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NUMERALIZATION MODELING ON METRO CAR GANGWAY

Su LIU, Xuling CHEN
Nanjing University of Aeronautics and Astronautics, Jiangsu Province, China

ABSTRACT: Today, the competition is so fierce in the market that the innovative ability for the
product becomes the linchpin upon which success or failure depends, therefore, corporations have
introduced many new techniques to enhance their innovative ability. With the computer and the
relevant technologies are applied to the fields of design, analysis and manufacture of products, the
demand for the information description of the product model is becoming ever more complicated.
This paper mainly proposed a numeralization modeling process of metro car gangway. First, all the
information should be taken into account, including design, process planning and manufacture
course in the course of design. Using Pro/E, we establish metro car gangway parts and assembly
parts, which comprise of both manufacture information and geometrical topological messages.
Second, the key modeling technologies are introduced, such as the project from top to bottom,
skeleton model, parts mapping, group control techniques. Third, by analyzing the characteristics on
export of Pro/E and Rhino and combining Rhino’s strongpoint on NURBS with 3Dmax’s
excellence on romance, this paper proposes a model conversion technique from Pro/E to 3Dmax
which can make 3Dmax identify the surfaces changed from Pro/E, by which, we can use 3Dmax to
romance the model with high quality and efficiency. Finally, this paper proposes the solutions in
model change, which include surface lost, abnormal surface crack and so on. All these methods and
technologies have been used in practice, and the expected results have been obtained.

Keywords: baffle modeling Pro/E render
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T AL & M 48 1 AZ91 Be& 4 1 PERE BU

EHAe, X A, WLEF
(BSAEAMRKE HUb2¥BE L R 210016)

HE. AOEHAREMTROAZRAZNERGUEENHERBLIF & 28, AFF &
R —FEBFGLBFHROEE T R BARLEFPROAZLNEMEAES, AL AEFER
% E A B AAR e & AR ESITH —HHBET R EFREORRBENERN
BEESENZBARKET SR EGRHALLRAAMNK, BT REAEL B A7 DR ML DHE
ERAGEARAZNGFE. RBIER, ZF EESSRETRRN T BARIFHXR, EBRA S
2% R B TR

KR 404 BTN AZEML; AEHF®; eI

hESFES: TPIS3 M EFRIRES: A NERS: 1671 -7775(2006)05A - 0067 — 04

Prediction of mechanical properties of AZ91 magnesium alloys
based on genetic neural network

WANG Hu-jiao, LIU Su, YAO Zheng-jun

(College of Mechanical and Electronic Engineering , Nanjing University of Aeronautics and Astronautics, Nanjing, Jiangsu 210016, China)

Abstract: It has been shown that the radial basis function neural network with appropriate parameters is
a universal approximator for continuous functions. The genetic algorithm is efficient in seeking for a global
solution. A net was built with genetic algorithm and RBF neural network combined together, which was
used to predict properties of alloys. The optimum number of the neuron was confirmed when these neu-
rons had been found by using a simple bit string coding method. A reasonable fitness function was de-
signed to settle the contradiction between approximative capability of the neural network and using capa-
bility. According to the result of the prediction of the mechanical properties of AZ91, this method can be
considered as a potent assistant instrument to those non-linear systems.

Key words: magnesium alloys; prediction of properties; neural network; genetic algorithm; radial basis

function

BEMBBOTHZ L BEMERE SRS .  HAEZGUR, BB BT A PO 25 IR R MR A1 .
TEREMRRZEIN KR, & @RI AER T 42 a1 % iR £ (radial basis function , RBF) 4% A
AP AR ERENMA. BREHTHERS T  ARMUEEMNLRELNE, TIREEIRES 4
VAR HERRZEIN AR MARBR AR, 2450  KEAMEIEFEEFFEYR THEH BP W
IEBAEENBCH RS ENZENEREXR &Y AR 208 T REGEE RIS
TR KR E B MM 2 NERARGSaE DR S

