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MODELING AND MACHINING PRACTICE FOR CNC MACHINES - MVA021

UNIT -1

Introduction Modeling

CAD Modelling or Computer-aided Design is an important part of the
design process. Before expending any physical resources, CAD brings your idea
to life in the digital world. Computer Aided Designs are used for a variety of
applications ranging from 3d printing prototypes to promotional photo-realistic

renderings.

Introduction about CNC Machines

CNC Machining is often the last step in metal manufacturing, or sometimes
the only process involved. Compared to other metalworking techniques, CNC
machining is capable of meeting the tightest tolerances, and producing the most

accurate, precise products over and over again

CAD/CAM/CAE

CAD:

Engineers and draftsmen use computer-aided design software to
create illustrations or 3D models. While most engineers should be proficient
with CAD, the amount of time they spend using it may depend on their

specific role and level of experience.

Best CAD Software for Engineers:

* AutoCAD
 CREO

« CATIA

* Fusion 360
* NX

* SolidWorks



CAE

Computer-aided engineering refers to the use of software to simulate
the effects of different conditions on the design of a product or structure
using simulated loads and constraints. CAE tools are often used to analyze

and optimize the designs created within CAD software.

CAE Software Leaders:

* Abaqus

* Ansys

« CFX

¢ Comsol

* Excel

* Fluent

« HEEDS

* HyperWorks
e LS-DYNA
* Matlab

* Nastran

* Simulink
* STAR-CCM+

The best CAE product choice will depend to some extent on the skills you
want to build and your specific career path. For example, niche products like
OpenFOAM are open source, which can provide a great deal of flexibility.
However, many users feel the software could be improved because it relies solely

on a command line and has no graphical user interface (GUI).

Computer-aided Manufacturing (CAM)

Computer-aided Manufacturing (CAM) is commonly defined as the use of

software to automate manufacturing processes. CAM software is able to translate
2



CAD designs into instructions for machines, increasing the efficiency of

producing parts and optimizing the amount of materials used.
Best CAM Software

Because CAM is so intertwined with CAD, some software companies
produce both types of applications. SolidWorks, for example, offers a full-suite
of tools for CAD, CAM and other engineering processes. Similarly, companies
like AutoDesk offer combined CAD and CAM tools. Some of the leaders in CAM
software include: SolidWorks CAM, Fusion 360 and NX, which combines
elements of CAD, CAE, and CAM

CAD vs. CAM vs. CAE: How Familiarity Helps Your Career

Most engineers will benefit from exposure to CAD and CAE software
tools, but they should also be familiar with CAM. Knowledge of how CAD and
CAM software interact can help to make improvements in the design and analysis

phase of planning products and structures.

Engineers whose work is focused on seeing the big picture, such as
optimizing systems or managing engineering teams, can especially benefit from

building familiarity across all three types of software.

Job opportunity in CAM

There are many careers in Computer Aided Manufacturing or similar fields.
These include:

Mechanical Engineer
CNC Operator
CNC Programmer

Design Engineer

Machinist



Industries using CAM include aerospace, automotive, chemical and

medical technology, military, or engineering.

CAM jobs can pay around $34,000 to $60,000 a year on average. You
will usually require a qualification or technical certification. Some positions
may be available at entry-level without experience but some knowledge

would be advantageous.

Different jobs will be varied. You could be manufacturing nuts, bolts,
and screws. Or you could be creating tools and dies for another
manufacturing process. CAM could even lead to work with jewelry and

precious stones or metals.

Introduction on NC Manufacturing

Numerical control represents the use of programming, in the form of
numbers, letters, and symbols, to guide the operation of a machine. In that sense,
NC is a machine control concept more than a manufacturing or machining

proccess.

History. The first NC machines were built in the 1940s and 1950s, based
on existing tools that were modified with motors that moved the tool or part to

follow points fed into the system on punched tape.
Expert Machinist CMM

Coordinate Measuring Machine (CMM) Operator operates CMM
equipment to perform measurement, inspection, and testing of production
materials and components using previously prepared inspection programs.

Mounts or installs tools, attachments, fixtures, or work pieces on CMM.

A coordinate measuring machine (CMM) is a device that measures the

geometry of physical objects by sensing discrete points on the surface of the
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object with a probe. There are different types of CMMs and probes that

manufacturers can use to ensure and maintain quality.

Type Sub-type

O |7 Layout (®) NC assembly

() 2z Sketch (O Expert machinist
eetmeta

A bl

O [ Assembly _ (O Cast cavity

® (1Y, Manufacturing O Mold cavity

O |&] Drawing (O Harness

C 1 Format (O Process plan

O i9| MNotebook O Additive Manufacturing

Sheet Metal Manufacturing

Sheet metal fabrication is the process of turning flat sheets of steel or
aluminium into metal structures or products, by cutting, punching, folding and
assembling. Sheet metal can be cut, bent or stretched into nearly any shape, which

is generally done by cutting and burning the metal.

