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Goals of this Tutorial

To understand post settings and machine simulation settings

To understand the advanced concepts of 5 Axis

To understand the basic parameters used in defining the toolpath
To understand the parallel strategy of 5 axis machining

To create machine simulation



Part file used in this exercise:

Basic Training.Sldprt

Post processor used:
DMU100_Monoblock_iTNC530_5x
Machine simulation

DMU_100



Chapter 1

Opening the Part and Starting SolidCAM



Do the following to open a part:
%} Double click the SolidWorks icon and open Basic Training.SLDPRT part.

@® Before starting SolidCAM, you need to do the following settings that will enable
you to select the right post processor and the machine associated with the post processor.
To do the settings:

% Click SolidCAM tab in SolidWorks.

<) Click SolidCAM Settings. | soldcam | window Hep |
] M ’
Qpen...

Manage Templates
Calculate CAM-Parts...

Copy...
Deleta...

Tool Library D
Fizcture library. ..

Machining Process D
SoldCAM Settings...
Technology Database

Recent CAM-Farts »

Bronwse Recent Parts...
Hardware key info...
Exit SolidCam

CListomize Menu

In SolidCAM Settings, you must concentrate on the following 2 tabs in the settings area:
¢ The path for machine simulation files

¢ The location of the post processor



Path for Machine Simulation Files

Post Processor Location

S

o SolidCAM Settings

User directories
Default CNC-Controller
Units

Default geometry names
Interoperational tool movernents
AutnSave

Automatic CAM-Part definition
Stock Definition

Tool path sirmulation

IMachine simulation
GCode Simulation
DNC Settings
Editors

External program
Machining Process
User interface
CoordSys definition
GCode generation

Tool search

Internal post-processor
Template Defaults
Miscellaneous

Gouge check

Spin and Feed Defaults
CaM Messages
iMachining

Setting 1| Setting 2

Directory for Machine simulation definition

C:\Program Files\SolidCAMZ0114Tabl v

Synchronization
Compressed CAM-Part.
Tool seti
Tool path coordinates
or settings

Part hased coordinates

[]

(@) Background gradient: |Horizontal

||
|

Collision check 0.1

Display in simulator:

Background

C ) Background colar:

Start colar:
End color:

Enahle colligion confrol

[Jcollision control between moves

Salid verification

I:‘ Enable verification

Ervironment

[JHome Reference
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User directories
Default CNC-Controller
Units

Synchronization
Compressed CAM-Part

Tool settings
Color settin
ometry names
roperational ool movements
AutoSave

Automatic CaM-Part definition
Stock Definition

Tool path sirmulation

Machine simulation

GCode Simulation

DHC Settings

Editors

External program

Machining Process

User interfare

CoordSys definition

GCode generation

Tool search

Internal post-processor
Template Defaults
Miscellaneous

Gouge check

Spin and Feed Defaults

CAM Messages

iMachining

He%ad

CERL
¢ SolidCAM Settings @g|

Post-Processor files directory

Milling CHC-Controller
AWEA1ODD-FANUC

Turning CNC-Controller
QKUMALL

Wire Cut CHC-Controller
SODICK

Mill-Turn CHC-Cantroller
Nakarnora-mt

Browse

Browse

Browse

Browse

@® By default, the post processor files and the machine simulation files are located on this

path: /root/Program Files/SolidCAM/Gpptool. But, it is a good practice to create sepa-

rate folders in the root directory for the post processor and the machine simulation. For

example, C:/GPP & C:/Machine_Sim. The advantage of creating separate folders is that

the post processor and machine simulation files remain intact even when the SolidCAM

version is uninstalled or upgraded.

% Click OK to exit the SolidCAM Settings window.

% Click the SolidCAM tab.

% Click New > Milling.



— | SoidCAM | Window  Help :jil O-F-K-=-

» |Mew
W=

Click

The following dialog box appears:

i\
ii\

Tpert...
Manage Templates
Calculate CAM-Parts. ..

Capy...
Deelete...

Tool Library

Fixture library...
Machining Process
SolidCAM Sethngs...
Technology Database

Recent CAM-Parts

Erowse Recent Parts...

Hardware key info...
Exit SolidCAM

Customize Menu

&% New Milling Part

CAM-Partodel
CaM-Part

——— [V]iise Madeal file directory

Directory:

maas ic Training-2

Lnits

@) Metric

(Oinch

T T 7k\E.asic Training'Basic Training SLOPRT

Cancel

___ypiiing
»

Miling-STL
Turning
Iil-Turn
Wire Cut

Customize Menu

i. If the Use Model file directory check box is checked, SolidCAM saves the entire project
in the location of the SolidWorks part file. If the box is not checked, it stores the project
in the “User” directory located in /root/Program Files/SolidCAM/. It is recommended

that you select Use Model file directory check box.

ii. Name of the CAM part. The name of the part is always derived from the SolidWorks

part file name. If a CAM part already exists, then SolidCAM uses the suffixes -1, -2 to

create alternate names.

iii. Path and Name of the SolidWorks part file.

%} Click OK to continue.

