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Rhino_CAM Loading the Operations/Objects Menu

RhinoCAM 2012 Tutorial (102 KB) - Rhinoceros (Educational Lab License) (64-b —
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To operate RhinoCAM launch the Machining Operations Tab and the Machining Objects
Tab. These can both be found in the RhinoCAM Drop down menu located along the top
of the Rhino menu.
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Once launched you can dock the two menus on the left side of the screen, both menus
are necessary for setting up and running milling operations.
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Rhino_CAM Loading the Post Processor
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To begin first you should set the Post Processor to Technolsel (our 3-axis router). To
set the Post-Processor, click on the “Post” button. This will bring up a pop-up window
allowing you to change the machine post language.
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Once you have set the Post Processor to Technolsel, click “OK”.
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Rhino_CAM Loading the UMass A+D Tool Library
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To load the UMass A+D Tool Library,

copy the CSV file you were given during
orientation to your computer into the
folder Program Files>Rhinoceros 5.0>
Plugins>RhinoCAM 2012 for R5>Data.

The tool library is an established tool set
of the end mills we have available in the
Router Lab. Later in the tutorial you will
learn how to create and edit your own end
mills in RhinoCAM.

To load the library go to the
Machining Objects Menu while

under the tools tab click the load tool
library button.
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Once loaded, the library will display all the
tools available in the lab.



Rhino_CAM Interface and Layout

The Machining Operations menu contains two tabs, program and simulate. The
Program tab and associated functions are used to set up your milling operations. The
Simulate Tab allows for simulation and analysis of the milling paths and order.

The stock align and material menu allow for the
creation of stock, alignment to the working surface
and the material texture of the stock. The stock
dropdown menu and creation of stock is covered
on page 6 along with setting material texture.
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The display buttons are located in the bottom
left of the machining operations menu. From
left to right they display the stock visibility,
material texture visibility, toolpath visibility,
toolpath level visibility and Machine CSYS
visibility.

The machining operations contain both
sets of 2 axis and 3 axis adv cutting
operations, these two drop down
menus contain all necessary functions
to create milling paths for 2d and 3d
cutting.



Rhino_CAM Interface and Layout

The Simulate Menu allows

simulation and playback of the
established milling operations.
You can process by playing the
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The visibility displays are located

on the bottom left of the Simulation
menu. The buttons allow you to toggle
the part, stock, material, toolpaths,
Machine CSYS, Tool, Holder and
Machine Visibility, respectively.

The simulation accurancy can be shifted between
standart and fine. This will increase resolution

on the simulated milling paths. On a large model
with multiple complex milling paths, switching to a
voxel model with standard accuracy and reducing
the display intervals will speed up the simulation
where greater accuracy will give too slow a
simulation.
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In general, it is useful to keep the stock partially
transparent to keep track of its location relative to
the parts.
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Rhino_CAM Stock Set Up

Creating stock in RhinoCAM is done by creating a solid polyobject (usually a box) to
match the physical dimensions of the real stock material to be milled.
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Create a stock layer, then create the stock size required to match the physical material
stock. Create the stock in Rhino.
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Move the stock to the origin in rhino (0,0,0] this corresponds to the origin of the CNC.
The Red, Green and Blue arrows indicate the X,Y and Z direction of the CNC bed.
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Rhino_CAM Stock Set Up

Highlight the created stock, from the machining operations menu select the stock drop
down menu, then select stock from selection. This will create a stock from the object.
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Once the stock has been created you can turn off the stock layer, the ghosted stock you
see in the program menu is the RhinoCAM stock. All milling paths and operations will
be applied to this stock.
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Rhino_CAM Stock Set Up

Switching to the Simulate tab will show the stock as a solid rendered object. You can
toggle on and off the display with the stock visibility button in the simulate mode.
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Material type can be assigned to the stock on the Program Tab, press the material but-
ton to access the stock material database in RhinoCAM.

ile Edit View Curve Surface Solid Mesh Dir i Transform  Tools Analyze Render Panels RhinoCAM  T-Splines Maxwell Help

