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ABSTRACT

On the basis of the rigid viscoplastic FEM theories, a surface defect prediction for plastic
forming process by FEM numetical simulation has been deeply studied. Some technical treatments
and algorithms of defect prediction are proposed. Using this method, the processes of defect initia-
tion and development during CONFORM process are predicted successfully, and some critical tech-
nological parameters are obtained. Therefore, it is also an extension for application fields of rigid

viscoplastic FEM to predict forming defect.
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1 INTRODUCTION

It is an important subject in industry produc-
tion to build a quality analysis and protection sys-
tem. How to predict the initation and development
of defects is a keystone of the subject. Meanwhile,
it is also an important basis to avoid defect appear-
ance. There are interior and surface defects in plas-
tic forming problems. Many factors could initiate
these defects, for example, the interior structures
of materials, deforming ways, speed and tempera-
ture and structures of dies etc influence on the ap-
pearance of defects. In this paper, we study the
prediction method of surface defects initiated by un-
reasonable die structure and getting way of critical
structure parameter of dies. The rigid viscoplastic
FEM is an effective tool to deal with the large de-
formation problem, and it has been widely used in
simulating many plastic deformation technolo-
giest’=31. Metal forming process with die is a distin-
guishing process between the deforming body and
the boundary of die, which is also a nature of FEM
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numerical simulation techniques. Therefore, the

autodistinguishing techniques between deforming

body and boundary of die and the defect prediction

algorithms are proposed in this study. Using defect

prediction method, the defect initiation and develop-
ment during the CONFORM process have been sim-
ulated successfully, and the critical technological

parameters under which the defects could not ap-
pear have been presented. This work provides an

important theoretical basis for CAD/CAM of die &

mold and technology analysis. It is an extension of

application fields for rigid viscoplastic FEM to pre-
dict defects, and also a supplement for CONFORM

technology criterion.

2 BASIC THEORIES OF RIGID VIS-
COPLASTIC FEM

The rigid viscoplastic formulation has been ex-
tensively used for the analysis material response
during metal forming processes. The complete for-
mulation can be found!?!. The basic equations that
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have to be satisfied during a forming process are .
(1) Equilibrium equation ;

Tij, ;3 = 0 QD]
(2) Strain rate definition ;

é.j = 1/2(7)-‘,1 + 2.0 (2)
(3) Constitutive relation ;

o, = Z_Zéi; (3

£

(4) Incompressibility condition ;

ékk =0 (4
(5) Boundary conditions ;

o,;°n;=F, On the S;

v=u, On the S, (5)
where 0, &; and ©; are the stress, strain rate

and velocity , respectively. V is the volume of the
deforming body, and S;, S, are force surface and
velocity surface, respectively. The field equations
given above can be solved by a variational principle
expressed as;

op = J o de - dv—+—KJ,,é,,,,~6é,,.,,.-dv

—LF,-ov,-ds:O (6)
where K is a large positive constant to penalize
volume change. The variational functional can be
converted to non-linear algebraic equations by uti-
lizing the FEM discretization procedure. The solu-
tion of non-linear simultaneous equations can be ob-

tained by Newton-Raphson method.

3 SURFACE DEFECT PREDICTION
TECHNIQUES

It is the nature of metal forming process that
metals flow with the restriction of die so as to satis-
fy the physic and geometric demands of products.
Therefore, the nature of unsteady plastic forming
process is distinguishing process between deforming
body and boundary of die. The initiation and devel-
opment of surface defects accompany with this dis-

tinguishing process. In a way, it is an important ba-
sis for simulating unsteady plastic forming problems
to build an accurate distinguishing system. Mean-
while, it is also a keystone for defect prediction.

The distinguishing techniques contains; ( I ) math-
ematics description of die configuration; ( I ) con-
tact judgment of boundary nodes; ( I ) separating
judgment of contact node from die; (V) correc-
tion of contact node.

The computer description of die configuration
should satisfy ( I ) the restriction characteristics of
die on deforming body can be contained complete-
ly; (I ) the complicated mathematics expression
should be avoided; ( Il ) the generalization of de-
scription method should be considered. For 2-D
problem, the configuration of die boundary was de-

‘scribed by combination of line, arc and spline. The

small arc transition was adopted so as to deal with
the velocity singularity problem. The die configura-
tion information is shown in Table 1.

