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APPLICATION OF SIGMOID FUNCTION
FOR DEFINITION EQUATION OF YOUNG’S MODULUS

IN TOPOLOGY OPTIMIZATION BASED ON THE DENSITY METHOD

FH O HEED, AR BZ?

Masayuki KISHIDA and Takahiko KURAHASHI

This paper describes numerical studies carried out to enhance the definition equation of
Young’s moduls for use in topology optimization based on the density method incorported
the sigmoid function that is commonly used in machine learning. Topology optimization is
the most flexible type of structure optimization because it optimizes the material’s layout
or form within a given design space. However, when applying topology optimization
based on the density method, the suppression of intermediate materials, termed grayscale,
is needed to enable efficient manufacturing. We investigated the optimal shape for a
cantilever beam model using the Solid Isotropic Material with Penalization method and
our density method with the sigmoid function. The results of suppression of intermediate
materials and the performance function are described when forces are added to the model
as part of the static problem. In this study, we use topology optimization theory applying
the optimality criteria method and the filter approach.
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Fig. 1: Grayscale.

Fig.2: Checkerboard pattern.
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Fig. 3: Filtering domain.
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Fig.4: Image of the sigmoid function.
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Fig. 5: Relationship between the function
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and our proposed method with the sigmoid

function.
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Table 1: Relationship between density and

material.

Density value In element

0<pe<0.2 No-material or Air

0.2 < pe <0.9 | Intermediate material

09<p. <1 Material or Solid

Table 2: The difference value of the gradient

in grayscale area.

Method SIMP  Proposed
Alpe) |, 9 — 2|, o5 | 2310 2.731

2.4. Heaviside Projection Method
KEITIE, REWR L -7 —LOWHTFIED 1 OTH
5 HPM IZDWTiRR 5. $EKkD bRu Y — ik e 3582
D, REtEHERAT 2 T u o2y a VEABERWTER
LRI, BRI ICERLI - EEBEREEE T 2 F
ETHB. KK TE, MREBCERNTIERNZRTHE
oA ELTIcRET 19, R 1) RTFevzravl
BERHWT, 74 VXINEEE pr ERD 3.
= Z]EQ pew (x5)
Zjeﬂ w (x5)
K (19) DEAFEB w X, XMk BELNE. X5, ~
Va4 FEREHCTERMLINZEEEZRD S.

B 1 (pr>0)
PH = { 0 (pr=1) (20)

(19)

K (20) DFF TR, BMBOFREBGEEL D EBEEEHOLDD
BEOHWMMBARARETH 2. 2Dz, A (21) & b FiEk
INFAT 4T A FEBEREHT 3.

pa =1—exp(—Bpr) + prexp (—P) (21)

ZZT, BUEANT AV A FEBOMELERT RNIXA—-—XTH
5. ORI X=X, BH0 DK, FELInIAT 44
4 FEBUIRIZ ISR D, BN 2 e~ 4 R
ES L WS RE RS, £, K (21) THLN B T
fbE N~y 44 FRABIIERIL L 258 p. ¥ LTS
HPM % W 3 B8, BEEHEETH 2% E p 13 pe (pu (pF))

LB e s, FHBIE B X CERHIRICE T 2 R E O
BORE, MTo XS REHEZHVWTRT I IcT 3.
OE _ OE Opu Opr

Ope  Opm Opr Ope

(22)

oV 0V Opm Opr
dpe  Opm Opr Ope

(23)



3. ROY—R@EOIO—Fr—F
AWETHOE bR Y — o iz UTITRS.

1). e, gISEN, StREREREZRET .

9). R (2) 1R X N BRI k1 515 2 SR ARR %
&, BMEEHT 2.

3). A7 v 72). TRDIAEEHWT, (1) WREhik
ERRiTEsk st WA

4). k>0 okf, IHHER (JE — JED) )/ JO < e %
LRSS, BHEERTL, 25 TRVEHARIRD X
T v I,

5). HEBEREFRTH 2 (A} = —{u} ZHVT, X (5) 1«
RENEEINT 5275 2B ORBIERFE
35,

6). A7y 7 5). TRDLEEZHAWT, K (6) ITnEhi
TANRY) YT EATS.

