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A Study for Aging Factor of Bulletproof Helmet :
High Temperature Treatment
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Abstract This study was a prior study to establish the shelf life of bulletproof helmets, considered the
aging factor of bulletproof helmets. To estimate the aging factor of bulletproof helmets, we established
a hypothesis that the 'temperature' factor would have the greatest impact on the shelf life of the
bulletproof helmet, considering the environmental treatment of the American army's bulletproof helmet's
materials. To verify the hypothesis, high temperature acceleration environmental treatment of
bulletproof helmets was performed, and the Arrhenius formula was applied to calculate the shelf life.
The study result confirmed the negative correlation between bulletproof performance and high
temperature, and the influence of temperature as an aging factor was not significant by deriving life by
using the Arrhenius model. The limitation of this study is that we couldn't obtain enough samples due
to the specificity (miliary supplies) of the test subjects. However, given that the life-related research on
bulletproof helmets has not been carried out, this research has great implications and could be used as

a reference for improving the Korean Army's bulletproof helmet specifications.
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Table 1. Characteristics of Korean Ballistic Helmet

Classification Requirement of Specification

Size Large / Medium / Small
Thickness(Max)

9.0 mm

Ballistic Protection Vso =609.6 m/s
(Ambient, Low Temp., After | (Fragment Simulating Projectile
Immersion in Water) 17-grain)

* Vso(Ballistic Protection Limit): Average of an equal number of
highest partial penetraion velocities and the lowest complete
penetration velocities which occur within a specified velocity
spread[4].
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Table 2. Comparison of Conditioning Method between ACH and BH-2000

ACH BH-2000 Ballistic Testing after Conditioning
Conditioning Method (USA Army's (Korean Army's
Ballistic Helmet) Ballistic Helmet) ACH BH-2000
Ambient(20+5.5C) 24 hr,
Low Temperature Ambient(20+2T) 24 hr,
Temperature (-514+5.5C) 24 hr, Low Temperature Conducted Conducted
High Temperature (-32+2C) 24 hr,
(71£5.5C) 24 hr,
Immersion Resistance Seawater Resistance Water Resistance Conducted Conducted
(No Seawater)
. Light, Water Spray,
W?égii:gzter Ii_lﬁ’h}tl _}Z itlerersal: :;Z’ High Temperature Conducted Not Conducted
g P (Using Cut Specimen of Helmet)
Accelerated Aging Ozone, Weight(13.6 kg), ~ ~
/Shelf Life High Temperature(40+1C) Conducted
Temperature Shock 71+55C & -51+5.5C - Not Conducted -
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Table 3. Comparison of Conditioning Method
- . Analysis of Analysis of
T Conditioning Method o 3 y
Classification (Temperature Testing) %ﬂﬂi‘fﬂ" | |Balste| | ConsaticaFigh | | AsingFactorand
e Tasting Temparature and Decision of
Body Armor Tumbling at 65C for 10 days Baltistic Helmat Ballistic Resistznce Lifstime

Thermal Exposure Testing(65C)
for 10 days and Thermal Cycle Testing
(-15€~90C) for 1 day

Armor Plate

Ballistic Helmet, Ambient(20+27C)

BH-2000 Low Temperature(-32+2C)
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Fig. 2. Research Model

Table 4. Ballistic Helmets at which Conditioned
Each Temperature

Classification 71T 90T 100T Ambient

Conditioned

for 10 days 4 Helmets

4 Helmets | 4 Helmets

Conditioned

for 20 days 6 Helmets

4 Helmets | 4 Helmets | 4 Helmets

Conditioned

for 30 days 4 Helmets

4 Helmets | 4 Helmets

71C, 90 T, 100 CE %2 AAT o9+ thaa}
2. 34, 71 CTe vl 4 MIL-STD-810H
(Environmental Engineering Condierations And
Laboratory Tests)@} vl etABI(ACH) 71854
(AR/PD  10-02)[71914  staL U= Lol
MIL-STD-810H9] 2.3.1 Climate ConditionsolAl&=
12 AZ(Hot Dry) 49 Induced Temperature(zd
glojq Fof Bt Al 2&)7F i 71TUE Yehdt
[12]. 3 v FEAM(ACH) T 87 A oA T2
(71 £ 5.5) CollA 24A17 B 112 33 AE AA|

‘8
1_

o T PR A9 AWSES ojglehy). 471 2
742 v AN 1 AR 71 TR L 9]

wgo] & elo] A8steict.

Induced ¥
e
[¥3)

30-63

Ambient Air
°C
CF)
30-43

Desizn Type Location

Basic Hot {A2) | Many parts of fhe world, extending outward from the
bot dry category of the southwestern United States,
northwestemn Mexico, central and western Australia,
Sabaran Afuca, South Amenca, southern Spain, and

southwest and south central A=ia

(86-110) (86 - 143)

Southwest and south central Asia, southwestern 32-49 33-M

United States, Saharan Afiica, central and western
Australia, and northwestern Mexico

Hot Dy (A1)

(90-120) (91-160)

Fig. 3. High Temperature Range in MIL-STD-810H



A1 & 88l =7 A A2148 A6S, 2020

o

=4, 90 T
71= Ao gt

L
=

et =9 UHWMPES: 7 SHA|

AYPATE 1A 495 EUE HE
SHATHOL. AR, UHWMPES] E4Jo] WHal= AAIX7}
Figure 4%} Zo] (120 ~ 130) TE YEelg7] wfgol 1
Hroh %2 100 TE A

