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Nio(é/i’é,j!é/k):é/i

N?(é/i’é,j'é/k):é/j (2)
Nf(é/i’é,j'é/k):é/k

2L, 0, KIEREFFHEIVICA T BT 3 SDOEI DA T IR, £, ¢, & VT FE AR
ThY, §+{,+{ =1Th5.
BEE DO KIS LN B A 3572012, BENIZENZNOHE I3 G

L7z, R4 RS B2 2L F o k51 **é@% ﬂazbt) 1 45112 56 I L7 2 % %
G m)eTB. L, SR DDA ISR THY, n A D i A K

CHPOEIETHD. Zoex, MREEELIT, §=,n=(PRHRRHL. 1 RILD
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Hermite W EIZHEL Tl i—-j E QXD HICH Y 588 %%, L DXk
7.

Ni(§i177i):§i(l_§i_77i)2 (3)

EXOBEEOMDL ETORDEENERDE, Bi-k ETIE, &§=¢,THHOT 0 IT/4Y,

W j-kETIE, 1-&-n,=(THDHDOT, Zivh 0 &5, £72, i0i-j ETIX, 5,=¢,=0
THHOT, ERBEO<E<UIETLIEQ)XNOHLE—ET 5. T7bb, &FMOM
EDOHN L LY, TR LSO SE IS IO E S 0 L7222 % 70D, R AR 2 H]
WTEIIR A LS.

M6 ¢ 6)=¢4 (4)
RIS, 7,77 18 B0 LR 3 B P B B A L 725
M, (6 ¢ 6 )=64 (5)
SBIC, fi §, KIZRELTh 22 o AT K2 5 B 2 B4 B T

BB EZERTDILENHKD.

i AEZ B J okt T AN B, BB ONIFBEEND LR TRO M I T
HNFEEE ZZ DM EITG L TELGIKZEICKY, kopZen ks, Znix, T
MEBETHERBERCTONFBEEOEHEFREDO FIETHS. BEHIZ, TXTON
FHEABUILL T OIDITRDOEND. 72720, M ITZnEN O3 IET 5 RICB T D )E
FTEERED S5 A THY, A EE O EL TRL TV,

Ni(&0¢5.6) =87 (3-24)+ 244 ¢,

M. (8085.6) =8¢+ 4416 )2

M, (606160 =$P + g2

N (¢¢36) =67 (3-2¢) )+ 2644

My (6616 =¢T + 48162 (6)
My, (60¢1060) = €7+ ¢ 162
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N (£0¢5.6) =80 (3-28,)+ 244 ¢,
M. (808108 ) =806+ 4662
My, (5061060 ) =636+ 6616, /2

12120, G+ + 6 =1Th%. 72k, FEE P D (G PHEIT, MIEELUBTELZDIC

T MABENTANT VBB (T R TOH A ECTRAIRBE SO 0 L) THs. L
K& x -y EAEICEMRTHIEICLY, BEONFEEEHELIZEN T KD, 2RO N
BA%IL, Zienkiewitcz[6]123 LA TR D=3 AT ERONFHEHLE—E T 5. filllL
T, fisiloxr AN A Fig.l IR,

Fig.1 Shape functions of Hermitian type three-node element

AR R 2 D5, W H ORI TR 2 W - EHERAEICE TN kD, TDH%D
LT, BH OEZLFAEETHL. ZFEL, x—yEEIZOWTIE, BKONF
(sub-parametric WN)Z1ToZ&I1CLY, RN D Z2EER S I2L6T, ROAX%E
WTCIEREIZRIT T2 & H k5.

jjAé'nmé”dxdy _ 2Almin! -

C(l+m+n+2)
2L, AlZ=ATBHEHFE DM ThD.
(3-3) Poisson J5 f& 2~ H

AIHEIIC R L= 3% % Poisson FREENXICHEHL, ZORELZHR 7. MEIL, ®*ATE
FTIND.
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Au  Au

y+?+1:0, (0<x<050<y<05) (8)
%:o, atx =0
%:0, aty =0
u=0, atx=050ry=05

JFRICBITAEEZMO FiEBIOMATiE L k958, Table 1 DXHI27%5. £, DOF
TERSEEZBRW-2EBEEL2ET. AIEEOERELZRSIKRKRO = A ELELL
R,  KREZENEREE CTHLIEN D,

