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Preliminary Design of the Fusion Virtual
Assembly System Based on Crane

LONG Peng — cheng,LIU Song - lin, WU Yi — can
(Institute of Plasma Physics, Chinese Academy of Sciences, Hefei Anhui 230031, China)

ABSTRACT: A preliminary design of the Fusion Virtual Assembly System (FVAS) has been presented to
achieve the goal of assisting assembly planning, training and demonstration of large - scale complicated
machines, such as nuclear systems, based on PC (Personal Computer) platform. The prototype of FVAS has
been designed and implemented with Open Inventor, VC + + and UG, through the research of interaction with 3D
scenes, collision detection between large ~ scale models, record of assembly processes, virtual roaming and other
key sections of virtual assembly. And virtual assemblies of the Experimental Advanced Superconducting Tokomak
device (EAST) and the fusion - driven sub - critical system (FDS - I) are successfully simulated on FVAS.
KEYWORDS: Virtual assembly; Collision detection; Virtual roaming

FH BN HIEEBROVEE B R ERN T XBHE
MITERT, AT BT HERIE. E5EENZY

- RREFCAR LY, B R R R | BLASE XURR N A
BLJUEERERBAZA ZEW, RRBHR, KR
POLiRH, DRSS T —EWENHRE, BT —RFIEHRE
BREREER RS, 0 VASS!! VDVAS?, L K& VRAS! %
25 SR, X LB ST AR R 4T X 2 F B U F W /DB R (e B T

1 3|8

BRERGEE, —MAEARBEK SRR RRHE
R BBER TR B R A, T BB TR R B R B AT
SRR P G E BT AN R A SR REEE,
TR PR AL A, X R AT B0 SR B ALK

HAT, E 205 B R ERAR W FITRA SRR, 5%

Sr e R CAD(Computer — Aided Design) A& LU
B iR BRI Ty 2, R B TR B PR i 22 R A R
WA B BR, BN A SR R R R A T AL AR
HEHUSEHC (Virtual Assembly, VA), fEN @ B LA
(Virtual Reality, VR) 5B KB ARME G W™=, &%
BT P PR, 7T LUK Y- i X LA B SRR AR W B R B

EL&TH : PR ERRAH TEMH
3% H #1:2006 - 03 - 02 &[5 H #2006 - 03 - 16

HATH), FARFBARERRER TR (NTE) IHKA
TS 20 BB e 0 o B BE R4T X KR § Tokamak 5%

5 %5 & (Experimental Advanced Superconducting Tokamak,

EAST) W= (HEZE WY E Q) BRI VAS &
G, BRI EAST =R B R B R 42 2 RiE; (8
B AN — T BRER RS, ERFNT AR R B AR
A EHITRAIHUE]; A I AR I e BT B AR B B SRR
W& T R WAL o

— 231 —


http://www.cqvip.com

T ERBIFRE , EE T T —ANLAERAE (Fusion) %
BRI LB LS L R 40 R 8 (Fusion Virtual Assembly
System,FVAS) , B LI & @ PC ¥ &  XHARBERRE
PECHLR NG R EE B % R G0 # L BRI AT
I, R R P AR SRR I S B M b R AL
THEWEHITERERE, AL BLE B BC . A SCH A 4
FVAS ) B A R B RRAER . B SR A LRI
HFR .

2 FVAS BKigit 5%

2.1 REEITSXIH

FVAS MH ZRA T HE R M RGBEAMBRRRG TEY
FiE, BERET Visual C ++ 6.0,0pen Inventor for Win32,
Unigraphics API & K. FVAS ASHEZRIE 1 i,

{E M BUB R 2 B, P B A Unigraphics SFEEHXE AL
WE(W) B FETRE(WNTE) BRI RE&MEHTE
FhEss SR 5, FFJ Unigraphics Assembly Package ¥§ X £6451
RO R RO, ARG e 3 Fo Xt 52 3 BC T B 53 B3R5 0A]
KRR, EHMHERXR, U&%%ﬁ#ﬁ%ﬁﬂ%%ﬁig FEINLE.
B3 X & Unigraphics JLASCF, @i FVAS AR R S0
B, B EhEE A AR FVAS BT R BRI S o X SR S
BEEEYERNPHEERRE L . —ER TR fs s
(R, S —-ERTENGR B RNEAER(ER
BERY ) AR Y A BT Unigraphics API I R FURE AR RY
s B R R 3 A 3 F Open Inventor APL JF X1 B /-8R
8

