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CHAPTER 1.

EZ-MILL 4™ Axis TUTORIAL - INDEXING

OVERVIEW

This tutorial is intended to teach you how to program the rotary table of your CNC
milling machine with the help of EZ-MILL 3D or EZ-MILL Pro’s fourth axis functions.
Its aim is to give the basics on using “fourth axis indexing” and “fourth axis wrapping”
features. Before starting this tutorial we recommend that you complete other EZ-MILL
tutorials and have the required knowledge about creating geometry, curves and milling
cycles.

First part of the tutorial includes all the steps required to machine a 3D solid part with
multi-sides to be indexed by rotary table: import external solid data, prepare curves &
user coordinate systems and setup machining data. This will help you to understand the
main principles of managing fourth axis operations.

Throughout the tutorial you will find important notes 0 , tips @ or references to the
online help where additional information on the commands and functions is provided.

4™ Axis INDEXING

Sample part has four sides to be machined and each side is 90 degrees to each other. This
can be achieved by 4™ axis rotation of the part that is centrally mounted on the rotary
table. The sample part in this tutorial will be rotated around X-axis assuming that it will
be machined with a rotary table working around X-axis of the machine.

Before machining each side, part will rotate to the appropriate angle by “indexing”
process and align the surface parallel to X-Y plane. After rotation stops the regular
milling operation cuts defined path on that surface. Then, indexing is repeated for each
side of the part to rotate and fix it at desired machining position.

Indexing process can be defined in two ways in EZ-Mill, either by entering indexing
angles in Work Step Data or by creating auxiliary coordinate systems (UCS) on the
machining plane. Both methods will be applied and explained in this tutorial.

EZ-CAM 1-1



EZ-MILL 4™ AXIS TUTORIAL - INDEXING

BAsic PROGRAMMING STEPS
Before we continue with the tutorial let us explain the basic steps needed to create the part

program.

STEP 1. Load (Import) the 3D Solid Model of the Part to be machined
As our sample part we will use a 3D model created in Rhino and saved
in its native format “3dm”. Other common CAD translation formats can
also be used to import external data to EZ-Mill, such as igs, sat, step,
etc.

STEP 2. Define Path Curves from 3D Solid Model
Several curve creation techniques will be applied to get the machining
paths from 3D solid model.

STEP 3. Create User Coordinate Systems for Sides
In order to explain how to use UCS for 4™ axis indexing, side slots will
be machined by defining auxiliary user coordinate systems.

STEP 4. Create Work Steps and set Machining Parameters
Define machining Work Steps and set required fields such as path
curves, tool number, feeds and 4™ axis parameters and then verify
toolpath for active Work Step.

STEP 5. 3D Solid Model Preview

After verification of all work steps we will check machining with 3D
Solid Model Preview function on a custom stock which is loaded as a
solid part from a 3gx file.

The EZ-MILL 4" Axis Tutorial is setup in Metric with all Inputs
and Dimensions in Millimeters !
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EZ-MILL 4™ AXIS TUTORIAL - INDEXING

THE PART

The sample for this tutorial is shown below. It is a 140mm x 100mm piece that is 28mm
tall. It has two pockets symmetrically located on the top and bottom with a depth of Smm.
Three holes around the big center hole have a diameter of 8mm and they are 10mm deep
with identical copies at the bottom. There are two 80x10mm slots with Smm depth in the
front and backside of the part.

Picture 1-1

EZ-CAM
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EZ-MILL 4™ AXIS TUTORIAL - INDEXING

SETTING THE PREFERENCES

Let’s first set some important parameters such as units and other viewing preferences to
ensure the compatibility of your system with the tutorial.

1. Select "New” command from the “File” menu to restart EZ-Mill and to clear the
memory before continuing with the tutorial. Make sure that one of the EZ-Mill levels
is active and press OK to start over.

(3]

Are you sure you want to stat over?
Level

O The “New” dialog is also used to switch between the EZ-Mill and
EZ-Turn modules. Before the dialog opens, the system checks the
software protection key for activated modules. Modules or levels
that are not activated will be marked by appended “DEMO” text.
When working in “Demo” (evaluation) mode, it is not possible to
print or save data. The corresponding “Save”, “Save as” and

“Print” commands are disabled.

When closing the EZCAM application, the system automatically
stores the last used level as default for the next session.

2. Select ”Setup” command from the “View” menu
3. Select “Metric” option button as the parts input dimension system.
4. Click the “Background” list box and select “White”.

5. Check the box "Blank Verify" on the right. This will cause verified tool paths to be
blanked every time the view is changing or the screen is redrawn.

1-4
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EZ-MILL 4™ AXIS TUTORIAL - INDEXING

6. Un-Check "Show Surf/Curve Direction". This will hide the small arrows indicating
the surface normals and curve directions. It can later be activated at any time.

7. Check "Save as Default". The system will store all dialog settings as defaults for
future sessions.

8. After the preferences have been correctly set, click OK.

Setup @E
Viewing Parameters Grid Parameters Preferences
% Center |07 % Increment |107 " Inch * Metic
Y Center Ini Y Increment [10 Background |White -
Z Center h X Ongin |D Patch Lines |47
Size |1 50 X Gkt |D Blend Tolerance |1 0

X View |-1 Shading Parameters Chain Tolerance |I:|,I:IIJ1

Y View |-1 Light X r ¥ Planar Chain
Z View |1 Light ¥ [a Circle Chain IDistame vl

View Angle |U Light Z 100 ¥ Blank Verify
" Rough [Fast) ™ Show Swif/Curve Directions
I Set as Isometric " Medium I Fine Tessellation
" Smooth (Slow] ¥ Save as Default
0K Cancel |
Picture 1-2

The initial setup for the EZ-MILL 4™ Axis Indexing tutorial is now complete. Continue
with the next section to create the geometry necessary for this part.