W FS B HE: 2006 -06 - 18
EEWB: IHEESESKHT A (P0251 -061)
fEE BT : EWIB(1981 - ) , & LA THA, BEHFRAE (jo - whj@ tom. com) , 3 T N S5 HL B 2= B H 7 FABFAT.
X IR(1958 ), & TLHEMA , # 4% (meesuliu@ nuaa. edu. cn) , T ENEHEHLEE 2 KM .CAD/CAM i+ EHLEE B Tk
Wit BEE.
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BfEH B (genetic algorithm ,GA) £ L B AR
FBAE RIS A EEA , 4 28 Wtk fh it 72 oE B A AL
W5 BRI E R R FEL(E BT HIFEE & 1
B ERINERITE. BEREEAHE T R ER
PR U, X [R) R A FP A TRR M B4, BT LB
¥ BB FARERS A T RS T

YE&Z ¥k fEE 5| A RBF W4 F AR £ 51T
MBI EFRRBEEHETRMFOLRER
) B B e L A3, 8 e & B Y B A ek B
15 M 4 BE B A BT B R EGE L RE ), SOk SR T o B
BILE| & M 4 FHZ AL BE T 1 T B, &R O R EXT
AZ91 A& ¥R TINRE Fk 2 T I
R UER T HA B

1 BEEHENENE

1.1 MEEBIGIT

REHFFEEEHENFIEZERRREGLTTEN
HEMFELE. A THESSE AZ91 149 Al Ml Zn
HRESHEEEATE, I EZmEFH EHE
Al #1 Zn B9 R & /%1, % # Cu, Mn, Ni, Si, Fe, Sb,
Ag,Be,Re,Ce,Sc,Ca,Y,Sr B E 0 54/E i AT
B XA, & TR WA ZM, JH i
FREREETZMM T A REARAZE.

BT ) M8 5 Fgan i 1 B,

Bl WEMEERER

1.2 RBF MR

RBF M R—F =R MN%. E—EhiES
BT RM. SE_BEARERE, K E RBF, &
R—FRmER A X L SR E X FRER A IE R dE
SRk SRR, % R S B A S (R B e & R 25 [
AR AR . SE= BN R, X AR A E
PR RN, B & 2 25 18] )5 i R 25 (R AR e R 48
PR

RBF W45 i) B3 & J2 o 4 4 22 5T 9 AL (5
EHEETHNMNEAERBEWLENEE, 58—/

SHEBEME TR R E R MAR RES
—BEA EMBEMRE, FEREBHNREE
#£:7C, A8 4 RBF R&RiAEHS TR AR R &R
EEHI R

RBF % i /2 57 s %, #9329 RBF 4% 9 ek ik
St

M
f(X,) = Ewﬁgi +b = WG’] = 112""9’1

(1)
i‘ttpyw = [wnlywn_z""7wnMsb] 7G = [glng’""

”X_n’ﬂ_),xj S I 45 By RE

gn-1] .8 = CXP(— o

AERPEMARE, WAHRNZEHENE, g R

MER SRS, |1 -1 Hya%, @ % BRI
4% B4 pR B8 I P BE T RE BREICA.

E= 2(y,—f<x,->>2 @)

KF, v, FESRAREEX A ER S, /(X)) K
2% 149 SC Pl -

B (1), B MEFE O RASE.C B
mERL, o ARFAETE, WHEHERE,M N
BEEMETHA.

MR EE— R A ARSI EU
BB P BRI , B140, K-means REFERF
OE, X EEAREFOIEAMEREREHE
TLHI G (B B T 8E R T S BBUE, BT LA
X FEPrfi T 5 , ol BB FE R T S AR &AM
H. RGN ITEER T RS BNESER , AEA
REG RN M EERE R B B AL HORES. THESIAR

- RB® CREA SO REIE RIS Ak, RN

KRR PERE A B R ARAL B R ZS.

