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CNC machine typology
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CNC machine

It is a machine that works based on commands, i.e., technological programs,
consisting of numerical codes that are kept from a computer. CNC machines can
also be designated as conventional machines such as formatting saws or gluing
machines, which are equipped with computer control.
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CNC machining centre

It is a numerically controlled machine that automatically performs predetermined
tasks in a pre-programmed sequence. They are characterized by the possibility of
machining by several types of tools in multiple axes (drills, cutters, saws).
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Gantry (po rtal) CNC

It is a CNC structure, which is mounted on a mobile portal structure, which is
characterized by the fact that it has two vertical columns, which are mounted on
the base of the machine on two opposite "rails". Spindles and machining units are
stored on the portal. It is especially advantageous for machines with a large table
width. This design ensures lower spindle vibrations during machining and higher
accuracy due to better structural rigidity. There is no danger of so-called sagging
of the machine.

T IT T
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Cantilever CNC

Unlike the portal construction, the boom is connected to the base on only one side
of the machine, so it has only one vertical column. The advantage is the possibility
of inserting a wider part exceeding the size of the table in width. The disadvantage
Is the danger of lower accuracy due to vibration, which is caused by high stresses
in the structure. There is also a greater risk of the boom sagging when machining
in the end-of-boom position (due to insufficient boom dimensioning). All cantilever
machines must have algorithm which counts in the sagging effect while the head
IS moving in Y axes. Otherwise, the CNC would not be precise in Z axes at all
which could have even fatal consequences since.
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(Semi ) vertical CNC

Semi-vertical centres are a newer and very popular type of CNC construction,
especially in smaller operations, but they can also be used in larger establishments
with industry 4.0 solutions in conjunction with the insertion robot. The advantage
of such centres is the small construction dimensions, which, however, are also
related to the impossibility of machining large board formats. The size limitation
mainly concerns the width of the part. The feed is solved by a combination of the
feed of the part by means of vice clamps in the X-axis and the feed of the tool in
the Y and Z axes. These are 2.5 and 3 axis machines. They are usually equipped
with a drilling unit with vertical and horizontal drills, an integrated grooving saw and
a main spindle. The tools are inserted into the milling spindle manually or
automatically, always in chucks. The tool magazine usually has only up to ten
positions. The advantage is the relatively low price redeemed by the limited
machining options. Sawdust collection solutions are also a problem for vertical
centres.

The European Commi ssion support for the production obnté@énsspuwhicht:i
views only of the authors, and the Commission cannot be héehdnedspon:
therein.



Co-funded by the
Erasmus+ Programme

2019-1-CZ01-KA202-061229 of the European Union

CNC centre for modelling

Modelling CNCs are those machines that are characterized by a high range of
machining in the Z axis. As a rule, these are machines that are 5-axis and do not
have a drilling unit and do not have loading stops. They are highly variable, but not
suitable to produce corpus furniture and larger series.
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CNC for furniture

CNC designed specially to produce corpus furniture. These are usually machines
equipped with beams, stop bolts and elevating insertion aids. It is possible to meet
machines with 2.5, 3 or 5 axis machines. The machines come with at least one
main spindle and drilling unit as standard.
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Win -door CNC centre

This type of CNC is structurally like CNC for furniture. It is mainly characterized by
the possibility of clamping long tools and large diameter saw blades. It is also
equipped mainly with pneumatic clamps and often, an automatic setting table for
workpiece re-snap is included. These are usually machines working in 5 axes.
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Nesting CNC  centre

A relatively newer type of CNC machine, which has undergone considerable
development in the last decade and which is becoming a very popular choice for
companies. It is especially characterized by a raster table, which is often vacuum
divided into several zones. It is characterized by high vacuum consumption, which
Is solved by high installed capacity, usually delivered by several pumps. The
advantage is therefore a table with dynamic vacuum control. The most common
are three-axis portal constructions, with a lower range of the Z axis. Recently, 5-
axis models can also be found. Nesting solutions are now also appearing in the
console variant with the support of automatic and elevating tables.

.
| 4 R
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CNC dril ling centre

These are technologically the simplest CNC machining centres and are
predestined for automatic drilling of parts for corpus furniture. They technologically
replace line boring machines which are surpassed by the automatic and fast
adjustment of drill spacing. The workpiece design is the same as for other CNCs
in CAD / CAM software or using workshop programming. They can also be

equipped with a QR or barcode reader, or a glue injection unit with dowel inserting
head into horizontal holes.
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Work area
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CNC axes (general)

Axes on CNC machines are defined as movements that are controlled by the
computer control unit of the CNC machine. They are divided into linear feed axes
and rotary axes. The arrangement of the axes is internationally standardized by
the 1ISO 841 standard.
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X axes

This is the main axis, which is normally parallel to the length of the machine. The
machine usually has the largest range in this axis. The feed is as a rule powered
through a rack and pinion mechanism.