‘ Maxwell: error: License.txt file not found (caller=isLicenseValid) -
Loading Rhino Render, version 1.50, Jan 29 2013, 19:51:00 >
‘Command: =]
‘Standard | CPlanes | SetView  Display ' Select | Viewport Layout  Visibility | Transform | Curve Tools  Surface Tools | Solid Tools ' Mesh Tools ' Render Tools ' Drafiing | Dimension ' T Splines | &
DeE8TFxD0~N 25025 H=«¥0 6890000 "5,
ining Operations. o
koo, Program | Simulate cB-p-B-0
!\:. :—1 ylMachine | f)Stock - || WorkZero gt Axis - T+
(9, @ Pt = (i Holes - Thers ars no Materials in the Scene
) | B setup - #

Machine Setup.

G_a T -}, Machining Job

&5 9, -3 Machine -3 Ads

=] 0 %% Post- AXYZ-Router 4008
S

Stock - Stock from Selection

bt
ST ~{i Setup 1
O Properties @ Layers |EDisplay 53
™} ™% Machining Objects x BCe r
Ja il Title Perspective
T BJ: (T Tools| { P Regions B K-Bases Wicth 843
B, : o Height 633
02| 1 drarar Xy e ey
@[ TF Took B G
288 E Tl 1_Shert 25 Flat L Lot 500
e, B, L
[P v T 2.Long 25Fht ¥ Location 59.824 E
Yy T leng Zbal L ¥ Logation 75372
QLA p‘ T 425 sciylc flat 3 Z Location 131.882
T 5.Long 5iat Location
T 6_short.5 fiat Uity Target
[ 7_2D_0.5_Comp_Chipbrsaker X Tanget 24:250
T #.long 5 bal ¥ Target 10.826
T 9short.5ball Z Target £.961 &
- 10_ong .75 rougher fat = Location
A, perspective | Top | Front | Right | 4 | fiztins i

| [7) End V] Near [] Poirt [¥] Mid [] Cen [¥] Int (] Perp [ Tan [] Quad [] Knot ] Vertex (] Project [_] Disable
CPlane | x4007 | y6932 | z000 | Inches |EDsfault | GridSnap | Orho | Planar | Osnap | SmartTrack | Gumball | RecordHistory | Fitter |CPUuse:04%

8




Rhino_CAM Stock Material Assignment

The pop up dialog allows for different material assignments to see the effects of the
later assigned milling paths on the stock material.

File Edit View Curve Surface Sofid Mesh Dimension Transform Tools Analyze Render Panels RhinoCAM T-Splines  Maxwell ' Help
IMaxwell: error. License.b file not found (caller=isLicenseValid)
Loading Rhino Render, version 1.50, Jan 29 2013, 19.51.00
Command:
Standard | CPlanes | SetView ' Display | Select | Viewport Layout Visibility ' Transform | Curve Tools  Surface Tools | Solid Tools | Mesh Tools ' Render Tools | Drafiing | Dimension ' T Splines |

NEESTXDO~N + 2500 Hs 696609000 Y@,

Operati

@

% 04
Lo
9%
)

"

cB-F- 80
WorkZero Bl Axis + 5 -
2 Axis -

Program | Simulate

Bistock ~
-

3= Material

There are no Materials in the Scene

(i Holes -

Q‘ . 51 Machining Job ¢ -
&9, 38 Machine - 3 Axis [Choosesodaera |
g‘ 0 25 Post- Technolsel Materizl File
kit Stock - Stock from Selection
d@, il Setup 1
%“ Material
WooD oA
T oF .
8 & ‘«’:5 Material Texture G Properties | Layers | Display &
‘
5 Viewport e
R Machining Objects | ! Ttle Perspective
T, [T Tools | (D Regions B K-Bases e Widh 3
g, « o |~ Height 633
580 1 gy arar X e T
a =, [ = T Tools d Camera
Eii ] % ;_fhmt.;:;lal Lens Length 500
 Long lat X Location -59.824 £
[?‘ v, T 3.Long.25bal ¥ Location 475372
& ) Source folder for material fles:
(@Y T 425 aciic st Z Location 131.882
Jaluation (54-bit) -ns' 10CAM 2012 sterial
cH T 5.Long Sl hadtion: (o4 B0 Phage R or it Locsion
T E_short 5lat Utity Target
[ 7_2D_0.5_Comp_Chipbreaker 0K Cancel Help X Target 24250
T #long 5bal ¥ Target 10.826
T ashot.5balit Z Target £.961 =
T 10kerg 75 rougherfls: = Location
- \ | Perspective | Tap | Front | Right | = | b 5