FVAS flfi S SR B i B E A, AP AR
ERER ERSBANEERO SHRPOWEETRE,
VIBEFT R $UUBE MO #R 1 , SEBL B MO MLRT LN S5

FVASH
capiiy | [fissin| wiean [wREE ERGHE
CADHB¥ 34 e ||

W o 200
55 | '

| —» FEER
ET T

R PSR

RO | (ERIR | EEIE
R | [T | [

’@% ‘@_@

)}

1 FVAS EZiESRHE

2.2 REER
FVAS FEH U T JLREHRAR
1) BRI B H b AR IR A X 420 CAD SRR, B
¥ A B FVAS R (3 Boxd R R 0k,
2) BRIEEAR E B R P S MR R R
— 232 —

P 000 http://www.cqvip.com]

By B A B 5B B iR

3) BRI S . SEHR I 47 B o M AR M R SR O
IR REA ST EYIREIM FERE

4) SEFCE AR : U VARG TR A R RS R A TR A
W 1 % PO RV E M 2 o

5) ZEARRESR . REAP X E AR, &
BRI P A B 8 0% B U VA RS S b A7 A R R4, LA SEBR
ZH A E AR I A AR LI A S0,

6) AL R AR SR AU AR B 0 5 A R
BRCA S

7) R E R AT R A SO, B S
BOENR, '

Hep BRI EH LR MERWERE RGO XE
R ERIBEIYN EREIBERERERARMEH
PR =ANE T 53030 = /M D BEEGE I % A U IR R 5% 0
BREXR, LUREEE U L 2 3
2.3 ENEHA

1) AZERERE FVAS @ BRI EN, FENES
B MUEN=MAE AR FVAS B & N R R K
CAD % i S 2 o B b B L5 B (N3R5 B L5
B5E) AR FVAS B R B R xR B H& - Hdk So
MIZ e

2) X ER BRI S E R E R R B RN
FEATRE, AR F R AR BBRER TR,

3) Bl BRSO B AL R SR A 1, LA PR AL
RIBE P P31 AP BE A2 , 34 MR 3% e B 4 S ; v R 4
BRI 2R ARMRUER SR,

4) ERIECF 5ER AR E LR . SRS RN
Riet, FVAS AZhic R R P SRR E o R AR R4
SCHEAR) oM BT B B X R — 2 BE B AR SO 1 s R T, — 4
SEFCIA SO 20 R AR — 1 A T 3 I 2 o o B Y —
WEEH QIR R b7 T BB I R BORES, A P ] DUE
BREBEREAN XEEERSBER T RESE,

5) WHBERIE RG] AR N3RS EF,FVAS 3
FERROE BARAL SRR B, 3R A SERUE L™ B ik A
BB BARAIE, kR, M2 3 B BRI E W
H(NMNERBREAFEERN) , HRESNS BiRESHE
B (BB MBIREARFEER) , RS B 38 450 HAR R
HERRLE, TREZEF 4R REAE S BN ER
BiRE ESRMBRE, IR TEALEMERKE, AT
BAEGTER EEHEFRERS

6) SCETRERRY I < AE BE L0 B R AR, S B A 0
IHBE—NFEMHERS, X+ FHEE PC & 84 B A
e, BRI, BRET VR - CAD WRE RSN 7' &
REFHCEEA—ERE BENELE—LRE, flin. &
BAESEPERIBES, AP — KA RBRE—H4, R
R, Y EPA o MR, — KRR R ERW (n -


http://www.cqvip.com

O xrEst, AR TS R B, R

FEEHAT T B R A B, R M BT R 5 e R
BRI AL A T RE B AR AF B, T T B
AR RGHAT AL o X 2 — S R AR T REB U B9 T 49, R
T REHLRHE,

7) BRI HREIL 1 FVAS o, i 2 o ik
SR AR LB S E R OR S FVAS SR A T LU
P (B0, B RR, SREFBRYL) 0B RE YL - d
W E R SRS BER , AT RIS T AAE R 3 R B 5
Bk BERE Sk B AT BT R A8 O EE BOR FVAS 5| A B
R SRR R B PR YD, 450 7 AT LAAR J7 (3 3 3R 45
Hirg R ERENEER, TE TP Rk,

