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Ahstract

The study abmed 1o levestigace the bulletprool capabilivies of carbon-Keviar compesites, particularly for
thve design of bulbstprool vests agalnst plsisl bulets carbon-Kevlar i known for it high scrength, lehrweight
nature, and alfordabelity, makiog it a popular choice i car tuning eguipment. The objectie was todetemmine
chie oprional number of layers amd welght of carboo-Bevlar for the design ol effective and safe bullerprood
wiests, Experimental tests were conducted wsingearbon-Kevlar matesials 1o evaluare thelr performance
against FM| 9 mm parabellum. The rests facused on measuring the penstration depth of the bulless in a
ballisthe gelatin block, providing inskghins ita the required nusmber of laers and gran per square meter [G5M)
welght necessary lor effective bulletproaling, Statistical analysis revealed thatall factors, ncluding rhe
number of layers and weight, segnificantly mfluenced the penetizton de prh, Comparing the performande of
different welghrs efcarbo n-Keviar in stopplieg 9 mm parabellum progectibes, i0was observed that there was
oo Liesar correlation betwesn welght amd anti-peretrathon performance. However, & mininmm of 36 laers
with 4 welght of 300 G5M of carbon-Kevlarwas estimared i eflectively stop the projectiles, These findings
provhdad walualsle gubdance for the design of bullerproot veses, ensuring they could effecthvely withstand 9
mm parabelbum progctiles,

Kieyweonds: Carbon-Kevlar; Ballestic gelarin; 9 mm Pasabellum; Bulbsgproaf; Handgun
L latrodisction

This researchfocused on optimizingearbon-Eevlar bullerproo! vesrs 1o provide enhanced protecton
agalngt Dom Parabellum ammunithon carbon-Eeviar i an nrkguing material knsen for i high-smpact
reshsrance, sorength, lghowelghe propertbes, and affordabaliog [1-6], making i kleal for ballecpreal vests | 7).
Thee studyutilized 3 3 Cacooaial design 8] oo investigate the influence of different weights of carben-Kevlar,
chee nuamber of layers, and bulb=tsize 115 grales and 124 grais on the vest's performande (0] The research
idenified the key factors alfecting the vest's effectiveness by evaluating the peretrating distance of 9mm
Parabellaim F) bullers o balliscic gelamnf] 11-14 ] Botably, the findiegs heghleghed ehe significant inpact of
Euller slze and the mumber of Lagers and welght of carbeo-Bevlar By estimating the minbmum numbser of
Layers required, the study proveded valualsde insighis for desigudng bullerpreol vesis thar coulbd seliably and
salely scop 9 mmParabellim projectiles. Uldmately, this research concributed oo advancing personal safery
coplgment and lmproving protection againse leeann thoears] 15),

Riaan and Sarp researchedno ascertain the minimal quantiry of Keviar layers ind ispensable for
constructinga reliatbe bullerproof vesr. They pursued this olpecine by subjecting combinations of ballistic
ael and Kevlar layers, varylig o welgh, to rigorous ballistie vesting, Thelr investigations revealed that no
fewer tham 20 layers of 200 GEM Kevlar are requisive o effectively halt a 9 mm Farabellum progectile,
Furthermore, they astutely noted the eificacy of different guantinles of G5M Kevlar materlal, uncovering the
Leck of a livear correlathon berassen distinen Kevlar types faamuring dis parare welghis|9) 2 higong et al,
e imedbe consequences of balliste penerraons inflicoed pon bybrid plabn-woven laminates composed
of carbin, Kevlar, andultizhigh moleculas wekght polyetiiylene JTHMWPE) ariznged in varlous stacklng
sequences, Their insigheful Nodings Dlumisared e significam influence that fiber combbinations and
lamsnate sticking sequences exerted on te ballistke performance of sabd laminares. Fartkalarly motesarthy
wias e UHMWPE Kevlar bybisdRaminare dwith Kevlar lvers as o from e and e carborn Kevlar bk
laminared with carbom layers as the from face, which exhibined superlanive energy absorprion capacities, The
observed damage medes encompassed (iber breakages, manrke cracks, and interlayer delamination. [n
summary, these collective Investigations furnished A sulstantial contribution rowards enhancing our
comprehensien of bullerprool vest design, specilically abourthe ndispensable number of Kevlar laers, the
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Tl Main Effects Plat in Flg 5 provided a compre hensive analysls o
interactiors on penetratbon depal The findings unequivecally demoastaed |
in determining penetration depoh. Notably, the main effects plot reveals ol
involving 300 GSM carbon-Kevlar, 24 layers, and 124 grains exhibin che lowses