1.3 BEEEEMSIA
AL P R — P T A WA R A A SR A
BRBRMOO ER T, TR E T 53
B AR, SRR D ) R Y B R I B
MR —RE, #FFEEAR— A REE (T
) PSR EAHTEMT B A% o XA
ERIEHE, 2SR EE EREEBIRRE MR
LG AR AR R, R LA SR
R, BRI MR R S 3R 5 MR A, B i 55 BEA
R 5
[FIE 33k RBF 45 i) 0/ 5 50 5 40 0 B AR
BRAFEE. THARESE o HEWHARRE
TR (3) SARA T LSRR RERR
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WEEAE AT EARFEAREREIRER
. Fit, FEAREEEIREMBHRRER
AL B E B M ST, R A SR RS T
w3 AT LA [ Bt iR 3K 7 4 ] L.
distance_max
= e (3)
VM

K, distance_max /R A& 2 F 0 Z [8] B B KR
B.MAREREMEITTTEL
1.3.1 PR ehp

AR Y G 2 IO R 3 1 B SR A (R R A 5
—%. EELM G L, FEHRERAZSSEIE
HRiG, BE RO R B TR i d B AU E SR A — S
ik, WERRERN THEREEMET M REA
SoBEEY BREAMET BT, L
HEAUE #9182 B M LABR 2 , BT LU A B 9 5 07
EEA —EHME. ZRAEFASEERSTOE,
BHEAREAHED], R RS T, il 2 By
. oA, 17 RN R B M EEAER — L
B, 0" FRIBEAAR R LA

1 0 1 0

F2 Rkl

XHEREEMMAFEAZ P EIAREE
AL REPRSERBOT R, KR AREM
L9 B G AU B AR B B . B — RS RN —FF
FOMERTR, £ ZREZLERNEERFHML
LR, R 5 W SRS B0 o B AL L BT ..

FERSETS , gRAS R 17 B A R R T R
2,17 8o A0 L B BT X R AR A AR B B R R
DRE. XFmISTTER R A, FAE S A
AR BN FERKITEIL.

1.3.2 £ &85

FEIRAE R IE T8 A& R (Fitness ) 53X MEE &5k
EEREPENMEERMITE PREXEISEET
A B THREIRMBHILREE. —BEL T, RBF
PR F (2) FE I M 28 B9 B Am sR 4 B2 X R
REGETS M4 19 R OB I RERLSF. RAIK (4) 1B
H P R K, iX A BRAE R 1IE ) 25 ) eR BGE I RS BE , L
BEBRIEM R P ORETEHEE, XHERIET
PO 2% B T 14 BE.

f(t) =k xE (4 )

X,k REXETHRES W—12% 6 KX
RBF .0 BE B A9 {8, bk (RFEFOZ IR /N T
ZIEE B % % 5 % B Growing and Pruning
(GAP) BB Y. i T RREMNEREA L
XS, LR AREE.

& I BE H B S 0% R HES 7 12, HES O Bk AR
FEA B 35 7 FE (L A HEB L 177 A 2 AR 4 A3
BEAE R R/ R B MRS -

1.3.3 #4344

VPR PR A E i, RIERE R P Ay 1 R5R
AR = A B RO B AR 2, S AR R (A R E s
AREBENL 7 B A AR AT SR B e X B A o ) A
FIRRE S IRIRIE. BUE HEBRR ZE B/ R E RERR{R
& I BE B A A MR B B T — B

REEHREY RGN TR —EE
TS O XA R B P AR E TR
AEFTAME. ST I RG, RASBXXE T

BEE RN AR st B PR
W, ERRUB/MIBEEX Mg S & R R
BN EHITHE. XPRAYGES, EINEE
HIZHEM, R R EE ZER.

1.3.4 HE#EHSHK

TXEERETREFENLRAEREN, R
TEEIGE TRIEREENRMERESN, SCPRA
T BEMNEEREH XA EMEREE, e
TR 43 Fr R AR 22 BN [B] Y B B, W i o B o
X, HER, RENGBRFH LN, B

2 RESZHE

2.1 HiEwmALE
WAL T AN TR AT S, S L
#1,%2.
£1 ALEBIZHBE
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F2 WMIFEREBE
I Fe & E 1% BE ST
i 1 2 3

JRIGEIE K IR T Matweb I3 F1 SCHA [6 ~ 9]
F. HTEBFGOARR , B8 P U RTFEF A
X R MR 2 2% B YN SR G5 2R, BT LA 22 S X 408 i
TTHALEE , 5k T AEE. LT PR & 5L B 538 I X
F%dE : O m A FHET LM, B2 M %84
EHARF; @ RA R—1EmEFRERR BN
A% (AR ).

