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Radial Milling Tutorials

RADIAL MILLING TUTORIALS

These short tutorials provide an introduction to using the Radial Milling module. As with most
GibbsCAM tutorials, the parts are in metric units and are set up with an Aluminum Alloy as the
Material type.

The tutorials assume you have existing knowledge of GibbsCAM Mill machining. The parts are
already created and make extensive use of solids for the stock shape and are simplified to focus on
learning how to use Radial Milling.

In some of these exercises we extract geometry from solids. If you do not have any solids
capabilities you may open the completed part files to work from geometry we have already
extracted.




Basic Use

BASIC USE

We will use a single closed shape in order to
create three contour operations and a pocketing
op. Three separate contour ops will be created to
show how the various settings affect the
toolpath.

1. Open the part Basic Use.vnc that is in the Sample Parts/Radial Milling - 4-Axis/Tutorial Parts -
Required folder that came with the software.

Please note that the part geometry is not flat and not in a rotary mill workgroup. The geometry
was created radially.

Op 1 - Basic Contour

Radial Milling Contouring requires you to select a point for the start location and a feature that
indicates the tool travel direction. As you select the geometry before creating the contour process,
the system can calculate the total shape length. This can be very useful if you wish to enter setbacks
for the toolpath. Setbacks start and finish a specified distance from the beginning and end of the

shape.

1. Select point and line as
shown.

We will start by etching
outside the shape, offset by
5Smm.




Basic Use

2. Create contour process using Tool #1, the 13mm Spot Drill, using the parameters shown.
Parameters that are particularly important in this situation are circled and explained below.

Radial Contour Parameter

Approach/Fetas

10 5 10

Q\%‘L ouT 10 5 10
R

Tolerance |0.03 Toalpath Tool Shift
Tthdais - Around X v 263.025 Along Cut Dir__ 0
Stock |0 D c
Toal Drir i \ erpslutLhr -
Feedrate | 100 S 0 P -
Shortest Andl Along Rt Awis
ortest Angle

Plunge Feed 100 Per Fot dsis |0

Spindle RFM {5000 1] Segmentation
LeanAngle |0 [ Radial Toal Max Langth | Y
[ [Flood v [ Progressive Lean Angle MaxArgle |0

Copyright @ 2006-2018 5 vergion  5.10.01
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Height
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a. We have set the clearance plane to 85mm. The tool will rotate into position at 26mm above
the part and rapid to 16mm above the part.

b. We are ramping onto the part on the center of the shape.

c. We are rotating about X.

d. The full shape is being cut.

e. We are cutting 1mm deeper than the shape.

f.  We are offsetting the tool by 5mm to the right of the shape.

7. ClickDo lt 9 to create the operation.

As it turns out, we do not want to start in the
corner of the part so we need to modify the

geometry to have a better starting point.




Basic Use

8. Selectthe line we started the operation on and create a center point on it. Be sure to connect
the geometry so that the new point is part of the shape.

9. Selectthe new point and the line to the right
of it. Redo the operation.
Your results should look similar to this image.

10. Deselect this operation.

Op 2 - Inside Etching

We will now create toolpath that is offset to the inside of the shape. We will use the same values as
the first operation except we will change a single value which will move the toolpath to the opposite
side of the geometry by 10mm.

1. Create a new contour operation using the same setup as the first operation but change the
Perp Cut/Dir value to 10.

Radial Contour Parameter 0@ T - x

Approach/Fetract Lead In/0ut

l @l O = @2 (O 2 O 5

jaia) — o5 Length  Radiuz  Angle Height
2 lj w10 ® o
10 20 Q\%‘L auT [10 5 10 0
R
U Roughing [] | Check Curve
Tolerance | 0.02 Toalpath Curve Tool Shift _
dthaxis | Around® v @) = 283025 Along Cut Dir__ |0
Stock |0 ) .
Perp/Cut Dir |10

ToolDit | Radialwal v O A £kt 1
Feedrate | 1000 i Along Rat Axis |0

Shortest Angle

Flunge Feed | 500 Depth N Perp Rot Akis |0
. . — -1
Spindle RPM | 5000 . o — = Segmentation
Lean Angle |0 [ Radial Toal P MaxLength U
o —™
[] |Fload > [ Progressive Lean Angle 0O i . O} __é_ Max sngle |0
Copyright @ 2006-2012 V5 vergzion  5.08.03 E




Basic Use

The results of this operation look rather odd.
In fact, the toolpath is violating the shape to
handle the rotations we require. The large
offset value is bigger than the shape can
handle. Let’s change this as the 10mm
offset was used as an example. Essentially
we were forcing the tool into a place it could
not fit.

