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ABSTRACT: In this work, Alumix 431 metal powders have been chosen for study
due to widely used in the industrial applications. First, Alumix 431 powders were
pressed at 400 MPa pressure and room temperature (RT). Then, pressed specimens
were sintered at 600 °C and 620 °C temperatures for lh separately. In order to
examine effects of sintering operation to density, densities have been measured in per
different temperature. After sintering operation, a group of specimen was shot
peened in 12A and 16A intensities. To investigate mechanical properties of sintered
and shot peened Alumix 431 powders, tensile and fatigue tests were performed.
Keywords: Powder metallurgy, Alumix 431, Sintering, Shot peening, Fatigue
strength

BILYALI DOVME iSLEMININ ALUMIX 431 TOZ MALZEMELER
UZERINDEKI ETKISI

OZET: Bu ¢calismada, endiistrivel uygulamalarda yaygin olarak kullanilan Alumix
431 tozlar segilmistir. Alumix 431 tozlar1 400 MPa basing ve oda sicakliginda
stkistirtimistir. Daha sonra, sikistirtlan numuneler 600 °C ve 620 °C sicakliklarda 1
saat sinterlenmistir. Sinterleme isleminin yogunluga etkisini arastirmak igin,
sinterlenmis numunelerin yogunluklar: farkl sicakliklara gére her biri ayri olarak
olciilmiistiir. Sinterleme isleminden sonra, bir grup numuneye 124 ve 164
yvogunluklarinda bilyali dévme iglemi uygulanmistir. Sinterlenme ve bilyali dovme
vapilmis Alumix 431 toz malzemelerinin mekanik ozelliklerini incelemek icin ¢ekme
ve yorulma testleri yapilmistir.

Anahtar kelimeler: Toz metallurjisi, Alumix 431, Sinterleme, Bilyali dovme, Yorulma
dayanimi
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1. INTRODUCTION

Commercially available aluminum powder alloy compositions consist of blends of
atomized aluminum powders blended with powders of various alloying elements
such as zinc, copper, magnesium and silicon. The Alumix 431, which is 7xxx series,
is one of the aluminum alloys of the most common heat-treatable grades and been
used in industrial applications. The Alumix 431 based on additions of zinc,
magnesium and copper is a high strength aerospace alloy. The 7xxx series alloys
have the highest age hardening response of all the conventional aluminum alloys.
Zinc provides the greatest contribution to the age hardening of aluminum without
recourse to costly non-equilibrium techniques such as rapid solidification. Copper is
added to these alloys principally to improve resistance to stress corrosion cracking.
Magnesium, even at the 0.5% level, does impact on shrinkage in a positive manner
reducing the oxide, allowing metal-metal contact at particle interfaces and facilitating
diffusion [1-3].

Conventionally pressed and sintered aluminum powder metal parts have been
available for many years. Powder metallurgy (PM) has been recently the subject of
renewed attention because of the combination of the lightweight of aluminum and
the efficient material usage of the PM process, which present attractive benefits to
the perspective end users. The effect of manufacturing parameters of the PM parts,
such as alloy compositions, density, sintering conditions, mechanical and thermal
surface treatments and heat treatment, on the static and fatigue properties play an
important role [3].

In modern technology shot peening has potential application in the engineering
field from earth to space technologies. When advanced mechanical treatment
technologies such as laser shot peening and low plasticity burnishing which are more
expensive and time consuming compared, shot peening process has different
application in the automobile, marine and aerospace vehicles in the race of high
technology. The surface modifications produced by the shot peening treatment are
(@) roughening of the surface; (b) an increased, near-surface dislocation density
(strain hardening); and (c) the development of a characteristic profile of residual
stresses [4, 5]. It has been recently indicated that shot peening is also an effective
way of improving fatigue strength in PM parts [6, 7].