Related Curve 2 : DSC Curve
Samgie 1 : PHMWPEI R (2nd)

FATHI No. - BSPMLE - PROO00S

epeste |

Fig. 4. DSC Curve of UHMWPE

=
GESIgon, 2018¥Ee] AXE A/
20189 EEE 20199 %7149 HietAls A1F
2 Figure 59 2t}

i

Fig. 5. Normal Distribution of Ballistic Helmet's Vso

2018'd5E] 201997HA] ol &3t jadulo)
s AE 2 g ¥ 717.8 m/s, YU

336

718.8 m/sZ W&rd
F 17% = w2
9l Cp = 28424 2
2 1.6750 &2 3

=] Ho g7 4 3o W7} 82.0 m/sols, e/

4 FE ALstEEte HATF 444 m/s2A FLE
34, 22 AT AFUol= EFSHL w2 WAL
WARE FAT 5 Ak ot B AT 99 e
U Alg 7o FEARP 24T 4 U 9
gttt
3.2 YEISHAISE Data ME L TAIS
a2 g AR el 9 gy vlAE ey
of His WAL LES S5, T B Table 5
ot 2t
Table 5. Ballistic Helmet's V50 for Research
Classification Max Min | Deviation
Not Conditioned 725.0 | 690.5 34.5
Conditioned for 10 days (71C) 699.6 | 694.1 5.5
Conditioned for 20 days (71C) 6904 | 6753 15.2
Conditioned for 30 days (71C) 7023 | 683.5 18.7
Conditioned for 10 days (90T) 704.5 | 677.9 26.7
Conditioned for 20 days (90T) 6983 | 671.9 26.4
Conditioned for 30 days (90C) 691.0 | 666.0 25.0
Conditioned for 10 days (100C) 708.3 | 683.1 253
Conditioned for 20 days (100C) 7132 | 679.8 33.4
Conditioned for 30 days (100C) | 681.6 | 654.1 27.5
Zk NEt W HAR= 2 34.5 m/s, B 23.8 m/s
2 Uit AR 7 B R AL 9 4 ool
24 2 AT WOl AR 5E H ARES A
He a7t Qleh 1 ojf= thE A9l R4AEZ Al
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Table 6. Median Value of Each Sample Group's Vso

Table 7. Each Group's Average Vso Sorted by
Standard Error

Classification Median Value
Not Conditioned 699.3 Classification Sorted Value
Conditioned for 10 days (71C) 697.3 Not Conditioned 6992
Conditioned for 20 days (71T) 689.2 Conditioned for 10 days (71C) 697.0
Conditioned for 30 days (71C) 699.3 Conditioned for 20 days (71C) 689.6
Conditioned for 10 days (90C) 694.6 Conditioned for 30 days (71C) 700.3
Conditioned for 20 days (90C) 678.9 Conditioned for 10 days (90C) 6947
Conditioned for 30 days (90C) 6727 Conditioned for 20 days (90C) 683.0
Conditioned for 10 days (100C) 684.6 Conditioned for 30 days (90T) 670.5
Conditioned for 20 days (100C) 690.6 Conditioned for 10 days (100T) 684.1
Conditioned for 30 days (100C) 673.8 Conditioned for 20 days (100C) 687.0
Conditioned for 30 days (100C) 676.4
ediar !
Figure 7& EH® 12 87 A29 ¥ds 1+ &
()] ARBAS FUT + YA, PP BT >

e 3

. - -

Fig. 6. Graph for Vso Median Value of Sample Group
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Fig. 7. Graph for Vso Sorted by Std. Error of Sample
Group
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Fig. 8. Graph for Vso Sorted by Std. Error of Sample
Group in Severe Condition
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Table 8. Each Group's Average Vs0 Sorted by Standard
Error in Severe Condition

Classification sorted Value
in Severe Conditoin

Not Conditioned 699.2
Conditioned for 10 days (71C) 697.0
Conditioned for 20 days (71C) 689.6
Conditioned for 30 days (71C) 683.5
Conditioned for 10 days (90C) 694.7
Conditioned for 20 days (90C) 683.0
Conditioned for 30 days (90C) 670.5
Conditioned for 10 days (100T) 684.1
Conditioned for 20 days (100C) 687.0
Conditioned for 30 days (100T) 654.1

Table 9. Quadratic Equation of Each Temperature

Int
(V50=609A6m/s)

Quadratic Equation

71¢ Vso=-1.79(nt)* + 9.46Int + 699.15 10.18
90T | Vs=-3.25(Int)* + 16.75Int + 699.18 8.42
100C | Vs0=-3.57(In0)* + 17.87Int + 699.04 8.10

Arrehenius Model

1/ Temp

Fig. 9. Shelf Life Equation and Graph for Ballistic
Helmet

ol USA AEE B83lo] 41 dj2ae
Table 103} Zo] 25T, 30T, 40TCo4<] _,_rg
St} 7 A& A3} 25T oA 204402k =
o] AF=E|Q1Y] wiizo] 1. 3 A7} wErade]
ol g3k uH Zolgk= 7HA(Hy) 2 717HE gl

Table 10. Ballistic Helmet's Shelf Life at 25C, 30T, 40T

Absolute Shelf Life Equation Shelf Life
Temperature
25T 298 K 204.4 yr
30T 303 K Int = 9564.3(1/T) - 17.70 120.3 yr
40T 313 K 43.9 yr
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