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Summary

Due to the accuracy and the efficiency of hexahedral elements, automatic hexahedral mesh
generation has a growing demand for finite element analysis. For this problem, several algorithms
have been proposed by many researchers. However, reliable automatic hexahedral mesh generation
has not been established yet. In this paper, a new strategy of fully automatic hexahedral mesh
generation is proposed. In this strategy, the prerequisite for generating hexahedral is quadrilateral
surface mesh. From the given surface mesh, combinatorial dual cycles (whisker sheet loops for
whisker weaving algorithm) are generated to produce hexahedral mesh. Since generating good
quality hexahedral mesh does not depend only on the quality of quadrilaterals of the surface mesh
but also on the quality of the dual cycles generated from it, the method to remove self-intersections
from dual cycles is proposed. The surface mesh modification procedure of the proposed method has
three basic steps. These steps are (a) face collapsing, (b) new face generation and (c) template
application. Next, automatic hexahedral mesh generator by the improved whisker-weaving
algorithm has been developed in this paper. By introducing nodal placement technique, it becomes
possible to generate hexahedral mesh with fewer bad-quality elements. Several examples will be

presented to show the validity of the proposed mesh generation strategy.

1. # K

HIRBEREZ ARV ClX, T 217 5 BC e S48
DAy a2 BERT HLENRD D, WTHDENT DO AR
WAL ESTA v v a EROATOEANNREEL 729 |
ZLDOBEBA v Va ERFEOMEN TR TEX, =
wILY Uy FREETE, NERERICL 88 Ay a
ERFEDPBEIZHEN SN TETWD 179, — I REE
BFRIT, MEAICESECREEORBENR L . AR
BEREENFRER Z E0vh, B O E I ENRTY
b, LixLienin, BED L Z AL &N - BEINEER
Ay v aPRIIHFE L2, REEA vy a2 B0
TR ET VARIZKE R B 1B LE L LTS,
NEEA ¥ 2 ERFEOHTEE LTIE, ST SR

* REIRE KT R F R L2k
**  RRIRE Y KRZERFE T 0
R VRKI7TFE9H6H

WiE -~y VL ZIEENE A AR B T R sy
BT 2HEY L, 2RTEOMAT A v a k| XIEITT
FHik (A —E 7)) D medial surface AV TK
iR A v ¥ 2 BB FTHEZ2 BLMIFAR ~ 20 Bl 5 H ik 9%
HHW, TNHITEATE ZRMBERRICHIB R H B e &
a7 BEMEIZITEI > TV 722V, F72. Schneiders i1,
MIENE» CER~ LB TRICNEEZERE L TL
Grid-based £ 9% RE LTV A0, T LEECTH D
FUPEDERMRNEL 2D EVIREALD B,
INODOFEOREREZRRRT 572012, i, N
EA Y 2 ARORNS, BERROKRECHNAE A v
2 2B L, Eha b L ICHENBICA AERER 2R
LTWS NEFEZERARICBIT AT vy v s onm
¥ MEPRIREBZXHBREIN TS 10713, Cannan b
@ Plastering & 0 TiE, HERAPLHORVNEBER
ZIEREEE L TW Z &iZE vy, NEFA v a2zl



342 H AR AT

Rk H2 B

ERETWD, LLARRS, ZOFETIIRENIZHE
HNENZ MR ERNAE LD Z ENEL, NEED K
TAy Y abHRERD LBRRBETHD, —H. Vo
AR 4= ZETTE, 3RTTEZEMETEE
ANEREZZART ARV, BEOU 4 Ah—1—

