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BE FHEBYEINMEANHERY . TAAALOBDEIALE, AR TR ARV AU ENI T ENT
ROHEM AIRET—HEL TRV b E BT NERFERT . T AREN LIFEH—E 47
FsFE, 5RVGHA I ABELL, FH AL FREM I T KA S — 25 LR+ 0 &1 LF47
FRae+R , 5 LXXERXL  FH-—XLRAE, B IAEHBENGLIX ANRFE 74a4hiE.

XA :.CAD/CAM; # Fim T 42 ; AR
FESHES . TP391 XRARIZE A

El

il

LHEENRINLMENNERER, ETERHL=
BEENBRTEHILAMBEMEE ABERRER
BHEE,.EE CAD/CAM FHEESE B BEB K.
EHENERRENART . FEH=RHARXR
HHEEEFSRERBHASERFLELR,
LERREFIBPENATH AT L
REIRAKF (A SEAARR RS A B TSR TR
B oh AL AY32 A, 38 W R A B R B9 B A K F
LHRBEMT NIRRT ESHERNLRE M TS
BHHSHENTYIRE . BHAE AHRERM
R A AT RO,

H20Z 60 FRRMEEHRRALEE R
TXGERUH#ATTRUFEANERHRANELRKE
TEARENEARELERAFCHABESERL
CAD/CAM &% . BAMBRESHMAT WL T E
FTEEERHEARL CAD/CAM F &, EFRLFA
HHER . BENETLAHBEMIBEEZRE R
POEFXRXERLER . BERAERLDAFANER
7B .

AT RE|EEERL#KFE, ITHRES S CAD/
CAM SR BN BRERE T ZHOZ M, /EE BT
HEEMIEMNA ACIS JLAF &, T BB ES#HT
# —M CAD/CAM RG M F & . ACIS & Spatial
Technology AR K™= &, X B-rep R T EE
XLk, FEEFRLBREBP RET—HET
THEMH=MPEEN T IR EREE . ZE
EEE“EBA 2000 CAD/CAM” & 4t R 3L B3 I A
BISLBREF,

1 EFEXGERORENIEE®
iR

1.1 BxilflE

XRIBEE—FHETFAINSE B ETH
B HEABER - REAXNIEERFE.BE
BEBOLERNNZEIFTE, RSHBE/ T
FREHEMIEZEMNEENLRERERAN T
RBZERNER. —BREUT=FFHR.
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I FRBLSETFMIEBEAR, 5FMNT
i I AE 3 , 10 K BB 4> S Ak .

WAL T EMEL T EETETSE, MELLE
ENEEE B ANENE LT EMBELY
E ERWEMTHEERNIE., e, B T IEHE
AHAEYBRNER, BB LT ETUETIER—
MmITgEx, SAAHARENB L TEENRA
BHF BIATAERTAE, BB EESET
NXBMBFENLEARERRE, IRENEERHE
FTHEEERABRAXRER , ERETFTHMERR
4.

1.2 NEEFEZE

XBIAAZHEN TR FTERETFHAL
EFHR,FAMALELSSFRRE DN, MBIRE
TREEEE, KEABEREW Brep THREREFE
HAHPBER, =T HLEAERMERENZ
ERART, EIFEHERAERTTANE. &
BRENT:

(1)¥ B-rep THRBR P FHFMN T i @RI
zoy FH E(BRRIVAMEFITF 8, REBE
EEMNEXGEEKFTE), REAFSLAENMNE
KN BBEERNAFB T mF,FaXm AKF
ZNSE

QOB RKFEHPIEAE, THFH—
MAEFT T HMNVEL,. 5E—KFEMItER
2 REFAXERPRRY z LIREERIZTAH
EEERKREXMTSNEEE, FETS
RE R E EEEN R/ RSN EEE;

QOHEIHBEEBRATSN z LIFEXFANAH
MO SNEEEN . BSUMNNBRHOEEMER. ¥
FrENMEEEEFRE~fTm P ZHHAHF;

WEE—%¥FHL. REMAEREEN _4
A, & MR BE. ‘

W % T B VA 1B B AR A R BE LAY, B R il T
MEXREARBEAENEEXBEAMKRKEE
HEA—BRASHEERARE BEXFIHNBEARE
X, EMMAESEEELREANZARRKMYR
il .

