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PRIX B A) 8 AL A FRIT 7 el i B AR B CAD JLART R 43 B3 T 0 4 R R 4T 43 A, (B2 i T
iy T P A ) SR, 5 350 A BR TG B TT LR 7= AR R 1A B TT X T LTI IR 2R S H %
15, PRI A K1) 58 Ji SORARANE BN TAB S 5 ik IR SR R s i [, ph TR Dh ol LA B s 5 1k
ol VeI T 5 A T B ol 3 S AR S TSI B il A s SR AR KR, P 5ttt , 26 [
FAF A S R A iy 52t 3% FH Rk 6 4295 t. AEDM A B AR VC AL () CAD JLAA[ 38055 JLA 43 Bt
TN FHE 2% CAD BERUAE N A 4k, 7™ BB AT T 55 JLAT 2 AT B2 AR g g A

R fEPX — 7] L, S NG KR T 3 T £ N 2 oRORN & S [ 1k 1 AR T R A L ART 4 M
20 AL M AR NURBS U, U T A8 O 25 51 (X F oy e th Ay —Se B . th ToIAE
25 [A) AR S ECH A RN, AE AR AR TR, WIS ZFEA SO 5] AT FETI( finite
element tearing and interconecting ) J5 s A FH AL B A R S A kAR SR , B A 2 BA
AP TCTAEU CAD R AL JCTEF4 2 = i 2 %) CAD AR Rl Ab B % CAD #ERY 5 AT
AT

1 AREMASE LT oA

1.1 EHSFE B HEEME LTS
NURBS feks it th <k 224 3D il ALk, NURBS i 1A a0 gk & U 2 1) fi
Wi .
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i=1 j=1
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NURBS SEBAECARL R AF A, I
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Fig.1 NURBS basis functions
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3.1 SRWRW.BER

K10 982 MRE R IE 3 (a) s, —dmlE . 20 % 48 A F B IR AT 200, Hoh A T
R 1K/ 1000.00, B TR SR/ A 150. 00, #fHAR A 1 500. 00, Possion H K 0.25.
WE 3 (b) s, HFAAEERE NURBS ] 1 3 4 380, 90 445 i 253 51 )2 16 i 24, NURBS
FOCEH A 4 R 8. Frp HAL PR IT A B R 100 WNFE 1 ATE Y HE A BROCRIEHT i A HE , BR
T MRS J L NURBS JCZA0 , A SO B T H e A BRICH T, 3R 2 o~k NURBS i
I e A R B T AT C SR S A A i

R BRI AR LA

Table 1 Comparison of stress and displacement between the present method and other finite element methods

displacement at C stress at D
methods
load A load B load A load B
Allman 59.75 62.10 -1904.87 -2 547.51
quasi-conforming element 72.18 74.48 -2167.05 -2 610.07
IGA 98.17 100.24 -2965.79 -4008.13
FETI-NIGA 92.87 93.28 -2 867.39 -3 881.21

exact solution 100. 00 103.00 -3 000. 00 -4 050. 00
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Table 2 Numerical convergence of displacement at C point under different loads

initial element refinement 2 refinement 3 refinement 4

domain 1, domain 2

2x2 24 4x4 4x8 8x8,8x16 16x16,16x32
load A 92.87 93.96 97.32 98.91
load B 93.28 95.17 99.76 101.89
load B
1 E=1500 v=0.25
load A
< o TISO
D 1000
2 Q, Q, y
150
l 4 | 6 Clmm

(a) BHEFREIL

(a) A cantilever beam model

2x4

(b) ¥4 NURBS {1 i il A%

(b) Control nets of two nonconforming NURBS patches
3 R

Fig.3 A cantilever beam problem
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iR B o3 AR BT VR 4 42 B CAD RS MRSl 5 AR rY 59 U0 7 28 1 (1 75 3 NURBS
FATCIES AL AR TR ) . [ 4 A 3R B85 A2 Im A% (offset) i 09 4 B, TE AR R
T SR 3 AT, — 4> U NURBS LT, 33X A M Jit P HE TR 3 Ty 1] 4 17 722 AT fRIE 2
ARy — W) DT 3 B A 0 R 4 4 2

