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THE APPLICATION OF AUTOMATED STRAIN
ANALYSIS METHOD TO DETERMINE
THE STRAIN DISTRIBUTION DURING EXTRUSION

The application of numerical image analysis fored®ining strain distribution in

layered composites in the extrusion process waepted. Commercially available
an ASAME (Automated Strain Analysis and Measurentgmtironment) computer

code was used. Based on experimental study of ldyeomposite extruded
through different dies and use of the grid distertimethod, strain distribution
using ASAME code was presented.

Introduction

One of the important advantages of extrusion m®dethat the final shape
of the product can be obtained in a single opematiith large change of shape
and there is possibility of changing the deformattone by changing the shape
of the die. Improvement in the production of métatiomposites by extrusion
depends on suitable designing of such types of nmahtand its plastic
deformation. Various approximate experimental aheotetical methods are
used to estimate distribution of strain and stiesplastic deformation zone.
Methods based on surface formulas, deserve spattiemtion among many
experimental methods. These methods consists ohulas plotted at the
surface of analyzed component. These formulas énfahm of lines, circles,
lines, etc. inform the movements of individual geirof the sample surface
allowing the analysis of deformations. Dependingtos nature of the research
can be divided into imaging technique using optiatuits or digital circuits.
Digital image processing involves the presentatibthe selected image in the
form of two-dimensional matrix of numbers, reprasenby the specified
number of bytesThe resulting image is the result of the actualcpss of
digitizing the image.Of the optoelectronic image sensors have gained-a d
minant role monolithic integrated CCD (Charge CedpDevice) [1]. In terms
of forming techniques using digital image procegsinvolves the use of image
analysis. This method enables digital image reogrdihe deformed surface of
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the sample during or after the process [2-5]. Ammagy experimental methods
using image analysis during strain defining proctss most common method is
grid analysis method and image analysis methodguSourier transformation.
Grid method consists of two stages: first congsi$tdefined grid nodes, second
consists of calculations based on obtained measmemata.Using CCD
cameras and scanners it is possible to record irdageg or after the test.
Modeling processes of plastic processing, includexgrusion process using
incremental method of grid analysis permanentlyttptb at the surface of
deformed material is based on theoretical analysexperimental tests results
and definition of kinematics and static at the fitd®ation area in select process
stage. Research consists of measurement of defommegh in order to
determine node displacement quantity. Coordinateasnored for each strain
stage enables defining components of displacemengément gradient for each
node.

The paper presents the possibility of using nucatrimage analysis to
determine the distribution of strain in layered gasites extrusion process
using the commercial program.

Experimental procedure

To determine mechanical behaviour of different al®etunder their
simultaneous plastic deformation, the extrusioncess with use of different
types of the dies has been carried out. The expetah part of the study was
carried out on a specially equipment, which allowedpply direct extrusion
process. A set of flat die and convex die (FigleBding to the extrusion ratio
A =3 were used in forward extrusion without lubricat The composite billets
consisting of the following model materials: haedd (PbSb3) — as a core and
soft lead (99.98% Pb) — as a sleeve have beenfasdesting. The composite
billets have been prepared in concentric layoute amith circular section —
sleeve in hard core-soft sleeve with volume rafidghe core \ordV composite =
= 0.31, VeordVeomposie= 0.08. Basic parameters of performed extrusiststare
presented in Table 1.

Determination of strain distribution in layerednmgosites during extrusion
based on the grid deformation method (Fig. 2). Befextrusion each layer of
the composite rods was firstly, split into two elghalves and square grids of
1.5x1.5 mm were inscribed onto the longitudinal syatrical plane of the split
half. Then two halves were fitted together and pub the container to
implement the experiments of the extrusion of cositeorods. In all cases, the
process was stopped after 50% of the initial bidegth was extruded.

In the second part of the study commercially adé an ASAME
(Automated Strain Analysis and Measurement Envimmin program with
automated measuring position equipment with CCDeranto determine strain
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distribution during composite sample extrusion psshas been used. Design
of such device with marked shift directions of patar elements is presented in
Figure 3.

Flat die Convex die

) ly

I

Fig. 1. The dies used in the extrusion procese-sthheme of longitudinal section
of the die: | — bearing lengthy — die angle, d— die orifice diameter

Rys. 1. Matryce zastosowane w procesie wyciskamiezekréj wzdhiny matrycy:
I« — pasek kalibragy, o — kat stazka matrycy, ¢ — srednica otworu matrycy

Table 1. Process parameters used in experimentll wo

Tabela 1. Parametry procesu zastosowane w badaniach

Parameter Unit Value
Temperature of extrusion K 293
Die anglea degree 90; 100
Billet diameter mm 36
Billet height mm 72
Extrusion ratio\ -

Extrusion speed (ram speed) mm/s 1

Fig. 2. Samples for experimental extrusion with othe grid
distortion method

Rys. 2. Prébki do bada eksperymentalnych z zyciem
zdeformowanej siatki
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Results and discussion

Grid distortion in the cross-section of the billduring extrusion of
composite material has been presented in Figure 3.

