives Origin Specs i
Parameter
Number of Sufficient to ensure 3 b trials UN SERI ES 4
ltrials repeatable result =

Provide a strong,
repeatable, stable e TS
Booster r PETN/TNT (5
shock front to the

top of the sample

Test 4 (a) Thermal stabilr
180 grams of RDX/wax (85/5) (a) Y

). 50 mm test

diameter, ~50mm length

= 4+ Test 4 (b) (ii) 12 meter drop

UN Gap {new): Cold-drawn,

seamiess, carbon stesl tube
UN SERIES 5

0.1 mmwall (40 £ 2.2 mm

(1.5-in) 1D), 400 £ 5 mm ({16-in) Test 5 (a) Cap sensitivity
Provide confinement, long. +
Confining increasing the UN Gap {legacy): Cold-drawn, S
medium susceptibility of the s-':-aml«:-ss. carbon steel tubs 4 Test5(b) (ii) USA DDT test
(steel tube) substance to 47 Bmm (1. in) OD, 5.8mm
" 7 |ldetonation; evidence wall (38.5mm (1.44-in) D),
of reaction type 0% {19 Wy, v UN SERIES 6
NNATE- ML .STN.tTR1A
. Test 6 (a) Single package
Indicators +
test
Indicators Detection Method Assessment*
Damage to the witness  |[Visual post-test Hole punched through the witness pilate: + Test6 (D) Stack test
late =nt Cla 1 2
plats fnspection LAasS + Test 6 (c) External fire test
Damage to the steel tube [Visual post-test Complete fragmentation of the tube: Class
A age 0 e e e s pection 1 : Test 6 {d) Unconfined
*OR relationship package test

No-Go Reaction Example Photo UN SERIES 8

+ Test 8 (b) ANE Gap test
Test 8 (d) (i) Vented Pipe

+
Test

PRODUCT
SPECIFIC

4+ Super Large Scale Gap Test

UN &AL TEST 160 : 2
— 4+ Kiieboldt or Ammunition Test

AL 2 i
H-27-20r3
Bt S




Go Reaction Example Photo

Go Reaction Example from High-speed Video
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No-Go Reactlon Example Video




Go Reaction Example Video

Comments (1)

Clint Guymon
Janvary €. 201588305 pm | ®
Updated test details image and updated key parameters

Reply

Leave a comment
Logged in as rford. Log out »

o Commers|

TERMS OF USE

Al matenal on 15 Websi2 I copyrignied by e ST Usars' Group, Us2 Dy prmission onty. Sy 1030ing i $aga I your Web Drowser or aanafsa ganing 300265 1 1is content you
ayee o e fRowing:

+ - You Wil not share your Jogin cradentials With ohars;

+You Wil not make copias of fis matertal or oankise make this coment avaiabi ofting for omers {Such 3s but not Aiiad o crasting fraining matanas) wihout writian consant
fomhe ET Usars' Group;

« You Wil dract inquirias ragarding 300265 10 is comant fo he ST Usars' Group;

«You'wll not hoid iatse $n2 ET Users' Group or any associated antity for damages cause by the use or misusa of fnis coment.



ETUG Test Methods Matrix™
Go-Forward Plan

Tasks

e Gather additional Origin Information

* Expand example Test Photos and Videos

e Strengthen IP 1.5 and IP 1.6 portions of the data base
Collaboration

* Test Labs & Sites

* Industry

* UNEWG & IGUS

 DDESB, JHC, DOE, DOT, & ATF
ET\q/



Summary

ET\Q/

In-Process Classification utilizes key process parameters

The ETUG TMM can facilitate technical collaboration

Standardized Testing based on sound principles results in:
— Accurate & Repeatable Test Result
— User Confidence

In-Process Classification/Characterization required for proper facility
siting, risk assessment, and risk management
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