EZ-CAM
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EZ-MILL 4™ AXIS TUTORIAL - INDEXING

LOADING THE SoLID PART

We will load the 3D solid part in order to define machining paths and auxiliary user
coordinate systems that will be used for indexing to the angled sides. There are two
methods to accomplish this process. First method is to import a solid/surface model file in
one of the common CAD file formats such as iges, sat, step, dwg, vda or 3dm. Secondly
you can open the model in our companion CAD product Rhino and then copy/paste to
EZ-Mill using the special command “Paste from Rhino”. In this tutorial we choose the
first method and load a 3dm (Rhino native format) file containing the 3D model.

0 You may refer to “EZ-Mill 3D Tutorial” to get information about

“Copy and Pasting the Model from Rhino”

The “3dm” file containing the 3D model has already been copied into the

“EZCAMWWMILLPARTS” folder by the EZ-CAM setup. Follow the steps below to load

the data.
Open @E
Look in: |\_; MilParts LI & cF E-
A IndexingTutorial, 3dm
My Recent
Documents
Desktop
My Documents
P“j
My Computer
M N;_,J k [ | | 0 I
y Networl File name: IndexingT utorial 3dm 2l pen
Places
Filesoftype:  [AIEZCAM files ~| Cancel
Picture 1-3

1. Select “Open” command from the “File” menu to open the file dialog. In Picture 1-3
you can see the dialog displayed on a Windows XP professional workstation system.

1-6
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EZ-MILL 4™ AXIS TUTORIAL - INDEXING

This dialog may vary according to the version of the Windows™ operating system
running on your machine.

Select the folder “EZCAMW \ MILLPARTS” on the drive where you installed the
software

In the “Files of Type” list select “Rhino 3D Models (*.3dm)”.

Select the file “IndexingTutorial.3dm” and click the “Open” button. The imported
surface geometry should then appear as shown in Picture 1-4.

Picture 1-4

EZ-CAM
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EZ-MILL 4™ AXIS TUTORIAL - INDEXING

DEFINING THE POCKET CURVE

We need to create curves to define machining borders or paths using the solid model
representation of the 3D part. Since EZ-Mill automatically generates wireframe geometry
during the import process we can use those entities or alternatively apply “curve creation
from 3D model” commands such as “Face Boundary” or “X-Y Intersection”. Here we use
Face Boundary to create the pocket’s boundary curve from its bottom surface.

1. To create the pocket boundary curve choose the “Face Boundary” command from the
“Curves* menu, type “PocketCrv” as the new ID and click OK.

&

Face Boundary |PocketCrv

| 0K I Cancel

2. Now we should view the model in shaded mode to pick the bottom surface of the
pocket from which the face boundary curve will be created. Select “Shade” command
from the “View > View Control” menu or click the corresponding button. Make sure
that “Verify Mode” button is pressed.

& v’
Shade Verify Mode

3. Click anywhere on the pocket’s bottom surface. After clicking the color of the
surface changes to inform you that it’s selected. See Picture 1-5.

1-8 EZ-CAM



EZ-MILL 4™ AXIS TUTORIAL - INDEXING

Picture 1-5

Press ENTER button to confirm. Then press “Shade” button again to view the part as
wireframe in order to see the created curve better. You can see the result in Picture
1-6.

Picture 1-6

EZ-CAM
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EZ-MILL 4™ AXIS TUTORIAL - INDEXING

DEFINING THE CURVE OF THE HOLES

At this step we create the curve for the three holes located around the big center hole.
Since wireframe geometry exists in the drawing after loading the 3D model we can
simply define the curve by clicking on the circle entities at the top edge of the holes.

1. First to create a new curve, select the “New” command from the “Curves” menu or
click the corresponding button, and type “HoleCrv” as the new ID and click OK.

o

New Curve [HoleCrv

| 0K | Cancel

2. Select the “Chain” command from the “Curves” menu or click the corresponding
button.

(

Chain

3. Select the holes (1) and (2) with one click as shown in Picture 1-7. See Picture 1-7/2
for the result.

(1 (2]
N R
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,// \
2 (=
5 )
23 @
R 75
Y N
Picture 1-7
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Picture 1-7/2

DEFINING THE CURVE OF THE SLOTS

Now we create the curve for the slots. Since the tool diameter used in this tutorial to cut
the slots will be equal to width of the slot our new curve will be a single line connecting
the center points. The slot at the opposite side of the part can be machined using the same
curve at the front, so we will create only one curve for both slots.

1. First to create a new curve, select the “New” command from the “Curves” menu or
click the corresponding button, and type “SlotCrv” as the new ID and click OK.

o

New Curve [SlotCrv

| 0K | Cancel

2. Next, select the “Linear” command from the “Curves” menu or click the
corresponding button. Click “Shade” button to activate shaded viewing and select
“Center Circle/Arc” command from the “Edit > Point Picking” menu or click its
button. See Picture 3-7.

EZ-CAM
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Curve Linear Shade Pick Center
Move Circle/Arc

3. Click on the half circles (1) and (2) of the slot as shown in Picture 1-8. That will
place the linear curve start and end points at the centers of the half circles. The result
is shown in Picture 1-8/2.

Picture 1-8

Picture 1-8/2
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EZ-MILL 4™ AXIS TUTORIAL - INDEXING

CREATING UCS FoR SIDE SLoT 1

We will create auxiliary user coordinate systems (UCS) to define machining planes of the
slots at the sides of the part. If the machining plane of a 4™ axis cycle is not parallel to the
World X-Y plane for you have to define that plane’s machining orientation by placing a
new UCS with X-Y-Z axes displaying the axes directions of that surface at the machining
position which is obtained by rotating the part.

There are two methods for placing the UCS, you may place it anywhere on the machining
plane or alternatively place it at World origin. In both cases Z-axis should be the tool
center axis for that machining cycle and X or Y axis should be parallel to the chosen
rotary table axis at your machine. First method will be used for the slot at the front side.

1. First to create a new UCS, select the “New UCS” command from the “View” menu
or click the corresponding button, and accept the default name “UCS1” as the new ID
by clicking OK.

vEx

T
New UCS {ucst

2. Select the “Snap All” command from the “Edit > Point Picking” menu or click the
corresponding button.

ax
Snap All

3. Click (1) for UCS origin followed by (2) to pick X-axis direction and click (3) to
pick Y-axis direction. See Picture 1-9. The reason for setting X-axis by clicking
point (2) is to make it parallel to World-X which is the rotary axis for this part. This
will set the X-Y plane of the new UCS at top surface of the slot and Z-axis will be
parallel to the tool that will machine the slot. The new UCS will be displayed as
shown in Picture 1-9/2.

