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Learning	Objectives	
At the end of this class, you will be able to: 

Learning	objective	1:	Learn	how	to	import	and	manage	3D	solid	models	for	machining	
Learning	objective	2:	Learn	how	to	create	2	1/2‐axis	machining	job	setups	
Learning	objective	3:	Learn	how	to	create	CNC	machining	operations	using	Inventor	HSM	
software	for	milling	and	drilling	
Learning	objective	4:	 Learn	 how	 to	 simulate	 toolpath	 and	 post	 process	 CNC	 codes	 for	
machines	
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Introduction:  

Computer Aided Manufacturing:  

Computer-aided manufacturing (CAM) is the use of computer software to 
control machine tools and related machinery in the manufacturing of work 
pieces. This is not the only definition for CAM, but it is the most common; CAM 
may also refer to the use of a computer to assist in all operations of a 
manufacturing plant, including planning, management, transportation and 
storage. Its primary purpose is to create a faster production process and 
components and tooling with more precise dimensions and material consistency, 
which in some cases, uses only the required amount of raw material (thus 
minimizing waste), while simultaneously reducing energy consumption. 

- Source Wikipedia  

Any product developed today involves fabrication. The method of fabrication may 
vary, some may involve casting of the product and in turn machining it to 
produced good surface finish. While some may involve development of a product 
directly from a CNC Machine. Although products / components developed from 
a CNC machine may be bit expensive, but still it provides good geometrical 
tolerances & surface finish. Hence CNC machining is one of the most preferred 
ways of manufacturing.  

CNC:  

CNC abbreviated as Computer Numerical Control technique has advanced with 
plenty of new features and also has provided users with major improvements. 
Some are listed below 

 Setup Time Reduction  
 Improved Accuracy  
 Lead Time Reduction 
 Simple Tool and Work holding setup.  
 Cutting time productivity increase 

Types of CNC Machine Tools  

There are different types of CNC machine tools that are rapidly being added every 
year. Here is a list of CNC machines  

 Mills & Machining Centers  
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 Lathes & Turning Centers 
 Drilling Machines 
 Boring Mills and Profilers 
 EDM Machines 
 Punch Presses & Shears  
 Water jet cutting Machines 
 Laser Profilers 

 

It is noted that CNC machining centers and lathes dominate a number of 
installations in the industry today. Hence in this class we will look at the 
Milling and Drilling operations in Inventor HSM 2015.  

CNC Programming:  

Apart from CNC machines, it’s also essential to know the different codes in 
CNC Programming. Before that, let’s see how a Word Address Programming 
looks 

First, the part programmer must determine the machining parameters and 
the sequence of operations to be performed. Based on this sequence the 
programmer will write a program. Each line of the program represents a block. 
The block contains the required data for transferring the cutting tool from one 
point to another, including the machining instructions that should be 
executed either at the point or along the path between the points.  

A word consists of an address followed by digits. A block consist of one or 
more words. A typical block containing the word address format is as follows.  

N… G… X… Y… I… J… K… F… S… T… M…  

Where  

N – Sequence Number 

G – Preparatory Function  

X,Y,Z,U,V,W,A,B,C – Dimensional word (Coordinate Axis Move Command) 

I,J,K – Coordinate of the arc center  

F – Feed Rate  
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S – Spindle Speed  

T – Tool Function  

M – Miscellaneous Function  

 

 

 

 

Overview of a CAD/CAM process  

 

 

Getting Started with Inventor HSM Express / Inventor HSM 2015  

Autodesk acquired HSMWorks back in 2013, since then Inventor HSM has grown 
to be a better integrated CAM software for Autodesk Inventor as it was built 
ground up and is one of the best CAM system for Autodesk Inventor with 64bit 
computing capability.  

 

Set  up and Operate CNC Machine

Transfer G Code Program to CNC Machine

Verify Tool Path

Select driving geometry

Select Cutting Tool & Machining Parameters

Select CNC Process

Establish Job Parameter

Begin CAD Model



Getting Started with Inventor HSM for Designers & Engineers 

5 
 

Autodesk Inventor HSM 2015 can be downloaded from below link  

Link - http://cam.autodesk.com/get-inventor-hsm-express  

(Free HSM 2.5 Axis Milling & Drilling Operations) 

Link http://cam.autodesk.com/get-inventor-hsm  

(Trial 2.5D, 3+2 Milling Applications for Autodesk Inventor) 

Link - http://cam.autodesk.com/fusion360  

(CAM in Cloud built within Fusion 360)  

Link – Coming Soon  

(CAM 2.5D, 3+2 Milling, 5 Axis/Multi-axis Milling application for Inventor)  

 

 

Note:  

1) Most of your 2.5D Axis Milling operations can be carried out using the free 
version available from the above link.  