2 EHERBME

M EREEFENRRZLA EERHRA
Z-buffer ML ERLFRRB ML T H ML, R

GERE . ®RIIMAEN BT, HLERERY
MIFREH R zoy FHE LK = [ HEEH, TH
BT REEAHEESFIAN S, M S, BFETTF zoz
M yor FEMFEBEEBR » 17 m 5 H#E A,
B-REEA{zGO,y(),zG,NIERRHF

z(1,j) = f(z(@),y(5))

{z(i) =z, + %S,

YD) =3+ j*S,
: FEMEEMES oy FEAM R (2, FE——X
A BERBRR, 20, D= (@, y(GBHAE
TENMTEFHMERBEEEWTLURA ZEHA
MR, R L]0 IR R =, & X fif Z-buffer
KA,

3 Z-buffer B &K

LBHRUEHERH —ERAMAROAS.
EXTHETIRANENERIES, ZHEHEERM
IXREEHEBR—RI=AFL A=A ZEM
REAEMIRE BE=AR+*H5AHREHEY,
3318977 e 55 Br b R 480 T 2% 1 A5 #Oak WA 7 M
B, AXRAMTLERANE 1R

B1 Z-buffer HBIMERTER

(DREFMTEEERTE zoy FEREHNE K
AEE; '

OOz FMELEEREFITFE, MHEL
FOVFEZEINER S AAFPSAMMIFTE,
EFTFEANERM I FELARARR,B—F%
FIRL,ICH z MK

By FTMEGSEEAEFITFE, BHES
FHAFEZEINER S, A AFPRARMIEK,
EFHTFELHNE z AXLKRRX, EX—FES
FA—ZXERANEZFE MU EHZR, MR z EHZK
MR BRXAFHERAF;

B F“8 A 2000 CAD/CAM” % % & # ACIS
JLAIF & 2R FFEM,ACIS 4t T B E /LM
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R EH WA R EIE T ER/.
4 TIRPTFRIFTE

HTRRFE.ZXLUBEATAF,TTR¥E
HNR,TDEBAEXEBER r, IR Z-buffer KB =4
DR TFEMUTFHEENIRBFRZE R,
®’ PGn,n)={z(m),y(n),z(m,n)}H Z-buffer &
B —S, MNEKESREFETHRNTIARE = &
)

2z’ =max{z(,j) + (h,j,m,n:R)}|
(i,7) € I(m,n:R) (@))
H$
IGn,n:R) = {(i,))|(Az}, + By}) < R?)
h(i,j,m,n:R) =
g R=r

7
P, {«/rz—(q—R-Fr)z

g = NV Azi, + Ay,

Az, = x(m) — z(2)

R—r<q<R

Ayjn = y() — y(7)
KDMEEHTENABREBEAXZ TN IIMARE
z ¥R Ay jamyn) BAR IR PG, DB TR L
AMEEAE., EEFENIILR.ERTR
B,

h(i, jmn:R) - <
P(i»j) r
t P(m,n)

A2 JNATREHR

5 #miELHY

YE& A Z-buffer RBERBBEMN I FHER,
FERNMNHTESTEEBREAERE. AXHNE
EEE“BA 2000 CAD/CAM "Z4 L., B 3
AEBREFEFH—TBREZTHER . B4 ARAE
HEFEMITIMCHE, B AMIER.

