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| Product Design &
Manufacturing |

Welcome to the Roland DGA Product Design & Manufacturing | Curriculum Series. In this series, you will learn how to model 3D parts
using Rhinoceros (Rhino) software, export these models to Roland’s Computer Aided Machining software — Modela Player, create
toolpaths to machine the models and send these toolpath instructions to a Roland milling machine, which will cut the part.

Included is a set of 9 lessons. The first lesson teaches you the basics of using Rhinoceros software. Lesson 2 models a bottle and
Lesson 3 creates the toolpaths for the bottle. Lesson 4 models a desk weight using solids and its companion, Lesson 5, creates the
toolpaths. A hair dryer is created and machined in Lesson 6 and 7. Lessons 8 and 9 model and machine a boat.

=P
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All of the parts are machined using machining wax. This material is easily cut and has a relatively high melting temperature. Candle
wax cannot be used as it would melt on the machine tool bit.

The parts are relatively small so they can be machined in an hour class period, including setup and cleanup time. You need to work

efficiently but carefully. When you are ready to machine the first part, see your instructor for their okay on the setup and use of the
milling machine.

It is very important that you follow all the instructions carefully. They insure the parts will be modeled and machined correctly and safely.

However, do not just do the steps like a robot. Learn what the steps are accomplishing so you are able to model and machine parts of
your own design.

The following is a flow diagram of the process the lessons will follow to create and machine the models.

Save Design Model Export
v Rhinoceros W
3dm Eile 1 STL or.DXF
' : File
Create \
Tool Paths E

Modela Player

Machine Model
Roland

Milling
Machine

Model
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1 Rhinoceros Basics

The Rhinoceros Basics lesson is designed to give you the skills and knowledge to create models that can be machined with Roland
software and milling machines. It is very important that you master this introduction. This is the key to your success in completing the
following lessons.

Starting Rhino

To start Rhino, boot up the computer. ﬁ"’-«.‘
Rhinoceros
Double click on the Rhinoceros icon on the Windows desktop.
Jé.'.ll-il_-' PASED Ay == 2030 dr'-l".._
Menu Bar
44 Command Window Viewport Title Bar
The Screen Area oy
=i Docked Toolbar
Displayed_is the Rhino screen area. You should familiarize e Word. Coordinate lcon
yourself with the different areas of the screen. poits |
Osnaps Status Bar
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Accessing Commands

Pull Down Menus

Most of the Rhino commands can be run from pull down menus. The pull down menus are listed across the top of the graphics screen

(menu bar).

v

BEgmeay
BE 8% gy

T S T T i T LT

T ey
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Surface Solid Transform Tools Dimension Analy

Point Object 4
Point Cloud 4

Single Line
Polyline 4 Line Segments
Rectangle ’ Perpendicular frem Curve
Folygon ’ Perpendicular to 2 Curves
Free-Form 4

Tangent from Curve
Circle 4 Tangent to 2 Curves
Arc 4 Tangent, Perpendicular
Ellipse 4 Angled
Para_:bola ’ Bisector
COI’?IC From 4 Points
He!|x MNormal to Surface
Spiral Wertical to CPlane
Extend Curve 4
Fillet Curves
Chamfer Curves
Offset Curve
Blend Curves
Curve From 2 Views
Cross-Section Profiles
Convert L4
Curve From Objects 4
Curve Edit Tools 4
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Toolbars

Rhino has a series of toolbars that can be used to access commands. When Rhino is loaded the Main toolbar sits on top of the
graphics screen below the command window. The Standard toolbar is on the left of the graphics screen.

These toolbars can be moved and others added. It is STRONGLY suggested that the toolbar layout not be modified for these lessons.

ST T T T )

Main Toolbar

Standard Toolbar

Many of the toolbar icons have two commands assigned to them. One is started with a left mouse button, the other with a right mouse

button.
S R0 H - =
VY
8 Zoom BExtents
B Zoom BExtents All Viewports

In this example, a left mouse pick will run a Zoom Extents command and a right pick will run Zoom Extents All. Zooms will be explained
later in the introduction. The text box that appears when you hold the mouse pointer over a command icon is called a tooltip.
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Flyouts

On many of the toolbar icons there is a small triangle in the bottom right corner of the icon.

[ ]

By picking and holding with the left mouse button or right clicking a flyout menu will appear. This menu has other commands associated
with the icon you selected. To use one of the flyout icons move your mouse to it and right click.

Controlling Commands
Canceling a Command
To cancel a Rhino command, press the Esc key on the keyboard.
Repeating a Command
There are various ways to repeat the last command.
1) Press the right mouse button while over a viewport.
2) Press the space bar on the keyboard.
3) Press the Enter key on the keyboard.

Note: These actions will also end a command in most cases.
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Command History

To view the previous commands that you have run, press the F2 key on the keyboard. The scroll bar

can be used to view commands that are off the screen.

Pick the X in the upper right of the box to close it.

The command history can also be used to start commands that you already have used.

Place your pointer in the command line without a command running.

*» Command History FA_]

Flbari g kgcknd
L evaclrey Pl Rl itiace vaiion [ee 20 2002 17 2606
Cawriand _Pasrtelli

Conared. Ol plens

e e

Comieand _Tadm

Diag & v o 2oom | A Dvnamic Cidents Faclor In Qut Selected Targe
sy opdion | Exentr Selechsd | _Esbandy

1 vl by B < oy Gty i Tk,

Comimand _CommandHiion

Comtd | Sewis. |[ Chow

Command: _CommandHistory

Command:

Right click and the last nine commands will appear. Left click on the one that you want to run.
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Command: |

]

b9 0 6L -

-

|

(=

=

£

Top

<F2=

Control Point Curve g

Options...
Zoom Bxtents All Viewports
<F11=
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Viewports and Work Planes

Rhino works in 3D space. For the purposes of this introduction, space can be looked at as a box. The size of the box can be any size
needed to create the desired model.

Rhino, when started comes up with four viewports, Top, Front, Right Side and Perspective.

The Top viewport is looking down on the box that represents space. The Front viewport is looking at the front of the box and so forth.

[ 7o I
X, Y and Z-axes are used to draw in each viewport.

In the Top viewport the X-axis runs left and right and the Y axis, up and down.
This is called the world coordinates. Where the two thick lines meet is X, Y zero. ¥

The Perspective viewport is the same as the top viewport but looking at it from a
different point of view.

The two other viewports also have icon displaying the X, Y, and Z-axes but in relation to the world coordinates. However, when working
in the Front or Right viewports the X-axis runs left and right and the Y-axis, up and down. How to work in the viewports will be
discussed later.

You can create more viewports and resize them as desired but for these lessons that will not be necessary.

NOTE: Itis very important to look at all viewports while drawing to make sure that your geometry is correct. Often, the drawing looks
correct in one viewport but you can see the error in another.
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Each of the standard viewports has a work plane assigned to it. For our purposes, these are the sides of the box. 2D geometry is

created on the work plane.

In Rhino, as you change viewports from Top, Front and Side you automatically change work planes. The Top and Perspective

viewports have the same work plane.

Rhino also allows you to create work planes as needed. These can be looked at as a flat piece of paper oriented in space wherever

desired.
This exercise will help you visualize these concepts.
1) Start up Rhino:

To start Rhino, boot up the computer.

Double click on the Rhinoceros icon on the Windows desktop.

Use the Surface pull down menu as displayed and pick the following:

Surface - Plane — Corner to Corner

Roland DGA Product Design & Manufacturing |

K9
i

Rhinoceros

Solid Transform Tools Dimension Anz

[Pare 3| Comerto Corer |
1 Loft 3 Points
Sweep 1 Rail Vertical
S 2 Rail
RweTp alls Through Points
evove Cutting Flane
Rail Revalve
Curve Network
Corner Paints
Edge Curves
Planar Curves
Point Grid
Extrude 4

Patch
Drape
Heightfield from Image

Extend Surface

Fillet Surface
Chamfer Surface
Offset Surface

Blend Surface

Unroll Developable Srf

Surface Edit Tools 4
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3) Put your pointer in the Top viewport.

4) Input the following (bold items) to the command prompts in the command line.
Note: Enter means to press the Enter Key on the keyboard.

First corner of plane ( 3Point Vertical Center Deformable ): 0 Enter

Other corner or length: 3,2 Enter

5) Restart the Surface — Plane command (press the space bar) and put the
pointer in the Front viewport.

Roland DGA Product Design & Manufacturing |
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6) Input the following (bold items) to the command prompts in the command line.
First corner of plane ( 3Point Vertical Center Deformable ): 0 Enter

Other corner or length: 3,2 Enter

7) Restart the Plane command (press the space bar) and put the pointer
in the Side viewport.

8) Input the following (bold items) to the command prompts in the command line.
First corner of plane ( 3Point Vertical Center Deformable ): 0 Enter

Other corner or length: 2,2 Enter

Roland DGA Product Design & Manufacturing |
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9) To see the results more clearly, right click on the Zoom Extents ALL icon as displayed.

This command zooms the view to the overall size of the model.

OSEE % & @)D 50 00 H s =
I

b |
[:E ° B Zoom Extents
= @ Zoom Extents All Viewports

Aol . ~E7P
':::‘-l---'“'#.-.-.r*i--f--—:.-.lv 1L
o o T ===
a2

Result o u
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10) Because it uses the extents of the Top viewport the model is not completely
displayed in the Perspective viewport. To correct this: L ,

. ) B8 Zoom Dynamic  Ctrl+RMB
Pick the Zoom Dynamic command from the top toolbar. @ Zoom by Scale Factor

Move the cursor to the Perspective viewport as displayed.

Hold the left mouse button down and move the mouse downward until the model fits into the 1 ]
viewport. |~

Release the mouse button.

11) To more easily view the planes you have created, they can be shaded.

QO Lkl

B Shaded Viewport
B Wireframe Viewport

Left click on the Shade icon on the top toolbar.
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Result [Perspeciv |

12) To look at the model from another direction, it can be rotated.

Right click and hold the Perspective viewport.

Move the mouse to rotate the view.

Release the mouse button when you are finished.

Right click on the Shade icon to remove the shading. o

As you can see each of the rectangles were created on the work plane in each viewport. Most CAD modeling programs only have one
work plane available at a time. This is a great strength of Rhino but it does require the user to keep track of the viewport they are
working in.
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Single Viewport
To fill the graphics screen with a single viewport, double click on the viewport title.

In this case, Perspective.

Result

To return to multiple viewports, double click on the viewport title.

Roland DGA Product Design & Manufacturing |
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Resetting the Viewports

\UETN Curve Surface Solid Transform Tools Dimension

| Maximize 2 17:26:05
| Pan View Shift+RMB
. B . ) | Rotate View Ctri+Shift+RMB ———
If your viewport settings get completely out of alignment do the following from the pull down menu. | zom BRI NONON S B-==|

| Unde View Change Home
Redo View Change End
Set View 4
Named Views...

Viewport Layout L4 New Viewport

Set CPlane Split Horizontal

View — Viewport Layout — 4 Viewports Named CPlanes... Spit Vertical

Synchronize Views

Background Bitmap 4
Set Camera Y 3 Viewports l!
Show Camera F& Read From File...

Viewport Properties...
Rotate camera

Starting a new model while in Rhino

ZIW Edit View Curve Surface

To start a new drawing session while in Rhino: mom.. Ciri+0

Save Ctrl+5
Save Small

From the pU” dOWI'l menu. Incremental Save

Save As...
Save As Template...

Insert... Ctrl+1

File — New... Import...
Export Selected...
Export With Origin...

Notes
Properties...

Print... Ctrl+P
Print Preview...
Print Setup...

Worksession Manager...
Send...
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Select No, to not save the model.

Select Inches and Open to complete the process.
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Open Template File

Rhinoceros 3.0 Beta

' ": Save changes to Untitled?

Yes

Mo Cancel

Look in: [ Template Fise

3 Viewports
k3 Centimeters
B Fent

gy Meters
B Millimatars

¢ 1Rl

Wy Documents

€

My Compuier e name.
Fa ] Fies of hype:

B =1

raren = [ o ]
[Feme 30 Mesdeis 30 =] Carcel
e Templata

[T Uine thin ke whan Fies staees

1-15



Modeling Accurately

Being able to draw and model accruately is a very important skill in any CAD or 3D modeling program. There are various ways to do
this. Some you will use more than others. However it is very important that you master all of these skills.

Grid and Snap

The simplest method of drawing accurately is using Grid and Snap. This method only works if what you are modeling has dimensioning
that is evenly divisable, such as ¥ ., %2 and 1. Otherwise using Grid and Snap will not be effective.

In Rhino, Grid lines are on the screen in a vertical and horizontal pattern. By default, every fifth one is thicker.
These are reference lines that allow the user to track (count) distances.

Snap causes the pointer to jump at a preset increment, for example, 1 unit usually based from the 0,0 point of
the X, Y-axes.
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1) Start a new Rhino drawing.

LN Dimension  Analyze |

Object Snap

2) To check and/or setup Grid and Snap: Polygon Mesh
Polygon Mesh Primitives
3-D Digitizer

T ¥ v v

From the pull down menus:

-

Commands
RhinoScript +

Toolbar Layout ...
Flug-in Manager...
License Manager s

Tools — Options...

3) From the Options dialogue box:

= Drocument Propsrss
L
B
L1

Diraraion

On the left side of the dialogue box, select Units and Inches, et
if they are not already selected. Pt
o i

e Corcel | Hep
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Pick the Grid tab from the left side of the dialogue box.

* Rhino Options

Sumry T Minchm
Rwrea Do FHeh [daisen] =|

Nl Special Electy
el I s I baghoffed [0
e S

i [ Ma bhuy bgrmsarny BEEER
Eolor ™ Mg by ieflencioern I_
Fime Asmbuerd Light
Copracal
broje Lok B ety [0
- Moo
Chapiay ™ Rlwighis onfapernthat wmoll  Glofead plord st
DgariGl [ Fueder predeares fpang =]
Mg At ™ Puanden denensions vl st
Flarrge: .
Ftwbe o

- Eeflecton: 3 =

Irspecy: [3 =
Errecrrert g
[ Cwcel | Hep

* Rhino Options

(= Documend Pogere; | EE—
:.W Hpply e chareyed ks
. - ’?Mh‘lmﬂﬁml
The Grid tab values should be set as shown. S 7 Bhvengats
& i progastins
Sumay Cared gradris mo nchar
i P v [ ee— incha
If it is not, set to these values. E Mimenr 2] meiiin
m:a:m  Shyow g et
:::" I T
P ' fhoss grord e kon
. :.m“ i ey
Pick OK. E:";;:“ e [T
[
Flarrge
FiwaSene
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To zoom into the complete viewport area, pick the 4 Viewports icon from the
Main toolbar.

ALL F
ol g (= AL

X

o4 Viewports
2 4 Default Viewports

There are two ways to turn on Snap.

) |Snap[\r[
One is to press the F9 key on the keyboard. g

Ortho | Planar | Osnap

| Snap |Ortho | Planar | Osnap

or

Pick Snap at the bottom of the graphics screen so that it is bold (ON) and not grayed out (OFF).

Sur‘face Solid Transform Tools Dimension Analy

Point Object +
Point Cloud 4

Polyline
Rectangle
Polygon

»
3
»
Free-Form 4

4) To see how grid and snap work:
Circle 4
Arc 4
Ellipse 4
Farabola 4
Conic

From the pull down menu:

Helix
Spiral

Curve — Line — Line Segments

Extend Curve 4
Fillet Curves

Chamfer Curves

Offset Curve

Blend Curves

Curve From 2 Views
Cross-Section Profiles

Convert 4
Curve From Objects 4
Curve Edit Tools 4

Roland DGA Product Design & Manufacturing |

Single Line
Line Segments

Perpendicular from Curve
Perpendicular to 2 Curves
Tangent from Curve
Tangent to 2 Curves
Tangent, Perpendicular

Angled

Bisector

From 4 Foints
Mormal to Surface
Vertical to CPlane
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With the pointer in the Top viewport:

[ o0 |
Pick four points as displayed, creating a 10 by 10 unit box. |‘
5) You my have found it hard to keep the lines on the axis as they would grab the snap
point to the side of where you wanted to pick. To solve this, you can turn on Ortho.
Ortho causes the lines to only extend either straight up/down or across.
This is a handy tool even when using commands other than snap.
There are two ways to turn on Ortho.
One is to press the F8 key on the keyboard. Snap |D”'T§ [Flanar [ Oshap

or

Snap | Ortho | Flanar | Osnap
Pick Ortho at the bottom of the graphics screen so that it is bold (ON) and not grayed out (OFF).

6) Restart the line segments command and draw a box to the left of the one you previously created. ||
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Coordinate Systems

Coordinate systems are the main tools used to create accurate models. Rhino supports three types: Absolute Cartesian; Relative

Cartesian and Polar.

Absolute Cartesian Coordinates

Absolute Cartesian coordinates are based on X, Y, and Z-axes. And at this point we will ignore the
Z component.

When inputting these coordinates you type:
X-value, Y-value, Z —value i.e 3,2

The Z value is optional.

1) Start a new Rhino drawing with the Millimeters template.

2) Start the line segments command.
From the pull down menu:

Curve — Line — Line Segments

Roland DGA Product Design & Manufacturing |

Y axis-

Absolute 0.0~

W

X oaxis S

i

i

,
¥

Surface Solid Transform Tools Dimension  Analy

Point Object
Point Cloud

Polyline
Rectangle
Polygon
Free-Form

Circle
Arc
Ellipse
Farabola
Conic
Helix
Spiral

Extend Curve

Fillet Curves
Chamfer Curves
Offset Curve

Blend Curves

Curve From 2 Views
Cross-Section Profiles

Convert
Curve From Objects
Curve Edit Tools

»
»

Single Line
Line Segments

Perpendicular from Curve
Perpendicular to 2 Curves
Tangent from Curve
Tangent to 2 Curves
Tangent, Perpendicular

Angled

Bisectar

From 4 Foints
Normal to Surface
Vertical to CFlane
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With the pointer in the Top viewport:

Start of first line: 0 Enter oy |
End of line (Undo): 10,0 Enter
End of line. Press Enter when done (Undo): 10,10 Enter

End of line. Press Enter when done (Undo): 0, 10 Enter

End of line. Press Enter when done (Undo): C Enter

The “C” in the 5™ entry stands for “close” and closes the box.

Relative Cartesian Coordinates

Relative Cartesian coordinates are based on X, Y, and Z-axes relative to the last point you have drawn.
When inputting these coordinates you type:

R X-value, Y-value, Z —value i.e R3, 2 The R can be in either upper or lower case.

The Z-value is optional.

Roland DGA Product Design & Manufacturing |

0,10 -~

10,10

10,0
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Let’s take a look about how Relative Cartesian coordinates work.

A line has been drawn.

The end of the line becomes the Relative 0,0 point.

This is much easier than always calculating the position from absolute 0,0.

1) Start a new Rhino drawing

2) Start the line segments command.
From the pull down menu:

Curve — Line — Line Segments

Roland DGA Product Design & Manufacturing |

e
'

M
/o, BEnd of
¥ M
7 line

v line

Relative 0,0 N

Surface Solid Transform Tools Dimension Analy
Point Object 4
Point Cloud 4

Snge tne

Polyling 4| Line Segments
:zlctangle " Perpendicular from Curve
ygon " Perpendicular to 2 Curves
Free-Form 4
Tangent from Curve
Circle b Tangentto 2 Curves
Arc 4 Tangent, Perpendicular
Ellipse 4 Angled
Para.hula 4 Bisector
Conic From 4 Points
Helix Normal to Surface
spiral Vertical to CPlane
Extend Curve 4
Fillet Curves

Chamfer Curves
Offset Curve

Blend Curves

Curve From 2 Views
Cross-Section Profiles

Convert r
Curve From Objects 4
Curve Edit Tools 4
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With the pointer in the Top viewport:
Start of first line: 3,3 Enter (this is an absolute entry)

End of line (Undo): R10,0 Enter

End of line. Press Enter when done (Undo): R0O,10 Enter
(notice the —10 in the next input)

End of line. Press Enter when done (Undo): R-10, O Enter

End of line. Press Enter when done (Undo): C Enter
End of line. Press Enter when done (Undo): Enter
Polar Coordinates
Polar coordinates work with angles and distances and are relative to the last point entered as with Relative Cartesian coordinates.
The angles work as displayed. Any increment in-between is valid.

The distance is the length of line, etc. that you are drawing.

90
When inputting these coordinates you type: 135 45 20 New
| SO W - Point
R distance < angle | o
180 - 0 1
225 315 or -45 N Last
270 Point
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1) Start a new Rhino drawing with the Millimeters template.

2) Start the line segments command.
From the pull down menu:

Curve — Line — Line Segments

With the pointer in the Top viewport:

Start of first line: 3,3 Enter (this is an absolute entry)

End of line (Undo): R10<0 Enter

End of line. Press Enter when done (Undo): R10<90 Enter
End of line. Press Enter when done (Undo): R10<180 Enter

End of line. Press Enter when done (Undo): C Enter

Roland DGA Product Design & Manufacturing |

Surface Solid Transform Tools Dimension Analy

Point Object 4
Point Cloud 4

Polyline 4
Rectangle 4
Polygon 4
Free-Form L4
Circle 4
Arc 4
Ellipse 4
Farabola 4
Conic
Helix

Spiral

Extend Curve 4
Fillet Curves

Chamfer Curves

Offset Curve

Blend Curves

Curve From 2 Views
Cross-Section Profiles

Single Line
Line Segments

Perpendicular from Curve
Perpendicular to 2 Curves
Tangent from Curve
Tangent to 2 Curves
Tangent, Perpendicular

Angled

Bisector

From 4 Foints
Mormal to Surface
Vertical to CPlane

Convert 4
Curve From Objects 4
Curve Edit Tools 4
La
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Object Snaps

Object snaps are command options that allow the user to attach an accuracy of 14 decimal places to different parts of existing
geometry.

For example, if you want to draw a line from the end of an arc, you would use an endpoint Osnap at the start of the line command to
exactly select the end of the arc:

Start of the line using an endpoint Osnap. Result

Osnaps can be accessed by:

Dlmensmn Analyze Render Raytrace Help

[ obectsrp S
. - . 7 Polygon Mesh 4 _
Tools — Object Snap — pick the desired Osnap [ oo e prmmnes e
i Commands 13 Midpoint
RhinoScript y Comer
Intersection
Toolbar Layout ... Perpendicular To
. i ) . Plug-in Manager... Tangent To
Selecting an Osnap this way turns it on only for one pick. canso warager | et
Options... Knot
From
Note: There are Osnaps listed here that are not accessible from the toolbar discussed below. e
Mo role
Or 11 Between
on Suice
Project to Flane
Use the Osnap toolbar at the bottom of the graphics screen. oo st Ot

v Persistent Osnap Dialog
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If it is not displayed select the Osnap button at the bottom of the screen and it will appear.

[ End [ MNear [ Point [ Mid [ Cen [ Int [ Perp [ Tan [ Quad [ Knot  Project | Disable |

CPlane x 21.266 vy -13.426 z0 0 M Default Snap | Ortho | Planar | Osnap[~

Select any of the Osnaps that you want to use.

These are running Osnaps. They are on for every pick.

V End [ Near [ Point [ Mid W Cen W It [ Perp [ Tan | Quad I Knot Project | Disable |

To turn these running Osnaps off, pick Disable.

To turn them back on, pick Disable again.

[+ B B B [+ [ B B I B Project Disahle%

CPlane x 13.401 y -15.237 z0 0 M Default Snap | Ortho |Planar

Surface Solid Transform Teols Dimension  Analy

. . . . Point Object b 2 17-26:05
1) Start a new drawing with the Millimeters template. Pot Cloud ,
;igls‘hne : 9 Q :Q: O @ EEI’%
Rectangle 4
Polygon 3
. Free-Form 3
2) Start the Circle command
o | 2roms
- - . . Parabala ¥ Tangent, Tangent, Radius
With the pointer in the Top Viewport: cone Tengent o 3 Curves
Helix
Spiral
. . Extend Curve 4
Curve — Circle — Center, Radius et Curves .
e o
Blend Curves
Curve From 2 Views
Cross-Section Profiles
Roland DGA Product Design & Manufacturing | ‘éﬁl“fﬁmm Objects :
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Center of circle (Deformable Vertical Diameter 3Point Tangent AroundCurve): 2,2 Enter [op |

Radius <1> (Diameter): 1 Enter

Press Enter to re-start the command.