End of Chapter 1



Chapter 2

Milling Part Data



In the SolidCAM environment, do the following steps before defining the first 5

Axis toolpath:

Post Processor Definition

Coordinate System Definition

Stock & Part Definition

Part, Tool & Machine Settings

.4 Milling Part Data : BASIC TRAINING... ?
¥ R

CNC-Machine 3

— DMU100_monoblock_ITNCS30_5X v
Axis type:
Program numbser:

Subroutine number [ |

Coordinate System -3

> Define

Stock B Target model &

Facat tolerance

0.05
Part settings -3
T cetngs |
@hﬂ\ £
‘| Tool options
Machine options
iMachining Data &
Machine Database:
| v
Material Database:
| 4
Machining Level:
2 vl
Edit iMachining




Post Processor Definition

To define a post processor:

% Select the post processor/machine that will be used to machine the part. The selection
of the post/machine depends on the part to be machined and the availability of the

machine with the customer.

@ In this example, if you closely observe the part, you will notice that we need to machine
the periphery of the part and also cut some pockets. Although a standard Table-Table Ma-
chine would serve the purpose, it is better to machine this on a Head-Table configuration
of the machine. As we have a cylindrical part, it is advisable to use the DMU 100 Mon-
oblock kind of a machine which has a tilting head and a rotary table. In our case, the rotary
axis of the table is around X axis. This axis is also known as the A axis. The following figure
explains the industry standard nomenclature that is used to represent axis:

l’

Rotation Around X Axis = A Axis
Rotation Around Y Axis = B Axis

Rotation Around Z Axis = C Axis

@® Our part will rotate around X axis and the head will tilt around Y axis. So, this machine

will have A and B axis.
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% Select DMU100_monoblock iTNC530_5X.

r [¥]
K
\QNE—MachinE @

\ DrALIL00_monoblock_iTHCS30_53 v

ACRAMATIC _ZI100EMY
Y WEA1000-FAMNUC

DrAU100_monoblock_iTHCS30_5x

FamIIC
Fanucsa
ghilling_3x

Coordinate System Definition

@® The coordinate system on the part must reflect the machine axis. In our case, we have a
cylindrical part, and one of the axis of the machine is rotating around X axis. Thus, the X
axis of our coordinate system must be the rotating axis. Do the following:

% Click the Define button on the Coordinate System tab.

b3

Coordinate System

|| Define ||

% A window opens which has the options to define a coordinate system. Use the most
relevant option for cylindrical parts. The most relevant option is to align one
axis along the axis of revolution of the cylinder. Select Center of revolution
face from the drop-down for defining Place CoordSys origin to.

11



¢ CoordSys

« R

CoordSys

Mac CoordSys number:

Fosition:

Define CoordSys options

A

& Salect face

L. Define

F. select Coordinate System
. Normal to current wiew

Pick face
[ JHigh precision (faceting)

Change to opposite

Flace CoordSys origin 1o

Corner of model box

% Select the outer or inner cylindrical face of the part.

Select this face

{Corner of model box

Center of revolution face
Top center of model box
Corner box projection on Z-level of the face

The coordinate system is now set with one of the axis. In our case, the Z axis is aligned to

the axis of revolution of the cylinder.

[




“Z” Axis Aligned to
axis of revolution

As our axis of rotation on the machine table is around X axis, we must align our X axis
along the axis of revolution of the cylinder. And, the Z axis must denote the depth axis.

In short, we need to swap the place of Z axis with X axis and the place of Y axis with the Z
axis. You can do this using the Flip functionality available in SolidCAM.

b3

Flip

Flip xay

Flip around X

Flip around Y

Flip around Z

To get the X axis in place of the current Z axis, you must flip the axis around Y.

% Click the Flip Around Y button.

Hip A
T, T

The coordinate system will look like this:
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Now, the X axis is aligned to
the axis of revolution of the
cylinder, the Z axis is pointing
to the depth, and the Y axis is
denoting the tilting head. De-
pending on which side of the
part is on the + X, click Flip
around Z button twice. The re-
sultant coordinate system will

look like the below image:

Final coordinate system

@
% Click icon. The following dialog box appears:

o
Click icon to return to the Milling Part Data.

14



CoordSys Data Z |wwiom

Accept the default values as shown in the table and e
C“Ck OK Position: 1 X: 0 Y: 0 0
Shift Plane
X [0 Y: |0 z |0 XY
YZ
Rotation around X
Revisit Machine Setup , when you are about to simu- X0 Yi 0 z |0

late using the machine.

Default machining levels

Front ‘ Radlall Rear \

(Todlstartlevel | 100
( Clearance level | 60
[ Part Upper level | 50
(Part Lower level | -50 l
[ Tool Zdevel | 250
Create planar surface at Part Lower level
\ OK Cancel

Q% Click ¥ icon to return to the Milling Part Data.
Stock & Part Definition

We will skip the stock definition now as this will be done later during the exercise.
To define a part, do the following:

% In Milling Part Data, click the Target button in the Stock & Target model op-
tion.

SolidCAM has already defined the target by selecting the available geometry.

% Click ¥ icon to return to the Milling Part Data.

%
(% Click icon and we are now ready to define our first 5 Axis Toolpath.

End of Chapter 2
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Chapter 3

Creating 5 Axis Toolpath



We will now create our first 5 Axis Toolpath and learn some basic functionality in
SolidCAM 5 Axis Simultaneous Milling.

