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Experimental highlighting of the performances of dry drilling Laboratoire de Tribologie et de Dynamique des Systèmes Ecole Nationale d’Ingénieurs de Saint Etienne 58 Rue Jean Parot 42031 Saint Etienne Cedex 2 Michel Chambe, Dr. Michel Dursapt, Dr. Thomas Mathia Abstract:it is proposed to present some important results for the industrial applications, of experimental year study in dry drilling. Particularly, the cinematic and tribological behaviour of seed-planting drills in dry drilling cooled by high air presses in this box. After having pointed out the problems and the difficulties of dry machining, the experimental conditions is describe; with knowing mainly: • drillinq machine having has 3 magnet spindle of 8 kW, controlled in speed and temperature. • air cooling system with specific booster rocket, up to 15 bars, • tungsten carbide seed-planting drills, with right grooves, with gold without coating, • instrumentation of measurement (power, effort, press, etc), Different combinations of these conditions, based one experimental design strategy, is tested and the results are analysed. Moreover, the following specific criteria for this analysis are selected: • criteria of surface, quality (of the tool and the test-tube) • variation of the parameters of machining • the statement of the efforts and the power according to the variable parameters. Although the study is not focused one the evaluation of the noises, goal this parameter will Be approached.



-1- dry machining -1-1- Motivations of dry machining The main reason for the development of this mode of machining is of an environmental nature. Indeed from 2002, the legislation (law of 13.7.92) stipulates that in waste disposal, only ultimate waste (residues of incineration, rejects recycling and composting waste will be allowed). In industrial terms, complying with this jurisdiction results in economic parameters. In fact,, the total cost of use of the cutting oil can amount to 7.5 % of the whole of the production costs (study undertaken in the car
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industry). In addition, the costs arising from the reprocessing of the oil are increasing. Furthermore, ecological and medical problems areappearing, both inside aand outside production workshops. Lastly, and this is surprising, in certain cases,dry machining improves the lifespan of the tools, and particularly in the milling of steel and the cast iron (up to 25 % longer in dry milling).



-1-2- suppression of watering in the cutting process The principal functions of watering are very briefly: • to facilitate cutting through slipping of the chip on the cutting surface • to evacuate the heat which affects the part, the tool and the chip during machining • to evacuate the chips from the part • to wash the machine. • to control the temperature of the machine Consequently, dry machining requires that one reconsiders all the functions of the cutting fluid. With each preceding subparagraph, we can make a proposal for a substitution: • the solution will not be to facilitate the cut, but to use tougher tool materials to withstand chip abrasion ; they may be coated • the dissipation of heat could be ensured by a fluid at the gas state, preferably without effects on the environment • the release of the chip will be made by the preceding functionality, that is to say by fluid gas • the cleaning of the machine, obviously in the functional zone of machining, has a very great importance at the industrial level, in particular for production of series. The presence of a gas fluid must guarantee this function. • The temperature control could partially be compensated by a spindle with temperature control. These proposals for a substitution are very categorical; it goes without saying that their effectiveness must be strongly qualified.



-1-3- the siutation of dry machining The possibilities of dry machining depend mainly on the material which one wishes to machine. For example, the creation of plane surfaces by dry milling is effective in ferrous metals and light alloys. As for drilling, threaded drilling and boring, these are possible in light alloys, but generally with a micro-pulverization by the center of the tool because of the problems of sticking due to the low cutting speeds and the naturally difficult evacuation of the chips. In the case of steel, the main factor to control is the rise in temperature. For the dry machining of cast iron and aluminium alloys with strong silicon content, abrasion is the main problem[1 ].
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-2- Experimentation The field of study on dry machining is very vast. Carrying out experimental research in technology brings into play a very large number of parameters, sometimes even antagonistic. Therefore in the study presented the number of parameters is objectively reduced. These parameters were selected by taking account of: • The material possibility of actual installation in the laboratory • A realistic representation of dry machining. Let us discuss and justify the adopted conditions of dry machining. • Choice of the machine : within the framework of the Laboratory, the machine which is closest to HSMconcepts and which provides the drilling function, is the precision lathe "précimab"; this lathe has an electric spindle of 8 kilowatts, with temperature regulation. • Type of tool: an industrial partnership enables us to test with drills of the make Gühring ; we will develop the characteristics of these tools in detail later. • Lubrication by gas fluid ? The possibilities are numerous, especially if it is accepted that micro-lubrication is part of dry machining ! In an experimental academic context we chose a solution which is representative of dry machining, that is to say: • industrial air with booster, to 15 bars • no refrigeration • feed by the drill on exposed the faces.