Center of circle (Deformable Vertical Diameter 3Point Tangent AroundCurve): 6,2 Enter

Radius <1> (Diameter): 1 Enter o0

3) Start the Single Line command.

Sur‘Face Solid Transform Tools Dimension Analy
Point Object 4
Point Cloud »

] Line Segment

With the pointer in the Top Viewport: Fouine .
ectangle 4
Perpendicular from Curve
Polygon ’ Perpendicular to 2 Curves
Free-Form ' Tangent from Curve
Circle 4 Tangent to 2 Curves
- . . Arc » | Tangent, Perpendicular
Curve —Line - Single Line Ellpse gl
Parabola 4 Bisector
Conic From 4 Points
HE!IX Normal to Surface
Spiral Vertical to CPlane
Extend Curve » Nl
Fillet Curves
Chamfer Curves
Offset Curve

Blend Curves
Curve From 2 Views
Cross-Section Profiles

Convert 4
Curve From Objects 4
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Start of first line (Normal Angle Vertical FourPoint Bisector Perpendicular Tangent Extension [ Top |
BothSides): 0,-1 Enter

End of line (Undo): 0,4 Enter

Press Enter to re-start the command.

Start of first line (Normal Angle Vertical FourPoint Bisector Perpendicular Tangent Extension

BothSides):: -1,0 Enter |1© 0

End of line (Undo): 8,0 Enter

Press Enter to re-start the command.

Start of first line (Normal Angle Vertical FourPoint Bisector Perpendicular Tangent Extension [Top )
BothSides): 4,0 Enter

End of line (Undo): RO,4 Enter oo

4) Zoom up on the drawing.

View — Zoom — Extents All

or ﬂ§|9|©|@|ﬁ| o

0 Zoom Extents
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Right click on the Zoom Extents All icon from the top tool bar.

Result

5) Have the Osnap toolbar displayed with Snap and Ortho off.

[~ End
CPlane x 8.140

[ Near | Point [ Mid [ Cen [ Int

y 2.220 z0

The following drawing is an example of using Osnaps.

NOTE: At each step check the needed Osnap in the toolbox and un-check any
others.

Start the Line Segments, Line command.

Curve - Line - Line Segments

Roland DGA Product Design & Manufacturing |

[~ Perp [ Tan

[ Quad [ Knot

Project ‘ Disable |

Il Default Snap | Ortho |Planar | Osnap
B S Une
Polyline 4 Line Segments
Rectangle ' Perpendicular from Curve
Polygon } Perpendicular to 2 Curves
Free-Form 4
Tangent from Curve
Circle 4 Tangent to 2 Curves
Arc ¥ Tangent, Perpendicular
Ellipse 4 Angled
Para.hola 4 Bisector
Cor'.uc From 4 Points
Helix Normal to Surface
Spral Vertical to CPlane
Extend Curve 4
Fillet Curves v

Chamnfer Curves
Offset Curve

Blend Curves

Curve From 2 Views
Cross-Section Profiles

Convert 4
Curve From Objects 4
Curve Edit Tools 4




All of the following picks are in the Top Viewport

Start of first line: Pick as displayed with End Osnap

(as you move close to the endpoint the pointer will snap to the end of the line)

End of line (Undo): Pick as displayed with Mid Osnap

(Midpoint)

End of line. Press Enter when done (Undo): Pick as displayed with Cen Osnap

(Center)

End of line. Press Enter when done (Close Undo): Pick as displayed with Tan Osnap

(Tangent)
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End of line. Press Enter when done (Close Undo): Pick as displayed with Int Osnap

(Intersection)

End of line. Press Enter when done (Close Undo): Pick as displayed with Quad Osnap

(Quadrant - there are four quadrant points on a circle, every 90 degrees)

End of line. Press Enter when done (Close Undo): Pick as displayed with Perp Osnap

(Perpendicular)

End of line. Press Enter when done (Close Undo): Enter — to end the command

Roland DGA Product Design & Manufacturing |
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Saving and Opening a Drawing/Model
Save a drawing
We will save your Osnap drawing
1) To save the drawing:
File — Save

or

Pick the Save icon from the top tool bar.

In the dialogue box, pick the Arrow across from the Save in box.

Roland DGA Product Design & Manufacturing |

lHE Edit WView Curve Surface

News... Ctri+N
Open... Ctrl+0

Save Sm&

Incremental Save
Save As...
Save As Template...

Insert... Ctrl+1
Import...

Export Selected...

Export With Origin...

Notes
Properties...

Print... Ctrl+P
Print Preview...
Print Setup...

Worksession Manager...
Send...

1 C:\MODELA\Period 2\Test
2 C:\MODELA\newboat
3 C:\Marine\Skiff\skiiffa
4 Ci\Marine\Skiff\Skiff Lines
5 D:\SKIFF\SKIFF LINES

B g SEUE 6 D:\SKIFF\SKIFF FINISHED
- Ex . ’ i
W r‘t 7 C:\Program Files\...\Victory
o0 p 8 rengrave
9 D:ATTOP
Exit
Save xR
Sevn [L3 e | =&t O
b
[
."".""'"""
=7
S ——
'-5!
oy
‘-:J LS. e - EmEie o
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Click on C:

This should show in the Save in box.

Double click on MODELA

This should show in the Save in box.

Double click on the period you
arein.
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This should show in the Save in box.

Type, in the File name box:
Save mi

TEST__ _ (the spaces are for your initials) i.e.: TESTSIM e
Pick Save to finish the command. e Ry

@ I s L el
Openlng a. draWIng lﬁlﬂ Edit View Curve Surface
Newy... Chrl+N
Open... \ Cirl+0
You will open the drawing that you just saved. sl e
Incremental Save
Save As...

Save As Template...

To open a drawing:

Insert... Ctri+1
Import...

Export Selected...

Export With Origin...

Notes
Properties...

. Print... Ctrl+P
FI | e = Open Print Previewr...

Print Setup...

Worksession Manager...
Send...

or
1 C:\MODELA\Period 2\Test
2 C:\MODELA\newboat

3 C:\Marine\Skiff\skiiffa

4 C:\Marine\Skiff\Skiff Lines
5 D:\SKIFF\SKIFF LINES

6 D:\SKIFF\SKIFF FINISHED

7 C:\Program Files\...\Victory
8 rengrave

9 D:\TTOP

If the save changes dialogue box appears, select No. Exi

Pick the Open icon from the top tool bar.
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In the dialogue box, pick the Arrow across from the Look in box.

In the dialogue box, pick the Arrow across from the Look in box.

Click on C:

This should show in the Look in box.

Double click on Modela

Modela should show in the Look in box.
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Double click on the period you

arein — —
. L [ MDCELS =] =EcE
5 oI
_ _ _ L ey
This should show in the Save in box. S i
=
!
Pick on the desired file name. ‘5 — : —
In this case:
TEST__ _ (the spaces are your initials)
Open lid 3
Pick Open ST~ ST T
5 DEEE
Selecting Geometry L‘}“
When you want to edit any of your Rhino geometry, you must select it. i, e
There are three main ways geometry is selected. e
wl
1) By Picking W L e g =
2) Window
3) Crossing

You will use the TEST drawing that you just opened to practice.
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By Picking Top |

o <t o
At a command prompt, pick on the line as displayed. 1:," |
It will change color, showing that is selected. - %]
| Top |
Hold the Shift key down and select other geometry. _“ ",’f
E f g ]
Press the Esc key to de-select everything. - =t |
If you pick near two or more objects, the box will appear listing the possible geometry choices. The highlighted
geometry in the box is also highlighted on the screen. M
/| curve
Pick when the desired geometry is highlighted. e
Mone

By Window

Using Window you can select multiple pieces of geometry quickly. Window selects any geometry that is completely inside of the
window.
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Pick in empty space as displayed. |
B -
a-'T*“'::x T
- __4__;—-*’“ l'-. )
Move to the right and down, in this case and pick as displayed. ] )
< — o
o . . . . W1
Only the circle is selected, as it is the only thing completely in the window. - 'J'xx __J__fj«*” )
A 11
Press the Esc key to de-select everything. | N
By Crossing

Crossing works very much like window but it selects everything that it crosses and everything inside of it. Instead of picking left to right,

crossing goes right to left. | o0 |
o ___x s _.-'l'_r y
,‘-:.’-it. il T - | ]
“'--._,.;-:'-*?f I\?:;- S
.--"'---’ | - — T
Pick in empty space as displayed. —= -
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Move to the left, in this case, and up and pick as displayed.

Many more items are selected than with window. f1[

UNDO REDO and U

Undo cancels the work you did in the last command. Many times a user will use Undo at the wrong time. Redo reverses Undo but it
must be used immediately after Undo command.

1) Start a new drawing with 4 Viewports. [Tap |

Using the Line Segments command, draw the following and press Enter to end the
command. (you should be at the command prompt)

Left click on the Undo/Redo icon on the top toolbar.

The command will be undone and the lines will disappear.
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2) Without running any other command, Right click on the Undo/Redo icon to run Redo. The line segments will reappear as the
Undo has been reversed.

From a command prompt, typing U will run the Undo command. You must type out Redo.

U

U is a very useful option when drawing line segments and curves. If you draw a line segment incorrectly it will let you back up one
segment and leave you in the command.

| Top
1) Using the Line Segments command, draw the following and STAY in the command. +
Type U and Enter. (the U is not case sensitive).
The last segment is eliminated and you can redraw it. [ Top |
ot

You can U back as many times as there are segments or points picked in the case of curves.
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Drawing Curves

You will be using the Rhino curve commands often in the modeling process. The two Free-form curve commands you will use the most
are Control Points and Interpolate Points.

For the beginner it will seem like Interpolate Points is a better command than Control Points. The reason for this is, Interpolate Points
runs a curve right through where you pick. Control points forms a curve through the beginning and end points but uses the intermediate
points as gravity and does not cross through them.

The example uses the same coordinates to draw both a Control Point and an Interpolate Point curve. From this it looks like Interpolate
is a easier command to use.

Control Point

—3,3v 3,3

0,0

Interpolate

However, in most cases, Control Points is better as it automatically creates a smooth curve between pick points. Interpolate creates
bumps in most complex curves. Use Control Point whenever possible.
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1) Start a new drawing with the Millimeters template.

Surface Solid Transform Tools Dimension Ana

Point Object 4
Point Cloud 4
Line 3 [
. DAL OO M=
Control Points Curve oot .
Polygon 4
1) Start the Control Points Curve command. cirde , rposte Fors
Arc 3
Ellipse 4 Interpolate on Surface
C F F C t | P . t Farabola 4 Sketch on Surface
urve — rree -rorm — ontro oints Conic Sketch on Polygon Mesh
[:3 o m Helix Fit To Points
- Spiral Fit To Polyline

o Extend Curve 4
or JF\: Fillet Curves
=l Chamfer Curves

-
(3 - Offset Curve
Pick the Control Points icon from the tool bar. SIS Control Paint Curve e o 2 i

Cross-Section Profiles

Convert 4
Curve From Objects 4
Curve Edit Tools 4

In the Top Viewport:

Start of curve ( Degree=3): -3,3 Enter

Next point ( Degree=3 Undo ): 0,0 Enter

Next point. Press Enter when done ( Degree=3 Undo ): 3,3 Enter

Next point. Press Enter when done ( Degree=3 Close Sharp=No Undo ): Enter

Result
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Interpolate Points

2) Start the Interpolate Points Curve command.

Curve — Free Form — Interpolate Points

or

Pick the Interpolate Points command from the toolbar by:

Right click on the Control Points Curve icon and select the Interpolate Points
Curve command.
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@j D%Qgﬁﬁ

Surface Solid Transform Tools Dimension Ana

Point Object ¥ | Close Sharp=No Undo ):
Foint Cloud 4
Line Yo o At

S ouRe) iy
Folyline ':)Q L ‘QQEE’ ‘
Rectangle 4
Polygon 4

Interpolate Points
Sketch k

Circle 4

Arc 4

Ellipse 4 Interpolate on Surface
Parabala 4 Sketch on Surface
Conic Sketch on Polygon Mesh
Helix it To Points

spiral Fit To Polyline

Extend Curve 4

Fillet Curves

Chamfer Curves
Offset Curve

Blend Curves

Curve From 2 Views
Cross-Section Profiles

Convert 4
Curve From Objects 4
Curve Edit Tools 4

hméuk&

o -

B Curve: Interpolate Points
& Curve: Interpolate on Surface

Sl T
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In the Top Viewport:
Start of curve ( Degree=3 Knots=SqrtChord StartTangent ): -3,3 Enter
Next point ( Degree=3 Knots=SqrtChord EndTangent Undo ): 0,0 Enter

Next point. Press Enter when done ( Degree=3 Knots=SqrtChord EndTangent Undo ): 3,3 Enter

Next point. Press Enter when done ( Degree=3 Knots=SqrtChord EndTangent Close Sharp=No Undo ): Enter

Result N Vi

This Introduction covers the basic information you need to be successful in completing the following lessons. Review any information
that you need to before continuing on to the following lessons.
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Bottle - Rhinoceros

In this first Rhino design lesson you will be modeling a bottle using a two-rail sweep. This is a very useful and fairly simple process that
can be applied to create a variety of other shapes. First, you will be building a template that you will use in creating all of the parts in
this series.

It is assumed that you have completed and understand the information presented in Lesson 1. IF NOT, please review Lesson 1 —
Rhinoceros Basics.

Creating a Template
A template is a planned environment in which you can model. Some of the items that can be set are Units, Layers, Grid, Snap and the

area of the drawing space.

1) Start Rhino.
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2) Select the Tools pull down menu and Options.

3) From the list on the left, pick Units

4) Pick the arrow across from Model units.

5) Select Inches from the list.
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IEE Dimension  Analyze |

Object Snap
Polygon Mesh

3-D Digitizer

Polygon Mesh Primitives

- vy v v

Commands
RhinoScript

Toolbar Layout ...
Flug-in Manager...
License Manager
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6) Select Grid from the list on the left.

7) Set the dialogue box on the right as displayed, if it is not already, and pick OK.

8) Pick the Edit Layer icon.
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And the Layer dialogue box is displayed

Layers - All Layers ]
Oix | &|T & 4 & 4 7

It may come up with only the default layer or with a series of layers. |/“ e

Lages 011 o

Loagees (12 e

If it comes up with multiple layers do the following: - o
Layer (B "

Layers - All Layers E|
||t |+ | A A 42

v | Mame
v [NEETET

Select Layer 01 by clicking on the name.

Hold the Shift Key on the keyboard down and select the last layer on the list, so all but the
Default layer is highlighted.

Press the Delete key on the keyboard to erase all but the Default layer.
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Layers - All Layers 3]
O = ¢ & 7 & 3 A 4 7

v | Mame

v Default

Layer 02 k |
Layer 03 |
Layer 04 o
Layer 05 o

Layers - Al Layers
x| « & T2 3 A 4 7
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9) Right click on the Default layer name and select Rename.

10) Type Construction for the new layer name and press Enter on the keyboard.

11) Select the Create new layer icon in the Layer dialogue box.
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Layers - All Layers Fil

Oix|+ |4 ||c| B A 4|2

v | Mame

v Make Current

Rename
Mew k
Delete

Move Up

Move Dowin
Select All
Invert Selection

Layers - All Layers 5
Olx|+ |+ (T Q| 3| A a2

¥ | Mame

Construction

Layers - All Layers E|
X4 [+ (W (2 2 A L7

Create new layer
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12) A new layer name will appear which will be changed:

Type Curves for the new layer name and press Enter

13) Select the Create new layer icon again.
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Layers - All Layers E

%Xf*ve-ﬂﬁ‘?

v | Name

v Constuction
Layer 01

Layers - All Layers E

O|x ||+ ||| = A 4?2

v | Name

v Construction

Layers - All Layers [x]
lii]}x t | 4 VS # A 4T

v | Name

¥ Construction
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Rename the new layer: Surfaces and press Enter.

Layers - All Layers

(3

Ojx|+ |+ |V < = A a4 7

¥ | Mame

¥ Cohstruction
Curves

Layers - All Layers

&
14) All of the layer colors are black. The colors for layers Curves and Surfaces will be changed. E’ NX trivElalAl4t
ame
v Conatruction
Select the color block across from Curves.

Curves

In the Select Color dialogue box:

“ Select Color

Click Red and pick OK at the bottom of the dialogue box.
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Select the color box across from Surfaces.

In the Select Color dialogue box:

Click Dark Blue and pick OK at the bottom of the dialogue box.

15) Click the Make Layer Current box to the left of Construction.
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Layers - All Layers fE
Bx 4|4 |7 < 3 A 4 2

v | Mame

¥ Constuction

Curves o

Layers - All Layers E|
O x|+ | T|<=| 8 A 47
Surfaces o
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16) To close the Layer dialogue box, pick the X in the upper right corner. Layers - All Layers [

bx|+|+|7|alaaldq g
{Close
v | Mame .
Congtruction
Curves o &
Surfaces oY

LRt View Curve Swrfoce Sc

The next steps save the template for future use.

Export Selected...
Export With Origin...

s

17) Select File and Save As Template...

Worksesson MBnBger...
Send...

1 tastop?

2 boat testop

3 teetop top

4 Acipant testop

5 CHMODELAPeriod &\ pewboat
& CH|MODELAPeriod 1\TESTSM
7 CHMODELMPeriod 2\Test

The Save Template File dialogue box appears with Template Files as the “Save in”
directory. This is the standard template File location.

Save Template File s

Sesn e | ) Terwime fem =] = @ ;-

. R S =
Your template file is going to be saved in your period directory. S [Scher

[_ i I L
¥
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18) Select the arrow across from Template Files.

Save Template File

Jer J:_"—H - oo m-

1 Vst
LT 3
it
By Fn s
T —; Makars
[:ﬂ} L
Drwix
My [omtarartic

Sy Compuier i e | =l [ = FT'H—H

ime Gemmime [ 10 Moten i =] Cwual |

Save Template File

19) From the listing, pick C: . 5 ;:E“TJ - @ O
2 [

hd = o= )
) Locurere: e et
3 4 Ly
3 s b
Trmtn e
]l P
=10
,--"'? L e
.l Tampine 1oen
Wy Dty & INELED B Do 1
3 Pared Dotumets

H.“fh-L_ll

g b4y Mt P

Dvym.
Wy Copsr TR T 1 T
gy Uemmimn [P 3 0 Mote - -] Lo |

20) Double click the Modela directory.

[ S ppp—— ] 0o O

et T rRR D [ Mt T bl T B
e JUSAD T
=l ] WA
By Reown | ar Drsined Messesge ey Bl
Dot i o e ey
o il Nty ok PR S
S o Macurrse
] Dirtroerts ad SaTIEE o Prinprass i
Dabose . ooRnERS SR
) P AT SRR T RS [T 3 Termg
o WL F L TR ok WIRIDCANTS
’______,l? 38k o) WS L
My ity ) IRSEBA ACK. Cporamiaracins i Tpronul i OO Dot
o sl G
o IeaE T
9 »
T R e— | =l [ o | femea
pmey Uemamie [P 100 o bl -] rce |
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21) Double click your class period directory.

Save Template File

Sew | L) BCDEL =] =@
-‘5 ﬂmla
) Faripd 2 M
ol Ferepad 3
el N
[_"._’} o P &
L/
My [t ymmrty
W"S-—-!- [T | = E' T
22) For the file name input:
ModelaRhino Sive Tempiate Elie :
- Ben . || L) Pt 1 = «@o -
-‘b B TEsTEM
The spaces are for your initials. e
i.e. ModelaRhinoSIM D
IM:J
Pick Save. @!
W'::- :i--q-. :llr::-i:-.-—.___l-. E —-T:-l I| aen e

23) Exit Rhino
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Creating the Bottle
1) Start up Rhino.

The next few steps call up the template file.

Iia Edit View Curve Surface Sc
, Lo, o]
2) Select the File pull down menu and New... oper-- a0

Save Ctrl+5
Save Small

Incremental Save

Save As...

Save As Template...

Insert... Ctrl+1
Import...

Export Selected...

Export With Origin...

Motes
Froperties...

Print... Ctrl+F
Frint Preview...
Print Setup...

Worksession Manager...
Send...

or 1 C:\MODELA\Period 6\boat

2 C:\MODELA\Period 6\hairdyer
3 C:\MODELA\Period 6\bottle

4 testop2

5 boat teetop

6 teetop top

7 A:\boat teetop

8 C:\MODELA\Period 6\newboat
9 C:\MODELA\Period 1\TESTSIM

Exit

bl | .
Select the New icon from the toolbar D =2 E, ﬁ‘ &

s
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The Open Template File dialogue box appears with Template Files as the
“Look in” directory. This is the standard template file location.

Your template file is in your period directory.

3) Select the arrow across from Template Files.

4) From the listing, pick C: .

5) Double click the Modela directory.
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6) Pick your class period directory.

7) Select your template file:

ModelaRhino_
The spaces are for your initials.

i.e. MODELARHINOSIM

Pick Open.

Rhino is now using your template file.

Roland DGA Product Design & Manufacturing |

Dpen Template File

Ly Pedes | [—rer——r—

1 e re e e Frwo Eem

=| =&t B
2l [ ]
o g

=| =&t B
-] —‘_[?..,
o g
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8) In the top viewport, zoom window into an area as displayed.

View — Zoom — Window

or

Pick the Zoom Window icon from the top tool bar.

Select two points, forming a window as displayed.

Roland DGA Product Design & Manufacturing |

8 curve Surface Solid Transform Tools Dimension Anal

i

Maximize

Fan View Shift+RMB
Rotate View Ctrl+Shift+RMB
Zoom

Undo View Change Home
Redo View Change End
Set View

Named Views...
Viewport Layout

Set CPlane
Named CFPlanes...

Background Bitmap

Set Camera

Show Camera F&
Viewport Properties...

Rotate camera

3

nts Factor In Out Selected T

Dynamic Ctrl+RMB
Target
Extents Shift+Ctrl+E

Extents All Alt+Ctri+E
Selected
Selected All

B Zoorm Window
B Foom T arget
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9) To see the layer:

P e

- | { %
Pick the Layer Edit icon from the toolbar. R ot VOO
by

Layers - All Layers 3]
Ofx + % < 2 A 4 2

¥ | Name
....... Construction om
Set the Curves layer as current. 1S oG ]
urfaces

Pick the X in the upper right corner of the Layers dialogue box to close it.

10) To draw the first piece of geometry, a rounded rectangle for the base of the bottle, select:

Curve — Rectangle — Center, Corner

With the Top viewport active:

Corve Edit Tools

Center of rectangle (Rounded): R Enter

(This sets the command to create a rounded end rectangle.)
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Center of rectangle: 0 Enter

Corner or length: 2 Enter

Width. Press Enter to use length: 1 Enter

Radius or point for rounded corner to pass through <0.500> ( Corner=Arc ): Enter
Result
11) To zoom into the rectangle, in all views, Zoom Extents All.
|

View — Zoom — Extents All

or

Right pick the Zoom Extents All icon from the top tool bar.

Roland DGA Product Design & Manufacturing |

=

Maximize
Shift+RMB
Ctrl+Shift+RMB

Pan View
Rotate View
Zoom

Home
End

Undo View Change
Redo View Change

Set View
Named Views...
Viewpaort Layout

Set CPlane
Named CPlanes...

Background Bitmap

Set Camera

Show Camera F&
Viewport Properties...

Rotate camera

Cur\re Surface Solid Transform Tools Dimension Analy

through <0.500> { Comner=Arc ):

8 Dynamic Ctrl+RMB
Window Crrl+W
Target

R Extents Shift+Ctri+E
Extents All - : _Alt+Ciri+E

R Selected
Selected All

r

A
N

ﬂ§|Q|©|E|ﬁ| o

1 Zoom Extents
B Zoom Estents Al Views
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Result ,.

12) The circle forming the mouth of the bottle will be created next.