In this work, the effect of sintering and shot peening processes on Alumix 431
aluminum alloys was investigated. To determine the effect of sintering temperature
and peening intensity on the mechanical properties, the tensile and fatigue samples
were sintered and shot peened at various temperatures, times and in intensities
separately. Moreover, the tensile and fatigue results for unpeened and peened
conditions were evaluated and compared.
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2. MATERIAL AND METHOD
2.1. Material

Material used in this study was Alumix 431® powder from Ecka Granules in
Germany. It is a mixture of 7xxx series aluminum alloys. The chemical composition
and particle size characteristics of Alumix 431 powders are given in Table 1. The
specimens were compacted in a cylindrical die of 15 mm diameter to give compacts
of about 15 mm in height, which has approximately a weight of 3.5 g with an
accuracy of 0,001 g for static properties. This allowed good density distribution in
the compact and reduced die wall friction, even though no lubricant was separately

used.

Table 1. Chemical composition and particle size characteristics of the

Alumix 431

EFFECT OF SHOT PEENING PROCESS ON
ALUMIX 431 POWDER MATERIALS

Chemical Composition,

% (Theoretical Density: 2,786 g/

Particle Size
Characteristic*

cm®)
Lubri- % | Mean
Al Cu Zn Mg cant D1g Dsg Dgo Sw Value
89 15 55 2,5 15 | 548 [107,2|193,1| 4,7 |118,7

*Dimensions are in um, **S,,: The particle size distribution slope

2.2. Method

In this study, the components of powder (Al-5.5 Zn-2.5 Mg-1.5 Cu; elemental
mixing is in weight %.) mixing is loaded into prismatic blanks which a die in sizes of
10x10x55 mm? as shown in Figure 1 and then cold compacted under 400 MPa
pressure at room temperature (RT) using a single action press.

{0

2

Figure 1. Compacted aluminum alloy

Sintering of materials was performed in an automatic controlled high temperature
gas atmosphere tube furnace using Protherm Electrical Furnace, which is PTF
4/75/750 model, and can heat up to 1600 °C temperature. EKsi et al. stated that in
order to determine the optimum sintering result, the specimens were sintered under
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five different sintering conditions and 620 °C was selected the best sintering
temperature to produce the samples for tensile and fatigue tests since it resulted in
high density [8]. They found that the best sintering temperatures were at 600 °C and
620 °C temperatures. Therefore, the specimens were sintered at two different
temperatures that was at 600 °C and 620 °C. All specimens of pressed dies were
sintered for 1 hour at 600 °C and 620 °C temperatures in groups of fifteen each in N,
atmosphere, respectively. Temperature was increased by 5 °C/min until medium of
furnace reached sintering temperature; and then specimens were kept in turn in these
temperatures 1 hour for sintering operation. After that, furnace was closed and
temperature was decreased by 5 °C/min until medium of furnace was reached room
temperature (22 °C). While the specimens were cooling, the furnace was also
running in N, atmosphere, which is protective gas. These operations were continued
till medium of furnace was reached RT and afterwards, sintering process was ended
up.

The density of sintered and green Al alloys was evaluated. Densities of green and
sintered parts were measured by the Archimedes Principle (water displacement
technique) using Precisa 320XT series for analytical and precision balances in Gazi
University’s Mechanical Research Laboratory in Ankara, Turkey. Pure water is used
for measuring media at room temperature. Sintering conditions are given in Table 2.
The sintered samples were conducted with machining operations and polishing
operations using Computerized Numerical Control (CNC) turning lathe and metal
polishing machine. Fatigue, tensile test sample dimensions are shown in Figure 2.

Table 2. Sintering conditions used in this study

Heating Cooling Sintering Sinterin
Specimen | Atmosphere* rate, rate, temperature, time mi%
°C/min °C/min °C ’
No.1 N, 5 5 600 60
No.2 N, 5 5 620 60
* Ng, dry, clean, dew point lower - 45 °C
5 g
00 ™
¥ - 14,5 3. ® #H%
- |
0 gzw{
o e =1
25,4 20 s
. 50,8 _ - 33 -
(a) (b)

Figure 2. Dimensions of samples; a) Fatigue, b) Tensile (Dimensions are in mm)
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EFFECT OF SHOT PEENING PROCESS ON
ALUMIX 431 POWDER MATERIALS

