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TUTORIAL SERIES FOR

Mastercam ,{

HOW TO USE THIS BOOK

This book provides a comprehensive step-by-step approach to learning Mastercam Mill 3D. The
book includes eight projects, an additional 8 exercises and quizzes for each project to test your
knowledge.

The material covered includes 3D Wireframe and Surface geometry creation, Surface Finish and
Surface Roughing Toolpaths. It also contains the advanced Surface High Speed Toolpaths.
Explanations are given for the proper use of Stock Setup and Tool Settings. It teaches you how
to create an STL Stock and how to use it in the solid model verification. C-hooks and tips on how
to select and organize the part are also covered to complete the learning experience.

The Mill Level 3 Training Tutorials also include General Notes with useful tools and shortcuts
that make the software easier to use. A description of the 3D toolpath parameters and the
Operations Manager are also covered in this section.

Each tutorial walks you through all the procedures from 3D Geometry Creation to Surface
Toolpath instructions, Verification and G-Code Generation.

LEGEND:

© Step to follow to complete the tutorial
¥ Additional explanation for the current step

Callouts that give direction on how to complete the task

Callouts that describe the parameters used in the current step

L

Bold text (usually) represents Mastercam terminology
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TUTORIAL 6
REVOLVED SURFACE HIGH SPEED AREA ROUGHING, FINISH CONTOUR,
FINISH LEFTOVER, AND FINISH PROJECT TOOLPATHS TO MACHINE
RAISED LETTERS




Mastercam. ,{

Mill Level 3 TUTORIAL 6

Objectives:
The Student will design a 2-dimensional drawing by:

© Creating a rectangle.

© Creating parallel lines.

© Creating line endpoints.

© Creating arc tangent through a point.
© Creating fillets.

© Trimming the geometry.

© Moving the geometry.

© Creating the letters.

© Creating an obround shape.

The Student will design a 3-dimensional drawing by:

© Creating the revolved surface.

© Creating a flat surface using rectangle command.
© Trim surface to curve.

© Creating the bounding box.

© Creating an offset surface.

The Student will create a 3-dimensional milling toolpath consisting of:

© Roughing the cavity using surface high speed area mill toolpath.

© Finishing the cavity using surface finish contour toolpath.

© Finishing the fillets using surface finish leftover.

€ Creating two 2D pockets toolpaths to be used in surface finish project.
© Using finish project toolpaths to machine the raised letters.

The Student will check the toolpath using Mastercam’s Verify module by:

© Defining a 3-dimensional block, the size of the workpiece.
€ Running the verify function to machine the part on the screen.

Page 6-2
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TUTORIAL 6

GEOMETRY CREATION

To start a new file from Mastercam:

File
© New

& Before starting the geometry creation we should customize the toolbars to see the toolbars
required to create the geometry and machine a 3D part. See Getting started
& Operation manager to the left of the screen can be hidden to gain more space in the graphic

area for design. Press Alt + O to remove it.

Q& Before starting the geometry make sure that the Grid is enabled. It will show you where the

part origin is. See Getting started page A-6 for details.

STEP 1: CREATE THE 2D PROFILE TO BE REVOLVED.

& Note that for the revolved surface we will only need half of the 2D wireframe.

Step Preview:

Page 6-3
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1.1 Create the 2.0 “ by 7.0 “rectangle.
Sub Step Preview:

Create
© Rectangle

= |
© Enter the Width (221 2.1 (Tab) —

© Enter the Height @ 7.25 (Enter).
& Make sure that Anchor to center is not enabled.
© [Select position of first corner]: Select the Origin (center of the grid) as shown.

‘ Select Origin j\

© Use the Fit icon to fit the drawing to the screen.

& During the geometry creation of this tutorial, if you make a
mistake, you can undo the last step using the Undo icon. You can undo as many steps as needed. ol

s

If you delete or undo a step by mistake, just use the Redo icon.

€ Select the OK button. @

Page 6-4
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1.2 Create a line parallel
Sub Step Preview:

Create

© Line Select Entity A
© Parallel PN

© [Select a line]: Select Entity A.
© [Select the point to place a parallel line through]: Pick a point to the
right of the selected line.

€ Enter the Distance [I;[ 1.53 (Press Enter).
© Select the OK button. @

1.3 Create a line knowing one endpoint, the length and the angle
Sub Step Preview:
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Mill Level 3 TUTORIAL 6

Create

© Line L2,

© Endpoint /
\/’

© [ Specify the first point ]: Select Endpoint A as ] T
) Endpoint A J/
shown:

€ Sketch the line as shown.

© In the Ribbon Bar, change the Angle to 285 and press
Enter

€ Select the OK button. @

Page 6-6
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1.4 Create an arc tangent through a point
Sub Step Preview:

Create
© Arc
© Arc Tangent

g™ o
© Enable Tangent point. dE @ E @ &
© Enter the Radius 3.125

© [ Specify the entity that the arc is to be tangent to ]: Select
Entity A as shown.

l,SeIect Entity A

Select Endpoint B

© [ Specify the tangent point ]: Select Endpoint B as shown: <K

Page 6-7
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€ [ Select an arc ]: Select the arc as shown:

Select an arc

Select this arc

© Select the OK button. @

1.5 Delete the extra construction lines

€ Select the two lines as shown:

|\Se|ect these Iinesj \
\\

»’§f”; T
© Select Delete entities icon. P pekete entities]

Page 6-8
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1.6 Fillet the corners with the 1/8 “ radius.
Step Preview:

Create ! ! j

© Fillet
© Entities

€ Enter the fillet Radius l@] 0.250
€ [Select an entity]: Select Entity A.
© [Select another entity]: Select Entity B.

=

Select Entity A

=

Select Entity B

Select Entity C \l_
T

I:Select Entity D here l

© [Select an entity]: Select again Entity C
© [Select another entity]: Select Entity D.

© Select the OK button. @

Page 6-9
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1.7 Trim two entities

Edit

© Trim/Break
© Trim/Break/Extend

Operations Markage
. .. . Trim 2 entit
© Enable Trim 2 entities icon. | Toolpaths -

© [ Select the entity to trim/extend ]: Select Entity A

© [ Select the entity to trim/extend to]: Select Entity B
Q

I: N
Select Entity A j

|, N
Select Entity B j

© Select the OK button. @

STEP 2: MOVE THE GEOMETRY USING MOVE TO ORIGIN

Step Preview:

© Hold-down the Shift key and click somewhere on the chain.

I:Select the chain
T

Page 6-10



Mastercam. ,{

Mill Level 3 TUTORIAL 6

Xform
© Move to origin

© [ Select the point to translate from ]: Select the Midpoint of
the vertical line as shown:

| Select the Midpoint

© Select the Fit icon to fit the drawing to the screen.

N E"E 1@
© Select Clear Color icon, |~ & [cearcoors

STEP 3: CREATE AND CENTER THE LETTERS

Step Preview:

G

3.1 Change the main color to red (No. 12)

TN
y 4

N\
D Gview Planes Zi m \( 10 [* Level: | 1

€ Select the Color in the Status Bar —
€ Select color red as shown:

Calars | Customize

Cument color;: 12 .[ 16 Colors H Select ]

o e e R e
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3.2 Create the letters

=

Create Letters

Create
© Letters Fant
© Select True Type button. | MCX (Box] Font S TreeTyperR) . D
Fant falder
Fm_
. Arial Namow e It = 11 e
© Select the Arial Black font as shown. gﬂnai Unicode MS | |Bold 12
Book Antiqua Bold talic 14 =
(J} Bookman Cld Style 16
0 Calibri 18
O Cambria v N~
Sample
AaBbYyZz
© Select the OK button. Scrpt:
|Westem w

© Enter the CAM and change the Height and Spacing as shown.

Create Letters

Fant Alignment
|TrueType [Arial Black) Font v| | TrueTypelR] ... | () Horizontal
Font folder O Vertical
| | ) Top of &re
() Baottom of Arc
et [ Top of Chain
”
© Select the OK button. Parameters
Height: 0.75
Arc Radius: I:I
[ Dirafting Options. .. ]
(v (% ][ 2]

© [ Enter starting location of letters ]: Select the Fast Point icon.
1.3,-0.334

© Enter the X-axis, Y-axis values as shown:
© Press Enter to finish.
© Press Esc to exit the command.
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© Select the Fit icon to fit the drawing to the screen.
The geometry should look as shown:

STEP 4: CREATE THE OBROUND SHAPE

Step Preview:

[nlane:T0R

Page 6-13
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Create
© Rectangular Shapes
& Expand the dialog box if needed by selecting the down arrow.

