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ABSTRACT

Conceptual design is very important stage in the process of product design. To support
conceptual design and make the design process more agility and more facility, 3D CAD ?
system must support the expression of the conceptual design and the parameterization and
variation of design. But the existing systems of 3D variational design hardly support the .
conceptual design, and solve the problem of 3-D closed loop constraints. This paper makes
deeply research on relative theory about these problems.

At first, layout model is described based on system of 3D variational design by
summarizing the relative results and trends of research on system of 3D variational design
and product layout, analyzing the algorithms of current system of varitional design dealing
with the problem of 3D Closed Loop constraints in variational technology, and combing
the layer model of assembly system, which provides a way for the common problems of
3-D closed loop constraints 1n engineering by converting the 3-D closed loop constraints
into 2-D closed loop constraints

Secondly, through the definitions and relationships of layout plane, layout sketch,
layout part and the theory of coding and decoding based on history, the mapping
mechanism of coding and decoding is presented, which implements modeling of the
Top-down designing part and the reconstruction of layout design that the whole design
process modifies automatically with the change of design ideal in conceptual design.

Finally, layout design, to which the above research and practice are applied, is ]
implemented in commercial 3D CAD system InteSolid2.0 supported by National Key |
Project- R&D and commercialization of 3D Product design system.

Keywords: Top-down design variational design layout design
3D closed loop constraints  mapping mechanism of coding and decoding
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1) Pro/Engineer

LA HEF ERFITH CAD R4, £ PTC 445 PRO—ENGINEER, # £ 48T g
FIER CIMS MER, TS LR 4. SHFERIT—B0TE. BIME, 5 . i
FHREAERITHLSEEREM EHITH, —4ENTERITHREU=Z4RTEZT K
o, RIEFERN =440 Fhl. MEmSKEREBR. ™HiEX, =484 .
HNEEE S BARBERE, Eik PRO—ENGINEER I #48&%iHLheEZ 3 —E M |
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Pro/Engineer** 2181t Layout (fi/SE[E) — Assembly Modeling (GEECERHE) —
Part Modeling ( & 8 IMAF s BB T FILN8ERTHRY . Layout & “4EFEH,
fgEfER P E X — M IREAIELA DB EXR NS RSHESHZ PTG < R, E
U— MBS EH. E X BX T EHNEERANREER, TMILMHTEIYH
TEJLAE T . HFAEFETUZ— MRS TRERERSEERE, DUk
HESpsciEBal, RERIVZH. RIZEPNXEDNS, BHFEaENTEHERE
. ﬂnﬁﬁi»’\i‘?#%!}%Tﬂ NS R, Pro/Engineer ST IX AR IL 5
Ai& (Insert) #1E, IR ITFHRANIIA—ITEHERN, ERBITEIENFTHOE
BC& (mate) #{E. XM Layout PRI AXARFEENEATHER ITEEREE
JHER) . BEAMBOTERE

SR J&, Pro/Engineer 7£ Layout S THITTHERNONTHER, FEIMIR
P, WITHEAJTLLE X —8RTZERRER, #HITRTES). F4b Pro/Engineer iL55 —
MEBROE, BATUA - M EEFHEEHERER AN =EERABHNE., ¥
%, 4, BJLAFE Y Pro/Engineer FILIRE R T A =L k&R M RE LRSS EFNE
ARBKRET L /LASSERX NI R Fitt, ST =48, &t L
2 AH RS HEHIRER X, Layout 327 R 2 — M4 BAWR R B3 E.
BERTMH R NERF AR TRXER KR TEE, Pro/Engineer B VI MRHIEK: 1 o 2
RAKXAWEHEB T, MEXRRAGERENEFTFY: 2 NEERERREAST
EFHLHPWIIT: 3 EFHFEEFTHEXRARINSE N EEERPBZEE
AR 4 WRFHANMAT —PRTIEZRR, MEXRANCEERATHE X
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SolidWorks 2> &]#EH Windows M IE FH] 3D SEILIEMFEER ES Solidworks
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RIS EIH . SolidWorks 2001 ZH 7T HSFAFEREER A, R HET LHE
MG SEN, HEEERXBEMRFRITEWNER. 7 SolidWorks 2001 &, T
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SEITI R, NRSK TIERMAERN A 2R aER T 5 28 TIRE. BTgigits
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AW THREGER “Nn” ERRHEREAA « =62 BB Rt
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HEF T R — 4 CAD RZEMA B IO ETHARMIFR. WARKMEMRITERS
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AL EFERABLT TE:

