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Introduction

This document is intended to function primarily as a step-by-step guide to the workflows which will be
demonstrated in this class. Some additional background information is included for those who have never
used CAM software or are otherwise unfamiliar with the process of creating machine code from CAD
models. This handout does not cover all of the information that will be discussed in the class and should
be looked at as supplementary information.

CAM Overview
CAM - Computer Aided Manufacturing

How does it work?

Toolpath

The model geometry is analysed and a 3D path for the cutting tool is fitted to it, based on a particular
strategy for removing the material. Many factors go into the toolpath calculation including the geometry of
the tool, its specifications, considerations for providing a good surface finish etc.

Post-processing

To generate the machine code that will drive a particular CNC (Computer Numeric Control) machine, the
toolpath and associated information has to be interpreted and translated. This is because there are a
huge array of different types of machines, with different capabilities and functions, so the languages that
run them can differ greatly. In order to get up and running with a CAM package, you need to acquire a
post-processor to suit the controller of your machine. The Autodesk Post Development team can
customize / modify / create this for you.

DNC

While most machine controllers have the ability to load a program from some form of removable media
(such as a disk or USB flash drive,) often the most efficient way to transfer data to the machine is through
a network cable. With this method, the machine code can be drip-fed to the machine controller at a rate
that it can keep up with, which allows huge programs to be processed, even if they are larger than the
memory of the machine. This is called DNC, or Direct Numerical Control.

2.5D /3D / 3+2 / 5 Simultaneous / Turning

The HSM technology comes in three versions, with varying levels of price and capability. The lowest tier
is the 2.5D InventorHSM Express / HSMXpress for Solidworks. Every CAM vendor seems to define 2.5D
slightly differently, but in HSM it basically means that for most operations, the Z-level step downs are
taken between each path in the X-Y plane. You can't generally have all 3 machine axes moving
simultaneously. There are a few exceptions to the rule, including helical entry, and tracing an edge that
varies in Z, for example when trimming a molded component. Here are a few examples showing the
differences.
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Why Integrated CAM?

When you hear people refer to others as “being scared of change,” they’re probably talking about
engineers. And it's no wonder, change can be a difficult thing to manage in a manufacturing environment.
The more steps in the process, the more places there are for something to get missed. When an issue
with a product becomes evident, and a change is required, the change usually has to flow through a
number of different departments, people, and software systems, as seamlessly as possible. For the
purposes of this discussion, we’ll simplify the journey to just the design and manufacturing.

Now, any designer who has used a relatively modern 3D CAD package, most likely takes for granted the
fact that when he updates his 3D model, his 2D drawing of that component will update itself automatically
to reflect the change. This is because the drawing and modelling environments are tightly integrated, and
the files are tightly linked to each other. When it comes time to manufacture the component with CNC
machinery, usually a CAM definition needs to be created for that item that will store all the information
regarding tooling, toolpath strategies and other CNC specific information. It is often at this point, that the
nice seamless links get broken, and new files need to be created in parallel using other software
packages.

The difficulty comes when changes to the design information have to be manually kept in sync with
changes to the manufacturing data. If the designer changes the widget from Rev. A to Rev. B, production
need to be aware that the file has changed, update their files to match, and then remember to align the
new CAM revision with the new CAD revision. With InventorHSM, the CAM information is stored inside
the same .ipt or .iam CAD files as the design data. This means only one file per component to revise, and
the CAM operators can be brought into the same data management system as the designers and
engineers, using Autodesk Vault.

The following workflows will be discussed and performed live in the class presentation. They are
designed to simulate some typical engineering change scenarios, and follow the data through the system
using two hypothetical characters, Dave Designer and Matt Machinist.

If you prefer watching videos to step by step written tutorials, | have created Screencasts of the various
CAM tutorials below. To see the data management processes though, you’ll have to attend the class.

1. Setup Stock 2. Create Toolpath 3. Post-process Code
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Setup Stock and Create Toolpath

To calculate which material the cutting tool should remove, the solid model that represents the
component that is being machined, is effectively subtracted from the stock definition. We need to make
sure that the stock definition is as accurate as possible to optimize efficiency in machining by reducing
“air-cutting,” and also reduce the risk of crashing the tool into stock that wasn’t allowed for.