Casting Manufacturing

Casting is a manufacturing process used by the forging industry to produce
an object (often metal) of a specific desired shape. This is achieved by pouring
hot molten metal into a mold that contains a hollow cavity of the exact required

shape.

Additive Manufacturing.

Additive manufacturing is the process of creating an object by building it one
layer at a time. It is the opposite of subtractive manufacturing, in which an object
is created by cutting away at a solid block of material until the final product is

complete



UNIT - 11

NUMERICAL MODEL CREATION:

CAD model and CNC machined part

Sketching — Constrain — Dimensions

Creo Sketch is a free 2D CAD application that offers the easiest way for
anyone to quickly sketch out product design ideas and share them electronically
with customers, suppliers, and co workers. It lets you add color and other visual

enhancements to transform quick sketches into finished artwork.
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Skatchad entities are the basis for a solid face of surface of a 3-D madal,

m  There are wo typas of lines:
— Line Chain
- Tangent Ling

Figure 2 —

You can quickly skeich four-sided shapes.

The faur lines are independent,
»  You can delata trim, ard align each line

individually
m You can creale symmaelric rectangles using
Center Rectangles.
H
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Figure 1 — Comer Rectangls

Figure: 3 = Center Rectangle
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Figure 1 — Line Chain
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Figure 2 = Slanted Rectangle
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Figure 4 = Parallelogram



You can guickly sketch varlous types of circles.

m  There are four pes of Circles:

— Centar and 2oin
Concentic 1
3 Poirl 3 i i I
— 3 Targent )
Figure 1 — Concandric Cingla
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Figure 2 — Clrcle Tangent to 3 Entilles Figure 3 — Clrede Crasted by Bwking 3 Points

You can create numarous types of arcs within Skelcher.

m There are five types of Arcs:

— 3-Point R b . b
~ Tangent End i
- Cioncentnc
- Center and Ends
— 3 Tangent Figure 1 — 2-Point Varsus Tangent Arc Creation
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You can axtrude a sketch to many different depth options.

w Extrude depth opbons:

— BElind

Symmedric

Ty Mext

Thraugh All

Through Uatl

Te Selected
- Side 1/5ide 2

& 5et using dashboard or
righi-clicking drag handle

!
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Figure 1 - Extrude Depth Oplions

You can creste extruded featuras from 2-D sketches.

m Exlrude sections perpendicular o the
skatching plane,

m  Add or remove matenal from: the modal.

Figure 1 - Viewing 2-0 Skeiches

Figure 2 - Extrude Fealure Adding Matanal Figure 3 - Extrude Featurs Removing Matsrial



You can create revalved Features from 2-0 sketchas,

You can revolve a sketch to many different angke depths.

Ravolva 3 secton about the axis of revalutian
in & sketching plane.
Add or remave material from the model
Selecd different axes of ravolution.
— Firsl geametry cenbaring

Axis or edpa

Figure 2 — Samea Hevolved Sketch using
Differant Axes of Revolution

Revolva angle opbons:
m  Vanable

m  Symimalric

n  To Selected

s Side 1/5ide 2

Figure 2 - Symmetric Revolve Angle Depth

Figure 1 — Viewirg 2-0 Skakches

Flgure 3 — Rermowing Malerial using a
Revolve Festuna

i
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Figure 1 - Varable Revohwe Angle Depth
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Figure 3 - Side 1 Revole Angle To Selectad,
Side 2 Rewvaolve Angle Variable



Rounds add or remove materlal by crealing smooth transitions between exlgfing geomedry.

.

Figarg 1 = Rourd Preview: Adding Maderial

m Rounds can add ar remove materdal
= You ¢an gelect edges or surfaces.

Figura 3 — CGomplated Rounds

Figure 2 — Round Preview: Removing Mabsrs)

A coaxial hole i placed at the intersection of an axis and a surface.

s Placement references;

~ Dhafem axis
— Surface or dalurm plana

n  Diffsot refarences:

- Mone

Figure 1 — Selecting Placemeni References

B

Figure 2 - Coaxial Holes



A linear hole |5 created by selecting one piacament reference and two offset references.

® Flacemant references:
Dialum plane or surdsce
B Offsat refarences:

Dalum plane or surdsce

Edns
— Dalum axis
Fagure 1 — Selecting Placement Beterence
Flgune 2 = Selacling Ol Rederences Figure 3 = Compleled Hals

Founds add or remove matertal by creating smaoth iransitions betwean existing geometry,

®  Founcds can add or remove material.
®  “ou can select edges or surfacas.

Figure 1 — Raund Preview: dddmg Materis|

Figure 2 — Round Prestsw: Ramoving Material P 3 = Camphaled:-Roands



The rounds created by salecting edges are constructed tangent ta the surfaces adjacent to the selected edges.

