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1. INTRODUCTION TO ‘SOLIDWORSK CAM -
TOLERANCE BASED MACHINING’

What is SOLIDWORKS CAM Tolerance Based
Machining (TBM)?

For CNC Programmers, machining 3D models with close tolerances is a
tricky proposition as it requires them to machine to the mean of the
tolerance. It is very time-consuming to generate a CNC Program for such
parts.

SOLIDWORKS CAM Tolerance Based Machining (TBM) is a newly
introduced plug-in provided with the SOLIDWORKS CAM application. It
leverages SOLIDWORKS dimensions, tolerance ranges and surface finish
annotations to select the correct machining strategies for operations and
machine them to the mean of asymmetric tolerances. It works for 2.5 Axis
Mill Features as well as Multisurface Mill features on Mill parts.

SOLIDWORKS CAM TBM automatically adjusts asymmetric tolerances to
mean tolerances for cutting tool strategies. This machine to mean
capabilities eliminates long-standing issues surrounding differences between
design practices required to tolerance parts based on fit, form and function
versus manufacturing's need to machine geometry based on mean
dimensions and tolerances. This significantly reduces CNC Programming
time and enables you to engage in smart manufacturing.

Salient Features of SOLIDWORKS CAM TBM Plug-In

e Reads SOLIDWORKS DIMXpert dimensions

e Reads SOLIDWORKS Machining Based Definition (MBD) information
e Reads Surface Finish annotations

e Adjusts asymmetric tolerances to mean values

e Selects tools, feeds and speeds based on DimXpert and Machining
Based Definition (MBD)

Pre-requisites for using SOLIDWORKS CAM TBM
Plug-In

1. Embedded MBD/PMI Data on part to be machined

Ensure that the part model to be machined has Machine Based Definition
(MBD) and/or Product Manufacturing Information (PMI) data. To do so, use
the SOLIDWORKS DimXpert functionality (which comes with every seat of
SOLIDWORKS) to easily insert dimensions and tolerances
manually/automatically to create a critical dimension 3D model.

6 Introduction to ‘SOLIDWORSK CAM - Tolerance Based Machining’
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Annotations need to be added only for close dimensions, unique surface
finishes and asymmetric dimensions. As SOLIDWORKS CAM employs
knowledge-based machining, there is no need to add annotations for
dimensions and surface finishes that fall within the standard tolerance
block. Dimensions and surface finishes that fall into the standard
tolerance block will use the standard machining strategies that are
already saved in the Technology Database.

2. Run SOLIDWORKS CAM application on a supported CAD Platform

The SOLIDWORKS CAM Tolerance Based Machining plug-in is automatically
installed when you install the SOLIDWORKS CAM application. In order to
use this plug-in, the SOLIDWORKS CAM application must be run as an
Add-In within the SOLIDWORKS application.

3. Adobe Reader XI

The Adobe Reader application is necessary to view, read, navigate, search
and print the User Guide for SOLIDWORKS CAM Tolerance Based Machining

plug-in.

Launching the SOLIDWORKS CAM TBM Plug-in
1. Launch the SOLIDWORKS CAM application as an Add-In within the
SOLIDWORKS application.
2. Open the Mill part to be machined.
3. Ensure that this part model has Machine Based Definition (MBD) and/or
Product Manufacturing Information (PMI) data. [Use the SOLIDWORKS
DimXpert functionality for this purpose. Note that annotations need to

be added only for close dimensions, unique surface finishes and
asymmetric dimensions.]

4. On the SOLIDWORKS CAM Command Manager, click on the Tolerance

Based Machining command button gﬂ.

5. This command activates the SOLIDWORKS CAM TBM Command Manager.
Click on this Command Manager to peruse commands associated with
the SOLIDWORKS CAM TBM plug-in.

The SOLIDWORKS CAM TBM Plug-In is now ready for use.

Introduction to ‘SOLIDWORSK CAM - Tolerance Based Machining’
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Commands in SOLIDWORKS CAM TBM Command
Manager

Run Tolerance Based Machining W

Executing this command opens the Tolerance Based Machining — Run dialog
box. Use the options provided in this dialog box to:

e Select the Tolerance Based Machining options that are to be executed
when the OK button in this dialog box is clicked.

e Optionally select the processes (such as feature recognition,
generation of operations, sorting of operations and generation of
toolpaths) to be executed prior to generation of NC code for machining
the part.

- Depending on the unitary system selected (MMGS or IPS) in
SOLIDWORKS, when the Recognize Tolerance Range checkbox
option is selected in the Run tab of the Tolerance Based Machining
— Run dialog box, the Tolerance Range (mm) or Tolerance Range
(inch) tab will be displayed within the dialog box. How to interpret
and use the information displayed in the Tolerance Range (mm)/
Tolerance Range (inch) tab is explained with the help of an
illustrative tutorial in Chapter 3 of this User Guide under the section
“Interpreting the information in the Tolerance Range tab”.

- If the active unit system is MMGS and the Recognize ISO 286 limits
and fits checkbox option is selected in the Run tab of the Tolerance
Based Machining — Run dialog box, the ISO 286 tab will be displayed
within the dialog box. How to interpret and use the information
displayed in this tab is explained with the help of an illustrative
tutorial in Chapter 5 of this User Guide under the section
“Interpreting the information in the ISO 286 tab of TBM-Run dialog

n

box".

Tolerance Based Machining - Settings {é}

Executing this command opens the Tolerance Based Machining — Settings
dialog box.

e Use the Tolerance Range tabs in this dialog box to setup different

tolerance ranges for different features and specify which machining
strategy you want to use for each tolerance range. Once the tolerance
ranges have been defined and the strategies have been assigned to
each tolerance range, the system is ready to automatically select the
correct strategies based on the MBD or PMI data and program the
part.
[Chapter 2 in this Guide explains how to use the parameters within the
Tolerance Range tabs of this dialog box while Chapter 3 provides an
illustrative tutorial that explains how to machine a mill part using tolerance
ranges and machining strategies defined in the Tolerance Range tab.]

8 Introduction to ‘SOLIDWORSK CAM - Tolerance Based Machining’
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e Use the ISO 286 tab in this dialog box to machine Hole and Circular
Boss features based on ISO 286 Strategy Conditions (where machining
strategies are assigned based on Size Ranges and Tolerances values
defined per the in ISO 286 standard).

[Chapter 4 in this Guide explains how to use the parameters within the ISO

286 tab of this dialog box while Chapter 5 provides an illustrative tutorial
that explains how to machine a mill part with hole features based on ISO
286 Strategy Conditions.]

e Use the Multisurface Features tab in this dialog box to recognize
multisurface features and assign specific machining strategies to such
multisurface features on the basis of their Surface Finish values.

[Tutorial_3 in this Guide illustrates how to machine a part using tolerance
ranges define din this tab.]

About SOLIDWORKS CAM TBM ®

Executing this command opens the About SOLIDWORKS CAM - Tolerance Based
Machining dialog box. This dialog box gives information about the
SOLIDWORKS CAM TBM plug-in.

Introduction to ‘SOLIDWORSK CAM - Tolerance Based Machining’
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2. ASSIGNING TOLERANCE RANGES &
ASSOCIATED MACHINING STRATEGIES

If MBD/PMI data is embedded in a Mill part model to be machined, then
using SOLIDWORKS CAM TBM, machining strategies can be assignhed to
individual tolerance ranges defined for the 2.5 Axis Mill features.

When the Run Tolerance Based Machining command is executed, the correct
machining strategies will be assigned to the 2.5 Axis Mill Features that are
recognized on the part. These machining strategies will be assigned based
on the tolerance range match and mean tolerance value. Operations will be
generated on the basis of these assigned machining strategies.

How is the Tolerance Range and Mean Tolerance value for a Feature
computed?

The tolerance range for a feature is the difference between its upper
tolerance limit and lower tolerance limit.

The mean tolerance value is the sum of the upper and lower tolerance limits
of the feature divided by two.

These definitions are best understood via an illustrative example:

/ Upper Tolerance Limit
Feature — +0.1
Dimensions 15 -0.2 «—

- = Lower Tolerance

Limit
//’f—\\_ﬁ-‘-‘

J

MBD data for a Rectangular Pocket Feature

For the above rectangular pocket feature, the dimension is 15 units, the
upper tolerance limit is 0.1 units and the lower tolerance limit is -0.2 units.
The tolerance range is difference between upper and lower limits of the
feature. In this case, it would be [0.1- (-0.2)] which is equal to 0.3 units.
The mean tolerance value is the sum of the upper and lower tolerance limits
of the feature divided by 2. In this case, it would be [(-0.2+0.1)/2] which is
equal to -0.05 units.

10 Assigning Tolerance Ranges & Associated Machining Strategies
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Where are Tolerance Ranges and associated Machining strategies
defined within SOLIDWORKS CAM TBM?

Tolerance ranges for the different 2.5 Axis Mill feature types are defined in
the Tolerance Based Machining — Settings dialog box. This dialog box is

displayed when the Tolerance Based Machining — Settings button {':3} on the
SOLIDWORKS CAM TBM Command Manager is clicked.

Two separate tabs are provided in this dialog box to define the tolerance
ranges.

a.Use the Tolerance Range (mm) tab to define the Tolerance based
conditions in millimeters (MMGS unit system). This is the default tab
displayed when you the dialog box is displayed.

b.Use the Tolerance Range (inch) tab to define the Tolerance based
conditions in inches (IPS unit system).

Parameters in the Tolerance Range tabs
Table of Features & Default Strategies
Feature

The Feature column lists all the types of 2.5 Axis Mill features for which
Tolerance based conditions have been defined.

If the tolerance based conditions have not been defined for a
particular feature type, then the font color for that particular feature
type’s listing within this tab will be magenta in color.

If the tolerance based conditions have been defined for a particular
feature type, then the font color for that particular feature type’s
listing within this tab will be black in color.

Default Strategy

For every feature type listed in the table of the Tolerance Range (mm) and
Tolerance Range (inch) tabs, the corresponding entry in the Default Strategy
field indicates the default machining strategy assigned to the feature in
the Technology Database.

On executing the Run Tolerance Based Machining command, the Default
Strategy will be applied to a recognized 2.5 Axis feature in the following
cases:

If tolerance based conditions have not been defined at all for the
particular 2.5 Axis Mill Feature type. (Such feature types can easily be
identified in the Tolerance Range tab by the magenta font color for that
particular feature type’s listing.)

Feature types for which the mean tolerance computed doesn't fall
within any of the tolerance ranges defined for that feature within the
Tolerance Range tab.

Assigning Tolerance Ranges & Associated Machining Strategies 11
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No. of Tol based conditions

For every feature type listed in the table within the Tolerance Range tab,
the corresponding entry in the No. of Tol based conditions column
indicates the number of tolerance ranges defined for that particular
feature type.

If no tolerance based conditions have been defined for a particular
feature type (i.e. the No. of Tol based conditions field indicates the value of
'0), then the font color for that particular feature type’s listing within this
tab will be magenta. If defined, then the font will be black in color.

When a particular feature type is selected in the grid, the tolerance based
conditions (indicating the tolerance range and associated machining
strategies) for this selected feature will be displayed in the Tolerance
based conditions grid at the bottom of this tab.