As shown in Fig. 1, the period ( /At ) when
the node i could touch on die can be determined by
a parametric equation ;

=z + (v —va) « AL

y=1 + (ny - vdy) . At (7)
y = F(z)
where (x;, y.) is coordinate of node i, its veloci-

die y = F(z)

die deforming body

[7) x

Fig. 1 Algorithm of contacting

Table 1 Information of die configuration
Type Speed of die Start point End point  Control point  Center of arc Radium of arc Direction
Line (Vgrs Vay) (x5 ¥1) (x25 ¥2)
Arc (Vs vgy) (x5 ¥1) (x25 ¥2) (%05 ¥0) R, clockwise®-
Spline (Vazs Voy) (x1y ¥1) (xz, ¥2) (x35 ¥3)
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ty is (v, wy); y=F(z) is a function of die bound- Vin =Vg*N;
ary and its velocity is (w45 04, ). Assuming the V=0, *Tia 40, T an

A\l is the time-increment of FEM analysis, the

contact judgment can be expressed as;

A\t << Aty, node ¢ could touch on die

A\t > /Aty, node i could not touch on die (8)

After node : is determined as contact node, follow-
ing restriction should be added to node :;

Vip=Tas*n (9

In this way, the node : could not enter the die
body.

If the node force component in the normal di-
rection of die surface is positive ;

Fin>0, ot 0 > 0 Q1))
the contact node : will separate from die and will be-
come free boundary node. In this case, the normal
force acting on the node 7 is a tension. After deter-
mining the separating nodes, the velocity restric-
tion (9) should be removed from these nodes.

After velocity restriction had been added to
contact node, it is ensured that the normal direc-
tion speed of contact node is the same as that of
die. However, the situations could appear as
shown in Fig.2, after updating coordinate of
node.
from die(as shown in Fig. 2(a)). In another case,

The node : could move to ¢ and separate

the node ¢ could move to ¢/ and enter to die (as
shown in Fig. 2(b)). At this time, the placement
of node : has to be corrected so as to describe the
forming process accurately.

The correction method is shown in Fig. 2. Be-
cause the time-increment /\¢,is very small, we can
obtain following relations ;

ii & u, soi "= i
Therefore, the i can be regarded as correct
placement of node : after updating coordinate. Af-

ter correcting the place of node 2 to ¥, the velocity
restriction should also be corrected respectively :

(a) (b)
die v 4
13 13

ek b

L AR . 3
i ll 3 l’

Fig. 2 Correction of contact nodes

Vin=—0;;* T2 ‘+—'Uz, *T
where T,;is the coordinate transform matrix.

4 DEFECT PREDICTION OF CONFORM
PROCESS

As can be seen in Fig. 3, the deformation
mechanism of CONFORM can be regarded as a
side-extrusion with a leak gap through which metal
could flow. In general side-extrusion forming pro-
cess, the surface defect would appear at the bottom
of die if W > H!, For CONFORM, W > H is al-
lowed because there is a leak gap /A\h. Therefore, it
is an important task in defect prediction to deter-
mine the critical values of W/H.

Based on the defect prediction techniques men-
tioned above, the initiation and development of sur-
face defect during CONFORM deformation process
has been simulated by rigid viscoplastic FEM. In or-
der to determine the critical technological parame-
ters, some special treatments should be considered
when analyzing surface defect. When node ¢ is de-
cided as separating node according to state of its
node force, the placement of node ¢ is on the bound-
ary of die. In this case, the following three special
treatments have to be considered in order to avoid
the node : entering in die;

(1) If v;=0, node i is defined as contact node;
(2) If ©;5%40 and node i moves in entering to die di-
rection, node : is defined as contact node;

(3) If ;540 and node : moves in separating from
die direction, node : is defined as separating node.

The initiation and development of surface de-
fect during CONFORM process are shown in

Fig. 3 CONFORM process
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Fig. 4. When W > H, metals flow easily through
the die hole( W ), and a cave forms at the bottom
of die because some nodes separated from the bot
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Fig. 4 Surface defect prediction

tom of die at this time which can be seen in Fig. 4
(a). In further deformation process, the cave be-
comes larger because more nodes separated from
the bottom of die as seen in Fig. 4(b). Finally, a
surface defect appears as shown in Fig. 4(c). As
we can see in Fig. 4, the density of FEM grids
should be increased in order to simulate the initia-
tion of surface defect accurately. Therefore, we
can say that the rigid viscoplastic FEM is an effec-
tive tool to predict defect during metal forming.

The critical technological parameters of the
CONFORM are obtained by numerical simulation
as shown in Table 2.

Table 2 Critical technological
parameters of CONFORM

Leak gap: Friction factor: Height; Critcal value.

Ak /mm m H /mm wW/H
1 0.5 10 1. 62
1.5 0.5 10 1. 84
2 0.5 10 2. 14
2.5 0.5 10 2.22

5 CONCLUSION

The auto-distinguishing techniques between de-
forming body and boundary die built in this paper
are important basis not only for accurate numerical
simulating of metal forming process but also for sur-
face defect prediction. It should be declared that
the density of FEM grids should be increased in or-
der to ensure the accuracy of defect prediction
when predicting the initiation of surface dedct.
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