You can select one or mara
edoge

Rounds propagate around
tangent edges,

N7

Figure 1 — Rounds Created by Selecting Two Edges

Flgure 2 = Rounds Created by Selecting Two Edges

Rounds created by salecting a surface and adge are constructed tangent to the surface and pass through the
edge,

You can salect a surface and
an edge

Rounids propagaie around
tengent edges.

Figure T — Round Created by Selecting a Surfzca and Edge

Figure 2 — Round Created by Selecting a Surface and Edge



Full rounde replace a surface with a round that is tangent to the surface it replacas.

= You can select bwo edoes,

® You can selact thraes
surfaces.

Figure 1 — Full Round Created by Selecting Two Eoges

Figure & — Full Rownd Created by Selecting Thres Sadaces

Rounds created by selecting two surfaces can span gaps or engulf existing geometry,

Chamfers add or remove materlal by craating a beveled surface betwean adjacent surfaces and edges.

»  You can select one or more
edge.

s Chamfers can add or ramove
miaterial,

» Chamfers propagate around
fangent edges,

Figure 1 = Chamfers Created by Salecting Two Edges

Figure 2 — Chamfers Created by Selecting Two Edges



Th

ere are several different ways to dimension a chamier to capture desired design intent.

Dimensioning
schemes includa:
- Dub

- D102

Anglex D

45xD

Figure 1 — Four Different Chamfer Dimensioning Schemas
with the Same Geomelry

Datum features are commonly required as references when creating other features,

The following types of datum
features can be created:
Datum Planes

Dratum Axes

Dalem Poinds

Datum Coordinate Systems

Figure 1 — Examples of Datum Features
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Dratum axes are particularly useful for making datum planes, placing lems coaxially, and creating axls pattamns.

un  Definitbon:

— Mo reass, infinile lnear relerance

~ Display kength can be changed
§ Lises:

— Conslruction geodnetry

- Reference
®  Types,

- AulD axs

— Axis fegture

— Geomalry painl

- Geomely cenlering

o

Flgure 1 — Yarous Datum Axis Types

Figura 2 — Geometry Axis (Centerine) Created
for Revolve Fealure

Datum planes are 2-D referance geometry that you usa to bulld feature geometry.

s Definition:

— Mo mass, inflinile planar refarance

- Display size can be changed
- TwD sifes

s Uses:
= Default dztum pfanes

— Conslruction geomedry
- Rafarence

w  Typas:
— Thizagh
= MNomel
- Parallgl
— {Mfsat
~ Angla
— Tangent
- Biend section

Figure 1 — Viewsng Datum Plane Sides

Figure 2 — Datum Plang Types
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UNIT V

Work Center Lathe - Lathe Tool Setting Lathe Coordinate Setting -

ClearanceSetting, Turning Profile Settings

Area Turming 15 used o remove excess matenal from stock.
Area Tuming is a two-axis machining process.
The following steps will be covered in this tutorial.

Activate the Manufacturing apphcation

Import the Part into the Manufacturing environment
Constrain the Part into the Manufacturing environment
Create Automatic Workpiece (Stock)

e (Create Programme Zero (Machine Coordinate System)
Create Work Centre

Create Operation

Create Cutting Tool

Create Area Turning using Profile Method

Generate the Cutter Location (CL) Data File

Generate the G-code Data

a & @ e * & & @



Once the Component Placement tools are activated »» Chick on the Automatc
downward pointing arrow and on the drop-down list, and click on Default as

indicated by the arrow in Fig. 10.5.

W Al alinne Companent Placemant

Fahim Anmidals Tagaaldin lisida

ﬁaql--w-. - .I-... STATES | et Fuky .---:--r:mm i+ X

- —
: it B
;\_'—M.It sl m %200
[ Parmied % |
_L cametien

iy il

| o
J—"_'I—|I|1=

o Twrgud
oy P
Diefault [e=ietlDelad

Ay Emide componand gt defaull loalon

Fle= Msssfaciori Dlséel  Ansiysis  Amscinte Resder Tools  Wiew  Agplcabass  Componest Phcemenr

I_ Boena « . Emmwmaﬁ ||;I"x

STATUS: Fully Constrained
.F -
i AL u 1

Made Tee 8 —

] LATHE _SREA_LEFGO1 45U o
£ NC_ASH_RIGHT -
[T NE_Aga) TP
£ NC_KSH,_FRONT
3o NC_ASH_DEF_L21S i —. 4|
& e i

b [ OLATHE PAT g4PRT e



Click on Workpiece icon 2 Now select Automatic Workpiece on the drop-down
menu list as shown below,
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The Auto Workpiece Creation dashboard tools are activated. See Fig. 10.7.
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The Coordinate System dialogue box is activated on the main graphic
window » Now click on the Origin tab on the Coordinate System dialogue
box 2 Click on the Workpiece surface, NC_ASM_TOP and NC_ASM_FRONT
while holding down the Cirl key as indicated by the arrows in Fig. 1010,
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The Onentation of the created Coordinate System 15 not correct as shown in
Fig. 10.11.