B0 SOLIDWORKS CAM - Tolerance Based Machining — Settings ? x
Tolerance Range [ mm ] Tolerance Fange [inch] 150 286 Multisuface Features

Feature Default Strategy Tol baged conditions

@] Hole Dl 3 < Selected

[@] Countersink Hale Drrill 2 Feature

IE] Counterbore Hole Corill 2

@ Rectangular Pocket Rough-Rough(Rest)- Finish 2

@ Circular Pocket Rough-Rough(Rest)- Finish 2

@ Imegular Pocket Rough-Fough(Rest)- Finizh 2

@ Rectangular Slot Rough-Fough[Rest]- Finizh N

@ [rregular Slot Fiough-F oughlF est)- Finizh 1

[E_‘j Rectangular Comer Slat Rough-F oughlFest]- Finish 2 Table of features

@ [rregular Carner Slot Fough-Rough(Fest)- Finish 2 <«——and Def_au It

B® Circular Boss Fitish 3 Strategies

@, Iregular Boss Firizh 3

E Rectangular Boss Finigh 3

@ Obround Pocket Rough-Finish 2

@ Obround Boss Finigh 3

£ >

Tolerance Range Undersize Stra... Mominal Strategy Oversize Strat...

0 to 0.05 mm Bore Bore Bore

0085 to 0.25 mm Feam Feam Ream pi Tol B d

0.25 to 0.5 rm Dl Diil Diil olerance base
Conditions grid

< > (displayed for
selected feature)

rd

About. .. 2k, Cloze Help

‘Tolerance Range’ tab of Tolerance Based Machining — Settings dialog box
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Tolerance Based Conditions grid

When a desired feature type is selected in the grid of the Tolerance Range
tab, the tolerance based conditions (indicating the tolerance ranges and
associated machining strategies) for the selected feature will be displayed in
the Tolerance based conditions grid at the bottom of this tab.

Tolerance Range

This column indicates the tolerance ranges defined for the feature type
selected in the grid. For each range, the lower and upper limit of the
tolerance range is displayed along with the units (mm or inches).

Undersize Strategy

This strategy will be applied when the mean tolerance value computed
for the feature has a negative value.

Nominal Strategy

This strategy will be applied when the mean tolerance value computed
for the feature is “0”.

Oversize Strategy

This strategy will be applied when the mean tolerance value computed
for the feature has a positive value.

Reassigning the Undersize, Nominal and Oversize Strategies

When you define a new tolerance range for a selected feature in the
Tolerance Range tab, the default strategy defined for the feature in the
Technology Database will be assigned as the Undersize, Nominal and Oversize
strategies for that particular tolerance range.

You can change/edit the Undersize, Nominal or Oversize strategy for a
tolerance range by simply clicking on that desired Strategy field. Clicking on
the Strategy field displays a dropdown list of all machining strategies defined
in the Technology Database for that particular feature type, including user-
defined strategies. Select the desired strategy from this dropdown list to
reassign the strategy for a tolerance range. The changes will be saved when
you click the OK button of the dialog box.

Defining /Editing Tolerance Ranges
To define/edit the tolerance ranges for a selected 2.5 Axis Mill feature type,

clicking on the Edit Tolerance Range button m at the bottom left corner of
the Tolerance Range tab. Clicking on this button displays the Range dialog

Assigning Tolerance Ranges & Associated Machining Strategies
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box. Use this dialog box to define/edit the tolerance ranges. How to use this
dialog box is explained in the next section via an illustrative example.

Enter Tolerance Range

Limit field

M0 Range ? et

Tolerance Range

1]

Q.05

nzs (-

(R3]

x/
A | [+
] 4 Help

Range dialog box

Tolerance Range list

Add Tolerance Range
button command

How to use the Range dialog box to define /edit Tolerance Ranges

How to use the Range dialog box to define/edit tolerance ranges for a
feature is best understood through an illustrative example.

Consider that you want to define the following three tolerance ranges for
a particular 2.5 Axis feature type:

Lower Limit Upper Limit
Range 1 0.0 0.02
Range 2 0.02 0.05
Range 3 0.05 0.1

The steps to define these tolerance range limits are as follows:

i. Click on the Edit Tolerance Range button ‘i‘ at the bottom left
corner of the Tolerance Range tab. The Range dialog box will be

displayed.

Input each unique tolerance range limit in the Enter Tolerance Range
Limit field. (In this example, there are four unique tolerance range
limits viz. 0, 0.02, 0.05 and 0.1.)

14
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75

Note: Enter only the numerical value in this field. Do not enter the
associated units as separate Tolerance Range tabs are provided
for MMGS and IPS unitary systems.

iii. After you input a tolerance range limit, click on the Add Tolerance

Range button command ‘ﬂ

iv. The tolerance range limit you had input will be listed in the
Tolerance Range list of this dialog box. Repeat Steps i. and ii. for all
remaining unique tolerance range limits. The Tolerance Range list
will automatically sort and display the tolerance range limits in
ascending order of value.

Note: When adding multiple tolerance range limits in this dialog box, it
is not necessary to add the limits in ascending or descending
order of value. The Tolerance Range list will automatically sort
and list the input values in ascending order from top to bottom
row.

v. In case you accidentally input an incorrect tolerance range limit, you
can delete its entry from the Tolerance Range list by selecting the
entry with a single mouse-click and pressing the Delete button.

vi. After all tolerance range limits have been input, click on the OK
button in the Range dialog box.

The Range dialog box will close and the new Tolerance Ranges

defined will be listed in ascending order in the Tolerance Based
Conditions grid of the Tolerance Range tab.

Special Case: Inputting only one single Tolerance limit

A lower and upper limit is required to define a tolerance range. If you
press the OK button when only one limit is listed in the Tolerance Range
list, then the value of zero will be assigned as the lower limit and the
Tolerance range limit entered will be assigned as the upper limit the
subsequent Tolerance Range.

Given on the next page is a flowchart that summarizes the concepts
explained in this chapter viz. how to assign Tolerance Ranges and

associated Machining Strategies using the Tolerance Based Machining —
Settings dialog box.

Assigning Tolerance Ranges & Associated Machining Strategies
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Flowchart: Assigning Tolerance Ranges & Strategies

Open the Mill part model
to be machined.

Is
MBD data or
PMI data embedded
in the part model to

Click on the Tolerance Based
Machining - Settings
command on the SW CAM -
TBM Command Manager.

3

A 4

The Tolerance
Based Machining -
Settings dialog box

will be displayed.

Ensure that the MBD data
and/or PMI data is
embedded in this part
model to be machined.

Tolerance Ranges
been defined for the
selected Feature

the tolerance
ranges defined for

per your
requirements?

the selected feature type as

Do
you want to
define Tolerance
ranges in MMGS units
or IPS units?

Click on the Tolerance
Range (mm) tab.

units

IPS units

Click on the Tolerance

Range (inch) tab.

Use the displayed Range
dialog box to edit/define

Yes

> Click on the Edit
Tolerance Range button.

\ 4

the tolerance ranges and
click on the OK button.

Click on the OK button
to close the
Tolerance Based
Machining - Settings
dialog box.

Yes

LL—__/

Assign/edit the Nominal
Strategy, Undersize
Strategy and Oversize
Strategy for the tolerance
ranges.

Have
tolerance
ranges been defined
for all the desired feature
type as per your
requirements?

No
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3. Tutorial 1: Machining a Solid Part
based on Tolerance Ranges

This tutorial illustrates how to machine a mill part containing embedded
MBD data using the SOLIDWORKS CAM TBM functionality to assign
machining strategies based on tolerance ranges defined for the 2.5 Axis Mill
features.

Before proceeding with this tutorial, ensure that you have understood the
concepts explained in Chapter 2 of this document.

Step 1: Open the tutorial part model

Launch SOLIDWORKS CAM application as an Add-In within the
SOLIDWORKS application.

Click on the File menu of SOLIDWORKS application and select the Open
menu option.

The File Open dialog box will be displayed. Browse to the following
folder location:

C:\Users\Public\Documents\SOLIDWORKS\SOLIDWORKS 202x\CAM
Examples\TBM_SampleParts\Tutorials Parts

Select the TBM_Tutorial_1.SLDPRT file and click on the Open button.

The selected tutorial solid model part will be displayed in the graphics
area of the SOLIDWORKS application.

TBM_Tutorial_1.SLDPRT

Tutorial 1: Machining a Solid Part based on Tolerance Ranges
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vi. Observe that this part model has three rectangular pockets and a
Counterbore hole feature. Also observe that the dimensions and
tolerance limits have been defined for each of the three rectangular
pocket features.

Step 2: Defining Tolerance Ranges for the features

In this step, we will use the parameters within the Tolerance Based Machining -
Settings dialog box to assign different tolerance ranges for the different
feature types and then specify the machining strategies for each tolerance
range defined.

i. On the SOLIDWORKS CAM Command Manager, click on the Tolerance

Based Machining command button gﬂ.
ii. The SOLIDWORKS CAM TBM Command Manager will be activated. Click

on the Tolerance Based Machining - Settings {'3'} command on this
Command Manager.

iii. The Tolerance Based Machining — Settings dialog box will be displayed.
In this tutorial, the dimensions and tolerance limits are expressed in
inches (IPS units). Hence, click on the Tolerance range (inch) tab within
this dialog box.

iv. The solid part model under consideration in this tutorial has three
rectangular pocket features. Hence, in the table of Features and
Default Strategies, click on the entry for Rectangular Pocket in order to
select it.
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M0 SOLIDWORKS CAM - Tolerance Based Machining — Settings 7 x
Tolerance Range [ mm || Tolerance Range (inch ] {150 286 Multisurface Features

Feature Drefault Strategy Tol bazed conditions

2] Hole Dvill 5

IE] Counterzink, Hole Conill 2

B o mtadare Hol Ll o

%7 Rectangular Pocket e [¢—sSelect this entry
E Circular Pocket R ough-Roughl{Rest)- Finizh 1

@ [rregular Pocket A ough-Rough(Rest)- Finizh 2

@ R ectangular Slot R ough-Rough(Rest)- Finizh I}

@ [rreqular Slat R ough-Rough{Rest)- Finizh 2

@ Rectangular Comer Slot - Rough-Roughl(Rest]- Finizh 2

@ Irreqular Corner Slot R ough-RoughlRest]- Finizh 1]

E Circular Boss Finizh 3

E Irregular Boss Finizh 3

FE Rectangular Boss Finizh 3

@ Obround Pocket Rough-Finizh 2

E Obround Boss Finizh 3

£ >

Tolerance Range Undersize Stra... MHominal Strategy Oversize Strat. .. E(())féi?gr?sBased

0to 0002 in Rough-Rough{Res... Rough-Rough(Res... Rough-Rough(Res... - corresponding to

0002 ta 1 in R augh-Finizh Raugh-Firigh Raugh-Finizh selected entry

Vi.

Vii.

Tolerance Range (inch) tab

Observe the Tolerance Based Conditions grid for the Rectangular Pocket
entry. Only two ranges have been defined. In this tutorial, the existing
Tolerance Ranges will be edited and replaced with the following four
tolerance ranges:

Lower Limit Upper Limit
Range 1 0.0 0.002
Range 2 0.002 0.02
Range 3 0.02 0.06
Range 4 0.06 1

To edit the Tolerance Ranges, click on the Edit Tolerance Range button

at the bottom left corner of the Tolerance Range tab. The Range
dialog box will be displayed. Three Tolerance limits (viz. 0.0, 0.002 and
1 are already displayed within this dialog box.

Based on the above Tolerance Range table, the new set of tolerance
ranges to be input has 5 unique values viz. 0.0, 0.002, 0.02, 0.06 and 1.
Hence, the only two tolerance limits missing in the Range dialog box are
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0.02 and 0.06. In the in the Enter Tolerance Range Limit field, input the
value 0.02 and click on the Add Tolerance Range button command ‘ﬂ

M0 Range ? pod B0 Range [4 X
Tolerance Range Tolerance Hange
1] 1]
000z 0002
1 ooz
Q.08
1

[ | | [

Ok Help 2k Help

Adding Tolerance Limits to the Range dialog box

viii.  The value 0.02 will be added to the Tolerance Range list and will be
automatically sorted and listed in ascending order within the Range
dialog box. In the in the Enter Tolerance Range Limit field, input the

value 0.06 and click on the Add Tolerance Range button command ‘ﬁ

iXx.  This value too will be automatically sorted and listed within the in
ascending order within the Range dialog box. Click on the OK button to
apply the changes and close the Range dialog box.

