RS, S3EF I (1 ms ) N RBERIN ST o 4%
Applied Mathematics and Meehanics PLUHAEQ;LHWH;HJW/

REM AR —BRRERH
hBRTFM B ERITE

® B K

(AbFEE R, 1981481273 5 HIKE)D

wm =

7 EPICt.2) NONSAP® sk b i AR TR F P, #5—-2ERNBA. i
HERRAF, HRARHIERMTEAOE RS RRLEHE EEB SR, EXROERTE
W, NEMN NS BIEE-FRUUPERER. BLE3HED, RMAOSBERUENNEES
HHERBIM. TR ERATRVEBPRIECERENCESBLGE, NASENBHHEY
TR BEETE, WRXMEEN—BGRRBSEMBEE, EEshRANEEXANTS
B, MMEZBERESR EMXES—BRITNBEFENAANNFE RS, BlEERE
—#E LA RSERTOANNAIRERENE—E, RETAEX—EasmEE. RN
MR I A R R X RN E ST RN, ZERUBMENER A ESE. BHRE, 2k
MM NERTHEZHAN. KNRAEH, REBREEFEROACB AR T RESHER,
BHAXNNA,BERRILAE L, WHRES. L, XHOARTAE REKYOEER
#, NENLLALE, BHEREUSAWRN. ME ATHELANNEE, KNLENEH
HFREGEAIERN . HRARMITESE —MEEE (lumped) FiEME, H—MHE-K
(consistent) i@k, —HPIRERZBS EANTRTHF RGN, € 0 A RS HIE—
. i, XFEREN-BURBEM —BRRENARLE, XRABETEFERHE. EREH
HERFR, AMERAEEFEERE, SBREH FRTORERE—-ERLASEEZARIT
MEAEEN, REPURERRNARMAN, HAKTMRESAARERRE. H% XHER
BU iy @ R ZIEN] . KR, X R AR AR SR RE S (Bh0r) Ar5iER.

AUFRAT OB IRRECR A BN MR ) R X M TR BOR U T X 2R
W —BFRRERE, TiEEs ARG N BB REFTE. AL, ERAT ZRBIRER
&, LR BIETE BRI TR T .

—y 51

BENEEAFTRT, WE1.
2 HiE xR AL S B hu=x.—x°, B yF2BRIMIL B S B h v.=y.—y°,
w=2z—2", BAHUEEAETRCPEBESANL B S Bu, v9, wo LR EREBE
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Ni= L} CEMRRTEAMNILMHEL) masaiy o &
s Ve Wi RFZIRU T

u®=L", - Lu, + L un+ Lyu,

V@=L, 4+ Lv, + LS vat Lov, 1.1
wO=Lw+ Liw,+ Liw.+ Liw,

FEF2J¥ EPIC-3 Fr R &tk mmk A RocH, L,

L., L}y

['=

;Aﬂ+wx+ﬂy+ﬂd

L= 6V° = (@ +blx +cly+diz)
; (1.2)

1 REMEEEERT L=z (a4 b%x + cly + dz)

6V°

L=

9 6V°(a +b°x+cpy+a’°z)J

Hep Ve ymEk A R E TR ER AR,
1 % oy 2

0 0
1 Xy Yi 2

vo=t - (1.3)
1 x0 oy oz,
1 %y %
HE&SRBWMERTEZEHHERLAAX. EfE
%y 2 1 v 2
6= | Xn Yn 2, )=(-1) |1 yn =z
Xy Yp % 1wy oz (1.0
1 % =z 1 %y
= 1 x2 2 d!=(—=1)| 1 x5 yn
1 x5 =z 1 x5 4y

P

B RR BRI E RO E L (ady b5, )y dbs ap, b, chs di; @)y b3 5, dY) WL
Wi BT IRAE 15 RE.