e —=

Y eanis b5 poiniing upward

To orient the X, Y and Z coordinate axes to the correct orienfation

Click on the Orientation tab on the Coordinate System dialogue box to activate its
content »» On the “Orent by" group, click on the radio button of “Retferences
selechion™ 2 Chick on the “to determine™ section box to activate its drop-down
menu list, now click on Z axis on the activated drop-down list 2 Click on the “to
project” section box, and now click on Y axis on the activated drop-down list, Now
click on the Flip tab to flip Y axis onentation as illustrated in Fig. 10.12.
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The Lathe Work Centre dialogue window is activated on the main graphic
window as shown in Fig. 10,13,
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Click on the Check Mark icon.

Turning Tool Path, Turning Material RemovalSimulation Turning NC

Tool Path

Click on the Operation icon as shown below.

_u i Process Wa
Y Uner Dufion
Process ~

] Oparation

Create a new oparation.

The Operation application tools are activated > LATHEOI and ACS1 are
automatically generated and added by the system as indicated by the arrows n
Fig. 10.14.



Note: If LATHED] and ACS1 are not antomatically generated by the system
in their respective section boxes as indicated by the arrows, manually select

and mput them yourself.

Waork Centre icon Coordinate System icon
FH*W“/M*HW“FMMW!W

LATHED! v 3 ACSIFBCSYS) ]|ix

Clnarancd | Parameleri | Opioed | Fidbeie betug | Prodeda | Properied

Fig. 10,14  Activated Operation dashboard

Click on the Check Mark icon to exit the Operation application.
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Febes = Manulactuting Model Analysis Annotate Render Tools View  Applications  Tum Turn Profile
D O M i (1 s pons <5 NofFE v X

I | oo

Fig. 10.17 Activated Turn Profile dashboard

Click on the Placement tab to activate its content >> Click on the Placement Csys

section box, now go to the Model Tree and click on the ACS1 as the Coordinate
System as indicated by the arrows in Fig. 10.18.

Placement | Profie  Properties Pacoement | Profile | Properties
o B rucementoapn o B recemntosy
ACS1 FRCSYS |
| (9seectiim 1 it FUESYS) ‘ﬁ‘_ _
e Raference Wadel |
] LATHE_AREA_UFGO1454 LW '
7 NC_ASH_RIGHT NG ©
7 NC_ASM_TOP £ NG o _em
£7 ME_ASU_FRONT £7 NC_ASY_FRONT
e NC_ASM_DEF_CSYS % NC_ASM_DEF_CSYS
» [} LATHE_PRT_01PRT # ) LATHE_PRT_D1.PRT
e ACSD HeACSD
v CILATHE_ARES_MEGH1_WRK_D1PRT b EPLATHE_AREA_MFGD1_WRK_01PRT
Ha ACS1 _..5‘,

Click on the Use sketch to define turn profile icon in Fig. 10,17 as indicated by
the arrow i Fig. 10,19,

an Use sketch to define turn profile |

Fig. 10,19 Acovating Tum Prodle skewh

Click on the Define an Internal Sketch icon as indicated by the arrow in
Fig. 10.20.

-
Dhlﬂ Indernal Skalch



The Sketch dialogue box is activated on the main graphic window. On the
Placement group, the Reference and Orientation section boxes are automatically
updated by the system on the Sketch Onentation section as shown on the Sketch

dialogue box i Fig. 10.21.
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FIC ASM RIGHT

Click on Lines and Curves on the Part to be projected as indicated by the arrows
as illustrated m Fig. 10.26.
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Click on the Turn menu bar to activate its menu list »» Now click on the Area
Turning icon as indicated by the arrow below.,

Area Tuming icon ey gl | M Oreove T

el Bk o e ¥ vt i

o o bl ¥ L&

Wnirwesg =~

Ff’ Arwme Twrming
ym el mn are s harmieng siees

The Area Turning application tools are activated > If TOOO1 and ACS|1 are not
automatically added by the system, manually add them yourself by following the
step-by-step guide below.

Click on the Tool icon section box to activate its menu bar, now select TOOO! on
the activated drop-down list 22 Click on the Coordinate System section box, and go
to the Model Tree and click on ACS1. See Fig. 10.29.

