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CATIA Prismatic Machining CATIA® V5R7
Introduction

CATIA Version 5 Manufacturing

Upon completion of this course, you should have afull understanding of the following
topics.

- Build stock material for afinished part

- Define Part operations in a machining process

- Define machining operations in a machining process

- Replay the machining operations, visualizing the material removal

- Modify part geometry, fixing machining operations to reflect changes

- Generate Apt code from machining operations
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Designing and drawing partsis an important part of any company process. However, just
designing the part does not make the airplane, automobile or any other product leave the
assembly line. The parts for the assemblies must be manufactured. The manufacture of
three axis machine parts will be the emphasis of this course. It will be assumed that you are
proficient in the Part Design, Sketcher, and Assembly Design workbenches. If you feel your
skills are not what they should be, or if you have trouble in some sections of this manual,
you may want to look back at your Part Design and Sketcher or Assembly Design books for
review.

Types of NC Machines

There are many different types of CNC machines used in production lines all over the
world. The prismatic machining portion of CATIA V5 concentrates on afew different
types. Those types will be highlighted here, although not all machine types will be used in
programming.

Three Axis Machines

Three axis machines are most commonly used for smple parts. Three axis machines come
in two styles, vertical and horizontal machining centers. Vertical machines have the tool
axislocked along the Z axis. The X axis generally points the length of the table, while the
Y axisrunsforward and aft on thetable. Several tools are usualy carried in a carousel near
the head of the machine.

TOOL CAROSEL

/SPINDLE
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Horizontal machines work in asimilar fashion. The Z axis of a horizontal machine still runs
along the tool axis, whilethe'Y axis points along the machine arm, and the X axis runs
along the table. It is very common to find another axis on a horizontal machine. A rotation
axisis commonly found on the table.

TooL CHQIN\

SPINDLE

MACHINE TOOL
CONTROL

. N
oW
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Multi Axis Machines

There are three rotation axes associated with the three Cartesian axes (X,Y,Z). Thethree
rotation axesare A, B, and C, al respectively associated with X, Y, and Z. Itisnot
uncommon to find CNC machines with one, two, or even all three rotation axes. Machines
with more than one rotation axis are commonly considered multi axis machines. The most
common multi axis machineis afive axis machine that has the three X, Y, and Z directions,
aswell as A and B rotational components. Multi axis machines are generally more
expensive to operate, and keep operational, therefore are only used when necessary.

bz

Lathes

Horizontal and vertical lathes are another type of machine that can be programmed for in
CATIA V5. Lathes are most generally used for making round, or round shaped, parts. This
is due to the nature of the lathe. The stock material isheld in aset of grips at each end and
then the materia is spun as atool cuts.

Introduction, Page 4 ©Wichita State University



CATIA Prismatic Machining CATIA® V5R7
Machining Modes

There are two different types of machining modes. There are axial modes, which include
drilling, reaming, and tapping, basically making the machine behave as adrill, and then
there are milling modes. This mode includes pocketing, facing, and contouring motions.
For each type of mode there are specific tools that are used. You will look at each of the
modes in a bit more detail.

Milling Modes

|—_|| Facing Mode

Facing is a machining mode where excess material isremoved from the top of the finished
part. In most cases, aface mill isused dueto it’slarge size and ability to remove alot of
materia quickly. Face mills come in many different sizes and shapes. Some look like a
large end mill, while others seem to have more of a“shell” shape, giving them the name of
shell mills.

Pocketing

Pocketing is where the milling machine will cut out material within an inclosed area.
Generally the cutter is ramped into the pocket and then the tool will clear out alevel.
Depending on the depth of the pocket, the milling machine may make several levels before
reaching the bottom of the pocket. Pockets can a so be open on the bottom, similar to alarge
hole in the part.

e} Contouring

Profile contouring is where the milling machine will cut the profile or around a guide curve
on apart. Contour milling will make several radial passes, as well as a number of necessary
axial passes as needed. Contour milling will usually be used when the outside of the part is
needing to be machined.

/7| Curve Following

Curvefollowing is one of the more simplified modes. Curve following mode drives the tool
along any given curvein the workspace. The curve does not have to lie on a support of any
kind, and can either be in a sketch, or wireframe geometry. The most simple type of curve
followingis point to point. Thisisaseparate icon but worksin asimilar fashion. After
points are defined then the tool will make straight paths between the points.

© Wichita State University Introduction, Page 5
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Axial Modes

& Drilling

Drilling isthe most basic of the axial modes. Drilling makes the machine act as though it
were alarge, automatic drill press. Drilling is used for holes that vary from very small,
through amoderate size. If alarge hole ( several inchesin diameter ) is desired, acircular
milling motion or pocket operation is utilized instead.

1 spot Drilling

Spot drilling is usually used before adrilling operation is performed. Spot drilling creates a
small hole in the center of the desired hole. This keeps the tool from “walking” away from
the center of the hole.

#Z Drilling Dwell Delay

Drilling dwell delay will drill aholein the same fashion as a standard drilling operation but
will delay or stop when it isinside the hole. This allows the tool time to completely finish a
hole, before retracting and starting anew one. A delay at the bottom of the hole generally
results in a smoother hole cut than a standard drilling motion.

ﬂ’ Drilling Deep Hole

Drilling deep holeis used when alarge, deep holeisdesired. Thetool isdrilled into the
material a set distance, adwell time can be added, then the drill is completely retracted. The
drill isthen re-inserted into the hole, drilled a bit further. The processis repeated until the
hole is drilled to the bottom or drilled clear through.

—ﬁi Drilling Break Chips

During adrilling break chips operation, the drill bit isdrilled partially into the material, then
it isreversed and then drilled further. This allows the chips bound in the drill bit to be
removed, thus breaking away any excess chips. This keeps the drill from overheating and
keeps the chips from binding around the drill bit.

% Tapping

Tapping is the process where threads are cut into ahole. Generally atapping motion isfor
holes that are not too excessivein size. Large holes have a different method of creating
threads. A tapped hole alows for bolts or pipesto be screwed into the part.
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_i® Reverse Threading

Reverse threading is the same as a tapping motion, with exception that the threads are cut by
an opposite handed cutter.

3&{ Thread Without Tap Head

Threading without a tap head is generally used for alarger hole or where the threads are not
acommon pitch angle. Many times atap will not be big enough for ahole, so atool that has
asingle tooth will be used. Thetool is spun around, cutting the thread asit is being pressed
through.