ERAT LRAMMEAFRITHBREEE, EX-TRPOIEERL NESR
ME AL BEEER. TR EE— x%¢,Lwﬁ&
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90, + 67:”_*_ 81’,2)

pu=< dx dy 0z

v f OTxy , 90y ,a’y=>

PP={%3x T oy t &z (1.5)
5| 00x, 00y, | 90,

pr= 0x dy + 0z >

MAENSTEESTE. Fit, HEIkEK.
EREF EPIC-3 i, XFpF s 28t 51 B2 ThIE s AR ik s BIR B R RN .
RBEMBFA R B D, £ DR (1.5)1E AL 75 D Bk oD, E %5967 (g:595,0.)dS
TER. R OD, RINEREEN (nn,,n.), FTRENMIMERAOEE L, BF
Ottt Toyly T Tal =@
Totatouny+7,.n.=0q, } £ 6D, E (1.6)
Taolle T Tyally+0M.=q.
HAZE S — Mo FEE 6D, £, MEEL:
u=g, v=0, w=® 7fdD, |k a.7)
FRAEMT (0t 06, W)Y FIH F7 (G550 )TE AT IR ML IR BB W] LB BL

0 {0 oot e S e o= (e S 52 o

00,

(0T 522 )] Sw }a’xdydz

+[,0ii’ -\ ox T

'%Z*yf—l-
- H {la— (Outtt Tyt +70m.) 100+ [y — (Tustta+ o yn, - 74.m.) ]V
8D,
+lg.— (retutz,.m,-+0.n.) J0wdS =0 (1.8)
MRIED PN, 0x0,H1 Ou,0v, 0w FRHELN, WA WER, TATH LIUEH:
ddu 3dv ddw 9du aév)

S“ {puéu+piﬁév+pz}.‘5w+o—, i +ay—al—/—+az-a7+r” ("5977-'—‘6—:7
D

ddw ., ddv du . ddw .
o (224 22 ) s (G450 dardydz— §D§ g:du+,00+q.0w}dS

- “ {(O gt Taghy+ Tt YOu+ (voyn+ oyt 7,0, ) S0
8D,
+(sznx+7yzny+genz)aw}ds=0 (1.9)

AEFMATRBLREL£HEOQ.DE, ERMEEA
. ddu ddu adu .. adv adv adv
g“ {<pu5u+0,—-; + Tu ‘Fy“"" Tz a;) +< pBov+ T oy +U"“é"y"+ iy 55 )
D

b}

+ (0w, 0w, Mwﬁ@)}dmyd: —~ H {g:0u+a,00+ 0w} dS =0
0x oy 9z 5
(1.10)



284 ®fh K

X RRNMLEFRENZESTER.

Mk, BAIB5I#HERTIHE. EPIC-3 AT FREANMRE:

(1) HOREMRE: XE-GRICNEE Ve HER TV IERTEZHENER F
B RENE AL, ®ITE

M=M,=Mu=M,=1 V0" = 4-Vp (1.11)

Hp Ve, 0" A EETBRNEEERAEE. W V.0 ATERTHRENARNEE.
(2) HBEBREH GERTBENILTITER) KRR Bh g, U
u=Lu+Lu+ Lou,+Lyu,

v=Luv.+Lv,+Lv,+ Ly, } (1.12)
w=Lw,+Lw,+ Lw,+ Luw,
y\:l:l:l Lst;sLm’ Lp \}3 (102) s 1E§§:ﬂZEmﬁmﬁﬂfﬂi+ﬁs Us Uy W yf] i é%,ﬁ%{i*ﬁgﬁj\

. NOa2)RXHERBRENsBERRThEHE, B0 10RXNEHAETART. i
RHARTHRSFLR0.11),(1.12) RS

SSS ptidu dxdydz =% V p(ii,0u, +i,0u, + 0, -+ i ,0u,) (1.13)

(e)

ddu ddu adu
Hg <0‘ 5. T 6.17+ e 5, ) dxdydz

(e) ‘

=—é\{ (bex -+ TxyCi +szdi)6u: + (azbf + TxyCy '+' T;zd,‘)au[

F (0batTayCnt Taoln) Ot (0.0 F TayCp+ 70 p) St} (1.14)
BE&RIRILAHE. BT Ou,0unOu,,0u, FELIMTT T4y, JITRL,  RATA (1.10) RS 8K
BRI, SHBEIR TR M2