7). R 8) RSNt R E R IO BEEN AL
FAVWTEEEERL, A7v72). KR%.

KIRHTTIE, 7L — R 7 — )L O D 7= 8 A B 5 D IR
HEMEZRLSBRELTWS., 2078, BN XoTiE,
FHTRI B D EAIREN LUK L VB DFEIET 5. 2Dk
0, MAREE ke ZRELTBD, ARKERKE
B 2EECEZORETHEINHE Lz HELTWS. &
oM IE HPM 2 VR WA TH H, HPM AWV 23546
ATy 76)EEMLEVDDOET . £/, piEEREE
502 L, BB =B DL AB LT B, NTX—RHRELL
T, ow#EZo YL, AB=11"F 3. 22T, AB
DFHIZBNTERZRUTH 3.

4. BB

ARFETUE, AR L7z SIMPEB KOS EHERT 3> 74
PRS2 M L BERICES S P Re Y —RE(LofbRIC
DVTIHRRTWL. FlEE LT, FHHERD 3ot #S
FEhETFTAEHVS. FEMICB LTI, RED 1EICHEITS
2 BN BERATRE R O —flic oW TR 3.
4.1. BIREH

RN T, Fig7 IRT X5 REHHERD 3 Rt
BREDETAENRE LTED, Y-ZHTEEEEZ L, %
Uit 10[N/mm] FNMMELE5ZTWVWD. 7, &b o~f
151 40.0[mm] x8.0[mm]x 20.0[mm] & L, RO KX 134
H30.25[mm] DL HRE R Z XS5 HELTWS. FHHESEN
1%, Table3 IZ/RT. AR LMD, MEZBEI T X —X o ld
SIMP i T 27D D% 2 /7EIC K DRDTREL T
W3, ZOMSROFEMCEEL T, XEICTHENTWL
4.2. BUEREERDO—BI

AEITIE, BB LA RETFILERRIC L RO T
FERICOWTHARTWL, Figs.8, 912, BEWCHL T 41
2y N EEALZSEE Y, HPM 2#H L 2HE0 b
Ru Y — LT OREERTH 2 RO RE N % 2 h 2

[ Fixed in X, Y and Z directions|

Total:10[N/mm]

Fig. 71 Computational model and boundary

conditions for a cantilever beam model.

Table 3: Computational condtions in com-

mon.

Element type 8-node hexahedron

Number of elements 409600
Number of nodes 430353
Initial density average, pg 0.5
Penalization parameter, p 3.0
Damping parameter, 7 0.75
Move limit of density
0.15
update, ¢
Filter radius, R 2.0
Convergence criterion, € 1077
Maximum number of
200
iterations, kpqz
Young’s modulus, Fy[GPa| 20.2
Poisson ratio, v 0.37
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Table 5: The number of density distribution,
performance function .J and the ratio ¢ when

HPM is employed.

SIMP Proposed

No-material 219470 209627
Intermediate material 14228 1184
Material 175902 198789

Performance function, J[J] | 0.018549  0.021734

Ratio ¢[%] 3.858
0.5————————— 7 T
(d) Side views. = o4l SIMP method o i
Fig. 9: Structures at convergence using the E SIMP mirt;z(:lsjv?tﬁl;ﬂ;ﬁ _
SIMP method and our proposed method with E 03 Proposed method with HPM |
o -
HPM . é 0.2 -
g |a
Table 4: The number of density distribution, = 0l ,:L )
performance function J and the ratio ¢ when 0 “Qx PR S————— n n n n n

Il L L L L
0 20 40 60 8 100 120 140 160 180 200

sensitivity filter is employed. Number of iteration, k

SIMP  Proposed Fig. 10: Convergence history performance

No-material 202312 202956 function when using the SIMP method and

Intermediate material 6006 4768 our proposed method.

Material 201282 201876

Performance function, J[J] | 0.041623  0.041932
Ratio ¢[%] 0.743
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