2. Change the Perp/Cut Dir value to 5 and redo the operation.

Radial Contour Parameter 0@4 - X
Approach/Retract Lead In/0ut
. @ 0ox @ O0# O
85 — 85 Length  Radius  Angle Height
o0 lj M 10 5 10 I
10 20 ‘g}\r\ Lo auT |10 5 10 0
R
| Faoughing [ | Check Curve
Tolerance | 002 Toolpath Curve Tool Shift
dth s Araund ¥ v O] — 2EA025 dlong Cut D |0
Stock |0 B Pern/Cut Dir |5
Taal Dit - SIpFLLEL
Feedrate | 1000 Redialwal | | O [0 [#-¥10 .
Shortect A Along Raot Aws U
oriest Angle
Plunge Feed | 500 Perp Flot Awis |0
Spindle RPM 5000 0 Segmentation
Lean Angle |0 1 Radial Toal MaxLength 1
[ [Flood v [] Progressive Lean &ngle Mawdngle |0

Copyright © 2006-2012 V5
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Basic Use

If you render the part at this
point it should look like this
image.

3. Deselect operation #2.

Op 3 - Contour On Center

We will now machine a contour on the center of the geometry.

1. Create a contour operation using Tool #2, the 5mm Finish Endmill, using the parameters
shown. Parameters that are important to getting this operation right are circled.

Radial Contour Parameter

Approach/F etract

l

® _ g5
20
5 20
Tolerance |0.02 Toolpath
Stack |0 Atk Axiz Around ¥
Feedrate | 1000 ToolDit | Radial'wiall v
Plurge Feed (800 Shortest Angle
Spindle IPM 5000 7
Lean Angle |0 [ Radial Toal
[ |Flocd > [ Progressive Lean Angle

Copuyright & 20062012 W5 verzion  B.03.03

OF - x
Lead In/Cut
® L‘ ®) Z - 9}-1 ) %@-i ) %—1
Length  Fadiuz  Angle Height

lj 10 5 10 0
Q\F* L ouT [10 5 10 0
R

] Fioughing 1 | Check Curve

Curve T ool Shift
0] 263,025 Along Cut Dir |0
o o ﬂ——-_ﬁ' 0 Perp/Cut Dir |0

Along Rat Awmz U
Degth Perp Rot &wis [0
. Segmentation
O~ 0
P :). 0 Mar Lenath
'S ﬁR ) Zg Max dngle |0

We have specified that we are going to machine on center (@ Perp/Cut Dir value) to a depth of

3mm below the geometry.
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The results of the operation should look like
this image. This is the last of our contouring
ops.

2. Deselect this operation.

Op 4 - Pocketing

We will now pocket this same geometry.

Approach/Retract Speed/Feed
l Spindle [RP]

85
5 Feedrate

. 0 Plunge Feed
1. Create a pocket operation

. Flood

using Tool #2 as shown. i

Cutting Toolpath Segmentation
Steplwer |2 Sthiwis | Aroundz v Maw Length |0

stock and cutting 8mm below [ Radil Too :
the geometry. Max Angle

Tolerance | 0.03

We are leaving 12mm of

Custorn Lead In/0ut

Depth | -8
- [ Lead [n/Out

[]Reverse Tool Dir

0 [ |

Copyright 2 2006-2014 %5 wersian 50502

2. Click the Roughing button and set the values as N# Cuts |2
shown. Then click OK.

Cancel

3. Click the Close button in the Pocket dialog to save the data and then click Do It to create the
operation.
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It seems we have made a mistake. The
pocket is produced but only in one step.

To get pocketing or contouring to actually
make more than one pass you must set the
values and also select the Roughing
checkbox.