PP VRS S S
4 V,Ouf—f,., 4 Vpu,-—fz,-, 4 Vpum—fm’ 4 Vpup—fxp (1015)
Hrp
f,.=——é—(b.ax+c.r,y+d.»r,:), feo= —~é\(b,a,+c,r”-}-d,-rn)
(1.16)
fzm= _%(bmaz','cmrxy"_dmrz:) . fxp= —‘é‘(bpoz-"cprzy‘l'dprzz)
£y WA A0 z S, SROTRAE AR LT EAR. Fiin.
1 . 1 .
Z—va.=fy., s Vopw=f. 1.17)
Hp
fyn=—%(btrx.v+cray+d-‘ryz)’ fz-=—'7(])% (birzz+ciryz+diaz) (1-18)

BAVRB AW fasfars foms FoEH RITINR 500, B
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Furt fut Font oo == b+ b, +bat )0

—% (ci+citcntcyp) r”—%(d.-+d,+d,,.+dp)nz= 0 (1.19)

MN(1.15) R, HITTLUEfBERERITHON D ERES fi b SEh I (FExHm).
Gl LA EN (Sfe Do D) AER EEBPFERTHOEST I EM. &

n S%VF’:ZM-%%*E@BﬁI‘Ei‘.E%ﬁ i FRERRENEM, WA @ xhli@inEE S
B (ERD) H

i (1) == Zf’" (1.20)
GiEE
()= g& , iza,.(t)=~§lﬁj} (1.21)

BOMBFIRE, FRESFROBE, ARAGHERE RN, ROEQIOHFRT
B, RETREBREFCRETECIOLBER, SEARTAR ERESK, HEX
REEMZT, NASBES-ERTHBEE S, EHWTZE, NAas@H ES I
Pl HREBAER, MA (1.10) REARRT. XMRE Lz T EPIC-3 fit H 2.

ETFY, BOAZKKWBRELRESCBS R, ATTRHTHAREN—BE A
ME, X, LREEETUSERR.

T ZIREREIAI RSB AR s ORI A LR A — B R

g AR (EEA WAy 8T RER:

4@ =Nu, v®@=Nv, w=Nw (2.1a,b,c)
Hp

N =Ni\N,,Nu,Np) (2.2a)

W= sty s s thp ) (2.2b)

VI =050, UnsUp) (2.2¢)

W= W, W, Wy W, | (2.2d)

XA EEEERTE O S, Hf, i im,p HEEEGEA AL LR (B8 2). B

BN >N, 3Ny N,y PO AR TR Loy Ly Ly LRI, TTHaX SR BRI R AR EE T

FBHLM (1. 2) R+ E .

TANEEEE., NoN, Nay N, WIS,

Ni=L+2A3L*—~4L+1—(L + L+ L,}2)]
N,=L,4+ 3L~ 4L, 41— (L2+ L +L,2)]
Na=La+ 3L = AL+ 1~ (L*+ LA+ L) ]
Np=L,+A[3L2—4L,+1—(LA+ L2+ La?)]

(2.3)
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B2 MESHEEEHERT
&%= L; L; L, L,

i 1 0 1] 0
J 0 1 0 0
m 0 0 1 1]
P 0 1} 0 1
MEBEI NN, Na IV, R THIERER
N+N,+N,+N,=1 (EEHBRTR) (2.4a)
N.o=1, fEgHi L, N=0#EREB4EAE (2.4b)
N,=1, g/, Ni=0EHREELL (2.4¢)
Nm= 1, E%J\L—imiy Nm= 0 E;E:‘E%,‘ﬁ_t (2-4d)
N,=1, fEglHpE, Ny=0EHREBLESL (2.4¢)
AL ATA TR AREGER L
mN..N,.dxdydz= 0 (2.5)

(e

BH N,Npy NoNpy N.-Npy NN,y NN, E %4, 2R ERAC.5)RMBRB. £(2.3)R
BN LNV ANCER.5)R, ARSXEAER

AT 8T 1T — alfiyidr ,
mL,.L,L,,,L,,dV TS (2.6)

