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Introduction

The Al-Sn alloys there are widely using at manufacture of the sliding bearings in inserts of the internal combustion engines in machinery. In order to such bearing product must be have a high strength and tribological properties at it using. Necessary properties to possible get at providing of the special optimal bearing structure with interdendritic fine redistribution of Sn-inclusion between Al-grains [START_REF] Bushe | Transport[END_REF]. The main industry problem of manufacturing of such and another immiscible in liquid state metals in large difference of the density and melting point is consisted [START_REF] Abraham | [END_REF]. Due to that the aluminum as a base melt of such bearing alloys to have a melting point 660C and density at 700C 2380kg/m 3 , because Sn, as a sliding component have a 231,9C and density at 700C -6640kg/m 3 , that in result the strong tendency to segregation in the liquid state in a wide range of temperatures and concentrations is causing. For solving problem of segregation, the immiscible melts must be under continuous stirring in all volume with providing the high homogeneity in dispersed emulsion state [START_REF] Abraham | [END_REF]. In industrial case by means of the magnetic hydrodynamics (MHD) [3] and applying of the complex electromagnetic and hydrodynamic processing of prone to segregation immiscible bearing alloys, such as Al-25 and 40%Sn can be solved.

Developing methods and device for electromagnetic and MHD-processing of the immiscible metals

On the first stage of researches the original method and device, for electromagnetic processing bearing alloy, such as Al-Sn, has been developed and tested. The general means of electromagnetic processing (EMP) on applying of the one or two-dimensional controlled pulsing electromagnetic stirring of melt by alternating and/or traveling magnetic fields was based. Additionally for improving of the pulsing processing effect at the developing, the EMP there is combining with the simultaneously mechanical vibration of batch reactor during melt processing. Taking into account that for using in developing method device is presented as an intermediate vessel for Al-Sn processing before pouring to casting mold (or into twin roll machines for example) the batch reactor as a standard steel hand ladle with 180mm height and 170 mm has been used. The batch reactor at on one time is allowed to process the useful capacity from 3 to 5 liters or 5 to 15kg by Al-25 and 40%Sn alloy. Such decision for small or medium simple manufacture of the bearing product can be use, and easy especially in the small foundry or casting companies can be implemented, and not required the developing of the additionally expensive equipment and that is important can be easy operated by workshop workers. For activation of electromagnetic one or two-dimensional processing of the Al-Sn alloy into batch reactor, the special two-pole electromagnetic system, which generate the two mutually perpendicular variable magnetic fields (B1, B2) was designed (Fig. 1). For convenient practical application in real industrial conditions the electromagnetic processing sys-tem was executed as a stand, with bottom and lateral electromagnets, that is located under 90 angle to axes of it poles with distance between each designed to size of batch reactor (Fig. 1). Each from electromagnets had an own magnetic cores with 70*90mm cross section and coils (by 17 turns). The each coils was power supplied separately from own power low voltage sources (20~80V) standard industrial frequency 60Hz, that to allowed generate of the magnetic fields intensity (B1, B2) in the range 0.05~0.15T in the gap between poles. Due to that, each electromagnet powering individually, this is allowed to creating of the 1D, bottom/lateral, or 2D controllable electromagnetic stirring and melt processing with possibilities of separately controlling the magnitudes of AC voltages and initial shift phases  phases = 0, π/2, 2π/3 on each electromagnets. However, for improving of the force pulsing processing impact on the immiscible metals into batch reactor the additionally mechanical pulsating vibration by original way is applied. For this between the poles of electromagnets, the elastic refractory gasket (thickness up to 5mm) was placed (Fig. 1). At this the each one magnetic fields (B1, B2) has provided the attracting vibration force actions (Fattr) at its interactions with ferromagnetic material of batch reactor. The attracting pulsation force is directed to the poles of electromagnet side and had value Fattr = 12~27kg, (117~267N), that the oscillatory actions on the bath reactor with 120Hz makes. In the case of both electromagnets using the mechanical vibratory is characterized by magnitudes A vert = 1.5~2mm, 2A horiz = 0.5~1mm. Taking into account, that direction of electromagnetic pulsation force (Fem1, Fem2), which are activated in liquid alloy by imposed from electromagnets AC magnetic fields (B1, B2) are directed from electromagnet poles, but the attracting force had directed an opposite way. However, the doubled pulsating effect is provide the increasing of hydrodynamic pulse action, that appearing at the time of the transition amplitude of the magnetic field through zero. Indicated effect are presented on Fig. 2, where are observed the periodical running waves, that moving with melt at it stirring from electromagnet poles.

