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ABSTRACT

Computer simulation with FEM is very useful to analyze hypervelocity impact phenomena that
are tremendously expensive or otherwise too impractical to analyze experimentally. Shock phys-
ics can be efficiently handled by mesh adaptation which allows finite element mesh to be
locally optimized to resolve moving shock wave in explosion. In this paper, an adaptive mesh-
ing technique based upon quadtree data structure was applied to resolve ballistic impact phe-
nomena. The technique can adaptively refine a mesh in the neighborhood of a shock and
coarsen the mesh for the smooth flow behind the shock according to a criterion. The criterion
for refinement and coarsening is based upon the standard deviation of the gradient of shock
pressure on the associated field. Shock simulation starts with the rough mesh of the pressure
field and mesh density is increased locally under the criterion at each time step. The results
show that the mesh adaptation enables to minimize the global computation error of FEM and to
increase storage and computational saving compared to the fixed resolution of the conventional

static mesh approach.
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Fig. 1 Shock waves carry energy through the medium
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Fig. 3 Various mesh adaptation methods

o

B (O A
of

Aol QAFEEE #YsHA e WHoE
H3h= glov 84 ot 8450 A
(connectivity)’} HZAH T} p-HS QA7F &
o] BRFSHF AT E F7HAA 84 AlES)
WHO R Fig. 3¢9] o9} 2o} & A9 A
s AN B - 7S TS
o, 22+ AR A4S BEsle] ae] 2 g4
(quadtree)® Y A]7]1H (Fig. 3b Z=%), 33+ 4
A 240E 8709 24 (octree)Z FEH T}

o
4

o O to o |

22X EX 242 HIO|H X

ol o3 FAve] AFLFS
w2l A E (structured)® AHFR4 ARE-o] ThHs
st} 7HE| Al QK (Cartesian) B S 314 sl=t] &
T AR 24 AAolE &0l v =X
o] % 84 b BRI} thH o= Zidsi.
2 AgeM = FLFH ) TS A5
sto] 22k s e fAH R TSR AL
7t24:9] quadtree Ho|E] T2E AT
Quadtree= Fig. 49k 7¥o] &l (level) 021 FE (root)

H4170]7]

487 aanp A4 463

Ho EE3FE ASsHAY 840 HAA7]
(minimum allowable size) &2 #|$talloF sh=tl,
2 AoMe £To] d 371A 7 o] FoiR =
= 33t

olg] F== quadtree HIOJE] 322 g o & X
oFTh

class QuadTree {
float pressure, mass, strain, .. ;
float CenterX, CenteryY;

QuadTree* NorthWest;
QuadTree* SouthWest;
QuadTree* SouthEast;
QuadTree* NorthEast;
}i
QuadTree* Element;
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