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Abstract 

 

The structural components made of AA5083 alloy are sometimes subjected to 

shock loadings during their usage. Thus, high impact toughness is a desirable 

property in this state for proper application. Therefore, modified AA5083 alloys 

with rare earth elements REEs (REEs = Ce and Pr ) additions, that have been 

produced by in situ casting technique under inert gas (Argon) condition has strong 

tendency to improve the impact toughness of AA5083 alloy. The amount of REEs 

(REEs = Ce, and Pr) additions was in the range of (0 ≤ wt. % Of REEs ≤ 1). 

The tested standard specimens were subjected to Charpy impact testing at room 

temperature and sub-zero temperature. The obtained results were qualitatively and 

quantitatively interpreted 

Quantitatively, it was found that the inclusion of Ce and Pr additions improved the 

impact toughness of the AA5083 alloy. More so, it was observed the impact 

toughness increased with increasing percentage of Ce or Pr. It was noticed that the 

performance effectiveness improvement of Ce addition was more than Pr 

addition. Regarding the influence of temperature on impact energy, it was 

observed that the impact energy values for the modified AA5083 alloys were 

slightly higher in the case of sub-zero temperature than in the room temperature. 

Qualitatively and based on the SEM images of fracture surfaces, it was found that 

the nature of the fracture was ductile fracture for all the tested samples. 
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1 Introduction 
 

The toughness of a material can be defined as the ability of a material to absorb 

sudden shock and deform plastically before breaking or shattering. [1]. It is 

usually closely related to material plasticity (it means a higher plasticity leads to 

higher toughness). [2, 3] 

The toughness is one of the major mechanical properties of structural materials 

which can be estimated from the stress-strain curve through the area under the 

curve or via the Charpy and IZOD impact tests which are often used [1]. 

Charpy impact testing is a well-known method to estimate the impact toughness 

of the materials [2], it it is widely applied in the industries due to its affordability, 

ease of performance at wide range of temperature and results can be obtained 

quickly [4].Charpy tests are very good indicators for comparing the toughness of 

the materials. Where a brittle material will absorb a little amount of energy (i.e. 

Need a little impact energy for fracture) while the ductile material absorbs more 

amount of energy. (I.e. need huge impact energy for fracture ) [5, 6]. The results 

of impact tests can be assessed quantitatively and qualitatively. The quantitative 

results are the amount of energy required for material fracture, while the 

qualitative results are obtained via fracture morphology of the fracture surface. 

Where the brittle fracture encompasses both intergranular and cleavage fracture, 

while the ductile fracture includes failure by plastic instability or cavitation [7].  

It has been reported that the impact toughness of the materials is affected by many 

variables such as the sample size, notch size, microstructure, and temperature [2, 

3, 8, 9].With respect to the influence of temperature on fracture toughness, Al- 

alloys like other FCC structure materials do not show any sudden changes in 

fracture behaviour with a temperature change. Where the materials with BCC 

structure exhibit a ductile to brittle transition with decreasing temperature under 

impact load [9]. In general, the impact toughness of coarse-grained material 

decreases with decreasing testing temperature [9].But in some nanostructured 

materials, the impact toughness increases with decreasing temperature as a result 

of increasing both the strength and the ductility of the nanostructured materials [9-

11].The effect of temperature change on the impact energy of AA5083 alloy and 

Sic/AA5083 alloy was studied. A slight deviation in impact energy with 

temperature change was observed [9, 12].Regarding the effect of rare earth 

elements REEs additions, many studies have been carried out on the Al-alloys. 

Meanwhile, the ability of the REEs to improve the Impact toughness of Al-alloys 

directly or indirectly via improving its ductility was confirmed. 

 The effect of the rare earth elements REEs (La and Ce and Sr) additions on the 

mechanical properties of A356 alloy have been studied. It was found that REEs 

additions enhanced the ductility (i.e. improved impact toughness), where Ce 

addition had less performance as compared with La and Sr [13].Another study 

showed Adding of REEs (REEs=Ce, and Pr) additions of Al-Fe alloys had 

positive effective influence on the plasticity. Therefore, improvement of its impact 

toughness is greatly expected [14]. A study on the 5052 alloy also confirmed that 
the addition of Er had a positive effect on the tensile elongation which is beneficial to 
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subsequent plastic deformation processing, thus improvement of impact toughness 

is expected [15]. Effect of SC additions on elongation of Al-Si-Mg alloy was 

investigated. It was found that the 0.8wt. % achieved the best result 

[16].Regarding, the effect of the crystal lattices (BCC, FCC, and HCP) of 

material, the  FCC and many of HCP structures did not exhibit a ductile-brittle 

transition DBT and remained ductile at all temperatures, while the BCC and some 

HCP structures showed the DBT characteristics[17].This means that the 

prediction about the fracture modes for BCC and FCC structure is easy (it’s brittle 

and ductile). While for HCP,   it’s not easy, but it can be concluded that it’s often 

ductile and sometimes brittle 

 

