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Abstract An ICM (independent continuous mapping) method with the mapping of node-uncoupled topology variables

is proposed in this paper, which is applied to model and solve the structural topology optimization problems. Firstly, the
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ground structure is meshed into nodes and elements. Independent and continuous topology variables are defined on the
nodes, and an uncoupled mapping is established based on elemental bilinear interpolation, replacing the element-based
independent and continuous topology variables. The existence or absence of elements is continuously approximated,
enabling the filtering and identification of node topology variables and the interpolation of physical quantities within
elements. An optimization model based on node topology design variables is derived, and a second-order dual
programming algorithm based on separable variables is employed for solving. Additionally, an improved rounding
technique for the optimal topology is proposed. Secondly, the modeling and solving process is demonstrated by applying
the topology optimization to minimize structural weight (or volume) under displacement constraints. Finally, numerical
examples of displacement-constrained topology optimization under single-load and multi-load scenarios are presented,
and the computational results validate the effectiveness of the proposed method. The research in this paper has the
following advantages: It overcomes the defects of previous research based on elemental topology variables, i.e., the
optimal structural boundary is zigzagged, and obtains optimal structures with smooth and clear topological boundaries.
The definitions of node topology variable and element topology function fields are given. The 5 criteria, which must be
followed to construct the topology variable field, are extracted. Errors in the research on the ICM method based on node
topology variables are addressed. The node design variables are no longer coupled, allowing for the convenient
calculation of the second derivatives of structural quantities. This facilitates efficient optimization using dual optimization
algorithms based on separable variables. The research not only enriches the connotation of the ICM method and promotes

its development but also provides valuable references for the variable-density method based on node variables.

Key words structural topology optimization, ICM (independent continuous and mapping) method, uncoupled variable,

nodal topology variables
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Fig. 1 Zigzag boundary of the optimized topology obtained by the
element-controled methods
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[FFE, 530 (25) BH 2K (26) S B T e
G5 59 R TC R R T N G R,

Nn 614] Q: Z—AT Zk(e)

ox;
1 tlxo i=1 i elel;

N, f 4
ka(r?)A}{Z kgjj]u = ZA]T-{ka(t?)kNiJu =

e,lel;
ZATk u=A" i

i=

u= ATKu a u = uj(xo)

@7
M
uj(x) = Z 2 (48)
& X




2476 VAl 2

Eitd 2024 3 56 &

10’V
=352 (50)
1 X0
_ auj (51)
Cji axi 0
133 = FriE s A
Ny
1 . 2 . .
glég ;(b,xi +a;x;)
(52)

Ny

S.t. Zcﬁxi<b‘t,’ (G=L2,---,M)
i=1
1<x<x5=12,---,Ny)

Hrp, B G B 5i=1/(@1).

P (52) BT LASKH ICM J7 A48 4 FH () %) 4
TR RN SR AR,

ICM J5 v ik 18 bR 0mT B R B0 5 2 M X,
B R B 20 e N

L) =16",  filt)=1* (53)

RNEI (36) A1 (38) 15 2 45 ¥ B ARFUGE 5 i
A B — N i S50

W __ ] T
0x; Nilayg !

e, jEl;
a _av +(yk
DA (54)
el )Yk
) 1
2 ay +2ay
oV _ (e) ay(ay +ag) ~—a; 55
2.7 VN. 2 .X'l. ( )
0x%; ejel; ay

KX (54) Fak (55) FRAFI (49) F1 (50) 7T
R (52) HHARRET REL g, F1 b, X (46) F
2 (51) AR (52) FLHRE R EL ¢,

Xtk (52) AT LK ICM 5 5 15 A 1) %o 41
ZURFIAE R A7),

eSS U EC Ry

dv = (V& —y ©y v < ¢ (56)

b, & NBUE FYCSIRE.

4 FRMNAIMIBIR B AR

2\ (49) Rl Ja W UGEAR H br R SR RIS 1R 22
ARG /N RS IEIEAR, DO B T S . B 45 21

RN A RAL T [0, 1] ZIRIESE S Fi s, i 75
FERE A PN AR B AT SR 21 B AR A3 U, IR BT
AT XS S A A R (1[5 B R

X BRI PR EOR : 570 2% [ B A A 45 4 2%
2k

(1) TR

(e A5t 56 e 4 $h AR B, HL R 5 DAY i 4 4 AR
A5 BB BT 5 B PR B B R A A AR L, O
TR T & S0 T SR FR A Y.

