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The Study on the Mine Protective Structural Design of Wheeled Armored
Vehicle Body
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In this study, to develop mine protective design technology for wheeled armored vehicles, designing and simulating of test
specimens based on the 8x8 military combat vehicle, were executed and mine protection effectiveness was proven, by
testing under the two work steps such as 1st step for conceptual model and 2nd step for vehicle segment. Experiments for
both test models of each step were performed according to test conditions of NATO standard, STANAG 4569 Level, and
simulations were performed by the commercial code, LS-DYNA. On the 1st step, a conceptual model was designed, and
its protection effectiveness was verified by simulation before testing and then it was proven by testing. On the 2nd step, the
vehicle segment with protection design technology from the 1st step was designed better, to consider dynamic vertical
deformation, injury values of a human dummy, and effects of installed components on the bottom of the model. Finally,
satisfaction for protection effectiveness and IARVs (Injury Assessment Reference values) of a human dummy were verified
by testing, and also the possibility of application for wheeled armored vehicles were confirmed.

Manuscript received: August 29, 2018 / Revised: September 29, 2018 / Accepted: October 4, 2018

1. M2 Ay Aok AT, Yuen'S Vehull £22 A 2E
T2 FYOR NG| A B FanDS Yo A
ORI AN DofoloF A0 E H AL, PRI S A, A o) ok
W OABEAL Z1EAL TAAAL AEA ol Gom, T FoE o AuRAS ATstirt. Tang'e A2 71 B4 A 4
3 4] 1 Fasichn el et U S Y ol TUTANTE AT AU ok e S
ol 2 23 A A, S, Fu o) Ayuel it wEel  Spskon, AR R B 9ixlolHe] FAUA Az
shsule] AelEelel] ojg Wa el Aol olsirt B gl AAME ANST &, Denefeld’ & 2| 7124 A1 3
Z0 EE sneo) c

3% ZWE(ED, Improvised Explosive A ol YH SE0] oA AfAS SAo FHES 4= 9=
& VIR AR BRET Ok A2 FEAY A AAS ] el QAEEe mawsiel suxos

of dle} W FAHo] Ao WSRA AEPYE 27 oSk ERL, Sfe] APEUA ATEA, Park’S A
o et #2 EE AET ek olo] Webd viFE FHOR  F AU AR J1 A BAGNN A=YETE AAS AT
3 ARFAAE 7] AL e S ARSI Rol 0 AAAS AEsh] SelH A8Y B0 RS vt
£ A5 9lom, SRl ENATO) @ARFAR  slel s 0 BAY 242 Sk, T AARNE B3
STANAG 4569°0] |25 4% 128 ol 985k ek stlrh. olsh Zel, Aukael A=s HAE 545t s

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



256 / March 2019

CRRSE W] AL AAE glow, uebA, B AfeldE
& Aol 74 m x Z: 2.7 m x =0]: 2.6 m)
oz A=Y YsS FEAZI7] AsiA siAA At
3 F AAATE 8=, 531, A=Al A5
] g AES E8oto] et AAH Y ZeAA
AL, AHE A ZRA ] T el H*E—TL+
AAFE A AFYTEAA = 1, 2dA 2 o]
stpon, IgA = AZYTEA L] 72dAZA 7H‘€.E‘.i_'
(Conceptual Modelye 7| 9 ARSI, A5AEAH 2
e B RS ¢ AES S B
o] i AL W JL2A 7
2 A= 1”74101]*1 ﬂifﬂ ll‘& *élllﬂ% g 5 AN
AL 4g)sto] FEILZ(Vehicle Segment) AdAo 8-51%ich.
HHTIRL g].H;(]_ 5_7] 11'717]-./] Zo] wlako] Adlg7] g
W, SRUG0) G SR XY WS ST
QS Bsp] S1e AT, A U 54 v 2
59 oX7kx) efaA AABIAE, SR AR AREE A
So Hakslo] X7 71EA] WETE 2lo] A slito] 4
g] oJerAe —13:161— = A== A O]'/v\qT /\]
STANAG 45690] wj2ba] A|2|ZHA]E-S

ql
essto] Wk g% sholat QlAEnle] AslA] Zaks EA A
2|Zalelo] Wavl Z1se PRAAYIE Aol B S Bkl
shaich