B3 BEER

4 MIH

s mILR

6 & it

FXREMEZEEERAMEMRXKRE
CAD/CAM I BB EF LF RH“E A CAD/
CAM"REF XM, KELEREH, ETLEED
MEEENTETEEE MITRETEYLE
FHERENEESENTIHEBR TRAHRR, T
BEERAEBELAABRERBNERIE, FET
AEERE RAREFHNIBLAE. NZEAKN
B FAREENERAT—MEBEER MRES5 =7
ERENEERENFTHFODE T ERRBER
FHE—FHR.
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New Tool Path Generation Algorithm for
Three-Axis NC Machining Based on Solid Model

Zhuang Haijun Zhou Rurong An Luling Zhou Laishui

College of Mechanical and Electrical Engineering,
Nanjing University of Aeronautics & Astronautics Nanjing 210016,P. R. China

Abstract Solid models possess a complete topological relation of surfaces. An algorithm is used to
study tool path generation based on solid models. A NC machining algorithm for generation of tool path
based on solid model is presented. Firstly a group of planes parallel to cutter axis are made in terms of
row space. A series of intersecting curves are obtained by intersection of the planes with the model to be
machined. Then a set of planes perpendicular to the above planes and parallel to cutter axis is built ac-
cording to machining step length. Using intersection with the above intersecting curves, an intersecting
point mesh is generated. These intersecting points are put into a array and the tool path is generated by

determining the positional relation of the cutter with these points.

Key words: CAD/CAM ;NC programming; solid model
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NURBS B £k 75 [ i3 J& B &l 1& R 5 PRI R A

EHFE BAER,E K. KW, BARK
(BEMESMEKE CAD/CAM TEHRPL.ER  210016)

FEig%E

i EXRSHEBERAMNEAALRASTL X B K AL CAD A A HE I HHED, 22 ,STL X#HL@BLA
— RN EZAABREEREHADORFANG STLXA4AASRAUEEIRYALEFS A, BREMBEGHE. R
LR ZAAGRT AN ZARORT AL ARERSTL I HARAKR EHELEHEARK, MAH LK.
BESLERERIT, 4T LRFME AXHSHT STLXHHFRR . E—FHCAD 2% 5 RPM A& #7693
BTk, EAENCAD AR THAZHE AR WA B A2 RHEMEAYCAD 245 R RAY
HERAAZEGHEI KB, Znh L ESAE“BA 2000 CAD/CAM” 2% F £, Kk A RAMBE,

X 8 A STENMBE R RP 4 ;STL X4

FES S . TP301 XRRPRIAE A

Application of NURBS in RPM Systems
ZHUANG Hai-jun,ZHOU Ru-rong,TANG Jie,ZHANG Li-yan,ZHOU Lai-shui
(CAD/CAM Engineering Research Center,Nanjing University of Aeronautics and Astronautics.Naijing 210016)

Abstract: STL file is used as the data interface between most of the RPM systems and CAD system. However, STL
file is created by drawing up part surface with a series of triangle patches, which may cause some problems. Al-
though increasing the number of triangle patches and decreasing the dimension can improve the precision, the STL
files is made too bigger and post process time much longer at the same time. This paper aims to.resolve these con-
strictions by presenting a data exchange method between CAD system and RPM system. The data of RPM system
is obtained directly from the slicing data of the model in CAD system. The algorithm has been implemented in the
”Superman 2000 CAD/CAM” software. Applications show that the algorithm is stable and efficient.

Key words: NURBS (Non-Uniform Rational B-Spline); Computer aided design; Rapid prototyping manufacturing

(RPM): STL (Stereolithography) file

Lo 3 W i) (R‘apid Prototyping Manufacturing) i R &
ETHA/HARENFEE AEREEHNFOHER
R EOEREHURBRERN—THOFEER. RER
BEAREEANA CAD Fid R %I EiHANEHT. &
HRRERR A =HELEER STL XN CAD Z%S
REFRBREZEANHELHREOCLBI ZEHNT.
EREAEREERT . A—RIN=AFEAXKME
mMEER. EREFRBRE P =A A #THNR  HAEL
BOOAAEEALNUEGS XEREFRENNERR
. ERFHEHMI.