T RRANME EAERAER, BEASHICE 4 T R
WANEEAR S, F7 AEIE AT R-H T HHT I, B
TR B, AR A 3 RO 4 A AR IR
BHEBEANNTEIE, A 182 M SR EEEA
AT BUE, RT3 A RN R B AN TR

{6 5 2, FRTEGL 1 A0 2 43 i IR B S R 1%
TG 1EGL 3 A T AR e AR R AN TR
(B 3 A5 IR B T 5530 ELA = A, AR A T A
RATRGENE, 2 OR B AZ AL LA = AT, MR 51
—ANELEM M. R, (R BTG A
K30 T WA SR R T HE Y.

(2) G5 BEAR IR BEAL.

RAE T s AN AR A, 7T DA 45 4 40 +h
AT ISR LR, 12 0 B (L BEAT S5 I OB R R AL:
Fh o3 A I S A 2/ T BRMEL I X0 B B XK, 48 4h
A S S5 S5 R L ol 1320 5 2 B DR 25 ) e
(URZEEIN ARl b uRRs

AR B Ul W s L, T B IR BUE Y
Mk, AR R AR B R iE W B A 0 7 — Rk
SCHUBUA F =, ARSCR AR P 85 i A sh
R AE 2 R RE R AT RS AR B B TT Hh A A AR Y 1 )
.

5 EfIRTe
FEARTT I T S0, 1 uE pR B R iR B R 2L

BN, =1 Fag =5, B 1ESE R 43 B i e ) 4 B
w5, PLg = 0.0 ARE AN ERE TR 0.

‘F
g
EI P
(=)
=
% 240 mm

6 MBB %752 fH]
Fig. 6 Mechanical diagram for the MBB beam
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B 104 BRI T AL LR E S

WK 6 fion MBB 245ty R~ N
240 mm x 40 mm x 0.01 mm; FEBLE 210 GPa; ¥
FAEE 0.3; 72 F ML HRAKF R &AL R, 45 T A miAR
Ly R B F; LR F =20 N 3B [A{EH T
T R MR KR P s E W R/ T
1.20 mm. FJ FH &5 46 A7 (R BRI, SR — 454
BEAT S A AR Ak, i EE AR 4.0 mm, SR 120 %
40 MH%.

HSCHR [24] FH R R0 S0HE ) A FRAE 0.001, 3%
32 Yt S8, FIE 4.896 s, P S FEEL A R A2 ES
J9—1.190 mm, Jiffi /& 785 29 W56, St 45 1) 1 e A
HUNFRZERIT) 34.70%, R4 2 JE RN 35.77%,
F#-1.190 mm. ML MIHINE 7(a) B, Bix
BRI B R A RS ) R AR i 2kt T 8 BT, WSl FE
PUEFFRE. 530 ICM kg 1 (i 1 FoR) Al
Lb, W B A AL . SCHR [24] SR 120 x 40 WA B
IEAR 36 RIS, AR &l 7(b), AR EL
42.58%, HrF8—1.199 mm. [FIFEH AL FE LA AE T,

(a) ASCEER
(a) Result obtained by this paper

(b) 3Ciik [24] 455
(b) Result obtained by Ref. [24]

K7 560 1 IR 4 0
Fig. 7 Optimized structure topology of example 1
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AL AR, SR, WS R

HH 204 BBHE TR T MIB LR ER

Wi 9 s I 4544, B 4546 R~ 200 mm x
100 mm x 5 mm, #PEREE 210 GPa; VA LL 0.3; /2
N ALHRAKT B B8, AN A AL HR L
B SR #AT F =10 kKN 2 5{E R T FiL A 1/4,
1/2 F13/4 53 i (5r WXL 9 1 4, B L C 3 5, J7
B AN, AL LN 3 AN IR s B LR
f1#2/hF 0.3 mm. T34 N 7.5 mm.

HUSCHR [24] A8 R W S 0 & FRAA 0.001, =R
FH 40 x 20 2 100 x 50 PIFPRAS 15, B0 E Bk 15
S IR M AL 10 R SRR [24] F 45 5 % A ST
WA RS T B4 SR LA L3 2, SR as MR LA 1o0.

2 HH 2 HERLE

Table 2 Comparison of results for example 2

Displacement/mm

Cases Volume ratio/% Iterations
4,B,0)
Ref. [24] -0.2998, -0.29938,
43.77 32
40 x 20 -0.2998
resented —0.299, —0.298,
P Papet 38.26 24
40 x 20 -0.299
resented pa -0.299, —0.299,
P Papet 43.31 24
100 x 50 -0.299
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40 x 20 PIA& I, THRFER 2.309 s, 5% 5 1
MAKF L 39.67%, A, B A1 C 3 Eifi#-0.292,
—0.295 F11-0.292 mm. 100 x 50 PIA%I}, 5 FE
3.965 s, [H % J5 B AR AR FA L 44.33%, 4, B fil C 3 55
R #-0.299, —0.295 F1-0.299 mm. HLi % 2 5 %
BT PRI SR, T DL [ R A0 e PR A 20 g & SR s 1)