Do the following:
% In the toolpath manager, right click Operations.
%} Click Add Milling Operation.
% Select Multi Axis Milling.

You can also select the 5 Axis function by selecting the SolidCAM Operations tab
and then selecting the Multi-Axis icon.

iMachining...

Add Probe... Face...

Add Milling Operation » Profile...

Add Machine Control... Contour 3D...
Pocket...

Right Click

Add Operation from Template...
Drilling...

Thread Milling...
Slot...

T-Slot...

Translated Surface...

Add Operations from Process Template...

Holes Recognition + Technology...
Parallel Operations 3
ToolBox Cycles...

Select

Pocket Recognition...

Calculate & GCode A Drill Recognition...

GCode Simulators

3D Drilling...
Engraving... 1

3D Milling...
3D iMachining... r

HSR...
HSS...
HSM...

Multi Axis Milling...
. ) Machine Setup.. SWARF Machining...
0] pt ion1 el | Muti-Aus Driling...

Convert HSS-HSM To Multi Axis Milling...

é; SolidCAM IFiIe Edit View Insert Tools SolidCAM Window Help Ql 0

" €’ iMachining - @ 3D Driling #§F HSR & Multi-Axis - =
Probe @@ 2.5D - @ Engraving '} HSM mco | Turning

(@) Recognition - &2 3D Milling 48§ HSS .
Assembly [ Layout | Sketch [ Evaluate | SolidCAM Part | Solid¢AM Operations [

Select

Option 2
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The following dialog box appears:

& Parallel cuts B‘E‘@
Technology Cperation narme: Template -
| I —L
i Paralel cuts

Paralel to Curve(s)
Parallel to Surface

Template Strategles < Ferpendicular o Curve ]

Morph between two boLndary cLrves

Morph between two adjacent surfaces

Projection

Swarf miling

Impeller 4

Special Functions < Port machiing

Engraving

Cavity machining

Electrode machining
Turbine Blade

General

Full Functionality <

’ Sawe l ISave&Ca\cuIate ] ’ Simulate l i GCode l Sawe B Copy

For this exercise, we will use the template strategies and learn about the special func-
tions in our next training volumes. The template strategy used in this exercise is Paral-
lel cuts.

Do the following:
% Select Parallel cuts in the Technology section.

For this exercise, we will follow a chronological order of parameter definition. This will

help you understand the functions in
a better way. E— |p : s ®

1. Geometry Selection S~

2. Tool Selection HW Cooe | M1 - Positony v

3. Clearance Area Setting (levels) ;}:ﬁ:gﬁggw@m

4. Toolpath Parameters %S(Shgéﬁzow

5. Leads & Links e s

6. Tool Axis Control

7. Gouge Check Parameters

8. Roughing

9. Motion Limits Control g

10. Misc Parameters

[ | [awacame ]| [ sube | [ oo
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@® SolidCAM 5 Axis always works with the 1* position of any coordinate system. For exam-
ple, MAC1 POS1, MAC2 POS1, MAC3 POS1 etc. It never allows you to select any other po-
sitions of the coordinate system.

% Click Geometry. The following dialog box appears:

Technology Operation name: Template -
T ¥
@ Coordsys .
=8| T, e
. .« . . ‘*Levels 7 g . Ful, avoid cuts at exact edges v
The Geometry area is subdivided into 3 8 s LJ[E‘D!L e
P Default Lead-Injout
grou pS- *::‘ga:;:*nvd opred oy 0
'?' learance dal __D rim
1 Geometry selection area .9““”:“"‘”“””1: o -
2' Work type o o e
. L —— © Linear © Constant
3. The area to be cut and other e
parameters .
[ save | [savescaaiate |w [ smfte | [ Geode _ Save &Copy
% Select the geometry to be cut.
From now on in SolidCAM 5 Axis Milling, all the geometry to bd cut will be referred as
Drive surface.

% Click New icon under Drive surface.

@ lkmmmvammmnl -&-9 - 8 BASIC TRAINING-2.SLOASM
@20 @R - @ wissowg [ e uniopeotzn [ & opeaton om Tenpete _— B QRO
@ TookoxCyes g 30 . s o smsas | € Tookox Oy itk &, Opetons o Proces Tt | Caoiee GCode | smte T ARG

P L ¢ Convetng S HSHto S S0 > I Machong process . W B &
E 5 ; AN E v onE

EeEOEE -

Faces 4
7] Srom desctonr
hehlgfted faces rly

(0] ow drectm
ol foces

Geometry selected area —

=> Pick face FulyDefned EdtngAssembly i)
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%‘) Select the highlighted face. The face is displayed in the geometry selected

area on the left side.

@® Every surface has 2 directions. The outer direction and the inner direction.
Depending on which side of the part has to be machined you can select the direc-
tion. However, if there is a solid model, then the outer direction is automatically

set.

% Select the Show direction for selected faces checkbox to show the direction.

2
. Name R
SolidCAM faces
ShOWS the Select Check faces A

outer direction

Faces

Show direction for

of the surface. highightad faces only
Show direction for
selected faces

@ Face 1

This direction
is also the side

which will be

machined. The
direction can

be reversed by
right clicking —_
on Geometry
and selecting

“Reverse”.

v
%} Click icon.