Table 1 Results for Poisson equation: value at the origin

Model Nodes NDF Value Error(%)
Present—1 b 0.0759 3
Present—2 16 0.07455 1.2

Triangle—1 4 0.07813 6

Triangle—2 36 25 0.07485 1.6
FDM g 4 0.07031 1.7
Exact - - 0.07367 -

(3-5) HMERIE : F FFHIY

WAZ, BRI~ A E L TR EEDIXD O 6] 2773, 2 koo AR R8T, x
BLOyYy FHOEMNEFNENDOENND x BEIOY FEM4 N E HELRD0, 18
SRHTZVD B B EHIL 6 2725, Sekiguchi B[7T)IE x BE Dy F AN A, x-y @ N
DEEEH HEEZFFOERICONT, FRDIZVOKEICOWTHEEIT> T\, 2
THENT SN Z Fig.2 [IZR 7. (QIZ—ABERZ, (b)IXARESLZZ AW TED,
INTFNELDEIERESHEI A2 B LTS, SHIZ, MZADRKREXILRD()2=F
T/ OBERFENZ OV THRETE N Z TWD.

Table 2 |2 Sekiguchi 5 b 5fE B AR H TR L7z Hermite 2 = A T2 2 3 OfE R AR
F. RPOMEIT Fig.2 IR E A A DEALTHY, Timoshenko Bl i D B TIEFAL
LCW5. Present ® 1 Hi sV HHBEEIL 6 THY, TN O ClriElis H B E
BRI, 3 Lpd. RIV, ZABEFE TCIX, B H HEEZNZ BT 217> Thig

30



ERTESToNT, MOEERITHESTHENEIZ2>TWAS, LL, ZITRLE
Hermite Y2538 CIE, IZITMWA B EREFEORKENH TWD. 2, E 0% THAR
ZyEITCHIEER ThD. Hermite BIEEE T, ORI R ZE 5 E O L OMERE
EWZED 3D, £, Sekiguchi HOEFRIT L H) &K E CTHRNE LN TWNDD, =
=F Ty MO EITIE, ELKERELTWLZEN LS. ZOHAETYH
Hermite BB F X B W R &2 5 2 T\ 5.

(a) Triangular Elements: Regular mesh and Distorted mesh

(b) Quadrilateral Elements: Regular mesh and Distorted mesh

(c) Triangular Elements: Union Jack type mesh

Fig. 2 Cantilever beam with various mesh patterns

Table 2 Results for Cantilever beam: Displacement at the point A

(Normalized by Timoshenko beam theory)

Element Regular Distorted
Present Tri 0.9869 0.9830
(a) Sekiguchi Tri 0.7545 0.6991
Allman Tri 0.6991 0.6636
Sekiguchi Quad 0.9188 0.9191
(b) Mixed Quad 0.9776 0.9533
Allman Quad 0.8777 0.9034
MacNeal Quad 0.9338 0.9324
Present Tri 0.9902 -
© Sekiguchi Tri 0.4695 -
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(4) ¥Rk 21 FEEEERI

(4-1) X-FEM & A Ak (Z &R E)

X-FEM @Ef_éﬁﬂﬂxf%%kbf SAMERDD. THEYOH S % Fig. 31T L)
(2 3FEARIT 0 T CTHRREMT 2179 . CITE R im ICBEEE 3 /i THY, J LRI
LHEI R THD.

Fig. 3 Node classification around a crack
Zo&E, BAIFRADOISITELHINS.
u"(x)= 2.4, (), + 2.4 (x){Zn(x)a.k}+ 2.4 (OH()b, 9)

ZIT, 4 ()FEEOBREETHY, HX)ITERE TOREfEMEER 2Dz
Vo F B, ()R ERER TORRMEERT OOy FEKTHY, THEHK
OISR ESND. 2L, QBLOQIEEHO L FICET ok ET.

" =\/Fcos§, 7, :x/FsinE, Vs :x/Fcosgsin 6,7, :Wsinzsine (10)

1 (xinQ,)

H(x) :{—1 (xinQ) -

CHICHTETER LB REHZH WIUIXR DX 5.
u"(x)= ZN (X} u, +Z{zyk<x)w <x)a}+ZH<x)N (xy b (12)

=771,
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N,(x):{N' 0 M, 0 M, O 13)
0O N 0 M, 0 M,

u,’ =(u, o, Uy o, U, vy,) (14)
al =(a) ay A, al. a, ay) (15)
b =(b, b, b, b, b, b, (16)

1HiRHTEVOBE HERRITCE(ZOG AL 2)LRRLILITEENPLETHL. ZhbD
Nz W THRERIEOE AL 21T 0%, BHRREMEEFCL Fig. 4 1R 7
JOR=ZAPEBDO MO ZATHIZL TEHEICEH DL EANBH D ZITIZLNTE
2.

