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A Network Analysis of Ballistic Helmet Technology Keyword
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Abstract The network analysis method has emerged as a new methodology for various disciplines, due to its ability
to provide a representative knowledge network of references, co-authors and keywords. Bulletproof technology is an
interdisciplinary field involving various disciplines, such as material mechanics, structural mechanics, and ballistics,
so it is essential to keep up with the recent trends in technological research. In this research, the recent R&D trends
in the field of bulletproof materials were analyzed using keyword based network analysis. From the results, the core
keywords were identified as 'Composite', 'Model' and 'Head' using the scholar search engine, google scholar. The
centrality analysis for the core keywords showed that bulletproof technology has developed in 3 different areas, viz.
material, structure and effects. To the best of our knowledge, this is the first application of (network analysis?) to
bulletproof technology. Moreover, we are also convinced that the results of this study will be useful for defense
technology planning and determining the direction of R&D in the field of bulletproof technology.
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Table 1. Physical Properties of Ballistic Fiber[2]

Tensile
Strength
(GPa)
2.6
3.5
34

Density
(gfem’)
2.54
1.44
1.47
0.97
2.19
1.94

Fiber Material

E-Glass
Kevlar 49
Kevlar 149

Spectra 1000
Dupont E-130
Toray M60J

Glass
Aramid
Aramid

3.9
3.8
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Table 2. The Frequency of Words Appearance

Number Keyword
106 Helmet
105 Ballistic
95 Impact
76 Composite
46 Head
41 Blast
38 Material
36 Brain
36 Protection
34 Design
33 Analysis
33 Performance
30 Injury
30 System
28 Model
27 Armor
25 Human
23 Body
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Fiber
Effect
Polyurea
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Shock
Element
Structure
Dynamic
Molecular
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Fig. 1. Total Network Analysis Result
Table 3. Degree Centrality Analysis
n-Degree
CDCngc Centrality
entrality (normalized)
Composite 238 6.432
Model 226 6.108
Head 219 5.919
Brain 155 4.189
Human 119 3.216
Injury 114 3.081
System 106 2.865
Element 106 2.865
Design 101 2.730
Response 101 2.730
Material 97 2.622
Modeling 96 2.595
Simulation 90 2.432
Body 75 2.027
Shock 75 2.027
Polyurea 66 1.784
Computational 63 1.703
Numerical 59 1.595
Fiber 54 1.459
Assessment 37 1.000

314

Table 4. Betweenness Centrality Analysis

n-Betweenness
Betweenness .
Centrali Centrality
entrality (normalized)
Composite 21917 1.645
Model 23.760 1.784
Head 14.809 1.112
Brain 6.021 0.452
Human 8.514 0.639
Injury 7.768 0.583
System 7.425 0.557
Element 8.059 0.605
Design 10.211 0.767
Response 13.887 1.043
Material 12.594 0.946
Modeling 11.727 0.880
Simulation 10.950 0.822
Body 6.376 0.479
Shock 9.021 0.677
Polyurea 6.021 0.454
Computational 6.539 0.491
Numerical 9.350 0.702
Fiber 2.275 0.171
Assessment 4.649 0.349
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Table 5. Closeness Centrality Analysis

V/F-Closeness
Closeness .
Centrality Centrality
(Valente-Forman)
Composite 40 0.959
Model 38 0.973
Head 44 0.905
Brain 47 0.865
Human 45 0.878
Injury 45 0.878
System 47 0.851
Element 46 0.865
Design 46 0.865
Response 45 0.878
Material 47 0.865
Modeling 44 0.892
Simulation 44 0.892
Body 47 0.851
Shock 48 0.838
Polyurea 53 0.784
Computational 51 0.797
Numerical 47 0.851
Fiber 58 0.703
Assessment 53 0.784

Table 6. Centrality Analysis Results(Main Keywords)

Degree Betweenness Closeness
Centrality Centrality Centrality
Composite 238 21917 40
Model 226 23.760 38
Head 219 14.809 44
Brain 155 6.021 47
Human 119 8.514 45
Injury 114 7.768 45
System 106 7.425 47
Element 106 8.059 46
Design 101 10.211 46
Response 101 13.887 45
Material 97 12.594 47
Modeling 96 11.727 44
Simulation 90 10.950 44
Body 75 6.376 47
Shock 75 9.021 48
Polyurea 66 6.021 53
Computational 63 6.539 51
Numerical 59 9.350 47
Fiber 54 2.275 58
Assessment 37 4.649 53
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Fig. 2. Main Keywords Network Analysis Result
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