E INVENTOR HSM

Abstract: Gain a basic understanding of the CAD-CAM-CNC work flow.
The F1 in Schools Car CAD model has been generated in previous F1 in
Schools Car Design Inventor tutorials. In this tutorial, you apply the CAM
toolpaths and the NC-code generated to send the card model to a CNC
milling machine using Inventor HSM for manufacturing. Learn how to
prepare the model to cut, create the stock model, orient the model, pick the
surfaces to cut, CAM and generate the toolpaths. Create the toolpath
strategies to cut the car, and create the NC-Code to send to the machine.
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Inventor HSM™ provides CAD/CAM solutions for Inventor users. The CAM module allows the
user to create the toolpaths, that is, the path the CNC machine will take to cut out the model by
cutting material away from a block. This method of manufacturing is called Subtractive
Manufacturing. The opposite would be Additive Manufacturing. 3D printing is the best
known application of Additive Manufacturing.

Downloading Autodesk Inventor HSM

Autodesk Inventor HSM Pro integrated CAD/CAM solution helps designers, engineers and CNC
programmers rapidly turn designs into machined parts directly inside the Autodesk Inventor
design environment. As a student or educator, you can download a free license of Autodesk
Inventor HSM software for personal or education purposes

at www.autodesk.com/education/free-software.

Datasets
All project files that are required for the tutorial are provided in a dataset .zip file. Download the
dataset file and extract the files to your computer.

Video Tutorials
Download the video tutorials supporting this tutorial. The video tutorials offer the same step-by-
step software instruction for learners that prefer guidance through video format.

F1in Schools Rules and Technical Regulations

It is extremely important to that you design your car to comply with the current F1 in Schools
rules and regulations. Each country has slightly different specifications that may change from
year to year. It is critical that you download and review your country’s F1 in Schools Rules and
Regulations documentation and design your car to the outlined specifications.

Activities in this tutorial leverage F1 in Schools rules and regulations for 2015-2016 and may not
apply to your country. Please confirm the F1 in Schools rules and regulations for your country
and competition before getting started. Go to your local F1 website and download the F1 in
Schools rules and regulations documentation http://www.flinschools.com/international-sites/.
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CAD: Computer Aided Design; software to design 2D and 3D models.

CAM: Computer Aided Manufacturing\Machining; software to generate toolpaths, an NC-Code
to drive.

CNC: Computer Numerical Control; different machines use CNC controls: mills, lathes, lasers.
To cut an F1 car, a 3 axis CNC mill will be used.

Toolpath: The path that the tool will follow in the Milling Machine to cut away material.

Post processor: Inthe CAM module the toolpath is automatically turned into NC-code specific
to the CNC machine needs, through a post processor.

NC-Code: Instructions/language the machine can understand (i.e. where to cut when).
Fixture: What holds the material block in place on the machine table.

Work Coordinate System (WCS): Calibrating the model position, so the computer knows
where to match a point on the CAD model to the corresponding point on the material block.

In the previous tutorial, you designed the F1 In Schools car body. The next phase of the design
(CAD) and manufacturing (CAM) process is to orient the CAD file so that the CNC milling
machine can understand it. This document will cover how to create the CNC toolpaths to cut an
F1 in Schools car body on a CNC machine.

Note: Before starting this tutorial, it is recommended to orient the F1 In Schools car model so
that the XY zero is placed at the center of the CO, hole and the Zero plane is set to the back of
the car. This tutorial assumes that this has not been done.

Manufacturing an F1 CAR using a CNC Machine, Subtractive MFG
Understanding the process the car will go through to be machined is extremely helpful before
starting the step-by-step process. Understanding the whys and the definitions of a few terms
makes this easier to learn, repeat, and apply in different circumstances.
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Design it with CAD

In the first stage, the F1 in Schools car is designed to meet the
design specifications as outlined in the F1 in Schools Rules and
Regulations and the designer’s functional aesthetics. This will
be called “the model”.

Creating a Toolpath

For basic designs, the car could be cut in one toolpath from the ~ Figure 1-Finished Model
top. As car designs have increased in complexity, due to '
competition, the ability to cut the car from all 4 sides was
developed, Left-Right-Top-Bottom. For most designs, all of the
details that need to be machined can be reached in two setups,
left side and right side, and for more complicated designs we
add top and bottom.

In the first toolpath graphic, (see figure 2), the car is rotated with
the left side up and a toolpath applied. In the second, (see Figure 2-Toolpath Left Side
figure 3), graphic the car has been rotated to the right side and
the toolpath applied.

Note: This process is for a fixture that is manually rotated
between toolpaths. For an automatic rotary axis, a code can be
inserted which allows the program to be mirrored and the fixture
to rotate.

Cut it on a CNC Machine

To toolpath the car, we must know how it will be held in the
manufacturing process. Figure 4 shows the model rotated to
the left side with the machining complete. Focus on the fixture;
note how the stock is held. On one end, a shaft is inserted into
the CO, cartridge. On the opposite end, the stock is supported
so the model can rotate around the shaft allowing all sides to be
cut while keeping the stock aligned. The center of this hole on
the back of the F1 Model Block will be our XYZ orientation point.
This fixture is manually indexed, (moved from one position to
another). Our model is basic in detail and would only require
two setups; one with the model rotated to cut the right side and
one to cut the left side. The cutter would come down from the Figure 4-F1 Car and Fixture
top Z axis.

Figure 3-Toolpath Right Side
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Setup, Orientation and Stock
Next, it's important to understand how you calibrate the machine so that when the “go” button is
pushed on the CNC machine, everything lines up and the F1 car is perfectly cut.

First, we will need to define the Setup. “Setup” comprises of defining the raw stock size and
defining where the coordinate (0,0) will be in relation to the machine. This may sound a bit
complicated, but as it is done, it is easy to comprehend. The model sits in space on the

computer screen. It needs to be aligned to how it will be held and cut in the CNC machine.

Stock

Here we see the model with the stock (F1 Model Block)
defined. The stock is displayed as a translucent box.
The dimensional size of the F1 Model Block is 65mm
wide, by 50mm high by 210mm, (it is actually longer, but
for this application we will actually use 210, giving a
safety margin to avoid hitting the fixture with the cutting
tool.

