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Introduction

The interest on achieving better formability of wrought magnesium alloys is growing day by day among suppliers form aeronautic and automobile industries. Fracture of metal sheets must be prevented in bending processes to achieve high mechanical properties of the part surfaces.

Although, sheet forming processes of magnesium alloys are seriously restricted by the limited ductility at room temperature, recent researches are focusing on increasing formability of AZ31 sheets in draw bending operations to achieve light and complex geometry parts with a low manufacturing cost.

An impressive advantage of using magnesium material parts instead of aluminum and steel is that for the same volume of material usage there could be saved a weight between 33 and 77% [START_REF] Quadfasel | Investigations on Springback in High Manganese TWIP-Steels using U-Profile Draw Bending[END_REF]. However, formability of magnesium alloy sheets is a concern in draw bending operations. Draw bending of metal sheets is generally used in test methods because the forming state is closer to the industrial deep drawing operations. Investigation of the material shape deviation after draw bending in U-profile is focused on two major factors: springback in the punch and die shoulder. [START_REF] Zehtabchi | Predicting the strength of polymermodified thin-layer asphalt with fuzzy logic[END_REF][START_REF] Vesely | Predicting recycling behaviour: Comparison of a linear regression model and a fuzzy logic model[END_REF] Springback depends on the materials properties such as yield strength, strain hardening exponent, the Bauschinger effect, Young's modulus and the plastic strain ratio. Springback increases with increasing strength of materials and exhibit lower value for ductile metals. [START_REF] Zehtabchi | Predicting the strength of polymermodified thin-layer asphalt with fuzzy logic[END_REF][START_REF] Wang | Formability of AZ31 Mg alloy sheets within medium temperatures[END_REF][START_REF] Ayer | A forming load analysis for extrusion process of AZ31 magnesium[END_REF][START_REF] Kalayci | Bee colony intelligence in fatigue life estimation of simulated magnesium alloy welds[END_REF] Choi J. et al. focus on a constitutive modeling for springback prediction and have applied different first punch strokes (30 and 50 mm) in experimental tests for double stage U-draw bending of DP980 and TWIP980 steel sheets. After the second punch stroke (70 mm), the springback reduced, particularly in the sidewall radius of curvature. [START_REF] Karaağaç | The Experimental Investigation of Springback in V-Bending Using the Flexforming Process[END_REF] The formation of surface flaws in conventional bending processes are eliminated by applying surface treatments which increase the production cost of a part. In the case of flexforming process, a membrane is used instead of a rigid punch to eliminate flaws on sheet metal surface [START_REF] Wang | Formability of AZ31 Mg alloy sheets within medium temperatures[END_REF]. The fracture morphologies of AZ31 sheets were analyzed in [START_REF] Naaz | Effect of different defuzzification methods in a fuzzy based load balancing application[END_REF] with a scanning electron microscope to evaluate the formability at high temperature. In the forming limit diagrams (FLD) it was observed that formability increases with the increasing of the forming temperature. To avoid cracks of magnesium alloy sheets when plastic deformation is taking place, a range of 120-170°C for warm forming process is recommended to be suitable for production requirement due to high production efficiency and good formability [START_REF] Naaz | Effect of different defuzzification methods in a fuzzy based load balancing application[END_REF].

In a continuous bending process along rolling direction of AZ31 magnesium alloy it was revealed that the basal texture intensity of continuously bent and annealed sample is drastically weakened which increase formability at room temperature with 41% of Erichsen value compared to that of as-received sample. [START_REF] Sharad | Springback in Sheet Metal U Bending-Fea and Neural Network Approach[END_REF] Continuous bending was applied under tension for improving elongation-to-fracture of dualphase 1180 steel with over five-times improvement [START_REF] Ma | An Iterative Compensation Algorithm for Springback Control in Plane Deformation and Its Application[END_REF].

Several aspects were investigated in [START_REF] Poulin | Over five-times improved elongation-to-fracture of dual-phase 1180 steel by continuousbending-under-tension[END_REF] on AZ31 Mg alloy sheets fabricated by asymmetric porthole die extrusion processes with three kinds of dies (in terms of die angle of 45, 60 and 90). Their microstructures, textures and mechanical properties at room temperature were compared with those of the conventional extrusion and porthole die extrusion sheets. The sheets fabricated by asymmetric porthole extrusion with a die angle of 90 degrees had the highest Erichsen value at room temperature among all the samples. The weak basal texture promoted the straining on thickness direction and enhanced stretch formability at room-temperature. A twinning effect was observed after the extrusion process but the influence on the stretch formability was weaker than that of texture weakening. [START_REF] Poulin | Over five-times improved elongation-to-fracture of dual-phase 1180 steel by continuousbending-under-tension[END_REF] We focus our study on fracture investigation of AZ31B sheets, using fuzzy logic prediction. The experimental procedure consists in bending several AZ31B sheet samples using 3D printed punches. We develop the suitable fracture prediction of AZ31B sheets after fuzzification of the obtained database in the experimental stage.