(e)
M (2.5) &

1242 —144—21=0 @.7
HfgH

=71 —- A
Ai=75—15~ 301 0.862446, /12-12+12A/ 301 =2.029113  (2.8)

VIN @, BUA A, 55815

N =/[,—-0.862446[3L>2—4L, 41— (L*+ L2+ L]

N.“’=L.-+2.029113[3L.2-4L.+1—(L,.2+L,,2+L,,2)]} (2.9)
FEmEkGiED Y, L=L,=0, L=1—L, FRQ.OWUGKLH

N, =1,40.862446L.(1—L.)

N, =L—2,029113L.(1—L,) } (2.10)
R, Eijtk Lk, N,ER

N, =L,4+0.862446L,(1~L,)

N,®=L,~2.029113L,(1—L,) } (2.11)

B3 ARSI N, NGBS LS. NOHN©O BRER, N9 NS FEFA.
USRI R 4.
B b RO BN AL,



SUAR A B~ SO AR 030 ) TR S 1 07 o
Ni=1 Ny=1
N,=1f Ny=1.0
N,s=0.5 N;=0.5
N.=0.5} NJ_(-) N,“) 'N1=0.5 L,=0 1.0
1.0 0=L;
(i) (i)
L;=0 0.2 0.4 0.6 0.8 \1.0
1.0 0.3 0.6 0.4 0.2 o0=L; ==~0.5} 1N;=-0.5
(i) (i)
B3 WIRSBEN, N Egihij L8 %H
S“N.-N,dxa’ydz=§XS{L.-+A[3L.-2-—4L.-+1—(L,-2+L,..Z+Lpz)]}2dxdyd2
() {e)
1
,,,,, 2 0) — /0 .12
140(14 UA+12A) V@ =5V (2.12)
R, ARRCHERE G Eaynd T D H#E S S EERR
i@ =Ni, 7©@=Nv, @D =Nw (2.13)
HWPNK(2.2a), 6.V W)y
——Lu., l’um’up_l
VT = LB, 8,5 Vs Up (2.13a,b,c)
WT=Liﬂ3;,i€),,iﬁ')m,i2'),_|
EEERE RN 45 @R ARN
5, =Ng,, 0,2=No,, 7.=Ng, (2.14a.b,c)
T.vz(e)=NT.vz’ sz(c)=Nsz’ sz(e)=Nsz (2014d9e’f)
H
0, =1045040m1Tspl (2.15a)
0,7 =104 504;5CymsTsp (2.15b)
02T=Lozi9ozf90zm’osz (2-150)
Tye = TyzisTysis Tyoms Tyzp) (2.15d)
szT=erzn"rzxt’rzxmirzwj (2']56)
T,vT= L Ty ’Txy,sfxymsfxyp_‘ . (2. 15f)
BAE R RAIF R E—AEsHFL(1.5a). 7:(1.5a) 1. Fedu, HERNRSG, 7
>6udxdydz (2.16)

“Spu‘éu dxdydz —S“( 90, 4+ 97,y +a7xz
D

dx 61/

PO AETAERIT, BEERTHRFETEN
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S“ 1o dxa’ya’z=“K%%f-k%%-l—%i)audxdydz .17
) (e)

(e

#(2.13), (2.1), C.IORA LR, B
mpNu Néu dxdydz=“§(%§—c,+%|:— Tt >N5udxa’ya’z (2.18)
(e (e)

BT Ott, » Ot s Oth s Sttp ERRJRSL B 45, RIS RAEFRITA, oL AN EE, £HT (2.5
(2.12)J5, (2.18)RFTLL4 AT 7445 i85 72

o oN oN
aqu.—g ( ek Sy Tt Gy N, didyd

Teyt 35 T N, dxdydz
(2.19)

