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Summary

The concept of cover is employed from manifold method into voxel analysis and applied to 3D solid
analysis to make the accuracy control possible. For the mathematical cover, regular square or cubic
cover is used, and appropriate weight functions and cover functions that keep the linear
independency between approximate functions are proposed. Mathematical proofs are given for the
sufficiency of some conditions. The integration method of stiffness matrix and load vector using
geometric voxels is proposed. The example problem with analytical solution is solved, and it was
shown that with cover functions with higher order polynomial, the error becomes smaller. Also local
arrangement of higher order cover functions are carried out, and almost same error norm with the

case higher order cover function is used all over.
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Fig. 1 Mathematical Cover and Physical Domain
in Manifold Method
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Fig. 2 Mathematical Cover and Physical Domain
in Finite Cover Method
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Fig. 3 Bilinear Weight Function
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w, =-a(x-0,)’ +1

£EL a=2/(0,-0)
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Fig. 4 Quadratic Weight Function
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oM (C) =P (C), k=012,  (26)
DED, 0,& O,OHT,

o, =0, @D
THY. TOEL.
wy+w, =1 (28)
ThHa05. 0,& O, DM TIEEHIC
u=9, =9, =0 (29)
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AR D
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Table 1 ZEWE CTRAL n KOWEBRKEZEREL 60
ZEBOREERL TS, MO TNZEHE L TREMD
FOREEE AR LEDDZEVTHELT, TRINF—%
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Table 1 Comparison of the Order of Functions

Type of Cover Weight | Approximate Function to
Weight | Function | Function Function be Integrated
Function

() n 2n+1 3n+l 6n

(2) n 2 n+2 2n+2

Fig. 5 Quadratic Weight Function in 2D
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BREXTFITFOWMRTEMT D TIER <, EROYEE
HTERE L, TOERTEIVTDOIS, Bl MU A,
BB LT

[K]= [, [B] [D] Blde @
ERETHIEMTES, KL, [D] WHREKT b
y 2. [Blwovaonmz (e} . kaekz {d} L

EE
{e} =[B{d} (32)
ERRBINUIRATH S,

— iz, BRREREICBWTIE IO T ARAA
WHENBA, TNEREDET D EIROTIRY 2 KLDHE 3
AR 4 AT, 3 KITDEE 4 D 6 k& > 7 LikE)
BEERTH I EDES TENTELDTH Y, ML
ROFEIRICH L TEH I AR ZETO ZEEB#LN, £ T,
WRE2SSICHIMEL =R R 7NV EH SO UDERL
ThHE, ThEAWTHAEZEIHETHS. BRITH W
BT LT FNEESIMMEL, ZE X Fig. TOX
HIZ 8X8X8 IHFL. FNENDHRD [APENEIC
BETADNRICEETENERT 7T vy (REZS 1,
NERIRS 0 DEERD) 285, Thdid, HERORY
TIVEROBMRHRERERTHOT, THREZ IV P
LIER, T OEEEBBKICAN. HERERIZS SRR
VR UTEHRRZ BN OHROFTHITHNEHN
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LTHATE)RDL DI ITHERS Z&ick D, R
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[K]= _[Q[B]T [D]Blag ~ E[B]T[D][B]K (33) BRBZ BN LTERS, b, #HEOERIES
in-vaxels Y (Z TR I DORZ I ERINTE D) KEMOHK
EREU. V, BRAR Y LV OERTH B, St w(x) AT, L sHeIcR

BRI, STRR 4)FRIC IR, R & BITERIEIC

k
u(x)=Y fi(x)w;(x)=u(x) on T, 34
DEMAAE BHEBMANOREOMRE L TEATNS, JHUI.
RFNF4 ELTEBIEET B ENTES,
Ei, ERWE(x) WER _Lihh o THBEEITR.

UTOLSIHEROBSETI I EICKVEHEEICH
THEMBFHEICT DI ENTES,

frf‘ ‘fdr =ﬁ(2 f:(x)wi(x)) -£dT (35)

5% 3 KTO—BHRICHTZ 0SS hELTE
HT DI, BREEEIHROMRA 7 LIV LTS
ZBbDET B,

B AEROMEE LTI, REREBARNRY VT4 H
NZEoTL B, REEMFELW., ZI T, NAE
EHAEATFI & U TR W R A E Vi,

2.5  HIREEEERS BIVENTE
ZOHBWEEICB T B R IV & STk 3y 4)
DR 7L IVEFREDR S CIIVEROBERKIZ, Fig. 8 DL
23, 3RTOEWIERDEIRZ LNVHIEIZ8 DOXRY
ENEREERT B ENTE, R ENVEROBEEL N
RNV HBOFZZFRCITRS,
HBEWERCBVWTEARKE LT 1 RER BEREE
UTEMBEEEEHLAEAITE. IAKICHT S HEXA
EROTRBERE —B L. S 40K Y BIVERE &R T
25, LML, ZZTERLEZ 2ROEHBEKERANS &,
MROEBERELIIRESERS>TL 5, :
R LIVBIFEICBOW TR EEE—ROERICHEIL, T
TOERICAUHREEEBND20. XDELISTIRE
2RO WEFIC, K VEL OBFTEBEZEZAS LT
BRI OIS TERN N, FREEEZAVS &,
BN CHNLITERBERERET 5 I LN TE, BHITHE
Ea rO—)V2FdZEMNTES, 20 HE) OFRK