X. Observe the table of Features and Default Strategies. In the No. of Tol
based Conditions field for the rectangular Pocket feature, the value
has changed from 2 to 4 indicating that four tolerance ranges are now
defined for the Rectangular Pocket feature.

xi. Observe the Tolerance Based Conditions grid. Of the four tolerance
ranges listed, three are new ranges. For all these new tolerance
ranges that have been defined, the machining strategy assigned to the
Undersize Strategy, Nominal Strategy and Oversize Strategy are the
same as the default strategy for the Rectangular Pocket feature.
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Tolerance Range [ mm |

M0 SOLIDWORKS CAM - Tolerance Based Machining — Settings ? X

Tolerance Range (inch] |50 286 Multizurface Features

Feature Drefault Strategy Tol bazed conditionz

@] Hole Drill 5

E] Counterzink Hole Corill 2

E] Counterbore Hole Crill 2

@ Rectangular Pocket LFh:uugh Fh:uugh[Fiest] Flnlshl 4

@ Circular Pocket Rough- Fh:uugh[Fiest] Finizh 1

@ Iregular Pock.et Rough-Rough[Rest)- Finizh 2

@ Rectangular Slat Raough-RoughlRest)- Finish I}

@ Imegular Slot Rough-Rough(Rezt)- Finizh 2

@ Rectangular Comer Slot Rough-RoughlRest]- Finish 2

@ Inegular Corner Slot Fiough-Fough(Fest)- Finizh 1]

E Circular Boss Firizh 3

E Iregular Boss Firizh 3

E Rectangular Boss Firizh 3

@ Obround Pocket Fough-Finish 2

@ Obround Boss Firizh 3

£ >
Tolerance Flange Underzsize Stra... Mominal Strateg_y Oversize Shrat.._.
0 to 0002 in Fough-Rough(Fes:... Rough-RoughlRes... Rough-Rough(Res...
CLO ko LOE e SPaTa SV T TR TP 14T TR = 1=1K 1= =M =117 —
0.02 ta 005 in Rough-Rough(Res... Rough-RoughlRes... Rough-Rough(Res...
N0EtoTin Rough-Rough{Resz... Rough-Rough{Resz... Rough-RoughRes...

Strategies assigned to the New Tolerance Ranges

Strategies assigned
are the same as the
Default Strategy

Step 3: Reassigning Strategies for Tolerance Ranges

In this step, some of the machining strategies assigned to the Tolerance
Ranges for the rectangular Pocket feature will be reassigned.

In the Tolerance Based Conditions grid, highlight the first range viz. 0.0 to

0.002in.

For this selected entry, click on the Undersize Strategy field and select
Coarse from the dropdown list.

Tolerance Range Underszize Stra... Mominal Strategy  Oversize Strat...
0ta 0.002 in Fiough-Flough(Fe: ~ | Rough-Rough(Res... Rough-RoughlRes...
0.002 bo 0.02 in Fough-FouahiRest)- Finish  rFinish R ough-Firizh
0.02 to 0.0 in -Rough(Res... Rough-Rough(Res...
. Fine i -
Q0G0 1 in Rough FoughlRes.. Rough-RoughlRes...
Finizh
R ough-Finizh
R ough-Finizh-E dgeBreak
< >

Reassigning the Undersize Strategy for a selected Tolerance Range

Tutorial 1: Machining a Solid Part based on Tolerance Ranges
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iii.  Next, highlight the last range viz. 0.6 to 1 in. For this selected entry,
click on the Oversize Strategy field and select Rough-Finish from the

dropdown list.

Tolerance Range Undersize Stra...  Nominal Strategy Owversize Strat._.
0 to 0002 in Fough-Rough(Fes... Rough-Rough(Fes... Rough-Rough(Res...
0.002 ko 0.02 in Rough-Finizh R ough-Finizh R ough-Finizh
0.02 ta 0.0E in Fough-Rough(Fes... Rough-Rough(Fes... Rough-Rough(Fes...
Q06T in Fough-RoughlRes.. Rough-RoughlRes.. | Rough-Fough(Fe: ~
R ough-FoughlFest]- Finish
Coarze
Fine
R ough
£
Finizh
& R ough-Finizh-E doeBreak
About... k. Cloze Help

Reassigning the Oversize Strategy for a selected Tolerance Range

iv. The desired machining strategies have now been assigned to all the
Tolerance Ranges for the Rectangular Pocket feature. Click on the OK
button to close the Tolerance Based Machining — Settings dialog box.

Step 4. Execute the ‘Run Tolerance Based Machining’

Command
i. On the SOLIDWORKS CAM TBM Command Manager, click on the Run

Tolerance Based Machining " command.

ii. Executing this command opens the Tolerance Based Machining — Run
dialog box. The Run tab provides checkbox options to select the
processes to be executed.

iii.  In this tutorial, machining strategies are to be assigned to 2.5 Axis Mill
Features based on Tolerance Ranges. Hence, place a check in the
checkbox labelled Recognize tolerance range.

Note: Placing a check in the Recognize tolerance range checkbox
activates the Tolerance Range tab. How to interpret the information
in the Tolerance Range tab is explained in the next section:
Interpreting the information in the Tolerance Range tab.
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Vi.

B0 SOLIDYWORKS CAM — Talerance Based Machining - Run 7 >
Run Talerance Range [ inch |
Options

Recognize tolerance range

Recagnize 150 286 limitz and fik:

[] Recognize multizurface features based on surface finish

Apply color to multizuface features

Run fallowing process
Automatic Feature Fecognition
Generate Operation Plan
[[] Sort Operatian

[ ] Generate Toalpath

Run tab of Tolerance Based Machining — Run dialog box

The options to machine Hole and Circular Boss features based on ISO
286 Strategy Conditions is not applicable in when IPS units are used.
Hence the Recognize ISO 286 limits and fits option is greyed out.

The solid model part under consideration in this tutorial does not have
any multisurface features. Hence the option Recognize multisurface
features based on surface finish will not be checked.

The Recognize tolerance range option to assign machining strategies to
2.5 Axis Mill Features will work only if 2.5 Axis Mill Features for the
solid part model under consideration have been recognized and listed
in the SOLIDWORKS CAM Feature tree. If the case of this tutorial part,
the features have not been recognized and listed in the SOLIDWORKS
CAM Feature tree. Use any one of the following options to recognize the
2.5 Axis Mill features:

a. Place a check in the Automatic Feature Recognition checkbox
within the Run tab. (This will ensure that 2.5 Axis Mill features
are recognized first and then machining strategies are assigned
based on the tolerance ranges defined for the recognized
features.)

b. Switch to the Tolerance Range tab within this dialog box and click

on the Extract Machinable Features |@| command button at the
bottom left corner of the tab. (Executing this command will

Tutorial 1: Machining a Solid Part based on Tolerance Ranges
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immediately recognize all the 2.5 Axis Mill Features on the solid
part and list them in the SOLIDWORKS CAM Feature tree.)

For the purposes of this tutorial, the first option will be exercised viz.
the Automatic Feature Recognition checkbox within the Run tab will be
checked.

vii. In the Run tab, you can optionally choose to generate the operations
based on the machining strategies that will be assigned to the features
listed in the SOLIDWORKS CAM Feature tree by placing a check in the
Generate Operation Plan checkbox.

viii.  Similarly, you can place checks in the Sort Operation and Generate
Toolpath check boxes if required. In this tutorial, these checkboxes
won't be checked.

ix. Click on the OK button to close this dialog box and execute the
command.

Note: Whenever the Run Tolerance Based Machining command is
executed, the Run tab of the Tolerance Based Machining — Run
dialog box will retain the settings for the checkboxes from the
previous execution of the command.

x. It will take a few seconds for the executed command to recognize the
features and the matching tolerance ranges. Observe the
SOLIDWORKS CAM Feature tree. All the 2.5 Axis Mill features on the
solid part model have been successfully recognized and the correct
machining strategies have been assigned.

Analyzing how the Machining Strategies have been
assigned

Let us now analyze the logic behind how the machining strategies were
assigned to the four 2.5 Axis Mill Features recognized on the solid part
model under consideration.

On the SOLIDWORKS CAM TBM Command Manager, once again click on the

Run Tolerance Based Machining M‘I‘; command to view the Tolerance Based
Machining — Run dialog box. In the Run tab of this dialog box, observe that
checkboxes that were checked during the previous execution of the
command have been retained.

Interpreting the information in the Tolerance Range tab

Click on the Tolerance Range (inch) tab within this dialog box. This tab is
displayed in the Tolerance Based Machining — Run dialog box only when the
Recognize tolerance range checkbox in the Run tab is checked.
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| &8
Run Tolerance Range (inch )
Feature Default Strategy Identified Conditions
' Hale Diill 0
‘ IEj Counterzink Hole Cirill 1]
IEj Counterbore Hole Crill 1]
@ Fectangular Pocket Fiough-FoughlF est]- Finizh 3
@ Circular Pocket R ough-Fough(F est)- Finish 1]
@ [rregular Pocket R ough-Fough(F est)- Finizh 1]
@ Rectangular Slat R ough-Fough(F est)- Finizh 1]
@ [rregular Slot Rough-Rough(R est)- Finizh 1]
@ Rectangular Caorner Slat Rough-Rough[R est]- Finish 1]
@ Iregular Corner Slot Rough-RoughlR est]- Finizh 1]
@ Circular Boss Finizh 0
@, [rreqular Boss Finizh o
L_&% Rectangular Boss Finizh o
@ Obround Pocket Rough-Firizh 0
@ Obround Boss Firizh 0
£ >
Tolerance rangels] available in the cument part
Tolerance Bange Underzize Stra...  HNominal Strategy Owverzize Strat.___
Oto 0.002in(1.0.0) Rough-Rough(Res.. Rough-Rough(Res.. Rough-Rough(Res..
0002 ta 0.02 in [0, ... Rough-Finizh R ough-Finizh Rough-Finizh
002t 0.068in ([0, 0.. Rough-Rough(Res.. Rough-RoughlRes.. Rough-Rough{Res...
0Bt 1in(0, 0,01 Rough-Rough(Res.. Rough-RoughlRes.. Rough-Rough{Res...

Tolerance Range tab in Tolerance Based Machining — Run dialog box

The contents of this tab is almost identical to the contents of the Tolerance
Range tab in the Tolerance Based Machining — Settings dialog box but with a
key difference. The Tolerance Range tab in the Tolerance Based Machining-
Run dialog box provides additional information on the number of matches
found between the Tolerance Based Conditions listed in this tab and the
feature instances on the part being machined.

How to interpret the information in this tab is best understood via an
illustrated example. Using this tutorial as an example, the explanation of the
information displayed in this tab is given below.

Table of Features and Default strategies

Observe the table of listed features and default strategies. The last column
in the table viz. Identified Conditions indicates whether matching tolerance
ranges were found or not for the particular feature type on the part model.

e If one or more particular matching Tolerance Based Conditions have
been identified for 2.5 Axis Mill feature recognized on the solid part,
then the corresponding entry for that feature in this table will be in

Tutorial 1: Machining a Solid Part based on Tolerance Ranges
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black color font. The Identified Conditions field will indicate the number
of matching Tolerance Based Conditions.

