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Abstract. Extrusion is the process by which a block of metal is reduced in cross-section by forcing it to flow through a
die orifice under high pressure. It is accepted practice to classify extrusion operation according to the direction
relationships between the material flow and the punch movement. The basic extrusion operations are called backward-
extrusion, forward-extrusion, radial-extrusion. In a back extrusion process, a punch penetrates into the sample, and
the material is forced to shear heterogeneously at localized regions connected to the penetration channel. This work
presents the development and use of software for measuring deformations in the backward extrusion process. Work
pieces were made of steel ABNT 1010 and marked with a circular grid pattern. The deformed grid pattern was
measured and compared with its original size, and strains were computed. The strain measurement was performed
manually or automatically. The manual measurement used a profile projector. The measurement was made
automatically by means of a software image analysis with calibration based on calculation of the transformation
matrix between the coordinate system associated to the image plane, acquired by the vision camera, and with the world
reference coordinate system. Finally, the results were compared and automatic measurement uncertainty was known.
Keywords: Backward extrusion, Srain analysis, Visioplasticity, Computer vision, |mage processing.

1. INTRODUCTION

The metal forming is a process widely used in indess due to the minimal waste, dimensional acqurand
adjusted mechanical properties. It presents ecanathiantages over machining such as: material gavproductivity
and operating cost.

Among some of forming processes there are coldusixin, drawing and pressing (Zhang et al., 200&fusion is
the process by which a block of material is reduicedross section by forcing it through a hole unkligh pressure.
The cold extrusion process (direct and indiredt)s ipossible for many materials, relating with #@d forming of
wires and bars for production of parts such astshpins, screws and terminals for the automotilistry being an
important alternative of commercial process. (DIRTH976).

The steels most commonly used in cold forming avedarbon steels such as ABNT 1010, replacing thehined
steel (ABNT 12L14 and DIN 9SMn36) and low-alloy hé@ated (ABNT 10B22).

The mechanical conformation changes the mechapicgberties of the material. There is often a chanfe
mechanical strength due to cold deformation. Thgnitade of this change depends not only on théalnénd final
dimensions of the product, but also the deformapath at which the product was subjected. After esanitial
hardening, there is the possibility that more defations may soften the material. The improvemertadd forming
technique involves some difficulties because ofrthenber of parameters that constitute the prodasserred process
parameters include fewer forming steps, less algasiols, less lubrication and the stabilizationthed process with
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minimum waste as possible. The cold forming canenade of experimental tests as a method of developroringing
with it high costs.

Computer modeling of each stage of the forming psedy finite element method can make the procpsesce
more quickly and efficiently, decreasing the useafiventional methods of "trial and error* (CHOakt 2003). The
existence of a database obtained experimentallyirandmbination with a specific simulation "softwarenhances the
value of the simulation, and, more importantly, speed of the process development.

Several finite element software packages are comiallgr available for the conformation analysis. Hower, each
program may provide a different result for the saase. It is very important to relate the resulteimed through finite
elements with the experimental results. The measeme of the deformation is necessary for comparison

The main deformation measurement methods are ngarkigsh, strain gages, mechanical and optical sgajes,
and manual measurement. Mesh marking or visioplgstis one of the most widely used methods of defttion
analysis in the process of metal forming becaushefelative simplicity All mesh marking methodsl dot alter the
intrinsic properties of the material and are widedgd in different experiments (OZTURK et al ., 2D0

Mesh marking is the process of printing pattern8rafs in the area of interest of the sample. Thi¢ pattern used
must be precise in order to prevent the spreadrmirse of deformation. Different techniques are used mesh
measurement. These include both manual and autdnag¢hods of measurement. The development of atéaima
measuring systems is important, because the mamemsurement techniques are slow and need expeatiepesators
to avoid mistakes (CARASUSAN, 2003)

2. EXPERIMENTAL PROCEDURE

The objective is to automate the measurement systgoduced by Silva (2012). To establish the stagkethe
work we tried to combine the manual measurement ammmatic measurement of samples with and without
deformation obtained by the indirect extrusion s

