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Machining Processes
and Machine Tools

Parts manufactured by the casting, forming, and shaping processes, including
many parts made by near-net or net-shape methods, often require further
operations before the product is ready for use. Consider, for example, the following
features on parts and whether they could be produced by the processes discussed thus
far:

* Smooth and shiny surfaces, such as the bearing surfaces of the crankshaft
shown in Fig. V.1.

¢ Small-diameter deep holes in a part such as the injector nozzle
shown in Fig. V.2.

* Parts with sharp features, a threaded section, and specified close
dimensional tolerances, such as the part shown in Fig. V.3.

¢ A threaded hole or holes on different surfaces of a part for
mechanical assembly with other components.

¢ Special surface finishes and textures for functional purposes or for
appearance.

Before After

A brief review will indicate that none of the forming and shaping
processes described thus far is capable of producing parts with such spe-
cific characteristics and that the parts will require further manufactur-
ing operations. Machining is a general term describing a group of
processes that consist of the removal of material and modification of
the surfaces of a workpiece after it has been produced by various meth-
ods. Thus, machining involves secondary and finishing operations.

The very wide variety of shapes produced by machining can be
seen clearly in an automobile, as shown in Fig. V.4. It also should be
recognized that some parts may be produced to final shape (net shape)
and‘at high quantities by forming and shaping processes, such as die and after machining the, bearing susfices,
casting and powder metallurgy. However, machining may be more The shiny bearing surfaces of the part on
economical, provided that the number of parts required is relatively . right cannot be made to their finl
small or the material and shape allow the parts to be machined at high  gimensions and surface finish by any of the
rates and quantities and with high dimensional accuracy. A good  processes described in previous chapters
example is the production of brass screw-machine parts on multiple-  of this book. Source: Courtesy of Wyman-
spindle automatic screw machines. Gordon Company.

FIGURE V.1 A forged crankshaft before



3.5-mm dia.

]

FIGURE V.2

fuel-injection nozzle, showing a
small hole made by the electrical-
discharge machining process, as des-

1.1-mm wall

Machining Processes and Machine Tools

In general, however, resorting to machining suggests that a part could
not have been produced to the final desired specifications by the primary
8holes, 0.17mm  processes used in making them and that additional operations are necessary.
We again emphasize the importance of net-shape manufacturing, as described
in Section 1.5, to avoid these additional steps and reduce production costs.
Furthermore, in spite of their advantages, material-removal processes
have the following disadvantages:

Crass setion ofl *  They waste material (although the amount may be relatively small).

The processes generally takes longer than other processes.
* They generally require more emergy than do forming and shaping

cribed in Section 19.5. The material operations. '
is heat-treated steel. * They can have adverse effects on the surface quality and properties of the
produict.
57 As outlined in Fig. 1.6e in the General Introduction,
17.0 188 50 125 machining consists of several major types of material-
~16.9 18.0 removal processes:
2.5
@ 4%1 307 * Cutting, typically involving single-point or
: | multipoint cutting tools, each with a clearly
e defined shape (Chapters 15 through 17).
o] I T BAbern B el 3 N *  Abrasive processes, such as grindi d related
i I ol a2 s oo processes, su grinding and rela
- T o L J_J it AniiE TR AN processes (Chapter 18).
11.9 *  Advanced machining processes utilizing electri-
0.25 45° Cham. 11.8 cal, chemical, laser, thermal, and hydrodynamic
methods to accomplish this task (Chapter 19).
FIGURE V.3 A machined and threaded part, showing The machines on which these operations are per-
various dimensions and tolerances; all dimensions are in mm. formed are called machinetools. As described through-

Note that some tolerances are only a few tenths of a mm.

out Chapter13-19, their construction and characteris-
tics greatly influence these operations, as well as prod-
uct quality, surface finish, and dimensional accuracy.

Keys
Master cylinder Threaded
fasteners

Pistons
Engine block
Crankshaft

Door locks
Bolts and nuts

Drilled and

tapped holes

Connecting rods, Threaded
valve bodies holes, bolts

Brake rotor

FIGURE V.4  Typical parts on an automobile that require machining operations to impart desirable surface
characteristics, dimensions, and tolerances.