2 Experimental work 
 

2.1 Material fabrication 

AA5083 alloy and modified AA5083 alloy with REEs (REEs= Ce, Pr) have been 

fabricated by in-situ casting technique under degaussing condition (Argon gas) by 

using induction furnace where the amount of each rare earth element REEs (REEs 

= Ce, and Pr) additions was in the range of 0 ≤ wt. % Of REEs ≤ 1 with  five 

different amounts (0.1wt.%, 0.3wt.%, 0.5wt.%,0.7wt.%, 1.0wt.%).Then followed 

by homogenization process at 450 ˚C for 24 hr. 

 

2.2 Charpy V-notch impact testing procedure 

 

The Charpy impact test was conducted on the AA5083 alloy and the modified 

AA5083 alloys with REEs (REEs = Ce, Pr, and Ce+ Pr) additions by using 

pendulum impact tester (model: Zwick- 5101) with an alternative hammer of 25 J 

energy, at the materials science engineering laboratory–UTM, according to 

ASTM E23 standard [18] at two different conditions Room temp. (21 ± 3) °C. and 

sub-zero temp. (-10 ± 3) °C. Where the setup of Charpy impact test is shown in 

Fig.1. After the sample preparation, it was placed horizontally, where the v-notch 

facing was on the opposite side of the pendulum contact point, and then the 

pendulum was raised up to a known height and allowed to fall. The energy 

absorbed at fracture of the sample was read directly from the instrument gauge.  

The average absorbed energy of three Specimens that have been fractured 

completely (i.e. two separate parts) was recorded as well as the fracture surface 

appearance of tested specimens were studied via PV- SEM technique. 

To perform the test under sub-zero condition, the test was carried out with the 

same method for the room temperature condition, the difference was only in using 

refrigerant gas, where the cooling method was performed in-situ to get accurate 

test temperature as possible.  The gas was sprayed on the sample that has been 

connected with thermocouple type-K for measuring the sample temperature. 

When the sample temperature reached the desired temperature, then the sample 

was struck by the hammer of the pendulum 
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Fig.1 Charpy impact testing machine (a) Standard Charpy V-notch impact test 

specimen (b) set-up at room temperature (C) Set-up at sub-zero temperature 

 

3 Results and discussion 
 

3.1 Preface 

 

The principle of the Charpy impact test involves breaking the standard sample by 

a single blow a hammer of pendulum, under conditions were it defined in standard 

specifications. The energy (E) absorbed at fracture can be obtained via simple 

calculations. By the difference in potential energy of the pendulum before and 

after the test. The energy ( E ) calculation formula is as follows:[19] 

 E = m.g. (ho - hf) 

Where m is the pendulum mass, ho is pendulum height before Impact, hf is 

pendulum height after impact, and g is the gravitational acceleration. Where the 

impact energy ( E )  consists of two components (Ei+ Ep): Ei is The fracture 

initiation energy and Ep is the fracture propagation energy [9]. 

Improving the specific absorbed impact energy capability of AA5083 is a key 

factor in increasing its application in many fields. Therefore, the study highlights 

the effect of REEs (REEs = Ce, Pr) additions that have been added with various 

percentages on the fracture and energy absorption characteristics of AA5083 alloy 

via Charpy impact testing at room temperature and sub-zero temperature. 

The study of the shock resistance of modified AA5083 alloys at sub-zero 

temperature is a worthy subject because the AA5083 alloy has wide applications 

at sub-zero. The results obtained from the Charpy impact testing have been 

assessed via both quantitatively and qualitatively. Where the quantitative results 

obtained from the tests are the amount of energy required for material fracture. 

While the qualitatively results obtained from the tests are fracture surface images 

and that can be used for estimating the fracture type mode (i.e. brittle fracture or 

ductile fracture) that occurred. 
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3.2. Quantitative method 

 

The average energies absorbed by the fractured specimens (AA5083 alloy and 

modified AA5083 alloys with REEs (REEs = Ce, Pr) additions that were obtained 

from the Charpy impact test are presented in Table 1. An average of three samples 

was used to obtain the energy absorbed values. Then the data were plotted in form 

of columns for each rare earth element (Ce, Pr) additions individually, to show 

clearly its effect on the absorbed impact energy of the AA5083 alloy at room 

temperature and sub-zero temperature. 

