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Foreword

In this tutorial, we provide various case studies, which are from easy to difficult and combine theory with
practice. We hope to improve users’ 3D CAD/CAM skills and techniques with ZW3D.

The tutorial bases on our technical engineers’ years of experience in the industry and ZW3D, which is the
fruit of a lot of efforts and wisdom. We sincerely hope that the tutorial will do help to you, and your precious
advice on it is highly welcomed.

There are three series for this tutorial: Primary Tutorial, From Entry to Master Tutorial, and Advanced
Tutorial. From easy to difficult, they offer a step-by-step learning process that can meet different user needs.

Primary Tutorial series is for users who have little or no prior 3D CAD/CAM experience. If you are green hands
of 3D CAD/CAM software, or if you are a new user of ZW3D, we recommend that you get started with this
tutorial. Here you can learn the basic knowledge and concepts of ZW3D, rapidly master the simple operations
and workflows of ZW3D, and practice simple cases.

From Entry to Master Tutorial series is for users with basic know-how of 3D CAD/CAM software. If you have
experience in 3D CAD/CAM software and want to master common functions of ZW3D, we suggest that you
start with this series. Here you can dig deeper into the functions and master more operations of ZW3D.

Advanced Tutorial series is for users with practical experience in 3D CAD/CAM software. If you hope to have
a comprehensive command of ZW3D and get the complicated operations done independently, you can
choose to learn this series. Here you can learn to use the software more flexibly and get rich experience to
increase your efficiency.

What you are learning is ZW3D From Entry to Master CAM 4-5X Machining, a master tutorial.

Thanks for being our user!

The ZW3D Team
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4-5X Machining {{{{{{LKK

1 4-5X Machining

Key Points:4X index milling
<> 5X index milling
<> 5X simultaneous movement operations

ZW3D CAM 5X module provides user 4X&5X indexing milling function and simultaneous movement
function. With the indexing milling function user can easily mill multiple sides of a complicated part by one-
time clamping. With the 4X/5X simultaneous movement operations user can deal with such tough jobs as
the titled surface, undercut surface etc.

Notes:
This tutorial is based on ZW3D 2021 version, some functions or icons may not match the current version.

All the tutorial models can be found in installation folder: ...training\5X machining model

1.1 4XIndexing Milling

Indexing milling function can position the tool axis in any direction by machine. Normally it includes 2 modes:
one is for 4X indexing milling called as 3+1 mode. This means 3 linear axis plus 1 rotary axis, while the rotary
axis is for positioning ; the other is for 5X indexing milling called “3+2” mode which means 3 linear axis plus
2 rotary axis, also the 2 rotary axis is for posisitioning. Open the practice file 4X_Indexing.Z3 as follows:

Figure 1 4X_Indexing milling part

Analysis: It is apparent that if we use the 3X milling tool, we are not able to finish all sides by one-time
clamping. From the structure of the part it is easy to see that rotating the part around the cylinderical center
line(as indicated in Figurel) it is able to mill all sides by one-time clamping. So one rotary positioning axis is
enough for this case, here let’s suppose that the 4X machine ‘s rotating axis is A whichis rotating around X
axis and the part is a casting part. Then let’s see how to achieve the 4X indexing milling in ZW3D CAM.

1.1.1 Align The Part

In order to make use of the A axis here we will align the part to make the default X axis colinear with the
cylindrical center line as follows:
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Center of the cylinder

Figure 2 Align the part

Origin point at this end face

1.1.2 Create Sub Frame

After enter into CAM let’screate the sub frame as follows:

Create Sub frame for right side

I.  Right click on Frames tab then we can get the Insert Frame command as follows:

3 Setup 1
Fy | Geometry :
89 Part: Part002 (1)
a Clearances
Fra
8 Tacti) @ Insert Frame
W Oper 71 Insert Frame Folder
, Mack
Bl outp T8 Show All/Hide A
B Show Datum Planes
B Hide Datum Planes
X Delete A
& | Delete All Datum Planes
Toggle Expand/Collapse
Figure 3 Insert frame command

II. Click on Insert Frame command then the definition form for Frame will pop up as follows

¥ Frame (=l
Name Frame 1|
Clear Z 100
Head none
[ Auto Clear 10
[T Fixture Offset

Offset Register | | Auto

[C] Write ORIGIN in Qutput
i~ Define Frame Datum

Create Datum Select Datum

~Frame Attribut

Rese Conce

Figure 4 Frame definition form

M. Then we can click create datum to create new frame as follows
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¥ Frame = R [ Datum 52
Name Frame1 < lzl @
¥ Required
ClearZ 100 = 2
A 7 | o
P <& NG
Head none E it | i
Offset 0 mm ;| & -
[ Auto Clear 10
¥ Orientation
[] Fixture Offset Origin v & -
Offset Register Auto X peint Y &~
Hangle 180 deg 2 &~
[ Write ORIGIN in Output _
Y angle 0 deg 3 0+
~Define Frame Datum Tz 0 deg = | ® ~
Create Datub Select Datum v Datum Attributes
~Frame Attribute [0 Custom atributes
Color
Style _ -
Width -
Figure 5 Create frame based on XZ plane

Notes: This process is the same as the process of creating datum in CAD level.

V. Newly created frame will be as follows:

Figure 6 Finished Frame 1 for right side
STEP 02| Then create another frame for the bottom side as follow:

@ Frame (= -] [ Datum )
v [
Name Frame2
¥ Required
ClearZ 100 <l 12 [
RN NS
Eﬂ W P
Head none Offset 0 —
|| Aute Clear 10 ¥ Orientation
=oF ¥ o0 .
[ Fisture Offset iz ¥
¥ point ¥ &~
Offset Register Auto [l Yo
Xangle -130 e deg 3 & -
[ Write ORIGIN in Output Y angle ] deg 2 0~
Zangle 0 deg 2| D~

—Define Framﬁm —_———————
Create Da Select Datum ¥ Datum Attributes
[ Custom attributes

—Frame Attribute Color
Color Style —_— i

Figure 7 Create frame on Bottom side

Tips: In order to distinguish different frame especially in the same position you can choose different color to
tell the differences.

Then we can get the following result with 2 newly created frames:
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Default frame

Figure 8 Finished local frames and default frame

Next we can create toolpath based on these frames.
1.1.3 Create Toolpath Based On Each Frame

Create toolpath on top side: finish the top face based on default frame.

I. Let’s choose 3X Flat Finish operation and choose the whole part as feature as follows.Then
choose D10 flat end tool.

4 @ Flat Finish 2
Class : Finish
Tool: D10
Parameters
4 ﬂ Features
{8 Part : Part002 (1) < 4X_Inl

Figure 9 Choose part for flat finish

Il. Set up frame for it : open the parameter form to set up which frame to be based on as follows:

% Flat Finish 2 | leave it blank means use the default one =
] Type: Flat Finish .
w Basic
4[da Primary |
‘D’ Basic [I Frame | 1
Al Tolerance and Steps Speeds Feed Flat Finich 2
. Limiting peeds, Feeds at Finis
R ¥ Tolerance and Thick
'J Reference Tool
#7 Check Path Tolerance 0.01
3l Fiters Surface Thick 0
{2 Path Setting _
4 g Link and Lead Z Surface Thick
a5 Link Flatness 0.01
.o
Figure 10  Choose default frame

Figure 11

Set up the rest necessary parameters and then calculate the toolpath as follows:

&

Toolpath for top side
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Notes: since this process is the same as using 3X milling operation so here we will skip the details for
creating the toolpath. And here we just use one opeartion to show indexing milling, for the rest necessary
operations please finish by yourself.

Tips: In order to better manage the operations on each side , it is helpful to create operation folder and
name it clearly. For example here we can name the folder for the operations in topside as “topside” and put
all of the operations into this folder as follows:

4 & Top side
- @b Flat Finish 2
v 9 oD
3 ‘Rampcutl

% ] RamEcutZ

o

Figure 12 Operation folder for top side
STEP 02| Create toolpath based on Frame 1 on right side as follows:

I. In order to get a clear idea about the toolpath on the left side we can firstly rotate the part as
follows:

S

Figure 13 Rotated part

Il. Create a folder and name it as Right side and then go to add operations.

[Il. Pick 3X Flat Finish operation. Then Open the parameter form to set up the work frame as

follows:
¥ Flat Finish 1 <
® Type: Flat Finish ¥ Basic
4 iPrimary
Fou @) [ ron | @rene
Ik Tolerance Shd Steps Speeds Feed Flat Einish 1
4 [ Limiting peeds,Feeds at Finis
& Boundaries 5 @List = £2
.J Reference Tool Fi -
ﬁ] C_heck F iFramel e
3l Fiters Frame 2
{5 Path Setting Fi Mo~
4 g Link and Lead
I B

Figure 14  Set up work frame for Flat finish operation

IV. Then set up the Boundaries as follows:
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¥ Flat Finish 1

@ Type: Flat Finish
4 hPrimary
‘D‘ Basic
ol Tolerance and Steps
4 [ Limiting
'J Reference Tool
# Check
ﬂu Filters
{2 Path Setting
4 gy Link and Lead
25 Link
l_-* Lead In

Figure 15

= 4
v XY
Containment Type Simple Box =
% Offset 0.0
30 Offset Mo M
Limit Lead Moves MNe hd
vi
Top ' 48
Bottom 42]
Set up bottom boundary

V. Add the whole part as feature and then calculate (other parameters are default) then we can

get the toolpath as follows:

4 {3 Right side
4 @ Flat Finish 1
Class: Finish
Tool : D10
Parameters
4 aFeatures

B Part : PartD02 (1) <

Figure 16

1

Flat finish based on Framel

Next, use the same process to choose other operations to finish the inner wall as follows:

[ Fight side_|
- @ Flat Finish 1
b [ ] Profilecut 1
3 “. Chamfer Cut1
|>[ EProfiIEcutZ
&> Y@ Chamfer Cut 2

Figure 17

Finish toolpath based on frame 1

So far we have created tool path in different frames, next we can go to verify the toolpath in framel as

follows:

100
Default frame

Figure 18

@ Toolpath Verify = &2
F RAPID

5 0.0000

X -74.5000

¥ 100.0000

Z -2.0000

T 0.0000

1 1.0000 Current tool axis vector
K_-0.0000

|
wx Pick £
Start End

1 +1

Verify the tool and toolpath
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From the verified result we can find that now the tool axis has been tranformed. If we check the tool axis’s
vector we can find it is not (0,0,1) which is default Z axis, butit is (0,1,0), that means the tool has been
rotated around X axis 90 degree.

So far the indexing milling from default frame to frame1l is almost finsihed.

But there still is a probem confusing us: How is the tool transformed to this position? And we always want
to track this process. Actually the Inter Path Move operation can achieve this function. It will connect the
end point of the last operation in previous operations and the start point of the first operation in next
frame.

STEP 03| Create link toolpath by Interpath operation:

I. Insert Interpath operation between Top side and Right side as follows:

- 3 Top side
¢ o) InterPath 1
4 1 Right =ide
» 1 Flat Finish 1
Profilecut 1
ui‘ Chamfer Cut1
Profilecut 2
""E‘ Chamfer Cut 2

»
»
»

3

Figure 19 Insert Inter Path Move operaion

II.  And then set up the interpath operation as follows:

'@ InterPath 1

ﬁj Type: InterPath

58 Primary
£ Path Setting
= Display

w Basic
Frame

Speeds,Feeds | InterPathl

Previous frame tool transform from, can specify. If you leave Frame
option blank by default it will regard the frame applied in previous
operation will be the previous frame.

