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Introduction

Mastercam has been the leader in CAM software since 1985. Even today, it
retains this number one market position with over 135 000 seats worldwide. Devel-
oped by CNC Software, Inc., of Tolland, CT, USA, it has become the de facto stan-
dard software of its kind.

The purpose of this Exploring Mastercam X3 for 2-1/12 axis Milling Applications
handbook is to provide a connection of specific Mastercam features to standard
CNC programming. Mastercam is highly customizable and its user has many ways
to influence the final program output. Although much of the output format is handled
by customized machine and control definitions, as well as properly configured post
processor, it is important to understand various settings in Mastercam functions,
many that significantly influence the final program output.

It has been said that to successfully use a computer software to develop a CNC
program, one has to understand manual methods of CNC programming. This hand-
book makes the job a bit easier, as it explains some basic CNC concepts behind var-
ious Mastercam functions.

This handbook does not duplicate what you can find in standard Mastercam docu-
mentation - it assumes the user is familiar with Mastercam on a very basic level. The
handbook is intended for those CNC programmers who want to understand in rea-
sonable depth the various Mastercam settings, the logic behind them, and how they
relate to CNC program output.

Exploring Mastercam X3 for 2-1/12 axis Milling Applications is a significant update
to the previous version for Mastercam X2. Not only it contains all new features of X3
as they relate two 2-1/2 axis, such as 2D High speed and Feature Based Machining,
it also has 27% more overall content. Most previous topics have been expanded and
new topics added.

Overall, keep in mind that Mastercam has taken manual CNC programming con-
cepts and turned them into a computerized method of programming. Knowledge of
manual CNC methods and applications is absolutely critical to successful Master-
cam applications.

Peter Smid
December 2008

psmid@nas.net
(905) 546-1875
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Exploring Mastercam X3 237
VIEWS, PLANES AND WCS

18 VIEWS, PLANES AND WCS

GRAPHICS WINDOW

When you open Mastercam, the large screen area that appears is used for graphics work.
This is called the Graphics Window and it represents the main Mastercam workspace. Many
previous examples have used this area without any special mention. The Graphics Window
shows more than just the toolpath geometry and pop-up windows - it also shows certain sta-
tus displays of its own. Although it appears empty at a casual view, there are two sections at
the screen bottom that should be the focus of some interest.

The lower right corner shows an indicator of the dimensional units
currently active (Inch or Metric) as well as the scale represented by 0.5835
the displayed horizontal line. In the illustration, the horizontal line }T{
represents 0.5835 units, in inches. The purpose of this information
is to provide a visual idea of the part size.

The lower left corner is more comprehen-
sive and is directly related to the subject of b
this chapter. Its purpose is to show the axis |
RUELICHCURTIURUCEEIIERUEEITICIC U Gyview TOP WCS:TOP T/Cplane: TOP
view (Gview). Each axis has a different
color, for better distinction - X-axis is red, Y-
axis is green, and Z-axis is blue. Mastercam
uses an interesting name for the axis orienta-

tion icon - ‘gnomon’. Gview SO WCS:TOP T/Cplane:TOP

Below the axis icon is shown the current status of aligned views:

m Gview ... View selected for best visual appearance of geometry

m WCS ... Work Coordinate System currently active

m Cplane ... Plane in which toolpath geometry will be defined (created)
m Tplane ... Toolpath cutting plane (perpendicular to the tool axis)

A couple notes - The Gview (Graphic View) is strictly a true view for visual purposes only
and should not be confused with Cplane (Construction Plane) or Tplane (Tool Plane), which
are used for geometry creation purposes. Mastercam sometimes refers to a plane as a view,
which can lead to some confusion. Also note that there will be no Tplane displayed if Master-
cam is in Design mode.

In 2-1/2 axis machining, tool plane (Tplane) is hardly used. It does have its advantages for
machines with four axes, such as XYZ and A or XYZ and B.

