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SUMMARY

l. Title

A Study on the Development of Car Crashworthiness Software (l)

ll. Major objectives and tasks of the study

Vehicle structures must be dimensioned to withstand impacts at low speeds
with limited permanent deformation. The design must therefore be optimized for
impact attenuation and its ability to absorb kinetic energy. The crash phenomenon
is both spacial and temporal, so only non-linear effects with large strains and
contact forces in time domain should be considered. The path-and time-dependent
nature of the crash problem makes its solutin very time consuming. Therefore for
an analytical simulation of a crash as frontal impact, the use of a supercomputer is
a prerequisite. Only then the engineering refinement of the structure can be
achieved within a reasonable time frame. In the techinically developed countries,
the crashworthiness software using nonlinear finite element method are developed
tor computer simulation. So the foreign automobile companies use for the
preliminary design the various kinds of computer simulation programs developed
such as PAM-CRASH (France), RADIOSS(France), LS/DYNA(USA),
MSC/DYNA(USA), SUPERWHAMS(Japan and USA), etc, on the

supercomputers like Cray systems.



The domestic automibile industry is one of the industries that have shown the
fastest growth, but the kernel technologies are not still unsatistactory, especially
the conceptual and basic design skills are mainly relied on the technology of
foreign countries. As the needs to domestic car models are increased, it is an
increasing trend to use the CAD/CAM/CAE technologies which are concerned
with automobile industries, but the related software are mainly developed in
foreign countries. Especially in the crashworthiness technology field, several
foreigh commercial software such as PAM-CRASH, LS/DYNA, MSC/DYNA are
utilized for crash analysis in car industries. But this kind of software developed in
our country is not still appeared.

So the objective of this research is to develop of a nonlinear finite element
analysis program and an interface program for the given pre-and post-processors

and the resuits of experiment, as a prototype of car crashworthiness software.

IH. Contents and scope of the study

The car crashworthiness technology and status in the domestic automaobile
industries, the crashworthiness software developed by the foreign countries and
its application, and the related data were investigated for the preliminary study.
To replace the software utilitized in the domestic car industries and to progress the
car crashworthiness technology, the program which has the same capability as
the present software should be developed. But the prototype of car
crashworthiness analysis will be developed, since this research is beyond of this

kind of criteria in software development. And a public demain software DYNA3D



is based on this research, because this program was based on the development
of PAM-CRASH, MSC/DYNA, LS/DYNA, etc. The concept design was performed
by investigating the related materials, papers, and DYNA3D which was migrated
on Cray-2s supercomputer, and the crash analysis of a box-typed chassis frame

was applied using this program.

IV. Conclusions and propositions of the study

The concept design was performed by investigating the related materials.
Aninitial prototype system of car crashworthiness analysis was migrated on Cray-
2s supercomputer, and was verified by the response analysis of a simply
supported flat plate subjected to rapidly applied load, by the stress wave
propagation analysis of flat beam subjected to impact force, and by the box-
typed beam crash analysis.

After developing the prototype system of car crashworthiness analysis, this
program will be installed on the Cray Y-MP supercomputer substituted for Cray-

2s, and can be utilized by the domestic car industries.
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B3l w4 7]E (Crushable foams) B g 50  Qlt}. o] LZR2IYL FF H F7
EAE sl4st7] HF of2ibAl Zl5o] Qe EHAre] w]72217 (Sliding on
Surface), 7<% &t (Opening of Void), ¢=229] A (Momentum Transfer), .
T ehaFridonyS el BAHS T #lMo] Jhssied Mg BT ohi o
379 FAdE 48 4+ Y-

U
l‘%
o
o
ko
Fy
o
o
ox
o

=
2.5} "HE]E-g(Sffaln rae) &34 % e
A Ee AAFYA iy, L& ¥y FH7F Sle AL oUX] dEiY 2 E
o] [t g 7T &2 F3% IU|E e A Y AAEE §
Aol ALSd % 9ITh FHE HALBE AFRY AR sk FEA B

7] Foiu(Abag) I AFRE O] AEg dl4sks BxSo|th (18)
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. MSC/DYNA

|2 MSC(Macneal-Schwendler Corp.)A}7} 7l ubsl MSC/DYNA: A
(Barrier)ol| o] A}F2F FE, vlAYY &, ¥ ®HIIE A 719 Yol
7y Lol ulAdE AEr|H = A =3 A(Highly Nonlinear Transient
Adyssrs Y 7 e T2 AFHY JeddS HUed AH-

- A5 FENA

- v WY Y FE Y FEA
- A Zof 23t FF2EL AHFE A
- 3-Hk 2719 Yl

ALY BUR FE

Jx

g3ie), pha AE DY 5 YE V1SS REDL YT B Y3 (Single
Surface Contact) 2} ¢t 22 (Bucking)zt o] 720 HAE %ol
L

T4, B2, MY, 3 Zug BEE, 54, BEY, R 259
Eo} 2 ABEL BAYs] Sstel B AR BdSo] ATHA o EF
g RRel Am EdEL 53 7|E(Failure Criteria)-& X §sll QT

MSCDYNAE B 8|4 T2 738¢1 MSC/NASTRANI A2 33/do] 3l




= Y clolBHE AN Y 4 QoB2 FIa|MY FE8Mel Yy A7

Hl8= =9  UH- (19

2}, MSC/DYTRAN

off

o]% MSCAPZR/NEEH MSCOYTRANS A, F2F, 183 {49

A7 Algeold 7] T Y& 3AY L2 ot o] T2 Y o
DT AT AR TERER A9 458 dF FHHYS
T¥E 5 . MSCDYTRANZ  Zh2 Al{hsSholl WAk F22-w3 Y
BERES, 2 288U A Aeed TAS dYgs ded A9
q8Eoks B A

- A5 FEA S7IFHY S A

- 579 FAESY

- 5ot wjgTIoke SEH Y

- ARLAL AR E A8 AEEH

- FEEY oo ¥ AT

- A7hae) A S Zurs

WA 33 FENA

@stt. 201



v}, RADIOSS

RADIOSSE= XA MECALOGAZIAEESE ek et S 234
I 34 vjAdd SHHAES AT HUT 48 RER o]Fo) P& F
TR A Ao (2]

- RADIOSS-CRASH : 54, ¥HFHTY FTS34S AT
ZZeY
- RADIOSS-ALE : pjAlYE o =ML st 7P Eulerien
Lagrangian X2 7%
o] Aj2®-E T HyAHRFOZ Fidsle] 9Tt
- RADIOSS-ENGINE : ¥ Ejslsl HYHFE o] H§sh Ao I&
T AL BE
- RADIOSS-MANAGER : ARg-zele] 4352-8-& Hste] AFIAE
QAT e 9 TelY AL Egolsle] o HE (PATRAN,
MOVIEBYUS)

