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Robotic Milling Cell

More and more we are finding industrial robots being used to perform milling and trimming
operations where in the past particularly in the case of milling these were traditionally carried out
by CNC machines.

There are two major advantages of using a six-axis robot:

The first the ratio - “envelope against price” is low. In other words, it is possible to mill big
things for not too much money.

The second is the ability of the robot to mill from different directions including under cut-
ting. If the robot is combined with an integrated external axis to provide a rotating turntable
or positioner this allows the most complex shapes to be milled.

We must however mention at this stage the two considerations to take into account with robotic
milling and to a lesser degree trimming:

EAS

Firstly, the accuracy of milling operations carried out from a program created via an offline
source. Basically, there is a difference between jogging the robot by eye using the teach
pendant and saving a position compared to generating the position offline.

If we use the teach pendant then we are asking the robot when it runs the program to go
back to the position that we just saved and in this case, we are working with the “repeata-
bility” of the robot, typically around +/- 0.15mm. In the case of an offline program the
position has been calculated mathematically from a datum point and we are expecting the
robot to move mechanically to that point and in this case, we are working with the “accu-
racy” of the robot, typically around +/- 1.0mm.

The ability of the robot to accurately move to a calculated point from an offline source will
also bring in the tolerances involved from teach the TCP or tool centre point, the definition
of the local coordinate system, and the tolerance of the placing of the part (in the case of
trimming or stock in the case of milling) on the fixture.

Secondly, we must consider the rigidity of the robot, compared to a CNC machine the robot
is going to be less rigid as the mechanical construction to achieve the greater reach tends
towards a machine which might have some deflection particularly when the robot is
stretched right out. All this means that the robot cannot generate high cutting forces, so
we don’t normally consider robots for milling hard materials like steel etc.
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PHOENIX

Having talked about the advantages and considerations to take into account let’s have a look at
the main elements that make up the majority of robotic milling cells.

- Firstly, we have the six-axis robot itself. Considerations here are for payload, envelope and
rigidity. These considerations usually point to a largish robot where the payload will invar-
iably be much greater than the weight of the spindle that will be carrying out the cutting,
however it will be both the envelope and rigidity aspect that will point to the robot choice
rather than payload in this case. Because the tool paths will be created offline and no doubt
consist of a large number of points reaching into the hundreds of thousands it must be borne
in mind that the controller needs the capacity to hold large programs, reaching as much as
20 or 30 megabytes for large milling projects.
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PHOENIX

- Allied with the robot we must consider whether an external axis is needed. This will largely
be dictated by the need to re-orientate the stock to allow the robot to work behind or to
the side of the stock rather than having the robot “reaching” thereby allowing the robot to
work in a more rigid configuration of it’s axes.
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PHOENIX

Fitted to the robot will be some form of spindle to work the cutter. Invariably this will
incorporate a tool changer to allow the use of different cutters through the milling opera-
tions. The automatic exchange of the cutters takes place as part of the cutting program
sequence. The spindle will need to be of sufficient power to work the largest cutter envis-
aged. Allied with the spindle will be an inverter to vary the cutter rotation speeds. The
cutter speed will be under the control of the robot controller usually via an analogue output
cabled to the inverter speed input.
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PHOENIX

- Mounted near the robot but out of the work area will be mounted a tool rack which will
have plastic forks to hold each of the cutters in their respective tool holders and a prox-
imity switch wired to the robot to indicate that a tool holder is present in the rack. When
a tool change is called for the robot will come over to the tool rack to exchange tools.
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PHOENIX

To control the complete cell a safety panel with cell control pushbuttons will be installed
which is electrically connected to the robot controller. This panel will include the safety
relays for the two safety circuits for both the robot and spindle. One circuit will be for the
Estops, these will stop the robot in all modes, the other will be for the cell access and this
will stop the robot and spindle whenever the robot is in Auto mode.