-3- conditions of the experiment -3-1- the drill



The commercial name of the drills is " Ratio φ12.5 ". They are made of of cast solid tungsten carbide. These drills have straight grooves; they are thus usable only under cutting conditions where the chip splits up. Figure 1 is a photograph on somewhat reduced scale.



figure 1 These drills are recommended for drilling operations on powerful machines, but having spindles of very good quality. They require a very precise alignment. The results are a very good centring precision, a tight tolerance t on the diameter (h7), as well as a very good surface quality. They have two sources of fluid. These two supplies aremade for liquid lubricant, the section the supply is 2 mm2 (diameter 1.6 mm). We will use this same section with an air supply. The materials to be machined can be either with short chips, or with long chips. They are usually cast
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iron (gray, malleable and spheroidal graphite), or aluminium alloys with a high percentage of silicon. These drills can receive various coatings containing carbide, titanium, diamond. Figure 2 shows the same drill placed on two test pieces.



figure 2 In our case,we have in our possession three types of coatings: • One without coating, i.e. of polished type. • One "TiN "(titanium carbonitride) coated • A "Movic"" coating " for dry drilling and avoiding the formation of brought back edges [ 2 ].



-3-2- Measurement of the cutting pressures The measurement of the cutting pressures is ensured by a dynamometer of the piezoelectric type called KISTLER table (manufacturer’s name). This dynamometer has three ways for the measurement of the three orthogonal components of a force. It is also highly rigid, ensuring its own high frequency. In addition, its very high resolution enables it to finely record the variations of the nominal forces. The KISTLER Table delivers signals treated by charge amplifiers which provide power proportional to each effort.



-3-3- Measurement of the power of the spindle The firm NUM supplies communication software with numerical control allowing the data acquisition such as the power or the speed of the spindle; but also allowing command of this same numerical control by means of a PC. This software is called PC SET LINK, and it is composed of a connection card to a PC (RS 232), of a converter card (DAC1) and SPM software. We will use the DAC1 card, which once installed could be connected to the chart of acquisition already used for recording the cutting pressures. We will be able to acquire and record in
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files simultaneously both cutting pressures, and the spindle power with a maximum power supply of 5 volts corresponding to the maximum power of 8 kW of the machine.



-3-4- compressed air supply. In drilling, watering, whether by air or cutting fluid, is very difficult when cooling the point of the drill which is particularly prone to heating. This is why we chose two drills having two holes allowing a central watering. The compressed air is supplied by the network (approximately 8 bars max.). However, we considered this figure to be insufficient so we increased it to 15 bars; we added a booster, upstream of the tank, which allows us



figure 3 to double the pressure obtained from the network. Figure 3 is the photograph of the booster. Beyond 15 bars good safety conditions of the pneumatic equipment were no longer assured. The supply of air to the tool is ensured by means of the tool holder which was especially designed for the tests and for these drills. Adjustments of the pressure are to be made at the exit of the compressor, a pressure gauge showing the chosen pressure. The loss of pressure in the (short) circuit can be considered insignificant. An electromagnetic sluice gate is connected at the exit of tank, and is connected to the numerical control instead of the watering system so that the supply of air is controlled by the program at the right moment and just for the right time. It should be noted that it is obligatory to ensure the adjustment of the coaxiality between the tool and the part, this type of drill requiring a coaxiality of 2/100 of a millimeter. Figure 4 schematizes the assembly for testing.
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KISTLER table



drill



bracket



figure 4



-3-5- Evaluation of the air flow The air supply equipment must have a maximum flow. This threshold can be scientifically calculated. These calculations require assumptions, in particular on the temperatures in precise points of the circuit. Therefore we wanted to check if with the possible maximum pressure (15 bars) the saturation of flow was reached or not. For that, we used pitostatic tube, which with a column of fluid, enabled us to obtain a height " H " of water corresponding to the output speed of the drill. Figure 5 shows principle used.
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Pitot Tube static de tubePitot



drill and air supply



intermediate tube



column of fluid with entry for dynamic and static pressure figure 5 We then obtained results which show the constant growth of the flow compared to the pressure. We do not reach saturation of the flow when we approach 16 bars. Figure 6 visualizes the results. Evolution de la vitesse en fonction de la pression en sortie de foret speed (m/s) Evolution of speed according to exit pressur of drill 50 45