Steps:

1. Open the component that is to be machined, in Inventor.
2. On the “CAM” ribbon, click “Setup” to create a new setup.
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3. Click the “Model Orientation” drop-down and click “Select Z axis/plane and X axis.”
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4. Pick a vertical edge to set the Z axis. Repeat for the X axis.
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5. Click “Stock Point” and then pick a point that should represent the 0,0,0 origin
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6. Change to the “Stock” tab in the CAM browser, and then pick “Relative Size Box” from the drop-
down list for Stock “Mode.”
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Type ‘10’ in the “Bottom offset” box to add extra stock to the bottom of the part for clamping.
Change to the “Post Process” tab and give the program a number and a comment. Consideration
should be given to whether the job will be run as separate programs, or a single program, based
on fixturing, and number of machine axes and ability to index the part.

Click “OK” to finish the setup.

With the stock defined, toolpath strategies are now created and configured, to remove excess stock
material, and end up with a component as close as possible to the desired finished dimensions. There are
many strategies available which each have their own particular strengths and weaknesses. In this
example, we will start by roughing the overall shape with a 3D Adaptive Clearing strategy.

1.

Click “Adaptive” on the “3D Milling” panel of the “CAM” ribbon
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2. Click “Tool” then expand the “By Type” folder and select “Flat Mill,” then pick the @10mm x 45mm
flute length cutter and click “Select.”
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Select the “Adaptive1” toolpath that you just created, and click “Simulate” on the CAM ribbon
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8. Click the checkbox labelled “Stock” to show the stock, and then click the play button at the bottom
of the screen to animate the tool motion and stock removal
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9. Adjust the slider to change speed of playback. To the left to slow down or reverse, and to the right
to speed up.

10. Click “Close” to end the simulation.



Post Process Toolpaths to Convert to Machine Code

1.
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Select the “Adaptive1” operation in the browser and click “Post Process” on the CAM ribbon.
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Select the “haas.cps - Generic HAAS” post processor from the drop-down list.
Enter a “Program name or number.” This will depend on your controller.

Enter a “Program comment” to describe the program.

Click “Post” to generate the machine code.

editing tool.

Select a location to save the file. This will automatically open the code file in HSM Edit, a G-code
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7. Click “Backplot Window” on the “Backplot” tab inside Inventor HSM Edit.
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8. Use the animation player controls in a similar way to the toolpath simulation controls, to play
through the machine code line by line and watch the tool motion.
9. At this point, if you were happy with the program, you could either save the code file to a memory
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stick and transfer to the machine, or even send it directly from Inventor HSM Edit via DNC on the
“Transmission” tab.
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Perform Typical Data Management Processes

For this section, we will assume that you already have Vault Professional installed and configured. We
will be using both the standalone Vault Professional 2015 client, and the Vault Professional 2015 addin
for Inventor. The following steps should be imagined as being performed by two different users, with
different roles. They are Dave Designer, and Matt Machinist. Dave’s steps are in blue, and Matt’s are in
orange.

1. Open Inventor and log in to Vault

Get Started Tools CAM

y 2@ s 6 F
Autodesk  LogIn Open =
Vault

cess ¥ File Status

No Browser ¥ 2)

1) g
AUTODESK" VAULT

Authentication: [Vadt Account

User Name: [Dave Designer

Password: [l

Server: 192.168.75.138

Vault: [AUZO 14

[[] Automatically log in next session

| OK‘% Cancel ‘ [ Help J

2. Click “Open” on the Vault Ribbon, to open a file from vault. This ensures that we get the latest
version of the file.
3. Locate and select the file that you want to work on, and click “Open.”
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4. Make your edits to the model. Vault may prompt you to check the file out, say “Yes.”
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5. Save the file, then switch to the Vault Browser.
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6. Right-click the name of the file, and select “Check In”
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- - < Point ~ | & Circular & Patch ~
Stat | Box | Edrude Revolve Sweep | Hole Fillet Shell Combine | Direct | Plane Box . Convertto
2D Sketch = ¥ ¥ ¥ 4 -  lucs Dlg Mirror 2B Trim ¥ Sheet Metal

Sketch | Primitives | Create v | Modify v Work Features Pattern Surface v Freeform Convert

SE Yl
C @ AU2014.ipj
@S
Refresh File
Get Revision...

Checkln... ﬁTﬁ
Check Out
Revert To Latest
Undo Check Out...
Change Category...
Change State...
Revise...
Data Cards...
Show Details...