B2.F STL X4 % CAD 45 RPM R4 2 [

WA B #2001 -06-27

EoWA  BXESAEREE @ k&l CAD/CAM Rk
HFRERESE”(96-A01-01-05) ML HE L EHRXH:
B it A LB 8 K m T KR %7 (G98017-3) F BY

EEEN EHEA70—). BV L. @ L HFRE

E-mail : hj-zhuang@zaobao. com

MBEXREOGLFE-EFRREZL. AP ECAD R4&
THENERERLARBRA—RIIZARRRIOER
AREMAR RPM REF. MN=AFNKBTUREE
BMBARE AR ERTHEXSH EXKT AR
fe@etE. ME.STL XHEASRACBRIBHFERS
RGN X ERBRARRLBHRAE EEFIERERY
ZR. B FEHRAREER S TH#E CAD RES
RPM REM BB L HBE O,

FXHHT STL X418 CAD RESRERE RS
ZENBMEXREONRBOAE. BE —F CAD R4
5 RPM REZEIFHMBRLRITE. ZFEXM CAD RE
FTRHRERBEEDR BUORFERBANREEEEES
CAD R SREFREHMEREZIENRE\EXHED . K]
FREEEZE“BA 2000 CAD/CAM"RZE+F LR, HERA
BE.
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1 STL X4 H)EBE

RERBFENDFIBME L AR AFPZECAD &
SZHRRITIFEEE IR=/Ak. %E STL X4 .FEAR
RPM %% .% RPM R4 . 81 =A K 5FTF XOY ¥
ENERTERZ.AEHRZ AHRHXLKBEEERER
BAZENER AEMNEEXEERT REBELELHETE
Hil.CAD RESREFRR AL Z AN HEZREOAER
ERBEATHSFENERNBAU. BRTBR¥RRWBEX
R R STL X{F# X (StereoLithography file), EEH
3D Systems /A I 7€ 1987 F B 42 M 9. %4 K E %, CAD
%% .10 UG- 1 .AutoCad % .#F STL X 4E Rk, L
FrE.STL XHELRAICAD ZRESRERRREZE
BEZBROA BRI, STL XHFRAME 2 fim.

=4

Bl RERBRSE IR

Solid
facet normal 0.000000 0.000000 =1.000000
outer loop
vertex 60. 838119 55.366519 13, 219109
vertex AR.A5T196 A45.1366519 13, 219109
vertex 60. 838149 52.9853497  13. 219109
endloop
endlacet

endsolid
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Abstract

A classification of tube hydroforming (THF) processes based on sensitivity to loading parameters has been suggested. The characteristics of
the classification have been analyzed in terms of failure mode, dominant loading parameters and their working windows. It is considered that
the so-called pressure dominant THF process is the most difficult process for both simulation in FEM analysis and practical operation in real
manufacturing situation. To effectively determine out the optimum loading path for pressure dominant THF process, adaptive FEM simulation

strategies are mostly needed.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Tube hydroforming (THF) is a relatively new technology
which has enjoyed increasingly widespread application in
industry. Due to the complicated nature of plastic deforma-
tion of THF, FEM analysis is used widely to simulate the
process in order to shorten the development time and reduce
prototyping cost [1]. Of all the parameters in both FEM
simulation and practical process control. the most important
ones are the so-called loading path parameters which
includes both the internal pressure and the axial feeding
{2.3]. The relationship of these parameters with time are
called the loading path. Compared with the stamping process
where the loading parameter is mainly the punch velocity or
displacement, THF processes are more difficult to simulate
and to control. In most cases, the loading path of THF
processes are determined on a trial-and-error basis and
hence the simulation can be quite time consuming. In order
to reduce the lead time for THF process planning, ideas of
adaptive simulation has been suggested [4,5]. It is expected
that by pre-setting some control parameters and selecting
some strategies to automatically adjust the loading para-
meters during the simulation, a relatively good loading path.
which will ensure a good part free of both wrinkles and
excessive thinning, could be found in a single simulation