 

 

Table 1. Charpy impact test data from AA5083 alloy and modified AA5083 

alloys. 

 

alloy Average impact energy (J) ±σ Increase in energy  

 At room temp. At sub-zero temp. Room temp. Sub-zero temp. 

AA5083  19.5±0.043 19.3±0.070 - - 

Modified AA5083 alloy with Ce additions 

0.1wt.%Ce 20.1±0.070 20.3±0.070 3% 5% 

0.3wt.%Ce 20.8±0.050 20.9±0.070 7% 8% 

0.5wt.%Ce 21.8±0.043 22.0±0.109 11% 14% 

0.7wt.%Ce 22.8±0.050 23.0±0.043 17% 19% 

1.0wt.%Ce 23.3±0.070 23.5±0.082 19% 22% 

Modified AA5083 alloy with Pr additions 

0.1wt.%Pr 19.8±0.109 19.9±0.109 2% 3% 

0.3wt.%Pr 20.5±0.141 20.7±0.178 5% 7% 

0.5wt.%Pr 21.3±0.070 21.5±0.070 9% 11% 

0.7wt.%Pr 22.5±0.070 22.7±0.043 15% 18% 

1.0wt.%Pr 23.1±0.109 23.4±0.112 18% 21% 

 

 

3.2.1 Effect of Ce additions on Charpy v-notch impact energy of AA5083 

alloy at room temperature and sub-zero temp 
 

Fig.2 shows the correlation between the impact energy, j and 0.1wt. % to 1.0wt. % 

Ce additions content, at room temperature and sub-zero temp. 

It was found that the impact toughness was enhanced by the Ce addition in both 

temperature conditions. It was seen that the toughness gradually increased with 

increasing addition of Ce additions. It improved by 19% from 19.5 J to 23.3 J. at 

room temperature and improved by 22% from 19.3 - 23.5 j at sub-zero 

temperature. 
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Figure 2. Shows the average absorbed energy that obtained from Charpy Impact 

test, vs. Ce element content. The standard deviation was shown on the top of the 

columns. 

 

3.2.2 Effect of Pr additions on Charpy v-notch impact energy of AA5083 

alloy at room temperature and sub-zero temp 
 

The influence of 0.1wt. % to 1.0wt. % Pr additions on the impact energy of 

AA5083 alloy at room temperature and sub-zero temperature was similar to the 

effect of Ce additions but less effective as shown in Table .1 

Fig.3 shows the typical curve of the impact energy with different levels of Pr 

content (0.1wt. % to 1.0wt. %) Pr, at room temperature and sub-zero temperature. 

It was observed that the impact energy increased with increasing percentage of the 

Pr additions which can be improved by 18% from 19.5 J to 23.1 J. at room 

temperature and improved by 21% from 19.3-23.4 j at sub-zero temperature 

Because the REES leads to grain refining and proper phase distribution as well as  

porosity reduction.[20]. Hence, the improvement of the impact toughness for the 

modified AA5083 alloys may be attributed to the grain refining and proper phase 

distribution as a result of REEs additions. In general, the improvement of the 

impact toughness with increasing percentage of REEs in the limit of wt.% ( 0.1-

1%) additions may be attributed to the presence of a rich second phase with REEs 

that was formed and played critical role in the improvement of AA5083 matrix 

ductility. As a rule, it is hard to acquire combinations of high strength and 

ductility or high strength and high toughness at the same time. But this can occur 

in materials that have high tendency for twinning.[21].Thus, the AA5083 alloy 

and modified AA5083 alloys have combinations of high strength and ductility 

because they have high tendency for twinning. The results obtained from the 

Charpy V-notch pendulum impact test showed higher impact energy absorption at 

low temperature as compared with room temperature. (i.e. the ductility values of 

the tested samples increased at low temperature). This is may be attributed to the 

deformation twinning that could be responsible for increasing ductility, which is  

a common phenomenon at low temperature and has been observed frequently in  
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hcp and FCC materials [22-24].In general and clarifying the aforementioned 

further at high temperatures, the metals with both BCC and FCC structures had 

mobile dislocations, therefore they could afford large plastic deformations without 

being subjected to the fracture. While at low temperatures, the dislocations in 

BCC structure were no longer mobile because there were no dense-packed atomic 

planes in the BCC structure, so dislocations in a BCC structure require a certain 

amount of atomic vibration (thermal energy) to glide.  As the temperature drops, 

that thermal energy diminishes, and the energy needed to move dislocations starts 

to approach the energy needed to cause brittle fracture.  In FCC metals, the 

dislocations do glide on closest-packed planes, so they are not so dependent on 

thermal energy to move; thus, lower temperatures don't greatly increase the 

strength of FCC metals.  Their fracture toughness and ductility can actually 

become slightly higher as the temperature drops 

 

