EnRoute Step-by-Step Series

Celtic Knot - 2D Fill

®) EnRoute

One of the most common methods of milling a design on your router is to use a 2D Fill. The fill removes
material, typically using an end mill tool. As demonstrated in the example, it can be necessary to use more

than one tool in order to remove the material completely and efficiently.

The following steps demonstrate how to mill out the design to create a finished piece.

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.

1. Define the Plate — Enter these parameters and
click OK.

Width 5.00

Height 5.00

Thickness .75

Surface at the top of Plate.

The plate is used primarily as a reference for the
design.
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2. This is the design that we are using for this

®) EnRoute

example.

Instructions for creating this design are provided
in the Celtic Knot Introduction tutorial.

We want to create toolpaths that will mill down
the background surfaces so that the Celtic Knot is
the raised surface. To do this we will use the
Hatch Fill Strategy.

Select all of the contours and click on the Hatch
Fill Icon. This will open the Hatch Fill Dialog.

The next step is to select the tools that will be
used to cut the material. In this example we
have selected a %” End Mill and %” End Mill tool
to cut the design. Go to the Available Tools area
of the dialog and scroll down to locate the tools.
Double click on each tool to load it. In this
example we have loaded the %4” End Mill as the
Fill tool and the %” End Mill tool as both the Fine

tool and the Clean tool.

Enter the depth of the cut (.15) by typing in the

depth or using the arrows to set the depth.

Following is a brief description of the different cut types we are using.

Fill Cut

Hatch Fill
Shrategy: ‘
Order | Tool [ Tupe | Depth | Edit J Cancel
B 1 =14 End Wil Fill 01500 3 ...
2 %1487 End Mil Fine 07500 =] . Edit Plan... |
3 3/1/8"End il Clean 01500 TRm
=l
Add Taal
Available Tools: Sart kool by
— Delete Tool
Diescription | ToolType | ~  |Type j
1/16 ball Ball Mose o
& &l
3/32 Bal Ball Nase
/32" Ball End Mil Ball Mase
148" Ball End Mill Ball Mase -
Hatch Fill Parameters:
Inlay i -
Optimization Standard T
Apply to relief I
Order | Tool | Twee | Depth | Edit | |
o1 T[4 End Mil Fill 01500
2 =148 End Mil Fine 01500 &
3 51148 End Mil Clean 01500 %
Awailable Tanls: <:I Sort tools by
Description | Tool Type - |T_|,lpe j
1/4" End Hil End Mil
3_8 End Mil Lang End Mil B I
342" End Mill End Mil ] Scro
142" end mill Erd Mill -

In 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.
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Fine Cut

The fine cut is optional. If it is used, a tool that is smaller in diameter than 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 an 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 tool is used
to do the Clean Cut and the Fine Cut.

5. The next step is to edit the cut parameters of Type | Depth | Edit
each of the tools. Move the cursor to the edit Fill 01500 5 . <§
box next to the tool you wish to set the Fine 01500 5
parameters for and left click. This will open the Clean 01500 =
Cut Definition Dialog box for that specific tool.
There are several parameters that can be defined
for each tool. The type of material that you are r— . =
using will determine the parameters used. If you e =
are using HDU foam, it cuts easier than wood or . == T Sovoan.
metal, so speeds can be set at a more aggressive o Y oo v Livay
pace. B
3 Feeds and Speeds Eid
More specific information can be found in the L 2 ErnfbutPommeor i IR
EnRoute manual in the “Working With
Toolpaths” section.
6. Enter the Parameters in the Cut Definition Dialog.
Click on the + box to open the Fill category. Cut Templates :
Curent Tool 174" End Mill _
Enter Parameters:
Overlap — 859 [ ||:ut — Items [ Eunen;i:;-"alue | Unit .
Hatch Angle = 0 (If you were cutting wood, it may g E;pths
be desirable to cut with the grain of the wood. Ovelap L
This parameter can be set so the direction of the Hatch angle ooooo
tool travels along the grain of the wood.) & Flmss F
@ Feeds and Speeds 5L
Click on the + box to open the Passes category. & B Enio/Esit Parameters =i

Enter Parameter:

Passes=1
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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 denser materials. The overlap percentage can affect the look
of the finished surface of the material. When using a harder material it may be necessary to have a higher
overlap to avoid chipping and to put less stress on the cutting tool.