Parameters Clearance Tool Motions = Process

CUT_FEED 50
ARC_FEED .
FREE_FEED I
RETRACT_FEED i
PLUNGE_FEED -
STEP_DEPTH 2
TOLERANCE 0.01

PROF_STOCK_ALLOW 0
ROUGH_STOCK_ALLOW 0

Z_STOCK_ALLOW ;
END_OVERTRAVEL 0
START_OVERTRAVEL 0
SCAN_TYPE TYPE_1_CONNECT
ROUGH_OPTION ROUGH_ONLY
CUT_DRECTION STANDARD
SPNDLE_SPEED 1800
| COOLANT_OPTION ON

 TOOL_ORENTATION 90
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Click on the Play tab to start the on-screen Area Turning operation.
The end of the Area Turning operation is shown in Fig. 10.32.
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Chck om the Save 4@ CL File wcon as shown below,
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The SELECT FEAT Mcenu Manager dialogue box 13 activated on the main
srupbic window 2 Click on Operation, and now click on OPOIO on the SEL

MEMU group as highlighted on the Menu Manager dialopue box shown in
Fig. 10.42,
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ST R FEAT Mo tens Manag..
Mamuzer dinkogue hax il ?’.E.'E_.E:T.FE‘I'T

Seled

MC Sequance

Oeg QM is clicked, the PATH Menn Manager dialogie how iz activated on

the main graphic window 22 Click an File an the PATH 2ooap and Check Mark CLL
File and Intoractive squarc boxes on the OUTPUT TYPE group as shown in
Fig. 1L43.

Chpce OPOLD 5 clicked, the PATIH Menu Manazer diabogue bax s activated on
the msin graphic window 2 Chick on File an the PATIT group and Check Mark CL

File wml Inmemwtive square boxes on thwe OUTPUT TYPE group as shoewn n
Fig. 10.43,

Fi,‘ﬂ,.- 1043 Activaed FATH
Rl hiaﬂugﬁdm]nsm Bo et S e BT L

Units
Crone Cufput

[~ CL Fila
[C] WD File

[ Interactve
] Batch

] Computa G

Do
2t

Chick an Done

The Save a Copy dialogue window is activated on the main graphic window.
Make sure that the correct Part name is on the New Name section box. See Fig, 1044,
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Some of the G-codes data generated in this ttorial are as shown below and on

The generated G-oodes data are stored as a TAP File in the chosen work directory.
the proceeding pages.

Open the TAP File using Notepad to view the generated G-codes.
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UNIT - 111

Reference Finished Part Model - Work Piece - Automatic Work Piece

— CoordinateCreations




Manufacturing menu bar
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Import 3D Part

Click on the Reference Model icon to activate its drop-down list 2> Now select
Assembly Reference Model on the drop-down list as illustrated below.

250 W

A Cana,




The 3D Part {engrave_pril) is now imporied on the main graphic window.
Constrain the Imported Pari

Constrain the mmported Part with the ASM datum plane by nght clicking on the
right mouse on the main GUI window and then chick on Default Constraint on the
drop-down menu list as illustrated n Fig. 2.51.
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Alematively, Chick on the Automatic section box to activate its drop-down

menu hist 2 Now chick on Defanlt on the drop-down menu hst as mdicated by the

arrow in Fig. 2 53
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Fig. 252 Constraining inporied Part method 2



The Part is now fully constrained on the main graphic window as shown
Fig. 253 The informstion on the STATUS section, reads Fully Construined as
indicated by the armow in Fig. 2.53.

LTI -
i Rp— W I e 21 1 1
FhE — STATUS: Fully constrained [ - o % %5

Flﬁ_ L53 FI'.||.|}' constraiied Pam on the ."u-{u:'luf:.l.l'.ﬂuri:ng main GE window

Click on the Check Mark icon o= o exil



2.5 Add Coordinate System (Programme Zero) to the Part

A Coordinate System or Programme Zero will be created on the Workpiece with
respect to which all the Machine Coordinates will be referenced/obtained.
Click on the Coordinate System icon tab on the Datum group as shown below.

The Coordinate System dialogue box is activated on the main graphic window as
shown in Fig. 2.54.

Fig. 2.54 Activated
Coordinate System dialogue
boa




Now click on the Top surface and two Side surfaces of the Workpiece wiile
frolding down the Cird key when clicking. The selected Top and Sides surlaces will
appeur oo the References section box on the Coondinete dialogue box as illustrated
in Fig. 2,35,

gt (1 moiwfen P9 g B

T ——— Click on Tog surface first —cxiadi
Eld':i .“.era.cl: Far PRI TRELE CTecals . i
o IPLINTIEDE T INCARY. e
RarfPRl STRGDE Solfhkshl  Om

Sided surfnce

ll"ig. 255 Seleciec] surlices gmd the Coordinale Svshemes inalngur Tminx

Moe: The Cocndinate System (Programine Zero) can be created anywhers on
the Part as long as the comect procedures are followed. Your position of X,
¥ and 7 axis may differ with reference m how you selected those surfaces.