FEMEIN D 2 RICHEE ETY 4 25— (Whisker=01
) 2BA TV (Weaving) Z & T, (LFEAYZ2/SHA
BRODRN Y FEREER L, BRI EER ETOR
HEA vy aZERLTWD, ZOHEZ, NEERL
DAHEMBERICESW-TETH B0, NENZZERM
TEDZLITRVD, REWNATEA vy 2 llELBED
RAENKHRER CTHA 7ERLEMEINSIFRER L L TR
HWRBROEZNERINTLEI EWVIRARDH S
(2EiBR), £/, SKRTEZHOFERE HVRWT®,
RIEBZFEOBNERPAERINTLE D L0 D RBED
HhH W, LEDXIIC, REBBHDO IRTABEA v
2 EREOBREIIRENETHY . ZOFIEOMESLNE
FNnTWa,

EHELIT BEORWVWATEA vV a ODBBARD D
12, RENAFEA v 22Tl BREBEEZITO V)
EZXFBERLEDTHDEEZXTWDS, Lo T, KR
T, MR ETHYEEEEY, STHUAEA Y aTH
F2ITV, FRETICNEB TAEEA v 2 24T 5
TEHBORA vy VaARTHEERRET S, BENIII.
(DFEE BB FIREANE R A v & = AR IR DR R,
QFEUAFEA v a XV BEREFRET D FED
BE, QBB 4 A D —0 4 — U TEORFE, 217

27,

2. Y4 Rh—"H1—EVT&EE
BOXZEOMMEIZOINT

2.1 94 Rh—1—EVTE

AMETERET L 3RITATEEEE A v ¥ 2 ARKiE
WRWTIE, STRENATA Yy a2 AT -2 &L
TH L, FN%LICHBRERONTZ RNEETH-L T
W<, AEEAREE LT, Tautegs HNEELY
AAN—=TD 4= TEOEZT VKR LEFiEE
B L7, 22T, DA RI— T4 — P EDay
€7 b EBBIZTT,

TARB—T 4= TETIE, REEUAR THE
SNTEONEE, U4 AN —1— b EFEN ZER
D 2 WICHI 2 LEEROEGERBERE AWV CREEE
AL T, FlziE, Figl 0X 52, MFHFKRER%
12 EHOEAR (D~®) THRENTANT —2hE5%
b3 2, ETHAKREZFESAN—T (U4 20—
N7 F R, BUEER EES) 2E XD, ThILEHE

OHLMNATKOH DD AX— L, MEFEONDET-
EoTH#HATITE, A¥—FLERIZBEIETAZ LIZL
S>TEESNS (Fig.1 P A8) . #lxiF Fig.1(@ D7
FARIEEO@QOMNARE» LHE LEZL—TI300Q0
HZEH L%, Fig.1boO®DDE #3i#Y . Fig.1(a)
DEO~NEESTET—DOOL—TRTESD, ZDLS
IZ Fig.1 A, 1025 4 EFTEEFFENTZ 4504
HL—70T&ED (Fig.2@), ZON—T24AFHETS
SRR BD T 4 A —v— B EEEEND, YIHY
S AH—3— MBI 25E EOTESIL, EEM ETIR
kmEMUAKEET (O~@), £z, HEALLHTWD
ONF (Whisker)id, #idER LONARE AR LTV,
ATNTY ZLTIE, ETZ0OL RO — P 24K
L. 2TOY— FONEE*EAF THEIT S (Weaving)
ZEIZEoTy— MEERIE, BEROMAREMREERK
LTw< (Fig.2(M)), Fig.3 1o, ¥ — FM5EH LI-%D
EZICBIT BERNEIOA A— V& TT, Fig2b)ic
T LS, mE AN FADOETEA(STC-Vertex)
1T, 1 SOAREREXRDO Y — b E~OFHEEZRL TV,
%213, Fig.20)E D/~ v FEHHWND 3 20 STC-Vertex
([1],[2],[8])i%. Fig.3 EX D ML 3 BHRITHERT B,
Thbb, £ — hD% STC-Vertex 4 4 DDN(STC-
Edge=XZM LIcBIT2ERm LHEET DL IV«
—EUITHEILIZEY, NEREREERTAIEE D
L ONABRI 2 BRI A ERR TX 5 2 &2 B,

