

  crystals-11-00385




crystals-11-00385







Crystals 2021, 11(4), 385; doi:10.3390/cryst11040385




Article



Optimization of AlSi10MgMn Alloy Heat Treatment Process Based on Orthogonal Test and Grey Relational Analysis



Fubao Zhang *, Jiaqiao Zhang[image: Orcid], Hongjun Ni, Yu Zhu, Xingxing Wang, Xiaofeng Wan and Ke Chen





School of Mechanical Engineering, Nantong University, Nantong 226019, China









*



Correspondence: zhang.fb@ntu.edu.cn; Tel.: +86-13646288919







Academic Editors: Umberto Prisco and Anna Knaislova



Received: 12 March 2021 / Accepted: 6 April 2021 / Published: 7 April 2021



Abstract

:

By applying the orthogonal test, the T6 heat treatment test of the casting AlSi10MgMn alloy was carried out. Hardness, tensile strength, and elongation were selected as indicators for evaluating the toughness of alloy. Grey relational analysis was used to comprehensively evaluate the toughness of the alloy. Based on multiple linear regression, prediction models of hardness, tensile strength, elongation, and grey correlation were established. Through planning and solving, the optimal T6 heat treatment process parameters were obtained. According to the results of the metallographic structure analysis and the fracture SEM on the alloy after the T6 heat treatment, aging time, solution time, and solution temperature were identified as the most important factors affecting alloy hardness, tensile strength, and elongation, respectively. Through the application of grey relational analysis, the optimal T6 heat treatment process of an AlSi10MgMn alloy was obtained, namely 530 °C/1 h + 190 °C/6 h. Based on the solving of the prediction models, the optimal T6 heat treatment process and solution temperature of AlSi10MgMn alloy were obtained, namely 530 °C/3 h + 190 °C/8 h. Under these conditions, the hardness of the alloy was 96.9 HV, the tensile strength was 344.6 MPa, and the elongation was 6.1%. In contrast, the toughness of the alloy was better than that obtained by grey relational analysis. The T6 heat treatment refined the microstructure of the alloy, which resulted in a significant increase in fracture dimples.
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1. Introduction


The AlSi10MgMn alloy is an alloy belonging to the Al-Si-Mg series. It is characterized by high specific strength, great plasticity, and excellent electrical and thermal conductivity. Thereby, it is widely used in products with thin walls, complex structures, and high loads [1,2]. According to relevant studies, appropriate heat treatment can effectively improve the toughness of Al-Si-Mg alloys [3,4].



In the early stages, researchers developed an AlSi10MgMn alloy with relatively good casting properties and mechanical properties [5,6,7]. However, no in-depth research has been conducted on the heat treatment process. Heat treatment may improve the microstructure of the alloy and reduce or even eliminate the inner stress, which is an important way to further improve the toughness of alloy [8,9].



T6 is a kind of heat treatment process for wrought aluminum alloy [10]; that is, the solution heat treatment is performed on the aluminum alloy first, and then the artificial aging is performed [11]. The artificial aging refers to the process of heating the alloy after solution treatment to an appropriate temperature above room temperature and maintaining it for a certain period of time to change the properties of the alloy. The main parameters that affect the properties of the alloy after T6 heat treatment include solution temperature, solution time, aging temperature, and aging time [12]. The T6 heat treatment can improve the mechanical properties and corrosion resistance of aluminum alloy [13].



In this paper, we explore the optimal T6 heat treatment process of AlSi10MgMn alloy through the application of metallographic structure analysis and fracture SEM and the design of an orthogonal test. With hardness, tensile strength, and elongation used as the evaluation indicators of alloy toughness, grey relational analysis is used to comprehensively evaluate the alloy toughness to establish the alloy toughness prediction model and obtain the optimal T6 heat treatment process parameters.




2. Test Materials and Methods


The test material was an Al-10Si-0.4Mg-0.35Mn-0.7Ni-0.1Sr alloy, which was melted by high-purity aluminum (99.99%), Al-10Mg, Al-20Si, Al-20Mn, Al-10Ni, and Al-10Sr intermediate alloys. The melting temperature was 750–800 °C. Then, the melt was poured into the metal mold at 750 °C. The inner diameter of the metal mold was Φ55 mm, the outer diameter was 135 mm, and the height was Φ250 mm. The pouring height was 50 mm from the upper end surface. It should be noted that the metal mold was preheated to 250 °C in advance.



