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About this manual

Each page in this manual follows a general layout of
three columns. Read left, to right, to the bottom of
each column, then move to the next.

Important keywords are bolded, values are
highlighted in red. Onimages, areas of interest
are highlighted with red arrows or squares/circles.
External links will precede a 7.

Table of contents

The table of contents can be found on the next
page. Chapter titles and sections are hyperlinked.
You can click on a chapter title or a section to
quickly navigate. You can click on the video »
button to watch the video for that chapter.

Click here to go to the table of
contents.
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Chapter cards

Clicking on chapter titles along the bottom bar will
also take you toits chapter card. The section titles
are hyperlinked, and to the right, corresponding
timestamps are hyperlinked for the accompanying
video for that chapter.

This manual was completed on July 28, 2021.

Click on a chapter to quickly go to its title card.

You can see the section you
are currently in.
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Basics 4

Typical Operations 6 -
Installing & Licensing 8 Skip to 0:10 7
The Ul 11 Skip to 2:00 7
Tools 14 Skip to 3:27 7
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Basics

Basics

A CNC Router moves a fast-spinning spindle and
toolin a number of axes (usually 3). Each axisis

controlled by an individual stepper or servo motor.

RhinoCAM is used to translate toolpaths into
directional instructions that the CNC machine can
understand.

To achieve complex motions, RhinoCAM instructs
the CNC machine to move multiple axes together,
each with its own speed and direction.

This manual will cover the AXYZ 4008 3-Axis CNC
Router, and the Roland MDX 540 4-Axis CNC Mill.
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Setting up a RhinoCAM Project

1. Choose your stock

What material and size are you cutting andis it
available in the shop? Often using a slightly larger
stock and cutting out your pieces with a profile cut
works best.

2. Reference your geometry

You will mostly use curves to define your toolpaths.

3. Pick your tool(s)

You can use this guide as a base to pick a tool, but it
may change depending on what'’s available.

4. Cut Depth/Cut Parameters

You can adjust this parameter to customize the
number of cuts you will use. The number of cuts you
choose depends on the material being cut.

5. Set your Feeds and Speeds

You can use the table provided in this guide as
a base to choose your feeds and speeds. These
values are heavily dependent on the material.

6. Simulate

You can see exactly what the CNC will do through
the simulation function. Using this feature, you will
see what your end result will look like, and if there
are any collisions you need to take care of.
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FAQ

1. Why did | get a pop up saying units are not
supported?

RhinoCAM will only work if your Rhino file units are
settoinches.

2. Can someone look over my file before |
submit?

TAs work every weeknight from 6-10 pm to run files
and help set up files. You can email
cnemilling@daniels.utoronto.ca to set up a time to
get feedback on your file before you submit.

3. When will | be scheduled to mill?

Once you have uploaded your file

to the FTP, and emailed
cnemilling@daniels.utoronto.ca with your
submission form, a TA will book you into the next
available slot that works with your schedule.

4. How long will my mill take?

Once everything is setup in your file, you can right-
click on your setup, and select “Information” to get
an estimation. Please note, you should add 40-60%
extra time to your estimation.

Basics

Notes

1.1t can take up to 1 week during busy times to mill
your file after you have submitted. Please plan
ahead.

2. The toolpaths are based on your geometry.
Having a clean model is critical to creating clean
toolpaths.

3. This manual does not cover every toolpath
available in RhinoCAM. If you are looking to create
more specific toolpaths, you can contact a TA.

4.1f you do not connect to the VPN while using
RhinoCAM, you will not be able to save your
toolpaths.
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Typical
O>|Ioperations

Typical Operations

Horizontal Roughing + Parallel
Finishing

Almost 95% of projects are these two
operations. It is used for creating
smooth 3D surfaces quickly by first
removing as much material with a
larger bit, then going back and forth
usually with a smaller bit to smooth
out the contours.
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Horizontal Roughing + Clear
Flats

This is often used for stepped
contour models. If you already have a
stepped contour model in Rhino, you
can use these two toolpaths to first
remove the bulk of material, then use
a smaller tool to finish the rest of the
flat areas.

Profiling

This toolpath is usually used to cut
out parts from a stock.

Profiling can also be used to clean up
vertical edges after operations, such
as the pocketing operation.

Engraving

This toolpath is often used to create
engraves into the stock, for example
to create roads or paths on a site
model.

Engraving can also be used to clean
up hard edges after a parallel finishing
operation.
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Typical Operations ctd.

Hole Pocketing

This toolpathis used to create
perfectly circular holes, which could
be used for inserting a dowel or screw
holes into your model.
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Pocketing

This toolpath is often used to create
inserts within a model. You can use
this toolpath for models that require

a plug.

4 Axis Milling

4 Axis operations allow the creation of
mills that would be impossible with 3
Axis milling, as it can rotate the stock
to mill all around the object.
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Installing & Licensing
Installing RhinoCAM

The RhinoCAM 2020 installer can be found by
navigating to the following folder in the FTP server:
Resources > RhinoCAM_2020

Note: You can follow this » guide to access the FTP
server.

Simply copy the installer to your computer,
open the installer, then follow the instructions to
complete the installation.

This installer works on both Rhino 6 and Rhino 7.

E RhinoCAM 2020 for Rhino 6.0 (64 Bit) Setup X

ecS
()| welcome to the RhinoCAM
2020 for Rhino 6.0 (64 Bit)
t Setup Wizard

The Setup Wizard will allow you to change the way
RhinoCAM 2020 for Rhino 6.0 (64 Bit) features are installed
on your computer or even to remove RhinoCAM 2020 for
Rhino 6.0 (64 Bit) from your computer, Click Mext” to
continue or "Cancel” to exit the Setup Wizard.

RhinoCAM 2020
= —
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Licensing RhinoCAM

Once installed, launch Rhino. Simply close the two
new pop-up windows that appear.

If the RhinoCAM 2020 Machining Browser does
not appear when Rhino loads, you can enter
“RhinoCAM2020” as a Rhino command to bring it
forward.

In the Machining Browser window, click on
“Preferences”, then navigate to the “Licensing” tab.

Check “Using LAN Daemon”, and set the following
values:

Daemon IP Address:  142.150.21.93
Daemon Port #: 16700
Daemon User Name: vlabs
Daemon Password: operator

Click “OK” to close this window.

Installing & Licensing

2 Rhina 7 Educational - [Top]

File Edit View Curve Suface 5ubD  Sclid Mesh Dimension Transform  Tools  Anz

Blocking plug-in SpeckleRhino2.
Blocking plug-in V-Ray for Rhino.
Command: |

Standard | CPlanes  SetView Display  Select  ViewportLayout Visibility  Transfc
NEES8T XD O~0 f-f@-ﬁﬁ@‘ﬁfﬁ,-ﬂ, “

RhinoCAM 2020 - Machining Browser
e &80

Program Simulate

o
4 3 Machine 8 Stock ~

{§} Preferences

W @ Post @ Align ~ Set CAM system
:ja' ©5 Setup T $=  Material ol\::rca“i-?sg- preferences
Machine Setup Stock
@,:: -1 Machining Job
- 38 Machine - 3 Axis
Preferences X
Geometry Proxy Server Settings
Features [ Using Prosy Server
Stock, Prozy [P Addiess
Cuttting Tools Prosy Part # a0 2

Feeds & Speeds
Prosy Uzer Mame
Machining

Prosy Password
Toolpath

Sirnulation LAM Daemon Settings [for Metwork Licenses|

9 Using L&N Daemon
Lzl Daemaon [P Address | 142.150.21.93
Draemon Port # 16700 =

D aemon User Name|\"|abs |

Uzer Interface

[raemon Pazsword |0perat0r |

Metwark Authentication Service Settings
[ Using Metwark, &uthentication
Service Server Settings
Server IP Address

Server Part # 16700 =

l

Cancel Apply Help
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Licensing RhinoCAM ctd.

Next, select “License” from the “RhinoCAM 2020”
dropdown in the menu bar.

You must be connected to the Daniels VPN while
completing this step. You can follow this » guide to
connect to the VPN.

For the Activation Code, enter “netseat”.
Click “Register”.

After waiting a few seconds, you will see a
confirmation.

Congratulations, you have successfully licensed
RhinoCAM 2020 for Rhino 7.

Please ensure that you are connected to the
Daniels VPN before launching, and while using
RhinoCAM, otherwise you will not be able to save
your toolpaths.

If you launched Rhino without first connecting to
the VPN, follow the steps on this page again to
license your RhinoCAM while Rhino is open.
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E Rhino 7 Educational
File Edit View Curve Surface SubD  Solid Mesh Dimension Transform  Tools  Analyze Render Panels

Vv

RhinoCAM 2020 Help

Command: _DocumentPropertiesPage (Lo A
Page to display <Render> ( Render PostEffects Mesh Units PageUnits Grid MNotes AnnotationStyles Engrave MetersArchi cation DocumentUserText v
Command: | ~ MILL =
Standard | CPlanes  SetView Display Select  Viewportlayout Visibility Transform  CurveTools St TURN ols MeshTools  Re» (53
; 21Me) T 2 () om MILL-TURN @
DeESTXDO~0 +L2 0020 H=«G.me a0, _ 11,0,
Profile-NEST
Speckle2 | VRay Lights  VRay Compact  VRay Rendering &
N G-CODE EDITOR
B Speckle | g BIM Elements It_'. Help 8 Resources
4 4
MESH
s RhinoCAM 2020 - Machining Browser Top |*
MNEST
Ll Program Simulate e Z -8 @ 4 = =
° o ART
4 3 Machine 8 Stock ~ P’
DN 5ot BB oAign - FreeMILL Material  Lin
2551 - = : Machini
Zl o Setup = Material On:rcat:g::;g' Check for Updates ... u Con
@ Machine Setup | License Dialog License ... @ oM Con
4 =) . . =l | Cor
B B IIL'.- Machi Web-site
4 3 M =l | Cor
D = b Help ... =l | Cor
.Dl‘ ;“‘ About ... =N Cor
Sl2EIr,
&
4
T,
%‘
@,
&
S
& RHNoCAM
'Ef:« MecSoft Corporation H
Mo Sort © Copyright 1998-2020 2020
»
£ >
End Near Poi To license your product, enter the Activation Code you were sent and select Register. E
A
> netzeat |
¢ “Your Carmputer 0 |&JGJBHKTGNDDRU2CFJCIQ |
i Fiegister i ! Fequest Activation Code ! | Fietry |
[ Clse || Hep |
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Manually loading RhinoCAM

Once RhinoCAM is installed, it will load every time
Rhino is launched. To load Rhino faster, you may
choose to only load RhinoCAM only when you wish
touseit.

Enter “Options” as a command. In the Rhino
Options window, navigate to Plug-ins > RhinoCAM
2020. Deselect RhinoCAM, and select “Ask to load
disabled plug-ins”.

Click “OK”.

Now when launching Rhino, you will be prompted to
load RhinoCAM:

Installing & Licensing

Rhino 7 Lead Plug-In

Do you want to load this plug-in?

Mame: RhinoCAM 2020 - The cutting edge CAM plug-in for Rhino 6.0
from MecSoft Corporation

File: C:\Program Files\Rhino &\Plug-ins\RhinoCAM 2020 for
R&\RhinoCAM 2020 For Rhinot.0.rhp

ld: 298f02bc-3538-4343-aca5-d6Gaaash78%b

Click "Yes™ to load the plug-in

Selecting “No” will prevent Rhino from
unnecessarily loading RhinoCAM. Select “Yes” when
you wish to use RhinoCAM.
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Teolbars
Updates and Statistics
View

&8 Rhino Options x
Do;r:::::i:;ospt:::ﬁ All Plug-ins ¥ || Search
Document User Text Name Loaded Enabled E .
Grid PLY - Polygon File Format E .
Hatch E5 PLY - Palygon File Format In RhinoCAM 2020 - The cutting edge
tioﬂc'it:i‘g:i Points Export CAM plug-in for Rhino .6.0 from
Mesh = Paints Impart M;c:::t:rr:::i:o“
Notes POV-Ray Bxport Veersion: Jun azupzn 02:51:57
Render 7 QuadRemesh
Units £ RAW Triangle Import L
:NEb Br?wser Raw Trangles Export eserpton:
Rhino Options
Advanced 7 RDK_EtoLl Yes
Alerter E Renderer Development Kt Yes {} Commands
Aliases E Renderer Development Kit L Yes RhinoCAM2020
E;flzrance Renderman Export
Files 7 Rhino Bonus Tools
General [ Rhino Labs Tools
ldle Processar @ Rhino Render fes
Keyboard )
Li?rraries O = File Types
Licenzes
Modeling Aids 7 RhinoCycles Yes
IMouse L PhinoScript Yes
Plug-ins 7 RhinoScript Editor
Sell:;i:;liﬂenu ® Romer Digiizer ~ | Ldetails -

Install...

Ask to load disabled plug-ns

A\

A
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The Ul

The RhinoCAM Ul consists of two main windows:
Machining Browser and Machining Objects. If you
do not see these windows when you launch Rhino,
click RhinoCAM2020 > Mill from the menu bar.

From the Machining Browser window, you can: edit
preferences, create/edit setups, set stock, select
operations, simulate, toggle visibility options.