Hl. LS/DYNA

vl LSTCAKLivermore Software Technology Corp. inc.)7} 7l vi%t
LSOYNA:=  DYNAGDE 4% Bosto] AE51s AT EQo2 A.348 4|
AR AREAL 9A REIYS BAtsto] Tkl SR (23]

A}. SUPERWHAMS

—~37—



n]L KBS2ALe} )& FujitsuAlzl 2502 7ubst SUPERWHAMS = L
ZEY HP S AlEEoldstr] Yl A& A7 AITEHEEE AR
S 2X AU vHg 3xYTRY FHASE Y 7 U T2 Y0
. SUPERWHAMS:= A U EASTHY F& X F49 v|4dd £34E
g 7] wol AFAE A ® FI01e FEAA, AF AE AIEA
R Y] YEtel Y, 5779 FHEA, EAE A oA Y HEE YT
of ¥-&d 4 %Y. SUPERWHAMSE XL 27739 ARS-S B st 3t A
7150 2 F3te Aol H AL +3l(H-Adaptive Mesh Refnremen) 7] 52 &
QPOTH ML NI} THE 2o wgo] Yol Jojupt ol GHeL

g AsHoE AE3et Fo2M AREARY Bel4dd g A4S
=UY. EFE o] T2 7L T4 Gl HEEAY AlEeoldE FAF 3
oA 58T YHo| Sk AFFHLE AHEst= 7]eE 7MLl gled
NASTRAN 3} M2 3 34¢ 7= JYuioel Pel 8 QT u|dg 53
4 s Bl W Aol &85+l SUPERWHAMS: o] 2%

2 AGsl7] sl ZEIo] AAdA] B} J[H-E Ao EX WEgp
HAFE oA 142 Alto] spssth T AR Yo o3A] Ye
HAAAG Aoje AR 3713y Ed 3 gid4dsE R
7150 3o, E3HA]7FYE Y (Mixed Time Integration)S- &3 24 H-E
FTHLATF daide B8 ATE S 7ML HEst eS8t ALAT
B XZ(Pinbal conact) L8 EE AL FOZH FA-YEHAH L

A5 02 £YP5 T 21)

fjo
X
2
I
r



o}. DYCAST

DYCAST (Dynamic Crash Analysis of Structures)=  v] =+ Gumman gH-3-A}
b AL ) AY 52X feasHd AFE FEZ Yoo Y FRE
A" g Y. o] B+ vy 58I, u|4dy A, I B Hel

$ESY FAZ H4Y 71 Ut FHANYA BAZE YR Ex $7o]
=

-

S Y], AT £459Y FERAE B st 7UE o] &5t
24,83, %3 FASS ANT 5 Ut 4ol R2E2NE T,

Y AT Y@ uBY) WEEE w8 s2aE0 T

z}. MENTOR

MENTOR HF Y T2 3¢5, AAH LA, 713 AHgse
ool A Z-ut &7 (Blast Welding) 9 E-¢1 A (Seal Design), A= 9 7|E} 4
SA A TE, 34748 (Metal Fmigys2] FAo] H&8g"H4 Sled U

- Zho|ut BtojFEEolMe 2 Y 54
AR



bHE BWES
Yuby FZE WY D R3S
33 283 vhaaz

27|2A02M9) PEY S U 4



A 44 TEXS AILH

AT A2Ye] Ae B A7aAe udels Es ol A ghou
712 3 7FR] 3KSdentific Visualization) 2 X Eg]ojele] HA LI 18-
GFstA fgste olgE & 7 UET 5p7] Hsted ol digh A A

S £339T. o]F T2 oI INGRID/TAURUS, MOVIE.BYU,
MOVIESTAR.BYU, PATRAN |l, HYPERMESH, MPGS Eo0] o At o)A] o] &

g & Ut
1. INGRID / TAURUS

NGRD:  LLNLojA7| whato] ul 4% {384A20e Bl Ysty| 94
B AR A7IR PEE WYY BILYE YL BYL O 5 9
on| BA% Aol $45 ALY 5 YES F $iste Holx 9=
Me] ¢} 7 2]Z(Hidden Line Algorithm)o] )T} o] X 2 73)o] 8.3 Fy|:=
Ay RN T2 ol PeH FAZRAY 313 Y B4 VA
of Yl T EAMEo] YNHOZ A ZHxjol i YYRTE FAZ
Zolut dHEel tistel T B cloELE 87 ¥ 5 Y3tUNeudFe)S
257 $lste] YubH ol BHolZ ARREHE ARTE Y YYsiYL
So] Z}7te] 7o ujste] ALGRte kg M7 YT EWH YHols
o] glwl AMEH Aol AE el 1EI AAZAL T8 Yo

o2 ¥ WY B8] FRHTIL ¥ & YT

—f—



TAURUS:= LLNLojA7gE wj g 72sd Z2732 THY FA2
A3 o= HEFH FASAA ARSI 25 9 3z {FEe s F
Eof ofsted ThEoffl o] UEF(Binary Plot) U2 ¢l & Y% o, 4, AL

A
A8 o= FIE e JA A AP Fwe Fil4(Contour) 1FH

4

31Tt (24,25]
TAURUS A ol obF rdstal ojslfsty] A= o] Sl axHe
= HolBE 187] YA H2 o TFHoTo| st Yo AL
‘8= UAH-
Phase 0 : 7|3} (Initialization)
1 . YT TS 4 718y 4R E (Geometry
Display with Contouring)
2 . Ao w2 X2 (Time History Processing)

2. MOVIEBYUY MOVIESTAR.BYU

MOVIE A|Z®-2 uv|Z Bringham Young University o|Aplldtd 3-8 ej
Y T EYo=E ALl dolBad st o] dHolEEs HA4E 8’4
(Polygonal Element) ¢} FilHE=E Fost] 2 F4E XxFE F e +34
T YAsHH By 7l=0] AT MOVIE AlA¥lE MOVIE.BYU:=
VMS(VAX O.S.)Atoll A} MOVIESTARBYU X UNIXAtoj A Ar=gl=d] TR}
a2 5ol Y. 2627

— 42—



- Ak A3 A2y FAFEEA FAPHY BEx JARFY LY
& HoAEH.

