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Abstract

:

Traditional hot-stamping products have super-high strength, but their plasticity is usually low and their integrated mechanical properties are not excellent. Functionally graded property structures, a relatively novel configuration with a higher material utilization rate, have increasingly captured the attention of researchers. Hot stamping parts with tailored properties display the characteristics of local high strength and high plasticity, which can make up for the limitations of conventional hot stamping and optimize the crash safety performance of vehicles. This new idea provides a means of personalized control in the hot-stamping process. In this paper, a new strategy of local induction heating and press hardening was used for the hot stamping of boron steel parts with tailored properties, of which the microstructure from the hard zone to the soft zone shows a gradient distribution consisting of a martensite phase, multiphase and initial phase, with the hardness ranging from 550 HV to 180 HV. The re-deformation characteristics of hot stamping parts with tailored properties have been studied through the uniaxial tensile test, in cooperation with digital image correlation (DIC) and electron backscattered diffraction (EBSD) techniques. The experiments show that there are easily observable strain distribution characteristics in the re-deformation of hot stamping parts with tailored properties. In the process of tensile deformation, the initial phase zone takes the role of deformation and energy absorption, with the maximum strain before necking reaching 0.32. The local misorientation of this zone was high, and a large number of low angle grain boundaries were formed, while the proportion of small angle grain boundaries increased from 13.5% to 63.3%, and the average grain size decreased from 8.15 μm to 3.43 μm. Meanwhile, the martensite zone takes on the role of anti-collision protection, with a maximum strain of only 0.006, and its local misorientation is mostly unchanged. The re-deformation experimental results show that the hot stamping of boron steel parts with tailored properties meets the functional requirements of a hard zone for anti-collision and a soft zone for energy absorption, suitable for automobile safety parts.
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1. Introduction


Press-hardening steels (PHS) are steel plates with the highest strength grade of all automobile plates. They are increasingly used for vehicle body structure components, such as door crash beams, front and rear bumpers, B-pillars, etc., because of their lightening potential, owing to superior strength, small springback and high yield. The proportion of their application in car bodies is increasing [1,2]. At present, the most commonly used PHS is 22MnB5 steel, which displays a tensile strength of up to 1500–1800 MPa and an elongation of 5–7% by hot stamping. However, the problem of high strength and low plasticity has been observed in the process of hot-stamping parts, which makes it difficult to achieve the best matching of the hardness and energy absorption in the service process, and affects the safety performance of vehicle parts under the impact of collision. The hot stamping of parts with tailored properties is a relatively novel approach, with a higher material utilization rate and better material-bearing potential, which has increasingly captured the attention of researchers. [3,4]. In this process, different areas of parts can have different properties matched with the use requirements. The hot stamping of parts with tailored properties can better balance the rigidity, torque and impact energy absorption effect of the body, while reducing the weight and making up for the limitations of the uniformity of conventionally hot-stamped parts, thus providing a new means of personalized control in hot stamping [5].



