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Material Point Method for 3D
Hypervelocity Impact Simulation
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Abstract

Abstract

With the development of spaceflight technique, more and more artificial
satellites are launched to the earth orbit. The byproduct of those launches that
remains in space forms the main part of the orbital debris. The relative
velocity of the impact of orbital debris and space craft can reach 10 km/s. The
orbital debris is a great threat against security of human’s spaceflight.
Therefore, the study of hypervelocity is vital. The numerical simulation is
much cheaper compared with the experiment approach and capable of
observing the whole impact process.

In material point method, the physical domain is descretized by a group of
points, termed as particles. Particles carry all the material information, and
their movement represents the deformation of the material. The momentum
equations are solved on a predefined background grid that is fixed in space.
The material point method combines the advantages of Eulerian and
Lagrangian description of motion. It eliminates the drawbacks of numerical
difficulties associated with mesh distortion and element entanglement in
Lagrangian and with the advected quantities in Eulerian description. The
material point method is well suitable to the hypervelocity impact problem, in
which extreme large deformation will occur.

In this thesis, a 3D material point method code, MPM3D, is developed. The
Johnson-Cook material model and Mie-Gruneisen equation of state are
implemented for the hypervelocity impact simulation. The code is validated
by the numerical example of elastic bar impact problem and Taylor bar impact
problem. The advantage of material point method over traditional finite
element method is illustrated.

The hypervelocity impact of a projectile to a thin plate is simulated by
MPM3D. The formation of penetrating hole and debris cloud is examined. The

numerical results agree well with the experiment result. The hypervelocity
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impact of a projectile onto a thick plate is also simulated to examine the

formation of crater.

Keywords: hypervelocity impact material point method large

deformation numerical simulation
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7 MPM3D mhdfefit T 4 Pbp b A n] ik £, QUG Ay, B AT 9
AL, A5 g 2 M i Ak (0 3 S R AU TOIRL &% Johnson-Cook A4 A5 AR 0T, A v
Johnson-Cook M4 RMERYALHE 1 N AL W AR 2 (1) 5800 LU S ALY 7E b i 3l
2 28 K o 7E Johnson-Cook FEMERI A, Ji AN 178 K -

o, =(A+Be")(1+Cln&)(1-T™) (2-20)
Hp e REMBMENAL; & =¢/é 2 LBNMBHENAER, &4 =1s";
T =T =T/ T — Toom) €[01ETLENIH L. A, B, n, C, m @M RN EL
PP BT LU i AR [R N AS %R LS 928, AR JAIEE R 9 Hopkinson ATS25,
DA SRR A DA S50 A5 21 ot n) DLRR S 7 P28 55 1K) Taylor AFRIEARE S0 A I & .
7E MPM3D A IR Y, RS RET — Tl
222 RKEFHIE
T ey UG () TR BT O R IL %, W A s R, AT R R R
WA NI 5 FA ) 2 N BRI B 2 o DRI T A AR T PR R e i 2% A
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WHEZ IBIIICER, 2 R I (K] s 4 255 N TR R 306 (1 0 23 R
Mie-Gruneisen R FESE 4 L% AE 0 —FRIR ST FE, Bl LR g k£
K J8 AR 12447 4« Mie-Gruneisen AR T FEEA I R ERP.

P::FL-+€}(E——EH) (2-21)

Hrp, Py ME, 2ZF%4& LMK IRANRE, XHZSHL ST Hugoniot ik 4k
k. » & Gruneisen 2%, I FNAH:

Yy=Yo— (2-22)
o,
w1~ £ 3 Rankine-Hugoniot /7 72
1
E, _Eo:E(PH +P0)(V0 -Vi) (2-23)