PR A [7) o A% 8 SR A ), 3R 00 BV 8 A A A
L 1) R 5 SCHR [24] (2 X B, RIRE R AR 2

(a) AL 40 x 20 WFE L5 R
(a) Result obtained by this paper for 40 x 20 mesh

(b)A3L 100 x 50 45 R
(b) Result obtained by this paper for 100 x 50 mesh

(c) 3CHk [24] 40 x 20 [ 45
(c) Result obtained by Ref. [24] for 40 x 20 mesh

10 541 2 P dm b4t
Fig. 10 Optimized structure topology of example 2
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Fig. 11  Iteration curves of example 2 with 40 x 20 mesh
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Fig. 12 Iteration curves of example 2 with 100 x 50 mesh

HAEDLN, ASCE R R, 10 57 50HT, ICSICE R
PARAS TF X IR 4 ) A bR 208 7S 20 AR IEAR
AP 11 AE 12 Frow, Wesiod fE P -F A,
S 357 . BB LI T BB LI RES
ET PR A 13 s, #PEsiE E =1,
THRALE 0.3 PR 22 10 57 [ e 20K, 52 P R s it
TER, TOL 11— 8ar Fy =1 BHA EEHT
F B, T2 8T F, =1 BEA TR



% 8

AR RN R AR S B 1 ICM U5k

2479

T4 A, KH 150 x 150 W& AT A fete. o
JEPARHN 3.

Andreassen Z552 SZ A SIMP 3%, Wei £33 X H
ZHAIKFETTIE (615 9 LSM), (H 33 KA R AR
LU MRS /I in) @, 7E 22 T OLET, SREUIL 4k
A H AR AR 1A R, X B 1A @ Andreassen S50321 Fll
Wei S50331 S H T 350 [a) SR EE AR ECR 0.5, AR ZY
WL 40%. 2% SR A 2 15 7 20 N AR /MK i)
B, N7 B 5 SRk [32-33] bo s, 8T IE 2 KA
AW, AR L IR 4T 40%, LA #2 29 390N
32.320 A1-32.32 mm.

W SSCHE IS SCHk [32] AHTF)

df = max (t(k“) —t (k)) <e (57)

WS PRAEHX 0.01.

BRI STk [33] AR 150 x 150 P9A% I P 17 #E
PR, RIS KK, Hk EE i SR EL 50 x 50 A%
THEL 3 RO S A R W 3 K 14 FR.

A B A SC 7 v S SIMP J5 9%, SCHR [33] i
LSM J5 75 RHL 50 x 50 PSR FH IS J2& 6 ~ 7 £i%, 4%
UECN R BT SCHR [33] F2 7 32 B 2 103
200 X, WA EER) 5 %, A E N HT
FOMT R M B B IR RN E = tEy , 5 AR K SIMP

A F=1
o A
Z
Z
z B
150 =1

K13 5B 3 e

Fig. 13 Mechanical diagram for example 3

=3 HH 3 SRR

Table 3 Comparison of results for example 3

Displacements/mm

Methods  Volume ratio/% Iterations  Time/s
(4, B)
32.314,

ICM 40 41 25.298
-32314
32.286,

SIMP 40 59 30.045
—32.285
28.190,

LSM 40 200 169.980
—28.190

(a) ACER
(a) Result obtained by this paper

(b) STk [32] SIMP 45 4
(b) Result obtained by SIMP method in Ref. [32]

(c) CHk [33] LSM 745 3
(c) Result obtained by LSM method in Ref. [33]

14 550 3 iRt ia ety
Fig. 14 Optimized structure topology of example 3

EHIE = 1% Eg AR 53CHR [32] BISE AT, A%
EAHZEANK, EARSC L Rl R, WA,
A TTFEAERIREE D, FHI R

AT AR 2 JEARFR LGN 40.87%, A Je B A5
KR 514 30.319 }—30.319, 5 B RTAH 2R/,
H 5 R E S AL RS 29 R R AR 28, DA S L Rk AP
A5 IR IR B A 15 s, Wesiod 72

BB 4: ZHALEE LR A B A

WK 16 Fis 60 x 40 x 20 =4EK T4k, #Hkb
AR E =1, YA EL 0.3, K J7 4 22 3 1 8 5 210,
A I 2 R F=1/EH. AR T A
60 x 40 x 20 (LK 1 I IE R BTG, 38R H
N 3.0, AR LR IR R JTTH R R AL (A8 %
B FoNIE) KT EEET-10.

W SHAE T (56), WA FRAE 0.001. £ 42 IRi%
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Fig. 15 Iteration curves of example 3
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Fig. 16 Mechanical diagram for example 3
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Fig. 17 Optimized structure of example 4
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