For mounting the part or material to be milled will usually be some form of table. This ta-
ble needs to be very flat and well-fixed to provide a good reference when setting up the
robot. A coordinate system will be taught as a reference for the parts or stock placed on
this table which will later be transferred to the offline programming package.
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- The cell will need some form of guarding which will form a room or enclosure to make
sure that nobody is present whilst the robot is working in automatic. The guarding or room
enclosure will have any access points protected by a two-channel safety system which is
integrated into the safety panel. It should be considered that the guarding or room enclo-

sure would need to take into account although highly unlikely of the possibility of a poten-
tial tool burst.

Lastly, we would normally have some form of offline programming package to generate the
milling paths from CAD data. This software is autonomous to the robot. There are many
different offline CAD-CAM packages available and the robots will work with all of them.
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Standard Cell Pricing Without Turntable

Materials
Recondmoned KUKA KR210 Edition 05 controller with an Integrated Spindle with Tool Changer including Tool Rack plus delivery to site £21 ,950
Robot and Tool Rack fixing down materials (Resin and Studs) (Option Customer can mechanically install the robot and tool rack)

Safety Panel Enclosure and Components (Safety Relays and Cell operating push buttons Cycle Start, Cycle Stop, Drives On, Reset and Remote Estop) £1, 145

4 metre by 4 metr

option usto can su

b Optional customer supply own suarding)

nstallation M (Tru nCa be t £223
Installation Matenals (Cables and Connectors) £132
Material Total £33,221|
Labour
Panel Build and Test £1,320
Mechanical Installation Labour (Robot, Tool Rack, Panel, Trunking, Door Safety Switch) (Option the customer can carrysoutitheir own mechanical insti £1,161
Electrical Installation Labour (Robot, Tool Rack, Panel, Door Safety Switch) £2,322
Commissioning Labour (Robot, Turntable, Safety Panel) £466
Initial Setup Trajectory Programming for the Tool Rack tool exchange £310
KUKA Robot Programming Training (One Day) £776
Travel Time Installation Electrician and Commissioning Engineer £697
| Labour Total £7,052]
Expenses
Expenses Hotel and Daily Substance Installation Electrician and Commissioning Engineer £1,690
| TOTAL £41,963]
Exclusions
The supply and installation of the part fixturing
The manoeuvring of the robot and other heavy material on site
The Offline Programming Package for example Sprutcam and it's setup
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PHOENIX

Standard Cell Pricing With Turntable

Materials
Reconditioned KUKA KR210 Edition 05 controller and Turntable with an Integrated Spindle with Tool Changer including Tool Rack plus

delivery to site £29,650
Robot and Tool Rack fixing down materials (Resin and Studs) (Option Customer can mechanically install the robot and tool rack) £285
Remote Estop) £1,145
4 metre by 4 metre mesh guarding including 1 metre access door and safety switch (Optional customer can supply own guarding) £9,485
Installation Materials (Trunking) (Option Cables can be tied up neatly on the floor) £223
Installation Materials (Cables and Connectors) £132
[ Material Total £40,921]
Labour
Panel Build and Test £1,320
Mechanical Installation Labour (Robot, Tool Rack, Panel, Trunking, Door Safety Switch) (Option the customer can carry out their own mechar £1,161
Electrical Installation Labour (Robot, Tool Rack, Panel, Door Safety Switch) (Option the customer can carry out their own electrical install) £2,322
Commissioning Labour (Robot, Turntable, Safety Panel) £931
One day onsite with CAD-CAM supplier for setting up and cutting trial piece £776
Initial Setup Trajectory Programming for the Tool Rack tool exchange £310
KUKA Robot Programming Training (One Day) £776
Travel Time (Installation Electrician if install option is taken) and Commissioning Engineer £929
| Labour Total £8,527]
Expenses

|Expenses Hotel and Daily Substance Installation Electrician and Commissioning Engineer £1,816
| TOTAL £51,264]
Exclusions

The supply and installation of the part fixturing

The manoeuvring of the robot and other heavy material on site

The Offline Programming Package for example Sprutcam and it's setup
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