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ABSTRACT 

This research aims to reduce the number of experiments by using the Taguchi technique. It 

will be applied on adding copper nano particles and study it's effect on shape recovery for a 
shape memory alloy (83% Cu- 13% Al- 4%Ni). Different proportions of nano were added to 
the alloy in return for changing the proportion of copper while maintaining the proportions 
of nickel and aluminum constant.  Powder metallurgy technique was used to manufactured   
the samples. Two types of tests were performed: physical tests, including X-ray diffraction 
(XRD) and scanning electron microscopy (SEM), were used to inspect raw materials before 
manufacturing and to inspect samples after manufacturing. A mechanical test of the shape 
memory effect (SME%) was conducted for different a compression ratio. The results indicate 
that the addition of copper nano particles reduces shape recovery at a compression ratio of 
3%.  Analysis of results represented by Signal to Noise ratio (S/N) and ANOVA show the most 
significant factor in shape recovery was  copper nano particles followed by copper particles 
and the most contribution factor was copper nano particles in percentage 87.82%. 
 
Keywords: Analysis of variance, Cu nano, Shape memory alloy, Shape memory effect, 
Powder metallurgy, Taguchi method. 
 
1. INTRODUCTION 
 
Shape memory alloys (SMAs) are intelligent materials that can undergo the martensitic 
phase transformation when thermo mechanical loads are applied and they can also return 
to their original form when heated above certain temperatures (Otsuka and Wayman, 
1999). SMAs exist in two crystal phases: the parent phase austenite is stable at high 
temperatures, and the product phase, known as martensite, is stable at low temperatures  

(Christian,  2013). When the SMA was in the martensite phase, it readily deformed due to 
its relative softness (Mohammed and Shahatha, 2023). The most important properties of 
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shape-memory alloys are pseudo-elasticity and shape-memory effect (SME) characteristics, 
which have allowed shape-memory alloys to stand out from other kinds of materials 
(Malinin et al., 2018). Thermoelastic martensitic transformation is made possible by the 
shape memory effect (SME) of SMAs. The deformation of the SMA during loading and 
unloading at temperatures lower than the Martensite finish will result in the shape memory 
effect during the martensitic phase (Morales et al., 2018). These distorted alloys regain 
their original shape when heated to a temperature higher than the Austenite finish, which 
forms the austenite phase, as shown in Fig. 1 (Najah, 2020). 

 

 
 
Figure 1. Schematic diagram of stress-strain-temperature for the involved crystallographic 

changes during the phenomena of SME  (Lagoudas, 2008). 
 