% Set the Work type. The following options are available to us:

. Kk
Around "X" Axis Work type

Around "Y" Axis Around axis:
Around "Z" Axis

(") Linear

Around "X" Axis : The cuts must be normal to X Axis
Around "Y" Axis : The cuts must be normal to Y Axis
Around "Z" Axis : The cuts must be normal to Z Axis

To set the Work type, do the following:

20
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(% In Around axis, select X-Axis from the drop-down.

Select the Linear radio button to define an angle on the plane that is normal to
the selected axis. For example,

Linear Option for Around X Axis allows you to define an angle in the YZ plane.
Linear Option for Around Y Axis allows you to define an angle in the ZX plane.
Linear Option for Around Z Axis allows you to define an angle in the XY plane.

For this example, we will use the Constant option for Around X Axis. Select X Axis.
By default, the Constant is selected.

Work type
w Xoids ¥
Select
Linear —»- @ Constant

- Select the Type in the Area section. This option allows us to set how much
area of the drive surface should be machined. Following three options avail-
able for the selected strategy (i.e. Parallel cuts):

Area
Type:

Full, avoid cuts at exact edges -

« Full, avoid cuts at exact edges S0l 0610 CULE o Bract edaee
« Full, Start and end at exact surface Full, start and end at exact surface edges ‘

Limit cuts by one or two points

edges
o Limit cuts by one or two points.

Let us examine the three scenarios.
Full, avoid cuts at exact edges:

This option creates a toolpath for the entire surface. However, it avoids creating
the toolpath at the trimmed edges of the surface. This is useful when we do not
want to blunt/spoil an existing edge which is already machined or, when the
model is imported from another CAD system as the surfaces which are imported
from other CAD system can have imperfect trimmed edges. This can result in the
toolpaths having many jumps to the retract plane.
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@ The value by which the toolpath starts from inside the surface edge is deter-
mined by the Maximum Step Over parameter in the Toolpath Parameters tab.

Full, Start and end at exact surface edges:

This option creates a toolpath from the exact edge (both start and end edges). In
this option we can give a margin by which the toolpath will start from inside the
surface edge. The value is to compensate for the inaccuracies in the trimmed
edge.

Aread
Type:

#{Full, start and end at exact surface edges ~

If you select Full, Start and end at

exact surface edges, you see [ Mergns.. |

these options.
Margins X
\\ Advanced parameter for margins

\Additinnal margin to overcome ..
surface edge inaccuracies: ’

o ] [ comeel |

@ It is always a good practice to give an allowance which is either default
(0.03mm) or something close to it. Making the additional margins close to 0
creates unnecessary jumps to the clearance plane because there are inaccuracies
in the trimmed surface edges.

Limit cuts by one or two points:

This option allows us to create a toolpath on the surface using the following sce-

narios:

i. Selecting only the start point ends the toolpath at that point and
from the start edge of the surface. The following figure explains this
scenario:

Start
End




ii. Selecting the second point ends the toolpath at that point similar to what is
explained in option 1.

iii. Selecting both the points creates the toolpath between the two points. This
option is very similar to defining an area for machining. The only difference is
that two points are used to define the area.

Limit Cuts Between 2 Points

X = "49.55482( y_ -46.83748! 7 _ 17.500000

X = -49.55482( y= -46.83748! z= 17.500000

% Select the first option - Full, avoid cuts at exact edges.

The next step is to define the tool. We will define a 6 MM Ball Nose End Mill with
a suitable holder. To define a 6 MM Ball Nose End Mill, do the following:

% Select Tool in the toolpath manager.

% Click the Select button.

)
%} Click (Add Milling Tool) icon.

%} Click Ball Nose Mill.

% Click the Select button.

The next step is to define the clearance area type and values for clearance defini-
tion. We will look at this step after we have generated the toolpath, as this step
will be clearer after the toolpath is created. For now, we will select/accept the de-
fault level and value settings.
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Let us now define the toolpath parameters. Do the following:

% Click the Tool path parameters in the toolpath manager. The Tool path pa-

rameters tab is sub divided into Surface quality and Sorting sub-tabs. As the
name indicates, the Surface quality sub-tab greatly influences the quality of the
surface that is achieved after machining. The Sorting sub-tab is used in sorting
cuts as Climb/Conventional milling etc. Let us see some of the parameters under
Surface quality tab.

We will look at the following three main parameters which will be defined in this
toolpath:

i Cut tolerance
ii. Distance

iii. Maximum Step Over/Scallop

Cut tolerance :

This parameter is the tolerance with which the toolpath is generated. This pa-
rameter is "Bi-tol" which means any value defined as the tolerance is taken as +/-

@® Note that here the 5 Axis Simultaneous directly uses surfaces to perform the
calculations. Unlike HSM which uses intermediate mesh to do the calculations. A
mesh is generally made up of triangles which is the simplest geometry to calcu-
late on. Therefore, if the surfaces are of good quality, even a slightly loose toler-
ance in the 5 Axis Simultaneous gives a very high quality surface finish. Tightening
the tolerance results in higher calculation times and more number of points in
the resultant Gecode file.