Tayt+ 52 '

oN N oN
Tox Ty Tt T

/
(2.19) B RAB
apVi,=B,0,4C1,,+D1,.=/.
apVi,=B,6.+C;1,+D,1.=f.,
PV lig=B,0,+CpToy+DpT..= fom
apViy=B,0,+CyT,y+D,T..=f
Hrbpa(2.12), FRUBRK

=1 - 2
a=-—5 (14—144+124%) (2.21)

(2.20)

B,,C.,D.- %7‘3
=LBi|’Bji)Bm19Bpx‘_|
LCH’C,';,CW’C;"J

22
LDn )-DJ- ’-Dm- rDb-‘J (2 )

B,
C.=
D.=
%
HfrB.,,C.» D, EXH

oN,
B,,=S g OV N dxdyd:
{e)

N,
oy

%]g'-N,dxa’ydz )

m(2.3) RN (2.23), BHESE

Nidxdydz ) (2.23)

1 1
B.."—"ﬁa (5—8/1_622) b."‘l—s‘a(s'i'/l)/‘[(b: +bm+bb) (2- 24&)
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B‘,=_€16,1(2_g) b+t (5—1444222) by — - (34 A(ba+b,)  (2.24b)

120 180
Cump5 (5—8A=61) .= gz (B+DA(e,+cutoy) (2.252)
C..,=—$ A02—A) c,+ﬁ(5—14/1+2/12) c,—i—zﬁ(3+/1),1(cm+cp) (2.25b)
Du=h(5—81—61%) di— 1353+ DA, +dutdy) (2.262)

D.-,=—61—0 A=) di+ —(5—1444-24) d;— L (3+DA(dntds)  (2.26b)

120 180
HEREFTLIRHRTIRRE.
FEy,z M, BMNBEALCOITEAR. FlL.
aV pb,=f,=B1,+C.0,+D.T,
aVpv;=f,,=B,;7,,+C,0,4+D;T1,,

aV pis,=f,=Br7,+C.1,.+D.0, (2.27)
aV pw,=f,,=B,1,.+C,7,.+D,0,
%

EHFLENESETFRTNTRBRASE—R, SNER N, 25 ONREHENoE:

il = ;fi, o, =—Z,-fy'-, & = Zf (2.28)
> apV SapV S apV
H
Hih Y hEE I WP TEFRNNFS. BFELER j>mp BRI B Ay BRI Rk
=
ET—MNAME At G, FHEEN

WS =g 4+ uAt  (BF oY, w't) (2.29)

B oo, o, o) N RIEN—NIANBLRNKEESE, A hHEMR. &5 B

[A] -+ A¥ BB I L RS 45 BNy

N =ut At GEE O, w) (2.30)
£ i 7E t+ Ot PRI

AT A € A A (2.31)
BB EFEIN TR (A BRI ES 4 I, R A3 R A b B T LU AR 05 o R

RSB TR IRNBS MR A T RT RRE
_4] R
A’—‘g’{vzﬁna/;jzurcz} (2.32)

Her
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g=c;Q/p (2.33)
o, AMMEIE R, QHARKE, BHEMHFTIEAR. 4 hUREFRITHRRNTE.
YER IO ASBELAUE, ROTTLE LESOERTRT—E & At LUSK

BAOTTLLE R ER BRSO B EME A ARG, BASEK
aM
M - . -
M—[ C e oM J M=pl=p'l (2.34)
- aM
a i (2.21).
=, A NS ERNTHE

£ LW EER, SES—-SANENSRELE, TEPELEUTLERNNHR fu
Forfo FEFALIM(2.20), 2 2DRUHE. HTHEFEESEWE AR, ROTE LR
P IR & MR, S KRN A A B
BE-TRPONBH R 0@, 09, w@ TRLHELBESK N, NP, Nb, NoFXs
RIS AERER. ERBEEREEEHRWILARERN. SIREQR.3), &
No= L} +4 [8L) —4L! +1— (L)' + L0+ L))
Ny= L2344 [3L —aL +1— (L9+ LY+ L0%)]

2 2 2 2 (3'1)
No= L8+7 [3LY —4Ly+1— (LY + 10"+ L9%)]
No= LS+ (3L —4L3+1— (L4 L0+ 19%)]
Hep L7, L3, L), LYW(1.2).
XNTEERNBSER
u® =No% v® =N0 w® =Now (3.2)

Hpu, v, w i (2.2bsc,d). EXADTEPHWRESE, TRUNTHIEREN BREERD
;}‘{’%ISI.