Jlnr Boring

Thisisthe standard boring operation. Many times a hole needs to be perfectly round and
straight, therefore aboring bar will be ran though the hole to insure that it is straight and
round.

E, Boring and Chamfering

In aboring and chamfering operation, a specialized boring and chamfering tool will be used.
The operation will create a hole with a chamfer at the top of the hole. Thistype of the hole
will generally be used for a flush mount bolt or screw.

1% Boring Spindle Stop

A boring spindle stop operation is the same type of operation as a boring operation, but the
spindle will stop when it reaches the bottom of the hole.

_|[|]],_ Reaming

A reaming operation is a method of finishing ahole. A reaming operation will remove any
burrs or chatter marks from a hole.

© Wichita State University Introduction, Page 7
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_Er Counter Boring

A counter boring operation is an operation designed to drill out counter bored holes. A
larger tool is used to drill down part way in a pre-defined hole, allowing for bolts to set
below the surface of the part. The bottom of a counterboreis generally flat.

iz

S Counter Sinking

— .

A counter sinking operation will use a specialized tool to angle, or chamfer ahole to allow
for ascrew or rivet to set below the surface. Thetool isdrilled partialy into the material
and then removed to create the counter sink.

ﬁc Chamfering 2 Sides

A chamfering two sides operation is another specialized chamfering operation. The chamfer
2 sides hole is similar to a counter sunk hole, with exception that the chamfer is on both
sidesinstead of just one. A two sided chamfering tool is used to chamfer the top of the
hole, then the spindleis spun at adifferent rate, or stopped, as the tool is pushed through the
hole, not cutting the material. When through the hole, the tool is then spun again and the
other sideis chamfered.
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?ﬂf Back Boring

A back boring operation is similar to that of aboring operation, with the exception that the
tool is pushed through the hole, and then the boring begins from the bottom of the hole.
Many times the back boring hole will not be milled completely through the part.

7

E& T-Slotting

A T-Slot is a specialized motion where at-dotting tool ( looks similar to asmall saw blade)
isput in ahole, and then a circular motion is made with the t-slotter cutting. This creates a
slot inside ahole.

1B circular Milling

Circular milling is used for very large holes. A circular milling operation is very similar to
that of a pocket operation, but is specialized for acircular hole. Generally an end mill will
be used to circular mill alarge hole.

-% Thread Milling

Thread milling is used for large holes that need to be threaded. A cutting tool will have a
finger, or series of fingers on the side that spin at ahigh RPM, and then the tool is moved in
adownward helical motion to cut al of the threadsin the large hole.
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NC Tools

The following will look at the various tools that can be used in the previous milling modes.
Not al tools are available for al different modes.

Facing Tool

A facing tool is used for cutting alarge amount of material fast. Face mills are generaly
only available when creating a facing operation.

Where:

Rc
Kr

Db

nominal diameter of the cutter

outside diameter of the cutter

length of the base of the cutter

cutting length of the cutter

fillet radius around the bottom of the cutter
cut angle of the cutter

body diameter of the cutter

overal length of the cutter

Introduction, Page 10
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End Mills

End mills are used for most milling applications. End mills have several different styles.
One style of end mill isaflat end mill. In thistype of end mill, the bottom of the cutter is
flat and generally has cutters. The second type of end mill isafilleted end mill. Thistype
of end mill aso has aflat bottom but isfilleted along the bottom edge instead of being
sharp. Thisallowsfor better and faster milling of semi-flat surfaces. The third type of end
mill isaball nose end mill. Ball nose end mills are used for surfaces that have alot of
contour. A ball nose end mill is completely rounded on the end with no flat surfaces.

Where:

Rc

Db

cutter nominal diameter

overall length of the tool

length of the body of the cutter

length of the cutting surface of the mill
corner radius

diameter of the shank

© Wichita State University
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Center Dirills

Center drills are used for piloting or creating a small center hole at the center of alarger
hole. Thiswill keep the larger drill from walking away from the center of the hole, thus
creating abad hole.

=Y
Fs ><_'_ r
0
] |~ —
=1
P Al
L —
Where:
D cutter nominal diameter
L overall length of the tool
I length of the body of the cutter
Ic length of the cutting surface of the drill

al cut angle

a2 taper angle
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Spot Drills

A spot drill is used for the same reason as a center drill. A spot drill will create asmall hole
to pilot the larger drill.

Ol
- T
5
LS
» D +
Where:
D cutter nominal diameter
L overall length of the tool

I length of the body of the cutter
Db body diameter

a cut angle
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Drill

A drill isused to cut ahole of various sizes. Drills have anumber of different sizes and are
used in awide range of holes. Generally drills are used when a hole does not exceed an inch
or two.

|
) : Ok
b
U /ﬁ d
\ !./! h
h 4 h 4 I[:I _'_D‘k
Where:

D cutter nominal diameter
L overall length of the tool

I length of the body of the cutter
Db body diameter

a cut angle

Ic cut length

Id tip length
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Countersink

A counter sink tool is used for a counter sinking operation. The counter sink tool isdrilled
into the material a short distance, allowing for a counter sink screw to be used in the hole.
Thiswill keep the surface of the tool smooth and flush.

Where:

Da

Db

F3

I

Db

k4

T

—_]

o

A

=

f
]

I

™~
Jdl,
D
Da

"l

¥

o

cutter nominal diameter
outside diameter

body diameter

overall length of the tool
length of the body of the cutter
cut angle

cut length

entry diameter
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Reamer

A reamer is used for finishing out ahole. Many times the hole may be slightly out of round
or possibly needs smoothed. Thisiswhere the reaming tool isused. Thetool isran through
the pre-existing hole, cutting it smooth and clean.

Where:

Db

D
)

F
¥

cutter nominal diameter

body diameter

overall length of the tool
length of the body of the cutter
tip length

cut length

entry diameter

Introduction, Page 16
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Boring Bar

A boring bar is used when a hole needs to be a very exact and straight diameter. Boring
bars are also used for larger or deep holes. There are quite afew parametersinvolved in the
definition of the boring bar. Many of the parameters define the cutting tool at the tip of the

cutter.

Where:

Db

cutter nominal diameter
body diameter

overall length of the tool
length of the body

cut angle

cut length

non cutting diameter
tip length

tip angle

tip radius

tool angle

tool tip length

5

by ey LR Re
s -
e
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Tap

A tap isused for cutting threads in a smaller diameter hole. When the holeisless than an
inch or two, it isthreaded with atap. If alarger holeisto be tapped, adifferent tool is

utilized.