 

Figure 3. Shows the average absorbed energy that obtained from Charpy Impact 

test, vs. Pr element content. The standard deviation was shown on the top of the 

columns 

 

3.3 Investigation of Impact Specimens fractography 

 

Qualitatively, results (the PV-SEM images of fracture surfaces) of the Charpy 

impact tests can be used to estimate the mode of material failure (ductile fracture, 

brittle fracture or a mix of ductile and brittle fracture).In general, the qualitatively 

via the profile of a fracture surface can be obtain information about the nature of 

fractures that have been occurred. Where a brittle fracture including both cleavage 

and intergranular fracture appeared relatively bright and crystalline. While a 

ductile fracture involving failure by cavitation or by plastic instability appeared 

dull and fibrous [7, 25].The obtained results via PV- SEM of the fracture surface 

morphology of the impact specimens of AA5083 alloy, and modified AA5083 
alloys with the highest level of REEs (REEs = Ce, Pr,) additions under two different 
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temperature conditions (at room temperature and sub-zero temperature) was 

displayed in fig.4. 

From Figure 2, it can be estimated that the nature of fracture was ductile fracture 

with high absorbed energy for all tested samples. The ductile fracture mode for 

AA5083 alloy and modified alloys at room temperature and sub-zero temperature 

has been highly expected because the AA5083 alloy is FCC structure  [26], and 

the FCC structures do not exhibit a ductile-brittle transition DBT and remain 

ductile at all temperatures[17]. A slight difference in fractographs of the same 

samples at different temperature conditions (room temp. and sub-zero temp) was 

observed. This slight difference may be attributed to the difference in ductility, 

while the observed clear difference in fracto-graphs between the AA5083 alloy 

and the modified AA5083 alloys as well as among the modified AA5083 alloys 

themselves may be due to the difference in chemical compositions. 

The presence of a harmonic relationship between the values of impact energy and 

fracture features was an interesting observation. Where a previous study indicated 

that Charpy impact fractures can be categorized into two general types, brittle and 

ductile. In the case of brittle fracture (less than 10ft-bl, 13.56 joule) [27]. Since the 

values of impact energy for all tested samples have been higher than 13.56 j. 

Thus, the tested samples can be considered as ductile materials that have been 

confirmed via fracture features observation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Shows the PV-SEM images fractographs of fracture surfaces of tested 

samples after impact tests at room temperature and sub-zero temperature (a) 

AA5083 ( b ) Modified AA5083 alloys. 
 

 



Effect of Cerium and Praseodymium additions …                                             2559 

 

 

4 Concluding remarks 
 

The following conclusions are drawn from the experimental work on the effect of 

REEs (REEs=Ce, Pr, and Ce+ Pr) additions on the impact energy of AA 5083 

alloy. 

 The impact toughness of the AA5083 alloy was improved by adding of 

REEs (REEs = Ce, Pr) additions. Where the performance effectiveness 

improvement for REEs additions followed the sequence Ce and Pr. 

 The modified AA5083 alloy with 0.5wt. % Ce + 0.5wt. %Pr addition 

showed the highest increase in energy absorption, roughly 21% at room 

temperature and 23% at sub-zero temperature as compared with AA5083 

alloy. 

 Regarding the influence of temperature on impact energy, it was found that 

the impact energy values for modified AA5083 alloys were slightly higher 

in the case of sub-zero temperature than in the room temperature.  

 Provide some information about effect of REEs on the impact energy 

absorption for AA5083 alloy at room temperature and at sub-zero 

temperature that may be most useful for applications where toughness 

property is critical. 

 Improvement of impact toughness of AA5083 alloy via REEs addition was 

a key factor in the development of the alloy and increased its areas of 

application. 