© Change the parameters as shown. I3 Rectangular Shapes Opti.-. [X)
(%) Base Point
O 2 Points

QEEs

Shape

© [ Select position of base point ]: Select the Origin from the Autocursor @@
Egg @ Anchaor
; Qrigin (@] O @]
| @ Arc Qenteié
@] ® O
\+ Endpaint
>+< Intersection

0] O O

drop-down list.
[ Surface [ Center Paint

© Select the OK button to exit Rectangular

Shapes Options dialog box

plane:TOP

Page 6-14
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STEP 6: CREATE THE REVOLVED SURFACE(S).
Step Preview:
6.1 Change the main color to magenta (No. 13)
© Select the Color in the Status Bar as shown in the previous step
© Select color magenta
Colors |Cug[g|‘mz§
© Change the graphic view to Isometric. P @ @@ Curert coior: (12 | [l
bR e O

6.2 Create the Revolved surface

Create
© Surface
© Revolved

€ Select Partial in the Chaining dialog box

© [ Select the first entity ]: Select Entity A as shown:

¥ Make sure that the chaining direction is CCW; otherwise select

Reverse button.

| Select Entity

A here

¥ Chaining

H

() C-plane (530

NLTE

(L)

=
2
5
.
N\

<
O
ES

SiE

g

=
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© [ Select the last entity ]: Select Entity B as shown:

/lrSeIect Entity B
/\

© Select the OK button to exit Chaining dialog box.
€ [ Select the axis of rotation ]: Select the vertical line

I:Select the vertical Iine&

(A
© Change the End Angle to 180, and press Enter
The surface should look as shown,

otherwise, select the Reverse button.

© Select the OK button.
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STEP 7: CREATE THE FLAT SURFACE INSIDE OF A RECTANGLE
Step Preview:

7.1 Change the main color to dark green (No. 2)
© Select the Color in the Status Bar as shown in the previous step
© Select the dark green color

Calors | Customize

@ Geometry color must be different then live entity

color. Cument color: |2 . E
ns SuaELEEE

7.2 Create a rectangle with a surface inside of it
Create
© Rectangle

© Enter the Width 9.125 (Tab).

© Enter the Height 10.0 (Enter).
© Enable Anchor to center and Create Surface icons in the Ribbon Bar.

15 v [l v
© [ Select position of base point ]: Select the Origin from the Autocursor drop-down list.
FEEDE

; Qrigin
@ Arc Qenteié

\ Endpoint

+
S 3
/-I-\ Intersection

© Select the OK button. @
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© Select the Fit icon to fit the drawing to the screen.

STEP 8: TRIM THE FLAT SURFACE TO CURVE
¥ To trim a surface or a set of surfaces to a chain of curves we need a closed boundary
(Mastercam understands curves to be lines, arcs or splines). You can trim a surface or set of
surfaces with an open chain only if the chain completely divides the original surfaces in two.

Step Preview:

Page 6-18
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8.1 Use the Hide entity command to keep on the screen only 2D wireframe
Sub Step Preview:

'

o~ P~

S LIE R LR COE

© Click on the QM Lines and on the QM Arcs icons from the QM toolbar at the left of the
graphic window.

& Note that all lines and all arcs from the graphic window are selected.

N RHA@E R

© Select the Hide entity icon. i g i Hide Entity

8.2 Mirror the geometry
& We are going to mirror the 2d profile used to create the revolved surfaces.

Sub Step Preview:
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© Select the profile by holding down the Shift key and selecting one entity of the chain as shown.

Hold-down Shift key and
click on the entity as

shown
/—

Xform

Q Mirror Move  Copy Join
. . W o ® O
© Enable Mirror about Y axis as shown.
The preview should look as shown: e &
' o[& v
ﬂ] ¥ (0.0 w

Mirror about ¥ axis

% Preview

Altributes
[ Use Mew Attributes

(vI[@][?]

€ Select the OK button to exit Mirror.

N E"E 1@
© Select Clear Color icon. |~ & [cearcoors

Page 6-20
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8.3 Delete the center lines.

Sub Step Preview:

& Note that because we selected the center line while selecting the chain to be mirrored,
another center line was created on the top of the existing one.

€ Select the line as shown:

Select this line I

s’§{{ T
© Select Delete entities icon. 4P [Delete entities|

Repeate the step to delete the other line.
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8.4 Unhide the flat surface

Sub Step Preview:

V& G-
© Select Unhide Entities from the drop-down list. [ ride Enity Altse
& Note that the rest of the entities appear on the screen. i [* Hide More Entities
|t+ Unhide Some
| S5

© [Select entities to keep on the screen ]: Select the top flat surface.

Select the flat surfacg

© Press Enter to finish the selection.

8.5 Trim the surface to a chain (closed)

Sub Step Preview:

Page 6-22
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Create
© surface
© Trim
© To curve
© [ Select surfaces and press Enter to continue ]: Select the flat surface as shown.

Select this surface /l/

© Press Enter

=

© [ Select Curves 1 ]: Select the chain of curves as shown below. K Chaining @1

H

) C-plane (&) 3D

L]

NI

[ wait
(D]

Select this chain of curves I

© Select the OK button to exit Chaining dialog box.
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© [ Indicate area to keep — select a surface to be trimmed ]: Select two points on the surface outside

of the chain as shown.

€ Select the OK button @

The surface should look as shown:

© Click on Hide Entity from the drop-down list to bring back the rest of

the geometry.

A& -

AltH

| [= Hide Enh'ty'*

E Ei:-:: Hide Mare Entities

[= urhide Some
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STEP 9: CREATE THE A BOX THAT REPRESENTS THE STOCK

Step Preview:

© Pre-select the chain by holding-down the Shift key and selecting one line as shown.

[Select the line
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Xform
© Translate

© Change the parameters in the Translate dialog box as shown. b Ef

The geometry should look as shown:

] g)ve Eg)py Jg;n

#11

Delta
eL |00 v
S |00 v
AZ |40 v
From / Ta
Fl
Palar
X [oo v
:i 00 v

Preview

Attributes
] Use New attributes

(v I[@][ 2]

STEP 10: SAVE THE FILE.

File
© Save as
© File name: “Your Name_6"

€ Select the OK button.
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TOOLPATH CREATION
STEP 11: SET UP THE STOCK TO BE MACHINED.

© To display the Toolpaths Manager press Alt + O.
@ Make sure that no machine is already selected.
Machine Type
© mill

© Select Default.

| X Mastorcam Mill X3 C:\DOCUMENTS AND SETTINGS\MARIANA.LENDEL\DESKTOP\TUTORIAL XTUILL LEVEL JUMCX FILES\YOUR, NAME_6.MCX

fe Edt Wew dnsfoe Creste Sobds Nfom MadweType Toobeths Soeen At Settngs beb
IfHSa? |9 @ ERp BR RYY DRI |0-0-@- /8- ¥V || VHPMWAEE-
SN Fe W (- SR HEAT M-H=- -y  HENSH- 8-D-4-
¥ 2724 ¥ 180 z oo s 1A @ ] (o] BN [ do-weeee "EERDe @
Fbien i
o F i |
Toonaths | Sokds | At 2 ]
E I -
® =
= of
r
B B vace ot g
L w-ilt, Fropertes - Gerenc Ml ;
m| "% o
= 1)
n i
o -
-
= 7
& 2)
== =
o 22}
& P
o @
B ’
= o
e a
2 B
wd
2.1029
I
M Vet
For help, Dress AR 4 o Gyew Paes & [HT ~ vy == | ATTEUIES | o — e — WO | GrOUDE |

© Use the Fit icon to fit the drawing to the screen. EI
© Select the plus sign in front of Properties to expand the Toolpaths Group Properties.

= EE Machine Group-1

4i-1l1 Properties - Generic Mil
2 2#5f Toolpath Group-1
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= EE Machine Group-1
E|_|]1 Properties - Generic Mill
i B3 Files

Tool settings
44 Stock se
A1, Safety zon

=) ¥4 Toolpath Group-1

B

© Match the parameter with the ones in the screenshot below.

=

Machine Group Properties

Files | Tool Settings | Stock Setup | Safety Zone

Feed Calculation Toolpath Corfiguration
() From tool Assign tool numbers sequentially
rom material Wam of duplicate tool numbers
OF aterial [CIWam of duplicate tool numb
rom defaults se tool's step, peck, coola
(O From defautt [[]Use tool's st k, coolant
s Search tool library when entering a
(O User defined [ dnistand

Advanced options

Ovenide defaults with modal values

i

Retract rate
Clearance height
Pl rat
. Retract height
[ Adjust feed on arc move Feed plane
Minimum arc feed l:l
Sequence #
Start -‘I 00.0
Incremenit
Material
ALUMINUM inch - 2024 [[ Edt. ][ select.. |
(v ][ %] 2]

© Select Stock Setup tab.

© Change the parameters to match the following screenshot.

© Select Bounding box button to automatically find the part extents. e =

[ misoids | Trwemmee=T [ Unsel
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© Select the OK button to exit Bounding box dialog box.

© The stock values should look as shown:

r 1

Bounding Box @

Create

All Entities

Stock

[ Lines fres
[ Paints

[] Center Paint
[ Solids

Expand

2fod v

Shape
(5) Rectangular

() Cylindrical

Display
Fit screen

(%) Wire frame
O Soiid

Stock Origin

In view
coordinates

x |00
Y (0.0
Z (0.0

(%]

[Sgled comers...] | Bounding bax |

© Select the OK button to exit Toolpath Group Properties.
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STEP 12: ROUGH OUT THE SURFACE USING SURFACE HIGH SPEED ROUGHING
(AREA MILLING).