1) BEEASMISHETBURIT CAD RLEURTERENE, SVTiIM=
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REWARNFHRXER. B T XX EATULIES T 3 B3
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MRAE I RS, BT mEA R g REFESH TLH, SR%H
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EMAHESRAERT, FEREEEETFEXEXESFHZRESLIRK
. —HTERIKBEN BERRERBFEFMAZFTHNLERRER, —4%E
AAEMKRBNEREEZRE T RELERITH

2.2 ZHTERGKE

2.2.1 BETEBE/M/LHEERZX
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B RETE. BAREREANZELAAREUHRFTERRE ANZXR, X
B84 FITERENEEEREE -~ N AT HERFHERKE XREN, ZXH
PR SFHEAEE - TMTHFESHNRBEHR —&FH, FFELRTINFHEEKE.
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ERAE AR ERAREEEREN AN, SERRE SRAR/MELHEL
RIS BRI KR, M TERSARE, ATHMESHEER, RIF

A IR RIER B S REMN— N BIE. =% /L TARKEN S FHRENE
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STF2 3 MBRARK, EE—MARIRBEIRHAERARK, RESIREED
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2.2
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2.2.2 TEILAAZE

RE JLAER — T @ &M PR B AR B A S A %, Hillyard“H8 4 T &
ROFEMETRARIE, ARRETUREHRETE X = {x]i=1, 2, .., n}, H
—HARGE F={f|i=1,2,...,m}, ¥ m<=n. PAERZRLETLUETY.

F(X)=0 (1.1)

1]
I

..:l: X=(x:)r£mr: F=(‘f;):£m

H MIT # Gossard™HIRNAERBRNEETX—HiL, BRYTELAE -
(Variational Geometry). ZHEIRILARRE XK —RFIASIE S, ARNEFRE
DAFFIE ARSR AR TSR e M RBOH R4, MBS ERBIES W HIE, M -
ToA% 5 i JLAT 4R35

Fo M TEARKFEEEET Newton-Raphson &8, SHFRA.DBHFEE,

MAMEX®, %o+l WIERH X EHUTHRARBE

X™ =X"~[F (X"))'F(X") (1.2

T — - - o - — - -~ o

)2

P ,..‘i-“ :5.
S T St



P B R K F M L F AN L

;QEF! F A/” —_ ‘@X” .7 Em
(X7) (é}c,( )

T AX =X X
IE=
F(X")AX =-F(X")
X" =AX + X"

=

FATT2H/E
JAX = f (1.3)

I AF) EF

éacFl & Gk
L, gl AT o v | SRR RE,

2.9

S bl

Fn  OFn
Ldﬂ C%m_]

AX = {Ax,,Ax,, -, Ax, } » RFEDZERHIMIBZ.

f={-F,~F,-~F}» ROATEANKE.

2t REER, BEBMX|<e, SRAERT HEENR. ARENENETUEY

1| i HE ] ECRE B B RR R SK I
WHERIBRRIEZ, ARAGENREZETURA—HRHREREM,, M,, ..,

M, ., MyRIR, BEENEZHENEZESH EAJUAIAR. RS T HE

FITFHLEBAREFOD, —1TMARMNBATREBNTEER, eement (),

element (2) , ..., element (Q) RAMARMNEFHN i LWITTE, elemenm (),

element (2) , ..., element (O)RFAEHARTEMNNWEEFH LB TE,
DIM, (1), DIM,(2), ..., DIM (Q) RARARRT, EBARNARRTAARKE,

ey ———— iy i I — ——
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e P H B K F M+ F L5 B X

EWARPNARRT N 0. HRARRZSER T BIFPREFTIER:

Z 'Qelemenrf (k)x M, —element, (k)x M,

k=l

)~ DIM, (k) = 0 (1.4)

M, M ERBEEERAREE. BESARRT EM4 3T HE.