2) This class covers all the 2.5 D Milling operations and a few 3D Milling 
operations  

 

Why Inventor HSM?  

Autodesk CAM tools bring CAD and CAM together for a truly integrated design 
to manufacturing solution. Whether your design tool of choice is SolidWorks®, 
Inventor®, or Fusion 360 – Autodesk has CAM solutions that allow you to take 
advantage of a familiar workflow which means you are up and running faster. 
Since Inventor HSM is an integrated CAM we have the following advantages 

 Better Seamless Workflow 
 Model Associativity  
 Manage Fewer Files 
 Lower Training Costs  
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Autodesk Inventor HSM is built from 64bit CAM engine, this helps users get the 
benefit of every second during machining process. Whether it’s reducing time for 
3D projects from hours to minutes or updating tool paths for a multi-part setup, 
Autodesk CAM tools set the standard for performance. 

 Multi-core 64bit kernel  
 Rapid CNC Code  
 Distribute CAM 
 Adaptive Clearing  

With Autodesk Inventor HSM CAM, you will get the CNC code you need to turn 
your designs into high-quality, finished parts. Full integration, ease-of-use and 
high performance mean nothing if you can’t produce good parts. In the real 
world, quality is critical. 

 

 

 

 

Inventor HSM 2015  

Inventor HSM Express / Inventor HSM 2015 can be accessed from CAM tab 
within Autodesk Inventor 2015 after installing from any one of the above link. 
Inventor HSM 2015 is available for a 30 Day Trail, while Inventor HSM Express 
is available for free.  

Accessing Inventor HSM 2015  

Autodesk Inventor > CAM Tab  

 

 

Figure – 1  
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Inventor HSM (CAM) has many panels each are listed below 

 Toolpath  
 Job 
 Drilling 
 2D Milling 
 3D Milling  
 View 
 Manage 
 Help  

Toolpath: This panel helps a user to simulate the milling sequence and also 
setup a post processing sequence. Helps in the generation of tool path after 
modifications are made with the part file or change in the tool dia or selection  

 Job: This helps users to decide on the stock setup and plan on additional stock 
addition either on +/- z axis, +/- x axis, +/- y axis. Further this also has an 
option to store all tools, Toolpath within a folder that helps for a future access. 
One additional feature we see here is the Patter – this helps a user to pattern 
machining operations either with rectangular / circular pattern, which is handy 
for quick setup process.  

Drilling: This helps user to drill different types of holes and all types of drilling 
cycles are automatically enables when same type of hole depths or similar hole 
diameter are selected. A list of different drilling operations are listed below 
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Figure – 2  

2D – Milling:  This has a range of operations listed that helps a user to carry out 
2D Contour Milling, Pocketing, Facing, Slotting, Threading, Circular, Boring and 
a new machining strategy called 2D Adaptive. 2D Milling can help machine all 
2-1/2 D milling process or ideally called as 2.5D where machining is carried out 
on a X-Y Plane with z depth.  
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Figure – 3  

 

3D – Milling: This has a variety of operations which include 3D Adaptive, 3D 
pocket, Horizontal / Contour / Parallel / operations followed by Scallop, Spiral, 
Radial, Ramp, Pencil and Morphed Spiral. It also has a projection operation 
which helps in engraving 

 

Figure – 4  

View: This helps the user to view the machining operation or orientation of the 
model in 7 different views followed by enable / disable visibility of tool and 
WCS 

Manage: This helps an end user to manage the tool library, create new, export 
/ import tool libraries. The task manager, helps a user to check on the activity 
carried out during machining process (Simulation), while the options command 
helps users to make some settings within the CAM environment.  

Help: The help panel contains variety of options to network with the CAM 
Community through YouTube, forums, Tutorials Network.  



Getting Started with Inventor HSM for Designers & Engineers 

10 
 

 

Figure – 5  

 

Objective 1  
 
Learn how to import and manage 3D solid models for machining 
 

Importing CAD Models into a CAM system was a troublesome process in the 
past. One needs to have better translators in order to export / import CAD 
models into a CAM software.  