There are many ways to improve mechanical properties of parts produced by PM
like heat treatment, boronizing, and shot peening etc. The shot peening that was one
of the most economic surface processes that applied to increase fatigue life of
material. To evaluate unpeened and peened parts in respect to mechanical properties,
15 samples were sintered and after sintering operation, other 15 samples are shot
peened in 12A and 16A intensities separately according to [9-14] to perform the best
results using an air high-pressure type of equipment. The shot peening parameters
used in this work are given in Table 3. The shot peening studies were carried out
using IEPCO Micropeen-Peenmatic 2000S Machine in Laboratory of 1% Air Supply
and Maintanence Center (1. Hava ikmal Bakim Merkezi Komutanligl) in
Eskisehir/Turkey.

Table 3. Shot peening parameters

c Peenin Shot Peening Peenin
2 Material, intensitg material, air fime g
S sintering A Y, shot pressure, secon’ q
;)i temperature (mm) diameter psi s)
(mm) (MPa)
. Steel
Alumix 431, 12 . 50
No.1 600°C (0, 30) (% 12170) (0, 34) 15
Nop | Alumix 431, | 16 Stiild S 50 .
' 620°C (0, 40) (0, 27) (0, 34)

3. RESULTS AND DISCUSSION

In this study, sintering process was carried out at 600 and 620 °C temperatures.
Compaction process was executed constant pressure of 400 MPa and at room
temperature. First, after compaction process, green densities were obtained 2, 53
glcm®. Then, densities of sintered specimens were measured 2, 42 (No.1) and 2, 50
g/em® (No.2) at 600 and 620 °C, respectively. Increasing sintering temperature causes
higher density in sintered parts because of reducing pores. When pores reduce,
particles are yielded and volume is decreased. Therefore, the density is increased.
Densities of No.1 and No.2 samples are different despite of fact that temperature
raises a small difference such as 20 °C. Hence, No.2 has higher density than No.1.
Besides, as comparison of theoretical and sintered densities, No.1 and No.2 have
approximately 86%, 90% of theoretical density, respectively. Consequently, sintering
density increased roundly 5% on account of increase of temperature. Results show
clearly that the sintered densities under N, protective gas atmosphere were
marginally lower the green densities even increasing sintering temperature. This is
because of fact that the porosity was not completely eliminated, despite it was
significantly reduced.
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Al sintered powder parts were subjected to tensile and fatigue tests after sintering
and shot peening process. All samples are symbolized for definition of samples
according to conditions as shown in the Table 4. Tensile and fatigue tests were
executed at room temperature using Instron® Machine with a controller Fast Track®
8800 series connected to a computer and a servo hydraulic.

Table 4. Symbols of material used in this work
material sintered at 600 °C
material sintered at 620 °C

only sintered material

shot peened after sintered material

o|n W >

To examine the static and dynamic properties of samples, tensile and fatigue tests
were carried out. In tensile test, action velocity of Instron® Machine was taken v = 0,
3 mm/min as vertical movement and was kept constant during experiments. The
tensile behavior of Alumix 431 material which was peened and unpeened was
examined by conducting tensile tests on specimens of each type. As tensile tests
indicate a little plastic region in accordance with characteristic of Alumix 431
powder because of fact that graphics of all tensile have slightly slope as horizontal as
can be seen in Figure 3, extension at break were represented at maximum load. That
is, the data for yield strength could not be obtained from tensile tests. Sintering and
shot peening processes were gradually provided the density increases. The more
density rise, the more tensile strength increases as stated in literature. Therefore, the
Ultimate Tensile Strength (UTS) were indicated slowly increase in accordance with
sintering temperature and shot peening intensity.
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Figure 3. Comparison of tensile stress curves

Table 5. Characteristic tensile properties of parts

: , Ultimate

Slnte!red Young's Tensile Strain
" Density, | Modulus

Conditions E strength (A),

g/cm GPa MPa’
AS 2,42 36 132 0,24
AP - 40 157 0,36
BS 2,50 46 170 0,57
BP - 52 15 0,63

Fatigue tests were conducted using same way, too and results of these tests were
plotted Nominal stress amplitude, o, (MPa) versus Cycles to rupture, Ng (Number).
Fatigue tests were performed in the axial load control which is more severe than
bending under fully reversed loading (stress or load) ratio R = omin/Omax = -1 Which is
sine waveforms using 15 specimens for the determination of each S-N (Wdhler)
curve. The tests were carried out at the constant frequency of f = 10 Hz. One stress
ratio was investigated on the unnotched (K; = 1) specimens. All the tensile and
fatigue experiments were carried out in the Materials Laboratory of Department of
Mechanical Engineering of Cukurova University in Adana/Turkey.

