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ABSTRACT:

With the increasing use of finite element analysis programs, the development of a
reliable and robust modeling procedure is necessary for engineers who do not possess
extensive numerical expertise. An adaptive mesh refinement finite element method, also
called a refinement method, is the subject of extensive investigation with the objective of
obtaining solutions with pre-specified accuracy with minimum cost of model
preparation and computation. In a refinement procedure, a finite element mesh is
sequentially upgraded in such a way that the discretization error in the final solution is
reduced to a desired level. The computational effectiveness of a refinement method
depends on several factors including the type of refinement scheme, error estimator
used, equation solver used, and computer programming technique. At present, some
commercial finite element programs have incorporated a refinement procedure that
provides promised accuracy of final results. However, computational effectiveness of
those programs did not reach yet an optimum point. The goal of this study is to further
investigate and to develop a more efficient adaptive mesh p-refinement procedure based
on a criteria of the minimum angle for the triangular element in the quality finite
element mesh for two-dimensional elastostatic mechanics problems.
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|. GIOI THIEU 1. Phiém ham ning lwgng va phweng
trinh sai sb trong chuin nang lwgng
Trong nghién ctiru nay, mdt thu tuc 1am min

thich nghi kiéu p voi mot tiéu chi danh gia Tim U€V 4 céc phuong trinh sau thoa

theo chi thi sai s6 trong chuan nang luong mén didu kién bién chinh (Dirichlet):
dya trén tiéu chuan goc bé nhat da dugc dé

nghi. Nhiéu tiéu chi danh gid sai sb cho cac B(u,v) = L(V) vveV

bai toan ky thuat dic bi¢t bai toan co hoc vat 1

rin bién dang trong phan tich phan tir him J(u) = = B(u,u) — L(u)

han mang lai tinh hi¢u qua ctia phuong phap 2

[1], [3]. Piém quan tAm trong bai béo nay, B(e V) = B(Uex, V) = B(Uge V) = L(V) — B(Uge, V)
phan tich bat lién tuc trudng img sut tai cac 2

diém suy bién ctia vat thé, tir &6 cho ta danh Véi

glasu hoi tu va duong hudng didu khién sai

s6 trong qua trinh lam min ludi hop ly €= Ug —Ug

[4],[5],[6] ciing nhu cung Cap cho ta nhu’ng ”e” _ ” u ”

thdng tin glatn trong kiém tra su hdi tu cua E@Q) EX FEllg() A3)

truong Gmg suat 1am min.
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tudo

J(U)1”e"E(Q)’UEx ’uFE:

) twong Ung  voi trdo
phiém ham nang luong, sai s0 chuan nang
lwong, nang luong chinh xac, nang lugng tydo o
Xap xiphan tu hitu han.
2. Tiéu chuén hgi tu Y
- Téc dohoi ty dai sb: A =06157 A=0711
k
el = luex = tee [y < 57 :
E(©) = RO TN S Hinh 1: Dang suy bién hinh hoc
4 .
) @ ) 4. Phén tich tinh hiéu qua ctia dang
= Toc d6 hoi tu dang ham mii véi co SO e: phén tir tam giac
Ble =Moo ~teelewy < ooy
E(Q) EX FEllE(Q) — exp(yN 9)
®)
Vi K.B,7,0,N : c&c hing s6 dwongvaN la
S0 béc tu do.

3. Sur suy bién hinh hoc

1 .
B ==min(p,A), A=
2 . (6) "
p: bac ctia ham co so. Hinh 2: Canh va gdc ciia phén tir tam gidc
@ g6c trong |6n nhét trén bign 02 cia vat O<h <h, <h, )
the , 0<6,<0,<0,
Bang 1: Mirc dg suy bién theo bac cia 2
"\ . h, 4
ham co' sé O<h <3<~
A sng, )
0-2% x| P=1 | p=2 | p=3
A=2 O(NY2) | O(N?) | ON? oA = =% Yo=Y
A=15 | O(IN"®) | O(N*) | O(N¥% X3=X% Ys= Y ©
A =05 | O(N* | O(NY*) | O(N™Y* _ _
> Tim Omin sa0 cho SN0, <SINOpy,
o = Dung luét cosin, taco:
ty do — 1 2 .
hizz_[hil‘*‘hiz_h_} 1=123
tr do 2 2
(10)
bé thu dugc mot ludi tam giac min voi sai
A=05 1 =0544 s mong mu(”')l} g T =3%+4% ngudng
' cua goc bé nhat theo ching minh dé nghi
~ 0
trénla Omn 257 7]
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5. Ap d ung Sé Displacement field in x direction W
° i