Vitesse (m/s)
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pressure (bars)



figure 6



-3-6 choice of material These drills require relatively high cutting and feed rates in comparison with those used in traditional machining, and following some evaluations of power (see following paragraph), it appeared impossible to carry out tests on steel or aluminium parts, as the power available of 8 kilowatts was



2nd International seminar on improving machine tool performance



8



figure 7 largely exceeded. For this reason we chose cast iron of the Ft 25 type (miniumum tensile strength Rm = 25 daN/mm ²). The samples are obtained from bars of Φ 30 mm. The drilling is carried out on a depth of 30 mm. Figure 7 indicates the shape of the test items.



-3-7- Evaluation of the power For a material of the gray pig iron Ft 25 type, the manufacturer of the drills gives cutting and feed rates which are as follows: • Cutting speeds: Vc = 180 m/min • Feed rate: F = 0.279 mm/tr We then obtain a spindle rotation speed of 4583 tr/min, which gives us an evaluation of the power. That is to say fz feed by teeth and Hr the half angle of the point ; then we can calculate the average thickness of the Hm chip, and thus determine the specific cutting energy of Kc. One thus obtains : fz = 0.1395 mm, Hr = 60 ° from where: Hm = fz . sin 60 °= 0.1208 and Kc = 2182 N/mm ² We will then calculate the power absorbed by the spindle: P = 5.7 kW. The precision of this estimate, suggested by the technical guides, is appropriate since it is a question of checking the experimental capacity of the machine we have. This power is acceptable since the power of the spindle is of 8kW (manufacturer’s figure). As regards the choice other speeds, we chose speeds above and below those recommended, while as much as possible avoiding exceeding the maximum power. In the case optimal speeds chosen, this limit is slightly exceeded, but we chose to keep these speeds to see the behaviour of the drills under these conditions (see table in figure 8). catting speed



130,00 180,00 230,00



f (mm) 0,22 0,28 0,35



r.p.m. 3310,42 4583,66 5856,90



figure 8



P (kW) 3,25 5,71 9,15
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-4- criteria of analysis -4-1- Criteria of surface quality Initially, we will characterize the groove of the drill before and after machining, to observe the evacuation of the chip at this level. Then, we will measure the surface quality of machinings , that is to say drillings of certain parts which were worked under extreme conditions, in order to make a classification. The selected representative criteria are, in the conditions of use (standard ISO 4287, basic length 0.8, Gaussien filter, standardized angle feeler angle 60, °radius of point 2 µµ) [ 3 ] : • a parameter of average amplitude: Ra or Rq • a parameter of amplitude: RP or Rt • Sk (Sk is the factor of asymmetry of the curve of distribution of the amplitudes of the profile. It characterizes the dissymmetry of the profile compared to the average line. This distribution depends on the Sk sign. Sk < 0 → prevalence of high points on the profile Sk = 0 → symmetry of the profile Sk > 0 → prevalence of low points on the profile) • RSm (it is the average size of asperities. This parameter characterizes the horizontal spreading out of the points of the profile)



-4-2- variation of parameters Taking feasibility into account in drilling tests, we chose to use a complete test schedule. This plan utilizes 4 factors which each have three levels. The four factors are:



-4-2-1- the coating of the drill : Three types of coatings are in our possession: • a polished drill ; these drills are made of cast solid carbide and that polishing is a very careful finishing operation. • a Titanium (TiN) coated drill, • a “Movic" coated drill. For industrial products it is difficult to obtain complete information as to the nature of these coatings. Within the framework of this research project the metallurgical aspect of the cutting tools is not raised.



