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Milling Machine Terminology

The function of a vertical milling machine

The milling machine is the workhorse of the machine shop. In essence, a vertical mill is like a
drill press except it is fitted with sturdy bearings capable of handling side as well as end loads.
Normally up to 85% of machining jobs will require a mill rather than a lathe. Unlike a lathe that
spins the material, a mill holds the material firmly while the part is moved across a spinning tool
or the spinning tool is brought down into the part. The part is moved very accurately by means of
a table that can be controlled in two directions (X-axis = left/right and Y-axis=in/out). The third
axis is provided by a vertical spindle (Z-axis) that moves up and down. The mill can be used for
milling slots, holes or pockets, drilling, profiling, boring and surfacing. Most milling is done
using what are called "end mills" that look much like a drill bit except they are capable of cutting
on the sides as well as on the end. They are held in an end mill holder and can cut slots, pockets
or flat surfaces. A drill chuck can be used for holding drill bits. For larger surfaces a "fly cutter"
is used. It is a single-pointed tool that spins in a large arc and is brought across the surface of the
part to flatten it.

The 4th axis of a milling machine is the rotary axis (called the A-axis) provided by an optional
rotary table. A mill with a rotary table is a powerful combination. Technically, a mill with a
rotary table is the minimum combination of tooling required to reproduce itself: that is, make
another mill and rotary table.
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The parts of a mill and what they do (See photo above)

Variable Speed Control Knob—Controls motor speed from 0 to 2800 RPM
Headstock—Contains the spindle in two preloaded ball bearings.

Spindle—The spindle is inside the headstock and is driven with a belt running from the motor
pulley to a pulley on the rear end of the spindle shaft. The nose of the spindle is treaded on the
outside to receive chucks and tapered on the inside to receive other accessories.

Drill Chuck—Used to hold drill bits for drilling holes. (Not to be used to hold end mills!)

Mill Table—~Parts are fixed to the table using a vise, chuck or clamps and moved under the
milling cutter using the X- and Y-axis handwheels.

Mill Saddle—The mill saddle slides in and out (Y-axis) on the mill base. The mill table moves
left and right (X-axis) on top of the saddle.

Headstock Saddle—The saddle on the vertical column that moves the headstock (Z-Axis) up
and down by means of a leadscrew and handwheel.

Mill Column—The steel dovetailed column that is held to the mill column base and supports the
Z-axis saddle and headstock.

Leadscrew—The threaded screws that move the table left/right and in/out as well as the vertical
axis up and down. They are driven by handwheels marked in .001" or .01 mm increments.



Leadscrew Locking Lever—Located on the back side of the vertical column, this locking lever
locks against the saddle nut to prevent unwanted movement of the Z-axis during machining
operations. Manual machines are fitted with a standard on/off locking lever. CNC machines are
fitted with an adjustable locking lever that can be used to control backlash in the Z-axis. This
function is available as an option on any manual mill as well. (P/N 4017U inch or 4117U metric)

Gibs—Tapered plastic gibs are used on each dovetailed axis to take up wear as it occurs. They
are slightly wedge shaped. As side-to-side "slop™ develops on an axis, the gib lock is loosened
and the gib is pushed a little further into the gap, taking up the play. These allow the machine to
always be kept as tight as the operator desires. If or when they wear out, they are very
inexpensive to replace.

Mill Base—The solid base that has the dovetail for the saddle to move in and out on and to
which the mill column is attached.

Drawbolt—Goes through the hole in the spindle to draw chucks and other accessories into the
headstock taper inside the spindle. A special washer locates in on center in the spindle hole.

#1 Morse Arbor—The arbor screws into the back of the drill chuck so it can be used in the
headstock. It is held in place in the #1 Morse taper with the drawbolt.

Tommy Bars—Round steel bars used to tighten and loosen chucks and other spindle
accessories. Sometimes called "Spindle Bars."”

Y-axis Locking Screw—A thumbscrew on the side of the base that keeps the saddle from
moving in and out when tightened.

X-axis Locking Screw—A screw that goes through the barrel lock on the front of the saddle to
lock the table in place during machining operations where movement is not required or desired.

Backlash Locks—The lock works like tightening two nuts against each other on a threaded shaft
to reduce play in the threads. Backlash is the pause in travel when changing direction of rotation
of any threaded crew. Because both sides of the thread don't rub on the nut at the same time (they
would quickly wear out), one surface is pulling or pushing the nut when the screw is turned.
When you stop and change directions, the screw turns a slight amount while the thread picks up
the other side and begins to move the nut in the other direction. The looser the fit of the threads,
the more "backlash™ occurs. In essence, it is the amount you can turn the handwheel in the
reverse direction before movement occurs on an axis.. An adjustment is provided on the X- and
Y-axes to reduce the leadscrew backlash. Backlash is not a "fault” of a machine, it is simply a
physical reality that must be taken into account when machining. You adjust to a known or
acceptable amount using the locks and then remove it from the machining operation by always
approaching your cut from the same direction with the backlash already eliminated before the cut
begins.