Most of what you do will be in this window.
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RhinoCAM 2020 - Machining Browser

Program o g v dst @

Simulate

M Machine Ei Stock * o™ Work Zero Z A hxis - xE o

@ Post B nmign - =¥ 2Axis - (@ SAxis v g -
i3 Setup v ¥E Material | A 3 Axis Adv v gy Holes ~
Machine Setup Stock Machining Operations

& |, Machining Job
y Machine - 3 Axis
i3  Post - AbilitySystems

Stock - Mone
Fixtures - Mone

'-E Setup 1

B oo | o (B

RhinoCAM 2020 - Machining Objects

vﬂ Tools Gﬂegions %Features '%E K-Bases
T30 ar Y ey

=] A
1 Long 125 Flat (MDF)

2 Short 125 Flat [MDF)
3 Long .25 Flat [MDF)

4 Short .25 Flat [MOF)

5 Long 375 Flat (MDF)
£ Short 375 Flat [MDF)
7 Long .5 Flat (MDF)

8 Medium .5 Flat [MDF)
9 Short .5 Flat [MDF)
10Long 125 Ball (MDF)
11 Short .125 Ball [MDF)
12 Long .25 Ball [MDF)
13 Short .25 Ball (MDF) v

O X {0 A IO I IO X I

Mo Sert v ”ﬂ, H ¢

The Ul

From the Machining Objects window, you can:
load/edit tools, select machining regions, add
custom bridge points using regions.

If you do not see this window, click on the
Machining Objects toggle button shown on the
next page.
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The Ul

Machining Objects toggle RhinoCAM preferences
Rhi&AM 2020 - Machining Browser 4'
Modules - : e
Keep this set to MILL M||_|. Pragram Simulate s ﬁ @

a8 Machine Ii:i Stock = o™ Work Zero Fi 4 hxis v|® -
@ Post B mign ~ |=F 24xs v gl Holes ¥ | &— Toolpaths/Operations
S Setup ¥ Material |Af 3 Axis Adv v 3 -
Machine Setup Stock Machining Operations

=, Machining Job
W Machine - 3 Axis €&— Machine type
iy Post - AbilitySystems €= Post processor

g Stock - Part Box Stock €= Stock

Fixtures - Mone

Setup 1
'E’_',u Horizontal Roughing

[___,l 2 1/2 Axis Profiling

Needs to be regenerated

Operations/Toolpaths

Visibility toggles = 635?
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Load tool library

F‘.hinoIAM 2020 - Machining Objects
rg Téls Gﬂeginns %Features %ﬁ K-Bases
7 [eatleor o1 7] et ™7

= L Unload all tools
1 Long 125 Flat [MOF)

2 Short 125 Flat (MDF)
3 Long .25 Flat [MDF)

4 Short .25 Flat [MDF)

5 Long .375 Flat [MDF)

E Short 375 Flat (MOF)
¥ Long .5 Flat [MOF]

8 Mediurn .5 Flat [MDF)
9 Short .5 Flat [MDF)

|_ Harizontal Raoughing
10 Long 125 Ball [MDF)
11 Short 125 Ball (MDF)
12 Long .25 Ball [MDF)
13 Short .25 Ball [MDF)
14 Long .375 Ball [MDF)
15 Short 375 Ball (MDF)
16 Long .5 Ball [MDF)

17 Medium .5 Ball (MDF)
18 Short .5 Ball [MDF)
19 Medium .75 Ball [MDF)

Sort/filter tools —)| Sort by Tool Numb: ~ 3, 1

m

Lists the operations this tool is
used in

Eﬂﬁﬁﬁﬁﬂﬁﬁﬁl
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Tools

There are three main forms of tools/bits/endmills.

Tools of the same form are usually available in
various different diameters. A larger tool can
remove material faster, but cannot get into the
nooks and crannies.

Try not to use the smallest tool for your entire
operation. Instead, use larger tools for roughing,
then use a smaller tool for finishing up. This will
save you time, and prolong tool life.

You can find several tool libraries for milling in the
following Daniels FTP server directory:
Groups > CNC Milling > Tools

Download them to your computer so you can
reference them in RhinoCAM.

Tool libraries are arranged by material type. Only
import tools appropriate for the material you will
be working with.
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Flat/Square Ball-nose
Used for flat surface Used mainly for 3D
finishes, pocketing, profiling, toolpaths which produce
and toolpaths that require smooth 3D surfaces.

90° bottom corners.

Tools

Chamfer/V-bit

Can be used for V-caving,
or for creating chamfered
edges.
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Tools ctd.

To load tools, in the Machining Objects window,
click on the “Load Tool Library” button.

RhinoCAM 2020 - Machining Browser
MILL iﬂ Program Simulate

M Machine ﬁ Stack ~ o™ Work Zero Fi 4 huis v B -
B mign ~ ¥ 2mxis - gy Holes -

Setup v | §= Material | AL 3 AwisAdv T 3§ v

iz Post

Machine Setup Stock Machining Operations

o &0

= Machining Job
y Machine - 3 Axis
22 Post - AbilitySystems
ﬁﬂ Stock - Part Box Stock

@ Fixtures - Mone
%

B sk la | o 68 sk

RhinoCAM 2020 - Machining Objects

fy Top C}Regions %Featurez Ho K-Bases

Ma Sort L +%+ _f
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When presented with the open file dialog window,
ensure the file typeis set to “.csv”

Then navigate to Groups > CNC Milling > Tools on
the FTP server.

Select the Tool Library you want to import for your
project, then click “Open”.

Only load the tools appropriate for your material.

¥ Open
« v 4 B « CNCMilling » Tools
Organize ~

Acrylic Tool Library.csv
Grey Foam Tool Library.csv

MDF Tool Library.csv

ROLAND TOOL LIBRA
ol Library.csv
VEngraving.csv

White Foam Too

-
-
-
3
-
3 -
-
-

The tools will be imported to your project.

The number to the left of each tool is the tool
number. The CNC machine uses this number to
guide the auto tool changes.

You can unload tools to load in a different library by
using the “Unload Tools” button.

RhinoCAM 2020 - Machining Objects

_rg Tools C:?Rr:ginw % Features [3 K-Bases
I N D
=1 A
1 Lang 125 Flat [MDF)
& 25hot 125 Flat MDF)
3 Long .25 Flat (MDF]
£ 45hont 25 Flat MDF)
£ 5Lona 375 Flat MDF)
& & 5hot 375 Flat (MDF)
7 Long .5 Flat [MDF]

-

-

-

-

-
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Creating your own tools
You can create your own tools or edit existing tools
by inputting the correct tool measurements into

RhinoCAM.

To create your own tool, in the Machining Objects
browser, click on the “Create/Edit Tools” button.

This will bring up the Create/Select Tool window.

RhinoCAM 2020 - Machining Objects

wTools GRegions %Features E K-Bases
7| & Gr Gt vl el "y

.q
B e
1 Long . 125 Flat [MDF)

2 Shart 125 Flat (MDF)
3Long .25 Flat (MOF)
4 Short . 25 Flat (MDF)
5 Long . 375 Flat (MDF)
E Shart . 375 Flat [MDF)
7 Long .5 Flat (MDF)
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In this window, start by entering a new name for

the tool.

Then, enter all of the appropriate information, such
as the Shank Diameter, Tool Length, Shoulder
Length, Flute Length, and Tool Diameter. The tool
preview will update as the values are entered.

Ontheright, enter the Number of Flutes, and a
unique Tool Number that is not used by any other
tools in your current setup. The machine uses the
tool number as reference when picking up tools via
ATC (Automatic Tool Change).

Tools

You can optionally enter the preferred Feeds &
Speeds for this tool in the appropriate tab. This will
be covered in the next chapter.

To save the tool, click “Save as New Tool”. Note
that it will not be clickable until you enter a new tool
Name.

Then click “OK”.

You can now use your newly created toolin
machining operations.

Create/Select Tool

g g/gvVedegRLILYO=BVNEREY

Tools in Session

10 Long 125 Bal (MDF]
11 Shart .125 Bal MDF]
12 Long .25 Ball [MDF)
13 Shart .25 Ball (MDF]
14 Long . 375 Bal (MDF]
15 Shart .375 Bal (MDF)
16 Long .5 Bal [MDF]

17 Medium .5 Bal MDF]
18 Shart 5 Ball [MDF)

19 Medium .75 Ball [MDF)

Haolder Taper |/ Properties  Feeds & Speeds
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Setting Up

Setting Up

Setting up your file & Document Froperties X
To begin, export only what you want to cut as a Docurment User Text a| it and boleances
separate Rhino file, then open it. Unnecessary Grid
geometry may lead to errorsin your toolpaths. Hatch Maode| units: ||r-c|'"==- =
i 0.01

. . . - 3 Absoluts tol : |0 it
1. Your file units must be in inches. Enter “Units” as st s e =
a command to bring this window forward. ::'1:,:1‘ Angle tolerance: 1.0 degrees

» ) » Render

2. Your CPlane must be set to “World Top”. Enter e Ulemibe

“NamedCPlane” as a command to bring this
window forward.

For 2D operations, ensure your control geometry 3 Mamed CPlanes

lies on the top surface of your stock. B XPR=~AvQ
For 3D operations, ensure your 3D model is entirely Named CPlanes

within the stock, and as close to the top surface B “word Top®

of the stock as possible. This will ensure the CNC B “World Front®

router has to remove the least amount of material B “World Right*

to reach your model.

You are now ready to define the stock.
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Defining your stock

Enter “Box” as a Rhino command, then type “0” to
start a box at the origin. Then, enter the X, Y, and Z
dimensions of your stock. Press enter to finish the
command to create your stock in Rhino.

Dimension your stock in Rhino as accurately as
possible to your physical stock. It is especially
important to know the thickness of your stock in
order to cut entirely through it without cutting into
the spoilboard or stopping short of the bottom of
the stock.

Ensure the bottom left corner of your stock is at
the world/machine origin as shown.

With the Rhino stock selected, right-click Stock
and set “Stock from Selection” in the Machining
Browser window.

Create a layer for your Rhino stock, then hide it
after you have defined your stock in RhinoCAM.

You may see a ghosted view of your stock that you
cannot select. This is the RhinoCAM representation
of your stock, you can toggle it via the visibility bar.

If you do not hide your Rhino stock, it may yield
unintended results from your toolpaths, especially
in 3D operations.

Again, for 2D operations, ensure your control
geometry is on the top surface of your stock.
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E 3D _operations.3dm (1 ME] - Rhine 7 Educaticnal - [Perspective
Eile Edit View Curve 5Surface SubD Solid Mesh Dirr

First corner of base [ Diagonal 3Point Vertical Center): 0
Other corner of base or length { 3Point )
ICumm.Ild: Box

RhinoCAM 2020 - Machining Browser

MILL[JB] Progrer | Simulat & & ~ & @
W Machine & Stock

i Post B aign -

|51 = = 2 Machinin
I8 Setup = Material memmgv

Machine Setup Stock
El EE Machining Job
-3 Machine - 3 Axis
%5 Post - AbilitySystems

! 2 il Box Stock
B Setup1 Part Box Stock

Cylinder Stock
Part Cylinder Stock
Part Offset

Extruded Stock

% Stock from selection

Export Stock as STL

Delete Stock
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Regions

After you have defined your stock, you can
optionally define your control geometry as
“Regions”.

Thisis an optional step because you can select
control geometry directly from the Control
Geometry tab of every operation.

The Regions tabis located in the “Machining
Objects” window, beside the Tools tab.

Instead of having to repeatedly select curves for
each of our operations, you can define regions to
then quickly select for the appropriate toolpath.

You can also change the direction of the toolpath,
change the starting point (profile and engrave
only), and add custom bridge points via regions.

Region Sets can be used to group multiple regions
to select them together. You can drag and drop
regions into Region Sets to better organize your
regions.

When working on toolpaths, switch to the Tools tab
in order to hide region preview in your viewport.

There are 3 ways to select regions for your
toolpaths. We will cover them in the next pages.
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Regions

Regions tab

10 Tools [G Regn:rm| Pyreatuces T KoBoses
Add Region Set |@ @l |E Q G @ @

T T

Selecting Setting . Bridge
Regions Start/Direction Tools

Select curves, select surface edges, flat area selection filters, select flat areas

tlr Tools [ n:ni| %Fear.ure:. :1 K-Bazsc

@GE@%@@EBG@@

B
11 (g Stepped Model
f {3 model footprint
1 @3 Machining Regions Set 3
i €3 Flat frea Region 11
. {3 Fat Area Region 12
E| @smmﬂm
- {§ Flat Area Region 7
% SurfaceEdge Machining Pegion &
-~ f§ Flat Area Region 8

FABRICATION Introduction / Getting Started / 2D Toolpaths / 3D Toolpaths / 4D Toolpaths / Submitting / Troubleshooting 20



Regions ctd.

1. Selecting Curves

This selection tool allows you to exclusively select
any Rhino curves. It is useful for Profile and Engrave
toolpaths as it enables custom bridges.

2. Selecting Surface Edges

This selection is useful for selecting boundaries of
curved 3D surfaces.

DIGITAL
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Regions

Riing Viewzort -

3. Selecting Flat Surface Edges

This tool makes it easy to select both internal and
external boundaries of flat surfaces automatically.

Before selecting surfaces, ensure the Flat Area
Selection Filters are set up correctly.

Specify Flat Areas selection filters x

Flat frea Region Selection Filkers . .
No selection filters

lgnore outer most region
D g d Rhine Viewgon -

[ Iamare all inner regions

[J Pick anly Circlesféics

Diameter Fange Filker

[ Uze diameter filter

Firimum Diarmeter:

L]
Fd awirnum Diameter:

Ignore outer most region

| Ok || Cancel || Help | Rhina Viewgor H

In general, use Select Curves for 2D curves, and
Select Surface Edges for 3D models.

Ignore all inner regions



Regions

Custom bridge points Using regions in toolpaths

The Regions feature also allows you to add or edit custom bridge points on selected regions. Once Regions are setup, you can pick them when
creating a new operation/toolpath.

Bridges are useful in holding your piece to the larger stock when profiling. Pieces that become dislodged
during milling may become damaged, or damage the machine.