EZ-CAM
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N

Picture 1-9

Picture 1-9/2
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EZ-MILL 4™ AXIS TUTORIAL - INDEXING

CREATING UCS FoR SIDE SLoT 2

The next step will be to create the UCS that will define the machining axis orientation for
the slot at the back side of the part. We will here use the second method described in the
previous subject and place the UCS at the World coordinate system origin. Z-axis will be
parallel to the slot’s surface normal (that is World Y-axis) and X-axis will be parallel to
World X-axis which is the rotation axis of the part.

1. To create a new UCS, select the “New UCS” command from the “View” menu or
click the corresponding button, and accept the default name “UCS2” as the new ID
by clicking OK.

yXx

'\V'
New UCS jucs2

| 0K | Cancel

2. Next, type the values shown below in coordinate value entry boxes.

Input X=0, Y=0, Z=0 for “origin point” coordinates to match it with World origin,
and press ENTER.

Input X=1, Y=0, Z=0 for “X axis direction” and press ENTER. This will set X-axis
direction parallel to World-X.

Input X=0, Y=0, Z=-1 for “Y axis direction” and press ENTER. In order to make
Z-axis of the new UCS parallel to machining surface normal, Y-axis needs to be
parallel to negative World Z-axis direction, so we input “Z=-1".

X [0600_|
Zpooo ]| 2[oon ]
am]| sEm]| AE)

Origin Point X axis direction Y axis direction

b.4
e e
<

The new UCS is displayed as shown in Picture 1-10.
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Picture 1-10
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EZ-MILL 4™ AXIS TUTORIAL - INDEXING

CREATING THE PART PROGRAM

In this section we will create the work steps and enter the information to define tool and
machining data as well as indexing parameters for every process.

Work Step ID ‘ Purpose

Cut two pockets that are placed on the top and bottom sides of
Pockets the part by using indexing angles 0 and 180 degrees. The depth
is 5mm and the cycle is “Pocketing”.

Drill three holes around the big center hole on the top surface

Holes with a depth of 10mm and another three with same properties on
the opposite side of the part. The indexing positions will be 0 and
180 degrees.

Slot1 Cut the front slot with a “Contouring” cycle to 5mm depth.

Indexing position will be defined by UCS1 unlike the first two
work steps. This will ensure 90 degrees of indexing rotation.

Cut the slot opposite to Slot1 with a “Contouring” cycle. The
Slot2 depth will be 5mm and indexing position will be defined by UCS2
that will rotate the part to 270 degrees.

EZ-CAM 1-17



EZ-MILL 4™ AXIS TUTORIAL - INDEXING

CREATING WORK STEP “"POCKETS"” — POCKETING

First work step will machine two pockets placed on the top and bottom surface with a
Smm depth. Indexing positions, 0 and 180 degrees, will be entered at “Verification” tab.
Only the curve ”PocketCrv” which is the boundary curve of the first pocket needs to be
selected as the machining path because these two pockets are identical.

1. Select the “Work Step Data” command in the “Machining” menu to open the “Work
Step Data” dialog. Once it is open switch to the “Tool Info” tab.

M Work Step Data

Cycle Data | 3D Cycle Data | Verification |

2. Press the “New” button and input “Pockets” as the new Work Step ID. Confirm with

OK.

Work Step ID

| Pockets

3. Select “Pocketing” from the cycle list and “PocketCrv” as the path curve.

B Work Step Data

ToolInfo | Cycle Data | 3D Cycle Data | Verification |

Work Step ID Cycle Path Curve 1D

4. On the “Tool Info” tab, change the settings according to the table below and ensure
that all parameters are set as shown in Picture 1-11.
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Dialog Field Value Comment

Type Flat Flat type endmill

Number 1 Tool number in tool magazine

Diameter (Bot.) 16 Defines the diameter of the tool
If indexing parameters are defined in the
“Verification” tab MCS ID should be left as

MCS ID World “World”. If a UCS is selected from the list
system uses its Z-axis direction as the indexing
position reference

Spindle RPM 1250 Sets spindle RPM to 1250 / minute

Feed (X-Y) 500 Cutting feed rate in XY plane (mm/minute)

Feed (2) 75 Cutting feed rate for Z depth moves
Z-level of the top of the pocket where

7 Surface 14 machining starts from. Since part is mounted at
its center axis to the rotary table we need to
input half of the part’s height 28mm

Z Rapid 60 Ra_pld positioning p_Iane (_1ur|ng rapid moves
which include also indexing moves

Z Clear 2 Plunge plane (Rapid to Feedrate)

Z Depth 5 Total incremental depth

Z Step 0 Incremental step (0 means one pass to depth)

“Z Surface” value depends on the machine zero position as well as
how you mount the workpiece. In this tutorial symmetry axis of the
part is assumed to be at Z=0. So the machining level of the first step
is half of the part’s thickness.

However, if you mount the part eccentrically to the rotary table
(part’s symmetry axis is different from the rotary axis) then you
need to place the model in EZ-Mill accordingly and “Z Surface”
value should be set to the Z coordinate of the machining plane as it
appears in the drawing screen. You may check that coordinate by
picking any point on that surface in “Snap All” mode.

EZ-CAM
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S.

B Work Step Data @E

ToolInfo | Cycle Data | 3D Cycle Data | Veiification |

Work Step ID Cycle Path Curve 1D
lPuckels El lPockelhg _Ll |F'o|:kell:rv El
Tool Info Feeds & Speeds
Select Toal ... Spindle RPM 11250
Tool ID | Feed [XY) ]500
7
Type Flat - Material IHSS v| e ; 157
Number |1 Pitch (T§ | '—
Diol.'ne.ler (Bot) r__.|15 FRiEs ) I..__Iz Material Data Base
Length |D TLO # IIJ I Open.. I
Topeange [T |
Z Data
Comment I Surface |14
Rapid |EU

e N |547 i~ Tool Change Clear |2

e Hum %[5 Depth |5 Ao |

or =] vy [150 | Step [0 I Connect
Coolant |F|°0d -] z |15EI
E Plunge Options... !
User Variables... MCS ID |'World -

For Help select field and press F1

Save As Default |

Close

Picture 1-11

On the “Cycle Data” tab we set “Step Over” between X-Y passes to “8” (half of the
flat endmill diameter). The remaining parameters should be set as shown in Picture

1-12.