To provlde & more comprebensive understandng of the intricate relata)
GSM [grams per sguase meter ], number of layess, and buller size abourth
propetiles within a balliscics gelatin block, g & illustracesthe Interactson P
norHlinear assoclation berween higher G amd penetration depth bn thelbal
the analysis sevealedehar borh bow and high GEM vabues resulied in decreas
wiben GEhwas ar a moderate level, the depth of penerration increased lmpo
clear and skgnalicant linear correlatbon amoirg these factors. Specifically, o
berween variaons n layers and bullet size, directly Influencing the olsen
the experiment. Moreover, the nalysis sevealeda consistent reduction in pe
AN augnsentaton in the nunsber of layers and the emplovment of larger bk
bullet sizes imbependently contributed to a decrease in pemetration depth, Th
inzlghts imte the iaricare nature of peeetratien depah acd furnksbed sgukd
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ISustainable innovation in bulletproof vest design: Exploration of
polyurethane-coated hemp fabrics and sandwich composites against 9 mm
and .40 S&W bullets

Abstract

Thiz research aimed to evaluate the bulletproof capabilities of hemp fabricz and
optimize the design factors for effective bulletproof vests. Three main aspects were
investigated: enhancing i, coated hemp fabrics, determining
optimal placement of fabric-reinforced hemp epoxy composites in various configurations, and
identifying the optimal number of fabric lavers for performance against 9 mm and 40 S&W
bullets. Penstration depth was measured in ballistic gelatin to analyze the results. The study
showed strong statistical correlations between factor variables and penetration depth shifts. The
most effective strategies included polyursthane-coated hemp on all layers and increased
layering. The ammunition of & mm bullets exhibited the least penetration depth when tested
against the sandwich-reinforced confisuration In comfrast, the larger 40 S&W bullets
demonstrated that the frontal arrangement yielded the minimum penetration depth. Notably, 9
mm bullets penetrated 1.24 times deeper than 40 S&W bullets. These findings
hemp fabric's potential for relizble bulletproof vests. Utilizing polyurethane-coated hemp with
a sandwich reinforcement of at least 241 lavers is recommended to stop 9 mm bullets
effectively. The research comtributes valuable insights to sustzinable bulletproof wvest
development, utilizing natural materials with exceptional bullet protection capabilities.

with poly

Keywords:  Bulletproof vests; Hemp fabrics; Sandwich reinforcement; Ballistic gelatin

1. Introduction

This research is centered around the optimization of hemp fabric bulletproof vests, with
a specific emphasis on elevating their protective capabilities against Smm and 40 S&W
ammunition. Hemp fabric is recognized for its exceptional tensile strength [1], Lightweight
properties, and cost-effectiveness, rendering it a highly suitsble material for fashioning
bulletproof vests [2-4]. Thiz study emplovs experimental methodologies to examine the
nfricate interplay of diverse parameters. These encompass the application of polyurethane-
coated hemp fabrics, the strategic amrangement of hemp fabric reinforcements, the
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Cover letter
July 17, 2023
Editorial of Results in Materials
Colorado State University,
Department of Mechanical Engineering,

Fort Collins, Colorado, United States of America

Dear Editor of Results in Materials.

I am submitting a manuseript for consideration for publication in Results in Materials. The
manuscript is entitled “Experimental Investigation of Bullet-Proof Capabilities in Carbon-
Kevlar Composites: Weight and Layer Variations with 9 mm Projectiles”.

It has not been published elsewhere and it has not been submitted simultaneously for
publication elsewhere.

Carbon-Kevlar presents an intriguing material choice for the fabrication of bulletproof
vests, particularly against pistol bullets. Its exceptional strength, lightweight nature, and cost-
effectiveness have made it a preferred option in the realm of car tuning equipment. The
objective of this study was to conduct a comprehensive examination of various factors,
including the number of layers and weights of Carbon-Kevlar, in order to determine the optimal
configuration for designing a secure and reliable bulletproof vest. Through rigorous testing,
which involved evaluating the penetration depth of FMJ 9mm parabellum in ballistic gelatin
blocks, it was established that a minimum of 36 layers, with a weight of 300 GSM, of Carbon-
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