The Center Object snap needs to be turned on.

If the Osnap box is not displayed, pick Osnap from the bottom of the graphics screen. |Snap |Orho | Planar | Osna%

Set the Osnap box so that only the Center (Cen) is activated.

[ End [ Mear [ Point [ Mid W Cen [ Int [ Perp [ Tan [ Quad [ Knot  Project | Disable |
CPlane x 1,536 v -0,991 z0 M Construction Snap | Ortho | Planar |Osnap
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Start the Center, Radlus Clrcle Command BT surfoce Solid Transform Tools Dimension Analy

Point Object 3

Point Cloud 4

Line L -]

Folyline » B Al . [ON's] HE‘,!Q,

Rectangle 4

Polygon

Free-Form
Curve — Circle — Center, Radius

Ellipse

Parabala

3 Points

Tangent, Tangent, Radius
Conic Tangent to 3 Curves
Helix

Spiral

Extend Curve 4
Fillet Curves

Or Chamfer Curves
Offset Curve
Blend Curves
Curve From 2 Views
Cross-Section Profiles

Convert L4
Curve From Objects 3
Curve Edit Tools 4

Pick the Circle command from the Draw toolbar from the left side of the graphics screen.

a-"| Circle: Center, Badius

5
o
S
[

Center of circle ( Deformable Vertical Diameter 3Point Tangent AroundCurve ):

Top

Pick as displayed
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Radius <1> (Diameter): .25 Enter

Result

13) The circle is on the same plane as the rectangle and needs to be moved to form the
top of the bottle.

Transform — Move

or

type: M Enter from a command prompt.

In the Top Viewport:

Roland DGA Product Design & Manufacturing |

.,
ot
\
/
A
|/"
_r"-./
| Copy
Rotate
Rotate 3-D
Scale 4
Shear
Mirror
Orient L4
Array L4
Set Points

Project to CPlane

Twist

Bend

Taper

Flow along Curve
Smooth

Move UWVN
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Select objects to move: Pick the circle

Select objects to move. Press Enter when done: Enter

Point to move from ( Vertical=No ):

With the Center Osnap on, pick the circle

Point to move to: R0,0,5 Enter

The results will be hard to see until you zoom extents.

View — Zoom — Extents All

or

Right pick the Zoom Extents All icon from the top tool bar.

Roland DGA Product Design & Manufacturing |

Curve Surface Solid Transform Tools Dimension Analy

Maximize
i PanView Shift+RMB
] Rotate View Ctrl+Shift+RMB
[Crom — T T
"
| Undo View Change Home :\!mdutw cirkw
Redo View Change End arge
+Ctrl+H
Set View .| Bdents Shift+Ctrl+E

+CtrlH
Named Views... Extents All RAH Cirl+E
N Selected

Vieviport Layout
Selected All

Set CPlane 4
Named CPlanes...

Background Bitmap L4
Set Camera L4
Show Camera F&

Viewport Properties...
Rotate camera

ﬂkl@l@lﬁﬂlﬁl o

8 Zoom Extents
B Zoom Extents Al Views
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Result (you can see the circle above the rectangle most easily in the Perspective view)

The rail curves are the next to be created. The Control Point Curve command will be used to draw this geometry.

14) The left curve will be the first to be created.

Set the Osnap box so only Quadrant (Quad) is on.
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Start the Control Point Curve command:

Curve — Free-form - Control Points

or

Pick the Control Point Curve command from the Draw toolbar from the left side of the graphics
screen.

In the Top viewport, pick the circle quadrant as displayed.

Roland DGA Product Design & Manufacturing |

Surfsce Sulid Translorm Tools Dimension  Ana
'

Poant Object

1 Pont Cloud

ung

| Pobline
Rectangle

Faraholn
Canic
Helix
Spiral

Extend Curve
Fillet Curves
Chamfer Curves
Qffs
Blen
Cur

Cross-Section Frofiles

Caonvert
Curve Fram Objects
Curve Edit Tocls

Control Point Curve

DL O E=

Trterpalate: Faints
Sketch

Trterpolate on Surface
skatch on Surfaca
Shetch on Falygon Mesh

Fit To Foints
Fit Ta Falyline
1

L
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Move to the Front viewport.

Pick as displayed, directly above the left end of the bottom rectangle.

Move to the Top viewport.

Pick the left quadrant of the rectangle as displayed.

Result

Press Enter to complete the command.
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15) To create the right rail curve for the bottle:

The Osnap box should still be set so that only Quadrant (Quad) is on.

Start the Control Point Curve command:

Surfsce Sulid Translorm Tools Dimension  Ana
'

Foint Ubject
1 Pont Cloud

1 Lne
Folyline
Rectangle
Folygon

Circle
Arc
Ellipzar
Faraholn
Canic
Helix

DL O E=

3
3
3
3

Trterpalate: Faints
Sketch

v
v
b Tnterpolate on Surface
skatch on Surfaca
Shetch on Falygon Mesh

Curve — Free-form - Control Points

or

Select the Control Point Curve command from the Draw toolbar from the left side of the
graphics screen.

Fit To Foints

Fit Ta Falyline

Extend Curve 3 T |-
Fillet Curves ]

Chamfer Curves 4

Spiral

Offset Curve

2 i
Cross-Section Frofiles
Caonvert

Curve Fram Objects
Curve Edit Tocls

L]
s
@

Contral Point Curve

| o0
In the Top Viewport, pick the right quadrant of the rectangle as displayed. - e
d ™
/ .
/ - LY
4 |
\. b
) - 4
'\\ A
¥ B e
Roland DGA Product Design & Manufacturing | 2-25



Move to the Front Viewport.

Hold the shift key down, which will cause Ortho to be on for the pick, and pick as displayed.

Pick as displayed.

Pick as displayed.

Roland DGA Product Design & Manufacturing |



Move to the Top Viewport.

e}
Pick on the right quadrant of the circle as displayed. b "
= =
Press Enter to complete the command. | ".__
The basic geometry is complete and ready for surface creation.
Layers - All Layers E|
16) Change the current layer to Surfaces. Then close the Layer dialogue box. Dix|t|+|V|a|dA 42
v | Name
Canstruction o

Curves o Y
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17) To create the main surface of the bottle:

Disable the Osnaps

Double click on the word Perspective in the Perspective Viewport.
(This will make this viewport cover the complete graphics screen)

Start the Sweep 2 Rails command.

Surface — Sweep 2 Rails

Roland DGA Product Design & Manufacturing |

Project I Disable

Disable object snaps

mm Solid Transform

Plane »
Loft
Sweep 1 Rail

Sweep 2 Rails
Revolve \

Rail Revolve

Curve Network
Corner Points
Edge Curves
Planar Curves
Point Grid

Extrude L4
Patch

Drape

Heightfield from Image

Extend Surface

Fillet Surface
Chamfer Surface
Offset Surface

Blend Surface

Unroll Developable Srf

Surface Edit Tools 4
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Make the next two picks on the same side of the objects as displayed or the surface will be twisted.

Select 2 Rail curve: Pick the left Control Point curve as displayed.

Select 2 Rail curve: Pick the right Control Point curve as displayed
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Select cross-section curves (Point): Pick the top circle as displayed

Select cross-section curves (Point): Pick the bottom arc as displayed

Press Enter to finish the cross section selection.
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The Seam prompt will appear. The seam is the edge where the two edges of the surface wrapped around the
bottle meet.

Select Seam Point to adjust. Press Enter when done (FlipDirection Automatic Natural): Enter

* Sweep 2 Rail Opti... [X]

Crazs-section curve options

* Do not simplify

R ebuild with control points

With the Sweep 2 Rail Option dialogue box set as displayed, select OK. Reikwitin [T

o
~
E
E
[ Maintain height

Riail curve options
B
Paosition
Tangency

7Y Bw

Curvature

-

DKh| Cancel| F'reviewl Help |
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Result

18) To see the bottle shaded:

]a_.)gow%g

Pick the Shade icon on the top tool bar. & Shade
B Shade &l Viewpaorts

(it is the gray sphere)

Result

(Notice the top of the bottle is open)
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Right Click on the Shade Icon to end the shading. E{lo A Q}BJ

B Shade
B Shade Al Viewports

. £y 3{;
et
19) Freeze the Construction and Curves layers. ALL HIDE 3 J :5;3 Q/
by
If the Layer dialogue box is not open, pick the Edit Layers icon from the toolbar. Edit Layers
Layers - All Layers [x]
In the Layers dialogue box freeze the Construction and Curves layers by picking on ElEesd e 54 i 1 D s
. . . v | Mame
the light bulb in the desired layer row. Constuction
v Suifaces
The bulbs will turn gray when the layer is frozen. layer]
Close the Layer dialogue box.
20) The top and bottom of the bottle are open. For the machining process in the next ——
Soli Transform Too
lesson they need to be closed. Box S
e
Cone
Truncated Cone
Solid — Cap Planar Holes Elipsoid .
Paraboloid »
Tube
Fipe
Torus
Pick anywhere on the bottle. Text..
Extrude Solid »
Fillet Edge
Press Enter to complete the command. I
; Union
This turns the bottle from a surface model to a solids model. | eeaneter
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21) Afillet needs to be places around the bottom edge of the bottle.

Box 4

| Sphere 4
Cylinder
| Cone
Truncated Cone
Ellipsoid 4
. . Paraboloid 4
Solid — Fillet Edge Tube
Fipe
Toprus
Text...
Extrude Solid 4
G
Select edges to fillet (Radius=1): .125 Enter { Cop Plonar Holfs

Extract Surface

1 Union
1 Difference
| Intersection

It will take 6 picks to select all of the edge geometry at the bottom of the bottle. Pick the edges in adjoining order,
do not skip around.

If you make a mistake, press ESC and start the command over.

Select edges to fillet. Press Enter when done ( Radius=0.125): Pick as displayed

Select edges to fillet. Press Enter when done ( Radius=0.125): Pick as displayed
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Select edges to fillet. Press Enter when done ( Radius=0.125): Pick as displayed

Select edges to fillet. Press Enter when done ( Radius=0.125): Pick as displayed

Select edges to fillet. Press Enter when done ( Radius=0.125): Pick as displayed \ B \ \Hm

Select edges to fillet. Press Enter when done ( Radius=0.125): Pick as displayed \ ‘ ~\H-W
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Select edges to fillet. Press Enter when done ( Radius=0.125): Press Enter to finish the selection process.

After some processing time, the fillets will appear as displayed.

22) To see the completed shaded bottle: |0 Q A e
_ _ B Shade
Pick the Shade icon on the top tool bar. B Shade All Viewports

(it is the gray sphere)

Result
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Holding down the right mouse button and moving the mouse will rotate your view of the object.

Right click on the Shade icon to end the shading.

23) To return to four viewports, double click on the word Perspective in the
Perspective Viewport.

Result

Roland DGA Product Design & Manufacturing |

Perspective
3
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24) To save the bottle:

File — Save

Export Selected...

W ;{' E ﬂ Expart With Origin....
- Pt

or

Pick the Save icon from the top tool bar.

1 C:\MODELA\Penod 2\Test
2 C:\MODELA\newboat

3 C-\Marine| Skiff\skiiffa

& C\Maring\Skiff\ Shiff Lines:
5 DASKIFFISKIFF LINES

& D:\SKIFFISKIFF FINISHED
7 C:\Frogram Files\...\Wigiory
& rengrave

i |_..:.-._...-..:: 'Li: =D
iy
= i
In the dialogue box, pick the Arrow across from the Save in box. “[__;}“ 5ty
Lww=x
ey [ sy
s o e =] | | Ly E' e
ﬁ PRV S e—r . =] Coim | T By ey
Save 'n? 'E
. Sevem [ L) Plwweess 10 = =&
Click on C:
This should show in the Save in box.
o — e =] | | Agew El Tl e
ﬁ e mier |Fres 000 Mo o =l Coram [T s gy v
2-38
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Double click on MODELA

This should show in the Save in box.

Double click on the period you
are in.

This should show in the Save in box.

Type, in the File name box:

BOTTLE_ _ _ (the spaces are for your initials) i.e.: BOTTLESIM

Pick Save to finish the command.

Roland DGA Product Design & Manufacturing |

Save 7
Swvi | e Locs Do = =@
I TP Tew e T T L i D i T
CE-T ] B
3 hrrebacl My
By Pomwd | ADL el Messge L s g
il T T ) -
3 Nk Vs i Macare
3L T S
T Omoamarts wng Safmgy L EELE
Lammz o GRS e
M Bt MRALEIMA1B0T ) WRDOWE
T S S T
o D b Shoricut & €0 Srive
Wy gy 3 Wil A0 Cormmaratiter
5 il 1)
i Tl Vg
==
Pl L]
[ frmea = [ ] e
@ beimten W 10 S 2 = Gem [T beep——
Save 7
Seven [ MOCELE = =@
4 _.l'r-\.dE{
|_'l.b = e B
e A T T
ot el 3
[' } P
[ww=m
%
oy [y
v
ﬁ e T L
bemten W 10 Mo 2 = Gem [T beep——
Save 7
Savem |3 Mo ..i =D
[IESLORES T
b TSt
i, s
et
[ww=m
%
oy [y
v
Mo oL T
bermre [P 330 M =l G 11 | 7 By



25) To create a file to send to the machining software (Modela Player):

From a command prompt, pick the bottle so that it is highlighted.

File — Export Selected...

In the dialogue box, pick the Arrow across from the Save in box
and select C..

Double click on MODELA

This should show in the Save in box.

Roland DGA Product Design & Manufacturing |

Export Wit Origin... g

lakps
Properties...

Prink... QP
Frink Froview. ..

Prict Setup...

Warkssssion Maragar...
1 DOTTLESIM

2 batinprogress

3 Cr\odelafthing deskwieghtnev
4 CAMOOELAYFeriod #\boat

3 CH\MODELA Period Gihairdyer

& C\MOOFLA\Period 6\battle

7 teetopz

§ boat taatop

9 teetop top

Dt

Eapenirt s
b [ S s ~mem
[ 1
- i
| ‘: R—
v ] it
-l YT
= 0
. B L
Teain i —
N i, s By
A i
!
T er
iy Commnn
= P 4 ey o ma
u T N oy S— [ p—
Eapenirt s

e | e Do

et it T
ey
-xb — biroall e
e T e pra—
e T
- 2 bbla s
IR
- i Sty e e
Pl oo
1 SRR W ]
Y EAFiiL ey
o T T—
(Pl e kR, [ . Bt £ B
Cytm £
.gl i vy
W emen L
= =t A [ e
.IJ T N oy = Sawm |7 e p—
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Double click on the period you

. Export il
arein. s [ E50 5 «man-
e 1§
_ _ . i ==
This should show in the Save in box. Sl S
=
s
N R Sl
Exgait s
At the bottom of the dialogue box, pick on the Save as type: bar and select ST L
Stereolithography *.stl 0 g
A stereolithography file is an export file type used for solid objects. These are models |
that are completely enclosed. e
gl
. . Export k43
Type, in the File name box: e ST
BOTTLE_ _ _ (the spaces are for your initials) ie: BOTTLESIM 1-""‘-
Pick Save to finish the command. C_é
=,
s
e i
2-41
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The STL Tolerance dialogue box should be set as follows, then pick OK.

Talerance

T he mawimum distance betwen the anginal suface ar zolid
and the palygon mesh created for the STL file.

|D.EI inches

I:IK[El Cancel | F'review| Help | Detailed I:l:untrl:nls...|

bl airum angle: 0o
If the Detailed Tolerance dialogue box is displayed, set it as displayed and pick M awimum aspect ratio E.0
Simple Controls button. Mirimum edge length: 0.0001
b aximum edge length: 0.0
_ _ _ _ _ b axinumn distance, edge to suface; |00
You will then need to pick OK in the Simple Tolerance dialogue box Minimum iniial grid quads: o
[ Refine mesh [ 'weld
[ Jagged seams [v Pack Textures

[ Simple planes

k. | Eann::el| F'review| Simple Enntrnls..!g

File type Approximate Size
With the Export open objects box unchecked, pick OK. @+ Binary 130Kb
" Asci 728Kk

Depending on the speed of the computer it could take upwards of two minutes to

[ Export open objects
complete the export process.

ak. & | Cancel Adjust Mesh
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26) Close Rhino.

Edit View Curve Surface Soli
New... Cirl+N
Open... Ctrl+0

Save Ctrl+s
Save Small
1 1 Incremental Save
File - Exit
Save As Template...

Insert... Clrl+I
Import...

Export Selected...

Export With Origin...

Notes
Properties...

Print... Ctrl+F
Print Preview...
Print Setup...

Waorksession Manager...
Send...

1 BOTTLESIM

2 botinprogress

3 C:\ModelaRhino\deskwieghtnews
4 C:\MODELA\Period 6\boat

5 C:\MODELA\Period 6\hairdyer

6 C:\MODELA\Period 6\bottle

7 teetop2

8 boat teetop

9 teetop top

In the next lesson you will learn how to create the toolpaths to mill the bottle and machine it.
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3 Modela Player 4
MDX-40

Bottle Modela
Player 4

The Roland Modela Player 4 is used to created toolpaths so that your Rhino models can be prototyped. There are two machining
processes (toolpaths) we are going to use in Modela Player 4. First, is Roughing which removes most of the material, forming the rough
shape of the model. The Finishing toolpath creates the final, smooth shape. There are other toolpath options, but we will limit our use to
roughing and finishing for this model.

All of the models in this curriculum will be cut from machining wax. Machining wax has a much higher melting temperature than candle
wax so the tool bit will not melt it during the machining process. You can get the machining wax from your instructor.

The machining time for the two tool paths for the bottle, using a Roland MDX-40 is about 40 minutes. This time could vary if you are
using one of the other Roland machines. This does not include setup time for either the MDX-40 or creating the tool paths in Modela
Player 4. Be sure you have plenty of time to machine the part before sending the tool paths to the machine.

Always be safe when using a machine tool. Don’t waste time but do not hurry. Think safe!!!!
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The models we are cutting are small because it makes learning the process economical and affordable. The MDX-40 has a working
envelope of 12 x 12 inches. It is very easy to adjust the size of the Rhino model inside of Modela Player 4 to accommodate larger stock
and larger tools.

Below is a flow chart of the process of machining the model with the Modela Player 4 and your Roland milling machine. Be sure to
notice the 1% and 2"¥ numbering. These need to be done in order to properly machine your work and protect your milling machine. The
Roughing toolpath, which cuts away the majority of the material, must be done before the Finishing toolpath.

Modela Player 4

st : nd f o alAi
1> ... Roughing 2" ... Finishing
tool path tool path
Processes: Details:
_—
Model Button &l >Set finished size. Set the Origin.
Cutting Surfaces Button —— ﬁ >Select number of surfaces to machine.
— ¥
Modeling Form Button >Set the depth and the cutting area
New Process Button ——» @ | >Create tool paths: One Roughing & One
Finishing
> | st
Preview Button >Create a tool path simulation & cutting time est.
Cut Button > Ll >Sends the file to the MDX40 and begins cutting.
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1) Start the Modela Player 4

Pick the Modela Player 4 icon from the desktop.

Modela Player 4 will open..............

2) To open the bottle stl file:

File — Open —

Pick File from the pull down menu in the top left of the screen and

Select Open...

Select the file BOTTLE mdx40.stl

and pick Open

Result

Roland DGA Product Design & Manufacturing |

Reimpart Model !
Save Chiss
Save A,

Gt G5

Fievievs utfing
Select Machine

Preferences.

1 batle 0. mpi
2 et bobi st

3 batte bob.st

4 Battom mevd0 done.mpj
5 Battom mevd0 done. mpi
& Modelad mds40) F-1.st

7 Battom mdwd0l.mpi

& Modelad mds40) F-1 b.mpj

Exit

e atin
Fu L] - L AL
E-——a3
=l
> |
=i zls) 21
sl e
-
DOpen 2]

Lock i I_," Roland Book. student

=« &EckE

Desk weight bob.stl

mesh bottle 2 st
mesh batte. st
File name: IBotlIe i 40,5t Open I

Files of type: ISTL Filess [*.5t)

- Carcel
=

=} =l ziE] v w)

[ —




Imported model quality: (the stereolithography .stl file)
If the quality of the imported model is not fine enough for you, go back to Rhino and export the stl file again.
Open the model in Rhino.

Select the bottle model and go to File, Export Selected, File Type, stl

Adjust the STL Mest Export Options as follows: S STL Mesh EnmallAERS
Tolerance
Click Detailed Controls: it o i cresh for o € e o M

Im inches
ok I Cancel | Previewl Help | Detailefk[ﬁontrols...l
i

%-‘Pol_l,lgon Mesh Detailed Dplions

:‘\ Polygon Mesh Detailed Options

I axirmum angle: IW M awimum angle: IT
Change the settings as follows: Masimum sspect ratio fan Masimum aspect ratio: o

Minimum edge length: W Minimum edge length: IW
Export the model again as an stl file. Masimum dge engt oo M g engit [0
Experiment with the Polygon Mesh options i e, edgetosarce: 00 Masinum ditance, edge o sufece: [00
to get the desired results when opened in Modela 4. LD e s - bt el aveits [T

¥ Fiefine mesh
Preview before selecting OK. The finer, more exact [ posedueans I Fock Tt B ' Pack Testures
Elt]ﬁerr:rzr;’r the stl file will be. B ][ el ||| s || St Ok | _Concel | Preview | _Simple Contols.

Medium quality mesh Fine, more exact mesh

3) You also have to take into consideration the orientation (direction) of the part and the final size of the part. The mill is going to
cut the part from the top of the screen down. In the current orientation, the shape would not be well defined and not recognizable as
a bottle.
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Model

Size and Orientation I Origin I

i~ Model 5i i~ Orientation [y
@ Length
The orientation of the bottle needs to be changed, so that the side of the bottle is facing up. « soae
% [00765 | inch
The Finished size of the bottle needs to be set. e ]@ )
¥ Keeps¥Z ratio Selected Top SUII:EE
S | o R
To change the direction (orientation) of the part: [reeeneee -
g ( ) p Change. | Rotate |0 ™| degrees around Z axis
Cancel
Pick the Model button. E}
]
Selected Top Surface
8 : o
~ ~ [:S Size and Orientation | rigin |
u N . . ‘e — Model Size
Select the “from Front” radio button, as displayed to P
flip the bottle to the correct orientation. It is the bottom " Length
right button. Rotate the bottle 270 around the Z for the Hmeg,ees T " Geale

correct view.

Set the finished size of the model. We are choosing 2 x .8 x .472, which will easily
fit our wax block.

If you have a larger wax block this is where you change the size of the model to fit it.
Remember that increasing the size of the model increases the machining time.
These introductory exercises are designed so they can be machined in one class period.

Roland DGA Product Design & Manufacturing | 3-5



The Model dialogue box.

With the finished size and orientation (direction) set.

Result

Roland DGA Product Design & Manufacturing |

Model Ed

Size and Orientation I Origin |

~ Model Si
& Length
" Seale

e |2 inch
' IUS inch
Z IU 472 inch

141 Scale |

= Eunve Heproduchar

[Efianas |

~ Orientation

Raotate | 270 'l degrees around Z axis

Cancel |

b1, m - MOOELA Plager 4

Fhl &P v QN e D@ E

al
Ilnhmw n f

o]
& & Tmsn

= e 2l x| o
B 1 S

00w 000 B AT k]
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4) The Roland MDX-40 that you will be using, needs to be set as the current machine.

Always check these steps every time before you use the machine, even if you think they are set properly.

If necessary, change the machine type:

Open... Chel+0
Reimport Model...

Save Chrl+5
Save bs...

(Bt Bl

Fresview Eutting

Select Machine...

Pick the File pull down menu and

Freferences...

. 1 bottle mdxd 0. mpj

Select Machine... Tl et
3 bottle bob.=tl
4 Bottom-md«40 done.mpj
5 Bottom-md=40 done.mpj
E Modelad mdx40 F-1.stl
7 Bottom-md=40.mpj
8 Modelad md=40 F-1 b.mpj

Exit
Machine Selection
Scroll through the list and select Mecel Name: | REI
the M DX_4O Command Set: AL
. Spindle Unit [standard |
™ Ratary Axis Uit IZCL—4D 'I
T ATIE [fute Tioa! Chanasr 'I
Mo ofiStocks: |0 -
Frinter Mame: IHn\and MDx-40 j
Statug: Ready
Type: Fioland MDR-40
H ‘Where: USEOM
PI C k O K . Comment:
Cancel |
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5) The margin, depth, and cutting area need to be set. Set the number of surfaces to be cut. In this case we will cut one surface.