Orientation of the XYZ Axis Program Reference Zero

Setting the orientation of the coordinate system is vital to the success of cutting out the F1 in
Schools car. A point called the Work Coordinate System/Origin has to be defined on the
machine bed so the computer can match the WCS on the CAD model to the WCS on the
machine bed. The cutter on the CNC machine will be set to the Program Reference Zero,
before cutting starts.
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Left Car Side Orientation

The correct orientation of the X, Y
and Z axis when cutting the Left
side of the car is illustrated here.
The X and Y axis are the center of
the CO, canister hole, and the Z
axis is set to the top of the stock.

€ =

Right Care Side Orientation
Here the car is rotated in the
fixture to cut the right side so in
the CAM system it must change
as well.

Vertical Milling Center (VMC) Machine
Terminology

The material to be machined is fastened to the
machine table. This table moves in the XY-
Plane. As the operator faces the machine, the
X-Axis moves the table left- right. The Y-Axis
moves the table forward-backward. (See figure
2)

The machine column grips and spins the tool.
The column controls the Z-axis and moves up-
down.

Work Coordinate System Terminology

To make programming and setting up the
CNC easier, a Work Coordinate System

(WCS) is established for each CNC program.
Figure 2: Vertical CNC Machining Center

The WCS is a point selected by the CNC

programmer on the part, stock or fixture from which all toolpaths will be generated. While the
WCS can be the same as the part origin in CAD, it does not have to be. While it can be
located anywhere in the machine envelope, its selection requires careful consideration.

Best Practice: Place your WCS against the fixed jaw, by doing this the stock can vary in size,
but the part will not.
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¢ The WCS location must be able to be found by mechanical means such as an
edge finder, coaxialindicator or part probe.

e It must be located with high precision: typically plus or minus .001 inches
0.03mm.

e It must be repeatable: parts must be placed in exactly the same position every
time.

e It should take into account how the part will be rotated and moved as

different sides of the part are machined.

For example: The illustration below @@@r Fixed Vise
shows a part gripped in a vice. The

outside dimensions of the part have
already been milled to size on a manual
machine before being set on the CNC
machine.

The CNC is used to make the holes,
pockets, and slot in this part. The WCS
is located in the upper-left corner of the
stock. This is common practice as the
WCS is against the hard jaw. Select a
position/corner that is easily found
using an Edge Finder or Probe.

Figure 3: Vise with WCS Located
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Activity 2: Open the F1 In Schools Car Model in Inventor, Prep Model
for CAM
In this activity, you will open the F1-CAM-Car file. Then you will prepare it to apply the toolpath,

as the rear wing and the nose and wing will be 3D printed. These features will be turned off.
Finally you will save the file with a unique name.

You will:
e Openfile
e Turn off bodies
e Turn off sketches
e Save file with new name

Ry LT |

Step 1: Load the F1 in Schools Model

1. If you have previously completed the F1 in schools car design lesson, simply load the file
and skip to Step 2.

2. Open Inventor then Select the Inventor Icon, upper left.
3. Select Open on the left panel.

Search Help & Comm

Open
Open an Inventor file or other types of
CAD files.

4. Path to where the F1-CAM-Invent assets were saved.
5. Select All Files, if no files are displayed.
6. Select F1-CAM-Invent.itp.
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7. Select Open.

’j‘, Open

Lookin: | F1Inventor Assets

‘Name

>+ &1 > Ey

iT(F1 -CAM-Tnvent

< | 1

File name: F1-CAM-Invent

-

[AilFiles (1)

x)

Project File: | Default.ipj

| [ Frojects...

Quick Launch

8. The F1-model is displayed.

L?ET@

&L
Ermuce pavaive O Lot [ED B
&

m Shatch - 2
| Creat

® & @ 4| D
®od L |m

Search Help & Commandh_. |3

.@03' @a 2 @» mtg '

I OB

(o o—py . p ]| cored ]

Stress | Comentte

Amabyis | Sheet Metal |

Modify w |wnrkun.u|vmm cra-umemnl Surface |smlmnn l:nlmﬂ|
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Step 2: Turn off the Wings
As the nose and wings will be 3D printed, and not machined so we will turn them off.

PwnNE

Open Bodies list from the browser, click on the + to expand the list.
Right click on the first body in the list.

Uncheck Visibility.

The back spoiler will disappear.

Turn off Visibility for the first, second and third solids to remove the back wing, front
wing and nose, using the above procedure.
Your model should now look like this, just the body to be machined with the nose and

the wings removed.
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Step 3: Save the File with a New Name

1. Click the Inventor Icon.
2. Select Save As, path the directory you want to save the file too.

Search Help & Con

Save the file in the different file name in

I P

% Open > the default format.
Save Copy As

E Save 3 % Save the active document contents to the
file specified in the Save Copy As dialog
box. The original file remains open.

g Save As 4

1 Save Copy As Template

3. Save file with new name (record the path and name), suggestion: F1-CAM-Inventor-
(your initials).

L saveas E
o1 Autodesk A360 Savein: | Fllnventor Assets ~ @ mr
T3 Libraries .

(2] Content Center Files Name Date modified
£ F1 -CAM-Tnvent 2/2/2016 1:32 PV
£1F1 -CAM-Invent-iem 2/2/2016 2:03 PV
< | 1 3

File name: -
Save astype [Amodesk Inventor Parts (*.ipt) - I
| Preview | [ Options... ] I Save I l Cancel
\
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Activity 3: Prepare the F1 in Schools Model to Toolpath
In this section, you will add some additional geometry to prepare the model for the application of
toolpaths. Creating this geometry will allow you to set the orientation of the model easily.
You:
e Create a new sketch
e Sketch line to the center of the CO, hole
e Sketch line to the edge of the blank

Step 1: Create Sketched Lines to Define Setup Points
To toolpath a model, the XYZ coordinate system needs to be defined by sketching a few lines.
You will be able to accomplish this easily with a simple selection.

1. Use the View Cube to Orient the model to the Back, so you are looking at it from the
back side where the CO, Hole is situated.

e,

2. Select the Sketch Tab, then Start 2D Sketch from the menu, Select Line.

PRrAl

Start ing Circle Start . Circle
I 2D Sketch - 2D Sketch ]
Sketch

3. Select the sketch plane, Select the center of the CO, Circle.
4. Move your mouse over the circle edge and the center point of the hole will be
displayed.
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5. Select the center point and drag it straight down to 29mm, 90 deg, click.

o

Hit Esc key.

Select Line.

Sketch a horizontal line from the center of the CO, hole out to the Left=32.5mm, at 180
degrees this will define the edge of the material.