SR T ARG BN RES B RIEEAR G R, Rl (2-21) £33

P=P, - g( sV “) —(E E,) (2-20)
@ﬁa@k?a,ﬁ@%a,#mmzp<wwzvxEfm,ﬁ
P:PH(l—%)-k]/pE (2-25)

o, yzﬁ—lz\\//—o—l, SRS ARESE o AEREFP P BA TR (2-25) 5

Po
RS . M EHZIKRS,  p e/ NIE] 0.5, P, FIV,, (R ER ] LA sE 5015 21,

R~ B

P,=Cu+Du’+Sp’ (u>0)

(2-26)
Ry =Cu (u<0)

HrpC,D,S EMEHEL, C=p,cl,D=C2A-1),S=C(A-DBAI-1). &Ik

RIBERE EU AN R U AR R PESCR: U =c,+ AU, ¢ 1A AR oK
FRME -
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2.2.3 HitEfERE X

& MPM 1, f T BRSBTS RIARIIAN S AR Hk0dE, Bl 2 o T
BNFEA AT i T 3k e AR ) R, BAT T MPM3D HRH T Bardenhagen
S B SR, R A A ) AT DAy B RIAR X B . B PR B Ak e )
T A4 s g Pt 0 3 0T S A 4 e AT, AR R

(v} -=v,)-n? >0 (2-27)

Horb Ebr g 2RSS g MR, nd RWIE g R AT AR AL AN
2o v RTINS I 2 R I Uk T 2 AR RIS B 45 )T, v, SRR
I 25 RS P AT AR B I 4 RO o /e i it B, SR A A e
RN K2 s RN K WA

f9 = —me[(v¢ —v,)-n’]/ At (2-28)

n,i

DY) SC VR B B NG = (K B

MBI, 45 MPM3D HHRATRIBURF IR BE . R i, i
Yoo s IR KT NSRS I R A, PN R AN P AR AR AR Y
DI, 3Xn] LUE AT SR B ISR ARG 413

2.2.4 HERZTE

HOGEAT ALY, BN A SO B A B A S, PRI, W0 g A,
AFFAE, ERSE VGRS TR I35 5 ) B

fER—MEX D, WL s B5 k ANREE YRS, FaoRss
k+1 AN B, ARz N DR T
(1) SEHT IS 45 s

mfzzz;”hsﬁ (2-29)

k k ok
i =2.M,V,S; (2-30)
p

15



A

52 F YY) TUE S

£ = (f") + (£ (2-31)

oAy s AR (2-10) Al (2-11) AT
(2)  FETS PR & i B AR A3 Bl RE 5 it I ] e 3 41k

p" =pf +f At (2-32)
TEREL S pi =0, £ =0
(3)  SEF R AL AR L
8 k+1
—k+1 Pi «x
Vp = 4 mik Sip (2_33)
k : fik k
ay =Y -5 (2-34)
i=1 i
L A\ (2-35)
Vl;;l = VI; +a';At (2-36)

(4) KA S RS IR 55 R A% 5

2. myvy"Sy
yi = P (2-37)
i k
mi
(5) FFENARH RLAE A
k At S k+1 kK+1N\T k+1 K+1\T
Ay =— ) [GL(vi™) + v (G ] (2-38)
i=1
k At : k+1 K+1\T k+1 K+1N\T
Awy =—> [G (v = vi(GE)'] (2-39)

i=1

(6) HP#E, N

16



A

B2 YT ARSI

Py = pk [(1+tr(Agh)) (2-40)

ctf‘ =c§ +Ar,§ +A<skp (2-41)

Horit Art = AWK -0 — ot AW, Ac IUEHIBPER R BT, AR
B, BLUERRE CERIRE) HURETH (2-25) 4l 7 FBt PR

23 HEFmielh

2.3.1 GRMEFTRIEREIE

SEFLP AT A A3 DA A2 58 4D 91 P 7 PP i A A 50 A e R AR A, 1 B A B
M e A . Wi 2.1 e, BEAEAEG 10mm, 4% 2mm, AR FREE,
B 1/4 BRI TS . B A% LK I mm (ST 1, BRS8N
i PRI 4 AT, AP TTIRE 20 MR AL B IER 260 A5 RS
B MOEFEECh p=8.9x10"g/mm , E=10°MPa, v =0.3, ¥ I#HE 2 300m/s.