Corresponding author. Tel.: +-86-25-4892508: fax: +86-25-4891501.
E-mail address: lingao@cnuninet.com (L. Gao).

run. Parts which can be formed by THF are numerous and
are quite different in shapes. On one hand, it is very difficult
to find a general procedure such as a universally applicable
wrinkle indicator, leaking indicator, and so on in adaptive
simulation, and on the other hand, due to quite different
sensitivity to the loading parameters, the need for adaptive
simulation and the strategies to effectively simulate the
specific process may vary greatly.

This paper is devoted to classify and briefly analyze THF
processes based on their sensitivity to the loading para-
meters, in a belief that this classification will enable FEM
simulation in general and adaptive simulation in particular to
be used effectively where it is mostly needed.

2. Idea of a THF processes classification based
on sensitivity to loading parameters

THF processes have been classified basically according to
geometries or failure modes of the parts [6,7]. The suggested
classification in this paper, however, is based on the process
sensitivity to loading parameters. Since these parameters
have a decisive role in the failure modes, i.e. fracture is
mainly related to excessive pressurization and wrinkling is
mainly related to excessive axial feeding, a classification
based on sensitivity to loading parameters will roughly tell,
among other things, the working windows or margins of
each loading parameter in which a good part can be made.

0924-0136/02/$ — see front matter ) 2002 Elsevier Science B.V. All rights reserved.
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Axial force may also be used as a loading parameter, but
in cases where wrinkles are likely to occur, the axial force is
not related monotonously to the feeding displacement. Once
a wrinkle sets in, the tube resistance to punch movement is
lost substantially, resulting a rapid movement of the punch at
a decreasing axial force [8]. In other words, for the same
known axial force, the exact amount of axial feeding may
not be known. The amount of axial feeding is considered
more closely related to the overall deformation and thus it is
considered an important loading parameter to be controlled.

Generally speaking, THF processes, according to their
sensitivity to axial feeding and internal pressurization, can
be divided into four groups: (1) pressure driven THF; (2)
pressure dominant THF; (3) feeding dominant THF and (4)
feeding driven THF. Examples with brief analysis will be given
to describe each group. This classification is a basic classifica-
tion, which means that there can be a certain part having
portions belonging to different categories of this classification.
However, if the basic characteristics of each category are
understood, we might be in a better position to handle both
the simulation and the practical THF process control.

3. Case A: pressure driven THF process

THF processes that do not need feeding (a small bulging
ratio) or can be fed very little (a part with too many bendings,
protrusions, etc. along the tube) fall into this category
(engine cradle may be one example). Then the two loading
parameters are reduced almost to one. Since there is no or
little feeding, there is basically little risk of wrinkling in this
group. However, the risk of leaking could be high, especially
in the case of zero feeding, due to relatively large axial
tensile stress trying to pull the tube away from the sealing
punch. This can also be seen clearly in THF simulations as a
self-feeding phenomenon. In the extreme case when the
punch does not move, the punch has to sustain a tensile axial
stress to keep the tube from self-feeding. The magnitude of

s:s | Flowrate:

11
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R ety
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(b) sealing by ironing

(a) Sealing by wedge expansion

Fig. 1. Sealing mechanism.

the stress is about half of the hoop stress and is at its maxi-
mum when the tube start to bulge (when there is no feeding,
the stress state in the elements starting to bulge is close to the
plane-strain state). The major problem to handle for this
group of THF processes is to maintain a good sealing. This
can be achieved by the application of an edge expansion
sealing mechanism (Fig. 1(a)) when there is no need for
feeding or by ironing sealing mechanism(Fig. 1(b)) when
small feeding is needed and possible [9].