-4-2-2- spindle rotation speed : We took into account the evaluations of power and the speeds recommended by the manufacturer of the tool ; we therefore chose a variation of 28% over and under 180 m/mn; it will be quantified by: • Vc1 = 130 m/min, • Vc2 = 180 m/min, • Vc3 = 230 m/min.
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-4-2-3- feed rate : Let us recall that to choose these rates, it is necessary to be in a valid cutting "zone" where the chip is properly fragmented ; we chose: • f1 = 0,22 mm/rev. • f2 = 0,279 mm/rev. • f3 = 0,35 mm/rev.



-4-2-4- air pressure : Air plays the part of cutting fluid ; we chose among the three methods: • a value p1 = 2 bars, representing an "accidentally low" pressure in an industrial context • a value p2 = 7 bars, representing the most usual pressure of compressed air in workshop installations • a value p3 = 15 bars being the maximum of the installation, this pressure being more representative of an optimized parameter. As already specified, we have a full test scheme. We must thus carry out 34 =81 tests then. The table in figure 9 gives " the configuration of the tests ".
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t eE sss ta i n ° 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27



c u t . s p e Vc .



f



p



130 180 230 130 180 230 130 180 230 130 180 230 130 180 230 130 180 230 130 180 230 130 180 230 130 180 230



0,22 0,279 0,35 0,279 0,35 0,22 0,35 0,22 0,279 0,22 0,279 0,35 0,279 0,35 0,22 0,35 0,22 0,279 0,22 0,279 0,35 0,279 0,35 0,22 0,35 0,22 0,279



2 7 15 2 7 15 2 7 15 7 15 2 7 15 2 7 15 2 15 2 7 15 2 7 15 2 7



cR oe v aê tt te i me .n t Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli Poli



E s s a i n ° 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54



Vc



f



p



130 180 230 130 180 230 130 180 230 130 180 230 130 180 230 130 180 230 130 180 230 130 180 230 130 180 230



0,22 0,279 0,35 0,279 0,35 0,22 0,35 0,22 0,279 0,22 0,279 0,35 0,279 0,35 0,22 0,35 0,22 0,279 0,22 0,279 0,35 0,279 0,35 0,22 0,35 0,22 0,279



2 7 15 2 7 15 2 7 15 7 15 2 7 15 2 7 15 2 15 2 7 15 2 7 15 2 7



R e v ê t e m e n t TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN TiCN



E s s a i n ° 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81



Vc



f



p



130 180 230 130 180 230 130 180 230 130 180 230 130 180 230 130 180 230 130 180 230 130 180 230 130 180 230



0,22 0,279 0,35 0,279 0,35 0,22 0,35 0,22 0,279 0,22 0,279 0,35 0,279 0,35 0,22 0,35 0,22 0,279 0,22 0,279 0,35 0,279 0,35 0,22 0,35 0,22 0,279



2 7 15 2 7 15 2 7 15 7 15 2 7 15 2 7 15 2 15 2 7 15 2 7 15 2 7



figure 9



-4-3- readings of the efforts These measurements prove to be a partial failure. The axial cutting effort, the largest, largely exceeds the thresholds of the elements of measurement set up. Figure 10 shows this "saturation effect".



R e v ê t e m e n t Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic Movic
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Pièce 10



cutting efforts (N) 1500



1000



500



0 0 0,080,160,240,32 0,4 0,480,560,640,72 0,8 0,880,961,041,12 1,2 1,281,361,441,52 1,6 1,681,761,841,92



2 2,08



-500



-1000



-1500 times (ms)



figure 10



-4-4- power readings The measurement of the power is sometimes jeopardized because the electronic saturation (beyond 5 volts) does not enable us to affirm a measured power. In the majority of the cases, measurements are correct and make it possible to draw serious conclusions about dry drilling. Figure 11shows a standard curve obtained. Pièce 64 – spindle power



power (W) 10000 8000 6000 4000 2000 0 0 -2000



0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 2, 2, 3, 3, 3, 3, 3, 3, 4 16 32 48 64 8 96 12 28 44 6 76 92 08 24 4 56 72 88 04 2 36 52 68 84



4, 4, 4, 4, 4, 4, 5, 16 32 48 64 8 96 12



-4000 -6000 -8000 -10000 times (ms)



figure 11



-5- Interpretation of the results of surface qualities We will very clearly distinguish between the results of the morphology
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of the active surfaces of the drill, and those obtained on the machined drilling of the parts.



