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Abstract: To avoid the use of support structures in the additive manufacturing process of
components, this paper proposes an additive manufacturing oriented topology optimization
method for self-supporting structures based on element filtering. By using 4-node rectangular
element to discretize the design domain, a finite element model of overhang is established. A
filtering rule of the self-supporting element based on Heaviside function is constructed by
simulating the layer-by-layer forming process of additive manufacturing. The self-supporting
elements are retained, and the non-self-supporting elements are deleted by this rule layer-by-
layer. Based on the solid isotropic material with penalization (SIMP) model, the additive
manufacturing oriented self-supporting structure topology optimization model is formulated, and
the method of moving asymptotes is used to solve this optimization problem. The topology
optimization method of self-supporting structures is applied to the topology optimization for the
Messerschmidt-Bolkow-Blohm (MBB) beam. The results of case studies show that compared

with the traditional topology optimization method, this method can achieve optimal design of self-
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supporting structure for the MBB beams along four printing directions, and moreover, the

material and printing time can be saved up to 20.6% and 16.6% at most, respectively. It can

solve the problem that traditional topology optimization structures need supports in additive

manufacturing process.

Keywords: additive manufacturing; self-supporting element filtering; topology optimization;

density-based method; self-supporting structure
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Fig. 1 Schematic diagram of overhang features in additive

manufacturing
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Fig. 2 Overhang model and its finite element model in

additive manufacturing
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Fig. 3 Schematic diagram of filtering rule of self-supporting

J

B 5 80

XEBETE

ot

element




48 [ . ]

555

JEHNWE A S,
1.3 BX#ETESHET

B A A — SE R R SR T AR IR R rh R
PRAL I ALEE 1 BT R Z T, B S T B Rk
HOCUNE 4 FiR .

A
e frs
Hizpon
Ll*llﬁﬁﬁﬁlllll iz
(0381 3 (b Ji LT

K4 A SO B ER BT

Fig. 4 Special element of self-supporting filtering

BT A AL T BT B i B BT
K da Pios ERRRERTETE T3 o b Ry 2
ANHATE . IR BT R AL T BT SR R A BT L A
Bl 4b BRSO TT A7 5% B IR IR TR TE T 4%
SITEN- 5 & 5 JCie i #R2E B SCHE o0,

2 HRE MUY

2.1 BEXERTIIR

K S BT B R 5 2 R W R OT R A S
£, 08B A SCE O, M BR AR A STHE LT, A SCE R
Juid pE R AT

xf = x2'H% @D
K ex” HRIC e MBI ;20 HHIT e B H L
PR s Hy PTG e 19 A SCHE AT 1, 02 Heavi-
side [ i pR &Y . 238 0AN T
tanh(g8T) + tanh(B(M* — T))
tanh(BT) + tanh(g(1 — T))
Hop g i MU SR, T 0 BIE, M N 00 e SCHEH
o LB SIS £ . Suew
S

M = 3
Qk

Forp N BAIT e B AEBRICAE s 2 HHTT i A X
BT, Q NHIC e B AL I .

K 5 44 T Heaviside [ {H 28 5% #h 2%, A [5] il
2 BANIR] L B YRS VB G T AT AR R L B K, BRI B
B AL T 0-1 By B oR 5K, B — i I 32 AR 20 H00% 7 1
nE e KA. B S Fros, YA T 0.1.8 K
128 W47 M RF 0.1, 0 Hs #&aF 1;4 M /hNF
0. 1,0 H4 #aF o,

Hy = (2)

http: // zkxb. xjtu. edu. cn

K 5 Heaviside [& {5 pF £ HH 2%

Fig. 5 Curve of Heaviside threshold function

2.2 BRUEEEIR

BE AR O 16 45 H I B fAR HO0 5 =S 1R
JUS B PG il — AR AR 0 1 Y L ML A% A
nlal 6 Fron B AR 7R SE bR TR JGE B

B 6 Lk X A
Fig. 6 Checkerboard solution

AT R AR IS A SR AT
I gk, HOAZ O AR R 2o U8 5 i R oG R AR
PASTAL PR L T s E KA
1 .
T = (> H i) )
ZH“ i€ N¢
i€ N¢
Ao, BRI e YWHBE  H, ENEREN K
g X R oT A, BRI T

Ne={i| | X=X | <rpn’ (5)

Hodp XM HIG i AR X M HTT e 1 ARBR 57 K
H, Z&k

H, = max(0,ry, —Ae,i)) (6)