Cutting
StepOwer |2
Stock |12
4. Open the Roughing process, select the Roughing checkbox and re- Tolerance  0.03
do the operation.
Depth |-

[ ] Reverse Tool Dir

Foughing

The results should look like this. The roughing op leaves an obvious ledge, as would be
expected in a Radial Milling operation. A contour operation would be needed to clean this wall.

5. Savethisfile asitis complete.

10



Radial Tool On a Cam

RADIAL TOOL ON A CAM

In this exercise we will force a tool to remain radial on a part.

Getting the Geometry

1. Open the file Barrel Cam.vnc that is in the Sample Parts/Radial Milling - 4-Axis/Tutorial Parts -
Required folder.

This is a barrel cam with a 6mm slot. We are
going to generate toolpath to cut this slot but
the tool will remain radial as that is how the
cam was designed.

2. Extract edges to create the geometry
shown.

Note that this does not include the rounded ends of the slot. You should select only three edges.
We want to select the geometry that the tool will have to travel to create the shape. The end of
the slotis a 3mm radius, the center of which goes through the center of the part. A 6mm tool can

11



Radial Tool On a Cam

cut this slot and remain radial. This is illustrated in the following image which has all of the
geometry extracted from the shape.

FIMIT —

Machining the Slot

1. Select the lowest point and arc on the slot
geometry.

We do this so that the contour process
knows the length of the geometry that will be
cut. While we will not use this data in this
operation, always selecting your geometry
firstis a good habit to form when using 4-
Axis. We also need to know how deep to cut.

12



Radial Tool On a Cam

2. Selectthe $ Show Position item from the Plug-Ins menu.

3. Switch the plug-in to determine thickness.

4. Click anywhere near the slot on the curved surface of the barrel cam.

This will display the thickness of the
solid. |

GRL 800000 | || X

We now know we need to cut at
least 8mm deep.

5. Create a Radial Milling Contour process as shown using the 6mm Finish Endmill.

Approach/Retract Lead In/Cut
@l O = O @+ O &
Length  Fadus  Angle Height
oo

[

] | Foughing | Il | Check Cur\-'e|

Tolerance Taolpath Toal Shift
. Along Cut Dir
Stock |0 dth Awiz Around ¥ W ® = 2697

| 8
Tool Dir | Radial'wall LKt 0 @ut Dir

Feedrate 1000 Along Rot Asis

Fat D Shortest Anale
Flunge Feed | 1000 _— i Perp Riot Avis
Spindle RPM | 5000 # Addl Full Turns |0

Lean Angle |0 Radial Taal Max Length

0 [] Progressive Lean Angle Mar Angle

Copyright & 2006-2012 %5 wergion 508,03

We have set the process to force the tool to remain radial (the Radial Tool checkbox option). If we
did not select this, the tool would simply follow the geometry and may generate movesinY. We
are offsetting the depth by -9mm. This will ensure the tool clears the bottom of the slot. We have
also specified a Perp/Cut Dir value of 3mm. We are cutting a wall, so Perp/Cut Dir is a more
appropriate choice than Along Cut Dir. The 3mm value moves the 6mm tool off the geometry by a
radius.

6. Click OKtoclose the dialog and click Do Itto create the Contour operation.

The results should look like the following image.

13
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Save the part as it is complete.

14



Using Different Geometry

USING DIFFERENT GEOMETRY

This tutorial focuses on using the Constant Radius option and how the walls of solids can help

control the toolpath.

About the Part

1.

Open the file Cam Shaft.vnc that is in the Sample Parts/Radial Milling - 4-Axis/Tutorial Parts -
Required folder.

Body Bag

@I We have two parts in this file. Both are the same
cam shaft but one has fillets (representing the final cut
shape) and the other does not have fillets. The body
with fillets is set as the stock shape. We have created
two separate models to demonstrate different
techniques you may use in 4-Axis.

1.5mm fillet cam shaft

\\ Fage 1 f

Workgroup

-

EEL]

Comment Type

I_ILIiI Double-click to open
the Workgroup list dialog.
The part has two
workgroups with geometry
extracted from the models.
The workgroup Top Profile
contains geometry extracted
from the outer edge of the
“cam shaft” model. The
workgroup Bottom Profile
contains geometry extracted
from the edges of the fillet
on the 1.5mm fillet model.