Marked by the “tailored tempering” technology of ThyssenKrupp, tailored hot-stamping technology has entered a stage of rapid development, and various new process variants based on traditional hot stamping have been introduced lately. The intrinsic strategy, composed of differential temperature heating, the differential cooling rate method and secondary annealing is the main approach used to produce parts with tailored properties, thus changing the microstructure of components using specifically-arranged strategies of cooling or annealing [6]. Wilsius et al. [7] achieved the trial production of a performance gradient B-pillar with a tensile strength of 1600 MPa in the hard zone and 700 MPa in the soft zone by partial austenitizing in the hot stamping. MU et al. [8,9] made M-shaped parts with varying properties by hot stamping using partition heating, and studied the effects of hot stamping parameters such as stamping velocity and heating temperature on the formation and mechanical properties of the tailored M-shaped part. Furthermore, multi-objective optimization was performed using the non-dominated sorting genetic algorithm II to obtain the optimal heating parameters. Svec et al. [10] also prepared the gradient hardness parts with the hardness of heating area ranging from 200–240 HV and the hardness of the hard area at about 420 HV by zone heating and cooling mold methods. George et al. [11] successfully trial-produced a hot-stamped B-pillar with gradient performance by controlling the cooling of the die area. The results show that the hardness is about 244–260 HV in the hot zone and approximately 460 HV in the cold zone. Wang et al. [12] investigated the influence of annealing temperature on the mechanical properties of boron steel and produced parts with tailored properties using partial annealing. At the same time, a series of advanced constitutive material models have been proposed for hot-stamping simulation of boron steel with tailored properties. Eller et al. [13] established a constitutive model of boron steel with tailored properties and validated the proposed plasticity and fracture model using a tapered tensile test specimen with a hardness transition zone. Li et al. [14,15,16] established the austenite transformation model to describe the austenitization of boron steel under complicated thermal conditions and extended a set of viscoplastic constitutive damage equations to model the deformation of boron steel in multiple phase states. Tang et al. [17] established a coupled thermo-mechanical-metallurgical numerical model for the tailored tempering process of 22MnB5 sheets, and verified the reliability of the model by using the thickness and microstructure test results of B-pillar stiffeners, accurately simulating the Vickers hardness distribution and microstructural evolution of a U-channel part. Hippchen et al. [18] developed a material model considering the diffusionless and diffusion-controlled kinetics of phase transformation for the prediction of the part geometry and mechanical properties of indirect hot-stamped car body parts with tailored properties. At present, in the field of hot stamping with tailored properties, many scholars focus on intrinsic strategy control, phase transformation, structure simulation, formability and so on [19]. However, only hardness tests and three-point bending tests are usually used to evaluate the strength and energy absorption performance of parts with tailored properties [20,21]. These tests lack the characteristic analysis, mechanism research and sufficient experimental demonstration for the re-deformation of the tailored parts. Digital image correlation (DIC) technology has been increasingly applied in the quantitative measurement of deformation fields, and has unique advantages in the non-uniform strain measurement of gradient materials. Paweł J. Romanowicz et al. [22] evaluated the feasibility and reliability of digital image correlation (DIC) system for engineering and science purposes. The results show that the application of DIC with a common digital camera can be effectively applied for the analysis of the evolution of plastic zones for high-strength steels. Ab Ghani et al. [23] compared the different methods of determining mechanical properties of a hybrid composite under tensile loading using a strain gauge and the DIC technique. They observed that the DIC method is reliable in determining mechanical properties of a hybrid composite. Ramazani [24] studied the microscopic deformation and fracture of DP600 dual-phase steel using electron backscattered diffraction (EBSD) measurements and the DIC technique. Li et al. [25] evaluated whole-field strain distribution and crack propagation/evolution of carbon fiber reinforced plastic (CFRP) laminate using the digital image correlation technique under tensile loading. In this paper, 22MnB5 was used as the material, and a new strategy of local induction heating and press hardening was used for the hot stamping of boron steel parts with tailored properties. The resulting microstructure, from the hard zone to the soft zone, shows a gradient distribution of martensite phase, multiphase and initial phase. The gradient structure was characterized and analyzed, and the re-deformation characteristics of different phase zones were studied by EBSD measurements and DIC technology, which verified that hot-stamping parts with tailored properties meet the function of a hard zone for anti-collision and a soft zone for energy absorption. The results of this research perfect the theory and application of hot stamping with tailored properties, and form a more complete closed-loop system.




2. Preparation of Hot-Stamping Parts with Tailored Properties


2.1. Preparation Processing


In this paper, differential heat treatment of the blank prior to forming is used to prepare hot-stamped parts with tailored properties. Like traditional hot stamping, tailored hot stamping consists of heating, transferring, forming and cooling. The concept of the selective heating strategy is to adjust the local mechanical properties by means of austenite transformation control in the heating step of the hot-stamping process [26]. The mechanism of the strategy is illustrated in Figure 1. In the differential heat treatment of a boron steel blank, there are three phase regions: the full austenite region, the transition region and the initial phase region [27]. The hard zone is heated to the austenite temperature range and is fully austenitized by heat preservation, whereas the soft zone is heated to the middle temperature, retaining its initial phase of boron steel, while partial austenitization occurs in the transition zone at a critical temperature. After full quenching, martensitic transformation occurs in the high-temperature region, resulting in a hard region with high strength, and the initial phase remains in the middle temperature range, resulting in a soft region with high plasticity. The transition zone is mainly composed of martensite, retained austenite and initial phase. The length and microstructure distribution of the transition zone depend on the temperature gradient heated on both sides.