9. Hit Esc key.

© N

10. Select Sketch from the menu and Select line.

11. Sketch a horizontal line from the center of the CO, hole out to the right, this will define
the edge of the material on the right side. Select the center of the CO, hole and then drag
it to the right, Input=32.5mm at 0.00 degrees.
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12. Your sketch should look like this graphic.

13. Select Finish Sketch, and leave the sketch visible.

</

Finish
Sketch

Exit

14. This sketch should remain visible. The model
should look like this when you rotate it

15. Save your file F1-CAM-Invent-(your initials).

Activity 4: Open CAM, Create the Setup for the Left Side of the Car
Before we create the CAM toolpaths to drive the CNC machine, we must establish the Work
Coordinate System, (WCS). We set the WCS in the software according to how the part will be
set up on the CNC Milling machine. On any 3 Axis vertical mill the Z+ moves the cutter up, Z-
move the cutter down. On the CNC milling machine, we will set the car up to cut the left side
first. After it is complete, the car will be manually rotated in the fixture so the right side is up.
Because we have two setups on the CNC machine, we will need two setups for the CAM
toolpaths, one left and one right.
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Setup 1 =Left Side Setup 2=Right Side

You will;
e Set Units to millimeters

e Create setup for Left side of Car

e Set the Work Coordinate System WCS
e Create F1 Model Block Stock Model

e Select the Model to be machined

Step 1: WCS Point for the First Setup
You will open the CAM workspace, select the WCS point for the left side of the car.
1. Place the model into and isometric view by selecting the home icon.

2. Select the Cam Tab, to open the Inventor HSM Workspace, the CAM menu bar is displayed
across the top. The workflow in the CAM menu is left to right, for most applications. The

Menu will be defined as it is used

T i e

3D Model Sketch Inspe:

@ Post Process @ EI @ <=

8] \ L
- Setup Sheet 2D Pocket Contour )
Simulate = Setup Folder Pattern | Drill Face A4 swarf Multi-Axis Contour | Adaptive b Profi

> Generate 4 2D Contour Parallel

Toolpath Job w Drilling 20 Milling + Multi-Axis Milling 3D Milling +

3. Move the model into approximately this position use the
view cube to select home.




4. Select Setup from the CAM toolbar, and the CAM browser will show up in the browser
pane. Also the stock model is displayed and the WCS gnomon. We will need to adjust both
for our F1 car application.
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5. The next step is to move the WCS gnomon to the correct position to cut the left side of the
car. The white points on the stock model are called “Stock Box Points” and represent the
most common positions for WCS points. The F1 car is held in a special fixture and requires
a specific WCS. We will need to select either the center point of the CO, cartridge or the
endpoint of one of the lines we created, depending on what CNC machine we are using.

6. Important: Check with your instructor on which setup position to use:
e For a Denford CNC Mill with their custom F1 in Schools fixture, the center of the CO,
hole will be selected. Follow instructions 9-13.
¢ If you are using a different CNC machine and fixture, it may use the center or the
edge of the stock. For the edge of the stock skip to instruction number (14) in this
this section.
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7. Setup at CO, hole center XYZ —Denford Mill.
Select the Stock Box Point dropdown arrow and pick Selected Point, Select the center
of the CO; hole, rotate and/or zoom the model as needed, and the WCS gnomon will move
to the center of the CO, hole, rotate the model as needed to get a good view to select the
point.

CAM ~
(2 Setup : Setupl

Setup

Operation type:
| Milling

Madel origin

Selected point
| Stock box point

Model box point

Madel

8. Now that we have the WCS in the right place we need it in the right orientation

9. Move the model into the home/isometric position.

10. To orient the Z axis select the bottom of the Z shaft, it will highlight, then select the
plane, this will orient the Z pointer to the side of the stock.

11. The Z axis is now oriented to the side of the stock, next we will make it point to the left side
of the stock as we will cut that side first.

12. The Z axis needs to point to the Left side of the Car, Select the cone on the Z axis of the
WCS gnomon, and the Z axis will flip to the opposite side, to the left side.
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13. The Z axis is now oriented to the right side of the stock, next we will make it point to the left
side of the stock as we will cut that side first.

14. Select the cone on the Z axis of the WCS gnomon, and the Z axis will flip to the opposite
side, to the left.

15. Now we need to orient the X axis, Select the bottom shaft and of the X arrow and select
the front plane.
16. The WCS should be all setup for the cutting the Left side of the car.
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17. The WCS is now set, make sure all of the axes are oriented like the graphic

18. Next we select the model to be machined, Select Model, then Select the body of the F1

Car.

(& Setup : Setupi3

Setup

Operation type:
[ witing

Work Coordinate System (WCS)

Orie i

[ select z axisfplane & x as v |
Z axis
Flip Z axis

X axis
Flip X axis
Origin:

[ seleced pone

WCS origin

Model

w Model

& @[]

19. Select OK from the bottom of the Setup dialog box in the CAM browser.

20. Now Setup shows up in the CAM browser, Click on setup wait a second click again and
rename setup to Setup Left

21. Click the Save icon

€@ F1 -CAM-Invent-iem Operation(s

Setup-Left
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Step 2: Modify the Stock Model to Represent the F1 Model Block Blank.
Making sure the Stock Model is correctly represented is vital to the successful machining of the
model. The Stock Model is used by the CAM software to determine where stock material is on

the machine bed.

Note: This is very important as you don’t want the cutter going through the stock at the
programmed federate, (slow) and fast through air, not the other way around.

H

Place the model into isometric view by selecting the home icon.
Right Click on Setup and Select Edit from the top of the list and the Setup dialog is

displayed.

Select the Stock Tab and Select Fixed size box,
Input the following:
X=210mm long, Y=50, Z= 656mm. (The blank is actually longer, but we are printing the
nose and wing, so what we need to use of the blank is quite a bit less.)

Note: Do not hit OK, as there is one more thing to do in stock setup, if you did hit it, then
just right click on setup and select edit..

Stock

Mode:
l Fixed size box

Width (X): 212 mi] 2]
Model position:
l Center VI
Depth (v): 50 mm| <!

Model position:

Center st
Height (Z): a

Model position:
| Center -

Round up to nearest: =
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6. Offset the stock on the X Axis to be flush with the back of the car, go to Model position
under Width X, Select the down arrow. Select Offset from the left side, and in the

Offset box Enter=0.