Where:

Db

k.
F Y

cutter nominal diameter

body diameter

overall length of the tool
length of the body of the cutter
cut length

entry diameter

tool tip length

Introduction, Page 18
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T-Slotter

A t-dotting tool isused to cut aring or aslot inside ahole. Thet-dotter isinserted into the
hole, then it is ran around the inside of the hole.

. Ch ; :
r"'*iQI%
I _
€ 1

L -]

%{-f: D *

Where:
D cutter nominal diameter

Db body diameter

L overall length of the tool

I length of the body of the cutter
Rc bottom cutting radius

Rc2  top cutting radius
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Multi-Diameter Drill

A multi diameter drill isamix bread of a center drill with astandard drill. Thereisa
smaller portion of the drill at thetip to drill the initial center of the hole and then behind the
smaller drill isalarger drill portion that is used for drilling the remainder size of the hole. A
yet larger drill section is at the top sometimes to alow for stepping up the size of the hole
yet larger.

#hc2 Db |, ——
T
x a7 3}
i .
o+ Dc *
I J
~ I —~ |
a3 I
D T= —
an —
" h .
h 4 . E Y
Fy

Where:
D cutter diameter at the first stage
Dc  cutter diameter at the second stage
Dc2  cutter diameter at the third stage
Db body diameter
L overall length of the tool
I length of the body of the cutter
Ic cut length
Id tool tip length
1 length of thefirst stage
12 length of the second stage
al tip cut angle
a2 top angle

a3 taper angle
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Two Sides Chamfering Tool

A two sided chamfering tool is used specifically with the two sided axial motion.

Where:
D cutter diameter of the outside of the chamfer cutters
Db body diameter
d entry diameter
L overall length of the tool
I length of the body of the cutter
Ic cut length of the cutters
Id tool tip length
al lower chamfer angle

a2 upper chamfer angle
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Boring and Chamfering Tool

A boring and chamfering tool is a combination of a boring bar along with a chamfering
cutter. Thetool baseis similar to that of aboring bar with exception of the cutting blade.
Thetool then has a chamfering angle that will cut the chamfer at the top of the bore.

Where:

Dc

Db

‘ Dlj . %
]
T F S
Dc
+ | * _I
a —
! _ FY
Lo
QC :‘C. ::v h 4 r h

cutter diameter at the first stage
cutter diameter at the second stage
body diameter

overall length of the tool

length of the body of the cutter

cut length

boring bar length

corner radius on the boring bar

taper angle of the chamfer portion of the tool

Introduction, Page 22
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Conical Mill

A conical mill is used when adrafting angle is desired on a part or pocket, yet only athree
axismachineisused. A conica mill istapered at a given angle with a given length.

=}
=

\_-_-m

——

) L
\ Ic |
e

Rc

[

T o4 - —

Where:
D cutter diameter at the first stage
d entry or bottom diameter
Db body diameter
L overall length of the tool
I length of the body of the cutter
Ic cut length
Rc  corner radius

a taper angle
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Thread Mill

A thread mill is used when alarge hole is needing to be threaded. The tool is spun about its
axis and then swept in acircular motion around the hole to cut the threads.

—| db |——
I
T Ach
L '{/ «Dam|
| N - |
i
le 1
Y ¥
D
Where:
D diameter of the cutters

L overal length of the tool

I length of the body of the tool
Ic cut length of the tool

Da  outside diameter of the cutter
db body diameter

1 length of the thread cutters

Ach taper angle from the cutters to the body of the tool
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Milling Directions

Y ou can mill in two different directions. The directions are defined as conventional and
climb milling. The two different options will be discussed. A rule of thumb to determine if
you are climb or conventional milling isto think of driving. Asyou drive along side the
road, the curbisto your right. Think of the curb as your stock material. Asthe tool moves
away from you ( drives away from you ) your stock material is on the right hand side of the
tool. If you are climb milling the tool should be on the left of the stock as it moves away,
providing you have aright handed cutter that is spinning clockwise.

Conventional Milling

With conventional milling, chip thickness and thus cutting pressure gradually
increases at the tooth as it engages and reaches a maximum prior to the tooth leaving
the material. When the tooth leaves the material, the cutting pressure is suddenly
eliminated so that the cutter "jumps” forward and the next tooth penetrates the
material with ajerking action. This generally resultsin "chatter" marks.
Conventiona milling is however desirable when alarge amount of material is
desired to be removed quickly.

N

| >

Conventional Milling
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Climb Milling

With climb milling, the chip isformed in reverse sequence. When the tooth
penetrates, the chip thickness and thus the cutting pressure is at a maximum. When
the cutter leaves the work piece, the chip is at its thinnest and the cutting pressureis
at minimum. This produces less "chatter” and a better finish. Climb milling
requires less drive power but amorerigid table that is free of backlash. Because
most of the newer CNC machines are more rigid and can control backlash, climb
milling is preferable.

Climb Milling
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Prismatic Machining Workbench

Specifications Tree

The specification tree for Prismatic Machining is a bit different than what you have seen
prior to this class. This does not imply that the tree is specific to the Prismatic Machining
workbench only. The PPR styletreeis applicable to several other workbenches within
CATIA.

P.P.R Thisisthe Process Product Resource branch. Thisisthe upper level branch
in the tree and everything is held within this master branch.

ProcessList Thisiswhere all processes are held in the PPR. For prismatic
machining, you will only be concerned with part operations.
There can be several part operations within one process list.

Part Operation Thisiswhere the information about the part operation
isheld. Machineinformation, clearance plane, home
point, stock and final part, as well as several other
variables are defined in this tab. Be sureto set all
settings within this tab before beginning to machine.

Manufacturing Program Thisisthe branch that handles all
machining operations. There can be
several manufacturing programs within
each part operation. Within the
manufacturing program, tool changes,
machine rotations and machining
operations are all defined.

ProductList Thisiswhere the product or products that make up the
process are kept. For prismatic machining, an assembly will
be pre-defined that contains the stock material, fina part,
mounting plate, and any clamps necessary. This assembly
will be the only product in the product list.