& Area roughing toolpaths are designed to rough out cavities, pockets, or other areas that
can be most efficiently machined with an inside to outside toolpath. They are generated
from a set of surface profiles that describe the shape of your surfaces at different Z heights,
plus a set of offset profiles that rough out stock as the tool moves away from the center.

Toolpath Preview:

[ Select All 1
Toolpaths
- ———————————————
© Surface High Speed =" g Enie
D EvEl
© Select the OK button to accept the NC name li] O =
[F] Style
€ [Select Drive Surface]: Select the All button. AL O Poit
[F] Miscelaneous
=0
O
O
O
+0
O
w0
=0
O
O
[ Plane mask in chaining
[Jlgnore depths in chaining
—
© Select the OK button to exit. li] [ Use Orly Mask
@]=]v] 2]
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" =
Toolpath/surface selection [z|

© Press Enter key.

Drive:

()8
oo ] (B ]
o)

Check.

o[(2](5]
=

Containment

o
© Select the OK button to exit Toolpath/surface selection. feprenate Sarng pan
path/ (=)&)

© Select Toolpath Type and enable Roughing
© Select Area Roughing

Surface High Speed Toolpaths - Area Clearance

ELTIEE

Toolpath Type .
Tool (%3 Roughing
Hualder () Finishing
(Al Dirive
=] Cut Parameters . H Iﬂ
= H 7
& Trochoidal motion 2
Tranzitions Core Roughing Fest Roughing
Steep / Shallow

Linking Parameters

=
1|E
2N |

&rc Filer / Tolerance
Flanes [wC5) Check
Coolant
Canned Text
Mizcellaneous Yalues
=] Auis Control
Axis Combination

=

o
- [EH]
0

Quick Yiew Settings Ll st
Taal 1/4 BALLEMN...
Tool Diameter  0.25
Corner Radius 0125
Feed Rate E.4176
Spindle Speed 2133

=

Apprasimate stark paint

]
¢ &

Cinlant Off
ToolLength 0
Length Offset 1
Diameter Off... 1

CPlane / TP... TOP
Formula File  Default.Formula

= edited

o E3

© Select Tool.

© Click on the Select library tool button.

€ Use the Filter button in to select the 1.0 “ Bull Nose Endmill with corner radius 1/8 “
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© Make the necessary changes in the Toolpath parameters to match the following screenshot.

-

Surface High Speed Toolpaths - Core Roughing

¥ bk T [

Toolpath Type
Toal Tool diameter:

Huolder #  Tool Mame Dia. Corrad Lengt
s [0.125
¥ 1INCHEBULLENDMILLOAZ. 10 0125 20 Dl el -

=] Cut Parameters
@ Trochaidal mation Taol name: | 1 INCH BULL ENDMILL 0125 RAD |

Transitiohs
Steep # Shallow Tool number: Length offzet: -
Linking Paramaters
Head number: EI Diamneter offzet:

Arc: Filker # Tolerance
Flanes [WCS)
Coolatt

Canned Text

i :lgczllar:eolus Walues Spindle direction: | Cw
b{E Wul gl ]

Auniz Combination Feed rate:; Spindle speed; | 12000

< | b4

— — FPT- |0.003 SF | 3141.3613
Right-click. for options

Tool 1IMCH BULL... - -
Taol Diameter 1 Select library tool [ Filter &ctive Plinge et [75.0 Retectral | 1900
Comer Fadius 0.125 - [] Foree tool change Fiapid Retract

Feed Rate 8.5568

Quick Yiew Settings

Spindle Speed 534 Tool inzpection / change
Coolant oif - i ? Campm
ToolLength 4 Fough out the part

Length Offzet 1

Diarneter OfF... 1 I:'
CPlane # TP.. TOP

Formula File  Diefault.Formula

= edited

o (v [ % ](@][?]

© Select the Holder.

i Open |
© Select Open library button.

© Select the Cat 40.holders

§ =
Open 3
}J Lok in: | (239 taals vi 2 ¥ e m- [ Preview
MOx | ET30,holders
| ET4i,holders
| BTS0.holders
_J CATS0, hold:
=
CAD Data HaK63.halders
Xy
F. b
e [ Descriptar
©
Deskiop
File: narne: ‘Cat 0 3 ‘
© Select the OK button g Fies of type: | Holder libraries (* holders) |

My Network, Flecent Folders, | C:\MCAMXBMILLATOOLS v/
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©Select the C4E3-1250 holder

=

Surface High Speed Toolpaths - Core Roughing

ELTIEL

Toolpath Type
Tool [Vlilse halder for gouge checking
Hualder
C4C3-0032 -~ . 2.50 1
= Cut Parameters Ejgigg] 18
@ Trochoidal motion C4C4-0020
Transitions C4C4-0032 [ Clearance on holder bottorm
Steep / Shallow C4C4-1000 1.88
Linking Parameters C4C4-1500 3 Holder clearance | 0.05 )
CACE-001E -
' CACE-0020 Segment properties
A Filker # Tolerance CACEO032 Mot |15
Flanes [wCS) CACEA000 £l
Coolant CACE-O016 -
Canned Test CACE0020 Upper diameter | 1.25
Miscellaneous Yalues C4CE-1000 .
=) s Contral C4E30500 Lower diameter 5.88
CAE3-0625

Axiz Combination

CaE2 100
Quick Yiew Settings CA4E3-1000 B SEAmeEn

C4E3-1250 2
Tool TIMCH BULL... ("“”"““"‘ Bl 4.00
Tool Diarmeter 1 x £
Comner Radius 0125
Feed Rate 8.5568 l Open library l l Mew librany l
Spindle Speed 534
Coolant off l - l l l
ToolLength 4 Save library Mew holder
Length Offzet 1 ; .
Diarneter DFf.. 1 ey
CPlane /TP TOP CaT 40HOLDERS
Formula File  Default.Formula

= edited
& =dizabled
(I®) @2

Holder page allows you to create a holder definition, load a holder from an existing library or
edit the holder after it has been selected

Use holder for gouge checking when enabled,activates the gouge checking feature. Mastercam
will check to make sure that the holder does not come into contact with any part geometry.
Holder clearance field establishes the minimum separation between the holder and your surface
model. Set the clearance bigger than the stock to leave on the walls.
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© Select the Cut Parameters page and make the changes to match the following screenshot.

Surface High Speed Toolpaths - Area Clearance

Toolpath Type
Toal
Huolder

= Cut Parameters
Transitiohs

Steep / Shallow
Linking Paramaters

Flanes [WCS)
Coolatt
Canned Text

= Az Contral
Auniz Combination

Quick Yiew Settings

Tool Diameter 1
Comer Radius 0125

Y2 Wl W E

2 Trochaidal mation

Arc: Filker # Tolerance

Mizzellaneous Values

Tool 1INCH BULL...

Feed Rate 8.5568
Spindle Speed 534
Coolant off
ToolLength 4
Length Offzet 1
Diameter Off... 1
CPlane # TP.. TOP
Formula File  Diefault.Formula
= edited
& =disabled

Cutting method
Stepdown

Stepdown

[ Add cuts

YR
WO

Il
c1

el B

|

Tool containmet
Compensate to:

() Ingide (51 Certer

Tatal offzet distance =

Clirnbs

01

(0

() Oukside

> zhepover

% of dia.
hit.
Max.

K.eep toal davn within

() Digtance

() % of tool diameter

0.2475
0.45

3148.0

Optimize cut order

Tip comp

Stock ta leave
oh walls

Stock to leave
on floors

_Li Tip R
005

0os

v ][ %

@] ? ]

minimum stepover.

Step-down options allow you to configure how Mastercam spaces the cuts in Z.
Step-down value sets a constant Z spacing between cutting passes.
Add cuts feature allows you to insert additional cutting passes in areas of your part where the
profile is close to flat. Mastercam will add new cuts to maintain the maximum profile stepover,
while spacing them each by at least as much as the minimum step-down.

XY stepover settings allow you to configure the spacing between the passes at the same Z.
Mastercam will use the largest value possible (up to the maximum XY stepover) that does not leave
unwanted material between the passes. However, it will not separate the passes by less than the

Stock to leave on your drive surfaces lets you enter separate values for the wall and floor surfaces.
Note that the stock to leave on walls must be greater than or equal to the stock left on the floor.
For surfaces that are not exactly horizontal or vertical, Mastercam will interpolate between the
wall and floor values.

Keep tool down prevents the tool from retracting if the distance between the end of one pass and
the start of the next pass is less than the specified settings.
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© Expand Cut Parameters if needed, and select Transitions to set the Entry helix.