After rough grinding, fine grinding, polishing, and Keller reagent (2.5% HNO3 + 1.5% HCl + 1% HF + 95% H2O) etching for 10–20 s, the metallographic microstructure was observed using an inverted metallographic microscope (DM2000X type, produced by Zhengzhou Zhuotai Testing Equipment Co., Ltd., Zhengzhou, China). The fracture appearance of the alloy was observed using a scanning electron microscope (HITACHI S-3400N type, Hitachi Group, Tokyo, Japan).



The alloy hardness test was carried out in accordance with the Chinese national standard GB/T4340.1-2009 Metal Hardness Testing [14]. The ambient-temperature tensile testing was carried out on an electronic tensile testing machine (CMT5504 type, produced by MTS Industrial Systems (China) Co., Ltd., Shenzhen, China) in accordance with the Chinese national standard GB/T 228-2002 Metallic Materials Tensile Testing at Ambient Temperature [15], with the tensile speed of 2 mm/min and the maximum tensile force of 10 KN.



There were 4 factors to be investigated in our experiment: solution temperature, solution time, aging temperature, and aging time, which were denoted as A, B, C, and D, respectively. Three levels were selected for each factor. The factor levels of the orthogonal test are shown in Table 1. The commonly used L9(34) orthonormal factor level table was selected to design the orthogonal test scheme, as shown in Table 2. By testing the hardness, tensile strength, and elongation of the alloy under the test protocol, and then performing the range analysis and variance analysis on them, the optimal T6 heat treatment process parameters were obtained.




3. Experiment Results and Analysis


3.1. Range Analysis of Orthogonal Test Results


The process of the orthogonal experiment was divided into nine groups. For each group, we tested three indexes: hardness (HV), tensile strength (Rm), and elongation (δ). Each index was tested three times, and the average value was calculated as the final test results. The results of the orthogonal test are shown in Table 3. It can be seen from Table 3 that the elongation of the alloy had a large scatter. This is because the surface of liquid aluminum was easily oxidized during melting, transfer, and casting, which may have entrained the oxide film into the casting. The entrainment of this surface film and the formation of biofilms are the root causes of most casting defects, which lead to a significant decrease in the mechanical properties of aluminum alloy castings, especially the elongation of the alloy [16].



By means of range analysis, the results of orthogonal test were analyzed and calculated, and the results are shown in Table 4. The range R value in range analysis can directly reflect the influence degree of the factors on the testing index. The larger the range R value, the greater the influence of factors on the testing index, which is usually the main influence factor. The smaller the range R value, the smaller the influence of the factor on the testing index, which is usually the secondary influence factor. It can be seen from Table 4 that the primary and secondary order of the impact of the four factors on the three testing indexes were as follows: hardness: aging time > solution temperature > solution time > aging temperature; tensile strength: solution time > solution temperature > aging temperature > aging time; elongation: solution temperature > aging time > solution time > aging temperature.



Based on the analysis results in Table 4, the impact trend graph between the testing index and various factors was drawn, as shown in Figure 1. Through the analysis of the data in Table 4 and Figure 1, it can be concluded as follows:



(1) Hardness



Among all testing indexes, aging time had the greatest impact on the hardness of the AlSi10MgMn alloy. When the aging time was 6 h, the hardness of the AlSi10MgMn alloy was the largest. Solution temperature had a relatively large impact on the hardness of the alloy, second only to aging time. Within the range of the solution temperature, the higher the solution temperature, the greater the hardness of the alloy. The effect of the solution time on the hardness of the alloy was relatively small. Within the value range of the studied solution time, the longer the solution time, the greater the hardness of the alloy. In contrast, the aging temperature had the least effect on the hardness of the alloy. When the aging temperature was 175 °C, the hardness of the alloy was the largest.



When the solution temperature was 530 °C, the solution time was 3 h, the aging temperature was 175 °C, and the aging time was 6 h, the AlSi10MgMn alloy reached the maximum hardness.



(2) Tensile strength



Among all the testing indexes, the solution time had the greatest impact on the tensile strength of the AlSi10MgMn alloy. Within the research solution time range, the longer the solution time, the greater the alloy’s tensile strength. The solution temperature had a relatively large impact on the alloy’s tensile strength, second only to the solution time. Within the range of the solution temperatures, the higher the solution temperature, the greater the alloy’s tensile strength. The effect of the aging temperature on the tensile strength of the alloy was relatively small. When the aging temperature was 190 °C, the alloy reached the maximum tensile strength. In contrast, the aging time had the least effect on the alloy’s tensile strength. Within the researched aging time value range, the longer the aging time, the greater the alloy’s tensile strength.