Figure 20

¥ InterPath 1

ﬁ] Type: InterPath
& Primary
§‘ Path Setting

= Display

The Tool's home point
in previous frame.
Can input by manually
or by picking point in
graphic area

Figure 21 Set up

Ill.  After calculating the InterPath o

Set up the previous frame

¥ Cutting Control
Safety Distance 10
Max Rotate Angle 5

Home Point 0,0,100

Home Axis

Ly

0,01

Tool's home Z axis in previous
frame, can be input manually or
by picking direction in graphic
area

the Tool’s information in previous frame

peration we can get the following link toolpath :
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4 3 Top side

100 [ FiatFinish 2|

v 9 oDl
[ ‘Rampcutl

| & Rampcut 2 |

[» gl InterPath 1

4 {3 Right side
1 Profilecut 1
> Y@ Chamfer Cut1
[ Profilecut 2

[ u- Chamfer Cut 2

Finish point at last operation
in default frame

Tw

Start point at the
first operation in
Frame 1

Figure 22 Link tool path for transforming

The link toolpath can clearly show how the tool transform from the default frame to Frame 1, so it is helpful
to check if it is safe or not.

IV.  Verify the InterPath as follows:

¥ Toolpsth Verify B = //
F 250.0000 MMPM
51000.0000 RPM

X -94.0000
Y 976604
Z 964279

I 0.0000
J 07660
K 06428

The vector indicates that the tool
“ axis is rotating around X axis

LS L

Start End ‘ ‘
Figure 23 Verify link path

Notes: The Interpath operation’s tool should be the same as the tool used by the first operation in next
frame as follows:

I 3 Top side
4 ﬁl InterPath 1
Parameters
4 9 Right side
4 @ Flat Finish 1
Class : Finish
Parameters
4 ﬂ Features
® Part : Part002 (1) < 3+1_F
[ Profilecut 1

Figure 24  Tool for InterPath operation

STEP 04| Create the toolpath on the bottom side as follows:

I.  Create toolpath based on the frame 2 as follows:
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& 3 Right side
>100 QIDU 4 Bottom side
> @b Flat Finish 3
b Zlevel1

Figure 25  Tool path on bottom side

II. Insert Interpath operation and set up as follows:

@ InterPath 2 oo
ﬁj Type: InterPath w Basic

@ Path Setting , Frame

= Display / terPath 2

leave it blank : transform from the frame
applied in previous operation

Figure 26 Set up Interpah operation

lll.Calculate the Interpath operation we can get the link tool-path between right side and bottom
side as follows:

Link path
between frame 1
and frame 2

Figure 27 Link path beween right side and bottom side

So far we have finished the 4X indexing milling process for this part. Next we need to output the NC code
for it. Before we output the NC code, we have to check some necessary setting such as machine type,
controller, output space etc.

1.1.4 Set Up The Machine

Double click on the machine tab to activate the Machine Manager and set up as follows:
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'@ Machine Manager (=
— Definition —Library
Machine Name =~ Machinel Machine
[ Class 5-Aadis M.C, o -
| Type Vertical M
[[] Subtype Rotating Head b
Post-Processor ZWPost T @ = = B
Post Cagfiguration || ZW_FANUC 4X_A MILL_5AXIS_HeiDHS30_ACTT_h &
MILL_5215_SINMS840D_ACTT_
XY Arc Yes Okurna_3¥_Inch
TNC426_3X_Heidenhain
YZ Arcs Mo Turning_KMND-2000TC
YasnacBasic
X Arcs No Yasnac_3000G_Inch
Yasnac_MX3_Inch
Check MULTAX Yes M ZW_Fadal_3X
ZW Fanuc 3X IN
MULTAX Ves o M ZW_FANUC_4X_A |56
W VAN X
Accurate RAPIDs No M ZW_FIYANG_4X_A
o . ZW_FIYANG 5K
cale ZW_G5K983M -
- 5 L TR
Rewind Yes =
Increment 1
CUTCOM Mone v
Delete
Offset Registers =
—Options
N Extension .nc

Tool Changer.. Rotary Axes and Offsets...

Definition File machine_all.mdf - Parameters... Limits...

Open Machine Definition File Legacy Definition Files Add To Library --> Apply Filter -->

Figure 28  Set up machine

Here let’s choose the ZW_FUNAC_4X_A as an example to output.
1.1.5 Set Up Output Space

Since here we have already defined different frames, it is necessary for us to specify on which frame to
output the NC code.

STEP 01] Insert a new NC file as follows:

4 ﬁTop side
> @ Flat Finish 2

> @ oo
- B [E Insert NC 0
I @8[] Insert NC Folder

Dﬁln
4 E3Ri
oy
[

r Vg
[

b Y
Dﬁ]ln
JEBIX
i
» @

CL/NC Setting
Operation List Setting

Customize menu

[ , Machinet Mack

Figure 29

STEP 02| Add operation for output as follows:

Right click
on Qutput

Insert new NC file

10
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'@ Select Operation for Output

=

—5Select Operations

'Rampcutl

@ Rampcut2 |
& InterPath1 |
£3 Right side

[ ’_Profilecutl

‘. Chamfer Cut1

[ ’_Profilecutl

i Chamfer Cut 2

r'"! InterPath 2

@ Zlevel1

Figure 30

3 Bottom side
@ Flat Finish 3

v

Add operations for output

Here we just want to verify if the NC code can correctly output the rotating angle, so we can just pick some

connected operation as test.

STEP 03| Set up output space as follows:

1.1.6 Output NC Code:

[

o -

v v v

kT

vmh—vv

Add Operations
Output CL

Output NC

Output Operation List

Rename

Delete

Settinge

Duplicate
Customn CL Cmd

Customize menu

@ Output Setting

—Select Machine

Figure 31

[Machine1
Create Edit
—Setting
PartId MC
Programmer win7
II Toolpath SpaceI | Machine a
Relation Frame = Machine

Set up output space

Choose the first Inter-Path operation as an example to show:

11
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LI .
b blr 4 Add Operations

48R Output CL
| | Output NC |
b Output Operation List
Vg
|| B Rename
v e X Delete
[ ﬁJIr
4 £ Setting
> @
b g Duplicate
: , Mag Custorn CL Crmd
1 B ou Customize menu
[ E M

Figure 32 Output NC

Output NC code as follows, it shows how the tool rotates around X axis from the default frame to framel.

223 GO1 Y30, F250,
230 ¥90.8716 799,962 A-5.0003
231 ¥91.7365 799 8481 A-10.0001

F 2500000 MIMPM
51000.0000 RPM

232 ¥92.5882 7996593 A-15.
233 ¥93.4202 799 3969 A-20.
234 ¥094.2262 799.0631 A-25.
235 Y95, 7986603 A-29.9999

¥ -94,0000
¥ 957358
Z 981915
236 ¥95.7358 7981915 A-35.0002
237 ¥96.4279 797 5604 A-40.0003
238 ¥97.0711 Z97.0711 A-45.

239 ¥97.6604 796 4279 A-49.9997

I 0.0000
J 05736
K 08192
240 ¥98.1915 795.7358 A-54.9998
241 Y¥98.6603 795, A-60.0001
242 ¥99.0631 794 2262 A-65.
243 ¥99.3969 793 4202 A-70.
244 99,6593 792 5882 A-T5.
245 99,8481 7917365 A-79.9999
246 ¥99.962 790.8716 A-84.9937
MN247 Y100, 790, A-90.

<% Pick b

Start End

243 GOO Y48,
250 GO1 Y46. F50.

-1 +1

Options File number 1 S0

J

Figure 33  Output NC code

If you want to check more, please go through the whole NC code by yourself.

So far, we have finished the sample case for 4X indexing milling. From this process we can find that the key
points for the indexing milling are as follows:

1) Align the part according to the machine structure
2) Create sub frame

3) Set up 4&5 X machine type

4) Set up the output Space

1.2 5X Indexing Milling

Last case we finished the 4X indexing milling. Now we can use the same way to finish the 5X indexing
milling case. Following is a 5X indexing milling case we are going to finish:

Figure 34 5X indexing milling case

Analysis: From this part we can find that if we want to finish all sides by one clamping, the machine needs
to rotate the tool axis around different axis. Here let’s suppose the 5X machine is AC type, which means
rotating around X, Z. Besides here we just take the finished operation as an example to show how to

12
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achieve in ZW3D CAM.
1.2.1 Align Part

Just as what we mentioned above, in order to make use of the default frame we can align the part in CAD
level as follows, here the origin is located at the center of top.

STEP 01| Create a assistive stock for positioning part as follows:

Shape | Free Form  Wirefrarne — Direct Edit  Assembly  Sheet Metal FTI  Weldments

<01 @ ﬂ@@@@@ﬂ&ﬁ%
1

Sketch Cylinder Extrude  Revolve Sweep Loft Fillet Chamfer Draft Hole Rib Thread

- - - - - - - - -

Basic Shape Engineering Feature

& Stock 22

[v] x|

ired

Ees 1 picked

Plane [

v Dimensions

Type };By side |
Length(Q+ 0 mm 3| <=0 mm ;|4
Width(Y) +‘.j0 mm :“ & - -0 mm :‘ 4a
HeightZ)+ 0 mm :‘Q - -170 mm :ﬂ‘ a

Figure 35  Create stock in CAD level
STEP 02| Move the part as follows:

.4 Move

lvlx

\ v Required
po=—x2

From vector

Figure 36 Move the part and stock to origin point
STEP 03| Result will be as follows:

Figure 37 Aligned Part

13
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Then we can delete or hide the stock.
1.2.2 Create Sub-Frame For Multiple Faces

Here we will choose some faces as examples to show this detailed process which is as follows:

Figure 38 Indexing milling area

STEP 01) Create the first frame as follows:

4
o @ frame o

(7] Insert Frame Folder — F—
B2 Show AllfHide All e
ClearZ 100
4| Show Datum Planes -
& Hide Datum Planes Head none
Delete Al
X [ Auto Clear 10

& Delete All Datum Planes

Toggle Expand/Collapse | [] Fixture Offset

Customize menu

Offset Register | Auto

[T] Write ORIGIN in Output

Define Frame Datum
’V Select Datum

Create Datum

Click on the
planar face as
Geometry input

[ Datum R

X ®
¥ Required

P D« U FAD
Geometry F229 &

¥ Orientation

Offset
Origin 54.7071,-32 mn|@

X point

€]
1

|(.-|

Figure 39  Create the first sub frame

Finished result is as follows:

New frame 1

Figure 40  Created new frame 1

14
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Notes : Here the sub frame is only used to define the tool axis’s direction, so the sub frame’s origin point
can be located at any position. In order to show it clearly,here we chose an obvious position mentioned
above.

STEP 02| Create other frames on area 2 and area 3 as follows:

%

oo

Figure 41  Finished frame
1.2.3 Create Toolpath Based On Different Frame

The process of creating 2X or 3X toolpath based on different frame is the same as 4X indexing milling , so
here we will skip this process of creating toolpath and just show you the result as follows:

i

Operations
» {3 Default frame
3 ilnterl’ath 1
& 3 Frame 1
3 ilnterPath 2
& 3 Frame 2
3 ilnterPath 3
3 Frame3

L

Figure 42 Finished toolpath

link tool-path 2
b

For your reference you can open the file 5X_indexing_With toolpath.Z3 directly.