ResourceList Thisiswhere any resources utilized in the process are defined. Any
tools, machines and tool assemblies used in any of the processes
defined above will be displayed here to give avisua reference asto
the resources necessary to define the process.
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T‘? ProcessList
J% Part Operation.1

=—E| Manufacturing Program.1
ﬂiﬂﬁ Tool Change.1 T2 Face Mill D 50
w Facing.1 {Computed)
T-—c?ﬁ Tool Change.2 T3 End Mill D 10
#—Eﬁ Tool Change.3 T4 Drill D 10
T ProductList

=r

Machining Assembly (M-Assy.1)
—%4 Stock (Stock)

—%3 Final Part (Final Part)
— &34 Mounting plate (Mounting plate.1)
%)

—%2 Clamp (Clamp.1)
—&2 Clamp (Clamp.2)

Clamp (Clamp.3)

—
E_ .-.
£

=3 Clamp (Clamp.4)

][ Constraints

=-— 1If?:escuun:esList

—% 3-axis_Default_machine
— B T1EndMilD 10

— 3 T2 Face Mill D 50

— [ T3EndMil D 10

— & T4DillD 10

Introduction, Page 28 ©Wichita State University



CATIA Prismatic Machining

CATIA® V5R7

Toolbars
AR
Bl

=

LH
(hd

oL

“ L
= 1

l

¥
>

fn,
L

SR~ rEREBB W
F & & j

EwE

Inserts anew part operation in
the Process List

Inserts a new manufacturing
program into a part operation

Inserts an axial motion into the
part operation. See previous
section for a complete list of
axial motions.

Inserts a pocket operation
Inserts afacing operation
Inserts a contouring operation

Inserts a curve following
operation

Inserts a point to point operation

Inserts atool changeto a
particular tool

Inserts a machine rotation

Allows you to change the
machine axis or origin

Allows you to insert post
processor commands directly in
the part operation

Allows atrandation or rotation
copy to be made

Replays the part operation

Allows generation of NC Code
either interactively or in a batch
mode

Generates documentation

Runs a macro to output the
machining program to Virtual
NC, ahigher level NC
verification tool

Replaces atool aready defined

© Wichita State University

Introduction, Page 29



CATIA Prismatic Machining CATIA® V5R7

This page isintentionally left blank.

Introduction, Page 30 ©Wichita State University



CATIA Prismatic Machining CATIA® V5R7
Preparing to Machine

The following sections will demonstrate how to prepare a finished part for machining.
When a part isto be machined, it is held somehow in the machine. Very rarely, if ever, will
the part be directly fixed to the table of the machine. Usually the part isheld in avise,
locked down by clamps, or at least be bonded to a mounting plate and then that mount of
some sorts will be fixed to the machining table. Regardless, there will be some type of
fixture necessary to hold the part down. Not only will the part need to be held in place but
stock material will also need to be assigned to the part. Sometimes the rough part will come
from amold, only being dlightly larger than the finished part, while other times the stock
material will be in the shape of acube. Either way, it isvery advisable to define stock
material for your finished part. CATIA V5 Prismatic Machining has facilitiesto view
material removal and therefore by defining the stock material, you can observe the material
being removed to make sure you did not miss machining a specific feature.

Part Design Review

This section will serve two purposes. The first purposeisto serve as a Part Design and
Sketcher review. If you feel your part design skills are not what they should be, review your
Part Design and Sketcher book to refresh yourself. The second purpose of this exerciseisto
demonstrate how to draw stock material for apart. The finished part is pre-defined and is
available in the Mount folder.

Open the Mount part from the Mount directory. You are going to build a square stock
material for this very simple mount bracket.

When building the stock material for a part, it is very important to get the orientation
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correct. Thisisnot so important for the assembly but for the simulation of material
removal, the stock material and the fina part need to be oriented properly. Thisiswhy you

opened the final part.

Createa sketch on the XY plane. It isvery important that the sketch be on the XY plane
and not the bottom of the part. This sketch is only temporary. Y ou will be copying and

pasting this sketch into another part to build the stock material.

Createarectanglearound the part that is3" X 9" symmetrical about theH and V axis
system. Thiswill represent the square stock that will be used. Note: You do NOT want to
constrain the rectangle against the part. Again, this sketch is only temporary and therefore

will not have the supporting elements when it is moved.
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v
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)

v
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Exit the sketch and create a new part. Remember, use pull down menu File, New to
create anew part. Now that you have anew part, it istimeto cut and paste the sketch into
the new part.

Tilethewindows vertically. Use pull down menu Window, Tile Vertically to accomplish
this. Thiswill make both windows visible at the same time.

Cut the sketch you just created. This can be done by selecting the sketch, pressing button
three on your mouse, then selecting cut, or by using pull down menu Edit, Cut. The sketch
will disappear from the mount part. This has not deleted the sketch, it has just put it into
memory.

Paste the sketch into your new part. This can be done by pressing button three while on
the PartBody of your new part and selecting paste. The sketch will re-appear in the new
part as well as be re-numbered to Sketch.1.

Measurethe height of the part. This can be done by selecting the measure between icon
Al and then selecting the top and bottom faces of the part. Take note the height of the part

is1.75". Assuming you can only get stock material in inch increments, your stock material
will have to be 2" tall.

Pad the new sketch to be 2" tall. Thiswill successfully define the stock material. Now
you have just afew housekeeping measures to preform before calling it completely done.

Renamethe stock part to Stock Material. Remember, when you assemble parts together,
it isvery important that everything have a unique identifier.

HidethethreePrinciple Planes. This step isnot completely necessary, however it does
help when you assemble your product. This keeps the assembly cleaner and easier to view.

iin Stock Material

ot Xy plane

= ﬁ PartBody

=—{#) Pad.1
| s
#— 71 Skeich. 1
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Now a safety or clearance plane needs to be defined. The clearance plane can be defined in
another part but it is unnecessary.

CATIA® V5R7

A clearance planeis aplane at which you guarantee that there will be nothing in the way.
The clearance plane is usually defined a few inches above the stock material or any
mounting clamps that are present.

Select theplaneicon. <=7 Thiswill allow usto create asimple plane above the stock
material.

Select the top of the stock material. CATIA now needs an offset value to define how high
above the stock you want the plane.

Changethe offset valueto 2in. and select OK. Thiswill define your clearance plane that
will be used | ater.

Save your document. Next, an assembly design review will take place. Thisiswherethe
stock material, final part and any mounting brackets will be defined. When you close your
finished part, CATIA will ask about saving it. It isnot necessary to save it because you did
not make any changesto it. Thereason it prompts you is because you created a sketch in the
part thus changing it, but then you cut the sketch, returning it to the original part, although
CATIA seesit differently.