BV FEREEIPE B S 300, S 47k 300m/s 2575, AL 2.2 ik,

B 2.1 SRR s
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Time (ms)

K 2.2 SrERFRBhfE

2.3.2 Taylor #FfilifE

Taylor FTlff8 S50 & — AN AR 4 AT 1 T v JERE B W 1k Bl 1) — AN S8 56, T
1948 4E [ Taylor $2H, W(fif5444. Taylor FRFREHRE SISy 5B, HEng s ik
FEANIR AR FI AR H R (AT A, FORIRAF M B A R IS4, AR M
BHE BRI [R]N ET XA ) AT 2 Se e 45 AL, 0 1 FH kA 56 3 )

A, KETEAT AT RHE S, ] Johnson-Cook 4 B H 8 S Asol H 3 1 1 )5,
HARMRIS L 215, FFRKRMERES 5 L, =254mm, D, =7.6mm, ¥

HE S 190m/s o HRAERFRPERC 1/4 BERHEATIHEE, 4207 WA 10 MR, K
JET7 R 67 NS B HG IERA 5293 M AL, BN RS 8 A
Yol sie B EBEEANFINBIRERID 1%, BEAANFAA 1L, T80 72ps o

# 2.1 Taylor FF#1 R 24

£ (g/mm®) E (MPa) v A (MPa) B (MPa) n C

8.93E-3 117E3 0.35 157 425 1.0 0.0
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Kl 2.3 Taylor FFAlffiE 7~ 5 K]

KT HEHERALE RS S0 25 B — 2, GR. Johnson®%5 H T 734
WRZEE ST

(2-42)

gl

1 |AL| |AD| |AW|
ST Tw
mE 2.3 fros, Hob LA D g3l mlide gt s A e e i A, WO R
R85 0.2L0 K0 ELAR

AR S aU BRTT VR SR AR e 8, fR T A AR, TR) D K2 AR AR
AN, SEOFE AR, TS T R IR AR 1), B AR TR AR R AN
(2214 N 1 A 2SSO PN U b S TP P 7/ DD T R P B & < we S R T o S I B
ATECES, o Bal e, FATIR ] [FRE B M AS R 0, B — AN BRIT 4 kO B — A
PSR, 3Rt Be A BROTRIA B VL T SRS FE R R . 3R 2.2 4t TRl
VEAAT BRGIE T 45 B S0 45 RN LR, mT LT SRR S 4% AR BT,
Y TR R IERYE. 2R 2.3 ga i T 0 A BRIGIE R B v S ) S
T FH TR S TR A0 1 U RIFE SR (UL, T DL, 00 v R T ) LU SR IR e ) 28
K, B @M EReE.

B 2.4 5 TRERESTR )G, SFROBIEN AR AT .
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® 2.2 LRSS R

L (mm) D (mm) W (mm) A
S 16.2 13.5 10.1 -
FEM 16.3 13.4 10.0 0.008
MPM 16.4 13.6 9.9 0.011
% 2.3 FEM 5 MPM [#)i1 5530 2% s
7k KK (ms)  fe/PIEZEK (ms) W26 A KRS
MPM 1.96E-4 1.96E-4 408 1
FEM 7.37E-5 1.45E-5 4657 13.4

(a) (b)
2.4 RPN R (@)RIIE . (b)ZRE .
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3T W)U e AR )

F3TR MR REELE SR AMHE )R

3.1 HBABSRAUIEER

FL R B8 v B 4 22 SR FH A M AR 3 THT — 7 i 28 A A R FH B2 i 1) 4%
T X U R AR B 2% 5K Whipple £ H BT A FK 4 Whipple shield”.
B e AL PR AT T O =, EE R A, LB RERE RO FE,
TEREVE AR o DR TSR A AR v o AT R AP B P R e o 0 A AR b LR AiE A
PG 2 P B R 9 A A AR B 1) e