Cam Shaft Operation 1

Determining the size of the Cam Shaft

In the first operation we will machine the side of the cam that the workgroup 1 geometry is on.
The closed shape of the profile is fairly complex as its radial depth changes but we want to keep

15



Using Different Geometry

the tool tip at a constant depth - the depth of the shaft. We need to know what that depth is.

1. Selectthe $ Show Position item from the Plug-Ins menu.

2. Click the picture icon until it displays to determine curvature.

3. Activate face selection ﬁ and click

anywhere on the cam shaft near the
origin.

This will display the radius of the solid.

We now know we need to cut

CRY | +INF 12.00000 x
to 12mm deep. i

Creating the Operation

1. Select the point and arc shown.

16



Using Different Geometry

While we do not have any lines to enter the part on, this arc is fairly flat and straight. It should
work reasonably well.

2. Create a Radial Milling Contour operation using Tool #1 as shown.

Approach/Fetract Lead In/Out
@l 0= 0% ®+ O &
Length  Fadus  Angle Height
n©® 2 Jo o

ouT |u ||2 ||2n |c|

] | Foughing | |:||Eheck Euwe|

Tolerance |01 Toolpath Curve Tool Shift

i 135,949 Along Cut Ciir
Stack M e O —
] i I» q erp/Cut L .

Feedrate 500 polUr | Side 'walls R D 25 ,_.-:-.ﬂ' ]

Along Rat Axie

Shortest Angle

Plunge Feed |00 Rt Dir

Depth Perp Rot Axis
Spindle PR | 5000 # Addl Full Turms |0 0O — D Segmentation
‘—\-\.._\_\_\_\-
Lean Angle El [] Radial Taol — :). 0 hax Lenath

n [ Progressive Lean Angle an O L Max Angle D

Copyright & 2006-2012 WS wergion 508,03 Ll

We have specified Side Walls because we are concerned with cutting the walls of the cam. The
Perp/Cut Dir value is equal to the tool radius. The Depth is set to 12mm using the Constant

Radius setting. That means that the tool will follow the path of the geometry but the tool will not
adjust its depth.

3. Close the Contour4 dialog and click Do it.

An error message appears. We want the tool to

remain normal to the geometry, cut the wall and ) ro ety s T

remain radial. To do this GibbsCAM needs more piection from Suface” or Side Wall

information. We can use the solid model to help

control the 4th axis rotations.
Using Wall Selection

Radial Milling does not work from solids, which would give us all the normal benefits that
machining solids provides, such as gouge protection. Having said that, Radial Milling can
temporarily use a solid to control the tool’s angle. Basically the system makes virtual geometry

from a selected face and aligns the tool to the virtual geometry. We are going to use this function
to avoid the gouge.

1. Click OKto dismiss the error message and turn on face selection.

17



Using Different Geometry

2. Select any face of the cam that is enclosed by the geometry, i.e. any of the faces we are
attempting to cut.

3. Right click onthe face and choose
=

i+

1 -]I
Ll Select > Select Wall Faces from the
menu.

This will select all of the faces that will be
machined.

4. With the faces and geometry selected, redo the operation.

Cleaning the Toolpath

If we look at the concave corner near the top of the part we can see that there is a small section
where the tool goes backwards then forwards. This is due to the change in the tool's angle
based on the selected faces. We can make this a little cleaner by changing a few values.

1. Open the contour process and change the values as shown.

Approach/Fetract Lead In/0ut
J, O] Lﬂ ] Z O @>.z ® gi O %’1
Length  Fadus  Angle Height

IN 0 2 mn 1]

ouT |0 2 20 0

?-B
it

] Fioughing [ | Check Curve

Tolerance |0.025 Toolpath Curve Tool Shit
135.949 Along Cut Oir |0

4th Axis Around ¥ W (O J—

Stock |0 Perp/Cut Dir 1.5
S ToolDit Sidewals v (O 25 fL_Kt 0 SRR
Along Rot swis |0

500 FotDir  Shortest Angle

Flunge Feed Perp Fot ésis |0

=
[}
=
=

Spindie RPM # Add Full Tums |0 w12 Seqmentation

(NP RPRD

i
:). 1] tax Lenath

O ﬁ_i_dm Maw tgle |1

Lean Angle [ Radial Toal
[ | Progressive Lean &ngle

A/

}

[] |Fload v
Copyright @ 2006-2012 %5 version  5.08.03
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Using Different Geometry

By providing a Max Angle value we will restrain the tool from going more than 1° past parallel
with a face, and the tighter Tolerance will make cleaner toolpath.