-5-1- Morphology of surface of the drills Each drill was analyzed, when new and after the experiments. It is useful to specify that in this feasibility approach, the concept of the lifespan of the tools was not taken into account.. However, knowing the severity of the conditions of machining, it seems acceptable to consider that, in industrial term, the activity of the tool is high. The three tables in figure 12 give the characterizations of the drills "before" and "after" machining. Movic drill Criteria SRt (mm) Before machining 2.304 After machining 1.229



SRa (mm) 0.1 0.046



SRsk 0.18 0.63



SPt (mm) 6.051 3.9



SPa (mm) 1 0.74



SRa (mm) 0.23 0.062



SRsk 0.18 0.3



SPt (mm) 3.75 8.81



SPa (mm) 0.428 1.36



SRa (mm) 0.127 0.062



SRsk 0.24 0.27



SPt (mm) 4.812 4.46



SPa (mm) 0.72 0.8



TiCN drill Criteria SRt (mm) Before machining 3.3 After machining 2.357 Polished drill Criteria SRt (mm) Before machining 1.1 After machining 1.45



figure 12 The observation of the results of the preceding tables, shows that, whatever the type of coating, the value of Ra decreases at the time of the passage from pre-machining to post-machining ; this makes it possible to say that there is an improvement in this surface quality ; therefore that the surface of the groove becomes more and more "smooth". In addition, the regression of the Rt parameter and the increase in Skewness (SRsk) support this reasoning for they both mean that the peaks of surface were broken by the passage of the chips. One can thus consider that the passage of the chips on the grooves have a positive effect comparable to "polishing" or even "grinding". In industrial term this remark brings a contradiction. We will come across materials where the chip splits up well, then the polishing effect is "positive". On the other hand, if the material gives a badly splitting chip, the mechanical actions will have a degrading effect. This observation allows us to think that dry drilling will have "possible material ranges". In addition it is necessary to underline a visual
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observation, during machining work. An adherent chip forms on the lip of groove of the drill (line of the drill associated with the generator of with the machined cylinder). This phenomenon exists only for coated drills ; it thus seems that these coatings are not optimum for dry machining. This observation consolidates a line of research into the specific coatings for dry drilling.



-5-2- Morphology of the machined surfaces Surface qualities were analyzed on part of the samples. In order to observe the relations between surface qualities of certain parts and the cutting conditions which were applied to them, a classification was established with criteria of surface quality but also an important factor, the order of machining of these samples in comparison with one another. The criteria used are Rq, RP, and Skewness Sk. The significance of these parameters, will show that the closer a surface quality is to a grinding type surface quality, the better the cutting conditions. Consequently the classification will be established for each parameter: • from the smallest Rq to the largest Rq • from the smallest Rp to the largest Rp • from the largest positive Skewness to the smallest negative The following classification is obtained (figure 13): Pièce n°:



machining order



1 3 10 12 19 21



5 1 3 6 2 4



2 6 4 1 5 3



5,03 5,23 4,01 6,28 3,53 3,9



4 5 3 6 1 2



10,43 8,82 7,01 9,09 7,51 6,07



6 4 2 5 3 1



0 -0,22 -0,5 0,05 -0,28 -0,33



28 30 37 39 46 48



1 5 3 2 6 4



6 2 4 5 1 3



5,68 3,81 5,96 4,24 6,46 5,43



4 1 5 2 6 3



10,59 7,02 12,37 7,25 13,18 9,07



4 1 5 2 6 3



55 57 64 66 73 75



5 1 3 6 2 4



2 6 4 1 5 3



4,25 4,01 5,78 4,01 6,7 8,48



2 1 3 1 4 5



9,3 6,55 11,61 7,45 14,73 16,78



3 1 4 2 5 6



Rq



Rp



Total with machining order



Total without machinig order



2 3 6 1 4 5



14 18 15 13 13 11



12 12 11 12 8 8



polished drill polished drill polished drill polished drill polished drill polished drill