Find in Window

7. Enter a comment to describe the changes, for future reference.
8. Click “Ok” to complete Check In

Autodesk Inventor Professional 2015 - NOT FOR RES/

3D Model ect o Get Started Vault
T ® ey 006 & @@ e @ Rk
§ . <% Point ~ | Y Circular & Patch - Lo
Start . Box Extrude Revolve Sweep Hole  Fillet  Shell  Combine Direct | Plane Box . Convert to
2D Sketch % = ¥ x o =  lucs D4 Mirror 2B Trim [ - | Sheet Metal
|
Sketch | Primitives | Create ~ | Modify ~ Work Features Pattern Surface ~ Freeform Convert

- -
SE Yl I Check In "YawClamp.ipt

Ol AU2014.p

Y/ [Jkeep files checked out

["] Close files and delete working copies
BE

-2 $/Workspace/RedRooster
YawClamp.ipt

1fie / 1141KB

Enter comments to indude with this version:
Increased overall length for more stability

@
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9. Open the “Autodesk Vault Professional 2015” stand-alone client.
10. Log in with the appropriate credentials.

11. Navigate to the file that we have just worked on.

12. Select the “History” tab, and note the changes in the latest version

y Autodesk Vault Professional 2015
i File Edit View Go Tools Actions Help

@ RedRooster  (C\Users\Gavin\OneDrive\AU2014\Workspace\RedRooster\ Search RedRooster
& (@ AU2014 - Dave Designer
[ Change Order List
(R Item Master
= B Project Exp)

/@ Stte Revision

I

(o]

AT T T TR e T T TeT=T=T=T =Tl mlmTmTml AT AT ATATATATATATATATATATAT AT~ T8

lesk Inventor Professional 2015 - NOT FOR RESALE _ YawClamp.ipt
P ools [ISXYR M. -
: Setup Sh =0 & a"
© B0 e T SHPI | potger patem | Dl | 20 Adapive 20 Pocket 20C
2B © Genenate 4 Trace [ Bore

0 2 = ontal € Scallop © Spiral @ Projection | () Orientation + | ) Tool Library )

2 s ircular ntour encl rphed Spirl 1 Visbiity ask Manager
, @St @ Crear | |y Contour 5 Pencl € Morphed pirl W vaisity - | B ToskMonager |
f) Parallel @ Radial £ Ramp = Options »

El=) Toolpath Job Diiling 20 Milling 30 Milling

EQ My Search

View Manage Help

& YanClamp.ipt Operation(s)
&& Setup!
1

Pt
& 41 Parlien
@ 20 Pockett
@2 Contour2
@@ 2 Pocke2
<5 20 Contou2
@ B setupd
@& Setup2

@& Setupd

0Ogococoooo0O0OO0OO

13. Let Matt Machinist know that the design changes are complete.

14. Repeat steps 1-3, but this time as Matt Machinist.

15. Switch to the CAM tab, and CAM browser.

16. Select “Setup1” in the browser and note that the stock definition has update, but the toolpaths are
no longer valid, due to the model change.

17. Hold the CTRL key and click each Setup in the CAM browser so that they are all selected.

18. Right-click and select “Generate Toolpath (All)” to regenerate all the toolpaths.

19. Note that the toolpaths have updated to suit the new geometry.

20. Following the “Post Process Toolpaths to Convert to Machine Code” process above, generate
code for as many toolpaths or setups as required. Save these code files into your workspace.

21. Optionally, setup sheets can be generated, with tooling, stock, and fixture information.
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22. Locate the code and setup files in windows explorer, and drag and drop into the relative location
inside the Vault Professional Client.

Y Autodesk Vault Professional 2015
i File Edit View Go Tools Actions Help
T

Defaut View

L @':_;z(o’:’:;::‘ ¢echnit 1 sute Revision gl
[ tem Master There ae no items to show i this view, Bli
& E3 Projct Explorer ) Category Name
ContentCenter ADE-! NC-CODE - EN-
B e s v v e
: % oy @© ) v 1 b » Onedrve » » Workspace » RedRooster » NC-CODE V] ¢ | semehNc-conE 2] IC
£ NC-CoDE B Desktop A Nome oute Type Sie Tags Avaiabiity Sharing
3, My Sesrch Folders i L
(4] 00ttt PRETTTE Frelax FTMLDoc. £ Avatable offine N
E Recent places & 01nc YT172014431 o, NCFie Sk Avalable ffine
S Cetome Foldes o) 1002htmi 21172014 42 i, Firefox HTML Dos. 15K Avaableoffine
3 Dropbox & 10020 21172014531 pim. NG File oke ‘Availabl ofine
B shereboint 5 1003.6mp 21172014 442 pm. ‘Btmap image 2268K8 Available offiine
i Extensions &) 1003t 21172014 442 pam. Firefox HTML Doc. 18K8 e offline
t ::::....,.. & 1003nc 212014 432 pi. NCFile 5x8 ‘Available offine
& 100bmp 21172014 42 i, Btmap image T e ofine
N Vi Mok {e) 1004 htmi 21214 42 pim. Frefox HTML Doc 0 Avaableoffine
t ::::uams & 1004nc 21172014432 pm. NCFile 2ke ‘Available offine
& OneDrive for Business i toolt.png 21172014 442 p.m. PNG image 5Kk8 Available offline
&b Av2014 B tooi2.png 21172014 442 p.am. PNGimage 3Kk8 Available offline
B oot B tookpng 212014 482 pam. PNGimage 216 Avsiableoffine
R tociSpng U1 sz pm. NG image 3 Avsiableoffine
; B toolepng 21172014 442 pm. PNGimage 2K8 ‘Available offine.
s & %> 4 tool10.png 21172014 442 prn. PNGimage 2x8 ‘Available offine
4 toolS0png 21172014 442 pm. PNG image K8 ‘Available offine
& Homegroup
A GavinBath
2 ThispC
 Autodesk 380
_?m— 1Titems 17 tems selected 9.00MB  Available offiine
VauClampipt H ‘