When the solution temperature was 530 °C, the solution time was 3 h, the aging temperature was 190 °C, and the aging time was 8 h, the AlSi10MgMn alloy reached the maximum tensile strength.



(3) Elongation



Among all the testing indexes, the solution temperature had the greatest influence on the elongation of the AlSi10MgMn alloy. When the solution temperature was 530 °C, the elongation of the alloy was the largest. The influence of aging time on alloy elongation was relatively large, second only to the solution temperature. Within the researched aging time range, the shorter the aging time, the greater the elongation of the alloy. The effect of solution time on the elongation of the alloy was relatively small. Within the researched solution time range, the longer the solution time, the greater the elongation of the alloy. In contrast, the aging temperature had the least effect on the alloy elongation. Within the researched aging temperature range, the higher the aging temperature, the greater the alloy elongation.



When the solution temperature was 530 °C, the solution time was 1 h, the aging temperature was 190 °C, and the aging time was 8 h, the AlSi10MgMn alloy reached the maximum elongation.



We analyzed the underlying mechanisms of the above experimental. We knew that the solution temperature, solution time, aging temperature, and aging time have a great influence on the properties of the alloy. During the solution process, the soluble particles in the cast alloy dissolved into the aluminum matrix to form a supersaturated solution. In the subsequent aging process, it precipitated in the form of a precipitated phase to strengthen the alloy matrix and improved the performance of the alloy. Therefore, the solution treatment should be carried out at a high temperature that is close to the eutectic temperature of the alloy.



Increasing the solution temperature could shorten the time required for the soluble phase to dissolve into the matrix to achieve the maximum solution effect. The solution time should be kept within a certain range, because the alloy inevitably produces defects such as holes during the casting process. If the solution time is too long, in addition to the spheroidization of the silicon phase, the Mg element will be enriched at the interface between the hole and the aluminum matrix [17]. The Mg element reacts with the air in the hole to form MgO nanoparticles, which reduces the Mg element used to form the Mg-Si strengthening phase in the subsequent artificial aging process, resulting in a decline in the ability of the aging strengthening effect. However, too long a solution time will cause excessive coarsening of the Si phase, thereby reducing the elongation of the alloy.



The aging process after the solution causes the alloying elements in the supersaturated solid solution to be precipitated in the form of sedimentary facies. It is generally thought that the precipitation sequence of an Al-Si-Mg alloy is similar to that of an Al-Mg-Si alloy [18]. In industry, the alloy will inevitably be stored at room temperature for a period of time before artificial aging, which is equivalent to the natural aging of the alloy. For alloys that have undergone natural aging, the effect of aging strengthening at the initial stage of artificial aging will be suppressed [19]. Therefore, too short an artificial aging is not conducive to exerting the strengthening effects.



Through comprehensive analysis, it can be understood that the AlSi10MgMn aluminum alloy’s requirements for high strength and toughness are high tensile strength (Rm > 260 MPa) and the highest elongation. Therefore, the optimal T6 heat treatment verification test parameters for an AlSi10MgMn aluminum alloy should be as follows: the solution temperature is 530 °C, the solution time is 1 h, the aging temperature is 190 °C, and the aging time is 8 h. The results of the verification test are shown in Table 5.



According to the results of the T6 heat treatment orthogonal test, we concluded that the AlSi10MgMn aluminum alloy casting can obtain higher tensile strength (Rm = 312 MPa), elongation (δ = 6.5%), and hardness (84.5 HV) after T6 heat treatment, which meets the requirements of AlSi10MgMn aluminum alloy for high strength and toughness.




3.2. Grey Relational Analysis of Orthogonal Test Results


Through the comprehensive evaluation of the test results by grey relational analysis [20,21] and the comprehensive influence of the T6 heat treatment process parameters on the toughness of AlSi10MgMn aluminum alloy, the process plan was selected and the grey correlation mathematical model was established for production applications [22]. Among the test indexes, the greater the hardness (HV), tensile strength (Rm), and elongation (δ), the better the alloy toughness. In the signal-to-noise ratio processing of the three test indexes, the larger the processed result, the higher the alloy toughness.



The signal-to-noise ratio RSN of hardness, tensile strength, and elongation was calculated by the following formula [23]:


   R  SN   = − 101 g  1   Y i 2     



(1)




where Yi represents the value of hardness, tensile strength, or elongation under the ith test.



