6.5. Ultrasonic Machining, Water Jet
Machining and Abrasive Water Jet
Machining

10.1 Ultrasonic M achining

10.1.1 Introduction

Ultrasonic machining is a non-traditional machinprgcess. USM is grouped under the
mechanical group NTM processes. Fig: 10.1 brie#lgidts the USM process.
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Fig: 10.1 The USM Process

In ultrasonic machining, a tool of desired shagmates at an ultrasonic frequency (19 ~ 25 kHz)
with an amplitude of around 15 — 50 pm over thekpmce. Generally the tool is pressed
downward with a feed force, F. Between the tool aodkpiece, the machining zone is flooded
with hard abrasive particles generally in the faimvater based slurry. As the tool vibrates over
the workpiece, the abrasive particles act as ttienters and indent both the work material and
the tool. The abrasive particles, as they indéetytork material, would remove the same,
particularly if the work material is brittle, due track initiation, propagation and brittle fraeur

of the material. Hence, USM is mainly used for miaicty brittle materials {which are poor
conductors of electricity and thus cannot be preegdy Electrochemical and Electro-discharge
machining (ECM and EDM)}.



10.1.2 Machine

The basic mechanical structure of an USM is veamylar to a drill press. However, it has
additional features to carry out USM of brittle Wonaterial. The workpiece is mounted on a
vice, which can be located at the desired positimher the tool using a 2 axis table. The table
can further be lowered or raised to accommodaté wbdifferent thickness. The typical
elements of an USM are (Fig. 10.2)

» Slurry delivery and return system

» Feed mechanism to provide a downward feed forad@mnool during machining

* The transducer, which generates the ultrasoni@tidr

* The horn or concentrator, which mechanically angsithe vibration to the required
amplitude of 15 — 50 pm and accommodates the tatd ap
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Fig: 10.2 Schematic view of an Ultrasonic Machine



The ultrasonic vibrations are produced by the tlansr. The transducer is driven by suitable
signal generator followed by power amplifier. Thensducer for USM works on the following
principle.

* Piezoelectric effect
* Magnetostrictive effect
» Electrostrictive effect

Magnetostrictive transducers are most popular abhdst amongst all. Fig. 10.3 shows a typical
magnetostrictive transducer along with horn. Thenfwy concentrator is a wave-guide, which
amplifies and concentrates the vibration to thé fimon the transducer.
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Fig: 10.3 working of horn as mechanical amplifieamplitude of vibration
The horn or concentrator can be of different sHigee

» Tapered or conical l 1 I

* Exponential —— - ——
» Stepped
Machining of tapered or stepped horn is much
easier as compared to the exponential one. Fig
10.4 shows different horns used in USM
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Fig: 10.4 Different Horns used in USM
Applications

» Used for machining hard and brittle metallic alloysmiconductors, glass, ceramics,
carbides etc.



» Used for machining round, square, irregular shdpmes and surface impressions.
* Machining, wire drawing, punching or small blankidigs.

Limitations

* Low MRR
* Rather high tool wear
* Low depth of hole

10.2 PROCESSES USING WATER JETS

The two processes described in this section remmaterial by means of high-velocity streams
of water or a combination of water and abrasives.

10.2.1 Water Jet Cutting
Source of
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surface to cause cutting of the work, as illusttate

Figure 10.2.1. To obtain the fine stream of water ¢
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Fig: 10.5 Water jet cutting

Cutting fluids in WJC are polymer solutions, preéer because of their tendency to
produce a coherent stream. We have discussedgflttids before in the context of
conventional machining, but never has the term Ine@re appropriately applied than in WJC.

Important process parameters include standoféiest, nozzle opening diameter, water
pressure, and cutting feed rate. As in Figure tOéstandoff distance is the separation between



the nozzle opening and the work surface. It is gdlyedesirable for this distance to be small to
minimize dispersion of the fluid stream beforetitkes the surface. A typical standoff distance is
3.2 mm. Size of the nozzle orifice affects the miea of the cut; smaller openings are used for
finer cuts on thinner materials. To cut thickerc&tahicker jet streams and higher pressures are
required. The cutting feed rate refers to the vglat which the WJC nozzle is traversed along
the cutting path. Typical feed rates range fromrb/snto more than 500 mm/x, depending on
work material and its thickness. The WJC processiglly automated using computer
numerical control or industrial robots to manipal#te nozzle unit along the desired trajectory.

Water jet cutting can be used effectively to ctraw slits in flat stock such as plastic,
textiles, composites, floor tile, carpet, leathed @ardboard. Robotic cells have been installed
with WJC nozzles mounted as the robot’s tool ttfelcutting patterns that are irregular in three
dimensions, such as cutting and trimming of autalaatashboards before assembly.

In these applications, advantages of WJC include:

1) No crushing or burning of the work surface typicabther mechanical or thermal
processes

2) Minimum material loss because of the narrow cut sli

3) No environmental pollution

4) Ease of automating the process

A limitation of WJC is that the process is not able for cutting brittle materials (e.g.,glass)
because of their tendency to crack during cutting.

10.2.2 Abrasive Water Jet Cutting

When WJC is used on metallic workparts, abrasivegbi@s must usually be added to the jet
stream to facilitate cutting. This process is tfeme=calledabrasive water jet cutting (AWJC).
Introduction of abrasive particles into the stremmplicates the process by adding to the
number of parameters that must be controlled. Antbagdditional parameters are abrasive
type, grit size, and flow rate. Aluminum oxidej&h dioxide and garnet (a silicate mineral) are
typical abrasive materials, at grit sizes rangiatpeen 60 and 120. The abrasive particles are
added to the water stream at approximately 0.2@ikgéafter it has exited the WJC nozzle.

The remaining process parameters include thosetbaommon to WJC: nozzle
opening diameter, water pressure and standoffriistaNozzle orifice diameters are 0.25 to 0.63
mm — somewhat larger than in water jet cuttingeopt higher flow rates and more energy to
be contained in the stream before injection of sikes. Water pressures are about the same as in
WJC. Standoff distances are somewhat less to nieithie effect of dispersion of the cutting
fluid that now contains abrasive particles. Typs@indoff distances are between ¥4 and Y2 of
those in WJC.