The cooling process causes the parent phase to change into the twined martensite (1 → 2). 
When the materials are loaded, inelastic strains and stress-induced detwinning may happen 
(2 → 3). Even after the unloaded process, the martensite phase remains in the same state as 
the de-twinned structure with no recovered inelastic strains (3 → 4). Ultimately, the 
materials are heated above the Austenite finish (4 → 1) to recover the inelastic strains and 
return to their original shape (Othmane, 2020; Corneliu, 2010). Since Shape Memory Alloy 
has so many uses and excellent qualities, it is used extensively in many engineering fields, 
like SMA in fuel injectors, thermal valves, SMA gloves, and SMA isolation devices for elevated 
highway bridges (Sadashiva et al., 2021; Manianb, 2021). And also in medical 
applications, like implants, prostheses, and rehabilitation devices (Gabriele et al., 2023). 
The Taguchi experiment array design is a statistical tool developed by Japanese engineer 
Genier Taguchi that provides a model for designing experiments. It arranges process 
parameters and the levels at which they should be varied. Taguchi's design reduces costs, 
time, and resource requirements (Amir and Anuradha, 2018). Taguchi's optimization 
method is the most effective tool for designing different types of manufacturing systems. The 
right orthogonal array is developed for the optimal process parameters, where the variance 
should be low, based on carefully planned experiments. Integration is achieved for the 
Taguchi method using a suitable design of experiments (DOE) to streamline the process 
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(Kumar L, 2017). The DoE Taguchi method's characteristics, as previously stated, lower the 
number of experiments and, consequently, the overall experiment cost (Safi et al., 2024). 
The required data can be obtained through an experimental plan that is provided by the 
Taguchi technique. Two available methods for analyzing the data are the analysis of variance 
(ANOVA)  (Nashwan et al.,  2024). And the signal-to-noise (S/N) ratio (Omkar, 2021). 
There are many studies on the impact of the addition of nanoparticles on the physical and 
mechanical properties of smart alloy (Cu- Al- Ni) SMEs as well as studies on the use of the 
Taguchi technique to optimized process parameter.  
(Safaa et al., 2014) studied the effect of adding silver nanoparticles to (Cu-Al-Ni) SMAs on 
phase transformation and mechanical properties. The microstructural changes and 
mechanical properties were investigated using field emission scanning electron microscopy, 
X-ray diffraction tensile test and shape memory effect test. It was found that the addition of 
Ag can control the phase morphology and orientations and shape memory effect is improved. 
The shape recovery ratio reached approximately 80% of the original shape. 
(Sara, 2015) got the best mechanical properties with the fewest tests possible, the Taguchi 
method was applied. An orthogonal array OA (L9) with three distinct levels and two distinct 
parameters (temperature and pressure). Powder metallurgy was to manufacture the (CU-
AL-NI) alloy samples. There were two different kinds of tests run: mechanical and physical. 
The goal of the physical examinations is to identify the alloy's phases. To determine the best 
combination of effective parameters, the mechanical properties testing results were 
incorporated into the Taguchi method. The shape memory effect was best affected by the 
sintering temperature, according to the results.                                                                                                                                                    
(Ahmed and Sara, 2016)  In this work, powder metallurgy was used to create the samples 
for the smart alloy, which is made up of Copper alloy, Aluminum, and Nickel. The powder 
was compacted at three different pressure values (300, 500, and 700 MPa) and three 
different sintering temperature values (700, 800, and 900 oC). Carried out the required 
testing, including a resilience screening on each sample. According to the experimental test 
on the samples, the resilient value peaked at 700 MPa of pressure and 900 oC of sintering 
temperature.  
(Hasan and Ahmed, 2018) A Cu-Al-Ni alloy was created using the powder metallurgy 
method, which involved mixing 83%Cu-13%Al-4%Ni powder for six hours. Then (3,4,5,6,7) 
hours of sintered at 850 oC and compacted at 650 Mpa. Samples were subjected to 
mechanical testing (recovery test) and physical testing (XRD, SEM). The shape recovery 
increased with the amount of sintering time, as demonstrated by the results.  
(Ahmed,  2018) The effects of two alloy elements, Cu and AL, on the mechanical and physical 
characteristics of Cu-Al-Ni were studied The standard weight percentage of this alloy is 
[83%Cu-13%Al-4%Ni]. Using the powder metallurgy technique, four distinct weight 
percentages of elements (Cu-Al) were selected. The maximum value of shape recovery, 
according to the sample test results, is (83%), which appeared in the weight percentage 
[82%Cu-14%Al-4%Ni]. In contrast, no shape recovery was seen in the samples in the weight 
percentages [78% Cu-18%Al-4%Ni], [80% Cu-16%Al-4%Ni], due to increasing brittleness 
and decreasing toughness with an increase in Al% content, which caused failure in these 
proportions.  
(Raed et al., 2018) The Effects of incorporating carbon nanotubes (CNTs) into shape 
memory alloy (SMA) were investigated. The percentages of carbon nanotube addition were 
(0, 0.5, 1, 2, and 2.5) % about the copper ratio (83% Cu, 13% Al, 4% Ni). Powder metallurgy 
(PM) was used in the manufacturing of the samples. The findings demonstrated that raising 
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the concentration of carbon nanotubes (CNTs) to 2.5% increased the hardness by the same 
amount of CNTs. The hardness decreases with increasing concentrations (0, 0.5, 1, 2) %.  
(Raed and Omer, 2020) The effect of adding Mg particles on mechanical properties. The 
Mg particles were added in a percentage (0.25, 0.5, 0.75, 1, and 1.25%) to a smart alloy (Cu 
83%-Al 13%-Ni 4%) as the volumetric percentage was taken from Copper percentage. The 
samples were manufactured by (PM) Technique. The mechanical shows the enhancement in 
properties, hardness increases when increase Mg percentage and an increase in 
transformation temperature with an increase in Mg percentage. 
(Samudrapom, 2022) The effect of adding Al2O3 Nano particles on the mechanical 
properties of (Cu-Al-Ni). The Al2O3 nanoparticle was added in (3,5,8) wt% to the alloy, the 
samples were manufactured using powder metallurgy. X-ray diffraction (XRD) and field 
emission scanning electron microscope (FESEM) with energy-dispersive X-ray spectroscopy 
were used to analysis the result. The porosity percentage and micro hardness of the Cu-
Ni/Al2O3 Nano composites increased with the increasing concentration of Al2O3, while the 
density decreased and SME% decreased.  
 (Myasar, 2023) The impact of incorporating a specific percentage of Aluminum 
nanoparticles into the Cu-Al-Ni alloy on its mechanical and physical characteristics. The 
samples were manufactured by powder metallurgy. Physical inspections were performed 
(using X-ray diffraction and electron microscopy). Mechanical tests included (shape memory 
effect).  The outcomes demonstrated that the inclusion of nanoparticles enhanced the rate 
of full recovery and partial recovery. 
In previous research, the effect of adding other additives on mechanical properties was 
studied. And other researchers used the Taguchi technique. The aim of the present study it 
will be study the effect of adding copper nanoparticles on shape recovery and analyzing the 
results by using the Taguchi technique.             
 
