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A Simulation Study of Planer Swaging Deformation

Zhang, Cheng-Gen; Jen, Gwang-Shen
(Ji-Lin Industrial University)

Su, Gwang-Huei
(Beijing Mechanical and Electrical Research Institute,
Ministry of Mechanical and Electrical Industries)

Abstract Planer swaging deformation was studied with

photoplastic method. The domestic polycarbonate was used as a
simulation material. The full-field strain distribution for
planer swaging deformation was obtained. The average error of the
calculated strain was less than 7%. The deformation area and the
effect of friction on deformation area were studied with the
characteristics of photoplasticity. This paper points out the
special features of planer swaging deformation and the 2ffect cf

lubrication on deformation flow.
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(Manuscript received in December, 1987. Revised paper received in

January, 1988.)

I. Introduction

Planer swaging is a typical two-dimensional plastic
deformation. It is also the most basic swaging practice and the
fundamental for the theoretical analysis of two-dimensional
plastic deformation. In the study of swaging deformation, a more

frequently adopted method is the visual plastic method. The




pattern of material flow and the effect of technical parameters
on deformation are analyzed through the deformation of grids on
the samples. Even though this method provide a direct analytical
method, its quantitative accuracy was somewhat poor.

Recently, Moire pattern and photoplasticity methods were
included in the study of plastic deformation and the accuracy of
quantitative plastic deformation was improved. Moire pattern
method utilizes the photomechanics of the light-sensitive thin
film which deforms with the bulk body to simulate deformation and
is mainly used in two-dimensional deformation study. Photoplastic
method utilizes the photodynamical properties of light-sensitive
materials with the similar deformation properties as the metallic
materials to study the force and deformation in plastic flow.
Hence, photcplastic method can be used not only in the study of
two-dimensional problems, it can also provide information
regarding three—-dimensional full-field strain distribution. The
force and strain along any direction of any point in the body can
be obtained. Therefore, photoplastic method serves as a highly
effective method in the analysis of plastic deformation.

The study of photoplasticity became important since the
50's. Earlier studies mainly focused on the stress components
during plastic deformation.{1) Accompanied by the introduction of
new simulation materials in the 70's, {2,3] the study of plastic
strain was initiated. Presently, the major study topic is the
deformations along the direction of principle stresses.[4,5]) The
relative magnitude of the various strain components can be

determined through theoretical analysis and, therefore, the




experimental procedures were relatively easy and the solution can
be obtained quickly. However, directions of most of the principle
strains in plastic deformation are unknown. Because of this
difficulty with other techniques, the photoplastic method, which
provides the solution for deformation problems without the
requirement of knowledge of directions of principle strains, and

its experimental technique become even more important.

II. Principles of Photoplastic Experiment

The technique of photoplastic method was developed based on
the foundation of photoelastic method. Due to the effect of
double-refraction, in the polarized light field, of plastically
deformed light sensitive materials. the force and deformation
during plastic deformation can be studied by simulation.

As one research showed(1l] that plastic deformation occurs in
some of the light-sensitive materials which solidify, on the
molecular level, in the materials. The double-refraction pattern
due to plastic deformation can be related to the strain during
plastic deformation by

5 =fC(ey oy h) i=1, 2, 3 (1)
where 8 is difference in light traveling distance and h is the
thickness of the test sample.

Further analysis showed[2] that for some materials, such as
polycarbonate, a linear relationship exists, in the range of
plastic deformation, between the double-refraction pattern and
principle strain. The strain-optical principle of plastic

deformation of this type can be expressed as:
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where f is the number of material strain lines and N is the ardar

(2)

£, —€,=

of the lines.

For any point of the deformed body, if observation is made
along the three coordinate axes under polarized light, the
corresponding line order N and the angle between the principle
strain and coordinate axes @ can be obtained. Therefore, for each
coordinate axis, the strain-optical equations can be established.

For example, for the plane perpendicular to z axis,

e, -€,=(e ~e,)cos28, =

Nh'f -cos20, (3)
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-sin28, (4)
Similarly, the equations for the other two coordinate axes

are:

e,—e,:—{-\—r’-:.—{-coszﬂ, (5)
. _ N-' f .
I va = 2h, 5"129. (6)
£, —E = N’./-cosZO, (7)
h,
Vv' .
Ve = 1-7',, /sxnze, (8)
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There are only five independent equations in eq.(3) to

eq. (8) and one more equation is needed in order to have a




solution. The condition of non-compressibility is satisfied in
plastic deformation and
e,‘+e:+£,=e.+e,+e,=o (9)

Combining equations (4) to (9), the strain at one point of
the deformed body can be solved.