In order to understand Mastercam views and planes, it is important that you understand at
least the very basics of Rectangular Coordinate System - also known as the Cartesian Coor-
dinate System. In brief, the coordinate system defines a part location in space.
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COORDINATE SYSTEM

The Cartesian Coordinate System is named after a French philosopher and mathematician
René Descartes (1596-1650). His greatest achievement in mathematics was to describe
geometrical relationships using algebra. In CNC, we use this method to define a point.

Based on the intersection of
two perpendicular lines (called
axes) that are oriented orthogo-
nally (i.e., only vertically or hori-
zontally), any point can be
defined on a plane (2D or two-
dimensional) or in space (3D or

P1 coordinates: three-dimensional). The point
of intersection is called origin.

X=4.0
Y=50 All modern CAD, CAM and
- CNC technology is based on
Z=6.0 this almost four hundred year
old concept.
AY
QUADRANT I 8- QUADRANT |
X- Y+ 71 X+ Y+
-4.5,5.25 6
I 5t 4,4
! [ I
! 4 -
\ 3+ |
} 2+ !
| ?
X- ————+—++—+—+—++—+—+—+—+—+++—=X
-8-7-6-5-4-3-2-11__\Y345678
- !
!
| 27 ORIGIN |
| 34 0,0 |
S o |
-6,-4 =1 |
5+ .
T 6.5,-5.5
QUADRANT IIi 7T QUADRANT IV
X- Y- 8T X+ Y-
Vy.

www.inhousesolutions.com - (519) 658-1471 © Peter Smid



Exploring Mastercam X3 239
VIEWS, PLANES AND WCS

Both illustrations on this page show definition of a point within the Cartesian Coordinate
System (also known as the Rectangular Coordinate System). Each point in this system of
coordinates is defined by its distance from origin and located within one of four quadrants;
each coordinate (XYZ) is always measured along an axis. Note positive and negative direc-
tion of each axis and the distribution of quadrants.

VIEWS

Gview

Graphic View - Gview - allows viewing or looking at a particular geometry in a convenient
way. Geometry defined in any Cplane will always be based on the current construction plane
(Cplane) - not the current graphic view (Gview).

Select Gview for viewing - select Cplane for construction

Cplane

Cplane means construction plane. The word construction refers to development of any
toolpath geometry in the form of points, lines, arcs, etc. For 2-1/2 axis machining, the Cplane
is almost always set to TOP, although the Gview mode can be set as required.

WCS

WCS is an abbreviation for Work Coordinate System. In CNC programming, Work Coordi-
nate System is a method of changing part origin in the same program. This method will be
shown later in this chapter, using a typical example.

Seven Standard Views

There are seven predefined (standard) views in Mastercam, accessible from the status bar
and toolbars. The two illustrations shown below the difference between the Gview (left) and
Cplane (right) menu selections:

(! Top Gview Alt+1 Top (WCS)

Bl Left Guiew Alt+6 &7 Front (WCS)
B Back Gview Alt+3 Back (W(CS)

i Front Gview Alt+2 Bottom (WCS)
G Right Gview Alt+5 f¥ Right (WCs)

& Bottom Gview Alt+4 5 Left (WCS)

B Isometric Gview Alt+7 Isometric {WCS)

As both selections are independent from each other, it is possible to combine them to pro-
vide convenient and efficient working environment. For example, you can use Gview set to
Isometric while the geometry construction takes place in Cplane TOP.
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Any view can be saved in the MCX file using a meaningful name, to make later selections
easier. User generated views can also be named and saved within the MCX file.

Gview can be selected from the status bar, pull-down menu View > Standard Views, or
toolbar Graphics Views. Cplane can also be selected in a similar way.

WORK COORDINATE SYSTEM - WCS

The WCS - Work Coordinate System -is used to represent origin and orientation of a part
located on the machine for a specific setup. If a move to another face of the part is based on
a new setup, a new WCS is used. If a move to another face of the part is to be interpreted as
a rotary or index move on the machine, the original WCS should be maintained, and a new
Toolplane should be used.