[$]Mount. CATPart F ||[3]Stock Material.CATPart

-151 Mount ‘ Stock Material
.7 Wyplang "Q [~ xy plane %
7 yz plane 0 .7 yz plane @
.~ zx plane .-+ zx plane
-" PartBody “‘ PartBody
Pad.1 =] Pad.1
#— Sketch.1 ‘I"mfi Sketeh.1
Pad.2 -—% Open_body. 1
#= 7 Sketch2 #—~ Plane.1
Hole.1
#{, sketch 3
;“;" UserPattern.1
7, sketch 6
Pad3
#7 Sketch7
Hole.2
#7, sketchs
Hole.3
#{#, sketch.10
&) EdgeFillet.1
& EdgeFilet.2
&) EdgeFilet 3
L, L,
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Measurement Review

Anytime a part is to be machined, it is always necessary to know some information about
the part. Things such asfillet radii, corner radii, as well as hole diameters are all necessary
information that you need to know before getting started. This section will review how to
create the necessary measurements, as well as keep the measurements with the model for
future reference.

If not already open, open the Mount part so measurement information can be added.

Select the measureicon. % Thiswill allow you to create measurement information on
single elements. The Measure Item window displays.

Select one of the outside flange holes along the edge. The edgeis shown below, but it is
not necessary to pick that exact hole.

You will get alot of information when you select the hole. A lot of thisinformation is
unnecessary and useless for your purposes. Customize the output to refine what you are
after.
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Select the Customize... button at the bottom of the Measure Item window. A series of
check boxes will be displayed. Y ou will want to turn all the check boxes off with exception
of the edge radius and the surface center of gravity.

Measure ltem Customization
— Point Edge Surface “aolume
[ Description |1 Description [] Description [ Description
[ Point [ Length [ Area O %olume
[ Angle d Center of gravity | Area
4 Radius ] Flane [ Center of grasity
] Diameter [ Inertial axes
[ Start paint
] End point

[ Direction Yectar
[ Center point

@ 0K @ Apply | @ Cancel |

Select OK. Thiswill change the results to only show the radius of the edge.

Select the Keep Measure check box on the Measure Item window. Select Close when
done. Thiswill keep the measurement and storeit in the tree as well as show the
measurement on the part.

Select the measur e between icon. @Q Thisicon will alow you to measure the distance
between or along any two el ements.

Be sure the Reference mode and Target mode ar e set to Any geometry, infinite. Thiswill
make sure that you get anormal direction measurement. Again, customize the distance
measurement information to show only what is interesting.

Select Customize and uncheck all boxes except Minimum Distance, select OK. Thiswill
only show the minimum distance between two elements that you select. Usually thisis used
to measure the distance between planes.

Select thetop of theisland and the top of the part. A measurement is made and placed on
the model.

Be sure the Kegp Measure checkbox ison and select Close when done. Again, the keep
measure will add a measurement branch to your specification tree keeping it there for later
reference.
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Create other measurements as necessary. Measurements such asfillet radii and corner
radii are most useful. Depth of the pocket and height of the part is also good information to
extract.

Save your document when done.

For clarity, the measurements have been hidden from now on. Y ou can hide your
measurements if desired.
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Assembly Review

For the assembly review, several things are going to be assembled. The assembly is going
to consist of amachining table, vise, finished part, and stock material.

Create a new assembly, and insert the small table. To create a new assembly, select pull
down menu File, New, and then Product. To insert the small table into the assembly select

the existing component icon @ Product1, and then find the Small Table document in the
Machining Equipment directory.

Apply afixed constraint to thetable. E@E Thiswill hold the table in place.

Insert the Vise into the assembly. Theviseis pre-assembled. There will be no need to
assemble the vise before putting it in the assembly. It islocated in the Vise directory under
the Machining Equipment directory.

Apply a contact constraint between the bottom of the vise and thetop of the table.

¢
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Position the vise and apply two offset constraints from the edges of thetableto the
vise. g% Thetwo constraint distances are shown below. The vise should be 3.825" from
the back and 16" from the side.

Bolts to hold the vise down are available in the Clamps folder. It isleft to you if you want
to insert and constrain the clamps. In this case, the viseistall enough that the bolts will not
be getting in the way.

Insert your Mount into the assembly. The mount is going to be affixed into the jaws of
thevise.

Apply a coincidence constraint between one side of the mount and the back jaw of the
vise. You most likely will have to reverse the direction of the arrows to make the part fit
inside the jaws.

Apply an offset constraint between the bottom of the mount and the inside bottom of
thejaws. Theoffset distanceis0.5in. Watch the part to make sure the orientation does
not need to be changed.
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Apply an offset constraint between the outside pocket wall of the mount and the side
of thevise. The offset distance should be .125in. This should constrain the mount to be
located correctly in the vise. The assembly should look something like the picture shown
below. Not all constraints are shown.

To get an accurate representation of how the vise is going to hold the part, you need to close
the jaws of the vise. Since the viseis a separate assembly, by default nothing on it can
move independently of each other. Y ou need to make the vise a flexible sub-assembly.

ot =
Changethe Vise to a flexible sub-assembly. | Thiscan be accomplished by selecting
the flexible/rigid sub-assembly icon and then selecting the Vise from the specifications tree.
Thiswill unhide the constraints for the sub-assembly and make the vise flexible meaning
that the components can move independently of each other.

Apply a contact constraint between the other side of the mount and the movable jaw.
The jaws will close together on the mount.

Now thereisjust one last component to install into the assembly, the stock materia that you
created earlier.

Insert the stock material into the assembly. The stock material will be placed directly
over the fina part to represent how the stock will be loaded into the vise on the machine.

In order for both parts to be visible at the same time, you will need to make the stock
material transparent.
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Using the third mouse button, select on the Stock Material in the specification tree.
Thiswill bring up the contextual menu for the stock material component.

Select Properties and then the Graphic tab. Adjust the Transparency to approximately
125 and select OK. Thiswill make the block semi-transparent.

Apply a coincidence constraint between the side of the stock and the side of the mount.
This should move the stock material to the side of the final part.

Apply a coincidence constraint between the bottom of the stock material and the
bottom of the mount. Thiswill move the stock down to the level of the final part. The last
step isto position is properly over the final part.

Apply an offset constraint between the side of the stock and the side of thevise. The
distance should be 2.5in. Thisfinalizes the assembly.

Be sureto renamethe product to something more descriptive than Productl and save
your assembly. Next, this same assembly will be utilized in the Prismatic Machining
workbench. You will define theinitial setup conditions of the machining process.
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Part Operation Setup

This section will investigate how to invoke the Prismatic Machining workbench and prepare
your part for machining operations. There are several steps beyond building stock material
and assembling all of the components: stock, finished part, and any mounting brackets.