Alignment Key—A precision ground key that fits in a slot in the column saddle to keep the
headstock aligned straight up and down. A second slot is also provided to locate the headstock at
90° for horizontal milling. Removing this key and rotating the headstock allows bevels to be cut
at any angle. An approximate angle scale is laser engraved into the saddle for reference.

Headstock Spacer Block—Moves the headstock 1.25" further out from the saddle to increase
the "throat™ distance (distance between cutter and column). It is optional on 5000-series mills,
standard on 5400-series mills and not needed on 2000-series mills because the ram can be used
to adjust this distance.

V-belt—A Kevlar-reinforced Urethane belt that drives the spindle through the pulleys.



2-position Pulley—The normal (rear) position gears the motor down about 2:1 for a maximum
speed of about 2800 RPM. The "High Torque" position (closest to the headstock) gears it about
4:1 for lower speed but more torque when needed for heavy cuts.

Other mill and machining terms

Column Ram—On the 2000-series mills, a "ram" is added that allows the entire column to be
moved in and out and swung from side to side. It is designed based around the movements of the
machine shop workhorse—the Bridgeport® mill.

Rotary Column Attachment—This function allows the vertical column to be rotated from side
to side to do angled milling or drilling. It is included in the design of the 2000-series mills or can
be added as an option (P/N 3700) to 5000/5400-series mills.

Adjustable ""Zero™ Handwheels—On base model machines, plain handwheels are used. They
are laser engraved with 50 marks (inch) or 100 marks (metric) and numbers for reference.
Adjustable zero handwheels allow you to stop at any given point, loosen a knurled wheel in the
center of the handwheel and rotate the laser engraved collar back to the zero mark before starting
the next cut without moving the position of the handwheel. This means each time you are
starting from zero rather than from a random number, making your depth and cut calculations
easier. This eventually means less mistakes. 4400- and 4500-series lathes and 5400- and 2000-
series mills include these upgraded handwheels as standard equipment.

DRO—Stands for "Digital Readout". Digital readouts incorporate an electronic box with a
screen that reads out numbers rather than looking at the graduations on the handwheels to
determine movement. If offers two advantages: For those with poor eyesight it is easier to read
than the little marks on the handwheel and 2) It keeps track of accumulated distance so you don't
have to count handwheel revolutions when making longer movements. This helps eliminate a
common source of errors. Any Sherline lathe or mill can be ordered fitted with DRO or it can be
added later. Also incorporated in the readout is a sensor and RPM indicator for the spindle to
eliminate guesswork regarding spindle speed.

CNC—Stands for "Computer Numeric Control." Instead of you turning the handwheels, a
computer determines the speed and distance and drives DC motors called "stepper motors™ or
"servos" to move the lathe for you. Any Sherline machine can be ordered ready for the
application of CNC or as a complete CNC system with steppers, controller, computer, software
and everything. CNC can also be fitted at a later date to any Sherline lathe or mill.

4th Axis—In milling, in addition to the X-, Y- and Z-axis, the 4th axis is called the A-axis or
rotary axis and is provided by an optional rotary table. Sherline offers manual (P/N 3700) or
CNC (P/N 8700 or 8730) rotary tables.

End Mills—They look like drill bits but are sharpened on the sides as well as the ends. Held in
an end mill holder, they are used to cut slots, pockets or surfaces. End mills are normally flat but
"pall end" mills are also available that have a round end for leaving a radius in the corner of a
pocket or a round bottomed slot. End mills can have two, three or four flutes (spiral cuts) in the
sides. Generally less flutes are better for softer materials like aluminum because they don't clog
as easily while more flutes (and slower cutting speeds) are better for steels that don't allow as
aggressive a cut and produce less chips per cut.

Fly Cutter—A mandrill holds a 1/4" square shank HSS or Carbide cutter and spins it in a large
circle (about 1-1.5"). The part is moved under the cutter which puts a nice, flat surface on the
part. Each successive cut overlaps the previous by about 1/3 of the cut until the surface is done.



Mill Vise—A small vise that is clamped to the mill table and holds parts for milling. It is
different from the more common drill press vise in that it tightens with a pull-down function that
helps hold the part down as well as in to counter the forces of milling. It is also accurately
machined so it can be aligned in the machine for accurate cuts.

Hold-down Set—A series of adjustable clamps that are used to hold parts to the mill table for
milling. They can be used on large or uneven parts like castings.

Boring Head—Rotated in the headstock, the boring head holds a sharpened tool that rotates off
center to scribe a circle. It is lowered into the bore of a hole to enlarge the hole to a given size. A
fine adjustment on the boring head allows the cutter to be moved out a little at a time to enlarge
the circle of the cut. It is used when a very accurate hole is needed, like on the cylinder of an
engine or when a large drill of the needed size is not available or practical. With the boring head
you can make accurate holes up to 1.75" in diameter on a small mill.



