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2.5 D Celtic Knot

Here we will explore the use of the Hatch Fill Strategy using an engraving tool and 3D toolpaths. The drawing
tools were used to create the contours we will use to create the 2.5 D Celtic Knot.

Note: These instructions include the selection of specific tools and setting cut parameters such as depth, passes, and
feed rates. Our choice of these parameters was based on our machine, our tools, and the material we were cutting.
You must always choose parameters that are appropriate for your machine, tooling and material.
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2. This is the design that we are using for this /v »

example. Instructions for this design can be

found in the Celtic Knot Introduction tutorial.
o — A

3. We want to create toolpaths that will mill down

. . Hatch Fill &
the ba.ckground surfaces so that the Celtic Knot is s | 5 o
the raised surface. We are also using an engrave — - T —
tool with a 3D clean pass to put a bevel on the M4 - 1AvEndMi Fil e _
A A . 3 & 148" End il Fine oizo0 S Edit Plan ‘
contours. To do this we will use the Hatch Fill 2S00 Enge Fre 012 3 Eoa
1 3 002"Engave Clean 01200 3 |
Strategy. Add Tool
Avallable Tools: Sort tools by
Deescription [ TodType | - Tope j M
Select all of the contours and click on the Hatch e e R _ Gea |
. . . . . 3432 Ball Ball Mose
Fill Icon. This will open the Hatch Fill Dialog. 1/8" Bl End il Bal Nose -
Hatch Fill Parameters:
Irlay i
Optirization Standard ™
Apply o reliet ¥
4. The next step is to select the tools that will be ﬂ
used to cut the material. In this example we
have selected a %4” End Mill, %”End Mill tool and Oider | Tool [ Twe | Depth | Edt | -]
. p 4 T4 EndMil Fill [0 B =
.02 Engrave tool to cut the design. Go to the BT e G O
Available Tools area of the dialog and scroll 2 =002 Engiave Fine 01200 5
down to locate the tools. Double click on each 1 =]002 Engiave Clean 0al = =
tool to load it. In this example we have loaded Available Tooks: <:| Sort tools by:
the %” End Mill as the Fill tool and the %”End Mill [ Descreten [ TodlTupe h - |Twe =l
. nd Mi nd Mi
tool as a Fine tool and the .02 Engrave tool as the 174 End Mill Long Erd Mil B
Fine and Clean tool. 0 SR AIT |
38" End Mill End Mil - Scroll
Enter the depth of the cut (.12) by typing in the
depth or using the arrows to select the depth
desired.
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Fill Cut

Using the Hatch fill strategy, the fill cut will move back and forth across the object to the defined depth to mill
the area. This tool is often a larger tool that will be defined to do most of the material removal. Additional
parameters such as the angle of the cut and the overlap of the cut are defined in the cut parameters for the
tool.

Fine Cut

The fine cut is optional. If it is used, a tool that is smaller in diameter that the Fill tool is selected to fit into
sections of the design that the fill tool was not able to fit into. This will be corners and any other thin areas
that are too small for the Fill tool. The Fine cut uses and Island Fill strategy to fill in areas that require more
than one width of the tool. Itis necessary to define the amount of overlap between adjacent toolpaths.

Clean Cut

The clean cut defines a tool that creates toolpaths that are offset from the contours. The Clean Cut is used to
improve the edge quality of the finished cut around the perimeter of the design. Often the same size tool is
used to do the Clean Cut and the Fine Cut.

3D Clean Cut

A 3D toolpath may be created using a conic, engraving or tapered tool. The difference is that it uses the
beveled shape of the tool to create a beveled edge. It also will move up into corners to get as far into the
corners as the tip dimension of the tool will allow. The 3D option is a very powerful option, allowing a very
different type of cut from any of the toolpaths that are strictly 2D.

5. The next step is to edit the parameters of each of

the tools. Move the cursor to the edit box next Fill 01200 3 .. <1,:|
to the tool you wish to set the parameters for Fire ni20 5
and left click. This will open the Cut Definition Fire 0100 5
Dialog box for that specific tool. Clean 01200 5
6. There are several parameters that can be defined
for each tool. The type of material that you are — -
. 'II h H fI yp H . yh |EutTempIates - #
using will have influence in determining the [t e e . |
parameters used. If you are using HDU foam, it — - I -

will cut a lot easier that wood or metal, so o k L.
parameters can be set at a faster more - i
aggressive pace. e
More specific information can be found in the

EnRoute manual in the “Working With

Toolpaths” section.
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7. Enter the Parameters in the Cut Definition Dialog.

Click on the + box to open the Fill category. E Fil =

Enter Parameters: Overlap G000 5
Hatzh angle (0.0000 =

Overlap = 87% % Passes ol

Hatch Angle =0 MNurnber 1 =

Click on the + box to open the Passes category.
Enter Parameter:

Passes=1

Overlap

This parameter defines how much the toolpaths will overlap each other in the fill. The default value that is
created when the Fill Cut is created is 50 percent. Values can be set between 0 and 99 percent. Softer
materials can be set at a lower percentage than the denser materials. The overcut percentage can affect the
look of the finished cut of the material. When using a harder material it may be necessary to have a higher
overlap to avoid the appearance of the toolpaths.