For this tutorial part, only the entry for the Rectangular Pocket feature
will be displayed in black font color within this tab as three matching
tolerance based conditions have been identified for the rectangular
pocket features present on the solid part.

e For all 2.5 axis features that have not been recognized on the solid
part, their respective entries will be displayed in magenta color.

e For 2.5 Axis features that have been recognized on the part and listed
in the Feature tree,

- If no matching tolerance based conditions are identified, then their
respective entries will be displayed in magenta color

- If tolerance based conditions have not been defined at all, then
their respective entries will be displayed in magenta color

- If MBD/PMI data has not been assigned for those particular feature
types on the solid model part, then their respective entries will be
displayed in magenta color.

In the solid model used in this tutorial, no MBD/PMI data was
assigned to its Counterbore hole feature. Hence, entry for the
Counterbore hole feature in the table is displayed in magenta color.
The default strategy of Drill was assigned to this feature once the
feature was recognized.

e The Identified Conditions field for all Feature entries displayed in
magenta color will display the number ‘0’ indicating that no matching
tolerance based conditions were found.

‘Tolerance range(s) available in the current part’ grid

As observed in the previous section, the solid part in this tutorial has three
rectangular pocket features for which machining strategies were assigned on
the basis on matching tolerance based conditions. Highlight the Rectangular
Pocket entry in the table of features and default strategies. Observe the
corresponding Tolerance range(s) available in the current part at the bottom of
the tab.

e If a tolerance based condition listed in this grid matches with one or more
feature instances of the selected feature type on the solid part, then its
entry will be displayed in black color font within the grid.

e If a tolerance based condition listed in this grid doesn’t match with any
feature instance of the selected feature type, then its entry will be
displayed in magenta color font within the grid.
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Tolerance range(z] available in the cument part

Tolerance Hange Undersize Stra...  MNominal Strategy Owersize Strat. .
Qo 0002 in(1.0,0] Rough-Rough(Res.. Rough-RoughlRes.. Rough-Rough{Res...
0002 to 0.02 in [0, ... Rough-Finizh R ough-Finizh Rough-Finizh

002t 008 iR ([0, 0.. Rough-Rough(Res.. Rough-RoughlRes.. Rough-Rough{Res...
006t 1in(0, 0,01 Rough-RoughRes.. Rough-RoughlRes.. Rough-Finish

Tolerance range(s) available in the current part

Interpreting the Integers within parentheses adjacent to Tolerance Range field

Adjacent to the Tolerance Range value are three integer numbers separated
by commas and contained within parentheses. For the selected feature type
in the Tolerance Range tab, these humbers indicate the following:

The first number in the bracket indicates the number of feature instances
present in the Feature tree which fulfills the Tolerance Based Condition
such that the Undersize Strategy for machining will be applied.

The second number in the bracket indicates the number of feature
instances present in the Feature tree which fulfills the Tolerance Based
Condition such that the Nominal Strategy for machining will be applied.

The third number in the bracket indicates the number of feature
instances present in the Feature tree which fulfills the Tolerance Based
Condition such that the Oversize Strategy for machining will be applied.

For tolerance based conditions listed in black color font within this grid, at
least one of the integers within the parentheses will have a non-zero value
indicating a match with one or more feature instances.

Computing Mean Tolerance Values for the Features on the part

In this section, we will understand the mechanism behind how machining
strategies were assigned to the feature instances on the part for which
dimensions and tolerance limits were defined using MBD/PMI data.

Tutorial 1: Machining a Solid Part based on Tolerance Ranges

27



P
DS SOLIDWORKS CAM TBM User Guide

Computing Tolerance Range and Mean Tolerance Value for the first
Rectangular Pocket instance

@ SOLIDVMVORES CAM MC Manager
EEI--% Configurations

..... T Machine [Mill - Inch]
) Stock Manager6061-T6]
=2 Mill Part Setupl
..[[g3) Counterbore Holel [Drill]
Rectangular Pocketl [Rough-RoughiRest)- Finish]l
Rectangular Pocket? [Rough-Finish)
Rectangular Pockets [Rough-ReughiRest)- Finish]
----- ﬁ Recycle Bin

Rectangular Pocket Feature instance in Rectangular Pocket feature on
SOLIDWORKS CAM Feature tree the solid part

For the above rectangular pocket feature, the dimension is 2.25 inches, the
upper tolerance limit is 0.03 inches and the lower tolerance limit is -0.01
inches.

The tolerance range is difference between upper and lower limits of the
feature. In this case, it would be [0.03- (-0.01)] which is equal to 0.04
inches.

The mean tolerance value is the sum of the upper and lower tolerance limits
of the feature divided by 2. In this case, it would be [(-0.01+0.03)/2] which
is equal to 0.01 inches.

Based on this information, the tolerance range of 0.04 inches computed for
this Rectangular Pocket feature instance falls within the tolerance range
defined for the third Tolerance Based Condition entry. As the mean tolerance
value is a positive value, the Oversize Strategy assigned to this tolerance
based condition will be assigned to the Feature instance when the TBM
command to assign machining strategies based on tolerance ranges is
executed.

Talerance ranage(z] available in the curent part

Tolerance Range Undersize Stra... Mominal Strategy  Owversize Strat. ..
Qo 0002 in(1.0,0] Rough-Rough(Res.. Rough-RoughlRes.. Rough-Rough{Res...
0.002 to 0.02 in [0, ... Rough-Finish R ough-Finizh B ough-Finigh

002t 0.08 iR [0, 0... | Rough-Rough(Res... Rough-RoughlRes.. | Rough-RoughiRes...
Leto T (U 0, U Rough-RoughlRes.. Rough-RoughlRes.. Bough-kinish

Matching Tolerance Based Condition for first Rectangular Pocket Instance
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Computing Tolerance Range and Mean Tolerance Value for the second
Rectangular Pocket instance

@ SOLIDWADRES CAR M Manager
Ej--% Configurations

-RE) Stock Manager[6061-T6]
=1-&8 Mill Part Setupl
@ Counterbore Holel [Drill]

----- Fest]

Fectangular Pocket]l [Rough-Rough(

bm| Rectangular Pocket? [Rough-Finish]
: Hectangular Pockets [Rough-RoughiRest)- Finish)

L_225 20.005 |

----- ij Recycle Bin
Rectangular Pocket Feature instance in Rectangular Pocket feature on
SOLIDWORKS CAM Feature tree the solid part

For the above rectangular pocket feature, the dimension is 2.25 inches, the
upper tolerance limit is 0.005 inches and the lower tolerance limit is -0.005
inches.

The tolerance range is difference between upper and lower limits of the
feature. In this case, it would be [0.005- (-0.005)] which is equal to 0.01
inches.

The mean tolerance value is the sum of the upper and lower tolerance limits
of the feature divided by 2. In this case, it would be [(-0.005+0.005)/2]
which is equal to 0 inches.

Based on this information, the tolerance range of 0.01 inches computed for
this Rectangular Pocket feature instance falls within the tolerance range
defined for the second Tolerance Based Condition entry. As the mean
tolerance value is zero, the Nominal Strategy assigned to this tolerance
based condition will be assighed to the Feature instance when the TBM
command to assign machining strategies based on tolerance ranges is
executed.

Tolerance range(z] available in the curment part

Tolerance Bange Underzize Stra...  Nominal Strategy Owverzize Strat.___
Mo 000 s A 0 0L FRough-FoughlFes.. Bough:BoughlBes:.. Rough-FRoughlFes...
0002 ta 0.02 in (0, ..] Rough-Finish R ough-Finizh Rough-Finizh

Q02 o 008 R [0, 0., Rough-Rough(Res.. Rough-RoughlRes.. Rough-Rough{Res...
Q06T in(0, 0,01 Rough-Rough(Res.. Rough-RoughlRes.. Rough-Finish

Matching Tolerance Based Condition for second Rectangular Pocket Instance
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Computing Tolerance Range and Mean Tolerance Value for the third
Rectangular Pocket instance

@ SOLIDWMVORKS CAM M Manager
EEI"% Configurations
..... T Machine [Mill - Inch]
-[F) Stock Manager{6061-T6]
-8 Mill Part Setupl
@ Counterbore Holel [Dirill]
Rectangular Pocketl [Rough-Rough(Rest)- Finish]
Rectangular Pocket? [Rough-Finish]
tom| Rectangular Pocket3 [Rough-Rough(Rest)- Finish]
----- &) Recycle Bin

Rectangular Pocket Feature instance in Rectangular Pocket feature on
SOLIDWORKS CAM Feature tree the solid part

For the above rectangular pocket feature, the dimension is 1.5 inches, the
upper tolerance limit is 0 inches and the lower tolerance limit is -0.001
inches.

The tolerance range is difference between upper and lower limits of the
feature. In this case, it would be [0- (-0.001)] which is equal to 0.001
inches.

The mean tolerance value is the sum of the upper and lower tolerance limits
of the feature divided by 2. In this case, it would be [(-0.001+0)/2] which is
equal to -0.0005 inches.

Based on this information, the tolerance range of 0.001 inches computed for
this Rectangular Pocket feature instance falls within the tolerance range
defined for the first Tolerance Based Condition entry. As the mean tolerance
value is a negative value, the Undersize Strategy assigned to this tolerance
based condition will be assighed to the Feature instance when the TBM
command to assign machining strategies based on tolerance ranges is
executed.

Tolerance range(z] avallable in the curment part

Tolerance Range Undersize Stra... Mominal Strategy  Oversize Strat...
Ot 0002 in (1.0, 0] | Rough-Rough(Res... | Rough-RoughlRes... Rough-Rough{Res...
LAJL8 8P T LN T U8 R = { W % ST ] Rough-Finizh Fough-Finish

D02t 008 in [0, 0.. Rough-Rough[Resz.. Rough-RoughlRes.. Rough-RoughlRes..
Q061 in(0.0,00  Rough-RoughlRes.. Rough-RoughlFRes.. Rough-Finish

Matching Tolerance Based Condition for third Rectangular Pocket Instance
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Reassigning the Machining Strategies

After the execution of the Run Tolerance Based Machining command, if you
want to change the machining strategies assigned to the feature instances
based on their tolerance ranges, you can do so by changing the strategies in
the Tolerance Range tab of the Tolerance Based Machining — Run dialog box.

Execute the Run Tolerance Based Machining E'l“ﬁ command on the
SOLIDWORKS CAM TBM Command Manager to view the Tolerance Based
Machining — Run dialog box. Click on the Tolerance Range tab and select the
desired Feature type. The corresponding tolerance based conditions will be
displayed in the Tolerance range(s) available in the current part grid at the bottom
of the tab.

To change an assigned strategy, click on the corresponding Undersize
Strategy, Nominal Strategy or Oversize Strategy field and assign the desired
machining strategy from the dropdown list. Switch to the Run tab of the
dialog box and click on the OK button. The machining strategies for feature
instances with matching tolerance based conditions will be reassigned based
on the new settings.

Tutorial 1: Machining a Solid Part based on Tolerance Ranges
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4. ASSIGNING MACHINING STRATEGIES BASED
ON ISO 286

What is ISO 2867

ISO 286 is an internationally used standard that provides standard tolerance
classes and limit deviations for Holes and Circular boss features based on
their nominal dimensions. It helps the manufacturer to machine the parts
with specified limit deviations as given by the engineer(s).

How does ISO 286 fit with SOLIDWORKS CAM TBM?

SOLIDWORKS CAM TBM provides a functionality wherein you can choose to
machine Hole and Circular Boss features present on a 3D part model based on
ISO 286 Strategy Conditions (where machining strategies are assigned based
on Size Ranges and Tolerances values as defined in ISO 286).