Click on the Orientation tab on the Coondinate System dinlogue box 2 Notice
that the created Programme Zeroe does not have the comect orientation because the
X, Y and £ axiz are facing i the wrong direction as mdicated by the three ammows n
Fig. 2.36.
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Fig. 2.56 Wrong onentation ol X, F amd Zaves ol the Coondinale Sysieans



Orienfite the X, ¥ and £ covrdinate axes fo the correct orfeniaifon

Click on the Orentatton tab 2 On tee Oneot by growp. click m the “Befencnces
sclectiom” radie basttom 2> Click on "t determine™ section box and click on # axis
e the drop-down list 2 Click on o project”™ secticn bax and ¢lick on X axis an the
drop-down list 2 Now click on the Fhip b, w Qip X wos onentation. The amows
showm in Fig. 2.57 illustrate the above description, and show the comect oncntation
for the created Programme Zero,
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oK || Cancel

Machine Tool Setup - Work Center - Mill, Parameters Setting- AddTools,

Cutting Tool Setup

Click on the Work Centre icon on the Manutacturing menu bar #» On the activated
drop-tlown menu List, click on Mill as shown below,

i IJL[ ﬂ Proia
li ; e 77 User O
Vgt - o Oparatan
(Eanige =
I j?hll F .
3T AT
Pilame 7 mm
X Wi £l Create a milling machine

The Milling Work Centre dialogoe window is activated as shown in Fig, 2,59,
Make note of the Name, Type, Post Processor and Mumber of Axis section boxes,



.  Milling Work Center x
Name Lot |
Type [Hl |
CHC Control | |
Post Processor | UNCXO1 | o1 2
Number ofAxes 3Axs v [ Enable probing

Commands = =
mou  [DoMeowt |y
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T

Safs Radius | 0.05
bt Corner Slmpr.l -

1 7 Probe Compeniation
Dwipi Paint | Stylus Center ¥

Click on Operation 1con as shown below

m)

Cperation

The Operation dashboard tools are activated as shown in Fig. 2.60.

Muachine icon

Coordinate System icon

Activated Operation menu bar
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where

Represent Clearance tab
Represent Parameters tab
Represent Opiions tab
Represent Fixture Setup tab
Represent Process tab
Represent Properties tab

G-I o 1 1) 1

To add ACSI (New Coordinate System)

Click in the Coordinate System icon section box 2 Go to the Model Tree and click
on ACS1. ACS1 is automatically added onto the Coordinate System icon section
box.

Make sure that MILLOL is on the Machine icon section box. MILLOL is auto-
matically added to the Machine icon section box by the system.

Te activate the Clearance tab

Now click on the Clearance tab (that is 1 in Fig. 2.60) to activate the Clearance
panel.

On the Retract group, click on the Type section box to activate its drop-down
menu, ** Now click on Plane on the drop-down menu list »» Click on the Par
surface and the Reference section box 15 automatically updated by the system »
Type 10 mm in the Value section box. This is now the Retract distance for the Tool
as shown in Fig. 2.61.

Retract plane

Clearante | Parsmneters | Dpbons  Podure §
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Click on the Check Mark icon »# to exit the Operation setup.

MNote: The Retract surface is the surface that the Tool will move up to after
each machining process.

Check the Model Tree to make sure that the ACS1, MILLOI and OPO10
[MILLOI] as created are on the Model Tree as shown in Fig. 2.62.

Fig. 2.62 Model Tree Model Trae ﬁ v i .
showing all the steps achieved
[E] ENGRAVE_PART1.ASM
£7 NC_ASM_RIGHT
L7 NC_ASH_TOP

[7 NC_ASM_FRONT

e NC_ASM_DEF_CSYS
» ] ENGARVE_PRT1PRT

M ACS1

T MILLO1

21[oPO10 MILLO1]

& Insert Here

2.8 Set up the Cutting Tool

Click on the Cutting Tools icon

L

Cufing
Tooks

The Tools Setup dialogue window is activated on the main graphic window >3
Click on the General tab, type the Tool name in the Name box ¥ Click on the Type
section box (o activate its contents, now click on the Grooving tool on the menu list
#» Click on the Material section box, type the Tool material name. Add dimensions
to the Tool and click on the Apply tab. See Fig. 2.63.
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Click on the Operation icon as shown below.

al|

Ot aibion

The operation dashboard tools are activated as shown i1n a concise form in
Fig. 3.19.

Fig» | Manulactufing Uodel  Anslysis  Asnotabe  Hemder Tools  View  Applicalions | Opevadion

s v e[ acsrncavs) v x

m?m-.m_r Letup | Pr [f———
Fig. 3.19 Activated Operation dashboard

To add ACSZ, if it is not awtomatically added by the system 2> Click on the
Coordinate System icon section box »» Go to the Model Tree and click on the
created Coordinate System [ACS2).

Click on the Clearance tab to activate its panel » On the retract group, click on
the Type section hox and click on Plane on the activated drop-down list as shown in
Fig. 3.20.