- Ul Re] We JERYy] st 3XRUHY KHRIALHE AEAY o
SA 4 e

- 7%, Pl B B sk wygeg F4sde WEsd, 23%
= ukE 7 S

A2E BYs 2o AZEH ¥ 4 YT

-5 S FoE Ve 94Y %2 ukE Ut U

- ASH elolE TZE A BT

MOVIE Al=®e ofdls} o] 278 7158 +9shs ¥ T2IyoR
Fsle] Itk ZZte ¥ ZRIYL iAo E Sof glof FoI mnE
AYEHA A ClolEE YA ALSAte R WA IUE 1Y

- DISPLAYE o] Al=g) o gjRFolH. o] HZygel 842d By
& 7] Y g3}y TEIPYPoZ AZSH FTRE o]_F 33 o]
Eplo] 2 Aol A AFET. o] T2 B3, Ho|A] o IAH,
N T 248 e BAG B 29 s Adal dH:

- UTUTY: 72t BB A 84 Rdof ofd disty gy =750
=1

. SECTIONS  DISPLAY T2 7o) UL E oo]EFE $35H= YEHA)




3. PATRAN

PATRAN:-  mj=r PDA (PDA Engineering Inc.)Atoll A7) kg 7 3
(Open-ended) ¥-2 3214 MCAE(Mechanical Computer Aided Engineering) =
12 & AE AT A BEdEH 4T AGEAE QAT 7 ST
chshd] Ty AlLPoE Fasle) YT o Alxde] B B3} Utk
(28]

- sl o] do] Ep|o] A5 ARR-E TAlZle JYUEEE =0 eBR

o] & dlojElelel HLo] YR gfom ojluEx] o EEINE A7
¥ 4 U
- Z279), ol eisld | 71E9 ujojEho]l X Fof s 7|9 LTS
43} 024 FYEST AHYY HYTEE BT
- T3 K A ARSol ks 317](Session) T Hol ATHLE ¥
ot

PATRANS- 33k Sl BE922 39d Jefy 94 59, 7ded B
d2], s d3te) dizka B8 U AW Gaeway RES S E skl U

Gaeway X 52 E+ CAD T2 7733 &|l4 U AF T2 748 A4 <

— 44—



0)i= 7]io] )T}, PATRANS | Z-L 2| 23}7)o) YA AFLALR st 7
ZE|A oA A EL ANYEstT Sl HAEY 4 9E 588 25
_,E-Il.__

m The W ZE ele BER F4so YUtk

- P/SOLIDoj A= 3l A 314 (Analytic Solid) B2} 4] ™8 (Trimmed Surface)
BEdP o wHo g Exo F4& FHsld EH-

- PFEMo M= A 842 AT EdS &vlsty &5 old AMSA:
P/SOLIDo|ATSo4F) Fidol 2H Q4= F84FAE Theal
st BAXDS JEskl 935S ¥ + M-

- P/IMAGE o A= 893 Ty 755 A58 o] BEgos TF
)3 el HEx| (Feed Back) 7} E§s]o] 93 <
S AFst A4S ATl A ALY US F 5 UEF =
o] 3T

- PIPOSTol A= A48 Edo| diste] =21 FIstA sjdaxs 13
22 HoAEY. &4 ZAHIEo]l Aolu fae dAES UHY o
elmoke] HRFAo JlojA 2 AAFERE HHY & UH-

- PIPLOToj A= 84U XYERE 13EY. o BEodAe= T4 d
o|E} Al(Data Sets) £+ A3 1HOE n|lidle FoeX F5
3} 99 AT TH-

- G/GATEWAY = 92 9-F H7]x] 9 PATRANS ¢4 AlAFTE wEHH
EIIYESE F/gEo T

od (Shading) 7|5
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4. HYPERMESH

HYPERMESH= ©u|= ACI(Altair Computing, Inc.) Aol A 7§atsr 8-3tQ 4 9
oluf FTATHE o] 8T Z4F MY V.FAYH AlL¥oR 3xd BT,
cjo|EpHH, ALrE e dYAYT Y 750l e HE wAA| =R 1] 5]
of A&7t 7hsste] ARSIt Boldk 530l AN 53] dAHE stE
deoie 2 75 ol ¥ EM AHY £} W2 {5384 Hyof 3
313t oo E} LR E E35}e] folE} T 7Hgksle] = pRE e s B
A= siAdY 4 AT, HYPERMESH:= 2|29 T 20T 7|9 FJAF
(Object-Oriented) ©jo|EfHjo]2E o] &-5}3Y. EZF AMGEAIZL &7 o] 83
T AES st vy FHY F2E it JJL_L AN, 84%, LF

a g, 845, 5.4 A, T E HES QYT 7lsol o
ABAQUS, MSC/NASTRAN, LS/DYNA, PAM-CRASHS oj2] =39 Ahg L2
sl 2ZEgojote] AV 7HsstH [30]

5. MPGS

MPGS= ©|= Cray Research ApojjAl7)|etst =stA  71A] 3 (Scientific
Visualization) A X E9o|Ql ©YEZFH 1y A} &) (Multi Purpose Graphic
System)°= Cryw#37H YT Leo] e SIS H gt o]
+8 7 e AlE¥elH. 53] MGS: 3 AEIe FAY
(Post-processing) € 3T 4 Qe TET0YPod [ H I 4 Y

o8 F49 7% a4 £TEgolg By S INYS FYE & Yok

—qf—



[29]

- FHHYFE ¥3  (Local Transformation)

- Af7ZF 1) (Color Editor)

- &/4|2| (Hidden Line Removal)

=% %] (Shaded Surfaces)

- JA} F=F 22| (Particle Traces)

- FF-EU S 4 A7 (Fringe and Contours)
<339 H4abel 249 WY X (Clipping)

- T8 YUY 4494 1Y (Keyframe Animation)
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A 3& xmzagel JHy

13 ZEIOde] JiEUHE [31-3

LXEY ] L STESoje] 54 wFel IW G F3ef Ho
d4A] o B=R YIEAl F Fod HUMA 9AR £¥H JfEHeE 4 ©
AS B & 4 9ojo} Tt £ (Lifecycle)d AZEgo] 7jut A3
A Z5-E E7HA] wetol @ A el Tof wE e WFE el T E

< T 88e Edgste] st 28 A Lok, 5T S ES
of kel q&3t7] Hste] AYF FYI/L £/ Bdojfpl FER.
S8 Y B S s 58S AR STE S AL 8Tl sok
g UFEH L AR oAE sl A 2L Ed o e M=
o] TS P53 st AR 2ZEg o] Aol Folo] QA S ==
AE BAE 5 YA &9, YAl o3 08 AT Ego] Aus BAF
(Phased) 7oA LS FASH shi= Ao T8 T8 Ed 7
4 S et 9 IR Fellvt S 5 sl AT Egojs Y, A8
2 FARS) HYUolM Fo R IR Zatel upE AEE BRI
FADANAE doB TE LTEg ] 4HEo] FE ¥ AU FHE

l.