But you are strongly recommended to finish it from beginning again by yourself.
1.2.4 Set Up Machine and Output Space
Set up the machine and choose the post processor ZW_FUNAC_5X :

15
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'@ Machine Manager

—Definition

Machine Name = Machinel

[ Class 5-Axis M.Co M

[ Type Vertical -
[ Subtype Rotating Head -
Post-Processor ZWPast M

Po nfiguration ZW_FANUC_5X

KY Arcs Yes

YZ Arcs Mo

L Arcs Mo

Check MULTAX Yes b7
MULTAX Yes e i
Accurate RAPIDs No b7
Scale 1

#3000 5

Rewind Yes b7
Increment 1

CUTCOM Mone =

Figure 43 Set up post processor

STEP 02| Set up the machine structure as AC type by the post Processor editor as follows:

Setup  Drill  2xMill  3xQuick SxMill  Turning TooIPathEditur

Operation  Feature Solid View

View View Werify | Post
Spreadsheet Output

Figure 44  Open ZW3D Post editor

P 7W_FANUC_5Xznc -| %P Open
File View Help

Open the Post
processor editing

[ARE (D:) » Program files » ZWSOFT »

= [ - )
Organize *
" . ;
‘ 0 Favorites Name
Bl Desktop 7] Turning_KND-2000TC.znc
H | Recent Places | 7] ¥asnac_3000G_Inch.znc
ase Cth ont : Downloads 7] Yasnac_MX3 Inch.znc
7| YasnacBasicznc
- Cloud Photos =
Configurat . L
f g ° Upload_Mega E | 7] ZW_Fadal_3X.znc
f& OneDrive 3] ZW_Fanuc_3X - Copy.znc
| 3] ZW_Fanuc_3X.znc
Ready 7 Libraries 9] ZW_Fanuc_3X_IM.znc
[Z] Documents 2] ZW_FANUC 4X_A.znc
&) Music 1= 7W_FANUC 5Xznc |
=1 Pictures |2 ZW_FIVANG 3X.znc

Figure 45 Load the related Post Processor
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ZW 3D Define 5x Machine

Default Property

hin
¢ FEEc=10

Start of Program Machine

Part Number P 2 ¢ OTHCend
Black Sequence Number B A Table B on &
- O Head A on B Table A on B

Comment. Block
Define Machine Functions ¥ Auto Retract

Automatic Tool Change Auto |Auto Retract Out  [100
- ties Retract |Auto Retract Safe 1000
: Anto Retract Angle 500
Motion Offset
Tool length Compensation MIN MAX X Y | 2
Canned Cycles A axis| 30 A axis | [0 v
Other Properties B axis| [0 0 & B axis | ¢ o o |
Reverse Post functions C axis| w0 | 560 Coaxiz)| [0 00 00 |
Output Spindle
Motion Parameters Part Matrix Local Coordinate Matrix
End of Program 10 m o0 0o 10 00 @
[ 10 M [ 00 0 m [
Edit Macros 00 00 10 oo 00 oo | [0 00
ver2. 210.00
=10

Figure 46  Set up 5X machine type and rotary axis’s limitation

Y& ZW_FANUC 5X.znc - zw3dpostn o[- =] [

File View Help
=E ! ¢ el 7

come to ZWPosi

ase click on the “Open”icon on top to create a n

Figure 47  Save modification

STEP 03| Set up Output space as Machine as follows:

'@ Qutput Setting =

Select Machine

Create Edit
Setting
Part Id NC

Programmer win’

ITDoIpath Sr;laceI | Machine |

Relation Frame  Machine

Figure 48 Set up output space
1.2.5 Output NC Code

Here just choose the connected operation to output the NC code and check it as follows:
STEP 01| Choose the connected operation as output:

4 B Output

= Profilecut 4
ilnterpatHE
E_P‘ruﬁlecutﬁ
= Profilecut 7

i InterPath 3

Figure 49 Choose operations as output

17



4-5X Machining {{{{{{LKK

STEP 02| Output NC code and verify

// ¥ C:\Users\winT\AppData\Roaming\ZW3D 2018 E
00 N28 GO1 V-38,
29 GO2 X21.625 V-39, I-1. J0
N30 GO1 X8.7831
N31 600 Z100.
N32 G01 X6.625 V61.3503 F250.

N33 V61.786 799.981 A-5.0003
N34 V62.2185 799.924 A-10.0001

M35 ¥62.6444 799.8296 A-15.
N36 ¥63.0604 799.6985 A-20.

N37 ¥63.4634 799.5315 A-25.

40 ¥64.5642 798.8302 A-40.000
N41 Y64,8858 798 A4
MN42'¥119.3467 7440740
43 GO0 ¥50.2624 7-25.0097

44 GO1 ¥49.9088 7-25.3633 F375.
45 ¥48.1411 7-27.1311 F50.

N46 X3.625

N47 X3.7002 ¥48.6131 7-27.6031
N48 X3.9221 ¥49.0615 7-28.0515
NA4g X4.2795 ¥49.4637 7-28.4537

Filenumber 1 2 /0 Edit

Figure 50 Indexing angle code between default frame and framw1

@ ChUsers\winT\AppData\RoaminghZW

MN288 X8 4055 Y48.5268 Z-30.0624
N289 X8.9705 ¥48.1909 Z-29.7265
N290 X9.3279 ¥47.7887 Z-29.3243
N291 X9.5498 Y¥47.3403 Z-28 8759
N292 X9.625 V46,8683 Z-28.4038
MN293 X6.625

N294 GO0 1193467 Z44.0746
RII0E C01 V152 255 70 @85S CI50
MN296 ¥153.8302 79.5642 A-49.9397
N297 ¥154.0858 Z9.2181 A-54.9998
N298 ¥154.3301 78.8503 A-60.0001
MN299 ¥154.5315 Z8 4634 A-65.
N300 ¥154.6985 78,0604 A-70.
N301 ¥154.8206 Z7 6444 A-T5.
MN302 ¥154.924 Z7.2185 A-79.9999
N303 ¥154 981 76.786 A-84.0997
N304 ¥155. £6.3503 A-00.

N3US R-88/0 £L-11.5

MN306 GO0 Y57.5

N307 GO1 Y57, F375.

MN308 ¥54.5 F50.

N309 7-68.25

hoo

Figure 51 Indexing angle code between frame 1 and frame 2

File number 1 7o

00 @ CAUsers\winTAppData\Roaming\ZW3D 2018 Eng (xb¢

MN764 GO1 X80.9449 748 1775 F250,

N765 X81.136 Vo4 981 748.5682 A-85.5068 C-2.1966
N766 X81.3255 ¥64.924 7489579 A-81.0212 C-4.4198
N767 X81.5122 64,8296 749.3407 A-76 5481 C-6.6094
N768 X81.6946 64,6985 749.7146 A-72.0968 C-9.0653
N769 X81 8712 ¥64.5315 Z50.0768 A-67.6757 C-11.5528
N770 X82.0408 54,3301 Z50.4245 A-63.295 C-14.2032
N771 ¥82.2021 54,0958 Z50.7552 A-58.9671 C-17.064
N772 ¥82.3538 ¥63.8302 751.0662 A-54.7087 C-20.1955
NT73 X82 4948 ¥63.5355 Z51.3553 A-50.54 C-23.6715
N774 X82.624 V63,2138 7516201 A-46.4871 C-27.5837
N775 X82.7404 ¥52.8679 Z51.8588 A-42 5872 C-32.0486
N776 X82.8431 ¥62.5 752.0694 A-38.8876 C-37.2087
NTTT ¥82.9314 ¥62.1131 Z52.2505 A-35.454 C-43.2312
N778 ¥83.0046 ¥61.7101 Z52.4005 A-32 3718 C-50.2976
N779 X83.0621 ¥61.2941 752.5184 A-28.7533 C-58.5648
N780 X83.1035 ¥60.8682 752.6032 A-27.7313 C-68.0882
NT81 X83.1284 Y60.4358 Z52.6544 A-26.4435 C-T8.7128
N782 ¥83.1368 Y60, Z52.6715 A-26, C-90,

N783 Y28 587
N784 GI1 G28 Z0.0
MN785 G28 X0.0 ¥0.0

File number 1 o Edit W3
@

Figure 52 Indexing angle code between frame2 and frame3

1.3 5XSilmutaneous Movement Operations

Next we will learn how to use the 5X operations as follows:

Sme + S L

Plane Swarf Drive Interactive Flow  Side Guide Inter
Curve Surface Iso Path Move
Cut Directive

Figure 53  5X Simultaneous Movement Operations
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Among those operations we have introduced the InterPath Move operation, so we can skip it. As for the
Interactive operation, since it is not used very often, it will be not introduced in this chapter, if you are
interested in it then you can check the help document.

ZW3D CAM 5X simultaneous movement operations integrate both 4X and 5X functions together.
Therefore, it is able to switch the 5X simultaneous operation to 4X simultaneous operation by the tool axis
control parameter.

1.3.1 5X Plane Cut Operation

Philosophy: The 5 axis plane cut creates a cutting pattern based on parallel cuts at a user-specified angle
with respect to the frames X axis. This cutting pattern can be used to control the tool tip or the contact
location of the tool on the part. It is possible to constrain the tool axis to a plane (for 4 axis milling) or to a
specific orientation (for 3 axis milling).

Figure 54 5X Plane Cut

1. How to run 5X plane operation

5X Plane operation works on general surface, so it only requires that the general part surface can create
toolpath. Next Let's open the practice file “5X Plane Cut.Z3” as follows:

Figure 55  5X Plane Cut practice part
Then we shall use this part to show you how to create 5X Plane Cut tool path on it:

I.  Define a general surface as follows:

%¥ Surface Feature R

Name surface1

Class General Surface -|

Type Part
Component Features

File

Surfaces Attributes

e

Shape Modify  None

01

Trim Holes Respect

Surface Side Natural

Figure 56 Define general surface for 5X plane cut
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Calculate operation by default parameter to get toolpath as follows:

Figure 57 5X Plane Cut toolpath
2. Set up 5X Plane Cut parameter:
I.  Primary parameters:
¥ Planec| Basic setting is the same as B8
other 2-3X operations
and Thick
. Path Tolerance 01
I Tolerance and Steps Surface Thick 0
:;Tlltlsnj“ng {Step size in XY directiDH]
¥ #ods Control Stepover %ToolDia  ~ | 60
4 Link and Lead
“J_LHL- a: = ¥ Bottom Steps l{Step down size ] Step down mode:
ns N Z-level: depth
i Lead In Cut Depth Type Z-Level measure along Z axis
_ s Lead Out Max Cut Depth Zleve
= Display Along Tool Axis Along Tool Axis:
Depth measure along
Max cut dept_]l for each layer. Leave this option blank tool axis
then system just create one layer tool-path
Figure 58 Primary parameters
. Path setting parameters:
@' Planecut 1 HER
%’Type: Planecut v Cutting Control
4 dg Primary = Can specify, by default
Basic | CutAngle 0,0.707107,-0.707107 is the default X axis
| direction
J.T?I.erance and Steps Path Pattern Zigeag
Limniting |
r_ Stepower Link Straight - [\Whether or not the
Y nsis Control Trim Holes Respect m.w‘;i ':IOIE Igdsuﬂace
4 & Link and Lead WiTl be Ingorn
Ty ‘I Allow Unaercmlng No i
mm Link
Lead In Point Setti
é Lead Out v e If cut the undercut region
= Display Tool Home Start
Teol Home End

Axis control parameters:

Figure 59 Path setting parameters
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'@ Planecut 1 = E3

%’ Type: Planecut v Axis Control
4 h Primary
‘['- Basic Axis Control Contact Control |T|
Ll Tolerance and Steps Lead Angle Fixed Axis
Limiting Tip Control
. Roll Angle
8, Path Setting , 4 Tip Control
e TR = 4 Contact Control
4 @ Link and Lead Max Rotate Angle 5
25 Link
l_-* Lead In
% Lead Out
= Display

Figure 60 Axis control parameters

o Fixed Axis: The tool axis will be determined by lead and roll angles along the cutting direction and

relative to the Z axis of the frame. Actually, you can think it is the frame’s Z axis, since by default the
Lead and Roll angle are all 0. As follows:

¥ Axis Control
ﬂ' Axis Control Fixed Axis I -
. Lead Angle 0
Reoll Angle
Max Tilt Angle

0
60
Max Rotate Angle 5

since the lead and roll angle all

Tool axis fixed in frame's 7 axis
are 0

Figure 61  Fixed Axis tool.

e Tip Control: The local contact data determines the cutter orientation while the cutter tip point is

kept within the cutting plane. Actually, when the Tip of Tool is in the cutting plane then the tool axis
is the surface’s normal way.