1-20
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B Work Step Data #X

ToolInfo Cycle Data | 3D Cycle Data | Verification |

Work Step ID Cycle Path Curve D
New | lPackels LI |Pockel'ng El ]Pockettw L]
Options Ramp Parameters
I :] I~ Macro | = |
DraftAngle [0 [ —
"
Stock Allow |0 [
Ii I 2D Gouge Check
B 3 [
I_ [
StepOver |8 I 2ot Pt pam (B
| [~ Outside-In Miling [ =
I_i ¥ Climb Milling r
Comment (Up to 255 characters) I
{7
[—
For Help select field and press F1 Save As Default | Close |

Picture 1-12

Next, select the “Verification” tab to set indexing parameters. Click Indexer
“Around X Axis” option to define the rotary table axis. Input “2” at “Copies” box so
that pocketing will be performed two times. “Angle” is the indexer rotation angle
between each copy, type “180” to define the opposite side pocket. “Start Ang.”
should be “0” to start the machining at the top side of the part with the first pocket.
Check that the remaining parameters are set as shown in Picture 1-13 and close the
dialog.

EZ-CAM
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B Work Step Data @3

ToolInfo | Cycle Data | 3D Cycle Data Verification |
Work Step ID Cycle Path Curve D
New | lPockets 3 anckeling L] IPocketh E‘
Wrap
v Show Rapid + No 4th Axis O Around X Axis O Around Y Axis
r il Conicénge [
Indexer
" No 4th Axis & AoundXAxis O Around Y Axis
I~ Repeat Group by Tool Copies |2 Angle |180 Stat Ang. [0
Repeat Toolpath
Applied Repetitions
No repetition applied Add Rotation I
Add Translation I
Add Symmetry |
[ | G c
For Help select field and press F1 Save As Default | Close |

Picture 1-13

7. Click the “Verify” button and the system starts calculating the toolpath. See Picture

1-14.

:"‘.\l\]

Verify

1-22
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Picture 1-14

The Work Step #1 is now complete. Hit the “Redraw” button \ to refresh the
screen and remove the verified tool path display.
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CREATING WORK STEP “HOLES” — DRILLING

Second work step is created to drill three holes on the top and then copy them to the
opposite side by entering indexing parameters in Work Step Data “Verification” tab.

1. Select the “Work Step Data” command in the “Machining” menu to open the “Work
Step Data” dialog. Once it is open switch to the “Tool Info” tab, press the “New”
button and input “Holes” as the new Work Step ID. Confirm with OK.

Work Step ID

2. Select “Drill” from the cycle list and “HoleCrv” as the path curve.

B Work Step Data

ToolInfo | Cycle Data | 3D Cycle Data | Veriication |

Work Step ID Path Curve ID

[Hales LI (ID!I“ D J

3. On the “Tool Info” tab, change the settings according to the table below. All other
parameters are identical to the previous work step. Check and ensure that everything
is set as shown in Picture 1-15.

Dialog Field Value Comment
Type Drill Drilling tool
Number 2 Tool number in tool magazine.
Diameter (Bot.) 8 Defines the diameter of the tool
Spindle RPM 1500 Sets spindle RPM to 1500 / minute
Feed (2) 100 Cutting feed rate for drilling
Z Depth 10 Total incremental depth

1-24 EZ-CAM
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B Work Step Data @3

Tool Infa I Cycle Data | 3D Cycle Data | Verification |

Length

Diameter (Bot) |3

. | Aot
|D TLO #
ﬁ

Flutes

T

Comment |

Fixture Num |54

Coolant Flood +

User Variables...

I

Tool Change
® -150

Y I-'|5lJ

Z |150

MCS 1D |World

Work Step ID Cycle Path Curve 1D
New | lHo!es ZI IDriI El lHnIeErv El

Tool Info Feeds & Speeds

Select Toal .. SpindeRPM |1500
Toal ID | ' I

100

Type | Diil v|  Material |HSS - feacie] li
Number IE‘ Buel [0—-

Material Data Base

I Open...

ZData

Suface |'|4_

Rapid [60

Clear |2

Depth [10 ik
Step IIJ_ i .
step2 [0

Plunge Options... l

For Help select field and press F1

Save As Default |

Close

Picture 1-15

Next, select the “Verification” tab to set indexing parameters. Change only “Start

Ang.” to “180” to let the indexer continue from the current position which is the last
machining angle of the previous work step. Check that the remaining parameters are
set as shown in Picture 1-16 and close the dialog.

EZ-CAM
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B Work Step Data @3

ToolInfo | Cycle Data | 3D Cycle Data  Verification |

Work Step ID Cycle Path Curve D
New | |Holes ~|  |oil ~|  |HoleCrv |
Wiap
v Show Rapid * No 4th Axis O AroundX Bxis  ( Around Y Axis
T Crea / I” Radiz Conic Angle |
~ Indexer
" No 4th Axis ® AoundXAxis O Around Y Axis
I~ Repeat Group by Tool Copies |2 Angle |180 Start Ang. |180
Repeat Toolpath
Applied Repetitions
No repetition applied Add Rotation

Add Translation

it

Add Symmetry

I

| | ¢

For Help select field and press F1 Save As Default | Close |

Picture 1-16

5. Click the “Verify” button and the system starts calculating the toolpath as shown in
Picture 1-17.

:"‘.\l\]

Verify
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Picture 1-17

The Work Step #2 is now complete. Hit the “Redraw” button \ to refresh the
screen and remove the verified tool path display.
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CREATING WORK STEP “SLOT1"” — CONTOURING

Third machining work step will cut the slot at the front side of the part by rotating it to an
indexing position of 90 degrees. Unlike first two steps, here we will select the previously
created UCS to define indexing position instead of entering indexing parameters in
“Verification”.