21/2 duwis Pocksting b

Cut Farameber: | Cuflevel:  Pockefing EniwErt  Adwanced CutParameters  Sating
You can also set the startpoint used by profiling and engraving operations, as well as the cut direction. i Too | FoetibSposds | Chatenos Fane

PakAegore Awod Fegions  Stert Fonkz

B Selected Wachining Fegianis]

Change Auto Clear 1 Ousdeawee
Star Brld e _A“ I 12 Inaide curee
Point Poin s_B.H.d.g.e.S—
| [gn

RhincCAM 2020 - Machining I]'I:pn:l:

“Q Tools |G Regu:rlsl %keature; % K- Eage;l, : 3
| Select predefined Machining Regioniz) n
eGaEule R @ | g
| ] | L 2 £ @3 Hole Pocketing
= L_l "E‘d‘li‘g “-Egl‘“ﬁ T T T E Mo Up ||ﬁ Move Do G CurveAegion 1
. — S @ Cuneegon:
= % I-I'd'E Pm"g 3: d = ||xH = [} CurvrﬂziDHB
H Sedect ClrveEdoa Region: : .
- H ‘I i E;Emlnpﬂ
n l.__.IJF'."E H.Eglﬂ-l'l 1 -I-Coggle '\éagual BEglt 3 Select Suface B curdeny £ %
1 urve ri ri e ezt Flat Alea Regione: side cunie
@ CunveRegion2  00¥S,  Bomde  Poinis i ._)|z e g .
N = =hre =gon:
¥ CurveRegion3
Generche Carc

Coee || Heb
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Simulating

Switching to the Simulate tab allows simulation and
playback of the established milling operations. You
can come back to this section after you have set up
your toolpaths in the next chapters.

The slider in the options column of the Simulate
tab allows you to control simulation speed. You can
deselect “Simulate by Moves” to further slow down
your simulation. At any point, you can Stop, then
click To End to see the end result. Step allows you
to run through the simulation step by step.

RhinoCAM 2020 - Machining Browser

MILLIW Program Simulate & g |
@ Preferences Ei Stock * @ Step Levels g Stop
" 3| Play [ Toknd 8 Compare
[ Simulate by Moves Ql Step ﬂ Pause
Cptions Sirmulate
= | Machining Job
Machine - 3 Axis
Post - AbilitySystems
Stock - Stock from Selection
Fixtures - None
‘% Setup 1
88 @ P BT | o -

The visibility bar has additional toggles while in this
tab. You can toggle: your part, your stock, toolpath
previews, tool visibility, holder visibility.
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Click the gearicon to go open the preferences
window. Under Simulation, you can switch between
“Voxel Model” and “Polygonal Model”. The Polygonal
Modelis more accurate, but slower to compute.

Under Simulation Accuracy, you can adjust the
simulation accuracy using the slider. A more
accurate simulation will take longer to compute,
and may produce a choppy simulation.

Onlarger models with a lot of complexity, using a
Voxel Model with standard accuracy and reducing
Maximum Display Interval can speed up the
simulation playback.

Preferences X
Geometry i lating Bode
Features (®orel Model (O Polygonal Modsl
Stack Simulation bode
Cutting Toals (O Simulate By Moves (®) Simulate By Distance
Feeds & Speeds
Min . Max
tachining . .
td awirnurmn Dizplay [nterval -IZI
Taclpath [# of Moves/Distance): EI
£ e
User Interface Standard Medium Fihe
Licenzing

[ Use Specified Spacing for Voxel Model — 0.01 =

Stock Model Simulation Display Transparency

Opaque Tranzparent

Femoval OF Remnants

[] Remove Remnants During Simulation
Additional Options

Stop simulation on erar

Dizable advanced OpenGL

¥

I Ok I | Cancel | Apply

You can select “Simulate Until” on any toolpath
toinstatly run through all toolpaths before it and

present you the final result.

RhinoCAM 2020 - Machining Browser

MILL || Prograr| Simulat @ G

Simulating

-89

“ hachine ﬂ Stock =
& Post E Align =
3 Setup ™ = Material

Iachine Sctup Stock

"] a:hinlng
Operations ™

& | Machining Job
M Machine - 3 Axis
iz Past- AXYZ 4008 HSD

Foitures - None
ﬁ S?tup 1
i3} Hele Pocketing

H
[+
e

jig i ipdip iy

] 2 142 Axis Profiling
- |

W [ Setup?

H ' ¥

2 Stock - Stock from Selection

2 1/2 Axis Pocketing
2 142 Axis Pocketing
2142 Axis Pocketing

915ES

Regenerate
Post

Simulate

Simulate Until

b

7 -

B & o |f Bl -2

RhinoCAM 2020 - Machinir f}

"mJ Tools Gﬂtginns

B 12Lang 25841

Sortby Diameter  * |8, "||j-‘

?mmmw%p
% B

Information
Edit
Rename

Suppress

Gmvs bo Enowledge Basze
Save As Defaults

Progerties
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Toolpath preview

You can always preview your toolpaths by first
selecting the toolpath in the Machining Browser
window, then ensuring “toolpath visibility” is
toggled onin the visibility bar below.

The toolpath preview allows you to see every
movement of the tool in the selected toolpath.

It can be useful in quickly identifying issues with
your toolpath, such as not enough stepdown levels,
or incorrect control geometry selection.

RhinoCAM 2020 - Machining Browsar
MllL Program Simulate @ g &8
B Machine () Scock ~ o WorkZero 25 4Awis v Bu v
& Post B8 rign - 2 2mis - gy Holes -
[ Setup | IS Material Al 3AxisAdv - 3 -

Machine Setup Stock

= Machining lob
, Machine - 3 dxis
-85 Post - AXYZ 4008 HSD 91565
Stock - Stock from Selection
3 Fuctures - Hone
2[4 Setup 1

[} HolePocketing

= |___—,| Engranang

Machining Opsrations

[ Engrsving
<[] 2772 Asis Pocksting
<[] 2712 s Pocketing
1) 27172 Axis Pocksting
] - 12 Axis Profiling
[T 2772 s Profiling
E] Engraving
[ Engraving

[ = I B B < = B

82 sF

%

o o B[sk |
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The line colours in toolpath preview have meaning.

lines are where the tool enters the stock.

Simulating

Cyan curves are linear cut moves. They are mostly
used for straight moves, but can be broken up to
approximate curved moves.

Red vertical lines are where the tool exits the stock, Blue curves are arc cut moves.

Red horizontal lines are transfer moves that show
the tool heading to its next entry location.

Magenta curves are where the tool begins cutting
into the stock. They may appear as spirals, or
ramps along a path as set in the Entry/Exit tab of
the toolpath.
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Feeds & Speeds

For every operation the Feeds & Speeds of the
machine need to be set. The speed is how fast the
tool spins within the spindle, the feed is how fast
the tool moves into the stock.

The speeds and feeds are dependent on the
operation you are performing and what material
you are using. The chart below outlines the speeds
and feeds for each operation and material.

They can be set under the Feeds & Speeds tab of
each operation and example of this is to the right.

You can use the chart on the next two pages as
reference when setting Feeds & Speeds for your
toolpaths.
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A TA will finalize your Feeds & Speeds.
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Feeds & Speeds

MDF Plywood Solid Softwood Solid Hardwood
Roughing | Finishing Profiling Roughing | Finishing Profiling Roughing | Finishing Profiling Roughing | Finishing Profiling
®
o 16000 RPM 16000 RPM 16000 RPM 18000 RPM
(D)
[2)
8 300 300 120 150 175 125 250 150 125 120 150 100
& in/min in/min in/min in/min in/min in/min in/min in/min in/min in/min in/min in/min
0 S X
e C -
S ks T ) O % ke A IS S ] IS © )
- ol ol 0 03e | 0Sg 0 ol ol 0 ol ol =
2 S S S S5 S50 | 25 | 98 S S S S S8 G S S S8
g o & o & e | ©ES | w3E o o 2 o £ o & o € o £ o
5 o o e ® I 0 @ T 0
(%) o ©
(T T
8
=
ge]
o P -
7
8., % £ 75% 25% 50% 50% 25% 50% 50% 25% 50% 25% 25% 25%
o0 ©
3§o
-
(%)
B
*Chipbreaker bits will leave
serration marks on your vertical
surfaces. **Compression bits
decrease the chance of plywood
layer delamination during milling.
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White Foam White Foam . .
. e High Density Foam
(gray bits) (gold bits)
Roughing | Finishing Profiling Roughing | Finishing Profiling Roughing | Finishing Profiling
®
o 16000 RPM 6000 RPM 16000 RPM
%)
[2)
8 200 100 25 200 100 25 500 300 200
& in/min in/min in/min in/min in/min in/min in/min in/min in/min
“®
8 N E 2 E 2 N E 2 E 2 - E H 5 8
= ol oL o ol oL o ol oL o
Q c © o o oG o ©° © o S c ©° < o °w
) = 8 O N NTE 1O x O T
2 o g o 2 io - o g o 2 io - o g o g ot
= © g o9 o) © o S 9 o © 0 S o o
3 o o o o o o
(%)
8
=
25 5
2 SD
8., % £ 100% 100% 100% 100% 100% 100% 100% 100% 100%
=) [
» g°
-
(%)
32
Note: White Foam stepover for *Gold bits are longer, but are more
Parallel / Horizontal / Spiral fragile
Finishing can be set to:
10-25% for smooth (slower)
80-100% for scallops (faster)
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Creating Toolpaths

For most projects, you will be doing one or more
roughing passes, followed by one or more finishing
passes.

A roughing pass will use the largest allowable bit
to remove as much material as fast as possible.
Finishing passes will generally use a smaller bit to
remove little material, at a slower pace to “finish”
your part.

When you select a toolpath from either the 2 Axis,

3 Axis, or 4 Axis drop-down, a new window will open
where you can set up the toolpath. This window
has several tabs such as Control Geometry, Tool,
Feeds & Speeds, Clearance Plane, Cut Parameters,
Cut Levels, Engage/Retract, Advanced Cut
Parameters, and more.

Once the tabs are setup according to this guide,
you can click “Generate”, and the toolpath will get
added to your project.
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2D Toolpaths

What are 2D Toolpaths
Common 2D Settings
Hole Pocketing
Pocketing

Profiling

Engraving
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What are 2D
Toolpaths

2D Toolpaths still cause the machine to move in
three dimensions. However, 2D toolpaths only cut
while moving in a maximum of two dimensions,
whereas 3D toolpaths can cut while moving in the x,
y, and z directions simultaneously.

There are two exceptions to this: V-Carve, and
Engrave (if given non planar curves), though we will
not cover them in detail in this manual.

You can select 2D toolpaths from the 2 Axis drop-
down under the Program tab of the Machine
Browser window.

In this manual, we will be covering Hole Pocketing,
Pocketing, Profiling, and Engraving.
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What are 2D Toolpaths
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Common 2D Settings

In this section, we will cover some tabs that are
common across all basic 2D Toolpaths. Tabs
not covered in this section will be covered in the
individual toolpath sections.

When you select a toolpath, you will be greeted with
the toolpath setup window as seen on the right.

When setting up a new toolpath, always go through
every tab, evenif you are not changing anything in
that particular tab.

Cut Parameters and Cut Levels are usually the
settings you will spend most time tweaking. We will
cover these tabs in the individual toolpath pages
as the settings under these tabs change with the
toolpath.
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Control Geometry

This is always the first tab you need to setup when
creating a new toolpath. First, select your control
geometry, either directly by selecting the Curve/
Edge Regions, or using Pre-Defined Regions.

Any control geometries you select will appear in the
Part Regions list.

21/2 Axis Pocketing X

Cut Parameters  CutLevels  Pocketing Entry/Exit  Advanced Cut Parameters  Sorting

Control Geometry Toaal Feeds & Speeds Clearance Plane

Part Regions  Avoid Regions  Start Paints

#t  Selected Machining Region(s]
1 DriveRegion 1

Fart Start Point \
Regions

-, Avoid
Region

< >

| Move Up id Move Down

¥ Remove sl | 2 Remove Active

I R; Select Curve/Edge Regions I
Rg Select Suface Boundary
% Select Flat Area Regions
I % Select Pre-Defined Regions I
Generate | | Cancel | | Save | | Help

Common 2D Settings

Tool

In this tab, you can pick the tool for this operation.
You can preview the selected tool by clicking
“Preview Tool”.

2 1/2 Axis Pocketing x

Cut Parameters  CutLevels  Pocketing Entry/Exit Advanced Cut Parameters  Sorting

Contral Geometmy Toal Feeds & Speeds Clearance Plane
[ Tools B Tool Geometry
------- s 4 1 Long 125 Flat (MOF) Diameter 0.125
Corner Radius |0

------- u 2 Short 125 Flat (MDF)

....... & 11 Shart 125 Ball MDF) foper -
....... & 10Long 125841 MDF) I:::gle .
roperties

....... & 2Long 25 Flat (MDF) .

Tool Name 1 Leng .125 Flat
....... £1 4 short 25 Flat MDF) :

Tool # 1
....... & 13 5hart 25 84l MDF) £ of Flutes 2

....... & 12 Long .25 Ball (MDF)
....... & 14 Long 375 Ball MDF)
....... & 15 Short 375 Ball MDF)

Cutcom Registe 0
Adjust Register |0

Z-Offset 0
------- & 65hat 375 Flat MDF) Material CARBIDE
....... & 5Long 375 Flat (MOF) Coolant Mone
------- £ 5Medium 5 Flst MDF) Comments

------- &4 7 Lona 5 Flat MDF) O Feeds & Speeds

....... u 16 Long .5 Ball (MDF]
....... & 17 Medium 5 Ball (MDF)
....... & 18 Shott 5 Ball MDF)
....... &4 9 5hort 5 Flat MDF)
------- & 19 Medium .75 Ball MDF)

Spindle Speed | 18000
Feed Rate 250

| Edt/Create/Select Tool . |

| Preview Tool |

Generate | | Cancel | | Save | | Help
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Common 2D Settings ctd.