The European Commi ssion support for the production obnté@énsspuwhicht:i
views only of the authors, and the Commission cannot be héehdnedspon:
therein.



Co-funded by the
Erasmus+ Programme

2019-1-CZ01-KA202-061229 of the European Union

Y axes

The Y axis is usually located in the width direction of the machine. Travel in the y-
axis is ensured by a ball screw for smaller machine widths, travel with a rack and
pinion is required for machines with a larger width.
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The Z axis is mounted vertically on most woodworking machines and is a very
important parameter when selecting a machine. It defines the maximum possible
thickness of the workpiece and the maximum length of the tool. The positive axis
usually points upwards away from the machine table.

2019-1-CZ01-KA202-061229

Z axes
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A axes

The A axis is defined as the rotary axis around the X axis. It is most often
encountered together with the C axis on five-axis machines. Its positive direction
Is clockwise when viewed in the direction of the positive X axis.
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B axes

The B-axis is defined as the axis of rotation around the linear Y axis. Most often,
as in the case of the A axis, we meet it together with the C axis on five-axis
machines. Its positive direction is clockwise when viewed in the direction of the
positive Y axis.
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C axes

The C axis is defined as the axis of rotation around the Z axis. It can often be found
on three-axis machines as an additional axis in the form of an additional unit to the
main spindle. It is thus possible to expand the three-axis CNC centre with other
machining options, such as carving locks or machining with an angle head or a
saw blade. It is usually also used on five-axis machines together with the A or B
axis. Its positive direction is clockwise when viewed in the direction of the positive
Z axis.
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Right hand rule for main axes

This rule is based on the rule for determining the positive direction of vectors in
space. The thumb always shows the positive direction of the major axis, usually
marked as "X". The index finger then points in the direction of the positive "Y" axis
and the middle finger in the positive direction of the "Z" axis.
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Right hand rule for rotational axes

If the thumb of the right hand shows the positive direction of the major axis, then
the remaining fingers indicate the positive direction of the respective rotary axis.
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Reference points are precisely defined points on a machine or workpiece that
serve for precise orientation in the coordinate system and at the same time simplify
this orientation. The basic reference point is the zero point of the machine, other
reference points facilitate orientation in the space defined by the zero point in the
form of reference. The datums always create a new auxiliary coordinate system,
l.e., they determine a new reference zero value, which has a precisely defined
position in relation to the basic machine zero point.

Reference point (Datum)
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It is a fixed point, which is selected by the manufacturer as the absolute zero point
of the coordinate system. All coordinates of all other coordinate systems are then
calculated from it. It is also the starting point for other reference points.

Machine zero reference point
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This is the point that is selected when creating a program in CAD / CAM software.
It is always based on the origin of the coordinate system in this software. Although
advantageous, it does not necessarily have to be the corner of the part, especially
when machining non-quadratic multi-shaped parts. In connection with the zero
point of the workpiece, it is very important to know the transfer of coordinates to
the machine, which is created using a postprocessor. For example, the same CAD
/ CAM program may convert differently for 2 different machines, even though it will
be the same file. Once, the zero point can appear on the upper surface, the second
time on the lower surface, which can have fatal consequences during machining.

Workpiece zero point
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Zero loading point

One machine can have several of these points depending on the number of
loading locations in the machine configuration. They are usually defined by
pneumatic stop bolts. On the contrary, some CNC machines, especially those for
modelling do not have fixed stop points. Instead, the loading points can be selected
anywhere in the range of the machinable area of the machine by means of a touch
probe or by moving the machine to a point selected by the operator. When
machining, it is easiest to insert the part so that the zero point of the stop coincides
with the zero point of the workpiece. However, it is often necessary to create an
offset between these points, for example using templates or auxiliary fixtures.
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This is again the point specified by the manufacturer, which defines the place from
which the dimensions of the tools are measured. This is usually a point located on
the axis of the spindle or unit. In the case of the main spindle of the machine, this
point is always located at the level of the bearing surface of the main spindle in its
centre. For a drilling aggregate, the zero point is usually located in the axis of one
of the end drills.