Fig. 4 Part of triangular element as integration area

ZDEE, Fig. 4 DIDNTNRTAN YV EEICEMML T LEZDO Y AR LR T /NTA—F%Za kb
DL, (AU E 7280 AU, kaleed.

| m _2AQ A Im!
jjf” dxdy = (I+m+2) (17)

Fro, SRR T 58 5(C BTSN IOV TE, 1)Ko EH
DILMTERNWIZD, AR/ %2179, SR elma G L ERITHOVWTIL, #RH B HI
Fe MIANE ENDH0, B IR E S EIL TR ELZR O TRALETHD.

(4-2) HALAT & AR DT
AEHRELT, 1 IREFEZ MW LA S AR OfEHT 21T »72. Fig. 5 DX
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AL MREIC B U EZE A2, ML XFEM Ik EZE L.

Fig. 5 XFEM model: plate with a circular hole

HERM

TR

20 £ TR
*  QUADS
GUADS

nac

Thmmi
'}

oo

05 as 07 08 08 10
EWronEM

Fig. 6 Stress distribution along y axis
FLR ¥R 800, Himidk 441 Z I Z D/ NKr i 5 58 DIk ) 43 A & Fig. 6 1[ZR 7.
Hermite R 232 TiX, 12T E A ICE LWVVER G LN TND.
2% SR
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3.15. BRI RT —FBEL DAYV a2 AW EERT ¥ 7T 47 T
(1) BE-3THE

AL a—HTTT 4 I EVERR T DR, 3 IRTTDOX R OFEMIe Ay 2 B L7
HIEMUIZLIZHD. Lo, ZDIH7%T —X&WHDIF, ETHREEI RN DIEETHD.
Lo Z VT m Il 5 — 20 EIZiX, level-of-detail (LOD)IT BLA& B W m DL A
Valll o THMERAY Y 2 BB EMZ DT 1ENDS. LOD Il eI, Gl mrbir
WIRFIZIX, FEMIZR Ay a2 H D, RIRENEIDDIZONT, IRAIHWIEEAY Y 2T
EXHL 2 CWSRIETHD. LOD IEEUE, Ay afiiibikz v CH B mi LB &
BRI TS, IR AF LR EZITHTDOIT, Ay aDEMEIEL B INTE
7=. Hugues Hoppe 23 progressive mesh (PM)ZER B EZF LT, ZOF LN Ay a7+ —~
Y MZEST, ZOMEIZH — 7R RE NI,

AL, ZOTFEEZAREREOTE T T4 7RIS T20THDL. 7H
TATVEX, TFERR AR L TRR AT SSERSE DML ETHD. EHEyH
X, PR TR E BB ERMAFE LN, Panbl8E8BELXHIELT, FhE il
PEREF A 2 b LT\ e, IR LEHR 2 IE T IR ILATO L RN Tk, 2o L91C
EEREF AL 2T EDOFEDNRTHD. ZOIHRHAEAND, HRIEEKEF A 27
HOTIERL, BIEOAY Y 2ZFH TEDLFIENEENTWD. ZOLH 72 EZ MR 3
LTI, FAEE, LAV THOWLRTE PM RBAE W@ Ay o7k
HIRETD.

F7, ATALELL T, TR SR ERLMDPWERZ I AR LR ORIE Ay 2% [k
T, ZOAY Va2~ — Ay V2 bR, ZOYHF— Ay TR LT, Trl Ly T Ay
T b BTV, BEE A Y 2B BT 5. ZDAYY DT —AREEZILICL T, FEM % f#
TEZ R AT AZTT). ATLEIZIIE B R DR Z<H Do TLEID, FAYV2DHES
FIEFICEE TR ERMA2EL2<RD. ZOIILT, AFEFZOHAFITH
D, KRS, TETT AT AT OUUR DB VRIS, KR D M 38 B =7 V2 fiE<
e 35,

ZDO LT, MR 2 R IR A S AU, PIEMEZ QBRICEZ CHETREZ1THIZE
MK DINCD. Fe, TH T T4 TR D FRITITAHIOITHRLD T, FEANILLD
AT THIEDIE D END. KAFZEICE-T, a2l —iarD RE(EAHLED ST
BiiizizaltBbhs.

(2) EE-EEMLSLOLE

KB T — 2 @B IO, T —F BT — 2SI TR DL, £
D THITONTELETIETHD. 1272, KATb N TEE=FiEIE, oK, MoK,
NG RZREDIIC, HEIEZLEOHEICOEILT, T X2 0ERIEL &, AT
X, TOIHREBIC O EIL KO TIERL, T2 KkiEEE DDA DIEHE L C
WSRIETHD. I, VT AEALICT —2OHLANERRICLIETIETHS.
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ZDOFIEX, 1996 FZarBa—FTT77 497 D53 8D Hoppe H.7%, [Progressive
meshes | &EWVO4 TR SN FIETHD. BIBRIZRT — 2 1E 2 IR IE Ay > =225 H
L, BiZlE, VTV ZALTHBRBBRE L T2 ILIc. KFEEDOIHEE,
KRRV T NEALL BV T D FRNB KIS, a0 Ea—FTTFT7 49 TibH
IR FBED—D Lotz

Fx DBRRTAHARFEIL, CNETITAZALL L Z YL TITHOLITEFiES,
THETTA TN LTI D THD. TH T T4 7 RN ORI E R ThH o7z, 75 K
DO REEZREHENS, TVIVRLADRENPHEZDLTIETHD.