1. Select the “Work Step Data” command in the “Machining” menu to open the “Work
Step Data” dialog. Once it is open switch to the “Tool Info” tab, press the “New”
button and input “Slot1” as the new Work Step ID. Confirm with OK.

Work Step ID

H Work Step Data

Tool Infa I Cycle Data | 3D Cycle Data | Verification |

Work Step 1D Path Curve ID

Cycle
0 e e <

3. On the “Tool Info” tab, change the settings according to the table below and ensure
that all parameters are set as shown in Picture 1-18.

Dialog Field Value Comment

Z-axis direction of UCS1 will be used by the

system to determine the indexing angle,
He ucs1 therefore no indexing parameters are needed
to be defined

Since we placed the machining coordinate
Z Surface 0 system UCS1 on the top surface of the slot,
machining start Z-level should be 0 with
respect to that coordinate system

Z Depth 5 Total incremental depth
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0 When you use a UCS to represent the machining plane, “Z Surface”

is the distance from the machining top level to the UCS origin and
this distance is generally zero. The “post processor” will calculate
the coordinate shift and generate the values as to the machine

coordinate system during posting. Please contact Technical Support

to check your post processor version for this capability.

B Work Step Data @3

Tool Info | Cycle Data | 3D Cycle Data | Veiification |

‘Work Step ID Cycle Path Curve ID
New | [Stot1 | |Contouring ~|  |SktCrv |
Tool Info Feeds & Speeds

Select Tool .. | Spindie RPM |1750

Tool D | Feed(xy) |50
[7
Type  |Flat - | Material IHSS j' FeecF E_] lsi
Number 3 : | [ Feed Modify
Diameter (Bot) [10 Fites |2 Material Data Base
; | Comp # IIJ |
Length [ Two# [o [ open.
Taperangle [0 =5
ata

Comimant | Surface |0
Rapid IEU
Tool Change Clear |2

Fixture Num |54 Y T Depth i5 5"“‘"

Cutter Comp |Uff -} Y |-15u Step ||J [~ Connect
Z |150 |

Coolant Flood =
: Plunge Options... 1
User Variables... | MCSID |UCST -
For Help select field and press F1 Save As Default | Close |

Picture 1-18
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4. On the “Cycle Data” tab set “Offset Dir” to “Off”. The remaining parameters should
be set as shown in Picture 1-19.

B Work Step Data @3l3

ToolInfo  Cycle Data | 3D Cycle Data | Veiification |

‘Work Step ID Cycle Path Curve ID
New | ISIDH ZI Itonluwhg Z| lSIolCrv 3
— Options Ramp Parameters
Offset Dir Off -
[~ Macio Ramp Status | In/Out 'l

I Reverse Dir In Radius F
v Auto Rounding
In Angle [U

" 2D Gouge Check
Out Radius [0
v Mulli Regions I

¥ i ¥ OutAnge [0
[ F

P
¥ Z-Cuts First {min jumps) Lead Parameters

I~ Ou Lead Status | In/Out 'I
Spline Tol 0.05 ¥ Climb M In Length [07

Comment [Up to 255 characters) In Angle [0
Out Length [u
Outéngle [0

AL

[~ Connect (bi-diectional)

11

For Help select field and press F1 Save As Default | Close |

Picture 1-19
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5. Click the “Verify” button and the system starts calculating the toolpath as shown in
Picture 1-20.

B
Verify
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Picture 1-20

The Work Step #3 is now complete. Hit the “Redraw” button \ to refresh the
screen and remove the verified tool path display.
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CREATING WORK STEP “SLOT2" — CONTOURING

The last work step of this tutorial will machine the slot at the back side of the part. We
will use the same path curve as the previous work step that machined the frontal slot,
which is identical with this one. Instead of defining indexing parameters in work step data
UCS will be used.

1. Select the “Work Step Data” command in the “Machining” menu to open the “Work
Step Data” dialog. Once it is open switch to the “Tool Info” tab, press the “New”
button and input “Slot2” as the new Work Step ID. Confirm with OK.

Work Step ID

2. Select “Contouring” from the cycle list and “SlotCrv” as the path curve.

B Work Step Data

Tool Infa ] Cycle Data | 3D Cycle Data | Verification |

Work Step ID Path Curve ID

Cycle
[Slot2 = Eorouing> =] Eoow >

3. On the “Tool Info” tab, select “UCS2” as “MCS ID” which will be used by the
system to determine the indexing angle and the machining plane. Set “Z-Surface”
value to “50” because UCS2 has been placed at the origin of the world coordinate
system. All other parameters are identical to the previous work step. Check and
ensure that everything is set as shown in Picture 1-21.
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B Work Step Data @3

Tool Info I Cycle Data | 3D Cycle Data | Verification |

Work Step ID Cycle Path Curve ID
|5I0l2 ZI lConlour'ng L—l ISIO!CW El
Tool Info Feeds & Speeds

Select Tool .. | || spinderpM [1750
Tool ID | Feed[¢)  |500

Type Flat - | Material IHSS b | Escie) IL
Hiswbor ||73 o Iﬁ ™ Feed Modiy
Diameter (Bot) |10 ez - Material Data Base
; [— Comp # IIJ |
Length o Tos o (it
Taper Angle |0 =R
ata

ey | Surface |5EI
Rapid IEU

Tool Change Clear |2

Fixture Num |54 v [150 Depth i5 ﬂuwl

Cutter Comp IUff v] Y |-15u Step ||J [~ Connect
Z |150 |

Plunge Options... !
User Variables. .. MCSID |UCS2 -

For Help select field and press F1 Save As Default |

Coolant Flood +

Picture 1-21

“Z Surface” value is the Z-distance of the machining surface to the
UCS origin. At this step we use a UCS at the part’s origin so “Z
Surface” should be the distance from machining surface to the part’s
center. Since UCS origin coincides with the machine’s origin no
calculation of coordinate shift is needed during posting, unlike
previous Work Step.

EZ-CAM
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4. Click the “Verify” button and the system starts calculating the toolpath. See Picture
1-22.

