1-O-4.2
PHAT TRIEN CONG THUC PANG HINH HQC VOI GOC QUAY TU DO

CHO BAI TOAN CO HQC

Nguyén Xuan Hang® @

(1)Khoa Toén - Tin hoc, Truong PH KHTN, PHQG-HCM
(2)T6 Co hoc Tinh toan, Truong DH Ton Pic Thang
TOM TAT

Khai niém béc ty do quay thudng gip trong phan tich két cdu dam, tim va vo dung phan tir hiru han. N6
lam tang déng ké chi phi tinh toan va ciing gay kho khin dang ké khi giai cac bai toan thyc tién. Do d6, viéc thiét
ké cong thirc ding don thuan bac ty do tinh tién chuyén vi 13 rat can thiét va vi vay nhiéu tiép can khac nhau vé
goc quay tu do dd dwoc nghién ciru. Trong sé do, tiép can dua trén xép xi lién tuc C* 1a phi hop do tinh twong
thich cta nghiém lién hé dén goc xoay. Tuy nhién, cong thirc xuat phat tir phan tir hitu han (PTHH) truyén thong
thuong gip kho khin dé thoa man diéu kién C*. Gan dy, phuong phap phan tir hitu han dang hinh hoc (IGA) da
dugc dé nghi nhim muyc dich duy tri hinh hoc chinh xac va gia ting d6 chinh xac nghiém so v6i phan tir hiru han
truyén théng. Khac voi ham dang trong phwong phap PTHH dya trén da thirc Lagrange, IGA ding ham B-
splines hoic NURBS (Non-Uniform Rational B-splines) von rét thong dung trong cac chuwong trinh thiét ké hinh
hoc CAD. Vi vay, hinh hoc chinh x4c luén dugc dam bao tai mirc ludi khoi tao thod nhét va qua trinh lam min
luGi dé phan tich khong doi hoi tén kém thoi gian quay lai md hinh ban dau ma chi can dua trén dir lidu ludi tho
da dinh nghia. Dic biét, B-splines (hay NURBS) cung cap cho nguoi dung cach linh hoat dé 1am min va nang
béc xap xi. Didu nay gitp dat dugc d& dang béc lién tuc bat ky (ké dén C) so voi PTHH truyén thng. Trong béo
c4o nay, chiing t6i khai thac tinh lién tuc cao ciia IGA dé gidi thiéu ngudi doc cong thirc goc quay tu do ding
hinh hoc cho mét s6 bai toan trong Co hoc. Sau cung, ching t6i minh hoa d tin cdy phwong phap bang cac vi du
sO.

DEVELOPMENT OF ROTATION-FREE ISOGEOMETRIC FORMULATION FOR
MECHANICS PROBLEMS

ABSTRACT

A concept of rotational degrees of freedom is well known in the conventional finite element context of
beams, plates and shells analysis. It leads to the increase of the stiffness matrix size and hence the computational
cost and convergence difficulties for solving practical problems. It is therefore very attractive to design structural
formulations that use only the translational degrees of freedom. Attempts to devise rotation-free formulations
have been received much attention from scientists in computational mechanics area during the past decades.
Among various formulations, approaches relied on the C'-continuous approximations are often considered due to
the smoothness of the solutions related to rotations. However, the conventional finite element formulations are
more complicated to construct the C'-continuous approximations. Alternatively, the NURBS-based isogeometric
analysis (IGA) was recently proposed to preserve exact geometries and to enhance significantly the accuracy of
the standard finite elements. Being different from basis functions of the standard FEM based on Lagrange
polynomial, the IGA utilizes more general basis functions such as B-splines and Non-Uniform Rational B-
splines (NURBS) that are common in CAD geometry. The exact geometry is then maintained at the coarsest
level of discretization and the re-meshing is performed on this coarsest level without any communication with
CAD geometry. Furthermore, B-splines (or NURBS) provide a flexible way to make refinement and degree
elevation. They allow us to easily achieve the smoothness with arbitrary continuity order (including C%)
compared with the traditional FEM. This work aims to utilize the high continuity order of IGA to promote a
rotation-free isogeometric formulation for mechanics problems. Finally, we illustrate the performance of the
method by several numerical examples.
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