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Current and Future Environments
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Threats: evolving types, hlgher seve'-'ri« ;
quantified ' |

Warfare transformations (asy;r”ﬁih\etri,
unconventional)

Army transformations (roles, adaptatlon
expansion, modernlzafw -




Current and Future Environments

Threats & Env.
Injuries reflect the threats W
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and environment

Changes can cause
uncertainty in diagnosis,

prevention and assess-
ment of injuries

Current injury patterns:
* New areas of injury
* Injury types different

* Injury severity range
Increased




Immediate Needs

Protect,

Prevent, ~ Mitigate
Detect <

Injury: Risk Management (IRM)




IRM - Approach

AvoiD
THE RISKS

- identification
- detection
- neutralization

- test methods
- analysis methods
- protocols ...

BELIEVE

RISKS WILL OCCUR

- protection
- intervention
- countermeasures

- body armour:
- external
protection ...

CONTROL
THE RISKS

- injury diagnosis
- treatment
- rehabilitation

- training aids
- tools and skills
- ProCesses ...

LP@ TAKEHOLDERS




IRM - Stakeholders - Soldier Centric Perspective

STAKEHOLDERS




IRM - Threats TYPES.: .
e Ballistic

e Conventional blast weapons
=it Improvised Explosive Devices
e EBW Enhanced Blast Weapons

> Blunt trauma

e« CBR Chem., Bio., Radiological

" Directed eneray

EFFECTS:

» Qverpressure * Penetration
* Burns » Toxicity
 Blunt trauma




IRM - Injuries

eskull fractures
eclosed head injuries
esoft tissue injuries

erib/ sternum fractures
esoft tissue injuries
(heart, lungs)

ecalcaneus, tibia fx
*soft tissue disruption
camputations




IRM - Priorities

INJURY THREAT
o type, severity e type, severity
e echanisms e incidence

N /

PRIORITIES
o exposure Vs. severity
o trade-offs vs. consequences




IRM - Road Map

Injuries gy Threats

Injury: Mechanisms

Injury Assessment
Methods Surrogates

Injury: Criteria

Performance &
Incapacitation

ProtectionrRequirements




IRM - Surrogates for Injury Assessment

Balance of:

Surrogates: - biofidelity
-pbiological tissues - Injury

-biological models prediction

dead & live animals, humans ‘ « 3Rs:

-physical models fepeataniaity
reproducibility

-prediction models robustness

numerical, empirical, analytical . SS cost
-hybrid models - ease of:

use
maintenance
calibration
validation




IRM - Surrogate Considerations

Surrogate Qualities
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Ballistics Effects — Torso Surrogate

Injuries Threats

Torso: Projectiles:
-penetration  -bullets
-blunt fragments
trauma

Types:

-fractures of

ribs, sternum

-rupture of

heart and




Ballistic Effects — Torso Surrbgate

Torso Surrogate

Torso Impact Membrane:

-biofidelic
(animals/cadavers)

-Injury prediction criteria

-armour fits better

-3R, low cost, ease of use

-used to assess soft and

nard body armour

Research Ongoing:

DRDC Valcartier,

<= Biokinetics, TSWG

BABT Test Methodology

—___Torso Injury

Assessment Rig

i \ Armoured
Vest
I .\

Laser

Displacement

Measuring
Injury Threshold I System

Projectile

Injury Assessment of BABT
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Ballistic Effects — Head Surrogate

Injuries Threats

Head: Projectiles:
-penetration  -bullets
-blunt -fragments
trauma -debris
Types:

-skull fx

-brain injury.

(acute/mild)

-global
acceleration




Ballistic Effects — Head Surrogate

Head Surrogate

Load Sensing Headform:
-biofidelic with transfer
function (cadaver vs dummy)
-injury prediction criteria
-used to assess ballistic
helmet performance £

Skull Pressure
Measurement

Dummy Peak Impact Pressure (kPa)
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AP Mine Effects — Leg Surrogate

Injuries Threats

Lower Leg: AP Mines:
-blast, load -blast
transmission, -fragments
acceleration -soil and
Types: debris ejecta
-fx of heel,

ankle, tibia

-soft tissue

disruption

-infections




AP Mine Effects — Leg Surrogate

Lower Leg Surrogate

Complex Lower Leg (CLL):
-represents skeletal and

soft tissue disruption

-can be related to injury.
assessments oo
-recognized by the NATO

HFEM-089 / TG-024 AP mine blas_txjthﬂ FSL
-used to assess footwear

-Research Ongoing:
- 'DRDC Valcartier

evaluation




AV Mine Blast Effects — Leg Surrogates

Lower Leg Surrogates A e

T,
Mechanical Legs: ¥
A

clevis

- Achilles
Tendon

-biofidelic under impact

conditions | ‘»Anku

-can be related to impact Thor-Ly/HITIr
Injury criteria
-used to assess loading

s
,Q )
'_‘ |

Denton leg

-Research Ongoing:
DRDC Valcartier

CLL on Hybrid 11l for AV | & Y surrogate lower legs and
vt D O biofidelity corridors
mine blast testing
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Blast Effects — Head & Torso Surrogates

Injuries Threats

Head&Torso:  EBW
-overpressure Enhanced
-fragments Blast

-blunt Weapons
trauma

-acceleration -sustained
-thermal pressure
-distance

-complex vs
free field
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Blast Effects - Head & Torso Sunso

Blast Surrogate

MABIL:

-head and torso to study.
blast loading
-compliments Hybrid Il to

assess blunt trauma and
acceleration effects " .

annequin for Assessment of
-Used 00) rank PPE Blast Incapacitation and Lethality

-Research OngOing: Characterization of EBW threat
DRDC Valcartier, T TR TV T —_—

| Biokinetics 4% s s




Blast Effects — Head & Torso Surrogate
MABIL

MABIL head used to
measure peak pressure
and impulse + optical. At

| MABIL torso used to
measure chest wall
acceleration and pressure
+ for injury assessment.




Blast Effects — Head & Torso Surrogate
MABIL

# No Protection

At TN

S

LONG AXIS OF BODY PERPENDICULAR
TO BLAST WINDS
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MAXIMUM INCIDENT OVERPRESSURE (psi)

A ) a 100
30 35 -
Time (ms) DURATION OF POSITIVE INCIDENT OVERPRESSURE (ms)

FPV + ceramic plate Prediction of lung injury from
pressure measurements.

Acceleration (g)

Time (ms)

MABIL torso response to blast loading




IRM - Protective System Evaluation
etection ReEqUIrEment
Threats Defined
Test Methods

Surrogates

Performance Reqwremenfs&




Evaluation of Protective Equipment

Results of research feeding
iInto several DRDC sponsored
programs:

* head/torso/leq injury
assessment and protection

e Surrogate developments
CLL, MABIL, Ballistic Headform,
T'IM, Blast Headform

» Jechnology Demonstration
Programs




o
)
C

O

s
)
>

o/

uol}09ajoid 1oeduw| 104 suoiln|og pataauibug