;
* Tim dan hoi c6 16
M6 hinh bai todn bién dang phang cho tim 10

dan hdi co khoét 15 voi cac kich thuge va
didu kién bién (hinh 3). Mot sb két qua ba
todn nay duoc nghién ciru bdi Bachmann

(1989) va Cavalcante Neto (2000). Trong .
md hinh phan tr hitu han chang t6i sir dung
ludi tam giac véi ham co SO bac cao o

hierarchie.

et Hinh 4c Trwong chuyén vi

theo phuong x
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> h-version
#dof chuan 1nang le.| Ne 0 CPU time(s)
2
Yl
lwrong 2

324 1.53896741 0.427945 0.305137 0.8219 1.672
382 1.57066927 0.389146 0.277975 0.7954 2.219
510 1.59908889 0.350735 0.251178 0.7636 3.907
560 1.60910783 0.336149 0.241015 0.7499 4.765
774 1.63780383 0.290345 0.209095 0.6996 10.828
1174 1.67180703 0.224270 0.162871 0.6032 33.172
2028 1.692116327 0.173170 0.126795 0.5043 169.28
4504 1.716601025 0.074192 0.055441 0.2427 521.234

Bang 2: Chuin ning lwgng —sai sb twong ddi danh gia — chi s hiéu dung
- thoi gian tinh theo bac tw do (DOF)

> p-version
p | #dof b chudn ning e Ne 0 CPU
phdn lugng ® (times)
i 1o 1
Sl
1 286 228 1.5585 0.43897 0.3105 | 0.8752 | 3.765
2 1032 228 1.6814 0.264196 | 0.1894 | 0.7366 | 7.438
3 2234 228 1.7265 0.157162 | 0.1145 | 0.5437 | 25.375
4 3892 228 1.7441 0.084261 | 0.0623 | 0.3281 | 80.359
Bang 3: Sai sb twong dbidanh gia va chisd hiéu dung theo bac tir do (DOF)
Tinh toan phan mém FESTA [5]
Lam min- h Lam min- p Tam giac tuyén tinh (T1) Tam giac bdc 2 (T2)
#dof #dof #dof #dof
N (96) N (96) N (96) N (96)
324 30.51 286 31.05 152 28.71 546 15.91
560 2410 | 1032 18.94 1925 13.56 1842 7.07
1174 | 1628 | 2234 11.45 5782 7.45 2758 4.85
4504 5.54 3892 6.23

Bang 4: So sanh sai 6 twong dbi danh gia theo kiéu 1am min h, p va phin mém
FESTA véiphan tir tam giac theo bac tw do (DOF)

Tinh toén phan mém FESTA [5]

Lammir- h Lammin -p tir gidc tuyén tinh(Q1) tir giac bac 2 (Q2)
324 30.51 286 31.05 152 27.79 428 16.56
560 24.10 1032 18.94 2846 9.72 2808 6.10
1174 16.28 2234 11.45 10346 4.66 5494 3.83
4504 5.54 3892 6.23

Bang 5. So sanh sai 6 twong ddi danh gia theo kiéu 1am min h, p va phin mém
FESTA véi phan tir tir giac theo bac tw do (DOF)
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Graph of effective index versus degres of freedorn
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.KET LUAN

. Bang 4vas bi¢u thi so sanh sai s6 danh
gia twong d01 gitra tinh toan c6 chinh ly
va phin mém FESTA theo luit SPR
(superconvergent patch recovery [3]) va
ludit REP (recovery Equilibrium patches
[5D).

= Hinh 5 cho thiy kiéu phan tir tam gidc va
tir giac bac 2 voi kiéu lam min p va h
trong danh gia sai ) ‘teong d6i vatde do
hoi tu thi tot hon Kiéu phan tir tam giac
vatir giéc tuyén tinh T1, Q1.

Dung tiéu Chuan goc bé nhat d& nghi trong
bal bédo nay dé danh gia téc do hoi ty va sai
s twong déi trong chuin ning luong cho ta
nhan duoc cac ket qua pht hop nhu ké qua
cho béi phin mém FESTA bang 4, 5.
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