2. Redo the operation.

S

Now the part should be correct. The toolpath still has a location where the tool cuts back, and this is
not entirely avoidable. This toolpath represents the tool tip, not the contact point so any location
where the tool rapidly changes its orientation can lead to a situation similar to this. We have
minimized the effect of this and were we to use the Analyze Cut Part option in Op Sim Rendering,
we would see that we are neither gouging nor leaving any material behind. If we really did not want
to have the tool cut back we could extract the geometry from the bottom of the shape and have the
tool follow that curve rather than the top shape.

Cam Shaft Operation 2

Setting up the Operation

The next operation will use the geometry (found in WG2) from the fillets on the second cam. The
depth of the floor here is 15mm. If you wish to confirm this for yourself, use the Show Position plug-
in as we did earlier in the tutorial.

1. Putthe cam shaft part body in the body bag. We will now use the stock body with 1.5mm fillet.

2. Using the same selection technique as before, select the walls that need to be machined.

3. Inaddition to the faces, select the point and
arc on the outer geometry as shown.

19
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4. Using Tool #1, create a contouring operation as shown.

Radial Contour Parameter @ T -x
Approach/Fetract Lead In/0ut
| @l 0> 0% ®+# 0%
B0 — 25 Length  Radius  Angle Height
o5 lj N ] 2 10 0
§ 13 Q\%’L ouT [0 2 20 0
R
] Foughing [ | check Curve
Toleramce | 0075 Toolpath Curve Tool Shift
dth Asis [TV ® — 108.728 Along Cut D |0
Stock |0 Per/Cut Di 1
Tool Di . —~ ] erp/Cut Dir
Feedrate | 500 R 1L e Q =5 B0 )
T — Along Rot axis |0
ortest Angle
Plunge Feed | 500 Perp Rot Agis |0
Spindle RPH | 5000 u S egmentation
Lean Angle |0 [ Radial Taol MaxLength 1
7 [ Flood v [ Progressive Lean &ngle Mawdngle |0
Copyright @ 2008-2012%5 vergion  5.08.03

The information is the same as before except we have changed the constant depth to 15mm.

5. Close the dialog and then create the
operation.

This creates good toolpath that follows the
selected shape, does not gouge the walls and
remains at a constant depth. The nice thing is
that it does not matter which set of geometry
we choose.

6. Deselect the operation, then double-click the Process tile.

7. While holding down the Ctrl key, deselect the point and arc then select the matching point and
arc on the geometry that represents the bottom of the fillet.

20



Using Different Geometry

8. ClickDoit.

The toolpath is identical. The tooltip is going
to be in the same location for either set of
geometry because we are using selected
walls and the Perp/Cut Dir value have not
changed. If the geometry were different, that
is to say, not matching the fillet, then the
toolpath would be different, but that would
also be an entirely different part.

9. Savethe part.

21



Side Cut and Selecting Faces

SIDE CUT AND SELECTING FACES

About the Pipe Cut Part

This part has an existing Polar & Cylindrical Milling operation. We will see that this part cannot be
properly cut using the Polar & Cylindrical Milling option even though it looks like it can. We will
create a Radial Milling operation that properly cuts the part. As stated, this part cannot be cut with
Polar & Cylindrical Milling— the geometry goes through center. The tool must go through center for
Polar & Cylindrical Milling.

1. Open the file “Pipe Cut.vnc”.

2. Selectthe body and render.

Analyze Cut Part 3 _ x

3. When the operation is
finished activate Analyze Cut
Partand select the Undercuts O Remsining Matea
on cut part option. © Remaining Matsiial on pait body

() Undereuts on part body Show

(®) Undercuts on cut part Cancel

() Riemaining Material Change
We can clearly see that the oo
tool is cutting too deep at the
bottom of the shape. Let’s
look at why this is happening.

The Shape

e —

i ———

I
4. Clickthe CS command icon = and switch to CS2 (the XY plane) and then I_IiIWorkgroup 1.