T3, A Aol E T ARE-S o%A FHE AR FHE T, 4

B BAME T Age] Mo YL &0

[
-

SR V1 RHA A S 0YOR e} YHA oF W 1Y 31



r[r

3 Z& FFY Bdo] id o LA B, HYHA, JREA,
d S PAY, ALYAY, 485 8 UAZ PR SRS Hed
o AANE T VAN DAY FYEE 2L YEIT Ut Y £33

3T DA ABSRE RS UEMIT YT 7 BAY 74e B4 Y B
At BEste]l AY W 2TAY ¥ BAZ glon] AunAs

9} 7|BAAE A2 VAT, TY3} BY ABE FolA T AR
SAS, S AlYT A2Y Ade AU DAY Rolth vhx e
2 RANSE DANPORH I RIS B U




Helel F8 P4 RES AL AR LTAIT AL AL B
49, AN, 27, 6E, AY, AZAY, 7Y, ET 5 ALAIel B3
FAGY EHE AR EEBYelA

I AGA ALE B Pl P AAT FYS R RolT 8TA

Folx FelE Wee FHsE Aol AU ol AYYA, 71 EYA, T

T 2733 TEE Ao|th AP DAY, T8ATE R A" Alg<E
A2 s AL Yr|iH. Y AlES AL 24 BHY EE
3 Al goln. ZHbel Ego] ke THEA 5Y[JLRE I Tse HE
3] w3t o AP Y FHE 5 5ol EsEo] ST LT E4 o
S TESHEAIE Bdse §F Aol Y A% EEEE HEst 3
He DY Aol AE AT E A (Interface) 4ol o7 & 37| $T
g Al B3N A Te s AT EQo] tHgo] 8 7FAL | diste 7
5, %, ABk Fo] FREEAE sk Al2HY AlPE T stoofF ¥
o AR B8 A DAA TEo]l AL EY o 1HEo] ARE-A}]
A V=" Yol o]FojR = £ZEg o] g U3t 33 K2 3

ol WHES H&35to] 2L Ed|oje WY (Pototype)s LT wTol

TAshs WAlel sl ol dAtel HE AR M Ex 5l A



AR SAsH RdL R TAsHs ALE, AHE FEE 43514 7
< At FAdshs wWolH. o] X

EAL Apdo] FE3] sl AAE AHEo] &

J
N ¥
rlo

25

I

im

24

2

L

d

lo

of!

Sk

_E,

7] A% ZHolw o] 27|UY AZWOZRE A4H AU Fihe} A
Eglolg $45k7] AT Holtt

B A7AAE A5H FENY LTEYoje UY A2YL AW A

L2 o A5 SLE o] MY 48 Hd FAHA LA, 2
Bol, AYEA, 7184GA, 24, BHAE, A2 AL FRE ol

AR AToNE MUAGANRE AYLA DARKE FY

7 .



M2y z==z3¥e JgMA
1. 7 A
MNuA o= AZZu], AE5F, FHPZA

]_
29 o] gl AYSAL AYSLE B A7AA] Y2 AYE),

B4R, BAZAES A 2%elA SUEG7 dEel o] ol AUAYD

e A STEYE Adstr] Hsteds 9P s WHNE olF
sto] olof SHe FHe| dNHEE At 5T HFE stEdo] fAl
I dolE AHSste] ZE2IYL JNUstofof . ol epi2 X Ego] )
2 WhYels M-SR T2IYE et Adshs WEH RARRE okl
A ool JiubE o] QIN YutelA FHo] Sl I3 E =273 (Public domain
program)-g& -85k ofF UIE WHA7I= WY 5 2 27K 7I¥e] AT
A7 710 FESL 7IE9 Y AFEW ==Y B HA
o] RS ITYA YL oL EAYYol RUNHL ¥ & Yo B
ATE W77 o] A5 FEHY LTEgole Uy A2 Awshs
HAZ 7]E9] FFTR2IYS B3k PHS AMEsklA ¥ vl=o
LLNL o 7§t DYNA-3D L2032 & AFFH: Hisiil 7|ES

PAM-CRASH, RADIOSS, LS/DYNA, MSC/DYNAS5-29] A8 ALY Edo|7} B

DYNA-3DE WAAZ] L2 7do|7] uFo] B AF AL o] wyE



AREAL AAECE 5 3702 s AT & HAels VFAY A=Y
M2 Ejto] Hof 9lz] YoBR 7|E AFAE AlAdoly HFEAT
= QAE = St AREAL OA Soksl FalH Tolg Yo R TH. F3
deoks HAF FHTFIMES s AHE 3 A9 T
L2 THOR ol 24 AL A8EHo e A=nddy vidd 54, 4
HY, HHY H 3]y F TR "o oE sty u Y 543 JF
N FHTol WE PAZTL vy Eido] EgE|ojof T 2 L2IYPL
DYNA-3D (19894 2hE 7|2 BdY3 3o Bg o] T2 T o] Fuky
dE LA o|2RE ey LZEY ol P AAE sBsI|E T
[15-17)




g

- B4 B d (Linear elastic model) : HAgsAl, ZdlbA Eid (Orthotropic
A

ey B2, )9 THL ZE XY

- EYRY  EY H T4 ¥ HFE (Crushable foam), 5-37t Sl EYF
X T4F AE, o TENSOR A I3 Xy (Pseudo TENSOR

22 E¥z| gAY (Inviscid, two invariant

- %24 Ed(Rigid-plastic model) : SS4/SWAH L4,

Johnson/Cook 4= 4, HMREE &4, BHEHY A8 Su4y &4

)5 R4y 2-/d(Closed form update shell plasticity)

ol
)
4
ol
Su
1

Hydrodynamic model) : 3 3k2-& (deviatoric stresses)
o] Yt FHYY, By F4YY

- Z|e}R g . 3 EukR A} (High explosive burn), 7}/ (Rigid), B3t Al 8
/¢ £ 9 (Composite damage model)

— 57—



- Mg tet] (Linear polynomial)

- JWL 37 14} 2] (JWL high explosive)

- Sack"Tuesday” L%}

- Grunessen 4}

- Thak4le] u) e 4] (Ratio of polynomials)

- ofux] 3 Enegydeposion) & ZHE AE T

- A=y} vke o] X3lel AAFA (Ignition and growth of reaction in high

explosive)
- vlo] 2 eje] Compaion ]
- Hols Jelo 4
- TENSOR7|& B34} (TENSOR pore coilapse)

o 8t 2y
- Hughestiu AMZ}g B9F 7bQ 4
- Belytschko-Tsay 2.9 ZtQ 2
Bepschio 4149 7 B4
- 8FF AALL (r3H Eolv FY  HEs F T Flanagan-
Besto g 3-8 FH3h
- Al e A, AFAHeA, AXE g4, Dashpot 3.4

