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A Study on the Evaluation for Performance of
Body Armor Vest using ANOVA

Jae Woo Park, Kisik Byun, Sung-Yong Cho, Suk Ki Kim,
Yongheon Yeo, Jae Wook Kwon
Combat Materiel Center, Defense Agency for Technology and Quality (DTaQ)
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Abstract A body armor vest is a form of munition related directly to the safety and life of combatants.
Therefore, it must meet the requirements for ballistic resistance. The ROK demands the performance of
body armor vest meet the Level IIIA specified by the NIJ STD-0101.06 published by the US National
Institute of Justice. This study performed acceptance tests on body armor vests. The factors for
evaluating the ballistic resistance evaluated were not only whether it penetrates when shooting but also
whether the BFS (Backface Signature) depth does not exceed 44 mm when it does not penetrate. The
factors were assessed to determine if they were consistent or not. The BFS depth is affected by various
test factors, such as the physical properties of the backing material and the changes in the amount of
impact with the bullet velocity. In this study, an analysis of the bulletproof performance was performed
by extracting the data with the same conditions using ANOVA to remove the influence of these external
factors. The analysis revealed a correlation between the BFS depth, bullet velocity, vest conditions, and
protection area. The mass production process was analyzed by estimating the Interval of BFS on each
lot. Through this, a new methodology for ballistic resistance evaluation and paradigm for future quality

assurance is suggested.

Keywords : ANOVA, Body Armor Vest, Ballistic Resistance, BFS Depth, Confident Interval

*Corresponding Author : Jae Woo Park(DTaQ)

email: nickpjw@dtaq.re.kr

Received September 8, 2020 Revised September 25, 2020
Accepted January 8, 2021 Published January 31, 2021

372



ARG o] 8%t HekR)9] WAy Bl dd A7

1. M2 FHHY AIF) AHEEHE FH AAMERHE)= 3

53 ZAEE 40|22 NIJ STD-0101.06 4%

HeEEL M5 3 ugt 9 2e sEo 2 e AR5 oA AHARE ARE 5 AIS7RY 49 7

Usote] 2SS B AUES A=A, e 2 AAsH 735k ok FH XXAPE= “Roam
b/ )et BA(4/F), oEEH(F /), YAES  Plastilina No. 1 oil-based modeling clay’ & AR

Hemo 2 JAgEo] Qltt. 2] oA R
Hetnto] tfgt 87 A5l thste] B MEAG AREA
F4(NIJ, National Institute of Justice)®] NIJ

Standard-0101.06[11914 3% Level IIA%} Level

IVE 77 Agstal glow, v e} HebdsAY
< B8 FEARE 96t Qich

U ¢ 7}0% *lo‘%%*e A FSAAFE
S AETHE Voo AR 2T BE 2 FHHE 5ES
F7}el= "P-BFS Al@"[1]02 FEHT}

V502 MIL-STD- 662F[2]°ﬂ w2} AAlst, Aldai
£ Bl A& Ballistic Limityg AFEste] wiEt

JLr_o

2 BRI BEdALEs WRAr SARE
(CP, Complete Penetration)g &-&o°] 50%%1 2<%
L& ouisin, g7 ofgt A8 B3l ARESHA
Hr}, AEHRe 2EH3IE(CP, Complete Penetration)
9 BHEAE(PP, Partial Penetration)?] $EHIE7} 7]
FHI9 ol S0l 3¢ 7P B2 s &= 9 7t
B S FEAE £59 BHOE AkEokA Hrh3)
A Voo AFHZ 5L 7|We R AEEHEE 7HH4
o7 YedsS Fdsks Aol A8Hr
P-BFS(Perforation and Backface Signature, &%
FHHR)= FHE 2AstolA Al gt 3
37bs AR 4 SHO AAYERE)Y] HIZEE &
a4 7IstcH4]. NIJ STD-0101.069] wzd, ZE
Levelol A9 AR X4 872712 44 mm(1.73
inZ 7312 2o Level AL IVolA 2] FHAIH
Z7AL Table 13 2t}

=

ol
=

Table 1. P-BFS performance test summaryl[1].