Distance :

This parameter is used to generate more number of points with equal spacing be-
tween them. Generally, SolidCAM calculates points on a given surface based on
tolerance. However, the number of points can sometimes be too less. For exam-
ple, on a surface which has extremely large curvature radius or on small surfaces
which can lose out on detail because of less number of points representing the
surface. To overcome this, the distance parameter is used.
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SouDI9|0L

Points Generated on surface with a given tolerance

Points Generated on surface with a given tolerance & Distance

@® Note that using the distance parameter increases the number of points ap-
pearing in the Gcode file in multiples. This can sometimes slow down old ma-
chines as they do not have the processing power to read in the large number of
points. Therefore, this parameter must always be used judiciously.

Maximum step over :

This parameter is the maximum distance between two subsequent toolpath
passes. Remember that if the distance is "Maximum" it means at some areas the
distance can also be lower than what is defined. Changing the maximum step
over influences the scallop value and vice versa.

Let us now set the above explained values:
Cut tolerance = 0.02
Distance = We will not use this parameter now

Maximum step over =3
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Right now, we will not touch the other parameters in the Tool path parameters
tab, as these will be explained and demonstrated in the subsequent volumes.

We will use the default values in the other tabs as we will explain the effects of
the same in the pages to follow.

Let us now create and visualize our first 5 axis toolpath.

Click

L4k Misc. parameters

Surface edge merge distance

(@) As value: 01

(7) AS % of tool diameter: | 0

& Parallel cuts =] x|

Technology Operation name: Template -

Parallel cuts - SX_PC_faces - [~ =2 1
@ CoordSys
" ceometry Surface qualty| Sorting|
&8 Tool Surface quality
=T 0.02 Chainin: 1
[®= ool path parameters Cut tolerance: § g

Link

7% Default Lead-In/Out [ pistance : 0.5 Mote: The chaining tolerance is usually 1 to
" Tool axis control 100 t\r:es th;cu( l‘r;‘\erar:ce‘. :h\s‘va\ue has
i a great impact on the calculation time.
i g i"“g: ‘hegﬁ 9 Maximum step over: 3
IS oughing (Offset

Slow and safe path creati
=I5 Mation Limits Control — [7Slow and safe path creation
Scallop: 0.40192

Aial Shift
(@) Constant from each contour

(") Gradual for all cuts From 0

(O Gradual for each contour 5 o

[ pamp
["] Apply outer sharp corner(s) [7]3D Tool Compensation
Outer Angle(s) along pass: |30 (Ol
Tool Center
Loops! radius: 5
Save Save & Calculate ] l Simulate ] l GCode Save & Copy

Click Save & Calculate.

% The toolpath calculation in SolidCAM 5 Axis generally happens in the follow-
ing three stages:

« Creating cut sections on the drive surfaces
« Linking the cut sections based on sorting and links
o Checking for gouges and applying the gouge check reactions

% Click Simulate.

»>
%ﬁ) Select the  (play)icon to
visualize our toolpath. Our tool

path looks something like this:




Let us run the machine simulation to understand some crucial problems in our

current toolpath. We will use DMU 100 Monoblock machine to simulate our tool-

path.

To start the simulation follow these steps:

7 = i ~
[E; . o5 (B =8 o N &
3 Interference Clearance Hole  Measure  Mass Section Sensor
Study | petection  Veri 5 . Drnnartine Deanact:
Add Operation 4
1 Assembly | Layout | Ske Add Operation from Template...
————— Add Operations from Process Template...
sl ,

-6 CAM-Fart (BASIC TR,
i[9 Machine (DMUL0
@ CoordSys Manag
B Stock (stock)
il Target (target) | en
L8 Settings
..[ 8] Tool
-2 Machining Process
« [ Geometries

Operations
(1- Positi

Add Machining Process
Create Template...

Edit...

GCode
Documentation (DPP)
Calculate

Calculate & GCode
Tool Sheet

Synchronize
Synchronize & Calculate
Check Synchronization
Break Associativity
Tool path

Simulate

GCode Simulators

Cut

Copy

Paste

Delete

Rename

Info

Transform
Split

Automatic Sorting...

Right click the toolpath.

Click Machine Simulation.

A AA

< Simulation
RestMaterial |  SolidVerify |
RapidVerify ]
~WMachine Simulation | SolidVerify for 3D |
3 / MostcAD | 20 | 3D |
[V Show data [“Ishowtool
DHldden lines
Show tool frequency: 1
[ Stop on next ] [ Clear ] [Colors
Simulation speed
» L Y
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Click Simulate. The simulation window opens.



This step does the following :
o Creates the part & stock STL and loads into the simulation
o Loads the toolpath with tools & holders
« Loads the machine from the machine sim folder

@® Depending on the number of toolpaths and tolerance of the part, it may take
several minutes to start the machine simulation.

% The following error message occurs. Click Yes to continue and examine why
this error occurred:

r
& Operation: 5X_PC_faces m

N

e
'.9.‘ The Machine limits are reached and was exceeded for:
T ¥ = 250 (Minimum: -280.000000 Maximum: 170.000000)
Z = £659.582 (Minimum: 0.000000 Maximum: 560.000000)

Would you like to continue? { Tip : if you continue some of the Post
settings could be ignored).

If you click Yes on the error message, you will see the following orientation of the
machine inside the simulation:

[— 8 mm —

Here, the head has tilted in the opposite side of what was expected. Although this
is mathematically correct, it is incorrect as far as the machine's kinematic move-
ments are concerned.