23. Enter a comment when the “Add Files” dialog pops up.
24. Click “Ok” to upload/check in the files to Vault

y Autodesk Vault Professional
i File Edit View Go Tools Actions Help

Home

= (@) AU2014 - Matt Machinist
3 Change Order List
[ tem Master There are no items to show in this vie
= ER Project Explorer (5)
£ ContentCenter
= B3 Workspace
= £ RedRooster Y Add Files - Multiple Files | x |
@ B 3rdParty
£ HRKIT [] Keep files checked out
@ FJ NC-CODE ) :
£3, My Search Folders [] Delete working copies

/Workspace/RedRooster/NC-CODE A
/& 1001.html
1001.nc
~(v]@) 1002.htm!
} 1002.nc
1003.bmp
€ 1003.htm!
I 1003.nc
1004.bmp

I 1004.nc
tooll.png

[T SRR,

L 17cbjets -

Enter comments to include with this version:
Code updated after length change

oK | concel | [ Hep |

&0 YawClamp.ipt
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25. To associate the code files with the Inventor model, go to the “Manage” tab in Inventor, and click
on the “Insert Object” button.

=
3D Model S

=

=

%2 Rebuild All @ 4 Feature 0 Insert iFeature % ® iMate @y Extract iFeature =
%R Update Mass f% Update 53 Insert Objéehe Vig iFeature from Vault 53 Export Objects B Structural Shape + | &
2 Up: Parameters | Styles Editor © T o | Derive B e Attach Make  Make | Create O% PO OO T P " | AddRe
S5 Purge & Import  Angle_equal v | Pat Components | iPart [ Edit Factory Scope ~
Insert Point Cloud Layout | Author

Update | Parameters v | Styles and Standards
x

B v

Ol AU2014.0)
@) YawClamp.ipt *

O Create New -

Qanae from Fle | C:\Users\Gavin\OneDrive \AU2014\Woi

e

Resut

Insedts a picture of the file contents into your
@@ document. The picture wil be linked to the file so
that changes to the file wil be reflected in your
document.

26. Check the “Create from file” check-box.

27. Click “Browse” and locate the first NC file to attach.
28. Check the “Link” check-box.

29. Click “OK.”
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30. Check the file back into Vault by Right-clicking the file in the Vault Browser inside Inventor and
selecting “Check In.”

= R e A

Autodesk Inventor Professional 2015 - NOT FOR F

3DModel  Sketch Inspect Aut

B3 %% Rebuild All f:;: %/ S ) @ 43 Feature @] Insert iFeature ' ~ %? % ® iMate

ZR Update Mass f% Update &3 Insert Object Vg iFeature from Vault
rive

59 Export Obje
Parameters | Styles Editor De Attach Make Make | Create 9% PO O
% Purge &) Import  Angle_equal~ ~| Part Components | iPart B3 Edit Facton

Update |p v\ Styles and Standards Insert Point Cloud Layout

SE Yl
Ol AU2014.ipj
=g [keep fles checked out

Eggg:’wlm ["] Close files and delete working copies

@€ 1002.nc
@€ 1003.nc .
1004.nc

@

-4 $/Workspace/RedRooster
-2 NC-CODE
3 1001.nc
(Vi 1002.nc
{vigy 1003.nc

5 fies / 2432K8

Enter comments to indude with this version:
Added NC Code files as attachments

@

31. Let Dave Designer know that the part has been programmed and is manufacturable.
32. Perform steps 9-11.

33. Select the relevant component, then right-click and select “Assign/Update ltem.”
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34. Enter relevant information such as “Category” and “Description” for Item.