Feeds & Speeds

Set your feeds and speeds according to the
material, type of operation, and tool you selected.

Refer to the Feeds & Speeds table.

21/2 Axis Pocketing

Cut Parameters  Cut Level:  Pocketing Entr/Exit Advanced Cut Parameters  Sorting
Contral Geometry Tool Feeds & Speeds Clearance Plane

Spindle Parameters
| speed | 16000 @ reM |

Diirection ®cw  Qoow

Feed Rates

Plunge [Ff] indmin
Approach (4f) | 300 % indmin
Ergage [Ef] 300 % in/min
CutCH) 0 L2 inmin
Retact(Rf (300 |2 in/min
Departure (D | 300 % indmin

Transfer [T (@) Use Rapid () Set

29334 ﬂ inmin

Feed Rate Reduction Factors Coolant
Plunge between levels 100 % 4
First 3 pazs -

Bottomn Z Level

X

Common 2D Settings

Clearance Plane Clearance Plane ctd.

Leave the Clearance Plane tab as is. When in the Clearance Plane tab, you will be able to
see a preview of the clearance plane inred.

It defines a safe plane above the stock on which

the tool expects to travel without obstruction. It If you do not see this red preview, ensure there are

will be automatically calculated using the topmost no rogue geometries in your file above your model.

geometry in your file.

21/2 Axis Pocketing X

Cut Parameters  CutLevels  Pocketing Entry/Exit  Advanced Cut Parameters  Sorting
Contral Geometry Toal Feeds & Speeds Clearance Plane

Clearance Plane Defirition

rstock Max Z

(®) Automnatic

(O Part Max Z + Dist 0.25 Z|
(O Stock MaxZ + Dist | 0.25 3
O sbsaluteZValue 025 ﬂ

[ lgnore 'wireframe Geometry in Bounds Computation

Cut Transfer Method

() Skim ! Clearance Plane !
Skim Clearance [C] 0 ZI

(®) Clearance Plane

Generate I | Cancel | | Save | | Help

Load from Tool | | Load from File ... |
| Generate | | Cancel | | Save || Help
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Sorting

Always set Sorting to “Minimum Distance Sort”
when you have multiple control geometries. This
will speed up toolpaths that need to move between
many entry points.

2 1/2 Axis Pocketing s
Control Geometry Tool Feeds & Speeds Clearance Plane

Cut Parameters  Cut Levels  Pocketing Entry/Exit  Advanced Cut Parameters  Sorting

(O Mo Sart (@) Minimum Distance Sart (O Directional Sort

Minimum Distance Sort I
Start Pairt

(O Upper Left (O Upper Right
(® Lower Left (O Lower Right

Directional Sart
Frimary Sort Direction [P)

Start Angle &) U = ‘

Secondary Sort Direction [S]

Laws ko High High ta Law Start End
Paint Point
Traversal Pattem
Zig ZigZag

Cancel Save Help

Common 2D Settings ctd.

Advanced Cut Parameters

You can leave this tab asis.

Control Geometry Tool Feeds & Speeds Clearance Plane
Cut Parameters  CutLevels  Pocketing Entrg/Exit Advanced Cut Parameters  Sarting

-\\Gr r
\

Cut Cormer Rounding Options
[ Perfarm Cut R ounding

< N T
Founding Radius 1] 01 =
N

Cut &rc Fitting e —
Perform &rc Fitting /‘\,t-

Fitting Tolerance [t] 0.0 : |
Smoath Cut Transitions

[T Use Smaoth Cut Connections | |

Generate Cancel Save Help

2 1/2 Axis Pocketing x
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Common 2D Settings

Entry/Exit

This tab defines how the tool enters the stock, and
leaves it.

Always set entry motions to “Path”. Always set exit
motions to “None” if possible, otherwise use the
default.

You can adjust the Length, Angle, and Height of the
engage/retract motions as needed.

2 1/2 Axis Pocketing d

Control Geometry Tool Feeds & Speeds Clearance Flane
Cut Parameters  Cut Lewels  Pocketing Entre/Exit Advanced Cut Parameters  Sorting
Entry Motions
Approach Motion
Length(L] (0025 [
Engage Motion
@ Path  Angle (4] |10
O Linear  Height (H)|0.05
Distance D] 0.05
OHelix  Radius(R) 0.0525

E it Motions

Retract Motion Rapid +

(® Linear  Length [L] =
Angle [4] |45 z Departure
: K

ES
(O Radial Radius [R] 0 DT /f\L
e
A

7\

Departure Mation Retract

Wertical Dist (D), [0.025 |5

)

[ Apply entry/exit at all cut levels

Cancel Save Help
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Hole Pocketing

Hole Pocketing

This operation will mill circular holes in your stock.

You can select closed circular curves, or points as
your control geometry. Curves that are not circular,
or not closed cannot be used with Hole Pocketing.

Circles with diameters less than or equal to
the tool diameter will also not be milled via this
operation.

To set up all other tabs not shown in this section,
refer to the Common 2D Settings section.

B B O "

Roughing  Facing  Pocketing  profiling  Roughing

T 1T e %

WSCaming  Engraming Slofling  Charmering  Filleling

s 9 V¥

Hole Hale Threar : krnife
Fockating | Profiling milling  T-Sioting Cifing
m
Fa- ,I l
W Echining -
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Hole Pocketing

Hole pocketing ctd. Cut Parameters
Select your geometry. You can select closed Ensure your control geometry is on the top surface
circular curves, or even points. You will assign of your stock. When Location of Cut Geometry is Hole Pocketing X
diameters to these points later. set to “At Top”, RhinoCAM will start cutting from
where the control geometry is, and finish cutting 5 E°”"°'Fﬁe°’“e"” i tT°°' - KEEMSDE‘;“{
EArance rFlang Ul Farameters Rty el arting

below it with the depth you set.

Global Parameters

Set your Hole Depth. If you want to mill all the way Tolerance ] [0001 |2
through your stock, Hole Depth should equal your

Location of Cut Geometry

stock thickness. @atTop O A Battom
OFickTap |0 g
You can set Hole Diameter for any points you have Hole Depth (H]
selected as your control geometry. The toolpath —> [ EF
will replace any points you have selected with holes [ Determine using 30 model
of the diameter set here. Hale Diameter (D)
ﬁ Far points : %
Stepdown controls how deep the tool goes into the 4 For arcs, use arc diameter
stock at each cut level. Going too deep in one go Cut Direction
may cause too much resistance on the tool, and @® Climb (Down Cuting) O Conventiona (Up Cuting]
cause it to break. Set the Stepdown according to Stepdown Distance [(42] | [ Stepover Ditance 3]
the Feeds & Speeds table. — OxToobianeta = ©%Toolbismeter [5 7]
(®) Distance % () Distance 0.125 =
Select “Do cleanup pass at each Z level”. O Number of Levels |5 =

q [ Do cleanup pass at each Z Level
Ensure you have setup all other tabs according to
the Common 2D Settings section.

Click “Generate”.

I Generate I | Cancel | | Save | | Help
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Drilling small holes

Cut Parameters

The Hole pocketing operation cannot pocket holes
smaller than or equal to the tool diameter.

A work-around is to use the Engrave operation to
centermark the hole for later drilling using a hand-
held drill.

Select a point centered in the hole, then use a cut
depth of 0.02”.

You may want to use a ball-bit for this operation.

These centermarks will make it easier to know
where to drill, and will prevent the drill bit from
“walking”.

Drilling holes can cause fires if done incorrectly.
Talk to a TA about drilling holes if required.
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Engraving
Control Geometry Tool
Cut Parameters Entry/E «it

Global Parameters

Talerance: %

Cut Diirection

(®) Matural () Reverzed

Location of Cut Geomety
®atTop O AtBottom

Feeds & Speeds Clearance Plane
Advanced Cut Parameters Sorting
Region

Toolpath
Tolerance

() Pick Top 0 sy Rough Cut Geometry at Top
Depth Rouah
Cut Depth Control Total _E Dz;ﬂn‘cm
¥
Tatal Cut Depth: |0.02 =] Cut +
Rough Depth: Finizh Depth: Finish Depth/Cut
= [=] Depth
2 J& [0 S
Rough Depth/Cut (002 12 FrishDepth/cut [0 3]
Cut Traversal between Cut Levels [if any)
®) ZigZan O Zig
Generate I | Cancel | | Save | | Help

Hole Pocketing
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Pocketing

Pocketing

This operation will mill a pocket given an outline
geometry.

It is suggested to run a Profiling operation after
Pocketing to leave a cleaner surface finish.

You can select closed curves, or surface
boundaries as control geometry.

To set up all other tabs not shown in this section,
refer to the Common 2D Settings section.

o gy

Roughing  Facing  |Pocketing | profiling  Roughing

T 1T e %

WSCaming  Engraming Slofling  Charmering  Filleling

W Echining
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Pocketing ctd.

Select control geometry

Select your control geometry. You may wish to add
fillets to your geometry according to the tool you
will be using. If you require sharp corners, you will
need to file them manually later.
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Cut Levels

Again, ensure your control geometry is on the
top surface of your stock, set Location of Cut
Geometry to “At Top”.

Set your pocketing depth, and set the Rough
Depth/Cut (stepdown) according to the Feeds &
Speeds table for the material, and tool you are
working with.

21/2 Axis Pocketing X

Control Geometry Tool Feeds & Speeds Clearance Plane

Cut Parameters  Cut Levels  Pocketing Entng/Exit  Advanced Cut Parameters — Sorting

Location of Cut Geomety
®atTop () AtBottom
() Pick Top 0 = Rough Cut Geometry at Top

Depth Rou

gh
Cut Depth Control Total £Deptht€|.rt
Tatal Cut Depth: Cut H
[ Tough Dot Tmsh Dot ] o T Fnisn

|D e |E| |D |E| Finish Depth/Cut
Rough Depth/Cut [R.0525 |12 Fiish Depth/Cut [0 |2
[ Clear lsland Tops [ Use 30 Model to Detect Depth

Cut Levels Ordering H
(®) Depth First

() Level First

Generate I | Cancel | | Save | | Help

Pocketing

Cut Parameters

You can set Stock to 0 if this will be the only
operation you wish to use. Otherwise, set this to
0.025” to leave some material behind for the next
operation using this control geometry.

To learn more about Cut Patterns, see the next
page.

Cut Direction can be set to “Mixed” for foam and
softer materials, otherwise select “Climb” for a
cleaner wall finish.

21/2 Axis Pocketing x

Control Geometry Tool Feeds & Speeds Clearance Flane

Cut Parameters  CutlLevels Pocketing Entm/Esit  Advanced Cut Parameters  Sorting

Global Parameters ;
Region

. =
Talerance: |0.01 =

Stock: |0 % h
Compensation: |AUTO/MNONE

Toolpath
Tolerance

Stock

Cut Pattern
(@ Offzet () Offset Spiral (O Linear () Spiral () Radial () High Speed

Cut Direction
ﬁ @®
(O Corwventional [Up Cut) O
() Mived »
Start Paint b

(@ Inside () Dutside

Stepover Distance

., . =]
(@ % Tool Dia. EI
() Distance 0125 |-

- W-Stepover Distance

Cormer Cleanup Loops

Cl P.
®More () Ingide () Outside [ Cleanup Pass

[ #hvwayps Eeep Tool Down

I Generate | | Cancel | | Save | | Help |
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Pocketing

Rhina Viewport [~ Rhino Viewgort =] Rhina Viewport [~
Cut Pattern
Some toolpaths such as the Pocketing toolpath
allows you to choose the cut pattern. This pattern
may appear on the bottom surface of your cut,
depending on the material.
Other than the “High Speed” pattern which has an
advantage in optimizing tool load, and prolonging
tool life when milling hard materials, the other cut
patterns can be chosen freely depending on the
type of surface finish you are looking for.
Note that some patterns take longer to cut.
“Offset” is almost always the fastest cut pattern.
Offset:1.28 min Offset Spiral: 1.31 min Linear:1.41min
Rhina Viewport - Raino Viewport . Rina Viewport -
Spiral: 2.32 min Radial: 4.19 min High Speed: 2.79 min
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Profiling

Profiling

This operation will follow the inside or outside of
a profile, usually to cut out a shape. A flat tool is
recommended for this toolpath.

You have the option to leave tabs/bridges with this
operation so that your part does not come loose
after being cut out. A loose part will almost always
collide with the tool, causing damage to the tool
and to the part.

Profile can be used instead of pocketing to clear
out alarge hole in your stock.

This toolpath can also be used for finishing the
vertical surfaces, usually after a pocketing
operation.

To set up all other tabs not shown in this section,
refer to the Common 2D Settings section.

@ B O lowll

Roughing  Facing  Pocketing) profiling | Roughing

T & B %

WSCaming  Engraming Slofling  Charmering  Filleling

e@ HIJIE@ Tn. -' p:'n!

Haol rear !

Fockating  Profiling Billing  T-5otting rIEELtIhg
m

F!Q—J l

W Echining -
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Profiling ctd.

Select control geometry

Select your control geometry either by selecting
the curves directly, or by using Pre-Defined
Regions.

If you select curves using Pre-Defined Regions,
you will have more control over the placement of
Bridges/Tabs.
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Cut Parameters

Set Stock to leave to 0.

Uncheck “Use Mid-Point of longest side” if using
Regions and to start cutting at your defined start
point.