=

Surface High Speed Toolpaths - Core Roughing
EXTIEL

Toolpath Type

Taol
Halder () Erttry bl () Profile ramp

Cut Parameters Radius 07125

& Trochoidal matian

= Mote: If helix fails, profile ramp will be used
Steep / Shallow

Linking Parameters

Filter / Tolerance

Select the the

plus sign to
mbination
Expand i e
[ ==l Z clearance --D-125
Tool 1IMCH BULL... (®) Plunge rate
Tool Diameter 1 Flunge angle 0.034307
Comer Radius 0125 ) Feed rate
Feed Rate 85568 Prefered profile
Spindle Speed 534 length
Coolant uli} .
ToolLength 4 Output 30 arc moves Skip packets 0.825
Length Offset 1 smaller than
Diameter Off... 1
CPlane / TP.. TOP
Fornula File  Default. Formula

= edited

o a3l Ea

Transitions allow you to configure the entry move that the tool will make as it transitions
to new Z levels. You can choose to create either a ramp entry, or helical entry move. If the
profile is too small to create a helix of this size, Mastercam will create a ramp move
instead.
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© Select the Linking Parameters page and change the parameters to match the following screenshot.

=

Surface High Speed Toolpaths - Core Roughing

Toolpath Type
Taol Retracts

Holder Elearance plane el | Mirimum Yertical Fetract w
5 Cut Paramtirs ® sbzolute O Incremental Dutput feed move =000

& Trochaidal motion
Tranzitions
Steep / Shallow

Linking P b |
LR s Part clearance 025 I
&rc Filker # Tolerance | i
Flanes [wC5) —
Coolant 1
Canned Text j

Mizcellaneous Yalues
=] Auis Control
Axis Combination

Leads

Linear entry/exit 0.075 Fitting
[incremeantal] )

Quick View Settings Minimize: Trimming v |

Taal 1IMCH BULL...
Tool Diameter 1
Corner Radius 0125

Werlical arc entry 0.ava

Max trimming 00825
Vertical arc exit 0.075 distance

s L

Feed Rate 8.6568 .

Spindle Speed 534

Caalant aff n

ToolLength 4

Length Offset 1

Diameter Off... 1 —

CPlane / TP... TOP
Formula File  Default.Formula

= edited
& =dizabled

(v ][ %] @] 2]

Linking options allow you to configure how Mastercam links air moves when the tool is not in
contact with the part

Minimum vertical retract is a vertical retract and constant-Z move at the Part clearance height.
Leads fields set the tool moves onto and off of the part at the start and end of each cutting
pass. These moves are applied to each pass no matter which cutting pass is selected.

Fitting settings allow you to choose how the entry and exit arcs fit to the ends of the cutting
passes.

Minimize trimming sets the path to retract to be as close to the surface as possible,
maintaining a minimum distance from the surface to fit the arc.

Max trimming distance parameter limits the amount of trimming applied to non-horizontal
passes.

© Select the OK button to exit parameter pages.
© Select the OK button to continue.

B Warning

This Toolpath has been gouge checked against the selected Tool Holder. Areas where the Tool Holder would collide with the part were identified and
1 the toolpath may have been modified to avoid these locations, Therefore, the toolpath may not have cut all of the material that you expected, Check
the toolpath motion in Badkplot or Verify to make sure you have understood what has been machined.

Page 6-36



Mastercam. ,<

Mill Level 3 TUTORIAL 6

The toolpath should appear like the following picture.

STEP 13: BACKPLOT THE TOOLPATH

© Select the Backplot selected operations button.

Q i i - —
Make sure that you have the following buttons turned on (they will Gl B RP ok
appear pushed down).
= @ v Backplot selecte

ra

7% Backplot

© Display tool
[Display tool

© Display rapid moves

YAEE

| Display rapid moves
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© Select the Play button.

R

10a

© Select the OK button to exit Backplot. ‘M

STEP 14: VERIFY THE ROUGH TOOLPATH AND SAVE IT AS A STL FILE TO BE USED
AS AN INTERMEDIATE STOCK.

Toolpaths | Salids | At
GU T EOB PP
Y vah & X@

© Select Toggle toolpath display on selected operations to remove
the toolpath display.

Select Toggle toolpath display

© Select the Verify selected operations button. Toolpaths | Saids | At

|: Select Verifyj

Verify selected operations
L T
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© Enable Turbo mode.

© Select the Configure button. @

Initial stock size source should
be set to Job Setup to use the
stock information from Stock
Setup.

Use True Solid allows you, after
verifying the part, to rotate and
magnify it to more closely check
features, surface finish, or
scallops.

Change tool/color to change the
color of the cut stock to
indicated tool changes in the
toolpath.

Verify Options

Stock
Shape

O File
O Solid

Initial stock. size source
() Scan toolpathls)
(%) Stack Setup

) Use last size

=

Verify, x|

(3] = ) >
Cay

Dizplay cor‘m
Maves/step:

Quality

Movesiefresh:

Speed J

Update after each toolpath

Stop options
[ 5top on collision
[[] Stop on tool change
[ Stop after each operation

[N¥erbose

[GIRE

Toolpath:
Tool #:
Tool label:

1 &

Surface High Speed

[
(v [ %] 2]

&

[

Bl Min point:  kax point: Margins:
Scantodpathls] | % |45625 | |45625  [[0o |
Use Stock Setup values A |'5-D | |5-D ||U.U |
Pick stock comers... ] z |'4-D | |D-D ||U.U |

[

Culinder axis

Mizcellansous options
Use TrueSolid

Cutter comp in control
[ Display 5YZ axes

[] Compare ta STL file
[ Remove chips
Change tool/color

[ Hide tool at each stop
[ Make true threads

Tool profile

Tool tolerance:

STL tolerance:

Fr ]

[ Transhucent stock

Set colors...

[v ][ % ][ ?]

© Select the OK button to exit Verify Options.
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© Select the Machine button to start the simulation. [E

The part should appear as shown to the right.

[verbose
© Select the Save stock as a file button. @]
]
ave stock as a file
© Save the STL file with the same name at a known location. ] xT

© Select the OK button.

& To speed up the Verification, we will use this stl file when we verify the rest of the

operation.
. . b e =@ Gl
© Select the OK button to exit Verify. ek Hhix S@
© Select Toggle toolpath display on selected operations icon to hide the Eiffl val £
toolpath from the screen. = 08 Marbine craun
E#|Toggle toolpath display on g

STEP 15: FINISH THE SURFACES USING SURFACE FINISH CONTOUR.

Contour Rough and Finish Toolpaths perform multiple cuts at constant Z levels. Both toolpaths are
recommended for parts with steep walls. You should avoid using this toolpath for parts with flat
surfaces. To machine flat areas use shallow or parallel surface toolpaths.

Toolpath Preview:
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[ Select Al EI‘

Al Entities
»form Result

Toolpaths Seam o
L. Group Manager
€ Surface Finish

all

© Contour =

Entities

Color

Level
“width

St
Paint

@ | ) (o)

Ooooooono

€ [ Select Drive Surface ]: Select the All button.

€ Select the OK button to exit.

Miscellaneous

&0
|
O
|
O
@I @ .
Eg— g
© Select the End Selection button. E g

[ Plare mask in chaining

[Jlgnere depths in chaining

Same a3

[ Use Onlp Mask

r

Toolpath/surface selection @

R
Cantainmeh

Approximate starting poirt

Drive

Check

€ Select the Containment selection button.
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© [ Chain 2D tool containment boundary #1 ]: Select Entity A.

1

¥ Chaining

(O Cplane 230

(G20 g |

exit the Toolpath/surface selection dialog box.

© Click on the Select library tool button and use Filter to select % Ball Endmill.
© Make any necessary changes as shown in the following screenshots.

I

Surface Finish Contour

Toolpath parameters |Surface parameters || Finish contour parameters |

it
(@]
(1]

© Select the OK button twice to

H

E
¥

L3

Tool Name

1INCHBULL ENDMILLO.12... 1.0

3/4 BALL ENDMILL

Dia.| Cor.rad. | La
0.125 20
075 0375 20

| >

Comment

Tool name: | 3/4 BALL ENDMILL |

Tool # |2 Len. offset:

Head # Dia. offzst:

Tool dia: [0.73 Comer radius: [01.373

[N

Spindle direction: |CW “

Feed rate: [6.4176 Spindle speed: | 713
Plunge rate: |6.4176 Retract rate: |6.4176

[ Forze tool change Rapid retract

Select library toal....

[ To batch

Right-click for options

O Tool fitter

Finish the cavity

Conesme. ] O

Tool display... i Ref point

[ Planes... ] [ Canned text...

(v (% ][ 2]
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© Selec the Surface parameters and change the parameters as shown.

I

Surface Finish Contour

Toolpath parameters | Suface parameters | Firigh contour parameters

[ Clearance... ] |2-D | Tip comp Tip b _Ll
(® Absolute () Incremertal
B ] |ds | e i
etract...
‘ = Stock to leave (0
(® Absolute () Incremertal on check o

(Eeedplare.. ] [025

| Tool containment

() Mbsolute

(® Incremental

Compensate to:
O nside () Center

(1)
() Outside

o]

(v (% ][ 2]

| TT—

Clearance value sets the height at which the tool rapids to or from the part.
Retract value sets the height the tool rapids/feed-rates up to, before the next tool

pass.