etement, (k) x M, — element, (k)x M |}~ DIM, () R EHAKER &, Bk N 45

HRI R RRRPR S TN

Zmelemenr, (k)x M, —element, (k)x Mjl — DIM, (k)] = ()

k=1
i ’(If.?l.t:-;'J':.»'.nsa'mfr2 (K)x M, - .el.f.f'iv:»‘:e'.m'2_r (k) X MJ ‘ - DIM, (k)l = (
k=1

< g T (115)
Qelemem, (k)x M, —element (k) M, l)— DIM, (kj =0

2

k=]

O\
Z Qelememﬁ (k)x M, —element ), (k)x M},l - DIM |, (k)] =0

L k=1

LRGN AR EEREM,, M, ..., M, ..., My, ARYIBERA

RIHX™ = X" =[F (X" F(X") ATIEA, UL KIEHR & =R B Wt RAL R

FHBRANEREER.
b ERRITRERI R, WMRZm>nk, TERAFTEHHE, AHERBKBREEYN

R, PREXRBRARAE, IHERZE/LATERMENA T KRR CAD RE

. (BREMEXN THEBARNZ-HEAANEMS, —HHE, BPEEELARX0HEE

R ZIBE LA TR ZBEIMARK R, FEARMA—-BENFABAETINE R, M

ARTGIEABAZERNRD: H—77H, HTERNESSKIERBSEWEE
R, ERBUEFERBREEE, TIEH B AR 0 AR T B 4 LA 2R R 8y
.

HERFM=Z4EZERFERBTETHN, ARARDE-ER=-EXRB BT RS
B HERE . FUXT E BTR G A LR RER BRI M, LA RN T, &

R iy il il i~ Ml
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TR T U HE IR Ak AR 25 0O R A b, 8 = 4 JUMT AR &1k 2 — 4 JUA 9 R 317 5K
fif, MRS TRl 20 Bt BE LY R [ RE 5 L0 ST B i B 20 R0 2 I8 BB, X RE T4k
T AR BRI, A Al 5 TR & IR = 4 P20 R m) B Atk i F %

2.3 &R

2.3. 1 HmERMEEHIA
EX 2.1: A=(L,G)Nr=dhi Bt

EX 22 L={LS.LS,.. IS} AN ITMRER, LSEREiMEERE,

EX23: G= {(LS,,LS ),LS LS, e L.i,jeni= j} AMREEZEIFZARKR,

I

B (LS, LS ) Fom A R B 2 [ ) R PS54

EX 24: LS ={V,R(E)}, HFV={E.E,...E.E Y AMNKiE, EBREIN
filfs R(E)={(E.E)E.E eV.ijemiz j}y AMRZBHARKXR; (E,E)h—

MMiRBESRT RIS j M B B R KR,

€ X 2.5: B={BS,,BS,..BS,} AM N R B FHAE TN K MEER,

EN 2.6: F={F.F..FYEEENEREFE.

W L B CATRD, 7= dn Bt AT LA 2 /iRt , —/N= &0 EURIE 088 R
MRS T HRRITRIE, ARRAZSERRREFTGFHFMFLZ MHLHFRK
F, NTIfEF =% amiXit. HF LS Rt SEFE LAERK, (IS,LS)BEHA/E

B2 BERTARSERER; — M RERRETURF—AHRE,, (E,E)RF

HRZEINAR, X T HREAZFFNESRXR: §— MR E WL —PaE .
ENEFHEEBS; 81 FHERBS MR — 1M BFEF . HXERSEERRT
fiRRI R A BT ERS, B EEAEETERNAR, RSP ARERS
FHEREBRN—EUE.

..J\.




b
i
3

b A Ok ¥ R+ F R

EFA—A =& BRI REE, MRMRITRBERFNE T, %k
HE . LR - EMNESRARKE, TARRTFARIX —EHERE, =R AR

TR ERI N D LS #ATRIL, LS ALS, Z [MHILITR KR (LS, LS ) T R Lhaemr 4

HEBAREENEE, TS A LS NEE—DRL A4S E A s 1924 R

(E.E)), EBSTRIEMHTE A BENEEE BS . MTTTET L9175 Rk %

ity g
2.3.2 XFmERITRI AN R ECRE ,

A B R F 7~ mIIRER R T, REW N uirt E WIS R R R E B
REZHFITREFHIMAF MR ZESNL & FM4 BERETRZE~HETH
BEEMER. ZXMUTILERFEXFMARR TR EIRIEE:

1) XFEFM LRI B RCR T RERYE IR &

W EEH T RNEARRA G, 2 FREAMBEER—E—E
X5 TR, BE7FEBMAR L TFHRER, —HR73EHEAARTHFTH]
T2, IMRENTZEPRRAE. ERX—BE—EBTTEZRELTRIRN, &iE
AJLAFE B BRI BE— R — R & T2 60, FERTFINEE, SoBRIATEHA S
B F IRl B A B E B ELE R ENIER . RS N AZ A INX M= & AR
DIBERI R IR K 77

2) XIFMZR W

Wit EERITERTE, BEMNAFATELEFHRMMAELE, ¥Higit
ATFE SR N .

3) XFEH Lo R EIFTRE

Al 3| R H R IIEE R IT H A BN EE— BB IE. XHBEXFIIEERZETr.
4) FEWHRWITENRITER

W& X Bt B R AT mBIIRER KT BRI . RS IEEHIT R, HFE&E -
A B U BRI LR IR . RGN ZBERS iC R v B BB FE A B &4k

#E .

5) AHHBEF

—/~ CAD RN EFHFBYE, XENREAFESHEEGNEESR (Hi
PHELEEE) AR, MTTSEHIARBIERRN A . CAD RENFRHENRTHASHER,

R i il
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A EE— AR R b, ST S SR Rina B R EAERT TN ZHHBER
g5, L XA E KX EREFTIARRITTMAXRKMAREE. fEREEME.
- FHASMAEXBTE THTEFS, 5 FEEEFEIEM TR, EH4A4R
H, SIAFMT A/ TRIIGURESRR., K23 28T XHBEWHEERT,
FETENR TR ERS, NREMZE SN EASHACH FEEBEE 24 T
R SRR R B R 451

S gk i

Sopplgh v SO 2 oL A S A 24 2

dtieles || el g h || s S
¥ 12 2] 22 31

%z3%?ﬁi%@ﬁ%%ﬁﬁﬂ

MERHAE — FARDERER. HhENMNFEPREHNE—IPER] H BRE
ZAr8R, THRHEN, HL*RTREXAHMNRE, HENEXHREMN HASLINK (R
B RYE, HOCR TR XA S REMED, MMM HCOMPONENT (&
AR RE. BFAHHLNRSTESAREE, HHLXNERSIAXE.
HINSTANCE X FT Ll & 5. BMNERBARAAGSABTE, R OHAGRT BNAE,
. % LOAGRREEEBE, ERFAESITHAGSILEERS, BFF: FHAH. ERC
M. BEREANH. FHEAREY. BEAEF. TERVTAGSE. TRNAEMATIR
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2) BT RETRMEE, ERAXEE 5 THIF.

3) AT E

LR,

4) BT RZHEMREE,

MM E RGN R &

ERG TR

HINSTANCE 2%

v

HCOMPONENT 3¢

T Rk T B AL T AR R R IR 45 1

HCPART % HCASSEMBL Y3 HCSKETCH HCLAYQUTZ
v ¥
HLSKETCH3% HLLAYQUT
HPART % HASSEMBL Y2¢ l 'L
HSKETCHZ HLAYQUTZ

B 2.4 ABGRERECER S KL

2.3.3 BT ERERNHEEITESR

i R EE A R EG R RKBRA R H&
Lo EAIBFEREE R LI A B R t, BRI, BT F~maemeR
M e tt, DR BRI EXMRERNE RS, A—RITERILEA REITER

A /R RE S A G .

REEFR, MUEUHRAEF R BEERAGRRETN, MEEARER
R R R BB/ ARG X — VIR T A RR T
HREHERNEN. ©hRELNEREARMEENER
ZYET B0 T /I

iR A R T REVE HEE
R RELERENERNERRE.

dn v vt JE KA E

P

FMEFBIR BNARES

HCREFLANE 2

Y

HLREFLANE 2¢

!

HNREFLANEZ2E

B, BB TIRANHBRITESR, SERFHBREZ T HE.