Select one surface with this button: ﬁ

Pick the Modeling Form button.
g @7

Select the Margin Tab. Set the margin to 0”

In the next exercise, we will put in a margin. You will then see the value of a margin.

Select the Depth tab.

I i

== [0 inch
_i fi inch

Modeling Form 4
Margin |Deplh| Slope | Cutting Area |
 Automatic
& Manual
0 inch |0 inch
.

=N

Another set up factor is maximum depth of cut. This will always have to be set when you change the part size as was done earlier in
this example. Depth of cut will also needs to be considered on symmetrical parts such as a sphere. For most symmetrical parts the

depth should be set at Center.

Select the Center button. Cetter

Since this is a symmetrical part, picking Center will move the cutting depth to the middle
of the part. Cutting any deeper into a shape, such as a sphere, will give straight sides
after the center point.

Roland DGA Product Design & Manufacturing |

Modeling Form 4

Maigin Depth | Siope | Cutting Avea |

L x
[ |+ af =

& Tap/Bottom
1 Front/Back

B 40

S

— Top depth [[1]] 0.2362 | inch
e/ 0] [ inch

= Boftom cepth (2] |0.0004  finch

Ok Cancel




Select the Cutting Area tab. Verify the correct size of the finished model

Modeling Form

Margin| Depth | Slope  Cuiting #re |

‘% o8 inch
v
I—X
2 inch
Model: 0] Margie ] Slope: B2
Cancel

6) The material to be machined needs to be checked and/or set.

Note: You will be using Modeling Wax for all of the parts in this series.

i:: é?) b aterial IMDdeIing W' a j
() |
If the material is not set to Modeling Wax: Mew Process 7 |
L
& |
Select as shown on the Modela screen.

Modeling Wax is the displayed material in this example. The material displayed is the last one used.
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7) Mill cutter type and size also needs to be added if necessary. Add/Femove Material

Add/Remaove Toal...
From the Optlons Men u y Select ................... Hegmter Euthng Paramet“_

I agaehe Setup...

There are two main types of cutters or tools used in machining:

A) End mills
B) Ball nose end mills

End mills are flat on the end and are used to machine objects with flat horizontal surfaces and vertical sides.

Ball nose mills are used to machine curved complex shapes. Using a Flat end mill on these kinds of shapes will cause gouging
and incorrect part size.

; kg

i ToolMame [ 125008

Towd Typer |
TooiMatmal  [Figh Speed Sieel =]

% Phte Dismeter [ 01135 inch

We use a .125” diameter Ball Nose mill for all of the Rhino parts in this set of lessons.

Select the .125d ball mill as displayed.....................

=
—
Cutter diameter is determined by various factors: =il
N::%d:lﬂg%:d cullrg e snmters -
A) Complexity of the part. Complex parts with lots — — o
of complex shapes need smaller bits to machine the parts accurately. == T e
oo

B) You want to use the largest mill tool possible to use the least amount of time machining.

C) The mills tools you have and the sizes the machine you have will accept.

For the bottle and all of the other parts in this series, we will be using a .125” (1/8") ball mill.
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8) We will cut the part in a two-step process. The processes are often called toolpaths. Roughing takes away the bulk of the material
and Finishing which gives the part a finished size and creates a smooth finish. There are additional toolpaths available, but we will
concentrate on Roughing and Finishing in this series.

Roughing must be cut first followed by Finishing. Finishing without a roughing cut first can damage the milling machine.

To create the Roughing tool path:

Chasae the bype of process
[ © Sutacing
Select the New process Button: pe) 01 Rt
— [ Frishng

] Doy

Select Roughing:

Because we have selected one side cutting, the Top is selected. ——

......

ot T | "

Tl Sgmediestons

Foxd Typm B
TooiMuerist [P Spord 5ol
% Fudn Dusets [d] [TT5 ek
—

—
Select the .125d ball mill ...,

e
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L | " Patid

[ cumgives

Liwoes It Upgoms righe
T mh xF e
wE mh v [[E e

Check the cutting area and depth ............
The ‘All" buttons should display the correct settings.

= Suakngn [ mh
= ErdHoghc  [0472  mech

2o+ ol (w o

e

Roughing should be set to “Contour Lines Down Cut”.
method of removing large amounts of material.

It cuts out the object in elevations.

Cutting Parameters. The default settings are based on the material being cut and the
cutting tool selected. In this case it is modeling wax and a .125 ball mill.

Change the settings to match the screen at the right (if necessary)

Roland DGA Product Design & Manufacturing |

= Endiaght

213 al 5 55

« Back Cancel

Chinte the type of ool path 1o creste.

" Scan Lines 3
© ibecions [
" ContourLines | Dow Cut x

=
=\

r =T F
Cutting S1aet Pesiion

s

Sef thee culing paramelers [G
Materisl  Modeirg Wi
Ted 12545l
A R Soeed JEEE e
. 25peed G o
i Sonde: EE
A Csrgnamore 0053 neh #ere Inisize
I Pathbonervat oo nch
7 FrihMugn: 0057 ek
L
o]
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Ekst & rane for tha peccess ind chodee. [
whathal 1o creste the tool path. 13

Pt QD

Process Name is listed as Roughing 1. Itis a good idea to generate the tool path “Right Ot et
Now” because you’ll be able to see the results before sending the tool path to the machine. i
Depending on the complexity of the part and the speed of your computer, this may take

extra time to generate. For this reason, the ‘Later’ option can be chosen.

You will see the dialogue box at the right as Modela Player 4 generates the tool path file.

Creating tool path for [Roughingl]...
34%

(][

CE M g SR

Roughing Tool Path.

) 2 =i a0
Slal_u |

[ im0 40
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9) In Modela Player 4 there is a built-in tool path simulator. It provides an accurate representation of the tool path being cut and a time
estimate for its completion.

After the tool path is processed, press the Preview Cutting button. AL ) |

Virtual Modela automatically starts which displays the simulation and
shows the cutting time.

¥ | 000k | QT ek

Z [ A2inh -| L1Hinch

Resdy W ORS00 s 00AE (006

To create the Finishing tool path:

Select the New process Button: | '@

Select Finishing:

Because we have selected One-Side cutting, the Top is selected. =
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Select the .125d ball mill

Check the cutting area and depth

The ‘All’ buttons should display the correct settings.

o T
Tend Sgmede alrms

Tl Type

Tool Materiak
Fldn Dumnter [d]

Le

B

[Fosporagen

[ITE wn

—

—

—

ECET

(G ] " Patid

[ cungiies
Lovmr it Upgowt iht

s 5 i
= bt [3 eh L —satere BT meh
= EndHegre [0872 mch = Endhiesht [0ZE2 nch
i e e e e ol s
I s r
e et [ | ot [ty | oo |

x‘ﬁ wh X2 nch
¥ @ L (] b

The Finish cutting direction can be set to cut in the X, Y, or both directions. These
are lines cut along the chosen axis. Cutting both X and Y takes twice the time but

gives a better finish.

Set the Finish cutting direction to Scan Lines X direction.

Roland DGA Product Design & Manufacturing |

Path Type E3

* Scan Lines |>< j

" Unidirectional IX o
€ Contour Lines IUuCut -

¥ | Gptimized Ritch
[= Witz O

" Spiral IUD Cut -

Cutting Start Position

I:l ILower left 'I

Cancel |
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Cutting Parameters. The default settings are based on the material being cut and the W s fe

cutting tool selected. In this case it is modeling wax and a .125 ball mill. e i

Teal 1254 bal

Al X Speed m miec
. 25peed G o

Change the settings to match the screen at the right........ (if necessary) #owe e
I Cstrgnémore  [00m3  nch e Inkiskze

I Pathbonervat oo nch
7 FrihMugn: 0052 inch

1 0

« Back, et Cancel

Ertar a nivne boe this pocets and choate LE
whather to create the ool peth.

Process Name is listed as Finishing 1. Generate the tool path “Right Now” so you can see O
the results before sending the tool path to the machine for cutting. e ol gt e

£ Right Now
L

The “Later” option: Depending on the complexity of the part and the speed of your
computer, tool paths can take extra time to generate. Use ‘later’ if time is tight.

«Back Firish. Carcel

You will see the dialogue box at the right as Modela Player 4 generates the tool path file.

Processing
et st i il L
4%

[T | —
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o

FU D rd LN e RER
Y

P |

Finishing Tool Path.

| ] 2l a] ]
2o |

5 .

10) In Modela Player 4 there is a built-in tool path simulator. It provides an accurate representation of the tool path being cut and a time
estimate for its completion.

After the tool path is processed, press the Preview Cutting button. 4|U — g

Virtual Modela automatically starts which displays the simulation and shows
the cutting time.

11) To save the part as a Modela file:

Pick the File pull down menu and Save.

The file name is the same as the one that was originally imported. Only the file extension is changed to .mdj

3-17
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Save As S
Save in;l  Roland Book. student j L ] EF v

) Roland book. jpgs
@ battle rmdw«40. mpj

Pick Save As. Type in the name . ‘Bottle mdx 40 done’ %Eoetﬂn;;rﬂroﬁbmaﬂ.mm 8

or another file name of your choice. [5Desk weght bt

This is often a good time to make a second save too. Simply change part of the
file-name to create a second file.

Result: There are now two files. In case one is damaged, there is a backup. Fie name:  [Botle e 40 donetr] S|
Save as ype: IProiectFiIes[“.mpi] =l Cancel |

2

NOTE: i you do not have at least 45 minutes in the class period, do not continue to the milling steps. The average machining time
for the bottle is 40 minutes. It is advantageous to complete both toolpaths without turning off the milling machine.

Step 14 explains how to exit Modela Player 4 if you do not have enough time at this point. & |

There are instructions, at the end of the lesson, on how to open a saved Modela file. @>E/§ e

- [ % Finishingl

12) To machine the part on the MDX 40: ' |
Highlight the Tool Path to be machined.

In this case, Highlight both tool paths

Select the Cutting/No Cutting button: A

A e
e

Blua| & |
13) MDX-40 control panel:

Place a shortcut to the MDX 40 control panel on your desktop. This gives you access to setting the cutter X, Y, Z origin.
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To create the shortcut, Select Create Shortcut in the printing preferences for the Roland mdx40:

...In;l:i & Roland MDX-0 Frinting Preferences
- Ske | Tool  Options
=] B35 OPERATION FANEL. Clealeﬁhurt&tl
I™ Engrave with Spindle O
™ High Resolution
W Sotting
. | - Corirel Panel :}h::"':‘r i
i-: j_) Sm 4 & Nelwerk Conmectons :’.x?:;.;mm
= 9) Help and Suppsit _,i. ackiis s St Merns () 'I My Compunss
[ 77 A Ditails s
E (5] shavom.
[ o] cencal el
B Roland MDX-40 Panel =15
X I 0.000 inch
Using the mouse and the blue, red and green arrows on the control panel, move the ¥ [ 0.000 i
cutter to the proper location on the wax block. Z [ 0.000 nen
inch 7
Set the Z origin, Set the Y origin, Set the X origin. Lk
Ll To IXYDrigin hd Move
The MDX-40 ‘remembers’ the origin after it is set. If you have to restart your BETI
. . . . . . Fieference-Paint Setting
cutting it is easy to move the cutter to this location for re-starting if necessary. JR— w |
s
" Set the Z-axis origin using the sensor Ml

Roland DGA Product Design & Manufacturing |
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One method to ‘accurately’ Set the X,Y,Z Origin at the corner of the wax stock block:

Set the X,Y,Z origin so it is at the left hand corner of the model........

N

1 Set the Z origin at the top surface of the model by moving the cutter (with the mouse and the arrows in the control panel) so it
touches the top of the block. Use a piece of notebook paper, approximately .003” thick. Move the cutter down until there is friction
between the cutter and the block. The cutter at this point is .003 above the block. Set Z origin here. (temporary Z)

2 Set the X origin at the left side of the block. With the mouse and the arrows in the control panel, move the cutter so it touches the
left side of the block. Put a piece of paper between the cutter and the block. Move the cutter until you feel friction between the side of
the cutter and the end of the block. Set the X Origin here. (temporary X)

3 Set the Y origin at the left side of the block. With the mouse and the arrows in the control panel, move the cutter so it touches the
front side of the block. Put a piece of paper between the cutter and the block. Move the cutter until you feel friction between the side
of the cutter and the end of the block. Set the Y Origin here. (temporary Y)

IMPORTANT: The XYZ readouts read 0.000 inches. ””"' S
You need to change the position of the tool so the XY center of the tool is exactly at Y [ 0.0 i
the corner of the block. The XY is currently one-half the tool diameter (.0625) away Z [0.000 wen
from the correct origin. Also, remember that our tool is .003 above the block. ER—

With the mouse and the arrows in the control panel:

z... Move the cutter so the Zreads: Z-.003” Set Z origin here
X... Move the cutter so the X reads: X .0625” Set X origin here
y... Move the cutter so the Y reads: Y .0625” Set Y origin here rHth pom—

Close
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Select the Cut button: Sends the tool path files to the MDX-40 and begins to cut the part.

I
i:
i

o Remember: Highlight the Roughing and Finishing tool paths and select the Cut/NoCut button
___l.l__ so the desired tool path file will be sent to the MDX40. This button controls which tool path
is or is cut by the machine when the Cut button is pressed.

As your machine begins cutting:

To Pause: Press the View button on the front of the MDX 40. The machine will move the cutter to a safe Z height and move the XY
platform for a closer view.

>>>>Caution: Do not open the cover until the machine stops moving<<<<

To Resume: The machine will begin cutting at the exact location where it was when the View button was pressed.

Do not leave the milling machine unattended when it is running!!!

Follow all standard safety procedures while operating the mill.

Wax block Ready to Cut

Machined Bottle
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14) To exit the Modela Player 4:

Pick the X in the top right corner of the Modela screen.  When the Save dialogue box displays, select Yes to save the current
file. The file retains the original file name except the extension changes to .mpj

To open a saved Modela File: Open HE
Look, ir:; I ) Roland Book student j - fj( v
With Modela Player 4 started: ) Roland book jpgs
@ Bottle mdx 40 mpj

@ Desk weight bob 3x3.mpj
@ Desk weight bob. mpj

Select the File pull down menu.

Select the File...... Bottle mdx 40.mpj File name:  |Bottis mak 40, Open [&
Files of type: |Pmiect Files [*.rmpi) j Cancel |

To easily recognize a Modela 4 file, look for the following icon
In front of the file name: %;,"-

Double clicking on this file name will also start Modela Player 4 and open the file.
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e Bottle mdx 40.mpj ODELA Player 4

oy
= H | &4

Perspective
e ; Modeling “Wax ’—

Pick Open.

The file will open in Modela Player 4.

] | 27| 4] 7]
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4 Desk Weight - Rhinoceros

The focus of this lesson will be creating models using solids as compared to the bottle which was designed with surfaces. Unlike

surfaces, which are the outside skin of the model, a solids model is solid material completely through the object. Solids can be made by
extruding curves or surfaces and by using primitives. Spheres, Cones, Boxes and Ellipsoids are examples of solid primitives. Primitives
are edited with Boolean Commands. The main three are Union, Intersection and Difference. The following displays an example of each.

Original Object; two spheres
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Union

Note: The shaded object would look the same as the original.

Difference

Note: The right sphere was subtracted from the first.
(the left object was selected first in the command)

Intersection

Note: The intersection is the portion of the two objects that existed in the
same space.
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A common operation is to put a hole in a solid. Displayed is a box with a cylinder through it. To create the hole, the cylinder is
subtracted from the box using the Difference command.

Note:
This lesson will be the last in Rhino to explain in detail how to open the template file, change layers, saving the model and creating a
stereolithography file. Be sure you know how to accomplish these actions after completing this lesson.

Creating the Desk Weight

1) Start up Rhino.
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The next few steps call up the template file.

FHH Edit View Curve Surface Sc

Open... Ctrl+0
Save Crl+s
Save Small

Incremental Save
Save As...
Save As Template...

Insert... Chri+I
Import...
Export Selected...

2) Select the File pull down menu and New... Expor with angn..

Notes
Properties...

Print... Ctrl+P
Print Preview...
Print Setup...

Worksession Manager...
Send...

1 C:\MODELA\Period 6\boat

2 C:\MODELA\Period 6\hairdyer
Or 3 C:\MODELA\Period 6\bottle

4 teetop2

5 boat teetop

6 teetop top

7 A:\boat teetop

8 C:\MODELA\Period 6\newboat
9 C:\MODELA\Period 1\TESTSIM

OEEE ¥ =

s T

Open Template File k43
I = 7l ~maD-

The New icon from the toolbar

The Open Template File dialogue box appears with Template Files as the “Look in”
directory. This is the standard template file location.

o B
Your template file is in your period directory. Lj g::::'.

lnwrm

Bigeainy

3) Select the arrow across from Template Files. R
._"! |
.-ﬁ_ T ] =

iy Fmdws (e Gl 3] —

38 P i s e, s & Twtn
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4) From the listing, pick C:.

5) Double click the Modela directory.

6) Double click your class period directory.
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Dpen Template File
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Dpen Template File
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7) Select your template file:

ModelaRhino_
The spaces are for your initials.
i.e. MODELARHINOSIM

Pick Open.

Rhino is now using your template file.

8) Start the Rectangle command.

Curve — Rectangle — Corner to Corner

or

Pick the Rectangle icon from the tool bar.

In the Right viewport:

Roland DGA Product Design & Manufacturing |

Open Template File k43
 [55 omd -l =mom-
.
:I sfim
ity Pyt
Ly
== I |
[ |
|
(L |
[y =
8 |
WOl R —— =] ﬂ
PR (P EELE yyrrer 3] e |
o8 o P s P e Rytn |

[ oo T oo o,
Fokygen * Center, Comner

Free-Form b3 Points

Crcle » WVertical

Arc

Ellipse 0

Farabola

Conic

Helo:

Spiral

Extend Curve 0

Fillet Curves

Charnfer Curves

Offsat Curve

Blend Curves

Curve From 2 Views

Cross-Sectien Profiles
Convert »
Curve Erom Objecs

Curve Edit Tools

S
I
@S

’@%

|E Rectangle: Corner to Corner
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First corner of rectangle ( 3Point Vertical Center Rounded ): O Enter

Other corner or length: 1,0.4 Enter

B cune Guhie Gold Tmasfom Took Dmemm Amh

| Vendmize
To zoom into the rectangle, in all views, select Zoom Extents All. | e oot e (P

View — Zoom — Extents All e | Siocig

Or ot cmoma

Right pick the Zoom Extents All icon from the top tool bar. —
.ﬂklﬁjlfilEﬂlsiq o

& Zoom Extents
B Zoom Extents Al Views

Result
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9) To see the layer:

Pick the Layer Edit icon from the toolbar.

Set the Curves layer as current.

Close the Layer dialogue box.

10) This step creates the outline for the end of the desk weight.

Set the Osnap box so only Near and End are on.

Start the Control Point Curve command:

Curve — Free-form - Control points

Roland DGA Product Design & Manufacturing |

Layers - All Layers
Ofx + % < 2 A 4 2

W
HLL/ HIDE/ FK( ux% 0/
bl

B sufoce Soid Transform Tools Dimension  Ana
f

Poant Object

1 Pont Cloud

] Lne VORI OO E .

Folyline
Rectangle
Folygon

Trterpolate Paints
Skt

Circle
Ha
Ellipsa:

Sur
Farabola » Skatch an Surface
Canic Shetch cn Falygon Mesh
Helix
Spiral

Trterpalate face

Fit To Foints

Fit Ta Falyline

Extend Curve v \ |
Fillet Curves I

Chamfer Curves
Offeae
Blens
Curve From 2 Views

Cross-Section Frofiles

Caonvert
Curve Fram Objects
Curve Edit Tocls
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or

Pick the Control Point Curve command from the Draw toolbar from the left side of the graphics
screen.

Control Point Curve

Start the curve, by picking the lower left corner of the
rectangle.

Make three more picks per the illustration on the vertical
left side of the rectangle.
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Pick as displayed.

Pick as displayed.

Make three picks as displayed.
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Pick on the top of the rectangle.

Pick, again, on top of the rectangle as displayed.

Pick on the right side of the rectangle.

Roland DGA Product Design & Manufacturing |

Mear

|Mear
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Pick, again, on the right side of the rectangle.

Pick on the lower right corner of the rectangle.

Press Enter to end the command.

Note: If your curve does not look close to the one displayed, delete
and draw the curve again.

End

R Layers - All Layers X
. =

11) Open the Layer command and freeze the Construction layer. Atk HIE g U,%;S 0, Blx|e|s|7alalallz
b

v | Mame
Edit Layers

Construction
v Curves

Surfaces o

Close the Layer dialogue box after setting the layer.
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Result

12) Even though it looks like there is a line along the bottom of the curve, there is not. What you are seeing is
the X axis line. The curve needs to be closed to extrude properly.

Surface Solid Transform Tools Dimens

Start the polyline command: T aint Object > 002 17.26.08

Point Cloud 4

| Line YL I T S e

T — T
Rectangle Through kgints

Polygon On Mesh
Free-Form

Curve — Polyline - Polyline cree

Arc
Ellipse
Parabola

Conic
Helix
Spiral

Extend Curve 4
Fillet Curves

Chamfer Curves

Offset Curve

Blend Curves

Curve From 2 Views
Cross-Section Profiles

Convert 4
Or Curve From Objects 4
Curve Edit Tools 4

Roland DGA Product Design & Manufacturing | 4-13



Pick the Polyline command from the toolbar.

5 e
e

C% Polyline

“~B Line Segments

R —|

With End Osnap on, pick each end of the bottom of the
curve.

Press Enter to end the command.

IEEI View Curve Surface
13) The curve and the bottom line need to be joined. Redo ey
o
Cut Cri+X
Copy Ctrl+C
Ed It - JOln Delete Del

Select Objects
Control Points
Visibility

Blocks
Layers

Explode !

Trim Ctrl+T
Split Ctrl+Shift+S
Rebuild

Change Degree

Adjust End Bulge

Make Periodic

»
3
»
Groups 4
3
3

View Based Drag Mode

Object Properties... F3
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Pick the Curve.

Pick the bottom line.

14) Set the layer to Surfaces.

Close the Layer dialogue box after setting the layer.

Roland DGA Product Design & Manufacturing |

ayers - All Layers [
Bx|t|+|walalalalz

+ Hane

Corctairsnn =
Daves '
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15) TO create the SOI'd fOf the base Of the deSk WEIght =GN Transform  Tools Dimension  Analyze

Box 4
Sphere 4
Cylinder Q @
. . Cone H ==
Ed ~
Solid — Extrude Planar Curve - Straight Truncated Cone o
Ellipsoid 4
Paraboloid 4
Tube
Fipe
Torus
Text...
Extrude Surface 4 Along Cu
Fillet Edge To Point
Cap Flanar Holes Tapered

Extract Surface

Union
Difference
Intersection

Select curves to extrude ( Deletelnput=No ): Pick the Curve

Select curves to extrude. Press Enter when done ( Deletelnput=No ): Enter

Extrusion distance ( Direction BothSides=No Cap=Yes Mode=Straight Deletelnput=No ): 1.25 Enter

Roland DGA Product Design & Manufacturing | 4-16



To see the results:

Right click on the Zoom Extents icon. Lo
@DL%JQ@EE/# “’j@

by
8 foom Extents —

B Zoom Extents All Viewports|

Result
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16) Adding the ellipsoid in the center of the desk weight is the next step.

SOIld _ E”lpSOld _ From Center Transform Tools Dimension Analyze

1 Box 4
] Sphere 4
Cylinder

Cone Q @ EE|/.~£7

Truncated Cone

Paraboloid 4 From Foci !

Tube
Pipe
Torus

Text...