3.1.1 WmFLAFE

S EE A AR . SRRSO KRR S0mm IETTTE, HRJE t =
2mm, H5E R EE dy=8mm, I 3.1 Fros. AREFRYE, B 1/4 SR T,
A I Tmm RN D7 AR PR, RS PIRS 5 A 8 NMITAL, Mﬁﬁﬁ%
JU 10544 Ao SRERAPRS N, K Johnson-Cook FRUBIFLIHE M A4, HA

K 3.1, RETHESHSHIMW ¢, =3.6km/s, 1=149, y,=1.96.

® 3.1 MESH

o (g/mm?) E (MPa) v A (MPa) B (MPa) n C

8.9E-3 117E3 0.35 90 392 0.5 0.0

b
O [
3
| _t
T
@) (b)

B 3.1 SR AR . (a) REE (b) BEHUS TR

21



3T W)U e AR )

A T RIS AL v T A AR TR LR A, BRAT OB T AN R SAL I R T
P fLEs &, WEALIE Do, &I AT S alasn AL (1-3) (1-4)
(1-5) J A, B, C. MPM BLfIZE PRIZ 560 A 05 45 R0 L =N fL4% Do/d,
FR R E v, SR WIE 3.2 fios. WLUER], B THIERENAR, £BA
U TS5 AT 5 LRI ZE ], AEAHI, MPM BAUL R 25 R A~ 20 AL
B FI C A, #E@AIEA—F. nfLUEBI/E g X, MPM BHUEE RA A AL
B & RILEEAL, XM TAX AL B B H BRI FI % B, £ERE
PR PEAK S, MR 2k LR K IPE R . i3 C 2558 T Akl
FERIBE L, AR TR AAEE R U RS [P AR, A XS UA
MR 5 AL AR L 0.6 FR S5 45 SRAF B, 1 A o 48 )8 L R AR EE
0.25, —MJEEE R KRR, SR ALF AL SR (AAL B &R TiX
FEMIARERD, BT LUIX W AZSE A 20 C 75 81 i 2k 7 Hofb dh 28 22 B AL

5.0+

4 u &
4.5 ® 5 &
1 ¢ C
4.0 .
] v MPM .
351 ”
3.0 *
hu. -
=254 v— i
Q ] v .
20] 7 :
E ] = ’
1.5 -
4 [} P
1.0 :
] @
0.5 L L L L AL . O A N L
1 2 3 4 5 6 7 8 9 10

v (km/s)

3.2 Jo R NFLAR AN BRI 1 O R

3.1.2 A=

E LR, BEE R R, ENRE B A =t S I
PR, Wk 3.3 Fios.
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(b)

e
: %ﬁa%
%
o ® f “fe o s & o .
2 90$ % & 0%5039;? oa B
L] . -]
oo ogﬁb S e
® . N
!&0
00&3 -]

(c) (d)
K 3.3 ANFESFAEE T, WA =BTR. () v, = 2km/s. (b) v, =4km/s. (c) v, = 6km/s.
(d) v, = 2km/s.

C.E. Anderson %5 6f 8 e JAUREARE W AR 1y 2 (R L RER PP R 0 o RUEAT T
AT, IS T S5 45 R A B E AR TS ) B A (R . T
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AT SCHR S 1 S e 1B 7 REAT LA, BT IE BN S0 P B R SR B, o
AHC 172 BRSBEATVHEE, JFERIFE SO 3mm, FPRIZEAAR . AR DR IR
31088 M A . VISR 3.4 Frox, FESEE BN AERAD T, #ioA)
LN 6.6km/se BRI LUE Y, BRI B0 SRS S0 45
KR