(3) WHEENE

KEITIE, BEEAY Y 22 N7 E T TAT RN OS5 EE O R E/R I 25, £,
TETTAT IR OMEZT7 0 —F ¥ —MIRL, WIS, BEEAY 2D E R EZE I
%. FHREAE R ORI T, 3 IR E KRN L 3 RotIEEMT 2Bl TWD.

1. Adaptive analysis

1@)E, 7HX T T4 7 AT O THD. FHRRAZDEN G 2 bk RN R
FOHREITNIL, ZOEIZEKESDNTIAY T T BTV, 29 TRIFTIVIEENT I3/ T &7
5. B 1b)IZHHIINT, Frx DFIEX, BEAY Y 22 LK THEVORTAERHS. Z0
B Ay 2k WD ZEICE ST, YAV o D A KBS S.

Start Start

| Initial Mesh Generation | Initial Mash Generation |

Preprocessing
| Hierarchical Mesh Generation J

2 i
FEM Analysis FEM Analysis

|

—_—
Posterior Error Estimation i&
. I NO

[ Mesh Conral |
Re-mashing
High Speed Re-meshing using
Hiararchical Mash

hi
IP:!terl:ur Errar Estimation |i.. Finish

oo~ i S S
| Mash Control
Re-mashing

(a) Classical method (b) Present method
1 Flowchart of adaptive analysis.

2. Hierarchical mesh Generation

BEfE Ay 2% BT 572012, M 2 DX57e, edge collapse & vertex split © —>D%
Ban VS5, edge collapse 13— 2 DUEEL THLWE S EZERTLEMHTHS.
Rk, vertex split (%, —2DTHAZSIEH W THIOWIZRE TEH| THS. X 2(a)iF =
A 2T HEHTHD, 20X AR Ay > 2Tk THEHTHD.
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(a) Triangle mesh (b)Tetrahedral mesh
2 Edge collapses and vertex split.

edge collapse & vertex split ZHWT, IRDIH72FNET, BEE AV 224 KT 5.
3EMAWVZANLHH T 5.
Step 1. £ TOUDOESEZFHIE—TDHFIZANY —F~T5.
Step 2. =7 OERLBEWVLERVEL, ZOL O SEZHM AL TL OOHTE L ~E
BRI, ZOM R a2 — 7RV ERL,
Step 3. HL<ARESNTBIARICORNLLEETHHE TS,
Step 4. TER DM 1 #2725 FE T, Step2 & Step3 Z VIR T .
HHOLHRICHLBIZEIL, BB AY Y 2D T —FHEEZRTHDOTHS.,
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3 Generating hierarchical mesh
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3. Hierarchical mesh and Adaptive mesh in 3D
AH T, 3RITDOFESEAY S 22 NI BTFl 2845, K 413, ¥ —Avyian

4 Hierarchical meshes generated by edge collapse of tetrahedron.

5L 61, Ay ahbAERIINT, TAET AT Ay 2 ThsD. K 51%, £
Ay 2 THY, K6 1%, WHKAY Y 2D R ELETERLIELD THS.

-L'vr

6 Adaptive mesh (tetrahedron mesh).

7L, SRR E RGN 21T ST DT E ST 4T REG A 2 THD. 2EFT55
Bl DN ZATV, THE T T A7 Ay aDBEFZ LT, 82,914 — 173,846, TH s 4% 15,918
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- 32,394 Thol-. K 8%, THEATIED, Ay abFIR ) mA LR E N ThHS.

RV
'q'.v‘;,'-..‘.l ““’\V"“-“' i

A W VAR W W o

7 Adaptive crack mesh (tetrahedron mesh).

(a) Ay (b) =SS (c) &=
8 Adaptive crack mesh (tetrahedron mesh).

%12, 3 WILDOFvETA— RN OFl 2R3 K 9 DI, LEABEILT, o
%

B
HEEE S TnD.

9 Model for Cavity flow.

10 & 11 1TV AV REA 200 O, IME S AMET X T T AT Ay aThd. X 12 LY
131X AV RES 20000 O, W EGATET X T T AT Ay 2 ThHD.
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10 The distributions of the velocity for cavity of Reynolds number 200.