Feed plane value sets the height the tool rapids to before changing to the plunge

rate.

Stock to leave (on Drive surface) sets the amount to leave for the finish operation as
a constant value all the way around the drive surfaces.
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© Select the Finish contour parameters and change the parameters a

Surface Finish Contour

Toolpath parameters | Suface parameters | Finish contour parameters |

s shown.

X

Direction of closed contours
Total tolerance... 0.001

(&) Climb () Conventional
Maximum stepdown:
Start length:
Comer rounding radius: I:I
Transition
Entry/t arc/ling (O Highspeed (O Broken
[ i

e ]

[ Use approximate start point
Cptimize cut order
Minimize burial

Shallow...

Direction of open contours

@ 0neway () ZFigzag

() Ramp

[

(O]

~

B

]

[ cut depths...

] [Qap seﬂings...] [Aclvancgd settings...

v (% ][ 2]

Optimize cut order cleans one area completely before moving to another area.
One way allows the tool to move around the shape in the same direction.
Minimize tool burial generates additional retract and plunge moves when the tool
could be engaging material on both sides, as when machining between two bosses.
Shallow removes tool moves or adds tool moves in the shallow areas.

© Select Shallow button and change the parameters as shown.

o

Contour Shallow

Add cuts to shallow area allows the system to generate
additional cuts between adjacent cuts when the adjacent
cuts are further apart than the limiting stepover value.
Limiting angle sets the angle that defines the shallow
areas on the part. Mastercam adds or removes cuts in an
area that ranges between 0 to 45 degrees.

Limiting stepover is used as the minimum stepover when
adding cuts to the shallow areas and as maximum
stepover when removing cuts from shallow areas.

X]

) Remove cuts from shallow areas

(%) Add cuts to shallow areas
Minimum stepdown:

Limiting angle:

Limiting stepover:
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© Select the OK button to exit Shallow dialog box. ‘ v |

© Select the OK button to exit Finish contour parameters. ‘ A |

Toolpaths | Salids || Art
U N SEPaP P ?
wvalD $ X §

© Select Toggle toolpath display on selected operations to remove
the toolpath display.

oo
= oo |T0ggle toolpath display on selected 0perati0ns|

Select toggle toolpath display

STEP 16: VERIFY THE FINISH TOOLPATH

© Select only the Surface Finish Contour operation.

Toolpaths | Salids || &t
© Select the Verify selected operations button. w v T ]

| Select Verifyj

Verify selected operations
- - T
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© Enable Turbo mode.

© Select the Configure button. @

© Enable File in the Stock Shape, and select the Stock file browse button.

Verify Options

Stock
Shape

() Box

(@ File
O Solid

Initial stock size source

) Use last size

Boundaries

Cylinder auis

Stock file: |E:\DDCUMENTS AMD SETTINGS WA |‘ [ Transhucent stock

Mizcellaneous options
Usze TrueSolid

Cutter comp in contral
[ Dizplay 5YZ axes

[] Compare ta STL file
[ Remove chips
Change tool/color

[ Hide tool at each stop
[ Make true threads

Tool profile

Tool talerance:

STL talerance:

Diizplay ool

Movesdstep:

b
Movesrefresh:
Speed l— Quality

Update after each toolpath
Stop optionz

top on collisioﬁ
[ 5top on tool change

[ Stop after each operation

[erbose

Toolpath:  Surface Finizh Constant

Tool #:

Tool label:

=
(v ][% ] 2]

X

Min paint: Max point:  Margins:

x| | | |
Y| | | |

2| | | |
e ]

Set colors...

[(v][%][?]
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© Find the Stl file that you saved in a previous step (Your Name_6.STL).

© Select the OK button twice to exit Verify Options.

The stock should look as shown:

© Select the Machine button to start

the simulation. E

The part should appear as shown to
the right:

© Select the OK button to exit Verify.

Page 6-47



Mastercam. ,<

Mill Level 3 TUTORIAL 6

STEP 17: FINISH THE FILLET SURFACES USING SURFACE FINISH LEFTOVER
TOOLPATH

<& Note that because the fillet surface radius is 0.25 “ the fillet surfaces were not cleaned.

& Surface finish leftover toolpath removes remaining stock that Mastercam calculates based
on the dimensions of a tool used in a previous operation. Finish leftover uses a smaller tool
than the roughing tool. Mastercam looks at the part, calculates where the roughing tool
could not fit, and creates tool motion to remove stock from these areas.

Toolpath Preview:

Toolpaths
© Surface Finish

u (Select Al X
© Leftover J

nilitie:
T —
€ [Select Drive Surfaces]: Select the All button. M &

Entities

Colar

Level
Width
Style
Faint

Oooooooo

Diameter / Length

oooa

Ooo0=

© Select the OK button to exit. [i] 1 lore mask i chining

[T 1gnore depths in chaining

Same as ..

[ Use Dnly Mask.

(e [=slv]?]

L
€ Select the End Selection button.
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© Select the OK button to exit Toolpath/surface selection.

r 5

Toolpath/surface selection @

Check

Containment
o

Approximate starting point

© Click on Select library tool in the Toolpaths parameters dialog box.
© Use the Filter to select the % “ Flat Endmill.
© Make the necessary changes in the Toolpath parameters to match the following screenshot.

=

Surface Finish Leftover

Toolpath parameters | Surface parameters || Finigh leftover parameters | Leftover material parameters

<

# Tool Name
M 1INCHBULLENDMILLO2.. 1.0
®  3/4 BALLENDMILL

¥ 1/4BALL ENDMILL

Dia.| Cor.rad. | La
0.125 20
0.75 0.375 20
025 0.125 05

| >

Comment

Tool name: | 1/4 BALL ENDMILL

Tool # |3 Len. offsst: 3

Head # Dia. offset: |3

Tool dia: [0.25 Comer radius: [0.123

N

Feed rate: (84176
Plunge rate: |6.4176

[ Forze tool change

Spindle direction: |CW “

Spindle speed: 2139
Retract rate: (54176

Rapid retract

Select library toal....

Right-click for options

O Tool fitter

Finish the area where the previous tool did not clean |

Home pos... O

Tool display... ¥ Ref poirt

Planes... ] [ Canned text...

(v (% ][ 2]
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& Note that because we enabled the Advanced options in the Tool Settings parameters
(Properties); the Clearance, Retract and Feed plane, will be the same as in the previous
operation.

© Select Finish leftover parameters tab and change the parameters as shown.

-

Surface Finish Leftover

Toolpath parameters | Surface parameters | Finish leftover parameters | Leftover material parameters

Total tolerance. .. 0.001 Cutting methiod

Hybrid {constant Z cuts above cut off angle, 3d cuts below)

[Max. stepover... ] |D.DZ | =

Cut off angle

[] Use approximate start point Extension length

From [i#eep cuts perpendicular to leftover region
dope nge

Machining angle

To 50.0 Machining direction
slope angle

¥ Gap settings... ] [Acl\tancgd settings. ..

[vI[® ][ 2]

Total tolerance is the sum of the filter tolerance and cut tolerance. You can
adjust the ratio of the filter tolerance to the cut tolerance, change the
tolerance amounts, and select arc options.

Maximum stepover sets the size of the step between XY cuts in a surface
toolpath.

From slope angle/To slop angle set the area to be machined.

Hybrid leftover cutting combines 2D and 3D cuts where cuts above the
cutoff angle (usually the steepest area) are constant Z and cuts below are
3D.

Keep cuts perpendicular to leftover region can improve the finish by
adding more moves, but it will increase the machining time.
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© Select the Lefover material parameters page and change the parameters as shown in the following
screenshot.

=

Surface Finish Leftover

Toolpath parameters | Suface parameters | Finish leftover parameters | Leftover materal parameters

Calculate remaining material from roughing tool

Roughing tool diameter: 0.75
Roughing tool comer radius: 0.37

Crverap distance:

(v (%] 2]

Roughing tool diameter is the diameter of the previous tool that was used to machine the
part (in our case the 0.75 “ Ball endmill used in the finish contour toolpath).

Roughing tool corner radius is the corner radius of the previous tool that was used to
machine the part.

Overlap distance is an additional offset applied to the previous tool shape. This value
causes the leftover material to be calculated as if it had been cut by a larger tool.

€ Select the OK button to exit. M
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© Select Toggle toolpath display on selected operations to remove
the toolpath display.

Toolpaths | Salids | At
vk ik EPcah 2 ?
wval £ X G

oo
= B0 |Togale toclpath display on selected 0perati0ns|

Select toggle toolpath display

STEP 18: USE CHECK HOLDER TO FIND THE MINIMUM TOOL LENGTH REQUIRED
FOR THE % “ BALL ENDMILL

¥ CheckHolder C-Hook is used to check an operation's tool holder for interference with the

part. It calculates areas where there is interference, and tells you the minimum tool length
required to avoid it.