| [V End [¥] Near [7] Poirt [¥] Mid [7] Cen [¥] int [V] Pep [~| Tan [] Quad [] Knot [7] Vertex (] Project [] Disable
CPlane | x-4859 | y1310 | z000 | Inches |EDefault | GridSnap | Ortho | Planar | Osnap | SmartTrack | Gumball | RecordHistory | Filter  Minutes from lastsave: 17

While in program tab when the ,material visibility is turned on the stock appears
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inoCAM 2012 Tutorial (113 KB) - Rhino 2 ) (64-bit) - [Perspective]
File Edit View Curve Surface Solid Mesh Dir i Transform  Tools Analyze Render Panels RhinoCAM  T-Splines  Maxwell Help

Maxwell: error: License.txt file not found (caller=isLicenseValid) -
Loading Rhino Render, version 1.50, Jan 28 2013, 19:51.00 -
‘Commarld: 2]
| Standard | CPlanes | SetView ' Display | Select | Viewport Layout Visibility  Transform ! Curve Tools " Surface Tools | Solid Tools | Mesh Tools * Render Tools | Drafiing | Dimension | T Splines. | &

DeESsTXD0~Nl ¢+ 25020 H= 70690009 W50,

ing Operaticns

*
B[ progum | Simulate cB-F-B-O
WorkZero  egd Axis ~ T +
Famis=  \fHoles
~d3 Ais Adv + 55 -

N
0,8,
Bo
6_4_1 5, Machining Job

nw; %‘ -8 Machine - 3 Axis
@@ " Post-Technelsel

Stock - Stock from Selection

el 2o

Bistock ~
§iaion -

3= Material

There are no Materials in the Scene

S

a o O Properties |[@Layers |CDisplay 3
4 —— Viewport =
S "W Machining Objects x N —
T D" [ Tools | {3 Regions B K-Bases Width 843
g : o Height &
20e 1 g ar X i e[
ﬂ, =z, | 5 7 Tools - Camera
EEE' T 1_5hott 25 Flat Lens Length 500
[? ‘/‘ T 2.Long 25Fat X Location 55,824 =
Y 4 T 3.Long 25bal | ¥ Location 175372
Q‘ 5: T 425 aclic lat 3 Z Location 131882
' T 5.Long 5flat Location
T 6_short 5flat Uity Target
[ 7_2D_05_Comp_Chipbreaker X Target 24250
T ellong Shbal ¥ Target 10.826
T ashort 5balll Z Target 5961 i
T 10long 75 rougher flat = Location
o | | Perspective | Top NAomn ¥

| [V1 End [¥] Near [] Point [¥] Mid [ Cen [¥] int (V] Perp [ Tan [7] Quad [ knot [ Vertex (] Project [] Disable:
CPlane | x-1201 | y16600 | z000 | Inches |EEDefault | GridSnap | Ontho | Planar | Osnap | SmartTrack | Gumball | RecordHistory | Filter CPUuse 0.9%

9




Rhino_CAM Stock Material Assignment

Under the simulate tab the material will appear fully rendered.
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Rhino_CAM Setting up a Milling File

To begin setting up your RhinoCAM file have either your 2D geometry (Profiles) or 3D
geometry (Surfaces) ready and exported into a new rhino file. Remove any unnecessary
geometry from the milling file, only maintain necessary curves and surfaces for the
milling operations. Any unnecessary geometry can easily be selected and lead to errors
In the assignment of milling procedures and operations.

Establish the size of your stock and model, make sure there both the material size
available for your mill and the end mill lengths and cutting depths. The smaller the end
mill diameter the shorter the cutting depth. Always make sure you can cut to the
desired depth with the selected end mill.

End Mills come in different lengths and diameters, the
daniels tool library (covered previously in how to load the
tool library) has a range of end mills from 1/4" to 3/4"

in flat end mills and ball end mills. The end mills have

a overall length, cutting depth and both shank diameter
and mill diameter.

