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ABSTRACT

In this work, the results from a series of experiteeare presented to determine the effect of spatim
geometry/dimensions on the compression behavid®®066AI alloy. Three geometries of compressioegmens have
been used; solid, tapered and collar. For each gegnthe compression tests have been carried odérudry and
lubricated conditions. The experiments have beewlgcted at various aspect ratiog/b}; 1.5, 1.25, 1, 0.75, and 0.5. The
results showed that the circumferential strginf the cylindrical specimens increases as thel akiaine, increases. For
collar specimens, the values of local strajnare inversely proportional to the total axial strawhile for tapered

specimens, the local circumferential straipare very close to the total circumferential strain
KEYWORDS: Specimen Geometry, Compression Test, True StreasxSAA6066Al Alloy
INTRODUCTION

Aluminum alloys and composites have been the natefi choice for aerospace, automotive, and mijlitar
applications. Al-6xxx alloys have various benefiteeluding medium strength, formability, weldabilitorrosion
resistance, and low cost [1]. Hence, mechanicatadherization of the alloy and processing procedueseimportant for
that approach. Compression behavior of Al-6xxxyalbas been the subject of many studies[2 and BJpEassion testing
has become increasingly popular for several reasanparticular (a) Uniform deformation can be astid for large
strains with proper lubrication. (b) The compressstate closely represents the conditions presertiious forming
processes such as forging, extrusion and rollingoAg the various types of hot compression testésctimstant strain rate
test is preferred[4-6].There is a great interesthm compression process due to the industrial ddmg produce light
weight and high strength components. The large eumlb parameters involved in forming by compressiakes the
process more complex. These topics were studiedgu®y in many researches with different viewpsinthe examined
parameters include material properties, machinearpaters, work piece geometry and working conditipndl].
However, several types of plastic instabilities bandeveloped in the compression tests. The fip&t ts associated with a
maximum in the true stress- true strain curve. 3&eond type concerns inhomogeneous deformatiorsiaear band. At
certain strain rates and temperatures some stremgth mechanisms become unstable [12].The axial sttaine, and
circumferential true straigy on barreled surface of the circular compressiatispen that illustrated by the model shown

in Figure 1 can be calculated by using the relatiginen in Eg.1 and 2.

www.iaset.us anti@iaset.us



15 Osama Mohamed Irfan

Ez

Figure 1: Localized Strains on the Bulging Cylindrcal
Surface of a Compression Test Specimen

For axial true strain,

&, = In (H/Ho) (1)
For circumferential true strain,

&p = In (D/Do) 2)

Where H and H are initial and final gauge heights, respectivddy; and O are initial and final diameters,

respectively.

Stresses at the free surfaces of compressed speciozan be calculated by using Levy-Mises equat@ss
follows[12]:

de=dA[o; - (oot 62)/2] 3)
de,=dA[op - (o+ 6,)/2] (4)
de~di[; - (6 4+ 61)/2] (5)

The equivalent straids,and equivalent stressare obtained by:

de = g [(de, — de, )? + (de, — deg) + (deg — de, )?]M? (6)
0 = 51(0, = 0,)* + (0, = 5)* + (0 — 0,)"]"/* W)

Wheredg,, dey, andde, are the strain componentsrirg, andz directions;o,, 6y, andoc, are the stress componants

0, andz directions; andil is proportionality constant that depend on matexal strain level.

Uniaxial compression testing is still the dominargans for characterizing the mechanical behavionetals and
alloys. Disparities in testing procedures and methagies are clearly observed among the variouwstsffn the literature,
often leading to differences in the collected da&een when investigating the same material. The AH®09and the
ASTM E209-00 are the two major standards for tgstimterials in compression[13 and14]. Sometimessthadards
neither agree on several testing aspects nor effgrreasoning to how the suggested testingparametere selected,
especially the dimensions and proportions of tis¢ $pecimen. Whether it is due to their recentipabbn, the lack of
generality, or their apparent disagreements; thiedstrds has not had a great impact, and mostse@iartharacterizing the