-0,08 -0,27 -0,03 -0,62 -0,26 -0,4



2 4 1 6 3 5



16 8 15 15 16 14



10 6 11 10 15 11



drill TiCN drill TiCN drill TiCN drill TiCN drill TiCN drill TiCN



0 -0,66 -0,23 -0,17 0,11 -0,21



2 6 5 3 1 4



9 14 16 7 15 18



7 8 12 6 10 15



drill Movic drill Movic drill Movic drill Movic drill Movic drill Movic



Sk
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figure 13 If we place these results in front of the cutting conditions, we obtain (figure 14): Average power



c.s. f p (bars) (m/min) (mm/tour)



Total with machining order



Total without machining order



2960,97 4742,11 3596,83 5081,4 2899 4962,5



130 230 130 230 130 230



0,22 0,35 0,22 0,35 0,22 0,35



2 15 7 2 15 7



14 18 15 13 13 11



12 12 11 12 8 8



polished drill polished drill polished drill polished drill polished drill polished drill



2358,86 4818,81 2588,32 5051,4 2835,3 4822,6



130 230 130 230 130 230



0,22 0,35 0,22 0,35 0,22 0,35



2 15 7 2 15 7



16 8 15 15 16 14



10 6 11 10 15 11



drill TiCN drill TiCN drill TiCN drill TiCN drill TiCN drill TiCN



3309,45 4377,87 2500,68 5244,46 2551,35 4871,72



130 230 130 230 130 230



0,22 0,35 0,22 0,35 0,22 0,35



2 15 7 2 15 7



9 14 16 7 15 18



7 8 12 6 10 15



drill Movic drill Movic drill Movic drill Movic drill Movic drill Movic



figure 14 Although the conclusion is not very clear, it seems that the good results are obtained with the highest conditions of cutting and feeding speeds.



-6- Interpretation of the results of power -6-1 Variation of the power according to the pressure Let us consider the case of the least severe machining and observe the variation indicated in the title of this paragraph. The power is calculated on a weighted average value. Figure 15 shows the values obtained:
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test



1 10 19



c.s.



f



p



m/mn



mm/tr



mm



130 130 130



0,22 0,22 0,22



2 7 15



power



coating



in watt



Poli Poli Poli



4 309 4 069 3 455



3 455



pression pressure



figure 15 The variation is represented in figure 16 by:



puissance



power



5000 4 309



4000



4 069



3000



power at



puissance à 130m/mn



2000 1000 0



2



15



7



pressure pression figure 16 Let us continue the observation by now considering a more severe cutting speed. We obtain a table of the values (figure 17) : test



15 24 6



c.s.



f



p



m/mn



mm/tr



mm



230 230 230



0,22 0,22 0,22



2 7 15



coating



power in watt



Poli Poli Poli



figure 17 By superimposing the curves we observe the same tendency in figure 18.



7 556 7 107 4 306
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puissance



power



8000



7 556



pressure pression



7 107



6000 power at



4 309



4000



4 069



4 306 3 455



puissance à 130m/mn power at à puissance 230m/mn 230m/mn



2000 0



2



15



7



pression pressure figure 18 It seems confirmed that the air with increasingly high pressure brings " lubrication", reducing the energy consumption. This observation is very promising, as if we leave feasibility and consider the optimization of pressures and flows, we can expect results tending to the reduction of the cutting powers.



-6-2 Variation of the power according to the coating This step is directed at feasibility, therefore it is necessary to point out the industrial character of the study. The coatings are not "optimized by dry machining". We use commercial models available on the market. Let us take the same step again, and consider of the powers. To illustrate a different case, let us consider the "average case" of cutting conditions; that is to say 0.22 mm/rev for feed, and two cutting speeds (having taken care to check that we are not in the position of measuring saturated power), while adopting the case of the highest pressure of 15 bars. Figure 19 states these conditions: test



19 46 73 17 44 71



c.s.



f



p



m/mn



mm/tr



mm



130 130 130 180 180 180



0,22 0,22 0,22 0,22 0,22 0,22



15 15 15 15 15 15



figure 19



coating



power in watt



Poli TiCN Movic Poli TiCN Movic



3 455 3 490 3 263 4 921 6 010 4 494
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Let us use the possibility of the spreadsheet to show these variations in figure 20



puissance



power 8 000 6 010



6 000 4 921 3 455



4 000



3 490



4 494 3 263



2 000



power at 130 puissance à 130 m/mn,15 bars



puissance à 180 power at 180 m/mn,15 bars m/mn,15 bars



0 polished Poli



TiCN



Movic revêtement coating



figure 20 We cannot draw a very convincing conclusion. However we can see that TiN coating is not optimum. We know that it is commercially available for cases requiring a strong abrasion resistance, which offers no advantage from the point of view of energy. On the other hand, polished carbide gives good results ; taking into account the "ceiling of power", the recorded measurements, lead us to believe that used dry, with good quality polishing, carbide without coating is well adapted to dry machining, in severe conditions of industrial production.