Tool axis will be defined by
the tip's position's surface
normal way

-~ "':Y

Intersected point between
Tool axis and surface

Figure 62  Tool tip

e Contact Control: The local contact data determines both the cutter orientation and tip point. It uses

the local contact point as reference and the normal way of this point together to determine the
tool axis’s position.
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Contact position's i
surface normal way .,

Contact paint

Figure 63 Contact control case

e 4X Tip Control: Tip contol option work in 4X mode, and you need to specify 4X plane as follows:

¥ Axis Control

Axis Control 4¥ Tip Control &
 Four Axis Plane 01,0

Lead Angle ]

Rell Angle

) Click this icon to Set
MaxTilt Angle | yp the 4X plane
Max Rotate Angle 3

Figure 64  Specify 4X plane

e 4X Contact Control: Contact control option work in 4X mode, you also need to specify 4X plane.

e Lead angle: The angle of the tool axis will be tilted toward the movement direction

Lead angle

Tool moving direction

Figure 65  Lead angle

e Roll angle : The angle of the tool axis will be tilted to the direction which is perpendicular to the
forward motion direction. A positive value will tilt the tool to the right, negative to the left.
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Direction which is
perpendicular to the forward

motion direction
j \ Roll angle=-30

=i

Figure 66  Roll Angle

1.3.2 5X Swarf Cut

Philosophy:The 5 axis Swarf Cut operation uses Control surfaces to calculate the tool path. The tool axis is
controlled by Drive surfaces with which the side of the tool maintains contact. The bottom of the tool

(contact point) is controlled by Part surfaces.

Open the practice file 5X_SwarfCut_Practice.Z3 as follows:

Figure 67  5X Swarf Cut practice file

From the part structure we can find that it is not able to cut the side wall and radius on the bottom face by
3X tool path since the wall is titled. So here we hope the tool axis can title following side wall and keep
tangent to the side wall as follows:

Tool axis keep tangent
to the side wall and
keep contacting

|

Figure 68  Keep tangent to side wall face
Next let’s show how to create 5X swarfCut tool path on this part as follows:

1. How to run Swarf Cut operation:

STEP 01| Define drive surface : the drive surface will be used to control the tool axis by maintaining contact
with the side of tool
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¥ Surface Feature L]
Name surfacel

Class 5X Contral Surface(CS) 9 2
Type 5X Control

Component Features

File

Surfaces Attributes

T o1

5 Type Drive Surface ev

Trim Holes Respect i

Surface Side Auto &

Figure 69 Define drive surface

STEP 02| Define Part surface: the part surface actually is the target that will be cut as follows:

'@ Surface Feature L X
Mame surface 2
Class 5X Control Surface(CS)e hd
Type 5X Control
Component Features
File
Surfaces Attributes

Tolerance 01

CS Type Part Surface 9‘
Trirn Holes Respect -
Surface Side Auto =

Figure 70 Define Part surface

STEP 03| Choose a ball end tool with diameter of 6 mm, and calculate the operation by default parameter.
Then we can get toolpath as follows:

Figure 71  Swarfcut toolpath

Swarf cut parameters

Next let’s take a look at the main parameters of Swarfcut operation as follows:

1. Primary parameters
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@ Swarfcut 1

Y Type: Swarfcut
4

‘D‘ Basic
J Tolerance and Steps
Limiting
8 Path Setting
. fsis Control
4 gl Link and Lead
ﬂ Link
,—-* Lead In
% Lead Qut
= Display

Figure 72

¥ Basic

Frame

Speeds,Feeds

¥ Tolerance and Thick
Path Tolerance

Side Thick

Bottom Thick

¥ Bottom Steps

Swarfcut 1

0.01

B &R

Cut Depth Type
Max Cut Depth
Cutting Height

Cutting Position

Z-Level

At Bottom

¥ Side Steps

[ Side Cast Offset
Side Cut Depth

Swarfcut primary parameters

For the Basic and Tolerance related parameter actually, every operation is the same meaning. So here let’s

skip it.

Figure 73

¥ Tolerance and Thick

Here are some new parameters we need to explain

Cut depth Type: depth measurement direciton.

¥ Bottom Steps

Along tool: means that depth is measured along tool axis

Cut Depth Type Z-Level
Masx Cut Depth 1

Cutting Height

Cutting Position At Bottom

Path Tolerance 01

Side Thick 0

Bottom Thick 0

¥ Bottom Steps

Cut Depth Type Z-Level L
Max Cut Depth 0.5

Cutting Height 3 [
Cutting Position At Top v

v Side Steps

Figure 74

Cutting height of swarf cut

Z-Level: means that depth is measured along working frame’s Z axis

Max Cut depth: if we create multiple layers toolpath then this value is the maximum depth for each
layer. If we leave it blank then it means only 1 layer toolpath will be created.

Multiple layers swarf cut toolpath along Z level

Cutting height : It is a limitation for depth and only work for At Top option as follows

Cutting position: we can regard it as a measurement reference for depth, starting from top or from
bottom. If we only create one toolpath then it is used to specify where to cut top or bottom.
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Side cast offset: it is used to set up the side thickness of cast part which needs to be removed.

Side cut depth:something like the stepsize in XY.

¥ Tolerance and Thick

Path Tolerance 01
Side Thick 0
Bottom Thick 0

~ Side wall Offset

v Bottom Steps

Cut Depth Type Z-Level
Max Cut Depth 0.5
Cutting Height 3
Cutting Position At Top
¥ Side Steps

Side Cast Offset

~

Side cut depth
Side Cut Depth 3

Figure 75  Side steps

2. Path setting parameters

@ Swarfcut 2

oy Type: Swarfcut

¥ Cutting Control
4 dg Primary

¥ Basic Path Pattern Zigzag 5
éToIeran(e and Steps Cut Order Side First -
[ Limiting Fanin 5
|% Path Setting |
W Axis Control Fan Out 3
4 g Link and Lead Cut Overlap 5
s Link
Cut Direction Climb i
r_}' Lead In
5 Lead Out Cutting Order Automatic 5

= Display Corner Radius Respect M

¥ Point Setting
Start Point
Start Axis

Tool Home Start

Tool Home End
Figure 76 Path setting parameters

Path pattern: set up if use one way or Zigzag pattern
Cut order: This determines the depth cut order. This can be applied to both Base Depths and Side
Depths. (Normally used under the condition of side cast offset)

- Bottom First: Cut down to base (part) surfaces first for each side cut.

- Side First: Cut sides first on each level.
Fan In: A distance from a corner seam (edge) at which the tool will begin to lessen the influence of
the drive surfaces on the tool axis so that it can assume the optimal orientation on the corner.
Fan Out: A distance the tool may traverse while transitioning from the optimal orientation in a corner
to have the tool axis controlled by a drive surface.
Cut Overlap: This is a re-cut distance to obtain smooth part surface when cutting closed loops. This
distance is added at the end of the cut (retracting the beginning of the cut) at the cut feed rate.

Cut Direction: This determines the direction of cut, which are Clime and Conventional.

Corner Radius: Fillet the cut with this radius.

3. Axis control pararmeters:
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@ Swarfcut1 o
B Type: Swarfeut ¥ Axis Control
4 h Primary
q_ Basic Axis Option Automatic |T|
.a Tolerance and Steps Four Axis Plane S::Z: t:::slnter
5 Limiting Vet
3 L Max Tilt Angl
-..r. -| etting it Angle Autormatic
Min Titt Angle
4 i Link and [ ead Max Rotate Angl 5
2 & Link e
,—-9' Lead In Skew Angle
% Lead Out
= Display

Figure 77 Axis control parameters
Axis Option:

e Ruled lines: The tool axis always follows the ruling direction of a drive surface for ruled surfaces, it
is used for the ruled drive surface.

® Vertical: The tool axis is both tangent to the drive surface and vertically tilted.

Vertical mode: Tool axis will
be colinear with the tangent
line of the surface

Ruled Lines: Tool axis follow the
rule line, almost doesn’t change
Itis used for the ruled surface.

Figure 78  Tool axis options

e Automatic: The tool axis follows ruled lines for curved ruled drive surfaces and will be vertical for
other types of drive surfaces including flat ones.

Real case study

Next we will use 2 real cases as examples to show how to apply the swarf cut operation to real work.
1. Case 1: “5X_Impeller.z3”

Let’s open the real case “ 5X_impeller.Z3 ” file as follow:

Figure 79  5X_Impeller file

Then we will create swarf cut toolpath to cut the blade as follow:
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STEP 01| Define the 5X control surface as follow:

¥ Surface Feature =pd
Name surface 1
Class 5% Control Surface(CS) -
Type 5X Control
Compenent  Impeller
File SX_Impeller73
Surfaces Attributes
Tolerance 01
C5 Type Drive Surface -
Trim Holes Respect -
Surface Side Natural -
Figure 80 Define 5X Drive Surface
¥ Surface Feature (=i
Name surface?
Class 5X Control Surface(C5) -
Type 5¥ Control
Compenent Impeller
File 5X_Impeller.Z3
Surfaces Attributes
Tz 01
CS Type Part Surface o
Trim Heles Respect hd
Surface Side Matural b

Figure 81 Define 5X Part Surface
STEP 02| Set up tool size and operation parameters

Here we assume that the corner radius is 2 mm so that we can choose the ball end mill with the radius of 2
mm. Then set up operation parameters as follows:

“ Type: Swarfcut
4 h Primary

¥ Tolerance and Thick

sn- Basic Path Tolerance 01
o Tolerance and Steps Side Thick 0
% Limiti
v Bottom Thick 0
& Path Setting
V Auis Contral ¥ Bottom Steps
4 Link and Lead i
¥J—ll_nL. and ea Cut Depth Type Along Tool Axis
s Link
s Lead In Max Cut Depth 2
_% Lead Out Uniform Depth Yes
= Display ; ;
Cutting Height
Cutting Position At Bottom
¥ Side Steps
Side Cast Offset
Side Cut Depth
Figure 82 Define Primary parameters
B Swarfcut 2 @ =)
#8 Type: Swarfcut Curtting Control
4 g Primary T
& Besic | Path Pattem Zigzag -]
B Tolerance and Steps " Cut Order ' Bottam First o
Limiting Fanln 5
[ Path Setting |
. nvis Control (@ s
4 i Link and Lead Cut Overlap 5
Extine Cut Direction Climb -
= Lead In
E Lead Out Cutting Order Automatic -
= Display Corner Radius Ignore -
v Point Setting
Start Point
Start Axis
Tool Home Start
Tool Home End
Figure 83 Define Path setting parameters
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% Swarfcut1 =
“Type: Swarfout ¥ Axis Control
4 hPrimar}r
4 Basic Axis Option Ruled Lines M
o Tolerance and Steps Four Axiz Plane
Lirniting
&Path Setting MEJ(TiH:Ar‘Igh
Min Tilt Angle
4 g Link and Lead
L Link Max Rotate Angle 5
msLin
r_*Lead In Skew Angle
% Lead Out
= Display
Figure 84 Define Axis Control
¥ Lead In ¥ Lead Qut
Lead In Type Mormal T Lead Out Type Mormal =
Start Angle In Start Angle Out
End Angleln 0 End Angle Out 0
Radius In 0 Radius Out 0
Ramp Length In 1.5 Ramp Length Cut 15
Ramp Angleln 0 Ramp Angle Out 0

Figure 85  Lead in and lead out

For the rest parameters keep their default setting.