Extrude Planar Curve *
Extrude Surface 4
Fillet Edge
i . Cap Planar Holes

In the Top viewport: | o I
Extract Surface
Union
Difference

Intersection

With Ortho on: —=nao__Orthor Planar_Osnan_

Ellipsoid center ( Corner Diameter FromFoci AroundCurve ): .625,.5,.15 Enter

End of first axis ( Corner ): .5 Enter

End of first axis ( Corner ): Pick to the right as displayed ==
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End of second axis: .3 Enter

End of second axis: Pick as displayed

e N
]

End of third axis: .15 Enter

Pl I
\\\—\_

End of third axis: Pick as displayed -l

Result
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17) The two solids are to be joined into one with the Union command.
Solid - Union

Select surfaces or polysurfaces to union: Pick one of the objects

Select surfaces or polysurfaces to union. Press Enter when done: Pick the other object and press Enter

Result

18) To see the completed shaded desk weight:
With Perspective active:
Pick the Shade icon on the top tool bar.

(it is the gray sphere)

Roland DGA Product Design & Manufacturing |

J

Q| Akl

9 Shade
B Shade Al Viewparts
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Result

Edt View Curve Surface

19) To save the desk weight:

1) To save the desk weight:
File — Save

or

a g Save
o |P Export

DEE 0 ¥ 2@«
s

Pick the Save icon from the top tool bar.

7 C:\Frogram Filesh,..\Wicory
® rengrave
9 D:ATTOP

it
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In the dialogue box, pick the Arrow across from the Save in box.

Click on C:

This should show in the Save in box.

Double click on MODELA

This should show in the Save in box.
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Save
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Caam

L e |7 e

FT b s

il

Save

{

-

1 Pl 1

= =Dt B

)
—

L) M Dot

of Uy e
3 oy

Af e it Plastn
g e

AR Al

.

P e
be s (A 130 Mo

18:

Caam

| aw I" el

FT b s

k3

Save

Laen

& i@ v IRlie
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Double click on the period you
are in.

This should show in the Save in box.

Type, in the File name box:

DESKW_ _ _ (the spaces are for your initials) i.e.. DESKWSIM
Pick Save to finish the command.

20) To create a file to send to the machining software (Modela Player):

From a command prompt, pick the bottle so that it is highlighted.

File — Export Selected...

Roland DGA Product Design & Manufacturing |

'.h“_‘l

=t

7R

My Doty

Wiy Coormarar

e ]

L]

mmpe Pl

=] =@

ot
Export With Origin... g

lakps

Propenies..
Prink... QP
Frint Froview,..

Prt Setup...

Warkssssion Managsr...

1 DOTTLESIM

2 batinprogress

3 Cr\odelafthing deskwieghtnev
4 CH\MODELA\Perid 6\boat

3 CH\MODELA Period Gihairdyer

& C:\MOOELA\Parid 6\botthe

7 teetopz

§ boat taatop

9 teetop top

Dt
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In the dialogue box, pick the Arrow across from the Save in box
and select C.. s B 3 - mom

@& L e B e
Export .
. S [ e B 1 7] = Ecs EOe
Double click on MODELA 0 T N

ppe——— e
Py p— A
= e E——
i Sy Wt bt e s
P A

This should show in the Save in box.

BT R e U
P 3 XYY
T i vemri s Ly
B P T
——

i vy

H-T';-jrh-
@ =
.l

&

.
— e

L W vy = |7 S g e

Double click on the period you

are |n Expart =

Sevn [ MOCELS = =@

Fwrd 1
P 3
T ——
ot el 3
P §

This should show in the Save in box.

| 3 [asrjrae=

Sermigr  [Fre 130 Mo 3 =l G [T eos e

£ i@ v IQf
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At the bottom of the dialogue box, pick on the Save as type: bar and select

Stereolithography *.stl

A stereolithography file is an export file type used for solid objects. These are models | [}

that are completely enclosed.

Type, in the File name box:

DESKW_
Pick Save to finish the command.

The STL Tolerance dialogue box should be set as follows, then pick OK.

Roland DGA Product Design & Manufacturing |

__ (the spaces are for your initials) ie: DESKWSIM

I
t— - &= & oy BB
D3
F, = -
i
___I'.
¥, ol
il
iy Pt
- - = -— lag ma
T R e z 1] s iyl
e L =
-
Export -1
G | ) Pt . o=~ O
; wElsaTTiEs
_llui'-ui-l
D
€
il
7
B D
by Dok 5......‘] ey e
T = et | [ S gy
Tolerance

The masximum diztance betwen the onginal surface or zolid
and the polygon mesh created for the STL file.

|n.n

inches

DKE' Cancel | F'review| Help | Detailed Contrals. ..




If the Detailed Tolerance dialogue box is displayed, set it as displayed and pick

Simple Controls button. Masimum angle: oo
b aximum azpect ratio: Iﬁ
Mirirurn edge length: 0.00m

You will then need to pick OK in the Simple Tolerance dialogue box Masimum edge length: oo

Maximum distance, edge to suface: |00

kimirnunn initial gnd quads: 0
[ Refine mesh [ weld
[ Jagged seams v Pack Testures

[ Simple planes

k. | Eanu:el| F'review| Simple Enntrnls..[%

With the Export open objects unchecked, pick OK.

Depending on the speed of the computer it could take upwards to two minutes to complete the export process.

File type Approximate Size
f* Binam 130KE
T A 72akh

[ Export open objects

ak. & | Cancel Adjust Mesh
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26) Close Rhino.

Edit View Curve Surface Soli
New... Ctrl+n
Open... Ctrl+0

Save Ctrl+s
Save Small

Incremental Save

Save As...

Fi | e - EX it Save As Template...

Insert... Cirl+1
Import...

Export Selected...

Export With Origin...

Notes
Froperties...

Print... Ctri+P
Print Preview...
Print Setup...

Waorksession Manager...
Send...

1BOTTLESIM

2 botinprogress

3 C:\ModelaRhino\deskwieghtnew
4 C:\MODELA\Period 6\boat

5 C:\MODELA\Period 6\hairdyer

6 C:\MODELA\Period 6\bottle

7 teetap2

8 boat teetop

9 teetop top

In the next lesson you will create the toolpaths to machine the desk weight.

Roland DGA Product Design & Manufacturing | 4-27



1) Start the Modela Player 4

Pick the Modela Player 4 icon from the desktop.

R
@ L @+ YewIeR
[ Pt |

Modela Player 4 will open..............

Roland DGA Product Design & Manufacturing |

O MdM'DfLZ“ Desk Weight Modela

@—==—a
et [
= |

=] i) el v g
ES
i IS O |
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Below is a flow chart of the process of machining the model with the Modela Player 4 and your Roland milling machine. Be sure to
notice the 1% and 2"¥ numbering. These need to be done in order to properly machine your work and protect your milling machine. The
Roughing toolpath, which cuts away the majority of the material, must be done before the Finishing toolpath.

Modela Player 4

st . nd P .
1> ... Roughing 2" ... Finishing
tool path tool path
Processes: Details:
_—

Model Button &l >Set finished size. Set the Origin.
Cutting Surfaces Button @l >Select number of surfaces to machine.

— Y -
Modeling Form Button >Set the depth and the cutting area
New Process Button ————» v | >Create tool paths: One Roughing & One

Finishing

— [

Preview Button >Create a tool path simulation & cutting time est.

Cut Button > L' >Sends the file to the MDX40 and begins cutting.
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2) To open the Desk Weight stl file:

File — Open —

Pick File from the pull down menu in the top left of the

screen and

Select Open...

Select the file Desk Weight mdx 40.stl

and pick Open

Result

Roland DGA Product Design & Manufacturing |

PR GEY G REE

M

eimpart Madel...
Save Chrl+5
Save As.
Eje (Eike

Frevier Euting
Select Machine...

FPreferances...

1 battle mdx40.mpj

2 bottle bob st

3 bottle bob.stl

4 Bottom-mdx40 done.mpj
5 Battom-mdx40 done.mpj
B Modelad mdx40 F-1.5tl

7 Bottom-mdx40 mpj

8 Modelad mdx40 F-1 b.mpj

Exit

Open

Look in: I [ Roland Book student

=« ®= ek E-

Raoland book jpgs
Bottle mdx 405t

Desk Weight mdx 40.st
mesh bottle 2.5t

mesh bottle. st

File name:  [Desk Weight mds 40.st

Files of type: [STL Files [*.st]

Ope
j Cancel |

2

S
-
o] s |

[



Imported model quality:
If the quality of the imported model is not fine enough for you, go back to Rhino and export the stl file again.
Open the model in Rhino.

Select the model and go to File, Export Selected, File Type, stl

Adjust the STL Mest Export Options as follows: % STL Wech RNy
Talerance
Click Detailed Controls: 20 e palgon mesh rested for o STt oo
Im inches

Ok I Eancell F‘reviewl Help | Detailefi\Eontrols...l
&3

%-‘Pol_l,lgon Mesh Detailed Dplions

:‘\ Polygon Mesh Detailed Options

t airnum angle: IW b airnuirn angle: IT
Change the settings as follows: Maximum aspect ratic 40 Masimum aspect rafc Mo
Minimum edge length: W Minimum edge length: IW
Export the model again as an stl file. Masimum edge lengt oo Masimum edge lenatfe oo
Experiment with the Polygon MeSh Optlons Marxirmum distance, edge to surface: IF % M aximum distance, edge ta suface: IF

to get the desired results when opened in Modela 4. LD e s - Minimum el gid quads: ET

¥ Refine mesh

Preview before selecting OK. The finer, more exact [ foomdseans I Peck Tesues _ G pest i
Simple planes ™ Simple planes
the mesh, : :
Ok I Cancel | PfEVIEWl Simple Cantrals... | 0k I Cancel | Previewl Simple Controls...

The larger the stl file will be.

Medium quality mesh Fine, more exact mesh

3) You also have to take into consideration the orientation (direction) of the part and the final size of the part. The mill is going to
cut the part from the top of the screen down. For the Desk Weight, the orientation does NOT need changing. The model was created
with the side that will be machined facing up. For this reason we do not need to change the orientation of the model.
But, we will need to set the finished size of the machined part.
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Pick the Model button.

&

Set the finished size of the model. 3 x 2.4 x .9436, which will easily fit our wax
block.

Select the “TOP Surface” radio button, as displayed because we do not need
to rotate the model to orient it.

The origin button displays the xyz origin to be used for =3 :
cutting the model. /,>
,LJ 4

Size and Orientation | Origity I

 Model Size

& Tength
 Seale
# IE inch

f: |2.4 inch
Z IU.9438 inch

V' Keep %YZ ratio

141 Scale |

= Cunve Feproducton

[Change... |

~ Orientation

Ratate |0

Selected Top Surface

~ | degrees around £ axiz

Ok | Cancel

m(&:umﬂpﬂm%

e I e L

rmm

Result

Roland DGA Product Design & Manufacturing |

aF=
WewProce: Wy |
-

Gl |

F 6@ o ooSudace
§ B o Reughng!
# @ & Fiishing!

| ]| ] =] e
Sl 6 |

1 SER00 w 200« 6
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Set the number of surfaces to be cut. Select one surface with this button: ﬁl
F |

The Model Form Button: -l'@"rl

4) The Margin, depth, and cutting area need to be set.

Select the Margin Tab.
Set the margin to .15” on all edges of the model. This will cause the cutter to cut all
the way to and past the edges of the block. ..............
Select the Depth tab.
Set the depth to .75” This depth is chosen to cut near but not through the bottom
of the model. If you go back to the Rhino Model and scale the model to its full size, you will
be able to determine why .75 was chosen. In Modela 4, the depth is .946 inches. Setting

the cutting depth to less than .946 will keep us from cutting into the machine base.

Note: If there is ever a situation when you have to completely cut through your model,
simply attach the stock material to a sacrificial base plate that is safe to cut into.

Select the Cutting Area tab. Notice that the cutting area is .3 (.15+.15) larger than the
original model. This is because of the margin we added to the model.

Roland DGA Product Design & Manufacturing |

Modeling Form

Margin | Depth | $lape | Cutiing Area |

© Automatic
& Manual

Modeling Form (]

Maigin Depth | Siope | Cuting érea|

' Top/Baottom
] Front/Bask

L 10
doz

— Top depth [D1} 0.75 inch
(I ieram [0 o it

z = Battam deptty[D2] |0 inch;
LX
Canter
v 2| al =]
Iy
Cancel

Margin | Depth | Slope  Culting Ares |

27 inch

[ P

3.3 inch

Modet 0]  Margin: []  Slope: B2

Carcel




5) The Roland MDX-40 that you will be using, needs to be set as the current machine, if it is not already.

Always check these steps every time before you use the machine, even if you think they are set properly.

If necessary, change the machine type:

Open... Chel+0
Reimport Model...

Save Chrl+5
Save bs...

(Bt Bl

Fresview Eutting

Select Machine...

Pick the File pull down menu and

Freferences...

. 1 bottle mdxd 0. mpj

Select Machine... Tl et
3 bottle bob.=tl
4 Bottom-md«40 done.mpj
5 Bottom-md=40 done.mpj
E Modelad mdx40 F-1.stl
7 Bottom-md=40.mpj
8 Modelad md=40 F-1 b.mpj

Exit
Machine Selection
Scroll through the list and select Mecel Name: | REI
the M DX_4O Command Set: AL
. Spindle Unit [standard |
™ Ratary Axis Uit IZCL—4D 'I
T ATIE [fute Tioa! Chanasr 'I
Mo ofiStocks: |0 -
Frinter Mame: IHn\and MDx-40 j
Statug: Ready
Type: Fioland MDR-40
H ‘Where: USEOM
PI C k O K . Comment:
Cancel |
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6) The material to be machined needs to be checked and/or set.

I aterial IMDdeIing W an j
2]
New Process U@ |

2

A [

& |

7) We will cut the part in a two step process. The processes are often called toolpaths. Roughing takes away the bulk of the material

and Finishing which gives the part a finished size and creates a smooth finish. There are additional toolpaths available, but we will
concentrate on Roughing and Finishing in this series.

Roughing must be cut first followed by Finishing. Finishing without a roughing cut first can damage the milling machine.

To create the Roughing tool path:

Chasae the bype of process

B~ sutscing
ey

[£] F Roughing
— @ ¢ Frishing @
Ml © paeg
Select Roughing:

Because we have selected One side cutting, the Top is selected.

Select the New process Button:

......

= L

Roland DGA Product Design & Manufacturing |
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For all of the other parts in this series, we will be using a .125” (1/8”) ball mill. o

Select the .125d ball mill

Check the cutting area and depth
The *All' buttons should display the correct

settings.

Notice the Margin in the X,Y view. This can be
changed if desired by selecting the ‘Partial’
button and making desired changes.

MO Putd

[T rutrg aiea
Lewwoee bl Upses gl
» |as nch ¥ 315 reh

h ¢ IQIJ wh Y Eg rch

[~} e
=gttt T ren

E e T =T

r

o ] cme |

ot T R~
Tend St alrns h
Foxd Typm B s
ToolMterit  [Figh Spoed Steet
% Frdn Dumete [} [T15 et
b I
T —
=
Lo |
5]

Al T Patid

[Divutegtema

L et jger gt

% [005 b % @75 weh
v. [618  mh v EE b

Roughing should be set to “Contour Lines Down Cut”. Contouring is a very efficient

method of removing large amounts of material.

It cuts out the object in elevations.

Roland DGA Product Design & Manufacturing |

Chidte the typs of tool path 1o creste.

Csnbies [T o]
L
" ContourLines | Dow Cut >

F
=\

- T

Cutting St Pesiion

e




Cutting Parameters. The default settings are based on the material being cut [Cutting Parameters |
and the cutting tool selected. In this case it is modeling wax and a .125 ball mill. Meterial  Modelng W
Toal: .125d ball

Change the settings to match the screen at the right........ (if necessary) o %Y Spesd mmdsec

T, ZSpeed: I‘ID mmsec

% Spindle: |9130 Tpm

T Cutting-in Amaunt: IU.DB25 inch Feee Initialize |

I Path Interval: [0075 | inch

47 Finish Margin: ID.D253 inch

T Stay atbole botton: IU— ZEG

% ’TI Cancel |

Entat & rane for tha peocest and chosie [
whathal 1o creste the tool path. 13

Pocosehome: [CESFER

Process Name is listed as Roughing 1. Itis a good idea to generate the tool path “Right Dot et
Now” because you'll be able to see the results before sending the tool path to the machine. i
Depending on the complexity of the part and the speed of your computer, this may take

extra time to generate. For this reason, the ‘Later’ option can be chosen.

You will see the dialogue box at the right as Modela Player 4 generates the tool path file.

Creating toal path for [Roughingl]..
4%

L[]
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+OHN ouSeE

Roughing Tool Path.

Drplay P bt frinies 0000 & 2 460 4 BB e

8) In Modela 4 there is a built-in tool path simulator. It provides an accurate representation of the tool path being cut and a time
estimate for its completion.

After the tool path is processed, press the Preview Cutting button. AL |

Virtual Modela automatically starts which displays the simulation and
shows the cutting time.

w [0DMeh [ 3wen
v [ nnech - e

2 [ 0TEich | didMinch
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To create the Finishing tool path:

Select the New process Button:

Yy

Select Finishing:

Because we have selected One-Side cutting, the Top is selected.

Select the .125d ball mill

Check the cutting area and depth
The ‘All’ buttons should display the correct settings.

Roland DGA Product Design & Manufacturing |

s =] e

2lofF ol ¥ o

arme | U
B © pang
I M > I Cancel I
& .
Tosk = [%'
- Tenl Spmediestons
Tered Typm ]
Tod Material [ Spond Sieet
Frdn Dumete [} [T15 et
—
I o [
F A Pate WM Pt
[Ciramptea [Divutegtema
Lewwoee bl Uipgoes ighl Lirwrrs lell jire——l

* Il‘n! inch ¥ |!|5 rch
h ¢ Idl; wh Y Eg rch

w06 wen % [T rch
w [@1E  wh v [EE ch

) e [~ Oeth
= sut Heigre: [0 rch — St Heghe [0 nch
—trdHage [0 et . ~?|+Ef£| mln: ~Endhieght [075 ek
= . I et i
T | o] cwen |




Path Type E3

The Finish cutting direction can be set to cut in the X, Y, or both directions. These :SL I =l

Unidirectional |>< A
are lines cut along the chosen axis. Cutting both X and Y takes twice the time but e
giveS a better fII‘lISh :ZED:m\zeEtlﬂ :"\tch

" Spiral IUD Cut -

Cutting Start Posiion—————————
Set the Finish cutting direction to Scan Lines X direction. N
Cancel |
Cutting Parameters
I aterial: |MDdeIingWax
. . . . : 1254 ball
Cutting Parameters. The default settings are based on the material being S
cut and the cutting tool selected. In this case it is modeling wax and a .125 s %y Speed: B o
ball mill. T, ZSpeed: |2D mmisec
¢l Spindle: I913D TP
Change the settings to match the screen at the right........ (if necessary) Sl Cotfing et JROBSS Frch R |
I Path Interval: IU.UU? inch
A8 Fitifsty b argitn ID in'ﬁ\g
il Stay &t hole boton: ID SEG
Ok, I Cancel
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B e ‘%
Process Name is listed as Finishing 1. Itis a good idea to generate the tool path “Right T
Now” so you can see the results before sending the tool path to the machine. B o e
= Flight Nows
Depending on the complexity of the part and the speed of your computer, this may take extra
time to generate. For this reason, the ‘Later’ option can be chosen.
Lo |
You will see the dialogue box at the right as Modela Player 4 generates the tool path file. Procaum .
Creating tool path for [Finishing1]...
aEE

Finishing Tool Path.

Roland DGA Product Design & Manufacturing |

16 Drask Waight mks 40 mpi - HODELA Player 4

Fe Edl Sl View Opborn Help
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9) In Modela Player 4 there is a built-in tool path simulator. It provides an accurate representation of the tool path being cut and a time
estimate for its completion.

After the tool path is processed, press the Preview Cutting button. e |

4 Dk Wsight mds A1 mpy - 51 D0, -3 70 068 [dat 171 Finch
Virtual Modela automatically starts which displays the simulation and P I S [ < =1L

shows the cutting time.

drolo] clolo] el ]

ulting Dala lnloim,
Ethmated Cuting Tire: k3
ol Movement Distence: | 1451521 inch

Tool Movemant Fangs

10) To save the part as a Modela file: S e pami

Z [ 0M0rch -| A13imh

Pick the File pull down menu and Save.

The file name is the same as the one that was originally imported. Only the file extension is changed to .mdj

Save As 7|

.. . . Savein: | 3 Roland Book student ~| = @& ek E-
This is often a good time to make a second save too. Simply change part of the ge i1 Polndtodk sr i
Foland boaok jpas

file-name to create a second file. (3] Bottle mekx 40.mpi
2] Diesk \Weight mdx 40.mpj

Pick Save As. Type in the name . ‘Desk Weight mdx 40 done’
or another file name of your choice.

Result: There are now two files. In case one is damaged, there is a backup. Filname: —Desk Wieight md 40 mel [ s |
Save as type: IProiect Files [*.mpi] =] Cancel |/
i
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NOTE: it you do not have at least 55 minutes in the class period, do not continue to the milling steps. The average machining time

for the Desk Weight is 50 minutes. Both toolpaths need to be completed without turning off the milling machine.

Step 13 explains how to exit Modela Player 4 if you do not have enough time at this point.
There are instructions, at the end of the lesson, on how to open a saved Modela file. &

11) To machine the part on the MDX 40: | |

o |

- s Top Suface
g [[] = Foughingl
[ = Finizhing]

Highlight the Tool Path to be machined. »F L Top Surf
' s Fou
In this case, Highlight both tool paths e Finis
Select the Cutting/No Cutting button: ___|.|__"" O EE LD
~N
Slao| & |
12) MDX-40 control panel:
Place a shortcut to the MDX 40 control panel on your desktop.
This gives you access to setting the cutter X, Y, Z origin. This step is %

Raolyad
kA D540

Required before pressing the Cut button.

Roland DGA Product Design & Manufacturing |

5-16



To create the shortcut, Select Create Shortcut in the printing preferences for the Roland mdx40:

o= 1] & Roland MDX-40 Printing Preferences
o SRR - Size | Tool  Oplions
.:;,_'] Uiphelt e DOPERATION FANEL Clealeﬁhnrt&tl
E Mt bt I™ Engrave with Spindle O
E Mol Wi ™ High Resolution
L " soing
@ Sraglt
»} Miciosoft Updat
" [Tl Progran »
:-, t_‘) el and Sugpeit _." T ekl sl Slat Moras
§ =7 Run. Detaity -
5 (2] st Do
[ o] cencal el
B Roland MDX-40 Panel =15
X I 0.000 inch
With the mouse and the arrows in the control panel, move the cutter to the proper Y [ 0.000 e
location on the wax block. Z [ 0.000 ne
inch hl
Set the Z origin, Set the Y origin, Set the X origin. Lk
Ll To IXYDrigin hd Move
The MDX-40 ‘remembers’ the origin after it is set. If you have to restart your BETI
. . . . . . Fieference-Paint Setting
cutting it is easy to move the cutter to this location for re-starting if necessary. JR— w |
s
" Set the Z-axis origin using the sensor Ml

Roland DGA Product Design & Manufacturing |
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One method to ‘accurately’ Set the X,Y,Z Origin at the corner of the wax stock block:

XY.Z_Zern

Set the X,Y,Z origin so it is at the left hand corner of the model........

I

1 Set the Z origin at the top surface of the model by moving the cutter (with the mouse and the arrows in the control panel) so it
touches the top of the block. Use a piece of notebook paper, approximately .003” thick. Move the cutter down until there is friction
between the cutter and the block. The cutter at this point is .003 above the block. Set Z origin here. (temporary Z)

2 Set the X origin at the left side of the block. With the mouse and the arrows in the control panel, move the cutter so it touches the
left side of the block. Put a piece of paper between the cutter and the block. Move the cutter until you feel friction between the side of
the cutter and the end of the block. Set the X Origin here. (temporary X)

3 Set the Y origin at the left side of the block. With the mouse and the arrows in the control panel, move the cutter so it touches the
front side of the block. Put a piece of paper between the cutter and the block. Move the cutter until you feel friction between the side of
the cutter and the end of the block. Set the Y Origin here. (temporary)

B Roland MDX-40 Panel = E

IMPORTANT: The XYZ readouts read 0.000 inches.