~

(= Setup : Setupl4

AL ANE

Stock
Mode:
[ Fixed size box

width (: \ —
Model positi

| Offset from left side (-X) |

Offset: [0 mm |+
Depth (Y): |50 mm| <]

Model position:

’ Center vl
Height (2): |65 mm| <]

Model position:

’ Center vl

Round up to nearest: H

Select OK, rotate the model and check to make sure the F1 in Schools model is fully
enclosed in the Stock Model and the block is flush with the back of the car .
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Activity 5: Creating a Toolpath and Defining a Tool
You have now successfully defined; F1 in Schools car setup for the left side, the Stock
Model/Model Block and selected the model to -
be cut. We are now ready to apply the 3D
toolpath. We will also need to define a cutter
and set the machining parameters. You will:

e Select the 3D toolpath strategy parallel

o Define the Cutting tool and select it

e Understand the toolpath dialog

e Set the machining parameters

e Select the geometry to cut

e Set how deep the tool will cut

e Set the cutter stepover

e Set the linking parameters

Step 1: Select 3D Toolpath

The workflow is left to right. We have established the Setup and since we are using a soft
material like foam, we do not need to rough out the model with 2D toolpaths. We can just skip
right to 3D toolpaths. This F1 in Schools model is made up of complex 3D curvy surfaces that
require a 3D toolpath. There are many different toolpath strategies to make many different
shaped parts. We will use a single 3D toolpath strategy to machine the F1 in Schools model.

1. Select Parallel from the 3Dmilling tab Parallel Toolpath dialog will display, in the CAM
browser

d  Add-Ins Vault A
Parallel
@ ) Horizontalfl ) pralel :porles A widely used finishing strategy, the passes are parallel in the X¥-plane
& Con ¥ | | ] | = and follow the surface in the Z-direction. You can choose the angle as
Adaptive _ Tool: None well as the stepover in the harizontal direction. The passes can be linked
in a zigzag pattern, unidirectional, or split in down or up milling sections.
30 Milling -

Coolant:
’Fk)od v] Parallel finishing passes are best suited for shallow areas and can be
confined to machine only up to a given contact angle.

Feed & Speed R/

Spindle speed: |§|
Surface speed: H
Ramp spindle speed: |§|
Cutting feedrate: H
Feed per tooth: H
Lead-in feedrate:
Lead-out feedrate: |E|
Ramp feedrate: |§|
Plunge feedrate: H
Feed per revolution: |§|

M shaft & Holder

Press F1 for more help
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Step 2: Understanding the Toolpath Tabs
Just like the main CAM toolbar menu, all of the toolpath dialogs are set up with Tabs at the top
with a workflow from left to right.

«« PARALLEL : PARALLELS e

v 3 0O HE =

Tool Tab

In the Tool Tab, the tool for the operation is
selected, and the machining parameters are set. Here tool
libraries can be built, tools created, customized, and saved.

[ﬂ Geometry Tab
Selected the geometry to contain the toolpath.

Heights Tab

The position of the standard planes are set, Top of
Stock, Bottom of Stock, Rapid retract and more.

ﬁ Passes Tab
In the Passes Tab, the spacing between the
toolpaths is set along with tolerance of the
toolpath. Tolerance is how closely the toolpath
actually adheres to the true surface.
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Linking Tab
In the Linking Tab, how the cutting tool moves from one operation to another is set, the yellow
line represents a rapid move.

Step 3: Select the Cutter and customize it to cut an F1 Car

When the F1 model block is made out of foam, it can be cut with a single finishing
pass, a roughing pass is not necessary. However, it requires an extra-long cutting
flute on a ball nose cutter as it will cut though all the material at once. In the
graphic, the standard end mill is placed next to the custom F1 in Schools Cutter,
(the longer one). As the F1 in Schools cutter has a non-standard cutting length,
you will need to create a new cutter in the system to use. Your instructor may have
already defined the cutter. If so, you may select it from the list.

1. Click the Tool button and the tool library will appear.

W0 Parallel : Parallell
¥ |35 E] =
Tool
Coolant:
| Flood -
2. Next we will select a ball endmill that is close to what we need then we will modify it, and
create a custom tool.
3. Expand Tool by Type.
4. Select Ball Mill.
5. Scroll down the list and select the last 06mm ball tool.
6. Pick Select at the bottom and now a tool is selected.
7 paraiely: Select Tool W " — _— e S
eiaca) 3 v |
W Type Wamdor Presiuet.... ST
E::ﬂ:ﬂm U 05 mm bes = h?:m ”":u-; i Ball Ml P
e e a——
S 23 mm all M
0 Bull-rgse Ml i
0 Tapared bl
D Dosopbadl
D Lodpop Ml
0 Chamier al
ET) R 18

o ) oemm ban BEmm  4mm Bl il

U o2 men el fmm 4.5 mm Bl il

U o10men man wmm  Smm Bl il

1 020 men bait Wwmm  Smm 2l il

U o10men man 10mm 5 mm Eall mait

W 210 ren sl fmm  5mm Eall M

) 010 men bail Wmm  5mm Eall Ml

1 220 men bal WWmm Smm Eall Ml P a g €
U 012 eren et 12mm  6mm Bail a1l =

LL TS m am . ERCT TR

4 M 3




7. The tool is now displayed in the correct orientation to cut the car from the Left side.

8. Next we need to customize the cutter to cut the F1 blank all in one pass, to accomplish this,

the cutting surface needs to be 40mm long.

9. Edit the tool by selecting the Tool button, the tool associated to the parallel toolpath is

highlighted
10. Click Edit

1751 Parallet1: Sebec Tool

& i‘td.nrl.nhu -

SHE Opan Doumints
T FLocrattrvont-jem "
| B0 A1 Tooks ]
E3 molder
# 30 By Type
FHED By Tool Material
5 0 By Coslant
1 My Libwaras
= 7] sample Libraries:
+ ) ANSE Inch Drifis
3 ST Anist bneh Taps
& T 0 onis

"4

B

Eh:_! |¥ | Show Operation:

Froguct.., [escripton

Tool: #1 - @6 mm ball (F1-Cutter) % .