In result, by combination of bottom and/or lateral electromagnetic AC fields, the 1D (vertical or horizontal toroidal) multiple melt stirring into batch reactor with velocity in jet melt stream v = 0.1~1.1m/s (Fig. 2) is provided. For case of two-dimensional (2D), left-hand or right-turbulent electromagnetic in vertical plane melt stirring, that is actioned by two (bottom and lateral) pulsating electromagnetic forces -Fem1 and Fem2, the processing alloy is performed at multiplicity of volumetric circulation with radial velocity (f rad.circ. = 0.4~0.8Hz). In this time into submerged jet of melt flow cores (Fig. 2) the hydrodynamics pulsation with several harmonics and frequencies in range 0.4~5Hz are consisted (Fig. 3), that by the Pitot tube methods was researched [START_REF] Dubodelov | Joint 15 th Riga and 6 th PAMIR International Conference on Fundamental and Applied MHD[END_REF] . At processing on the melt surface the intensive intermixing not observed, that was allowing to prevent the melt oxidation and inputting inside the nonmetallic inclusions and etc.

In depending from the electrical modes of electromagnets coils switching (for case of 2D-stirring), at the initial phase angle  phases = 0, π/2, 2π/3 between the bottom and lateral magnetic fields (B1, B2) on batch reactor are impacted by means of the cyclic or parametric mechanical oscillation in the vertical/horizontal or simultaneously in two directions. However, this mechanical impact had an opposite direction in relation to pulsating electromagnetic forces PEMF (f pemf = 0.8~4.0kg, 7.85~39.4N, frequency f = 120Hz), which is generating in the melt by reacting electric currents excited by magnetic field (B) with this the magnetic field. The two basic alloys (Al-Sn) with content of Sn of 25/40% has selected for experimental approbation. For stabilize the characteristics of strength, elongation and "castability" to the composition of Al-Sn bearing alloy in small quantities the copper and silicon (within 1%) has been added. After melting Al and Sn in a melting resistance furnace and it heating to a temperature 660~800C by the using of impeller technology (GBF) the initial mixing by rotary activator (impeller) was produces with simultaneously degassing by argon gas blowing. After completion of the mixing (usually within 10 or 20 minutes), the melt has poured into preheated batch reactor, located on the electromagnetic stirring system. In next, by one of chosen schemes (with one or two electromagnets) the poured in the batch reactor melt was processed within 30 seconds or up to 2 minutes in depending from melt dose. The emulsified alloy after processing was pouring into the preheated to a temperature 180~200C chill mold for obtaining the specimens as a plate with 6 mm thickness and 450×320 mm size. Application the mechanical stirring by impeller (rotary activator) has provided the insufficient emulsification of Sn and microstructure, that there are no more than 60% of Sn with interdendritic redistribution (Fig. 4), but often the large size of Sn particles 50~85m was present. The result of 1D-electromagnetic processing with mechanical vibrational of Al-25%Sn, at using just one alternative magnetic field (0.1T), bottom or lateral, in comparisons with only mechanical stirring (Fig. 4) is showed the more deeper mixing and emulsification of Sn particles (5 ~ 40m). Sometimes the microstructure had of the interdendritic advantageous distribution, more dense and nonporous (Fig. 6). In case of EM-stirring without vibration the microstructure has a remaining gas porosity and minimal size of Sn particles makes no less 20~35m (Fig. 5).

Along with this, application of the 2D-electromagnetic melt stirring with additional parametric mechanical oscillation of batch reactor was shown deeper emulsification Sn in Al matrix (on example Al-25%Sn). Formation up to 90% zones of the homogeneous preferably interdendritic (optimal for bearing) distribution of Sn, 5÷25m (Fig. 6) without gas or shrinkage porosity in the casting state was obtained.

From the practical casting viewpoint the optimal temperature of processing the bearing alloy Al-25%Sn -700~720C and for Al-40%Sn the 700~760C in the performed experiments was set. Because in this case the processed melt is ready to pouring into casting mold and have a low overheating over the melting point of Al (as a base metal for such alloy) and that the device for processing are not require the using of the high-temperature expensive fireproof (refractory) material. In addition, the small overheating processed bearing alloy has a best condition for next solidification with forming the high homogeneity dispersed "bearing" microstructure. At the second stage the comprehensive experimental work about preparation, refining, emulsification of binary alloys Al-25 and 40%Sn by using of the industrial magnetodynamic installation MDN-6A-0.63 was performed. MDI, it is a multifunctional electro-technological device, which is the induction channel furnace with twin W-shaped channel and additional electromagnetic pump, that to provide controlled mixing of alloy in the them crucible and the induction channel by pulsing electromagnetic forces, with possibilities of melt heating with continuous controllable mixing.