3 % offset trimming patches

thickness

B4 SRIYYIHTE S ROyl R &
Fig.4 Car-body models before refinement and after refinement and offsetting
TIAR, SRS MRS, T FETI BL S E AR T35 B |, vl F 5 Sl E AR,
5 AF30r O/ N5 K BB E B 5 IR I A B e A B R« 5 B A
FR ) o W= B ZEE R « I7 1 iR = B A RN o = L 3 3 R T SRR A
& CAD BERURS FETI J7 ik FZ2s [a) ff 2 e ms i (], 3158 36 B At & T #E A (R K 29 A S T )5
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B 1/5, I X TR A T AR )&, e H 3R 3 T b FETI 7 ik B AL T 25 [ vk, AR %
REA ST ML G FRIT 1 X L. Gl 6 Fs , Biidg NURBS f i , A SO s ffe 5
FRIC(ANSYS147 SEWRFETT) Frfe « J7 ) AL RS e K AE 1 R B 83— g R T 0.5 1AL
A FRICHL R 5 SR ALA SO /I, AT A AT A, (BN IET 6 AT HIA SO i AL SeAr FR T siGH
JE R,

R 3 FETI FIEES [ I AR BRI S5 LA 0 AT B IR L

Table 3 Comparison of time consuming between FETI and zero space algorithm

DOF N FETIL¢ /s zero space method ¢ /s
2 036 12 23
23 971 61 312
107 892 326 -
x-displacement X-stress
E 0.51694 1.833E+8
=04 E
: & 1.0E+8
‘-E 0.2 H 0
E 90.001 28 E—8.35E+7

B5 AEFEHT xNBEEM o, M=k

Fig.5 Contours of x-displacement component and x-stress component under self-weight
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maximum value of x-displacement %

-0.1
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DOF N

6 AITEMARICIS « A RIAESERT

Fig.6 Comparison of maximum values of x-displacements between the present

method and traditional finite element ( ANSYS 147 solid shell element)
4 4 g
A SRS TUART 23 Ay i By , 76 A TAESEAE 2 4 1 T FETL A9 PR S5 TLART 23 A
D3 N He i i 23 18] J5 125, A S5 125 RE RS W6 A2 3 Bkl SR, 35 SR R RILRSE T2 (] .,

ES B B AT R A R, SR, XA 5 vk e AL B AR SE I, TR 8T 1) i 2L 20 3 Ao
T, R AT AR BOR, R, Bl T 221848 Kirchhoff 52 B FIAS SCT57 8545 5 SR fiff ek —
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Nonconforming Isogeometric Analysis With FETI Method

ZHU Xue-feng', HU Ping', MA Zheng-dong>, LIU Wei’
(1. State Key Laboratory of Structural Analysis for Industrial Equipment,
School of Automotive Engineering, Dalian University of Technology,
Dalian, Liaoning 116024, P. R. China;

2. Department of Mechanical Engineering, Michigan University,
Ann Arbor, Michigan 48105, USA;

3. College of Applied Mathematics, Beijing Normal University ( Zhuhai) ,
Zhuhai, Guangdong 519087, P. R. China)

Abstract: Nonconforming isogeometric analysis ( NIGA) with FETI method was proposed. The
major purpose was to enable applying the isogeometric analysis directly to the NURBS models
with trimmed patches for more general and practical engineering applications. The basic idea
was to use the NURBS version of FETI to replace the zero space algorithm. The present method
can deal with large scale engineering problem rapidly and is suitable for parallel computing. Nu-
merical examples for patch tests and a car body analysis are presented to verify the efficiency of
this method.

Key words: nonconforming isogeometric analysis; FETI method; NURBS-based finite element

method; parallel computing