STEP 03| Calculate toolpath as follows:

Figure 86

Swarf cut toolpath

STEP 04| Pattern the toolpath by transforming function and setting up the pattern parameters as follows:

@@ Type: Transform
hPrimary
% Path Setting |
4 g Link and Lead
24 Link
= Display

Figure 87

The finished result is as follows:

¥ Xform Control

rXform Method | Circular Array

vI

Iv Circular
Origin | 0
Axis 001
Angular Spacing 40
Mumber of Copies 9 :

m ["] Create Copy at Original

Pattern the swarf cut toolpath around Z axis
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Figure 88  Finished swarf cut for impeller blade

Verify the toolpath movement by verifying function as follows:

P Toolpath Verify (=11

F 430,0000 MMPM
S 850,0000 RPM

X 347234
Y -32.5578
7 163538

1 -03734
J 04817
K 0.8046

Figure 89  Verify swarf cut toolpath

After saving the file. From the result we can find that actually the blade part has been finished. We will
keep on creating toolpath on this impeller file by other operations and finally when we finished the tutorial
the impeller model also will be finished.

2. Case 2: SwarfCut_A.Z3

Please open the case file Swarfcut_A.Z3 as follows:

Figure 90  Swarfcut_A file

Task: finish the highlighted surface as follows:
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Figure 91  cutting required faces

STEP 01| Heal the highlighted surface Since this file is an imported file and the swarfcut operation has
strictly requirements for geometry quality, so it is better to heal the file first before programming.
Details are as follows

I.  Delete loops

Heal the gap by deleting
the surface's trimmed
loops

Figure 92 Delete surface trimed loops

% Delete Loop

(v ][ X

¥ Required
Face Fa50
Loop All

¥ Settings
Keep trimmed face

Figure 93 Delete loops operation 1

% Delete Loop

(v|[ X =

¥ Required
Face F358
Loop All

¥ Settings
Keep trimmed face

Figure 94  Delete loops operation2
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§» Delete Loop 3
X = o
¥ Required
Face Fa14 &
Loop Selected &
Edges 4 picked|
¥ Settings
[ Keep trimmed face

Delete loops operation 3

Figure 95

4 Delete Loop
X
¥ Required
Face Fa63
Loop Selected
Edges 4 picked
¥ Settings
[] Keep trimmed face

Figure 96 Delete loops operation 4

II.  After deleting the loops, we can get the following result:

Result after deleted loops

Figure 97

STEP 02| Modify surface: Trim the surface to curve as follows:

w Trim to Curves

X = ]
¥ Required
Faces 1 picked IE
Curves 1 picked D

() Facestoremove (O Facesto keep
Side
¥ Settings

Projection
[71] Trim to checkerboard

Extend curves to boundary
Keep curves

¥ Tolerance

Face normal

Figure 98  Trim surface_right side
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« Trim to Curves EZ
i i ]

¥ Required

Faces 1 picked |I| M

Curves 1 picked |:| M

(") Facesto remove  (O) Faces to keep

Side &

¥ Settings

Projection Face normal -

[ Trim te checkerboard
Extend curves to boundary |

(| Keep curves

Figure 99  Trim surface_left side
Finally we can get the result as follows:

N

Trimmed Surface

Figure 100 Trimmed surface

STEP 03| Ensure that the trimmed surface can be tangent to the adjacent surface by Match Tangency Tool as
follows:

Shape | FreeForm | Wireframe  DirectEdit  Assembly  Sheet Metal FII ~ Weldments  Point Cloud Data Exchange  Heal PMI  Tools  Visualize Inguire  Electrode

Peeeo8dd S0 L P e 2 © & TSP

Blend Ruled Curve Faceat FEM N-sided Trimmed Dome

Enlarge Offset Extend Trimto Fillet Madify Modify | Match oth  Unfold Explode Delete ]
Face + Mesh Angle Patch Plane Face Face = Curves= OpenFaces Isoline Mum~ Ctrl Pts | Tangency = M~ to Plane - Loop - Ge
Basic Face Edit Face i o o Edit Edge
ﬁ? Merge Faces J
A - | Entire Assembly -l g g% R | B Nomal h, §

‘% Join Faces

Figure 101 Match Tangency command

ﬁ Match Tangency

[v] %

¥ Required

Master 1 picked
Faces 1 picked
¥ Settings

Influence 5

¥ Auto Reduce

[] Minirmize surface data

Figure 102  Match trimed surface tangency to adjacent surface
Please use the same way to match the trimmed surface tangency on the both right and left side

STEP 04| After healing the surface we can go back to CAM and create swarfcut toolpath for the target surface
as follows:

l. Define the drive surface:
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@ Surface Feature (=
Name surfacel
Class 5X Control Surface(CS) A

Type 5% Control
Component AKX

File Swarft_A_Withtoolpath.Z3

Surfaces Attributes

Talerance 01
CS5 Type Drive Surface e
Trim Holes Respect b
Surface Side Matural X

Figure 103 Define drive surface
Here we will cut the drive surface to define a drive surface as feature input.

II.  Setup tool size : Use 10 mm flat end mill.

[ll.  Set up parameter as follows:

¥ Swarfeut 1 L= )
B Type: Swarfcut ¥ Tolerance and Thick
Ll h Primary
¥ Basic Path Tolerance 001
Lk Tolerance and Step Side Thick 0
Limiting Bottom Thick 0
Q Path Setting
¥ hois Control ¥ Bottom Steps
4 Link and Lead
“ﬂmu:: e epth Type ‘Alang Toal Axis -
o LeadIn Max Cut Depth 1
s Lead Out Uniform Depth Ves -
= Displa:
= Cutting Height
Cutting Position At Bottom M
¥ Side Steps
Side Cast Offset
Side Cut Depth

Figure 104 Primary parameters

¥ Cutting Control

figzag

Bottom First
FanIn 5
Fan Cut 5
Cut Overlap 5
Cut Direction Climb b
Cutting Crder Automatic -
Corner Radius Ignore -

¥ Point Setting
Start Point
Start Axis
Tool Home Start

Tool Home End

Figure 105

Path setting parameters
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¥ Link

Short Link Type £ Lift Up =
Long Link Type Autornatic =
% Short Link Limit 200.0

Mazx Link Rotate Angle 10

Safe Distance 5

Figure 106 link

¥ Lead In ¥ Lead Out

Lead In Type Mormal - Lead Out Type Mormal v
Start Angle In Start Angle Qut

End AngleIn 45 End Angle Qut 45

Radius In 1 Radius Out 1

Ramp Length In 0 Ramp Length Cut ]

Ramp Angle In 0 Ramp Angle Out 0

Figure 107 Lead in and out

IV.  After calculating the toolpath we can get the following result:

Figure 108 Finished Swarfcut toolpath for pocket

Now we can check the toolpath by verifying as follows:

@ Toolpath Verify

F 2500000 MMPM
51000.0000 RPM

¥ 199436
Y -40.4506
Z 106747

1 0.0000
= | ] 09523
K 03053

‘ T T 1]
<< Pick

Figure 109 Verify toolpath

we can find that actually this is 4X milling simultaneous movement toolpath. So let’s look at the Four Axis
Plane option as follows:
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@ Swarfcut 1

“Type: Swarfcut
4 iPrimar}f
“D‘ Basic
ol Tolerance and Steps
Limniting
{2 path Setting
4 g Link and Lead
25 Link
r_*Lead In
% Lead Cut

Figure 110

¥ Axis Control

Axis Option

Four Axis Plane

Mazx Tilt Angle
Min Tilt Angle
Max Rotate Angle

Skew Angle

B2 ER

Automatic A

Define 4X plane for swarfcut operation

4X Plane option actually is used to force the toolpath to a 4X Tool path. By default the system will
automatically create the toolpath according to the surface’s situation. Here the 4X tool path is enough to
finish the pocket so even without setting up the Four Axis Plane system can automatically create the 4X
toolpath for it. But the end chamfer surface will be different. In order to make a better toolpath here we can

modify the part again to the following result:

Figure 111 Simplify hole in end

Next we will go to create toolpath on the chamfer face by the four axis plane option or without it

seperately.

STEP 01 Define the chamfer face as drive surface:

Mame surface 2
Type 5X Control
Component

Features

File

Class 5% Control Surface(CS)

Surfaces Attributes

Tolerance
CS Type
Trim Holes

Surface Side

01

Drive Surface
Respect
Matural

Figure 112 Define Define chamfer face as drive surface

STEP 02| Set up parameters and choose the same tool (D10) as follows:
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'@ Swarfcut 2 =
4 Type: Swarfeut ¥ Tolerance and Thick
4 h Prirnary
su. Basic Path Tolerance 0.001
A Tolerance and Steps Side Thick 0
% Limiti
p::r: 'S”eiting Bottom Thick 0
¥ Axis Control ¥ Bottom Steps
4 Link and Lead |
E{Jll_nu:: £ Cut Depth Type Along Tool Axis ~
,_-Y Lead In Max Cut Depth 4
_% Lead Out Uniform Depth Mo T
= Display . -
Cutting Height
Cutting Position At Bottom =

Figure 113  Primary cutting parameter for cutting chamfer face

STEP 03| Create toolpath without 4X plane option:

@ Swarfcut 1 A
9y Type: Swarfcut ¥ Axis Control
4 h Primary
¥ Basic Axis Option Automatic M
aToIerance and Steps Four fxis Plane
Limiting
& Path Setting Max Tilt Angle
Min Tilt Angle
4 gy Link and Lead
Tl: Max Rotate Angle 3
s Link
|—-* Lead In Skew Angle

Figure 114  Axis control setting

The toolpath is as follows:

¥ Toolpath Verify (=]
F RAFD

S 0.0000

¥ 1556019

Y 345655

7 402828

T -0.7071

) 04609

K 05363

S

Options

Figure 115 Swarf cut toolpath without 4X plane option

From the result you can find that now actually it is a 5X toolpath not 4X simultaneous toolpath. So it will
conflict with your machine. How to solve it? By 4X plane option as follows:

STEP 04| Set up the 4X plane according to real condition (here let’s choose A)

@ Swarfout 1 =
i Type: Swarfcut ¥ Asxis Control
4 ‘Primar}f
¥ Easic Axis Option Ruled Lines -
Al Tolerance and Steps Four Axis Plane 100
Limiting
{2 Path Setting Max Tilt Angle
Min Tilt Angle
4 gy Link and Lead i Rotate Ancl 5
2L Link ax Rotate Angle
r_*LeadIn Skew Angle
* . .-

Figure 116 Set up 4X plane
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STEP 05| After calculation we can get another toolpath as follows:

Q’ Toelpath Verify L= B4

F RAPID
5 0.0000

X 1542532
Y -33.7106
Z 309928

1 0.0000
J -06518
K 0.7584

<= Pick S

Start End

Figure 117 4X swarf cut with Flat end mill tool

If we use ball end mill tool and create more toolpath then we can get a better 4X toolpath for finishing this

chamfer face as follows:

i @Toolpath Verify (=R
F 250.0000 MMPP
510000000 RPM
X 1603475
Y -22.3836
£ -35.9803
I 0.0000
1 -0.5282
K -0.8491
|
| << Pick S
|
| Start End
I‘ -1 +1
L

Figure 118 4X Swarf cut toolpath with ball end mill tool

1.3.3 5X Drive Curve Cut

Philosophy: The 5 axis Drive Curve Cut uses 3D driving curves to calculate the tool path. The cutter is
driven along these curves and respects the surface geometry to be cut. This operation shares the same Axis
Control capability as the 5 Axis Plane Cut operation. The remaining parameters are also similar.