- -— -

General | Cutter | Shaft | Holder | Holder Geometry | Feed & Speed|
Number: Coolant: Description:

152 [Flood ~| [Fr-cuted |
Length offset: Material: Comment:

112 [carbide -
Diameter offset: Vendor:

15
Manual tool change Product id:

Break control

11. On the
General tab,
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Description=F1-Cutter

12. Select the Cutter tab, enter the following parameter fields

Tool: #1 - @6.5 mm ball (F1

| General | Cutter | Shaft | Holder | Holder Geometry | Feed & Speed|

Type: Shoulder length: Shaft diameter:

[ smE] =

Flute length:
| 40 mm El

Diameter:

| 6.5mm = |

Body length:

I 50 mm EI ‘ JiSSsssssms: smm=m= 1
Unit: Overall length: '
L |

| oK | Cancel _1

13. Select OK, then pick Select at the bottom of the dialog
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14. The new tool is displayed with a longer cutting length.

15. Click the Save Icon

Step 4: Define Machining Parameters for the Denford CNC Router

Machining and toolpath parameters can seem a little overwhelming as there are enough
parameters to cut pretty much anything out there with any number of strategies. For our project,
there are just a few parameters to change to give us an excellent toolpath. These parameters
will be for a Denford Machine. If you have a different CNC machine, have your instructor write
in the appropriate parameters.

1. Now back to the to the Parallel toolpath dialog, we will set the machining parameters for this
tool and material.

2. Change the following three fields for the Denford Router, then select the Geometry
Tab, do not hit OK at the bottom of the dialog, until we complete filling out all of the tabs.

i Parallel : Parallell

O
Tool: #1 - @6 mm ball
\[ Toal
Coolant:
| Disabled ~| Turn coolant off, coolant is not needed for wood or
foam.
Feed & Speed A
spindle speed: s [ 22000 pm || || How fast the cutter will rotate
Surface speed: |E|
Ramp spindle speed: |E|
Cutting feedrate: d How fast the cutter will move through the stock
Feed per tooth: |E|
Lead-in feedrate:
Lead-out feedrate:
Ramp feedrate: |E|
Plunge feedrate: 30 I Pa ge
Feed per revolution: |E|




Step 5: Geometry Tab Containment of the Toolpath

On this tab we will contain the toolpath.

1. Select the Geometry Tab.
2. Three things to change here:

3. Set the Machining boundary=Bounding Box.
4. Tool Containment=Tool center on boundary

5. Contact only=Uncheck.

Wi Parallel Aell

Al s

Geometry ES
Machining boundary:

IElounding box vl
Tool containment:

ITooI center on boundary vI

Additional offset: 0 mm =
Dcﬁt boundary

DCuntact only

Bounding box includes the all of the stock.

Containment, Tool center means that the tool tip will
move out to the center line of the bounding box or
stock edge.

Note: This very important and must be selected as
other options could allow for the cutter to pass
down the sides of the Model Block blank and
clash with the fixture, damaging the CNC
machine.

Contact only checked means, just cut the model surface, we want to machine away all of the

stock, so uncheck

6. Select the Heights Tab

Step 6: Heights Tab set the machining depth

When we cut the left side of the car, we want to make sure that the ball end mill move past the
exact center of the car by the diameter of the cutter. If it does not, then there would be a ridge
of material that would need to be removed along the length of the car running down the center
axis. The system defaults to the bottom of the stock. It needs to be changed to a little past the

center.
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1. With the Heights Tab selected, the Heights dialog opens, Select the Bottom Height
Dropdown and select Stock Bottom from the list and Enter 28 for the offset. This

w@amqiam» ; sl | A
contains the toolpath, so that it cuts just a bit more than halfway through the stock.
2. Select the Passes Tab.

x

il Farallel : Par,

ElEEEIE
[ Clearance Height ¥
[ Stock top vl
Top offset: 0 mm H
Stock bottom -
Bottom offset: “ 28 |5

Step 7: Passes Tab Set the Space between Passes and Toolpath
Orientation

The spacing between cutter passes controls the
surface finish of your F1 in Schools Car, so the closer
together the step over, the smoother the surface, and
the longer it will take to cut. Inversely, the wider the
step over, the rougher the surface, and the faster it will
cut. For a super smooth surface, a step over of 10% of
the cutter diameter would be used. For a 6.5mm
cutter, a tool stepover of 0.65 would produce a good




finish for competitive cars. On the Denford CNC Router |, it would take about 7-10 minutes to
cut. For a quick but acceptable surface, one that would take only a little sanding, 15% of the
cutter diameter would be selected.

Parallel Cutting Strategies: There are two ways F1 in Schools cars are cut, with the parallel
toolpath running down the length of the car, or across the car. Balsa and foam across the car is
chosen to prevent splitting. We would also want to cut from the back of the car to the front of the
car, as the front of the car is only supported by a little peg.

Pass Direction=0 degrees-cuts along the length, start at front

Pass Direction= +90 degrees cuts across car starts at front
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FYI: ROUGHING AND
FINISHING PASSES
ON FOAM, SOME SCHOOLS ROUGH
MACHINE ALL CARS FIRST IN THE O
DIRECTION, AT 50% STEPOVER TO
QUICKLY REMOVE THE MAJORITY OF
THE MATERIAL AND THEN GO BACK
IN AT 90 ON A FINISHING CUT AT A
10% STEPOVER. THIS TAKES
LONGER BUT REDUCES THE CHANCE
OF BREAKING OFF THE JIG.

Direction=minus 90 starts at back of car IN ADDITION, MORE ADVANCED
SCHOOLS ALSO LIKE TO USE A 4MM

BALL NOSE CUTTER

IF THERE IS A CUTTER CHANGE
RADIUS INTERNAL PART JOINTS
(WHERE PRINTED PARTS MEET THE
BODY) TO HALF THE DIAM OF THE
NEW TOOL.

There are just two parameters to change:
1. Pass Direction=-90 deg

2. Stepover=0.65mm

3. Select the Linking Tab

it Parallel : Parallel1

8|3 5|E

Tolerance: [0.01mm |2

Machine steep areas

Add perpendicular passes

Machine straight on

Simple ordering

Pass direction: ﬂ -90 deg
Stepover: d 0.65mm |2

Direction:
[ Both ways -

!