18.1 Check the current tool lenght

© Click on the 0.25 “Endmill Sphere in the pencil operation.

22 Toolpath - 139.2K - YOUR
- 4 - Surface Finish Pencil - [WCS
] parameters
Select the 025 Ba” 10,2500 ENDMLLZ SPH
endmill Geomefry -
2= Toolpath - 992.4 - YOUR
-
Define Tool - Machine Group-1 ]
Endmill2 Sphere | Tupe | Parameters
Capable of
& Note the Overall value of 2.5 “ iy © Fough
1.0 ) Finish
I Holder dia. () Bath
20 .
s Arbor Diameter
Owerall 025
&)
Shotllder |
075 nF &
4 A | 44— Comer Radius
AJDiameler
0.2
Prafile:
[OF () Custom file () Custom level
© Select the OK button to exit. |
Lv ][ % ][ 2]
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18.2 Use the Check Holder C-hook to to check the tool holder for interference with the part.

© Make sure that only the Surface Leftover is selected in the Toolpaths manager.
© Enter Alt + C to open the C-hook directory.

© Select CheckHolder.dll from the list.

© Enter the Holder clearance of 0.05 and keep the other settings as shown:

=
Check holder

Source operation number: 4

Source toal length: 2500000 [ Preferences. .. ] [ Fleset ]
[ Halder... Halder frani: zource operation's ool

Haolder name:
%) Find minirurm tool length Test resolution: !0-05 | [ Ferform best ]
() Use minimum test taol length Test tolerance: iD.DD1 | Test result

Finiraurn tool length:

I Holder clearance: iU-U5 _I

Pending operation(z]

© Select the Perform test button.
<& Note that the test result is No interference.

Check holder

Source operation nurmber: 3

Source tool length: 2500000 Freferences. .. ] [ Feset ]
[ Holder... Halder from: zource operation's tool

Halder narme:
() Find minimum tool length Testresolution:  |0.05 |

() Use minimum test toal length Test tolerance: 0,001 | Test result Mo interference

| a— Minimum tool length: 2. 275500
| Holder clearance: | 0.05 |

Modify source operation...

Pending operation(z]

Select.. (141] et Plat unreachable mation
o 5]
length: | 2

R

© Select the OK button to exit Check holder parameters.
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STEP 19: VERIFY THE SURFACE FINISH CONTOUR AND THE SURFACE FINISH
LEFTOVER TOOLPATHS

© Select only the Surface Finish Contour and the Surface Finish Leftover operations.

@ Click on the Surface Finish Contour first and then hold down the Ctrl key and select the
Surface Finish Leftover.

Toolpaths | Solids | At
© Select the Verify selected operations button. e i Séocih % 2

| Select Verifyj

v A _"l.l'eri'y seleEheiolperatons

© Enable Turbo mode and Stop on collision.

Moves/step: 1

Maoves/refresh: 100000
Speed —J Quality

Update after each toolpath

Stop options

[] Stop on tool change

[[] Stop after each operation

[erboze

() [l
1 &

Toolpath:  Surface Finish Leftover
Tool #:
Tool label:

v ](%][2]
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© Select Machine button to start simulation. !E
The part should appear as shown below:

© Select the OK button to exit Verify.

20. CREATE THE 2DPOCKET TOOLPATH THAT WILL BE PROJECTED ONTO THE
SURFACES.

Sub Step Preview:
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ﬁ

€ Change the graphic view to Top. - ﬁ @

Toolpaths

© Pocket
© [ Select pocket chain 1 ]: Make a window around the obround as shown: 17 o 1
© [ Sketch approximate start point ]: Click inside the obround as shown: Eepns =

) C-plane (3 3D

Inside v | [wait

(D]

\NV/ //r\<

© Select the OK button to exit Chaining dialog box.
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© Select the % “ Ball endmill and match the parameters in the Toolpath parameters as shown.

=
Pocket (Standard)

Toclpath parameters | Pocketing parameters | Roughing/Finishing parameters |

#| Tool Name Dia. = Cor.rad. Lel
®  {INCHBULLENDMILLOAZ. 10 0125 20
®  3/4BALLENDMILL 075 0375 20
®  1/4BALL ENDMILL 025 0125 05
Ul 1/8 BALL ENDMILL

Tool #: _
Head#[0 ]

Tool name: | 1/8 BALL ENDMILL

Len. offset: |4

Dia. offset: |4

Tool dia: |0.125

Comer radius:

0.0625

Feed rate: |6.160896
Plunge rate: |6.160836

Coolart...

Spindle direction:
Spindle speed:

Retract rate:

cw v
4278

6.160896

[] Force tool change

[] Rapid retract

< | Commert

|~

Machine the letters.

Right-click for options

O Tool filter

Select library tool...

Misc values...

[ To batch

i

Tool display... O Ref poirt...

[ Planes... ]

[ Canned test ...

(v ][ %] 2

l

© Select the Pocket parameters page and check the parameters to match the following screenshot.

=

Pocket (Standard)

Toolpath parameters | Pocketing parameters | Roughing//Finishing ters |

[ Clearance. .. ] |2.D

(® Absolute (O Incremental
[ Use clearance only at the
start and end of operation
[ Retmet.. ] [05 |
(& Absolute () Incremental
[ Feed plane. .. ] |D-25 |
(O Absolute ® Incremental

[Iop of stock... ] |D-D

Machining direction
@ Climb ) Conventional

Tip comp

Roll cutter

around comers Sharp b
Linearization

tolerance 1Ty

XY stock to leave

Z stock to leave

=
@

(&) Absolute O Incremental [ Create additional finish operation
[ Depth.. ] [00 |
(& Absolute O Incremental
Pocket type: Standard ~ | O ts..
Facing Remachining Open pockets .. O | Bresk

[(vI[%][2]
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© Select Roughing/Finishing parameters tab and made the changes as shown.

Pocket (Standard)

Toolpath parameters | Pocketing parameters | Roughing,/Finishing parameters
[¥] Rough Cutting method:  Zigzag
Corstart Ovedap  Parallel Spiral Parallel Spiral, Marph Spiral High Spee
Spiral Clean Comers £

< >
Stepover percentage 160 |:| Minimize tool burial D Entry - helix
Stepover distance 0.02

Roughing angls 0.0

[#] Finish Ovemide Feed Speed

Passes Spacing Spring passes  Cutter compensation [Feed rate

1 0.01 0 computer ¥ [Ospindle speed

[#] Finish outer boundary 0

[ Start firish pass at closest entity [ Machine finish passes orly at final depth

[ Keep tool down ] Machine finish passes after roughing all pockets F

v ][ % ][ 2]

© Select the OK button to exit Roughing/Finishing parameters. M
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STEP 21: BACKPLOT THE TOOLPATH

© Select the Backplot selected operations button. v HhikBPol
© Make sure that you have the following buttons turned on (they will E
Backplot selecte

appear pushed down). =l v

© Display tool [Display tool /% Backplot

© Display rapid moves

© Quick verify | Display rapid moves

Quick verify
© Select the Play button.

R i '

© Click in the middle of the pocket and using the mouse wheel, Zoom in.

& To Zoom in you can also use Zoom target icon * Tzoom Targe 5 ; click in the middle of the pocket
and then, move the cursor out and select the corner of the zoom window when the pocket is
included.

© Note the areas (inside the A letter and around M letter) that the 1/8 “ Ball endmill could not
machine. We will remachine the pocket using an 1/16 Ball endmill to clean up these areas.

€ Select the OK button to exit Backplot. M
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© Select Toggle toolpath display on selected operations to remove the toolpath display.

Toolpaths | Salids | At
Gé N EPcR P 2
wvall &£ ¢

oo
= 00 |Toagle toclpath display on selected 0perati0ns|

Select toggle toolpath display

STEP 22: REMACHINE THE POCKET.

@ Remachining calculates areas where the roughing tool could not machine the stock and
creates a second toolpath to clear the remaining material.

Toolpath Preview:

© Click on the Pocket (Standard) operation in the Toolpath Manager and make sure that it is the only
operation selected.

© Right-mouse click on the Pocket, hold it down and drag

© Select Copy after from the drop-down list. e
- _Move before
Maove after ID'T
Copy before Hi _a
L)
Cancel
© Select Parameters in the second Pocket operation as shown. L) Parameters
----- a #3 - 0.2500 EMDMILL2 SPY
+- Geometry -

422 Toolpath - 1489,9K - YOU
=7 4 - Pocket (Standard) - [WCS:
E Parameters

..... a #4-0,1250 ENDMILL2 5P
----- B Geometry - (5) chain(s)
§ Toolpath - 73, 2K - YOUR

[ParamEters 1 - 5 - Pocket (Standard) - [WCS:
— ]

)~

Parameters
----- a #4-0,1250 Ekz:'IILL2 SP
----- ' Geometry - (5) chain(z)
.8 Toolpath - 79.3K - YOUR
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© Select the Toolpath parameters tab and select from the library the 1/16 “ Ball endmill.