R T A PR VI RRUCR E A, 75 B X 500
TIH— A 3. FEAR(S) MEIRHITIH— L ab 2.
R A — 1B X 8] (0,1) Z [H].

Xi —Xmin
X, —-X

X = ' {5 )

AP LRRNA— LRI EAZRE, X, R5
JH— /5 M BER, X T X 2 HIFRRE— W
BT H AR ERR/MEFRKE. 15K 5HE R T
BEE&gH— a4t E.

2.2 FE&ER

i/l MATLAB #2 M4 T A FBRAE R T
BAAENTT R TR EAE+# 60 A5 A5
R4, R T8 S AERERREK MBI HERE. &
GRS ZR AN 3 BT,

0.8
-~ B AEE R BE{EO. 050 246
= 0.6
& 0,43
ﬁ 0.21%
0 r . e e e
40 80 120 160 200
BARE
1.5 SFH{80. 798 05 .
S~ % ....o’ : "
B O WO A
% 0.51%, .« .. o' e
o= SN, TR S S
0 10 80 120 160 200
HEAAREL

B3 RIEEEIREMAER RS

2 5 G RO A H L SE 7 TR 222 0. 004 7, 7]
B, EXHE E 4 iR N 3.47% ,0.058 6% ,0.023 1%,
0.027 6% ,0.031 9% AR HE R 6.780 9 MPa.

BARRY , ZF T EMER LML T T IR
FOR. AR T SR M B IR 1 & R 45 B 8K
BB, BIBOR I BOAF

3 5 ®

(1) P AZ91 & &R RMA MMM T T Z A%
AR, DR RE N S T s M E W
% AN —HoREEHT T I KBS RERH,
A R B SR BEAR , BRI R RE R O HR A,
HEEL£BITHA N TA.

(2) R FA 3tk 4w 8 19 07 XA P REAN AR 2 O Bk
A, BBE 6 M ENMRE, FELET LR ER
ARESER, T—H RN E R RBHEXFSARL.
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S 440 R (4 B B B R R 7E CACD o 4 5 A

KA, X A, xWE
(BFRAMAEME RS HLok 8%, 197 AT 210016)

BE. MR R EIX T AZHBALT, HEr e B R A b EHBEARK LA R+ EHEs
A% (CACD) P, £t —FFD Hsk ks b R T AT @@ A EREELEE , ¥am44
A EIRTt-FFD B AR BFAREHBRAANEEMRBEF ENAL, EEHBEZNELE, X
BB ik BAEFETFL CACD A4 TRERA F —AF @i e it T L, RGET2E, 4K
HEHKE.

K8 T U B A% 3t ; Loop 494 & ;Catmull — Clark a5 & ; ) b £ H '
RESHES: TP391 X ERFRIZES: A XEHRS: 1671 -7775(2006)05A - 0001 - 04

Application of FFD based on subdivision surfaces in CACD system

ZHANG Shan-shan, LIU Su, LIU Si-yan
( College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing, Jiangsu 210016, China)

Abstract: In the process of product design, the conceptual design phase is decisive. A real-time interac-
tive tool is developed. Catmull — Clark subdivision surfaces and free-form deformation are used in Com-
puter Aided Conceptual Design (CACD). On the basis of t - FFD, an approach for free-form deformation
based on subdivision surfaces is proposed, which may overcome the t — FFD's shortage that uses the
blending method for smooth deformation. Finally, the real-time interactive and smoothly deformed shapes
are achieved.

Key words: computer aided conceptual design; Loop subdivision surfaces; Catmull — Clark subdivision

surfaces; free-form deformation( FFD)

BRI ERA T T R PR e
A ST ETE R IR R B R E B = A
H/ 75% LA L, T BAER G Mt B BB 2
EHFHESRITWRZMERGRE, EREF
CAD 4 EEE MM KT, L= X BEERITHI X
¥ OEFEREAALFEI T EVH B SR
(CACD) #4785 , (B ERIR B W K BB &R PR
Ty v U 7 vk (A . B2 F Loop 4fi 43 #01 Catmull —
Clark 4043 E & B 7 1, EE Rl - AR T2
BTG, it T — 1= MBSt R R R
g, RGENTEEWE 1 R, HWETRA

& EH: 2006 -06 - 10

LT AR — MR E TERIFHFRE T, RIFH
J BB ZR Z %ot PR AT SR — i, BV AR A
HITLATTEAR.

