Mot thii tuc chinh 1y cho so @6 ngoai suy Richardson trong déanh gid sai s6 va
toc do hoi tu voi p-version bang phdn tich phan tir hitu han

MOT THU TUC CHINH LY CHO SO PO

NGOAI SUY RICHARDSON TRONG PANH GIA
SAI SO VA TOC PO HOI TU VOI P-VERSION
BANG PHAN TiCH PHAN TU HUU HAN

Nguyén Hoai Son

20

ABSTRACT

The goal of this study is to further investigate and to develop a more efficient
way in the error estimate and the rate of the convergence for the adaptive mesh
p-refinement procedure in the finite element analysis for two-dimensional and three-
dimensional elastostatic mechanics problems. The oscillation of the stress field
around singularity points is also considered in the refinement process. These 0s-
cillations will allow to determine the behaviors of the stress field through the
element boundary. The exact energy norm ||u.l|. of the structure can be
estimated by a procedure called Richardson’s extrapolation. In this problem, we
need to define the three unknowns (||uEX||E(Q)2, k, and B which is dificult and re-
quires higher cost of computation in the energy norm. To overcome this problem, a
modification in the Richardson’s extrapolation is proposed. The solution obtain will be
more accurate. If the numerical perturbation and the residual errors should be decreased.
Specially, the computation cost in particular will be not expensive.
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I. GIOI THIEU Vi

Trong nghién ctru nay, mot thu tuc ngoai
suy truyén thong ctia Richardson trong qua
trinh xac lap chuan nang lugng tiém can voi
ning lugng chinh x4c can phai dugc chinh 1.
V6ily do do, mot giai thuat duoc dé nghi nham
muc dich giam chi phi tinh todn dong thoi xac

€= Ugy ~ Upg

”eHE(Q) = ||uEX_uFE||E(Q) (3)
I, llelley Upy Ut twong img Vi
phiém ham nang lugng, sai s6 chuan nang
luong, ndng lugng chinh xac, ndng lugng

dinh dugc anh huong cac tham s6 nhidu loan
clia qua trinh ngoai suy trong danh gia sai sd
va toc do hoi tu nghiém [1],[3],[6]. Ngoai ra,
sy phat trién mo hinh chinh Iy nay cho ta danh
gia mot cach chinh x4c trudng phan bd tng
suat va kiém soat duoc sai s toan cuc [2],[4].
II. PHIEM HAM NANG LUQNG VA
PHUONG TRINH SAI SO TRONG
CHUAN NANG LUQNG

Tim u €V dé cc phuong trinh sau thoa
man di€u kién bién chinh (Dirichlet):
B(u,v)=L(v) YveV

J(u)=%B(u,u)—L(u) (1)

B(e,v) = B(ugy,v) = Blugg,v) = L(v) ~ Bu,v) (2)

xap xi phan tir hitu han.
I11. TIEU CHUAN HOI TU

- Tdc do hoi tu dai sb:
k
||e||E(Q) - ”uEX _uFE”E(Q) s NP

(4)
- Tdc d6 hoi tu dang ham mil véi co sb e:
L (5)
exp(rN’)

voik, S, v, 8, N: cac hang s6 duong va N
1a s6 bac tu do.

IV. MOT CHINH LY SO PO NGOAI SUY

HeHE(Q) = HuEX _uFEHE(gz) <

- Nhiéu loan so:

Uy~ U 4 p

h? —h? !

i+1

s=0(n") (6)

O =uU —u,—
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- Hoi tu cho sai sO toan cuc:

N Ui —UY;
“5”: ui—uR _hﬁll—_hiphip <¢& (7)
- Nghiém danh gia:
" = 2w, —u,
A T
U, —u, N

Cﬁ”’(’%” )

h? | — -1

2P
- DPanh gia sai s6 u,s
Ui U | <
e(hm):ﬁ+§ (9)

- Anh huéng tham s nhidu loan [6]

Graph log-log of truncation error versus size h
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Hinh 1: Sai 56 ciit b6 theo kich thwéc lwdi h
trong so' do chinh Iy

V. AP DUNG CHO BAI TOAN LO
HINH TRU 3-D

Mot khdi try chiu tai ap sudt phan bd
déu bén trong. Do tinh chat dbi xtimg chi
khao sat 4 hinh try. M6 hinh vat Iy nhu
hinh 2. Lo1 gidi chinh xac cho boi [5].

- Chuyén vi huéng kinh:
1 (po P )a2b2 s (1—V)(p0b2 —piaz)r
6 -d) L+v
\(! E
G=—>—
2(1+v)

- Chuyén vi theo z:
1 v(pd'-pa’)

ST S P

- Ung suét hudng kinh:

o = a’b’ Po— P p0b2 _pia2
r_(bz—az) r b —a’

- Ung suét vong:
a’b>  p,-p _ pb’ —pa’
(bz_az) rz bz_az

o, =—

Modun Young E =1000 N/m2; hé sb
Poisson v = 0.3; ap suat noi p, = 1 N/m’;
ap suat ngoai p, = 0; béq kinh trong a =1;
ban kinh ngoai b = 2; chiéu cao h = 1.