KfACe, ) NHTE @ il e R, %5 i 8 X 35
WE 7 froR 2L HEREIT e R Bl BE R
AR I L IR R DX
2.3 BEXESMEIMILER

T SIMP 72 % B 1% LU die /MBS B (e R AR NI
JE) S E b R, A2 0 TR B3 B0k 2 o 45 1 f
A A ML R B s AR R

min c(x)

Jv:V(x)*
s. t fV<>
10<1<l

1<C0 (7




EWR LT RO B B SRS R ML O 49

i
<

P 7 %5 i B X
Fig. 7 Density filtering area

K e RERIE s 0 HARFA o R RITE
AV O A G ARGV, A BB ARG £
LER R TR 2B

3 T MMA By3h MR R fig

QARSI SR T S
MMA PR B oc it AR i o
3.1 BRTHH
KA TE o 1 1A DY 5 5 506 o0 8 e it
I, W0 46 PR T W RE AR [ O ko T SIMP 2R 5
BIT e BYBATTRIBERE B k., . RIA AR
k. = E.(x)k, (8
Xrp E, () HERTT e (R,
SIMP #E R B0 % JE 5 5 M A8 1 2 () Y O R ]
FKom N
E.(x)=FEunt (@) "(Ey—En), 2,€[0,1]
(9
A Ey SR oo iy A i B 25 R IT Y
PPERL G P ORI 75 0p HERTT e R BRI L .
TESTA 7 P J2 2 7 Kt B oC 2% B L (L
0 ok 197, 8 4y il T SIMP A5 AL 5 £ ek 5
L AR MEARAF P H, P 8K R 5 H G
ET 081,
3 3 2F 2B PR T I B R I SR A5 A 1K I EE S B K
1.0
0.8
0.6

0.4

0.2F

0 0.2 0.4 0.6 0.8 1.0

K 8  SIMP #5545 %5 ki %5 £&
Fig. 8 Exponential function curve of SIMP model

http: // zkxb. xjtu. edu. cn

A7 W R R SR A B R N B B U I O R SR R
KW
KU = F (10)
A K g B W B AR B s U D AR M B F oy
% 2601 28 Ay 2 1
%Gl U MK THEE bR eR B 8540 232 5 3
kAW F

¢c=UKU = > u'k.u, (1D
e=1

P on B HUEBO T TR su. S O RS
%
3.2 REESW

MMA SR it 75 225341 H AR bR 50 29 345 1 X %
TS Y R RBUEF B SO R R R
Horr, H A pR B0 B2 5 1Y R AR Rk =0

dc _ dc dx, day

(12)

dx  dz, dx; dx
Ao S H AR R %L
LYPIRAE X B AR B i RUE R BN
Ju _ dv dx, dx;
Jdx dx, dx; dx

3.3 BXESHmIMILRRE

ASCE ek B SOOI g L T Y B0
o BB B A S o RIE BTN R T A 3
FEFIT PR G DB T PR AR A% U B4 O Hovl
VAT o % R o 8 R O 45 A TP B AR /R . AR
XA BB A BB 38 e 3 R R [ A T LA A 2
FRALHY A PS5 R L E 2 0 AL 25 0 b 2t B4 /N e
fiE DAL ZE A P B A0/ INRFAE AR BT 9 7R

(13)

9 PUALZER P A AR /N AT

Fig. 9 Small features in optimal structures

10 &5 1 A S MR AR L B
A BT

CRTAR B, 8 LA JUAT AR, I8 il 5 2% F
Jit o 28 A7 BEE AL SR




50 WoE X o k¥ % R 555 %
(2) 5 DO 45 4 T B4 7 B A B Y
(D WAL T A B s F
(4) [ 35 3% 2003 U L B4 3 B TE A
o B T [ R o <
(5) W 1ot 6 B 0 % B 1 8T B SR o L2 x
I 5 ) BT B e, 0 A

(6) A BRI B - 3 T B0 B B o, FIHI LG
BT BE R Ko A AR ORI BE R R K SR figp AR AL
Mo U35 H AR ek RO 2 RS

(1) AL ¥ 5

(8)2R I MMA 3k 3K fift ffe AL A58 1Y, B0 B0 i3t

AR s

(9D MR A W SIAE PF T W 238 2R & A 2R AN WL S5O0 I A5
TR A4 ARS8 PR . 2 G TSROSO i I A 2
A IFEARITR.

[ws e R x|
1
*{Qi%ﬁmﬁﬁFﬁﬁimﬁi%@En|

|§aﬁﬁﬁﬁﬁ$m%ﬁgax
|iﬁﬁ%ﬁ&#§%$m&ﬁ&§x
BI10 [ S PS5 R 4 A A P

Fig. 10 Flow chart of self-supporting structures topology

optimization
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direction and analysis results
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