1 HWHT7E

HATH CAD R4t =2 KA NURBS ffj @&z
. NURBS Hfi i & A T AR B RS i v A
X HEE T BB T R 8 AR 77 (8. 48 43 il 1o
R NURBS g i 9 #r — X il 1 v & 8%,
ERAAEERIMEN R A, BB AR 4K

EE RS WII(1982 - ), %0, LARFM A, B+ HF55 2 (shanshan_zh@ 126, com) , £ 3 M BEH B HLET 2 O BT 55
X R(1958 - ) K ILHE A, 58 (meesuliu@ nuaa. edu. cn) , T I H A HLE L 2 B iz 7 . CAD/CAM 33 LA B Tk

B H .
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BE B FAS J7 AT R S R g

XEMA—RIIR

1 FRINESERTREERERITER

Catmull - Clark 4043 gh T ( LI 2) B JRIE 4043
AW BEARER, AMUFTAR T NURBS f /&85,
M HEgeF % i NURBS g m# TR HER, 5HA
#9 CAD #kiFasea".

(e)C-C 4h4y

(a) F%6 FIH% (b) Loop 4H 5>

(HC-CaMmmK

(e) Loop #1453 FIR
B2 485 ihE

(d) WgaTE A

YERBFF B K H AR Z —, Catmull - Clark 404}
TR RIS R GET= A MR IR P A UG BEAT 40 4) , &
BERRIMIEZRTEAR, FEHE S| AE I M #
PrIR Z 2R JLATHFAIE .

Loop 4143 77 % B F = [ #A £ 4% ( three-directio-
nal box spline) , ZE AL 4% b BEG 4 A C* %4

B (4N 2).

% F Loop 4043 B BT , XA BT 89 B e 32
R HIEHIESRHAT A, LAE 47 i AR N AT
= (6, LHER IR REH AT , XBEETE T ik
BB RRFE , L3 T AR AFIE , A PR T
— MR B A T B R i Yy (A AR A,

2 ETHSHEMNEBHERERE

2.1 BEHZEEEANEZRE ,

o 7 B UMD R 48R = AT 4K, 4k A
A5J% (free-form deformation, FFD) ¥ %I 77 3= °) 2 iy
ZJG R E R 2 E TR T XX Fh s &L 7 i R B
Y. EFFD (extend FFD) 753 #1547 44 B 45 I HE 22
BT 78 ( feg111ar parallelepiped ) %}, 34 7] LA
R B EEMER, AT T FFD £
AMFEAEE. ETEERIMNISEE R = HI R
AR ITET R EHE N E WA RE.

t-FFD SR T B RE—MET=AF MEHE
AR 77 ¥k 8945 ) M 4% B 3638 4k (non-dege-
nerated) BB = AL HM . AP Ed4E%EH MN
WREENZEEH. .

AIFABIEHEMZETEZ (8] t - FFD J5 355k A #R T
PR AN AL A B 2 B EOEE I A EE NS
824 HHYIERA. T B A t - FFD 7 Xt ik T
HEER , BETEHFEYE LNE—EES
—NEFH=ZAERBLIRRFHSHERE W, B
&) 7S B FFEHHE K.

2.2 ALoHESEHTEEERNBRE

£ FFD J5 1 09 8 78 T Il 3648 — N 608
HIARTE S E . EETEt - FFD BEMER F RBT
ETHMENEATEEE, EFRANEELEE
LART, FefEan T E -

B FIIRE R M. B LLREEHRTM, B4Hm
& HETIE PAE.

S:%F B £ Loop 4li53 /5 B =F 4.

S:.:S ER—1=R.

M : W1 IR P45

B',B'.S,' . M' : 53| RZEF¥ G B,S,S; M.

Pi>pi AT RIRAEBIEFI S RIS , ¥ 56 P 1k ™
M _ER—T .