Due to the different dimensions, grey correlation analysis could not be performed on the calculated results. Therefore, the following formula was used for the dimensional processing of signal-to-noise ratio processed data:


   x  i j   =    y  i j   −   min  j   y  i j       max  j   y  i j   −   min  j   y  i j      



(2)




where xij represents the dimension value of the jth testing index under the ith test; yij represents the signal-to-noise ratio value of the jth testing index under the ith test.



The grey correlation coefficient    ε  i j     is the core of grey relational analysis, which can be calculated by the following formula [24]:


   ε  i j   =     min  i    min  j     x i   0    +  x  i j     − ξ   max  i    max  j     x i   0    −  x  i j          x i   0    −  x  i j     + ξ   max  i    max  j     x i   0    −  x  i j        



(3)




where the reference number    x i   0      generally takes the optimal value. In our experiment,    x i   0    = 1  . The resolution coefficient  ξ  could be calculated by the following formula:


  α =  1  m k     ∑   j = 1  k    ∑   i = 1  m     x i   0    −  x  i j      



(4)




where m is the number of testing groups; k is the number of testing index; α is the mean value of the difference between all reference numbers    x i   0      and dimension value    x  i j    .



According to the calculation, α = 0.44. Since 2 ≤ 1/α = 2.27 ≤ 2, ζ = 2α = 0.88.



The correlation degree can be calculated using the following formula:


   γ i  =  1 k    ∑   j = 1  k   ε  i j    



(5)




where    γ i    is the value of grey correlation calculated from the test results of the ith test.



The specific results are shown in Table 6.



According to the ranking obtained by the value of grey correlation [25,26], we found that when the solution temperature is 530 °C, the solution time is 1 h, the aging temperature is 190 °C, and the aging time is 6 h, the toughness of the alloy is optimal.




3.3. Alloy Toughness Prediction Model


In order to explore the optimal T6 heat treatment process, the alloy needed to reach the maximum toughness, the alloy hardness, tensile strength, and elongation needed to reach maximum values. The grey relational analysis refers to the selection of the optimal process parameters from the existing test data [27]. In order to select the parameters of the T6 heat treatment process in the entire range, prediction models based on multiple linear regression of hardness, tensile strength, and elongation were established. x1 was defined as the solution temperature, x2 as the solution time, x3 as the aging temperature, and x4 as the aging time. The following prediction model was obtained:


HV = −119.661 + 0.423333x1+ 2.833333x2 − 0.00889x3 − 1.825x4



(6)






Rm = −830.083 + 1.841667x1 + 24.333x2 + 0.522222x3 + 3.291667x4



(7)






δ = −0.36667 + 0.005x1 − 0.35x2 + 0.015556x3 + 0.233333x4



(8)






γi = −3.705 + 0.0075x1 + 0.06x2 + 0.002x3 + 0.0075x4



(9)







In the prediction model significance test, the four prediction models all passed the significance test on the 95% confidence interval, which indicated that the model was accurate and reliable.



Equation (9) was solved by planning, where the solution temperature was 510–530 °C, the solution time was 1–3 h, the aging temperature was 160–190 °C, and the aging time was 4–8 h. By calculation, it can be obtained that when the solution temperature is 530 °C, the solution time is 3 h, the aging temperature is 190 °C, and the aging time is 8 h, Equation (9) can reach the maximum value. At this time, γi = 0.89, which is greater than the maximum value of grey correlation in Table 6.



By substituting the solution temperature at 530 °C, the solution time at 3 h, the aging temperature at 190 °C, and the aging time at 8 h into Equations (6)–(8), it can be obtained that HV = 96.9, Rm = 344.6 MPa, and δ = 6.1. Compared with the results of the seventh test, the tensile strength was significantly increased by about 15.63%, while the hardness and elongation were slightly decreased by 2.22% and 3.17%, respectively. It was concluded that the prediction model can obtain better T6 heat treatment process parameters.





4. Metallographic Structure Analysis


Figure 2 shows the metallurgical microstructure of AlSi10MgMn alloy in cast state and the T6 heat-treated state. The location of the micrographs is on the end face of the specimen. It can be seen from Figure 2 that the microstructure of the alloy changed significantly after the T6 heat treatment. In Figure 2, the light-etching phase is the α-Al matrix, and the dark-etching phase is the silicon phase. According to Figure 2, it can be understood that the α-Al matrix of an AlSi10MgMn alloy in the cast state was relatively coarse and unevenly distributed, while the silicon phase was mainly in the shape of flakes, dendrites and needles. After the heat treatment, the flake, dendritic, and needle-shaped eutectic silicon and the bulky primary silicon phase began to change. Compared with as-cast alloy, the dendritic and needle-shaped eutectic silicon phase in the metallurgical microstructure of the alloy in the heat-treated state basically disappeared. Due to the high-temperature solution treatment, most of the eutectic silicon phase experienced the process of necking, fusing, granulation and spheroidization. The eutectic silicon phase became a dark-etching phase, and the edges and corners of the large primary silicon phase were rounded [28,29]. As can be seen from Figure 2, the heat treatment process will affect the uniform distribution of black eutectic silicon particles.




