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While designing an armored vehicle platform, survivability is the most important capability and so protection design should
be performed. In particular, mine protection design should be preferentially considered in a way that can reduce mass
casualties. In this study, a simplified model, the main design parameters and their levels were defined, and then mine blast
simulations were performed to obtain an effective protection design procedure. Before performing the main simulation, an
experiment and simulation for a simple armor plate were performed and compared in order to certify the reliability of the
numerical model. Afterwards, simulation cases, which were based on the reasonable numerical model, were defined by the
DOE (Design of Experiment). An evaluation of the simulation results was carried out through both the contour and in a
statistical manner, via a main effect analysis and ANOVA (Analysis of Variance). Finally, the impact characteristics of a
protection parameters under the mine blast were estimated.
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Table 1 Material properties of armor plate

Table 4 Mie-Gruneisen EOS constants

Armor Hardness Yo o, Outs E G . C
Material 1
plate  (HB) (kgm®) (MPa) (MPa) (GPa) (GPa) ' aerial =gy S £ 8 Y @
1050- 300 HB 7850 4570  1.73 0 0 1.67
300 HB 262-302 7850 850 206 80 03
1250 500 HB 4570 1.73 0 0 1.67 -
500 HB 480-530 7850 1250 11‘;55%' 206 80 03

Table 2 Johnson-Cook model constants of armor plate

Armor Strain hardening Strain rate hardening
plate 4 (MPa) B (MPa) N C &G

300 HB 818 1423 0.987 0.014 1.0

500 HB 1470 702 0.199 0.0054 1.0

Table 3 Temperature constants and Johnson-Cook fracture constants

of material
Material constants 300 HB 500 HB
C(J(kg'K™) 450 450
Temperature T(K) 300 300
constants T,(K) 1800 1800
m 1 1
D, 0.1 0.1
D, 0.4 0.4
! ii?:;t‘:e D 13 13
D, 0.05 0.05
Ds 0 0
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Fig. 2 Mine blast test for armor plate (courtesy of DSM Dyneema)

Fig. 3 Test result of armor plate (courtesy of DSM Dyneema)
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Fig. 5 Simulation result of armor plate (plastic deformation)
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Fig. 6 Vertical displacement results of test and simulation at the
center point (courtesy of DSM Dyneema in test result)

Table 5 Maximum displacement results of test and simulation

Criteria Results Error rate of real
Test simulation value(%)
Max1mum vertical 6.5 63 About 0.6
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Fig. 7 Configuration of simulation model with design parameters

Table 6 Main design parameters and levels for simulation model

Level
2 3 4 5
DF1, stand-off (mm) 430 440 450 460 470
DF2, bottom angle () 180 170 160 150 140

Design parameters

Armor plate ~ DF3, 17.78
thickness ~ bottom

(mm)  DF4,side 635 794 953 1111 127

2032 2286 254 2794
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Table 7 Defining of simulation cases by DOE

Table 8 Responses for design parameters

Relevant performance

Simulation cases DF1 DF2 DF3 DF4
1 430 180 17.78 6.35

2 430 170 20.32 7.94

3 430 160 22.86 9.53

4 430 150 25.40 11.11
5 430 140 27.94 12.70

6 440 180 20.32 9.53

7 440 170 22.86 11.11
8 440 160 25.40 12.70

9 440 150 27.94 6.35

10 440 140 17.78 7.94
11 450 180 22.86 12.70

Stand off 12 450 170 25.40 6.35
increase 13 450 160 27.94 7.94
! 14 450 150 17.78 9.53

15 450 140 20.32 11.11

16 460 180 25.40 7.94

17 460 170 27.94 9.53

18 460 160 17.78 11.11
19 460 150 20.32 12.70

20 460 140 22.86 6.35

21 470 180 27.94 11.11
22 470 170 17.78 12.70

23 470 160 20.32 6.35

24 470 150 22.86 7.94

25 470 140 25.40 9.53
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Fig. 8 Finite element model for mine blast analysis by DOE
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Table 9 Simulation results for 25 cases

Simulation . Peak Peak . Weight Elem.ent
cases displacement acceleration (ke) eroding
(mm) @ (crack)

1 223.56 652.1 88.1 o

2 196.13 711.8 102.3 o

3 156.94 4483 116.2 x

4 121.08 5552 129.8 x

5 87.03 523.5 1433 X

6 183.89 529.5 1153 o

7 167.49 4753 128.9 o

8 135.77 511.1 142.2 x

9 104.19 540.7 103.8 X

10 144.04 626.8 94.1 X

11 158.81 482.7 142.7 o

Stand off 12 143.76 466.3 100.5 x
increase 13 116.31 502.6 114.9 X
l 14 164.43 421.2 105.2 o