8) TR FARACARAE . FVAS R b i) 4035 7 th 2T
R TR KRR FHR R R R BTSN E
&, I A A SRR R IR AR5 B, B FVAS Bt i — 4
R N LR TR (HE T BAERNESR) B
L EETIAT BB B 178 TE 2 FuRman g R
g5, HORBTE T M I € 3. — DT AR BL X i — $R4E 44
B TR B R PERS AR S IR AU AR R
TR R (LS — DR | ] 3 A SR B4
(LA EFAMLR) s P REERIERAN X EEH
SCRE RPN RO YR AE — BT B — TR B X TR AL
RHATH B B TR

ﬂés BenR BTN SATE

a8

<

g8 BFRE SRR

H2 SAHERSHE

3 WL LH

JH s FVAS (] eSS0, IR BB R F R
MERRFEARRN TR, BERA—RIILRTIRE
LHIXHZRGEAHAT T IR A TAERTE CPU 24 Pentium [V

P 000 http://www.cqvip.com]

2.0 GHz. 5% kK Geforce IV 64 MB,PJ7£4 768 MB i) PC 4,
EiATH X BEEW RN A AL H N KB :.O F
AN R S RSB R SR B EAST ;OFDS A
BASR ) 9 g 40 FRE A BT B i IR AR IR 3 M 7 HE FDS -
I( Fusion — Driven Sub — critical System) 181

EAST AN LREREFREE, EMERR SHER &
RO R (FEF B = AR B S, T R
A 20mm) sl , BRTELPREEAC AT HATIEH B L AL R o
TE FVAS R%i |, 5 18 EAST MLy %m0 xt
EAST #4777 38 B AR UL MR R R RA W REHAL
Wik B T L ER L AR S B R B T B S
2B 3 IR B AR T =R (AT E ARE SN B
ot R AERBRIE , B9 Sa0E 0 E 5 I R R
T AR B R M Ah , R BB R = MR R4, Bk T
RO R R BE R R0E 7

B3 RERKE EAST H&EMENNR

FDS - 15 EAST A5, BB EMNE X, F4 16.5m,
HA2Y 18. 6m, T B AL TRES BT BT B X FDS - 1 #E4TH)
R AR R, RIS TR RSB EOMETA
e, H— BRI T RGN RS KA E 4 Bis, B E
FVAS F#L&] FDS - 1 3P0 3 B — A2 B n g

Fd4 [YFDS - I RESERHBERIET
— 233 —


http://www.cqvip.com

4 HXRiF

FVAS RGRM T RET B Z LB UL, IHX
RN RET R DR R BRI, o A
K H B BRI BRI SR LA B FC R o LA EAST FDS - 1
HEBI—RIN MR T, RUET RRERTHES LA
o

RN, FVAS R HE 3 R BL 7 RIFH AR Wik
ENEYEREET N RABEA GRS,

SEM:
(1] EE.% —RHUERIXBFREMEIHRI]. REHHEER,

2002, 14(9) . 1149 - 1153.

(2] 7R, % VDVAS: — M ERMBEHRITSRUERRE
[J]. EEREEER, 2002, 7TA(1): 27 - 35.

(3] ®BiEx. % BHUFRTEREREANHRSTHI]. it
BHLEREIE RS, 2004, 10(10) ; 1220 - 1224.

(4] Btk SRDEAAEARRREMET HRXBHARRR(D].
TR B FEYIE R I A8, 2004, 42 - 53.

[5] R G Dewar, ID Carpenter, ] M Ritchie. Assembly planning in a

virtual environment[ C]. Portland International Conference on

P 000 http://www.cqvip.com]

Management and Technology, 1997. 664 - 667.

