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Isogeometric shape optimization of complex 2D geometric model

LU Shuaishuai, ~ CHENLong, LI Tianjian
(School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Traditional finite element methods suffer from issues such as geometric description errors and
redundant model format conversion. To address these problems, a 2D parametric multi-patch model
shape optimization method based on isogeometric analysis was proposed. In the modeling phase, a
parametric framework integrating dimension parameters and all-quadrilateral partitioning was adopted.
Complex 2D models were divided and constructed into multi-patch models compatible with

isogeometric analysis, thus avoiding the model conversion step required by traditional methods. In the
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optimization calculation phase, a control mechanism combining sensitivity guidance and patch
connection constraints was established. The analytical derivation of design variable-compliance
sensitivity was performed to guide the iterative optimization of control points and weights. Meanwhile,
continuity adjustment of sensitivity was implemented at patch interfaces to ensure the continuity and
smoothness of optimization results for adjacent patches. During the optimization process, the bounds of
design variables were dynamically updated to guarantee the feasibility and stability of optimization
results, thus preventing the failure of optimized model generation. Validated by three numerical
examples, the proposed method could effectively reduce model compliance, with a maximum reduction
rate of 30.8%. This method provides a novel approach for the efficient shape optimization of complex
2D geometric models. Furthermore, it can be further extended to the shape optimization algorithms of

3D parametric solid models, laying a theoretical foundation for the integration of modeling, simulation

and optimization.
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Fig.9 Convergence chart of optimization objectives and constraints
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Tab.2 Comparison of the multi-patch model for a half plate
hole before and after optimization
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Fig.10 Dimensions and control point distribution diagram of

the initial multi-patch model for a hook
AL

AR SCLARREAR SR BE (B TR EE ) i fk Hbr . T
R, N4 v 5 R AR DX A AL AL X 4 T 45 4
PERERSCH B, R e T S mit s aeR, Bz
il S A S D RERR M, 8 5E 1 52 T AR X
SRANE A3, SRR SR s T R T ik AT
IR AL B S S rb o o I R R T
a~i TR R 0L B S BB, A TR AR R
i, b e hIX 3 AR A LHAR I A ST
RBHL. YA BN 547.706 mm’, 1L
LERINIE 11 PR .

& &

Tkl Jrik2
(b) FIEAR L el A &

11 BHERERALERE
Fig.11 Shape optimization result diagram of the hook model

BT, ik 1 DS o — A i
Tk 2 LRl AR it AR R, YN
WAMRACTE R . XL AT L. D5 ¥k 1A T A 4 Ak
FETEE YT . AR AR JUM B IG5 7 2 A S0
X ), Pk S A A s A B Y M A 3 2 il
4. K12 (@), (b) Ak 1 BRI SA L,
(©). (d) Mk 2 2R m B SR . IR HpmT B0
B, PR R 3RS AR R kAR B
BWSL, ASE RS R AR EHAEZES,
HH XS L an % 3 iR .

FEW R T R AT, SRR 25 R BoR
WO 1 SR AR 6.7%, i IRl 32 R A

11.8%, UL 2 AT HARPRE IR . (L
PLFE il S0 S TR B AT R A A s (L 11(b)
), MR EEARS RIS, BT
i 5 A Al M, SR R bR R R
o B, J5SERRIOE AR 32 R DA i A K
HAENE MBS R IR P
43 EfHl3

ST ORI AE T 1 5 3 e R e S R T AR
[R5 RE ST, ASCBI A —AN U 5 2% B o v 1) i
FFRERY , Z AT 53k 14 AR AR S 45 55 1 Tl
R, S BN T AR A AR A B R i
JINTE 4 11 31 A Cln [0 o ) R far o0 A, AR



%13 B0mih, 5. B2 LRSS LMD AR P e 87
13.10 550.0 -
12.88 543.5
12.66 E 5370+
b £
k& =S
1244 F L, I= 530.5 i
1222} \. 524.0 + .\/
12.00 . . ! 517.5 . . !
5 10 15 0 5 10 15
EAUEL EAUEL
(a) Tk ISR (b) ik RSk A
13.20 550.0
12.82 545.8 /
1244 F E541.6F _/
b= £
I = /
1206 ®"—u = 5374 F J
11.68 + \ 5332+ /
N \
1130 § 1b 1'5 5290 5 1'0 1'5
AL AL
(c) Tk sk Al (d) JriZ2mm Bl s E