Tool changer zero point
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This point, like the machine zero point, is selected by the manufacturer, and these
two points may or may not have the same position in the machine coordinate
system, i.e., 0; 0; 0. However, the machine reference point can correspond, and
usually does, to a different value, either plus or minus. The reference point is used
to find the origin of the coordinate system after starting the machine. This is usually
done using limit switches, which must be properly calibrated at the factory. If
machining deviations occur over time, the limit switches, i.e., the reference point,
must be recalibrated so that the reference point found corresponds to reality. If the
machines are equipped with absolute position measuring, the reference point
loses its significance.

Machine reference point

The European Commi ssion support for the production obnténsspuwhicht.i
views only of the authors, and the Commission cannot be héehdnedspon:
therein.



Co-funded by the
Erasmus+ Programme

2019-1-CZ01-KA202-061229 of the European Union

In the case of machines equipped with absolute encoders for position sensing, it
makes no sense for the machine to have a reference point. It is not necessary to
refer to the machine after switching on the machine. The machine always knows
its current position even after switching off, and even in the event of a change in
the position of the machine after switching off (for example in the case of manual
pushing of the portal). This is due to a special type of magnetic encoder.

Absolute  position measuring
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In the case of incremental position measuring, it is necessary to have a factory-set
reference point set for the machine, to which the machine must approach after
switching on for so-called referencing, i.e., determining the exact position of the
machine. Subsequently, the machine already works with incremental encoders,
which add new values from the reference point during feed. This way, the machine
knows its current position and works precisely. This information is lost again after
shutdown and a new reference is required.

Incremental  position measuring
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Incremental encoder

It is a device for measuring position and most often works on the optical or
magnetic principle. The optical encoder consists of a light emitting diode and a
disk with reflective surfaces alternating with holes. It works based on optical
illumination of the disc, which rotates together with the feed motor. After alternating
the reflection of the light with the passage, the corresponding unit of length is
added to the system. The magnetic incremental encoder works on the principle of
detecting a change in polarity after rotating or passing the sensor over a tape
composed of segments with mutually reversed polarity. The resolution is based on
the number of phase-shifted pulses per encoder revolution or the size of the
magnets on the tape, so it is possible to deduce exactly how far the machine has
moved. The disadvantage is that after switching off the machine, the information
of the incremental encoders is lost, and therefore the machine must be referenced
after each new start-up.
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Absolute encoder

Absolute encoders always work on the magnetic principle. Their advantage is the
preservation of information even after a power failure, as they work with a
permanent magnet that generates a magnetic field. Its change depends on the
position of the machine, which is used in the measurement. For CNC, the most
suitable are magneto-strictive linear encoders, which are non-contact, and
therefore the signals are not disturbed by vibrations during machining.
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Matrix table

CNCs more and more use this type of table to produce furniture, which enables
the formatting of boards using so-called nesting. The table is most often
aluminium, but laminate tables can still be found. The tabletop is divided by
perpendicular grooves into a square grid at a given spacing (most often approx.
40-50 mm). The table is also equipped with vacuum vents, which can be closed
with seals. The tables can be vacuum divided into several fields or zones. Either
a raster vacuum clamp or a rubber seal can be placed in the grid, to which the
workpiece or the base spoilboard for nesting is subsequently attached. The
advantage of these tables is the possibility of even attachment of the plate
workpiece in the area, the disadvantage is the greater consumption of vacuum. It
Is interesting that the CNC usually mills itself the grid table to ensure the perfect
flatness of the workplace. This is one of the first operations that the CNC performs
after its creation.
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Console table

Still the most common and popular type of table is the console table. The table is
equipped with transverse elements, i.e., beams which are both fixed and form
foundation points, as well as adjustable beams which are mounted on a beam
linear guide, most often with pneumatic fixation. Both vacuum blocks and
pneumatic clamps can usually be connected to the beam. There must also be a
metric scale for positioning the suction cups in the Y axis located on each beam.
A metric scale, which is installed on the machine structure, is also used to position
the beams in the X axis. The console tables can also be equipped with automatic
positioning or positioning by means of LED diodes. A compressed air hose and a
vacuum supply hose are connected to each beam. The tables can also be
equipped with removable fixed beams to create additional fixed loading points. The
advantage of these tables is a high degree of versatility of clamped workpieces
and simplicity of part insertion. The only disadvantage may be the point clamping
of the part and in some cases a greater risk of collision, which can be eliminated
by optional automatic systems.
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Flat table