Bl 3.5 o 7RSS (I = TR R AN T R

(b)
B 3.4 R EXTE. (a) LI f R e T e F e 2,

(b) WAL S B, TE] 9 fRb

(@) (b) (c) (d) (e)
K 3.5 A BEAGERE. (a) 1 WFb. ()2 Wb, ()3 Wb, (d) S HFb. (e) 7 Wb,
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3.2 BWHBSRMUMIEERR

3.2.1 EFuKEMEENZI

ZESCHER[9IAI[39], YE# ¥ EPIC, MESA, SPH, CALE LLJ MPM Xt K,
T ey TR LA () B R S 2 ST TR LG . X HLUA 2 % MPM3D
RRLAUL R ey AL 1 L 1) 1 AT B0 AE , BRIV S RIRE I )8, AT L

2% [ 82 S A RO (P v R, RE RS R 6.0 ks, ERTEHAL T
BH0.5g, JEHGKIAE, Ku%h 80mm, J5& 40mm. fEIRATME G, 755
PSR Tmm KIS TR, B — AT 8 ANMIBT A . AR R PR —
PRRFAT R, MOFAR L 1024000 M AL XT3, e R/ HE
MPERTE B ARG 2P W) I DU AR ek 0.5g, B AU 224
AN R B

ARMBIRL R F BEAR SO P ALY, AR S EORDIRES T7 B S 40 L B sl 5 B
SCHR[9], HARIBUE LR 3.20 F A0 i B i, R E,
X R T SR FH O BRI 2% A1

® 3.2 WERAERISH

ZH JiVgE)
U I p 8.93¢-3 g/mm’
M E E 124e3 MPa
ARALE v 0.35
Jeit ke J 240 MPa
REFTESH i C, 3.94e3 m/s
A 1.49
7o 1.96

SFF XA, FRAT 1o 0 R 2.2.3 T4 3 1) A VE ) b S R e B2
i A TE B0 (MPM H B AL MBI B 4 1F ) BEATTH6E . Xt Bai R, 3,
IR SR TUBAIRI S H, 55 8 R DU B 5 ik i 4 R BT LR, S
FNFCABKE 77 B S B B SCER[91FI[39]. 38 3.3 45 H T LU IR, W LLE
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3T W)U e AR )

MPM3D JEHAM LS DR SE 30 25 R AT 5 1ARGEF, B 3.6 o T HIas N %A
32 AR I ZI R AL, DOTRMTEE L, B s TR R 2 SRR

R AR, 2R HGTEUR B KT 45 . FLs AR T RE R AE
IR OL N, A TN BEIE S SR SEBR DL, I T BN RE R . H
B RS RERAR L, W 3.7 Pon, AR e, SN
RIE 3 AR (I B E L DL T A2 38 RO 340, AT i A R TR R o, A
R A AR R AR SO R T TS, 2.2.3 TSR R ST NG
HY, AEH] MPM B Bl AL R0 1 i 2% A BOIE 5 FEAR 2 A 505 vl BEBE A 24

R 33 IEANETIS S SR AR AL, X 32 R

FHTARE (mm) PP HEAS (mm) TR NI e

SR 14 25.4 0.55

EPIC 18 24 0.75

MESA 15.9 28 0.57

SPH 17.3 26 0.67

CALE 15.1 24.4 0.62
MpPME! 15.1 25.5 0.59
MPM3D IS i) 14 25 0.56

L4 R S A N I
10 20 30 40 20 30 40
Y (mm) Y (mm)

(a) (b)
Bl 3.6 AU m A EAR . (a) MIERI . (b) 32 TN %)
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x10° 4 x10°
4x10° \/\ »ao’ \\/\“\

T (mJ)
w
a3
om

T (mJ)
w
a3
o

T T T T 1 T T T T 1
0.00 0.01 0.02 0.03 0.04 0.00 0.01 0.02 0.03 0.04
Time (ms) Time (ms)

(a) (b)
K 3.7 ek, (a)fbik. (o).

