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Structural Topology Optimization using Element Remove Method
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ABSTRACT

Topology optimization has been evolved into a very efficient conceptual design tool and has been
utilized into design engineering processes in many industrial parts. In recent years, topology
optimization has become the focus of structural optimization design and has been researched and
widely applied both in academy and industry. Traditional topology optimization has been using
homogenization method and optimality criteria method. Homogenization method provides relationship
equation between structure which includes many holes and stiffness matrix in FEM. Optimality criteria
method is used to update design variables while maintaining that volume fraction is uniform.
Traditional topology optimization has advantage of good convergence but has disadvantage of too
much convergency time and additive checkerboard prevention algorithm is needed. In one way to solve
this problem, element remove method is presented. Then, it is applied to many examples. From the
results, it is verified that the time of convergence is very improved and optimal designed results is
obtained very similar to the results of traditional topology using 8 nodes per element.
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where, IT : Potential Energy
82, : Design Domain Density

_.Q: . Volume Fraction
a, b : Design Variables
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where, L '@ Lagrange Function
A, 2%, -, Ap : Lagrange Multiplier
A AoA BB AFE A2 Qo) AAAHUAE T8t AeE FHY, o] FaYAFSE
HAislete Weto 2 HAHFAYo| AL Aot}

2.2 3 3t (Homogenization Method)

Fig. 1414 BeA=AT Z2o] dWiAd S EAE Fol EHoda] §884% T& 3252 FAY
olz et o FAd AHEEH R EAE BFAZ 74T, o] g9 734 3 (Constitute Matrix)2
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X(x)={ (1] : :znoat:zzgelﬁal
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0 0 Dg

A Aol BojxRe] BE Z4YE FBL ot b T2 Rdol JH5E, Fig 49) 2A4YLY
EFM Dpo #& o=z A Ao,

23 & 2X&H(Least Square Method)
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Dg& T3te AoR dA 479 % (Design Domaim)| A 2 22 dial 9o A4S HEIdA A3
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o #R3 g 798 &AE B9, UFaedt bE Y 0%H AR 014 F7HeHEA f3a484E §ty
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2.4 =X ZE21¥(Optimality criteria method)

AR zAYold FaFA 45 (Lagrange Multi plie)E EU5te] HAAGZAE A TREAYA 2
FAA N2 ZAHESFE S0 Aol glx FAYHZ uiFo] & F, ALY S o839 HHzAE F
ohfj= oz A ZA(Optimality Condition)S UEAZI=E Y= ¥ HAL=H(Volume Fraction)
& Wzo}l 7HAAM AAATIHA ate dol BT F YA s RAolth driA AR EE e 3
e §3a29g o8t Moz HAANSTY UAE HRE F3, o] JRE /AL YEEEE )
AN e Ao & g MY1eZ(Updating scheme)S Bo 2384 Ful o AddndFL AAS
a% bol Eo) AEHA €9 2 F AARST oo BF VL YehiAEE g 2o

a, =
min{(1+¢)a; 1} if a;(E;), <max{(1-{)a;,0}
a,[(ED).T if max{(1-¢)a;,0} <a,(E;), <min{(1+¢)a;,1}
max{(1-¢)a;,0}f min{(1+¢)a, 1} < a;(E]),
where, E%: 97tE AR
¢ : ©]%F @ A(move limit)
7 @ 7 A weighting factor)
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7I4E AXzAYe X3 H2g geA ohud Hud 24AAYHAY Hug HHe28r] Wil
7 YN EBge S ALAAUNE THLEY PP EAE dodA FEHEY 2IIAE FUH
2 dAFdME o|FaAE 002, 71EAE 1.0& AHEstith

g He wrrye ANEE duFold o9 gio] AHSHE AALEZFE AT duYFOR
£ o] S (Bisection Method)& AHE3ISTE ©] o5 ¥R T ¢nFH vluse o AREHRT o
2 AHE Yoz A @] 9o 4z aedA F485 dvke FAE /AT oA AdEATh
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2 A ¥ HH(Element Remove Method)

AFAHAAN A AHEEE JibHe 2P AL BT /IS AN AALnEEL o
L35 Bde ERXE YUY AAHNUMNE WS AR vt SR B ARG ZEles 24HA
Hold BEE AASRUsE oot 848 AN Urte A& Ty, 27 HAGEAA 247t AA
97] Wl AGGel Aokelne FRarANA ADe FduRte BHol gtk 928 AANE
Nge a4 YEE By |Foz Agter] 1 Ae o ok