Quad Face
- : O~®

Whisker Loop
:1~4

(a) Front, Top, Right View (b)Back, Bottom, Left View

Fig.1 Example of Surface Quadrilateral Mesh
sTc-2Ce11 @
4
©IO) ®
@® @ @
O

Whisker @ s
0 TC-Edge 3
@

2 @ 4
@ ad
AN CINNEE
(a) Initial Sheet
@  STC-2Cell

(b)Completed Sheet (After Whisker-weaving)
Fig.2 Concept of Whisker-weaving Method



3V Uy FgE D= OB EIONHEE A v 3 o A FIEONSE 343

—r
1
1
[l
-
’

Fig.3 Generated Hexahedral Mesh

2.2 DAARAA=N—FIZEITZECRELTA IER
— R, BRI e B S O a0 R m A EEE O
MAFTOBE SN TWA A B, BN o2
Til=Ea Z ENMmbhTvad s, LivLERG, fl]
HTRLEY A A=A —THRICHOAEENTFETD
BEICE, A 7ER LI ARERMBITICAVS

ZEDTERVWERPERESNTLEY>BENH D 114,

Fig.4 |z, H B35 2Z(Self-Intersection(SD) i O F % 7~7,
BEHIOBHNE D 4 A= —T % E-2TW &, @@
SLIizTA—7M 2 ERil (FbbHaDsRE) LTWa,

SI

(a) A Block with Surface Mesh (b) SI of the Dual Loop
Fig. 4 Self-intersection of the Dual Loop

FAT7EELFAEEREO 1 omABENRLTLEN, R
N EEREEBICRZAEROZLTHS (Fig.5h), X
" O if abed % Base i & PR, ZOfFITid, Base @O
fimbldomFE bHiRf L L TWA, Thbh,
RiEifED 1 >0m (Fig.b@)@m efgh) MBI THR efg

ERDIZVDRTA TERTHD, TATERERD L,

EEICH PN TWBEAL—T (H#) HESEE
(self-intersect) L TWAZ b5, Figshz)
ATHEREINT— FOFlEFRT, BOAZZELEZRL
el £ % (5 @9, 60,61)7 5 % L 7= 2 A0 Whisker
MEWIZHHEN T T = STC-Edge OfitiiE, B LES
@ STC-Vertex(F72bb[R L EH(([1d, 23], [01) 2 3
LTWaEPRE), %0, ZOEREOH D EIZHL
THHOBERIL, TOEEBHIZH-TLEI, 2O

DA, FR Y AT 4 & AT P A& ST T s R

HOZENTFET D L, —HMotmd TEn2fsN (R
HEOKEmMPLIET DV 4 A -0 FEENTHE
10) ZERWTHA THERVERSND Z LIZR D, T2
bbb, HeRERZATHEEOANT—4 (RiEOMNHA
s (o LT, RENAEE R SRV E EREENR

ffE Tl T oIREEcH 5,

2270 a

(a) General Hex Element (b)Knife Element

(¢c) Whisker Sheet with Knife Element
Fig.5 Knife Element As a Result of Self-intersection

3. NEFKBRA v ERBROER

PLEd k5 B8 ns, AFETCHESBEBONEE
AwvyaEREFEE LT, Fig6 IR L2287 mtER
FI_RET D,

[ AstEgE@mONARA Y25 |

v

[ woxr—r— k) fak |

A CZEEM G A D H 2

| semmpm vy o wisE L QA EIRE |

v

[ messoney cxm—n—7 i s |

>

WRT A A= A= FIEI LD
ANIR A w2 920%

Eeera
Fig.6 Flow Chart of Hexahedral Mesh Generation

FRHT R B 3 YRTED LTRSS Brrep £ 5/ (BERF
PRTERIND 3D EFAITEZ NS LEET S,
T, BEONAEA v al o R —F 87200% Fi
HDILIZEIVEDORVUAEA v v a2 EREITI 2L