It is provided in the form of the ISO 286 tab in the Tolerance Based Machining
— Settings dialog box.

In order to machine Hole and Circular Boss features using this functionality,
ensure that the following conditions are fulfilled:

i. MBD/PMI data is assigned for the Hole and Circular Boss features
present on the part model to be machined.

ii. The Unit system selected in SOLIDWORKS is a Metric based one
(preferably MMGS units). [This is necessary as ISO 286 Standard is
not supported for IPS unit system.]

iii. The necessary ISO 286 Strategy Conditions are defined in the ISO 286

tab of the Tolerance Based Machining — Settings dialog box for Hole
and/or Circular Boss features.

iv. ~When you execute the Run Tolerance Based Machining command %,
the Recognize I1SO 286 limits and fits option in the Run tab of Tolerance
Based Machining — Run dialog box is checked.

An illustrative tutorial explaining how to machine holes using the ISO 286
standard in provided in the next chapter.

ISO 286 tab of Tolerance Based Machining — Settings
dialog box
When you click on the Tolerance Based Machining — Settings command button

{é} on the SOLIDWORKS CAM TBM Command Manager, the Tolerance Based
Machining — Settings dialog box is displayed. Use the ISO 286 tab of this
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dialog box to define ISO 286 Strategy Conditions for Hole and Circular Boss
features.

M SOLIDWORKS CAM — Tolerance Based Machining — Settings ? x
Tolerance Fange [ mm ] Tolerance Fange [inch | 150 286 |Mu|tisurfau:e Features
Feature Drefault Strategy Tol bazed conditions
Hale Diill 3
[E Circular Boss Finizh E
Deszignation Size Hange Tolerance ¥alue Strategy
F7 B to 10 mm 0.013 to 0.028 mm Ream
F7 10to 18 mm 0.01E to 0.034 mm Ream
F7 18 to 30 mm 0.02 to 0.041 mm Corill

ISO 286 tab of Tolerance Based Machining - Settings dialog box

Table of Features and Default Strategies in the ISO 286 tab
Feature

The Feature column lists the two feature types covered by ISO 286 viz.
Hole and Circular Boss features.

- If ISO 286 Strategy Conditions have not been defined for a particular
feature type, then the font color for that particular feature type’s entry
within this tab will be magenta in color.

- If ISO 286 Strategy Conditions have been defined for a particular feature
type, then the font color for that particular feature type’s listing within
this tab will be black in color.

Default Strategy

For every feature type listed in the ISO 286 tab, the corresponding entry
in the Default Strategy field indicates the default machining strategy
assigned for that feature in the Technology Database.

On executing the Run Tolerance Based Machining command, the Default
Strategy will be applied to the specific instances of Hole and Circular Boss
features present on the solid part in the following cases:

e [SO 286 Strategy Conditions have not been defined at all in the ISO 286
tab for the Hole or Circular Boss feature. (Such a feature can easily be
identified by the magenta font color of its entry within the 1SO 286 tab.)

e The feature instances do not fulfill any of the ISO 286 Strategy Conditions
defined in the ISO 286 tab.

Assigning Machining Strategies Based on ISO 286



P
DS SOLIDWORKS CAM TBM User Guide

No. of ISO 286 Strategy Conditions

For the Hole and Circular Boss feature types listed in the ISO 286 tab, the
corresponding entry in the No. of ISO 286 Strategy Conditions field
indicates the number of ISO 286 Strategy Conditions defined for that
particular feature type.

ISO Strategy Conditions grid

When the Hole or Circular Boss feature is selected in the 1ISO 286 tab, the
corresponding ISO 286 Strategy Conditions will be displayed below the table.
Use this grid to view/edit the machining strategies for the selected feature
type.

For the selected feature, this grid lists all those ISO 286 Designations, Size
Ranges and corresponding Tolerance values for which machining strategies
have been assigned.

The number of entries (rows) in this grid is equal to the number indicated in
the No. of ISO 286 Strateqgy Based Conditions field for the selected feature.

Designation

This field indicates the designation for ISO 286 Tolerance limits. Within
this grid, this is a read-only value.

e ISO Hole Tolerance limits are designated with upper case letters.
e ISO Shaft (Circular Boss) Tolerance limits are designated with lower
case letters.
Size Range
This field indicates the Size Range (in millimeters) within which the
nominal dimensions of the feature instance being machined must fall in

order for the 1SO 286 Strategy Condition to be applied. Within this grid, this
is a read-only value.

Note: Using the SOLIDWORKS CAM TBM plug-in, you can define 1ISO 286
Strategy Conditions only for those Hole and Circular Boss features
whose dimensions fall within the size range of 3 mm to 400 mm.

Tolerance Values

This field indicates the Tolerance Range (in millimeters) associated with
the defined Size Range as per the ISO 286 standard. Within this grid, this
is a read-only value.

Strategy

This field indicates the machining strategy that will be applied to the
feature being machined if it fulfills the ISO 286 Strategy Condition. You can
also assign user-defined strategies from this dropdown list provided they
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have been added to the Technology Database for the selected feature
type.

When you click on the specific Strategy field, a dropdown list of all
machining strategies defined in the Technology Database for that
particular feature type will be displayed. You can reassign the Strategy by
selecting the desired from this dropdown list. The changes will be saved
when you click the OK button of the Tolerance Based Machining - Settings
dialog box.

Add ISO 286 Strategy Conditions button

Clicking on the Add ISO 286 Strategy Conditions button ‘ﬂ at the bottom
left corner of the tab opens the Add ISO 286 Strategy Conditions dialog box.
Use this dialog box to add ISO 286 based strategy conditions.

Steps to add/edit/delete ISO 286 based Strategy
Conditions

Editing an ISO Strategy Based Condition/ Reassigning Machining
Strategies

For an ISO 286 Strategy Condition listed in the 1SO 286 Strategy Condition
grid, only the machining strategy assigned in the Strategy field can be edited
as all the other parameters are read-only values.

When you click on the specific Strategy field, a dropdown list of all machining
strategies defined in the Technology Database for that particular feature
type will be displayed. You can reassign the Strategy by selecting the desired
from this dropdown list. The changes will be saved when you click the OK
button of the Tolerance Based Machining - Settings dialog box.

Deleting an ISO 286 Strategy Based Condition

In the ISO Strategy Conditions grid, delete any unwanted entries. To delete
an ISO 286 Strategy Condition listed in this grid, select the entry using a left
mouse click and press the Delete button on the keyboard.

Adding an ISO 286 Strategy Condition in the ISO 286 tab

Following are the steps to add an ISO 286 Strategy Condition to the ISO 286
Strategy Conditions grid in the ISO 286 tab for a Hole or Circular Boss
feature:

1. In the ISO 286 tab of the Tolerance Based Machining — Settings dialog
box, select the feature (Hole or Circular Boss) in the table of Features

Assigning Machining Strategies Based on ISO 286
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& Default Strategies for which the ISO 286 Strategy Condition is to be

added.

2. Click on the Add ISO 286 Strategy Conditions button command ‘i| at the
bottom left corner of the tab.

3. The Add ISO 286 Strategy Conditions dialog box will be displayed.

M0 Add 150286 Strateqy conditions ? >
Designation : | Eg -
Size: | 3toBmm w
SOLIDWORKS Cabd Strategy ;| Dril o
Add Cloze Help

Add ISO 286 Strategy Conditions dialog box

4. Using the parameters in this dialog box, select settings for the new
strategy condition as follows.

Vi.

Select the Designation, Size and Strategy using the respective
dropdown list to define an ISO 286 Strategy Condition.

Click on the Add button of this dialog box to add the strategy
condition to the ISO 286 Strategy Conditions grid.

After addition of the new strategy condition, the Add ISO 286
Strategy Conditions dialog box will still remain open, thus allowing
you to add entries for new ISO 286 Strategy Conditions without
the need to reopen the dialog box multiple times.

Once you have added all the desired ISO Strategy Conditions,
click on the Close button to exit this dialog box.

The ISO 286 Strategy Conditions grid will be populated with the
customized Strategy conditions that you have defined.

Click on the OK button to apply these changes/additions and
close the Tolerance Based Machining - Settings dialog box.

Strategy applied when both Tolerance Based
Conditions & ISO 286 Strategy Conditions are defined

For Hole and/or Circular Boss features, if Tolerance based conditions are
defined in the Tolerance Range (mm) tab and I1SO 286 Strategy Conditions are
defined in the ISO 286 tab of Tolerance Based Machining — Settings dialog box,
then the machining strategy that would be applied to the hole/circular boss
feature instances listed in the SOLIDWORKSCAM Feature tree on executing
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the Run Tolerance Based Machining command will depend on the settings in
the Run tab of Tolerance Based Machining — Run dialog box.

M0 SOLIDWORKS CAM — Talerance Based Machining — Run ? >
Run Tolerance Range [mm ] |50 236

Options

Recognize tolerance range

Recogrize 150 286 limitz and fits

[] Recogrize multisurface features based on surface finish

Apply color to multisuface features

Options within the Run tab that affect the Machining Strategies assigned to Hole and
Circular Boss Features

« If the Recognize tolerance range option is checked but Recognize I1SO limits
and fits option is not checked, then the instances of the Hole and
Circular Boss features will be machined as per the Tolerance based
conditions defined for these features in the Tolerance Range (mm) tab.

« If the Recognize ISO limits and fits option is checked but the Recognize
tolerance range option is not checked, then instances of the Hole and
Circular Boss features will be machined as per the ISO 286 Strategy
Conditions defined for these features in the I1SO 286 tab. If the size of
the feature instance to be machined doesn’t match the limits and fits
defined for any one of the ISO Strategy Conditions in the ISO 286 tab,
then the default machining strategy (as defined in the Technology
Database) will be applied.

« If both the Recognize tolerance range and Recognize ISO limits and fits
options are checked, then instances of the Hole and Circular Boss
features will be machined as per the ISO 286 Strategy Conditions defined
for these features in the ISO 286 tab. However, if the size of the
feature instance to be machined doesn’t match the limits and fits
defined for any one of the ISO Strategy Conditions in the 1SO 286 tab,
then the feature will be machined as per the Tolerance based conditions
defined in the Tolerance Range (mm) tab for that feature type. If a
matching Tolerance Based Condition is not found, then the default
machining strateqgy (as defined in the Technology Database) will be
applied to the feature instance.

Given on the next page is a flowchart that summarizes the concepts
explained in this chapter viz. how to assign ISO 286 Strategy Conditions in

the ISO 286 tab of the Tolerance Based Machining — Settings dialog box.
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Flowchart: Assigning ISO 286 Strategy Conditions
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5. TUTORIAL 2: MACHINING A PART BASED ON

|ISO 286 STRATEGY CONDITIONS

This tutorial illustrates how to machine a mill part (which has multiple
instances of the hole feature and contains embedded MBD/PMI data) using
the SOLIDWORKS CAM TBM functionality to assign machining strategies
based on ISO 286 Strategy Conditions.

Before proceeding with this tutorial, ensure that you have understood the
concepts explained in Chapter 4 of this document.

Step 1: Open the tutorial part model

Launch SOLIDWORKS CAM application as an Add-In within the
SOLIDWORKS application.

Click on the File menu of SOLIDWORKS application and select the Open
menu option.

The File Open dialog box will be displayed. Browse to the following
folder location:

C:\Users\Public\Documents\SOLIDWORKS\SOLIDWORKS 202X\CAM
Examples\TBM_SampleParts\Tutorials Parts

Select the TBM_Tutorial 2.SLDPRT file and click on the Open button.

The selected tutorial solid model part will be displayed in the graphics
area of the SOLIDWORKS application.