2.2. Differential Induction Heating Experiment


The material used in this paper was cold-rolled 22MnB5 boron steel with a thickness of 1.4 mm provided by Maanshan Iron and Steel Group Co., Ltd. The initial microstructure contained a mixture of ferrite and pearlite. The chemical composition of the investigated steel is listed in Table 1. A 75 mm × 160 mm rectangular boron steel plate was partly induction heated above 900 °C by induction heating using an experimental device with an oscillating power of 15 kV and a 50-mm-diameter induction coil. The distance was 6 mm from the induction coil to the sheet. The induction heating experimental device is shown in Figure 2. Figure 3 shows the measurement results of the non-uniform temperature field of the induction heated specimen by infrared thermal imaging. It can be seen that, due to the edge effect, the plate specimen is heated from the outer ring along the winding direction of the coil. The temperature rises rapidly and the plate specimen presents an obvious temperature gradient along the diameter direction of the circle. The experimental results show that the non-uniform temperature field of the boron steel plate can be established by induction heating, and the average heating rate is 68–88 °C/s. The central temperature of the plate can reach the Curie temperature in 8–10 s, and the maximum heating rate can reach 200 °C/s. The high-temperature zone (austenite phase) of Φ 50 mm and the annular low-temperature zone (original initial phase) with an inner diameter of Φ 50 mm and an outer diameter of Φ 75 mm, were obtained experimentally. The temperature distribution of the plate specimen is shown in Figure 4.





3. Characterization of Hot-Stamping Parts with Tailored Properties


Hardness testing and metallographic testing were conducted to assess the microstructure distribution and load-bearing performance, respectively. This was performed by cutting a beam 90 mm long and 3 mm wide symmetrically along the horizontal axis. The sampling location is shown in the red area of Figure 4a. The hardness was measured every 0.2 mm along the axis by a microhardness tester. In Figure 5, Vickers hardness values are plotted on a length scale, where the bar mid-length is taken as the origin. The results show that the hardness is high in the middle of the specimen and the value of the high-strength zone is from 440 HV to 550 HV, and the length is from −21.66 to 27.89 mm, which is consistent with the heating range of the high-temperature zone. The high-temperature zone is fully austenitized in preheating and martensitic transformation occurs after quenching. The hardness fluctuation corresponds to the winding of the induction coil, which indicates that the faster the heating speed, the higher the hardness of the martensite. The ranges of the hardness value decrease rapidly in the transition zone, located from 3.73 mm on the left and 2.61 mm on the right, which has a graded multiphase microstructure. Away from the hot zone, the hardness of the low-hardness zone at both sides is 178–230 HV, and the hardness of the initial phase after heating is slightly higher than before. According to the hardness distribution, the sample shows a gradual structure gradient, which can be divided into three zones: the hard zone, the transition zone and the soft zone. The microstructure of each zone, observed by optical microscopy, is shown in Figure 6. The soft zone is the initial phase, with about 200 HV, which is the mixed structure of ferrite and pearlite. According to the calculation of the intercept method, the grain size is about 10 μm. The hard zone is martensite with a hardness above 440 HV, which is a large number of fine laths of about 0.15 μm. Figure 6c,d show the microstructure of the transition zone with different hardness. The transition zone is composed of ferrite, residual austenite and martensite, an irregular crystal morphology. With the increase of martensite, the hardness increases gradually.