9:,9;" R RAEBEEH MAEBTE , p; XM 8B
ERALAR R AR 5.

E = {q¢;U,V, W} : M EHE—ITA p,

R SRR
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Abstract

This paper deals with advanced parametric design
approach which realized in the process of modelling and
assembly of body skeleton of passenger cars. A parameterized
model for the body skeleton is created through a
programming language in terms of the common structural
features of passenger cars, which can be automatically
regenerated into another desired model as the crucial
parameters have been modified. There are some significant
distinctions between conventional 3D solid modelling — a
concrete graphical editing activity, and parameterized
programmed modelling — an abstract algorithm-construction
activity. Constrains, limits and relations of the dimensions
have been applied to the model so as to make it a digital and
intelligent one in which the CAD technology has been exerted
sufficiently as well. Some principles of the features and
constraints based on parametric design are also presented.
The realization of this parameterized model lays a foundation
for the sequential processes of FEM analysis, sensitivity
analysis, structural optimization and the product information
management, and consequently, it will improve efficiency and
reliability for the body structural design and will promote
serial production of passenger cars.

1 Introduction

Parametric design is a modern approach widely used in
the CAD industry and has become the mainstream of
mechanical design [1,2], for it conform well to the modern
conception design and the combinative design. While
sketching, the designer does not need to care about exact
dimensions and may freely apply the constraints afterwards.
The renovation of the same series products can be easily
realized through modifying the prototype [3].

The realization of rapid modeling and dimension
modifying of different design schemes, however, is still a
problem [4]. An example is parametric design of the body
skeleton. Body is an important assembly of a passenger car,
which bears various complex loads during driving. The
design of the body is always the key point and needs a long

development cycle in the traditional designing process of a
new car [5].

In this paper, a constructive approach of parametric
design based on features and constraints of the body skeleton
of the medium-size passenger car are presented, and a
parametric model is accomplished.

In particular, the paper makes the following technical
contributions:

a) The rationale of the parametric design of the body

skeleton of the medium-sized passenger car is presented;

b)  The approach of parameters testing is proposed;

c) The experience and attention proceeding in the

process of the parameterized modeling is presented.

Rest of this paper is structured as follows. Section 2
introduces the theory of the feature-based parametric design.
In Section 3, the process and the approach of parametric
design of the body skeleton are presented. Section 4 describes
the parameters testing and validation of the parametric model.
Section 5 presents some matters needing attention
summarized in the process of the parametric modelling.
Section 6 provides conclusions.

2 Theory of feature-based parametric design

The description of the features is the crux of the feature-
based modelling. Feature description includes the
representation of the geometric shape, interrelated process
mechanism, and high-level semantic information of the
feature. The feature of shape is mainly discussed at present.

The process of features shaping can be viewed as
constraint solving process, and designing is the detection of
valid constraints to structure model and constraint solving
essentially.

Constraints can be subdivided into basic constraints,
dimension constraints, geometric constraints and topological
constraints, which relatively constrain the structure of the
parts and components, the interrelations of the geometric
elements, the structure dimensions and one entity’s position to
the other [6,7].

In the process of parametric design of the body skeleton,
those parameters which describe the structure features of the
whole bus body should be chosen as the main parameters
such as vehicle length, vehicle width, and vehicle height and
so on to drive other parameters. The rationale of parametric
design is shown in Fig. 1. Once given new values, the main
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parameters will drive the feature parameters of shape and
position of all parts and components assembling body
skeleton through basic constraints. Then the feature
parameters of shape and position will drive all the dimension
parameters through dimension constraints. Afterwards, the
geometric benchmark elements and the surface profile
elements of the parts are driven by dimension parameters
through the geometric and topological constraints, and
regenerate the original part into the new desired one. These
new parts will regenerate the original components into new
ones through the relations and constraints bottom-to-top and
restructure the product eventually.

] [ Product ]
Main Parameters | (Parametric Model of
‘ S ‘ Body Skeleton) J
e Sn e SO
Cmt?ttil:ms) [ Do - L{‘eﬁlem‘e
——— r—— J Components
| Feature Parameters (Side Frame, Rear
of Shape and Position | Frame, Under Frame,
R S ‘[ Roof Frame, etc.)
(Dimension Diive - -
Constraints) (Geometric & Regenerate
[ = e ——— L .

