Influence of the transition area on efficiency of the water jet cutting
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Abstract

The transition area between big and small pipe diameter in the tool for water jet cutting creates subject of researching. Three kinds of transition areas were tested such as conical change, radius change and step change. The efficiency of the water jet cutting was evaluated for above mentioned transition areas. This work brings new possibilities for design of the water jet cutting tool.
Introduction

The paper continues the work done in our previous article (Říha et al. 2011). The transition area between Main body and Nozzle holder was solved during design of the tool with help of CFD. Three kind of simple regions were solved there such as conical change, radius change and simple step change of diameters (see figure 1). The result of this work showed that the transition area shape significantly influences behaving of pulsating output water jet. It means, shape of the transition area have to influence efficiency of the water jet cutting. Therefore, we have decided to continue in this work with help of the experiment. CFD study was done as rough study of the problem. One operating point for one given transition region was calculated, only. Described design node of the tool for the water jet cutting creates sensitive and important place. Therefore, the experimental measurement was done. The results obtained of the experiment are described in this paper.
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Fig. 1. The transition areas in the water jet cutting tool

Tested variants of the tool for water jet cutting
Above mentioned three transition regions were also used in the experiment. The transition area was created in part of the assembly tool called “nozzle holder” (see figure 1). The real geometry of the tool used in the experiment was different in comparison with the geometry used in the CFD model. There were discrepancies in lengths and diameters of inner holes. The conical change, radius change and simple change between big and small diameters used in the experiment is possible to see on figure 2. The shape of the nozzle holder is almost the same for all three above mentioned variants except of transition region. Nozzle holder also contains connection for pressure transducer, see figure 2.
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Fig. 2. Nozzle holder with transitional areas

Measuring equipment, measured procedures
Pressure in the nozzle holder was measured during the experiment. With help of this value, it was possible to check right setting of the oscillating system. Amplitude frequency response was done of the measured value of the pressure in the nozzle holder. Then, excitation frequency of the oscillating system was found and was checked. Next important parameters were evaluated of the measured samples. There were mass loss and maximum depth of cut. The maximum depth of cut was evaluated as an arithmetic mean of values measured in several cross-sections of the cutting trace. The evaluation of the cutting trace was done with help optical profilometer, which allows to create 3D scan of cutting trace surface.
The experiment was done for three levels of the input pressure 30MPa, 50MPa and 70MPa. Firstly, optimum location of the nozzle holder in the body was found. Natural frequency of the excitation system was known. The excitation system means assembly created by exciter and waveguide. The nozzle holder was set so that the natural frequency of the whole tool was the same as natural frequency of the excitation system. Then, the optimum distance between surface sample and output nozzle was found with help of a test cut. Base forward displacement of the tool was replenished about upwards displacement, which allowed to find optimum distance quickly.
The forward displacement of the tool 1mm/s was the same for whole experiment. The output nozzle distance of the surface sample was being changed according to type of transition area. Of course, the maximum depth of cut was not able to exceed thickness of the sample due to correct evaluation of the mass loss, mainly. Brass (CSN 423223) and steel (CSN 11375) were used as materials of the samples. The cutting trace length was 40mm and thickness of the sample was 5mm.

Results of the experimental measurement
The results are presented by following figures, see Fig. 3 and Fig. 4. Each this picture contains two graphs. First graph in the figure shows dependence of mass loss on input pressure. Second graph in the picture shows dependence of maximum depth of cut hmax on input pressure.
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Fig. 3. Evaluated parameters for samples made of brass
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Fig. 4. Evaluated parameters for samples made of steel

Results evaluated from the samples made of brass are located in the first picture, see Fig 3. Results evaluated from the samples made of steel are located in the second picture, see Fig 4. Above mentioned graphs contain all three variants of the transition areas such as conical change, step change and radius change.
The parameter called mass loss mu was evaluated by the following equation, see (1):
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(1)
where

mo
is sample weight before the cutting,

mt
is sample weight after cutting,

vt
is forward displacement of the tool (1mm/s),

ls
is length of cutting trace (40mm).

The dependence of the mass loss on the input pressure increases for all variants of transition areas and all used materials, see Fig 3a and 4a. Values of mass loss are almost the same for input pressure 30MPa. Variants with input pressure 50MPa and 70 MPa show visible and relatively small differences. The cone change reaches the biggest mass loss for both used materials of the samples. Step change and radius change follows. Again, maximum depth of cut hmax values for all transition areas and materials are almost the same for level of the input pressure 30MPa. For brass as material of sample, the step change reaches maximum value of hmax (3mm) on the level of the input pressure 70MPa. The cone change and radius change do not allow to significant increasing of hmax in interval of input pressures 50-70MPa. The watched parameter hmax is constant. For steel as material of sample, the step change and radius change reach maximum value of hmax (2mm) on the level of the input pressure 70MPa. The cone change produces decreasing of hmax with increasing of input pressure in intervals 50-70MPa.

Next pictures show cutting trace for all used transition areas input pressures and material of samples. The cutting trace for radius and step change seems to be very similar. The conical change of pipe diameters produces slightly other cutting trace which has more uniform width of the cutting trace than other, see Fig 5-10.
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Fig. 5. Cutting trace on the sample of brass and input pressure 30MPa
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Fig. 6. Cutting trace on the sample of brass and input pressure 50MPa
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Fig. 7. Cutting trace on the sample of brass and input pressure 70MPa
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Fig. 8. Cutting trace on the sample of steel and input pressure 30MPa
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Fig. 9. Cutting trace on the sample of steel and input pressure 50MPa
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Fig. 10. Cutting trace on the sample of steel and input pressure 70MPa

The experiment has confirmed that the tool can work with all described transition areas efficiently. It is necessary to set correct position of the tool holder in the main body of the tool. During setting of this correct position, the step change had given very sensitive response. Very small change of the correct distance had led to significant loss of the ability to cut with high efficiency. The setting of the correct distance was much more comfortable for the conical change and radius change. There, small change of the correct distance did not lead to significant change of ability to cut with high efficiency.

Conclusion

The behaving of high pressure pulsating fluid flow in various geometries of the water jet tool is described in the article. The shape of the transition area between big and small diameter in the tool can significantly influence efficiency of cutting, (Říha et al. 2011). There was done simple comparison between three kinds of transition areas such as the conical change, the radius change and the step change of the pipe diameters with help of CFD. The experimental measurement was done on the base of these information. The same configuration of transition areas was maintained as for CFD analysis. Nevertheless, the geometry of the tool was different in case of CFD study. Above mentioned experiment is described in this article.

The results of the experimental measurement show that it is possible to use all three transition areas for efficient cutting. Of course, the hydraulic part of the tool has to tune with its excitation system. Then, high efficient water jet cutting is possible. The results of the experiment also clearly show that cutting trace can be influence by the shape of the transition area. It is completely new information which changing view on the construction of such tool. There is new parameter called “shape of the transition area”.
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