5. Tensile Fracture SEM Scanning Analysis


Figure 3 shows the tensile fracture SEM of the AlSi10MgMn alloy in the cast state and the T6 heat-treated state. The micrographs were taken from the central area of the fracture of the specimen. In the cast state, the fracture had many large cleavage planes and tearing edges, few dimples and uneven distribution, and the alloy fracture showed the appearance of a cleavage fracture [30]. This was because there were many needle-shaped and blocky silicon phases in the as-cast alloy. These silicon phases are brittle phases, which are difficult to coordinate with the α-Al matrix by external forces and then deform. Therefore, cracks propagate along the silicon phase on the micro level. On the macro level, it is characterized by cleavage fracture. Therefore, the mechanical properties of the as-cast alloy were relatively poor. Compared with the cast state, the fracture appearance of AlSi10MgMn alloy after the T6 heat treatment underwent great changes. It can be clearly seen from Figure 3 that in the fracture appearance under the heat-treated state, the teaching edge and cleavage platform significantly reduced, and many small and deep dimples evenly distributed on the fracture surface. These morphological characteristics indicate that the mechanical properties of the as-cast alloy after T6 heat treatment were improved.




6. Conclusions


	(1)

	
According to the range analysis of the orthogonal test, it can be seen intuitively that the aging time and the solution temperature are the first and second main factors affecting the alloy’s hardness. The solution time and the solution temperature are the first and second main factors affecting the alloy tensile strength. The solution temperature and the aging time are the first and second main factors affecting the alloy elongation.




	(2)

	
Through grey relational analysis, the optimal process parameters can be effectively selected from the existing test data. Furthermore, the optimal T6 heat treatment process of the AlSi10MgMn alloy was obtained as follows: the solution temperature is 530 °C, the solution time is 1 h, the aging temperature is 190 °C, and the aging time is 6 h.




	(3)

	
Through the planning and solving of the prediction model, the T6 heat treatment process parameter selection was carried out in the whole range. The final optimal T6 heat treatment process of the AlSi10MgMn alloy was as follows: solution temperature is 530 °C, solution time is 3 h, aging temperature is 190 °C, and aging time is 8 h. At this point, the alloy hardness is 96.9 HV, the tensile strength is 344.6 MPa, and the elongation is 6.1%. By contrast, the toughness of the alloy is better than the toughness of the alloy obtained based on the grey relational analysis.




	(4)

	
After T6 heat treatment, the microstructure of AlSi10MgMn alloy is refined. Needle-shaped and blocky silicon phases become dark-etching phase evenly distributed in the alloy. The tearing edge and cleavage platform in the alloy’s fracture are reduced, while the small and deep dimples are significantly increased. The mechanical properties of the alloy are improved.
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Figure 1. Trend diagram of the impact between the testing indexes and various factors: (a) hardness; (b) tensile strength; (c) elongation. 
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Figure 2. Metallurgical microstructure of AlSi10MgMn alloy in (a) cast state; (b) T6 heat-treated state. 
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Figure 3. Tensile fracture SEM scanning image of an AlSi10MgMn alloy in the (a) cast state; (b) T6 heat-treated state. 
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Table 1. Factor levels of the orthogonal test.
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Level

	
Solution

Temperature (°C)

	
Solution Time (h)

	
Aging

Temperature (°C)

	
Aging Time (h)




	
A

	
B

	
C

	
D






	
1

	
510

	
1

	
160

	
4




	
2

	
520

	
2

	
175

	
6




	
3

	
530

	
3

	
190

	
8
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Table 2. Scheme and results of the orthogonal test (L9(34)).
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Number

	
Solution

Temperature (°C)

	
Solution Time (h)

	
Aging

Temperature (°C)

	
Aging Time (h)