mechanical behaviors of materials are still scatteExamples of recent efforts in the field showattthe investigators
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utilized test specimens with different dimensiols]I7]. It is probably tolerable to suppose thatstze of a compression
test specimen is not greatly influential to theadiéd stresses and strains. Measured forces guldaisents, from which
the latter are derived, are correlated to theahgize of the specimens gauge section. This cbal@& major source of
errors in the obtained stress-strain behavior [818], hence indicating the need to optimize thepprtions of the
specimen geometry. Ivanisevic Ajose et al. [20]fqrened an experimental study on formability of lrds/ applying
compression tests. The obtained experimental dat wsed in designing and forming the limit diagrdtrhas been
reported that specimen geometry as well as loadiode affects strength characteristics in metalsysland composites
[21-32].The effective volume proposed by Davies][B&s been applied to evaluate the effect of specigeometry on
strength in ceramics [34]. Lowhaphandu et al. [8686] examined mechanical properties of Zr-Ti—Ni—Be by using
different dimensions of specimens and they fourghidifferences. T. Klunsner et al. [37] studied éffect of specimen
size on the strength of WC-Co hard metal. The tessihowed that the determined fracture strengtlhiegalvary
significantly with specimen size. D.J. Smith et @8] conducted a series of experiments to deterntive effect of
specimen dimensions on the ductile resistance 0BAGlass3 forged steel at ambient temperature.r@dts showed a

decrease in the slope of the tearing resistandeimgteasing specimen size.

The present work attempts to shed light on the muaichl behavior of AA6066 Al alloy depending on cipeen
geometry under uniaxial compression loading cood#ti Three types of specimens: solid, tapered, ctidr were

produced. The compression tests under dry andchtiisn conditions were conducted at various aspeicts (H/D,).

Experimental Work

Material

The investigations were carried out on AA6066 Aloum alloy, as-received material with the chemical

composition stated in Table 1.

Table 1: Chemical composition of the AA6066 Aluminm Alloy (wt.%)

Component| Si | Mg | Cu | Mn | Fe | Cr Al
Wt. % 0.9 0.8| 0.7 0.6 0.5 0.4 Balance

Specimen Preparation and Test Procedure

Six upset sample geometries were designed and nethihe samples are identified as SU (short upset,
lubricant), SUL (short upset, lubricant), LU (longset, no lubricant), LUL (long upset, lubricarE)}J (collar upset, no
lubricant), and CUL (collar upset, lubricant). Tih@ial dimensions and drawings of the specimespaiesented in table 2.
The specimens of AA 6066 Alalloy with the requirdichensions were prepared by machining process anhbycusing a
precision cut off machine running at low speed. Waehined specimens were polished with fine sarglpapremove any

machining marks from the surface

Table 2: Initial Dimensions of Specimens Used in Eperiments

. Lubrication Original Dimensions, (mm) Aspect Ratio, :
SIEEEED W22 Conditions Height, H, Diameter, D, Hd Dg DI
37.5 25 15
. : 31.25 25 1.25 e
So!'d (Bas_|c Dry/Lubricated 25 25 1
cylinder billet) 18.75 5 075 =
12.5 25 0.5
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37.5 25 15
31.25 25 1.25
Tapered test billets| Dry/Lubricated 25 25 1
18.75 25 0.75
12.5 25 0.5
37.5 25 15
31.25 25 1.25
Collar cylinder test . 25 25 1
billet Dry/Lubricated 18.75 75 075
12.5 25 0.5

In order to perform the compression tests underidated conditions, friction conditions were reddicky
applying graphite based lubricant to the contactases. For solid and tapered specimens, a podidhe surface was
machined with circumferential grids. All compressitests were carried out by using servo hydradgting machine,
model 4505 with a capacity of 200 ton. The testeedene under displacement control at a constamtafadpproximately

0.5 mm/min. In each case, applied load and ax&dldcement were measured and recorded.

RESULTS AND DISCUSSIONS

Deformation Ratio

The maximum deformation ratios {H,)of AA6066AI alloy with various specimens geomedrand aspect ratios
are shown in Figures 2-4. It can be observed fragnre 2 (a) that HH, ratios for solid specimens are higher in case of
lubricated specimens than for dry ones. The higle&irmation ratio for non-lubricated solid specmmavas 49% while
for lubricated specimens it was 51%. Those valeesnded at an aspect ratig/Bl, of 1. The lowest deformation ratios
was 31% and 42% for dry and lubricated specimesyzadively, this occurred at an as pectratitlof 1.25. Figure 2 (b)
shows specimens after compression test and it isenbthe cracks on the lateral free surface of gpecimens that

imposed to non-lubricated conditions rather thanltibricated specimen.
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Figure 2: (A) Deformation Ratio of Solid Specimensat Various
Aspect Ratios H/D(B) Solid Specimens after Compression Test

Figure 3 (a) shows the deformationratio/tH) of tapered specimens. The greategHkiratio for lubricated
specimens was 67% aty/B,=1, while for non-lubricated condition the greategtH, ratiowas 52% corresponding to

Ho/D, of 0.5. The compressed specimens with clear crmcksoth dry and lubricated conditions are showirigure 3 (b).

