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I. INTRODUCTION

Abstract

Modern combat environments expose soldiers to
increasingly severe explosive threats which
incorporates improvised explosive devices (IEDs),
underbody blasts (UBBs), anti-vehicular land mines
(AVLMs), and fragmentation events. Traditional blast
testing methods lacked the biomechanical realism
which are necessary to accurately predict complex
human injury responses under modern battlefield
conditions.

This case study explains how advanced human
surrogates keep on improvising military survivability
testing with the help of highly realistic and
innovative body structures, modernized sensor
systems and advanced injury analysis techniques.
The use of these modern surrogate systems is
beneficial as per different standpoint such as military
reviewers, survivability analysts, and test engineers.

I. INTRODUCTION

Why Modern Blast Survivability Testing Matters
Modern warfare usually exposes soldiers to powerful
explosive threats and leads to serious injuries within
seconds. Blast waves, vehicle damage, as well as
impact forces usually create complex injury patterns
and traditional testing tools are not capable of
cannot fully measure them.

Advanced human surrogates
organizations perform:

* Better injury prediction

« Realistic blast simulations

+ Accurate survivability analysis

* Reliable explosive testing

help defense

These systems are widely used to evaluate:
* Helmets

* Body armor

« Blast resistant seating

» Armored vehicles

* Soldier protection systems

Il. LIMITATIONS OF TRADITIONAL
BLAST TEST DUMMIES

Conventional Blast Testing Challenges

As explosive threats evolved, these limitations have
significantly reduced confidence in survivability
assessments and protection system validation.

Key limitations of this conventional blast testing
included:

« Limited sensor density

* Reduced skeletal realism

* Incomplete lateral force measurement

 Weak correlation to battlefield injuries

« Limited underbody blast simulation capability

Operational Risks Associated with Legacy
Systems
Without accurate injury prediction capability,

defense organizations faced many challenges which
incorporate:

« Difficulty validating protection technologies
« Inconsistent survivability standards

« Delayed vehicle optimization cycles

« Limited differentiation between
systems

* Increased uncertainty during life critical system
approvals

competing

I1l. ADVANCED HUMAN SURROGATES:
THE MODERN SOLUTION

Modern human surrogates were developed so as to
overcome the traditional blast dummies limitations.

These advanced systems incorporate:
* Realistic skeletal structures

« Energy absorbing body components

« High precision accelerometers

* Load cells and pressure sensors

+ Advanced embedded sensor networks

Dense Sensor Network Integration

Modern explosive testing platforms which contain
multiple  synchronized sensors  positioned
throughout the surrogate body structure.
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These sensors can effectively measure:
« Vertical acceleration forces

* Lateral impact loading

* Rotational head motion

 Lower extremity compression

« Thoracic force transfer

* Pressure wave propagation

Blast Simulation Environments

Human surrogates are commonly exposed to
controlled explosive scenarios that are designed to
replicate specific environments such as battlefield

Testing environments include:
* Underbody blast platforms

* Vehicle survivability rigs
 Fragmentation chambers

« Side impact blast simulations

« Vertical acceleration systems

IV. ADVANCED SURROGATE SYSTEMS
USED IN MILITARY TESTING

Figure 2: Advanced surrogate systems in military
testing

FOCUS Headform

The FOCUS headform was initially developed so to
evaluate facial along with ocular protection systems
at the time of blast and impact events.

The platform can enable:
« Facial bone load measurement

» Assessment related to the Synthetic eye injury.

« Evaluation given for the helmet interface.

* Analysis which involves the multi orientation
impact

MIL-LX Lower Extremity System

The MIL-LX surrogate was specifically engineered so
as to measure vertical forces which is generated by
underbody blasts as well as anti-vehicular landmine
detonations.

The system usually capable of analyzing:
* Lower limb acceleration

* Blast energy transfer

* Vehicle floor interaction

» Compression loading mechanisms

MIL-SID Side Impact Surrogate

Researchers identified that events which are
explosive in nature and often generate significant
lateral forces that traditional frontal impact systems
could not measureadequately.

The MIL-SID system can addresses this limitation
via:

» Combined lateral+ vertical force measurement

* Enhanced side impact biofidelity

* Analysis of improvised occupant injury

 Advanced acceleration monitoring

WIAMan (Warrior Injury Assessment Manikin)
The WIAMan platform represents one of the most
advanced military blast surrogates developed for
underbody blast survivability testing.

The system incorporates:

« Highly realistic skeletal structures

» Advanced biomechanical instrumentation

* Enhanced injury correlation capability

« Improved underbody blast simulation performance

V. RESULTS AND ENGINEERING IMPACT

The adoption of modern human surrogates
transformed survivability testing methodologies
across defense programs.
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Key outcomes of these modern
surrogates are:

« Improvised injury prediction accuracy

- Validation of enhanced protection system
* Better test repeatability

* Quicker engineering design optimization
* Improved survivability standards development

human

V1. OPERATIONAL VALUE FOR DEFENSE
ORGANIZATIONS

Modern surrogate testing methodsthat provided

substantial operational advantages for military
reviewers as well as survivability analysts.
Organizations implementing these

methodologies are going to achieved:

e More reliable survivability assessments

e Improved approval confidence for life critical
systems
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e Accelerated testing and validation cycles
e Minimized engineering uncertainty
e Improvised operational readiness

VII. CONCLUSION

Modern human surrogates have fundamentally
transformed explosive survivability testing within
military engineering environments.

The bottom line is:

e Through advanced biofidelity, dense
instrumentation networks, along with highly
controlled blast simulation techniques.

e these systems provide defense organizations
with unparalleled insights into human injury
mechanisms at the time of the explosive
exposure.

J

International Journal of Science, Engineering and Technology

PLOT D-33 MINAL RESIDENCY,

] KROAD, BHOPAL,

Bhopal, Madhya Pradesh, India. (462023)
+91-7566632455