EFFRARKERRE T,
0 A B R = S BT R AC A R -

vH#ATIE S,

o

LS R RFHE R HRES S,
P RIE, B EEAEN A REENFHEA R
MO RS SRR TR BLR B L o 4 S R

EFIRERE

m) %

REEHR

R
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XM G, ARETHRERITHEBKRR, MTERERESN R, K]
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BREEBTEV={,LLL})BHENERAFHANFLARTER, T
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(ZERE] HTMARE, LITARMNEHITEE. 258504
HAMSZE. ZE. nREFARNRNE N, FEAHE MBI EY, FIEat,
L E MR RPMEARRE X

3.1 5|

i MESE =T E R RGHE

£ats,
[

A RIHT SO RE G F= S HIBL S R

A

T AEZHRRATHERREH X, FEHUEH=
TR, BB BERRAS B ITREE R T, THAEHITERSHR

HRELHREZHARE. AR
FEBAER

3.2 HENSIEER

3.2.1 % B

[H]
=
(
%
5

Z,

RS RITENSE R HEER
R — PN EE L IRE— NS ES
CENERTRE. R EEREHNSATE
THME). YOZ CAWMED,
FEBIER M ES
I X e~

1)
2)
3)
4)
3)
6)
7)
§)

R 5 E AT

H & 5L
A, i,
CFHBPE X TEES AEESES
NATHRAGENTE, 7F Intesolid2.0 REiF
WBHE: 5—FEAE—EEEES
fFHE: BT —FHLRSEHHH
EREHE: HARE N EE = AHERNFE.

i — 153 AT F—FE.
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. 1

A FEM IR ETEHARETRK. A TLRAR/L

LR EN S FHEN A BT HZ 8

AMRE—EDRNFHEEH, MEER LT
FH ERE, RNSEFEEMEEXT SR

=EANEESEZTE X0y (HHE). X0Z

TREER: I—RE—-H&.

HlmR5i4EH: 3 —S#F5—HLRENMEE
FH: SPEATFEB R EE RS

PHEER: FEE—"
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RIS TR, FREEE-EARTEES
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A T T - (S - e N
REE .
ZEFEMBEHNT:

HNREFPLANE : public HASNODE

J
!

private:

;

nt

m_nld;

HREFPLANE *m pPlane;

int m_nType;

int m_nComponent[3];
int m_nSketch[3];

int m_nElement[3];

int m_nRelation;
logical m_nDirection;

positionm_Root;

unit_vector m_uNormal;

nt

m_pPlane 15 % % VFHEERPITEE
Mg, ERAERESSETHERFH—LEM. m nType e RSZFEHEFER,
R =X e T # T E X,

#define
#define
#define
#define
#define
#define
#define

//1d S

/) ¥R M2
/| ZZMMEPAERRER

/I TS
/I EES
/I TLES
33
/1 7 A

/1225 TH root(m_nMode =
//rREFP_ROOTNORMAL )

/I ZEHER(m_nMode =

//hirREFP_ ROOTNORMAL K)
double m_fOffset; . mBBE
i m_nSequence; /I 35

ENDAAREEE, FHERF BT
hr as OFFSET 0
hr as ATANGLE ]
hr as 3POINTS 2
hr as P PLANE POINT 3
hr_as LINE POINT 4
hr as V_CURVE POINT 5
hr_as MIDPLANE 6
hr_as 2POINTS 7

#define

A 2%

/I TR TE
/1
/| =B E—FMEH
[ E— R HFEITTF—FE

il

A4 hnrefplane R EEFEBHSETE

I T—E&M—5

/I T—aBE5—HM&EEE

I RERRT FFATS

/1 BRE—FI

-

FHE KR AR /K, m nSketch[3] IR KS X FHMNZERE

- —— -
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MEENIdS, BHANT=Z0FHNE, ZNSUEMNTFEARRANER, EHE
R?ﬁéﬂﬁxﬁw‘f[uﬂ&_ 2 &S, m nElement[3|R/R<ITES, Fﬁ:@&ﬁﬁi#‘
EVHPITTERDZ N R M3 2H m nElement[312 9 T MEAZ 6 =D T EBI S 4],
m_nRelation xai%%‘yﬁ—'—?ﬁ‘fﬂ?ﬁiﬂ’]??. m_nDirection ZZFHEAMII TR, 5
ZEFIVERMRI T R AT H; Root ZEVTHEERXKWERLE, RS
b, RERHESE VA SHAEMNE: m uNormal 2EFEHEER, HBEEAKAHNS
EVEBERNTTE; m_fOffset MR EmIEENIEEWBEEF MBS, WREMHH
I )45 BA 4 RO RL A8 S . m_nSequence B X B E T HKFH S, RH YSEF]
MG = NEEREN, B AFEE N
3.2.2 mRAEHE

fiREE, KEZEF DN RR, RN RRITHER D ERIT 47
25 F e, B Tt EREAER g4 REERRELRX, —EMREEREE T
H—ENREM T dn i) —LARE R, ERMLATBRRARFEHEERET 4B EGHE
LR &, EE LA (AIEETE) 2 HPUARKER R P FHZEHES .
B ZFHHR,