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. This setting can be used to set the toolpaths to cut wood in the
direction of the grain.

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

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

category. & Bl Feeds and Speeds s
Enter Parameters: Feed Rate 1000000 5 in/min -
Final Pass Feed 0.0000 in/min "8
Feed Rate = 100. Plunge Rate 500000 < indmin ~ |3
Dwell 0.0000 Sk
Plunge Rate = 50. Spindle 14000 < m
Spindle = 14000
*Choose parameters that are appropriate for your
machine and material. *
8. Once you have entered these parameters, Click
OK. Then click in the Edit box for the next tool in Type | Depth | Edit |
the list. Fil 01500 o ..
Fine 01500 3 .. <
Clean 01500 = |
9. Enter the parameters for the Fine Cut.
Overlap = 70% @ Bl Feeds and Speeds s
Feed Rate 100.0000 2 indmin -
Passes =1 Final Pass Feed 0.0000 indrin I
- Plunge Fate 500000 - indmin - |3
Feed Rate = 100. o TEREES
Plunge Rate = 50. Spindle 14000 T Em

Spindle = 14000

*Choose parameters that are appropriate for
your machine and material. *
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10.

11.

12.

Click OK. Then click in the Edit box for the next
tool in the list.

Enter the parameters for the Clean Cut and then
click OK.
Passes =1

Width = .0625
Feed Rate = 100.
Plunge Rate = 50.
Spindle = 14000

*Choose parameters that are appropriate for
your machine and material. *

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

This image shows the toolpaths. Press F9 to
show the thickness of the toolpaths.

Purple = Fill Cut
Pink = Fine Cut

Green = Clean Cut
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Type | Depth | Edit
Fil 01500 5
Fine 01500 S
Clean RS R G—
Widths [=]]
Wfidth of cut 0.0625 | in
Humber of steps 1 :
b asimum step 01125 : in
Actual step 0.0825 in
Feeds and Speeds ﬁ
Feed Rate 1000000 x{indmin
Final Pass Feed 0.0000 in/mmirn
Plungs Rate 50.0000 =1 in/min
Dwel 0.0000 - e
Spindle 14000 =i
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13. Create another layer and copy the outline of the == E
Shaw: Al layers -
design to that layer. - " Lo |
Current Narne On Of | Lack |Movelock| Colar Cancel
LT Layer 3 r r r h
. FIEEH [ i - New
To create a new layer, click on the Layers Icon. Dot
* This will open the Layers Dialog. | e |
Move Up
Click on the New button. Notice that a new layer ' 2| [ |
will be created and named Layer 2. - =
Highlight the name. Type in the new name for
this layer.
Click OK to accept the changes.
. A
14. To cut the piece out, a Routing Offset Strategy is == =
. . Suateay | - 0K
used with a clean cut. The clean cut is used to _— _ T T C|
rder ool ype epl i ancel
improve the quality of the finished cut. 12 Endb Rogh a7 |3
. . 2 2144 End Mil Clean 07En 3 . |
Select the outline contour and click on the o
Routing Offset icon to open the Dialog. & 1o - Add Tod
wailable Tools: Soit tools by
” H H escription aol & m
A %” End Mill was used to cut out the object. =~ | jooTyen |y e [Tiee =l -
L 1” . . . 3432 Ball Ball Nose #
oad the %” End Mill tool by selecting it from the 2/ Bl End Wil Bl o
Available Tools section of the dialog. Scroll GRS el =
down to locate the tool and then double click on F‘E”‘E'DI'ESE‘IP]‘““‘E‘B'S =
stemnal [male] H -
it to load it. In this example, we have used the Inenal female] r
. weld affsets r =
same %” End Mill tool for the Rough cut and the Sharp comers r
Clean cut, so you need to load the tool twice. i v r i
Enter the depth of cut. For the Rough tool the
Depth is .71. For the Clean cut set the Depth at
.75. Thls will Iejavejust a small amount of Tis | Depth [ Edt |
material to Fut in the Clean cut pz?ss a.nd Rough 0700 =
therefore will help to hold the object in place Clean 07500 =

while that pass is cutting.