11 Adaptive mesh for cavity of Reynolds number 200.
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12 The distributions of the velocity for cavity of Reynolds number 20000.

13 Adaptive mesh for cavity of Reynolds number 20000.
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(4) ¥Rk 21 FEEEBRN

AW T, WERDOT X T T4 7RI TITh b Ay 7 ORI 2 KIE IZFEHE T2
EH PR FIEERET LD THS.

AR E R EEMREEICHR ORI B0 5 0 1%, Ay o E RO 5y /i
XEMSHTCHSH. 3 — R 7R a2 0 1, 7&774’7@%}?%’_’??9\_ I2dko T,
i > CIROTREZE DN O EZ DI WERZ DAYy 2% ERTH5ZEICE > TR
FTIENTED. T, Avv a2 ERICBELTUIEIMENIE, 163 TIE, A BRI HE LD
MOGLNTZBRZ M ZHWT, IENETIIHLINE R Ay v 2 Ak L T,

ZDINT, THE T T AT T BB I A L T HITHDT, ZOV Ay TR %
RIFIZEMETAZENBENTND. Fx TBEEH LT — 2 ELFF oAy a2 D
ZEILEST, 3R ICDTE T T4 T Mo E R R XY T — i IS A LI R R A
WHETHZ LI PILT.
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3.1.6. WA EFHEIRAZE R LM EIREICBET DV F AT — VRN
(1) BEE-3rE

FEFR EE A 50~ R H 1 koM A %2, ARERIEEZ A Wiz~ ral ~ )L Ofiffr
T EN T EEE WL L ORT Ol E BT . w7 BrL L OREHT T,
BT NARS T ANAAH A M BT B, B E P ee AT
NAZERR DT DR T 1 AETORRNLE FEFEAf, BX O~/ il & o B T
Ml FiEOMSLZ HIE T (LA, ~ 7L~V OfT EMNERRT2). — 7, I7rL L OfiF
Hr<id, REBES 8 )P T —RE2 L, 2z VD2 &I B9 B ISR
RNEDIIREEL KFZTNERFTHLE, I/ L OMEHT EMFERRT2). &0
T, REFEMETHEBR AR O TWAKEFAICEEL CHEELRS TEXIAKREE T
TOMERE LD AD =X LB LNTTD.

(2) EE-EEMLSLOLE
(A) =7l ~XJVDFENT

B g g o AT L2 2L — a3 B R B B TIE S B T h AT
D3, A fh OB ICE B R B L R AT T BRI 7 0oLy, 20 H T,
ARBFGETIE, Ao BRI B U B i B R O BUS ST 2 = ko
FREEFIEAHOCTITY, MR B R G MERROME DB EZIICLD THLNITT HE
WY BRI 72 GE 2 il LT, FT, 7V —T7 O Al E N L% E O EL TEH 25
5271 —7H#E ik 2 Haasen-Alexander-Sumino =7 /L& W T, HEiE LS & FIF@EEIC
BUFDIEE TR RE TORRNLEE B DO E BRI 21 FURBRIT TIT o7, 20%, Zh
TG R EEZ E L RGN ~DIRE, SHIZiFA Iy T =— AT kX, 7
INA AN B D RRE 7 0 2 F 1T HEA L F BE O TE B 1) FEAR AR AT ~ YRR 957 E R
e DIF e 51T > TV,

(B) 7L~ L DfEHT
ZIVET, Johnson R T Uy VDI IR ER AR TV v v m W4y 8 1 R AT T e

7o 8ERFEL, BE TR R E OB/ T LV ERWTERETI D ORE

RN D DRI HONT, A & F7 A BE L2V IR LA IT O W TR 21TV,

TGO HSNDHEAL SR R OFE AAEH, BEUHRVIR LA M IZEDHE 57 O ¥ i

FROAD=ZALZOWTHLNIZ LTz, KRR TIE, 20X R 2R ESE, FRok

WL IE H 2K 3 5.

1. FEIREEEZRAWCIE A G EMSERE CEIMET 270/ 7420 % L, 1{& — 10k
TREE DT 21Tt e i i B IS L 45,

2. ERROMITa—REZRHWT, ERERRDBHDET VORI 21T\, KRB B
BRIE I KIETHBICOW TR 5.

3. KEDPM B ICKITTEBLRFT T 520, SHERRADRHLET VITKHE
JRF 28 AL TKFEMAIB I OWE T IREITKFENREDIIRAN = AL TR EL K
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ETHEALNCTS.

