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ABSTRACT 3- D rigid plastic FE M( Finite Ele ment Method) is adopted to simulate the extruding bulging
process of tee tubes. Deformed mesh and velocity field in different stages are obtained, and straim rate and
stress distributions are obtained at the same time. The deformation and flowing laws of tubular blank in ex-
truding-bulging process of tee tubes are revealed, which provide scientific and reliable basis for correctly design-
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ing technological sche me and rationally selecting parameters .
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1 INTRODUCTION

Tee tubes are widely applied as important
pipe junctions in pipage in all kinds of industry
depart ments . With the develop ment of industry,
the need for tee tubes is increasing and the de-
mand to their quality is becoming more and more
strict, thus the
methods could not agree with this demand. Tee

conventional ~manufacturing
tubes in our country at present depend on import
largely for the back ward technology . Extruding
bulging of tee tubes is a forming method which
fills plastic media in the tube as a force-trans mit-
ting media. The advantages of this technology
are high utilization ratio of material, high ratio
of finished products , short period of manufacture
and low comprehensive cost, compared with for-
merly technologies such as casting, forging,
welding, hot-drawing, soft die forming, hy-
draulic pressure bulging . The deformation and
flowing laws of tubular blank in extruding
bulging are not understood well for its appear
ance before long. FE M(finite ele ment method)
is the most effective numerical method to solve
the proble ms of continuous areas approximately,
which can provide the approximately continuous
mathe matical description about the process of
plastic deformation. In this paper, 3-D rigid
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plastic finite ele ment method is adopted to simu-
late the process of extruding bulging of tee
tubes, and the laws of metal deformation and
flowing are revealed. They provide scientific ba-
sis for designing technological sche me correctly
and selecting process parameters reasonably .

2 FUNCTIONS OF FEM SOLUTION

The basis of rigidplastic finite ele ment
method is the principle of Markov’ s variation e-
quation. Toele ment ein the discretion construc-
tion, its corresponding functional equation is

7 =I b%dv-j FudS +
v S,

j Te2dv (1)
v2

where 0 is  equivalent stress, g =

[(3/2) 0/,-].0/,-].; eis equivalent strain ratio, £=
/(2/3)8,-181-1.; F; is force of given surface on
force surface Sp; u;is velocity vector; ais penal-
ty constant to neglect the incompressibility con-
dition (it is lO? in this paper) ; €y is volume
strain velocity , €y = §; .
A functional equation can be obtained after
aggregating all ele ments as follows :



. 250 - Trans . Nonferrous Met. Soc. China

Jun. 1999

T= DLE()) (2)

Accordi]ng to the principle of Markov’ s
variation equation , the solution of the proble m is
obtained when the first-order variation of func-
tional equation is zero. Variating the functional
equation( 2) with first-order variation and then
calculating its standing value , an algebraic func-
tion group can be obtained, which is a rigidity e-

quation :

/A /A

oV, ;(a v,)U’) ()
where j stands for element j, I stands for
node I .

The rigidity equation (3) is a nonlinear
group of equations taking velocity component of
nodes as the unknown variation, and Newton-
Raphson iteration method is usually adopted to
solve it . But at first, it must be lincarized. The
procedure of linearization is as follows : carrying
out equation (3) with Taylor series near the sup-
posed initial velocity field where V = Vjand ne-
glecting the high-order differential variations of
AV beyond the second-order. Then we can ob-
tain
{ o

o0V,

o>

+ AV =0 (4)

V=V, V=V,

The equation above can also be written as a
matrix equation:

Kav = f (5)
where Kis rigidity matrix, fis residual error
of node-force vector.

Equation (5) is rigidity equation, the dis-
place ment incre ment of every node can be carried
out to solve it . After each step of iteration, the
node velocity field should be corrected with the
following equation, and the corrected velocity
field can be used as the initial velocity field in the

next step:
Upel = Uyt AT, (6)
where  pgis the deceleration factor,0 < g<1.

3 MODELING OF FEM SOLUTION

3. Geometrical description of die surface
The surface of the die cavity near the junc-
tion of the main and branch tube is complex and

difficult to describe with regular curve surface .
Considering the flexibility and universal suitabili-
ty of B-spline, in this paper, double cubic even
B-spline is adopted to describe the surface of the
die cavity of extruding bulging of tee tubes. In
this kind of description, the subdivision of sur-
face patches can be performed by changing the
subdivision density coefficients of the surface
patches along the two parameter directions, the
surface patches can be divided into triangles or
rectangles according to de mand, and normal vec-
tor of each surface patch is provided at the same
time. This description provides convenient and
flexible numerical geometrical information to
process dynamic boundary conditions in finite el-
ement method. Considering the sy mmetry of the
object, only one-forth of die surface is described
in this paper. Fig .l shows the description result
and Fig .2 shows the description result after sub-

division .
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Fig.1 Geometrical description of

cavity surface with double

cubic even Brspline
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Fig 2

Die cavity surface after division
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3.2 Modeling of solution

The procedures of extruding bulging of tee
tubes are as follows : put the tubular blank filled
with plastic trans mitting media into lower die of
a set of split die , then close the set of die and fix
it with a correct die-locking force , extrude the
two sides of tubular blank with equivalent force
by the two opposing punches at the same time,
under extrusion action of the punches and inner
media, the tubular blank is extruded and bulged
to form a tee tube. Considering the practical
conditions during deformation, in order to calcu-
late with FEM conveniently and guarantee the
calculating precision, the following suppositions
are made during the process of modeling me-
chanical model :

(1) The extruding speed of punches is con-
stant ;

(2) The pressure of inner media produces
an even effect on the inner surface of tube ;

(3) Neglecting the te mperature effect .