Flat die Convex die
a=90° 0=95"

=

Fig. 3. Grid distortion on the longitudinal sectiof the billet during extrusion
through flat and convex dies

Rys. 3. Deformacja siatki na przekroju wzdiym prébki podczas wyciskania
przez matrye ptask i wypukla

Basing on the grid deformation, program has beseduin order to
determine strain distribution during composite skmgxtrusion process. To
calculate the true thickness strain and true dffecttrains from the true major
and true minor strains (Fig. 4), the following etjoias are used:

gthickness = _Emajor - gmin or (1)

2

‘Eeffective = %\/‘griajor + ‘Emin or + ‘gmajor‘gmin or (2)
gminor = In‘\l1+ 2Emin = %In(l-i- 2Emin) (3)
Emajor = INA[1+2E :%In(1+ 2E,..) 4)

where: Emin = Edverage_ r,
Emax = I:11verage+ r,

+E
E - E11 22

average 2 )

1
r= E\/(En - Ezz)2 + (2E12)2-
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y A(shear strain)

». (normal strain)

Em
Fig. 4. Mohr’s Circle n—Eavmge—'l
Rys. 4. Koto Mohra

FLAT DIE
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349
-5.05
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-158.9

-143.8
-1288
-113.7
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-68.6
-53.6
-385
-235
-84
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-30.65
-39.18
-47.71
-66.26
-64.78
-73.32

Fig. 5. Strain distribution in composite samplerested through flat dieo(= 9¢%), V cordV composite=
= 0.31: a) major strain, b) effective strain c) omistrain, d) thickness strain

Rys. 5. Rozktad odksztattav prébce kompozytowej wyciskanej przez magrptask (a = 90°),
V142/Viomp. = 0.31: @) najwiksze odksztatcenie gtéwne, b) odksztalceniegpage, c) najmniejsze
odksztatcenia gtéwne, d) odksztatcenie obwodowe

Strain distribution in composite sample extrudadotigh different dies
received with using ASAME program is presentediguFes 5 and 6.
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CONVEX DIE
a) b)

Percent True Values Percent True Values
Major Strain Minor Strain
17225 48.39
156.69 37.06
141.13 2574
12557 14.41
110.01 3.09
94.44 -8.23
78.88 -19.56
63.32 -30.88
-42.20
-563.53
-64.85
-76.17

47.76
32.20
16.64

1.08

c) d)
Percent True Values
Effective Strain
2318
211.0
190.0
169.0
148.0
127.0
106.0
85.0
64.1
43.1
221
1.1

Percent True Values
Thickness Strain
-2206
-2005
-180.3
-160.2
-140.0
-119.9
-99.7
-79.6
-59.4
-39.3
-19.1
10

Fig. 6. Strain distribution in composite sample reged through convex diea(= 95,
V cordV composite= 0.31: @) major strain, b) minor strain c) effeetstrain, d) thickness strain

Rys. 6. Rozktad odksztaltew probce kompozytowej wyciskanej przez matrywypukla
(a =95), Vigz/Viomp. = 0.31: @) najwiksze odksztalcenie gtéwne, b) odksztatceniecpage,
¢) najmniejsze odksztatcenia gtéwne, d) odksztaécehwodowe

The results obtained show differences betweenstiteen distribution for
the composite layer in case of use of both typesaitrices (Figures 5 and 6).
The resulting distributions of the intensity of dehation obtained from the use
of numerical image analysis, determine the degfemouniformity in the cross
section deformation of the sample. In the case aykered composites by
extrusion dies convex regions can be identifiedmfrghort-changing the
intensity of deformation by a certain minimum uritilreaches again higher
values along the radius of the billet. In the ca$ea flat die deformation
intensity values are greater than for die convexmitation is the accuracy of
the method of grids, which largely depends on tin@lver of points taken in the
analysis of movements.

Distributions of strain in the sample compositéreded through a flat and
convex dies in the form of isolines shown in Figdre
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Fig. 7. Strain distribution in composite samplereded through: a) flat die
(@ =907), VcordVeomposte = 0.31, major strain (isolines), b) convex die
(0 = 100), VeordV composite= 0-08, major strain (isolinesyalues are given in %

Rys. 7. Rozklad odksztaltew probce kompozytowej wyciskanej przez:
a) matryg ptasly (0 = 9CF), V4;/Viomp. = 0,31, na kierunku osiowym (izoli-
nie), b) matrye wypukk (a = 100), Vi4,/Viomp. = 0,08 na kierunku osiowym
€, (izolinie); wartdgci podano w %
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The observation of images obtained shows thatréselts obtained in
certain areas are not precise. This is especiaiile in the area of contact with
the sample die. The program recognized the eriidy geglecting a significant
part of the details. The calculations based ondisplacement field may be
subject to errors. ASAME code converts the movensnta homogeneous
whole, without differentiation on the material pespes, causing the results
become less certain. In addition, the grid requisgsuching to remove errors
that may interfere with correct results in the ntioa analysis.

Conclusions

The program used in the research enables to deteiime distribution of
deformation in layered composites during extrusi@train distributions
determined during a numerical image analysis shotir differentiation
depending on the die chosen. Nevertheless, th#tgésdicate some limitations
in the use of this program. In the case of a distbgrid in the area of the
opening die interference it is impossible to imprahe course of numerical
analysis.
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ZASTOSOWANIE AUTOMATYCZNEJ ANALIZY OBRAZU
DO OKRESLENIA ROZKLADU ODKSZTALCENIA
PODCZAS WYCISKANIA

Streszczenie

W artykule zaprezentowano miiovos¢ zastosowania numerycznej analizy obrazu do okre-
slenia rozktadu odksztalcenia w kompozytach warstyghww procesie wyciskania. Zastosowano
komercyjny program ASAME (Automated Strain Analysasd Measurement Environment).
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Opierapc sk na wynikach bada eksperymentalnych z procesu wyciskania kompozyiaw-
stwowych z wykorzystaniem #dych matryc oraz z metody znieksztatconej siatkiggstawiono
rozktad odksztatcenia zzyciem programu ASAME.

Ztozono w redakcji w padzierniku 2011 r.