[ | Axial offset passes

Up/down milling: 34|Page

[ Don't care -




Step 8: Linking Tab
We want the toolpath to start at the back bottom corner of the car

1. Select Entry Position button, then Select the back top corner of the model

100 Poraliel : Paralielt

Bololm =]

2. Select OK at the bottom of the dialog. All of the parameters for the Left side toolpath have
been set. The toolpath will generate. This will take a few seconds and your toolpath will be
displayed. It should look like the graphic below

3. Rename the toolpath to F1-Left

Note: If your toolpath does not look like this, recheck your parameter fields in each tab by
right clicking on the toolpath and selecting Edit
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Activity 6: Create the Right Side Toolpath

Applying the toolpath to the right side will be very easy as the
car is bilateral. In Inventor HSM, you can capture all the
information that was input for the left side of the car and apply it
to the right side. We will copy the current toolpath and paste it
back in the CAM Browser as a new toolpath. Then, simply
change the Z axis orientation and the toolpath is complete.

You will:
o Copy and paste the setup and toolpath for the Left side of the car to create the Right
side of the toolpath.
¢ Change the orientation of the WCS to cut the Right side of the car by flipping the Z axis.

Step 1: Copy and Paste the existing Setup and Toolpath
1. Right Click on Setup Left in the Browser

2. Select Copy

3. Right Click on F1-CAM Invent-Operations and select Paste

& F1 -CAM-Invent-iem Operatign(s)
oME

w4 par  Edit =M Setup-Le RN e '

New Operation b ﬁﬂ Parallell Create From Template L
Create From Template Y E MNew Setup...

FJ NewFolder

E New Pattern ﬁ' |® Paste Ctrl+V

<& Generate Toolpath (All) Ctr+G Expand All Children

& Simulate (All) Shift+S .

Bl Post Process .. Collapse All Children
Default Folder ShitrD SelectAll Ctri+A
Suppress Open NC Folder
Protect
Optional
Duplicate Ctrl+D

”l% Copy Ctrl+C
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4. Now there are two Setups in the Browser, with one toolpath each
5. Rename the second setup to Setup-Right
6. Rename the second toolpath to F1-Right

caw- @]
@ F1 -CAM-Invent-iem Operation(s)
EIE[E Setup-Left
@M Fl-Left
& Setup-Right

Step 2: Change the Z Axis Orientation of the Second Setup
When the toolpath was copied, so
was the orientation, since we need to
flip the car in the fixture 180 degrees
to cut the other side. The Z axis also
needs to be flipped 180 degrees for
the toolpath to be in the correct
orientation.

1. Rotate the car to this
orientation.
2. Right Click on Setup-Right and select Edit.

3. Click on the Z axis arrow tip to flip the Z axis, it should now be pointing down.
4. Click OK.
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5. The Setup has changed so the toolpath is now shown as dirty; right click on the
second toolpath F1-Right.

6. Select Generate Toolpath to regenerate the toolpath, the toolpath is now on the right,
side of the car.

x

Q F1 -CAM-Invent-iem Operation(s)
EE Setup-Left
Bl Fl-Left
EE Setup-Right

Edit...
Compare and Edit...

T T

7. This is how the second toolpath would look.

8. Check the toolpaths against each other.

9. Rotate into the Home/lsometric view.

10. Select the first toolpath Left side. Is the tool on the top of the model? Does it start on
the top back corner? Does it cut all of the stock?

11. For the Right Side, is the tool coming from the bottom? Does it start on the back corner?
Does it cut all of the stock? If the toolpaths match these criteria, move to the next step.
If not check with your instructor.
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Toolpath 1 Left Side, on top Toolpath 2 Right Side, on bottom

12. Save your file

Activity 7: Simulate the Toolpath
Inventor has the ability to virtually machine the model, use this functionality to check to see if
your toolpath is doing everything correctly.

You will:
e Setup the simulation tool options
e View the car being cut from both sides.
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Step 1. Select the toolpaths and Simulate
1. Rotate the model into this view

N

Select the first toolpath F1 Left

Select Simulate from the CAM menu bar

4. The Simulate menu will open and the simulation controls will be displayed at the bottom
center of the screen

Select the play Arrow, the playback speed is the large white dot.

6. Rotate and Zoom in an out while the model is verifying to see what is really happening.

ﬂg;:w-'@m@@ﬂm% A REEEEREEHK

w

o

Seup Folder Batiwn | Dol | face
& Geasrae 4t 20 Contour | I 5] a =2
Taskath | Jals w Ceiling | 20 Mleg Ml MEng | JOMERg w | Temng w Oresaten - | Manige | ]

Srmulanon I
| @ vopiey | o wto | e smsvimes|
e x|
[ Shovs shatt
55 St sk
[ 580w transpocent

. ki Swarl  Mui-aan Comour | Adapive Prafle Groove m Tool Bomatrs ﬂ m gy

I st ponty

~N

Click the Close button at the bottom of the Simulation dialog

Select the second toolpath and simulate, select the Start Simulation Arrow

9. Select both toolpaths, by holding down the Ctrl Key and select both toolpaths and
simulate, use the round dot lower left in the control to speed up the playback. While
the simulation is playing rotate, zoom in and out to see what is really happening.

10. Experiment with different materials.

11. Click Close from the dialog when finished.

o
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Left Side Toolpath Right Side Toolpath

Activity 8: Select the Post Processor Generate the NC Code
The toolpath is complete, checked, and simulated - no shortcuts here! A bad toolpath can
cause damage to the tool, stock, and machine, and also can be dangerous for the operator.

Next, we will generate the NC-Code. This is the easiest of all our activities. Simply select the
post processor and this automatically generates the code. The CAM system generates neutral
moves, and the post processor converts them to machine specific code. In our case, we will
select a post processor that will generate code specifically for a Denford CNC Router. The main
thing to remember here is where you save the NC-code, as you will need to retrieve it to load
onto the CNC machine.

You will;

e Select the Denford Post Processor
¢ Generate the NC-Code For each toolpath
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Step 1: Select the Post Process and Generate the NC-code for the first
toolpath.

1. Select the First toolpath F1 Left.

2. Select Post Process Icon from the CAM Toolbar.
3. The Post Processor dialog will open.
4

Select the down arrow and the post list will display. Scroll down and select the
Denford.cps post.