£ Intesolid2.0 R4+, BEEEFRMMMXHTH, FILUEREERFEREREE
RHITEE, NEREMR N EEHRE, B EREAENERGETETIEMR
BEEERREST, MEMXEEREARFTHNSHEFRLEVLRN, BHETELCKRER
Ik A ZHFEEID, ATHFMRERNABEERIERR, 1 EEW
EZRRFSE— 15 LIEXERNER, BERETERNEIESH:

class HNSKETCH : public HASNODE

{

private:
int m_nld; //11d &
int m_nRefplaneld;  / SEMEH] ID
HSKETCH *m_pSketch; /] FRAERE
int m_nSequence; /I FF55

}
3.2.3 Rt

BT FTHRRITAERIGERARERAGEE, BRESE~AENARER
KigSFFEHHFA T, Biitf Rt 2BRER SRR R R AT DR Ih
Be, RAEXIMT A/t o] UL /RS W - d it

-
— - - -
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A BRI S5 4
class DECL_ASM HLAYOUT : public HASNODE

{

;

private:
int
int

int

m_nSketch; // ﬁ Kiém S
m_nPart; /I F1 RS
m_nPartSketch; [/ BNV EERE

m_nSketch 1D REFEEAZFHEERS, m nPart 2R EPTHES, EHHh
A B 2SR IR B X AR E R BE S, Bl g e R FHRT N E
5. BESRH m nPartSketch &7,
3.2.4 mBAEH

B 1 2

Ai

RHEs

R R RA AR EIUE RTINS, A REHEE T

RIEBRRLRT AN ESE, mEER LRFHRRZEEFHNTEARME, BRERE
AEPHITENPHEE SN —REE, MABEFHNEENSEFHABEREN
HEHE T FHZENEE. M EFARNEM D#ITEFNRARER T, B4
WiELE, KR mRRITH®4S, WdLBEAREREEHARFFERIT. TF
g REFHE R HT, BRFENE RENTHZREE.
mEREHEE ST ‘
class DECL ASM HCPART : public HCOMPONENT

ISEN:

{

}
A

HIIB1E

private:
HPART *m_pPart; /| FHIEE
HELEMENT  *m pElement; // I5RZF 4950

nt
int

m_nld; //id B
m_nPartSource; //%F Z 4 IR 7 | 7

MR, m pPart EiS I EHREIIEH, BERCIERNTHRE
m pElement ScHLE A IR ch B 2 B UG SRR A D B S (G

F—ZtE; monld CXFHNHEIDS, EFHAENFHEREFRTHARL
FR—FEFEP, REXETULERRENZMFERRIT: m_nPartSource R
B RRARIE, EEEMRE: —RETEEHRENNE, X8 TRESSN
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3.3 KEXRER

i RRFR KA F/ETHEIARE. MREE. AR HMMARSFHZ SR EE
BEREZERRA: PlUNEABEOMET, =aEHLY ﬁ%l% hﬁﬁ@ﬂlﬂﬁ’]ﬁ
ﬁ A omBEANARDERMFE-THREBEHNERXR, EHENeER S
MEWHEEERSHERMRZREmMNE. *@EE*D‘EE?%E‘JX?%ZIEJE’J%%TH%%
3.1 JATE X

A B E D1 A 5 11 1D2
mEREETE A REEID

i Rwvt 1D A RBTID A Rt ID

HRTMHD| | MEFHID| | BRED
1 3.1 75 L S R TR B8

B H ID, BT R E AT RE B 1 D, A RE MG RERTRMWETK, E£=1#

HESEHMEHRASLE, RECIINIDSHARKLE, REME XOY HIID A1,
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