7t@ o] FHHo] £42 20| (o] HES SHUME RS




A FEL Yol 4 22 AR 4 Yon] T 24 T W
o2 27e HEYelM $HUAE T 4 Yo L} THLS
AMe FelHx EEE RAHAAF HPolu Ad (Hourglass
viscosity or stiffness)o] 2] s} AojEHY. I3 BE Q4= A

(Rigidbody)e] YF-EX o] 88 4 SIYH.
= S R T B B R

- ol HEY Y o]BE BT {2 2471 ¥§E Yol U
)

T Capel = w223 HASYE @S v L39S

- D4 (Tied) YSUM| WY o|BE o H2 247F X3 Ho| 4

O])

| |

- 9 W (Single Surface) W (FUCR o= YZopdy X3}

)

- A5l T3k wle FPESHEE X7

A& We] A7 WS YA

-7} QA4YMol| A4S 7Z_ A& MY (Shell edge)

- JF W] 2XE 249 I @S vy L7

- Tie beek P HS vhEE ELI7Hs)

- E3 bl Y& plTHY YT ASD AF U ohEy T
RSl A9 FA] AEAl ZA7E FHY)

¢
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3. W34 A

AQAolE 71884 AA, 427244, U2Y 34A, YEYPE
dA B A2YHY DASe] Yeel 71£ DYNAGD £ 7|Ho 33 &
%7120 VFHY A2 B4Y WO | RYA, ABTE, YEY
3, YFYYES JEBAL T2 T2 A2Y 5ES YA A2

d Y dATE FHSAH

SERIDYNA=  07d3 42 8732 wet 13 312 & 242 FeE 7)
BEAS T¥3H 7€ DYNASD L= T73o] 7E|A Qi HH, A4
s 2718 MY BES SHeE o] HESe dE +3F E A4HAE S/ L

139 HH3E TEs ARSA Hol g Hsld 45 U¥ AAe A.F
A2 Alz=dle AE AT A EES FUlele] Hudtesd 2719 ¥ 9
TENY STEHolE 7Y A%l wEtA DNASDE E4st A7
sted ol EWE 1xA k] & d729 Cray-2s 3P FE AN B
A TS TSt B Fof ARIAE £3F AT EY ol P A
2 TR F 2395 s 19939 1190 Cray-2s & WAo Q) Cray

FHAFE NN B8H 4 YES SHAL LXES oo | EIAE

sty QY FEHH LTZEgolE LI T AL AT E




INPUT
MODULE STATIC

RESTART EXPERIMENT
MODULE RESULT DYNAMIC
CRASH
INITIALIZATION| {INTERFACE
MODULE | MODULE
——| MPGS
:

PRE- & POST-
PROCESSORS HYPERMESH
MOVIESTAR.BYU l

72 312  SERIDYNAC] 7S AA

ANALYSIS
MODULE

OUTPUT
MODULE




Z2"o A%

AEAFENSS AZE4T YEEA AT HEE D HF2T5A 9

A vy ASES Fusked ol 7lstEE uvl/d¥ (Geometric nonlinear) 2}
A 283 u]/ & (Material nonlinear) .2 LRHETE o] 23 n|A Y EAlo ZH9

HayY A Deformed it Current Configuration)s} ®H3 A s AHUndeformed
Z: Original Configuration) o] #rol oja] TZEo WHS VY 4 Y=
23459 uhyo] PRETH FRE WIES Foshed AHRHE EYP
2 H3 Lagagan ¥ EBHY, HYT YL V)
g2 Foz FREo| T =, ¥y YEh:
87 ZFEAZ YERE 9Ye Lagrangian 7] Ho)
& shal, M3 HIEAZ HE = 4PHS Eulerian X7]¥ol=t s, o] F
E7)YAtololE HZ BAAC] Esie] oole] BT FrhA] Er|yoR

S MYe R¥sk dBxFHY TR US4 Vs HlEe &
4L 7}A| A 5F, Lagrangian ¥7]¥-2 FI FR&#A FAlo] ALEE A
Eulerian 3712 FA 84 Fao] FE o] &5 I A7|AM= T2
gol vl folskil FAle E/o] AjY lagagan 7|HS o]8skalAt
3. &, Q48 HEA P dd o s 4 e Tl e



Aol YXE THe 2e 2y Yxel B4Z B F YTHERIZD

dB

a9 X9

ﬁt ,31

Fig. 3.3.1. JEAL F9

X

= xi(au *t)

YollAl e &= I AOIH.
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Ag el oML BRWYA T FAZDL T LT,

+ptf, = px,

Ojj)
o;n; =t(1) on db,

x;(a,,t)=D;(t) on ob,

7|4, dy & FEHEH(Traction)o| 283 FAoIH, ab, = HH7F A%
¥ FACIT ab, ¥ AR APT I4A FA ab, olME HeH A
¥ o] Y Ao Reopocdivoem)E THEsHoiof BT,

+ “\p . =
(C;" =0 ;=0

o471M o, = Cauchy S8, p £ UE, fi & AYY YEn; = FAN
52 B9 Y Eo|T}

o] Abe] A1 2 BHE] 7}57he] ¥j(Weighted Residual Method B2 Weak form)3

J (pxl—ou j—Pfi)oxjdv+ [ (ojjnj—tj)oxids+ | (Gij+—0ij“)nj8xids=0
dbl db3

o] AlojA GendE (F-2 Divergence theorem)2 -85



I (GijBXi )-J d‘l) - lejnJBdeS + j(clj+ - Glj-— )njﬁxids
b bl b3

oJBZ FFE T AL MY YT B: 4lo] EEAT

OR = jpiﬁxidu + Icijﬁxi' do - Ipfiﬁxidu - Itiﬁxids = ()
b b b ob

2. 27}vo] R3] (Spatial Discretization)

ALAE FTRLZ ARISYS 3L 24U dolo e HRS
2He HAEE T Y 5 0T ¥4 s(Shape Function) o} &3+
Sl o8l dele HXE RIS sHid d4A7 8IY LALL
(SoidElement 22 Brick Element) 2 A|£3} =% 2uje] WA FA4r BT
Sl o g

8 .
X;(ag, )= D 6;(&,M,)x{(t)

)=l

A7|M BAHSE 6 = T} 2T

0; = (1/8)(1+EE,)(1+1m,)(1 +¢g;)



el Aol A g, ¥ FAY H3EA (Natural Coordinate) 24 =] 2 &
= H|XT AZTER] Alte] BolE Yl AMGE A= HEAH.