@@D@gﬁgznmmme® (ﬁ Fliﬂf

Setup She 2D Pocket ¥
Simulate B seww o Folder Pattern face @ Swarf Multi-fods Contour Adap‘hre )| orofie Gro
@ Generate 4 20 Contour m
Toalpath 4 : el e 4
(2] post Process

@ F1 -CAM-Tnvent-ien

= BJE Sewp-left C:\Users\PubliciDocuments\ Autodesk\Inventor HSM\Posts faa]
il F1-Left
w0 s o ||
& Ml F1-Right
pcramatic.cps - GenencAcramave x| M || opencontig |

ACrAMBNC.CPS - GEneric ACramatic

acurite millpwr 2.ops - Aor-Rite MILLFWR 2
acurite millpwr 3.cps - Acu-Rite MILLPWR 3
anderson.cps - Ganeric Anderson-Fanuc
andronic.cps - Generic Andronic

anilam comersationsl.cps - Generic Anilam Comersational
apt.cps - Common IS0 4343 APT

belotti.cps - Generic Belotti

m

biemmepi.cps - Generic Blemmepl Value -
bostomatic.cps - Generic BostoMatic Weg -
bridgeport.cps - Generic Bridgepart -
Presarve ra.
o =
dialog 112.¢ps - Generic Dialog 112 :f;:
dump.cps - Dumper
dynapath.cps - DynaFath Delta 0.01
eding.cps - Generic Eding CNC/USBCHC 0,002
emc.ops - Generic Enhanced Machina Controfier (EMC) Yes
[ eztrak conversional.cps - Generic EZ-Trak Conversions| s
fadal.cps - Generic Fadal
[ fagor.cps - Generic FAGDR Yes
fanuc = imerse time - a-asis.ops = Genersc FANUC = Inverse Time and A-asds 5 >
fanuc incremental. ops - Generic FANUC (with G91)
fanuc turming.cps - Generic FANUC Tuming ] | Canicel

fanuc with subprograms.cps - Generic FANUC with subprograms
L fanut.cps - Generic FANUC
" fledcam.cps - FlexiCAM
genirative-machining.cps - Generativi Machining APT
|us. = Generic GFlus e

5. Under the Output Folder header, Select the square with three dots and create a
path to where you want to store the toolpath, write this down.

43| Page



7. Enter the progam number=1001, and Program Comment=Left Side up, select Post.

Program Settings
Program name or number Property Value I
|1001 I (Built-in) allowHelicalMoves Yes
= o (Built-in) highFeedMapping Preserve ra...
rogram commen
2 - (Built-in) highFeedrate ] |
I Lef| Side Up I (Built-in) maximumCircularRadius 1000 5
e (Built-in) minimumChordLength 0.01
(Built-in) minimumCircularRadius ~ 0.01
[Documnt unit v] (Built-in) tolerance 0.002
optionalStop Yes
|:| Reorder to minimize tool changes preloadTool Yes
Open NC file in editor separateWordswithSpace Yes
seguenceMumberIncrement 3 -
 ——

-]

8. Enter 1001-F1-Left (your initinals) as the file name, write down where you sent the
file, its extension will be (.fnc) if you need to search for it.

File name: |1001—F1—Leﬂ—iem Anc |

Save as type: ’AII fith

{ide Folders

Save

 —

| o] |

9. The NC-code editor will open and the NC-Code wil be displayed for your review.

& - 3 e Ivvantor HSM Edt v6.2 - [CALisersiven!Appliatah ocahimventor HSHARCY1001-FI-Lift-iemnc] | ()
| =2 fTdeer | WCFucioes  Backpiol  FileCompare  Tramimisien Window = Help~ 8 %]
L1 =% A = W = (= Del * Find B -2 Had T, |
[ 2 % TR e[ B s X Q'-\(-qmm By 4 HedTuolchege
7 2 ¥ Appond File B Find Heat 1 Proviowm Tocl change
b Open G v Fint § . [ + Pae | Seect - Fi e to Lin
sl iend s ‘:,‘ ™ ;?: i B || a3 B tnsert File ™ By Repiace ﬁ':.:mij“l
| Fe il File Type = Eat J Find
I H11001-F1-Letinmne qbx
[T N Assotan | 1| {PGM, NAME-"1001%) -
e i 1 2 : Tl D=6 CR=3 = ZMIN=-4.5 = BALL END MILL =
¥ 3¢ GO0 G40 G
4617
5 G
£ MIE
7 ; F1-LEFT
| M9
| s M26
@ Tl M6
| 11 M26
12 23000 M3
13 HO
MY
15 G0 X0.003 ¥-22.6
16 Z47.5
17/ 2=3.9
18 G19 G3 Y=22 Z=4.5 J=22 K=3.9 F1000
ise1 ¥-2 3
Cyeles [ Mazros
Frogmen StatandEnd =
Toal changs 1
Frosgraen comeman F
GO0 Rapid move
GOF Lindsat fhon
GAZ Clackmies ars mowe
003 Coumerclachwise or
o4 Dwatl
GO7 Hyportetcal tds int
G09 Ewmet stop chik tor
G0 Dota yetting mods |
| G11 Dt gating meddle ¢
(15 Polar cocrdinate m
(16 Polar cocedinate m
G720 plane specitcst -
| | Add -~
[ ! i oo
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Step 2: Generate the NC-code for the second toolpath Right Side.

7. File Name=1002-F1-Right(your initials) (leave no open spaces in the name)

S e

10. After reviewing the code select the X at the top right corner of the NC-Code editor

to dismiss the editor.

Generating the second toolpath will be very quick as we have set up all of the parameters.
Select the second toolpath F1-Right.

Click the Post Process Icon.

Change the program number to 1002.
Program Comment to Right Side Up. Click Post.

Click Post.
Program Settings

Program name or number

{1002

Program comment

| Right Side Up

Unit

[Document unit

|| Reorder to minimize tool changes

[¥] open NC file in editor

Property
Built-in) allowHelicalMoves
highFeedMapping

highFeedrate

Built-in
Built-in
Built-in
Built-in

Built-in
(Built-in) tolerance
optionalStop

preloadTool
separateWordsWithSpace
sequenceNumberIncrement

maximumCircularRadius
minimumChordLength
minimumCircularRadius

Value
Yes

Preserve ra...

0
1000
0.01
0.01
0.002

m

w— |

Fost

|

Cancel

8. The NC-Code editor will open, check out your code

9.

Exit the NC-Code Editor
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Activity 9: Generate the Setup Sheet

Inventor HSM can automatically document your setup, the setup sheet will help you and your
instructor setup the CNC machine to cut your car.

You will:
e Create a setup sheet, and save it.
e Print the setup sheet.

1. Select Setup Left

2. Note: The setup sheet will capture the screen, best practice is to create a view that
represents the appropriate setup with toolpaths before entering setup.