2. MATERIALS AND METHODS 
 
2.1 Design of Experiments (Taguchi Orthogonal Array) 
 
In this experiment, two process parameters (nano copper and copper) will influence the 
recovery property of a smart alloy. Every parameter was selected at three levels based on 
the weight ratio of adding nanocopper. The process parameters are selected using a suitable 
orthogonal array. The Taguchi technique uses orthogonal arrays (OA), a special kind of 
array; these orthogonal arrays provide all the necessary information about the two process 
parameters that are selected and affect the process performance. They are used for 
experimentation. In this experimental work, it has considered three levels and the 
corresponding factors have resulted in the (L9) orthogonal array as shown in Table 1.  
 

Table 1. Process parameters and levels 
 

Levels  Parameters 

Level 3 at 5% nano  Level 2 at 3% nano Level 1 at 0% nano 
0.415 0.25  0 Nano copper (g) 
7.885 8.05 8.3 Copper (g)  

 
In this work, as shown in Table 2, Taguchi's method (Raghu et al., 1991) is used to design 
an orthogonal array of (L9) creating nine test conditions with a software application 
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(Minitab, 2023). Nine experiments must be carried out, produced, and examined, and the 
data entered into the orthogonal array. 

Table 2. L9 Orthogonal array for experimental layout 

Factor B (Cu)(g) Factor A (nano) (g)  Exp.  Factor B (Cu) Factor A (nano)  
8.3 0 Sc1 1 1 

8.05 0 Sc2 2 1 

7.885 0 Sc3 3 1 

8.3 0.25 Sc4 1 2 

8.05 0.25 Sc5 2 2 

7.885 0.25 Sc6 3 2 

8.3 0.415 Sc7 1 3 

8.05 0.415 Sc8 2 3 

7.885 0.415 Sc9 3 3 

 
2.2 Experimental Works 

In this research, the alloy used consisted of (83% Copper, 13% Aluminum, and 4% Nickel 
powders) adding to them copper nano after preparing the powders and nano copper and 
then testing them using scanning electron microscopy (SEM) and energy–dispersive X-ray 
to make sure of the shape of particles and the purity of metal Table 3. shows the powders 
used in the research.  

Table 3. Powder used in preparing alloy 

Origin  Particles size  Particles shape Purity  Materials  No. 