3.2.2 ARIHEIETRIEGTZIR

7 N R v ORI SR, A 3.8 o, BUNCA AR Smm, S 4mm R
RAE, B H = 40mm, K954 80mm. ARHEXIFRIE, B 1/2 SR T 5
AR LKA Tmm NS 5 R R, B — WA & 8 AN i . #ALH
320 ARG JEACR 1024000 A5G B T 1024320 AN
SRALFSREL AR A, RS BORIRES T RS 5 R) 41

0 Y

|l |
< >

L

3.8 5L ey A R AR T

W FGAT IV B U AR R AR AL, RUERAR Y bR R A, S
PRI, SRR R A AR BT A AR S Re Atk v, 3
REREIE TRV R 45 R, T2k, RT3
MV LT SR S 4km/s, Skmvs, 6km/s A1 7kmy/s [R50, 45 R0k 3.4
JiRe BGUBIRERE, RISRDTR B BAGT HARKI L po/De B8 KT 0.5, FEARRF &
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553 WAL R e AL A ]

B 11 SRR I ELSRTIR SR BLAR Bl i PR RE AR e VeSS R
B 3.9 45 th T RS RS HGTHIES, 2100 45 WD Ze AT iR ke I,
HUB7R T 2 J2 5

R 3.4 SRR AT AR 45 R

v, (km/s) D. (mm) p. (mm) p./D.
4 24 12 0.5
5 25 14 0.56
6 28 16 0.57
7 30 17 0.57

(a) (b)

(c) (d)

B 3.9 SRR s Al R RSTE AR . (a) v, = 4km/s. (b) v, = Skm/s. (c) v, = 6km/s.
(c) vp, = Tkm/s.
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FA4TE 4t

T ey A AR P B AU LA B e T PR, e T T A B R R A AR K
AT, 2 R SR AR ) L e R o FRATT R B T sk v LA AU v T A e
) REIRIRE T, AR TR ER SCR Y R IE R4 I 2 2R e R T8 e S Al 4 1) R
ARSCHEST T =W R R MPM3D, K H 3 P 8 vy Al 4 1) R (A48

ARIAER) i 5 & Jaumann B )%, 5N T Johnson-Cook #4 #4514 1
Mie-Gruneisen ARZS 72, FIIN T Bl $2 A S50 ol ok e AT A 43 D1 4 355 R
Taylor ¥k (1) 5451 50 F F2 7 1R IR A o 158 B E T 00 sV IR s ) AR 4 B ) 20
KASZ kg WA P (BB AR AL B sEa, X RARTE ) e v A0 |, L
44 IR CiE AT I B

ARSI R T AL e (v o AF T AL A R AR )
), 25 AN A H T H R LE O FLAR RN, FE S AR AT T I,
IR LEIR—3M &5 . WA RIS, SRS TS = e AT T 99T
RS AR AN 7] 3 T 5 A A A S AR R ST IR AT T B, g
YUBS, b TP AR ZE AT R IR, e T Bl O o L R s

W) )5t R AU v TR AR ) R A A8, AH R T INTRD R BRI, AR ST
VEIRA VT 2 A O b g o v ARG 3 ) 80y 30 sl v T, R 7 AR A AR,
DR e e A G T R 3 — 20 2% LR FE N 2 A ). [, Mie-Gruneisen RZ
JiREIE A T, R AEAAR, R AR TS G RS TR . ARSI
F2 7 A6 A B SR I G 8 R R AL B, I o A2 T ek 400 A Ak AN AH 418 1 I 4% Fsf
BAAHEAE MR A SR EE . T TSR IS, gy R, Bl
B T I RIS, IR AR, A BRI H k.
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B S A = 4E MR MPM3D £ 48

ik A =R =5 32 F MPM3D 148

WA MPM (1) Js B, JeAl 12 7 =4k i A R MPM3D. 2K H]
TEEF B k. RO T e a4, T Al AR N Kt SO R AR TR
KR SH, VI EANE R R, AR PR e 0 R AR SL . Si4h,
R AR AT 78, BT IR 2 i & LR Y RS e BB v, AR