The raw material used is steel ABNT 1010 Cold Dramwthe form of bar diameter of 14 mm. Chemicallgsia of
steel ABNT1010 was obtained in optical emissiorcspeneter and Leco. To eliminate the influencehef deformation
path, a rod was annealed, that is, austenitizedtamperature of 900 ° C for one hour in a salh lzetd cooled to a
temperature of 400 ° C, then cooled to room tempezan air. Samples were taken in the transvensetibn of the
Cold Drawn bar and of the annealed bar for metedipkic analysis.

The visioplasticity method was used in order t@alate the deformations in the extruded produce iethod was
divided into three stages with production and magkof specimens for extrusion, extrusion of thgsecsnens in
hydraulic press and measurement and calculatitimeofmesh deformation.

For manual measurement of markings on specimenssee a profile projector Mitutoyo, model PH-A14 21g10.
Initially, the device was used to check the diamsetd the circles on the surface of the undefortestipiece. Being the
diameter on axis “X” and the diameter on axis “Yhe coordinate axes have been set using a matsteray that is
represented by axis line “x” in the range of 1 ®ahd column represented by axis “y” in the range 9. The Figure 1
shows the layout of circles on the surface of the@ybwithout deformation test.
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Figure 1. Position of circles on test body withdaformation

After measuring the recorded circles in non-defatnspecimen was determined the arithmetic mean @f 34
measurements made Equation (1)

D = (¥ Di)/n* (1)

Where D is the average of the measuremeifls,the value of each measurement arid is the number of
measurements made.
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The standard deviation of measuremes{Bi) and averaging the measuremefi(®) was determined by the
equations (2) and (3).

S(Di) = [L(Di —D)?/(n* — 1)*/?] 2

S(D) = S(Di)/Nn* 3

The expression of measurement uncertainty Typeeferchined fronrn™ measurements todegrees of liberty and
confidence level (p) = 95% was obtained by equatdn

1(Uy) = 1(D) = £ * tose,(y) = S(D) (4)
which 1(U,) is the measurement uncertainty, is the valueettrefficient "Student t".

Figure 2 (a) and (b) shows the initial circle witthsize and sense used in the X and Y axes fomdesurement and
some shapes of circles after extrusion
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Figure 2. (a) Direction of the axes, shape and d#ioms of the original circle before the extrusig),dimensions and
format of the circles after extrusion

After the deformation of the specimens, some makiwere lost in the punch penetration regions anthé
vicinity of angular contact. The deformations o thircles were studied in three different regioAs B and C)
throughout the test body extension. (Figure 3(BJ). automatic measurement were captured calibrgtidiern images
of the mesh without deformation and mesh with defttion. Image processing algorithms were used ltulede the
transformation matrix (system calibration) and mnueasent of diameters and circles. The image adopnssystem
used consists of the sensor element for image @ptith a CCD camera, AxioCam ERc5s, Carl ZeissrdMinaging
GmbH manufacturing with a resolution equal to 2%§01920 pixels COMPUTAR® lenses, MLH-10X model with

manual adjustment focal length, iris and focus B{g).
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Figure 3. (a) Lens assembly coupled to the camgi@aGam ERc5s, and (b) regions studied (A, B, C)

The camera was attached to a wooden base on wigoh was a diffuse illumination composed of 6 etett
lamps of 11 W positioned around the camera. Onuatsire of welded steel tubes was placed a gla=st simd on top
of which the object to be captured. All acquisiteystem is set, as shown in Fig. 4.