22



Side Cut and Selecting Faces

m Extract Edges...

i Align Faceto CS |.’; Select Tangent Faces

| Select I} i Select Faces Above

e
Deselect Select Faces Below

Select Floor Faces
Select Wall Faces

Select 3D Faces

5. Turn on face selection and right click
anywhere in the cutout section of the model.
Then choose Select Tangent Faces.

Select Transition Faces

H Select Fillets

{0 Select Adjacent Holes

Now that the loop of faces that define the
cutout are selected we will extract geometry
and see what is going on.

6. Right-click anywhere onthe model and from the menu choose Extract edges m
7. Extract the geometry with a tolerance of .

We will now create some lines through points.

8. Create lines through the two sets of points
shown.

23



Side Cut and Selecting Faces

Radial Lines

9. Switch to the Home view.

We can see that the lines run through X0YO0,
i.e. the lines are radial. With Polar &
Cylindrical Milling, the tool must be radial.
Thatis why we are removing too much
material.

Fortunately, Radial Milling handles Y offsets. We need to recreate this operation using Radial
Milling.

Pipe Cut Operation 1

1. Delete the existing operation 1.

We will use the geometry we just created as our contour shape with a mid-point added for the
start location.

2. Create a mid-point on the line on the Y+ side
of the outer profile geometry.

You will need to disconnect, create a
duplicate line and reconnect geometry to
complete this.

3. Create a Radial Milling Contour process with Tool #1 as shown.

24
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Radial Contour Parameter

Approach/Retract Lead In/ut
J’ .;E;. Lﬂ

50 —

20

Talerance 0.1

Stock |0

Tool Dir | Side 'walls

Feedrate | 500

Plunge Feed | 500 SIS

Spindle RPM 5000 0
Leat &ngle |0 [ JRadial Taal -
7 [Flood v [ Progressive Lean &ngle 'EE:' ___@‘_R

Copyright & 2008-2012 %S vergion  5.08.03 E

Q-F - x

O O%* @ = O 5

Length  Radius  Angle Height
1 3 5 i

20 ‘9\%’1 ouT [1 3 5 i
R

U Fiaughing [ | check Curve

Taal Shift
Along Cut Dir

PerpsCut Dir
Along Rat Axiz

[ T s Y T B e |

Perp Rat Asis

Segmentation

b ax Length

s _CJ{‘_J_LIDL MaxAngle |1

Be sure to set the 4th Axis to Around Z as this is on a Mill/Turn machine.

4. Selectthe midpointand line then click Do it.

We need to select the walls of the solid to control the
tool's alignment.

5. Using right-click Select >Tangent Faces,
add the walls to the selected geometry.

6. Redo the operation.

Selection ERROR

{W% Please celect at least one Face when you select the option "Tool

&' Direction From Surface” or "Side Wall"
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The rendered operation is good. You might be
wondering about the little “hitches” near the
corner of the toolpath. These are normal and to
be expected as tools swing around the transition
from one wall to another. We have told the tool to
maintain its tip at -7mm and that is what it is doing
during the transition.

7. Savethe part asitis complete.

26



Moving the Tool Relative to the Geometry

MOVING THE TOOL RELATIVE TO THE
GEOMETRY

About the Ellipse part

In this exercise we are going to experiment with the Tool Direction From Geometry option and look at
another way to use Tool Shift.

1. Open the file Ellipse.vnc.

We are only concerned with the elliptical geometry shapes around the profile of the part. While
other sections of this part can be cut with Radial Milling, we are focusing on these particular
profiles to learn more about controlling Radial Milling toolpath.

Ellipse operations

1. Selectthe point, line and surface
shown.

2. Create a Radial Milling Contour operation using Tool #1 and the process parameters shown
below.
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Radial Contour Parameter

Approach/Retract

J

150 —

50

13

Tolerance (0.2
Stock |0
Feedrate (100

QoF-x
Lead In/Out
0 L 9] 2 ()] 9}-—* ) % ) —\@-i
25 ength  Radiuz  Angle T
1 13

75 Q\%’“\\

Curve T ool Shift
Slong Cut Dir 125

< Perp/Cut Dir |0 >

Along Rat Az (U

Around ¥ W

From Geaometr,

Plunge Feed |100 Perp Rot &wis |0

Spindle FPM 5000 a Segrentation
Lean &ngle |0 [ Radial Taal Mas Length |7
[ Progressive Lean Angle Max &ngle |0

] | Flood w
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3. Create a second Radial Milling Contour operation, again using Tool #1 but instead of starting at
the top of the part, select the point line and surface at the bottom of the part so that the tool will
retract, reposition and then feed back onto the part.