RN
— ALY MPM3D i A SCEA
mpm3d *** test my Code VB bRt
ppc 8 USRS 8 AN AR
nbgn 1200 O MRS A R
nbmp 260 )=t
nmat 2 Y PR i
ncomp 2 ! #A4 (component) &L EL
spx 0.0 9.0 DS A SR, x
spy 0.0 9.0 DM T e L,y
spz -1.0 100 DR MRS E IO, 2
deell 1.0 RN SRS LK
dt 1.0d-4 NGRS
tstep 400 VIR S
ostep 4 Ut 2 SR TR R s [R) 25 4
jaum on ! on H Jaumann . J) %, off AN H Jaumann ¥ )%
cont on ! on HHEAMNETYS, off A FHE Al STk

Vg GG, 0 B, 1 EILAR A, 2 RRRIL T AT

! x0 xn y0O yn z0 =zn

fixed 2 0 2 0 2 0

material g MRHE s

'num mtype density young's  Poission Yieldd B n C
1 john 8.9d-3 100.0d3 0.3d0 90 392 0.5 0.0
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Misf A =4 bR MPM3D /44

2 john 2.7d-3 70.0d3  0.3d0 90 392 05 0.0
DoE SCRETTRES AL

! compeos cO lambda gamma0
seos 1 1 33d3 1.49 1.96
seos 2 1 33d3 1.49 1.96

AR Al SN

outr epeff NTETRCC V@ 2R YA P

curv epeff 1 DO T 1 AR N AR
curv engs U AR R

curv engk !t Bl RE

DA A

Particle

' ID matcomp X y z

1 1 1 0.2500D+00 0.2500D+00 0.2500D+00

121 2 2 0.7500D+00 0.2500D+00 5.2500D+00

U AW L, AT LU (comp) BN AL (node) 5 SCATJ3H 5

velo
! compNum VX vy vz
comp | 0.0 0.0 200.0
node 1 0.0 0.0 0.0

endv ! WIS E 45
endi ! HIASCHLE R

75 BN SO, AT SR A S AR e W a2, HISIW
BRHZGLWMSE . /9 V7 RN BINER, ARWEFRET. Bk
B (component) [IMES, LAEANHE 2K AHEAER, 76 LI,
GE ST 2 AT AT AR EE BT, 45— NI TR .

F2/7 H FORTRANOO #2)7 4, FE i LA SR Ak

main: TR, WHATGBERR T, FEINRPCIEER, dh) .
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Misf A =4 bR MPM3D /44

FFI: At A (Free Format Input), 3Tl ASCH:, Al L35
M, WIRRAE, R, AREMZE A

MPMData: & XA (Module), f#fifi FIE BEATA 2~ 34 . 1A FFI
[y ek B, BRI N SO 1R 2 i 2 I A BT 3 1 8

Constitution: SEIIAFIFIAR KR, FE Jaumann %, JF2iDRE TR

GridUpdate: MPM 5% Hb 58T kg £ s 113593

ParticleUpdate: MPM 53k of S0 5t s it (038 0, B G Ak 0 R B
ANV

OutRes: AR ST P (1938 T0UAE T Tk i v i o 75 22 1) 00

TR G Fe, 2% T OMLL, FEAPPY, LS-DYNAUYFLFACHY
DK B3 A PO — 28 T4
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AN AR IR R R R 2 AR S FFU R

TABRH. AFHEAZRHNFRIEXSHRAR

N7

1979 429 H 21 H AT E K B G XAR )T .
1998 4 9 Aot Adb i K ¥ 5 TR RSN %%

b, 2002 45 7 H AR I 3R 15 HE 42 2R A
2002 E 9 F ARk NG K TR ) 2% b S AR g 2 5 b B0 A

LA A, I SO R

RERRFRIEX

[11 b, ke, DSMEWT. B e gl i in) B = 4ed) iosik. IRAE S bl E M
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