B
Verify
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Picture 1-22

The Work Step #4 is now complete. Hit the “Redraw” button \ to refresh the
screen and remove the verified tool path display.
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3D SoLib MobEL PREVIEW

We have completed arranging all the work steps and now we will run 3D solid model
preview to see the result of all the machining operations applied to a solid block. Instead
of a rectangular block we will use a custom solid block which has the general shape of the
part with the big center hole.

The best way of using a custom stock for simulation is to load an “stl” file that will
represent a single piece 3D model created by a CAD software. It is also possible to use
other supported CAD file formats by combining the surfaces in EZ-Mill as custom stock,
but this is out of the focus of this tutorial.

1. To load the 3D stock file select “File > Open”, find “IndexingTutorial-stock.stl” file
in “MillParts” folder and click “Open”.

2. After loading the file select “Rename” command from the “Edit” menu. Click to
choose “Surface” option, find and click “Rhinoceros Binary STL...” in the list. Type
“StockSrf” in “New Name” box and click “Rename” button. Press OK to confirm.
See Picture 1-23.

Rename ]3]

" Curve ™ Suface ¢ WkStep  UCS © Layer
Choose Entity to Rename

Cancel

i

Rhinoceros Binay STL |4

New Name:

StockSif Rename

i

Picture 1-23

You may use the “Blank” command to hide “StockSrf”, since it’s only used for 3D
simulation and can always stay as hidden.
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3. Select the “Stock & Optimization Setup” command from the “Machining” menu and

select “Custom Stock” from “Stock Setup” as shown in Picture 1-24. Close the
dialog with OK.

Simulation / Optimization Setup
Stock Setup

lEustam Stock El

Front Lower Left Comer | | Length / Diameter
p EE ear|
[so [lo |
Z |14 7 |23 ,

Feedrate Optimization

I Feedrate Optimization i | y J
| Kw/

3D Preview

I~ Display Power ™ 3/4 5 ™ Translucent

™ Clash Detection ™ Show Holder [~ Add Fisture

I” Create Part Solid ™ Create Uncut Solids

Speed |— Quality |Normal 'l
| oK | Cancel I

Picture 1-24
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4. Start the simulation using “3D Preview” command from the “Machining” menu or
the corresponding button. The simulation speed can be controlled any time by
pressing one of the numeric keyboard buttons, ranging from 1 (slowest) to 9 (fastest).

See Picture 1-25.

@

3D Preview

Picture 1-25

5. Once the simulation stopped you can change the on-screen view by using the
dynamic view commands (Rotate, Pan, Zoom) from the “View / Dynamic Viewing’

menu.

(%) o) an

Dynamic Rotate  Dynamic Zoom  Dynamic Pan

1)

Congratulations!
You've completed the EZ-MILL 4™ Axis Indexing Tutorial ! 1.
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CHAPTER 2.

EZ-MILL 4™ Axis TUTORIAL - WRAPPING

OVERVIEW

This tutorial is intended to teach you how to program the rotary table of your CNC
milling machine with the help of EZ-MILL 3D or EZ-MILL Pro’s fourth axis functions.
Its aim is to give the basics on using “fourth axis wrapping” features. Before starting this
tutorial we recommend that you complete other EZ-MILL tutorials and have the required
knowledge about creating geometry, curves and milling cycles.

The tutorial includes the steps that explain loading a solid model file, preparing the
machining curve and machining data for a 3D cylindrical part that needs to be machined
by 4™ axis wrapping — simultaneous cutting operation. This will help you to understand
the main principles of managing fourth axis wrapping operations.

Throughout the tutorial you will find important notes 0 , tips @ or references to the
online help where additional information on the commands and functions is provided.

4™ pxas WRAPPING

The sample of this tutorial is a cylindrical part that has a cam groove on its
circumference. Because the groove is wrapped around the cylinder, the tool will move
along the center axis synchronized with 4™ axis rotation to achieve the cam profile around
the part.

There are two choices regarding part’s center axis, X or Y, which corresponds to the
orientation of the rotary table on the CNC machine. Therefore, you need to place the
model in EZ-Mill accordingly. In this tutorial a rotary table working around X-axis is
assumed.
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BAsic PROGRAMMING STEPS

Before we continue with the tutorial let us explain the basic steps needed to create the part
program.

STEP 1. Load the 3D Solid Model of the Part to be machined
A 3D cylindrical solid part will be loaded in EZ-Mill at the beginning
of the tutorial. This part is aligned at the machining position and saved
in EZ-Mill as geo and 3gx file formats, however it is possible to import
external data as iges, sat, step, etc.

STEP 2. Define the Path Curve from 3D Solid Model
Face Boundary command will be used to get the side contour curve of
the groove to be machined.

STEP 4. Create the Work Step and set Machining Parameters
Define the Work Step and set machining data such as tool number,
feeds, etc. Then select path curve and 4" axis options followed by
verification of the toolpath.

STEP 5. 3D Solid Model Preview
Finally, run solid machining simulation for a realistic preview of the
machining process and the finished part.

The EZ-MILL 4" Axis Tutorial is setup in Inch with all Inputs
and Dimensions in Inch !
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THE PART

The sample of this tutorial is shown below. Part’s length is 13” with a diameter of 10” at
the section where the cam groove will be placed. The groove has a depth of 1” and it’s 17
wide. The function of the groove is to convert the rotation of the cylinder to linear
movement by a lever arm moving inside.

Picture 2-1
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SETTING THE PREFERENCES

Before starting let’s set some important parameters such as units and other viewing
preferences to ensure your system’s compatibility with the tutorial.

1. Select "New” command from the “File” menu to restart EZ-Mill and to clear the
memory before continuing with the tutorial. Make sure that one of the EZ-Mill levels
is active and press OK to start over.

(3]

Are you sure you want to stat over?
Level

O The “New” dialog is also used to switch between the EZ-Mill and
EZ-Turn module. Before the dialog opens, the system checks the
software protection key for activated modules. Modules or levels
that are not activated will be marked by appended “DEMO” text.
When working in “Demo” (evaluation) mode, it is not possible to
print or save data. The corresponding “Save”, “Save as” and

“Print” commands are disabled.