You need to change the position of the tool so the XY center of the tool is exactly at the corner of ;% -
|
A/

the block. The XY is currently one-half the tool diameter (.0625) away from the correct origin. Also, 2 [ 0000

remember that our tool is .003 above the block. D
o | [
With the mouse and the arrows in the control panel: _o |
z... Move the cutter so the Z reads: Z -.003" Set Z origin here U
X... Move the cutter so the X reads: X .0625” Set X origin here s
y... Move the cutter so the Y reads: Y .0625" Set Y origin here M = S
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Select the Cut button: Sends the tool path files to the MDX-40 and begins to cut the part.

s
e
[

¢

L Remember: Highlight the Roughing and Finishing tool paths and select the Cut/NoCut button.
=iF This is button is used to control whether or not each tool path file will be cut by the the MDX40.

As your machine begins cutting:

To Pause: Press the View button on the front of the MDX 40. The machine will move the cutter to a safe Z height and move the XY
platform for a closer view.

>>>>Caution: Do not open the cover until the machine stops moving<<<<

To Resume: The machine will begin cutting at the exact location where it was when the View button was pressed.

Do not leave the milling machine unattended when it is running!!!

Follow all standard safety procedures while operating the mill.

Wax block Ready to Cut

Machined Model
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13) To exit the Modela Player 4:

Pick the X in the upper top right corner of the Modela screen.  When the Save dialogue box opens, select Yes to save the

current file. The file retains the original file name except the extension changes to .mpj

Save As

. i [Ciraft chapt d fil
To open a saved Modela Player 4 File: Savein | O Diaft chepters and s

x| = @ e E-

@ Boat mdx 40.mpj
@ Battle mdx 40.mpj

With Modela Player 4 started: 2] Desk Weight s 40.mpj
@ Hair Diryer mds 40.mpj

Select the File pull down menu.

File name: IDesk weight mdx 40.mp

Select the File...... Desk Weight mdx 40.mpj

I Save I

Save az pe: IF'miect Files [".mpj)

To easily recognize a Modela Player 4 file, look for the following icon In front of the file name:

Double clicking on this file name will also start Modela Player 4 and open the file.

Roland DGA Product Design & Manufacturing |
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Perspective =
i ¢ Modeling Wax r

8¢

Pick Open.

The file will open in Modela Player 4.

] w7 £ o] -
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6 Hair Dryer - Rhinoceros

The hair dryer is a good example of creating a fairly complex model from some fairly simple geometry. Remember that operations that
have been cover in the last two models such as opening the template, changing layers, etc. are not explained in detail in this lesson. It
is assumed you have mastered these skills. If not, refer to the earlier lessons.

1) Start Rhino

2) Start a new drawing using the template created for these lessons.

3) Check to see that the current layer is Construction.
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4) The lines for the tube of the hair dryer are the first to be created.

Note: Be sure to look at the number inputs very carefully as to not confuse commas with decimal
points. Remember a 0 in front of a decimal point is not required. Example 0.25 can be input
as .25.

Surface Solid Transform Tools Dimension Analy

1 Foint Object 2002 17:26:05
Point Cloud 4
i | alyhna 4 LmSememts \ [

|n the TOp VIeWpOrt. Rectangle ’ Perpendicular from Curve
Polygon ' Perpendicular to 2 Curves
Free-Form ' Tangent from Curve

Curve — Line — Single Line e || Tongen, erpanintar
Ellipse 4 Angled

. . . . . Parabola g Bisector
Start of line ( Normal Angled Vertical FourPoint Bisector Perpendicular e From 4 Pans

Tangent Extension BothSides ): 0.375,3.125 Enter sprol Voo te chome
End of line ( BothSides ): R2.5<0 Enter it s ' H-
e
Blend Curves
CroseSaion Frfies

Convert 4
Curve From Objects 3
Curve Edit Tools »

Result
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5) Zoom window as displayed in the Top viewport.

Curve Surface Solid Transform Tools Dimension  Analy
Maximize
Pan View Shift+RMB
Rotate View Ctrl+Shift+RMB

View — Zoom — Window M zom O

| undoviewchange  Home w
Target

Redo View Change End
ift+Crl+
St View N Extents Shift+Ctrl+E
i Extents All Alt+Ctrl+E
MNamed Views... celected
electe
Viewport Layout
Selected All

Set CPlane 4

Named CPlanes... Synchronize Views

Background Bitma 4
or g p

Set Camera L4

Show Camera Fo

Viewport Properties...
Rotate camera

8 Zoom Window

Pick the Zoom Window icon from the top tool bar. B Zoom Target

Window placement
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6) In this step, some of the geometry needed to create the handle will be drawn.

Surface Solid Transform Tools Dimension Analy

Point Object 4
7 Point Cloud 4
| Line 3 Single Line |
. Polyline 4 line Segments
E;Cta;:jle : Perpendicular from Cu e
CU rve _ LI n e _ LI n e Se m entS Freyengnrm , Perpendicular to 2 Curves
g Tangent from Curve
Circle 4 Tangent to 2 Curves
Arc » Tangent, Perpendicular
Ellipse 4 Angled
Parabola 4 Bisector
Conic From 4 Points
HE!‘X Normal to Surface
Spiral Vertical to CPlane
Extend Curve 4
Fillet Curves

Chamfer Curves
Offset Curve

Blend Curves

Curve From 2 Views
Cross-Section Profiles

Convert 4
Curve From Objects 4
Curve Edit Tools 4

Start of line: 3,2.75 Enter
End of line ( Undo ): R2.5<270 Enter
End of line. Press Enter when done ( Undo ): R0.5<180 Enter

End of line. Press Enter when done ( Close Undo ): Enter

ﬂ§|0|@|@|ﬁ| o

8 Zoom Extents
B Zoom Extents Al Views

7) Run the Zoom Extents All command so you can better see the geometry.
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The next few steps will create the geometry for the body of the dryer.

8) Set the Osnap with End on only.

9) To create the rotation line for the center of the body:

In the Top Viewport:
Curve — Line — Single Line

Start of line ( Normal Angled Vertical FourPoint Bisector Perpendicular
Tangent Extension BothSides ): Pick the top end of the
vertical line as displayed

End of line ( BothSides ): R0,0,0.75 Enter

Result (shown from the Perspective viewport)
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10) If you have not picked any other commands press Enter to return to the last command

or

Curve - Line - Single Line

Start of line ( Normal Angled Vertical FourPoint Bisector Perpendicular
Tangent Extension BothSides ): Pick the bottom end of the
vertical line as displayed

End of line ( BothSides ): R0,0,0.35 Enter

Result (shown from the Perspective viewport)

11) The view in the Front view port needs to be adjusted for step 10.

ﬂkl@l@lﬁﬂlﬁl o
Run the Zoom Extents All command. e

8 Zoom Extents
B Zoom Extents Al Views
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Pick in the Front viewport to make it active. ™ Curve Surface Solid Transi

Maximize
parven s ]

Rotate View \ Ctri+Shift+RMB

Zoom L4
The view needs to be panned so the next step can be viewed. Undo View Change Home

Rede View Change End

Set View 4

Named Views...

Viewport Layout 4

Set CPlane 4

View — Pan View

Named CPlanes...

Background Bitmap 4

Set Camera 4

Show Camera F6
or Viewport Properties...

Rotate camera

Pick the Pan icon from the top tool bar. .{ﬂ'l]

Pick and hold the left mouse button towards the right side of the Front viewport. Drag to the left about 1/2 of the way
across and release the mouse button.

The result is displayed.

Y
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12) The vertical line in the Front viewport needs to be offset to be used to create the

Surface Solid Trans

curve for the body of the hair dryer. Point bject .
Paint Cloud 3
Line 4
Folyline 4
Rectangle 3

Curve — Offset Curve Potgon ,
Free-Form L3
Circle 3
Arc L3
Ellipse 3
Parabola 4
Conic
Helix
Spiral
Extend Curve 3
Fillet Curves
Chamfer Curves
Blend Curves
Curve From 2 Views
Cross-Section Profiles
Convert L3
Curve From Objects 3
Curve Edit Tools 4

Select curve to offset ( Distance=1 Corner=Sharp ThroughPoint Tolerance ):1
Select curve to offset ( Distance=1 Corner=Sharp ThroughPoint Tolerance ):Pick the
vertical line in the Front viewport
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Through point ( Distance=1 Corner=Sharp ThroughPoint Tolerance ):Select to
the right as the side to offset

Result

ﬂkl@l@lﬁﬂlﬁl o

8 Zoom Extents
B Zoom Extents Al Views

13) Run the Zoom Extents All command so you can see all of the geometry
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14) A copy of the vertical line for the handle is required at the other end of the horizontal handle line.

Transform - Copy

Select objects to copy: Pick as displayed in the Perspective viewport.

Roland DGA Product Design & Manufacturing |

lﬂm Tools Dim

Move

| Rotate g

Rotate 3-D

Scale 4
Shear

Mirror

Orient 4
Array 4

Set Points
Project to CPlane

Twist

Bend

Taper

Flow along Curve
Smooth

Move UVN
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Select objects to copy. Press Enter when done: Enter

Point to copy from ( Vertical=No InPlace ): Pick as displayed

Point to copy to: Pick as displayed

Point to copy to: Enter

=|]=
\

Result
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15) Change the layer to Curves.

16) To draw the circle for the tube of the hair dryer:

Curve - Circle - Center, Radius

In the Perspective Viewport:

With End Osnap on only:

Center of circle ( Deformable Vertical Diameter 3Point Tangent AroundCurve ):
Pick as displayed

Roland DGA Product Design & Manufacturing |

Surface Solid Transform Tools Dimension Analy

3
3
3
3

»

L4 3 Points

4 Tangent, Tangent, Radius
Tangent to 3 Curves
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Move the mouse but do not make a pick.

You can see the circle is not perpendicular to the line that you picked.

Move the pointer into the Right viewport. The circle is now perpendicular to the
line.

Radius <1> (Diameter): .5 Enter
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Result

17) The body and handle curves are the next geometry to be created.

Run the Zoom Extents All command.

|«_<'|§|Q|©|EE||=&| 3t

i Zoom Extents
B Zoom Extents Al Views

SurFace Solid Transform Tools Dimension Ana

¢ Point Object 3

7 Point Cloud 4
Line ] e

| Polyline » @ oL, Q @ EEL!
Rectangle 3

3

Curve — Free-Form — Control Points

Circle

Arc

Ellipse

Parabola

Conic

Helix

Spiral

Extend Curve

Fillet Curves

Chamfer Curves

Offset Curve

Blend Curves

Curve From 2 Views
Or Cross-Section Profiles

Convert
Curve From Objects
Curve Edit Tools

Roland DGA Product Design & Manufacturing |
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R Sketch

3 Interpolate on Surface
¥ Sketch on Surface
Sketch on Polygon Mesh

Fit To Points

Fit To Folyline
3
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Pick the Control Point Curve command from the toolbar.

In the Perspective Viewport:

Start of curve ( Degree=3): Pick as displayed

Next point ( Degree=3 Undo ): Pick as displayed

Roland DGA Product Design & Manufacturing |
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Next point. Press Enter when done ( Degree=3 Undo ): Pick as displayed

Next point. Press Enter when done ( Degree=3 Close Sharp=No Undo ): Enter to end the

command
\

Result

18) The same process needs to be done to create the handle curve.

Iy = -
T
Curve — Free-Form — Control Points Gj/ Sl e T
. T
i
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Start of curve ( Degree=3): Pick as displayed

Next point ( Degree=3 Undo ): Pick as displayed

Next point. Press Enter when done ( Degree=3 Undo ): Pick as displayed

Roland DGA Product Design & Manufacturing |

6-17



Next point. Press Enter when done ( Degree=3 Close Sharp=No Undo ): Enter
to complete the command

Result

™~

19) Both the handle and the body curves need to be mirrored to create the geometry necessary to form proper surfaces.

Transform - Mirror [ Transform RSB
Move
Copy
Rotate
Rotate 3-D
Scale 4
Shear
Orient 4
Array 4
Set Points
Project to CPlane
Twiist
Bend
Taper

Flow along Curve
Smooth
Move UVN
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Select objects to mirror: Pick as displayed in the Perspective viewport

Select objects to mirror. Press Enter when done: Enter

Start of mirror plane ( Copy=Yes ): Pick as displayed

Move to the Front viewport:

End of mirror plane ( Copy=Yes ): Pick as displayed
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Result

To mirror the handle curve:

Transform - Mirror

Select objects to mirror: Pick as displayed in the Perspective viewport.

Select objects to mirror. Press Enter when done: Enter
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Start of mirror plane ( Copy=Yes ): Pick as displayed

Move to the Front viewport:

End of mirror plane ( Copy=Yes ): Pick as displayed ‘

Result
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20) The two body curves and the handle curves need to be joined together.

IEEI View Curve Surface

Undo Ctrl+Z
Ed It J OI n Redo Ctri+Y

Undo Multiple...

Redo Multiple...

Cut Ctrl+x

Copy Ctri+C

Delete Del

Select Objects
Control Points
Visibility
Groups

! Blocks
Layers

Explode g

Trim Chri+T

Split Ctri+Shift+S
: Rebuild

Change Degree

Adjust End Bulge

Make Periodic

>
3
3
3
3
3

| View Based Drag Mode

Object Properties... F3

Select object for join: Pick as displayed iy
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Select curve to join: Pick as displayed

Select curve to join: Enter to complete the command

2 curves joined into 1.

Edit - Join

Select object for join: Pick as displayed
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Select curve to join: Pick as displayed

Select curve to join: Enter to complete the command

2 curves joined into 1.

21) Both body and handle geometry need to be mirrored and joined closed shapes.

Maove

Copy

Rotate

Rotate 3-D

Scale 4

. Shear

With only the End Osnap on.

Orient

Array »
Transform — Mirror Set Points

Project to CPlane

Twist

Bend

Taper

Flow along Curve
Smooth

Move UVN
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Select objects to mirror: Pick as displayed in the Front viewport

Select objects to mirror. Press Enter when done: Enter

Start of mirror plane ( Copy=Yes ): Pick as displayed

End of mirror plane ( Copy=Yes ): Pick as displayed

Roland DGA Product Design & Manufacturing |
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End

A

End
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Result

Transform — Mirror

Select objects to mirror: Pick as displayed in the Front viewport

Select objects to mirror. Press Enter when done: Enter
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Start of mirror plane ( Copy=Yes ): Pick as displayed

End of mirror plane ( Copy=Yes ): Pick as displayed

Result
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22) The halves of the body and handle need to be joined.

To join the body curves:
Edit - Join

Select object to join: Pick as displayed

Select next object to join: Pick as displayed

To join the handle curves:

Edit - Join

Select object to join: Pick as displayed
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Select next object to join: Pick as displayed

23) The next step is to create the curve to sweep the handle.

Turn ORTHO off, if it is on. Only End Osnap should be on.

To create the curve:

Curve — Free-Form — Control Points

Start of curve ( Degree=3): Pick as displayed

Roland DGA Product Design & Manufacturing |

[jg o ) -
)

@/ © Control Point Curve
H . I
potu]

6-29



Next point ( Degree=3 Undo ): Pick as displayed

Next point. Press Enter when done ( Degree=3 Undo ): Pick as displayed

Next point. Press Enter when done ( Degree=3 Close Sharp=No Undo ): Enter
to complete the command

Result
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Creating the 3D Model

The line and curve geometry is complete and the surfaces can be created.

24) The first surface that will be created is the body. It will be a revolved surface.

Set the Layer to Surfaces.
EM Solid  Transform
Plane 4
Loft
Sweep 1 Rail

Surface - Revolve sweep 2 Rals
Rail Revolve k
Curve Network
Corner Foints
Edge Curves

Planar Curves
Point Grid

Extrude Curve »
Patch

Drape

Heightfield from Image

Extend Surface

Fillet Surface
Chamfer Surface
Offset Surface

Blend Surface

unroll Developable Srf

Surface Edit Tools 4

Select curves to revolve: Pick as displayed

Select curves to revolve. Press Enter when done: Enter
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Start of revolve axis: Pick as displayed

End of revolve axis: Pick as displayed ?

% Revolve Options

Sirnplify
{*+ Exact

Set the Revolve Options dialogue box as displayed and select OK. " Defomable with [10 conirol paints
Options

Start angle: |0
End angle:  |360

[ Delete curve to revalve

1]4 'E | Cancel
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Result

mﬂ Solid  Transform
Plane 4

25) To create the air tube with a Sweep: -
Sweep 1 Rail E5

Sweep 2 Rails
Revolve
Rail Revolve

Curve Metwaork
Corner Foints
Edge Curves

Surface - Sweep 1 Rail Planar Curves

Point Grid

Extrude Curve 4
Patch

Drape

Heightfield from Image

Extend Surface

Fillet Surface
Chamfer Surface
Offset Surface

Blend Surface

Unroll Developable Srf

Surface Edit Tools 4
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Select rail curve: Pick as displayed

Select cross section curves ( Point ): Pick as displayed

Select cross section curves. Press Enter when done ( Point ): Enter

Set the Sweep options as displayed and select OK.

Roland DGA Product Design & Manufacturing |

% Sweep 1 Rail Options [X]

Style

| Freefarm ﬂ
-
[ Glabal shape blending

Crozg-zechion curve options

* Do rat gimpli

" Rebuild with control poinks
™ Refit within inches

(] 4 I:] Cancel| F'review| Help |
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Result

26) The air tube ends are open. To turn the tube into a solid they need the ends capped.

EEI Transform Tools

Box >
Sphere r
Cylinder

Solid - Cap Planar Holes Cone

Truncated Cone

Ellipsoid 4
Paraboloid 4
Tube

Fipe

Torus

Text...

Extrude Planar Curve *
Extrude Surface 4
Fillet Edge

Cap Planar Holes k
Extract Surface
Union

Difference
Intersection
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Select surfaces or polysurfaces to cap: Pick as displayed

Select surfaces or polysurfaces to cap. Press Enter when done: Enter
Created 2 end caps on one object.

Result

27) The handle will also be created with Sweep along a path.
To create the handle:

Surface - Sweep 1 Rail
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Select rail curve: Pick as displayed

Select cross section curves ( Point ): Pick as displayed

Select cross section curves. Press Enter when done ( Point ): Enter

Set the Sweep options as displayed and select OK.

Roland DGA Product Design & Manufacturing |

Style

|Freeform ﬂ
E
[7 Global shape blending

Crozs-zection curve options

' Da nat zsimplify

™ Rebuild with contral points
" Refit within inches

QK &! Eancel| F'leview| Help |
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Result

28) The handle ends need to be capped.

EEI Transform Tools

Box L4
Sphere L4
Cylinder

Solid - Cap Planar Holes | cone

Truncated Cone

Ellipsoid 4
Paraboloid 4
Tube

Fipe

Torus

Text...

Extrude Planar Curve *
Extrude Surface 4
Fillet Edge

Cap Planar Holes k
Extract Surface
Union

Difference
Intersection
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Select surfaces or polysurfaces to cap: Pick as displayed

Select surfaces or polysurfaces to cap. Press Enter when done: Enter
Created 2 end caps on one object.

Result

29) Turn OFF all of the layers except Surfaces.
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30) The three parts of the hair dryer need to be joined together.

To join the three parts together:
EEI Transform Tools

Box L4
Sphere 4
Cylinder

Cone

Truncated Cone

Solid — Union Elipsoid v

Paraboloid
Tube

Fipe
Torus

-

Text...

Extrude Planar Curve »
Bxtrude Surface 4
Fillet Edge

Cap Planar Holes
Extract Surface

Difference !

Intersection

Select surfaces or polysurfaces to union: Pick as displayed
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Select surfaces or polysurfaces to union: Pick as displayed

. \ I|’
\"._ I".‘ j
III \
FO l'
[
| |
I"I :II Ill
Select surfaces or polysurfaces to union. Press Enter when done: Pick as displayed
. I!r""'.“l:"- I'
Select surfaces or polysurfaces to union. Press Enter when done: Enter | '
Boolean union in progress... Press Esc to cancel | | |

Result
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31) The final step in creating the hair dryer is adding the fillets for the end of the handle
and at the intersection of the handle and air tube to the body.

EEI Transform Tools |

Box 4
Sphere 4
Cylinder
Cone
. . Truncated Cone

SOI'd - Fl”et Edge | Ellipsoid 4
Paraboloid 4
Tube
Fipe

Torus
Text...

Extrude Planar Curve *
Extrude Surface 4

Fillet Edge
Cap Planar Hol
Extract Surface

Union
Difference

Intersection

Select edges to fillet ( Radius=1 ):0.15 Enter

Select edges to fillet ( Radius=0.15): Pick as displayed
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Select edges to fillet. Press Enter when done ( Radius=0.15 ): Pick as displayed

Select edges to fillet. Press Enter when done ( Radius=0.15 ): Pick as displayed

Select edges to fillet. Press Enter when done ( Radius=0.15 ): Pick as displayed
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Select edges to fillet. Press Enter when done ( Radius=0.15 ): Pick as displayed

Select edges to fillet. Press Enter when done ( Radius=0.15 ): Enter
Creating Fillets.... Press Esc to cancel

Result

32) To shade the model:

Have the Perspective viewport active (any view will render)
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Pick the Shade icon on the top tool bar.

TO0NO L&D

s Fa
X
B Shaded Viewport
B wireframe Viewport

Result

33) Save the hair dryer model.
Name the model:
HD__ _ The spaces are for your initials i.e. HDSIM

Save it to your period directory
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34) Export the model as a stereolithography file for the Modela software.

From a command prompt, pick the hair dryer so that it is highlighted.

File — Export Selected...

Name the model:

HD__ _ The spaces are for your initials i.e. HDSIM

Save it to your period directory

35) Exit Rhino.

In the next lesson you will learn to create the tool paths and machine the hair dryer.
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Modela Player 4

MDX.40 Hair Dryer

Modela Player 4

1) Start the Modela Player 4 N

Pick the Modela Player 4 icon from the desktop.

Modela Player 4 will open..............
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Below is a flow chart of the process of machining the model with the Modela Player 4 and your Roland milling machine. Be sure to
notice the 1% and 2" numbering. These need to be done in order to properly machine your work and protect your milling machine. The
Roughing toolpath, which cuts away the majority of the material, must be done before the Finishing toolpath.

Modela Player 4

1% ... Roughing 2" .. Finishing
tool path tool path
Processes: Details:
Model Button - &l >Set finished size. Set the Origin.
Cutting Surfaces Button —— @l >Select number of surfaces to machine.
Modeling Form Button - E >Set the depth and the cutting area
New Process Button ——» @ | >Create tool paths: One Roughing & One
Finishing
Preview Buton — * >Create a tool path simulation & cutting time est.
CutButon — > % | >Sends the file to the MDX40 and begins cutting.
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2) To open the hair dryer stl file:

File — Open —

Pick File from the pull down menu in the top left of the

screen and

Select Open...

Select the file Hair Dryer mdx 40.stl

and pick Open

Result
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M

eimpart Model...
Save
Save As.

[E
Fresyien Euttng
Select Machine...

Preferences. .

1 bottle mdx40.mpj

2 bottle bobi st

3 bottle bob.stl

4 Bottom-mdx40 done mpj
& Bottom-mdx40 done.mpj
E Modelad mdx40 F-1 5t/

7 Bottome-mdx40.mpj

8 Modelad mdx40 F-1 b.mpj

Exit

Open | 2] x]
Lok ir: I@ Ciraft chapters and files B L] ¥ E-

Bottle md: 405t
Desk ‘weight mdx 40,54

Hair Diyer mdx 40,5t

File narme: IHair Dipyer mde 402t Open I
Files of type:  [STL Files [* st =] cancel |

WO rt QNN SYSBE ]
[y

Fin G Gw Ve o bl

ol 2l
I e

Ll ARSI 0 k]



Imported model quality:
If the quality of the imported model is not fine enough for you, go back to Rhino and export the stl file again.
Open the model in Rhino.