Different end mill sizes and types will leave different
tooling effects on the material surface. RhinoCAM will
simulate these paths and effects based on selection of
end mill and tooling paths.

Once you have your 2D geometry ready for 2 axis milling, see the section on 2 Axis
Machining Operations. If you have 3D surfacing see the section covering 3 Axis
Machining Operations.
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Rhino_CAM 2 Axis Machining Operations_ Engraving

Engraving Milling paths follow curves along the center of the end
mill to the assigned curve or line. The end mill cutting direction will
follow the direction of the curve or line, to find the direction of the
curve in Rhino you can enter the command _Dir or press the analyze
direction button.

Tip: If the desired toolpaths were generated in Rhino
or Grasshopper, use the Engraving Operations to
override the RhinoCAM algorithms (See http://vimeo.
com/61239086 for demonstration).
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The direction of the curve can be flipped while in the Analyze direction command. These
curvature directions will be important in assigning 2D milling operations as the line/
curve direction will dictate the cutting direction in your milling operations.
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Rhino_CAM 2 Axis Machining Operations_ Engraving
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The established engraving path is aligned to the top surface fo the stock material. In the
Input parameters in the machining operations for engraving the cutting depth can be
established.
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Select Engraving from the 2D milling operations tab, press select drive/containment
region to select the engraving milling path(s) established.
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Rhino_CAM 2 Axis Machining Operations_ Engraving
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The endmill diameter selected will determine the width of the engraving line, as the
endmill center point follows the selected engraving line the tooling path with be the

endmill diameter from the center of the line.
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The feeds and speeds will be determined by the material being milled and the type of
endmill selected. Please see the feeds and speeds section and consult the Fab Lab.
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Rhino_CAM 2 Axis Machining Operations_ Engraving
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Under the Cut Parameters tab, the cutting direction, depth and geometry location is
chosen. The geometery currently in the example is located at the top, the total cut depth
is 1/4", this is done in one pass, for deep milling the depth can be done in multiple
passes by setting the rough cutting depth and the finish cut depth.
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Once the milling paths have been generated select the simulate tab and run the
engraving paths to see the toolpath result.
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Rhino_CAM 2 Axis Machining Operations_ Profiling

Profiling Milling paths follow curves along the direction normal to the
curve. The endmill will by default always assign itself to the right side of

the directional normal. To change the cutting direction of the profile the
curve direcetion can be flipped in Rhinoceros or the setup parameters in the
profiling pass dialog can be changed. Profiles can be performed on open or
closed curves.

Tip: Profiling toolpaths are optimal
for cutting out two-dimensional
shapes on the router.
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The direction of the curve can be flipped while in the Analyze direction command. These
curvature directions will be important in assigning 2D milling operations as the line/
curve direction will dictate the cutting direction in your milling operations.
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Rhino_CAM 2 Axis Machining Operations_ Profiling
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The Profiling tab is located under the 2 Axis machining functions in the program tab in
RhinoCAM.
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In the Cut Parameters tab the cut direction can be changed and for closed curvature
either the inside or the outside of a closed curve can be chosen to cut. A offset of the
profile can be setup with Stepover Control, the cut width and the step over to the desired
width can be set up here. As a general rule never cut deeper or step over more then half
of the diameter of the chosen endmill, for denser materials this should decrease.
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Under the exit / entry tab set the entry and exit motions to none, the 2d exit will create a
turn out cut that can come close to other profiles if they are tightly nested.
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When cutting a profile out of a larger surrounding material the inner cut can lose
suction to the CNC vacuum bed once cut. This can cause it to shift and bump into the
endmill. To prevent this bridges can be created, these create small tabs that link the cut
piece to the larger material. The height, length and number of bridges can be set. Once
cut the bridges can be hand cut to release the profile from the material.
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If multiple profiles are being cut in a single sheet the cutting order can be set up under
the sorting tab, this allows the shortest path generated from a starting point.
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Once generated the profiling path will appear in the Program Tab view, the light blue
lines are the bridges and the dark blue is the profile tooling path.
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Under the Simulate tab once the simulation has been run the bridges are visible linking
the profile cut back to the main sheet material.
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For multiple profiles, select all the drive regions as long as the cutting operation
performed remains the same. Under the Sort tab select minimum sorting distance.
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The tooling paths generated will be sequential from the start regions selected from the
sort tab, this will speed up operations when multiple profile cuts are performed.
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Pocketing milling operations will mill out a selected region - either within