Hatch Angle

This angle determines the angle that the tool will cut. The usual settings are either O degrees for horizontal
toolpaths or 90 degrees for vertical toolpaths.

Passes
This is the number of passes used to cut the material to the assigned depth.

8. Click on the + box to open the Feeds and Speeds

category.
Enter Parameters: @ [ Fesds and Speeds +f
Feed Fate 1000000 5 indmin -
Feed Rate = 100. Firial Pass Feed 0.0000 in/min 7|
Plunge Rate = 50. Plunge Rate 500000 o infmin v T
Dwel 0.0000 S
Spindle = 14000 Spindle 14000 2 pm
9. Click OK. This will bring you back to the Hatch Fill Type | Depth | Edit
Dialog. Then click in the Edit box for the next Fill 010 5
tool in the list. Fine 0100 <‘,:|
Fire 01200 5
Clean 0i1zo0 &
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10. Enter the parameters for the Fine Cut.

11.

12.

13.

Copyright 2009 Artistic Automation, Inc.

Overlap =70%
Passes =1

Feed Rate = 100.
Plunge Rate = 50.
Spindle = 14000

The same parameters are used for the .02

Engrave Fine tool.

Click OK. This will bring you back to the Hatch Fill
Dialog. Then click in the Edit box for the .02
Engrave Clean tool in the list.

Enter the parameters for the Clean Cut.

Passes =1

Width =.001
Feed Rate = 100.
Plunge Rate = 50.
Spindle = 14000

Check the 3D Toolpaths box

Click OK.

Then Click Ok in the Hatch Fill Dialog. EnRoute
will then calculate the toolpaths.

This image shows the toolpaths.
Purple = %" End Mill

Pink = %”End Mill Fine Cut

Smaller Pink = .02 Engrave Fine Cut

Green = %”End Mill Clean Cut
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Surface 0.0000 =i
Final Depth 0.1200 =L
Overlap 70,0000 =
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Clean R PR @—
B widths [o]
wiidth of cut 0.0100 =L
Murnber of stepz 1 :
M axirnurn step 0.0180 - in
Actual step 0.0100 in
Feeds and Speeds: ﬁ
Direction J-:_ﬁ‘
Entrp/Exit Parameters
3D Toolpaths? v
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Press F9 to show the thickness of the toolpaths.
Purple =% End Mill Fill Cut
Pink = % End Mill Fine Cut

Green = .02 Engrave Clean Cut

Using the Simulate Ortho Tool allows you to see
a rendered image of the toolpaths that you have
applied. This is often a good way to see a
preview of the toolpaths. If there are any
noticeable errors you can then correct them
before you actually cut your piece.

This is also a good way to set the cut order of the
toolpaths. The simulation allows you to see the
progress of the toolpaths in several different
ways.

14. The last step is to cut out the piece from the -
material.
Create another layer.
Paste a copy of the outline contour to that layer.
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15. A Routing Offset was used to cut the relief out.
Select the relief.

Router Offset =]
Click on the Routing Offset Icon. {& This will sreeas | = S
open the Routing Offset Dialog. A Tl [ Tee T Deh [ER [o] _ Cosl |
Load the % End Mill tool by selecting it from the e B Saveas. |
Available Tools section of the dialog. Scroll down _ e
to locate the tool and then double click on it to _ . L e
load it. In this example, we have used the % End S s [ @ |
Mill tool as the Rough cut and the Clean cut, so e T !
you need to load the tool twice. Roter Ofect Parametons
Enter the Depth of cut. For the Rough tool the R 2 :
Depth is .71. For the Clean cut set the Depth at — - s Q

Inlay r

. 75 . With bridges r -

16. Click in the edit box next to the Rough tool. This
will open the Cut Definition Dialog for this tool.
17. Enter the parameters for the Rough tool:

Passes =3
Cut type Rough
Feed Rate = 100. & B Depths ¥
=
Plunge Rate = 50. Suface 0.0000 =1
Final Depth 0.7100 - N
Spindle Speed = 14000 @ © Passes |
Click OK. This will bring you back to the Routing Number 3 =l
Offset Dialog. b awirnum per Pasz 0.7500 = fn
Actual per Pass 02367 I
Set the parameters for the Clean Tool. Final Pass =
Click in the Edit box for the Clean Tool. This will Final Pass Depth 0.0000 "
open the Cut Definition Dialog.
18. Enter these parameters. E Pases =l
Passes =1 Murnber 1 =
. b asirnum per Pazs 0. 7500 : in
Width of cut =.02 Actual per Pass 0. 7500 in
Feed Rate = 100. Final Pass n
i in
Plunge Rate = 50. Final Pazs Depth 0.0000
B widths (O]
Spindle Speed = 14000 Width of cut 00200 A
Click Ok. MNumber of steps 1 :
) o ) ) b airnum step 02250 : in
Click Ok again in the Routing Offset Dialog to hctual step 00200 =
process the toolpaths. Shoulder? =
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