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Abstract

Parametric solid models have garnered widespread attention in the field of computer-aided de-
sign due to their direct applicability to isogeometric analysis. To ensure model quality and en-
hance the efficiency of parametric solid modeling, this paper defines model features and proposes
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a feature tree and parent-child feature framework applicable to parametric solid models. A data
structure led by features is constructed, using them to control the display and interaction of sur-
face representation model data, while simultaneously generating the corresponding parametric
solid model at the backend. Taking the bearing base model as an example, the parametric solid
model derived from this method can be directly used for isogeometric analysis, with results closely
matching those from ANSYS finite element analysis, thereby proving the reliability of this approach.
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1. 51§

B 5 R R R O R, BT RIS R e A AR N R A, U R TETE AL Bh
(Computer Aided Design, CAD). 15 HL4# B T#2 5T (Computer Aided Engineering, CAE)F1i+ &AL Bl il
i&(Computer Aided Manufacturing, CAM)&5 < BE4IIK[1]. 27T, CAD B4 f# R M T (Boundary
Representation, B-rep) [2] a4 244 (Constructive Solid Geometry, CSG) [3]5k 2 X JUATIAIR, 1if CAE 4%
L X e R A IR 640 T (Finite Element Analysis, FEA)FT 5 (AR Y, 3x —HE4uid B AL EE
I, AT REA AR I A AP s B, S o BT HERA T, IR N TSR E AR [4]. DN TR CAD
A CAE BAAERIRIR B2 7 S 8UT MR A BEIRIR 9% ), W #1515 LT 404 [5] [6]
(Isogeometric Analysis, IGA) /7%, 1% 77 1548 FH B £ 25 8iE¥) 51 1 B # 2 (Non-Uniform Rational B-Splines,
NURBS)YE i i r 4, % 7 n] DAEEH T i A S B, G 1 IS Sy ki) 1, Jf7E
ez BARIE TR R S S, AR TR AR AR A

AR S E A A 1) 32 9 AR T vk A By D B SR A S R . ot R vk 2 LT 1) 5 B A
HRFIERR, Qs AR 5 Wk B PR GRS . il CAD #%2Uf STEP #A1%%, 7RI A E X
Tk, EEX R B-rep BRI CSG #4L ., Akhras [7]1# ] polycube 5141k B-rep #RY, 3 5 Y
B F polycube |, BTG 2] B-rep B8 RS E b FRIL, (HTCTEM TR B RFAE (1) 56 4 M . Strodthoff
[815F Nt —Fh 3T+ B-rep B 021 i, 27 ER R A ALK 3 Reeb B, 1l FH Morse Bi%i0E XY
T, o] ARG A%, BONAE SR B-Rep BB SHML, (M iESMEAE, TEIITERIITE.
Zuo [9]5 N KH 4 i tei&iE, Jeks CSG BRIy il ity TR A SR, ) NURBS RIEIX BUsifAk,  FxtAH 4R
SARHAT RS, AEHH R IGA ER, &5 P AT /RIs B IX BesRk B IR . 20k iE I, et
KR CSG A, (HZTEiEEE Ry i, tHEERK. XU )5 En] DU A @R S5,
B2 [RBTG5 2 5 RGN Y, AR o ot Xk DUARALE o

B RS E A @A T VAN T T A AR, P a2 BRI A s UL T LT T AR AN
FHIE. Liu [1042H 1 T FERA RO A, BT /ARG It s A SR, PR B B ORI 13
Bl T REARRIOSL RS, BEEEN T IGA. (ERA RiZ5E K i FaRk, ARG
. Massarwi [11]56 52 H BT V-rep Bl B, A V-cell fENEIFRIAH 0, HE V-model,
DASZIL V-rep B 5RIE . SR AU Vorep fB DAEEEY B Bk, MELAEEATAR o FBL s o Jdad ook, T
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LLKE V-rep BBV 4y ik AR B AE SRR I = BRI [12], R0 T HA 53 AR RS N 0 TR