Select the model and go to File, Export Selected, File Type, stl

Adjust the STL Mest Export Options as follows: % STL Wech RNy
Talerance
Click Detailed Controls: 20 e palgon mesh rested for o STt oo
Im inches

Ok I Eancell F‘reviewl Help | Detailefi\Eontrols...l
&3

%-‘Pol_l,lgon Mesh Detailed Dplions

:‘\ Polygon Mesh Detailed Options

t airnum angle: IW b airnuirn angle: IT
Change the settings as follows: Maximum aspect ratic 40 Masimum aspect rafc Mo
Minimum edge length: W Minimum edge length: IW
Export the model again as an stl file. Masimum edge lengt oo Masimum edge lenatfe oo
Experiment with the Polygon MeSh Optlons Marxirmum distance, edge to surface: IF % M aximum distance, edge ta suface: IF

to get the desired results when opened in Modela 4. LD e s - Minimum el gid quads: ET

¥ Refine mesh

Preview before selecting OK. The finer, more exact [ foomdseans I Peck Tesues _ G pest i
Simple planes ™ Simple planes
the mesh, : :
Ok I Cancel | PfEVIEWl Simple Cantrals... | 0k I Cancel | Previewl Simple Controls...

The larger the stl file will be.

Medium quality mesh Fine, more exact mesh

3) You also have to take into consideration the orientation (direction) of the part and the final size of the part. The mill is going to
cut the part from the top of the screen down. For the hair dryer, the orientation does NOT need changing. The model was created
with the side that will be machined facing up. For this reason we do not need to change the orientation of the model.
But, we will need to set the finished size of the machined part.
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Pick the Model button.

Set the finished size of the model. 2.75 x 2.65 x 1.14, which will easily fit our
wax block.

Select the “TOP Surface” radio button, as displayed because we do Not need
to rotate the model to orient it.

The origin button displays the xyz origin to be used for
cutting the model.

Result

Roland DGA Product Design & Manufacturing |
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Set the number of surfaces to be cut. Select one surface with this button:

Modeling Form

Margin | Depth | $lape | Cutiing Area |

© Automatic

J
& Manual

The Model Form Button:

at
| 0.15 inch  [0.15 inch
| I
incl

4) The Margin, depth, and cutting area need to be set. = e

Select the Margin Tab.

Set the margin to .15” on all edges of the model. This will cause the cutter to cut all

the way to and past the edges of the block. ..............

Modeling Form

Margin Depth | Slope | Cutting Area |

Select the Depth tab.

' Top/Battam
£ Fiort/Back

For most symmetrical parts the depth should be set at Center. Since this is a symmetrical
part, picking Center will move the cutting depth to the middle of the part. Cutting any i
deeper into a shape, such as a sphere, will give straight sides after the center point.

= Top depth [D1} 05633 | inch

iyelep [0 [o inch
— Botiomdepin(D2] [0 inch

Center

Select the Center button. Cetter

Select the Cutting Area tab. Notice that the cutting area is .3 (.15 +.15) larger than the
original model size. This is because of the margin we added to the model.

A Q) H
[ o | caneel
Modeling Form ]
Margin | Depih | Slops  Culting Ares |
29552 inch
Modst Mg Slope: ]
[ ok | cancel
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5) The Roland MDX-40 that you will be using, needs to be set as the current machine, if it is not already.

Always check these steps every time before you use the machine, even if you think they are set properly.

If necessary, change the machine type: . G
PEN... T+

Fieimport Model...
Save Chrl+5
Save As...

[Sut... [EffF
Eresiew Euting

achine...

Pick the File pull down menu and A

Preferences..

. 1 bottle mdx40. mpj
Select Machine... > bt bob? <
3 bottle bob. st
4 Bottom-md=40 done.mpj
5 Battarn-md«40 done.mpj
6 Modelad mdx40 F-1.5t
7 Bottom-md=40.mpj
8 Modelad mdwa0 F-1 b.mpj

Exit
Scroll through the list and select MecelNane.
the M DX_4O Command Set: AML-1
' Spindle Unit IStandard j
I Rotary Axis Unit IZCL-4D v[
I AT [Euts Tionl Ehanger] 'I
I of Stocks: |0 | -
Printer Mame; | Foland MDix-40 d
Status: Ready
Type: Roland MDX-40
H Where: USEO0
PI C k O K " Commeit:

Cancel |
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6) The material to be machined needs to be checked and/or set.

I aterial IMDdeIing W an j
2]
New Process U@ |

2

A [

& |

7) We will cut the part in a two step process. The processes are often called tool paths. Roughing takes away the bulk of the material

and Finishing which gives the part a finished size and creates a smooth finish. There are additional tool paths available, but we will
concentrate on Roughing and Finishing in this series.

Roughing must be cut first followed by Finishing. Finishing without a roughing cut first can damage the milling machine.

To create the Roughing tool path:

Chasae the bype of process

B~ sutscing
ey

[£] F Roughing
— @ ¢ Frishing @
Ml © paeg
Select Roughing:

Because we have selected One side cutting, the Top is selected.

Select the New process Button:

......

= L

Roland DGA Product Design & Manufacturing |
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For all of the other parts in this series, we will be using a .125” (1/8”) ball mill. Seni
oo T T~ ;

Select the .125d ball mill ...................o.

Check the cutting area and depth ............
The ‘All’ buttons should display the correct settings.

Notice the Margin in the X,Y view. This can be
changed if desired by selecting the ‘Partial’ button and
making desired changes.

Tl Sgmediestons

Tool Type:

B
[Fispentsen

Tool Material
Fhdn Dawmnber |d] ﬁlg nch

—
—
—

i th 1 v et ot AP

ﬁmmu

Lowsst el Upger ighl

® 8 meh 2T mh
v [ mch v R neh

[ e
— susttagrt [0 nch
= EndMegre  [T0ET neh

2of ol w s o

b [ ] e |

Roughing should be set to “Contour Lines Down Cut”. Contouring is a very efficient

method of removing large amounts of material.

It cuts out the object in elevations.

Roland DGA Product Design & Manufacturing |

A P

z
L=

I e T

T ctrea
Liowwss it Uippes nght

Kﬁl! h X 3

inch
‘ i O

[ Dect
= Seatheghe [T nch
= EndHoght [053 reh

Chooae et ppe of ool path o creste.

ol [ 2
T Undeectiond [ 7]
" ContourLines | Dow Cut x
F
I= e

- T
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Cutting Parameters. The default settings are based on the material being cut and

. . oy . H Material: W
the cutting tool selected. In this case it is modeling wax and a .125 ball mill. . [EA
Change the settings to match the screen at the right........ (if necessary) e -

T, ZSpeed: lm— mm/sec
i Spinde: W pm
AT Cutting-in Amaunt: W inch oo Initialize
PF[ Path Interval: W inch
Zf Finish Margir: W inch
il Stay et bole bt lD— SEC

Process Name is listed as Roughing 1. Itis a good idea to generate the tool path “Right etttz ot
Now” because you’ll be able to see the results before sending the tool path to the machine. £ pein

© Loten

Depending on the complexity of the part and the speed of your computer, this may take
extra time to generate. For this reason, the ‘Later’ option can be chosen.

You will see the dialogue box at the right as Modela Player 4 generates the tool path file.

Creating taol path for [R oughing1]
4%

(]
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Roughing Tool Path.

) x| 1) ) v
+*
Pl o |

Fray [ S

8) In Modela 4 there is a built-in tool path simulator. It provides an accurate representation of the tool path being cut and a time
estimate for its completion.

After the tool path is processed, press the Preview Cutting button. AL |

Virtual Modela automatically starts which displays the simulation and ham eSS

-
Fie Sedsteri View Dofion Mol

shows the cutting time.

v | 0000ech | 2@Rech

2 [ 8BHinch <[ L13inch

Roland DGA Product Design & Manufacturing |
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To create the Finishing tool path:

Select the New process Button:

Select Finishing:

Because we have selected One-Side cutting, the Top is selected.

Select the .125d ball mill

Check the cutting area and depth ............
The ‘All' buttons should display the correct settings.
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Path Type E3

The Finish cutting direction can be set to cut in the X, Y, or both directions. These :SL I =l

Unidirectional |>< A
are lines cut along the chosen axis. Cutting both X and Y takes twice the time but e
giveS a better fII‘lISh :ZED:m\zeEtlﬂ :"\tch

" Spiral IUD Cut -

Cutting Start Position

Set the Finish cutting direction to Scan Lines X direction. |:| [Lonerin ]
Cancel |
M aterial: |M0de|ing\v\-"a:-:
. . . . Took  |125d bal
Cutting Parameters. The default settings are based on the material being cut
and the cutting tool selected. In this case it is modeling wax and a .125 ball > G537 B mvsec
ml” T, Z Speed: |2D— mm/gec
. ¢t Spindle: |a130 rprn
. i . I Euking i Amaunt: ID.DD39 e L AN Initialize |
Change the settings to match the screen at the right........ (if necessary) T Pariniavst 0007 inch
4 Eifiish bangin: IU inc[%
il Stay At bole Bottom: IU— SEG

(n]9 I Cancel
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Process Name is listed as Finishing 1. Itis a good idea to generate the tool path “Right
Now” so you can see the results before sending the tool path to the machine.

Depending on the complexity of the part and the speed of your computer, this may take extra
time to generate. For this reason, the ‘Later’ option can be chosen.

You will see the dialogue box at the right as Modela Player 4 generates the tool path file.

Enfier & name e thit pincets and choots &‘
whether to create the tool path.

mm_

ek [Lite}

£ Right Now
L

oo [ ] oo |

[T ]
Creating tool path for [Finishing1]... R
1%

IInRNNN

Finishing Tool Path. oSt ot

Fie Edt Se View Opoe Heb

|FR B0 r+QEN Gw o
Porspective

Roland DGA Product Design & Manufacturing |

| &) plx] 4]
=1 Frey o T |

(2 TS0 2B L1 37S k]
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9) In Modela Player 4 there is a built-in tool path simulator. It provides an accurate representation of the tool path being cut and a time

estimate for its completion.

After the tool path is processed, press the Preview Cutting button. e |

Virtual Modela automatically starts which displays the simulation and
shows the cutting time.

10) To save the part as a Modela file:

Pick the File pull down menu and Save.

The file name is the same as the one that was originally imported. Only the file extension is changed to .mdj

This is often a good time to make a second save too. Simply change part of the
file-name to create a second file.

Pick Save As. Type in the name . ‘Hair Dryer mdx 40 done’
or another file name of your choice.

Result: There are now two files. In case one is damaged, there is a backup.

Roland DGA Product Design & Manufacturing |

F Senddon Vew  Ouborn

" Hiom Dirprs meln 41) mgs %1 G50, V-2 45, 71 130 [k 1/17mch]

T_J'L.|x|: = F.ﬂ:_n|o|_".--

| o]e OI

% | 0000irch | 2987 ich
¥ | 0000wch .| 2092ich
2 | 0563nch -| 413ich

Save As I B3

Save in: I [ Draft chapters and files j = EF '

@ Boat mdx 40.mpj

@ Bottle mdx 40.mpj

[ ] Desk Weight mdk 40.mpj

@ Hair Ciyer mdsx 40.mpj

File: narme: |Hair Diyer mdx 40.mpi I Save I

Save a3 type: | Project Files [*.mp) =l Cancel |/
A
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NOTE: i you do not have at least 70 minutes in the class period, do not continue to the milling steps. The average machining time
for the Desk Weight is 66 minutes. Both tool paths need to be completed without turning off the milling machine.

Step 13 explains how to exit Modela Player 4 if you do not have enough time at this point. & |

-8 % Top Sulace

There are instructions, at the end of the lesson, on how to open a saved Modela file. @:’) o At

- [ % Finishingl

11) To machine the part on the MDX 40: ' |
Highlight the Tool Path to be machined. :

In this case, Highlight both tool paths

Select the Cutting/No Cutting button:

o ﬂli’l;ﬂlﬂﬂﬂ
Blua| & |

12) MDX-40 control panel:
Place a shortcut to the MDX 40 control panel on your desktop.

Raland

MD-40

This gives you access to setting the cutter X, Y, Z origin. This step is
Required before pressing the Cut button.
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To create the shortcut, Select Create Shortcut in the printing preferences for the Roland mdx40:

oy Tockhu s St Moy

Eq ) Hek and Suppen

47 Run. Details s

E (5] shavom.

e | Tool  Opfions

o= 1] & Roland MDX-40 Printing Preferences

OPERATION FRNEL

Cinate Shm& |

I~ Engiave vith Spinde O
I High Resalution

W Sotting

0K I Cancel Apply

With the mouse and the arrows in the control panel, move the cutter to the proper

location on the wax block.
Set the Z origin, Set the Y origin, Set the X origin.

The MDX-40 ‘remembers’ the origin after it is set. If you have to restart your
cutting it is easy to move the cutter to this location for re-starting if necessary.

Roland DGA Product Design & Manufacturing |

B Roland MDX-40 Panel

X [ 0.000 e
¥ [ 0.000 ren
Z[ 0.000 re
B[ 0dm

I [ 3

4|@ To IXY Crrigin hd Move

Stop

Rieference-Point 5 etting

 Setthe |ERMNIeT Set |

" Set the Z-axis origin using the sensor Gart [etechior |

Clase
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One method to ‘accurately’ Set the X,Y,Z Origin at the corner of the wax stock block:

Set the X,Y,Z origin so it is at the left hand corner of the model........

I~

1 Set the Z origin at the top surface of the model by moving the cutter (with the mouse and the arrows in the control panel) so it
touches the top of the block. Use a piece of notebook paper, approximately .003” thick. Move the cutter down until there is friction
between the cutter and the block. The cutter at this point is .003 above the block. Set Z origin here. (temporary Z)

2 Set the X origin at the left side of the block. With the mouse and the arrows in the control panel, move the cutter so it touches the
left side of the block. Put a piece of paper between the cutter and the block. Move the cutter until you feel friction between the side of
the cutter and the end of the block. Set the X Origin here. (temporary X)

3 Setthe Y origin at the left side of the block. With the mouse and the arrows in the control panel, move the cutter so it touches the
front side of the block. Put a piece of paper between the cutter and the block. Move the cutter until you feel friction between the side of
the cutter and the end of the block. Set the Y Origin here. (temporary)

IMPORTANT: The XYZ readouts read 0.000 inches. e —
You need to change the position of the tool so the XY center of the tool is exactly at the corner of :% =

the block. The XY is currently one-half the tool diameter (.0625) away from the correct origin. Also, = z[ 0000«

remember that our tool is .003 above the block. i

With the mouse and the arrows in the control panel: =
z... Move the cutter so the Z reads: Z -.003" Set Z origin here i

X... Move the cutter so the X reads: X .0625” Set X origin here [y

y... Move the cutter so the Y reads: Y .0625" Set Y origin here senmrrrire Dl
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Select the Cut button: Sends the tool path files to the MDX-40 and begins to cut the part.

[
e
[

5

L Remember: Highlight the Roughing and Finishing tool paths and select the Cut/NoCut button.
s This is button is used to control whether or not each tool path file will be cut by the the MDX40.

As your machine begins cutting:

To Pause: Press the View button on the front of the MDX 40. The machine will move the cutter to a safe Z height and move the XY
platform for a closer view.

>>>>Caution: Do not open the cover until the machine stops moving<<<<

To Resume: The machine will begin cutting at the exact location where it was when the View button was pressed.

Do not leave the milling machine unattended when it is running!!!

Follow all standard safety procedures while operating the mill.

Wax block Ready to Cut

Machined Model
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13) To exit the Modela Player 4:

Pick the X in the upper top right corner of the Modela screen.  When the Save dialogue box opens, select Yes to save the
current file. The file retains the original file name except the extension changes to .mpj

Open 2] x|

To open a saved Modela Player 4 File: Lok in | L Draft chapters and files ~] « @ =k E-

@ Boat mdx 40.mpj
H . @ Bottle mdx 40.mpj
With Modela Player 4 started: 21D ek Wicht s 40

@ Hair Dryer mdx 40.mpj

Select the File pull down menu.

File name: IHair Diyer mdx 40.mpj :[ Open I
Files of type: [ Project Files [*mpi) =] Cancel |
A

Select the File...... Hair Dryer mdx 40.mpj

To easily recognize a Modela Player 4 file, look for the following icon In front of the file name: L})

Double clicking on this file name will also start Modela Player 4 and open the file.
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%2 Hair Diyer mdx 40.mpj - MODELA Player 4

Perspective
{4 4 Modeling wWax 7|

Pick Open.

- Roughingl
= Finishingl

The file will open in Modela Player 4.

e W e
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8 Boat - Rhinoceros

In this exercise you will be creating the geometry, and surfaces to model a rowboat.

It should be noted, that designing a boat is a complex process. The creation of this rowboat is very simplified as compared with truly
designing a boat.

Creating the Line Geometry

The geometry for the rowboat will be created in three general steps. The first will be a set of lines that will be used to construct the
curves for the boat. After the curves, surfaces will be created to complete the boat.

1) Start Rhino

2) Start a new drawing using the template created for these lessons.

3) Check to see that the current layer is Construction.
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4) The lines along the center (profile) of the rowboat will be created first.

Sur'face Solid Transform Tools Dimension Analy

Point Object »
Point Cloud 4
In the FRONT Viewport: e
Fayine g lreseorens |
. . EE‘GEHQIE : Perpendicular from Curve
Curve - Line - Line Segments ovaon | || remaar o2 o
Circle 4 Tangent to 2 Curves
Arc 4 Tangent, Perpendicular
Ellipse 4 Angled
- Parabola 4 .
Start of line: 0,0.5 Enter por
Ha!ix Normal to Surface
. Spiral Vertical to CPlane
End of line (Undo ): 0 Enter Eiend Cune ' [T
Chamfer Curves
. ffset Curve
End of line. Press Enter when done ( Undo ): R2.5<0 Enter S
Cros et rfies
End of line. Press Enter when done ( Close Undo ): R0.43<90 Enter e
Curve Edit Tools 4

End of line. Press Enter when done ( Close Undo ): Enter

5) To view the geometry more closely select:

B Zoom Window
B Zoom Target

View - Zoom - Extents All

Result
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6) One more vertical line needs to be added to help construct the middle cross section
of the rowboat.

Surface Solid Transform Tools Dimension Analy

Point Object 4
Turn on Mid Osnap only. Fornt Coud '
(I N TR
Paolyline 4 Line Segments k
Re‘ctangle : Perpendicular from Curve
) . . :ayag:;rm N Ferpendicular to 2 Curves
Curve — Line — Single Line Tangert from Curve
Circle v Tangent to 2 Curves
Arc 4 Tangent, Perpendicular
:Irpafnla : Angled
Bisector
CUH_IC From 4 Points
HE!IX Normal to Surface
Spiral Vertical to CPlane
Extend Curve 4
Fillet Curves
Chamfer Curves
Offset Curve
Blend Curves
Curve From 2 Views
. Cross-Section Profiles
In the Front Viewport: \
Curve From Objects 4
Curve Edit Tools 4

Start of line ( Normal Angled Vertical FourPoint Bisector Perpendicular Tangent Extension BothSides ):Pick with Mid
Osnap as displayed
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End of line ( BothSides ): R0.4<90 Enter

Result

7) To define the width of the boat, horizontal lines need to be placed on the right two vertical lines.

Using Zoom Dynamic, fit all of the geometry, as displayed, in the Perspective view.

Right click on the icon, pick and hold in the Perspective viewport and drag
down.

Roland DGA Product Design & Manufacturing |
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With the End Osnap on only:

Curve - Line — Single Line

Start of line ( Normal Angled Vertical FourPoint Bisector Perpendicular Tangent Extension BothSides ): Pick in the
Perspective viewport as displayed

Move the Right viewport:

End of line ( BothSides ): R0.45<180 Enter

Result
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Curve - Line — Single Line

Start of line ( Normal Angled Vertical FourPoint Bisector Perpendicular Tangent Extension BothSides ): Pick in the
Perspective viewport as displayed

Move the Right viewport:

End of line ( BothSides ): R0.4<180 Enter

Result
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8) One more construction line needs to be added.
Turn on End Osnap only.
Curve — Line — Single Line

Start of line ( Normal Angled Vertical FourPoint Bisector Perpendicular Tangent Extension BothSides ): Pick in the
Perspective viewport as displayed

Move the Right viewport:

End of line ( BothSides ): R0.05<270 Enter

Result
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9) One more line needs to be added to define the bottom of the transom.

Curve — Line — Single Line

For this step we are going to use a custom Osnap selected from the Tools pull down menu.

Start of line ( Normal Angled Vertical FourPoint Bisector Perpendicular Tangent Extension
BothSides ): Tools — Osnap — Along Line

Roland DGA Product Design & Manufacturing |

Surface Solid Transform Tools Dimension Analy

Point Object 4
Point Cloud 4

L L ngee
Paolyline Line Segments k

»
Rectangle ' Perpendicular from Curve
Polygon * Ferpendicular to 2 Curves
Free-Form 4

Tangent from Curve
Circle v Tangent to 2 Curves
Arc 4 Tangent, Perpendicular
:Irpafnla : Angled

Bisector
CUH_IC From 4 Points
HE!IX Normal to Surface
Spiral Vertical to CPlane
Extend Curve 4
Fillet Curves

Chamfer Curves
Offset Curve

Blend Curves

Curve From 2 Views
Cross-Section Profiles

Convert 4
Curve From Objects 4
Curve Edit Tools 4

Dlmensmn Analyze Render Raytrace Help

f| Object Snap > Mone

Polygon Mesh 4 End
Polygon Mesh Primitives » Near
3-D Digitizer 4 Point
Commands Midpoin
RhinoScript Center .
Intersection
Toolbar Layout ... Perpendicular To
Plug-in Manager... Tangent To
License Manager L4 Quadrant
Options... Knot
From

Perpendicular From
Tangent From

Along Parallel R
Between

On Curve
On Surface

Project to Plane
Disable Object Snap
v Snap To Locked Objects

v Persistent Osnap Dialog
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Start of tracking line: Pick as displayed

End of tracking line: Pick as displayed

Leave the cursor at the top of the line as this determines whether
the next input goes up or down.

Start of line ( Normal Angled Vertical FourPoint Bisector Perpendicular Tangent Extension BothSides ): 0.05 Enter

(This is the distance up from the first pick where the line will start)
Move the Right Viewport.
Turn Ortho on.

End of line ( BothSides ):Pick as displayed

Turn Ortho off.
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Creating the Curves

Note: If a curve created in the following steps does not come out like you want, just delete it and draw it over.

10) Change the Layer to Curves.

11) The stem for the bow (front) of the boat will be created first.

Curve — Free-Form - Control Points s m
. RE)N
In the Front Viewport:
®/ @B Control Point Cuwe|
Turn on End Osnap only and be sure Ortho is off. “‘“\, 9

Pick as displayed.
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Make three picks as displayed.

Turn on Near Osnap.

For the last pick use a Near Osnap to pick the bottom construction line.

Press Enter to complete the command.

Result

If your curve is not close to the one displayed, delete and repeat the step.
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12) The mid body curve is next.

Make sure Planar is ONI!!!! Snan []r-thn Pla"ar {}Snan
(The Planar button at the bottom of the graphics screen)

Have End Osnap on only.

Curve — Free-Form - Control Points

In the Perspective Viewport:

Pick as displayed. ~

Move to the Right viewport.

Make the following three picks.
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To make the final pick correctly it has to be done in the Perspective viewport or the osnap will grab the front end of the lower
construction line.

Move to the Perspective viewport.
Pick as displayed.

Press Enter to complete the command.

Result

13) The curve may need some editing to smooth out any bumps or dips. If your curve
is smooth, skip this step.

There is a dip in the example curve right before it hits the vertical line.
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To fix this:

From a command prompt, pick the curve.

Edit - Point Editing - Control Points On

Control points will be displayed on the curve. The pointer is on the control point that needs to be edited in this example.

Pick on the Control Point, hold the mouse button down and drag the control point. Do this until the curve is fair (smooth).
This may need to be done to more than one control point.

Note: Snap and Ortho should be off.