For two—-dimensional deformation and axial symmetric
deformation, the solution can be obtained with the two equations
of one coordinate axis and the requirement of non-
compressibility.

The study of domestic polycarbonate showed({6,7] that the
poison's ratio of polycarbonate during plastic deformation is
0.5. Because the properties of plastic deformation of
polycarbonate are similar to those of thermal deformation of
metals, polycarbonate can be used as the material for
photoplastic study.

The study of strain—-line pattern showed that the strain
lines of polycarbonate under high—-voltage mercury lamp is:
f=0.0018mm/1ine.

Because of the superior machining characteristics and
plastic deformation properties of polycarbonate, deformation can
take place under constant temperature in modular dies. Since
there is no special requirements about experimental technique,
polycarbonate can be used conveniently in the study of plastic

deformation.

III. Experimental Study and Analysis of Result




The experiment of planer swaging was performed in assembled
modular dies. When swaging has gone to certain level, the modular
dies can be disassembled and the samples can be taken out. The
dies were designed based on a swaging ratio of 2. Different
swaging ratio can be obtained by adding pads or gaskets in the
chamber of the modules. Also, different swaging angles are
available by using different swaging wedges. In this study, the
swaging deformations with swaging angles of 30°, 45°, and 60° and
swaging ratios of 1.5 and 2 were studied.

The samples used in planer swaging experiment are
rectangular samples, with one end machined to conform to the
shape of die chamber and serves as the conducting end. The sample
dimension was 40x20x60mm3 when the swaging ratio was 2. The
surfaces of the swaging samples were polished and silicon grease
was used for lubrication during swaging operation. Therefore, the
planer swaging experiment can be viewed as the ideal frictionless
operation.

A thin slice was taken from the swaged sample for
photoplastic analysis. Because of the high optical sensitivity of
polycarbonate material, the line density of plastically deformed
sample is high. It is based on this concern that the slices used
for photoplastic analysis are generally very thin, on the order
of 0.5 to 1 mm.

The prepared slices were placed in polarized light field and
the deformation optical effect provided the information of planer

swaging deformation. The results are summarized as follows:




1. Deformation Area Range of Planer Swaging

The deformation area range of planer swaging is one of the
major parameters of the analysis of planer swaging deformation.
The range of deformed area determines the type of deformation and
the plotting of sliding line.

For plastically deformed polycarbonate, the significant
increase in the line density defines the boundary of
elastic/plastic deformation; namely, the upper limit of
deformation area as shown in the top and central portions of
figure 1. The lower limit of the deformation area can be
determined by the characteristics of the equislope lines.
Equislope line is the trace of points with identical principle
strain directions and all the points on one given equisliope line
have the same principle strain directions. During planer swaging.
the directions of principle strains of the deforming portion are
constantly changing while the directions of principle strains of
deformed portion are identical - the protruding directions.
Therefore, the equislope lines of the deformed portion have the
same tilting degrees. The equislope lines of the bottom dark area
of figure 1 have 0 degrees of tilting angle, which shows that the
directions of the principle strains are along the protruding
directions. The boundary between the 0 degrees equislope lines
and the deforming portion is the lower limit of the deformation
area. The portion between the upper and lower limits of the

deformation area is the deformed area of planer swaging.

2. The Effect of Friction on the Deformation Area




Fig. 1: The 0 degree equislope lines which determines

planer swaging deformation area

the

Fig. 2: Die wall adherence equivariance line pattern




The deformation area of planer swaging is determined by

modular die parameters and friction condition. Different friction

condition result in different deformation area.

To study the effect of friction on swaging deformation some
of the samples were not thoroughly lubricated when swaged and
certain friction existed during swaging operation. Friction
causes variation in the deformation area. Figure 2 shows the
equivariance line pattern when adherence friction occurs along
the surface of the sample.

Because of the adherence friction between the walls of the
die and the swaged part, the triangular shaped adherence non-
deforming region formed before entering the swaging wedge as
shown in the corner of figure 2 where the line density is low.
Deformation occurs from this adherence region up. The existence
of the adherence region pushes the deformation region forward,
enlarges the deformation area, increases the deformation force,
and shortens the serviceable life of die. Because of the
localized high plastic flow due to adherence region, the
deformation flow becomes unreasonable and the quality of the

product is deteriorated.

