» s R Individual Protection System Performance Model (IP SPM) Gen-2
Y RDECOM )

Jayson Scott, Michael Kierzewski, Nirmala Pinto,! Jerry Bieszczad, Ph.D., John Gagne?

lEdgewood Chemical Biological Center, Aberdeen Proving Ground, MD, ?Creare, LLC

ODbjectives

Develop the Individual Protection System Performance Model (IP SPM) second- Garment P SPM Predicted Under-garment Casualty Risk and Features
generation (Gen-2) with physics-based modeling and simulation (M&S) capabilities for: Design CT, Temperature and RH Heat Stress

* Flexible user interface allows
specification of seams, vents,
multiple fabric layers, fabric
patches, pads, ballistic vest,
hood/mask interface.

« Configurable challenge types
iInclude liquid droplets, agent
vapor, monodisperse
aerosols.

* Toxicological casualty risk
assessment (TCRA) estimates

« Characterizing the protective and thermal performance of IP garment ensembles

« Enhancing analysis, interpretation and understanding of swatch, component and
system test data

« Assessing toxicological casualty risk and thermal burden for existing and future IP
garments and materials

 Ultimately providing better protection for the Warfighter

Description of Effort

 Building upon capabilities of the Gen-1 IP SPM

* Model combines a physics-based, mechanistic characterization of the transport New Designs or Garment, Garment, Under-garment Temp/RH casualty risk using an updated
phenomena relevant to IP materials with a simplified representation of the Warfighter Fielded Garments Environmental and Environmental and Conditions, BRHA methodology.
and IP garment ensemble. Challenge/Threat Challenge/Threat Blistering and Nerve Agent « Thermal simulations output

« Software framework of the IP SPM consists of three components: (1) simulation builder, Conditions Conditions Toxicity suit temperature and relative
(2) modeling engine, and (3) simulation results viewer humidity (RH) for subsequent

* Model endpoints include toxicological casualty risk and thermal burden assessments for analysis with thermal effects
specified operational conditions software tools (e.g. HSDA)

 Validating physics-based models by comparison to component and system-level test
data, including man in simulant test (MIST), aerosol system test (AST), and thermal

manikin studies Software DeSIQ n Software Interface Example:
. Suppor,tmg the U.S. Army Natick Soldle_r Resear_ch, Development and Engineering Tradespace Analyses
Center's (NSRDEC) Integrated Protective Fabric System (IPFS) program through IP Fabric Property Data
SPM analysis of testing and evaluation (T&E) data and comparisons of garment design : :
_ y J ( ) P J J Agent Swatch Configuration GUI
alternatives g 4 N
' Test Data . . T
B f. t Characterize Fabrics = h 3000
A = "
e n e I S \ C %\J 2500
"E L T I "J (,E
Define _ S N ———— | £
[Requirements} Identify new performance % CBART : | = Fabr'? % £ 2000
Interpret swatch Identify New Garment requirements based on =: = Propertles q:J : 2
data in terms of Materials Required casualty risk AVLAG L Data Files = 2 s
system performance - 7 j \ i E »
R [ Swatch } [Assess New | - — _— ‘ ¢) s
- Testing Threats Assess risk for new Sweating \ — / g) E 1%
= threats from swatch - i - S Suitable
Evaluate and iterate Garment Ga rimen t Operational test data G:frdeg — - Configure Garment 9 [ 500 Operating Zone
garmen; iesigns Concepts A . _t . Assessments . "g ate Data o J
prior to fabrication = (ASTM F1868) I P S P M P Q 0 _— -
- [ Fabricate } cqu’s' on [New IPE or} Identify and assess E < Toxicity " WetSE[;}ulb Temioeramre(oﬁ »
s Prototypes y Field Mods failure modes for I~ Results
. L’ f e Cy CI e “what if” scenarios 4 : A
i System Customer - 3 Th w &
Interpret system T&E in [ ) } [ } - Fabric erma ﬁﬁ | )
terms of casualty risk Testing Feedback » Thickness Burden l”F”‘ !F 1“‘ T ik
and thermal burden Evaluate implications Results || h [
- Test Human Fabricate of IPE modifications 7] (ASTMD1777)
% Factors Downselect | | and Field and new equipment : : >
* Final Design = . Aerosol | N — Set Challenge Increasing Environmental Temperature
Assess performance Identify optimal o Filtration Simulation : ’ Conditions
under untested ensemble for specific % (TOP 8-2-501) Results T
conditions operational scenarios _}_;___x 3 (& Air \_ Y
---.-.VValue of IP SPM ----~ = | i .
\:__"-f'f--i ﬁig?;g?ggy \ Solver Engine / Acknowledgements: The authors thank the Defense Threat
/A\ A (Program /C\ 100 s - o et — e | Reduction Agency/Joint Science and Technology Office for their
Initiation) assistance and funding of this work under Project CB1507. The views
Materiel Technology Engineering and Production and Operations and Includes Comparisons to expressed in this presentation are those of the authors and do not
| f:'::“:‘: D'”'?.?_‘“"".‘..\ b k:;.txf;cmr.t:? Deployment Support . . P . . necessarily reflect official policy or the position of the Department of
User Needs | > u“«:‘ (:'.?.c".' JOR fod LPOR, ':". s o~ TOX’COIOQ!C&I Casualty R’Sk Est’mates Defense or the U.S. Government.
Deveiopmert | PRECel € assensprent ./ \ Assessment LRIPIOTSE Decision

N\, Pre-Systems Acquisition

s Requtr y WARFIGHTER FOCUSED.

Approved for Public Release