Draw bending experimental methodology

The experiments were conducted according a design of experiments methodology, conceived in Design-Expert, as described in tables 1 -6. We have obtained a recommendation of 63 tests, combining AZ31B sheet samples of different grain direction t with the punch velocities going between 10 and 60 mm/s.

The experimental study is carried on 1 mm thickness of AZ31B sheet samples, cut at 315 x 46 mm. The samples were punched until fracture with a hydraulic press (Hydramold HPHL-075.300), for which the travel distance and speed of the hydraulic driving system can be controlled, see Fig. 1. We have several punch velocities particular for each of the 11 samples with 180 mm punch radius, according to table 1. Distances to fracture of samples go between 19 and 24 mm which are the highest values comparing to the other punch radii. Distances to fracture of the 11 samples of 360 punch radius go between 10 and 17 mm and are bigger when the grains are on traverse direction, table 2. When bending AZ31B sheets with 3D printed punches of 540 mm radius we have obtained smaller distances to fracture for the longitudinal direction of samples, and the highest values for the traverse direction of samples, table 3. At 720 mm 3D printed punch radius we have obtained the smaller distances to fracture as well as for the longitudinal direction of samples, table 4. In this case, distances to fracture decrease as the velocity increase for each case of grain directions. When using a punch radius 5 times bigger than the 180 mm we have obtained distances to fracture of samples between 9 and 13 mm, table 5. The variation of fracture is similar with the previous data, and has better values when using smaller velocities and samples of traverse direction. Similar to previous results, the distance to fracture obtained for a punch radius of 1080 mm tends to decrease as the velocity increase and reaches the highest values when using transversal direction of AZ31B samples, see table 6. The influence of punch radius on distance to fracture is shown in Fig. 2, which is considering the average amount of obtained data. The variation of distance to fracture tends to decrease as punch radius increase. Distance to fracture tends to set between 12 and 16 mm when using punch radii bigger than 360 mm. At 180 mm of punch radius we obtained several distances to fracture bigger than 20 mm which is due the fact that the surface contact angle is very close to 180°.

The factorial model designed in Design Expert is analyzed with ANOVA and it sums up that the punch radius and the grain direction are the significant parameters for the study (pvalue is smaller than 0.0001). The predicted R 2 is 0.9053 with a reasonable agreement comparing to the adjusted R 2 which is 0.9185; the difference is less than 0.2.

Fracture prediction via Fuzzy Logic

Fuzzy set theory provides an analytic tool with some level of uncertainty for most problems. Fuzzy logic method is a soft computing method based on imprecision, approximate, partial truth, and uncertainty tolerance. [START_REF] Grigoras | Experimental analysis of AZ31B magnesium alloy sheet failure using punch stretching[END_REF] Applications of fuzzy logic modeling include a vast array of tasks in many fields, such as: operational research, reliability, safety and quality engineering and assessment, medical diagnostics, and several environmental problems as well [START_REF] Choi | Advanced constitutive modeling of advanced high strength steel sheets for springback prediction after double stage U-draw bending[END_REF].

Material behavior analysis of metal forming operations is a constant issue in many recent scientific researches for witch fuzzy logic was applied to predict: the strength of polymermodified thin-layer asphalt [START_REF] Grigoras | Experimental analysis of AZ31B magnesium alloy sheet failure using punch stretching[END_REF], tribological behavior of Al-Gr-Si3N4 hybrid composite [START_REF] Wang | An investigation on microstructure, texture and formability of AZ31 sheet processed by asymetric porthole die extrusion[END_REF], forming load analysis for extrusion process of AZ31 magnesium [START_REF] Quadfasel | Investigations on Springback in High Manganese TWIP-Steels using U-Profile Draw Bending[END_REF], to optimize the weights of an exponential-trigonometric function defined for fatigue life estimation of simulated AZ31 alloy welds using artificial bee colony algorithm [START_REF] Ambigai | Fuzzy logic algorithm based optimization of the tribological behavior of Al-Gr-Si3N4 hybrid composite[END_REF]. Some limitations of fuzzy logic modeling refer to: some cases that need to be predicted and do not have reference case in the knowledge database; if a regression can be theoretically extrapolated to extreme values, the fuzzy logic fails if no similar case is found in the knowledge base; and the presentation of the results relies on the presentation of specific queries. [START_REF] Choi | Advanced constitutive modeling of advanced high strength steel sheets for springback prediction after double stage U-draw bending[END_REF] Besides all these limitations, it is worth considering the advantages of using fuzzy logic prediction as mentioned in [START_REF] Choi | Advanced constitutive modeling of advanced high strength steel sheets for springback prediction after double stage U-draw bending[END_REF][START_REF] Han | Microstructure and formability evolutions of AZ31 magnesium alloy sheets undergoing continuous bending process[END_REF]:

• Fuzzy logic can work with incomplete or rather ill-defined inputs and still produce usable predictions.

• Fuzzy logic models can handle non-linear problems.

• The basic idea of fuzzy logic modeling consists in comparing a new case to a knowledge base with making strict assumptions about the nature of the relationships between the variables.

In our study, the membership functions are defined using a neural network implementation, and are mapped according to the construction of the design of experiment: there are 3 inputs given by the radius of punch, velocity of punch and the lamination orientation respectively, and one output represented by the distance to fracture.

For the study procedure, ANFIS used 78 nodes, 27 linear parameters, 18 nonlinear parameters, 63 training data pairs, 0 checking data pairs, and found 27 fuzzy rules. The ANFIS training error goes to 1.44377 at start and completed at 1.44371 at second epoch.

The clouds of mapped data, see Fig. 3, are corresponding to a good prediction of fracture behavior. The "Index" on x axis is the Epoch rate that we set to go from 0 to 100, which it trains the neural network with a close mapping of values. The FIS output is the predicted distance to fracture with an average testing error of 1.4629, which means a good improvement after training. The membership function of inputs is set as a Gaussian function based on cluster centers, named "gaussmf". Fracture behavior is highlighted in Fig. 4 -6 depending on the variation of the 3 inputs, velocity of punch and grain direction; punch radius and velocity of punch; punch radius and grain direction respectively.

At a medium velocity of the punch, between 20 and 40 mm/s the distance to fracture tends to decrease in case of using AZ31 B sheets with longitudinal grains, see Fig. 4. Distance to fracture decreases with increase of the punch velocity for the sheet samples with transversal grains. Distance to fracture of the sheet samples goes to smaller values as the punch radius and the punch velocity increase, see Fig. 5. We observe an obvious impact of the punch radius on the mechanical properties of AZ31B samples when it is at the highest values, and fracture occurs to less than 10 mm of movement distance. Distance to fracture goes at around 18 mm when considering the punch radius and punch velocity impact, which is smaller than the maximum value obtained. Punch radius and grain direction are affecting the fracture behavior the most, see Fig. 6. When having longitudinal grains of samples sheet there is a decrease of distance to fracture as the punch radius goes to 720 mm and then it increases. This variation comes from the geometrical constrains of the experimental components, see Fig. 1.

Punch radius and grain velocity affects the distance to fracture the most, which records its maximum around 24 mm when using 180 mm of punch radius and transversal direction of AZ31 B sample. Fig. 6. Surface view of fracture behavior mapped between punch radius and grain direction; output -distance to fracture, input 1 -punch radius, input 3grain direction

The influence of punch radius, punch velocity and grain direction of AZ31 B sheets on the fracture amount is trained in Fuzzy Logic and summed up to 27 rules, see Fig. 7.

The fracture prediction is framed between 1.349 and 28.16 mm, which is reliable for a predicted error between 1.44 and 1.45, see Fig. 8. Fuzzy logic prediction allows us to map the fracture behavior using experimental results with acceptable confidence factor.

From Fig. 4, the distance to fracture is very close to 1 mm for traversal grains and high velocity of punch. From Fig. 5, the distance to fracture is very close to 1 mm for high velocity of punch and punch radius of 1020 mm. From Fig. 6, the distance to fracture is close to 1 mm for longitudinal grains and punch radius of 720 mm; and it reaches to 20 mm for longitudinal grains and punch radius of 360 mm.

All these variations and the obtained experimental data are very divergent due the approximation of the membership rules, although the error ranges between 1.44 and 1.45, see Fig. 8. There is place for improvements of the predictive tool. For a better prediction through Fuzzy data analysis we are considering further studies to find intervals for fuzzy logic membership functions through clustering methods. Also, further studies could find better prediction with Fuzzy Expert System or Genetic Fuzzy Logic approach.