Open the assembly you created in the assembly review section. When you are ready to
begin machining a part, you should have it opened first.

Change the wor kbench to the Prismatic M achining wor kbench. This can be done by
either selecting pull down menu Sart and then finding Prismatic Machining, or by selecting
the change workbench icon and then the Prismatic Machining workbench.

It is not mandatory that you have the assembly open that you are going to be machining.
There is an option that will allow you to associate a product with your part operation, it is
just easier to have the assembly open before hand.

Now you are ready to begin defining the Part Operation.

Defining the Part Operation

Double select the Part Operation.1 branch in the PPR tree. Thiswill display the Part
Operation window.

2| x|

Marme: Fart Gperation. 1
Comments: Mo Description

% Mo machine selected

A | Machining Axis Systern. 1

@' Productl

Gecmetry | Position | Qpton |

Mo design part selected {for simulation only’)

Mo stock selected

Mo safety plane selected

Mo IPM body selectad

By 0@

@ ok | @ cancel |

There are several different fields that will need to be defined before you begin machining.
These steps will be very common for all partsin most situations.

Change the Nameto Mount Bracket Milling. Aswith most everything else, it isagood
ideato get in the habit of naming your part operations, that way they will remain clear asto
what they are.
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Change the Commentsfield to read Your Name. The commentsfield is very useful to
insert specific information about the part operation. In this case, you are just going to state
who you are, but you could add information about the part, information about the use of the
part or anything else that you want.

Select the machineicon. %l Selecting thisicon will display the Machine Editor
window. Within this window you can define the machine that you will be working with for
your part operation.

Machine Editor

e sifef|i| 4|

MNarme:

|3—axis_D efault_machine

Comment: I

—Mumerical Cantraol —3pindle
Fost Processor words tab ;e e ey p e Harme point = ||]in
MNC data type:

|aPT

Haome point " Inin

MNC data format:

|Point (<.2)

kin interpol. radius: Inin

Haome point Z: |3.93?D1 in

Orientatian [: ID

hax interpol. radius: Igin Orientation J: ID

L] [ B [0 (0]

Min discretization step: ID.I]DDSEiin Orientation K: |1

LRl [R] [P (] L] Lo

hin discretization angle: ID_-| deg

30 linear interpal.: -

20 circular interpal ; -

30 circular interpal ; O

— Tool Change
Tools catalog:

INDt specified
Radius compensation: O

KN

@ ok | & cancel |

Part Operation Setup, Page 44 ©Wichita State University



CATIA Prismatic Machining CATIA® V5R7

The first set of icons across the top alow you to define the specific type of machine you are
going to be using. The machine types are as follows:

Simple 3-Axis machine

‘ 3-Axis machine with a Rotary Table
g 5-Axis machine

Iﬁ' Horizontal lathe for machining

ﬂ: Vertical lathe for machining

After the series of machine types, you can name the machine. A comment field is also
allowed for additional comments on the machine.

The Numerical Control section of the Machine Editor window defines how the NC codeis
written for the machine. Y ou need to define a Post Processor words table for your
machine. These tableswill hold the machine specific language commands for things such
as turning the coolant on and off, drill motion commands, etc. The NC data type defines
what type of NC data you are creating. Usually thiswill be left on APT, but the option to
change it to something elseisthere. The next field defines the NC data format. The NC
dataformat field allows you to change the type of output from simple X,Y,Z coordinates, to
X.,Y,Z coordinates aswell as1,J,K axisdirections. For 3-Axismachines, X,Y,Z, IS
sufficient. If a5-Axis machineisto be used, you would also need to output I,J,K axis
directions. The next series of fields define afew parameters about the exactness of the NC
data. Unlessthereis aspecific need to change these values, it is advisable to |eave them at
the default settings.

The Spindle section of the Machine Editor window defines several characteristics of the
spindle. The home point is defined within this section, where the home point is relative to
the machining axis. The orientation of |, J, and K will define the spindle direction. Itisin
thisfield that you could define whether you have a horizontal or vertical 3-Axis machine.

Thelast field found from the Advanced optionsis the Tool Changefield. The tool change
defines what tool change catalog you will be using. If no tool catalog is defined, then there
is no default database that will be searched when requesting atool. Thereisalso a
checkbox for defining aradius compensation. Radius compensation is useful when atool
has been re-sharpened and is slightly smaller than the original. By defining radius
compensation, otherwise known as cutter compensation, the system will automatically
adjust the tool path.

Change the Name of the machine to Bridgeport. You will be programming for asimple
3-Axis Bridgeport machine.

Change the Post Processor words table to PPTableSample_| nch.pptable. Thiswill insure
that the output for the Bridgeport will be in inch standards.
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Change the Home point to be set to (-2,-2,10). That is, make the X value -2 inches, Y
value -2 inches and the Z value 10 inches.

Machine Editor

is, af[vef || A

MNarme:

|Eiridgep0r’[

Comment: I

—Mumerical Cantraol —3pindle

Fost Processar words Tabl&lPPTabIe_Inch.pptable
MNC data type: IAPT

MNC data farmat: Ip.;.int (% .2)

kin interpol. radius: Inin

Harme point = IQm

Haome point " I_zin

Hame paint £: Imin

Orientation [ m

hax interpol. radius: Igin Orientation J: ID

Min discretization step: |D.IZIDI339in

L] [ B [0 (0]

Orientation K: |1

el ] G ] L e

hin discretization angle: ID_-| deg

30 linear interpal.: -

20 circular interpal ; -

30 circular interpal ;

— Tool Change
Tools catalog:

KN

INDt specified
Radius compensation: O

INormal

@ ok | & cancel |

Select OK when done. Thiswill take you back to the Part Operation window. Next, the
machining axis system will be defined.
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,
|52

Select the machining axissystem icon. :
window.

Machining Axis System.1 i B

kdowe the cursor owver a sensitive area.

i

A

—p-

o

[ Crigin Number:lTEGrDup:h E

Axis name: Machining Axis System.]

@ OK | @ Cancel |

Thiswill display the Machining Axis System

There will be ared set of axes and planesin the center of the window. This

axissystemis

how you define anew machining axis. By default, the machining axis appears at the central
axis system for the assembly. Many times thiswill not be the right location. The axis will

be moved to the back right corner of the table.