With the introduction of Integrated CAM, this problem can be completely 
eliminated. With switch over between tabs, within the software a user can work 
between CAD / CAM modules.  

 

3D Model Tab within Autodesk Inventor  
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CAM Tab within Autodesk Inventor  

A user can also switch between browser bar for CAD / CAM with the click of a 
button as shown below 

 

                          

       CAD Model History Tree                                     CAM Model History Tree 

Importing 3D Models within Inventor HSM is direct and simple, just like 
opening a part file within Autodesk Inventor.    

Opening a Part file within CAM module  

 

Opening a New Part file within CAM Module  
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Note: One should be clear that, Autodesk Inventor HSM cannot be used to 
machine assembly files. It is suited for Inventor & Inventor LT part files only.  
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Learning objective 2:  

Learn how to create 2 1/2-axis machining job setups  

In any CAM software, the general workflow is fixing a work piece to work table 
or CNC machine bed and in turn machining it. Since CAM is a material removal 
process as compared to rapid prototyping which is a material addition process.  
We notice chip formation in CAM. Further, the Job setup should be prepared in 
such a way that minimum material removal is established. Before we go ahead 
with 2.5D machining process, it’s essential to understand the difference between 
2.5D and 3D.  

2.5 D Milling: A 2.5D machine, also called a two-and-a-half-axis mill, possesses 
the capability to translate in all three axes but can perform the cutting operation 
only in two of the three axes at a time due to hardware or software limitations.  

2.5D objects can be machined on a 3-axis milling machine, and do not require 
any of the features of a higher-axis machine to produce. 

 

 

2.5D Part 
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3D Part 

Job Setup in Inventor HSM. 

The first step in CNC machining strategy in CAM system is job setup. Job setup 
can be made in different ways 

 Job setup using Model Selection 
 Job setup using Stock Selection  

Job setup made using model selection enables a user to select the model and 
create a job. The model WCS – called as Work Coordinate System has over FIVE 
options to choose from for the Orientation.  
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WCS Selection 

Same is the case when a user wants to select the origin for the model. It can be 
selected in Four different ways 

 

WCS Origin  

Finally stock entry point can be selected from the 27 different points available 
within the model / stock  
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Point Selection within the Box (27 options) 

The second most important aspect in job selection is the stock selection. Stock 
selection can be made from 5 different options  

 Fixed Size Box 
 Relative Size Box 
 Fixed Size Cylinder 
 Relative Size Cylinder 
 From Solid 

Fixed Size Box: This creates a cubic box with specified size box.  

Relative Size Box: This creates a stock body that is larger than the model size 
with some offset 
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Fixed Size Cylinder: This creates a stock of a cylinder of specified size.  

Relative Size Cylinder: This creates a stock of a larger size as compared to the 
model size with some offset 

From Solid: This is used when we want to machine a part from the assembly 
file.  

 

Note:  

1 Assembly models cannot be machined in Inventor HSM.  

2 Incase of cylindrical objects, a stock can be selected from a cylinder stock 
rather than a bounding box  stock.  

 

Pattern Job Setup:  

The pattern job setup is used when multiple jobs have to be machined of the 
same type. The pattern option can be used to reduce the machining steps and 
time in programming.  
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Pattern Job Setup. 

 

  



Getting Started with Inventor HSM for Designers & Engineers 

19 
 

Learning objective 3:  
 
Learn how to create CNC machining operations using Inventor HSM software for 
milling and drilling 
 
CNC Machining operation can be carried out for different components using 
different operations. A list of 2D milling options are listed below.  

 

 Drilling  
 2D Adaptive 
 2D Pocket 
 2D contour 
 Face 
 Slot 
 Trace 
 Thread 
 Circular 
 Bore  

 

Drilling: This operation is used to carry out drilling on the models. Some of the 
types of drilling cycle that can be carried out are listed below 



Getting Started with Inventor HSM for Designers & Engineers 

20 
 

 

Drilling Options in Inventor HSM 

Note: All models used for demonstration in the class are simple models. This 
enables user to understand the concept within the duration (1 hour) of the class 
and the class focuses on getting started with Inventor HSM 2015.  

 

Exercise – 1  

Drill a hole of diameter 5mm with depth of 8mm on the Single-Drilling.ipt file.   