USA 425mesh Spherical  97.6 Copper (Cu)  1 

England 250mesh Acicular 96.4 Aluminum  (Al) 2 

China 200mesh Spongy 98.8 Nickel (Ni)  3 

China 10-30 nm  Spherical 98.1 Copper nanoparticles    4 

 

2.2.1 Methodology 

Based on the experiments proposed by the taguchi orthogonal array, nine experiments were 
conducted. For each experiment, two samples were manufactured, and the average was 
taken. Thus, the number of samples was eighteen samples were manufactured using the 
powder metallurgy technique, which consists of three stages (mixing, compacting, and 
sintering) (Joesph and Ronald, 2008; Mikell,  2010; Serope and Steven, 2010). To 
achieve the best mixing performance, the powder is first mixed using a horizontal mixing 
device, which was made by the author. The mixing process was for six hours at a speed of 
(71) rpm after the percentage weight had been weighed using a sensitive balance. To achieve 
optimal mixing with 1% acetone of the volume of mixing powder for lubrication and to avoid 
segregation due to varying densities of the alloying elements, the powder is placed in a glass 
container at 40% of its volume, as shown in Fig. 2. 
In the second stage, the samples were compressed in two directions using an electric press 
machine with punches and a die. The samples are shaped cylindrical and have dimensions 
of (11) mm in diameter, (16) mm in length, and (10) g in weight. They were pressed at room 
temperature and (650) MPa of pressure. Twenty minutes was the critical time for pressing 
the cylindrical sample, and two minutes was the holding time. To lessen friction between the 
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powder particles and the mold walls, an oiler with a density of 0.88 g/cm3 was utilized, as 
shown in Fig. 3. 

 

Figure 2. Sensitive balance, Mixing device    

 

Figure 3. Tools used to manufacture the samples, the compression machine, and the 
samples after compression. 

The samples' sintering procedure was carried out in the third step. The objective is to 
achieve the austenite phase and strengthen the samples. The samples are put inside the 
combustion chamber's electric furnace. To stop oxidation and remove the gases released 
during the process that could harm the samples, the furnace is equipped with an insulation 
system that uses inert gas from argon. There are two stages to the sintering process, as 
shown in Fig. 4. In the first step, the samples were heated to (500 ºC) for one hour at a rate 
of (15ºC/min) from room temperature. After that, they were raised to (850 ºC) for five hours 
at a rate of (7 ºC/min), and the samples were allowed to cool in the furnace (Zainab and 
Murtadha, 2021).  
 

 

Figure 4. Thermal cycle of the sintering process (Taher and Ahmed, 2018) 
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Heat treatment was applied to the sample after it had finished being manufactured to initiate 
and stabilize the martensitic phase (Nawal and Abdul Raheem, 2021). There were two 
stages to the heat treatment process. To obtain the martensite phase, the samples were 
heated in the first stage(a), known as quenching, from room temperature to (800º C) at a 
rate of (12º) C/min for an hour. After that, the samples were quickly cooled in ice water. To 
stabilize the martensite phase, the sample was heated in the second stage(b) (ageing) for 
two hours, from room temperature to (100º C) at a rate of (20º) C/min (Davis, 2001), as 
shown in Fig. 5.   

 

Figure 5. Thermal cycle of heat treatment process (a) quenching (b) ageing (Sara, 2015).   

2.2.2 Physical and Mechanical Tests  
 

2.2.2.1 Physical Test 
 

The manufactured samples underwent the following physical tests to determine the phase 
responsible for shape recovery for this type of alloy:                           
1. Scanning Electron Microscopy (SEM): This test was used to show the layers of martensite 
after heat treatment.                                                                                                            
2. X-ray diffraction (XRD): This test was used to confirm the existence of the martensite 
phase.    
                          
 2.2.2.2 Mechanical Test (Recovery Test) 
 

This test was conducted on samples compressed by (1%) of their original length using a 
computerized uniaxial compression machine. The samples were then heated to (250) oC 
using a vacuum furnace system, held for five minutes, and allowed to cool in the air. This 
method allowed for the restoration of the original shape, and the equation was then used to 
determine the shape memory effect (SME) (Sara, 2015).  
 

SME =  
L2 − L1

L0 − L1
∗ 100% 

 

L0 = the original sample length (mm). 
L1 = the sample length after n % compacting process (mm). 
L2 = the sample length after heating (mm). 
Several times over, increase the compression force in the preceding step until the sample is 
unable to return to its original length or breaks. The goal of the test is to ascertain how 

a b 
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different ratios of nanoparticles affect the shape memory effect. The results of this test are 
listed in Table 4.   
 