344 H AR T am e 92 5

MTEZRICERESNETUAREA v 2IZ3 LT 2.1
BICRULEAETY 4 A= N—7BERT Do HB—
7 FICHEAEMMEET 2B, RFRATRET
HHORERBRETAE-HORAINATA v 2 EIE
B Y, BRENICEORZEDRWERAMNATREA v 2
L4 AN N—TEERT S THIC, ThEETIC
AFETHBELERE Y Rh—D0 1 —E Tz M
W, AEEA Y 28T 2, E2AT. WA RAA
—7 4 —EVZETIE, UARRAA v 2ICHARE
DRVWEETH. HEI L o TR BN BRI E L
XNBZ BB, FITEAFETEHAY Y2 EHOR
BURAL—V U VEDRA 7oA ZHWVTERR
FORERITS . BT, REGIZTREMATA v
ValEEEE. FEOEHICTHRR Y Ah—D 14—
FikloonTikaz,

4. REAWARA v 1 BIERORE

AETIE, (EROERHUAKEA Y22 AhT—F L
LT, HOWETANATRRZRETDIFERERET 2.
BRI, (DUARENE, @uUAEEERIC XS
HOREEOBE. Q)7 7L— b0, D3 AT v
TEMASDOEENARA v 2 BEEERELE,

iA 4

" T

(a) " () ©
Fig7 Face Collapsing Techniques

this SI These are no longer SI

Fig.8 Effect of Positive Collapsing

Removi:

4.1 TENARA v IEBEX

4.1.1 MAREHZEEFace Collapsing)
HORZEZBEETAHERFEIC, Folwell 55
WRZ L ERAREOBETENRS B 2122, Fig @)D
L3I, HOREDNEET ZHE. HORET 2UAR
(Fig.7@® 7 L —DMAF) 22572 &iC48b.
Fig. T E=IZQD LAz, HORERZRLSTIENT
&5, Fig. 7o), Hisi 0 &EIM 2 2T &K
b, Fig. M@ DECRZEN—T% 2 DO —TIZ
EZTWd, /=, Fig.7@7TIx, #& 1 & 3 2Hgl
BZEICED 1 o0AEREORNWIL—TNEELE
TTd, 2OLSIC. ALMNAEEEEELTD 27&
FOBREMVEL A, 2ITIE. ZhZhBEHEKE

(positive collapsing). P&i#Z:i%(negative collapsing) &
M, —i%lc. BiERkEEEEEEERD, F—V—
THICEBOHDRENH A, thoEDRED
R ICHETSATREEHZ2EVIRALDH D
(Fig.8)s Lo T. RIETETE BT MEIEREL
BICHWBZ &9 5,

Lo E5RNARRBEREEIEERFETEL S
D SR enEWNARA Y2l Lo T, Fig9
DL FHERBEEPFRIND TS H 5. TDk
o, KMETEEROEDT = v 7 &7\, MNARHEHE
EEBITBFERZEAN L=, Folwell &3, UAREHE
ExEBTFBEOIC, BAICERT2H08W)ETF o
P BFHEEEALRE 20, HlZE. Fig.10@DEBEIZ.
MEEERENTHLNRD & Fig. 10D L 512, 2 20E
RICLPELROWAEREA (R 02BE 05, 22
T, MARHEEIC L D RO SRR O3 b=
Xl BB EE, WARHEEESZEH LRV,

2<N, (0
CORMIEZ. 2ERDP2DEHET D LD &, HEKNIC
FEERNAREEREZRACIHE S EBTELZ—H
T. Fig9 AL HIZ. HBLITERT HHIABDE <
RABEFIIMIBTEIENTERVWENWI READD
Bo £oT. AFETIR. ORXOEMFITIMZ T, UTFD
WHAEEBWEFEELEA LR, $bb. HAEHE
WEFEICL Y EARENE LR, ZORMOERICH
LT, RATERINDIEZOONVAEEFMET 2,

