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TURNING

Turning is a machining process in which a cutting tool, typically a non-rotary tool bit, describes a helix toolpath by moving more or less linearly while 
the workpiece rotates. The tool's axes of movement may be literally a straight line, or they may be along some set of curves or angles, but they are 
essentially linear (in the non mathematical sense). Usually the term "turning" is reserved for the
generation of external surfaces by this cutting action, whereas this same essential cutting action
when applied to internal surfaces (that is, holes, of one kind or another) is called "boring". Thus
the phrase "turning and boring" categorizes the larger family of (essentially similar) processes.
The cutting of faces on the workpiece (that is, surfaces perpendicular to its rotating axis),
whether with a turning or boring tool, is called "facing", and may be lumped into either category
as a subset.
Turning can be done manually, in a traditional form of lathe, which frequently requires
continuous supervision by the operator, or by using an automated lathe which does not. Today
the most common type of such automation is computer numerical control, better known as CNC.
(CNC is also commonly used with many other types of machining besides turning.)
When turning, a piece of relatively rigid material (such as wood, metal, plastic, or stone) is rotated and a cutting tool is traversed along 1, 2, or 3 axes of 
motion to produce precise diameters and depths. Turning can be either on the outside of the cylinder or on the inside (also known as boring) to produce 
tubular components to various geometries. Although now quite rare, early lathes could even be used to produce complex geometric figures, even the 
platonic solids; although since the advent of CNC it has become unusual to use non-computerized toolpath control for this purpose.
The turning processes are typically carried out on a lathe, considered to be the oldest machine tools, and can be of four different types such as straight 
turning, taper turning, profiling or external grooving. Those types of turning processes can produce various shapes of materials such as straight, 
conical, curved, or grooved workpiece. In general, turning uses simple single-point cutting tools. Each group of workpiece materials has an optimum set 
of tools angles which have been developed through the years.

MILLING 

Milling is the most common form of machining, a material removal process, which can create a variety of features on a part by cutting away the 
unwanted material. The milling process requires a milling machine, workpiece, fixture, and
cutter. The workpiece is a piece of pre-shaped material that is secured to the fixture, which
itself is attached to a platform inside the milling machine. The cutter is a cutting tool with
sharp teeth that is also secured in the milling machine and rotates at high speeds. By feeding
the workpiece into the rotating cutter, material is cut away from this workpiece in the form of
small chips to create the desired shape. 
Milling is typically used to produce parts that are not axially symmetric and have many
features, such as holes, slots, pockets, and even three dimensional surface contours. Parts
that are fabricated completely through milling often include components that are used in
limited quantities, perhaps for prototypes, such as custom designed fasteners or brackets.
Another application of milling is the fabrication of tooling for other processes. For example, three-dimensional molds are typically milled. Milling is also 
commonly used as a secondary process to add or refine features on parts that were manufactured using a different process. Due to the high tolerances
and surface finishes that milling can offer, it is ideal for adding precision features to a part whose basic shape has already been formed.)

BORING
Boring is a mass-reducing process of enlarging a hole that has already been drilled or cast. The process is used to achieve greater accuracy of the 
diameter of a hole, and can be used to cut a tapered hole. Boring tools have many different uses but all accomplish the same three basic tasks:

• Bring holes to the proper size and finish.
 Straighten original drilled or cored holes and correct defects in casting.
 Make the holes concentric with the outside diameter.

Precision Boring is a single-point cutting operation. The workpiece moves parallel to the axis of rotation of the cutting tool and enlarges an existing
opening in a workpiece, producing a precise internal cylindrical surface. Precision boring can also be used to straighten and enlarge existing holes by
advancing the workpiece into a rotating single-point. The material is removed as small chips. Precision boring machines are available in a wide range of
sizes and types.

CNC MACHINING
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CNC MACHINING

Computer numerical control  (CNC) is the automation of machine tools by means of computers executing pre-programmed sequences of machine
control commands. This is in contrast to machines that are manually controlled by or levers, or mechanically automated by cams alone. In modern CNC
systems,  the  design  of  a  mechanical  part  and  its  manufacturing  program  is  highly
automated.  The  part's  mechanical  dimensions  are  defined  using  computer  –  aided
design(CAD) software, and then translated into manufacturing directives by  computer-aided
manufacturing(CAM)  software.  The  resulting  directives  are  transformed  (by  "post
processor" software) into the specific commands necessary for a particular machine to
produce the component, and then loaded into the CNC machine.

Since any particular component might require the use of a number of different tools – drills
saws, etc. – modern machines often combine multiple tools into a single "cell". In other
installations, a number of different machines are used with an external controller and human
or robotic operators that move the component from machine to machine. In either case, the
series of steps needed to produce any part is highly automated and produces a part that
closely matches the original CAD.The first NC machines were built in the 1940s and 1950s, based on existing tools that were modified with motors that 
moved the controls to follow points fed into the system on punched tape . These early
servomechanisms were rapidly augmented with analog and digital computers, creating the
modern CNC machine tools that have revolutionized the machining processes. 

Motion is controlled along multiple axes, normally at least two (X and Y),and a tool spindle
that moves in the Z (depth). The position of the tool is driven by direct- drive stepper motor
or servo motors in order to provide highly accurate movements, or in older designs, motors
through a series of step down gears. Open loop-control works as long as the forces are kept
small enough and speeds are not too great. On commercial metalworking machines, closed
loop controls are standard and required in order to provide the accuracy, speed, and
repeatability demanded.

As the controller hardware evolved, the mills themselves also evolved. One change has been to enclose the entire mechanism in a large box as a safety 
measure, often with additional safety interlocks to ensure the operator is far enough from the working piece for safe operation. Most new CNC systems 
built today are 100% electronically controlled.

CNC-like systems are now used for any process that can be described as a series of movements and operations. These include laser cutting, welding, 
friction stir welding, ultrasonic welding, flame and  plasma cutting, beneding, spinning, hole-punching, pinning, gluing, fabric cutting, sewing, tape and 
fiber placement, routing, picking and placing, and sawing.

BROACHING

Broaching is a machining operation in which the tool has a linear displacement. The tool shape is the same as the part shape and is well suited to 
producing complex cross sections. In broaching, each tooth progressively removes some
material, to produce the final shape.
All operations (roughing, semi-finishing, finishing) are achieved in a single pass. Specially
recommended for large series, broaching is an alternative technology to milling, boring, turning,
grinding and EDM. Prerequisite: the surface to broach must be parallel to the direction of tooth
travel.
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