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Backgroumnd

SOft ammoer vests are am essential cempoenent

Off PErsennell pretection

s Prevent penetration of tissue: piercing hallistics, into
the theracic regien

he use ofi strong, defermalnle matenals

provide: ballistic resistance

a Allows backiace defiermation; augmented By higher
eneragy threat conditiens

n Potential fer Behind Armor Blunt Trrauma (BABT)

Need to understand the relatiensnhip between
the mechanicallmsult and the nsk of internal
IjunRy.



Recognized need for evaluating Sefit armer: Vests
and investigating BABT
a NIJ Standard 0101.04"— ballistic resistance

a Ballistic gelatin — enengy: transfer
van Bree (1998, 2000), LYo (2000)

Animalimoedels — physiological respense of iving tissue
Ligen (1956), 54050019 (1996), Yern (1995

Post Moertem Human Sulkjects (PMHS) — develop: injury.
criterion

Viano (1988)) Bir (2003, 2004); Sturdivan (2009)
Computationall Medels
Warig (1995), Plank (1995), Rowverits (2005)

Physicall Surrogate: Medels
Lyon (1999), Roperts (2006)




Motivation

Investigate the ability, ol the terse
moedelsite

s Detect the transier of Impact energy. te
the thoracic tissues

x Vieasure potentiali injury. rsk predictoers

s Evaluate mifiuence of factors inecluding

Impact location
Surreunding lecallenvirenment
Remote tissUe response

Compare the torse moedel respoense
trends With the: clay: defermation
ehsenved firom similar iImpact
conditions



Understand Auman
therax respomnse to
pIUAL BallIStIC INPAaCT

N

Estanlishi Injuny Criteria hased
en BABT 1njury. risk

Y

ASSEss Incapacitation from
resulting Injuries; coentripute to
the develepment off eptimal
engagement equipment




Appreach

Create both a computational and
physicalnuman terser medel

= Human Torsor Einite Element Model
(HTTEEN)

= Human Surregate Troerse Model (IHSIIVI)

s Current models complete with:

Skeletal Structure (riles, sternum, cartilage
and vertebralicelummn)

Organs (lungs, liver, heart, and stomach)
Soft tissue (muscle, skin, viscera)

HSTM




Appreach (cont.)

Simulaterhallistic Impacts: en IHITEENM

= Obtain deformations, orgam pressures and acceleration: of
sternum

Cenduct hallistic expernments on HSTIV]
= Obtain ergan pressuresiand sternal aceeleration
Validate medel respoense

Empley’ moedels in understanding| terse respoense
Under varieus threat conditiens

= Elexinility ofi computational or expernmental evaluation




Viodel Development &8s

Biosimulant Tissues
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Human lorso Einite Element Model
(HTEENM)

Ormms; 425 m/s; Sternal shot location
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Human Surregate Tersoe Medel
(HSHIVI)

Falricated fromr Biosimulant
materials

s Organ material preperties
evaltiated under high stirain-rate
materials testing

s Bone simulant material

HSTM iRstrumentead: with
SEMNSOIS

s Pressure sensors in organs

s Accelerometer on sternum

s [Lead cell i vertebral column
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Intestinal cavity




Shoet Lecations

a Stermmum: 1 in. superior to the
verticall level ofi 16

s Stomach: 1 . lateral to mid-line
andr slighily: sUpenor: of stomach

Threat conditions
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= NIJ Standard 0101.04 test
conditions \/estimype: | Calitaer

s Soft armor only: | 22
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Impact ever the Stermum
Level Il vest; 9 mm bullet; IV = 1180 ft/s
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Clence g Techno'oH

Sternum limpact Location
(Heart senser response)

= EaGt:

Est PIEssue dP/di
“evel (k22 (i22/ms)

| 181 10170
12 111 11412
Il 359 18560
[112 841 32260

* Impact location approximately 1” low




Expermental Resulis

Stomach! Impact Location
(Stemachi pressure: response)




Expermentall Resulis

Stemach limpact Location
(Stomach’ anadl LIVer response)

SLemMacH Civer=Itefi 1Eele Civer=Right I=ele

PYEssule dP/di PrEssuie dP/di PrEssuie dP/ai
(k22) (kP2/nis) (k22) (k2a/ms) (k22) (kP2/ns)

017 25500 310 17700 69 20/0]0)

779 39400 469 33200 145 13500
1241 61)20/0 979 65500 269 220)0)
1662 98900 1406 69080 496 21600
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Repeatability

S r.
Clence g Techno'oH

9 mm Bullet at 1410 ft/s

Level Il1a Soft Armor Vest
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Stomach Left Lobe of the Liver




HSTIMIVS. BIFEENM

(Lefit Lobe ofi the: Liver)

9 mm bullet at 1090 ft/s

Level Il soft armor vest

Pressure (MPa)

e

Time (ms)
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Discussion

Increasing severity: ofi Impact conditions preducedrising
initial’ peak pressures:
= Heart: P, =4.5 %P,
= Stomach: P, = 3.25 X P,
m \est thickness increase does not completely, counteract impact
Energy’ Increase

; Stomach " L Liver
Pressures; from' sternal impacts

less than those frem stemach
IMPACcHS
s Bony structure dissipates
ENErgy

m Produces triple pressure spike

Peak pressure reduced iniliver | | |
Versus stomach Level | Level lla Level Il Level llla

R Liver Heart

Peak Pressure




Discussion

Inereasing severity: of Inmpact conditiens produced
IAcCreasing rates of pressure change: (dk/dt)
s Foelloews trends similar to pressure peaks

120000+ Stomach L Liver

R Liver Heart
100000 -

80000 +

4
(=
5
T ~
C n
n E
ga 60000
har (AL
50
)
&
ol

Levell Levellla Levelll Levelllla




MENT OF T
.

Discussion

Clay/vest EEN validated forF Level Il Tjest Clay
imp act Zevel IDEIGIMaueRNmIm)

= Model adapted to produce: Leveltl; ! 155
12, and lila clay displacements due lla 5314
to vest Backface Signature (BES) I 33.8

n All'vests “passed” since 44 mm BES I 36.4
level not exceeded

Stomach L liver
R Liver Heart
Clay Model

Normalized values based on Level |
results
m Pressure increases at a much

Steeper rate with eachrchange in
test condition

n Clay deformatlon Change decreases Level | Level lla Level Il Level llla
With Increased test conditions

Normalized Pressure
o - N w i ()] (o)) ~ [o°]




Conclusions

Surrogate terse moedels: have been evaluated under NIJ=Standard
01041.04 impact conditions

s Provides dynamic measurement off Impact respoense
s Differentiates between the severity: of impact conditions
»  Demonstrates sensitivity to impact lecation

Greater Impact energy: results ini disproportionately’ greater increase
I Grgan’pressure: Versus; clay defiermation

Torsormodels may provide additional infermation; in assessing
Incapacitation fromi resulting injuries

x Contribute to the development ofi optimal engagement equipment

Future work:
s Understand ceramic plates
s [ransifer function between PMHS injury’ and torse model response

= Eurther development of biosimulant materials terimprove model
biofidelity
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