IV. Determination of Full Field Strain and Error Analysis
For planer swaging deformation, because e,=0, equation (9)
can be re-written as
e.+e,=0 (10)

Combining equations (3) and (10) one would have




N, f
A
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€, = —¢,= cos26, (11)

From the order of equivariance line N and degree of
equislope line 8 provided by the photoplastic analysis and the
boundary conditions, the strain state of any point can be solved
from equations (11) and (4).

Because the N and 6 can be measured for any corresponding
point of the sample, the strain state of any point of the
deformed region can be solved. In order to obtain the full field
strain distribution, the 2x2 grid was plotted on the sample
surface and the N and 8 of each grid point were measured for the
calculation of the strain state of each grid point. The full
field strain distribution is then constructed from the strain
state of each grid point. The strain distribution was actually
calculated and plotted with the numerical processing capability
of a computer. The strain distribution for the case of swaging
ratio of 2 and swaging angle of 45° was used as an example.
Figure 3 shows the distribution of normal strain, figure 4 shows
the distribution of shear strain, and figure 5 shows the
distribution of normal strain and shear strain parallel to the
cross gsection of the x—-axis and the numerical values of the
maximum normal strain and maximum shear strain.

It can be learned that: the normal strain distribution on
the cross section is symmetrical while the shear strain
distribution is asymmetrical. This illustrates that the planer
swaging deformation is symmetrical with respect to y axis. The
strain ey on the cross section parallel to x—axis in the deformed

region composes of tensile and compressive deformation regions.
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key: 1 - normal strain

Fig. 3: Y axis normal strain distribution

key: 2 - shear strain

Fig. 4: Shear strain distribution
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key: 3 - normal strain

' . 4 - shear strain

Fig. S5: Distribution of some of the strains parallel to the

X—-axXis cross section
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The ey, of the central region is tensile deformation region while
the two sides are the compressive deformation regions.

Since

ey = -_e.=_';’£'.coszé @

Wwhen ey >0, cosZB(O,‘9>45°

when ey<0, cos28>0, 8<45°

and the variation of the tensile stress of the normal strain
can be delineated by the 45° equislope lines.

In order to determine the accuracy of the calculated result,
the strain distribution and the width after deformation were used
to calculate the width before deformation which was compared with

the actual width.

From the definition of strain,
- c,
ll

vl ®

T

..lu
-

where 1 is the width before deformation and 1' is the width after
deformation.
The width between two adjacent grid points j and j+1, before
deformation, is
e (12)

where 1 j+1 is the distance between two grid points

=

Ej.1§| (ei+ei*l)

vo|r—

The width of the test sample before deformation can be

obtained by summation of the widths, before deformation, of
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successive adjacent grid points. Figure 5 shows the calculated
widths of some of the cross sections before deformation. The
maximum error was 17.5% and the average error was 7%. Major
causes of these errors were related to sample fabrication and
measurement accuracy.

The size of the deformation region and effect of various
deformation parameters on the swaging deformation can be
determined by the magnitude of the equivalent strain. The two-
dimensional equivalent strain at any point can be expressed by

equation (13)

p

& =—32-((¢-*¢,)’+ei +e; + 681,
(13)

For the swaging deformation with swaging ratio of 2 and
swaging ang'e of 45°, the maximum equivalent strair occurs below
the cross point of the two fan-shaped deformation regions along
the central symmetrical axes. The maximum equivalent strain 3&5
is 0.54.

The full-field strain distribution of planer swaging
operation obtained by photoplastic method provides a set of
quantitative strain data of planer swaging deformation. The
accuracy provided by this method can be applied in actual

engineering practices.
V. Conclusions

(1) The deformation region of planer swaging operation can be

determined by photoplastic method.
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(2)

(3)

(4)

The shape of deformed area is strongly affected by the
friction condition. Different friction condition results in
different deformation flow mode and the friction between the
die surface and the test sample further complicates the shape
of deformation region.

The accu.acy of full field strain distribution determined by
the photoplastic method can be applied in actual engineering
practices. There are tensile deformation as well as
compressive deformation on the same cross section and their
boundaries can be determined by equislope lines.

The photoplastic analytic method described in this paper can

be applied in other analyses of plastic deformation.
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