-7- Prospects We will enumerate some prospects for a better definition of dry drilling.



-7-1- noise These experiments were not the subject of an evaluation of the noise level. However we had the occasion to evaluate this level on the same machine, concerning the use of a Vortex tube. Figure 21 gives us the readings :
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sound level in db



temperature in °C



entry pressure figure 21 The results bordered on the legal threshold of 90 decibels. We estimate that this work hazard is a modest handicap concerning industrialization. Indeed the safety regulations, particularly in series production, make it obligatory to encase the cutting zone. Therefore an additional parameter of protection will relate to soundproofing.



-7-1- Modifications of the drills Long borings for air supply under pressure are used in industrial use for liquid watering. The sections will need to be increased. It must be remembered that this oversizing is a delicate operation. Indeed these tools are made of cast solid carbide, the die which forms them cannot be modified without heavy technical and economic consequences. However we plan to modify the feed diameters by a process of electroerosion machining. It will be necessary to take care not to exceed conditions of rigidity and of resistance of the drill, a mechanical characterization seems necessary.



-7-2- Optimum pressure As soon as the bypass section is larger the flow will increase. However, taking suitable safety precautions, it must be profitable to reach an appreciably higher pressure. The problems of noise will have to be supervised more carefully.



-7-3- Temperature of the air It is possible, in industrial conditions to cool the air under pressure at a lower cost. With a loss of output, a Vortex tube makes it possible to lower the temperature by 20 to 25 degrees. It should be stressed that cryogenic methods give a strong difference in temperatures, which are often excessive faced with the problem of thermal shocks accepted by the tools.



2nd International seminar on improving machine tool performance



20



Bibliography: [1]



1st French and German Conference one High Speed Machining – June 1997- T Cselle - Dry high speed cutting.



[2]



9th conference of the computer-integrated manufacturing in Darmstadt - Kalhöfer E. –dry machining with cut edges of given geometry - 1996.



[ 3 ]:



I.S.O. 4287 Geometrical specification of products GPS Surface quality: Method of the profile –Terms, definitions and parameters of surface quality. AFNOR 1997.



























des documents recommandant







[image: alt]





Experimental test of the compatibility of the definitions of the 

Mar 24, 2005 - gives us information about the intensity changes of the laser beam. The part of .... This particular case allows us to affirm that, in general, these.










 


[image: alt]





Experimental test of the compatibility of the definitions of the 

Mar 24, 2005 - energy density in a given point of the medium by means of w, and ... field energy across the surface bounding the given volume, so that the.










 


[image: alt]





Performances of the Ordinary in English Goya was acquainted ... .fr 

When an era ends, it disguises itself. Entertainment reaches the elite. The court's photographers have a sense of entertainment, and contemporary entertainment.










 


[image: alt]





Determination of the detection performances of the Euso-Balloon UV 

Jul 30, 2015 - Recently, the Euso-Balloon instrument, the pathfinder for future space ... The sensitive element of the camera is the Photo Detector Module ...










 


[image: alt]





Statistical control of quality, experimental designs ... .fr 

Moreover, it is possible to calculate the mean and the standard deviation (the square root of ... Probability distributions of random variables may be considered as idealistic .... This is here a real variable, so we use the linear regression model.










 


[image: alt]





Underbalanced Drilling .fr 

Why drill Underbalanced - theory and results. â€¢ Techniques for ... Small Diameter Coiled. Tubing String .... The gas flows down, enters the drill pipe/casing annulus through ... Underbalanced drilling with PWD - High pressure at left is before nitr










 


[image: alt]





drilling waste management .fr 

methods, our commitment in managing wastes especially those of drilling is to ... Land treatment, is intended for hydrocarbon or salt based mud systems. ... rooting zone and above the water table in a manner that preserves soil chemical .... other gu










 


[image: alt]





Physics of the Earth and Planetary Interiors Experimental high ... .fr 

Experimental high pressure and high temperature study of the incorporation of ... The diffusion of uranium into the CaSiO3 matrix was measured as a function of run duration and tem- .... the transition from a fluorite-type to a cotunnite-type structu










 


[image: alt]





On the Performances and Improvements of Motion 

motion estimation applied either to video compression or to scene analysis. We show in this paper some ..... WSEAS Multi Conference on Applied Mathematics.