Step 1: Open Single-Drilling.ipt file within the CAM Environment  

Step 2: Click on Job – Setup for creating the stock dimensions. In this case the 
model is a cylinder, so it would be ideal to select a stock from fixed size cylinder 
from the Stock Option Tab  
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Step 3: Select Diameter & Length as 15mm, which is equal to the diameter and 
length of the actual cylinder.  

Step 4: For the WCS, select Model Orientation & Stock Box Point and click on 
OK 

 

Step 5: Now select drilling option from the Drilling Panel and click on Tool Tab 
in the CAM browser and select Tool Option  
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Step 6: Select a Drill Tool from the Tool Library – By Type > Drill > 5mm Drill  
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Step 7: Click on Geometry Tab and select the Hole face to for which the drilling 
has to be carried out and click on OK 

                  

Step 8: The final details of the drilled hole and other relevant details are stored 
within the part file. (CAM file)  

 

Step 9: Click on Simulate from the Toolpath tab and click on play button to see 
the real time simulation  
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Step 10: In case a user is satisfied with the workflow and process, it can be 
saved as a Post Process to generate the GCode & MCodes so that it can sent to 
a CNC machine for manufacturing purpose.  

Based on the model, below is the CNC code.  

Program for the above process  

% 

O0100 

(T1 D=5. CR=0. TAPER=118DEG - ZMIN=-9.502 - DRILL) 

N10 G90 G94 G17 G49 G40 G80 

N15 G21 

N20 G28 G91 Z0. 
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N25 G90 

(DRILL2) 

N30 T1 M06 

N35 S1000 M03 

N40 G54 

N50 G00 X0. Y0. 

N55 G43 Z15. H01 

N65 G00 Z5. 

N70 G98 G81 X0. Y0. Z-9.502 R10 F250. 

N75 G80 

N80 Z15. 

N90 G28 G91 Z0. 

N95 G28 X0. Y0. 

N100 M30 

% 

 

Exercise – 2  

Drill three different types of holes of dia 2mm, 3mm, and 4mm on the file 
Multiple-Drilling.ipt 
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There are a total of 9 holes to be drilled. 

Note:  

4 holes of dia 4mm can be drilled using a 4mm drill bit.  

4 holes of dia 3mm can be drilled using a 3mm drill bit.  

4 holes of dia 2mm can be drilled using a 2mm drill bit.  

The process of working is similar to Exercise 1, however, by selecting the option 
Select same diameter, enables drilling of similar hole sizes in the given part file.  
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Exercise 3  

Carry out a facing operation on the model TopPlate-Facing.ipt. The stock top face 
contains 4mm material. Facing of 0.5mm depth of cut must be carried with 
0.5mm finishing pass  
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Facing Operation  

 

Dimensions of the model is given below with a height of 10 mm with 4 counter 
bore at all corners.  
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Step 1: Import the model TopPlate-Facing.ipt into CAM module. 

Step 2: Now click on setup within the job panel and set the width and length 
equal to the model dimensions and height 4mm more than the existing model 
height.  

 

 

Step 3: Click on Face Option from 2D Milling Panel and select a 10mm dia flat 
end mill with multi depth passes of 0.5mm and finishing stepdown of 0.5mm.  



Getting Started with Inventor HSM for Designers & Engineers 

30 
 

 

 

Each depth of cut will be 0.5mm and a finial finishpass will be of 0.5mm.  
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Exercise 4:  

Create a 2D Contour Operation on the model 2D-Contour.ipt  
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Step 1: Open the model 2DContour.ipt and create a work piece setup with 
stock size model – (Relative Size Box) and side offset of 1mm  

 

Relative Size Box (side offset of 1mm) 
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Step 2: Click on 2D Contour Command from the 2D Milling panel and select 
the option Tool and in turn select the tool dia 5mm 

 

 

Now click on Geometry and select the bottom contour for contouring operation.  

 

 

Step 3: Now click on passes and select Multiple Depth with 1mm as Max 
Roughing Cycle. This enables the contouring process with 1mm each cut.  
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Exercise 5: Create a 2D-Pocket with Circular Option for the given CAD Model – 
2D-Contour.ipt  

 

 

 

Step 1: Create the stock settings and carry out the facing and 2d contour 
operations to get the desired size of the model  

Step 2: Select 2D Pocket (this creates a roughing operation) and select a 5mm 
Dia end mill to carry out the 2d pocket.  
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In the passes tab, select the multiple depth and stock to leave  
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Step 3: Now select the Circular and in turn select all the 6 pockets.  
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Final Machining Operation of the 2D-Contour.ipt is shown below 

Which Includes  

Facing 

2D Contour 

2D Pocket  

Circular  
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Exercise 6: 2D Adaptive Machining.  