N R aolA Y BAMl P A, L HIels 84 FHAY
= A dEA ek dEde wAls] Hstd 4 2452 Y Hevt
A HelA w8 7ML WY E ol gt T AHE FHst] R

O3 A2 A45A AAY AH5S B S5UEYE 498 + U

N
Y ( [pN!Ndva+ [B'odv— [pN'bdv— [N'uds}=0
n=1 Vn Vn Vn dbl

N o)
A7lA - 2 3*242] B 73 E(Interpolation Matrix)eolr| - & 6%12] - Y
B' o
FE, - T 67249 HIE-UY /A FHo|H. LT -+ Y VIEE

dgEjolsl, o St 727 AHY dElY EVPY ABoln NS SRR
o) 2 A%olTh

S99 )4 Ealol oA Adel EgHo} AS ERY WU 9
MM WBYYE 719 Y(Oiagonal Maio2 BEE ol uHUHT F97H B
S olskde Agel QoM BARe S0l o] S AE o 45 i

A ozl $E T 3T
8

Dy = IP% Zq’id‘) = Jp¢kd‘)

TG BEHs HolA Y HEAS o] LLT WRE-HYYYY
o] o AHe A4l Yol

—66 —



Jacobian Y F L APZHY Aol 8. b WPE G W
2)(Chain Rule)ol] 23 TR-gat Zho] JERYoT.

09, . _dxdyodz_ _d¢;

oG d& d& o& ox

343 &

F@eaolA AHgElolxE YR )47 8 (Analytical Solution) § T
g % §7] wlFel 43 HE (Numeical inergraion) & AH3-317 Sld W)



9} Zro] RHAY. o7|A w, w,,wZ 7}5%] (Weigting Factor)s-0] o T
F g FHEo|HHH

n=1
wj=wk=wl=2

&1 =N;=¢ =0
ojB g

I gdv = 8g(0,0, O)l:l_ (0,0,0)l

o]t} 7|4 81(0,0,0) & 8239 TAA o] H.



4 A DY

Al7ke] Wisle] w2 A&A &2 A9 AFE FshlA 45 Fo7
Aol MY I WY v|EAY S8 THELEY AR YEU A 317
g F-oll Ale] djFr 5 Fdstoo IH oY]e] AMSEHE AlHE o
FgZoF= FH YAIAF  uhy (Implicit Method)3} 9] A vy (Explicit
Method)o] it} o] F712] WHHS o2j7px] 7iid YA EFES EFste
L 2A, oln] ¢Al e BEE TR Bg AT TA (Time step) el 4|2
e T WHES Y9 oL sk, FefalAl sk o]l TEA
Aol Tt Bg GACAY T BEFe] FE£HY WES JdH whyelRl
3.

o] TR W2 247 AT 7R Qe A e Fvc £
a4 2= ¢ (Conditionally Stable) sjwf A FA < o) 27| Ztolol sEEE
Wi AtA| o] st ¥Hlof [A| A it AV ES T AL
sto] o] S o|-§stE = mlEejo ARgo] Zrom A|7HHZ o] ZopM FHT A
AHHE T 7 AL AEFH u]dP e Ffol dalEFe THEA H
ofd FH<= 7HIH Wiy Wi B d53 s@0lFHE A 93]
o el RS FEAA FI2UF 8 (Unconditionally Stable)’d o] B 7S]

27 RS 4% ANEHTE 8 v deol FAEA U
I E28 339 3¢ EY 4% AXE AR st, AT 279
3N ES 3ot AP stoof stBEE T2 4o WEHE 873H. o
A A ol wlFol ASAFE A FAleA Aol o A Al

H ST doju= dfele 98U A5 gl Fol Higsi




9AH AHE dTYZolE A2 FFIF Yo orlME FUEY
(Central Diflrence Method) 78 o] 43151 t=bUule] SEWPAL The
3 e YYo= 7| e & gtk

M o)z} 338 Y (Diagonal Mass Matrix)
P™-2 o Ay ¢
F_ Wl+8  (Internal Force)
H" & ol2dl2 A%y 3 Y43

NP HRE ST vl AZelMel e AN AN FUA
By AHgaE

a"=M"!(p" " +H"

xn+1=£ FyN+1/2 A n+1/2

Atn+l/2=(AIn +At"+l )/2

o} T 9 HolA U & o] Tk YFY o] T Yol A

so] vy gols}ct



S8 EAlo] gk #e HIFeAA ALEE WFAdE HEEA

Bygo] HFH EAFAolA o]FoA|7] uFel 3F2 Eulerian 7l{'d 2]
E o] HY. o2t HPH FA|PelA FEHTE HS Cady-3FHol
2} st o] 532 diH o] ZhA 3| Pel I (Ooeciviy) 21 5] ST

¥tz o2 Yol AP $¥Yo 2 Lagrangian J'F o2 AT J A2F
PoaKichhoff-3-2},  Bot3-8, T3 MNomnd)s-5o] Qlil, Euedan7zli'de=
+ Cadys¥, Kahok33, Deabss3Hsol QY. g Al OE 55
o ¥izl= iy d4ol FRF HFLZ st Tol EHT 3-F & (Stress
rae) £+ Jamang, Tuesdebs 53 42 Ao UH

P ol ALLEE S¥HY SHELS AL, AT =¥
(Objecivity)?]  d3dE TFallofF & & o oA I (Energy
Conjugate Pairs}2- o] F+= ¥ L go| EAsteio} FTh. Yol AR $
T SHEE AUYY UL ZE P Yoy YNHHO T Cachy S H, A2
2} Piola-Kirchnoff &, Jaumann -2-8-8§S0] 7}4F To] 2k0]3 Y. E3] &
ggo 7ol olelig}l o] A7) W2 HEo o] 23-& sj4 (Update)
stojol o}

o, (t+dt) = 0, (t) + oy dt

olof t¥F L F Y H-L Jaumann Stress RateE o] &-3te] A4ksi T}



6. HeAIAY £

ALGY HE et 84HEA 17 AEe AL 5 ey o &
< BHAI AT KX E(Hourglass Mode)2 B+ FoVvx| EE(Zero Energy
Mode)7} WA T}, wl2tA] o]2jg ReAlARY BT olFr] $Hste] o3
3 714 HEABVeosDapnge o] 83 WHOR RO FYHT Ao
b5t o) Wyl HEAl S E Lol AAHY WA Yol $HLS A
As7] Aol EYo] T B JAF whyo] ARGA] WAF by
F4ohe U ZUEE PP YL Zo|RE HEX BT e AT
o] 8Fslo] Mk wepd T2IY RelM ANVHE YA ZYsl
FE AT RS Aol 7)ol Weoltt