 

 

References 
 

[1]  J.G. Kaufman, Fracture Resistance of Aluminum Alloys: Notch Toughness, 

Tear Resistance, and Fracture Toughness, The Aluminum Association, 

ASM International, USA, 2001. 

 

[2]  N. Liang, Y. Zhao, J. Wang, Y. Zhu, Effect of grain structure on Charpy 

impact behavior of copper, Scientific Reports, 7 (2017), 44783. 

https://doi.org/10.1038/srep44783  

 

[3]  M.W. Wu, L.C. Tsao, G.J. Shu, B.H. Lin, The effects of alloying elements 

and microstructure on the impact toughness of powder metal steels, 

Materials Science and Engineering: A, 538 (2012), 135-144.   

https://doi.org/10.1016/j.msea.2011.12.113 

 

[4]  W.F. Hosford, Mechanical Behavior of Materials, second ed., Cambridge 

University Press, New York, USA, 2010. 

 

[5]  D. Devaiah, K. Kishore and P. Laxminarayana, Optimal FSW process 

parameters for dissimilar aluminium alloys (AA5083 and AA6061) Using  

 

https://doi.org/10.1038/srep44783
https://doi.org/10.1016/j.msea.2011.12.113


2560                                                                A. Ali Al-Bakoosh and Jamaliah Idris              

 

 

Taguchi Technique, Materials Today: Proceedings, 5 (2018) , no. 2, 4607- 

4615. https://doi.org/10.1016/j.matpr.2017.12.031 

 

[6]    K. Mathur, A. Needleman and V. Tvergaard, 3D analysis of failure modes in 

the Charpy impact test, Modelling and Simulation in Materials Science and 

Engineering, 2 (1994), no. 3A, 617-635. 

https://doi.org/10.1088/0965-0393/2/3a/014  

 

[7]   A. Pineau, A.A. Benzerga and T. Pardoen, Failure of metals I: Brittle and 

ductile fracture, Acta Materialia, 107 (2016), 424-483. 

https://doi.org/10.1016/j.actamat.2015.12.034 

 

[8]    S.Topolska and J. Łabanowski, Effect of microstructure on impact toughness 

of duplex and superduplex stainless steels, Journal of Achievements in 

Materials and Manufacturing Engineering, 36 (2009), no. 2, 142-149. 

 

[9]  V. Stolyarov, R. Valiev and Y. Zhu, Enhanced low-temperature impact 

toughness of nanostructured Ti, Applied Physics Letters, 88 (2006), no. 4, 

041905. https://doi.org/10.1063/1.2167800 

 

[10]  Y. Wang, E. Ma, R. Z. Valiev, Y. T. Zhu, Tough nanostructured metals at 

cryogenic temperatures,     Advanced Materials, 16 (2004) , no. 4, 328-331.  

https://doi.org/10.1002/adma.200305679 

 

[11]  Y. Wang and E. Ma, Temperature and strain rate effects on the strength and 

ductility of nanostructured copper, Applied Physics Letters, 83 (2003), no. 

15, 3165-3167.  https://doi.org/10.1063/1.1618370 

 

[12]  S. Ozden, R. Ekici and F. Nair, Investigation of impact behaviour of 

aluminium based SiC particle reinforced metal–matrix composites, 

Composites Part A: Applied Science and Manufacturing, 38 (2007) , no. 2, 

484-494. https://doi.org/10.1016/j.compositesa.2006.02.026 

 

[13]  Y‐C Tsai, C‐Y Chou, R‐R Jeng, S‐L Lee, C‐K Lin, Effect of rare earth 

elements addition on microstructures  and mechanical properties of A356 

alloy, International Journal of Cast Metals Research, 24 (2011), no. 2, 83-

87. https://doi.org/10.1179/136404610X12816241546456 

 

[14]  T. Umarova, Influence of Microalloying (Including Rare-Earth Metals) on 

the Phase Composition and Properties of Aluminum Alloys, Materials 

Science Forum, 890 (2017), 331-338.  

https://doi.org/10.4028/www.scientific.net/msf.890.331  

 

[15]  J. Zhang, J.J.Zhao and R.L. Zuo, Microstructure and Mechanical Properties 
of Micro-Alloying Modified Al-Mg Alloys, Proceedings of the International 

https://doi.org/10.1088/0965-0393/2/3a/014
https://doi.org/10.1063/1.2167800
https://doi.org/10.1002/adma.200305679
https://doi.org/10.1063/1.1618370
https://doi.org/10.1016/j.compositesa.2006.02.026
https://doi.org/10.1179/136404610X12816241546456
https://doi.org/10.4028/www.scientific.net/msf.890.331