ZIETH, Abraham SOMFFE 7 LV — 71250 18 — 10 Bk 72 B O KAy 78 )
AT I T DO TWDR, ZOMEHTIE Lenard-Jones IR T2 Ly L EWIET VIR T Uy
NER, BAEEMEOfENT AT o TWDICTE T, MBI OFF S MR NS X —
PIZBEEN TR, a2 RNFEfLEHIEL TWAHFIE ORI, b R 2FF > LH7pFER
72T, HAOWITKBIZEDH LR E DR T Voo THEICEHE R B2 -
TWDRICHEERSS.

(3) WFERNE

(A) ~7alL )L DFENT
(a) WEEL

gk 21 A BE I, Rk 19 B ERIARIC 7 oAb Lo A(LL T CaF, &3R8 50) B A% di 2 fF
ZERIGELTEDH T 7=, CaF, HLAE S IE, BRIk Dm0 L A%
o, 20w, BRI T TT 4V AT HZBITHEMEREFZFOMEIELT, &
RAFEEEHIZHWLILTWS., £, VI I97 0 FR LU TR T4 681213,
BN 10 A FLL LD CaF, B NN E LD, ZOXH7e K O RBEAERIX, Fa77
NAX —VEFEITIEE TV O~ AEEH O TE RIS, —KIIC<11I>F IZERKL
7= A A (LA R ClE<111> 5 7 B R B dib E R FE)IT, TOBE B ITO/NSSIhDHL > XHF
RBEM, TVXLDOMELELTHWHNS. — T, <100> 5 [0 I2F ik L7 Bks & (BLFR T
1%<100>77 [a] B A HLAS i & R F0) I, CaF, B d 0 4 (Bl BRik 2 F) H U7z = M4 e 37
I IEL R EIE DI TWD. BT ANAZADORI LE2ITH72OIZIZINb D55
TAZHIRD TEVOEFEHMERE N B R S, 0T HEEE SN OIS IR K LG 78
JET DRI N EE L7, AT SARAOHAMIN TEITHOIIXINL DR FFE 11
HAG O T WD IEFIERE N B SR &N, LObITHEEE RN OIS IR IR UG 18 E I
DK NEE LD, FarzI N A% —{ETlE, B OB R ORE DA OFEICE
HEISHNEEBL, BE TP~ B TIZBUS I A T, 20008 AET
DM IS DR T 5. 2T, B ARIE % O K O£ BE & 12X B0 R &0t 148
JESTFAET D, 2D, @R FE 1L LT CaF, B ez HWa54 121, Ik
NEREMTHIE TR N ERTEEBT22E2HMELT, BREOEERIZT =—
NVALEE R ER i SND. LnL7ens, BEME TR WERITEZM2212%, EEo7=
— NV TREETS. 22T, mAAERT=—VEHFEORRITL, T=— V1 DOEREIET)
BIOSHERITOIIaL—ar NEELRS.

LLRT O ZE TR 17V — 18 SO & & F O T I T3 AT 12 K0 3% BE I8 71 & 5F
fliL7z. Z2°C, I8 W 7V—IRE LA T OFEENRENZOIRE L ETIEE eIl
S SIIRETHDEL, ATV DN E N ZFOIRFEEIZZE LR A5 & LTty J1 3%
BT DHEVIREDZETHD. ZNEED, EICA Ty MI—FRIZERIZRDET
B, FMEEE S AT IZ VIR )7 ) — 1R R OB E Sy AT IS Ul B G D 3G &
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5. LL, ZOXHIRERE IS DEHETIE, IS 7V —EEORFIEEELRDHY, &
F17V—REORPFUCIVEIRITOREINE DY, E 'R A TERN. T=—/1
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LB O FIEFE(~1 nm, ~1 ns), ARBESOGEAA(~1 um, ~1 us) &V o7 RF 25 RIS 7R D BLG )8
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3

"L - H Recombination

1: Schematic representation of E-R and L-H recombination mechanisms. Squares are adsorption
sites. White particles are incoming and grey particles are adsorbed atom/molecules.
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DR T BEEEE NS KEW L, Foikil b T _REEHENRZNIEDD, A A=V OWHIELE I
&> T Nudged Elastic Band (NEB)/EIZE > TRO LD ISR N KELE D> TLE, Kl
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2: Potential energy surface (PES) for associative desorption of oxygen by E-R mechanism from
1-fold sites into an O, molecule with orientation perpendicular to the surface. The height above
the topmost surface and the distance between the two oxygen atoms are used as coordinates of the
plot. For every of the parallel O, molecule, atomic positions in first and second layer of the silica
surface are relaxed.
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3: Potential energy surface (PES) for associative desorption of oxygen by L-H mechanism from
two neighbouring 1-fold sites into an O, molecule with orientation parallel to the surface. The
height above the topmost surface and the distance between the two oxygen atoms are used as
coordinates of the plot. For every of the parallel O, molecule, atomic positions atomic positions in
first and second layer of the silica surface are relaxed.
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41Z L-H RGO OS2 R0 5. REIEA LT 2 [HOMESER 113 1.46 eV OTF /L
X —[EREA iz, RE CTOBILE AT, ZLC, BEVEOWE A SO A Mt %
MR EL TWDIGE, EOWER FIZEIEFELNLE T, REBE) D=1/ X —[EEE X
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4: Reaction path of L-H recombination mechanism.
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Fig.4 Ball hitin inclined direction and forces acting on it.