4. The Re-Deformation Performance of Hot-Forming Parts with Tailored Properties


4.1. Experimental Method


In this study, a non-contact full field strain testing system was used to evaluate the properties of the hot-stamped parts with tailored properties by zones based on DIC technology and the tensile testing machine, as shown in Figure 7. The non-contact full field strain testing system is mainly composed of hardware part and software part. The hardware part includes two charge coupled device (CCD) cameras (GS3-U3-51S5M, Point Grey, Richmond, BC, Canada) pan tilt, light source and computer, and the software part is VIC-3D by Correlated Solution company in the United States, composed of image acquisition system and data analysis and processing system. It is a powerful system for measuring and visualizing of shape, displacement and strain, movements and vibrations of surfaces in three dimensions. Firstly, a sample taken along the length direction of the hot-stamping parts with tailored properties was randomly speckle treated, as shown in Figure 8, and the microstructure of the tensile samples showed a symmetrical distribution of initial phase, multiphase and martensite. Before the experiment started, it was necessary to calibrate the whole field strain measurement system to improve the measurement quality. Two CCD cameras were set up at an angle between 15° and 60° to ensure that the specimen is full in the whole field of vision with reasonable tensile allowance. Speckle quality assessment function was used to focus the camera and adjust the brightness and exposure time, and then selected the appropriate correction plate through the calibration images function to make sure the size of the correction plate should be about 80% of the camera’s view. About 25 photos of the calibration plate and the specimen in different relative positions were taken as image correction samples, through VIC-3D software (CSI, VIC-3D 7), the calibration results are analyzed and processed, and the red error reported pictures are deleted to ensure that there are no less than 15 valid pictures. If the system scores pass, the calibration is successful. Otherwise, this step needs to be repeated until the calibration is qualified. After the above steps were completed, the tensile test was carried out on the tensile testing machine at the strain rate of 0.1 s−1 until the specimen is broken, and 192 speckle images were collected in the whole process. The images were imported into the data analysis and processing software. Taking the initial state as a reference image, the analysis area of 80 mm was selected. In the DIC analyses, and the following parameters were used: grid size, 45–45 pixels; and grid overlapping, 8 pixels. And the normal strain, shear strain and other information are obtained by software calculation. The characteristics of strain in different micro regions were analyzed with an scanning electron microscope (SEM), based on the EBSD technique. The samples for EBSD were cut from before and after deformation of the workpiece and were prepared by mechanical polishing, followed by electropolishing, to remove the deformed layer on the surface that formed during the mechanical polishing. The EBSD scans of 60 × 60 m, with a step size of 0.06 µm, were performed in an SEM system operated at 20 kV. The post-processing of the scanned data was carried out using TSL OIM software (EDAX, 7.3.0 × 86).




4.2. Full Field Strain Analysis of Tensile Deformation


Figure 9 is a strain cloud chart with time collected by the VIC-3D system, in which the black line is the isostrain line. At the beginning of the test (Figure 9a), the isostrain lines were uniformly and randomly distributed, and the specimen was in the stage of elastic deformation. As the tension progressed, the specimen began to yield and local plastic deformation occurred (Figure 9b) and the distribution of isostrain lines was obviously uneven (Figure 9c). The plastic deformation was concentrated on both sides in the initial phase zone and the martensite area in the middle was basically free of deformation. The deformation areas on both sides expanded to the far end of the test piece asymmetrically, due to the inhibition of the martensite phase in the middle (Figure 9d). When the tensile stress reached 550 MPa (Figure 9e), which is close to the maximum tensile strength of the ferrite phase, local necking of the specimen occurred in the initial zone on the side of the specimen. At 192 steps (Figure 9g), the local strain reached 0.81, and a macrofracture occurred in the strain concentration area, shown by the white dotted box.



The distribution of the strain in different zones is shown in Table 2. The virtual extensometer was added to obtain the strain curve of the total and the different local zones by VIC-3D post-processing software, as shown in Figure 10. It was found that the re-deformation process of the hot-stamped part with tailored properties is an equal-stress process. During the plastic deformation stage, there is an obvious strain distribution phenomenon, according to the different microstructure morphologies of the specimen. In the initial phase zone, the maximum strain in the upper side before necking was 0.32, and the strain in the lower side was 0.14, showing a good deformation energy absorption effect. The martensitic zone in the middle was basically undeformed, and the strain was not more than 0.006. The total strain of the specimen was contributed mainly by the deformation of the initial phase zone on both sides. This proves that the high-strength zone provides protection support and the low-strength zone takes on the role of energy absorption.




4.3. Electron Backscattered Diffraction (EBSD) Analysis of Hot-Stamped Parts with Tailored Properties Before and After Deformation


EBSD scanning was carried out on the samples with tailored properties to study the microstructure morphology by grain morphology, grain size, grain orientation and micro-area strain. Figure 11 shows EBSD test results of different phase zones of hot stamping with tailored properties before the tensile test, including the superposition maps of the inverse pole figure (IPF) and image quality (IQ), as well as the statistical distribution map of grain size. The IPF maps are observed with the normal direction of the observation surface {001} as the reference direction. Blue, red and green represent the orientations of {111}, {001} and {101} respectively. It can be seen that the microstructure of the soft zone reveals a random texture, and the average grain size is 8.16 μm, with 9.8 μm being the most common grain size, accounting for 18.25%. The microstructure of martensite in the hard zone is multi-scale, consisting of packets, blocks and laths. The laths are thin and most of them have the same orientation.