Fig. 3.20 The Type

drop-down menu st on the MIMHW!&NNWH
Ketract group ) ' ) )
Retrast
Type Nang &
Raterance h |
vkiaIce  sghere  Define a plane fot lool
Surlace . .
Alw
v Ll
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Click on the workpiece top surface and the Reference sechion box 15 automti-
cally updated by the system 2 Type 1O mim i the YValoe section box, s llustraled
by the amrow in Fig. 3.21.
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Fig. 3,21 Activated Clesrance panel indicoting the Type and Belerences wpdates

Mow click on the Check Mark con o o exit,

Maote that the retract surface 3s the surface tht the wol will move up o, afler
ench machining process.

[

Theworkpiece changes on the Manufactunnge man graphic window, See Fig. 3.22

fn-  Wewhowmy el weww eame e B e w8
1 By - Vo e q  § B il U Premmae = Swees fyieis L T |
R [l L,_,_, P~ Jaesz
z fr iy e e ey — L o E=i e
I s o e ST e W owe O

A e L

L

e N - re s o Ol

R e L

kN

L

Lo o e — ¢ — * -

R

B =
Rt T ]
el
T e T
£ M PR
p T e
¥ [ RE, P
e
i G P e el P
by
o
2 Do L
| iy TP
4 mEniag

Fip. 322 Workpieoe afier ackbing dhe woork centre amill operalism parenesiers

13



Check the Model Tree as shown in Fig. 3.23 to make sure that the ACS2Z,

MILLOL, and OPO10 [MILLOL] are in the Model Tree as created.

Fig. 3.23 Model Tree after
creating Auto-Workpicce, =
ACS2, work centre, and 'J:f&ﬁ;m;;ﬁ"
OpeTation L7 NC_ASU_TOP
L7 HC_ASM_FRONT
e NC_su_DeF_C3s
» ) REC_PRT1PRT
-

Aboddel Teest

'I"_"I‘

» EIMFC_REC_PATI_WEK_01PRT

A
et

7 0PO10 MELLDY]
o i it gy

3.7 Setup the Cutting Tool

Al

Cuttng ’
Tools

Click on the Cutting Tools icon

The Tools Setup dialogue window is activated on the main graphic window 2>
Click on the General tab to activate its content >> Type the tool name in the name
section box or leave the generated default Tool name >> Click on the downward
arrow on the Type section box and now click on End Mill Tool on the activated
drop-down menu list >> Click on the Material section box, and type the tool

material. Add dimensions to the tool. See Fig. 3.24.
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3.8 Setup the Face Milling Operation

Click on the Mill menu bar to activate the Mill ribbon > Now click on Face milling
tcon on the milling group as indicated by the arrow shown below.

iwila LT
— 1 Face EE Surtas

Faf As—mough & rnmm
@R Pro e wisng Jls Comes

L Face

bnzerd @ face miling step

fin=  Mamulaciuring Mojsl Ansplysis  Asnolnis  Reader  Tool  Vew  Applcalioon 6B Face Miling
 JOTE v o Helacmrwcevs) SE W nEx

I’mjm Chararce | Dgtons  Tool Monons | Process | Proparies
Fig. .25 Activated Face Milling dashboand in concise form

To add “01:TOO01™, click on the Tool icon section box to activate its drop-down
menu list » Now click on “01:TO001™ on the activated drop-down menu list.
Click on the Coordinate System section box; now click on the created Coordinate
System (ACS2) on the Model Tree, if it is not add automatically by the system.
Click on the Reference tab to activate its panel as shown in Fig. 3.26.

Now click on the “Type” section box; and now click on Surface on the activated
drop-down menu list »» Click on the workpiece top surface and the Machining
References section box is automatically updated by the system.

Note: You can also use the filter selection to select the top surface of the

workpiece. Go to the bottom of the main graphic window and click on the
downward arrow on the active filter to activate its drop-down menu list. Now,
click on reference model surface as highlighted in the drop-down list in

Fig. 3.27.
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Now click on the top surface of the Workpiece and the Machining References
section box 1s automatically updated/added.

Click on the “Parameters™ tab to activate its panel. Type values for the CUT_FEED,
STEP_DEPTH. STEP_OVER. CLEAR_DISTANCE. and SPINDLE_SPEED as
shown 1n Fig. 3,25,

Fig. 3.28 Parameter values = :
BT !-Ell-'-lu' i e Ea ] | Tavaed Msngn

for face milling process
CUT_FEED = ]
FREE_FEED :
RETRACT_FPID
B unGE FEED .
ATER_DEPTH I8
ToLERANCE oo
STER_CvER L
DOTTOM_STOCK_ALLOW -
CUT_ANOLE 8
M0 _OvERTRANEL
START_OVERTRAMIL 0
SCARN_TvPE TYRE_3
cur_rym cLms
CLEAR DT 2|
APPROACH DSTANCE -
£7_DETANE
. il ;
COOLANT_OFTION ore

Click on the Check Mark icon - o exil

Note: The CUT_FEED represents the speed of the tool on the Part surface
heing machined.