Open the Z3 file DriveCut_ISOCut_HelicalGear.Z3 as follows:

Figure 119 DriveCut_ISOCut_HelicalGear file

Next, we will use this file to introduce how to run the Drive Curve cut operation and Guide Surface ISO
operation. First, let’s look at drive curve cut operation.

1. How to run Drive Curve Cut operation

STEP 01| Create the drive curve:
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I.  Choose the 3D medial command from the wireframe module as follows:

Shape  FreeForm | Wireframe | DirectEdit  Assembly  Sheet Metal FII ~ Weldments  Point Cloud

+/~0O000 & @ V]V N @ N0

Point Line Arc Rectangle Circle Ellipse Through Isg-curve  Blend 3D Spiral  Equation  Planar Curve
- - - - Point Curve~ onFace - Medial ~f C - Section=  List
Drawing Curve o

Figure 120 3D Medial command

II.  Pick the edges on bottom surface of any tooth socket as input as follows:

%, 3D Medial

(v X

¥ Required
1st curve
2nd curve
¥ Settings
Method
Tolerance

Number

Figure 121 Input curves for creating 3D medial curve

After creating the 3D medial curve then enter into CAM let’s create Drive curve cut toolpath.

STEP 02 Define dirve curve and part surface

¥ Profile Feature L=

MName Profilg

Class general

Type Part M

Component Features

File

Profiles Attributes

] Tolerance 0.001
Offset 0
Open / Close Open -
Join Method Linear i
Reverse Dir No .
Part Side Left, Tangent

Figure 122  Define profile for Drive curve cut

@ Surface Feature R
Name Part facel

“Class | General Surface dl
Type Part &
Component Features
File
Surfaces Attributes

Tolerance 001

Shape Modify Nene i
Trim Holes Respect hd
Surface Side Auto -

Figure 123  Define part surface

STEP 03| Customize a taper tool
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¥ Tool =l
W w ¥ ¢
Neme | ROS Type | Mill Subtype End Addtolib | Load from Lib
Tool Len (L) 5
Flute Len (FL) 5
Angle (4) 3
T L | Flutes® 4
F
FL Radius (R) 05
i
A Y
B Cutter Dia (D) 1
bl
oK Apply Reset Delete Cancel Save All Load Al

Figure 124 Customize taper tool

STEP 04/ Set up parameters:

Since most of the parameters are similar to the previous introduced PlaneCut and SwarfCut operations so
here we just take some special and different parameter to explain the meaning. For others we just show
the setting as follows:

I Primary parameters:

'@ 5x Drive Curvel (7=
’{;Type: 5x Drive Curve ¥ Basic
4 Primary
‘u" Basic Frame
_'.Tolerance and Steps .
Limiting Speeds, Feeds 5x Drive Curvel
% i:?hCSetttmgl ¥ Tolerance and Thick
is Contro
4 gy Link and Lead Path Tolerance 0,005
L
s Link Surface Thick 005
'__} LeadIn
o Lead Out ¥ Bottom Steps
= Display Cut Depth Type Along Tool Axis v
Max Cut Depth 01
Murmnber of Cuts 12

Figure 125 Primary parameter of 5X Drive Curve

e Number of Cuts: means how many cutting layers in depth way.

. Path setting parameters:

'@ 5x Drive Curvel B E2
@ Type: 5x Drive Curve ¥ Cutting Control
4 g5 Primary
9 Basic Allow Undercutting Mo -
b Tolerance and Steps Project Direction
Limiting
§‘ Path Setting . Cutting Order Automatic i
. axis Control | Tool Side On ©
4 g Link and Lead
ﬁ Link ¥ Point Setting
'_-* Leadin Start Point
s Lead Out
= Display Tool Home Start
Tool Home End

Figure 126  Path setting parameters of 5X Drive Curve

e Tool side: includes ON, Left/Right/Center of ball as follows:

e On: The curve offset defined in any profile feature will be ignored.

° Left/Right: The cutting tool follows the corresponding left (or right) side of each driving
curve when looking down from the z-axis. The left or right offset equals the sum of the curve

40



4-5X Machining {{{{{{LKK

offset of the profile feature and the tool radius.

° Center of ball : means the center of ball end mill will locate on the drive curve, it is the
same function as the On if tool is not ball end.

M. Axis control parameters:

'@SX Drive Curve 1 = ER
'{} Type: 5x Drive Curve w Axis Control
4 g Primary —
¥ Basic Axis Control 4% Tip Control -
o Tolerance and Steps Four Axis Plane 0,01
Limiting T =
£ Path Setting Axis Directions
Lead Angle 0
4 g Link and Lead
2L Link Roll Angle 0
i Lead In Max Tilt Angle
%] Lead Out
= - Max Rotate Angle 5
= Display

Figure 127  Axis control parameters of Drive Curve

V. Link, lead in and lead out parameters:
% 5x Drive Curve 1 ]
\‘;}Type: 5x Drive Curve w Link
4 dg Primary
¥ Basic Short Link Type Automatic hd
.'lToIeraﬂce and Steps Long Link Type Automatic -
Limiting % Short Link Limit 3000
@ Path Setting
¥ Axis Contral Safe Distance 20
4| Link and Lead Max Plunge Len
2 5 Link
e Lead In ¥ LeadIn
=%! Lead Out Lead In Type Normal o
= Display
End AngleIn 10
Radius In 1
Ramp Length In 0
¥ Lead Out
Lead Out Type Normal b
End Angle Out 10
Radius Out 1
Rarmp Length Qut 0

Figure 128 Link,lead in and lead out parameters of 5X Drive Curve

STEP 04| Calcualte toolpath as follows:

Figure 129 5X Drive Curve toolpath

So far we finished the 5X drive curve toolpath for the tooth socket. But as we can see that we had left
some material over, so it is necessary to use another operation to finish the whole tooth socket. Then let’s
take a look at 5X GuideSurface ISO Cut operation as follows:
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1.3.4 5X Guide Surface ISO Cut

Figure 130  Finish required region for the tooth socket
Phylosophy :
1) Each 5 axis Guide Surface Iso Cut operation must have drive surface(s) selected in its feature list with
general surfaces input as the cutting target.
2) The guide surface defined by a drive surface forces tool axis to follow its normals along the isolines.

3) If the field Cut Drive Surface is toggled as Yes, the drive surfaces will serve as the cutting target in
addition to other general surfaces in the feature list. If No, the drive surfaces will be ignored. The iso
direction will be either U-isolines or V-isolines,, conventional or climbing.

Therefore it is easy to know if we want the tool axis to follow a normal way along a special pattern we still
need a drive surface as follows:

Figure 131 Tool axis normal to drive surface and move along the isoline

Next let’s create the toolpath as follows:

STEP 01] Create drive surface

I.  Copy the origial part file and rename it as auxilairy face as follows:

Manager = 3
Filter All ~  Preview Off hd
Find in MName b
Mame s Type Modified L
| i | | - Manager
Gear_CAM Cam Plan 2/14/;
“_— Filter All ~  Preview Off
of Edit
¥ | Rename Find in Mame
Delete -
@ Marme s Type Modified
¥
@ Cut
@ Relsted cut Gear_CAM Cam Plan
B Copy o Gear Part
1] 1]
@ Related cop Auxiliary face Part Ie
[ o] Darts

Figure 132 Copy original gear part
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Enter into the new Auxiliary face part file and create surface as follows:

1) Create a blend curve at one end as follows:

“. Blend 22
X 0

¥ Required

Tl E4l k<3

Curve2 E35 D@

'w Start Point

Continuity Tangent -

Weight

0900 3| — o
© Long () Short

Keepside
¥ End Point

Caontinuity Tangent i

Weight

0000 3| — F—

© Long

Keepside () Shart
¥ Settings
Trim Trim both -

Display curvature

Figure 133 Create a blend curve between 2 edges

2) Then make use of the curve to create a surface by “Bi Rail Loft” command as follows:

Shape Wireframe |

CPP Iy ®

Sketch Block Extrude Revolve Sweep| Bi Rail

Free Form

Basic Shape
Figure 134  Bi Rail Loft

& Bi Rail Loft

[v]X

¥ Required

.jé.

1st path E102

2nd path E&4

1 picked e

Profiles

[ [ | []

@ @ @

Profile: By curve list to

- pick the curve and edge
Sew shapes

Shapes

<«

¥ Orientation

Spine Mone

Figure 135 Create Surface by Bi Rail Loft command

3) Then delete the gear shape and just leave the surface alone as follows:
Figure 136 Leave the created surface only
4)  Merge the surfaces together as follows:
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#= Merge Faces
X = [
¥ Required
¥ Settings
Nermals Outer
Sample Face
[T Specify sample density
U-direction ¥ & -
Angle tol 2 & -

Figure 137 Merge the surface together
STEP 02 After finishing the drive surface, go back to CAM and add the auxiliary face into as follows:

2 E3

BTEE: ¥¥ Shape Browser
[ Geometry | bt
[ . Part : Gear =
&> B3 Part : A [Active Session] L |
£ Clearances Double click on the \
k* Frames | GeOmetry icon [Active Session]
& Tactics E\For Release\ Testing file\SAMPI
4 | | Operations ChUsers\win?\Documents\ZW3L
< E3R05
4 55:( Drive Curve 1
Class : Finish
Tool: RO
Parameters

—Files

DriveCut_I50Cut_HelicalGear.Z3

Dg'rveCu‘t 1S0Cut_HelicalGear.Z3 |

—Shapes

[Auxiliary face
Gear

Figure 138 Add auxiliary face into CAM

STEP 03| After defining the auxiliary face as drive surface, define the cutting region as part surface as

follows:
'ﬂl Surface Feature g EZ
MName Drive Surface
Class 5X Control Surface(C5) hd
Type 5¥ Control
Component Part: Auxiliary face (2)
File
Surfaces Attributes
Tolerance 01
C5 Type Drive Surface -
Trim Holes Respect v
Surface Side Matural -
Meodify Attributes Apply Attributes
Add Surfaces Remove Surfaces

Figure 139 Define drive surface
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@ Surface Feature = ER

Mame Part facel

Clazs General Surface A

Type Part d

Component Features

File

Surfaces Attributes

Tolerance 0.001
Shape Modify Mone T
Trim Holes Respect d
Surface Side Auto -

Modify Attributes Apply Attributes {
Add Surfaces Remaove Surfaces

Figure 140 Define part surface for 5X Guide Surface ISO Cut

STEP 04| Choose the same tool used in drive curve operation and then set up the parameters as follows:

L. Primary parameters:
'@ S5x Isocutl = ER
%Type: Sxlsocut w Basic
alg
‘l" Basic Frame
Ll Tolerance and Steps
Limiting Speeds,Feeds Sxlsocutl
Wy v Tolerance and Thick
V' Axis Control
4 g Link and Lead Path Tolerance 0,005
-
am Link SR i 005
l_-* Lead In
% Lead Qut ¥ Cutting Steps
= Display Stepover Absolute 005

¥ Bottom Steps

Cut Depth Type Z-Level b

Max Cut Depth

Figure 141 Primary parameters of 5X IsoCut

e Stepover: can choose differnet type,including Absolute, %Tool Dia, Scallop, Num of Cuts etc.It is the
same menaing for the Absolute, %Tool Dia, Scallop,options with what in 3X milling operations.

e Num of Cuts means how many toolpath layer you can determine to cretae, which will fill the whole
part face.