Select the center point of the axis system. Thiswill be the small red dot in the center of

the axis as shown below.

Machining Axis System_1 7|

hen select a point or circle inthe 30 wiew
z

\ T

-

e

I‘Clickto selectthe position

1 Crigin Number:lTEGrDup:h E

Axis name: Machining Auxis System.]

@ oKk | @ cancel |

.

The center red dot will allow you to move the entire axis system from one location to
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another. The Machining Axis System window will disappear and CATIA iswaiting for you
to select a corner vertex to be the new center of the axis system.

Select the back right corner of thetable. Thiswill define the new center of the axis.
Select the corner shown below.

The Machining Axis System.1 axis will move to the corner. Notice the axis system turns
green. This denotes that a new axis location has been defined. If the orientation of the axis
isincorrect, you can select one of the axes and then an edge to define anew direction for the
axis.

Select OK. Thiswill define the new machining axis system. Next, the geometry will be
defined.

The part or product icon that is next in line is where you would define the assembly that you
areusing. Since the assembly was aready open, it is unnecessary to define the assembly.

Select the design part for simulation icon. @l Thiswill define the final part of the
machining process. It isnot necessary to define this design part because it will only be used
for ssmulation purposes.

Double select the Mount part. This can most easily be done by selecting it from the
specifications tree.
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Select the stock icon. )| Thiswill define the stock material that you will start
machining from. Thiswill be used for other purposes than just simulations.

Double select the Stock Material. Again, thismay most easily be selected from the
specifications tree.

Select the safety planeicon. =7} Thiswill allow you to define the safety plane or
clearance plane that will be used by default in the machining operations.

Select the plane you created in your Stock Material part. Thisis probably easier to select
from the working area itself as opposed to the specifications tree.

Thereis oneicon left in thelist that will not be used for thisclass. Itisthe IPM body for
DPM Powertrain icon.

@ IPM body for DPM Powertrain — Thisicon allows users who use the Digital Product
Management Powertrain to define an In Process Model. Since the Digital Product
Management Powertrain is beyond the scope of this class, it will not be discussed further.
Defining abody for thisfield is the exact same as defining a body for the design part, or
stock material.

Now all of the geometry has been defined, you can move on to other options. It isaways
advisable to define all the Geometry fields, although it is not mandatory. By defining the
stock and design part, you will be able to see simulation removal of the actual stock part that
you are working with. The design part definition will allow you to check deviations from
thefinal cut part against the design part. The safety plane definition will alow for simpler,
and faster macro creations.

Select the Position tab. The position information allows you to define the exact location of
atool change as well as the center of the table.

Changethe Tool Change Point to be -1,-1, 10. Thiswill set where the tool change
happens.

Select OK. Thiswill finalize the Part Operation. There have been no machining operations
created, but everything is set up and ready.
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ProcessList

Mount Bracket Milling

EI Manufacturing Program.1

ProductList
Machining Assembly (Machining Assembly.1)
Small Table (Small Table.1)

; Vise (Vise.1)

%2 Mount (Mount.1)

¥ Stock Material (Stock Material. 1)
*—EI Constraints
ResourcesList

'
% Bridgepart

Be sureto save your machining process.
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Basic Machining

Thiswill be the first section involving machining of apart. The order of the basic milling
modes will be the order most commonly followed with any given part. First the part will be
faced off or the excess material on the top will be removed. Secondly, the outside of the
part will be contoured, removing any excess material from the outside. Afterwards, the
pocket of the part will be milled.

Open the Basic Machining Milling document from the Basic Machining folder. This
will be thefirst part that you machine. You will start off by facing the part off.

Facing

Select the facingicon. & Theicon will highlight, but nothing will happen. Thisis
because CATIA iswaiting for the insertion point of the facing operation to be defined.
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Select Manufacturing Program.1 from the specificationstree. Thiswill insert the facing
operation and tool change operation into the specification tree just after the manufacturing
program. Now the Facing window displays.

2| x|
Marme: Facing. 1
Comment: | Mo Description
S | | 3 | A | 3RC |

Move the cursor over a sensifive area.

Offset on Check : 0in Offset on Top : Oin

O/ Inner point : Imposed

Offset on Contour : Oin
Cffset on Bottom : 0in

O Bounding ervelope

ReEIax |

@ ok | Preview | @ carcel |

i

Thisisthe basic layout of all of the windows for all machining operations. Thefirst fieldis
to define amore descriptive name for the operation. The second field is to add comment
descriptions with the operation. Just below the comment field there are several tab settings.

Each tab also has a set of “lights” associated with them at the side of theicons. A red light
indicates that information needs to be entered. This denotesthat CATIA does not have
enough information to complete thetab. A yellow light indicates that the user has not
defined any information but there is enough default information to complete the tab. You
should always check these tabs to make sure everything is correct. A green light indicates
that all information is entered and is valid.
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n

‘ This tab defines the machining operation parameters. Settings such as
machining direction, various machining strategies, and high speed milling
options are kept under this tab.

)
| iﬁi} This tab defines the geometry to be milled. This panel isvery dynamic for
all different machining modes. Each machining mode geometry panel will
be discussed with the machining mode.

[

o

i ﬁl This tab defines the tool to be used. For each type of operation, there are
only afew different tools that can be used, so this panel will display only the
types of tools that are permissible to use.

‘ -:::-%l Thisisthe speeds and feeds tab. All feedrates and spindle speeds are defined
here.

.y
2 &g The last tab defines the macros to be used for the machining operation.
Various macros can be defined and utilized.

Geometry tab
Go back and take a closer ook at the geometry tab for facing operations.

Offset on Check : Din Offset on Top : Qin

Offset on Contour : 0in
Offset on Bottom : 0in

Thisisthe sensitive area of the geometry tab. Any areasin red are areas that have to be
defined. When an areaturns green, the information is defined and the user can move on.
Orange or peach colored areas are those that are optional to define. Things such as check
surfaces and starting points are optional. Around the outside is several sets of blue text.
Thistext is aso modifiable and can be set to any distance necessary. All areas of this
sensitive areais contextual menu sensitive, meaning that by pressing button three on the
mouse, you get alternate selection options.
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Select the top of the facing geometry. Thiswill define the top of the design part that isto
be created by the facing operation. The Facing window will disappear and allow for room
to select the top of the design part.

Offset on Check : 0in Offset on Top : Oin

Cifset on Contour : Oin
Offset on Bottomn : Oin

With the stock material shown, it will be difficult to select the top of the design part.