 


[image: alt]





On the Performances and Improvements of Motion 

scribed a scheme where objects trajectories can be com- puted on the basis of the motion coefficients provided by the wavelet transform, the so-called MTSTWT, ...










 


[image: alt]





The determinants of sanitation in the Myanmar Dry Zone 

once he stops breast feeding. Women are in ... The key difference may therefore be explained by open defecation practices that are relatively safe in KK but not ...










 


[image: alt]





experimental vs. non-experimental measures of the income gains from 

Sep 27, 2016 - do not necessarily reflect the opinions of the World Bank, the New ..... though we used Tongan interviewers with extensive community contacts,.










 


[image: alt]





The Quarterly Journal of Experimental Psychology 

Sep 22, 2010 - analogue manner with the physical properties of the stimulus, such as stimulus intensity. ... the amodal semantic concepts of small or large.










 


[image: alt]





Experimental Detection of the Gravitomagnetic London Moment 

A superconductor exhibits two main magnetic properties. One is to .... sand (see Fig. 2). ..... helium but correspond to the superconductor's properties. Table 2 ...










 


[image: alt]





Wallach (1941) An experimental analysis of the 

The results of Experiment I are presented in Table I. Rewarded responses ..... and the test has shown no actual basis in the memory of these subjects for either ...










 


[image: alt]





Experimental Detection of the Gravitomagnetic London Moment 

1Space Propulsion, ARC Seibersdorf research GmbH, A-2444 Seibersdorf,. Austria .... The accelerometer sensors are connected to an electric circuit that subtracts the .... As a reference case, the YBCO sample was also tested down to liquid ..... city.










 


[image: alt]





Experimental measurement of the effective diffusion and 

... (M. Marcoux). Chemical Engineering Science 65 (2010) 5092â€“5104 .... at any moment, the flux N1 is given by its one-dimensional,. Bath temperature.










 


[image: alt]





Experimental segregation of the Earth's core under 

Silicon-rich iron alloys have been reacted with silicates and carbonates at 10-25 GPa and ... phase) is the formation of a magnesium sulphide MgS. If this sulfide.










 


[image: alt]





Epstein (1964) Experimental investigations of the 

space perception can be modified by ex- perience. ... stimulation to which the animal is ex- posed from birth ... GENESIS OP VISUAL SPACE PERCEPTION. 117.










 


[image: alt]





Experimental demonstration of the tomatotopic ... - PDFHALL.COM 

... (Szentagothai, 1972), reticular (Pompeiano et al., 1971), hypothalamic (Hubel & ... and the dorsal part of the so-called ``musical sulcus'' (scMS) of the left ...










 


[image: alt]





1. the dawn of drugs .fr 

From Brother, Can You Spare 75c For The Fobulous. Furry Freak Brothers. ..... moderation they can become deadly. Drugs are not ...... Alan Watts. "Psychedelics.










 


[image: alt]





Epstein (1964) Experimental investigations of the 

deprived of visual stimulation until the time of testing, (b) studies of newborn .... response. Kurke (19SS), using a technique similar to that employed in the earlier .... have a specific location relative to us .... 264-271) indicate that the ... e










 


[image: alt]





experimental study for the optimisation of 

Dec 15, 2004 - The good stability of the catalytic activity under reaction conditions suggests that, .... balance to calculate the maximum hydrogen yield that can.










 


[image: alt]





An Experimental Investigation of the Aerodynamics ... - Contrails 

Turbo. West. Corporate. Aircraft. Center. Broomfield,. Colorado. Prepared for ...... turbo- supercharging, the same four power settings were obtainable at all ...... b.I 0.09. O/. 










 














×
Report Experimental highlighting of the performances of dry drilling -1 ... .fr





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