F,=[>(60) EEL5@=%—% (2)

i=1

22T\ 59, (XM ORI OFFATD 90 15 OfR

ExEET, Lo bld. Y VIIFICBIT 2 ATE LM
AREROBEL LT 252.5°. FLONFHRE

F,<105°%F0 TG 2 K TR. 2 ORmHEEE
EmOWRAICIE, MATREREZ# S I LY L,

Internal Too many

|~ angle elements

greater around a
than 180° node

TFig.9 Unacceptable Element Shape

yr

Fig.10 Edge Valence Checkin



3Kge U v FIEHT D120 DFEEE BYORMHIE A v & = AR FILOM % 345

412 NAKELERICLSECKEROBE _

— ik, BRERMBITZ1T 556, IWHEPEHEORR
HrEBEERGTICBOTE, BRI EREESEE L
W(Fig.11), 4.1.1 8GR L MAFERE EESR, 4.1.3
HoOTF 7 L—FERAVWAE, Ay o DEEZBERAL
Ttz B 2 BE ST Y — ZRHANC A>T L
F95, AT, 20X ) RMEEFEITH0IZ, =
— = H N ATEE (constraint faces) #IgET 5 =
LlCEY BELEENTAYy 2 EER BT S Z &
MTELHEHIIZ LT,

Geometric

Stress
concentration
areas

‘: Constrained Surface
“.0 with Self-intersection

RRTILLE

N <
L Sub-loop2 #
%

:

(a) Whisker Loop with Self-intersection

0. s l=

H

(¢) Modified Sub-loon without SI

Fig.12 Modification of Quadrilateral Surface Mesh
at Constrained Quadrilateral Faces by New Face
Generation Technique

(b) Sub-loop with SI

Fig. 122 48 e B SR8 Z ORI E =T, KR T
. HINEHAEEICSTIEAREE R TREDIZ, 2
DOV TL—TEGMTAIEEE L, Tihbb,
Fig. 12077 & 5o, A— 7 0@+ 2NEFED S
H3OOEHRELEDHEL TV A AFig 120202 F
THEREZY—F L, TOMNAENEE% Fig.12(0 & 5
WEETAZ LT, YT A—T 50T 5, 20X 7%
Oili& 2 oY T A—7IZEAT S Z LT, BN aE
BT AR ERET D Z ENTREE A B,

EZAT, FiglliZamd L5, BEmERoERLY
(Geometric edges, corners)(ZBEBE4 2N AFEIZBNT
. 4 LIE TR LAENEREEELZITO £, BRALEN

BENMERESNTLEIZ LS D, LoT, RFET
i, 2ol 5 2NAFEERE GHERMETRE E LTEY $H#V,
HOREZmOBIEITI,

4.1.3 Fr7L—+0HER

B2 bNRKEBUAEA v 2l HERERMBFE
LE=BE. 2OEICF 7 L— b 2EATA L0k b
HOREZRETLIFESRREINRTNS 620 | Zh
HOFET, EICBCZERRT A LN TES—
. MAFEBIRNEL o TLEI EWIRERH S,
AFRETIE, FELRRENAFEA v 2 OBEE2TES
EHRWbDEdHdiz, 2L LTER 411, 4.1.2
gokiEsHAv, BETERLoNAREIIE L TT
P e—rEEATLIEELE, Ee T L— ]
BRKIC, TEL7Z0MHONARREA v =08
(7 A7 bb) ZHEFFI 57212, Hanneman 0
BEEEHA v o R oA WCHOEF LS L—
FEGRAL, Figl3 DXk /A v aDBEEE2ITH, T
bhbbLEOAEEmMIIOVWTIK 12 5E T 2T 7L — |
FEBTDLELIZ, BOREDRWVWOT XTONA
BEICH L T4 58T 5FEL 5, Zhicky, #
A A v o 2EIZBWT, BFEYT A XBYS (I
FREET 1/4) 222 L & b2, BFEMO 1 2OBE DA E
=T, 3ODEEREDR VN —T~EERIND,
Fio, ZOBRFEICLY. FEMNAT ORI REAIZEE
Bz s 2 EAMEEE RS,