15 115.46 4129 118.5 X

16 140.10 4471 113.1 o

17 126.96 663.9 127.2 x

18 181.35 464.7 1174 x

19 133.75 468.9 130.5 x

20 97.61 578.5 93.9 x

21 120.56 504.9 140.5 x

22 193.47 3822 130.6 o

23 155.67 594.8 90.3 x

24 113.79 396.2 104.5 x

25 81.96 411.7 118.6 x
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Table 10 ANOVA results of 4 design parameters

(a) The result of vertical displacement

A N TR D T TR L T T .

DF1,
» 4;” Stand off .

700

0 VA .
Source  DF Seq SS AdjMS  F-value P §§ "\:/t\: P
DF1 4 1843.0 460.8 40.37 0.000
DF2 4 135844 33961 29756  0.000
DF3 4 15238.4 3809.6  333.79 0.000 ‘ OF3, N N
DF4 4 49 10.7 0.94 0.488 120 o
Error 8 91.3 114 o IS
DF4, 17
Total 24 308000 e el
(b) The result of acceleration 3 -
Source DF Seq SS AdjMS  F-value P Fig. 13 Interaction plot for acceleration
DF1 4 55364.0 13841.0 1.71 0.239
DF2 4 11123.0 2781.0 0.34 0.841
DF3 4 232510  S8130 072 0.602 F7I(DF3) 22z FARt 7Hg Sm, Table 10(d)©] F-Value Bt
DF4 4 312080 77570 096 0478 S EoiA PR 2 (DE2yF A= e el g 2
Error 8 64584.0 8073.0 F2 T T A DARAYS AF e Al
Total 24 185350.0
(c) The result of weight 6. A=
Source  DF Seq SS AdjMS  F-value P
DF1 4 3.21 0.30 1.21 0.379 79 Azkal ZPEo] Ul Ao Wedt = A1}
DF2 4 12402 3101 4663  0.000 So] ZZAEN ALZ Qa4 TNT 6 kg Bk Zukglo g
DF3 4 1118.62  279.65 42054  0.000 Sl TUlRAG AL Leelgith. ZrRAsA 28-S oA
DF4 4 5657.87 141447  2127.08  0.000 SiA o w8 A QA B S Ak, AEAE
Error 8 532 0.66 of o3t AYHS AAT F, F 2579 TFANHLS =35}
(d) The result of element eroding (crack occurrence) AZE A AN, SASHIIGE, 9 W e eof
Source DF Seq SS AdjMS  F-value P j(ﬂ;\g Ué{]%%gﬁf%?fggj % EAA 2SSl
S o () 28 A A ASHE FIAE o T 5
DF2 4 2.64 0.66 4.12 0.042 EatslAz 0] A8 U A AT} v S Mo 22 52
DF3 4 1.04 0.26 1.62 0.259 Wolo] ©2180] 0.6% 0 zu Eul=AsA mele] A=A
DF4 4 0.24 0.06 0.37 0.820 2 FRolslct.
Eror 8§ 128 0.16 (2) HFSR1AQl 422] HARSol] TR s 2R AR
Total 24 5.44 v FA|(DF3)Y S Seleh 4= Q1AL 24 HEAE S8l
A v FAE S7H71= Zlo] Ak S ejlskeict
() HFSRAIAR] SASHV ol FFS = T8 AR
ge el 20w, vhetgt A, e A wstel uebd Zo] - ANTDFNIS Bl 4 I, Ak FASH T A
7b 3A B 5 S —JD]UPE} AE HeliA= AILE Eole Aol axpaolu, v AAIA
Fig. 120 ol tiat 4714 HAIAE0] R BA 5o 2ol ufeba] apalel Xjol7h AR 4= 9aS Blsta
o ATpe, viek FA(DF3)e} ZHw FA(DF4) T 44 o
7} 7V 2, Table 10()2] F-Value A3} vl s Sa)4] Zugt (4) WESQlAol Fefo] AR FE o Al Zww
FA(DF4E Sigoll 7 & F3FS v 7 23 AR S FADF)AS Bl & 4= AL, At AAE HsliM= 54
3421 & 4= ek % FAS 2Eske Zlo] o EHS BlIsgl)
Fig 12} BEA45 7129 vehae] 2] et 4714 (5) BRIl WEAS %, FAUe] GREE F Fa A
MARIARES] Qe BAATEA, veg ZARDE)e) vl ARl vheg DR SRl 3 4 9lgla, RS
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