. Path setting parameters:
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'@ Sxlsocut 1

"@ Type: Sx Isocut
4 i Primary
‘ll" Basic
.'.Tolerance and Steps
Limiting
@1 Path Setting
¥ Axis Control
4 gy Link and Lead
25 Link
'_-j' Lead In
%| Lead Cut
= Display

Figure 142

L= X1

¥ Cutting Control

I Cut Drive Surface No - I
' Path Pattern IZigzag -
Stepover Link I Straight ’
Iso Direction V-Isoline M
Cut Direction Climb -

¥ Point Setting
Start Point
Tool Home Start

Tool Home End

Path setting parameters of 5X IsoCut

Cut Drive Surface: if we choose yes then the drive surface will serve as milling target at the same

time. If No, then it will ignore it, and only use the drive surface to guide the tool axis.

Stepoverlink: Straight or Round

lll.  Axis Control parameters

ISO direction: if along the U direction or V direction of drive surface

'@ Sulsocut 1

"@ Type: 5x Isocut
4 & Primary
‘I]" Basic
ol Tolerance and Steps
Limiting
£ Path Setting
V_ Axis Control

4 gk Link and Lead

¥ Axis Control
Max Tilt Angle
Max Rotate Angle 5

Four &xis Plane

Figure 143  Axis Control parameters of 5X IsoCut

Here the four axis plane will affect your output, you can set up according to the real machine’s structure.

IV. Leak and lead parameters:
¥ 5xlsocut1 = ER
%Type: SxIsocut w Link
4 ‘ Primary
ﬂ.- Basic Short Link Type Automatic i
ol Tolerance and Steps Long Link Type Automatic v
8 Limiting % Short Link Limit 3000
@ Path Setting
U Asis Control Safe Distance 5
4| Link and Lead Max Plunge Len
& Link
i Lead In ¥ LeadIn
_%‘ Lead Out Lead In Type MNormal i
= Display
End AngleIn 10
Radius In 1
Ramp Length In 0
¥ Lead Out
Lead Out Type Mormal &
End Angle Out 10
Radius Out 1
Ramp Length Out ]
Figure 144 Link and lead parameters

STEP 05| Calculate the toolpath as follows:
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Figure 145 5X Guide Surface I1SO Cut toolpath

1.3.5 5X Flow Cut

Philosophy: The 5 axis Flow Cut operation requires either a 5 axis Swarfcut or a 5 axis Drive Curve Cut as a
reference operation that contains two separated cuts. These two cuts will be used as flowing curves. The

Swarf cut or Drive Curve Cut can also have multiple depths. ZW3D CAM will select the two bottom cuts as
flowing curves. It is very useful for machining areas between two tilted walls (turbine blades for example).

So let’s open the file 5X_Impeller.Z3 again, when introducing the swarf cut operation we have created the
swarf cut toolpath to finish the blade as follows:

R

.
="

Figure 146  5X impeller with Swarf cut toolpath

Here we will make use of the part to introduce 5X Flow Cut operation. Now we need to create toolpath for
the areas between blades and the out surface of the blade as follows:

—

Tool path for end

\r < .‘" /

Figure 147 Tool path for impeller

Next we will use both introduced swarf cut operation and drive curve operation as reference separately to
create the 5X flow toolpath on the desired areas.

1. Reference to Swarf Cut operation

STEP 01| Create another swarf cut toolpath on the root of blade as follows:
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Swarf Cut toolpath on root of blade

Figure 148 Swarf cut toolpath on root of blade
STEP 02| Create 5X flow cut reference to the swarf cut as follows:
I.  Define part surface for 5X flow cut as follows:

¥ Surface Feature (=]

Pick these face as
part surface

Name surface 3

Class General Surface M
Type Part -
Component Features

File

Surfaces Attributes

BETE 01

Shape Modify MNone =
Trim Holes Respect =

Surface Side Auto .

Figure 149 Define part surface for 5X flow cut

II.  Choose swarf cut as reference operation as follows:
@ Lialanes
l( Frames @ Select Reference Operation
. 3 I:;Ir:ions —Select Operation
b i Swarfcutl “ Swarfeutl
&> B ¥form 1 of Swarfcutl @ Xform 1 of Syarfeutl
- [P Swarfeut2
4 ﬁ Flowcut 2
Class : Finish
Tool: 3 mm Ball Endmill
Parameters
1
4 0 Features

® n!
- 3 Machini Double click on Ref Op tap

E output | J 3 Cancel

Figure 150 Pick swarfcut2 as reference

I, Choose Tool : 3 mm Ball End Mill

IV.  Set up pararmeters
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¥ Flowcut 2 =R

" Type: 5x Flowcut

Basi
‘ v ic

¥ oo

ﬂ Telerance and Steps

a Path Setting Speeds Feeds Flowecut 2
L A.ms Control ¥ Tolerance and Thick
4 gy Link and Lead
ﬂ Link Path Tolerance 01
i Lead In Surface Thick 0
E Lead Qut
= Display ¥ Cutting Steps
Stepover Absolute T 28

Figure 151 Primary parameters

¥ Flowcut2 =l
W Type: 5x Floweut ¥ Cutting Control
4 h Primary
‘n_ Basic Flow Pattern One Way &
B Tolerance and Steps Flow Type Spiral Qutward b
[ - ‘ Collision Check Yes 5
L Axis Control
4 gy Link and Lead ¥ Point Setting
a5 Link
[T ]

o, Lead In | StantPoint | PNT#116327 I‘

s Lead Out Tool Home Start
= Display

Teol Home End

Figure 152 Path setting parameters

e Collision check: choose yes to check if the toolpath will collide with stock

e Start Point: it is allowed to set up the start point as follows:

The start point will determine
where is the begin point of 5X
flow cut toolpath

Figure 153  Strat point for 5X flow cut

¥ Flowcut 2 = ER

‘- Type: 5x Flowcut w Axis Control
4 h Prirnary

Lﬂ- Basic Max Tilt Angle

a Tolerance and Steps Max Rotate Angle i
£ Path Setting

Figure 154  Axis control parameters
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@ Floweut 2
" Type: 5x Flowcut ¥ Link
4 h Primary
?. Basic Short Link Type
ol Tolerance and Steps Loeng Link Type
22 path setting % Short Link Limit
J_ auis Control .
43 Link and Lead faplizETE:
& Link Max Plunge Len
,—-’ Lead In
5 Lead Out ¥ LeadIn
= Displey Lead In Type
End AngleIn
Radius In
Ramp Length In
¥ Lead Out
Lead Qut Type
End Angle Out
Radius Qut
Ramp Length Qut
Figure 155

Figure 156 5X Flow Cut toolpath

2. Reference to 5X Drive Curve operation

Figure 157

STEP 03| Calculate the toolpath and we will get the following result:

Automatic
Automatic
3000

5

MNermal
0
0
5

MNermal
0
0
5

Link and lead

End face of blade

(=1

23

Here we will create 5X flow cut toolpath on the end face of blade as follows:

In order to make the toolpath that can fully cover the whole end surface, it is necessary to create an
auxiliary surface to help create the toolpath. As follows:
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Figure 158 Auxiliary surface for 5X flow cut

Here we will not introduce how to create the auxiliary surface again, you can find it in the file of
“5X_impeller” as follows:

Manager = 3 J =+ 5¥_ImpellerZ3 - [Impeller_CAM] >

% 5 Setup 1
4 B Geometry :
[ - Part : Impeller (1)

Stock : stock (2)
4 B8 Part : Ref Model (3)

g

]
S @ surfacel
@ surface 2
- A Table : Worktable (4)

Figure 159 Auxiliary surface mode for 5X Impeller
Next let’s make use of the existing auxiliary surface to create the toolpath

STEP 01| Define the surface as part surface and choose the profile as drive curve as follows :

@ Surface Feature L=
Mame | surfacel |
Class |Genera\ Surface b |
Type |Par‘t e |
Component | Features |
File | |
Surfaces Attributes

0 Tolerance
Shapa Moy
Trim Holes

Surface Side Auto i

Figure 160 Define the auxiliary surface as part surface for drive curve operation
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@ Profile Feature (=]
Mame profile 1
Class general
Type Part v
Component Features
File
Profiles Attributes
|;‘i:| Tolerance 01
Offset 0
Open / Close Open -
Join Method Linear i
Reverse Dir Mo '
Part Side Left, On
I 1

Figure 161 Define profile for drive curve

STEP 02| Choose ball end mill of 3 mm and set up parameters to create toolpath as follows :

Figure 162 5X Drive curve toolpath

STEP 03| Create 5X flow cut as follows:

Set up the feature and reference operation

4 | | Operations
& i Swarfeutl
[ .Xform 1 of Swarfcutl
& g Swarfcut2
& Wk 5% Flowcut 1
&> 2 5x Drive Curve1
4 3& 5x Floweut 2
Class : Finish
Teol: 3 rmm Ball Endmill
Parameters
| Ref Op : 5% Drive Curve 1 |
4 e Features

Pick the 5X Drive
Curve 1 as reference
aperation

Figure 163 Reference to 5X Drive Curve to create Flow cut toolpath

Set up parameters

'@ 5x Flowecut 2

*Type: 5x Floweut
<[ Primary |
““’ Basic
ol Tolerance and Steps
£ Path Setting
V. ads Control
4 gy Link and Lead
2 & Link
l_-* Lead In
% Lead Qut
= Display

= B3
¥ Basic
Speeds Feeds 5x Floweut 2
¥ Tolerance and Thick
Path Tolerance 0l
Surface Thick 1]

v Cutting Steps

Stepover Absolute 02

Figure 164 Primary parameters
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¥ 5x Flowcut 2 =R

" Type: 5x Flowcut

¥ Cutting Control
4 h Primary

nu. Basic Flow Pattern Zigzag b
o Tolerance and Steps Flow Type Along M
2% Path Setting Collision Check No v
Vs Control
4 g Link and Lead w Point Setting
25 Link :
'_-y Lead In Start Point
=h CeadlOut Tool Home Start
= Display
Tool Home End
Figure 165 Path Setting parameters
¥ Sx Flowcut 2 =
" Type: 5x Flowcut ¥ Link
4 h Primary 5
¥ Basic Short Link Type Automatic W
ol Tolerance and Steps Long Link Type Automatic -
3 Path setting % Short Link Limit 3000
P axis Control .
“ Safe Distance :
25 Link Max Plunge Len
l‘-* Lead In
% Lead Out ¥ LeadIn
= Display Lead In Type Mormal W
End Angle In a0
Radius In 1
Ramp Length In 0
¥ Lead Qut
Lead Qut Type Normal 8
End Angle Out 90
Radius Qut 1
Ramp Length Out 0

Figure 166 Link and Lead parameters

[ll.  Calculate and get the result as follows:

Figure 167 5X Flow Cut Toolpath on end face of blade

Then we can use the transform function to pattern the toolpath, finally we can get the following result :

Figure 168 Toolpath for the impelle
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After finishing these steps please hide the auxiliary part and then save the file. Next let’s take a look at the
last operation of 5X, side cut.

1.3.6 5X Side Cut

Philosophy: The 5 axis Side Cut operation accepts parts or general surface features as geometric inputs.
Based upon different axis control options, it allows you to position the cutter in various orientations including
normal or side tangent to the part with lead, roll and skew angles. This operation is a good choice for turbine
top machining or complex pocket finishing with point control.