For the result of axial fatigue tests, Wohler curves were plotted correspond the
greatest cycle values. The fatigue test machine including clamping of the specimen
used in this investigation is seen in Figure 4. Average stresses in the interval of 30—
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120 MPa were evaluated. In all tests, cycle number have been constant to be Nr =
2x10° as boundary cycle number that proposed in literature and run-out was defined
as no failure after 2x10° fatigue cycles [15, 16]. The fatigue test results for unpeened
and peened conditions were compared. As mentioned in literature, it was seen that
shot peening improved fatigue life by about 10%, 15% using 12A, 16A intensities on
No.1 and No.2 sintered specimens, respectively. Fatigue strength increased from 100
MPa for unpeened specimens to maximum of approximately 115 MPa for the
specimens peened to 12A and from 105 MPa for unpeened specimens to maximum
of approximately 120 MPa for the specimens peened to 16A at this the same as
shown in Figure 5. It was thought that shot peening was improved fatigue strength
because of compressive residual stress and peening intensity.

1-Top sample holding apparatus

Top
head

The direction
of movement

of heads Fatigue sample

3-Special sample
Bottom holdingapparatus

head

2-Bottom sample holding apparatus

Figure 4. Set up of tensile and fatigue tests apparatus
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Figure 5. Comparison of S-N curves for all peened and unpeened specimens

4. CONCLUSIONS

The density measurements of Alumix 431 aluminum alloys sintered at 600 and
620 °C have been performed and comparison of green and sintered sgecimens has
been done. The results show that highest density has 2, 50 g/cm® on sintered
specimen at 620 °C, 400 MPa, RT.

The porosity reduced and structures became homogeneously with arising
temperature. The density is affected directly reducing porosity. Shrinkage of pores
was occurred due to decreasing of volume of sintered parts, and weight did not
change. Thus, the density was increased. High density means that has high strength
of sintered parts, and it is desirable feature with powder metallurgy because of fact
that high density also affects mechanical properties like strength, toughness, and
hardness etc.

Shot peening and sintering process were indicated positive effect on materials.
Tensile strength increases because of fact that sintering temperature and peening
intensity arises. For reason, Ultimate Tensile Strength was represented an increase
between 132 and 185 MPa.

Fatigue stresses in the interval of 100-120 MPa have been tested. Shot peening
gives a marked improvement in the fatigue strength over as the machined condition,
with around an order of magnitude increase in cycle life. The effect of shot peening
on the fatigue behaviour of Alumix 431 has been investigated. Shot peening has been
found to offer a significant improvement in the fatigue life with 10% and 15%
increases in the endurance limit of material in 12A and 16A intensities, respectively
according to unpeened samples because of fact that shot peening causes increase of
density of part.

91



IYNEN, EKSI ve BIRCAN

5. ACKNOWLEDGEMENTS
Authors would like to thank for the support given by Cukurova University under
the contract of MMF2008BAP2.

6. REFERENCES

1. Schaffer, G. B., Huo, and S. H., ‘On Development of Sintered 7xxx Series
Aluminum Alloys’, Powder Metallurgy, Vol. 42, No. 3, pp. 219-226, 1999.

2. Iynen, O., ‘The Influence of Sintering and Shot peening Processes on Alumix
431 Powder Metallurgy’, Master Thesis, Cukurova University, Instute of Natural and
Applied Sciences, 2009.