Constraints)

Topological Ji SO A—

J Dimension Parameters } ~— —
Drive &Regenerate [

|
e ———

Fig.1 Rationale

3 Parametric design of the body skeleton

3.1 Research basis

This parametric model is restructured on the basis of
existing bus patterns, which are the Pattern NJ6746SKF and
Pattern NJ6826TMF of the “Travel in Venice” series of
Nanjing Automobile Group Corporation. After modelling the
prototype of the body skeleton, the relations and constraints
are applied to the model to restructure it into the parametric
one. Furthermore, the model data of the two vehicle patterns
have stored in the database of the parametric model, which
can be utilized anytime.

The vehicles of this series are all with front engine and
single door. There are 4 seats per traverse row in spite of the
last traverse row with 5 seats. In addition, the front wheel is
before the door in the direction of vehicle length for a nice
appearance.

3.2 Parametric modelling of the body

Parametric modeling is the basic and vital technology of
realization of parametric design [8].

In terms of the parametric design rationale above, a
parametric model of body skeleton will be created by the
secondary development tool — Pro/Program of Pro/Engineer
system.

In Pro/Engineer system, a program will be created
automatically which records the modelling process. The
designer can modify the program according to the

requirement. Once the program is running, the system can
control the system parameter values, whether a feature appear
or not and the features’ dimension in the manner of human-
computer interaction. Consequently, the efficiency will be
improved drastically [9].

Considering the complicated structure of the body
skeleton and the existing patterns treated as prototypes, the
bottom-to-top assembly and design are adopted. The whole
body skeleton is divided into several components such as the
side frames, rear frame, roof frame, under frame, etc., which
are built first. If these components consist of several sub-
components, the sub-components should be built first of all.

In addition, given that there are many curve elements in
the front frame geometric entity which embodies less main
parameters than other components, the parts and the relative
parametric relations of it will be applied when the whole body
skeleton is assembled.
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' Fig. 2 An example of model modifying
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The adoption of the bottom-to-top approach here is
beneficial for the detecting and correcting negligence and
mistakes in time.

An example is shown in Fig. 2. If the value of the
parameter BP needs to be changed from 350mm to 500mm,
Fig. 2 has shown the process of parameter selection and value
input. And a part named HENG3 which is indirectly driven by
BP and its relations are presented. As a part of the component
Niujia3 which is sub-component of under frame, HENG3’s
change will influence and drive the components it belongs to.
The ultimate result is also shown that the aisle is widened as
desired with all the parts’ position relatively unchanged.

3.3 Program scheme

A set of parameters input scheme for driving model to
regenerate is proposed. The flow chart of the scheme is
shown in Fig. 3. Once clicking the button “regenerate”, the
program will be launched. The designer can choose whether
to input new values of the main parameters or not. If yes,
every main parameter with a blank pane will appear. The
designer can make a “ v ” in the blank pane before the
parameter to modify. While if the “current values” is chosen,
the system will output the original model. In the former case,
the system will inquire the designer whether to adopt the
existing pattern scheme or not. If adopt, the passenger number
should be inputted. Then the model will regenerate into the
Pattern NJ6746SKF or Pattern NJ6826TMF according to the
number inputted. By contrast, if the designer desires to create
a brand-new pattern, he can choose “NO” and input the new
values in the blank after the parameters need to modify and

witha “ V7.

Start
\
,
7Y Input New l‘l
Values?
|
v
— Existing Pattern?
| |
Y o = -
y = . 8
Choose The Input The
Parameters to Passenger
Define Number
‘ v
N v
23~26? Current Values
|
| , ! |
oy Y N
Input The o
Values 27302
v
J v v
Outut Output 1
Output The NJ6746SKF NJ6826TMF Output The
New Model Pattern Pattern Original

Fig.3 Parameters input flow chart

If the new model is unsatisfactory, the designer can
remodify the relative parameter with the faulty features to
restructure the model. For example, if the side windows look
too dense, the designer can only choose the parameter NW
and change its value as desired. Moreover, to complete a
perfect design, some detailed parts can also be removed or
added.