G B (2 () -
AR ey 0.
g () (82 a0

_ Ou dvu ou Odu gz_l_ dv ow Jw .
Yo=5y T ox Tox oy T ax oy Tax oy (3.3d)
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_Ov , 0w,k 0Ou 0u , Ov dv , ow Ow o o
Y=g, T oy + dy 0z t oy 0z + 9y 9z (3.3¢)
dw ou ou Ou Jv du ow Ow
Y=o V8 Yoz ax T ez ox T ez ow (3.30)
€y = I[//(:)—l (5.4)
e g2Mhx, g, 2z SaATRIHER
1 % y 2 ‘
111 Xy oz
Ve=po=1 (3.5)
611 x w =z
1 % 4 2
E(3.2)RAN(.3), B
, aNu ON° N2 (ON° z aN°  \z
e =-—u-+ {<-x -u +( ~I—< P w> } (3.6a)
'—wﬁ_, 1 ) 0 2 aNo 2 gﬂ(i 2
o= v+ al(F) H G ) +( G v (3.66)
O LN (BN (N Y (3.0
, aN“ aNe aN® \/aN® \  /aN° \/oN gN° \/ aNe .
v = G uk S v (G (S (5 )Gy H G Gy ) G
. _ON® . BN® aN°e \/ 9N° aN® \/ aN® “gN® \/ 3N°
Ve = VG, ( 9z “)(ﬁ?“)*‘\_@;"’)( y )+( z ‘”>< 3y ‘”) (3.6¢)
, 6N° aN° \; aN® ON® aNe ON®
Ve =y Wt G w (G u) Gy w)+(Br G T W5 W) G
sk, BB\, LY Ly, L))=(1,0,0,0), i@
€ = Hou + - {(HLu)2+ (HL)® + (HL W) (3.7a)
€ = Hov + -1 {(HSLu)2 4 (HS, v)* + (HS, W)} (3.7b)
—PPw+1{M°®2(WvY + (H° w)?} (3.7¢)
Ve, = HSu+ H, v+ (HSu) (HS u) -+ (H v) (H3 v)+ (HE w) (HS w) (3.7d)
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Vyer= Hi v+ How 4 (Hu) (H3u)+ (HZv) (Hv) + (Hw) (Hw) (3.7¢)
Vew = Hiw+ Ho u+ (Hu) (H2Lu)+ (Hv) (HLv)+ (HLw) (H.w) (3.76)

B HL, ML, HY

HY = b (120060 =220 + (1~ 42060 , =269 + (1= 4263, —246° + (1= 413
(3.8a)

Hy, =L (1424060 s — 240" + (1= 4A)e? s =200 + (1= 44)c, — 2408 +(1— 44)e3
(3.8b)

He, =L (14 200d° ,—24d° +(1— 41)d® , — 24d® +(1— 4D d®, — 24d° + (1— 4 d" |
% ;

(3.8¢c)
EEETmp EARFEEBXNEHBEORENEER.
EZ’EE):EG';,Q;,@;, ’?;y’ '?’yz’ ’yzx“]‘uM—FEﬁT_i_%:’
. o o OV . _ Ot
== ox ° éf“ay’ 2T 5z
oo . ou 9 ' 9 (3.9)
o 0D duw JL P _ o . o9
Ve =gy g, 0 Ve + Vo =5y T ox
ROIAEEERIUTHEIESRL, B
e =N, 0'=Nv', zmr=Nw (3.10)
Brvl, ®ATH
¢, = oN w e'—--anv' o= N G
s Sy U Gy TV d=g W
aN oN . N N (3.11)
St ,_7-‘-,__ v . _ON .. oN .
ey v oy Ve GJ e L = zu+0x w!
Egi,ﬁi_ts (L:’ -4;9Lm9[4p)=(]909090). Fﬁ[//l’ﬁ
d=Halt, el =H,it, ¢l =H, i
(3.12)