@® For any given part in such machines, the tool can approach the start point and
machine the same in two orientations. Although in some cases both the orienta-
tions will work but in majority of the cases, only one orientation provides the right
solution.
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% Click the

A

2D | RestMaterial | SolidVerify
RapidVerify } SolidVerify for 3D
Ma:hmeS\mulann}HustCAD‘ 3D

Let us now see how to fix this issue in SolidCAM.

Click

% Right click the toolpath and click Edit.

(exit) icon to exit from the machine simulation.
é:S\mu\ation ‘ @ &

% Select Motion Control. In the Angle pairs section, you can see that there are

two orientations possible.

First angle pair ———— ||
Second angle pair

Tool path parameters
Link

"I g Default Lead-Tn/Out

= () First angle pair

P TOoT X T
¥ couge check
S Roughing (Offset)

M Motion Limits Control

4 Misc. parameters

» @ Second angle pair
»

Point interpolation

Interpolation angle step: 1

[] mterpolation for distance:

Machine limits

& Parallel cuts = 2
Technology Operation name: Template -
Parallel cuts - 5X_PC_faces - = N=2 J‘J
D Coordsys Multi X 1] Multi X 2]
> Geometry
-8 Toal Angle pairs
& Levels []minimum angle change ~ Start angle type Choase between two solutions -

(@) Linear interpolation of vectors

~) Linear interpolation of machine angles

l Limits AII Angle tolerance for using machine limits 0.0001

[ sme | [savescaicuite | [ smulate GCode |

As the Second angle pair was selected, it created the second possible orientation.
The default settings can be changed in the .PRP file of the post processor under

Multi Axis Milling tab.

% Select First angle pair radio button.

% Click Save & Calculate.

% Click Simulate once the calculation is complete.

% Select Machine Simulation.
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Bt —— e
Technology

Operation name:

Template
.
% \ Parallel cuts - 5X_PC_faces - EH = lf‘)

by
-~ B CoordSys - =
L. ceometry Multi X 1 | Multi X 2]

I" Angle pairs

1
Minimum angle change Start angle type Choose between two solutions -
T~ -
ﬁ Link *QJ First angle pair
% Default Lead-In/Out

@ s d |
~“§" Tool axis control _/ Second angle pair
W Gouge check
j Roughing (Offset)
S Mllun Lni=iGonical I Point interpolation
+F Misc. parameters

Interpolation angle step:

(@) Linear interpolation of vectors
I:‘ Interpolation for distance:

(") Linear interpolation of machine angles

Machine limits

Limits All - Angle tolerance for using machine limits 0.0001

[ Save I [Save&calculatel [ Simulate I l GCode

% The error which is seen in step 4, occurs again. Click Yes and continue. We
will fix this error in the next few steps.

In the machine simulation environment, we can see that the orientation is cor-
rected, and the machine simulation looks something like this:

mim ——
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We still have two issues to fix.

B>
% Click (run) icon and observe the following:
o There is a collision on the very first move between the head and part.
« The part is rotating off-centre from the rotating axis (A Axis).

Let us first fix the second problem and then the first one.

A
% Click (exit) icon to exit the machine simulation environment. The Parallel
cuts pop-up window appears.

15: Simulation |i|_]ih
2D | RestMaterial | SolidVerify |
RapidVerify ] SolidVerify for 3D ]

MachineS\muIeticn]HostCAD] 3D ]

—

% Click Exit to return to the toolpath manager.

A

To fix the off centre issue, do the following:

% Right click CoordSys Manager.

% Click Open.

Assembly | Layout | Sketch | Evaluate | SolidCAM Part |

=& CAM-Part (BASIC TRAINING-2)

------- Mg machine (DMU100_monaoblock_iTHNCS30_5X)

-

~.(B Stock (stock) Open |

...... (B2 Target (target)

.85 Settings

------ Tool

------ Machining Process

...... & Geometries

----- B Fixtures

EID (= Operations

(=] @ MAC 1 (1- Position)
-] W 5%_PC_faces
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Add Probe...
Add Milling Operation
Add Machine Control...

Add Operation from Template...

Add Operations from Process Template...
d Machining Process

Holes Recognition + Technology...

Parallel Operations

ii  Calculate All
GCode All

Calculate & GCode All

Simulate

GCode Simulators
Tool path
Synchronize All
CAM tree view

Automatic Sorting...

rting

Machine Setup...
Delete All

(% In the Part's Origin Position section, we need to enter the offset value in Z
axis. Enter value 250. This value is the offset of the part's origin from the top

face of the bed of the machine to the centre of the rotary axis. This value is
needed as the origin of the machine (Z=0) is defined on the top face of the ma-
chine and SolidCAM will always align the origin of the part with the origin of the
machine (In this case the Z0 of the part is aligned to the Z0 of the machine which
is basically the top face of the machine bed). The distance from the top face of
the machine bed to the rotary axis centre is 250 mm. Thus, we enter this dis-
tance.
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% Click OK.

% Right click the toolpath.
% Click Calculate.
% Right click the toolpath once the toolpath is calculated.

% Click Sinwulate. The simulation window opens.

% Click Machine Simulation.