-
Pocket (Standard) - Machine the letters.

Toclpath parameters | Pocketing parameters || Roughing,/Finishing parameters |
#| Tool Name Dia. | Cor.rad.| Lei Tool name: | 1/16 BALL ENDMILL |
®  1INCHBULLENDMILLOIZ.. 10 0125 20
- |B B
® 34 BALLENDMILL 075 0375 20 flocl lon.ofset:[5 |
®  1/2BALLENDMILL 025 0125 05 Head # D Dia. offset:
# 1/8 BALL EMDMILL 0... 0.0625 0.3
@  1/16BALL ENDMILL 0.. 003125 03 Tool dia: 00625 Comer rdius: [0.03125
Spindle direction:
Feed rate: |6.160896 Spindle speed: 2556
Plunge rate: |6.160836 Retract rate: |6.160836
[ Forze tool change ] Rapid retract
Fe | % | Comment
Remachire the letters.
Right-click for options
Select IiEl%.r;;tool.. O Tool filker
fis Combo’s (Defa Tool display... ¥ Ref po
[ To batch [ | Rotary axis [ Planes... ] [ Cannedtext... ]

(v ][ % ][ 2]

© Select the Pocketing parameters tab and select Remachining as the Pocket type.

=

Pocket (Standard) - Machine the letters.

Toolpath parameters | Pocketing parameters | Roughing/ Finishing parameters |

[ Clearance... ] |2.D

(@) fbsolute () Incremental

[ Use clearance only at the
start and end of operation

( Reret.. | (05 |
(& Absolte () Incremental
[ Feed plane... ] |D-25 |
(O Absolte (3 Incremental

[Iop of stock... ] |D-D

=)
Ll

0
a

(%) Absolute ) Incremental
T
(& Absolte () Incremental
Pocket type: | Remachining A | [
= L

Machining direction
@ Climb ) Conventional
Roll cutter
around comers
Linearization
tolerance ol

XY stock to leave

2 stock to leave

O

(v I[% ][ 2]
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© Select the Remachining button and change the parameters as

Remachining calculates the remaining stock from:

the stock left by all previous operations,the stock left by the
most recent previous operation or the size of the roughing
(previous toolpath) tool diameter.

Clearance extend the remachining toolpath at the beginning
and end to prevent cusps of material from being not
machined.

Apply entry/exit curves to rough passes takes the values from
Lead in/out dialog box to make a smooth entry/exit with each
pass.

-

Pocket remachining

Compute remaining stock from:
) Al previous operations

) The previous operation

(%) Roughing tool diameter

0.03125 |

Roughing tool diameter

=
e

|5D.D

Clearance

Apply entry/exit curves to rough passes
[] Machine complete firish passes

(v ][] 2]

shown.

© Select the OK button to exit the Pocket remachining.

© Select the Roughing/Finishing parameters to make sure that the parameters are matching the

following screenshot.

=

Pocket (Standard) - Machine the letters.

Toolpath parameters | Pocketing parameters | Roughing,/Finishing parameters

Cutting method:  Parallel Spiral

_[

Constant Overlap

G|

Roughing angle

Figzag Parallel Spiral, Marph Spiral High Spee
Spiral Clean Comers v
¢ | >
Stepover percentage | 16.0 Minimize tool burial
Stepover distance 0.01 Spiral inside to outside

Finish

Passes Spacing Spring passes  Cutter compensation
|1 | |D. O] | |D

Finish outer boundary

[ Keep tool down

| computer | [ spindle speed

[ Start finish pass at closest entity [ ] Machine finish passes only at final depth
] Machine finish passes after roughing all pocksts

Cveride Feed Speed
[ Feed rate

el
=
O
O

(v (%] 2]

© Select the OK button to exit the Pocket parameters.
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Select Regenerate all dirty operations icon to regenerate the Gl W EPclh P
toolpath. — .
= G‘j |Regenerate all dirty ope;at'oni

© Select Toggle toolpath display on selected operations to remove the toolpath display.

Toolpaths | Saiids | Art
w% i Edoalh 2 ?
vaG2 xQ

oo
= oo |Toggle toolpath display on selected 0perati0ns|

Select toggle toolpath display

STEP 23: USE SURFACE FINISH PROJECT TO MACHINE THE RAISED LETTERS

& Project Rough and Finish Toolpaths allow you to project curves, points, or another NCI file

onto selected surfaces. These toolpaths can closely match the cut motion to the shape of
the part and can be used for engraving.

Toolpath Preview:
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¥ To be able to machine the raised letters we need to offset the existing surfaces to project
the toolpaths on them.

23.1 Create the offset surfaces

Sub Step Preview:

Create
© Surface
© Offset
€ [ Select surfaces to offset ]: Select the two surfaces as shown

/ [

| Select these two surfaces I
€ Press Enter to finish the selection.

© Change the Offset distance to 0.125“ end press Enter.
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¥ Make sure that the offset surfaces are created below the original ones as shown.

- f——N

@ Otherwise; click on the Cycle/Next button first, and then the Flip [ ]
button to change the surface normal orientation. Repeate the procedure for the second
surface if necessary.

€ Select the OK button to exit Offset surface command. M

€ Select Clear Color icon.

N BB
T g ClearCDIUrsk

23.2 Surface Finish Project

Sub Step Preview:
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& Note the red insert arrow location in the Toolpaths
Manager. The next operation is going to be created
between the two pockets if the arrow is not moved.

- ¥ 3 -0.2500 ENDMILL2 SPHE
+. Geometry -
22 Toolpath - 1489.9K - YOUR |

=7 4 - Pocket (Standard) - [WCS: T

|:| Parameters

----- a #4 - 10,1250 ENDMILL2 SPHE
----- n Geametry - (5) chiain(s)
=2 Toolpath - 79.2K - YOUR NA

- Pocket (Remachining) - [WCE
E Farameters
----- a #5 - 0.0625 ENDMILL2 SPHE
----- n Geometry - (5) chain(s)
.22 Toolpath - 18.5K - YOUR NA

© Click on the Move the insert arrow downe one item. This ensures that the next toolpath will be

created at the end and not in the middle of the program. == [

S~
0 " 1
@ @ @ @) p Machine G Move insert arrow down one iten|

-1l Properimes—e T

val 2 5@

€ Change the Graphic View to Isometric.

Toolpaths
© Surface Finish

© Project %
© [ Select Drive Surface ]: Select the two offset surfaces that you just created.

IiSeIect these surface J

wLE
© Select the End Selection button. End Selection

€ Select the OK button to exit. [i]
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rToa-lpathf’-:.urface selection
Dirive
g
Check
Containment
Curves

© Select the 1/8 “ Ball endmill and make the changes as shown in the following screenshots.

=

Surface Finish Project

Toolpath parameters | Surface parameters | Finish project |
#| Tool Name Dia. Cor.rad.| Lei Tool name: | 1/8 BALL ENDMILL |
¥ 1INCHBULLENDMILLO12.. 10 0125 20
. |4 an
®  3/4BALLENDMILL 075 0375 20 oo L
#  1/4BALLENDMILL 025 0125 05 Head # D Dia. offset:
“ 1/8 BALL ENDMILL 0.. 00625 0.3
®  1/16 BALLENDMILL 0. 003125 03 Tool dia: 0125 Comer radius: [0.0625
Spindle direction:
Feed rate: |6.160836 Spindle speed:
Plunge rate: |6.160856 Retract rate: |5. 160836
[ Force tool change Rapid retract
< | % | Comment
Machine the letters using project |
Right-click for options
Select library tool.. O Toaol fitter
xis Combo’s (Default (1 Tool display... O Ref point
[ To batch [ | Rotary axs [ Planes... ] [ Canned text... ]
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© Select Surface parameters and change the parameters as shown.

r

Surface Finish Project

Toolpath parameters | Surface paameters | Finish project parameters |

SR

[ Clearance. .. ] |2-D | Tip comp

(® fbsolte (O Incremental

Use clearance only at the
skart and end of operation Stock to leave
()]

o5 on drive
[ Bgmgs ] | i | Stock to leave o
(® fbsolte () Incremental on check

| Tool containment

Compensate to:
(%) Incremental e e Outside

Addifional offset |:|

[ Feed plans... ] |{|'.25
) Absolute

(vI[%][?]
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© Select the Finish project parameters and make sure that Projection type is set to NCI.
© Enable operation 4- Pocket (Standard) in the Source operations and enable Retract between cuts.