The eight-nodes hexahedron element is
adopted to discretize the mechanical model. The
tubular blank is discretized into 1 024 ele ments
and 1 701 nodes ; the surface of the die is divided
into five patches and described with B-spline re-
spectively , eventually, is subdivided into 480
trianglar patches altogether. During practical ap-
plications , the numbers of discretized ele ments of
tubular blank and little patches subdivided of the
die surface can be readjusted respectively accord-
ing to realistic condition . Fig.3 shows the math-
ematical model adopted in this paper.

L.

Mathe matical model adopted in

numerical simulation

4 SIMULATION RESULTS

There are too many factors which affect ex-
truding- bulging of tee tubes, the effect produced
by each factor on the forming is not constant
during the whole forming process . It is impossi-
ble and unnecessary to consider all factors in the
numerical simulation. The parameters adopted in
this paper are as follows :

(1) The radius of the die is 10 .65 mm .

(2) The pressure of inner media is obtained
by Ref .[13]. The initial pressure of inner media
is 45 MPa, and the pressure changes with the
deformation, and acts on inner surface of tube
evenly .

(3) The friction coefficient between the
outer surface of tube and the cavity of die is m =
0.05.

(4) The outer diameter of tube is d, =21 .3
mm, wall thickness is ty =2.6, length is [, =
40 .0 mm .

(5) The extruding speed of punch is 1.0
mm/s .

Fig .4 shows the deformed mesh with dif-
ferent extrusions . Fig .5 shows the velocity field
with different extrusions . Figs .6 and 7 show the
straimr rate and stress distributions on the inner
surface with extrusion amount of 23 .5 % .

5 ANALYSIS OF SI MULATION RESULTS

According to the distributions of deformed
mesh and velocity field in different stages, the
plastic deformation of tee tube is divided into five
different zones during the process of extruding
bulging , as Fig .8 shows .

(1) Zone I and zone II are compression
zZones .

The direction of each node’ s velocity vector
consists with the axial one of tubular blank , and
no shear deformation exists in this zone, as
shown in Fig.5 of the distribution of velocity
field of nodes . Thickness of tubular wall increas-
es a little, as shown from Fig.4 of deformed
mesh in different stages. All the above calculat-
ing results show that zone [ and zone II are
compression zones .

(2) Zone IIlis uneven plastic deformation
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Fig.4 Deformed meshes with different extrusions
(a) —Extrusion 16 .0 % ; (b) —Extrusion 18 .5 % ; (¢) —Extrusion 21 .0 % ;
(d) —Extrusion 23 .5 % ; (e) —Extrusion 26 .0 % ; (f) —Extrusion 28 .5 %

(d) (e) (f)

Fig.5b Velocity fields with different extrusions
(a) —Extrusion 16 .0 % ; (b) —Extrusion 18 .5 % ; (c¢) —Extrusion 21 .0 % ;
(d) —Extrusion 23 .5 % ; (e) —Extrusion 26 .0 % ; (f) —Extrusion 28 .5 %
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Fig .6 Straim rate distributions on inner surface with extrusion a mount of 23 .5 %
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Fig .7 Stress distributions on inner surface with extrusion amount of 23 .5 %
(a) =G ;(b) =G ;(c) =%, (d — T, ;(e) =%, ; (D) — 7,

zone .

The figure of distribution of field variations
shows that, the metal in this zone is located at
the junction of the main and branch tubes, and
acted by tangential tensile stress and axial com-
pressive stress, at the same time , suffered strong
bending deformation. So deformation in this

zone is complex and serious .

(3) Zone IV is deformed zone .

In this zone, the stress of blank is radial
compressive stress and axial tensile stress. This
metal can be regarded as a transmitting zone,
whose duty is to transmit the load acting on the
end of the branch tube to the uneven plastic de-
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formation zone ( Zone III) , and make the metal
of uneven plastic deformation zone flow into the
branch tube and fill the deformed zone .

(4) Zone V is bulging zone .

In this zone , the load acting on the metal a-
long thickness ( radius) direction can be neglect-
ed. Due to the compressive effect of inner me di-
a, the metal bears tensile stress tangentially and
produces bulging deformation. During bulging ,
the shape change of the blank depends on the in-
crease of its area. So it is inevitable to decrease
the thickness of the end of the branch tube . It is
well revealed by Fig.6 and Fig.7 .

Fig.8 Schematic diagram of deformed
zone division

The calculating results of FEM and the di-
vision of deformation zones reveal the deforma-
tion and flow laws of tubular blank. Internal
plastic media produce bulging force due to the
extruding effect of punches, metal of tubular
blank is forced to flow into the branch cavity of
die under bulging of inner media and extruding
of punches, the extruding of punches, which
forces metal to replenish branch tube continuous-
ly, prevents the decrease of branch thickness ef-
fectively. The deformation degree of tubular
blank depends on trans mitting zone and maximal
reduction of the metal of end of branch tube .

6 CONCLUSIONS

(1) A perfect model for FEM calculation is
presented on the basis of the practical situation of

extruding bulging of tee tubes. The procedures
of extruding bulging are simulated successfully
with the model, and the simulation results are in
good agree ment with the practical forming pro-
cess .

(2) On the basis of FEM simulation re-
sults , the plastic deformation of tee tubes is di-
vided into five different zones , thus revealing the
laws of metal deformation and flowing .
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