Set Cut Direction to “Climb” for better wall finish.
Set the cutting side to “outside” to cut out the
shape to keep, or set to “inside” to remove material

from inside the profile shape.

Adjust the other settings as shown.

Profiling

‘ﬁ [ Use OutsidedInside for Clased Curve

21/2 Axis Profiling x

CutLevelz  Enty/Exit  Advanced Cut Parameters  Comering Parameters Sorting
Control Geornetry Tool Feeds & Speeds Clearance Plane Cut Parameters

Global Parameters Region

. =]
Tolerance: |0.001 =1
=1

Stock: (0 =] e
Compersation: |AUTO/MNONE

Cut Direction

(®) Climb [Down Cut] h
() Conventional [Up Cut)

() Mived

Cut Start Point for Closed Curves
[ Use Mid-Paint of longest side

Toolpath
Tolerance
Stock

Cutting Side
(® Specify () Determine using 30 Mode

® Right of Curve (O Left of Curves

(D Inside

[ &temnate uzing Mesting

Stepover Contraol

Total Cut Width: D%
Step/Cut: D%

[ Perform Comer Clearup

I Generate I | Cancel | | Save | | Help
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Profiling ctd.

Advanced Cut Parameters

In this tab, you can set the Bridges/Tabs.

Unless specified using Regions, this option will
automatically place bridges around your profile
geometry according to the number of bridges or
distance between bridges set here.

Always add bridges if your Profile operation will cut
out a part. Otherwise, the part may become loose
and collide with the endmill, causing damage to
your part and the machine.

Triangular bridges have a smaller area of contact
with the piece, so they may be weaker but are
easier to remove and leave a better wall finish when
cleaned.

When using Profiling as a finishing operation, you do
not need to set Bridges/Tabs as there should not
be any material left to dislodge.

Tip: avoid placing bridges in corners as it will be
more difficult to clean up.
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21/2 Axis Profiling

Control Geometry Tool Feeds & Speeds
Cutlevel:  Entn/Exit  Advanced Cut Parameters

Cut Cormer Rounding Options
[ Pesform Cut Rounding

Rounding R adius (1) 01 =
Cut &rc Fitting

Perform Arc Fitting

Fitting T olerance [t) 0o =

Smaoath Cut Transitions

[ Use Smoath Cut Connections

Cornering Parameters

Bridges/T abs

(O Mone  (®) Triangular () Rectangular

Bridge Height [H) 01
Bridge Length [L) 0z

[ Reduce feed on descending mation

(®) Number of Bridges EI

() Dist. between Bridges 1

-

Generate

Profiling

Entry/Exit

Set Entry Motions to “Along Path”, and Exit Motions
to “None”.

You may need to adjust the Angle and Height if the
entry motion is too small or too large.

21/2 Axis Profiling x
Control Geometry Tool Feeds & Speeds Clearance Plane Cut Parameters
CutLlewvels  Entp/Exit  Advanced Cut Parameters  Comering Parameters Sorting

Entry Motions
(O Lines & &rcs @) &long Path () None
5 - Lines & Arcs
pproach Mobo
ron) 75 |
Mormal Tangent Specify F H
Angle 8] 0 = (VS
Engage Motion
Linear  Length(l) 0125 |7
Angle 6] 20 = ~—
Radial Radius [R]  0.25 =

ik

Engage Ramp Height 0

Along Path 30 Entry

lang Path Angle (2] [10 =1 Along Path Height (H] =

|3 Il T

O Lines & Arcs @ Mone

. Lines & Arce
Retract Motio
Linear ength (L] 025 /

Angle (&) 20 =
R adial Radiug (R] 0.25 =

Fietract Famp Height | 0 : Exit Point on Path

Departure Motion
Length (L) 0.25

Marmal Tangent Specify
Angle (&) 0 =

[ Apply entrylexit at each cut level Owerlap Dist for Cloged Profiles EI =

Cancel Save Help
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Engraving

Engraving

Unlike the Profile operation which follows inside or
outside the control curve, Engrave will follow the
curve down the middle.

This is useful for engraving road lines, grids, or
simple text. You can use either a flat and a round
endmill for this operation, depending on the
engraving effect you desire.

For very shallow engraves, you can set the feedrate
to roughing feedrates for the material you are
using. For engraves deeper than 0.0625”, use the
Profiling feedrate for the material you are using.

To set up all other tabs not shown in this section,
refer to the Common 2D Settings section.

B B O "

Roughing  Facing  Pocketing  Profiling  Roughing

T|T|le B8 %

WSCaming | Engraming Slofling  Charmering  Filleling

s 9 V¥

Hole Hale Threar : krnife
Fockating  Profiling milling  T-Sioting Cifing
m
Fa- ,I l
W Echining -
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Engraving ctd.

Select control geometry

Select your control geometry. You can use open/
closed curves, as well as points.

Entry/Exit

Set Entry/Exit to “None” if removing very little
material. Otherwise, set Entry Motions to “Along
Path”, and Exit Motions to “None”.

Engraving

Cut Parameters

For Cut Depth, set it to something very small like
0.02” to engrave, as shown.

To engrave deeper, ensure you are using the

Engraving appropriate Rough Depth / stepdown.
Control Geometry Tool Feeds & Speeds Clearance Plane ]
Cut Parameters Eritry/Exit Advanced Cut Parameters Sorting Engraving X
Entry Motions Control Geometry Tool Feeds & Speeds Clearance Flane
Cut Parameters Entry/E =it Advanced Cut Parameters Sorting
® Mone (O Linefare (O Along Path
Rapid + Global Parameters
Approach Matioh =1 Region
Tolsrance: |0.001
- Cut Direction
Engage Motion + Tolerance
Linear  Lengthg) 0125~ D (®) Matural () Reversed
Angle ) 20 : Location of Cut Geometry
Radial Radiuz(R) 025 - @atTop (O At Bottom
X Along Path 30 Erltly () Pick Top i} - Rough Cut Geometry at Top
Along Path Angle (4] 10 = Alang Path Height [H]  0.05 Depth Rough
b Cut Depth Control Total £Dep1m'cm
= alions R El Cut
9 Total Cut Depth: -D.Dz *
i = Depth T Finish
® None O Linedhre FioughDepthc  Firish Depth: Finish DepthiCut
[poz |5 o = Depth
Retract Maotion Rapid + =l =1
Linear  Lengthfl) 025 2 I .
< Departure <
Angle (4] 20 = P
Radsl Radus(R) 025 | ° o RoughDepth/Cut (002 |12 Finish Deptvcue [0 |12
Departure Mation = . .
Wertical Dist [D]:
(0 DEI Cut Traversal between Cuk Levels [if any)
® ZigZag OZig
[ &pply entryfexit at each cut level
Generate I | Cancel | | Save | | Help
I Generate | | Cancel | | Save | | Help
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3D Toolpaths

What are 3D Toolpaths

Common 3D settings

Horizontal Roughing

Clear Flats

Horizontal Finishing

Parallel Finishing

Radial Machining/Spiral Machining

D
AN
IELS

DIGITAL

FABRICATION Introduction / Getting Started / 2D Toolpaths / 3D Toolpaths / 4D Toolpaths / Submitting / Troubleshooting

46
47
49
51

53
55
57

video »

Skip to 0:59 »
Skipto 2:39 7
Skipto 3:35 7
Skip to 5:05 »
Skipto 715~
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https://www.youtube.com/watch?v=hMEBgl4XGac&t=59s
https://www.youtube.com/watch?v=hMEBgl4XGac&t=159s
https://www.youtube.com/watch?v=hMEBgl4XGac&t=215s
https://www.youtube.com/watch?v=hMEBgl4XGac&t=305s
https://www.youtube.com/watch?v=hMEBgl4XGac&t=435s
https://www.youtube.com/watch?v=hMEBgl4XGac

What are 3D
Toolpaths

3D toolpaths allow you to take full advantage of
the 3 axis motion system of the CNC router. These
toolpaths allow the machine to cut while moving all
three axes simultaneously.

You can select 3D toolpaths from the 3 Axis Adv
dropdown under the Program tab of the Machine
Browser window. Most of these toolpaths only
require a general boundary to stay within as their
control geometry; they calculate the cut depth and
cut area automatically using the 3D model.

Common toolpath combinations include:
Horizontal Roughing + Clear Flats,
Horizontal Roughing + Parallel Finishing.

In this manual, we will be covering Horizontal
Roughing, Clear Flats, Parallel Finishing, Horizontal
Finishing, Radial Machining, and Spiral Machining.
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What are 3D Toolpaths
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Common 3D settings

Control Geometry

First, select your control geometry. The toolpath
is smart enough to recognize what it needs to
remove, as long as it is given a boundary region to
stay inside.

Cut Parameters Cut Levels Advanced Cut Parameters

Contral Geametny Toal

Engage/Retract

Feeds & Speeds Clearance Plane

Part Regions  Start Points  Part Surfaces

#  Selected Machining Region(s]

£ >
&  Movelp 04 Move Down

P Remove Al | P Remove Active

Part
Regions

% Select Curve/Edge Regions
Rg Select Surface Boundary

by Select Flat &rea Flegions
K

Select Pre-Defined Regions

Cancel Save Help

Haorizontal Roughing X

Tools

Flat bits are mainly used for Roughing, Pocketing,
and for the Clear Flats toolpaths. Ball-bits are
usually used for Parallel Finishing operations.

You can preview your tool using the “Preview Tool”
button below.

Corner Radius

=IR=2E=)

u 2 Short 125 Flat (MDF)

18 Short 5 Ball MDF)
3 Short .5 Flat (MDF]
13 Medium .75 Ball (MDF)

& 11 Shon 1258l (MDF] Taper :

& 10Long 125 Bal (MDF] TpAngle 10

B2 3Long 25 Flat MDF) B Tool Properties
Tool Name 7 Long .5 Flat (M

&4 45hort 25 Flat MDF) ool ® .

& 13 5hon 25 Ball MDF) T

& 12Long 25Ball (MDF) Cutcom Registe 0

& 14Long 375Bal MDF) Adjust Register |0

& 155hat 375 Bl (MDF) 7-Offect 0

H B Short . 375 Flat (MDF] Material CAREIDE

& 5Long 375 Flat (MDF) Coolant None

& =Medum 5 Flat MDF) Comments

s § 7 Long 5 Flat (MDF] Bl Feeds & Speeds

u 16 Long .5 Ball [MDF) Spindle Speed | 18000

& 17 Medum 5Bl (MDF) FeedRate | 250

g

d

g

Edit/Create/Select Toal ...

Preview Toal

Cancel Save Help

Horizontal Roughing X
Cut Parameters Cut Levels Engage/Fetract Advanced Cut Parameters
Control Geometry Toal Feeds & Speeds Clearance Plane

= 'Lm Tools B Tool Geometry
&1 1 Lona 125 Flat MOF) Diameter 3

Common 3D Settings

Feeds & Speeds

As with 2D operations, set your Feeds & Speeds
according to the chart.

Harizental Reughing X

Cut Parameters Cut Levels Engage/Fetract Advanced Cut Parameters

Contral Geometmy Tool Feeds & Speeds Clearance Flane
Speed 180002 RPM
Direction ®ow (CoW
Feed Rates
Flunge [Ff) 250 = infmin
Approach [4f] | 250 2 indmin
Engage [Ef) 250 = indmin
Cut (CH) 230 S indmin
Retiact (R | 230 = indmin
Departure [DF | 250 = inmin
Transfer [T (@) Use Rapid () Set
29334 2 indmin

Feed Rate Reduction Factors Coolant
Plunge between levels | 100 = % Mane ~
First 5 pass 100 = %

Bottom Z Lewvel =%

I

Load from Tool Laad from File ...

Cancel Save Help
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Common 3D settings ctd.

Clearance Plane

Leave thistab asis.

Horizontal Roughing

Cut Parameters Cut Levels Engage/Retract Advanced Cut Parameters

Feeds & Speeds Clearance Plane

Contral Geometry Tool

Clearatice Plane Defirition

- Stock Max Z

®) Automatic
() Part Max Z + Dist 0.5 2
OStoc:k Max Z + Dist  0.25 =

(O dbsolute 2 Value 025 2

[ lgnare \wireframe Geometry in Bounds Computation
Cut Transfer Method

() Skim E Clearance Plana
Skimn Clearance [C] 0

(®) Clearance Plane
Cancel Save Help
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Advanced Cut Parameters

Leave thistab asis.

Clear Flat Tops

Smooth Cut Transitions

[ Use Smoath Cut Connections

Generate Cancel

Control Geometry Tool Feeds & Speeds
Cut Parameters Z Containment Engage/Retract
Cut Corner Rounding Options
[ Perfarm Cut Rounding
Founding Radius (1] 01 :
Cut Arc Fitting
Perform &rc Fitting
Fitting T alerance [t] 0. :

Clearance Plane

o

Save

Advanced Cut Parameters

Help

Common 3D Settings

Engage/Retract

This tab is similar to Entry/Exit. It defines how the
tool engages and retracts from the stock asitis
cutting.

Always set entry motions to “Along Path”. Always
set exit motions to “Linear” if possible, otherwise
use the default.

Clear Flat Tops X

Control Geometry Tool Feed: & Speeds Clearance Plane

Cut Parameters Z Contairment Engage/Retract Advanced Cut Parameters

Engage/Retract in b aterial
Ramp
@Path  Anglea) |10
O Linear  Height [H) |0.05
Distance [D] 0.05
(O Helie  Radius(R) 0.0625

Ak 4k ] [afe

N
N\ VET

O Wertical Approach(D] 0025 =

Alwaps engage in previously cut area if pozsible

Engage/Fetract in Air

(®) Lirear Extengion [0 [0.275 =

(O Wertical Approach [V 0.0125

\

\

Cancel Save Help
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Horizontal Roughing

Horizontal Roughing

This is usually the first operation in any project.
This operation removes the bulk of the material in
your stock so that the toolpaths afterwards will
encounter lesser resistance when finishing.