Impact Factor (JCC): 3.6234 NAAS Rating.02



Influence of Specimen Geometry and Lubrication Conitions on 18
the Compression behavior of Aa6066 Aluminum Alloy

The compression ratio ¢(#H,) of tapered specimens at various ratios gbglis illustrated in Figure 4 (a). It can be seen
that the greatestHH, ratio for lubricated specimens was 72% that cpweding to H/D, of 0.75. For non-lubricated
specimens the maximumy/H, was 74% corresponding tq,/B, of 1.5.
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Figure 3: (A) Deformation Ratio of Tapered Specimes at Various aspect
Ratios H/D, (B) Tapered Specimens after Compression Test
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Figure 4: (a) Deformation Ratio of Collar Specimenst Various aspect
Ratios Hy/D, (b) Collar Specimens after Compression Test

True Stress—Strain Behavior for Solid Non-Lubricatel Specimens

The true stress—strain curves of the AA6066 Alyaftr solid non- lubricated specimens suffereddbmpression
deformation are shown in Figure 5. Obviously, tffeats of aspect ratio on the true stress- trugrsture significant for all
the tested conditions. As can be seen from thdtseshere is a systematic trend toward the in@eéadrue stress with
increasing true strain for all aspect ratios[39)eTirue stress—strain curves exhibit a maximunsstvalues at an aspect

ratio H/D, of 0.75, while minimum stresses were observed,@Hatio of 1.25.
True Stress—Strain Behavior for Solid Lubricated Sgcimens

The effect of aspect ratioiD, on the true stress- strain of AA6066 Al alloy &wlid lubricated specimens is
shown in Figure 5. It can be observed that, the stuess—true strain curves exhibit a maximum stvakies at an aspect

ratio of 1, while minimum stresses occurred att® raf 1.25.
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Figure 5: True Stress—Strain for Solid Non-Lubricaed Condition
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Figure 6: True Stress—Strain for Solid Lubricated $ecimens

True Stress—Strain Behavior for Tapered Non-Lubricded Specimens

Figure 7 shows the effects of aspect ratigDid on the true stress- strain of AA6066 Al alloy fapéered non-
lubricated conditions. It is shown that, at lowasts (0 - 0.2) the true stress curves exhibit aimam stress when
Ho/Dowasl.5, while at higher strains (0.25 - 0.4) thesimam stress occurred when the value gfitjwas 0.75. For the

all values of strain, the lowest stresses occuatdd/D, ratio of 0.5.
True Stress—Strain Behavior for Tapered LubricatedSpecimens

The effect of aspect ratio,HD, on the true stress- strain of AA6066 Al alloy fapered lubricated specimens is

illustrated in Figure 8. The graph shows maximuresstes at §ID, of 1.5, while minimum stress occurred at a rafi0.6.
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Figure 7: True Stress—Strain for Tapered Non- Lubrtated Specimens
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Figure 8: True Stress—Strain for Tapered LubricatedSpecimens
True Stress—Strain Behavior for Collar Non-Lubricated Specimens

Figure 9 shows the effect of aspect ratig/Ddon the true stress- strain of AA6066 Al alloy foollar
non- lubricated specimens. It is shown that, the stress—true strain curves have maximum stregsegD, of 0.75,

while minimum stress occurred at a ratio of 0.5.
True Stress—Strain Behavior for Collar Lubricated Secimens

Figure 10 shows the effect of aspect ratiglld on the true stress- true strain of AA6066 Al alfay collar
lubricated specimens. It is shown that, the truesst-strain curves have maximum stresses ay/@, l8f 0.75, while

minimum stress occurred at a ratio of 0.5.
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Figure 9: True Stress—Strain for Collar Non-Lubricated Specimens
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Figure 10: True Stress—Strain for Collar Lubricated Specimens

The interpretation of true stress-strain behaviterghe compression tests can be stated as fallmwsase of
tapered and collar compression test specimens ntegidr deformation of the cylinder expands the tnregion,
accentuating the circumferential tension. Becabhsefiee surface at midheight is not directly in tegh with the platen
surface along straight line, compression of thidisa is less than in cylindrical compression [48].the free surfaces of

compressed cylinders, the strain consists of cifetgntial tension and axial compression.
CONCLUSIONS

The effect of specimen geometry/dimensions on dedtion ratio and behavior of true stress-strai\AB066
Al alloy have been investigated. For all testedngeties, the true stress increases with incredbm@spect ratio §#D, of
the specimen. Regarding the cylindrical solid specis, the value of circumferential strajnincreases as the axial strain
g,increases. The values of local strains are prapmatito the total strains. For collar specimens,hlues of local strain
g, are inversely proportional to the total axial stravhile for tapered specimens, the local circueri¢ial strains, are

very close to the total circumferential strain
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