Table 4. Results of shape memory test 
 
 

 

Sc2 Sc1 
Average SME% L2 

mm 
L1 

mm 
L0 

mm 
RS% Average SME% L2 

mm 
L1 

mm 
L0 

mm 
RS 
% 

100 100 16.79 16.62 16.79 1 100 100 16.32 16.25 16.32 1 

100 16.52 16.45 16.52 100 16.22 16.15 16.22 

100 100 16.79 16.55 16.79 2 100 100 16.32 16.1 16.32 2 

100 16.52 16.28 16.52 100 16.22 15.99 16.22 

96 96.7 16.78 16.48 16.79 3 100 100 16.32 15.93 16.32 3 

95.3 16.50 16.22 16.52 100 16.22 15.82 16.22 

88.54 87.9 16.71 16.20 16.78 4 96.9 96.8 16.3 15.68 16.32 4 

89.2 16.44 15.94 16.50 97 16.2 15.57 16.22 

79 80.9 16.55 15.87 16.71 5 86.6 88.8 16.22 15.58 16.3 5 

76.8 16.25 15.62 16.44 84.41 16.08 15.43 16.2 

71.1 68.8 16.27 15.65 16.55 6 78.2 79.5 16.13 15.34 16.22 6 

73.4 15.99 15.27 16.25 77.01 15.88 15.21 16.08 

60 62.5 15.88 15.23 16.27 7 71.3 66.3 15.75 15 16.13 7 

58.4 15.57 14.98 15.99 76.4 15.64 14.86 15.88 

Sc4 Sc3 
Average SME% L2 

mm 
L1 

mm 
L0 

mm 
RS% Average SME% L2 

mm 
L1 

mm 
L0 

mm 
RS 
% 

100 100 16.11 15.97 16.11 1 100 100 16.35 16.28 16.35 1 

100 16.25 16.08 16.25 100 16.64 16.57 16.64 

100 100 16.11 15.88 16.11 2 100 100 16.35 16.12 16.35 2 

100 16.25 16.03 16.25 100 16.64 16.40 16.64 

91.3 92.3 16.08 15.72 16.11 3 94.01 93.02 16.32 15.92 16.35 3 

90.4 16.22 15.96 16.25 95 16.62 16.24 16.64 

78.5 75.3 15.92 15.43 16.08 4 83.15 83.9 16.23 15.76 16.32 4 

81.8 16.12 15.67 16.22 82.4 16.52 16.05 16.62 

71.4 70 15.68 15.12 15.92 5 73.6 78.2 16.06 15.45 16.23 5 

72.8 15.9 15.31 16.12 69 16.23 15.89 16.52 

66.4 63.1 15.33 14.73 15.68 6 68.4 59.7 15.71 15.19 16.06 6 

69.7 15.61 14.94 15.9 77.2 16.03 15.35 16.23 

52.4 51.4 14.8 14.25 15.33 7 54.6 57.7 15.26 14.62 15.71 7 

53.6 15.1 14.51 15.61 51.6 15.58 15.1 16.03 

Sc6 Sc5 
Average SME% L2 

mm 
L1 

mm 
L0 

mm 
RS% Average SME% L2 

mm 
L1 

mm 
L0 

mm 
RS 
% 

100 100 16.9 16.82 16.9 1 100 100 16.93 16.82 16.93 1 

100 16.81 16.71 16.81 100 16.85 16.71 16.85 

100 100 16.9 16.67 16.9 2 100 100 16.93 16.74 16.93 2 

100 16.81 16.56 16.81 100 16.85 16.61 16.85 

85.4 83.8 16.85 16.59 16.9 3 88.6 90.3 16.9 16.62 16.93 3 

87 16.76 16.40 16.81 87.1 16.81 16.54 16.85 

68.9 67.2 16.66 16.27 16.85 4 74 75 16.73 16.22 16.9 4 

70.6 16.59 16.18 16.76 72.05 16.62 16.13 16.81 

63.4 61.9 16.34 15.82 16.66 5 68.6 66.6 16.45 15.89 16.73 5 

65 16.3 15.76 16.59 70.6 16.35 15.7 16.62 

58.2 60.4 15.94 15.35 16.34 6 63.3 61 16.06 15.45 16.45 6 
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56.1 15.87 15.32 16.3 65.6 16 15.36 16.35 