Roughing recognizes curvature in your Rhino
model to compute toolpaths automatically, given a
boundary.

To set up all other tabs not shown in this section,
refer to the Common 3D Settings section.

S
Honzortzll Plunge  Horizontal Plinge Clear
Roughing | Roughing  Re-Roudh. Re-Rough. Flats
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Horizontal Roughing ctd.

Select Control Geometry

Choose your control geometry by selecting a
rectangle around your model. The toolpath will
automatically determine where inside this boundary
it needs to cut. Ensure all other tabs have been
setup as shown previously.
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Cut Parameters

You should leave some stock behind if you intend to
use finishing toolpaths.

Set Cut Direction to “Mixed”, as wall finish is usually
not important for roughing.

Horizontal Roughing X

Control Geometry Tool Clearance Plane

Cut Parameters

Feeds & Speeds

Cut Levels Engage/Retract Advanced Cut Parameters

Global Parameters Toalpath
<1

Intol po |5 l sii:ik Outtol

N e

e Stock V"‘ Y ‘_lk\\

-

[ Use Facing cut patterns for core regions

Cavity/Pocket regions cut patterns  Caore/Facing regionz cut pattems

(®) Offset () Oifset Spiral (O Linear () Spiral () Radial () High Speed

Cut Direction

() Clirnb [0 own Cut)
(O Corwertional [Up Cut) O
(®) Mined N

@ Inside

Stepover Distance

(O Outside

@ % Tod Dia. %
() Distance 0125 -

- |+ Stepover Distance
Cormer Cleanup Loops

Cl F.
@MNore Olnside O Dutside [ Cleanup Pass

[ Always Keep Tool Down

Generate I | Cancel | | Save | | Help

Horizontal Roughing

Cut Levels

Set the stepdown distance here.

If you have a stepped model, set the Distance equal
to the height of your steps, as long as it does not

exceed the limits set in the Feeds & Speeds chart.

Click “Generate”.

Harizontal Reughing x

Control Geometry Tool Clearance Flane

Cut Levelz

Feeds & Speeds
Engage/Retract

=

Cut Parameters Advanced Cut Parameters

Stepdown Control [d2]
() % Tool Diameter a0

i =]
® : BN
() Mumber of Level: |5 =

[ Mirimize Stair Steps?
Irtermediate Stepdown % (id2] 25

Cut Levels Ordering

() Level First E_: s
(®) Depth First 3 -
Cut Levels

OTapiT) 340616 =

[Betem(®) |0 =

[ Clear Flats [F)

I Generate | | Cancel | | Save | | Help
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Clear Flats

Clear Flats

This toolpath can be used for a stepped contour
model.

You must do Horizontal Roughing before using
Clear Flats.

As the name suggests, this tool will clear any flat
areas in your model. A flat tool is required for this
toolpath.

To set up all other tabs not shown in this section,
refer to the Common 3D Settings section.

S|
Honzortzl Plunge  Horizontal Plinge Clear
FRoughing Roughing Re-Roudh. Re-Rough. Flats
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Clear Flats ctd.

Select Control Geometry

Choose your control geometry by selecting

a rectangle around your model. The toolpath
will automatically determine where inside this
boundary it needs to cut. Ensure all other tabs
have been setup.
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Cut Parameters
Stock should be set to 0.

Cut direction can be set to “Climb” for a cleaner
surface finish. In foam, you can set it to “Mixed”.

This toolpath may take several minutes to compute
depending on how complex your model is.

Click “Generate”.

Clear Flat Tops X
Control Geometry Tool Feeds & Speeds Clearance Plane
Cut Parameters Z Containment Engage/Retract Advanced Cut Parameters

Global Parameters Toolpath

w8 T om
[« Intal . N
o [ _Jr M
Stack =]
[ F<s
Cut Pattam
() Part Offset [Facing] (8 Stock Offzet [Pocketing] () Linear
Cut Direction
() Clirnb [Down Cut) (O Corwventional [Up Cut) @) Mined
Pocketing

[ Uze Spiral Pocketing

Pocket Start Paint

[ &hways Keep Toaol Down D

Linear
Start at Botharn Start at Top

Angle of Cutz 0
Cleanup Pass

Stepover Control

(®) % Tool Diameter %

() Distance 0125
Seall 0.0
O Sealo - |+ Stepaver
Generate I | Cancel | | Save | | Help

Clear Flats
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Horizontal Finishing

Horizontal Finishing

Horizontal Finishing can be used to clean up all
vertical surfaces after a Clear Flats operation if
desired.

Horizontal Finishing expects to encounter very
little material when cutting. Ensure at the least you
ran a Roughing operation first.

If your modelis mostly vertical, or if the flat areas in
your topography model are narrower than your tool
diameter, you can use Horizontal Finishing instead
of Clear Flats.

To set up all other tabs not shown in this section,
refer to the Common 3D Settings section.

S
Honzortzl Plunge  Horizontal Plinge Clear
FRoughing Roughing Re-Roudh. Re-Rough. Flats
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Horizontal Finishing ctd.

Select control geometry

Choose your control geometry by selecting

a rectangle around your model. The toolpath

will automatically determine where inside this
boundary it needs to finish. Ensure all other tabs
have been setup.
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Cut Parameters
Set Stock to 0.

Cut direction should be set to “Climb” for better
wall finish.

Horizontal Finishing X

Control Geometry Tool Feeds & Speeds Clearance Plane

Cut Parameters  Cut Levels  Optimized Machining  Entrn/Exit Advanced Cut Parameters

Global Parameters

Toolpath
kol .00 % Stock Quttal
=1 Intol
DOuttal oo 5 -
Stock =] e
oe b=

Cut Direction

&~

(O Canwentional

() Climb/Carventional

Tool Action when Containment is Encountered

(O Retract ta Clearance

(®) Follow Cantainment

Generate I | Cancel | | Save | | Help

Horizontal Finishing

Cut Levels

Set stepdown distance to equal to your model step
height, to a maximum of 50% of your tool diameter,
or according to the Feeds & Speeds table.

Click “Generate”.

Harizental Finishing x

Control Geometry Tool Feeds & Speeds Clearance Flane

Cut Parameters  Cut Levels  Optimized Machining  Enty/Exit  Advanced Cut Parameters

Stepdown Control [d2]

O % Tool Diameter |25 : @ E
=]
0125 =
O Mumber of Levels & : dZ j
Cut Levels Ordering
() Level First E

(®) Depth First

Cut Levels T

OTapiT) 2375 : .
Olgeton®) 025 2 [y

[ Clear Flats [F)

B_

I Generate | | Cancel | | Save | | Help
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Parallel Finishing

Parallel Finishing

This toolpathis used to create smooth 3D surfaces.
[t can be run using both a ball, or flat end mill.

A ball-bit is recommended for most Parallel
Finishing operations.

You must do a Horizontal Roughing operation
before using Parallel Finish.

To set up all other tabs not shown in this section,
refer to the Common 3D Settings section.

S
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FRoughing Roughing Re-Roudh. Re-Rough. Flats
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Parallel Finishing ctd.

Select Control Geometry

Select a closed boundary around your model as
your control geometry. Ensure all other tabs have
been setup.
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Cut Parameters

You can specify the angle of cuts for the parallel
passes. An angle of 0 means the tool will move left
toright.

By default, a stepover of 25% of tool diameter
is used. A smaller stepover will result in smaller
scallops, at the cost of time.

For white foam, you an use 10% - 25% for clean
finishes, and 80% - 100% for a finish with scallops.

Click “Generate”.

Parallel Finishing X
Control Geometry Tool Feeds & Speeds Clearance Plane
Cut Parameters Z Containment Entr/Exit  Adwvanced Cut Parameters Sorting
Global Parameters
Toolpath
Inol poot = Stock  Outtol
=1 Intol &
Ouittol 0.0 = = —
Stack i} [«]
=]
Cut Contral
Cut Direction
(@) Mined () Clirnb [Dovn Cut) (O Corwentional [Up Cut)
Start Side
(®) Bottam O Top
Angle of Cuts
—
=]
Cutting Area Control
(®) Tops Ornly () Tops & Sides
[ lanore Holes
Stepover Control
(® % Toal Diameter 25 %
() Distance 0125 zl
O Scallop 001 3 e Stepover
| Generate I | Cancel | | Save | | Help |

Parallel Finishing
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Radial Machining

Radial Machining/
Spiral Machining

Radial Machining and Spiral Machining can be used
as an alternative to Parallel Finishing for circular
curved features, to leave a different 3D surface
finish.

You can use both a flat and ball-bit, however a
ball-bit is recommended.

You must do Roughing prior.

To set up all other tabs not shown in this section,
refer to the Common 3D Settings section.

Honzortal F'IunE! i Wyls Clear
Roughing  Roughing R ab. Fe-R = Flate

Parallel Honzortal Projection 3d Off 2d it =ek
Fimishing  Finishing Pocketing et Profiling

2 4

Penil Walley Flats
Tracing Machining  Machining

. * A FEQF'E!EI

Spiral = Cumve i
Machining  Machiting . Machining

l:lll'_
:3||n|:.|. *.-'allm-’ r::h;u:i-:’ =

Regions  ReQions Readgions
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Radial Machining/Spiral
Machining ctd.

Select Control Geometry

Select your geometry. It does not have to be
circular. Ensure all other tabs have been setup as
shown previously.

Cut Parameters (Radial Machining)
Set Stock to 0.

Set cut traversal to “ZigZag”, cut direction can be
left asis.

Lower stepover percentage results in a better
surface finish at the cost of time. You can set
surface finish between 25% - 50% for a decent

Radial Machining

Cut Parameters (Spiral Machining)

These settings can be set as shown.

Like Radial Machining, you can adjust the stepover
percentage to achieve a better surface finish at the

cost of time.

Click “Generate”.

surface finish. Spiral Machining *
. Control Geometry Tool Feeds & Speeds
“ ki
Cllck Generate . Clearance Plane Cut Parameters Z Containment Entry/E xit
Global Parameters
Radial Machinin X Toalpath
! Intal 0001 2 Stock  Outtol
=] Intal . N
Control Geometry Tool Feeds & Speeds Outtal 0.0 = ..__‘_‘__.g_?" —
Clearance Plane Cut Parameters Z Containment Entry/Exit Stack = A
b=
Global Parameters
Toolpath outtal Cut Pattern
Intal - Stock Cut Direction
Outtal (@) Climb () Canventional
Stack Stark Paint
(®) Inzide () Dutside
Cut Hafpem
Lt Traversal
©zigZag O Zig Spiral Parameters
EutDlr?ctlon . Finimum R adius m
(®) Climb () Canventional
[ Specify Center Paint
Start Point
@ Inside O Dutside ¥ BE97T24 |2 ylesI t 1wz |2
Fiadial Parameters
Minimurm Riacis m Stepaver Contral
Specify Center Paint
[ Speriy Center Foin (®) % Tool Diameter 25 %
% |BBAT24 S o BE¥2 Dz 1WZ\ 2 O Distance 0175 ﬂ
(O Scallop o 3 e Stepover
Stepover Control
(®) % Tool Diameter |29 %
() Distance 0125 Z| I Generate | | Cancel | | Save | | Help
O Seallop o :I -+ [ Stepover
E\)N | Generate I | Cancel | | Save | | Help |
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4D Toolpaths video »

Equipment
Setting Up
Roughing
Finishing
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https://www.youtube.com/watch?v=lqIHA7NSjVs&t=10s
https://www.youtube.com/watch?v=lqIHA7NSjVs&t=210s
https://www.youtube.com/watch?v=lqIHA7NSjVs&t=366s
https://www.youtube.com/watch?v=lqIHA7NSjVs

Equipment

The Roland MDX 540 is a small scale CNC ‘lathe’
that allows for the fabrication of highly detailed
components and geometries that would be
impossible to achieve in 3-axis milling. A rotary
axis allows the stock material to turn slowly during
milling, allowing the tool to gain access to areas
that would be considered ‘undercut’ on a 3-axis
machine.

Both 2D and 3D operations can be performed as
isolated cuts from different orientations within the
same file, and a small selection of 4-axis operations
allow for simultaneous movement of all axis.

We have carefully calibrated our machine to share
the same RhinoCAM programming techniques that
are already used on the 3-axis AXYZ 4008.

It is expected that students will have read and
familiarized themselves with both 2D and 3D
milling operations detailed in this manual before
approaching 4-axis milling.
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Setting Up

Setting Up

Setting up your file

A template » file for the Roland MDX 540 can be
found on the FTP under Groups > CNC Milling >
Submissions > ROLAND MDX 540. Please copy the
template file and tool library to your computer.

When positioning your model to cut, it should be
centered along the Rhino x axis, and should only
exist in the positive direction. You will notice a
part of the stock in the negative x direction; this
is the material dedicated to fixturing clamps for
positioning, and the tool cannot travel here.

The template file includes annotations to guide you.
[tisimportant to note these key dimensions:

Max stock length: 12” (includes fixturing stock)
Max fixture opening:  4”

Max millable length:  8.25”

Max stock radius: 3.5”
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ftp://files.daniels.utoronto.ca/Groups/CNC%20Milling/ROLAND%20MDX-540/TEMPLATE%20FILES/

Setting up your file ctd.

Double-click on Machine to open the Machine Tool
Setup window.