Figure 12 shows the IPF and IQ superposition maps with different deformation ratios of the hot-stamping part with tailored properties after the tensile test. The specimens are taken at 1 mm, 3 mm, 7 mm, 10 mm and 12 mm away from the fracture, where the corresponding strain is 0.607, 0.04, 0.0064, 0.0048 and 0.0039, respectively. It can be seen that with the increase of deformation, the ferrite grains are obviously elongated and flattened, and there is an obvious color gradient distribution inside the grains, which means that the grains have undergone obvious plastic deformation. Figure 12d is the transition zone. The lattice distortion is serious, and the image quality is poor because of the multiphase mixed structure of lath martensite and massive ferrite. The martensitic zone (Figure 12e) displays almost no change of contrast, which means that the deformation does not extend to this zone. Figure 13 is a comparison diagram of grain size under different deformation ratios. It was found that, with the increase of plastic strain, the grain size after deformation was gradually refined. The average grain size of the initial phase is 7.42 μm, with a deformation ratio of 4%. When the average grain size is 3.43 μm, the deformation ratio increases to 60%, a difference of 58%.



Figure 14 and Figure 15 show the misorientation distribution of the grain boundaries before and after deformation in the initial phase zone and the martensite zone, respectively. It can be seen from Figure 14 that before deformation, most of the grain boundaries are high-angle grain boundaries, i.e., more than 15°, and low-angle grain boundaries account for only 13.5%. The increase of deformation causes the number of low-angle grain boundaries to increase continuously, which is a result of the increase in dislocation density. When the deformation ratio increases from 4% (Figure 14b) to 60% (Figure 14c), the low-angle grain boundary percentage increases from 20.9% up to 63.3%. Martensite with multi-scale characteristics has a high dislocation density, as shown in Figure 15. Before the tensile test, the low-angle grain boundaries accounted for 27.5%. The misorientation of grain boundaries was almost unchanged after tensile test, which indicates that there was no micro-strain in the martensite phase zone during the uniaxial tension process.



We used the kernel average misorientation (KAM) to show the local misorientation between neighbor grains, which can be expressed as the collective dislocation structure in the grains [28]. It is usually used to estimate the residual strain and plastic deformation. In this analysis, the colors of blue to red represent the KAM value of misorientation in the range of 0° and 5°, and misorientation values exceeding a threshold value of 5° were excluded from the KAM calculation. Figure 16 and Figure 17 show the KAM distributions under different conditions in the initial phase zone and the martensite phase zone. As shown by Figure 16, most regions in 22MnB5 steel exhibit low KAM values, as does the initial phase zone of the hot-stamped part with tailored properties, which means that residual stress does not increase due to selective heating and press hardening. However, with increasing deformation, the density of areas with high KAM values increases. When the deformation reaches 4% (Figure 16c), a green color around the grain boundaries can be clearly observed. There are wide regions of low KAM values, surrounded by regions of higher KAM values. KAM maps of samples deformed to 60% strain (Figure 16d) demonstrate a significant increase in local misorientation in the grain boundary region, appearing to consist largely of yellow regions, and even displaying red regions. In Figure 17, high misorientation is indicated in the martensite phase zone because the lattice distortion is large, whereas the lath interiors do not display any significant misorientation change before and after tensile deformation, which means that the tensile deformation does not cause micro-strain in the martensite zone. Therefore, the micro-strain in the re-deformation of the hot-stamped part with tailored properties has obvious regional characteristics according to the microstructure.