12 \\ S ’/ AT \
I A L \ \
] 0 I
' ] [ 1 |
| | )
\‘ 1 i‘ ‘\ [
AN 1 VTl NS - -
L Rt b W N ~| -~
1 ~ “F-}-
1 \ === -\\ \‘
i ; T v
- ! L '
'\ A N "Ir
(a)Original Mesh (h)Modified Mesh
Fig.13 Removal of Self-intersection by Applying
Templates

4.2 Ay aBEFEOERAFIE

AR TIE, LRTRETIREA v aBEEEE
Fig 4 DFIRTEAT 2, £7, REMNAEA v 28
ANhTF—#LLTHEZLNS, ZIZT, 413 @lZRL
=L 2D, BREACIE, POt XOREA v o
EREnDmb, ANWT—F2 L LTEFETHHEOY A
ADAy a2k ANIT—2ELTH25, ki, 2—W
—DHM N B ARET D, £, BROBDPLIEAIZ
ETA2ERTHBNICHBmE 25, NAFREEFIE
. BV EHEAERORAIERESND, £, B



346 H A S rE T

FRWAE 2B

CARZEA NN ART EICFEETAHAICE, 4.1.2 8
TRLEBZEOMAFIECLY HOXE4BEITS, &
Bz, BorEOREmMIOWTT 7 L— FEERT
HLET, HOXREQOEWNARERA v a7 —F 5
LW Eh A,

FKEMUAEEA v 2 ANIT—F

a—HF—iz ks
0 f4 Mo o> 0

M 2 s

B 2562 D0 4 T i
hEHIn?
Ye
Y
BEEDHS B B 23 05 5
W i 2 I 0 5
Ghlfh & h TL e L)
MEEh s HCE#m
B B A
1 G283 i o 8 8 T Ao 2
EHAAIZL D
B (L35 RS B
vy
ACAEE DS S ?’7ﬂ:“mﬁ
54 0 i 2 f

Gl &4 Ty vAe b i) ¢

HEREORVEAOUATEA v o7 —4

Fig.14 Flow Chart for Surface Mesh Modification

4.3 BEXEREOH

Fig. 1512, SR Lo FiEd | FHAIZNARKE A »
Yo ATANTERCEB LA ERT, S#AST —
ZL LT 16 DUAEHRAHLERA vira®5il,
Eh.PEIA Y allid 30 QACKEENATEETS
(Fig.15(a)), AWFETRELFEREZEATLIZLICL
b, HDREORWER A v =2 (Fig 160D 55 517,
Figle iz, 777 v 7 FETFALICATEZERAL
fefl e md, DA Ny FEG O AT A
Ex27Tw3, 13 EIONAKEEES, 183 Eff~D7
TLr— FERICEIDBEOREDRVREA v v ahik
T& -, ¥, flE~INAFENEST v 7 L—
I 3@ FA A3 4T Aoy 3 BRI R Az 00 LD i 03 18 BT,
Fig. 17 (ZHM MR ORI A v ¥ 2 BEEHF R,
Fig 1T@ O FH A v = O~ o F RS A E
BIEFEIND L, Fig.170) Lo X iz, #HFEZIzEW
THRAERED 2 » 2085605, Fig.17(b) Tz,
WnE 2 b o e OREERT, Z0HE,
YFEICHSTMNAEFmIZT > 7 L— FAEA SR
HAe A v raliroTd, Z@ LI, 4.1.2 H#iT

BEL-HOREDOBHFELNEDTHLZ 8D
D,

i

ey
e

.