Test Bullet Level IITA Level IV
. 430 m/s
357 SIG Conditioned (1410 fi/s) -
FMJ EN New 448 m/s ~
(1,470 ft/ s)
. 408 m/s
44 Magnum Conditioned (1,340 ft/s) B
SJHP New 436 m/s ~
(1,430 ft/s)
.30 Caliber M2 Conditioned ~ 878 m/s
AP onditione (2.880 fi/s)
. 44 mm 4 mm
Maximum BFS (.73 in) (173 in)
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Fig. 1. The entire process of evaluation for performance of body armor
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Fig. 2. The process of data processing from raw
data to extracted data using ANOVA.
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Table 2. Raw data using ANOVA for backing material.

44 Magnum 357 SIG
Raw Data ANOVA Raw Data ANOVA
summary summary
F 6.050 F 7.150
28 Set 28 Set
(84 Shots) P-value | 0.0002 84 Shots) P-value | 0.0000
F Crit | 2.439 F Crit | 2.438

Table 3. Extracted data using ANOVA for backing

material.
44 Magnum 357 SIG

1st Extracted ANOVA Ist Extracted ANOVA

Data summary Data summary
F 1.426 F 1.336

25 Set 25 Set

(75 Shots) P-value| 0.114 75 Shots) P-value| 0.161
F Crit | 1.627 F Crir | 1.627
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Table 4. Raw data using ANOVA for bullet velocity.

44 Magnum
Condition
1st Extract Data ANOVA summary
F 2.725
13 Set -
New (39 Shots) P-value 0.016
F Crir 2.148

Table 5. Extracted data using ANOVA for bullet

velocity.
44 Magnum 357 SIG
Condition | _2nd ANOVA 2nd ANOVA
Extract summar Extract summar
Data Y Data Y
12 Set F 1.008 14 Set F 0.970
Conditioned| (36 | P-value| 0.468 (42 | P-value| 0.502
Shots) | 5 crie | 2.216 | SO | £ crir | 2.089
11 Set F 1.789 11 Set F 1.673
New (33 | P-value| 0.123 (33 | P-value| 0.151
$hots) | crie | 2,207 | Sho) | p e | 2.207
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HgHon 238 SN dolEg sios B
sfo] AmaAE Baa] gisto] mAsh W BARA
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Fig. 3. Analysis result for the correlation between
bullet velocity and BFS depth at bullet types
and vest conditions.

Table 6. Summary output for estimation of simple
regression in Fig. 3.

Condition 44 Magnum 357 SIG

BFS=-3.654+0.089Vpyiiet
(R?* = 0.1780)

BFS=-4.047+0.071Vsuliet

Conditioned R* = 0.0027)

BFS=25.821+0.022Vaule:
(R* = 0.0905)

BFS=11.614+0.033Vule:

New (R? = 0.0120)
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Fig. 4. Analysis result for the correlation between
bullet velocity and BFS depth at bullet
types and vest conformation.
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Table 7. Confident interval of BFS at bullet types and
vest conditions(Confidence level = 99%).

W

Condition Conditioned New

g LFromt 31.64<BFS<36.54 35.41<BFS<36.95

Mag-n| Rear | 32.22<BF$<33.59 33.56<BFS<35.46

UM Total | 32.46<BFS<33.75 34.57<BFS<35.97
Fronr|  26.59<BFS<27.82 26.26<BFS<28.27

215(37 Rear| 24.01<BFS<27.07 24.26<BFS<26.47
Total|  26.24<BFS<27.46 25.58<BFS<27.19

Table 8. Confident interval of BFS at bullet types and
vest conditions(Confidence level = 95%).

Condition Conditioned New

4 Front 32.53<BFS<35.65 35.63<BFS<36.74

Mag-n| Rear | 32.40<BFS<33.41 33.82<BFS<35.20

UM Total | 32.62<BFS<33.59 34.75<BFS<35.79
Fronr|  26.75<BFS<27.66 26.53<BFS<27.99

7 [ Rear | 2449<BFs<2659 24,60<BFS<26.07
Total|  26.39<BFS<27.31 25.79<BFS<26.99
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Fig. 5. The confidence interval of (a) conditioned
and (b) new vest's BFS for .44 Magnum on
each lot.
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