i RedRooster

Autodesk Vault Professional 2015

Search RedRooster

© (@) AU2014 - Administrator
[ Change Order List
) tem Master
= 3 Project Explorer () -
@ £ ContentCenter A
= B Workspace @
& £ RedRooster o
@ B 3rdParty @
@ B HKKIT @
@ B NC-CODE v Categ Machined Y
B3 My Search Folders =R [
Number: [100001 ] Lifecycle State: | WorkIn Progress )
Title: [YawClamp ] Lost Updated By: | Administrator :
Description: | Yaw Motor Clamp Adapter | LostUpdated:  |2/11/2014 6:50 p.m.
Units: [Each v @
(]
Associated files: Propeties: ®
...... ) File Name. Version Name. 7 Value (7]
» [ 27 YawClamp.ipt 5 ® .
1|7 Show all versions.
~
YawClamp.ipt
| N
Add new group | ” 1 |
| YawClamp.pt Matt Machinist |2/11/20145:10... | Updated toolpaths and NC code after Dave's lengt...

35. Click “Save and Close” to create item. This item can be used for many functions, such as linking

to an ERP item.

36. Locate the relevant file in Vault Professional Client.
37. CTRL + Click the ltem icon to go to the Item in the ltem Master
38. Right-click the Item and select “Change State.”

39. Select “Released.”

[
i File Edit View Go Tools Actions Help

Autodesk Vault Professional 2015

All ltems

= (@) AU2014 - Dave Designer
R Change Order List
Item Master

= B3 Project Explorer ()
7 ContentCenter

= B Workspace
£ RedRooster
E£Q My Search Folders

& ltem Master

O Number Revision State Title (item, CO)
100001 A ‘Work In Progress. YawClamp
Select Lifecycle State
Lifecycle State Description
In Review Item is awaiting further action
Obsolete Item is no longer used in active production

| Apply to Children

["] Skip Revision Bump

o] [t ] o]
General | History | Bill of Materials | Where Used | Change Order | View | ‘

3 Loading"..

Revision: [a v Category: Machined
Number: (100001 | Lifecycle State: | Work In Progress
Title: ‘Ylehmp ] Last Updated By:  Dave Designer

r 1 —
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40. Click “OK” to release the item for manufacture at Revision A.

41. WHOAH!!I STOP PRESS, THERE IS A DESIGN FAULT!!

42. Now we need to revise the item. To unlock the model files, first locate the item in Vault.

43. Right-click the item and select “Change State.”

44, Select “Work in Progress.”

45. Click “Ok.” (Note that this will bump revision to “B”)

46. Open file in Inventor, and check it out from Vault. (Steps 1-3)

47. Make required model change.

48. Save file.

49. Check In to Vault.

50. Close file.

51. Notify Matt Machinist that model has changed and requires updates.

52. Open and Check Out Inventor File as per steps 1-3 above. Ensure that linked NC files are also
checked out.

53. Regenerate all toolpaths, as above, to suit modified model.

54. Post process all setups, and save NC files. Say “Yes” to the prompt to overwrite.

55. Check all files back in to Vault.

56. Notify Dave Designer that part has been re-programmed.

57. In Vault Professional Client, navigate to the relevant item.

58. Right-click and select “Update.” This will update the item to reflect the model changes.

59. Click “Save and Close.”

60. Right-click the item and select “Change State” as per step 43.

61. Select “Released.”

62. Click “Ok” to release Revision B for manufacture.

A 4 Autodesk Vault Professional 2015
: File Edit View Go Tools Actions Help

: B8 New v | £ © Report.. () Plot... () [Q)

X 2 52 | B 5 Go to nd 5
Item Master @ Item Master
[f Item Master
© Number Revision State T

Ea My Search Folders
100001 B Work In Progress Ya

Select Lifecycle State

Lifecycle State Description
In Review Item is awaiting further action
» i

Obsolete Item is no longer used in active production

[¥] Apply to Children

[ Skip Revision Bump

g =) =
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63. Finished.

These tutorials are available in an alternative format on Autodesk Screencast. QR codes above.

Useful links for background reading:

= Download 2.5D for free: http://cam.autodesk.com/

= Discussion forum: http://camforum.autodesk.com/

=  YouTube: https://www.youtube.com/user/Autodesk CAM
= CADPRO Systems: http://www.cadpro.co.nz

=  HSMWorks Down-under: http://www.hsmworks.co.nz

= Design & Motion Blog: http://designandmotion.net/

I look forward to seeing you in class at AU2014, in a few weeks’ time.
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