3. Select Setup Sheet from the CAM toolbar

4. Select the folder to save the file to, yours will be different, pick Select Folder.

@ & ronprocens E’D B ‘B# # & 10 adsgive #} Céj @ - 3 :@{JJ' | g o Setup Shest
|58 /
Sirndal Il Gaidir Faitern | Dol | Fek T A Mo Sl Wult-hais Contour | Adigtrve & Prokle Groo m: Tl Basmtri ﬂ = - % ,'f-:,-._.:-..,:
T Ganii i A 10 Contour M i m = S

Tocipathy Job w Dirilng 20 haling w Moulti-Aoats dallng 0 haling w Tuming = Ormniatcn » ———
x
I | e
& F1 -CAM-Inwent-iem Dpefationds)
B Setupeleft
M FL-Lehy 1, Solect dstination flder
S Sep-|
dm?f:.ﬂ[ Lookin ), imeetoiHh - R
Name : Date modified Type
= L1 27112016 6:50 PM il foi
Renent Place: | [0 2732016 254 PM File ok |
Deskiop \
v
Librans
|h
Computer
Network 4 I L]
Fidweame
Cancal

The Setup sheet will be generated.
The Setup Sheet will be displayed.
Print the setup sheet.

Repeat process for Setup-Right

© N o
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Setup Sheet

Jos Dezcasmon: SEtUp Left
Documest Pame: F 1-CAM-Car-IEM v2

Job

WS #0

Stocs!
DX 183mm
DY 50mm
DZ: 65mm

PasT:
DX 183mm
DY 50mm '
DZ: 64.95mm

Stocs Lowss m WES #0
X: Dmm

¥ -21mm

Z:-32 5mm

Stocs Useem m WES 20
X: 185mm

¥ 29mm

Z: 32.5mm

Total

Muuszs OF Oeeaamone: 2

MNuwszs OF Toos: 1

Tooa: T1

Maxmwma Z: 47.3mm

Meeooa Z: -4 47mm

Maxmons Fezomamz: 4000mimdmin
Maxmems Seraocs Seezo: 2300rpm
Currmees Diaas 37432 36mm
Raro DeTancs: 128.8mm
Eseeat=n Crois Tees: 9m:38s

Operation 1/2

Dezcasnon: F1-Left
Steatzay: Parallel

WICS: #0

Tosmamcs: 0.01mm

Stocs o Leave: Omim
Maxmwm z1==gves: 0.65mm

Maxmema Z: 47.5mm

Mesnama Z: -4.47mim

Maxmema Semaocs Seezo: 2300rpm
Maxmons FezomaTe: 4000mmdmin
Curmmes Deatamce: 187 16.66mm
Faso DiaTance: 64.4mm

Ezmmaaten Croie Tees: 4mi42s (48.7%)

Coouan: Flood

T1D1L1

Tve=: ball end mill
Duezr=s: 6.35mm
Commer Raoeez: 3.17mm
Lemom: 39.05mm
Fuu=z: 3

Deacaenon: F1Car

Operation 2/2
Deacaenon: F1-Right
Stratzay: Parallel

WCS: #0

Tewsmamcs: 0.01mm

Srocs To Leavs: Dmm
Maxmnw zTemover: 0BSmm

Maxmnws Z: 47 5mm

Meanoma Z: -4.47mim

Maxmema Semocs Seezo: 2300rpm
Maxmons Fezomamz: 4000mimdmin
Cureva Dizmance: 18715.7mm
Raso Diztance: 64 4mm

Ezmmasten Croie Tees: 4mi42s (48.7%)

Coowan: Flood

T1D1L1

Tve=: ball end mill
Duwnst==: G.33mm
Commsm Raoeuz: 3.17mim
Lemzm=: 59.05mm
Fuumea: 3

=noni: F1Car

Fusion 360 CAM 2.0.1791
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In this activity, you will learn how to smooth a toolpath so it will run faster on some machines.

You will:
¢ Understand how toolpaths are created
e Smooth a toolpath to run faster

The CAM system resolution is set Smoothing

very high to tackle high precision parts

in manufacturing. If we adjust this Smoothing Filter

resolution dOWﬂ, it will allow us to cut Smooths the toolpath by removing excessive points and fitting arcs where
cars faster. For more in-depth possible within the given filtering tolerance.

information on smoothing, see
diagram (right).

One can increase the smoothing
parameter to a point where the
surface finish degrades.

This concept is best understood when
explained with a practical example
and graphics. In the below graphics,
the first graphic uses the default Smoot:ing is uiEdt;O re?uce codtﬁ size vluithout s;lcriﬂcilng acc;racy.
Smoothing works by replacing collinear lines with one line and tangent arcs
tolerance of O'Olmm’ the second to replace multiple lines in curved areas.
toolpath uses a large one of 0.04mm The effecs of smoath e dramatic. G-code il o e roduced
: : e effects of smoothing can be dramatic. G-code file size may be reduce
and a SmOOthmg of 0.03mm. Notice by as much as 50% or more. The machine will run faster and more

the difference in point density. Each smoothly and surface finish improves. The amount of code reduction

H i i H depends on how well the toolpath lends itself to smoothing. Toolpaths that
pOInt defines a Smgle line of code. lay primarily in @ major plane (XY, XZ, YZ), like parallel paths, filter well.

Those that do not, such as 3D Scallop, are reduced less.

Smoothing Off Smoothing On

Tolerance set to 0.01mm Tolerance 0.03mm

log ®D® oM
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Note: The Denford machines have Microstepping drives fitted to the axes and have a move
buffering feature which allows moves to be read in advance and then changes the axis speed in
accordance with the requirement of acceleration and deceleration to get the optimum
performance, thus there will be little to no time savings on a Denford CNC Mill.

1. To change the smoothing tolerance, simply right click on the toolpath and select the passes
tab and change these parameters. The smoothing tolerance should be less than the
tolerance parameter.

2. Don't forget to change the second toolpath as well, these would be good numbers to start
with. Experiment to find the optimal tolerance. Good luck!

« PARALLEL - FILEFT el

90 H =
¥ Passes
Tolerance
Machine Steep Areas D
Add Perpendicular Passes D
Machine Straight On D
Simple Ordering D
Pass Direction -90 deg
Stepover 1 mm
Direction Both ways v
Axial Offset Passes D
Up/Down Milling Don't care v

D Stock to Leave

] Fillets

v @ Smoothing

Smoothing Tolerance 0.03 mm =

1 - - - -

OK Cancel
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