The main idea of application of such unit is considered in the development of industrial MHD-technology for manufacturing bearing alloys, based on Al-25 and 40%Sn, that include it preparation (melting), refining, processing and further electromagnetic pouring to the casting mold or continuously casting machine. During research, the special mode of the lateral stirring with simultaneous degassing and intensive melt emulsification, by using suction melt in the central and pumping through the lateral channels, was developed and applied (Fig. 8). After preparing and processing alloy has been poured in the preheated to 180~200C chill-mold with 6 mm thick by using of three types of casting methods: manual gravity (with the mass flow rate of 0.1~0.2kg/sec), electromagnetic pouring by open stream through metal duct and by low electromagnetic pressure methods [3,[START_REF] Dubodelov | Joint 15 th Riga and 6 th PAMIR International Conference on Fundamental and Applied MHD[END_REF]. By practical viewpoint for industrial application the "lateral stirring" and "central suction" molten melt under the influence of pulsing electromagnetic forces (PEMF) in working area in MDI was checked, that was justified for "preparing" binary alloys (Al-Sn) as optimal. The processing of Al-Sn alloy in quantity of 100~150kg has been performed by continuously stirring through induction W-shaped channels, MDI working area and to the crucible at electromagnetic pump-ing in the circulation mode with flow rate 4~5kg/sec, temperature 740~760C during 10~15 minutes (Fig. 8). The analysis of microstructures (Fig. 9) there are show the high efficiency MHD-emulsification Al-Sn alloy in MDI, which the guaranteed uniform redistribution of Sn in the interdendritic space of Al in the prepared bearing alloy. By the experience of experimental researches, especially for alloy from immiscible in liquid state metals (Al-Sn or other), best result the scheme of central stirring, with suction through the central channel and the pumping through the side, has been obtained (Fig. 9). Stabile result is achieved at providing of multiple (20~30 times) stirring the volume of molten Al-Sn alloy in the MDI, at modes with a minimal harmful action of vortexes in the working area MDI, which at the exceeding of rotation speeds above 3 m/sec there are provoking an increase of Sn segregation. However, phenomenon of theta pinch-effect [3,[START_REF] Dubodelov | Joint 15 th Riga and 6 th PAMIR International Conference on Fundamental and Applied MHD[END_REF], that is appearing in the lateral channels MDI at passing through them the AC currents (I) more than 10~15kA, does contribute to increasing of segregation of tin inclusions. It can be explained by electromagnetic separation effect due to the difference electrical conductivity Sn and Al (Al/Sn 0.028/0.12 *mm 2 /m at 20C), that is reducing the melt emulsification process efficiency. Along with this, the high efficiency of emulsification Sn in the Al-matrix (is not more than 2~5m, which by frozen drops in rapid-cooled probe defined) can be obtained at the melt MHD-processing in the WA MDI by the pulsating MHD-action of volumetric electromagnetic forces (120Hz) and at creation of electromagnetic pressure not exceeding 20kPa (I = 8~10kA, B = 0.1~0.2T).

Conclusion

In this study the original method and device, for electromagnetic processing bearing alloy from immiscible in liquid state metals, such as Al-Sn, based on applying of the one, two-dimensional controlled pulsing stirring of melt by alternating and/or traveling magnetic fields combined with mechanical vibration of batch reactor is developed and described. In result of 1D-EMS applying has been achieved the deeper mixing particle of Sn, and obtained the dense (nonporous) structures in casting state with mainly interdendritic advantageous distribution of Sn in Al-matrix, makes sizes 5~40m, was stabile obtained. 2D-electromagnetic stirring with an additional parametric mechanical oscillation has provided to a deeper emulsification Sn in Al-matrix, with formation up to 90% homogeneous distribution zones of Sn (5~25m) and preferably interdendritic distribution without gas or shrinkage porosity. Best application MHDfacilities for emulsification immiscible metals (Al-Sn) by the pulsating volumetric electromagnetic forces (120Hz) has been found at generating in working are of MDI pressure not exceeding 20kPa, at intensive reversed stirring melt into induction channel and crucible (rate 4~7kg/sec), during no less than 10~15 minutes at 740-760C for 100~150kg of bearing alloy. Studied method and the electromagnetic device has been allow obtained a new technical result, concluded in the high level homogenization and emulsification Al-Sn alloy and can be implemented in mixers, melting industries furnaces, tundishes for continuous casting machines at manufacturing and contactless processing of bearing alloy.
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 213 Fig. 2: Forming the core of a submerged jet flow in the melt and the appearing the running waves on the alloy surface
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 4 Fig. 4: Mechanical stirrings by GBF, 730C, Al-25Sn
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 89 Fig. 8: Scheme of Al-25%Sn alloy MHD-processing in MDI at suction circulation mode (100~150kg)