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1.0

Background . Problem Statement . Objectives . Scope . Contribution

PROJECT INTRODUCTION



BACKGROUND

Ballistic Impact
High velocity impact by an object with small mass

Ballistic Limit Velocity (VsL)

Highest velocity of a certain projectile where the
structure can resist without perforation

Reference: Hideaki Kasano. Impact perforation of orthotropic and quasi-isotropic CFRP laminates by a steel ball projectile.
Advanced Composite Material, 2001. 10(4): 309-318.
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BACKGROUND

* Protests and terrorist attack
ongoing all around the world.

* Deadly violence exploded in Kiey,
Ukraine.

* Anti-government protest began in
Thailand .




PROBLEM STATEMENT

Low ballistic proof capability of current riot
shield is exposing the user to life threatening
condition during riot control operation



RESEARCH OBJECTIVES

To study the design process based on
biomimetics approach

To produce a design concept of bullet proof
hybrid material using biomimetics approach



RESEARCH OBJECTIVES

To conduct an impact analysis on hybrid
material using a numerical method.

To conduct engineering design of bullet proof
shield based on the generic product design and
development approach
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Ballistic Material . Biomimetics Approach

LITERATURE REVIEW
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COMPOSITES MATERIAL

UHMWPE Carbon Aramid Glass



CURRENT RESEARCH

Diantang Zhang Low velocity Impact

M.R. Ahmad Fabric System

H. Harel Delamination Controlled

M.V. Hosur Fabric System

M.R. Ahmad Ballistic Impact Behavior

N.K. Naik Ballistic Impact Behavior

E.P. Gellert Thickness and Ballistic Impact
Shaktivesh Ballistic Impact Performance

L.J. Deka Damage evolution, Energy Absorption

UHMWPE
UHMWPE
UHMWPE
Carbon
Aramid
E-Glass
E-Glass
E-Glass
E-Glass

2013
2013
2002
2004
2007
2008
2000
2013
2008



HYBRID MATERIAL

Designed to optimally perform in specific
engineering applications

Allows the limited performance of monolithic

materials to expand it properties for better
performance

Reference: Kromm FX, Quenisset JM, Harry R, Lorriot T. An example of multimaterial design. Advanced Engineering Materials, 2002.
4:371-4



BIOMIMETICS DESIGN

Transfer of ideas from biology to technological
applications

Source:Schmitt O. H. Some interesting and useful biomimetics transforms. Proc. 3rd Int. Biophysics Congress. 29 August to 3
September, 1969. Boston, MA, p297.



BIOMIMETICS DESIGN

/"\

Unlimited sources of ideas or inspirations
Transfer of biology inspiration to technology applications

Extracting of inspirations or ideas from nature to solve problem

Reference : Schmitt O. H. Some interesting and useful biomimetics transforms. Proc. 3rd Int. Biophysics Congress. 29 August
to 3 September, 1969. Boston, MA, p297.



BIOMIMETICS DESIGN

Photonic Structure Drag Reduction



CURRENT RESEARCH

First Authors
L. Feng
Niranjan A. Malvadkar
Noshir S. Pesika
Philip Ball
Xuefeng Gao
George Mayer
Juha Song

Biological Model
Lotus Leaf
Butterfly wing
Gecko foot
Shark Skin
Water Strider Leg
Nacre
Fish Scale

Functions
Hydroponic surface, self cleaning
Wetting Properties
Reversible Adhesive, Self cleaning
Drag Reduction
Super-hydrophobic
Fracture resistance

Protection

Year
2002
2010
2009
1999
2004
2005
2011



Biomimetics Approach

Problem Based Approach

Reference: M. Helms, Swaroop S. Vattam and Ashok K. Goel. Biologically inspired design: process and products. Design
studies, 2009. 30:606-622.



PROBLEM DEFINITION

Problem defined sufficiently is a need for an
effective search of biological analogies in nature.



PROBLEM DEFINITION

Absorb or dissipate a great amount of Kinetic
energy from projectile

Stop the projectile from perforation



REFRAME THE PROBLEM

What solutions do nature has that can
protect them from damage?

What solution do nature has that offer strong
and durable structure?




REFRAME THE PROBLEM

Technical or engineering terms are difficult
to match with biology from nature

Rephrase into biological term



BIOLOGICAL SOLUTION SEARCH

Uncountable organism living in this planet
Journal, Magazine, Books, Encyclopedia

Reference : U. Lindemann, J. Gramann. Engineering Design Using Biological Principles. International Design Conference. 18
May -21 May. Dubronik. 2004.1-6.



BIOLOGICAL MODEL 1
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Polypterus Senegalus Fish Scale



BIOLOGICAL MODEL 2

Mantis Shrimp Shrimp Hammer



DEFINE BIOLOGICAL SEARCH

Study of the principle from the biological system
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DEFINE BIOLOGICAL SOLUTION

| Chitin Fibrous

~Propodide

> Soft Tissue

| >Dactyl

|_Heavily Calcified
Region

Reference: Marc Andre Meyers, Po-Yu Chen et al. Biological materials: Structure and mechanical properties. Progress in
Materials Science, 2008. 53: 1-206.