Hinh 2: M6 hinh vét ly hinh tru 3-D
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Bic hi tu | Kich thwoch | 13m0 | goi & danhgis | Chisb hidu dung
nhiéu loan
O(h) 12+ 1/2% 0.1 2210" + 1.910° 0.889752232
o) 12+ 1/2% 0.03 7.710° ~ 1.510° 0.977611095
o) 12+ 1/2% 027.10° | 0.610° +0.810° 0.999927993
o(h*) 12+ 1/2% 0.87.10% | 3.010°+0.510° 0.999999759

Bing 1: Tham sé nhiéu logn, sai sé6 danh gid, chi s6 hiéu dung theo bic hji tu

Displacemant in the r direction

Hinh 3a: Chuyén vi hwéng kinh

Normal Stress field in the x direction

Hinh 3c: So sdnh chuyén vi hwéng kinh giita
FEM - chinh xdc

Radial displacement

4 : H H H i | =+ Exact radial displacemant
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Hinh 4a: Téc dé héi tu giita cdac phwong phap lap
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Hinh 3b: Ung suit hwéng kinh

corvergence of the methods
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Hinh 3d: So sdnh ing suit hwéng kinh giita
FEM - chinh xdc
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Hinh 4b: Sai sé thing dw ciia so' do ngogi suy
co chinh ly
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Graph of log-log of estimate eror versus degree of freadom Energy Norm
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Hinh 4c: Sai sé twong doi cho h va p-version Hinh 4d: Chudn ning lugng cho h va p-version

Chuin thing du i = | A Chi s6 hiéu Thoi gian
p | #dof twong ddi cia PCG Ainin dung cia PCG CPU
1 225 0.000024487 9.1645¢+003 0.9793 1.297
2 735 0.000625414 4.2889¢+004 0.9903 2.063
3 1245 0.000840804 6.7971e+004 0.9923 4.391
4 | 2139 0.001131906 1.0378e+005 0.9938 15.281

Bdng 2: So sanh thoi gian tinh giita cac phwong phap lap voi bdc ciia ham cosop =1, 2, 3, 4.

Luci# | #dof | Slule | leJl | . n. 0 r
1 525 | 1.8008 | 0302 | 02539 | 02188 | 08615 |
2 975 | 1.9411 | 0.162 | 0.1790 | 0.1147 | 0.6408
3 1875 | 20121 | 009 | 01251 | 0.0625 | 05003 | .
4 3675 | 2.0476 | 0055 | 0.0864 | 0.0376 | 04358
5 5175 | 2.0580 | 0.045 | 0.0709 | 00299 | 04221 | 0.526

Bdng 3: So sanh sai so chuan nang lwong, chi so hiéu dung giita h va p-version,
lwdi déu cho h-version

1 2
Luéi # #dof 2 bl lle || n,, n,, 0
1 525 1.8018 0.301 0.2544 0.2195 0.8629
2 975 1.9423 0.161 0.1798 0.1154 0.6421
3 1875 2.0134 0.089 0.1263 0.0633 0.5013
4 3675 2.0488 0.054 0.0880 0.0384 0.4360
5 5175 2.0594 0.043 0.0731 0.0313 0.4283
Bdng 3: Ludi khong déu cho h-version
1 2
Luéi # P #dof | luillw) |l N, n, 0
1 558 1.9799 0.123 0.1529 | 0.0870 | 0.5694
Ludi 1 2 1749 2.0446 0.058 0.0919 | 0.0405 | 0.4409
(2x30x1) 3 2940 2.0473 0.045 0.0884 | 0.0314 | 0.3553
phan tur 4 4947 2.0569 0.036 0.0749 | 0.0250 | 0.3350
5 5220 2.0595 0.035 0.0707 | 0.0243 | 0.3444

Bdng 3: Ludi déu cho p-version
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V. KET LUAN

Chi thi sai s n cho h-version hay
p-version cho phép danh gia muc d chinh
xac nghiém trong phan tlch phan tu hiru
han so sanh véi mot sai s dé nghi trude
TOL. Trong bai todn nay, ta chon trudc
TOL = 4%, bang 3 va hinh 4 ching t6 ring
sai s6 cho phép thoa man chi sau 3 budc
lam min nhu luéi 4 cho h-version, trong
khi VO’l p-version thu duoc két qua mong
muon chi sau 1 budc lam mln Vi yéu cau
sai s6 nhu trén, ta khong can 1am min ludi
hay tang bac da thic khi sé bac tu do (3675
dofs) cho lu6i déu h-version, (3675 dofs)
cho lu6i khong déu h-version va (1749
dofs) cho p-version. N6 ching t6 rang toc
dd hoi tu cia viéc 1am min p-refinement tdt
hon h-refinement.

Hinh 4 cho ta sai s6 thang du bac cao
trong so dd ngoai suy c6 chinh 1y trong
chuin nang luong tiém can nhanh toi
nghiém chinh xac.
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