35: Simulation

2D | RestMaterial | SolidVerify | ||
N\ RapidVerify | SolidVerify for3D |
Machine SlmulatoanostCAD] 3D ]

B[ & Operations
@ MAC1(1-F  Synchronize
-0 4 B Synchronize & Caculate
Check Synchropfization
Break Associgtivity

Tool pat

I»

8 Simulate
GCode Simulators y

>
% Click (run) icon once the machine simulation is loaded. We notice that

the part is now rotating perfectly at the centre of the rotary axis.

We have fixed the second problem and will now focus on the first problem which
still is persisting.

A
% Click (exit) icon in the simulation window.

é: Simulation

2D | RestMaterial | SolidVeriy | |
RapidVerify |  SolidVerify for 3D
Machine Simulation | HostCAD| 3D

>
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To understand what causes the gouge in the very first move of the part, we need
to understand the Levels option in the 5 Axis Toolpath Definition Box. To open the
Levels option, do the following:

(% Right click the toolpath.
(% Click Edit. The parallel cuts window opens.
% Select Levels.

Levels in simple term is Clearance Plane. There are three types of levels possi-
ble in

SolidCAM 5 Axis.

e Clearance to a Plane

Clearance area

e Clearance to a imaginary Cylinder

« Clearance to a imaginary Sphere Type:

Flane
In X cylinder
Sphere

InY
@Inz

User-defined direction

Plane height 60

Clearance to a Plane :

Using this option the retracts of the tool always take to the plane specified. The
plane could be in either X Direction, Y Direction or, Z Direction. The plane can also
be user defined using two points.

Clearance to an Imaginary Cylinder :

Using this option the retracts of the tool are taken to the nearest point on an
imaginary cylinder. This cylinder can have its axis running either through X axis, Y
axis or, Z axis. The axis can also run through a user defined direction which can be
defined using two points in space. The other parameter that the user is allowed to
define is the radius of this imaginary cylinder.

@® This option is best suited for this part as this is rotating around X axis and the
retracts must take place on the nearest point on an imaginary cylinder.

Clearance to an Imaginary Sphere :

Using this option the retracts of the tool take place on an imaginary sphere. The
radius and centre position of this sphere is user defined.
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@ This option is best suited for impeller kind of parts.
% Select Cylinder from the drop-down list in the Type field.

Define a Radius of 65 mm (The part has a radius of 50mm, so we will have a
constant clearance of 15mm throughout). The axis of the Cylinder will pass
though X axis.

% Select the Parallel to X radio button.

Clearance area

Type: |Cylinder ~ | Radius: 63

(@) Parallel to X
(" Parallel to ¥

(I Parallel to Z

% Click Save & Calculate. The toolpath is now calculated.

% Click Exit.

% Right click the toolpath.

% Click Simulate. The simulation window opens.
»>
% Click (play) icon. You can see that the retracts look much better than be-
fore.

Click Host CAD.
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% Click Machine Simulation.

.. b . o .
Click (run) icon. We now see that the initial gouge is no longer there and
also the retracts are much better and easy on the machine.

% Click * (exit) icon.

We have fixed the two main issues in the toolpath.

We will now look at two more issues which are not critical, but must be fixed.
1. Leads and links for entry, exit and retracts.

2. Tilt angle to avoid cutting exactly at the tip of the cutter.

Leads & Links

These are very important to allow the tool to enter and exit the material
smoothly. As you can see in the below picture, the tool is directly entering into the
material, this can cause the tool to chip off or wear early.

Let us see some of the common leads and links used in this part.

The first leads are applied to the main entry and exit of the tool into and out of
the part. Do the following:

% Right click the toolpath.

% Click Edit. The Parallel cuts window opens.
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% Click Link. The leads and links are in the Link option.

é Parallel cuts

Technology

Parallel cuts -

----- @ CoordSys
----- Q Geometry
Tool
----- _£ Levels
Tool path parameters
Link
U Default Lead-In/Out
----- “§™ Tool axis control
----- [F Gouge check
----- g Roughing (Offset)
IS Mation Limits Contral
----- 4F Misc. parameters

First Entry / Last Exit Leads & Links

Approach!Retractl Linl{s'
First entry

[From clearance area v] ’Don't use Lead-In -

[ | start from home position

Last exit

[Eack to clearance area v] ’Don't use Lead-Out -

|:| Return to home position




Lead-In & Lead-Out

Approach/Retract  Links |

Gaps along cut

’Direct v] lDon't use Lead-InfCut v]
Small gaps:
lCIearance area - ]— lDon't use Lead-In/Out ‘r]
Large gaps:
(@) Small gap size in % of tool diameter: 20 () as value: 0
Links between slices
St {Direct v] ’Don't use Lead-In/Out v]
Large Clearance area v] lDon't use Lead-InfCut v]

(@) Small move as size in % of step over: 110
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Modifying Lead-Ins & Lead-Outs
Let us set the First lead-in and lead-out parameters. Do the following:
% Click Approach/Retract sub-tab.

% Select Use Lead-In from the drop-down list, in the First entry section:

% Select Use Lead-Out from the drop-down list, in the Last exit section

Apprnacthetractl Links]
First entry

’Frum clearance area "l [USE‘ Lead-In

|| start from home position

Last exit

’Eack to clearance area v] [L.Ise Lead-Out - ] E

|:| Return to home position

% Click the E]

% Deselect the Use default Lead-In check box to set the parameters. Set the pa-
rameters as shown in the below image. The parameters are same for Lead-In
and Lead-Out.

icon to set the lead-in and lead-out parameters.

