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(¢) The improved lst-order distribution format for K (d) The improved 2nd-order distribution format for K
B 1 BEEE FIT K (H
Fig.1 The K value distribution of discrete structural elements
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3 BUESEIT 1 SR
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SYS Y APDL DiRE, gl APDL KT & AR X4 SRt AT A B, BIR AT AL BRI 56 4) 25
g 5) 2.
32 HEEGSLERSH

O FRAbSSanE 2, h— 72 SRR R T 2, RO RS 50 mmx
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w = 0.3 WL E = 71.1 MPa, JEIRN /1 o, = 75 MPa B38040 43 % 1 250 /4 11 FEUAH R Y
IEHTERAIE, o0 2 mm, BAICZRAA DU LAY PLANE 42 550 % I3 TR AR fg i) -
1) ESO iAo B aa MR % R = 0.002, #E4L% E = 0.002.

400 mm
/]
Z] |50mm 10 mm TZSMPa /] N
/) 4 [100mm N
/) 20 mm A N
100 mm > yIkN
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Fig.2  Sizes and load of the Fig.3 Bilinear constitutional model Fig.4 Sizes and load of the
cantilever beam for the material clamped-clamped beam
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Table 1  Topological optimization results of the cantilever beam

suppression method configuration figure deformation figure stress figure (max stress 6,/ MPa)
(max deformation wy,,/mm
2.1588 Nl i, 85.525
W ri‘zjju g £
R b
) : rh e L:$:: R
no suppresion o A

11452 27912 44.375 60.834  77.294
[ NS aaa——— |
19.682 36.143 52.603 69.064 85.525

2.2733 23.063
'-Lqu'.j: *:".L
1st-order method s & H
in reference [13] AR

5.003 22350 39.696 57.043 74.390
13.677 31.023 48370 65.716 83.063

e

e 85.2315

improved Ist-order

method

inan EEEEEE

9.627 26428 43229 60.030 76.831
[ S ——— |
18.0275 34.8285 51.6295 68.4305 85.2315

2nd-order method

477161 23.3624 41.9532 60.5441 79.1349
| B EESSS—— |
14.067 32.6578 51.2487 69.8395 88.4303

in reference [13]

improved
2nd-order method

'9.345‘ 26442 43.538 60.635 77.732
[ B — |
17.893 34.990 52.087 69.183 86.280

X1 AR A T A A 2 3R 2.

XFE 2 BCHEEAT 23 M T AL X S8 2 R g 48 BOR B AR | Bt i ) D7 9k /N T SR
(13 ] P AR ik, 335 B SR TGt By o 059 e B B 0 AR 45 4, R g B S AR B s
LR RN RERAS | YU BE I QLR S SR AR A T30 (R0 0 1 2 98 BOR e R AR T AR %
/N B A AR AR AR 2, IR A A5 A4 I A al I B Ok 59 R FE RO R
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ARSI T — Bk A T e R ML A A R OR , B LU — B T A AR B R A
FRREL AR AT SR I, 5 R FH B il vk A e — B Bl O i AR B T R A AR
AR AT SCRIN, A SR 30 198 BRI R AR B/ NI i 7 k.

K2 EERERIMUAC S

Table 2 Topological optimization data of the cantilever beam

suppression ) Ist-order method improved 1st-order 2nd-order method improved 2nd-order
no suppression
method in reference[ 13 ] method in reference[ 13] method
stress uniformity
7.47 16.60 8.85 18.53 9.23
index
max deformation
2.158 8 22733 2.157 3 2.339 8 2.184 8

w

max

2 RSN 4, Sk — s [ S A e R T R AR 2, B T RS 100 mmx
5 mm , H e JUART R G P8 2R TH 18) Hh TR Bt i 1 kN 8 5 2 fip A f51] Hh b4 ) A5 26 B 2 5
PEARL PR S K, =210 GPa, Poisson Fb = 0.3 835388 4358 1 600 A TR [R] 54 1 7 B
FATE BT K 5 mm, BICZERK 4 75 S PLANE 42 B0, 5% AL TR 25 BEMENI 1Y ESO ik
Al B i R R = 0.002, #E4L% E = 0.002.
F3 ORI IME LS

Table 3  Topological optimization results of the clamped-clamped beam

suppression method configuration figure deformati(_)n figure stress figure (max stress 6,/ MPa)
(max deformation wy,,,/mm)

0.014141 18.639

no suppression

1908 5.626 9344 13.062 16.780
[ SN Saaa——— |
3.767 7485 11.203 14.921 18.639
0.014 223 ) 18.555