Click in the edit box next to the Rough tool. This
will open the Cut Definition Dialog for this tool.
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15. Enter the parameters for the Rough tool: Cut type Rough
Passes = 3 & B Depths X
Surface 0.0000 = in
Feed Rate = 100. Final Diepth 0700 3l
Plunge Rate = 50. & B Pases |

. Murnber 3 :
Spmdle Speed = 14000 b awirnum per Pasz 0.7500 : in
Click OK. This will bring you back to the Routing Actual per Pass 0.2367 in
Offset Dialog. Final Pass n

i i
*Choose parameters that are appropriate Final Pass Depih 00000
for your machine and material. *
16. Set the parameters for the Clean Tool. Twpe | Depth | Edt
Click in the Edit box for the Clean Tool. This will Fough o700 s
open the Cut Definition Dialog. Clear 07500 ¥ .. <
17. Enter these parameters. EH Pases =l
Passes =1 MHumber 1 :

. b aimum per Pazs 0.7500 : in
Width of cut =.02 &ctual per Pass 0.7500 in
Feed Rate = 100. Final Pass n
Plunge Rate = 50. Final Pazz Depth 0.0000 in

O widths (O]
Spindle Speed = 14000 width of cut 00200 A
Click Ok. Mumber of steps 1 :

] o ) ) b aimum ztep 0.2250 : in
Click OK again in the Routing Offset Dialog to Actual step 00200 i
process the toolpaths. S houlder? -

*Choose parameters that are appropriate for
your machine and material.*
7
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18. This image shows all of the toolpaths.

Note the added Routing Offset toolpaths around
the perimeter.

19. Using the Simulate Ortho Tool allows you to see
a rendered image of the toolpaths that you have
applied. This is a good way to see a preview of
the toolpaths. If you notice an unintended result
in the simulation piece, you can then correct it
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.
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Sim Options

20. Click on the Simulate Ortho Icon. & This will

open the Simulate Options Dialog. Resliion [10 2] & o76K8
Enter the Simulation Options: [ |

In this example we have set the resolution at S '
100dpi. The Selected color has been set to a blue Material Color

color, and the Cut color parameter has been set

to Use selected color. The simulation tolerance is o~ L oot ol o

v Use selected color

set at .0001.

" Use material colar

Click OK. This will bring up the Simulate Ortho
Dialog.

[T Use selected contours az mask

[T Save simulation az refisf

Simulation tolerance  |0.0007

DK|§

21. To set the cut order, click on the Order button to  |Simulate Ortho ]
open the dialog. 4« | 3 ‘ ‘ (3 | 3] | A Dore | 2% | & ‘ Creler |
Curent T ool Tool Lifts: 0
Current Depth: 0.0000 Taol Changes 0
22. The software determines the cutting order based  |Simulate Orthe
on a number of different parameters. You can 4« | 2 ‘ ‘ (2 | [ 3] | A Dore | @ |
read in detail about these parameters in the Cuent Took Tool Litts:
“Output to Machine” section in the EnRoute Current Depth: ~ 0.0000 Tool Changes : 0
manual. —
Clicking on the Priority button displays the NE lw Priory Qrder -] | Pricrity
Priority Order list: Tools, Strategy, Object, Pass, || 2 | suateay _ TodlOder |
and Layer. The order of the list determines how = _ SuseyOrdr |
EnRoute will calculate the order of the cut. In | 5 Layer _ ObiectOuder |
this example, the tool order will have top B i Iﬂﬂ
priority. [ Small parts first
[¥ Maintain grouping
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23. Click on the Tool Order button to open the Simulate Ortho
section that displays the order of the tools. In 4 | [ S ‘ ‘ bt | | 28 | A Doe | B | & ‘
this example the % “tool is listed first. All of the Current Took Taol Lifts: 0
toolpaths associated with this tool will come first Cunent Depth: 0,000 Tool Changss : 0
in the order of cut.
[ Tools | Use [-] Friority
L 1 [ 1/8" End Mill v
|| 2 14" End Ml v Tool Order

Strategy Order
Object Order

El
=~ bl
I Small parts firgt
V¥ Maintain grouping

24. If you wanted to change the order of the tools, Simulate Ortho =]
click on the row header on the left edge of the 4 | 2 ‘ ‘ bt | [ 3+] | A Done | B | & ‘ Close |
entry to select, (the row will highlight) then click Current T oot Tool Lifts: D
and drag the entry up or down by the header. Corei Dl CCOCE Vedl|Ciarezs 0

| Tools [ Use |J Pricrity
1| 1/8" End Mil ¥ l—
174" End Mil Tool Drder
__ StiateoyOrcer_|
Object Order