[ use default Lead-In

Lead parameters

Type: [Ver‘tical tang. arc v]

[ Flip

Tool axis [Fixed v]

Max. angle change: 4

Use the
() width Length:
20 20
0 Arc sweep Arc diameter/

Tool diameter %:

a0 100

Height: 0 ] [

oK Cancel

Feed rate % 100
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%‘) Set Vertical tang arc with a radius value of 100% of the tool diameter.
% Set Arc sweep value of 90 Deg.

% Click OK.

% Click Save & Calculate.

% Click Simulate.

% Click Host CAD.

-
% Click (play) icon.

Lead-In Lead-Out
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Let us set some other lead in and lead out parameters

Approach/Retract  Links ]

Gaps along cut

’Direct v] lDon't use Lead-In/Out v]
Small gaps:
Clearance area - Use Lead-In/Out -
Large gaps: ’ ] _l / ]E]
(@) small gap size in % of tool diameter: 20 () as value: 0
Links between slices
Small ’Direct v] lDon't use Lead-In/Out v]
Large lclearance ared v] lUse Lead-In/Out v]E—

(@) Small move as size in % of step over: 110 () as value:

v

Set this Lead-In & Lead-Out [*

As we will not set any parameters for this Lead-In and Lead-Out, the default values
and parameters are used. These values and parameters can be found in the De-

fault Lead-In/Out parameter option. Let us set the parameters as shown in the
image.

""" D Coordsys Lead-In parameters Lead-Out parameters
----- Q Geometry
..... Toal Same as Lead-In
----- 4 Levels Type: Type:
& Tool path parameters
..... P Link ’\r’ertical. tang. arc Vl [ ]Flip Vertical tang. arc - Flip
701 Default Lead-In/Out .
----- “§” Tool axis control TiLmi sk
----- m Gouge check i )
----- &) Roughing (Offset) ’leed vl Fixed h
----- 1| Motion Limits Control
----- 4F Misc. parameters 4 4
Use the Use the
() width Length: Width Length:
20 20 20 20
(@) Arc sweep Arc diameter/ (@) Arc sweep
Tool diameter %:
a0 100 a0 100
Height: 0 Height: 0
< u >
Feed rate % 100 Feed rate % 100
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%‘) Click Save & Calculate.

% Click Simulate.
> R @ &
%} Click (play) icon. —-R] ]

Click the SolidCAM Operations tab. Select U (CAM Right YZ
View) and visualize the toolpath. The Lead-Ins and Lead-Outs look like this:

Select

B ® e

Let us now move to the last section of this tutorial.

We will now look at tool axis control which is the most important part in 5 Axis
Machining. This is important as the Tool Axis Control defines the orientation of
the tool axis during 5 Axis Machining. An improper tool axis control definition can
cause jerks on the machine and can also gouge into the part.

In our exercise we will use the tool axis control to effectively use the tool to cut
the material and not Grind/Rub against the material.

Observe the following picture:




In the above scenario, the tip of the tool is doing all the cutting. This is not the
best method to cut as the tip of the tool has "0" RPM. This creates a Grinding/
Rubbing effect on the material and wears out the tool. The surface finish appears

jaded.

To make the tool cut, and not rub or grind, a small tilt angle must be applied so

that we push the tip of the tool away from the cutting area and use the point on

the spherical part of the tool which has the "RPM" to cut the material.

Take a look at this picture now:

Tool
Tool .
ith < with
wi
> Tilt
No
Tilt { #
|
\
\ z
£ A \:\
. | l_.x
; | /
{\ /
N i
|
To apply the Tilt Angle, follow these steps:
1. Edit the toolpath ryr—
Q Geometry Output format:
2. Go to Tool Axis Control Tab ‘j Teol 5 Ais =

_4‘ Levels
I Tool path parameters

ﬁ Link

?‘i&] Default Lead-In/Out
----’f" Tool axis control

-[17 Gouge chack

j Roughing (Offset)
-I§] Motion Limits Control
~dp Misc. parameters

3. Enter a value of 25 in Tilt Angle at side cut-
ting box.

4. Click Save & Calculate.

5. Simulate the Toolpath in
Machine Simulation to observe the result.

Tool axis direction:

’T\Ited relative to cutting direction v

Angles

Lag angle to cutting direction: 0

Tilt angle at side of cutting 25



Observe the results in Machine Simulation. The following result is now visible:

You can see that the tip is no longer cutting the part but the side of the tool is cut-
ting the material. Depending on the diameter of the cutter and the machine kine-
matics, this angle can either be increased or decreased to get the desired results.
This angle is more popularly applied when Bull Nose Cutters are used.
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@ Tilt Angle is the angle of the tool axis across the toolpath in the feed direction,
while Lead/Lag angle is the angle of the tool axis along the toolpath in the feed
direction.

Tilt Angle \

Feed Direction \*@

Lead/Lag Angle

Shift

- m - Feed Direction

Unlike tilt angle which physically tilts the tool, lead/lag angle in this machine pro-
duces a shift from the centre thereby producing the same effect of a tilt angle
(Pushing the tip of the tool away from the cutting area).

End of Volume - 1
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