To turn the control points off:

Edit - Point Editing - Points Off
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14) The transom curves (back of the boat) are the last to be constructed.

Curve — Free-Form - Control Points
In the Right Viewport: —

With Ortho off and End Osnap on only:
Pick as displayed.

Disable Osnap for the next three picks.

Turn on Osnap and make the last pick.

Result
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Redraw or Edit the curve, with controls points, if necessary, as in step 10.

| Riai |
15) The curve for the top of the transom is the next to be created.
[
Curve — Free-Form - Control Points i
In the Right Viewport:
With an end Osnap, pick as displayed.
| Right |
[ -+
!
Pick as displayed.
| Right |

Pick as displayed.
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Press Enter to end the command.

Result

16) The two transom curves need to be mirrored so the transom surface can be created.

lmm Tools  Dim

Move

i 1 Copy
Transform - Mirror | Rotate

Rotate 3-D
Scale 4
Shear

Orient 4
Array 4
Set Points

Project to CPlane

Twist

Bend

Taper

Flow along Curve
Smooth

Mowve UWVHN
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Select objects to mirror: Pick as displayed

Select objects to mirror. Press Enter when done: Pick as displayed

Start of mirror plane ( Copy=Yes ): Pick as displayed

Roland DGA Product Design & Manufacturing |
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End of mirror plane ( Copy=Yes ): Pick as displayed

Result

The curves for the boat are now complete.

Creating the Surfaces

Creating the surfaces for the boat will complete the project.

17) Set the Layer to Surfaces and turn off the Construction layer.
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18) To create the surface for one side of the boat:

Plane L

Sweep 1 Rail %

Sweep 2 Rails
Revalve
Rail Revolve

Surface — Loft Curve Network

Corner Points
Edge Curves
Planar Curves
Point Grid

Bxtrude Curve 4
Patch

Drape

Heightfield from Image

Extend Surface

Fillet Surface
Chamfer Surface
Offset Surface

Blend Surface

Unroll Developable Srf

Surface Edit Toals 4

When selecting loft curves you must pick on the same half of the curve or the surface will be twisted and will look like a bow tie.

Select curves to loft ( Point ): Pick as displayed
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Select curves to loft. Press Enter when done ( Point ): Pick as displayed

Select curves to loft. Press Enter when done ( Point ): Pick as displayed

Select curves to loft. Press Enter when done ( Point ): Enter

% Loft Options

Style

| Marmal j

[~ Clozed loft

Set the dialogue box as follows and pick OK. -

Crazz-gection curve options
* Do nat simplify
" Rebuild with |10 control points

" Refit within 0002  inches
,T[\J Eancel| F'review| Help |
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Result

If the surface does not look correct, delete and repeat the step.

lﬁm Tools  Dim

19) The surface can be mirrored to create the other half of the hull. 5 2100::
Rotate

Transform — Mirror | Rotote 30
| Scale 3
Shear

Orient L4
Array L4
Set Points

Project to CPlane

Twist

Bend

Taper

Flow along Curve
Smooth

Move UVN
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Select objects to mirror: Pick as displayed

Select objects to mirror. Press Enter when done: Enter N

Start of mirror plane ( Copy=Yes ): Pick as displayed

Have End Osnap on:

End of mirror plane ( Copy=Yes ): Pick as displayed
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Result

20) Creating the transom surface is the next step.

Flane 2

Loft

Sweeep 1 Rail

Sweep 2 Rails
Surface — Edge Curves Revelve

Rail Revolve

Curve Network

Carner Points

Flanar Curves \

Point Grid

Extrude Curve 4
Patch

Drape

Heightfield from Image

Extend Surface

Fillet Surface
Chamfer Surface
Offset Surface

Blend Surface

Unroll Developable Srf

Surface Edit Tools 4
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Pick as displayed

Pick as displayed

Pick as displayed
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Because there is a surface edge and a curve line on top of each curve there are two possible selections.

edge !

Mone

<.

Pick Curve from the dialogue box.

Pick as displayed

\
. - -H
Because there is a surface edge and a curve line on top of each there are two possible selections.
_| edge I
Pick Curve from the dialogue box. None

Result
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21) Turn off the Curves layer.

22) It will easier to export the surfaces it they are joined together.

Edit — Join

Select object for join: Pick as displayed

Roland DGA Product Design & Manufacturing |

IEEI View Curve Surface

Undo Ctri+Z

| Redo Ctri+y
| Undo Multiple...

Redo Multiple...

Cut Ctri+X
Copy Ctri+C

! Paste Ctrl+v

Delete Del

Select Objects
Control Points
Visibility

! Blocks

3
3
v
Groups 4
3
»

Layers

Explode !

Trim Ctrl+T
Split Ctrl+Shift+s
< Rebuild

Change Degree
Adjust End Bulge
Make Periodic

| View Based Drag Mode

Object Properties... F3
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Select surface or polysurface to join: Pick as displayed

Select surface or polysurface to join: Pick as displayed

Select surface or polysurface to join: Enter >
( You will see the following messages displayed:)

Joining surfaces. /}//
Surface join in progress... Press Esc to cancel
3 surfaces or polysurfaces joined into 1.

23) To see the boat shaded:

With the Perspective viewport active, pick as displayed on the Shade icon J % 0/ 6%, @%‘/ H
from the top toolbar. i '

B Shaded Viewport
B wireframe Viewport
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Result

Right click on the Shade icon to remove the shading.

OO L@l
il

. Perspective
B Shaded Viewport
B wireframe Viewpo

24) Save the boat to your period directory.

Call the file:

BOAT__ _ The spaces are for your initials: i.e. BOATSIM

25) The next step is to export the file for the Modela software.

Because the boat is not a completely enclosed model it cannot be exported as a stereo-lithography file. Instead it will be exported as a
Drawing Exchange File (dxf), which can export open surfaces.
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Pick the boat in the Top viewport.

Hevi... arl+h
Ogen... s
Save arles
Save Small

Incremental Save

File — Export Selected... ot e,

Export With Orige... Q

Notes
Properties...

Prit.. clep
Frint Praview. ..

Print Setup...

Print 3-0

Workesssion MBnager...
Serd...
Exit

1 HOATSIM
2 rhinprogress

3 HDInprogress

4 teatopz

5 hotinprogress

& DESKWSIM

7 C:\ModelaRhingldwingrogriss
8 C:\ModelaRhing'deskwieght

0 beat teetop

For the File name input:

Export 7%

Semin: [ Penod 1 =| +« @&y -

BOAT_ _ _ The spaces are for your initials _\ﬁ
My Fscent

i.e. BOATSIM i

=

Do

by Desoumania
Set the “Save as Type” to:
. . Wy Computer e rams [per___ =] Saree |l'5mml
AutoCAD drawing exchange file (*.dxf) o tmme  [COTereee Rt —] o | e puearoy
P .30 Mo ¢ 4
s )
fvl.ig:;q:ﬁf'

AL draeieg il (et
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Pick Save as displayed.

tavan: [ Pamca 1 -] ~ @ m-

My Pint

Dooumants

Lﬁ

e

My Descrmerts
8
My Compull i s [oaT___ -] ry— __J [rammp—

"%

P T itk ol . AL rvr evchares i [ ) =] Caresl | I Sarve ooty ceiy

AutaCAD version

" Releass 12
" Release 13
" Release 14

Set the dialogue box as displayed and pick OK. oo

Save curves as

+ Palplines
" Splines

Save surfaces as

+ Palygon meshes
" Curves

Save polygon meshes az

+ Polyface meshes
" 30 Faces

Curve options
™ Project to plane
¥ Use simple entities
Simplify tolerance: W
Paolyline max angle: ,'IU_
Palyline chard height: 100000

Palyline zeg length: 1

DK£ | Cancel | Help |
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Move the slider as displayed by picking, holding and dragging.

Pick OK

26) Exit Rhino

In the next lesson, you will learn to create the toolpaths for machining the boat.

Roland DGA Product Design & Manufacturing |

Fewer ' L' More
polygonz E polugons

k. | Cancel F'review| Detailed Eu:untr-:uls...|

Fewer b ore
polygonz polygonz
k. Cancel | Fresiewm | Detaled Contraols... |

L&
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* R Boat Modela Player 4

These steps will set up and machine the boat. The model consists of a polysurface consisting of 3 surfaces. It is not a closed object
like the previous models. Export the model as a .dxf file. You can still export it as an .stl file but you must check the “export open
objects” box when saving the file in Rhino. Total machining time for the boat is about 40 minutes.

1) Start the Modela Player 4

MODE Ly T i)
R F

é!ll_'ﬁm @ v+ LR L] - & =
el
Tz..l
Pick the Modela Player 4 icon from the desktop. s
Modela Player 4 will open..............
: =] i) el v g
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Below is a flow chart of the process of machining the model with the Modela Player 4 and your Roland milling machine. Be sure to
notice the 1% and 2"¥ numbering. These need to be done in order to properly machine your work and protect your milling machine. The
Roughing toolpath, which cuts away the majority of the material, must be done before the Finishing toolpath.

Modela Player 4

st . nd P .
1> ... Roughing 2" ... Finishing
tool path tool path
Processes: Details:
_—

Model Button &l >Set finished size. Set the Origin.
Cutting Surfaces Button @l >Select number of surfaces to machine.

— Y -
Modeling Form Button >Set the depth and the cutting area
New Process Button ————» v | >Create tool paths: One Roughing & One

Finishing

— [

Preview Button >Create a tool path simulation & cutting time est.

Cut Button > L' >Sends the file to the MDX40 and begins cutting.
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2) To open the boat dxf file: [ Oy |

Reimport Model

Save Cirl+5
Save fs.
[uf.. [ekr] B

Breview Cottihg

File — Open — Selct Hachin

Preferences,

1 bottle mdx40 mpj

2 bottle bob1 st

3 bottle bob.stl

4 Battom-mdz40 done.mpj
5 Bottome-mdx40 done. mpj
E Modelad mdx40 F-1.stl

7 Bottom-mdx=40.mpj

8 Modelad mdx40 F-1 b.mpj

Exit

Pick File from the pull down menu in the top left of the screen and Loskin: [ > Foland Book student 5l & o 3

Diraft chapters and files
Foland book jpgs

Boat mds 40slant transom.stl
Boat rdx 40.stl

Desk weight ltrs.stl

File narmne: Boat rdw 402t Open |
Select Open... '
Files of type: ISTL Files [, 5H) ﬂ ﬂl/
i

2 Bt i £ my - MOSTLA Pl 4
T L e Ve Cptere Pt

FH B0 AN RIS
[

Select the file Boat mdx 40.dxf

and pick Open

Result

v
e o |

Rest (TR R
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3) You also have to take into consideration the orientation (direction) of the part and the final size of the part. The mill is going to
cut the part from the top of the screen down. For the Boat, the orientation needs changing. The model was created with the side that
will be machined facing down. For this reason we need to change the orientation of the model. Turn the boat over.
But, we will need to set the finished size of the machined part.

Pick the Model button.

Model x|

Size and Orientation | Origin I k
— Model Size — Orientation
& Leg
7 Grale

e |2.?498 inch
¥

v L0788 | inch ]
z [05563 | inch [ x

V' KeepiZ ratio

Select the “Bottom Surface” radio button, as displayed because we need to
invert the model to orient it so we are cutting the bottom of the boat.

Selected Top Surface

Rotate the model 180 degrees. Modeler’s choice; not required.

141 Scale |
Set the finished size of the model to 2.75 x 1.07 x .56, which will easily fit our ~ Curve Repraduction :
wax blOCk. Ehange.. | otate (180 ¥ | degrees sfound 2 axis
e — “II_ oK I Cancel
The origin button displays the xyz origin to be ku T
S E P e O e e
[ oo tie |

used for cutting the model. L.

o | Cwen

Result

= ) rny )]
=
- PSS T |

ey 2000 £ ]
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Modeling Form

Set the number of surfaces to be cut. Select one surface with this button: @ [ e s
J
The Model Form Button: -"'Q"rl

4) The Margin, depth, and cutting area need to be set.

Select the Margin Tab.

Set the margin to .15” on all edges of the model. This will cause the cutter to cut all
the way to and past the edges of the model. ..............

Madeling Form

Margin Depth | Siope | Cuting &rea |

& Top/Bottom
) FiontyBack

Select the Depth tab.
L. W

z

— Top depth [D1] 0.5569 | inch

iyelas [0 5 inch
— Botiomdepin(D2] [0 inch

Lx
Set the depth to .5569” This is the full depth of the model boat. e |
[ |+ al =]
Cancel
Modeling Form
Malgml Depthl Slgpe  Cutting Area I
Select the Cutting Area tab. Notice that the cutting area is .3 (.15 +.15) larger than the [ e
original model size. This is because of the margin we added to the model. LB
W\nch
Model [0 Margin: [  Slope: B
Cancel
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5) The Roland MDX-40 that you will be using, needs to be set as the current machine, if it is not already.

6) The material to be machined needs to be checked and/or set.

7) We will cut the part in a two step process. Roughing takes away the bulk of the material. Finishing gives the part a finished size

and creates a smooth finish.

Roughing must be cut first followed by Finishing. Finishing without a roughing cut first can damage the milling machine.

To create the Roughing tool path:

Select the New process Button: pfe )

Select Roughing:

Because we have selected One side cutting, the Top is selected.

Roland DGA Product Design & Manufacturing |

Chose the type of prmcess
B~ sutscing
[£] # Bassghing
[ © Frishing
[Hl © v

&>

JIEA] T |

......

= L
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For all of the other parts in this series, we will be using a .125” (1/8”) ball mill.

Tl Spmedieatons
Took Typa B
TooMoteiat  [FighSpeed Stest
H Fhdn Dumeter [0} [T et
—
—
—

Select the .125d ball mill ...................o.

Sel the culing ama s deplh. = A Pl Set the cuting ares and depth. G Pabd
Check the cutting area and depth ............ Wbt -
The ‘All’ buttons should display the correct - e |
i . 5 mh V1 h ]! |08 inch 7 [12M48
settings.
y 3 oests - [ oepth
L = StatHeght [0 inch | = = SwaHeght [ ich
. . . - - | = ErdHeight  [0FEFES inch - o — Erdl Hi 4 wch
Notice the M_argln.ln the X,Y view. This can HE = 1ol al 5l B, .-.E...q.#. —
be changed if desired by selecting the
‘Partial’ button and making desired changes. 1 —

Chooae et ppe of ool path o creste.

Roughing should be set to “Contour Lines Down Cut”. Contouring is a very efficient e Sy ] "
. . CUndectind [T 7]
method of removing large amounts of material. p—————
It cuts out the object in elevations. r o
e
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Cutting Parameters. The default settings are based on the material being cut and

the cutting tool selected. In this case it is modeling wax and a .125 ball mill. e s
Change the settings to match the screen at the right........ (if necessary) e j
i Spinde: EETE
S0 Cutting-in Amaunt: W inch Eore Initialize:
I Path Interval: [0075 | inch
/& Finish Margin [00283 | inch
T Stay at hale bettan IU— SED

Process Name is listed as Roughing 1. Itis a good idea to generate the tool path “Right Dot et
Now” because you'll be able to see the results before sending the tool path to the machine. i
Depending on the complexity of the part and the speed of your computer, this may take

extra time to generate. For this reason, the ‘Later’ option can be chosen.

You will see the dialogue box at the right as Modela Player 4 generates the tool path file.

Creating toal path for [Roughingl]..
4%

L[]
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T o e o .
GHECI AR WD

Roughing Tool Path. e

| ) o)) )
@lal u |

Foa [27i00 | MO

8) In Modela 4 there is a built-in tool path simulator.

After the tool path is processed, press the Preview Cutting button. il ) |

Virtual Modela automatically starts which displays the simulation and
shows the cutting time.
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To create the Finishing tool path:

Select the New process Button:

Select Finishing:

Because we have selected One-Side cutting, the Top is selected.

Select the .125d ball mill

Check the cutting area and depth ............
The ‘All' buttons should display the correct settings.
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Path Type E3

The Finish cutting direction can be set to cut in the X, Y, or both directions. These :SL I =l

Unidirectional |>< A
are lines cut along the chosen axis. Cutting both X and Y takes twice the time but e
giveS a better fII‘lISh :ZED:m\zeEtlﬂ :"\tch

" Spiral IUD Cut -

Cutting Start Position

Set the Finish cutting direction to Scan Lines X direction. |:| [Lonerin ]
Cancel |
M aterial: |M0de|ing\v\-"a:-:
. . . . Took  |125d bal
Cutting Parameters. The default settings are based on the material being cut
and the cutting tool selected. In this case it is modeling wax and a .125 ball > G537 B mvsec
ml” T, Z Speed: |2D— mm/gec
. ¢t Spindle: |a130 rprn
. i . I Euking i Amaunt: ID.DD39 e L AN Initialize |
Change the settings to match the screen at the right........ (if necessary) T Pariniavst 0007 inch
4 Eifiish bangin: IU inc[%
il Stay At bole Bottom: IU— SEG

(n]9 I Cancel
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B e “*
Process Name is listed as Finishing 1. Itis a good idea to generate the tool path “Right T
Now” so you can see the results before sending the tool path to the machine. v L
£ Right Now
Depending on the complexity of the part and the speed of your computer, this may take extra
time to generate. For this reason, the ‘Later’ option can be chosen.
JIRCN e |
You will see the dialogue box at the right as Modela Player 4 generates the tool path file. Procaum .
Creating tool path for [Finishing1]...
aEE

15 losk midx 40 mps - WODLLA Payes 4

Fla B8 S View Dglon: sk

SH @0 P +arn ey aeR
.. . Y |
Finishing Tool Path. oinl
emPross Tl |

L | w] fol x| a] x|
@G & |

Feady. |2 e 055 e
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9) In Modela Player 4 there is a built-in tool path simulator.

After the tool path is processed, press the Preview Cutting button. e |

"/ Bt mate A0 mps 303 050 Y1378, 20 567 (Tdat 1/758mchi

Virtual Modela automatically starts which displays the simulation and i I
shows the cutting time.

Estimeted Cumng Time: Lk

10) To save the part as a Modela file: !
Tool Movement Alange
% | Q000nch -| 297 rch
¥ [ 0000inch - 1312ich
2 [ 0%Trch <[ 41Minch

Pick the File pull down menu and Save. : i &

The file name is the same as the one that was originally imported. Only the file extension is changed to .mdj

Save As x|
This is often a good time to make a second save too. Simply change part of the file- | 3svein [ Drsitchapters andfes o & @ ek E
name to create a second file. oot s 40
ottle mds 40.mp)

2] Desk Weight mds 40.mp
Q Hair Diiver mdx 40.mpj

Pick Save As. Type in the name . ‘Boat mdx 40 done’
or another file name of your choice.

. . . File name: Boat mdx 40.mpj Save
Result: There are now two files. In case one is damaged, there is a backup. ! n [ S |
Save ag tppe: IProiect Files: [.mpi) ﬂ Cancel |
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NOTE: it you do not have at least 40 minutes in the class period, do not continue to the milling steps. The average machining time
for the Boat is 35 minutes. Both tool paths need to be completed without turning off the milling machine.

Step 13 explains how to exit Modela Player 4 if you do not have enough time at this point. & |
There are instructions, at the end of the lesson, on how to open a saved Modela file. R @ Moo
[ = Finizhing]

11) To machine the part on the MDX 40: ' |
Highlight the Tool Path to be machined. »F L Top Surf

: s Fou
In this case, Highlight both tool paths 4 Finis
Select the Cutting/No Cutting button: —H.-H' R

~N

12) MDX-40 control panel:
Place a shortcut to the MDX 40 control panel on your desktop.

This gives you access to setting the cutter X, Y, Z origin. This step is
Required before pressing the Cut button.
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To create the shortcut, Select Create Shortcut in the printing preferences for the Roland mdx40:

oy Tockhu s St Moy

) ek andSugpan
=7 Fun.

(2] st Do

Windows XP Professional

With the mouse and the arrows in the control panel, move the cutter to the proper

location on the wax block.

Set the Z origin, Set the Y origin, Set the X origin.

& Roland MDX-40 Prinling Preferences

Size | Toal  Options
OPERATION PRKEL.. | Create Shanidht |
I Engiave with Spindie O

I™ High Resolution
¥ Sotting

0k | Cancel el

B Roland MDX-40 Panel

X [ 0.000 e
¥ [ 0.000 ren
Z[ 0.000 re
B 0dm

I [ 3

4|@ To IXY Crrigin hd Move
Stop

The MDX-40 ‘remembers’ the origin after it is set. If you have to restart your

cutting it is easy to move the cutter to this location for re-starting if necessary.

Roland DGA Product Design & Manufacturing |

Rieference-Point 5 etting

) Setthe |ESdNIeI

s

" Set the Z-axis origin using the sensar

Set |
Starh [etection |

Clase
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One method to ‘accurately’ Set the X,Y,Z Origin at the corner of the wax stock block:

XY.Z_Zern

Set the X,Y,Z origin so it is at the left hand corner of the model........

I

1 Set the Z origin at the top surface of the model by moving the cutter (with the mouse and the arrows in the control panel) so it
touches the top of the block. Use a piece of notebook paper, approximately .003” thick. Move the cutter down until there is friction
between the cutter and the block. The cutter at this point is .003 above the block. Set Z origin here. (temporary Z)

2 Set the X origin at the left side of the block. With the mouse and the arrows in the control panel, move the cutter so it touches the
left side of the block. Put a piece of paper between the cutter and the block. Move the cutter until you feel friction between the side of
the cutter and the end of the block. Set the X Origin here. (temporary X)

3 Set the Y origin at the left side of the block. With the mouse and the arrows in the control panel, move the cutter so it touches the
front side of the block. Put a piece of paper between the cutter and the block. Move the cutter until you feel friction between the side of
the cutter and the end of the block. Set the Y Origin here. (temporary)

B Roland MDX-40 Panel = E

IMPORTANT: The XYZ readouts read 0.000 inches.

You need to change the position of the tool so the XY center of the tool is exactly at the corner of ;% -
|
A/

the block. The XY is currently one-half the tool diameter (.0625) away from the correct origin. Also, 2 [ 0000

remember that our tool is .003 above the block. D
o | [
With the mouse and the arrows in the control panel: _o |
z... Move the cutter so the Z reads: Z -.003" Set Z origin here U
X... Move the cutter so the X reads: X .0625” Set X origin here s
y... Move the cutter so the Y reads: Y .0625" Set Y origin here M = S
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Select the Cut button: Sends the tool path files to the MDX-40 and begins to cut the part.

s
e
[

¢

L Remember: Highlight the Roughing and Finishing tool paths and select the Cut/NoCut button.
== This is button is used to control whether or not each tool path file will be cut by the the MDX40.

As your machine begins cutting:

To Pause: Press the View button on the front of the MDX 40. The machine will move the cutter to a safe Z height and move the XY
platform for a closer view.

>>>>Caution: Do not open the cover until the machine stops moving<<<<

To Resume: The machine will begin cutting at the exact location where it was when the View button was pressed.

Do not leave the milling machine unattended when it is running!!!

Follow all standard safety procedures while operating the mill.

Wax block Ready to Cut

Machined Model
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13) To exit the Modela Player 4:

Pick the X in the upper top right corner of the Modela screen.  When the Save dialogue box opens, select Yes to save the
current file. The file retains the original file name except the extension changes to .mpj

Open | 2] x]
; Look in: Dralt chapters and i = = & =k mE-
To open a saved Modela Player 4 File: ook || Draft chaplers and fes EE-
Boat mdx 40.mpj
. @ Bottle mdx 40.mpj
With Modela Player 4 started: ] Desk Wieight md 40.mpi

@ Hair Dryer rads 40 mpj

Select the File pull down menu.

File narne; IBnat rads 40 mpj Open
Select the File...... Boat mdx 40.mpj Fles of ype: [Proct Fies Cone] - Eaﬁc | |

To easily recognize a Modela Player 4 file, look for the following icon In front of the file name: L})
o

Double clicking on this file name will also start Modela Player 4 and open the file.
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i Boat mdx 40.mpj - MODELA Player 4

Perspective =
L ! Modeling wax |—

Pick Open.

Roughing!
Finizhing1

The file will open in Modela Player 4.

T N e e W
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