12 RAUBERSAHREHE

Fig.12 Convergence chart of optimization objectives and constraints

®3 MPRBMUITEE

Tab.3 Comparison of hook model optimization
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Fig.13 Initial dimensions and control point distribution diagram of the model
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Tab.4 Comparison of connecting rod model optimization

Pttt e T AY/mm’
LA 174.846 376.510
fb)E 120.928 375.103
5 & i

AR SCLL S B S B d AN S I AR A 1 H
bR, IFLLRBRCN QAT 0 2 5 SR Fh i i
A ) RABUE A AT HE S, A MMA Bk
FAAEAN, FFR e R sh A5 R Bt AL
FER, AR T ZIE RIS 2R

a. 42— PP a5 5 2 B @ i 09 S5 LTI AR
Wk, I EE N TR IR e, AR
oA SO B Be g — A [A] — R A% 0 o il 2
PR A o AR R R, A A7 L T R A ) R
Fad R T B S A AR A i IR X, T 4 vy A
BORMLAKS E o

b. #E it A R BUE AKX, MR LR

PEREIE AR S o G I H R T A T 2 Ak A o A
BB, SCBLBCTH AR SR R, iR
AMETUAE 2 A B T SRR

c. it 3 AN BARRG], BUE PRIk A R
AP AT o B — A B 98 AIE 7 S5 1 A 0 J3E
AIAEBE, A PN TE AT 0 50 X JRy 8 A R AR B A7
FEARIEAL , J&7R 1% 05 kAL 4 5 AR 4514 vh 1 1
M1

AR SCHR Y T7 15 9 R BR T 4R R B
b, RRICRAET = = LERR, SC =R RLY
SE U AR LA, DA 5 28 592 B 445 o s 24 )5 LA
ey —i izt

SE -

[1JHASSANI B, TAVAKKOLI S M, MOGHADAM N Z.
Application of isogeometric analysis in structural shape
optimization[J]. Scientia Iranica, 2011, 18(4): 846—852.

[2] SOKOLOWSKI J, ZOLESIO J P. Introduction to shape
optimization[M]. Berlin, Heidelberg: Springer, 1992.

[31QIAN X P. Full analytical sensitivities in NURBS based
isogeometric shape optimization[J]. Computer Methods in
Applied Mechanics and Engineering, 2010, 199(29/32):
2059-2071.

(F¥5%5 108 11)


https://doi.org/10.1016/j.scient.2011.07.014
https://doi.org/10.1016/j.cma.2010.03.005
https://doi.org/10.1016/j.cma.2010.03.005

108

Bl TR A R

2026 4 5 48 &

(18]

[19]

codimension-2 cusp of limit cycles in a Holling-Tanner
model with harvesting and anti-predator behavior[J].
Nonlinear Analysis: Real World Applications, 2024, 76:
103995.

XIANG C, HUANG J C, WANG H. Bifurcations in
Holling-Tanner model with generalist predator and prey
refuge[J]. Journal of Differential Equations, 2023, 343:
495-529.

YU R J, YU H G, DAI C J, et al. Bifurcation analysis of

[20]

Leslie-Gower predator-prey system with harvesting and
fear effect[J]. Mathematical Biosciences and Engineering,
2023, 20(10): 18267—-18300.

XIANG C, HUANG J C, WANG H. Linking bifurcation
analysis of Holling-Tanner model with generalist predator
to a changing environment[J]. Studies

Mathematics, 2022, 149(1): 124—163.

in Applied

(4. #& fF)

DD ADAIECICIAIAICICIECIAECIAICIECDIECIADIADIADIAIECIAIAIEICICIECIECIACICICIECIAIAIAIECIECIAIAICICICIAICICICICICIAIADIECIAIAIAIAE

( 25 88 11)

(4]

(5]

(6]

(7]

(8]

(9]

[10]

HUGHES T J R, COTTRELL J A, BAZILEVS Y.
Isogeometric analysis: CAD, finite elements, NURBS,
exact geometry and mesh refinement[J]. Computer
Methods in Applied Mechanics and Engineering, 2005,
194(39/41): 4135—4195.