(b)Modified Mesh
Fig.15 A Simple Block Model with Irregular Mesh

Constrained

4084 faces
0 SIs

(a)Original Mesh
Fig.16 A Crank Shaft Model with Constrained Faces

(b)Modified Mesh

Constrained faces

HAGRBEESN
e

IS
AT

75

7 b’

Constrained faces are specified

Template is applied

%ﬁﬁh@@

NIRRT
Constrained faces are not specified
(a) Original Mesh (b)Modified Mesh

Fig.17 Mechanical Parts

4.4 BETIBEFZORN

AL CHRB L-ACRZEZLZIY RO OER A
v 2 EEEOFEZLTIZE LD S,

(1) AFwXTid, MAKEOWEE, 77— FF
&, RO, BORENEOBENE e L T 5 A EE
AFERRAS DY, BOREREFEERE L,



SWILY Y v R DD

WEROMFETRESNTELE—OFETIE, HEXE
BERD - BREL ZHDHEC, BORENAREDN
BHBE L TWAEARICEL RWERE 5 X B8, AR
RFEZEY, JVEOBEVWERREDRERZITOIZ L
NHEELRDEEZOND,

(2) =iz, ISHEFHREOET LEE THH L Bb
NABANZBW T, RAWRNAFERORBENLEE L
VW, L L s, EROBECREREFETIR, 20
OB TOMNARRDOBEEERLT V7L — MEA
EBTAHZEBNTE RV, BOBWMAENER S
NTLEH, AFETIEZIDOL I REEAMERT LD
12, HEXREMEOBEEAREL T2 NAFRFEATE
FRELE,

(3) AHRXTRETZ2TETIE., ZROEBTA v
2 ERIZIE, BIFOBBNARA v a Pz R L—F 0D
FHEZBEELTVWS, ZRICKVEOESW RN AR
WAy Y2 ORENREIR SN D, T2 AFETIE 413
I RTT 7L~ O & FBICRKICE 25
ntmﬁ%fyv:%4ﬁ?#5’&%%$brw
THIZE Y, HERETEREINTWE—FRESEITS
?V7V~bﬁ%ﬁwéib\é%&bf?za&bk
DEWVWERHEIATA » > a2 DERPIYFETE 2,

5. WBI4RD—01—EVTEIZKD
REGFEA Y 2DER

BETIZ2EFANEEA Yy VaER B ERIZEBNT
. BEREDZRWREMATA v a OEKE. A
RTHRELEKEVAAD—U 4= TEEHWT
AyvakERT 5,

5.1 BMRVDARI—o14—ELT%

74xﬁ—ﬁ4~5y¢mfi Fig.2 TRL7ZED

U A AR N EMREN D 2 RTTZER - TAEE
E%%@Uﬁ%otmbwawﬁﬁ%imféoﬂ%%
i3, EL. BERRO o —F - TOANEEEZE AR

(Fig.18). RO EKH L COEREE, MIKNEOESR
BEEDIRIZY 4 — B 7T b, D%, Primal
Construction & ME{EIL A FHEIZ LY | 5B — M B E
B 3WTERT —F & ERT B L L bic, NEE S
BERET D L2, 20X, HkOU 4 2D~ 4
— VU TETIE, U4— 7280 T 3 KT
EEMIIBEEIN2W 2D, MABRICE LWAEEA v
aRnE I L LThH, BRENICEROBOKEEK
DTETLEIZ LR H o7z, KT, 20X 5%
BRI T 57201, FTROLIRKEY 4 AH—1D
A =B TEOREEITo I,