Fig.5 Comparison of experimental and predicted results on displacement and rotation angle of
ball as a function of time.
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Fig. 8 Effect of material properties of shaft on ball trajectory.
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Resin Chip Substrate

/\
— |

L L L L L L £ L [ rabe
) O} O O) IO O 1O) (O IO) (OO

Solder resist

Cu core
Land

Fig.l'ed solder joint

1.2 B anfid Fik

PESR, VRATE AR — IVBEGEER DAR A1 2 VI 55 FfviZ, YRR Coffin-Manson HIj 2 9T
& CTET-.

Ag, =C, N, (1)
ZIC, de JRIT AT BRI AE U AWM O B, Ne 1ZIZA TR B OAR A 7 V9% 55 %
i1, Cp=0 ap 1 TIE F7 BN SR EALRECTHY, Bt O R, IR, SHEICEZ> TR ES. C, %0
op DIMTEHZ T TRIBIRLTHEICHIRTE T 2013, ASRIIMEIO 2R A F M2 i M4 5K
OERWT, SREROREL GO OFmEi i T 5720 Th s, SEEROZEN R
RS TIXZ NS DIRE DR ES =0, (WIS LDEE 2l X R 8 TH 5.

AT AR IRERDITATEAR — VGRS T, 1ZATEET U R OEEE I MU N & A
INFEAELT-1%, TR RE T EOIZA T N E 2R L T ELZ LN s Tng 2.
—77, CuUTTIIAT AR — VRS T, IV R EE ST Cua T RdH57-0, TERDITA
TR — VB LI W C E D F TOEROME R E N RARDEE 2 LND0, T DOHEEZEE)
IEIEDNZ /> TV, ZZLER N RN OMIEEZ R Z N TERNWA (D) T, Cu =27
XA T B & O HE M AT IR EETh o 72

EHDIIINETIE, SRR L Z B CELHEMM TIEEBRL, Mx R2XA R
EOFMIAGE L TE Y., ZOFETIE, RORAERCHERIFICBRE T A—I1
SOTIIATEEANLEDOFmEi 2528 T, SRERRE-CHERFMER T2, S8R E
NLEPZ D1 DOHE R A B BN HE H TE D20, SRR ZEE DRI 72 1E O FF il
WA[RETHD. AFIEZ T, Cu ITIXATE AR — LBkl o & 2k R Eh 2RI L, 16k
ATETR — VR L OBt F -t DIE VAR L 7=

122



Fackage

Board

. M Cross-section
| for FE model

10 mm

—

Fiz 2 Bnalysis ohject

2. Cu T IXATEHE it & D F5 Al
2.1 fRMTSAE

Cu AT IIATEHEREE D RN B I T T R B E LN T 5720, IRE A 7/1 5k
B A A dEE LT X 2 R AR 2 i L 7. AT I Cu o 7 L Bt i SO St 03 B 70 % 5 S5 C
Fha L7, AT RB 1T Fig.2 (1ML A2 7R § 130 24 mm OFEEEFLH 12 130 13 mm D=8 K
PN =V I FEE LGS TH D, AT, Fig.3 [T TRRICRRMT 6 52t S 55 oo Wr i J IR
=TT LTz 2 ot — AL I O AR TEIEL, RO FRMEE AW CHim o 112 &
REET LTz, o —U N OT 7 1A 134 7.2mm, JEX 0.4mm Tho. Bkl
=D HRERIZ 9l & X =P T ERIZ 6 8(1/2 TR D723 T F AL LT B B 3452
M) 0.5 mmEyF TEIUEL, A ERICEE L7 AR 3 O8> & Stk R 80 A STl L 7.
TR X BB R — R 2 AW, RATITIRE RN, oMo BHIIE
FEFEARAT MR AR E LT, I A2 V513 125°C/-40°CTH 5.