1st-order method in

reference[13] fifciioy g En

1.291  5.128  8.964 12.801 16.637

[ EEESSSEE SSSSS—— |
3.209 7.046  10.882 14.719 18.555

20.595

improved 1st-order

method g

0.243214 4.766 9289  13.811 18.334

[ —
2.505  7.027  11.550 16.073 20.595

0.015 323 20.506

2nd-order method

in reference[13] S
0.06353 4.606  9.149 13.692 18.235
| B — ]

2335 6.878 11.421 15.963 20.506
18.598

improved

2nd-order method

1435 5249  9.063 12.877 16.691

[ BN E—— |
3342 7.156  10.970 14.784 18.598




R A FANE A 1 X R 927
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Table 4 Topological optimization data of the clamped-clamped beam

suppression Ist-order method improved 1st-order 2nd-order method improved 2nd-order
no suppression
method in reference[ 13 ] method in reference[ 13] method

stress uniformity
9.77 14.37 8.22 8.78 12.96

index

max deformation

0.014 141 0.014 223 0.014 738 0.015 323 0.014 163
wmax

A P AT PSS 580 1 AR S 20 AR FMIC AR 25 SR B o il an 2k 3 FR
4 FiR.

G3HTER 3 TS SR LA Y | RT WLAE AR A A AR 5 T, AR S S 1 A X S Bl 4
RS T B0 7 vk B S A A AR R AR 0 R SO A M SR B 0 (RS A 156 Y )
SE TR VRS B, Y AR v A (S N 7 SRR e ) A — 9 S A, 2 p ]
TR SR N T RN SRy N AR R s K, A T SR B ST i, DA | S A R v D A 15 b A
Tt G E R SR FH et g BR800 56 ik AN BB A B R A A R SOR. T2 MR S v By
BI51 o0 A e A A v B A S B AR R R 0 55 AR AN Y S L At o TR T AR PR A K
DR T 4% 3 i g .

AR, T ZE IR, 78 B 09— B 5 75 A5 21 0 O AL 45 48 1y 7 T8 A2 7 JLAS “ IIRS7 B
TG (FREIATT) X4 RN BT IAELE S B IEAS R S5 0 R AR ML R AT 334 1 g 48
A GrN 6 s NN I 1 1 o 775 O g e VA STV (1553 S A BT & L R T R S S iR ST
IR T 2.505. 28 FHSCHR [ 13 ] H i B #i il 7 e i, o i B0 T 28R 00, SR ECT TR AR 118 A 3L 3
TR 4 TR R ) 4 A FAR T A3 AT AT SR 2 S B A5 R 5 B 1 AR, X — 2P
FHAS ST 42t 1 e T s R A0 A

4 4

N T REGACAL S S5 AL RS B A SOW A BB AR S0 R 5 EE A T 0t R A
WA UEHOAR T BT R TR, SR T B SO HE R et A S R R S T A
IL A RAE S 1], 25 1 T SR AN R BRI D7 1 O S A A A T AR 4 SR B TR B 24251 X%
Feo T e 5 A D5 A G, AN SCHGHE ML AR S R 05 vk A B4 r A A 5O e A, >R A
SCHCH A ) 7585 A B A A A5 A FERE T 3 A AR R SR U BN I4 2], S5 A VERE A, LA TP
RE s I HL, A SCR 4 Hh A Bt I 6 1 AN R IR T RH M BB B 3 M, i T ik
FIRPRHARZE PR3 MU A I LSS AL 2598, AR SCH 2t i D7 ik AP e — RE BRI , AN IS
T AR AR B0, AR S AEARR I TAR it — 25T,

Bugt 1 Rl AR AT S B SR T B 5 K R (13exj06) X A SCHY B ).
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Research of the Checkerboard Pattern Suppression
Method in Structural Topological Optimization

DOU Lin-long, YIN Yi-hui, LIU Yuan-dong
(Institute of Systems Engineering, China Academy of Engineering Physics,
Mianyang, Sichuan 621900, P.R.China)

Abstract: Aimed at the calculation of elements’ weight coefficients in the checkerboard pat-
tern filtering technique, a previous checkerboard pattern suppression method was improved,
and a more generalized weight coefficient formula with more specific physical meanings was
proposed. The topological optimization model, in which the material elasto-plastic deformation
was considered, was established under stress constraint conditions, and the improved checker-
board pattern suppression method was employed in the structural topological optimization
process with the ESO method. Two numerical examples were implemented. The results show
that the improved checkerboard pattern suppression method has better suppression effects than
the previous one, and is applicable to the topological optimization of not only linear-material

structures, but also nonlinear-material structures.

Key words; weight coefficient; checkerboard pattern; structural topological optimization;

elasto-plastic material; ESO method