It was proposed a calibration procedure for theezarbased on the calculation of the transformatiatrix between
the coordinate reference systems of the image ptaiggnated from the camera image capture, anddloedinate
system of the world reference. For this, digitah@img processing techniques were used. After rgnthia calibration
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process, points acquired by the vision system angearted to the coordinate system of the worldugtothe calculated
transformation. This makes it possible to removerimation from images.
The camera calibration was performed by obsenhiegcalibration standard, brand Edmund Optics

Figure 4. Structure for image acquisition (a) Fraetv (b) Top (c) Calibration standard

3. RESULTS AND DISCUSSION

The comparison between the results obtained in aland automatic measurements for the samplesefotrded

is made through the uncertainty type A. Tables d amresent the analysis of statistical data measemts to the
drawn specimen toward X.

Table 1- Statistic Data of Drawn Material towardManual measurement)

Standard Standard Coefficient Type A
Sample si Average desviation of desviation of g(te éc'e? Uncertainty
ample size D measures average tu en evaluation
(s(ov) (D)) o ((A)
162 0,981mm 0,021mm 1'7%;‘1& 63,66 £0,109 mm
Table 2- Statistic Data of Drawn Material towar(®dtomatic measurement)
Standard Standard i Type A
Sample si Average desviation of desviation of Cgeﬁ:;CIent Uncertainty
ample size D measures average ttu ent evaluation
(s(bV) (s(D)) o9% (™)
161 1,002 mm 0,013 mm 1’0217;1‘103 63,66 £0,069 mm

Uncertainty type A for the manual and automatic sneament of the drawn specimen was equal to + 019+

0.069 mm, respectively. That is a difference of 57%e Tables 3 and 4 show the statistical data uneasents for the
drawn specimen toward Y

Table 3- Statistic Data of Drawn Material towardManual measurement)

Standard Standard Coefficient Type A
_ Average desviation of desviation of oethicien Uncertainty
Sample size — Student :
D measures average ; evaluation
(s(DD)) (s(D)) o%% (I(A)




23rd ABCM International Congress of Mechanical Engineering
December 6-11, 2015, Rio de Janeiro, RJ, Brazil

162 1,000 mm 0,020 mm L623§1§ 63,66 +0,102 mm
Table 4- Statistic Data of Drawn Material towardAutomatic measurement)
Standard Standard Coeficient Type A
sample si Average desviation of desviation of CS)? éme? Uncertainty
ample size D measures average tu en evaluation
(s(Dv)) (s(D)) o9% (™)
161 1,027 mm 0,017 mm 1’3219%(1& 63,66 +0,089 mm

The Figure 5 shows the Region B of the drawn spewihighlighted and identifying markings to showthe chart.
The measurements for the two drawn specimens akersim Fig. 6.
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(©) (d)

Figure 6. The measurements of the two drawn spesme
In Figure 6 (c) the identifiers 13, 17, 21 and 2@®w standard deviations of 0.041, 0.067, 0.034 @uib6,
respectively. These identifiers are part of theaegust below the angle of the punch contact, mtrast between
markings and the specimen have increased the sthddeiations.

The Figures 7 (a) and (b) respectively presentgi#iermations calculated toward X and toward Ythe drawn
specimen 1. The deformations in X for drawn matekign the Region A were near O in the Region Bagisd the
maximum value of +0.4 and Region C - 0.8. The nmy%i(row 1, column 1) and (line 19, column 9) wiexst during
the measurement process.

Drawn 1- toward X

| | | | | | | |
1 2 3 4 a B 7 g 9

Figure 7 (a). Deformations calculated toward X

Drawn 1- toward Y

Figure 7 (b). Deformations calculated toward Y
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The implemented algorithm is efficient for imagebhene the acquisition phase was efficient. Goodltesuere
obtained for all analyzed regions. However, it wassitive to noises near the edges of the markangsthe lack of
contrast between markings and the specimen.

The comparison between the manual and automatibaddor the test piece without deforming was fatdegao
the automatic measurement for all the measuremevttgh is explained by the lack of repeatability m@anual
measurement when compared to the automatic measntem

The comparison between manual and automatic methodhe specimen with deformation showed that the
supervision of the binarization obtained by theodthm to verify possible errors is required. Me&sthe mesh more
than once does not require a great effort and tuedard deviations found between measurements serigentify
possible errors.
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