B 28 ARSI T, 8 i LSS L SE IR S B AR R g 2 1) D7 Y A R A 15 B o 7 s
FE . Barr [LAJF AR SR @B 7 20, BB LA B AR T, il RAME S H LA AT . K E525%
N [L5130 F AR ARSI N B3 & @O AR, AE I E AR TS et AR S 3T B AR 1k K AT Sk
Hu Z5[161K BE RV EAAZ ORI TR, J@ I 4 i3 ) UART 249 o Se Bl th 1 (19787 . Chang [17]58 A
P T R, RV P E A DU R R Ak, 7E DUZE R 2R R A i S R AR ST A
JRiRAANR R, I ERAEA RIBAAR R, AT AU USSR 2R TR, At 5 i SR T AR

ACAE VS2017 FFEIAEE N, (] c++iE =, 1 OpenCASCADE Technology (OCCT). OpenGL %%
ZAFFIRSE, I Qt5.9.1 Wit B FEii, sEp OCCT 4% N R RIABAL L H]; Sl T LUAMFE A
FFHIBARLEN, TELH] B-rep AN [F]I A7 g A S EUBERUBEE, 5 TS BB RLTE 7. Bt
B TR, SEOLN R IR B S HU AT 1341k .

2. FHEERS RS
2.1. FHEEX

2.1.1. $HESR

FEAE s A — AR B — AR LRI, B HAN I s o HRRAE SUAF A T 1% s AR AR A B A BRI
B ARSNAR(E R, RMiE g E iR, DA 1 R, B L) A MMTERIE, RRAE S A
A pL. p2s & L(b) N OFETERRIE, HFFAEAUN p3y pds B L(C) NARTEFRIREAE, $FE AN p5. p6s
1(d) A= RIBEYURHE, FFAERA p7 p8. p9s

2.1.2. $5E%

RAEL AR i — e R B, AR BT 22, 320 — R — 4B A BT L . AR
2N 1 | e S WD IR VA P (= S S it e e e o RIS S A S G S S (B S 7
LKA LTS EADY 25K P B AT R B RHIER T DA AR, FFARYEAAAER LTS A7 B A 7K
FRESURRHE RO E, SRR . (PR, ek, SRS m N, RHEZAS IR A RE, L
DAL R AR AR,  SEBUAR AR AR e
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Figure 1. Schematic diagram of feature points and feature lines
B 1 $FES. FHELRER

2.1.3. $EmE

FRLM 2 e G s in, IR M BRI, R BT ST A S, BRI, Mg
RHIE TN AT AR AL E AR R A B I HE , 5 A AETTIRURRAEER, U2 IR 0] 21 — o 5 B 20 B B RFAL I
AT P . ieRe . GRS AR, (HAR EIEATE

2.14. B
FEWERYE S v L R AU . R SR SRR R AN L TEEZ S XLy, z AR
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Frls B, FEMELR R =i s R — 2 B2, RS x. y. 2P — R FATEZ, £EXhx=ay
=h)Bi(x =a,z=c)al(y = b, z=c); FEHEMHE =GEFR AT —AFH, RIEX N@x+by+cz+d=0).
FEWESUHE F T B T A, AT MR B I 52, Bl R R B 2 1] () Bk T

2.1.5. FHERESHFES

FHIE AR AR PERFAETD « RFIE RS AR FRHIE A S B . ] 2 Fros, RRAEAR V BRFIET S JEid fr
BEAER R, W7 M ARFELR L EONRFEE AR . K2 BORs A0 1A AT LGE i 446 3h 411 18I 07 BB SR e AR R AIE 1 4%
B FEANDT 1), N RE ORI (0 LT AN B A L, T8 B e A B A 4R 2 . R EARAE 4T
Fo. e, BRI HARAERT, OF B UL IR B AR, OR AR IE A B SR RO

RN,
Figure 2. Schematic diagram of feature surface, feature path and feature volume