Apparently, design and modification through this
parametric model are much more efficient than the traditional
method.

3.4 Main parameters and the range

The main parameters are extracted in the process of the
bottom-to-top parametric modeling, which are provided the
designer to input their values to drive the model regeneration.
Twenty-four main parameters are fixed in terms of the
structural features of the bus body, internal arrangement
features and other relative features [10]. The prompt
conversations are as shown in Fig. 4(a).

Some combinations of parameter values may not be
possible to fit the constraints of the system or to regenerate
the geometric model. In general, the user does not know
exactly which values are allowed and which are not [11,12].
So the parameter ranges are provided in the input statement,
which are made reference to the practical design conditions
and requirements of the “Travel in Venice” series, vehicle
design handbooks and criterions, and some results range of
constraints solving as well.

In addition, there are some parameters representing the
head structural features of the whole body, which are
formulated by the main parameters on the basis of the
dimension chains or other constraints. They are called
subordinate parameters. Take the rear overhang (ID: DHX) for
example. As the “Travel in Venice” series vehicle has a front
engine and fixed chassis, the parameters ranges of front
overhang (ID: DQX), wheelbase (ID: DZ) and the vehicle
length (ID: L) are determinate. Therefore, the rear overhang is
formulated by front overhang, wheelbase and the vehicle
length as “DHX= L- DOX- DZ”. However, in the low level
parameter relations, the rear overhang will drive the change of
other parameter values.

3.5 Data management of relations

Considering the complex structure and large amount of
parts and components, the data management of the numerous
parameter relations is significant to avoid redefining or
neglecting the relations. Here the single database function of
the Pro/Engineer system is mainly utilized.

First, the information of all the parameters defined by the
designer including the main parameters and the subordinate
parameters can be browsed by the tool “Parameters”. ID,
value, explanation and other properties are list in its table.
Then, the material list and all the parameters and relations can
be browsed by the tool “Information”. Furthermore, all the
modifiable relations are recorded in the tool “Relations”. The
numerous relations are classified in term of the part and
component which they belong to. The commentary of *“/*part
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(or component) name’s parameters*/” is labeled above each
corresponding relation group for quick search.

4 Parameters testing and inspection of the
parametric model

The method of parametric design and development of the
parametric system are discussed frequently, while the research
on the parameters testing is barely concerned. The testing for
the feasibility and rationality of the selected parameters,
however, is necessary whether for a sound parametric system
or a reasonable parametric model.

4.1 Parameters testing

After modeling the body skeleton parametrically, the
twenty-four parameters should have a testing. Here the
designer may inspect the parameters one by one through just
changing one parameter’s value from minimum to maximum.
But given the combinations of parameter values, it may not be
possible to satisfy the system of constraints or to regenerate
the geometric model. For instance, if the wheelbase keeps a
large value while the vehicle length is given a small value, it
is probably to regenerate into an unreasonable model or fail to
regenerate.

Therefore, parameter testing should follow certain
principles and process. The process for parameters testing in
this paper is as follows:

Step 1 Inspect the model with the data of the existing
patterns. In this way, the parameter NR will be
checked first and every other parameter will have a
relatively logical value as well.

Test the parameters one by one in a small value
range based on the values gained in step 1 to check if
there are constraints or parameters undefined in the
model.

Divide the rest twenty-three parameters into three
groups in terms of the three directions of vehicle
length, width and height. Then inspect the
parameters in groups within their value ranges.
Simultaneously change all the parameter values
(according to the interaction) to inspect the model’s
regeneration.

Step 2

Step 3

Step 4

4.2  Inspection of the parametric model

If the four steps above are successfully finished, the
parametric model is accomplished.

A body skeleton model of customized parameter values
is shown in Fig. 4(b). After changing its main parameters’
values, a new model is regenerated successfully. Part of its
parameter table is shown in Fig. 4(c).

If the designer dissatisfied with some features, they can
change relative parameters to modify the model. The process
is shown as Fig. 2. Modifying model through this parametric
model is much more efficient than the traditional method.
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