‘Y;y.‘ =H.v'+ H_viu' ’ ‘.Y;z.- = H,,,-W'-I-H,,W, '?'z,, =H,ia'+Hx:W' }

Hrb H. HoH 1(3.8a,b,0), BEZILERILAITE. E45457, m, p i B H LK
N RS AT ER AT B EE T ER.
o.=he, + 2Ge,—Q, 7y, = GV,

oy=%e, +2Ge,—Q, T = GV, (3.13)
or=Re, +2Ge.—Q, 7= GV,
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Hip, TAGRHAMGHE R, Q HANKE®,
o {Cuocshle'l + Clok*|&)|* #£2,< 0 th

(3.14
0 e, >0 )
XH, . AMEEE®E, TR ITENRNESE. CUUC HTRERRK
Cr=0.5 Cy2=4.0 (3.15)
MG RIBI R =48 AR I I E &
h _ 6V(e)
Sbiterdi (3.16)
25 FRREN A B EBRIE GO ZANA X TS BETN. EMNE
Ulzi=Xe:l + 266’35 _Q‘ T;rzi—_— G‘V‘yzi
oy, =Ake, + 2Gey, —Q = Gy, (3.17)

0§:=X€L + 2Ge, — Q! T;y-':: G?;_y-

H e, (3.4), QR(3.14), EFH—ITTED, BIEREL. RMNLIEE, ®EG.A7)I}
HEFBANELE R RN G E, ERFXRNHESFRITHAHFRILZEEMEN, BHRHE, &
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Dynamic Finite Element with Diagonalized Consistent Mass
Matrix and Elastic-Plastic Impact Calculation
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Abstract

There are some common difficulties encountered in elastic-plastic impact codes such as
EPICuli21, NONSAP!3, eic, Most of these codes use the simple linear functions usually
taken from static problems to represent the displacement components, In such finite element
formulation, the strain and stress components are comstants in every element, In the equa-
tions of motion, the stress components in general appear in the form of their space deriva-
tives, Thus, if we use such form functions to represent the displacement components, the
effect of internal stresses to the equations of motion vanishes identically, The usual prac-
tice to overcome such difficulties is to establish a self-equilibrium system of internal forces
acting on various nodal points by means of transforming equations of motion into varia-
tional form of enmergy relation through the application of virtual displacement principle, The
nodal acceleration is then calculated from the total forces acting on this node from all the
neighbouring elements, The transformation of virtual displacement principle into the varia-
tional energy form is performed on the bases of continuity conditions of stress and displa- ‘
cement throughout the integrated space, That is to say, on the interface boundary of {inite
element, the assumed displacement and stress functions should be conformed, However, it
is easily seen that, for linear form function of finite element calculation, the displacement
continues everywhere, but not the stress components, Thus, the convergence of such kind
of finite element computation is open to question, This kind of treatment has never been
justified even in approximation sense, Furthermore, the calculation of acceleration of nodal
points needs a rule to calculate the mass matrix, There are two ways to establish mass
matrix, namely, lumped mass method and consistent mass method 4} The consistent mass
matrix can be obtained naturally through finite element formulation, which is consistent to
the assumed form functions, However, the resulting consistent mass matrix is not in diago-
nalized form, which is inconvenient for numerical computation, For most codes, the lumped
mass matrix is used, and in this case, the element mass is distributed in certain assumed
proportions to all the nodal points of this elemeni, The lumped mass matrix is diagonalized
with the diagonal terms composed of the nodal masses, However, the lumped mass assumption
has never been justified, All these difficulties are originated from the simple linear form
functions usually used in static problems,

In this paper, we introduced a new quadratic form function for elastic-plastic impact
problems, This quadratic form function possesses diagonalized comsistent mass matrix, and
non-vanishing effect of internal stress to the equations of motion, Thus with this kind of

dynamic finite element, all above-said difficulties can be eliminated,