46.4 42.8 15.3 14.82 15.94 7 50.15 53 15.53 14.93 16.06 7 

50 15.31 14.75 15.87 47.3 15.41 14.88 16 

Sc8 Sc7 
Average SME% L2 

mm 
L1 

mm 
L0 

mm 
RS% Average SME% L2 

mm 
L1 

mm 
L0 

mm 
RS 
% 

100 100 16.78 16.61 16.78 1 100 100 16.74 16.62 16.74 1 

100 16.74 16.59 16.74 100 16.69 16.50 16.69 

100 100 16.78 16.54 16.78 2 100 100 16.74 16.50 16.74 2 

100 16.74 16.43 16.74 100 16.69 16.39 16.69 

81.9 78 16.7 16.37 16.78 3 82.9 85.3 16.68 16.33 16.74 3 

85.8 16.68 16.33 16.74 80.4 16.61 16.28 16.69 

58.9 62.6 16.45 16.03 16.7 4 64.8 65.6 16.45 16.01 16.68 4 

55.2 16.38 16.01 16.68 64.1 16.37 15.94 16.61 

55.7 54.2 16.07 15.62 16.45 5 59.9 59 16.11 15.62 16.45 5 

57.3 16.03 15.56 16.38 60.9 16.05 15.55 16.37 

47.8 46.3 15.5 15.1 16.07 6 53 51.5 15.64 15.14 16.11 6 

49.4 15.54 15.06 16.03 54.6 15.61 15.08 16.05 

40.75 41.2 14.8 14.41 15.5 7 44.5 45.4 15.04 14.54 15.64 7 

40.3 14.9 14.45 15.54 43.6 14.9 14.51 15.61 

Sc9 
Average SME % L2 

mm 
L1 

mm 
L0 

mm 
RS % 

100 100 16.35 16.21 16.35 1 

100 16.84 16.69 16.84 

100 100 16.35 16.02 16.35 2 

100 16.84 16.60 16.84 

79.6 82.5 16.28 15.95 16.35 3 

75.6 16.74 16.43 16.84 

55.9 58.9 16.05 15.72 16.28 4 

53 16.46 16.1 16.74 

44 47 15.6 15.2 16.05 5 

41 15.97 15.63 16.46 

40 43.6 15 14.66 15.6 6 

41.7 15.41 15 15.97 

38.15 39.1 14.36 13.95 15 7 

37.21 14.73 14.33 15.41 

 

3.  RESULTS AND DISCUSSIONS 

1.  The data analysis indicates the presence of the martensitic phase (AlCu3) in the samples 
after comparing the XRD test results with standard peaks and test equipment tables. All of 
the study samples developed the martensitic phase, which is the primary factor causing 
shape recovery; this suggests that the sintering, quenching, and aging processes were 
successful because they produced the martensite phase in every sample used in this 
experimental work. The analysis results show that all the samples have the same 
crystalline microstructure of the martensitic phase. Considering that every sample appears 
in the martensite phase (AlCu₃), as shown in Fig. 6 
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Figure 6. Results of XRD test for manufacturing samples 

2. The findings of a test using scanning electron microscopy which was done to examine the 
sample's structure following heat treatment (quenching and aging) and to determine its 
martensite phase. An increase in the martensite layer has been observed, and they are more 
pronounced in samples with a higher percentage of copper nano (Sc9) when compared with 
samples with zero nano (Sc1). Likewise, for the (Sc2) sample, if compared to the sample 
(Sc1), it has been noticed an increase in martensite layers, as well as for the rest of the 
samples. It can be said that increasing the percentage of nano addition leads to an increase 
in the martensite layer, as shown in Fig. 7    

