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Abstract

In finite element analysis, different data models are used for modeling, simulation, and optimiza-
tion, leading to significant time consumption due to frequent data conversions. To address this issue,
an integrated process for mechanical product design has been developed. The system employs a
volumetric parameterization modeling approach, enabling direct utilization of isogeometric analy-
sis for simulation. To minimize material usage while ensuring structural strength, isogeometric to-
pology optimization is employed to achieve the best allocation of material. Throughout the entire
product design process, a unified data model is maintained, eliminating the need for data conversion,
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thereby avoiding discretization errors and reducing computational overhead. The optimized model
can be reanalyzed and further optimized, achieving an integrated workflow of modeling, simulation,
and optimization. The results validate the system’s reliability in the mechanical product design pro-
cess.
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WA IRLE R — P& e ki 5105 5, e RBCRAF & . B4 (Rhino) [11]i#id Grasshopper ffiff 5z 2
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Table 1. Volume parameterized model data structure

1 S RUREEIREA

NURBS ##5 K4 AP 9
P CtriPt4d Xyl zl w
NURBS 2k N_Curve _u_Degree/_u_Knots/_u_Num/_CtrlPts

_u_Degree/_u_Knots/_u_Num
NURBS M N_Surface _Vv_Degree/_v_Knots/_v_Num/_CtrlPts
_u_Degree/_u_Knots/_u_Num
NURBS {& N_Volume _v_Degree/_v_Knots/_v_Num
_w_Degree/_w_Knots/_w_Num/_CtrlPts

RS ST . 39 RO AR AE R A, T DURGF SRR AR . PR a6 ek
4 CreateTransSweepSplineVolume i, %k E0E ik &Y R, K 48 NURBS HhH# S =4k a1
i, EMEHESHUE. EANSHONAREAT pathT Al NURBS T nurbsSF, B AARIGFEUTT

1) 77 IS4k

UV J7 [ B 324k ARG 48881 nurbsSF 1% _u_Degree. _v_Degree, %5 %08 _u Num. _v_Num £l
F AR E_u_Knots. _v_Knots. W J5 [ (4 77 7)) 4k A& A 415 pathT A% w_Degree. #% il fi =
_w_Num FI75 fi K& _w_Knots.

2) i) A

YO FXUZIEIRIE . ANE MR PR pathT FIAEMEE] 530 RT1). NZIEME G
[ nurbsSF EEEHI G R T1).

SRR B ] S N_CtrIPts EAT LA B THA: K AL ab a8 T 142 11 5 nurbsSF. _CtriPts ~F#% 245
BRI ST E, BRI S B AR 5. B

N _ CtrlPts.xyz = nurbsSF. _ CtrlPts[ j].xyz + (pathT._CtrIPts[i].xyz - pathT._CtrIPts[O].xyz) ()

IR JE X BRI AT A VAR s ) AR A R g R s A T 4 ) R S A e R A A ) AR
e :
N _ CtrlPts.w = nurbsSF. _ CtrlPts| j].w x pathT._ CtrIPts[i].w (6)
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S LR FMUA S R B2 N_Volume 8504, FIFH NURBS 5 bR #5022 8 5 1% G2 0 6 40 i)
e SIMUAAE I —Fh A T %, RTINS G %, B SRR, AETHEM R I
oA WIRHFRIERE, IHIMUACTTVE L E 50 8 P RHE IR B A i AR R PR SE. Horpr, #
BHE IR 2 ZIRT 0 58 AR A AL, AR RS A ITE[15], 10T iE B O 4G
MR, FHRAMERRZE W Bt 0 AT A% BEVL(SIMP) [16], i 5] NELE AR & AR &, sk
LN AR B TR R AR AL s #TE S5 MR ALIR(ESO) [17], IBIRLE A B8 bt 45 M Tk i /N A BB T, 5k
RPN AL, o T SRR B EOTE AL ST AR, AT A A KA (LSM) [18], FIH KR
SRR B IR T T, 8 G PR AR ) s TR BN TR A A (MMC) [19], JE I FilsE S AT AR T 4R A AT
Ak, BEIEABIEMEE.

FE G IR MR A T VAL BUE T B R AT e 2 tH A% 3 5 (checkerboard patterns) R I 4 (is-
land formation) [20], LIS RAEHIE IS AR P AELASEI . 28 LRI Br (IGA) I SN Rid i 1 U1E 3 i
(RS BERICRR, b | RG] R, RIS ORAIE T ARG AR I U R 1 . DR, AR SR A BE 145 T LA
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Figure 1. Interactive modeling process example
1. ZEREEPERG

U3 HT R SIMP %, FEARRRZARR, DU/ R BN B, SREUM B S AR 70 A eI S
WEWHE, HER0 R 1, 1RERAMEL, 0MRFLHME. FIoEEHP GO R ERR:
Pei = Pn (iC): ZRi,j(iC)pnij )
Jeal
Horb py FoRFE TN BRITHEL, p, (ic) Rt i AN FITHIH O U L, of AR | A RITHIfEH] RS,
R EEA ol ISR j ANMEH] RO B IR AL VB of FRIRER § MR RN LR 3
TEMRL A & ) [RIVERT, B s M n] AR IR A
E(pe) = Emin + pes (EO - Emin) (8)
Horp p, HHRITCE R, s AETIHF, ANEPBUERA AR PETTRBOR, IR, HAE TSR,
[ 0 2% S e R BB A )8, Atk s —RHUEN 3. By NAPRISRMERTE, E,, NE/NFRMESTE, FokEE
G BE R PR LE T SN AT 5, ASCHUE A 1x10°7° .
S DMARA LIRS, DU/ N R EEAIUAE B AR 7 R AR

find: p=1{p, 0 P, }
min:C=F'U =UTKU 9)

subject to: v <f
V,
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KU=F.,

EESSEMAT ALY 5, B MMA SyR[20)06 B A8 S T HpEA R, BHE A E &1L &4,
SRIFEAE B E AT o AL B MRS NIEARIREUR T 200 B 1 220 IR (1) 43 1) pet 25 B A8 b fe K o)
{H/MF 0.01.

4, — R4 LHl

PL MBB #o8f1, H U RS R &R 2 5 nlEl 2 s . MBB 22K 58 =43 ) 20mm, 10
mm F1 10 mm, FJEE LA ID AL E 2, Fugiph a2 F=8 N & Hr.

01

20

Figure 2. MBB beam geometric model
2. MBB 2 JL{a&A

FE— AL, Sl 38 B IS MBB R . Oy T G AR ML I 7 2, BB R R
RKES f . BB XY M Z 377 & s R & 093 8 U ={0,0,0,0.036,0.072,---,1,1,1}
V ={0,0,0,0.077,0.154,---,1,1,1} MW ={0,0,0,0.077,0.154,---,1,1,1} , K¥HHK 2, il 3 firn.

Figure 3. MBB beam volume parametric model
3. MBB A H{LER

A2 H ARG I A S BB BT DL AT S5 LT 20 Hr AL A, 724 IRILR E =100 MPa AIJF A
b =03 %A T, W3] Z B 1 AL AT in B 4 Fros, N3 Al 5 fis.
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Figure 4. The displacement distribution of MBB beam in Z direction
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Figure 5. The stress distribution of MBB beam in Z direction
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Figure 6. Topology optimization iteration of MBB beam
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