REER, BOIEAR, 2o 5eh, 45 A U o3 BTt s ik [J]. Bl
MR, 2015, 51(5): 114-129.

WALL W A, FRENZEL M A, CYRON C. Isogeometric
structural shape optimization[J]. Computer Methods in
Applied Mechanics and Engineering, 2008, 197(33/40):
2976-2988.

SEO Y D, KIM H J, YOUN S K. Shape optimization and
its extension to topological design based on isogeometric
analysis[J]. International Journal of Solids and Structures,
2010, 47(11/12): 1618—1640.

MRk, sk . 6T R0 0B i = 4S5 H S5 LB AR
Pk (3], A EHLAE T AR, 2017, 28(14): 1723-1729.
QIN X C, DONG C Y. NURBS-based isogeometric shape
and material optimization of curvilinearly stiffened plates
with FGMs[J]. Thin-Walled Structures, 2021, 162: 107601.
WANG C F, XIA S T, WANG X L, et al. Isogeometric

shape optimization on triangulations[J]. Computer Methods

[11]

[12]

[13]

[14]

[15]

[16]

in Applied Mechanics
585—-622.
CHEN L, WANG K, LI B T, et al. Shape optimization of

fluid cooling channel based on Darcy reduced-order

and Engineering, 2018, 331:

isogeometric analysis[J]. Journal of Computational and
Applied Mathematics, 2022, 411: 114262.

Wi, A0, 181, 45 H T RGE REUZ S HT i 25k B AR
S LA R AL I 35 1. o B LA TR, 2020, 31(11):
1306—1314.

VAR, BT, AR, A T A5 LA 20 BT AR S A A
RUEARACAL 0], TR B BY BT 5 BB 2274, 2025,
37(5): 753-762.

PIEGL L, TILLER W. The NURBS book[M].
Heidelberg: Springer, 1997.

CHEN L, ZHANG L L, WU Y N, et al. Isogeometric size

optimization design based on parameterized volume

Berlin,

parametric models[J]. Computer-Aided Design, 2024, 169:
103672.

FT TR LA S R 5 — AR Bl 2y L
TEARVEAEFE [D]. HUM : B B F R K%, 2023,

(4l TLZ2)


https://doi.org/10.1016/j.nonrwa.2023.103995
https://doi.org/10.1016/j.jde.2022.10.018
https://doi.org/10.3934/mbe.2023812
https://doi.org/10.1111/sapm.12492
https://doi.org/10.1111/sapm.12492
https://doi.org/10.1016/j.cma.2004.10.008
https://doi.org/10.1016/j.cma.2004.10.008
https://doi.org/10.3901/JME.2015.05.114
https://doi.org/10.3901/JME.2015.05.114
https://doi.org/10.1016/j.ijsolstr.2010.03.004
https://doi.org/10.3969/j.issn.1004-132X.2017.14.015
https://doi.org/10.1016/j.tws.2021.107601
https://doi.org/10.1016/j.tws.2021.107601
https://doi.org/10.1016/j.tws.2021.107601
https://doi.org/10.1016/j.cma.2017.11.032
https://doi.org/10.1016/j.cma.2017.11.032
https://doi.org/10.1016/j.cam.2022.114262
https://doi.org/10.1016/j.cam.2022.114262
https://doi.org/10.3724/SP.J.1089.2023-00445
https://doi.org/10.1016/j.cad.2023.103672
https://doi.org/10.1016/j.cad.2023.103672
https://doi.org/10.1016/j.cad.2023.103672

	1 NURBS与等几何分析基础
	1.1 NURBS基础
	1.2 二维线弹性的等几何分析
	1.3 等几何形状优化方法流程

	2 复杂等几何形状优化模型构建
	2.1 特征框架与特征构建
	2.2 模型分割
	2.3 参数化模型生成

	3 形状优化算法
	3.1 灵敏度公式推导
	3.2 形状优化算法实现

	4 形状优化算例与讨论
	4.1 算例1
	4.2 算例2
	4.3 算例3

	5 结　论
	参考文献