a bounded region or between two regions. The operation will populate the
region with milling paths to remove the desired material to a depth assigned
in the ‘Cut Levels’ dialog.
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Using the same geometry as in the profiling path, select the desired drive/containment
region. For a closed region the profiling path will be generated inside of the contained
region
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Under Cut Parameters the pocket can be cut using either Offset, Linear, Spiral or Radial
cuts. The choice of operation will be dependent of the geometry to be pocketed, for the
curvature shown the offset cut will be used starting from the inside to perifery of the
geometry, The stepover is set to 50%.
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Under ‘Cut Levels, the depth of the cut and the number and height of the stepdowns
is defined. First, choose the geometry location where your curve is located relative to
the stock. In the example, the curves are located at the top. The rough cut depth is set
to match the total depth, as the cut is only 0.25". If the total depth is substantial, use a
series of stepdowns to remove the material. The stepdowns are set using the sliders.
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Once all of the parameters have been set, press ‘Generate. The toolpaths will appear in
the region in concentric offsets starting from the inside and working outwards towards
the region boundary. 24
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Go to the simulate tab to see the generated toolpaths run. With pocketing passes,
sometimes the pocket geometry will be slightly inset from the original curve. A profile
pass can be run with the pocket to insure a tight alignment to the original region
boundary.
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Select the same curve geometry used for the pocketing operation. Under Cut
parameters, make sure ‘Use Inside/Outside for Closed Curves’setting is selected and set
to‘Inside! Set the depth the same as for the pocketing pass.
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Once the profiling pass is simulated you will see a small stepover from the pocketing
pass to the profiling pass. The new cut profile is tight to the original curve geometry.
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Hole Pocketing operation can be used to create spiral tooling
paths to cut a large hole diameter. Similar to a pocketing pass
but with a sprial pattern which begins at the center and
progresses outwards.
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Select'Hole Pocketing’ from the 2-Axis dropdown menu, and draw and select the circles
to pocket. Make sure the geometry is closed. If it isn't, RhinoCAM will return error
messages when it tries to compute the tooling paths.

27



Rhino_CAM 2 Axis Machining Operations_ Hole_Pocketing

| NP — LY
e Render Panels 'RhinoCAM T-Splines Maxwell 'Help
Machining Features/Regions Teol | Feeds & Speeds 7
Gt Parameters || Eny/Bot Soting -
=
Giobal Parameters e 1 Curve Todls | s/ Animation 00 | Camera | Tools 00 Maswell Shorteuts  Funct» £
Tol i
itk =l :@" ?,E,BO@QO qﬁﬁ?ﬁue
Location of Cut Geometry

@ATop (A Bottom

E0ispley | @ oyers | Dliotts | O Propertes 3

OPckTop |0 ER]

DhXavdTYRh»2@

Cut Direction

@ Climb (Down Cutting) ) Convertiona! {Up Cutting)

Stepdown Distance (62} Stepover Distance (5]

© % Too Dameter [0 | ] || © % Tool Dameter 25 2]
8 Dlstarce 025 2 || @ Dstance =
© Number of Levels E
[¥] Do cleanup pass at sach Z Level

<

[(Gonerte | [ Canosl | [_sove ][ Hep

T 2.Long 25Flat
T 3.Long 25l
T 425 e flat

T 5_Long 5tiat

T 6_shart 5 lat Utiity

T 7.D_D5_Comp_Chipbieaker

Hole Parameters f\[l::m — Matensl me
HoeDeptn ) 05 (7] Stook LT Continuor
[] Use 3D Mode! to Detect Depth Profiing Path: L=N | Cortinuot
Hole Diameter (D} 1 % Ll
{7 Use Arc Diameter as Hole

Diameter for all selected arcs

T 8Llong 5 ball
T i

| [ End (V] Near [¥] Poirt [¥] hid [] Cen [¥] Int [¥] Perp [~ Tan [] Quad [ Knot [] .vaoac]ﬁqmgmase