Shifting the coordinate axes allows you to align the coordinate system and origin to the
part rather than manipulation of part geometry. WCS should only be used to reflect different
physical setups on the machine.

The work coordinate system should not be used for rotating coordinate system for horizon-
tal milling, for example. Although not applicable to a 3-axis machining center, it is a good
example where a suitable machine definition should be used instead.

Work Offset Numbers

An example in the illustration is a typical application of changing work offset for two identi-
cal parts set on the machine table. On most Fanuc and similar controls, there are six stan-
dard work offsets - G54-G59. On Fadal, the format uses E1, E2, etc. Proper output will be
determined by the post processor.

Each work offset (fixture offset) can be used to set part zero for up to six parts or more - up
to additional 48 offsets on Fanuc, if the extra option is available.

~-— G55 X

~=— G54 X

0.5

) 7 GT Y

G54 Y
20 77 i UNKI\EOWN
l

~ 10

3.5

UNKNOWN
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At the machine, the CNC operator will set G54 to the origin of the left part and G55 to the
origin of the right part. Note that during programming process, the XY dimensions between
the two origins are not known.

The output will use the same XY coordinates with two different work offsets. The coordi-
nates can be stored as a subprogram or be part of the main program. Mastercam requires a
generic format that is common to all machines and controls, and the specific code is config-
ured in the post processor.

To illustrate this concept, the following description will be applied to the example drawing
illustrated on the previous page.

Application Example

There are two identical parts set on the machine table. Each is mounted in a machine vise,
and part origin (X0YO0) is at the lower corner of each plate. G54 command is required for the
left part, G55 command for the right part. During programming, the distance between the
respective part origins is unknown.

In Mastercam, each part origin has to be assigned a different work offset. During toolpath
development, the generic offset numbers will be set, to be output as G54 and G55 respec-
tively, by any Fanuc type post processor. Physical setup of G54/G55 origins takes place at
the CNC machine.

Start from the status bar at bottom of the screen display and select ==
WCS as the selection: @ Groups | |!] ¢

Click on the WCS item in the Status Bar area, then select View Manager, in order to open
the default dialogue box:

View Manager

[ ] Display onkyviews associated with the selected view f
I Marre c| T/ oD w:.ﬁ#:;
LAEE TR i
i
BACK *
- BOTTOM bt
RIGHT SIDE * E
LEFT SIDE % 3
<
nmmumniwjmmmwnummf

A new view for each vise (part origin) will be defined next. In 2-1/2 axis machining, TOP
view is the standard working view, and the two new views will be defined by copying the cur-
rent top view, using the Copy function at left of the view names.

Each new view should have a unique name for better organization. For this example, the
new views will be called LEFT PART and RIGHT PART. Generic offset number for each vise
(part origin) also have to be entered as attributes - 0 for the left part, and 7 for the right part
(sse the next page):

© Peter Smid www.inhousesolutions.com - (519) 658-1471



242 Exploring Mastercam X3
‘ VIEWS, PLANES AND WCS

[ ] Display onkyviews associated with the selected view

Mame cC T
LCTOP

FROMNT

BACK

- BOTTOM

Felative... RIGHT SIDE

LEFT SIDE

Geametry... IS0

RIGHT FART

Sl LEFT FART c T 1]
olid Face...

e i ark il ol St v s I ol et i ntl e S s P sl b sl ool e B ot i

=
= 0
=+
H*

Copy

HHHXH XK XK K O

e e T e Ry g e 5 e g U vy e

N el

As each view has to have its origin defined, the last step is to use the small
Select button and pick the point of origin on each vise. In the example, point of ori- @
gin will be the lower left corner of each part. Mastercam will determine the actual
location of the two origins as drawn.