=

Surface Finish Project

Toolpath parameters | Suface parameters | Finish project parameters

[ Total tolerance... ] |D- 001 | Source operations
= BB Machine Group-1
Projection type _|].|_ Properties - Generic Mil
E|88 Toolpath Group-1
©nel -0 1 - Suface High Speed (Area dlearance) - WCS: TOF] - [Ty
©) Curves D 2 - Surface Finish Contour - \WCS: TOP] - [Tplane: TOP] - F

-7 3 - Suface Finish Leftover - [WCS: TOP] - [Tplane: TOP] - F
: I%4] 4 - Pocket (Standard) - [WCS: TOP] - [Tplane: TOF] - Mach
- 5 - Pocket (Remachining) - [WCS: TOP] - [Tplane: TOP] - R

O Paints

[ 4dd depths

< ' >
¥ Gap settings... ] [Advancgd settings....
_ FAEI kA

Projection type

© NClI allows you to project an existing 2D toolpath (contour or pocket) onto selected
surfaces.
© Curve allows you to project 2D chains of entities (lines, arcs, splines) onto selected
surfaces. Mastercam prompts you to select the chains after you exit project
parameters.
© Points allows you to project points onto selected surfaces. Mastercam prompts you to
select the chains after you exit project parameters.
Retract between cuts forces a retract move between cuts and when engraving letters
(curve projection type) it allows the tool to retract between letters.

Add depths allows you to add cut depths for the rough project. It is enabled only with
projection type NCI.
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© Select the OK button to exit. m

© Select Toggle toolpath display on selected operations to remove the toolpath display.

STEP 24: USE SURFACE FINISH PROJECT TO CLEAN UP THE LETTERS.

Toolpath Preview:

© Click on the Surface Finish Project operation in the Toolpath Manager and

make sure that it is the only operation selected.

© Right-mouse click on the Surface Finish Project, hold it down and drag

© Select Copy after from the drop-down list.

=2
[0 Parameters
- a #5-0.0625 ENDMILLZ S

TR TSI T

L=T R

- Geometry - {5) chain(s)

Mave before
Maove after
Copy before

Cancel

22 Toolpath - 18.5K - YOUR
= -#36 - Surface Finish Project - [

MDMILL2 5

LBK -You
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- T

{122 Toolpath - 18.5K - YOUR NA
=7 & - Surface Finish Project - [WCS
: D Parameters

- #4-0,1250 ENDMILL2 SPHE
I Geometry -

2= Toolpath - 239.8K - YOUR N

© Select Parameters in the second Surface Finish Project operation as
shown.

7 - Surface Finish Project - [WC!

| Parameters

W za-0. IZSkNDMILLZ SPHE
- Geometry -

E 2 Toolpath - 239.9K - YOUR. N

Parameters

© Select Toolpath parameters and select the 1/16 Ball endmilll

=

Surface Finish Project - Machine the letters using project.

Toolpath parameters |Surface parameters || Finish project parameters |
#| Tool Name Dia. Cor.rad. Le Tool name: | 1/16 BALL ENDMILL |
@  1INCHBULLENDMILL0DAZ.. 1.0 0125 20
- 15 |5
®  3/4BALLENDMILL 075 0375 20 o g
@ 1/4 BALL ENDMILL 025 0125 05 Head & D Dia. offsct:
“ 1/8 BALL ENDMILL 0... 00625 0.3
¥  1/16 BALL ENDMILL 0. 003125 03 Tool dia: [0.0625 Comer radius: 003125
Spindle direction: |CY
Feed rate: |6.160836 Spindle speed: |8356
Plunge rate: |6.160896 Retract rate: | 5. 160836
[ Force tool change Rapid retract
£ | % | Comment
) i . Remachine the letters using project |
Right-click for options
Select library toal. .. O Tool fitter
fods Combo's (Default (1 Tool display... ¥ Ref poirit
[ To batch O | Rotarya [ Planes... ] [ Canned text... ]

[vI[®][?]
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© Select the Finish project parameters and select operation 5- Pocket (Remachining) from the list.

=

Toolpath parameters | Suface parameters | Finish project parameters

Surface Finish Project - Machine the letters using project.

Total tolerance... 0.001 Sourcs operations

= EE Machine Group-1

Projection type +- 11 Properties - Generic Mil

i---88 Toolpath Group-1
©nei (7 1 - Surface High Spesd (Avea dearance} - [WCS: TOP] - [Ty
O Curves +D 2 - Surface Finish Contour - [WCS: TOP] - [Tplane: TOP] - F

+D 2 - Sufface Finish Leftover - [WCS: TOF] - [Tplane: TOP] - F
) Poirts +1-_7) 4 - Pocket (Standard) - [WCS: TOP] - [Tplane: TOP] - Mach

+ B4} 5 - Pocket (Remachining) - WCS: TOP] - [Tplane: TOP] -
Retract between outs 4-[7 6 - Suface Finish Project - [WCS: TOF] - [Tplane: TOP] - M

[ Add depths

< »
i Gap settings... ] [Aclvancgd settings...
(v [ %] 2]

© Select the OK button to exit the toolpath. m

© Select Regenerate all dirty operations icon to regenerate the

toolpath.

The toolpath should look as shown below:

s

v W EPak 2

| ol N =S
|Regenerate all dirty operations

(=P
0
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STEP 25: VERIFY

& Based on Step 19, verify the Surface Finish Contour, the Surface Finish Leftover and the two
Surface Finish Project operations only, and make sure you don’t select any of the 2D
Pockets.

KCAILE:

[ 2w
© To rotate the part, select the Dynamic Rotation icon !
© [Pick a point to begin dynamics]: Select a point around the middle of the part.
© Slightly move the cursor and click on the part is in the proper position.

The part should look as
shown:
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STEP 25: POST PROCESS THE FILE.

© Click on the Pocket (Standard) operation to select only this operation and then, holding down the
Ctrl key, select the Pocket (Remachining) operation.

© Click on Toggle posting on selected operation to turn the post off for Toclpaths | Solids
these toolpaths.

Art

ww hix SP

il @ AT 2
= B Marlhln._GLuun-_l—
.1l | Toaale posting on selec

Toolpaths | solids | Art

vk T S8
even though the operation is selected, the G-code for these operations L_'
are not going to be generated. Remember that these toolpaths were

only used to generate the project toolpaths.

© Click on Select all operations icon to select all the toolpaths.
& Note that because we toggle the postion off for the pocket operation,

© Select the Post selected operations button from Toolpath Manager.

¥ B ?

a "

- "
Past selected operation

Post processing El

© In the Post processing window, make all the necessary
changes as shown to the right.

[ Cutput MC file descriptar

NC file
() Oiverwrite E dit
(%) Ak MHC ertension:
MC
[ 5end to machine
© Select the OK button to continue. ERE
Lv [ %] 2]
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© Enter the same name as the geometry name in the NC File name field. (Your Name _6)

© Select the OK button.

B4 Mastercam % Editor - [CAMCAMKIUNLLINCYYOUR HAME_6.HC]

X Fie Bt Vew NCFuctow Bockmwis Brogect Compare Comsureatiors Took Widow Hel -8 x
e il es BEAOR S ARa-C®E DXFSr B? YF e A%
W o 8 ool Changes (3 et Tool  {3) Goto Previous Tool

sapts 3 sl

N182 X1
N184 X

o
>

Foeady...

Une: 1 Cok= 0 FleSye: 256200 | 0LDAR00R | S17AM

© Select the red X box at the upper right corner to exit the Editor.

STEP 26: SAVE THE UPDATED MCX FILE.

1L~ Cuit VICWY H

© Select the Save icon. L&~ \\L
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REVIEW EXERCISES.

Student practice. Create the Toolpath for Exercise-Tutorial 6 as per the instructions below;

Tips: You need only flat letters!

1. Establish the Stock size Y =5, X =5,
=2

Stock origin X=0,Y=0,Z=1.505

2. Create a rectangle with surface option at Z0, the same size as the stock (5 X 5)
3. Surface Rough Contour

Select all surfaces

Use 3“ Face Mill ( change the library to Big.Tools and edit
the tool: Taper angle=0)

Clearance =2.5

Retract =2

Stock to leave on drive surfaces = 0.02

Total tolerance = .005

Max. stepdown =0.1

Enable Entry/exit Arc Radius = 0.25, Arc Sweep = 90
Enable Shallow

Add cut to shallow areas
Min stepdown =.005
Limiting stepover = .05
Disable Allow partial cuts
One way cutting

4. Surface Finish Scallop
Use 1/2“ Ball End Mill
Total tolerance =.001

Max. stepover = 0.05
Expand inside to outside

5. Surface Finish Leftover
Use 1/8“ Ball End Mill
Total tolerance =.001
Max. stepover = 0.02
Cutting method 3D Collapse
Roughing tool diam =.5
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Roughing corner radius =.25
6. Surface Finish Project
Use 1/32“ Ball End Mill
Stock to leave on drive surfaces = -0.01
Projection type Curves
Enable Retract between cuts
7. Backplot and Verify the toolpaths.
8. Post process the file.
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NOTES:
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TUTORIAL 6 QUIZ

© What is a surface normal?

© When would you use the “surface high speed area mill” toolpath?

© When would you use a “surface finish leftover” toolpath?

© Why did we turn off the post function on the pocket operations?
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