The resulting toolpath and rendered image should look as below.
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Moving the Tool Relative to the Geometry

Correcting the Operations, Part 1

Unfortunately, when we examine the rendered part, we see this is a very bad result. The tool starts
off tangent to the point selected and is radial. As the tool progresses around the part, it remains
radial and removes a lot of material it should not remove.
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Moving the Tool Relative to the Geometry
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Now when rendered we can see that the tool does not gouge the part. The tool orientation is
defined by the geometry. The tool is kept normal to the geometry and since the Depth setting is 0
the tool tip follows the geometry exactly and all angle changes occur above the tip.
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Moving the Tool Relative to the Geometry
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Moving the Tool Relative to the Geometry

Correcting the Operations, Part 2

We are not quite done with this part yet. You may have noticed that the part is being cut with the
bottom of the tool. This is most noticeable as the tool goes around the apex of the open ellipses.
Cutting with the bottom of the tool is not optimal, so we are going to pull the tool back a little so that it
cuts with its leading edge.

5. Open Operation 1, set the Along Cut Dir option to -25mm, and then redo the operation. Repeat
this process for Operation 2.
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We can see that the toolpath is no longer
exactly on the geometry. This is because the
toolpath represents the tooltip.

32



Moving the Tool Relative to the Geometry

Looking at the rendered image below we can see that the center of the tool is exactly on the
toolpath. By offsetting the tool by a radius the leading edge of the tool is now cutting the material
first. The leading edge of the tool is effectively following the geometry.

Modifying the Tool Shift along the direction of cut is also a very useful technique for cutting
threads.

6. Savethis partasitis complete.
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Adding a Chamfer

ADDING A CHAMFER

About the Part

In this tutorial we are going to add two types of chamfers to an existing part. The first chamfer will
simply use a spot drill to create a 1mm chamfer around the top of the boss. The second chamfer will
create a 30° chamfer on two sides of the boss using the Progressive Lean Angle option.

1. Open the file Progressive Lean.vnc.

This is a rather simple part with an existing 4-Axis
Contour operation that trims a little material off of
the boss.

Adding The Chamfers

Progressive Lean - Operation 2

1. Select the same geometry used in
Operation 1.

Be sure to deselect operation 1, asiit is still required.

2. Create a Radial Milling contour operation using Tool #2 as shown.
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Adding a Chamfer
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This is a very basic operation where we are running the tool on the outside of the geometry,
cutting Tmm deep. When rendered you should see the edge of the boss has been given a
chamfer. This is an operation that could easily be done with Polar & Cylindrical Milling.

Progressive Lean - Operation 3

We will now make a chamfer that Polar & Cylindrical Milling cannot do. Let’s imagine that this part
was designed with a different chamfer. Rather than a standard 45° edge the sides of the boss have
a 30° edge. We need to be able to lay the tool over by 30°. Using the Lean Angle we can lay the tool
over but that fixes the tool to the angle specified. Fortunately the Toolpath section has a Progressive
Lean Angle option. This option will progressively move the tool to the lean angle as it approaches
parallel to the rotary axis. As the tool moves towards perpendicular to the rotary axis the tool is
moved back to 0°.

3. Select the point and line shown on the
lower closed shape.

These are the same points as in the other
operations, but using the lower closed
shape. We are using a different shape to
set the bottom of the chamfer.

4. Create a Radial contour operation using Tool #1 as shown.
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Adding a Chamfer
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The Depth could actually be set to a different value and we would get a virtually identical result.
We used this value so we can clearly see what is happening. The Perp/Cut Dir value is the same
asis used in Operation 1.

When rendered the part should look like this
image. Note how the tool changes its angle.
This is a very useful technique.

5. Savethefile asitis complete.
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