	
A

	
B

	
C

	
D






	
1

	
510

	
1

	
160

	
4




	
2

	
510

	
2

	
175

	
6




	
3

	
510

	
3

	
190

	
8




	
4

	
520

	
1

	
175

	
8




	
5

	
520

	
2

	
190

	
4




	
6

	
520

	
3

	
160

	
6




	
7

	
530

	
1

	
190

	
6




	
8

	
530

	
2

	
160

	
8




	
9

	
530

	
3

	
175

	
4
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Table 3. Results of the orthogonal test.
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	Number
	Hardness (HV)
	Tensile Strength (MPa)
	Elongation (%)





	1
	84.2
	238
	5.4



	2
	97.9
	257
	6.4



	3
	82.3
	315.5
	6.1



	4
	90.1
	263
	5.7



	5
	93.8
	283
	4.6



	6
	104.6
	309
	4.5



	7
	99.1
	298
	6.3



	8
	87.2
	302.5
	6.2



	9
	103.5
	320.5
	5.2
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Table 4. Range analysis of the orthogonal test results.
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Testing index

	
Range

	
Solution

Temperature

(°C)

	
Solution Time

(h)

	
Aging

Temperature

(°C)

	
Aging Time

(h)




	
A

	
B

	
C

	
D






	
Hardness (HV)

	
k1

	
88.1

	
91.1

	
92

	
93.8




	
k2

	
96.2

	
93.0

	
97.2

	
100.5




	
k3

	
96.6

	
96.8

	
91.7

	
86.5




	
Range R

	
8.5

	
5.7

	
5.2

	
14




	
Impact Factor

	
Aging time > Solution temperature > Solution time > Aging temperature




	
Optimal

Composition

	
530 °C/3 h + 175 °C/6 h




	
Tensile Strength (MPa)

	
k1

	
270.2

	
266.3

	
283.2

	
280.5




	
k2

	
285

	
280.8

	
280.2

	
288




	
k3

	
307

	
315

	
298.8

	
293.7




	
Range R

	
37.2

	
48.7

	
15.6

	
13.2




	
Impact Factor

	
Solution time > Solution temperature > Aging temperature > Aging time




	
Optimal

Composition

	
530 °C/3 h + 190 °C/8 h




	
Elongation (%)

	
k1

	
5.97

	
5.97

	
5.37

	
5.07




	
k2

	
4.93

	
5.73

	
5.77

	
5.9




	
k3

	
6.07

	
5.27

	
5.83

	
6




	
Range R

	
1.14

	
0.75

	
0.46

	
0.93




	
Impact Factor

	
Solution temperature > Aging time > Solution time > Aging temperature




	
Optimal

Composition

	
530 °C/1 h + 190 °C/8 h
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Table 5. Verification test results.
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	Testing Index
	Tensile Strength (MPa)
	Elongation (%)
	Hardness (HV)





	
	312
	6.5
	84.5
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Table 6. Results of the grey correlation analysis.
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Number

	
Signal-to-Noise Ratio

	
Dimension Value xij

	
Correlation

Coefficient     ε  i j     

	
Correlation Degree γi

	
Order




	
HV

	
Rm

	
δ

	
HV

	
Rm

	
δ

	
HV

	
Rm

	
δ






	
1

	
38.51

	
47.53

	
14.65

	
0.10

	
0

	
0.44

	
0.49

	
0.47

	
0.61

	
0.52

	
9




	
2

	
39.82

	
48.20

	
16.12

	
0.72

	
0.26

	
0.85

	
0.76

	
0.54

	
0.86

	
0.72

	
5




	
3

	
38.32

	
49.98

	
15.71

	
0

	
0.95

	
0.74

	
0.47

	
0.94

	
0.77

	
0.73

	
4




	
4

	
39.09

	
48.40

	
15.12

	
0.38

	
0.34

	
0.57

	
0.59

	
0.57

	
0.67

	
0.61

	
7




	
5

	
39.44

	
49.04

	
13.26

	
0.55

	
0.58

	
0.05

	
0.66

	
0.68

	
0.48

	
0.61

	
7




	
6

	
40.39

	
49.80

	
13.06

	
1

	
0.88

	
0

	
1

	
0.88

	
0.47

	
0.78

	
3




	
7

	
39.92

	
49.48

	
16.65

	
0.77

	
0.76

	
1

	
0.80

	
0.78

	
1

	
0.86

	
1




	
8

	
38.81

	
49.61

	
15.85

	
0.24

	
0.81

	
0.78

	
0.54

	
0.82

	
0.80

	
0.72

	
5




	
9

	
40.30

	
50.12

	
14.32

	
0.96

	
1

	
0.35

	
0.95

	
1

	
0.58

	
0.84

	
2
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