(1) Primal Construction #1753 V|2, EE L5

DFEEHBEC

NERRA v 2 A RTHEOB % 347

BOF—F%, U4—Er 77 A0BICERT S X
2370 T AORRETo, BEMIZIE. va—1
v 7at AW T STC-Vertex DA SN 5 EIZ
FLW1o0HERL, BETLIER - BEHOT —F %
3w FITERTE B Lz Lz, £, 20k
REH -BERA-HREFOMOBMGEERE TS0
CHEBZHAVWTA 7 V=7 MmO 0 /7 L%
B L, 22T, Bl LT3y —bERIZBITS
STC-Vertex £ AT v 7B I 2B E 2 ET
(Fig.18), DL HIZ, VA AI—D 4 —E L T DEH]
DAT v 7L LT, 320 — b ETOHSTC-Vertex £
BTN 3 (Fig18(@), Zrid. EZEMETiX
Fig.18b)D X 5 12@Q0R D 3 »DE A TTIZ. 1 DD AHE
EEERTDZEICHEYUTS, IoT, BE U 42T
—U 4 — B 7ETHE, O SESHR (K9 No~Ne)
L0, Bt ERTAEREERREL, BiE N; 24
5, LT, FILVWERRVCEXFEERZEETS
EEBRIVIERTHZENTED, 2B, 2T
T —F—Eh 5 DB F AR OO S EEREE LR
L7eds, HERE - FZI3REICBIT 2 EREESCER
5 LofES (Invalid Connectivity DF = v 7 1L12)7D
BRI H R FRRICET A EHO SR TR ENZE X
nTn3

@ 1 Q 2 ® 3 4
Q, ® @ O @ ® ® (5
® @ @ © (ON0) (0]
(@) ®@ ® ®
(a) Sheet Status

———~ Sheet Loop
=== GChord (STC-Edge or Whisker)

@®@® Face Number
1~3 Sheet Number

Ng~ Ng Pre-existed Nodes
N, New Node

(b) Arrangement of a Hexahedron in 3D-space

Fig.18 Arrangement of a Hexahedron from Corner

(2) KRV A RAA—D 4 —E U TETIE, Va—E Y
77rarR e IRIAEONEEERLERE RIFIZITO
b, BRARPIIBITIERBROEDT = v 7 %175
TENAERRERD, ZHRIZEY, HRDOT 4 AI—T 4
—EUET LR LIZER SN S, HifkRE ATz R
LDEVEBROEROAREZR T A ENTE D, BEH
Wi, T AR REA0IZEW, 713 (BHBREZROY
AT UBRAILRD) RELEEZERERSNIBAI



348 E A A 1

EEN P

H2B

600 Quads
602 Nodes

J

s

- - Y
SRaey
Ly 4]
e L LS LT

o
]
o
Y

#
T
gay
AR,
5
77
i,
NI

{

o=
‘-ﬂl
-t
¥
i
A
S\
EA

3 | TSI

n [Ty

G,-' g

N S

==|\=-T|llli..l Iy

.-i"‘“ .'Il!. ‘.."

ot IR

~ Nng "!’
Nys’

(d) After Step 300

(e) After Step 600

&
)

2]

..'.'
3
g't
A
il
"3
)
s

P

ﬁ?"'hn
i

=
1]

=
=
=
i
Crr

T
0

(f) Final Hexahedral Mesh

Fig.19 Hexahedral Mesh Generation by Improved Whisker-weaving Method

i BRARZERILICT ALY, BRIKOESR
EREHHREFILT A Z EMREREL 2D, B, T
AH—T 4 —E L TEOTILITY X LT TIL,
R 1D12) A B Sz,

Surface Quad: 388
Surface Node: 390

Node: 864, Hex: 648, Node: 1008, Hex: 760,
Time: 15 sec Time: 20 sec

il

i\
4
i

A\
\
)

ot

S
T
o

e

T
i
O

s

-
3

s
S

i
nan!
e

£

(a)Surface Mesh (b)New Method

(¢) Conventional

Fig.20 Comparison of the Generated Mesh between
the Conventional Whisker-weaving Method and
the Improved Method
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