RhinaCAM 2020 - Machining Browser

Prograrm o F-E@

Simulate

8 Machine 8 Stock o™ Work Zero B 4 Mxis v G -
& Post B mign - ¥ 2mdis v gy Holes -
21 Setup v IE Material | AL 3AxisAdv v 3§ -

Machine Setup Stock Machining Operations

=~ Machining Job
I8 Machine - 3 Axis (_
{2 Post - Roland MDX-540
Ei Stock - Stock from Selection

@ Fixtures - None
"E Setup 1

Set the number of axes to 4 Axis, instead of 3 Axis,
and click “OK”.

Then, double-click on Post to open the Set Post-
Processor Options window.

RhinaCARM 2020 - Machining Browser
MILL I‘H Frogram Simulate E N |

“ Machine E‘i Stock = * Work Zern O 4 Axis ~ e T
& Post B alion - | 2 2aws - gy Holes -
7 Setup | EE Manerial | Af 3 AxisAde ¢ 8 v

PMachine Sebup Stock Machining Operations

-1, Machining Job
T Machine - 4 Asis
8 Post - Roland M ) 66—
Stock - Stock from Selection
g Fitures - None
Fi3 MOP 1_MACHINE HORMALS
|5 Setup 2

Set the current post processor to Roland MDX 540,
and click “OK”.

Machine Tool Setup *
Machine Toal Definition

(®) Manual Definition (") Load Fram File

tdachine Type

Hurnber of &xes | 3 Axis ~

General Paramety Axlg

Toal Change Pt

vjo o [E iz Ik
[ output all coordinates in local Setup Coordinate 5 ystem

Tranzlational Limnits
VN STy TR S T T R BT TR
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Set Post-Procescor Dptiong 4
S et Pot-Procaszon Oplians

Select Post Processor
Cunerk Post Proceszon | Roland MOE-540

i eh
Fobder wiheie po-processorn fles s located
|¢|:S-:ll't Covpatatart Fhira CAb 2020 b Ak 508 ekt B0

Progiam o send poskad file 1o

|n:||=pa|:|

Prgted Fie Maming Corsentians

Setting Up

Then, load the Roland tool library from the FTP.

RhinogAM 2020 - Machining Diyjects
f; % Gﬂeglun-s E:%Fm:rtures ;13 K-Bases
[ X

- e
Load Tool hbrary
2 Ball 012"
B oinanne
= L
B 1B 0os
d

5_Flek 057"

You are now ready to move onto the next step.
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Setting up your stock

Create a box that represents the exact dimensions
of your stock.

Your stock can be shorter than the max milling
length, as long as it extends exactly 2.75” into the
negative x direction, and has 1” of work holding
space at the end of it.

[t may be helpful to model these regions as
separate geometry, placed in the “GRIP STOCK”
layer.

Then, same as before, right click Stock, and
set “Stock from Selection” from the Machining
Browser window.
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Placing your model

Position your desired geometry within the millable
region, centered on the x axis. Your geometry
should be fully enclosed within your stock, and
must be touching the fixturing material on both
sides.

Ensure your geometry ends at the fixturing stock.

If it extends beyond the fixturing stock, or does not
reach the fixturing stock, trim or scale your model
so that it ends at the fixturing stock on both sides.

Setting Up

The fixturing stock is what the machine holds onto
on both sides to spin the stock. These areas are
not millable.

Make sure to hide your stock using Rhino layers.

You must hide your stock material in Rhino, but you
do not need to hide the fixturing stock.
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Roughing

Roughing

2.5 Axis Horizontal Roughing

In 4-axis milling on the Roland MDX 540, we can also
use 2-axis, and 3-axis toolpaths.

To define our roughing operation, we must first
create arectangle between the two fixturing areas
to define our control geometry.

Then we can select the Horizontal Roughing
toolpath from the 3 Axis Adv dropdown.
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Fimishing  Finishing Pocketing  Pocketing Profiling

F'enu!I‘I Ualleu‘ Flats’ Eteen? Steeng

Tracing Machining Machining Machining  Finishing

Hadial_. SI:Iir'aI__. Curve . Bobwoop  REY. Post
Machining Machining Machining 2 Curwes Machining

F|Elt5’ Ellh[ll? "J-EI||E* Chgd-:* CDlliS?

Regions Regions FeQons Redions Regions

b
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2.5 Axis Horizontal Roughing ctd.

Control Geometry

Select the rectangle you just created as your
control geometry.

Haorizontal Roughing X

Cut Parameters Cut Levels Engage/Retract Advanced Cut Parameters

Contral Geametrny Toal Feeds & Speeds Clearance Plane

Part Regions  Start Paints  Part Surfaces

#  Selected Machining Region(s]
1 DnveRegion1

£ >

&  Movelp L4 Move Down

Part
X Remove &l || X Remove Active

Regions
| Rg Select Curve/Edge Regions |
Rg Select Surface Boundary
ke Select Flat &rea Flegions
Rg Select Pre-Defined Regions
Generate Cancel Save Help
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Tool

Select the largest tool to speed up the Roughing
toolpath.

Horizontal Roughing

Cut Parameters Cut Levels Engage/Retract Advanced Cut Parameters

Control Geometry Toal Feeds & Speeds Clearance Plane

=] It‘m Tools B Tool Geometry
& zea01zm Diameter 0.373

u 3 Flat 0125" Corner Radius |0

A 4 a0 Taper

& 1 a0 Tip Angle N

u ; B Tool Properties
Tool Name 5_Flat_0.375"
Tool # 5
# of Flutes 3
Cutcom Registe 0
Adjust Register | 0
Z-Offset 0
Material CARBEIDE
Coolant Mone
Comments

B Feeds & Speeds
Spindle Speed | 12000
Feed Rate 20

Edit/Create/Select Tool ...

Preview Tool

Cancel Save Help

Roughing

Feeds & Speeds
A TA will set your Feeds & Speeds.

The Roland can spin up to a maximum of
12000 RPM.

Harizontal Reughing x

Cut Parameters Cut Levels Engage/Fetract Advanced Cut Parameters
Contral Geometmy Tool Feeds & Speeds Clearance Flane
Spindle Parameters
Speed fizoon = APM
Directi ®ow  (Oroow

frasen ? Use this illustration as a ref

Feed Rates M _| completing this dialog.

Flunge (Pf) 120 = infmin
Approach [ (120 = indmin
Engage [Ef) 120 = indmin

Cut[CH) 120 > indmin

Retract [Rf] 120 = infmin

Departure (D] |120 = indmin
Transfer [T (@) Use Rapid () Set
2933 20 indmin

Feed Rate Reduction Factors Coolant
Flunge between levels 100 = % Mane ~
First ¥ pass 100 ==

Bottom 2 Lewvel 100 = 2

Load from Toal Load from File ...

Cancel Save Help
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2.5 Axis Horizontal Roughing ctd.

Clearance Plane

Leave thistab asis.

Leave thistab asis.

Advanced Cut Parameters

Haorizontal Roughing

Engage/Retract

Roughing

Ensure Engage/Retract is set to “Path”. Leave the

other settings as is.

Control Geometry Tool Feeds & Speeds Clearance Plane Horizontal Roughing x
i i iai Cut Parameters Cut Lewvels Engage/Retract Advanced Cut Parameters
Verlfy the Clearance plane IS VlSlble above your Control Geometry Tool Feeds & Speeds Clearance Plane
part_ Cut Comer Rounding Options Cut Parameters Cut Levels Engage/Retract Advanced Cut Parameters
[ Perform Cut Raunding ) )
Horizontal Roughing % ] ] o — Engage/Retract in Material
Founding Radius [1] g = Rarmp H\
% = L
Cut Parameters Cut Levels Engage/Retract Advanced Cut Parameters @ Path Angle (4] ho = IH
Control Geometry Tool Feeds & Speeds Clearance Plane Cut A Fitting _— (O Linear  Height (H]|0.05 = B
it t Distance [0 0.05 =
Clearance Plane Definition stock i 2 Ferfarm Arc Fitting ﬁ D] =
£ Stock Max D Heli Radiuz(R] 0.0625 | =
Fitting Tolerance [t] 0.0 = | O Heli adus(Fi] -
() Wertical Approach(D) | 0.025 : /
(O PatMasZ +Dist 023 7 Smooth Cut Tranzitions . . . .
Part Always engage in previously cut area if possible
(O Stack Max Z + Dist (025 2 axzZ ] Use Smaoth Cut Cornections L
(O dbsolute 2 Value 025 2 Engage/Fetract in Air /
(®) Linear Extension (D] {0.275 | =
[ lgnare \wireframe Geometry in Bounds Computation -
(O ertical spproach [v) 00125 E)s
Cutt Transfer Method W
O skim W clearance Plane
-}
Skim Clearance [C) 0 =
(®) Clearance Plane
Generate Cancel Save Help
Cancel Save Help
Cancel Save Help
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2.5 Axis Horizontal Roughing ctd.

Cut Levels

For roughing, set the stepdown to 50% of tool
diameter.

In Cut Levels section, select both “Top” and
“Bottom”.

Haorizontal Roughing X

Control Geometry Tool Clearance Plane

Cut Levelz

Feeds & Speeds

Cut Parameters Engage/Retract Advanced Cut Parameters

Stepdown Control [d2)

% (® % Tool Diameter %
() Digtance 0125 | =
(O Mumber of Levels 5 :

[ Mirimize Stair Steps?
Irtermediate Stepdown % (idZ] 25

Cut Levels Ordering

(O Lewel First E 1

(®) Depth First

Cut Levelz

=

M Tep(T) 2 =

MectomB) [0 ER]

T TClear Fatz 1]

Generate | | Cancel | | Save | | Help
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Set “Top” to the top of your stock by clicking on the
cursor icon to the right, then selecting a point on
the top face edge of the fixturing stock.

Set “Bottom” to 0. We're going to rough from both
top and bottom of the stock to avoid undercuts, so
setting bottom to 0 will have both operations meet
inthe middle.

The green plane represents the top of the cut, the
red plane represents the bottom of the cut. Your
planes should look like this.

Roughing

Cut Parameters

Set stock to leave at 0.025”. Set cut pattern to
“Offset”, cut direction can be left on “Mixed”. Leave
the other settings asis.

Click “Generate”.

Harizontal Reughing x

Control Geometry Tool Clearance Flane

Cut Parameters

Feeds & Speeds

Cut Levels Engage/Retract Advanced Cut Parameters

Global Parameters Toolpath
=

Intel E| L S)tic\k Outtol
=1 -

Stack 0.025 % L

[#] Use Facing cut patterns far core regions

Ewa’F‘ocket regions cut patterns  Core/Facing regions cut pattems
(®) Offzet () Offset Spiral (O Linear () Spiral () Radial () High Speed

Cut Direction

() Clirnb [Down Cut)
(O Conwentional [Up Cut) |
(®) Mined e >

Start Paint 4

(@) Inzide () Dutside

Stepover Distance

-, - 25 =]
(® % Tool Dia. E|
(O Distance 0128 -

- - Stepover Distance
Corner Cleanup Loops

Cl P
@Nane  Olnside O Outside [ Cleanup Pass

[ shweays Keep Tool Down

I Generate | | Cancel | | Save | | Help
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2.5 Axis Horizontal Roughing ctd.

Once the toolpath has been generated, it will look
like this. Toolpaths will only be populated on the top
side.

Now we must rough the other side.
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To rough the other side, we need to rotate our
setup.

From the Setup dropdown, select Rotate Table
Setup.

RhinaCAM 2020 - Machining Erowser

. Program l Sirmulakb= L] ﬁ '@ ﬂ

3 Mochine B Stock v of* WorkZero B Lwis T e -

S Post | B8 Mign - of 2mis - gy Holes -
% Sewplt | = mfEs Adv 5 v
‘- ﬁ ] m@ [ ining Operations
Crient 0
part 5P | Tapegenn |+

" Post-Foland MDX-340
Stock - Stock from Selection
Fistures - Mone
& MOP 1_MACHINE NORMALS
B E Setup 2
w- {87 dth fis Barzllel Finishing
- dth fxis Parzllel Finishing

CEFrTrrery

Roughing

The Rotate Table Setup Operation window will
open. Set the Table Rotation Angle to 180, to rotate
the stock 180°.

Click “OK”.
Rotate Table Setup Operation X
Rotate Table
Align to
I Active Construction Plane I
Gearmety

Select Surface: Select Planar Curve:

Table Ratation Angle: %

[ Incremental Rotation

(®) Counter Clockwize () Clockwise

Fieset to Original

ak || Cancel || Help |
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2.5 Axis Horizontal Roughing ctd.

RhinoCAM will create a new setup called Setup 2
that is rotated 180° like we set.

Copy and paste the previous Horizontal Roughing
operation into this new setup. Then Regenerate it.

RhinoCAM 2020 - Machining Browser

Frogram  Simulate & & -8 @

W Machine £ Stock - o WorkZero S dfuis v S v

% Post B aion - 2 2awis - gy Holes *

Bl Setup = | B Maberial | Af 3 AxisAdv m % -

Machine Setup Stock

-} Machining Joh
38 Machine - 4 fais
iz Post- Roland MOK-540

- Stock - Stock from Selection
- Fretures - Flone
=- MOP 1_MACHINE NORMALS

i & [D Horizontal Roughing
|4 Setup 2

Ll m:i ——

Past

Machining Operations

(8

Simulate

]

Simulate Linkl

Information

Edit

« =

Rename
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You will now see toolpaths on the bottom side of
the stock. Note that this is a Rhino quirk, in reality
itis the stock that is rotating. The tool always
approaches from above.

You can simulate both operations in order to view
the roughed out geometry.

Roughing

For the next operation, reset the rotation by again
creating a new Rotate Setup, and setting table
rotation angle this time to 0°.