The STEP_DEPTH represent the amount of material to be removed in
each pass of the tool on the machined part.

The CLEAR_DISTANCE is the distance when the tool starts to follow the
feed rate command (G01). All the tool motions before CLEAR_DISTANCE
are i rapid mode (GOO). The CLEAR_DISTANCE must always be less than
the values of the height of retract plane/distance.

The TOLERANCE controls the accuracy to which the cutter path follows
the shape of the component.

The STEP_OVER is the distance the tool moves between adjacent tool
path tracks. The distance or Step-over value determines whether the surface
fimish on & Workpiece 1s rough or smooth. While using a flat bottom tool such
as an End Mill, the Step-over value normally ranges between 7() and 80 % of
the cutter diameter. When using a Ball nose cutter, the Step-over will be
considerably smaller, when roughing and finishing mainly due to the
geometry of the tool. A larger Step-over will ultimately give a rough surface
finish than a small Step-over.
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UNIT IV

Display Tool path - Tool Preview, Milling — Play path, Material Removal

Simulation Display NC Tool Path - G-Codes used in CNC Programming

Colmmon

Click on the Manofacturing menu bar »» Click on the Play Path icon to activate its
drop-down menu list, now click on Play Path on the drop-down menu list as
indicated by the arrow m Fig, 3.29,
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Fig. 3.29 Mamnufacturing ribhon toolbar with Play Path tab sctivated

Alternatively. right click the mouse on Face Milling 1[{OPO10] on the Model
Tree indicated by the ammow as shown below,

Wodel Tree A8
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Fig. 3.3 Activated End Mill Tool and PLAY PATH dialogue box

Mote: The tool speed can be adjusted to enahle better view of the on screen
face milling operation.

Click on the play tab to start the on screen face milling operation.
The end of the face milling operation 1s as shown mn Fig, 3.31.
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Fie. 331 End of on screen Face mulling operatnon Face Milling operation

Click on the Close tab to exit the on screen face milling operation,



Note: To edit the parameters of OP0O10 [MILLO1], face milling 1 [OPOL0]

and MILLD] on the Model Tree, just highlight and nght click the mouse on
each and then click on Edit Definiion on their respective activated

drop-down menu list.

Fig. 3.36 Activated .Ilnnu -

NC CHECK Menu Manager
= ~ NG CHECK

dialogue box
Resolution

Trim Plang

Restore

Done/Return

w NCDISP
Color

* Step Size
Tool View

» Run

Click on Run to activate the Material Removal Simulation. Now click on the
Step Size and change the automatic generated value to a lower value, this will slow
down the on screen animation. Click on Done/Return on the NC CHECK group to

exit the Materal Removal Simnlatinn



M-Codes - Reading Manufacturing Drawings - Work Steeing and Offsets,

workCordinates Milling Tool types, Face Mill, Slot Mill, Hole Making tools.

Click on the Save a CL File icon on the Manufacturing menu bar 2> Click on Save a
CL File on the activated drop-down menu list as shown below.
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The SELECT FEAT Menu Manager dialogue hox opens up on the main graphic
window as shown in Fig. 3.37.

Menu Manag...
w SELECT FEAT
Salact
Operation
MC Sequancs
Done
LIt
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Fig. 337 Activated SELECT FEAT Menu Mapager dialogue buox



Now, click on Operation if it is not automatically selected by the system and
click on OP0O10 on the SEL. MENU group as highlighted above.

Once OP0O10 1s clicked on the SEL MENU group, the “PATH” Menu Manager
dialogue box opens up on the main graphic window.

On the PATH group, click on File and Check Mark the “CL File” and
“Interactive” square boxes on the OUTPUT TYPE group as shown in Fig. 3.38, if
they are not automatically selected by the system.
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Now click on Done on the OUTPUT TYPE group.

Fig. 3.33 PATH Menu Manager dialogue box
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3.12 Creating the G-Code Data

>
Click on the Post a CL File icon tab Ei‘ ]
CL Fise

The Open dialogue window pops up on the main graphic window. See Fig. 3.40.
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Fig. 3.40 Acuvated Open dialogue window in a concise form

Click on the saved E facemiing_opd100el | file on the Open dialogue window. Make

sure that the correct file name and extension (.ncl) is in the “File name™ section box.
Now click on the Open tab to exit.
The PP OPTIONS Menu Manager dialogue box is activated on the main graphic
window >» Check Mark “Verbose” and “Trace” if they are not automatically
Checked Marked by the system as shown in Fig. 3.41.
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Fig. 4.50 Cutting Tool and Workpiece in wireframe display



Click the Play tab to activate the on screen simulation process.
The end of the Volume Rough milling operation i1s shown in Fig. 4 51.
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Click an Done.
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Fig. 341 Activaied PP Opibans Menn Manager diabogue box with Verbase and Trace Checked
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