]
=1 PP
[ Small parts firgt
v Maintain grouping

25. The Strategy Order button allows you to decide Simulate Ortho

the order that you would like the strategies to « | 3 ‘ ‘ bt | 34 | & Dore | | & ‘
cut. Current Taol: Tool Lifts: 0
Current Depth: 0.0000 Tool Changes : 0
[ Strategies | Use |J Fricrity
L 1 | Hatch Fill v
| | 2 Offset (male) 3 _ Tooloder |

Strategy Order
Object Order

El
=~ jabal
I Small parts first
¥ Maintain grouping

26. Once you have made the changes to the order of Update Order
cut, click on the Update Order button.

10
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27.

28.

29.

30.

Click on the arrows to simulate the cut order.
There are several choices for the simulation.
Experiment with the different options to see the
results of the tool order.

Once you have established that the tool order is
the way you would like it, you can then output
the toolpaths. Click on the Output Option Icon.

icl This will open the Output Dialog.

The ordering changes that we just described can
be made here also. In this dialog, you can also
choose which toolpaths to output. Under “Which
toolpaths?” Choose either All Toolpaths or
Selected Toolpaths. More specific information
about selecting the Output parameters can be
found in the EnRoute manual in the “Output to
Machine” section.

At the bottom of the page, the Current driver is
listed.

If this is not the driver for your machine, click on
the Driver button to select the correct driver.
This will open the Machine Drivers Dialog. Click
on the Active Drivers button at the bottom right
to select the correct driver for your machine.
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Simulate Ortho =]
4 | 3 ‘ ‘ bt | [ o] | 4 Done i.?.’ | & ‘ Order |
Current Tool: Tool Lifts: 0
Current Depth: 0.0000 Tool Changes : 0
Output
| Friority Order |J | Prioiity =
b 1 Tool Ta Machine
|| 2 Suategy Taol Order
3. Objec __ StotegyOrder_|
4 Pass Cancel
— Object Order
5 | Layer
— E]
=l PP
[~ Small parts first
[¥ Maintain grouping
‘wihich toolpaths? F
Al toclpaths [+
Selected r
Depth All -
Orientation 0 deg. b
Copies 1 =
Huold autput I - Driver
Current driver: 30 Tranzform - Rarcs [JMartin30)
Machine Drivers =]
|Eunent Driver Precix - 9100 e LS
Cancel
| Items | Current Value | Uit -
Diriver Description
Drriver Parameters Open

=

ToalChanger

o]

Drrill B arik.

=

Diriver Speeds

o]

Drriver Units

=

Communication parameter

o]

Advanced Parameters

- L. Active Drivers
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31. The Set Active Drivers Dialog will open. Scroll e o
down the left side of the dialog until you locate enutachier petveDivers x|
) . . PaceH T . JMartindD - Rércs J
the correct driver. Double click to add it to the Pout - |Preck-9100 _ Coreel |
) . . PHNXG546 -
list of Active Drivers. FHNXGS48 -
Portatec =
Prelaser -

Path...
11100
13100 - J Remaove

Diriver Path: CAEnRouted_14%MDriversh
32. In the Active Drivers list, highlight the correct P B
dr|ver and CIle OK M anufacturers: Active Drivers: oK |
PaceH v« |JMartin3D - Rarcs =]
Feut - Frecix - 41 Cancel
PHMAGS48 -
PHMAGS48 -
Partatec =
Prelazer =
Precizon =
Precix -
PrecixTC - Path...
G-Kut -
G0neEnGrave - - J Remove

Diriver Path: CAEnRouted_14%MDriversh
33. Click Ok again in the Machine Drivers dialog. You  |Puteut &l
will then notice that the correct driver has been | EETRROE] = | — [ e
updated at the bottom of the output dialog. B T ol Order __ ToMachine |
| | rateqgy
3 Object Strategy Order
. . | 4 Pass . %
Once you have made the toolpath selection, click 5 Laver _ ObiestOcr |
. . — A
on the To File button. Select the file where you = Pl
want your toolpaths to be saved and Click OK. [+ Small parts fist
[¥ Maintain grouping
Which toolpaths? -
Al toclpaths [+
Selected r
Depth All -
Orientation 0 deg. -
Copies 1 =
Hold output - -
Current driver: Precix 9100 Servo Syztem - 9100 [Precis]
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