2. NBI 2% i 2 A

Fig. 12 A& 74
(Vehicle Segment) 24|13 % LeERd

d(Conceptual Model)#} FHEEL=
Aoz, 7] 7= 8 x 8

A5F A DAL V2R SR 0 S0 Tx Ak A
S, F& 7] A s s, Lol ZueAS
Sefsle] Eulgleiao] QfRRe vHe PLEOR ZolS A
o}, 017141, dolate] Zuketel TR Al A
& Seapelo] Zok 712 4] sl wigo] AzhE: Lols nejs)

(Polyethylene 74] )4 2% 7<4—:,L_,_§ ;(1]11-5104 cﬂ 9 ;g@
T Zarelelo] 13 d&slo] Qlela) Lol AFHE 4= 9l
ShRlaL, Ui B3 ol Axiael Hatelel 24 Sost
AZle 8 348 79 Vs e EA]Oﬂ s S Rt |

¢ m
m

5 Aol 5 welg alsct shes AAGHc) S
of Zhml A4 BERE Telskl, AEE A Fugre
o] 2, $ WO T Bilo] R LER A St B, B
e 2ol RRAG ANE HAsto] MFA Sukerelo] 5

HATE ol = A] oAl 2, - e R At 5 SRl
Fiaze 23 oA =

I
B
Mt
>
oot
>
>
ot
2!
i)
_o|_lg
s
rE
é
4

STEP 1 (designing of
conceptual model)

STEP 2 (designing
of vehicle segment)

Fig. 1 Design configuration for conceptual and vehicle segment
model

_?L
pacs
)
i
g

T
&
-

EN
lo
_?L
4z
g
o
Wi
il

lo
w5
N

© A HEES A
of, AR SAFIA SHATL, Eakereo] ofgt sl AN RE
of QRS Tl 4 YEE Sttt
3. 2RIEHA

Fig 19 A@8 Aduds 2uaet A8 3 5458
skelsty] Sl A0l WES 48 shlom, e 12
Wy 20 mAE TS RRETRE Al glo
B2 A4 B TSGR, Y $4 f3kadely mea

iAo = FHIAANS sjAshe W o2 A el
78 (Conventional Weapons Effects Program)x} -G-4] -+
Z AABAIQQALEM? (Arbitrary Lagrange-Euler) 5-2] 2714
HHo| it} LS-DYNAS] CONWEPS t)32 2191 2f1A] WY
O &M, Kingery'i= 37150l FoF ZHA] Zxlulo] ofgl Mg
He odES AR or EAst 279y W FE Ajylew B
B8] Agjel u|Z = 2o osf FHljteo] L] Ay
= e HARlE Ae ARtk mlest dt4x(ARL,
Army Research Laboratory)ol| 4] 7l@slo] &R MAZoZ 7174
wo] AMGE AL Qltk. CONWEPOIA AREE= eul= A](1)9]
Friedlander?] 20 2 F&3} 4= 9low, Fig. 29] 1z 21(1)9]
ARPES}O] whE oY Zaubels Ui ok

ALE {H]& 22of k] 2aijtelo] 37|15 FoljA] 2ol
Aufels e Fdske Al dAdsiA oz, ey
FFe s flsiAl 7] FG7HAl ZRFAIACE StEL= AL



March 2019 /257

Blast Pressure

| Lo |t

Negative phase
duration

[ I
Positive phase
duration

Fig. 2 Pressure-time profile of a blast wave
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Structural plate ~ E (GPa) v pkgm’)  o,(MPa)
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Table 2 Coefficients and constants of Johnson-Cook model

Structural Strain hardening Strain rate hardening
plate A (MPa) B (MPa) N C & (S
300HB 818 1423 0.987 0.014 1.0
500HB 1470 702 0.199 0.0054 1.0
D=yAs )