S Wo| AZ A Yul I YAsHe WL Tgshs 22459 d9o] Y2
W M2 TR Y9S 2N Yook BT ol F st THE ol YF
A S3Egeu YA Py (Penalty Method) & A3t o & AAY 4
oA} &< e ME 5Y T YEshe YW YL Fes P
2259 Qo] dstel 1 W st B YFse YRYFY B9t Y
O o2 AR F$ WYo] YEZWE BESA HT WYYl HLH
of TE wgel wio WP T FSYLo was YHYE 78 Hnl
F53L Foshe YHSOIAE BHE A B olul YHTel £33
Y ED o 4o YEEE PhZ EEHE npHYE YW ol
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b7l BT WARTRS FHo] Y55t TG dHE0l AR BEol
ot ol TFolrt WHoE S Alolo IF 2L A2 A
= 2o ¥ A2 A4 5 . F, 3ol dojd BHS A
of Hl2|ste] FS W WhlEge R ¥HEHE TS WHo|H. o|d A3
B datkel sidehs MRS 93] AYshke Qo] BRIH HF Y
FoA 7 B FL oLelA HFo| YA 7HE s ¢y
ol e ¢ FS FAv U F5EA vis 8 G HY =9
ol ALA| Tl 733}

F FSolA UL FW(Master Surface) o] 2 51l BE S F
(Slave Surface)o|e} 3. & HAZ|Yol A= FUHA A 4 F
Hel disll 71 77 HE 3 s $53FHdA F39 A PAYE

}

A
=

K

0O

1P
rg [
o
lo
sl

FUIA IR T Y FAQY gk Peu BAL S 0,
AN 71 Ahe Zuael 4 mE MoldThZ ApEeA ol ngd m,t
UXEHA] HETHE nE T 2 Al PSS AAM sl YA Y Th(Fig
33.3)

(c ¥*s)*(c *c )>0

-y - -1 —i+}

(c *s)*(s *c )>0
-1 - - =i+l

A71M & o Cui e moold s W webA vhes WET st m,
oA AlZste] nelAl Tuis WE o HAsEE WoTo] SPuE|]
t}.(Fig.3.3.4)



SLAVE SURFACE
' MASTER SURFACE

Fig. 3.3.2.

YATEYOA ARG Yo HHE FHEe
A KEA)

2£37o) 71 7ol b FYAH mel ol %3he



s=g—(g*m)m

o, sl ojs)A

Bl 7Y FAZAL nE WEA] FHRAE ol T olof ARES £
A ES St T FRe Rapdolut T ZAHe| A HD § 3FAL 2
A GLFE YT ol Aol WA Yt B nE TheAY HdAE AL
RapAel EAlshe Ao YT
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A 4% zZzTgje] 28

A 13 St siSste] it sy

B EAE SeAAE F4Y B A2 $UY shFol ALY Y

o MHAFTHHOE ANATE TRVFS, HolsY B HAHYEe) o]
Sy

ZHg st 12" o FAE e YBoE olF dHY Fros dFEHS F
BUE o83t V4 FETS B Pt ARGl old dj¥Y 7l
< xz,yz9 F Yoln. E RdYeM: F 16709 ¥ R4F AMSRoH,
Bae] FA W¥FeE sAle 288 AT sIith(Fig. 41.1) 9, B3
o Aae YFuFoE BLYELE olfshoy 5T AR
2 g A st 248 AT EN Y B dFrFoE M
o) AFRE AQYFX AR Tabled. 113} 29 sEZ7AL 300pss 5
X Aol FHel Aol AT 00 AR 7AiM A FEAITYU 12 msec 74HA]
WA A= A2 s [17]

2 81 R 2
© sl da Hd MAE FHY TS Tt 1 dHA 2



Simply supporied plate (in,sec,lb s72/in)
time = D

Density (1bf s?/ in®) 2.588°10*

Elastic Modulus (psi) - 1.0°107

Hardening Modulus (psi)

Yield Strength (psi)

Maternal Model Elastic - Plastic .

Hardening Parameter 1.0

Table4.1.1. AlgEA



B R 2 SREGHS = YA BB o2 A WY
EPAE e B o] B4l FYS Ut

aqa4

D

8max =

4714 g= SEIYY, a- W9 Yo, D= B, IHIL o £ HY
4 Agolt ) AL HWo| A Wioln FYRT, SHAY HBY 4
e R, Wl Zolo] uis| WA FA UTHE el s B B
o] EOZHE] FES T Ho|Th HAIE ol &3t Hu) MYE FHRY F
1 Bel FPHoNA el YH W7 Aot $HeHFol o M
S YUHOE FHFel ¥ ¥ SYHEATE Fohe YU
¥ gt BelA ol §EASE T Rol A YT U 2.0
o] ISR FHEZ T Hopasie @22 B4 ok

2 oalgolA HRel AGANFA LENFSE A1 2P gEge 2
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2
T=a_\/§
nt VD

A7]1A, P AFYLo|X t= YR FAo|t o] A2 Hfe i
g PSPPI 7P 9% 78 3] 58 Aot YA AHE
HRiol 1a FNEF7)E L07Tms2EHERE FlE=4E= 935Hzo|H.(Fig4.1.3, Fig
4.1.4)

Fig. 4.1.5= Q410X 9] &8 O o Aoy {AE 13 Ao|H. o] L
Ho BT o, 5 AFHL Aol Pt
Oy + Wi¥o 4P ulFol Figd.1.59 A|Th-o|gI4d 193 B8] Y| 3HH.
ojulf 2 ch-3H2 FHHHUZF Jojut7] 003 msTlo] WS T Zh 67.7kpsi
o]t}

Be 58S UEs oS4 U 2N

7)1, g 31, ax el Zol, 1= SA, B 2 FYHD Afolrt
o] Al B Eo| 2AFt SEHYOH, 3L 619psi 2 ste] HL51%L
o Ho $¥L N2 ksiv} YT}

)9} Zro] Ao AHE o]&x|9} viLst] B A wLF ALY FH
2 ¥ Ye YFYUTH
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A 2F WEHY UYoje] SYMMT sy

o
rd
___ﬁ‘..._
rlr
-
O

| 3178 (Clamped) BAZTAE 23, F77F 0125 inojdl
72 R A27F 242 10 in 12 inoj AR B €Ny Tdle] F Yol
4ol WAste 1 2I|457F 5 inms (2 127 misec) 91 Aefol M Tha

SHE7t AdEHe] 7l #8E AFEH AlgHoldsY. Fg. 42.1. of v
F TdlY sk ¥4 B AZTD ¥ R0 YRR 43 T
 ¢FuEoR B 3 8749 Easicperedy pastc) YEE 7L
o FE-ZHo] 41400 piY! EHE AESF 3T (Fg. 422 & F4c &
R ySol disiA diFPolBE utay oo 140 Rt 10719 47
7t 249} 22709 FHE FHHT Fig. 4232 vbBy Thofe] Aol ofdt
FHLARYP S HofFil UH17]

o

2 842 1 msojAALe] TUES gion] b 001 msoith 44y 7}
220l 33 FHE TAEsH FAE ITHoI YERRYT old 7 g4
= Belytschko-Lin-Tasy 2} o|&& FL35to] Hol thstod+ 17 Gauss &
S 57 PFoRE ¥l U FES ST BANAY FHASE