Effect of Cerium and Praseodymium additions …                                             2561 

 

 

Conference on Power Electronics and Energy Engineering,     (2015), 153-

156. https://doi.org/10.2991/peee-15.2015.41  

 

[16]  C. Xu, W. Xiao, S. Hanada, H. Yamagata, C. Ma The effect of scandium 

addition on microstructure and mechanical properties of Al–Si–Mg alloy: A 

multi-refinement modifier, Materials Characterization, 110 (2015), 160-

169. https://doi.org/10.1016/j.matchar.2015.10.030 

 

[17]  V. Chernov, B. Kardashev and K. Moroz, Low-temperature embrittlement 

and fracture of metals with different crystal lattices–Dislocation 

mechanisms, Nuclear Materials and Energy, 9 (2016), 496-501.  

https://doi.org/10.1016/j.nme.2016.02.002 

 

[18]  A.S.T.M. Standard, E23-09: Standard Test Method for Notched Bar Impact 

Testing of Metallic Materials. Annual Book of ASTM Standards, ASTM, 

West Conshohocken, PA, 2009 

 

[19]  A.K.K.C. Marc Andr´e Meyers, Mechanical Behavior of Materials, Second 

edition ed., Cambridge University Press, 2009. 

 

[20]  Z.R. Nie, J.B. Fu, J.X. Zou, T.N. Jin, J.J. Yang, G.F. Xu, H.Q. Ruan and 

T.Y. Zuo, Advanced aluminum alloys containing rare-earth erbium, 

Materials Forum, 28 (2004), 197-201. 

 

[21]  Z. Zhang, Hongwei Sheng, Zhangjie Wang, Bernd Gludovatz, Ze Zhang, 

Easo P. George, Qian Yu, Scott X. Mao, Robert O. Ritchie, Dislocation 

mechanisms and 3D twin architectures generate exceptional strength-

ductility-toughness combination in CrCoNi medium-entropy alloy, Nature 

Communications, 8 (2017), 14390. https://doi.org/10.1038/ncomms14390  

 

[22] M.F. Ashby, A first report on deformation-mechanism maps, Acta 

Metallurgica, 20 (1972), 887-897.  

https://doi.org/10.1016/0001-6160(72)90082-X 

 

[23]  Y. Wang, M. Chen, F. Zhou, En Ma, High tensile ductility in a 

nanostructured metal, Nature, 419 (2002), no. 6910, 912-915. 

https://doi.org/10.1038/nature01133  

 

[24]  A. Shaw, L. Tian and A.M. Russell, Tensile Properties of High-purity Ca 

Metal, British Journal of Applied Science & Technology, 15 (2016), no. 6, 

1-6. https://doi.org/10.9734/bjast/2016/26293  

 

[25] D. Devaiah, K. Kishore and P. Laxminarayana, Optimal FSW process 

parameters for dissimilar aluminium alloys (AA5083 and AA6061) Using  

 

https://doi.org/10.2991/peee-15.2015.41
https://doi.org/10.1016/j.matchar.2015.10.030
https://doi.org/10.1016/j.nme.2016.02.002
https://doi.org/10.1038/ncomms14390
https://doi.org/10.1016/0001-6160(72)90082-X
https://doi.org/10.1038/nature01133
https://doi.org/10.9734/bjast/2016/26293


2562                                                                A. Ali Al-Bakoosh and Jamaliah Idris        

 

 

Taguchi Technique, Materials Today: Proceedings, 5 (2018), no. 2, 4607-

4614. https://doi.org/10.1016/j.matpr.2017.12.031 

 

[26]  L Berkovic, R. Ryckaert, A. Chabotier, L. Gilson, F. Coghe and L. Rabet, 

Modeling of high temperature Hopkinson tests on AA5083 and 

Ti6Al4V, Proceedings of DYMAT 2009-9th International Conference on the 

Mechanical and Physical Behaviour of Materials Under Dynamic Loading, 

(2009), 1663-1668. https://doi.org/10.1051/dymat/2009235  

 

[27]  A. Zarkades and F.R. Larson, Effect of texture on the Charpy impact energy 

of some titanium alloy plate (No. AMMRC-TR-72-21). Army materials and 

mechanics research center watertown ma. 1972  

 

 

Received: June 12, 2018; Published: July 14, 2018 

 

https://doi.org/10.1016/j.matpr.2017.12.031
https://doi.org/10.1051/dymat/2009235