&

01714, g=[D;+ Doexp(Ds0)|[1 + Dylng" |[1 + DsT' |2 VJERY
% 913, As 515 Z7h Boko] fELAMEY ZIHE, o GES
2ol of3l) Autske Fi+32, Dy, Dy, Dy, Dy, Ds: TV o]ct.
oty e, gt &4 R4, D= Ha-5-2(Mean Stress), HEE
(Strain Rate), 2% 9] g2 e 4= Ql=g), oy Q4R
S PN fEteands B AAHEG B, =] oE
3} A4, 227 ol xe] A Al waaes ol
# 4 sl & el St 8 Sl AT M-
Gruneisen AFE}] HF2] 4] 15:1%0] AL8-%]9) orzx Aao orgle
2)(5)2 Verd 4= 9l

PoC (1 +(1 = y2) p—(l2)17)
[1=(Sy = D) =Syt 1) =S8 /(1 +1)’]

P=(y+t apEy+

o714, Ey: &1 AAE ey, C: 34 9 4=} H= 1

O] OEAE, 8, S, Sy 24 W ARIEE T Zo] L] A

==, 7 Gruneisen A<=, oz A4 Q1Rlo|H, =012 u= o

o152 UERE 4= Qlth. Table 1, 2= A1) 28 A4 4 &
A EG2E ¢l8ate] vehd Zelct >

Figs. 33} = E 51
Ao, «|=| 71i*l Zoeree] ofgh My AS HARe} -r]oH
N EPE Q8 ARgSte] R AR SXH A A
A =FZ9 92102 STANAG 4569 1122 Tzl A|=z7
o] Level 2 - 4 ¥9] o] ZokeF (TNT)S 28315},

4. X[Z[ZLAIH
Figs. 5014 62 7 Yl Fttzeo) A 25 TA9 Jlefe

2 AlEEAS UeRd o2, APR72 STANAG 4569 7]
22 Agatglon], sjuzan BUsH Agstict



258 / March 2019 sEEZSEX| M36H M3E

Constraints Armor plate Conceptual
(top face) (outside) mpdel

8 =

/ Symmetric
Composite face
(inside)
CONWEP model ALE model

. . Explosive position
Fig. 3 Finite element model for conceptual model T i S S R—

Vehicle
Vehicle segment

segment

CONWEP model ALE model Sl 5

Fig. 4 Finite element model for vehicle segment (b) Inside configuration of Vehicle segment

Fig. 6 Test configuration for vehicle segment model

Fig. 5 Test configuration for conceptual models
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(a) Configuration of test & analysis results for Conceptual
model (outside)

"

(b) Configuration of test & analysis results for Conceptual
model (inside)

Fig. 8 Deformation results of test and analysis for Conceptual
model (inside and outside)
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Conceptual model

Error rate of test &

No. Analysis (mm) Test analysis (%)
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Fig. 10 Proceeding of test and analysis (ALE) for Vehicle segment
model
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(a) Test result (inside) (b) Analysis result (inside)

Fig. 11 Deformation results of test and analysis for Vehicle segment
model

Table 4 Test results of IARVs

Items IARVs STANAG 4569 Test
(criterion) results
Head HIC15 250 Satisfaction
4.0 kKN@Oms . .
Fz- 1.1 KN>30ms Satisfaction
3.3 kN@Oms
Fz+ 2.8 KN@35ms Satisfaction
1.1 kKN>45ms
Neck
Fxie 3.1 KN@Oms
Fyi 1.5 kKN@ 25-35ms Satisfaction
Y 1.1 KN>45ms
MOCy+ -96 Nm . .
MOCy- +190 Nm Satisfaction
TCC frontal 30 mm Satisfaction
Chest
VC frontal 0.70 m/s Satisfaction
Pressure CWVP 3.6 m/s Satisfaction
Spine DRIz 17.7 Satisfaction
Femur Fz- 6.9 kKN Satisfaction

Table 5 Test results of conceptual model and vehicle segment

Model Protection result IARVs

Conceptual Satisfaction -

Vehicle segment Satisfaction Satisfaction (6 items)
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