If ( p <01 ) then Remove Method

9 Ao lojgte $xE s Bo] Hojge FHE Tate oA FAHY £A9 Aol ofY
t. &, 4— 1% 0°c.2 uol® Add wixe 98 AY At AALTZ(Remove Algorithm)&
e 2e WAz FAE glen aivt AY AAHS e 240 AeE AALTR) i +
sg%wﬂum U4 ot AT HH(node)d ASE E U4 Fopxe AL opyrh

D BRass) AFE by FaAinh

2) AAE 849 82Z¥E(Element Connectivity)E A8 ot

3 AAE 229 FHEL 222¥EY HA ok

4) e 249 QA4ZAYEA AAE 249 o] Yo HFL AAHA gEH
5 ©E 849 24FFEd ALY 249 Yol glov ¥ AAEH

6) FAX, 222%x HHES QA

7 AAEE, BF, TEHEES jdEnt

o] w2 mue 7iFo] WEdh= 3*7} Addeitt AXA Hol, g FdMe AeAA d5¢ 4
a9 iy, Hadeyos A8 F4PELE Toin AAFAeTE AT AHZIYA A% Zdx AN
gdueFol Z HAGANA LA&AAY S E‘ﬁ"‘ HA5 PPe 9 7HA oA HEs) Bux @

THaAA

3.1 Me oup
Fig. 69 a)ollA B Ao} Ze] 3% ol nyYd *éjﬂ%“’fﬂ}*ﬁ vtpH ] Fodol T 35S
o stewgons 20709 247t AzWFoR 6071 LAE F 1200719 84F AR OH, @zﬂ‘ai
F 20%E AT Z4o) 2AAAYE AE A9 AR e F$E Yo FHaYY.
Fig. 6914 AHg5loln BAXE E=22X10%kef/mmd), v=03& AHgatsdon 5L 1kgfs 7hstgich
Fig. 69 b)) 2F}E ¢4 AAZAYNE AL 22N F 87H9 BHE3o] A7} ygton F 3
A AL E Alztel 10~15BAEReH, TalduAE 000003l0] Usith Fig. 69 od Ag: g4z
W e 2AAYE B AHEE dneFe) ARTA, §%02 HOlE AP FEAME 827 e @
% glrh o] a47t AAGeZHA wEo] A% HojAFE AL A AYL 5 U F 20639 W
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Fig. 79 a)olA mojxEnielgto] Fig. 69 HS TR JWFdolg Fjalzl Aolw, 7t2g Az
Bgo UM} 24E F 516719 845 AHESH o, FALEFL 0% AHEHAT 4714 AHEH
oA BAXE E=22x10'kgf/mmd), 1=03%& AH83tgon 85 lkgfE 7htgom, Fig. 79 b)el A%
7t &4 FHZAYDL A4S AFEA F ITRY RERS 10~1589 A, 0000152 EREAUAE
Bon Fig 79 ) 297t 22AARE EF A48 ¢ndF AnzA, F 34N BHEg% 2~3
o] Ak 00001959 TN IAE Bt
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B Q7% H9Z3WE Forrand A48 T2IAPSAS AR2AY) 9L BEAT] de) ax
AAYE ALH A AR2AYY AAB ANAHY 22IYL AU 2D o) Z2aY)
BEAS 2ol 98] AAZAYDE ST A 22AANE $HY o8 Sof ME, RHsg

ol eRd ABES wgoR o A7/t BARAW ABHrE FAW AW Ugon, Y= 29
INE ¥ A g4e §eze) vast TAMIYAZ vl ¥ W A2 PoiNA ¥g nedth
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Fixed solid material region Void region

Applied loads

Fig. 2 General Elasticity Problem

compogite material rank-1 material

_

Fig. 4 Unit cell

* Polynomial
= 2 e
y_ao +alx+a2x + +am)/'l
* Residual
8,=¥0 ~a-ax —dx’ ——ax)
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* Minimize

as, .
% =0 i=12 N

Fig. 4 Elasticity Constant

Fig. 6 Least Square Method
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Fig. 6 Clamped Deep Beam
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Fig. 7 Clamped Beam
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