Keep in mind that the position of parts in Mastercam
does not necessarily reflect their actual position on the machine

For the example, you can check Mastercam settings of the two origins in view coordinates:

Crigin (in wiew coordinates) Origin (in wiew coordinates)
[/] Enable arigin [v|Enahle origin
w (0.0 » 716724
00 150283
[ ]Associative [V] Associative
LEFT PART RIGHT PART

So far, only the necessary settings have been done. The actual application of each work
offset takes place during toolpath development.

A spot drill is required for a set of two holes located on two parts. Although the machining
is identical for both parts, two operations have to be created in order to apply the offsets.

From the Planes button located on the status bar, select Named Views to see the current
View Selection (see next page).

30| Gview (Planes ) Z: 0.

Select the view you want to define a machining operation for, such as LEFT PART. Define
toolpath for the two holes on the left part with all parameters. For the right part, select view
RIGHT PART and define toolpath for the other two holes, again, with all parameters.
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View Selection
Marme Origin (in view coordinates)
TOFP =00, 20.
FROMT =0.%0.20.
BAICE =070, 20.
BOTTOM =0.%0.20.
RIGHT SIDE =070, 20.
LEFT SIDE =0.%0.20.
IS0 =070, 20.
RIGHT FART ®7 187241 50283 21,
LEFT PART =070, 20.
U g gl mat o ot o o g S sl gl e i Bt o i B Pt gl P - e g s g i it Ayt

Using the MPMASTER.PST as the post processor (or any other properly configured post
processor), the output will be as desired. Note that absolute coordinates for both sets of
holes are identical. Also note they are under two different work offsets - G54 for the left part,
and G55 for the right part. For more than two parts located on the machine table, the process
itself does not change - only more work offsets will be defined.

In the following illustration is the listing of both spot drilling operations as they appear in the
Operations Manager.

= EE Machine Group-1

#-1L Properties - 3 - AXIS VMC

=88 Toolpath Group-1

=B 1 - Drill/Counterbore - [WCS: TOP] - [Tplane: LEFT PART] - LEFT PART = G54

E Parameters - Work offset #0
----- ¥ #6-0.5000 SPOT DRILL - 1/2 SPOTDRILL
----- B ceometry - (2) Points
.82 Toolpath - 4.5K - G54-GS5.1C - Program # 1234
= 2 - Drill/ Counterbore - [WCS: RIGHT PART] - [Tplane: RIGHT PART] - RIGHT PART = G55
-] Parameters - Work offsat 21
----- ¥ #6-0.5000 SPOT DRILL - 1/2 SPOTDRILL
----- B ceometry - (2) Points
&2 Toolpath - 4.5K - G54-G55.NC - Program # 1234

e

The following program listing may be somewhat different, depending on the post processor
but the critical XY coordinates and the plane commands should be the same. Comments
have been removed for better clarity:

01234 (G54-G55)

(** GENERAL COMMENTS REMOVED **)
N1l G17 G20 G40 G80

(LEFT PART = G54)

N2 Té6 MO6

N3 GO0 G90 G54 X1. Y1l. S1200 MO03
N4 G43 H6 Z.1 M08

N5 G99 G82 Z-.14 R.1 P.2 F8.

N6 X3.5 Y2.

N7 G80
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(RIGHT PART = G55)
N8 G55 X1. Y1. Z.1
N9 G99 G82 z-.14 R.1 P.2 F8.
N10 X3.5 Y2.

N1l G80

N12 M09

N13 MO5

N14 G91 G28 ZO.
N15 G90

N1l6é M30

)

In blocks N3 and N8, as well as in blocks N6 and N10, the same coordinates are used -
they refer to the XY location of the first hole in each setup. Since the two parts are identical,
the XY locations will also be identical, but within two work offsets.

WCS AND TOOL PLANES

This chapter was focused on the WCS settings with their typical application for 2-1/2 axis
work. In order to understand some basic items used in the example, the most important one
is assignment of the generic offset numbers.