CPlane | %3083 | y1478 | z000 | Inches |Hole Pocketing | GidSnap | Ortho | Planar | Osnap | SmariTrack | Gumball | RecordHistory | Filter | CPUuse:16%

Once the regions have been set, set the chosen endmill and the feeds and speeds
required for the material to be milled. Under ‘Cut Parameters, choose the location of
the geometry, set the hole depth, and check‘Use Arc Diameter as Hole Diameter for
all selected arcs.” Choose the stepdown distance and stepover distance based on the
endmill chosen and the material being milled.
—— ooy eprnel T e e el
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Once the toolingpaths have been generated the circles will be populated with spiral

offset milling paths.
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Run the simulation to see the milling paths in in progress. Always run the simulation to
make sure there are no errors or collisions with the collet or head of the CNC router.
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The facing operation is used for large areas to plane down the material in a setup
stepdown and stepover assigned in the cutting parameters. The facing operation is
useful for planing materials to become planar and for removing larger amounts of
materials in pre set areas.
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Select the 2 1/2 Axis Facing from the 2Axis drop down tab, select the region that is to be
faced on the set up stock.
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Select the endmilll depending on the amount of material to be removed, for a larger
area with geometry that is simple use a large endmill for faster facing. If the area is a
smaller geometry select a smaller endmill to fit accordingly.
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Under the Roughing tab set the type of cuts to linear, the cut direction can be set if
milling hardwoods, next set up the Stepover distance.
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Under the‘Cut Levels'tab set the location of the input geometry, the total cut depth and
the number of stepdowns in the rough depth cut. Typically, never exceed the radius of

the chosen endmill in plywood or hardwoods.
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Under the Exit/Entry tab make sure they are set to none for a straight z axis entry or

along 3d path for a sloping z axis entry.
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Press generate once the setup is done and the tooling paths will be generated.
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Once the tooling paths have been generated run the simultaion under the simulate tab.
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Horizontal Roughing is located in the 3 Axis milling operations, the function is used
to define a regions for a surface and milling roughly to the surface. This allows for the
rough removal of material before a finishing pass is run to create the final surface.

This is done to save time in the finishing passes and to reduce wear on the cutting heads.
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In the sample above a terrain file has been imported into Rhino, the mesh was
generated from contour data. The surface will be placed in a piece of stock that will
match the physical stock to be milled. Both meshes and nurbs surfaces can be used for
3d milling.
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Create a stock to match the physical milling stock. Place the terrain within the stock,

and try to allow as little distance as possible between the top of the stock and the terrain
to minimize milling time. The deeper the terrrain is inset into the stock, the more
material needs to be removed for the finished topography.

£% 3axis tuterial (1631 KB} - Rhino
File Edit View Curve Surface
1 curve added to selection

1 curve added to selection.
Command:

Solid Mesh Dimension Transform Tools Analyze Render Panels RhinoCAM  T-Splines  Maxwell Help

Stendard | CPlanes * SetView / Display ! Select ' Viewport Layout “Visibility " Transform ! Curve Tools  Surface Tools | Solid Tools ' Mesh Tocls  Render Tools  Draffing ' NewinV5 |

Machining Operations ’ e
o | s Dis Li Propert
B0 brogem | s ABr-P @ T Diley | @ Lovers D lighs | O Properin 3
- DhXavdY0h2>2@

o 8 Machine ) 5tock - \:u'orkZem gt pois ~ T~ T it i
Q @ | 2Pt g - | P2 s - [ Holes - Defauk = | Continuol
i, [[ssetup « || $=Material || A3 Avis Adv + 3§ ~ Layer 01 v = n“= Continu

e i Stock. Machining Operations Layer 12 Continuo
) — " -, Loyer 03 ool s

= — Loer B¢ ¢cm Contnuo
42, o Macnine 3 s Layer 05 ¢ &0 Contiruc
(=] @ i Post - Technolsel stock com Confiruio