5. Conclusions


In this work, hot-stamped parts with tailored properties were obtained by local induction heating and press hardening. The microstructure, from the hard zone to the soft zone, shows a gradient distribution of martensite, multiphase and initial phase, with the hardness ranging from 550 HV to 180 HV. Through the macro- and micro-analysis of strain by a tensile test of parts with tailored properties, it can be shown that the re-deformation of the gradient specimen is a process of equal stress, and there are obvious strain distribution characteristics in the re-deformation process, which meet the stress distribution principle of multiphase steel. The initial phase zone results in deformation and energy absorption; the maximum strain before necking reaches 0.32, with a large number of low-angle grain boundaries forming in the deformation process. The proportion of small-angle grain boundaries increases from 13.5% before deformation to 63.3% after deformation, whereas the average grain size decreased from 8.15 μm to 3.43 μm, and the density of areas with high KAM value shows an obvious increase. The martensite zone takes on the role of anti-collision protection; the maximum strain is only 0.006 before fracture, and the lath interiors do not display any significant misorientation change before or after tensile deformation. The experimental results show that the hot stamping of parts with tailored properties meets the function of a hard zone for anti-collision and a soft zone for energy absorption and can, therefore, fit the requirements of automobile anti-collision parts.
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Figure 1. Strategic mechanism of selective heating and press hardening. 
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Figure 2. Induction heating experimental device. 
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Figure 3. Temperature variation of induction heating workpiece: (a) in the beginning; (b) in the middle; (c) at the end. 
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Figure 4. Temperature distribution of sheet after selective heating. (a) Top view: the red rectangle is the axial temperature measurement area. This area is taken as a microstructure characterization sample; (b) central axis: temperature is measured along horizontal axis. 






Figure 4. Temperature distribution of sheet after selective heating. (a) Top view: the red rectangle is the axial temperature measurement area. This area is taken as a microstructure characterization sample; (b) central axis: temperature is measured along horizontal axis.



[image: Metals 10 01136 g004]







[image: Metals 10 01136 g005 550] 





Figure 5. Hardness distribution. 
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Figure 6. Optical metallographic (OM) photographs of different phase zones: (a) soft zone, 210 HV; (b) hard zone, 490 HV; (c) transition zone, 280 HV; (d) transition zone, 375 HV. 
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Figure 7. Full field strain experimental platform for tensile test. 
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Figure 8. Tensile specimen after speckle treatment. 
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Figure 9. Cloud map of full-field equivalent strain change with time in tensile test: (a) Step 40; (b) Step 60; (c) Step 90; (d) Step 120; (e) Step 150; (f) Step 190; (g) Step 192. 
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Figure 10. Equivalent strain in different phase regions by virtual extensometer. 
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Figure 11. Electron backscattered diffraction (EBSD) analysis of a hot-stamped part with tailored properties. (a) Inverse pole figure (IPF) and image quality (IQ) diagram of initial phase zone; (b) grain size distribution of initial phase zone; (c) IPF and IQ diagram of martensite phase zone; (d) grain size distribution of martensite phase zone. 
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Figure 12. IPF + IQ diagram of a hot-stamped part with tailored properties with different deformation ratios after a tensile test; (a) ε = 0.607; (b) ε = 0.04; (c) ε = 0.0064; (d) ε = 0.0048; (e) ε = 0.0039; (f) different colors represent different orientations: blue represents the orientation of {111}; red represents the orientation of {001}; green represents the orientation of {101}. 
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Figure 13. Statistical distribution of grain size in different deformation ratios; (a) ε = 0.607; (b) ε = 0.04. 
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Figure 14. Misorientation distribution of grain boundaries in the initial phase zone with different deformation ratios; (a) ε = 0; (b) ε = 0.04; (c) ε = 0.607. 
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Figure 15. Misorientation distribution of grain boundaries in the martensite phase zone; (a) before tensile test; (b) after tensile test. 
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Figure 16. Kernel average misorientation (KAM) maps of different conditions in the initial phase zone; (a) initial sheet; (b) initial phase zone of hot stamping parts with tailored properties; (c) ε = 0.04; (d) ε = 0.607. 
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Figure 17. KAM maps of martensite phase zone undeform and fractured samples. (a) Martensite phase zone of hot-stamped parts with tailored properties; (b) martensite phase zone after fracture. 
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Table 1. Chemical compositions of 22MnB5 (mass %).
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	C
	Mn
	Cr
	Si
	B
	P
	S
	Al





	0.225
	1.24
	0.163
	0.256
	0.003
	0.013
	0.003
	0.030
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Table 2. Local maximum strain in different regions of uniaxial tension.
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Specimen

	
Martensitic Zone

	
Initial Phase Zone




	
Step

	






	
40

	
0.00065

	
0.001




	
60

	
0.0019

	
0.00256




	
90

	
0.00449

	
0.027




	
120

	
0.00575

	
0.0625




	
150

	
0.00576

	
0.129




	
190

	
0.00576

	
0.81
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