(6] bk, %. EF VR - CAD MR RN k4 EAST =3 %
FEGETRIMAI]. TRES%¥IR, 2005, 26(2): 46 -
49.

[7] Y X Wan, et al.. HT ~7U Superconducting Tokamak: Physics
design, engineering progress and schedule[C]. 19th TAEA
Fusion Energy Conference, 2002. 14 - 19.

[8] Y Wu, et al.. Conceptual design of the fusion - driven
subcritical system FDS ~I[J]. Fusion Engineering and Design,
2006, 81(8 - 14) : 1305 - 1311.

[9] Wu Songtao, et al.. The Procedure for Assembling the EAST
Tokamak([J]. Plasma Science & Technology, 2005, 7(4):
2893 - 2896.

(&)
ZHETE(1982.04 ), BB (K , BMA, WL,
FEEBIIT I R
NURFR(1967.10 =), B G , \HL A, L4,
BBt R, BB R E.
REM(964.10 ~) , B (WK) , BHA, L, 8%
KR HLAERN, FEMA T @ EEREREMRIR,

(EREZF 182 ;)

AR R, o LR 2 H iR Ao R B L M SR o) 2 4%
BB T REREN IFMEEN, ETUEF S E R
Pareto Hi#. SLWAR KW, ML FHEREL HizthLHE
B AR BRI Pareto BALMRE SIS, HSGERE
HE R, B E BB, e S iR e & HAR AL R

BE M-

[1] H Mihlenbein and G Paa. From recombination of genes to the
estimation of distributions 1. Binary parameters[ C]. Parallel
Problem Solving from Nature - PPSN IV, 1996.178 - 187.

[2] M Pelikan, D E Goldberg and F Lobo. A survey of optimization
by building and using probabilistic models[ R]. IIlIGAL Tech.
Rep. 99018. , 1999.

[3] M Pelikan, D E Goldberg and E Canti ~ Paz. BOA: The
Bayesian optimization algorithmp[C]. Proc. Genetic and
Evolutionary Computation Conf. (GECCO -99), 1999, 1.525
- 532.

[4] P Larra aga, R Etxeberria, ] A Lozano and J M Pe a.
Optimization by Learning and Simulation of Bayesian and
Gaussian Networks[ R]. Dept. Comput. Sci. Artific. Intell. ,
Univ. Basque Country, Tech. Rep. EHUKZAA - IK - 4/99,

1999.
[5] C M Fonseca, P ] Fleming. Genetic algorithms for
multiobjective  optimization:formulation,  discussion  and

generation[ C]. Proceedings of the 5th International Conference

— 234 —

on Genetic Algorithms, 1993 416 - 423.

[6] ] Horn, N Nafpliotis. Multiobjective optimivzation using the
niched Pareto genetic algorithm[ R]. USA:. IILGAL Report
93005, 1993.

[7] N Srinivas, K Deb.

nondominaed sorting in genetic algorithms[J]. Evolutionary

Computation, 1994 2 (3):221 - 248.
[8] E Zitzler, K Deb and L Thiele. Comparison of multiobjective

Multiobjective  optimization using

evolutionary algorithms: Empirical results[J]. Evolutionary
Computation, 2000,8 (2):173 - 195.

[9] Pareto V Cours D Economie Politique[ M]. F Rouge, Lausanne,
1896, 1 and II.

[10] O Duda, E Hart and G Stork. Pattern Classification(Second
Edition) [ M]. USA:John Wiley & Sons, Inc, 2001 :450 —452.

[{E&E®MT]

SN (1974.2 =), B (W), SREMA, B+
BrITAE , EEBFIT  WALRINS B AE (S A AR,
M (1977.11 =), BOER) , WIERBA, R L
VT o, E I IR S R B,

a FO(1970.2 o), B UK RRAEA, BIK
£, FEHGH RIS S A,
FESES(1938.3 ), B (IUK) FREEM A, 202, S, TEF5H
ARG B AL,


http://www.cqvip.com