7

.,
&7

f\
Y

N/

TBM_Tutorial_2.SLDPRT

Tutorial 2: Machining a Part Based on ISO 286 Strategy Conditions
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Step 2. Execute the Extract Machinable Features

Command

i. Ensure that the Unit System selected for SOLIDWORKS is MMGS. (The
ISO 286 functionality in SOLIDWORKS CAM TBM plug-in is not available
in IPS Unit System.)

ii. Click on the Extract Machinable Features command @ on the
SOLIDWORKS CAM Command Manager.

iii.  All 2.5 Axis Mill Features present on the tutorial part will be recognized
and listed in the SOLIDWORKS CAM Feature tree. Observe that an
irregular slot, an irregular pocket, a hole and three Hole group features
have been identified and listed in the Feature tree. The machining
strategies assigned to these features are indicated in square brackets
adjacent to the feature name. These strategies have been assigned on
the basis of the default strategies assigned to these features in the
Technology Database.

G BB ¢ € W E T
[[) SOLIDWORKS CAM NC Manager
+{|_F@ Configurations
..... T Machine [Mill - metric]
-JE) Stock Manager{1005]
-2 Mill Part Setupl

@ Irregular Sletl [Rough-ReughiRest)- Finish]
@ Irregular Pocketl [Reugh-Rough(Rest)- Finish)

@) Holel. [Drill Delete these
+® Hole Groupl [Drill] features

+1. g8 Hole Group2 [Drill]
+-{gg Hole Group3 [Drill]
..... g_'j Recycle Bin

Features listed in the SOLIDWORKS CAM Feature tree

iv. In this tutorial, only the hole features will be machined based on
machining strategies assigned as per ISO 286 Strategy Conditions.
Hence, delete the Irregular Slot and Irregular Pocket features from the
SOLIDWORKS CAM Feature tree.
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G| E R ¢ @ S E T
[[) SOLIDWORKS CAM MNC Manager
+i% Configurations
..... T Machine [Mill - metric]
-JE) Stock Manager{1005]
&2 Mill Part Setupl

..[[@) Holel [Drill]

(g8 Hole Groupl [Drill]
[ Hole Group2 [Drill]
+1- (g8 Hole Group3 [Drill]

+-&) Recycle Bin

SOLIDWORKS CAM Feature after deletion of Irregular Slot and Irregular Pocket features

v. The tutorial part has a multiple hole feature instances (1 hole feature
and three hole groups). MBD/PMI data has been assigned to the Holel
feature as well as one instance of the hole feature in each of the hole
group features. Given in the table on the next page is a table with the
corresponding details.

Name of ISO 286 Diameter of the | Number of instances of the
Feature Designation | Hole Instance Hole Feature on the part
Holel G6 15 mm 1

Hole Groupl | H6 45 mm 4

Hole Group2 | H7 100 mm 2

Hole Group3 | G8 6 mm 4

Details of the Hole Feature Instances present in the Tutorial part

In this tutorial, using the SOLIDWORKS CAM TBM plug-in, the machining
strategies assigned to all the hole feature instances will be reassigned based
on ISO 286 Strategy Conditions.

Step 3: Open the ISO 286 tab

In this step, we will use the parameters within the ISO 286 tab of the
Tolerance Based Machining - Settings dialog box to add/edit ISO 286 Strategy
Conditions for Hole feature.

i. On the SOLIDWORKS CAM Command Manager, click on the Tolerance

Based Machining command button %.

ii. The SOLIDWORKS CAM TBM Command Manager will be activated. Click
on the Tolerance Based Machining - Settings & command on this
Command Manager.

iii. The Tolerance Based Machining — Settings dialog box will be displayed.
Click on the 1SO 286 tab.

Tutorial 2: Machining a Part Based on ISO 286 Strategy Conditions
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iv. The solid part model under consideration in this tutorial has multiple
instances of hole features (and no circular boss features or any other
2.5 Axis Mill Features). Hence, in the table of Features and Default
Strategies, click on the entry for Hole in order to select it.

v. The ISO 286 Strategy Conditions associated with the Hole feature will be
displayed in the ISO 286 Strategy Conditions grid.

M SOLIDWORKS CAM — Tolerance Based Machining — Settings ? *
Tolerance Fange [mm ] Tolerance Fange | inch ]| 150 286 | Multisuface Features

Feature D efault Strateqy T ol bazed conditiong
Hale Dl 3 <—Select this entry

Circular Boss Finizh B
Designation Size Range Tolerance ¥Yalue Strategy
ISO 286 Strategy
F? B to 10 mm 0.013 to 0.028 mm Ream L_ Conditions
F? 10to 18 mm 0076 bo 0,034 mm Fh?am corresponding to
F7 18 to 30 mm 0.02 to 0.041 rmm Coill selected entry
1

ISO 286 tab in Tolerance Based Machining — Settings Dialog box

Step 4: Assign ISO 286 Strategy Conditions

In this step, new ISO 286 Strategy Conditions will be added to the ISO 286
Strategy Conditions grid for the Hole Feature. Following are the steps:

i. In the ISO 286 tab of the Tolerance Based Machining — Settings dialog
box, click on the on the entry for Hole in order to select it.

ii. The ISO 286 Strategy Conditions associated with the Hole feature will be
displayed in the ISO 286 Strategy Conditions grid.

iii. Based on the MBD/PMI data defined for the Hole feature instances on
the tutorial part, the I1ISO 286 Designations and machining strategies to
be assigned to these hole features are as follows:

Name of 1SO 286 Diameter of Strategy to be Assigned
Holel G6 15 mm Drill

Hole Groupl H7 100 mm Bore

Hole Group2 | H6 45 mm Bore

Hole Group3 | G8 6 mm Drill

Machining Strategies to assigned to Hole feature instances on the tutorial part
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iv.

The ISO 286 Strategy Conditions grid does not list any of these ISO 286
Designations. Hence, these entries need to be added. To do so,
following are the steps:

a.

b.

Click on the Add Designation command button \ﬂ at the bottom
left corner of the tab.

The Add ISO 286 Strategy Conditions dialog box will be displayed. In
the Designation dropdown list of this dialog box, select G8.

In the Size dropdown list, select 6 to 10 mm. (The size range that is
selected must be one within which the diameter of the Hole feature
instance will fall into, resulting in a match.)

d. In the SOLIDWORKS CAM Strategy dropdown list, select Dirill.
e. Click on the Add button within the dialog box. The entry will be

added to the I1SO 286 Strategy Conditions grid but the Add ISO 286
Strategy Conditions dialog box will remain open.

Select the following within this dialog box to add the next entry:

Designation -> G6
Size —->10to 18 mm
SOLIDWORKS CAM Strategy = Drill

. Click on the Add button.
. Select the following within this dialog box:

Designation - H6
Size - 30 to 50 mm
SOLIDWORKS CAM Strategy - Bore
Click on the Add button.
& Add 150286 Strategy conditions (e |
Designation : |HE v|
Size: |3-I}tn 50 mm T|
CAMWworks Strategy |Eh::re "l
| Add | [ Close |

Add ISO 286 Strategy Conditions Dialog box

Select the following within this dialog box to add the next entry:

Designation -> H7
Size - 80 to 120 mm
SOLIDWORKS CAM Strategy - Bore

. Click on the Add button.

All required 1SO 286 Designations have now been added. Click on
the Close button to close this dialog box.
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v. Observe the ISO 286 Strategy Conditions grid within the ISO 286 tab.
The new entries have been added. Observe that the No. of Tol Based
Conditions field for the Hole entry too has been updated to reflect the
increased number of ISO 286 Strategy Conditions defined for the Hole

feature.
M SOLIDWORKS CAM - Tolerance Based Machining — Settings ? >
Tolerance Range [mm ] Tolerance Range [inch ] 150 286 pMulisuface Features
Feature Default Strateqgy T ol based conditions
.Ej Haole
E Circular Boss Finizh E
Designation Size Range Tolerance ¥Yalue Strateqy
F7 E to 10 mm 0.0713 to 0.028 rm Feam
F7 10t0 18 mm 0.016 to 0.034 rom Feam
F7 12 o 20 m QL0 ke 0047 pom Lill
=6 10ta 18 mm 0.006 ta 0077 rmnn Crrill
3 E ta 10 mm 0.005 ta 0027 mm Crill
HE 30 to B0 mm Qo 0016 mm Bore
H7 80 b0 120 mm 0 to 0.035 mm Bore

New designations added to the ISO 286 Strategy Conditions grid of ISO 286 tab

vi. Click on the OK button of the Tolerance Based Machining — Settings
dialog box to apply the changes and close the dialog box.

Step 5: Execute the Run Tolerance Based Machining
Command

Selecting the Options in Tolerance Based Machining —Run dialog box
i. On the SOLIDWORKS CAM TBM Command Manager, click on the Run

Tolerance Based Machining @Ei_' command.

ii. The Tolerance Based Machining — Run dialog box will be displayed. As
this dialog box retains the settings from the previous time the Run
command was executed, the checkbox options within the Run tab of
this dialog box will accordingly be either in a checked or unchecked
state.

iii. Ensure that the Recognize I1ISO 286 limits and fits checkbox option is
checked. Selecting this option is necessary to assign machining
strategies to hole feature instances based on ISO 286 Strategy
Conditions.
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iv. In this tutorial, no other 2.5 Axis Mill features other than hole features
are being machined. The hole features present will be machined base
d on ISO 286 Strategy Conditions. Hence, ensure that the Recognize
tolerance range checkbox option is unchecked as it is irrelevant to this
tutorial (due to absence of other 2.5 Axis Mill Features on the tutorial
part).

v. The tutorial part does not contain any multisurface features. Hence,
ensure that the Recognize multisurface features based on surface finish
checkbox option is unchecked.

M0 SOLIDWORKS CAM — Tolerance Based Machining — Run ? >
Run 150 236

Options

[ ] Recognize tolerance range

Recogrize 150 286 limits and fits

[] Recognize multizurface features based on surface finish

Apply color to multisuface features

Select the ‘Recognize ISO 286 limits and fits’ option in the Run tab

Interpreting the information in the 1ISO 286 tab of TBM-Run dialog box

The ISO 286 tab will be added to the Tolerance Based Machining — Run dialog
box when the Recognize ISO 286 limits and fits option is checked. Click on this
ISO 286 tab.

The contents of this tab is almost identical to the contents of the 1SO 286 tab

in_the Tolerance Based Machining — Settings dialog box but with a key
difference. The ISO 286 tab in the Tolerance Based Machining- Run dialog box
provides additional information on the number of matches found between
the 1SO Strategy Conditions listed in this tab and the feature instances on the
part being machined.

How to interpret the information in this tab is best understood via an
illustrated example. Using this tutorial as an example, the explanation of the
information displayed in this tab is given below.

Table of Features & Default Strategies

The Hole feature entry in this tab is displayed in black color font while the
Circular Boss feature entry is in magenta color font.

- The magenta color font for the Circular Boss feature entry indicates any
one of the following:

Tutorial 2: Machining a Part Based on ISO 286 Strategy Conditions
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a. None of the ISO 286 Strategy Conditions defined for the Circular Boss
feature match with the Circular Boss feature instances on the tutorial
part.

b. The solid part does not have any Circular Boss feature instances. (This
is the case for this tutorial.)

Consequently, the Identified Conditions field will display the number ‘0’
indicating that no matches were found. All entries in the corresponding
ISO 286 Strategy Conditions grid too will be displayed in magenta color font
indicating that no matches were found.

- The black color font for the Hole feature entry indicates that one or more
of the ISO 286 Strategy Conditions defined for the Hole feature match with
the hole feature instances on the part. The Identified Conditions field
indicates the number of matches found.