Generate tool path for an open pocket using 2D Adaptive Technique for the part 
2DAdaptive-OpenPocket.ipt  

 

 

Step 1: Open the part 2DAdaptive-OpenPocket.ipt and create the stock 
definition with Relative Size Box and Stock Offset Mode with side / Top / 
Bottom values to Zero  

Step 2: Select 2D Adaptive Option with 5mm flat and in turn select the 
geometry and stock contours for the model  
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The Blue selection is the Open Pocket (geometry) and the yellow selection is the 
stock top. Now Click on OK and the Open 2D Pocket is generated as shown 
below 

 

 

Alternatively a user can create a derived operation with the present and 
generate a 2D Pocket as shown below 
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The best way to machine an open 2D pocket in Inventor HSM is to use the 2D 
Adaptive Clearing strategy.  

Initially, 2D Adaptive Clearing works similarly to 2D Pocket, and selecting one or 
more closed contours allows you to machine these as an ordinary pocket. 
However, if you also select a stock contour enclosing the selected contour(s), 
then 2D Adaptive Clearing machines everything from the stock contour to the 
selected contour(s), starting from the outside in.  

Note: An Adaptive Clearing strategy creates a tool path from chained contours 
rather than surfaces or solids.  

2D Pocket operation on a non-circular pocket is shown below  
Refer File - 2DPocket-NonCircularHole.ipt 
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Exercise 7: Rest roughing a 2D Pocket  

Reference File – RestRoughing-2DPocket.ipt 

To rest rough a 2D pocket, enable the Rest Machining check box on the 
Geometry tab, and enter the tool diameter and the tool corner radius that was 
used previously on the geometry.  

For example, if you start roughing with a 20 mm tool that does not fit in all areas 
of a given pocket, then make another 2D pocket operation with a smaller tool, 
and specify 20 mm for the Rest Material Tool Diameter parameter.  

In the file RestRoughing-2DPocket.ipt, a tool of 20mm is used to remove 
material. However, the tool cannot remove material across the complete profile. 
Hence a second operation is added with rest machining  

 

In the above operation we notice that the circular portion of the 2D Pocket does 
not work. Hence we add another 2D Pocket with rest machining “ON” and with 
the same dia  
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Exercise 8: Create a 2D Chamfer for the file 2DContour-Chamfer.ipt  

The chamfer distance is 0.5mm for the model – 2DContour-Chamfer.ipt  

Now select the tool - 5mm with 45degree with chamfer ( Chamfer Tool ) and in 
turn select the contour to be chamfered. When selected the chamfer tool, under 
the passes tab the chamfer option is enabled  
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Both chamfered and unchamfered CAD models can be handled with the Chamfer 
width and Chamfer tip offset parameters.  
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Tip Offset is set to zero in the above case.  

Exercise 9: Radius Compensation for the model Radius-Compensation.ipt 

The file Radius-Compensation.ipt contains a cylinder with contouring option. 
When we select a tool dia of 5mm or with a tool dia of 20mm the radius 
compensation is automatically taken care and exact material is removed.  
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Exercise 10: Slots  

 

Create a slot for the part file Slot-Contour.ipt using a 5mm flat tool.  

 

Step 1: First create a slot operation with the tool 5mm flat. 

Step 2: Now Right Click on the Slot1 and click on Create Deriver Operation > 
2D Milling > 2D Contour (with same tool) 
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Step 3: Now select the contour (4 slots) to carry out the remaining the material 
removal process.  
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Exercise 11: Perform a Projection Operation on a rectangular slab with AU2014 
engraved.  

 

 

Step 1: Select Projection from 3D Milling Tab 

Step 2: Select 1mm Flat tool and in the geometry tab select the text above 
followed by Stock addition of 2mm with relative size box.  

Step 3: Simulate the machining to get the below model  
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In case you want to learn more related to Inventor HSM, visit the blog on a 
regular basis on updates related to CAM from Autodesk. The video solution for 
this class with be available on the Wordpress Blog.   

Wordpress Blog - www.MasteringCAM.com ( Inventor HSM )  

Twitter - @MasteringCAM / @CADProfessor  

Follow me @ Facebook www.facebook.com/sunithbabu   

 

 

 
 