728, EEROIRET A7 VERBRICB O THIDITHEWT ¢ 2D13 S0 r— U A ER OB T D
7o, i m O HEZE TN T 2% 5 1T A Oked 27 T x5 3 IRILET L&
%, AT Cu I TR AT BEHEE DOREEE A = X MR B0 i & O RS e 1o % E

DI B B THDHD THSHMEDO FEMIZA T3, RISV 2 RTET VA2
WL T, SRR A O TR A DR RHE 2 R T 25 A IR E R R0 L
WIETHMEND LM D), A AT EZ 3G L 72\ O TRIE A TR0,

Fig.3 |25 SR DOFNTET VAR . RMEREZ TR T DT, 134 2 pm Sk H
OB, r—A 1L 21TEBEOREBR T ~HEIZIHESLEHTHY, r—A1 N Cua 7 HVDSk
:, 77— 278 Cu a7 EL(RERIZATE AR — NAEGHE ) DR Th D, r—A 1N r—R2 50
PG ENDIE, & —A 1 DNEEE 260 pm O3 T A RS2 LT 260 um LL_E OB S S AT
RCEDDIZHILT, =R 2 1IN\ —VEBIZLSTUIAENESNA O THD. —A 3
~5 13, B S SO Em ST L O XL LV o T2 Cua TIIA TR — WG O R D% T
BT DT DRABRI R S T D, o — A 313k i SO % P 5 7= |2 Cu = 7 4
LITA B IE OB mS% Cu a7 I IA i E L FICIC LM ChD. 7 —A 4 L 5
T SIXD O ED R M T TR BT 5701y —VEI I KW E %
5.z THHG i B S B LS e -4 Th b,

123



Substrate

Solder  Cu core( ¢ 260)
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Case 1: Cu-cored solder joint
§older

W W W
AT A

Case 2: conventional solder joint
Solder

0 T

Case 3: conventional solder joint in
condition of 268 um in height
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) ¢

Case 4: conventional solder joint in
condition of 268-200 um in height
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Case 5: conventional solder joint in
condition of 200-268 um in height
(nm)

Fig.3: analysis conditions
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/ \ / \\ Cu core // \: — > T S
268 | ) % ) T 200
After 500 cycles (um) After 300 cycles (um)

Crack Crack Crack Crack Crack Crack

After 500 cycles

After 1000 cycles

-

Crack Crack Crack Crack Crack Crack

o " 4 T

After 1100 cycles (fracture life)

After 1700 cycles (fracture life)

Fig.4 Crack-propagation analysis result of Fig.5 Crack-propagation analysis result of
case 1 (Cu-cored solder joint) case 2 (conventional solder joint)
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#IZlX, ERVBT R FEUTETE T TR<a 7 S fF 2oL Tl R 3 52 L TaabE R FHam
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(a) Case 1 Cu-cored solder joint
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Solder
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(b) Case 2: Conventional solder joint

Fig.6 Plastic strain distribution of initial shape
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After 300 cycles After 300 cycles

Crack Crack

After 500 cycles After 500 cycles

Crack

Crack

After 800 cycles (fracture life) After 600 cycles (fracture life)

Fig.7 Crack-propagation analysis result of case 3 (conventional  Fig.8 Crack-propagation analysis result of case 4 (conventional
solder joint in condition of 268 um in height) solder joint in condition of 268-200 pm in height)
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After 300 cycles
Crack Crack Crac{(
—
\\‘ s L T N -
After 500 cycles
Crack Crack Crac\k

After 700 cycles (fracture life)

Fig.9 Crack-propagation analysis result of case 4 (conventional
solder joint in condition of 200-268 pum in height)

268

Crack propagating along
the land-solder interface

Land Cu core

Crack propagating along
the core-solder interface

Solder

Fig.11 SEM cross-sectional micrographs of Cu-cored solder
joint after thermal fatigue test (after 2236 cycles)
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L o500 | 0.1)-- 7 @ Cu—cored solder joint T
! T A ! ! !
100 1000 10000
0 .
Case 1 Case 2 Case3 Case4 Casebd Fracture life (cycle)
Fig.10 Comparison of fracture life Fig.12 Comparison of thermal fatigue test result
Table 1 Comparison of fracture life
Case Joint structure Joint height (um) Condition of joint height Fracture life (cycle)
1 Cu-cored solder ball 268 Measured condition 1700
Conventional solder ball
2 200 1 1100
(non-cored)
3 1 268 Virtual condition 800
4 1 268-200 1 600
5 1 200-268 1 700
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A Numerical Approach to Evaluate Thermal Stratification and Wall Thinning
Sun-Hye, Kim (M.S Student)
Fluid - Structure Coupled Analysis Using Enriched Free Mesh Method
S. Nagaoka (Ph. D Student)
Physical Phenomena of Towers Built by the Manicure Crab Cleistostoma
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