M SOLIDWORKS CaM - Tolerance Based Machining — Run ? =

Run 150236

Feature Default Strateqgy Identified Conditions
Hale Dill 4

Lircular boss Firizh 1]

150 286 designations available in this part ;

Designation Size Range Tolerance Yalue Strateqy
F¥ [0 G to 10 0.013 to 0.028 mm Ream

F7 [0 10 b 18 mm 0.0716 to 0.034 mm Ream

F7 (0] 18 to 30 mm 002 ta 0.047 mm Coril
GE[1) 10 ta 18 mm 0.006 ta 0,077 mmm Dol
GE[1) G ta 10 mm 0.005 ta 0.027 mrn Coril
HE[1] 30 to 50 mm 0 to 0.016 mm Bore

HY [1] a0 ta 120 mm 0 ko 0.035 mm Bore

ISO 286 tab in the Tolerance Based Machining — Run dialog box

ISO 286 Strategy Conditions Grid

Observe the ISO 286 Strategy Conditions grid. The entries for G6, G8, H6 and
H7 Designations in this grid are displayed in black color font. Other entries in
this grid are in magenta color font.

- For ISO 286 Strategy Condition entries with magenta color font, the magenta
color indicates that no matches with any of the hole feature instances
present of the tutorial part were found. The number ‘0’ in parentheses
adjacent to the Designation name in the Designation field indicates the
same viz. zero matches.

- For ISO 286 Strategy Condition entries with black color font, the black color
font indicates that for each of these ISO 286 Strategy Condition entries,
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one or more matches with the hole feature instances on the tutorial part
have been found. The number of matches is indicated in parentheses in
the Designation field adjacent to the Designation nhame. The machining
strategies associated with these ISO Strategy Condition entries will be
assigned to the hole feature instances when you click the OK button in
the Run tab of this dialog box.

Executing the Run-TBM Command
i. Switch to the Run tab of this dialog box.

ii. In the Run tab, ensure only the Recognize ISO 286 limits and fits option
is checked.

iii. Click on the OK button to close the dialog box and execute the
command.

iv. Observe the SOLIDWORKS CAM Feature tree. The machining strategies
for the Hole feature/hole groups have been reassigned as per the I1SO
286 Strategy Conditions.

G B R ¢ €& BN E T

@ SOLIDWAORKS Cak MC Manager
+-F@ Cenfigurations

..... L, Machine [Mill - metric]
) Stock Manager{1005]
-2 Mill Part Setupl

.[@] Holel [Drill]

+® Hele Groupl [Bore]
+® Hele Group2 [Bore]
41 (g Hole Group3 [Drill]
+5_J Recycle Bin

Machining Strategies reassigned for Hole Features in the SOLIDWORKS CAM
Feature tree

Operations can now be generated for these features by executing the
Generate Operation Plan command. Once operations are generated, generate
toolpaths using the Generate Toolpaths command.
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6. RECOGNIZING MULTISURFACE FEATURES
BASED ON SURFACE FINISH

Recognizing Multisurface features using
SOLIDWORKS CAM TBM

If Surface Finish properties and Roughness values are assigned to the various
surfaces of a 3D part model using the Annotations functionality of
SOLIDWORKS, then SOLIDWORKS CAM TBM provides a functionality wherein
multisurface features can be recognized from such surfaces based on their
specific Surface Finish or Roughness values. Additionally, you can choose to
assign specific machining strategies to these multisurface features
recognized on the basis of their Surface Finish values. This SOLIDWORKS CAM
TBM functionality is provided in the form of Multisurface Features tab n the
Tolerance Based Machining — Settings dialog box.

In order to do recognize multisurface features using SOLIDWORKS CAM
TBM, ensure that the following conditions are fulfilled:

i. Surface Finish properties and Roughness values are assigned to the
various surfaces of a 3D part model using the Annotations functionality
of SOLIDWORKS.

ii. The necessary Surface Finish Ranges and corresponding Machining
Strategies to be assigned are defined in the Multisurface Features tab
of the Tolerance Based Machining — Settings dialog box. Optionally, you
can assign the color with which the multisurface surface feature
should be highlighted on the solid model in the graphics area once it is
recognized.

iii.  When you execute the Run Tolerance Based Machining command g’ﬁ,
the Recognize ISO 286 limits and fits option in the Run tab of Tolerance
Based Machining — Run dialog box is checked.

An illustrative tutorial explaining how to recognize multisurface features based
on their Surface Finish and Roughness values using the SOLIDWORKS CAM
TBM Plug-in is provided in the next chapter.

Multisurface Features tab of Tolerance Based
Machining — Settings dialog box
When you click on the Tolerance Based Machining — Settings command button

{é} on the SOLIDWORKS CAM TBM Command Manager, the Tolerance Based
Machining — Settings dialog box is displayed. Use the Multisurface Features
tab of this dialog box to:
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i. Define the Surface Finish ranges based on which multisurface features
present on a solid part model will be recognized (i.e. surfaces for
which Surface Finish properties and Roughness values have been
assigned using the Annotations functionality of SOLIDWORKS)

ii. Indicate the machining strategies to be assignhed to the multisurface
features which fall within a particular Surface Finish range

iii. Assign the color with which the multisurface surface feature should be
highlighted on the solid model in the graphics area once it is
recognized

@

Talerance Range [mm ] Talerance Range (inch] 150 286 Multisuface Features

Surface Finish  Strategy Color
10 to BO Area Clearance, Pattern pr...

A0 to 85 Area Clearance, Pattern Fr..

35 to 100 Area Clearance, £ Lewvel

100 ta 160 Area Clearance, Pattern Pr...

Multisurface Features tab in Tolerance Based Machining — Settings Dialog Box

Parameters in the Multisurface Features tab

Surface Finish

This column indicates the Surface Finish range defined for each Strategy
Condition. For each range, the lower and upper limit of the Surface Finish
range is displayed.

You can edit/add Surface Finish ranges by using the Range dialog box
displayed on clicking on the Edit Surface Finish button at the bottom left
corner of the tab.

Strategy

This field indicates the machining strategy to be applied to the multisurface
feature which falls within the Surface Finish range defined for the Strategy
condition.

When a new entry (i.e. a new Surface Finish range) is added in this tab, the
default machining strategy, as defined in the Technology Database, will be
assigned in the corresponding Strategy field.

You can reassign this strategy by simply clicking on the Strategy field of a
specific entry. Clicking on the Strategy field displays a dropdown list of all
machining strategies defined in the Technology Database for multisurface
features, including user-defined strategies. Select the desired strategy from
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this dropdown list to change the strategy assigned. The changes will be
saved when you click the OK button of the dialog box.

Color

This field indicates the color with which the multisurface feature present on
the 3D part model will be highlighted in the graphics area on execution of
the Run Tolerance Based Machining command when the Surface Finish value
assigned to its surface falls within one of the Surface Finish ranges defined in
the Multisurface Features tab.

In order for such multisurface features to be highlighted in the graphics
area, the Apply color to multisurface features option in the Run tab of the
Tolerance Based machining — Run dialog box must be checked.

By default, the color that will be used to highlight recognized multisurface

features in the graphics area will be blue. Use the Edit Color button ‘ﬂ at
the bottom left corner of this tab to reassign the color with which the
multisurface feature will be highlighted.

Edit Surface Finish |ﬂ

Clicking on this button opens the displays the Range dialog box. Use this
dialog box to add/edit the Surface Finish Ranges defined for strategy
conditions in this tab.

Edit Color button \i/

Clicking on this button opens Color dialog box. Use this dialog box to
reassign the color associated with a Surface Finish range entry listed in the
Multisurface Features tab. This is the color which will be used to highlight the
multisurface feature in the graphics area when its associated Surface Finish
value falls within one of the Surface Finish ranges listed in the Multisurface
Features tab.

For details, refer: Steps to change the color associated with the Strategy
condition for a Multisurface Feature.

Thumbnail view of the selected color

When you select any entry listed in the Multisurface Features tab, the entire
entry would be highlighted, including the Color field. This makes it
impossible to view the assigned color in the Color field. In such a scenario,
the purpose of the Thumbnail view at the bottom left corner of this tab is to
display the color associated with selected entry.
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Range dialog box to add Surface Finish ranges in Multisurface
Features tab

The Range dialog box is displayed when you click on the Edit Surface Finish

‘i‘ button at the bottom left corner of the Multisurface Features tab. This
dialog box is used to add/edit the Surface Finish Ranges of the Strategy
condition entries in this tab.

How to use this dialog box is best understood with an illustrative example.

Example illustrating how to add Surface Finish Ranges using Range Dialog
box

Consider that you want to define the following four Surface Finish ranges in
the Multisurface Features tab of the Tolerance Based Machining - Settings dialog
box:

Lower Limit of Surface | Upper Limit of Surface Finish
Finish Range Range

Range 1: 10 50

Range 2: 50 85

Range 3: 85 100

Range 4. 100 160

Following are the steps to define these surface finish ranges in the
Multisurface Features tab:

i.  Open the Range dialog box by clicking on the Edit Surface Finish
button ‘i‘ at the bottom left corner of the Multisurface Features tab.
ii. Input each unique Surface Finish value in the Enter Surface Finish
Value field. (The first value is 10.)
iii.  After entering one Surface Finish value, click on the Add Surface Finish

Value button ‘ﬂ

iv. The Surface Finish value you have input will be listed in the Surface
Finish list of this dialog box. Repeat Steps ii. and iii. for all remaining
unique Surface Finish values that comprise the range. (In this example,
there are five unique Surface Finish values viz. 10, 50, 85, 100 and
160.) The Surface Finish list will automatically sort and display the
Surface Finish values in ascending order of value.

v. In case you accidentally enter an incorrect Surface Finish value, you
can delete its entry from the Surface Finish list by selecting the entry
with a single mouse-click and pressing the Delete button.

vi.  After all Surface Finish values have been input, click on the OK button
in the Range dialog box.
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m Range 7 pod

Surface Fimsh

10

Surface Finish
Range list

85 <
100
160

Enter Surface Finish

value field Add Surface Finish
\ /value button

[ | [

k. Help

Range dialog box

vii. The Range dialog box will close and the Surface Finish ranges based
on values that were defined in the Range dialog box will be listed in
ascending order in the Multisurface Features tab of the Tolerance Based
Machining — Settings tab.

Adding/Editing/Deleting the entries in the Multisurface
Features tab

Editing the entries in the Multisurface tab

For existing entries listed in the Multisurface features tab, only the assigned
Strategy or Color can be edited.

Steps to change the color associated with the Strategy condition for a
Multisurface Feature

1. Using left mouse click, highlight the entry in the Multisurface Features tab
for which you wish to change the color.

2. At the bottom left corner of this tab, click on the Edit Color button @

3. The Color dialog box will be displayed. Select the color of your choice and
press the OK button.

4. The selected color will be visible in the thumbnail view to the right of the
Edit Color button. When you shift the focus from the selected strategy
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condition by clicking somewhere else within this tab, the Color field for
the selected strategy condition will be display the newly updated color.

Reassigning a Strategy

You can reassign this strategy by simply clicking on the Strategy field of that
specific entry. Clicking on the Strategy field displays a dropdown list of all
machining strategies defined in the Technology Database for multisurface
features, including user-defined strategies. Select the desired strategy from
this dropdown list to change the strategy assigned. The changes will be
saved when you click the OK button of the dialog box.

Deleting entries in the Multisurface Features tab

To delete an entry listed within the grid of the Multisurface Features tab,
highlight the entry and click on the Delete button on the keyboard.