For cold THF processes, metals have little strain-rate
sensitivity. Thus, in simulation of the THF process in this
group by using a dynamic FEM code, if the deformation rate
is reasonably low, as suggested in the user’s manual to avoid -
impact effects, the pressure versus time curve is very easy to
select. The underlying meaning is that the amount of defor-
mation is mainly related to the final pressure level. How the
pressure level is reached is of little significance (as long as
the material is not too strain-rate sensitive and the load is not
increased so quickly as to cause an impact effect). In other
words, if one does not apply sufficient pressure, one simply
does not reach the necessary amount of deformation. Then
the only failure mode for this group is fracture, which
depends mainly on material-related parameters such as tube
formability, tube thickness, tube diameter, friction condition,
pre-form shape, welding quality, etc., while relying little on
the loading path. To illustrate this, a simple symmetrical
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Fig. 2. Comparison of simulation results of flow rate effect.
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Fig. 3. Comparison of simulation results between fluid cell option and static pressure option.

bulging of a low carbon steel (1008) tube is simulated
(Figs. 2 and 3). The expansion ratio is relatively small
(25%) to allow an acceptable maximum thinning without
feeding. First a fluid cell option is used in simulation. Flow
rate starts from O and then linearly reaches a constant value
in 1 ms. (Note that in order to save cpu time, in PAMSTAMP
simulation, a time scale factor of about 1000 is commonly
used so that 1 ms is about 1 s in the real case. At the same
time, attention should be paid to make sure that tooling
speed does not exceed the limit suggested in the FEM code
manual.) The maximum pressure is set to be 200 MPa to
calibrate the corner. Fig. 2 shows that as long as the final
pressure is the same, the rate to reach that pressure has little
effect on the maximum thinning and the thinning range.
Fig. 3 shows that for the same THF part, if the output
pressure versus time curve is used, obtained from a fluid
cell option simulation as a input pressure versus time curve
in a static pressure option simulation, then the latter simula-
tion will be almost identical with the former simulation. This
is of great help in finding a pressure curve that ensures a
smooth deformation. What may be done is to set a limit
pressure for the process and select a constant flow rate for the
simulation. The resultant pressure versus time curve could
be the ideal loading path to control a smooth bulging for
making good THF parts of this group. The loading path is
relatively easy to determine for THF of this group, therefore.
there is no need to rely on adaptive simulation to find a
relatively good loading path. In case of having fracture, then
such things as modifying the tooling design, selecting a new
blank tube with better formability or optimizing the shape of
the preform have to be worked on.

4. Case B: pressure dominant THF process
Parts in this group have an expansion ratio larger than

those in the first group, so more axial feeding is essential for
the successtul bulging of the parts. Once large feeding is

involved, there will be a new risk of wrinkling or buckling.
On the other hand, due to the nature of a relatively large
expansion ratio, the deformation may exceed the pressure
instability point. Starting from this point, a drastic expansion
sets in without increase in the internal pressure, hence the
risk of fracture runs high [10]. What is more, the drastic
expansion may generate a rapid pulling movement at the:
tube end, resulting another problem: leaking. Although parts
in this group often look simple (most parts have a large
degree of symmetry and a relatively large expansion area),
they are in reality among the most difficult parts to be
formed successfully in both simulation and in reality, for
the aforementioned reasons. Fig. 4 shows typical failed parts
with a straight central line. Failures are shown as large
wrinkle (too much feeding relative to the pressurization)
or as excessive thinning (pressure too high relative to the
amount of axial feeding).

Of the two loading parameters, pressure is more important
than feeding for THF of parts in this group, because

(1) Most bulging deformation is achieved by pressuriza-
tion, while feeding may also help to form the part by

Wrinkling:
Too much
feeding relative
to pressure

Excessive thing
(>30%):

Too less feeding
relative to

pressure

Fig. 4. Two failure modes in a symmetrical bulged part.
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accumulating more material in the bulging area in the
form of removable wrinkles (wrinkles of proper magni-
tude in this group are often considered as beneficial to
the successfulness of the process as long as they can be
removed in the final calibration stage [11]).
(2) The drastic expansion (which may induce a leaking
problem) after the pressure instability point is a
important issue to handle.
High pressure often has to be applied to remove the
“eood” wrinkles created in the early stage of the
process and calibrate the part to its required dimension
and geometry.