RhinoCANM 2020 - Machining Browser

Program | Simulats & g v {5
W Machine G Stock * o WorkZers Bsa dfmis v v
i Post 8 sign = 2 2mis v gl Holes -
B Setup v IS Materinl | of JAwisAdv v 8 -
Machine S=tup Skock
=1 Machining lob
’ Machine - 4 fxis
i3 Post - Rolend MOX-540
i f3 Sock - Stock from Selection
- Frctures - Hone
B 75 MOP 1_MACHINE NORMALS
E[:l Horizontal Roughing
o R 10deg
i [ Harizontz! Roughing
: E 0} deg

Machining Operabions

It may be helpful to rename the setups according to
the stock angle set.

We are now ready to add the finishing step.

Note: If you do not see your toolpaths on the
bottom side of your model, delete the second
setup, and try rotating again, making sure to enter
the values exactly as shown in the last page.
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Finishing
4 Axis Parallel Finishing

Like 3 Axis Parallel Finishing, this operation moves
the tool left to right following the contours of the
model. In 4 Axis, the stock is also rotating while this
happens. This toolpath is found under the 4 Axis
dropdown in the operations column.

Make sure to do Roughing from both sides before
Parallel Finishing.

Note that while you may see the tool spinning
around the stock in simulation, in reality, the stock
spins, and the tool always approaches from above.

g #=< @ @& ® -

Opfions  Holry _ Cresls - Faong  Pocketing

[nstance
Brojection

o Relevel  Relevel | Parallsl
Profiling “onlGhing  Frishing | Firishing | Pocketing

Engraving C'raca 3
D
AN
IELS
DIGITAL

FABRICATION Introduction / Getting Started / 2D Toolpaths / 3D Toolpaths / 4D Toolpaths / Submitting / Troubleshooting

Finishing

70



4 Axis Parallel Finishing ctd.

Control Geometry

Do not select any control geometry for this

toolpath. If there is pre-selected control geometry

here, remove it.

4th Axis Parallel Finishing

Clearance Cut Parameters Step Diovn Control
Contral Geometmy Tool Feeds & Speeds

#  Selected Machining Region(z]
1 Regon1 % Select Curves as Regions

% Select Surface Boundary

Select Pre-Defined

/

Part/Containment
Regions

< >

X Femove Al || % Femove Active

Cancel Save Help

Finishing

Tool Feeds & Speeds
Choosing a small ball bit will provide a good amount This tab can be left as is. Again, note that the
of details. maximum spindle RPM will be 12000.
4th Axis Parallel Finishing x 4th Axis Parallel Finishing X
Clearance Cut Paramsters Step Down Control Clearance Cut Parameters Step Down Control
Control Geometry Tool Feeds & Speeds Control Geometry Tool Feeds & Speeds
=] 'Lm Tools B Tool Geometry Spindle Parameters
J BE Diameter : Speed fizooo = Rew
u 7 Flat 0.125" Corner Radius
T Taper Direction @ Cw' Ocow
i 4 Fa oz pe
& 1 a0 I‘p :‘;9'5 Feed Rates
" B Tool Properties
& 5 Faos ToolName  |2_Ball_0.125" Plungs (Pfl - [120 (2 indmin
Tool # 2 Approach [ (120 = indmin
# of Flutes 2
E Ef 120 = indmi
Cutcom Registe| 0 ngage (Ef] I: = mmn
Adjust Register |0 Cut [CF) 120 > indmin
Z-Offset 0 Retract (Rf] 120 = inmin
Material CARBIDE 7 .,
Coolant None Departure (D] | infmin
Comments Transfer (T @) Use Rapid () Set
B Feeds & Speeds 732 2 in/min
Spindle Speed | 12000
Feed Rate 20 Feed Rate Reduction Factors Coolant
Flunge between levels 100 = % None d
First ¥ pass 100 ==
Bottom Z Lewvel 100 =
Edit/Create/Select Tool ...
Preview Tool
Load from Toal Load from File ...
Eahcel Save Help Cancel Save Help
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4 Axis Parallel Finishing ctd.

Step Down Control

We will not be using stepdowns since we should
have already roughed out the stock.

You can leave this tab asis.

4th Axis Parallel Finishing
Control Geomety Tool Feeds & Speeds
Clearance Cut Parameters Step Down Control
. dR.
35
k - T
[ Battom (8] 0.875 5
Stepdown Control [dR)
(® % Tool Diameter “E
() Distance 0.25
Generate I | Cancel Save | | Help
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Cut Parameters

You can choose your cut direction depending on

the finish you want.

Cycle through them to learn what patterns they
create, and choose the one appropriate for your
model. In most cases, you can use “Along”.

4th Axis Parallel Finishing

Control Geometry Tool

Clearance Cut Parameters

Global Parameters

kel 0.007 %
=]
Outal 0.0m %
Stack.
(el 1] =
Cut Pattem

I O acoss @ along O Helix

—> @z O

(® Low to High () High To Low

[ Counter Clackwize Fotation

Cut Axial Contairment
Note These settlngs are |gnored if

Low Yalue [L) High */alue [H]
[SENCEN S
=1 =1

|25

o 1

Stepower Control

% (®) % Tool Diameter %

-

() Distance 0125 =

S
="

Feeds & Speeds
Step Down Caontrol

Toolpath
Stack Outtol
Intol p‘f»{-\

e

- |+ Stepover

Generate I |

Cancel | | Save | | Help

Finishing

Cut Parameters ctd.

In Cut Axial Containment, set the Low Value to
0.25”, and High Value to the distance between the
two fixturing blocks minus 0.25”. In our case, we've
set High Value to 8” because the distance between
is 8.25".

We don’t want the tool to cut into our fixturing
stock, so we add this offset towards both ends of
our mode. You will see both ared plane and green
plane appear on both sides of the model.

Set the stepover based on the quality of finish
you are expecting. Set it to 25% for a good balance
between quality and time.
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Finishing

4th AXiS Para||e| FIﬂIShlng Ctd. After generating the toolpath, you can preview it. You can now simulate the toolpath.

Clearance

Set this to Stock Max R + 0.25”. You will see ared
cylinder appear around your model.

Click “Generate”.

4th Axis Parallel Finishing X
Control Geometry Tool Feeds & Speeds
Clearance Cut Parameters Step Down Control

Clearance Cylinder Definition

() Automatic
() Part Max B + Dist 0.5 2
e
% @5 025 EI

(O Absolute R alue (025 2

[ lgnare \wireframe Geometry in Bounds Computation

Cut Tramster Method Notice how the toolpath does not extend all the
way to the end of the model. This is because we set

O skim N Axial Containment in the Cut Parameters tab.

Skim Clearance [C)

(®) Clearance Geometry

Geretate | | Cancel || Save || Hep Note that 0.25” of space at the ends of the model
are not milled. You can factor this into your model
by leaving a buffer zone when modeling.
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Submitting video »

Estimating Machine Time 75 Skip to 0:21 »

Calculating Cost 75 SkKip to 0:54 »

Submitting Process 75 Skipto1:13 »
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https://www.youtube.com/watch?v=Mco6fsEsc50&t=21s
https://www.youtube.com/watch?v=Mco6fsEsc50&t=54s
https://www.youtube.com/watch?v=Mco6fsEsc50&t=73s
https://www.youtube.com/watch?v=Mco6fsEsc50

Submitting a Project

Estimating Machine Time

Before submitting a project, run through a
simulation of all toolpaths.

Then, estimate your milling time by right-clicking on
a setup, and selecting Information.

RhincCAM 2020 - Machining Browser
MILL | ﬂl Program Simulabe & -8 @

3 Machine B Stock - of* WorkZere i diwic - 3 -

& Post B ahion - 2 2meis - Shwis - g -
2 Seup v | 5 Material | <L 3AwisAdv v gy Holes -
Machine Setup Stock Machining Operations

|, Machining Job

T Machine - 3 Axis

57 Post- ANYZ 2008 HSD B15E5

- Stock - Stockfrom Selection

2 Firtures - Mone

] Smooth Model

Hl-- |} Herizontal Re #¥ Regenente
Bl |7 Parallel Finish ':_; Post

Bl ) Clear Flat Top

IR Stepped Model H @
B1-- | 7 Herizontal Re (W) infarmation
#--|_] Horizontal Fin L

Simulate

= _'.;; Stepped Model C i ' Shop Documentation
& |} Horizontal Ro P
-1 Clear Flak Too:
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In the Machining Operations Information window,
you will see the name of the operation, tool name,
tool number, feedrate, as well as the estimated
machining time.

In reality, the machine time will be much higher. Add
an extra 40% - 60% to the machine time to make a
more realistic estimation.

Pachining Operations Infomation b4
Mege Infermation
lama Statue  Teol Teol ¥ Cut Fead Hef GOTCe  Machine Time

Smoeth Madal

Harizortel Aoughing Clean 7 leng G Flet (MDF) 7 00.00inmn 14859 50048 rmin
Pazlel Fnighing Clean 18Long 5Bal (MDF 16 300.00in/min 14963 412 min
ChoarAst Togaw/ .. Clean 7 Long .5 Flat (MDF) 7 0.0 in/mn 277 1.10mn

Setupdetel 5570 min

Prirt.

Cance Help

In the case of this project, adding 60% on top of the
55.70 min gives us 89.12 minutes, or approximately
1.5 hours.

Calculating Cost

The CNC Lab charges $20 per hour. From our last
example, the estimated 1.5 hours would cost us
approximately $30. You will be charged based on
the actual milling time, including setup.

Payment for the CNC time is due immediately after
the job has concluded, and must be paid through
your Daniels account.

Submitting a Project

Submitting Process

Once you have simulated all toolpaths, and
estimated the machine time, you are ready to
submit.

1. Name your file in the following format with your
name and date:
lastname_firstname_ddmmyyyy.3dm

2. Then, create a folder in the FTP server under
Groups > CNC Milling > Submissions and name it
“lastname_firstname”

3. Copy your .3dm file into this newly created folder.
4. Download and complete this submission form »

5. Email the above form to
cncmilling@daniels.utoronto.ca

Once the file is reviewed, verified and approved
by the CNC TAs, you will be provided with your
scheduled milling time. We will try to schedule for
your requested time, but please be amenable to
other dates.

You are required to be present through your entire
milling time.

Failure in following the above steps may result in
your milling job not being processed.
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Troubleshooting

Cannot save 77
Nothing to cut 77
No geometry found 77
No active part 77
Clearance plane too high 77
Features not being milled 78

Tool digging into stock unexpectedly 78
Simulations not running as expected 78
Simulations running too fast 78
Cannot see tool when simulating 78

Shank collision
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video »

Skip to 0:10 7
Skip to 0:50 7
Skip to 1:21 2
Skipto1:42 »
Skip to 1:56 »
Skip to 2:49 »
Skipto 3:23 7
Skipto 4:12 »
Skipto4:43 7
Skip to 4:54 »
Skipto 5:10 »
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Common Issues

Cannot save

y Some exiting CAN dats objeds ara not licensed to e saved.
| Y, Exiting without sanng!

RhingCAK 2020 For Rhinog0 x

This occurs when you launch Rhino without being
connected to the VPN first. Follow the steps
outlined on page 10, then save.

Nothing to cut

I Mothing to Cutl Fease celect valid geometry befara
proceading.

RhinoCAK 2020 For Rhinog.0 x

This error occurs when generating/regenerating
3D toolpaths. Ensure that your Rhino stock is
hidden.

D

AN

IELS

DIGITAL
FABRICATION

No geometry found

RhinaCAM 2020 For Rhinog.0 X

i Mo geometry Tound! Please create geometry Defare
! proceeding,

This may occur when regenerating an existing
toolpath while its control geometry is hidden.
Ensure the control geometry is visible, and is set
correctly.

No active part

RhinaCAM 2020 For Rhinof.D .

&

S| Mo active part! Pleass load part before procesding.

This may occur when trying to create a 3D toolpath
with no 3D geometry visible in your file. Ensure your
modelis visible.

Common Issues

Clearance plane too high

You can see the clearance plane while on the
Clearance Plane tab of the toolpath setup window.
Ensure there is no rogue geometry present in your
Rhino file.
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Features not being milled

Ensure that your tool diameter is small enough
to fit in your control geometry. Choose a smaller
endmill if possible.

Tool digging into stock outside
of control geometry

This occurs when your Entry/Exit parameters are
not setup correctly. Set Entry Motions to “Along
Path”, and Exit motions to “None”.
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Simulations not running as
expected

Sometimes, simulations may not update after
you regenerate a toolpath. Try doing “Simulate
Until” on the last toolpath. If this does not fix the
simulation, go to Preferences > Simulation, switch
the Simulation Model, click “Apply”, then switch it
back. This will clear the simulation cache.

Simulations running too fast

RhinoCaM 2020 - Machining Broveser

m Program m] & -8 @
@ Prefersnces ﬂ Stock - a Skep Levels ﬂ Stop

§ [ Play [ ToEnd & Compare
Im 5;mu|,b=|,:'.|l.,-|m,,| O stee [ Pause
¢ Cptions Simulate

Deselect Simulate by Moves, and lower the slider.

Cannot see tool when
simulating

‘@ﬁ di‘f’dﬁ&’d}”’ Default -

Ensure tool visibility is toggled on.

Common Issues

Shank collision

Sirnialation Errer x

Holder Shank Colision Error, Do you want to continue
e

[] oo ot show this dislog again durng this run

You may receive this error when the tool holder
collides with your part. This mainly happens when
the tool is too short for the job.

RhinoCAM does not differentiate between a holder/
shank collision. Shank collisions may not be
dangerous. Try setting the flute length equal to tool

length in Tool Settings to eliminate the shank. Then
try running the simulation again.

Holder

Shank

Cutter

If you encounter the message again after changing
your flute length, use a longer tool.
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End of Manual

Go to Contents
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