Adding new entries in the Multisurface Features tab

Following are the steps to add a new entry in the Multisurface Features tab:

i. Add the Strategy Range for the new entry. [For detailed steps, refer:
Range dialog box to add Surface Finish ranges in Multisurface Features
tab.]

ii. The default machining strategy for a multisurface feature (as defined in
the Technology Database) will be listed in the Strategy field. Reassign the
machining strategy as required.

iii. Optionally, use the Edit Color button |i| to reassign the color with which
the multisurface feature, if recognized, will be highlighted in the graphics
area. [For details, refer: Steps to change the color associated with the
Strategy condition for a Multisurface Feature.]

iv. Once the required changes are completed, click on the OK button to close
the dialog box.
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Flowchart: Recognizing Multisurface Features using TBM
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7. TUTORIAL 3: RECOGNIZING MULTISURFACE
FEATURES BASED ON SURFACE FINISH

This tutorial illustrates how to recognize multisurface features on a mill part
(whose surfaces have been assigned Surface Finish properties and
Roughness values using the Annotations functionality of SOLIDWORKS) using
the SOLIDWORKS CAM TBM plug-in.

Step 1: Open the tutorial part model
i. Launch SOLIDWORKS CAM application as an Add-In within the
SOLIDWORKS application.

ii.  Click on the File menu of SOLIDWORKS application and select the Open
menu option.

iii. The File Open dialog box will be displayed. Browse to the following
folder location:
C:\Users\Public\Documents\SOLIDWORKS\SOLIDWORKS 202X\CAM
Examples\TBM_SampleParts\Tutorials Parts

iv. Select the TBM_Tutorial_3.SLDPRT file and click on the Open button.

2o N 8
7 o, RO
832,63 0507

TBM_Tutorial_3.SLDPRT

Observe that this solid model has multiple surfaces and three hole
group features.
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Step 2. Assign Settings in Multisurface Features

Vi.

dialog box
On the SOLIDWORKS CAM Command Manager, click on the Tolerance

Based Machining command button %".

The SOLIDWORKS CAM TBM Command Manager will be activated. Click
on the Tolerance Based Machining - Settings % command on this
Command Manager.

The Tolerance Based Machining — Settings dialog box will be displayed.
Click on the Multisurface Features tab.

In this tutorial, we will delete all the existing entries in the Multisurface
Features tab and replace it with new entries and associated machining
strategies. (The default installation of SOLIDWORKS CAM TBM has four
entries in this tab.)

To delete an entry in this tab, select the entry with the left click of the
mouse and click on the Delete button on the keyboard. Use this
method to delete all the entries.

M0 SOLIDWORKS CAM - Tolerance Based Machining — Settings ? x

Tolerance Range (mm ] Tolerance Range [inch ) 150 286 Multisurface Features

Surface Finish  Strategy Color
10 to 5O

Area Clearance, Pattern pr...

Area Clearance, Pattern Pr....
g5 to 100 Area Clearance, £ Lewvel
100 to 160 Area Clearance, Pattern Pr..

Highlight an entry within the tab and press ‘Delete’ button to delete the entry

Once all the entries are deleted, the next step is to add new entries.
Surface ranges have to be defined and machining strategies have to
be assigned to these new entries. The new surface ranges to be
defined and the corresponding machining strategies to be assigned are
given in the below table.

[Lower Limit of Upper Limit  of | Machining Strategy to
Surface Finish Range | Surface Finish Range be assignhed

Range 1:

05 40 Fine

Range 2:

40 80 Area Clearance, Z Level

Range 3:

80 120 Area Clearance, Constant
Stepover

Range 4:

120 150 Area clearance, Pattern
Project

Range 5:

150 200 Coarse
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vii.  Following are the steps to define the Surface Ranges.

a.

Open the Range dialog box by clicking on the Edit Surface Finish

button ‘ﬂ at the bottom left corner of the Multisurface Features
tab.

. Click within the Enter Surface Finish Value field to shift focus on

this field. (The cursor must blink within this field.)

. The Surface Ranges to be entered have six unique values (viz. 05,

40, 80, 120, 150, 200). Input any one of these unique Surface
Finish values in the Enter Surface Finish Value field.

. After entering one Surface Finish value, click on the Add Surface

Finish Value button ‘il

. The Surface Finish value you have input will be listed in the

Surface Finish list of this dialog box. Repeat Steps b, ¢ and d for all
remaining unique Surface Finish values that comprise the range.
The Surface Finish list will automatically sort and display the
Surface Finish values in ascending order of value.

In case you accidentally enter an incorrect Surface Finish value,
you can delete its entry from the Surface Finish list by selecting
the entry with a single mouse-click and pressing the Delete
button.

. After all Surface Finish values have been input, click on the OK

button in the Range dialog box.

m Range 7 pod

Surface Finizh

]
40

= Surface Finish
N Range list
120
15
Enter Surface Finish
value field Add Surface Finish

value button

RET | [

k. Help

Range dialog box
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viii.

The user interface will revert to the Multisurface Features tab. Observe
that the newly input Surface Ranges are listed within this tab. The
machining strategy assigned to each of these new entries is the
default machining strategy for multisurface features in the Technology
database.

M0 SOLIDWORKS CAM — Tolerance Based Machining — Settings ? x

Tolerance Bange [ mm | Tolerance Fange [inch ] 150 286 Multisurface Features

Surface Finizh

Area Clearance, £ Level

40 to 80 Area Clearance, £ Lewvel

a0 to 120 Area Clearance, £ Level
120 to 150 Area Clearance, £ Level
160 to 200 Area Clearance, £ Level

Default Machining Strategy from TechDB assigned to all new entries

iX. To reassign the strategy, click on the Strategy field of a specific entry

and select the desired strategy from the dropdown list.
M SOLIDWORKS CAM — Tolerance Based Machining — Settings ? =
Tolerance Range [mm ] Tolerance Range [ inch ] 150 286 Multisurface Features
Surface Finish  Strategy Color
5 to 40 Fine |
40 to B0 &rea Clearance, £ Level
80 to 120 Area Clearance, £ Lewvel
120 ta 150
150 ta 200
Reassigning Machining Strategy for a Strategy Range

X. Assign machining strategies for each of the newly defined Surface
ranges as per the table given in Step vi.

xi.  The next step is to assign the color which will be used to highlight the
multisurface features on the solid model. (The multisurface features
can be thus highlighted only once they are recognized based on their
with Surface Finish values.) By default, the color for all the entries is
Blue. To assign a different color, following are the steps:

a. Highlight the specific entry in the Multisurface Features tab and click
on the Edit Color button at the bottom left corner of the tab @

b. The Color dialog box will be displayed. Pick the desired color and
click on the OK button to close the dialog box.
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Color %
B azic colors:

Il imE R N |
AR Bl R B |
AN e,
EfEEEEEN
EEEEEEEN
EEEEET N

Customn colors:

N N I R B
N N I R B

Define Custarn Caolors >

Cancel

Color Dialog Box

[T
[T

c. Repeat this step for all the entries so that each entry has a
different color in order to enable easy identification of multisurface
features once they are recognized.

Whenever an entry is selected in the Multisurface Features tab, the
corresponding color will be displayed in a thumbnail view at the
bottom left corner of the tab.

M SOLIDWORKS CAM - Tolerance Based Machining — Settings ? >

Tolerance Range [mm ] Tolerance Range [inch ] 150 286 Multizuface Features

Surface Finizh  Strateqgy Color

5 to 40 Fine ]
40 to B0 Area Clearance, £ Level _
a0 to 120 Area Clearance, £ Lewvel

120 to 150 Area Clearance, £ Lewvel

150 to 200 Coarze

Multisurface Features tab after assigning different colors for each of the entries

xii.  Click on the OK button to close the dialog box.
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Step 3: Execute the Run Tolerance Based Machining
Command
i. On the SOLIDWORKS CAM TBM Command Manager, click on the Run

Tolerance Based Machining Em command.

ii. The Tolerance Based Machining — Run dialog box will be displayed. As
this dialog box retains the settings from the previous time the Run
command was executed, the checkbox options within the Run tab of
this dialog box will accordingly be either in a checked or unchecked
state.

iii. Ensure that the Recognize multisurface features based on surface finish
checkbox option is checked. Selecting this option is necessary to
recognize multisurface features and assign machining strategies based
on their Surface Finish values.

iv. Placing a check in the Recognize multisurface features based on surface
finish checkbox option also enables the checkbox labelled Apply color to
multisurface features beneath it. In this tutorial, the multisurface
features that will be recognized on the basis of their surface finish
values will be highlighted on the solid part in the graphics area using
colors specified in the Multisurface Features tab of the Tolerance Based
Machining — Settings dialog box. To enable such colored highlighting,
place a check in this checkbox.

M0 SOLIDWYORKS CAM - Talerance Based Machining — Run ? x
Run  Multisurface Features

Options
[] Recogrize tolerance range

Fecoghize 150 286 limitz and it

Recogrize multisurface features bazed on surface finish

Apply colar bo multizuface features

Options to be selected in Run tab of Tolerance Based Machining — Run dialog box

v. Observe that the Multisurface Features tab is added to this dialog box on
selecting the Recognize multisurface features based on surface finish
checkbox option. Click on this tab.

vi. The parameters within this tab are identical to the parameters in the
Multisurface Features tab of TBM — Settings dialog box. However, this tab
provides additional information with respect to the solid part to be
machined.

60 Tutorial 3: Recognizing Multisurface Features Based on Surface Finish



SOLIDWORKS CAM TBM User Guide

Vii.

viii.

M0 SOLIDWORKS CAM — Tolerance Based Machining — Run ? x
Run  Multizurface Features

Surface finizh available in thiz part

Surface Finish  Strategy Color

B oo 40 Fine

40 to 80 &rea Clearance, 2 Level _
a0 w120 Area Clearance, £ Level

120 to 150 Area Clearance, £ Lewvel _
150 to 200 Coarze

Multisurface Features tab in TBM — Run dialog box

Observe that three of the five entries within this tab are displayed in
black color font while two of them are displayed in magenta color font.
The black colored entries indicate that one or more matches with the
part being machined has been found i.e. one or more multisurface
features with surface finish values falling within that particular Surface
Finish range will be identified on clicking the OK button in the Run tab
of this dialog box.

Switch to the Run tab. Click on the OK button to execute multisurface
feature recognition.

Observe the solid model. The three surface for which Surface Finish
values had been defined have been recognized and highlighted with a
specific color on the model.

Multisurface features recognized on the basis of their Surface Finish values
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Note:

The only reason other multisurface features have not been
recognized is because no Surface Finish values were defined for
those surfaces. SOLIDWORKS CAM TBM can recognize
multisurface feature sonly if their Surface Finish values are defined
using SOLIDWORKS Annotations functionality.

X. Observe the SOLIDWORKS CAM Feature tree. The three recognized
Multisurface features are listed in the tree. Their corresponding
machining strategies (as defined in the TBM — Settings dialog box) are
displayed adjacent to the multisurface feature item.

T = SRS
G 2 ¢ @ NE 7
|_E| SOLIDWORKS CAM MNC Manager
EEI"{% Configurations
..... T tachine [Mill - Metric]
[ Stock Manager[6061-Té]
-----Ji«_. Coordinate Systern [MNot Defined]
-2 Mill Part Setupl
fﬂ kdulti Surface Featurel_SurfFinish_5-40 [Fine]
f_ﬁ‘ kALl Surface Feature?_SurfFinish_40-80 [Area Clearance, 7 Lewel]
f_ﬂ kAUl Surface Feature3_SurfFinish_120-150 [Area Clearance, £ Lewel]
----- &) Recycle Bin
Recognized Multisurface features listed in the SOLIDWORKS CAM Feature tree
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