®)
L

Another characteristic of this process is the so called self-
feeding phenomenon. In ERC/NSM of The Ohio State
University. static pressure is applied in the first trial simula-
tion only to the internal surface of the tube (this generally
cannot happen in reality except when applying a sliding
sealing punch which allows a relative movement of the tube
from the sealing punch). Further assuming zero friction. an
obvious self-feeding can be observed. The amount of self-
feeding could be the starting point of how much feeding is
needed. When large thinning is observed in the first trial self-
feeding simulation, additional feeding usually has to be
applied in the real simulation in order to accumulate enough
material in the bulging area to successfully form the part.

Another example of this group is the bulging of a prebent
tube with a curved central line. It is very easy to get
wrinkling. excessive thinning or both. The part material
(Fig. 5) is a stainless steel $s409. No matter how the feeding
distance is changed. excessive thinning is inevitable. Exces-
sive thinning in point A is due to relatively small feeding
while excessive thinning in the inner bending radius area
(point B in Fig. 5) is due to too large feeding. In fact. fracture
in area B is wrinkling induced. which means that once a
wrinkle starts to grow around point B, it would need an
extremely larger pressure to push the valley area of the
wrinkle outward to be flattened and this effort would only

nake the thickness in the va'ley area even greater wnd the

ckness in the peak area to be even less. The resul
{ < . i “‘ :‘ (% E\\‘,
rinkle will burst while the valley area is still not flaitened.
Cne wlternative method other than trying hard to finc

optimized loading curve from among a narrow woiking

Fig. 5. Failure modes in bulged puaits made form prebended tubes.

Bending radius increased

from 8Omm ta 96 3nun
Thinning decreased from
27.86% to 24.92%

Fig. 6. Prebending radius increased to reduce risk of thinning and wrinkle.

window is simply to change the bending radius within the
cavity boundary of the hydroforming die (Fig. 61. This
change will make the prebent tube less work hardened
and allow more feeding without wrinkling in the following
hydroforming process. thus bringing the thinning down from
27.87 to 24.92% in the case of ss304 material.

Since the THF process of this group has the most failure
modes (fracture, wrinkle. leaking), whilst the working mar-
gin of the loading parameters that one can play with are often
narrow, simulation of such a process will undoubtedly
involve a lot of trial-and-error. Therefore, this is the areu
where adaptive simulation 1s mostly needed. Only in the case
where a practical loading path to form a good part does not
exist, does one have to redesign the part or the preformed
tube. To better apply the adaptive simulation concept :n THF
processes simulation of this group, the following issues need
to be clarified.

4.1. The wrinkle indicaror

’

Wrinkles occurring in THF processes of this group
be allowed in a contralied manner. The basic critericn as |
whether a wrinkle is useful or not is judged by the
fuct as to whether 1t cen be finally smoothed out |
alibration pressure availnble. Thus the need for a «
wrinkle indicator is raiaXcd whiie a good timing whic,
be coupled with the wrirkle indicator to stop feeding
start calibration is needed to remove the wrinkles confined
by the preset wrinkle indicator.

4.2. Loading strategy

Time (as in the relationship of pressure versus time und
axial feeding versus time) in simulation is only an inter-
mediate variable which has little meaning if the mater ul

not very strain-rute sensitive and the tooling speed <electc
ested by the FEM <oftwure

iding path that determmes t!

is kept below the limit sugg
developer. The tundaniental loz
outcome of the process is the pressure versus axial reediny
curve. Hence, of the two loading parameters, one can be

fixed as linear or rectilinear and only the other changed t©