When closing the EZCAM application, the system automatically
stores the last used level as default for the next session.

2. Select ”Setup” command from the “View” menu
3. Select “Inch” option button as the parts input dimension system.
4. Click the “Background” list box and select “White”.

5. Check the box "Blank Verify" on the right. This will cause verified tool paths to be
blanked every time the view is changing or the screen is redrawn.

2-4
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6. Un-Check "Show Surf/Curve Direction". This will hide the small arrows indicating
the surface normals and curve directions. It can later be activated at any time.

7. Check "Save as Default". The system will store all dialog settings as defaults for
future sessions.

8. After the preferences have been correctly set, click OK.

Setup @3]
Viewing Parameters Grid Parameters Preferences
% Center |37 % Increment |17 @ Inch  Metic
YCeter [0 | | Yineement[i || Backgound [whte ]
Z Center h X Dngin |D Patch Lines |4—
Size s YOign [0 Blend Tolerance |10

X View |-1 Shading Parameters Chain Tolerance |IZI,IJ1

: - ;
¥ View I.'| Light X r ¥ Planar Chain
Z View |1 Light ¥ [a Circle Chain IDistw:e > |

View Angle |0 Light Z 100 ¥ Blank Verify
" Rough [Fast) ™ Show Suf/Curve Directions
I Set as lsometric " Medium I Fine Tessellation
" Smooth (Slow] ¥ Save as Default
oK Cancel |
Picture 2-2

The initial setup for the EZ-MILL 4™ Axis Wrapping tutorial is now complete. Continue
with the next section to load the 3D model of this part.

EZ-CAM
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LOADING THE SoLID PART

We will load the 3D solid part in order to define the machining path. The part is
previously imported and saved in EZ-Mill as “3gx” and “geo” formats. These files are
located in the sample parts folder. 3gx file includes the surface data of the 3D model and
the geo file keeps the entities such as surface edges & wireframe geometry.

You may refer to “EZ-Mill 3D Tutorial” and “EZ-Mill 4™ Axis —
Indexing Tutorial” to get information about other methods for
loading a solid part

The “3gx” and “geo” files containing the 3D model have already been copied into the
“EZCAMWWILLPARTS” folder by the EZ-CAM setup. Follow the steps below to load
the data.

Open o®
Lookin: | (3 MilPats - emckE-
3 = |WrappingTutoriall .3gx
L—'u) ‘WrappingTutoriall .geo
My Recent
Documents
2
Desktop
My Documents
58
My Computer
M N;j]) k | =] = ,
y Networl File name: "WiappingTutoriall, 3gx" "wWrappingTutonall.g ~ | pen ]
Places
Flesof type:  |AlEZCAM files <] Cancel
Picture 2-3

1. Select “Open” command from the “File” menu to open the file dialog. In Picture 2-3
you can see the dialog displayed on a Windows XP professional workstation system.
This dialog may vary according to the version of the Windows™ operating system
running on your machine.

2-6
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Select the folder “EZCAMW \ MILLPARTS” on the drive where you installed the
software

Select both files “WrappingTutoriall.3gx” and “WrappingTutoriall.geo” at the same
time and click the “Open” button. Alternatively, you may select and open the files
one by one. The imported surface geometry should appear as shown in Picture 2-4.

Picture 2-4

EZ-CAM

2-7



EZ-MILL 4™ AxiS TUTORIAL - WRAPPING

DEFINING THE GROOVE CURVE

The groove will be machined by contouring cycle with a tool having the same diameter as
the groove width. So we need to create a curve representing one of the groove edges.
Here we will use the “Face Boundary” command to obtain the edge curve of the groove.

1. To create the face boundary curve choose the “Face Boundary” command from the
“Curves® menu, type “GrooveCrv” as the new ID and click OK.

&

Face Boundary |GrooveCry

2. Select “Shade” command from the “View > View Control” menu or click the
corresponding button. Make sure that “Verify Mode” button is pressed

& v’
Shade Verify Mode

3. Click at locations (1) and (2) shown in the picture below. After clicking the color of
the surface changes to inform you that it’s selected. See Picture 2-5.

Picture 2-5
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4. Press ENTER button to confirm. Then press “Shade” button again to view the part as
wireframe in order to see the created curves better. Two curves are formed on both
edges of the surfaces; we will use the one that is adjacent to the groove as the
machining path. You can see the result in Picture 2-6.

Picture 2-6
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CREATING WORK STEP “"GROOVEWRAP"” — CONTOURING

“Contouring” cycle will be used to cut the groove with a tool having the same width, this
will allow machining with a single pass. We will select “4™ axis — Wrapping around X-
axis” option and set Z-Surface value to the wrapping radius on the cylinder.

1. Select the “Work Step Data” command in the “Machining” menu to open the “Work
Step Data” dialog. Once it is open switch to the “Tool Info” tab.

B Work Step Data

Cycle Data | 3D Cycle Data | Verification |

2. Press the “New” button and input “GrooveWrap” as the new Work Step ID. Confirm

with OK.

Operasyon Adi x)

| GrooveWwrap

Tamam iptal ]

3. Select “Contouring” from the cycle list and “GrooveCrv-1” which is the curve on the
groove edge as the path curve.

_- Work Sle_p Data

ToolInfo | Cycle Data | 3D Cycle Data | Verification |

Work Step ID Cycle Path Curve ID

New I |Gmuverap LI 4tor1touring ) j ( GrooveCrv-1) j

4. On the “Tool Info” tab, change the settings according to the table below and ensure
that all parameters are set as shown in Picture 2-11.
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Dialog Field Value Comment

Type Flat Flat type endmill

Number 1 Tool number in tool magazine

Diameter (Bot.) 1 Defines the diameter of the tool

Spindle RPM 800 Sets spindle RPM to 800 / minute

Feed (X-Y) 10 Cutting feed rate

Feed (2) 5 Cutting feed rate for Z depth moves
Designates the radius of wrapping as well as
the Z-level where the machining will start.