A Stock - None § ]

a @, IE% Setup 1 border = | Continuot
ok & T35
o BlFlw @
a‘oo 15 - Din0.25 CRadkl. T:
S e e
T o |’J Tools| GRegmns %2 K-Bases
Ben ’ iy | o0y
sl 7 grarar )Xy
9‘....,‘ =T Tools -
g g T 1_Short 25 Flat
T 2.Long 25Fat
[ﬁ v, T 3.Long 25bal A
EZ;A & T 4..25 acniic fiat 3
T 5_Long 5fiat
T 6_shon 5 flat Uiy
T 7_2D_05_Comp_Chipbreaker
T #ong.5bal
T 9_short 5ball=
T 10_long .75 rougher fiat 5
5 Fi i | Perspective | Tap | Front | Right | 4 | b il ] "

[¥] End [¥] Near [¥] Point [¥] Mid [~] Cen [¥] int [¥] Pep ["] Tan [~| Quad || Knot [~| Vertex (] Project [_] Disable
CPlane | x3483 | y-587 | z000 | Inches |[oorder | GridSnap | Ortho | Planar | Osnap | Smartfrack = Gumball =~ RecordHistory | Filter |CPU use:25%

Create a bounding region around the terrain to be milled. This can be a flat region or it
can follow the terrain edge. This region will assign the area to be milled.
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Highlight the stock and from the program tab, choose stock and then stock from

selection. This will create the RhinoCAM stock to work within.
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Under the 3 Axis Adv tab, select Horizontal roughing.
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Select the endmill to be used for the roughing operation, typically a larger diameter flat
endmill will be used to remove the material to approximate the rough surface.

Tip: In plywood, the best results are achieved using a straight, single fluted flat end mill.
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Under ‘Cut Parameters, set the cut pattern to‘linear’and the cut direction to‘Mixed’ for
. . . ’
materials where direction doesn’t matter (e.g., Foam). For stepover control, set to half
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Under Cut Levels the stepdown control can be set, either the distance or the tool
diameter can be set to determine the levels for the Horizontal Roughing.
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Under the engage/retract tab set engage/retract in material to path, the endmill will
follow a path into the beginning tooling path.
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Press generate once all the setup has been completed, the tooling paths with levels will
populate the surface.
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Run the simulation under the simulate tab to make sre there are no collisions or errors
In the tooling path setup.

Simulated view of the Horizontal
Roughing Paths.
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Select Parallel Finishing from the 3 Axis Adv drop down menu, select the drive region to
be milled. This will be the same region used in the Horizontal Roughing pass.
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Under the Tool Selection tab, select the tool used for the final finished surface mill. For
the topography a .5 ball endmill is selected to give a smooth finish with a slight scallop
from the stepover of the ball endmill. Other tools will produce different results.
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Under Cut Parameters set up the Cut Control, the direction is set to mixed and the
angle is set to zero, if angled passes are desired set the angle of cuts to the chosen
angle. The stepover control is set to 20%, the tighter the stepover the longer the milling

time.
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Once all the parameters have been set up press generate and the surface will be popu-
lated with milling paths following the finish surface of the topography.
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Under the simulate tab run the simulation to ensure that there are no errors or

collisions in the tooling paths.
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Rhino_CAM 3 Axis Machining Operations_ Projection_Pocketing

Projection pocketing operation can be used for Pre finishing or fine finishing surface
bottoms in closed regions. In this method, the toolpath is generated in 2D and then
projected down to the surfaces below. Machining regions are necessary to be active for
this cut method to work. There is no limitation on the number of regions or the number

of nesting of the region.
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Before the Pocket Projection pass we will start with a Horizontal Roughing pass to clear
out most of the material from inside the dome before the finishing pass.
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Create your stock using the ‘Bounding Box’ option, then create a bounding region that
encompasses the area you wish to mill during the roughing pass.
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required. In this example a 1/2" flat end mill is chosen from the UMass A+D Tool Library.
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Under the Cut Parameters tab set the cut pattern to Linear and the cut direction to
mixed, the stepover should be set accordingly to the material being milled.