Figure 7. Results of SEM images for manufacturing sample. 
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 3. Table 4. Show the results of the shape memory effect test. It was noted for the same 
conditions, all samples in this test behaved uniformly at a compression ratio of 2% of the 
original length of the specimens under study, where the recovery was 100% complete.   The 
behavior of the specimen changed when the compression ratio was set at 3% of the initial 
length. It was noted sample (Sc1) succeeded in recovering 100% while (Sc2) recovered 
(96%), sample (Sc3) recovered (94.1%), sample (Sc4) recovered (91.3%), and so on for the 
rest of the sample. It can be said the addition of nano copper to this alloy did not improve 
recovery properties, when the percentage of copper nano addition increased, the recovery 
strain became low. This was also observed regarding the increase in compression at (4%), 
(5%), and so on until the sample failed to return to its original shape.  The reason behind the 
recovery decline is the homogeneity in the nanoparticle distribution among the alloy's 
constituent grains; as a result, there is less porosity between the particles, which raises the 
hardness, when the hardness increases, the recovery declines because they are in an inverse 
relationship.  

 
Figure 8. The effect of nanoparticle ratios on recoverable strain and 

shape memory effect 

Fig. 8 shows the effect of copper nano on the shape memory effect for samples (Sc1 to Sc9). 
It was found that the sample Sc1 with zero nano addition gave the best value of SME%, while 
the sample Sc9 with a high percentage of nano gave the lowest value of SME%.                                                                                                                                             

4.   After getting the results of the shape memory effect test, it will be applied to the Taguchi 
orthogonal array and filled with results. In this research, we will choose the recovery results 
at a compression ratio of 4% and perform the analysis of the signal to Noise ratio (S/N) and 
ANOVA analysis. Table 5.  shows taguchi orthogonal array filling with recovery results. 
The shape effect becomes the response in the Taguchi orthogonal. The results have been analyzed by 
using the (S/N) ratio to give the optimal level for each process parameter that corresponded to the 
large (S/N) ratio and ensure the highest value of the shape memory effect. The main effect of each 
parameter at three different levels on the mean and (S/N) ratio for (SME) are shown in Table 6.  

Based on the large (S/N) ratio, the optimum condition at (nano (A) = 0, and Cu (B) = 8.3) 
from the main effect of the S/N ratio.  The effect of each parameter is calculated by the 
difference (delta) between the higher and lower values of the level for each factor. The most 
significant factor that affected the shape memory effect is nano copper followed by copper 
as indicated in Rank.   
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Table 5. Taguchi orthogonal array filling with results 
 

SME% Factor B (Cu) Factor A (nano) Exp.  
96.9 8.3 0 SC1 

88.54 8.05 0 SC2 
83.15 7.885 0 SC3 
78.5 8.3 0.25 SC4 
74 8.05 0.25 SC5 

68.9 7.885 0.25 SC6 
64.8 8.3 0.415 SC7 
58.9 8.05 0.415 SC8 
55.9 7.885 0.415 SC9 

Signal To Noise ratio (S/N) 
Table 6. The main effect and (S/N) ratio 

 

(S/N) ratio for SME Mean for SME  

B (Cu ) A (nano ) Levels B  Cu ) A (nano ) Levels 
37.95 39.02 1 80.07 89.53 1 

37.24 37.35 2 73.81 73.80 2 

36.90 35.53 3 69.32 59.87 3 

1.25 3.49 Delta  10.75 29.66 Delta  
2 1 Rank  2 1 Rank  

 

 

 
Figure 9. The main effect plot of mean and (S/N) ratio for the shape memory effect. 
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The Analysis of Variance (ANOVA) Technique is conducted on shape effect % to investigate 
the contribution of parameters on the response as shown in Table 7. 

Table 7. ANOVA analysis for SME% 

P contribution % MS  SST DOF Source  
87.82 660.742 1321.48 2 A 
11.62 87.443 174.89 2 B 

 2.065 8.26 4 Error  
  1504.63 8 Total  

 
Table 7. shows the ANOVA analysis for (SME %). The contribution of the parameter (nano) 
is (87.82 %) and the contribution of the parameter (cu) is (11.62%), so it is clear that nano 
copper is the most contributing factor (SME%). 