Flat tables are equipment that can be found in cheaper variants of woodworking
CNC or in modelling CNC. They are usually equipped with T-slots for manual
attachment of the workpiece, the restoration table, or the base plate. Therefore,
they are not equipped with a vacuum or pneumatic clamping system and usually
neither stop bolts. It is therefore more suitable for modelers. It is not at all suitable
for furniture production.
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Automatic setting table

This beam table solution is very popular, for example at manufacturers of
construction and joinery products, where it is necessary to fix the workpiece with
the help of pneumatic clamps and at the same time mill the element from both
sides. The table allows automatic attachment of one row of clamps to another, the
window profile or railing profile can be machined without the need for human
intervention in one step. It is also possible to use the function where, after the
workpiece has been divided by saw blade or mill. Newly created parts are then
automatically split to get enough space on edges so that they can be further
machined. It is also used in plants with a higher degree of automation, where there
Is no need for manual placement of vacuum suction blocks. Typically, it is used in
productions with CNC edgebanding of irregular and round shapes. The table is
always adjusted so that the part is attached, and the vacuum block does not collide
with the tool. In this case, the vacuum blocks are located on the running bases,
which move along the length of the beams. The beams themselves also move
automatically. Some automatic tables also allow the suction cup to be rotated to
an angle. These solutions are now commonly available as add-ons at all leading
CNC woodworking manufacturers.

Vario Tisch, source: HOLZ-HER
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A special application of automatic tables is a solution where the suction cups can
be elevated, which raises the part above the level of other workpieces. This
solution is mainly used for machining parts immediately after milling the board.
There is no need to remove the parts from the CNC and insert them individually,
which on the one hand saves time, but is invaluable for milling into complex
shapes, which no longer have a right angle to insert to the stops. Extendable tables
are very suitable for console table nesting. After formatting the board, the parts
can then be drilled to the side, perform further machining or, for example, edge
banded. The solution is expensive for now, but over time it can be expected to
become standard.

Elevating table
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Universal holding fixtures table

This is probably the latest clamping system, which is completely automatic and
universal, almost looking at its functionality, it can be judged that it is from the
future, which is a valid statement for woodworking. Today, it is used mainly in the
aerospace industry, mechanical engineering and automotive. The system
comprises many telescopic rod elements, which are provided at the end with a
positional head with a suction cup. It is therefore possible to attach an element
from any side as well as an oblique element. The whole table is controlled by a
system that uses suction cups to shape it into the desired shape according to the
clamped part. Usually, the part is set up robotically, so incorrect clamping is
prevented. It is mainly used for machining intricately shaped sheets or plastic
castings. The tool always machines between the suction cups so that no collision
occurs. The great advantage is that various shapes can be clamped without the
need to produce shaped fixtures and moulds.
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Spoilboard

The spoilboard is used on raster tables to disperse the vacuum emanating from
the vacuum vents. The board must be made of a porous material, most often it is
a fibrous MDF board with a thickness of up to 18 mm. The plate is installed on the
grid table using rubber seals, which are located around the perimeter of the
individual vacuum fields, so that the base plate rests on the seal everywhere.
During the initial installation of the board, it is necessary to mill the entire board
with a planning mill with a larger diameter. The spoilboard ensures an even suction
of parts on its surface over the entire surface, which results in maximum precision
of machining. The board is usually machined using a method called nesting, which
involves high-speed milling of the entire board format into individual precise
formats. It is always milled through the plate, and therefore it is also milled into the
base plate. For a longer service life of the base plate, it is therefore advisable to
mill a maximum of two tenths of a millimetre below the machined plate. After a
certain time, it is necessary to resurface the spoilboard again, because due to
larger unevenness, the machining accuracy is gradually lost and at the same time
there is a loss of vacuum. To increase the efficiency of the vacuum, it is suitable
to close the side surfaces of the base plate, for example, by repainting or painting
with PVAC adhesive. When machining smaller parts, it is necessary to cover the
rest of the vacuum active field area with a thin non-porous material, such as PVC
foil or a varnished HDF board.
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Vacuum plug

Raster tables are equipped with vents
for vacuum, which must be closed if }
the rest of the table space is not used.
Plug are used for this purpose, which
should have a rubber seal on them. It |
can be either screw-on, but push-in !
plugs are much more suitable for time
saving reasons. The plugs do not
have to fit too tightly into the hole to be
easy to remove. The vacuum in the
table draws them in and the vent seals
itself. It is preferred that the plugs are
made of ferromagnetic metal for the possibility of using a magnetic extractor. If the
plug gets stuck in th