| e

- plyze Rendes Panels RhinoCAM T-Splines  Maxwell Help
| Machining Feaiures/Regions | Tool |  Feeds&Spesds | Clearance Plane | =
| CutParmmeters | Cutlevels | Engage/Retmct | Advanced Cut Parameters |
Sepdoin Cortrol (d2) == | CurveTools  Surface Tools | Solid Tools | Mesh Tools | Render Tools | Drafing | Newin /5 |
@ % Tool Diameter e = -
g o= om
) Distance [0125 R AN D) Q‘ é‘ E‘ OA ] 0.. OA ,ﬁ?ﬁ T Q
_ — S— =——————
€ Numberof Leves |5 [lDisplay [ Loyers | DLishts | O Properties 3
DhXav4dTYRFPO
G2t ooyl N8 Name Material Linetype
| B Levelibr Defaut vom Continuor
‘l @ Depth First | Half Sphere o [ | Continu
‘ Region = | Continuot
| | Layer 03 = | Continuer
Layer D4 Yol Continuor
| o — Layer 05 950 Cortinuo
| ETpMm  [6285
[/ Bottom B) |
| [7] Clear Fsts 1F)
il
||
)
|
|
[ Generste | [ Cancel | [ Save ||
Y ﬂ 2_Long 25Flat
A
@ A T 3Long.25bal
A T .25 acwio fla
- 5 Long 5 fiat
T &_short 5 fat Uity
T 7.20_05 Comp Chipbreaker
@ 8long.5bal
T 9_shon 5 bal=
=
| Perspective | Top | Front| Right| & | £l . | '
[¥] End [¥] Near [¥] Poirnt [¥] Mid [] Cen [V] int [¥] Pep [[] Tan [C] Quad [ Knot [T] Vertex ] Project (] Disable
CPlane |  x115 | y4809 | 7000 | Inches  |[Half Sphere | GridSnap | Ortho | Planar | Osnap | SmartTrack | Gumball | Record History | Filter |Minutes fram last save: 67

Under cut levels set the stepdown control to 50 percent of the tool diameter, this
percentage can be higher for less dense material (ie foam).
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Once all the settings have been completed press generate to view the tooling paths
created by the input parameters.
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Go to the Simulate Tab and run the simulation to make sure there are no collisions or
errors in the tooling path setup.
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Select Projection Pocketing from the 3 axis adv menu, select the same drive region that
was just used the in the previous horizontal roughing pass.
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Under ‘Tool’ select a ball end mill to create a smoother finishing pass. In the example
the 1/2" ball endmill is selected.
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Under Cutting Parameters set the cut direction to mixed, the cut control is set to 2D
Offset, linear can be selected depending on the resultant tooling paths desired. The
stepover is set to 25% for a smoother final pass.
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Once all the parameters have been set, press ‘Generate’ to create the toolpaths.

Parameters can be readjusted if tighter/looser milling paths are desired.
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Under the Simulate tab run the simulation to see the final surface with the Projection
Pocketing. Check to make sure there are no collisons or errors in the milling paths.
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Spiral machining is a method of generating a spiral toolpath. It can be used efficiently
for circular regions. Single/multiple regions must be selected and activated to generate
the spiral toolpath. The toolpath will be generated only within the activated regions.
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For Spiral Machining the same process will be repeated from the projection pocketing
example. Begin with placing the polyobject in the stock and then use Horizontal
Roughing to remove the material before the final milling pass with Spiral Machining.
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For the Horizontal Roughing create to drive regions to contain the Horizontal Roughing
pass, the pass will run between this two defined regions.
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Under the Cut Parameters set the Cut Pattern to Part Offset adn the Cut Direction to
mixed. The tool diameter is set to 25% in this example, for less dense material it can be

set higher to speed up the Roughing Pass.
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Once all the parameters have been set up press generate to create the milling paths.
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Under the Simulate tab run the simulation to check for any collisions with the head and
make sure the milling paths are the desired ones.
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Toggle off the tooling paths to view the Horizontal Roughing path surface.
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Under the 3 Axis Adv select the Spiral Machining tab.
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Under Machining Features/Regions select the same two drive regions from the
Horizontal Roughing Pass.
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Under the Tool tab select the endmill for the finished surface, the long .5 ball is used in
the example.
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Under Cut Parameters The Cut Direction is set to Climb, the start point is set from the
iInside and the Stepover Control is set to 25%.
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