Z Surface 5 Since the part is mounted at the center axis to
the rotary table, machine Z=0 is the center
point of the cylinder

. Rapid positioning plane during rapid moves on

Z Rapid 0.05 X-Y plane

Z Clear 0.05 Plunge plane (Rapid to Feedrate)

Z Depth 1 Total incremental depth

Z Step 0 Incremental step (0 means one pass to depth)

Since wrapping is performed by the rotation of the cylindrical part
around its center axis, “Z Surface” is the radial distance between the
top level of wrapping and the part’s center (radius of the cylinder).
In this tutorial it’s assumed that the rotary table axis is set as Z=0 on
the CNC machine.

EZ-CAM
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B Work Step Data @[3

Tool Info | Cycle Data | 3D Cycle Data | Veiification |
‘Work Step ID Cycle Path Curve ID
New | lGroove\Mrap _;l lConlourhg El [GrnnveErv-1 El
Tool Info Feeds & Speeds
Toal ID | Feed [XY) Im
f5
Type |Flal vI Material iHSS vl fesel 17
N [ [ Feed Modiy
Diameter (Bot) |1 Flutes |2 .
Material Data Base
nerflad | Comp # [0 [ALUMALT4MTL
Topertoge [0 |
Z Data
Commant | Surface |5
Rapid IIJ.US
 Tool Change Clear [005
Fi N 4
ixture Num |5 % |7'5 Depth I_1 Ak |
Cutter Comp |Uff v] Y |5 Step IIJ [ Connect
Caolant 0ff v 4 |15
Plunge Options...
User Variables... MCS ID |World -
For Help select field and press F1 Save As Default | Close |

5.

Picture 2-11

On the “Cycle Data” tab we set the “Offset Dir.” as “Right” to obtain the toolpath at

the groove side of the machining curve. The remaining parameters should be set as

shown in Picture 2-12.

2-12
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B Work Step Data

Work Step ID

ToolInfo  Cycle Data | 3D Cycle Data | Verification |

Cycle

@[3

Path Curve ID

M lE:oavc\Mrap ZI

Offset Dir |Hight -
DratAnge [0
Stock Allow IO
Cut Step |III
Total Stock |0

[~ Connect [bi-directional)

—
—

|I:I.III1

Comment (Up to 255 characters)

Spline Tol

Itnnlouﬁng £|

— Options

[~ Macro

I~ Reverse Dir

v Auto Rounding

Iv 2D Gouge Check

v Mulli Regions

v

-

¥ Z-Cuts First (min jumps)
-

-

I GrooveCrv-1 ﬂ

Ramp Parameters

Ramp Status |In/Out |
In Radius F
In Angle F
OutRadus [0
OutAnge [0

Lead Parameters

Lead Status | In/Out '|

In Length V
InAngle h
Outlength [0
OutAngle [0

For Help select field and press F1

Save As Default |

Close

Picture 2-12

Next, select the “3D Cycle Data” tab to set the machining tolerance values that may
effect the resulting surface quality for 4™ axis wrapping applications. Input “0.001”
for “Chordal Tol” and “0.02” for “Curve Step” values. Smaller values give better
results. Check that the remaining parameters are set as shown in Picture 2-13 and

close the dialog.

EZ-CAM
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B Work Step Data @3

ToolInfo | Cycle Data 3D Cycle Data | veiifcation |

Work Step ID Cycle Path Curve ID
New | rﬁluoveWrap 3 Itnnlowhg Z| |GrnoveCrv-1 _Ll
‘Work Step Surfaces Check Curves Check Surfaces
AddSuf | | Add | | Add | | e |
7 StartOr
¢ Check Plane
O aree | Upper | Off -
£ Height | ' Lower |Off d -
| ¥ [ =l -] ChodalTol 0001
Ju Projection IFacel 'I Curve Step |El,02

For Help select field and press F1 Save As Default | Close |

Picture 2-13

7. Finally, select the “Verification” tab to set wrapping parameters. We will select
“Around X Axis” option at the “Wrap” section. Check that the remaining parameters
are set as shown in Picture 2-13 and close the dialog.
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B Work Step Data @3

Tool Info | Cycle Data | 3D Cycle Data Verification I
‘Work Step 1D Cycle Path Curve ID
New l [GlnoveWrap 3 ll:onlouring EI lBlunveErv-‘i E'
Wrap
v Show Rapid " No 4th Axis & AroundX Bxis Around Y Axis
j= I~ Radial Side Walls Conic Angle |0
Indexer
¢ No 4th Axis O AoundXAxis O Around Y Axis
I~ Repeat Group by Tool Copies |’ Angle | Stat Ang. |
Repeat Toolpath '
 Applied Repetitions
No repetition applied Add Rotation I
Add Translation I
Add Symmetry
| | o y C o 1
For Help select field and press F1 Save As Default | Close |

Picture 2-13

7. Click the “Verify” button and the system starts calculating the toolpath. See Picture

2-14.

:"‘.\l\]

Verify

EZ-CAM
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Picture 2-14

The Work Step is now complete. Hit the “Redraw” button to refresh the screen

and remove the verified tool path display.

You may refer to “Saving the Part” section in “EZ-Mill 3D
Tutorial” or “EZ-Mill Pro Tutorial” to get information about saving
the part files

2-16
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3D SoLib MobEL PREVIEW

We completed arranging the work step and now we will run 3D solid model preview to
see the result of the machining operation applied to a solid block. We will use a cylinder
around X-axis and set the diameter, length and location values.

1. Select the “Stock & Optimization Setup” command from the “Machining” menu and
select “Cylinder X-Axis” from “Stock Setup”. Also input the values for “Front

Lower Left Corner” and “Length/Diameter” as shown in Picture 2-24. Close the
dialog with OK.
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2. Start the simulation using “3D Preview” command from the “Machining” menu or
the corresponding button. The simulation speed can be controlled any time by
pressing one of the numeric keyboard buttons, ranging from 1 (slowest) to 9 (fastest).

See Picture 2-25.
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3D Preview

Picture 2-25

3. Once the simulation stopped you can change the on-screen view by using the
dynamic view commands (Rotate, Pan, Zoom) from the “View / Dynamic Viewing’

menu.
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Congratulations!

You've completed the EZ-MILL 4™ Axis Wrapping Tutorial !
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