Conclusion

Present paper investigates fracture limits of AZ31B magnesium alloy sheets during draw bending. A series of tests were carried to study the influence of punch radius, rolling direction and punch velocity on distance to fracture. The tests were organized according to design of experiments methodology and the results were analyzed using ANOVA but also fuzzy logic.

The analysis has revealed that punch radius and grain direction are the significant parameters of influence for the distance to fracture in draw bending. Fracture resistance decreases with the increase of punch radius. The largest values of distance to fracture were obtained for the smallest punch radius (180 mm). Higher values of punch speed also lead to reduced distance to fracture.

We are considering this analysis for further investigation of reproducibility of the results for fixed punch radius, punch velocity and grain direction, in order to obtain experimentally that the evolution of distance to fracture is mainly due to the variation of punch velocity and grain direction, which was assumed in the article only by the Design Expert recommendation.

A fuzzy logic inference system was built on experimental data. It was found that using the 27 inference rules, the system is capable to predict the distance to fracture, within an error range of 1.44 -1.45. The results of the fuzzy system are consistent with the design of experiments model.
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 1 Fig. 1. Draw bending scheme.
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 2 Fig.2. Punch radius and distance to fracture variation according to Design Expert with an average of 13 to 16 mm on the ordinate axis.
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 3 Fig. 3. Mapping of data after training and checking.
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 4 Fig. 4. Surface view of fracture behavior mapped between velocity of punch and grain direction; output -distance to fracture, input 2 -velocity of punch, input 3 -grain direction.
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 5 Fig. 5. Surface view of fracture behavior mapped between punch radius and velocity of punch; output -distance to fracture, input 1 -punch radius, input 2 -velocity of punch.
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 7 Fig. 7. Rules view in Fuzzy Logic interface for the inputs and output parameters; input 1 -punch radius, input 2 -punch velocity, input 3 -grain direction, output -distance to fracture.
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 8 Fig. 8. The predicted training error of data.

Table 1 .

 1 Experimental data base for punch radius 180 mm.

	Punch radius	Punch velocity	Grain direction	Distance to
	[mm]	[mm/s]	[°]	fracture
				[mm]
	180	30	0	20.04
	180	40	0	20.08
	180	50	0	21.10
	180	60	0	19.32
	180	20	45	19.60
	180	40	45	20.32
	180	50	45	20.20
	180	10	90	22.40
	180	20	90	23.28
	180	30	90	21.96
	180	60	90	24.24

Table 2 .

 2 Experimental data base for punch radius 360 mm.

	Punch radius	Punch velocity	Grain direction	Distance to
	[mm]	[mm/s]	[°]	fracture
				[mm]
	360	10	0	10.10
	360	20	0	12.20
	360	30	0	12.78
	360	50	0	13.30
	360	10	45	15.16
	360	40	45	13.28
	360	60	45	15.36
	360	20	90	15.44
	360	40	90	15.84
	360	50	90	17.80
	360	60	90	17.04

Table 3 .

 3 Experimental data base for punch radius 540 mm.

	Punch radius	Punch velocity	Grain direction	Distance to
	[mm]	[mm/s]	[°]	fracture
				[mm]
	540	20	0	8.88
	540	30	0	7.38
	540	60	0	10.92
	540	10	45	12.52
	540	20	45	11.68
	540	50	45	12.00
	540	10	90	11.80
	540	30	90	12.36
	540	40	90	12.48
	540	50	90	10.80

Table 4 .

 4 Experimental data base for punch radius 720 mm.

Table 5 .

 5 Experimental data base for punch radius 900 mm.

	Punch radius	Punch velocity	Grain direction	Distance to
	[mm]	[mm/s]	[°]	fracture
				[mm]
	900	10	0	9.10
	900	30	0	9.30

Table 6 .

 6 Experimental data base for punch radius 1080 mm.

	Punch radius	Punch velocity	Grain direction	Distance to
	[mm]	[mm/s]	[°]	fracture
				[mm]
	1080	10	0	9.90
	1080	20	0	10.44
	1080	40	0	9.52
	1080	60	0	8.64
	1080	20	45	11.68
	1080	30	45	11.52
	1080	50	45	11.00
	1080	60	45	10.80
	1080	10	90	15.68
	1080	30	90	12.12
	1080	40	90	13.92
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