Default value of -1 can be considered something of an auto mode. In this case, Mastercam
will try to make an 'intelligent’ choice. Of course this choice may not be your choice, so it is
much better to input a generic value that will be interpreted by the post and outputs proper

work offset:

. -1 = Auto

. 0 = G54 forFanuc or E1 for Fadal
J 1 = G55 forFanuc or E2 for Fadal
. 2 = G56 forFanuc

. 3 = G57 forFanuc

J 4 = G58 forFanuc

. 5 = G59 for Fanuc

In order to make these offsets work, it is important to set the type of offset in the control
definition dialogue box, under the Work System heading.

Work offset auto selection is shown as the most common:
[’]Work offset -1

WCS is not suitable for all coordinate system changes, so Mastercam also provides Too/
Planes for special setting applications. When deciding whether to use WCS or Toolplane,
understand a few simple rules:

m Tool Plane is defined as a cutting plane for a given toolpath and is commonly used to switch
between typical four-sided tombstone sides on a horizontal machining center:

Tool planes FRONT, RIGHT SIDE, BACK, and LEFT SIDE
will be used in relationship to Work Coordinates System (WCS)
m WCS should always be used for toolpaths applied in a single setup
m For multiple fixtures (work offsets) needed in a single setup, use WCS
m Rotary and 5-axis applications have their own requirements (not covered in this book)
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Planes Button

When you select Operations Manager, you can change an existing work offset number for
any selected operation. For example, you may want to change the current G55 offset for the
right part to a new G58 offset. That means changing the generic Mastercam number from the
current setting of 1 to a new setting of 4.

il
|
L
il
I
L
\
|
1
!
]
n
L

‘.
.

This can be easily accomplished from

the Planes button, located on the Toolpath "}D O

parameters page (tab) of the operations 3 .

Parameters. ! [( P'E'”ES") ] [ Gannarisaf) I
g ——
EAENED

Mastercam will open Toolpath Coordinate System dialogue box that has two or three win-
dows, depending on the active offset:

The first window - as loaded (right): Toolpath Coordinate System

Note that the setting is exactly the same
as defined through the view manager -
nothing has been typed in and a new Top
selection had been made.

Working Coordinate System

Qrigin (in view coordinates)
The first window - after change:

X s ]
Toolpath Coordinate System
Y 00
Working Coordinate System E
Z 00

TOP

Origin (in view coordinates)

L T N LT T U SR R L L R e A Nl i TR

X |00

Work offset 0
Y |00 e el P P b e
Z |00

[v'] Work offset ©

This is the window where you will change the work offset number from 1 to 4.
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There are two other windows that do not normally change:

Toolpath Coordinate System
Waorking Coordinate System Tool Plane
RIGHT PART RIGHT PART
COngin (in view coordinates) Origin (in view coordinates)
X 715724 E] X |715724
Y 150283 E] Y [1.50283
Z |00 Z |00
]
[V]Work offset 1 [ ] Display relative to WCS
il (v ][ % ][ 2

Once the change has been made (work offset 4), the operation has to be regenerated, and

a new settings post processed (with a new comment).

The following excerpt shows the change:

01235 (G54 AND G58)

(** GENERAL COMMENTS REMOVED **)
N1l G17 G20 G40 G80

(LEFT PART = G54)

N2 T6 MO6

N3 GO0 G90 G54 X1. Y1. S1200 MO3
N4 G43 H6 Z.1 MO8

N5 G99 G82 Z-.14 R.1 P.2 F8.
N6 X3.5 Y2.

N7 G80

(RIGHT PART = G58)

N8 G58 X1. vYl1. Z.1

N9 G99 G82 Z-.14 R.1 P.2 F8.
N10 X3.5 Y2.

N11 G80

N12 M09

N13 MO5

N14 G91 G28 ZO.

N15 G90

N1é6é M30

)

Other settings and/or changes can be made from the Planes button
The one shown is most common for 2-1/2 axis mill work
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