3. Eksi, A. K., Lipp, K., Sonsino, C. M., and Velt, G., ‘Static and Fatigue
Properties of the Cold and Warm Compacted Sintered Aluminium Alloy Alumix 431’
Wiley Interscience, Materialwissenschaft und Werkstofftechnik, Vol. 37, No.5,
pp. 374-382, 2006.

4. Mahagaonkar, S.B., Brahmankar, P.K., and Seemikeri, C.Y., ‘Effect on Fatigue
Performance of Shot peened Components: An Analysis Using DOE Technique’,
International Journal of Fatigue, Elsevier, Vol.31, pp. 693-702, 2009.

5. Brahmankar, P. K, Mahagaonkar, S. B, and Seemikeri, C. Y, ‘Shot peening:
State of - The Art. In: Proceedings of The International Conference on Advances in
Materials and Material Processing’, pp. 296-303, 2006.

6. Tekeli, S., ‘Enhancement of Fatigue Strength of SAE 9245 Steel by Shot
peening’, Elsevier, Materials Letters, Vol. 57, pp. 604-608, 2002.

7. Sarutas, S., Dogan, C., and Varol, R., ‘Improvement of Fatigue properties of
PM Steels by Shot peening’, Powder Metallurgy, Vol. 42, No. 2, 1999.

8. Eksi, A., Veltz, G., Petzoldt, F., Lipp, K., and Sonsino, C. M., ‘Tensile and
Fatigue Properties of Cold and Warm Compacted Alumix 4371 Alloy’, Powder
Metallurgy, Vol. 47, No. 1, 2004.

9. Basaran, A., Varol, R., Pirge, G., Basturk, S., and Varol, H., ‘Investigation of
The Shot peening Effect of Elevated Temperature on The Fatigue Strength of Cubber
Added PM Steels’, Prooceedings of 8" International Fracture Conference 7-9
November 2007, Istanbul/Turkey.

10. Yilmaz, S. S., Unlu, B. S., and Varol, R., 'Borlama ve Bilyali Dévmenin Demir
Esasli TM Malzemelerde Yorulma Davranisina Etkisi’, Makine Teknolojileri
Elektronik Dergisi, Vol. 1, pp. 61-68, 2007.

11. Pavel, C., Brandusan, L., and Muresan, R., ‘The Influence of Shot peening on
The Fatigue Properties of Powder Materials’, 3" International Powder Metallurgy
Conference, Turkish Powder Metallurgy Association, pp. 698-701, Gazi University,
September 4-8, 2002, Ankara/Turkey.

12. Barry, N., Hainsworth, S. V., and Fitzpatrick, M. E., ‘Effect of Shot peening on
The Fatigue Behaviour of Cast Magnesium A8’, Materials Science and Enginering
A, Elsevier, Vol. 507, pp. 50-57, 2009.

92



EFFECT OF SHOT PEENING PROCESS ON
ALUMIX 431 POWDER MATERIALS

13. Dulek, E., Orman, S., Karatas, C., and Saritas, S., Effects of Shot peening on
The Fatigue Strength of AISI 1020 Steel and Investigation of Created Residual
Stresses by Layer Removal Technique’, Gazi University Journal of Faculty of
Enginering and Architecture, Vol. 20, No. 3, pp. 289-295, 2005.

14. Varol, R., Tunay, R. F., ‘AA2024-T4 Aluminium Alasimimin Yorulma
Dayanimina Ilik Bilyali Dévme Isleminin Etkisi’, TBMMOB Makina Miihendisleri
Odasi Konya Subesi Makine Tasarim ve Imalat Teknolojileri Kongresi, 02-03 Kasim
, MATIT, 2001.

15. Dilek, M., ‘Mechanical Properties of Different Aluminum Alloys Joined By
Friction Stir Welding’, Master Thesis, Cukurova University, Instute of Natural and
Applied Sciences, 2006.

16. lynen, O., Eksi, A. K., Bircan, D. A., and Dilek, M., ‘Design and Investigation
of Improvement of Fatigue Properties of The Machine Elements Produced by
Powder Metallurgy’, 5" International Advanced Technologies Symposium
(IATS’09), May 13-15, pp. 76, 77, 2009, Karabuk, Turkey.

93