Fig. 6 Some Examples of Cover Function . RV B S (8 ST 3R, JHud
and Approximate Function .
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Fig. 8 Mathematical Cover and Analysis Voxel
Fig. 7 Integration Using Geometric Voxel
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AAZEANIERBEMNTHEEE2I > FO— VT HHET
HHEMRTBIEDLTES, Thbb, p BEREDTYS
F 4 THERERO D) iU TEEaY ho—-)V&2F5 -
., BEOEROERIZINA T OFBRBHEICRZDI
R, bEb BB Mg BT YT T 4+ THENTAS
EEbNB,

3. # W M

BATNEEMA EREED 1/8 DEFIV (Fig. 9) I
LT, TNz 2 ROBEBREE T2 AWHREEE Fig. 9 Model of 1/8 Sphere
EROTHT LA, CORER. BAmid 5720, HlED
TMEEFTD ZENTES, BEEWEE LTI R 7o
DEFYT 5X5%X5, BREORZ EIVIZBEL TiE, 4X4
X4 DHEFHRRT RICHEIL TRITZITo 7 (Fig. 10)
S THITR Y VIS 86 &z b, #EKIT 168 Lixo 7,
EMRD &SI, WHENEKICELESEREANWTWS LD,
WEEMEEA 1K, 2ROBE. —DORBEDOHEDOHME
B—ARH 0 FTNEFN 4,10 &/25, LENoTHREE
OBEBEERTITN 2,016, 5,040 /2> TN5, T T
HEEMEZELUTLRULOZEREH WS 2D, §HRO
ESICBR A HEOBEKEO 1 KM 2 R DEDIZFig. 5
D& 57z 2 KOEHBKERAWE, b

Fig. 11, 12 BFNENTRTOHET 1 KOELLER Fig. 10 Analysis Voxel and Geometric Voxel
DOHWERK. 2 ROELLFEROPHEBEKEH W TR 2T
STBEORBORLEEDME TO von Mises iI5HD4
HTH 5, HEEMEBOREN LB B IZONTIEHDORH
WHE SR> TWAB KT S,

ZNZEENICFMET 2720, UTDELIIZ von Mises
BHOEREETOEE /) IV LE LB LTz,

_ —_ 2
\/ jg(oexact -G rem) dQ

J j Eexact ZdQ
Q

FeIEU G gy WMRHTARIZ £ 5 von Mises J671. O peyy W4

FRHEAIZ L B von Mises IS/ TH U MAABIREHTH Fig. 11 The Analysis with Linear Cover Functions
>, Table 2 D e, DI 2M4%E 1 ROBEHEERAWEEH

W, ERENC 2 KEEEEERAWEEES BR) . £&ic2
REHB R E W& OREELKT S,

DD 2 ROBWEBEKE AW OIE D MEITEEMN
FMELTWS I ENERMICORERTE S, £, BRO L
SIEREE = HFNICEET S EOTRETH Y. Fig
13 DL ICEWEK 168 MDD B, ERHONEER D D
B 87 WOHHIZ 2 ROBPEMBEEEREL . R OH
BIZOWTHR I ROWEENBEARERELEHEEEXT
A%, RHFRTRLU TOSHEFN 2 KB ERE LT
H3, ZOHE, REATOHHER 3,528 &72%, 0D
LI RRAFNCERBEE2RE LTIV TR LIBE
D/ V1%, Table 2 IKHETERLTH D, ETOH

€ (36)

Fig. 12 The Analysis with Quadratic Cover Functions
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Fig. 13 Partial Arrangement of Quadratic Functions

BT 2 ROBEERE LI2HE &3 EREEICHRITEEN
HELTWSZ ENDM S,

Fi- —RRICB A B TR O—RIV R hER 2 X
DERICRD DI ENEETH S, (36) &FEOFHEIC
LT ZHEDEED S THo L BEOMEE 6, &L
T Table 2 IZ7RT . R VISHEF DLV ERIIERTET
VB ENbh B,

Table 2 Comparison of Error

AR, LR OREE LT3 k> TES
WHEEIY MO— N ETADIEERERER > TRLE. &
To. IECEEEGE T#EE) KEBICRETHENTE, R
EMKEREFCRFANICEABEEERET 5 LT R
i BEEORNRESND I &Rz THIIBORKED
> ROV F A D o RO R Y VB OREAE
ERETHHOTHY. 57, FEELOBREFTEOR. HK
WEOBRELHBLRETH LT, Ry RIVEHRICT Y
TT 4 THERRBEEZEATETEORTHS .

Degree of Error ¢, Error e,
freedom (Whole (Inner
Volume) Surface) BE
Linear
i . 0.
Cover function 2,016 0.2766 2831 1) Belytschko, T. et. al: Meshless Methods: An
Combination of ] Overview and Recent Developments, Computer
Linear & 3,528 0.2351 0.2468 Methods in Applied Mechanics and Engineering,
Quadratic Vol. 139, pp. 3-47, 1996
C"éi'a‘fi‘iggg‘m 2) $AKTE : Aw o L REE, R RIVEBITE OB
Cover function 5,040 0.2337 0.2460 [, %3 EHARHETFSMER, pp 55-62, 1998
3) Kikuchi, N. & Diaz, A. %8 13 E Quint ¥ F—7F
AR, WAL, 1997
4) BARHE M TRy IEREANEYY v REEOD
. o= I B EMESHIE Vol 182 pp 595-600,
4. ¥ =5 1997
5) Shi, G. H. : Manifold Method of Material Analysis,
YN I &SRR R R E T AR FEWBEEHEICE Transactions of the 9th Army Conference On
HITHILOTEBYZT7 +— )V REIR. BRNARESK Applied Mathematics and Computing, Report No.
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