0.05, 22} &7 (QuedaticBul) F/dAcT+ 1.2, L3 UnearBuk) Fd A



10 IN
2 IN

Tas 0.126 IN

& INMS

Fg 421, By Thole) F]5HY WAL AAZT Y HFR7

STRESS .
pPSI

E= 10.4X10* PSI

41400 E=10.4*E+6 Iblin®

U=0.33

€= 10.4X10° PSI & =4.14*E+4 Iblin’

Et=10.4*E4 Blin®

P=0.261E-3 Iin’

STRAIN

Fg 422 W3y Seie) HBY B4




Fg. 4.2.4= X7]dejolA FE] FZo] YA F 0.01 me?] -7}t 0.20
ms7tA| & Al M3l wE 9 x "igko R} §-75-23 X v} (Effective Stress
Propagation) S ell-&  EoFL Y. T¥e] YERYSIE ukel 7ol 0.01 ms¥-
o= ¥Ry Tde FYFEL olu] FETHE st LG Hed £
7F QAL 0.3 msFols oo A BE RFo| L4FYHo Eoj7} A5
g AT ET 001 mso AJTho] AGFof FHL W FYFEEUE
1 vjE upZFo| <F 400,000 psi FEO] Hdf [&E-SFHo| WA st Ao
Aol w2 Fap npgRog FAlo] FHurt A FTeA ¥HAL
(Reflection) &/t7k2] W3t ofF B L/4gu} Ago] o]FoE &
AT E¥F Fig.42.5= X7|4eodA FE FZ o] AT F 0.01 msF 73}
o 0.1 ms7px| 2} 2Fof 005 ms% F7}5ked 0.65 ms7hA| o] A]7HHste] wE
wadel 3 HYE JYEN AL QIH. THeA B ule} Zro] 0.01 ms Fof

ol &7 MH o] dojur] ATty SHuEl AR Yt wE @

%_
% B7HA 248 gol dojubl Elo] 035 ms Foli FYHoA Hol 44
A 7

A7F ok 089 NFE7t S0} 0.65 ms7HA] A WAL AE FFHE 4
g fXEE & 5 99
2 EAE B4 F4Y0l Aesigiue Sy AYPLL H4s

2& ol BYHL B2 oAE EAolt WRE Al E
& olg3te] olLYE TAR HE FY 4 U B FAo| Ui
FYY )9S Aol YT Aol B AT TS AYs|ojAop

g o e AR JUEHH 2A4UE dFoM U YT g4E £
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0.00 ms

e - 0.01 ms
e o N ———ee— .02 ms
S — —— e (.03 ms

— e 0.04s

— e 05ms

—— e 06m

——— e 0ms
| o - 0.0

T e N '______,—-'"‘/_— 3 S

N e 0.09ms

B
e e 0.0 ms

0.15 ms
0.20 ms

T~ - 0.25 ms

e 0,30 ms
. 0.35 ms
'\\.____———-/ 0.40 ms

- 0.45 ms
\____//J 0.5 me
T~ " e

——— . i — 0.65 ms

FO 425 370] YT T way Ttole] 2pare] WY



A 3d H4XE zaee SHs5Y

L7584 g

o] & EE Ea|Fo SR AR Ty < (Box-typed Chassis Frame)o] &
B2 794 (Stone wall)ol] ALGE|o] N THE §% Tof & FTZHYo| U4

2 2ot FE0l €98 4W7AA AL +A
HE A5 TF 4ot Fg 43.1: AR Tyde rlskd g HA
=0 R e YR AL QY. ALY UELE 2=0 o HA|5tL glen 4
213 X e ZA= 00591 inE YA Zol:= 12598 in o]t} AR} X
Y2 FHE Ho] glom FHg B4 AERE JPYstoen] §5-3-3
30,000 psi2 #H3IRH. (Fig.4.32). & AT XS5 Y3l diste dio|E
2 AR Zed 14 FETE BdPsiied 1,800709 €43 7 8479}
191171e] AHEE A5 YT Fig 4.33.2 AAE Lo AAH ¥
TR BT E HoqF 3IH.(17]

73.4 infsec (2f 25 kmh)g =x7]

Jp

& 842 40 msol Alto] ZTYEE Flgieny of 5 msol BE HY
o] ¥, 4% 3 JIEEe] AEHe} QY 4 829 SHANEAE U
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STONE WL

A 0.2758 IN
B 0.Z758 N
C 12.588 IMN
T 0.089; N

Zols#
LEE
<} is 3
U=

3.4 IN/S

E=0.3E+8pst
V0.3
6,=0.3E+5psi
Et=0.6E+5psi

P=0.71E-3 biin
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. 47 7} 84+ Belytschko-Lin-Tsay 7} o|F5 o|&stSion Zte] WY
Fo 2 17 Gauss Hig s FAUFLEE 3o disto 47
T2 F¥shsd w3y AT (Siding Interface) YHFO2FEH YW
Z-(Single Surface Contact) #4432 i3t Z} Wo| M= HFshA]| Xote=
AAE Tade] YEEE A|BeolMe WU FAZRPIZE 1A

Fol YX|F T FES W9 A BEs} Faso] YT $HE

o Y Lol BE YZUMOE AW R4t Lejye z Wy R

+ 5|85}
$HH 13 Gauss Hu2] FAFHYU F oA E-$-E (Zero Energy Mode) o
o] % BeAlA 4L Z317] Helo FAsE 01, 23 7 HAAAT
PR HAASE 00622 FHHY. Fg 434 AAE L9
Z71geljo} FHo] YT F 5 med] A o] F7}ste] 35 ms7hR| 2] HPH

B4S HolRT YT $7o] R FRelM 5 mse] AlTre] Fsy] %
of 2 24 WHol WAEH K, olAWH YPWe| FUTel distel A2 o
YO MO7L Yojur] X-Y B VA BHFE S 9, oA 1l
2032 HolueW FYUL ARKOZT Solrke W WAL FIY 47}
Ch. EF 10 mse} 15 ms Abojold YW WEEA] WA AAEE o
47b gl o] BE #Ae U%e $32% 3 (Dynamic Plastic Buckiing)
WAoR 24 W¥ol YoM Zeye] FAclUAE Fiste] HHD
ool EYHAE 4Bo2 B 47b g% B o] LY YPYP 4E2
370l A% 7HIAIL YO At YA FolSe] 35 msFol £

el A Zolo &% 5% BE U 4 YTt
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