2. ¥HEE . FFEEE. BHEFTEE

2.2, $HER S TFHHE

2.2.1. R

FL#E 1995 48, F[1815 it 1 BT CAD/CAPP/ICAM AL IFERME & . N T FEBUAS Bt
RURT R TR R, il & — AR, ARSCHRYE NURBS Hiks sl % R A1 J7 508 SURFIEM :

(1) — /MUK 2 —DRIEA, B — AR DT R, A 5544 2 8] R 494 1 6 2004 [

(2) FRAEPRE— /N — IR RRAE B AR AR AE AR 0145 31 5

(3) 'RFAETHT FH — 2R AF 2 4 (B 55 0 15 )

HUIEAS 3 15 ESC A RRIE & SO R DY SR RAEAHESE , il 3 fs. E@BI RS, Xa—ZEr
FHEHATS WS, WRIRAEGEE E— 28R T MIBRARREA M 250 Ridh 5, FRIE A RSO T a5

2.2.2. R TFHHEKRBIKXFR

THFESRTEAN G 2 NMRFAERIS , T AA R AR B (50 5« I A O 7 il 258 4 D X o7 5 55 1)
N T ARIEZ AN FFERAE AR A L HARE], B2 00 N FERFIEAESE . SCTRHIEIZ 48 ¢ 58 LT

(1) DA AL b~ TH] B AR AR T TRTPAT (00 T A S AE TR, A0 R REAE A B I BT A R AIE IR AE A T 5
A 0;

(2) fE[F] LA EAE RRRIEAR, 58— AN IE B RFAEAR S FL T A R B RHIE AR 2 20 R (0, 0), 2
JEHARHE R 5 RNHET 3 x ANRFIEAR R F BT A AR (R AE AR A 4 D (x — 1, )

(3) LNRFEAHEZE A (x, Y)RIRFIEAR EAT R — TR R UE T, #4038 R RRAE A4 S FE BTG R IR R AR
FHECH (X, Y + 1)

SERLCE AR, 15 B ITA FHE AR ERUY 5 2 5, BT RSB BRI A s A . X T 1A
—RHEF S TR —HATRHET S, 1 Je¥ SRR B RFAE 4R B 335 B FARHE MRRIE T, AR B AL
FRIERIRFIE LR 2 RAE TRAET N, FFORBETE FHRE T N 05 DUR e n) R A&es, B RIRRERHET 5
K HRFAE T 578 0 3R

SR G R RFAE AR T 5 B R BRARFALE T EAT DU 3205 3 A, A2 P 1) 4045 SR 1) b L B A RPAIE 1) A
fETH, AEAF SRR R IR B AR 0 314, FREAT SCRRAE AR AE T DY 5153, ELBIRREARIR T 54
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Figure 3. Schematic diagram of feature tree
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Figure 4. Parent-child feature framework
4. RFHFIERESE

2.3. BT HFHERNBIREGH

FEIXBEHAR S, FRAEAEBRL B R 42 i A0 A S 5 — rh A 3125 2 B ME - RRTE AU OCCT
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AT LR P 75 2210 OCCT szl iz 5, AR IKIKEET OCCT £l NURBS k121l .

TE 58 B ST E IR AE LR 5, WA TRAAE TR 1) AR SO A, GRS OCCT Zidfi 4% 501 NURBS %1
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g%, OCCT & =IAF NURBS g RAKHCK A7 A X S hrMRr e, JRERMIER B R, DARFIE
N R AR O N R R AR 1 TR .

Table 1. Corresponding tables for different data structures

*® 1 NEBIRGAN R

Occ 1% X HuHhs FRIESR 2 NURBS # £
J=i gp_Pnt FeaturePoint ReferencePoint point4d
57 TopoDS_Edge FeatureCurve ReferenceLine NurbsCurve
Z-1 BRepBuilderAPI_MakeFace / / By S, FLG
TH TopoDS_Face FeatureSurface ReferenceSurface NurbsSurface
[N TopoDS_Shape FeatureVVolume / NurbsVol
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Figure 5. Schematic diagram of bearing base modeling
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Figure 6. Schematic diagram of bearing base feature framework
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Figure 7. Isogeometric analysis results of bearing base
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