4. CONCLUSIONS 

The raw material particles interact more effectively because of their different shapes and 
sizes, increasing their bonding force and reducing porosity and voids. Physical tests show 
that an increase in the martensite layer (Al3cu) corresponds to an increase in the percentage 
of copper nanoparticles. This phase, which is thought to have a higher hardness than other 
structural phases, consequently reduces porosity. Using the Taguchi method, the number of 
experiments needed was reduced by employing a suitable orthogonal array, making it more 
cost-effective and time compared to the traditional method. In the recovery to the original 
length test. The best recovery was at a ratio (0%) with the nano-addition of copper. The 
higher the percentage of nano leads to a reduction in shape recovery, as this was observed 
in the sample with (0.415 %) nano addition. The addition of nanoparticles did not produce 
better recovery results than without addition. Based on the (S/N) ratio results for shape 
recovery for the given set of parameters, the optimum conditions were found at the zero 
nano copper ratio and (8.3%) copper. The most significant factor that affected shape 
recovery was nano-copper, followed by copper. From ANOVA analysis of results for shape 
recovery, the most contribution parameter was copper nano at a percentage (87.82%) 
followed by copper with a contribution percentage (11.62%).                                                                                                                                                                                                                                                                                                                                                                                                                                                      

NOMENCLATURE                                                                                                                              

Symbol Description Symbol Description 
SMAs Shape memory alloys. XRD  X-ray diffraction  

A Austenite phase. MESH  Count the number of openings in 
one linear inch of screen. 

M Martensite phase. R.P.M  Revolusions per minute . 
SME Shape memory effect. S/N           Signal to Noise ratio  
MF  Martensite finish 

temperature. 
ANOVA    Analysis of Variance  

AF  Austenite finish temperature OA Orthogonal array.  
PM  Powder metallurgy  DOF Degree of freedom  

SEM  Scanning electron 
microscope  

SST  Total sum of square  

EDX Energy dispersive x-ray  MS  Mean square  
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ضافة نانو نحاس على تأثير ذاكرة الشكل لسبيكة ذكية  إ تقنية تاكوشي لدراسة تأثير ستخداما
(Cu- Al- Ni ) 

 
 حمد عبد الرسول احمد الخفاجي *، ا دلسوز عبد الستار عبد الجبار 

 

 العراق جامعة بغداد، بغداد، كلية  الهندسة، قسم الهندسة الميكانيكية، 
 

 الخلاصة
دراستة تقليل عدد التجارب باستتددا  تقنية تاوشيتو يستيتم تقهيقها على اةتازة جت اان النحان النانش ة ي  يهدف هذا البحث إلى  

يتم إةتتتازة نستتتف مدتلاة من النانش   (.Cu-13% Al- 4%Ni% 83على استتتتعادل ال تتتكل لستتتهيكة  ان  اورل يتتتكلية    هاتأثير 
صتناعة   تقنية تعدين المستايي  استتددم  .إلى الستهيكة مقالل تغيير نستبة النحان ما الحااع على ثبان نستف النيكل يانلمنيش 

( يالمجهر الإلكترينو XRD. تم إجراء نشعين من الاختباران: الاختباران الايت ائية، بما زو  لك ييشد انيتتعة الستتينية  العينان
(، تم استتتتتتتددامها لاحا المشاد الدا  قهل التفتتتتتتنيا يزحا العينان بعد التفتتتتتتنيا. تم إجراء اختبار ميكانيكو SEMالماستتتتتت   

( لنستبة ةتغشم مدتلاة. ت تير النتائل إلى إض إةتازة النحان النانشل قلل من استتعادل ال تكل عند SMEلتأثير  اورل ال تكل  %
إض العامل   ANOVA  التباين يتحليل(  S/Nائل الممثلة لنستتبة الإيتتارل إلى الءتتشةتتاء  %(. إظهر تحليل النت3نستتبة ةتتغ   

انوثر إهمية زو استتتتتتتتتعادل ال تتتتتتتتكل هش النحان النانشل يليع النحان يكاض العامل انوثر مستتتتتتتتاهمة هش النحان النانشل لنستتتتتتتتبة  
%87.82. 

 .   لسبائك متذكرل ال ك، سبائك الذكية، نانش نحان، شيووتقنية تا  ،تقنية تعدين المسايي ، تحليل التباين : الكلمات المفتاحية

 