PRINCIPLE EXTRACTION

The thickness of each layer of material are
increasing from outer layer to inner layer

The modulus of material is decreasing from
outer layer to inner layer



Projectile

High Modulus Outer Surface l

Low Modulus Inner Surface




3.0

Flow Chart . Tool . Method

RESEARCH METHODOLOGY
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TOOL
ANSYS 14.0

Explicit Dynamic

Drop tests, Impact and Penetration
Problem time magnitude from 1s to 0.0001s

Quasi-static . Drop . Ballistics . Detonation & Blast . Hypervelocity Impact



Total Thickness (mm)

1.5mm CFRP with 2mm PC sheet 3.5
1.5mm CFRP with 3mm PC sheet 4.5
1.5mm CFRP with 4mm PC sheet 5.5

2mm PC sheet with 1.5mm CFRP 3.5
3mm PC sheet with 1.5mm CFRP 4.5
4mm PC sheet with 1.5mm CFRP 5.5
3.5mm PC sheet 3.5
4.5mm PC sheet 4.5
5.59mm PC sheet 5.5




NUMERICAL SETTING

Projectile considered rigid and remains un-
deformed

CFRP = Uniform quad method, 1mm element
size

PC = Body sizing, 1Imm element size

Maximum allowable energy error = 0.2

Geometric strain limit = 1.5

Inertia of eroded material was retained

0.000 0.020 0.040 ()
[

0.010 0.030

Finite element model of the steel ball and
CFRPPC target



4.0

Validation . Simulation Result . Ballistic Limit Velocity

HYBRID MATERIAL ANALYSIS



ASSUMPTION

Projectile perforates the targets accompanied by
target fragment

Mass of fragment assumed equal to the target
thickness multiply by target density

Energy loss remains constant for the same target



® Experiment
Result

M Abaqus Result

A Ansys Result
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POLYCARBONATE

t=0s

t=3.16e-5s t=1.42e-4s 1=2.37e-4s
Thickness=3.5mm
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DEFORMATION BEHAVIOUR

Different response between thin and thick PC
Elastic deformation-Dishing

Large dishing on thin PC plate

t=1.42e-4s t=1.11e4s  Small dishing on thick PC plate

3.5mm 5.5mm

Reference: S.C.Wright, N.A. Fleck and W.J. Stronge. Ballistic impact of polycarbonate-an experiment
investigation. International Journal of Impact Engineering, 1993. 13(1): 1-20.






CFRP-PC
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PC-CFRP
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DEFORMATION BEHAVIOUR

CFRP-PC
PC plate suffers stretching deformation

Dishing - Deformation on circular region of plate
surrounding projectile.

Large Dishing = Large elastic deformation

PC-CFRP
PC plate suffers stretching deformation

Restricted by CFRP plate

Small Dishing = Small Elastic Deformation
t=3.16e-5s






PDS . Function Decompose . Concept Development . Numerical Simulation

5.0 BULLET PROOF SHIELD DESIGN ANALYSIS



PRODUCT DESIGN SPECIFICATIONS

Overall weight must less than 4.5kg
Area of protection must cover the human torso
Must come with baton holders
Do not block the view of user when in use

Must achieve the ballistic limit velocity of 300m/s



FUNCTION DECOMPOSE

Strike Face Baton Holder Hand Grip View Window




DESIGN CONCEPTS
-

- @ -

Concept 1 Concept 2 Concept 3



EVALUATION CRITERIA



Relative Performance Rating
Very Bad
Bad
Normal
Good

Very Good



Ease of Manufacture 20%

Ease of Maintenance* 15% 2.8 2.4 3.2
Aesthetic* 5% 2 3.4 3.8
Area of Protection* 20% 1.6 2.8 4.4

Ease of Handling* 10% . 2.6 3.4
Portability* 25% 3.6
Storage* 5% 34
Total Weighted Score . . 3.76

Rank 1
Continue? Yes




FINAL CONCEPT DEVELOPMENT

Strike Face










FINAL CONCEPT DEVELOPMENT
Hand Grip

90°

45



FINAL CONCEPT DEVELOPMENT
View Window




FINAL CONCEPT

Handle
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View Window
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NUMERICAL ANALYSIS

200mm from Top, 254mm from left
250mm from top, 55mm from left
300mm from bottom, 254mm from left

400mm from bottom, 35mm from left
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6.0 CONCLUSION AND RECOMMENDATION



CONCLUSION

Biomimetics approach is embedding with product
design process

Conceptual design of bullet proof shield was proposed

Principles from two biological model were extracted
and transferred.



CONCLUSION

CFRP-PC have 6.57% higher ballistic limit velocity
compared to PC for thickness 4.5mm

CFRP-PC showed 9.78% higher ballistic limit velocity
compared to PC for thickness 5.5mm

Hybrid material of CFRP-PC is most suitable when
thickness is a constraint



CONCLUSION

Shield is design for higher ballistic limit velocity,
longer service life and proper weight

Shield is 1200mm height x 609.6mm width

Weight : 4.27kg
Thickness : 4.5mm



CONCLUSION

Impact behaviour of materials been demonstrated by
numerical analysis and analytical analysis

Experiment and empirical studies are required



RECOMMENDATION

Future direction: Biomimetics approach
enhancement and hybrid material optimization

Biomimetics - Solution-based approach

Hybrid Material - To achieve cost-performance
palance

Hybrid Material - introduce filler
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NUMERICAL SIMULATION
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* Problem Definition

* Reframe the problem

* Biological solution search
* Define Biological Solution
* Principle Extraction

* Principle Application
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* Biological solution identification

* Define biological solution

* Principle extraction

* Reframe the solution

e Problem search

* Problem Definition

* Principle Application