First we can take the 5X_Impeller.Z3 file as an example again to show how to use the side cut operation.
Now we need to cut the top region, the final result will be as follows:

Figure 169 5X side cut for the top region of impeller
Next let’s create the toolpath step by step as follows:

Choose 5X Side Cut operation and define the general surface

¥ Surface Feature L= R X1

Choose the whole
surface to define as
general surface

Name surface 7

Class General Surface
Type Part
Compenent Features

File

Surfaces Attributes

| Tolerance 01
Shape Modify ~ None
Trim Holes Respect
Surface Side Auto

Figure 170 Define general surface for 5X side cut

Normally a general surface is enough to create the toolpath of 5X side cut.

STEP 02| Next let’s set up the parameters:

l. Primary parameters:
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¥ 5x Sidecut 3

"{‘;Type: 5x Sidecut

Path setting parameters:

If just input the value here
e default Z value

5x Sidecut 3

0.01

Primary parameters

B ER

¥ Basic
[l Primary |
‘[i" Basic Frame
.'lToIerance and Steps
Limiting Speeds,Feeds
& Pth setting ¥ Tolerance and Thick
¥ puis Control
4 gody Link and Lead Path Tolerance
JL
mLink Surface Thick
r_* Lead In
i Lead Out ¥ Bottom Steps
=IDEplay Depth Direction
Max Cut Depth
¥ Side Steps
Side Cut Offset
Side Cut Depth
Figure 171
Limit parameters:
S5x Sidecut 3 L= 3
4
\!Type: Sx Sidecut
vz
4 dgg Primary
W Basic Top 68.5
ol Tolerance and Steps
(Fiis Bottom 55.5
& Path Setting
¥ tuds Control
4 g Link and Lead
2% Link means th
y—-" Lead In
o5 Lead Out
= Display
Figure 172

Set up the top and bottom point

@ 5x Sidecut 3

\_«,Typa: 5x Sidecut
4 g4 Primary
‘“‘ Basic
B Tolerance and Steps
Limiting
2 Path Setting |
Y Axis Control
4 g Link and Lead
& 5 Link
,—-* Lead In
i Lead Out
= Display

Figure 173

w Cutting Control

Cut Overlap 0
Shift Start Point
I Allow Undercutting Mo 'I
Path Pattern Zigrag i
Cut Direction Climb i
I Cutting Regions All Regions 5 I

Z Progress Top te Bottom i
Enable Spiral Yes v
End Ower Mill Yes i

¥ Point Setting
Start Point
Tool Home Start

Tool Home End

Path setting parameters

Allow Undercutting: If there is undercut need to cut, choose this option to allow tool axis

to rotate

Outside Only: just cut the outside of surface or part.

Cutting Regions: Includes All Regions, Pockets Only, Outside Only,

All regions: means all of the region in the target surface or part will be taken into account

Pockets Only: Just cut the pocket, need to combinate with the option of Control Point in Axis
control.

Enable Spiral: If we allow the toolpath move as spiral pattern or not.
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IV.  Axis control parameters:

¥ 5x Sidecut 3
‘gT}rpe: 5 Sidecut w Axis Control
4 ﬁ Primary
¥ Basic Az Type Tip Sidecut *
ol Tolerance and Steps Skew Angle 0
| Y
Limiting Max Tilt Angle 5
@3"- Path Setting
V. Axis Centrol Contrel Point
4 g Link and Lead
_J_an lan B Max Rotate Angle 5
s Link
,—-}' Lead In Cutting Height
_ s Lead Out v Axis Guide
= Display
Guide Type Mone =

Figure 174  Axis control parameters

e Axis Type: besides the introduced types in this operation there are 2 more different types :

- Tip SideCut: Tool Tip determine the tool axis’s orientation and then cutter side will be tangent
to the part tangent plane.

- Contact SideCut: Tool’s contact point determine the tool axis’s orientation and then cutter
side will be tangent to the part tangent plane

e Control Point

This parameter is used to machine pockets. If defined, the control point overwrites the Axis Control
parameter so that the tool axis passes through the control point.

e Axis Guide

In 5x sidecut, Axis Guide tries to define a few types of primitive surfaces as the guide surface by

using the same concept as the guide surface does in 5x isocut. It is used mainly to machine pockets
or porting (like driving curve).

For more details about the axis guide function we will use some cases to explain it in details. Here let’s skip
it first, and choose none.

STEP 03| For the rest parameters please refer to the previous introduction to finish by yourself and then
calculate the toolpath as follows:

s B

“k

Figure 175 5X side Cut toolpath on the top region of impeller

After saving the file. So far actually we have finished the toolpath for the impeller.
Next, we will take another example to show how to use the axis guide function to solve some problems:

1. Statue Case: Open the Statue Cut case file Statue_SideCut.Z3 as follows:
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Figure 176 Statue_SideCut case

STEP 01| Enter into CAM and create 5X Side Cut operation and then add the general surface as follows:

@ Surface Feature =] n
Name surface1
Class General Surface A
Type Part )
Component Features
File
Surfaces Attributes

Tolerance 01
Shape Modify Mone A

Trim Holes Respect .

Surface Side Matural \

Figure 177 define the statue part as general surface

In oder to let the tool stop at the bottom of statue we can define the bottom face as Start check surface as
follows:

@ Surface Feature B E2
MName surface 2
Class | 5X Control Surface(CS) -1
Type 5X Control -
Component Features
File
Surfaces Attributes
Tolerance 01
m Type Start Check Surfac ~ I
| Position To -
Trim Holes Respect -
Surface Side MNatural =

Figure 178 Define Start Check Surfac
STEP 02| Set up the parameter according to the above introduction as follows:
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¥ 5x Sidecut 1 (=G

g Type: 5x Sidecut w Basic
4

Yo

ol Tolerance and Steps

Limiting Speeds,Feeds S5x Sidecut 1
{22 Path Setting .
¥ Tolerance and Thick
Y #uis Control
4 g Link and Lead Path Tolerance 0.1
T
maLink Surface Thick 0
’_-y Lead In
o5 Lead Out ¥ Bottom Steps
= Display

Depth Direction

7 | MaxCut Depth E] |

¥ Side Steps

In order to save calculating R
time set up a big cut depth Side Cut Offset

Side Cut Depth

Figure 179 Primary parameters for statue cut

P 5x Sidecut 1
¥ Type: 5x Sidecut ¥ Cutting Control Set up start point
Ll h Primary
¥ Basic Cut Overlap 0
B Tolerance and Steps Shift Start Point
L] Limiti
e Allow Undercutting No
2 g
F Axis Control Path Pattern One Way
4 g Link and Lead Cut Direction Climb
2k Link . . .
Cutting Regions All Regions
r_’ Lead In
% Lead Qut Z Progress Top te Bottom
= Display Enable Spirsl No
¥ Point Setting
| Start Point PNT#50495
Tool Home Start
Figure 180 Path setting parameters
5x Sidecut 1
k4 Original peint is
¥ Type: Sx Sidecut ¥ Auds Contral the frame's 0
4 g Primary point
W Bsic Puis Type Tip Contral
Ak Tolerance and Steps Lead Angle 0
Limiting Roll Angle 0 i
£ Path Setting 2 part
[VarTitinge ooy
4/ah Link and L eoc Control Paint
L Link
i Lead In Max Rotate Angle 5
:& Lead Out v Axis Guide
= Display

Guide Type Cylinder

Origin 000
Normal 001
Guide Radius 20
Guide Side From Outside -
Guide Rule Guide Normal -

Origin Deflection Mene

Figure 181 Axis control parameters

Now let’s stop here and calculate the toolpath to check what we will get. Following is the result:

Figure 182 5X Side Cut toolpath for the statue

Next let’s make use of the created toolpath to explain axis guide parameters, as follows:
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I Titled angle l
]

Tool axis will intersect
= with the axis

Mormal: actually can
regard it as the center line
of guide geometry if
choose cylinder, cone,
sphere etc. The normal
option together with guide
radius affect the cutting
region

Figure 183 Explanation for axis guide parameters
e Guide type: normally use the cylinder, cone, sphere and drive curve. For drive curve we will use

another case to show how to use it.

e Origin: Can be regarded as the center point of section profile in XY as follows, the picked normal
way will pass this origin.

Origin: can determine
the cutting region
together with Maormal
option

N

Figure 184  Origin option

e Normal: if choose Cylinde, Cone, Sphere etc type, regard it as the center line of the guide geometry.
which will affect the cutting region together with guide radius.

e Guide Radius: It is the section profile’s radius of guide geometry which depends on the guide type.
e Guide Side: If cut the outside or Pocket.

e Guide Rule: if the tool axis guide by guide geometry normal or cutting part’s normal.

e Origin Deflection: if deflect the origin to allow the tool to engage into the small corner.

Now that most of the pameters are illustrated, let’s use another case to explain how to use the drive curve
type guide and control point together to do the porting cut.

2. Porting cut Case: Open the file 5X PortingCut.Z3 as follows:
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Figure 185 5X porting cut case

In this file a drive curve had been created for reference. So in this case we will skip the jobs on how to
create the drive curve. Next let’s create toolpath for the port shape step by step:

STEP 01| Define profile for drive curve:

¥ Profile Feature (=]
Narne | profile 1 |
Class | general |
Type | Part i |
Cornponent ‘ Features |
File \ |
Profiles Attributes
o] Tolerance
e
Open / Close
Join Method
Reverse Dir Yes b
Part Side Left, On b
f—— T 1l

Figure 186 Define drive curve by profile

STEP 02| Define cutting surface as general surface:

Q Surface Feature 2 i3
MName | surface 1 ‘
Class | General Surface °
Type | Part A ‘
Compenent | Features ‘
File | \
Surfaces Attributes
E Tolerance

Shape Modiy
Surface Side Auto b

Figure 187 Define general surface

Note: it is important to make sure the surface’s direction is positive.

STEP 03| Define a lollipop tool as follows:
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Tool Len (L) 70
Taper Len (Tpl) 5
3 Relief Len (RL) 30
SkD - TpL
Shank Dia (5kD) 6
D AL Relief Dia (RD) 4.5
l Flutes (F) 4
F
v Radius (R) [
©

Figure 188 Define lollipop tool

STEP 04/ Set up parameters:

Here we will skip the Primary parameters and Path setting parameter and just focus on axis control
parameter as follows:

¥ Axis Control

Auis Type Tip Sidecut "
Skew Angle a
Max Tilt Angle

Il Control Peint I PNT=2076

! Max Rotate Angle 5

Cutting Height

¥ Axis Guide
IGulde Type ' Drive Curve
Origin
Guide Radius
Guide Side ' From Inside
Guide Rule Part Normal

Figure 189 Set up axis control parameters

Because here used the drive curve as the guide geometry: the tool axis will be guided by the drive curve’s
tangent way, so the guide radius makes no sense for this situation, just leave it blank.

STEP 05| After finishing setting up parameter, calculate the operation Toolpath as follows.

Figure 190 Porting cut toolpath by 5X Side Cut operation

2 Summary

We have introduced how to achieve the 5X indexing milling by sub frame and Interpath function. And with
the practical examples, we have introduced how to run 5X simultaneous movement operations and apply
these operations to the real case.

Notes:
This tutorial is based on ZW3D 2021 version, some functions or icons may not match the current version. If

you have any suggestions or questions about this tutorial, please contact us at
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ZW3D Global Website: https://www.zwsoft.com

ZW3D Support Team: sales@zwsoft.com
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