Zoom in and place the cursor over an area that you want to select for thetop of the
final design part. Below is shown agood area to concentrate on.

Presstheup arrow on the keyboard. The peel selection will display. Thisisautility that
allows you to select faces, edges or bodies that are not on top.

Basic Machining, Page 54 ©Wichita State University



CATIA Prismatic Machining CATIA® V5R7

The ped utility has several uses. The up and down arrows allow you to scan through the
different layers of geometry that can be selected. The center round dot allows you to select
ahighlighted layer.

Since the top face of the final part isthe second level down, the face highlights, preparing
you to select.

Select the top of thefinal part face. That is, select the round dot in the center of the peel
selection utility. The Facing window displays again, this time with the top and sides of the
part turned green. By default, the boundaries of the top surface will be used as the
boundaries of the facing operation. Thisis not the case since you have the stock material
defined.

There are four different options when defining the perimeter of the geometry to machine.

Edge Selection

Edge selection selects the boundaries of a facing operation by the edges of the parts. Edge
selection is available by selecting the side of the facing cube.

Jl:l /@ & 0K, &8 Cancel

¥ Navi gates tangentially around the edges of the part.
£ Closes acontour with astrai ght line.
7 Insertsadtra ght line between gaps.

B Resetsall salections. Thisiscommon to all selection modes.

The OK and Cancel icons either confirm or cease the edge selections.
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By Belt of Faces

This method of selection allows you to select all of the exterior faces around a part that you
want to mill. This method of selection is available by selecting button three on the
boundary of the facing cube and then selecting By Belt of Faces.

Face Selection x|

J S0 4 & By B W @0k @ Cancel

% This navigates the faces tangentially.

% This displays a preview of the contour that you have selected.

This allows faces to be selected by trapping them with an indicated polygon.
Bn  After selecti ng one face, thisicon will select all the faces of the same color.

Thiswill allow faces to be selected by a selection set that is pre-defined.

By Boundary of Faces

This method of selection selects the boundaries of afacing operation by selecting the
boundaries of a selected face. For this, you would usually select the top face of the stock
material and then the boundaries of the top of the face will be used as the boundaries of the
facing operation. This method of selection is also available by selecting button three on the
side of the facing cube.

Face Selection X

J 54X M E ;iDK & Cancel

All iconsin this panel have already been covered.

Sectioning

Sectioning is the last method of selection. This method allows you to define boundaries by
generating a section cut and then selecting a profile of the section cut. This method of
boundary selection will not be covered.
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Button three select on the sides of the facing cube. Thiswill bring up the contextual
menu for the different select options on the boundaries.

Offset on Check : Oin Offset on Top : Oin

By Belt of Faces
By Boundary of Faces
Sectioning

/ Remove

Analyze.
Offset on Contour : Oin ==y
Offset on Botiom : Qin

Select By Boundary of Faces. Thiswill allow you to just select the top face of the stock
material.

Select the top of the stock material. When done, select OK on the face selection
toolbar. Thiswill define the boundary of the facing operation. Thereis still some
geometry that needs to be defined. You still need to define how deep the facing operation is
going to cut. CATIA knows where the bottom of the facing operation is but it is still
oblivious as to where the top of the material begins.

You'll note that even though information is missing, the light on the geometry tab is green.
Thisis because al of the necessary information has been entered. Defining the depth of the
facing operation is extraneous information and is considered unnecessary.

Select the planein the contextual area. This plane alows you to define the top of the
stock material.

Offset on Check : 0in Offset on Top : Oin

Offset on Contour : 0in
Offset on Bottom : 0in
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Select the top of the stock material. The plane will turn green when the Facing window
shows again. There are several options that have yet to be touched.

Selecting the clamp object will alow you to define any fixture check bodies or check
surfaces. You will investigate these later. Thereis also two pointsin the contextual area.
The point with the arrow is the start point icon. Thiswill allow you to specifically choose a
start point, where the other point allows you to specify an ending point.

There are also afew textual options that can be defined.

Offset on Check This defines the distance away from clamps, fixtures and any other
check surfaces that you select.

Offset on Top This defines the distance above the top selection that the tool should
approach at.

Offset on Contour and Bottom These options allow you to define a distance that the

tool should stay away from the sides and the bottom
selection. A bottom offset would be most useful if a
finish pass was desired.

It is now time to move on to another tab.
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Machining operation parameters tab

Select the machining operation parameterstab. = Sl ‘ Thistab will be found for al
machining modes. After setting the parameters for the first machining operation for a
particular mode, the settings will remain persistent for the next similar machining operation.
Even though the parameters will be the same, it is always a good ideato check them,
watching for any new parameters or parameters needing to be changed.

21X

MName: Facing. 1

. [Mo Description ) _
| & | o | S | 2P |

kowe the cursor owver a sensitive area.

| el et il IInward helical j
Machining | Redial | Axal | Finishing | HaM |
Direction of cut: lCIlmb—;, o
kachining tolerance: m ?
Fixture accuracy: m

Type of CDmDur:lOptimized j ?
Compensation : |1 .-l
Feplay |

@ oK | Preview | @ cancel |

Take alook at all the different parameters that can be set. Notice next to some of the
parameters is a question mark (?), this denotes an image is available to aid you in the
definition. Also note the different tabs available. Each tab will beinvestigated in turn.

Tool Path Style Defines how the tool moves around the part
Inward Helical Helical motion that starts from the outside and works its way
in
Back and Forth Runs side to side across the part. Back and Forth aso has one

additional option under the geometry definition, Bounding
envelope. This makes the back and forth motion run a square
area, and not an odd shape.

One Way Only goes in one direction across the part
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Machining  Defines the overall machining tolerances

Direction of Cut Definesif you are climb milling or conventional milling
Machining tolerance Definesto what degree of accuracy the machine can cut

Fixture accuracy Defines to what degree of accuracy that the fixture is located
whereit isdrawn

Type of Contour Defines how CATIA maneuvers around corners. There are
four different options that you can view by selecting the
option type, and then selecting the question mark (?) next to
the drop down menu. They are Circular, Angular, Optimized
and Forced circular.

Compensation Allows you to define the cutter compensation number to be
applied to the tool and tool path

Radial Defines how the tool moves across the part
Mode Determines how thetool calculates its next path
Maximumdistance  Uses amaximum distance between paths
Tool diameter ratio  Moves the tool over a percentage until fully milled
Distance between paths Defines how far apart each pathis

Percentage of tool diameter Defines what percentage of the tool is moved over
each pass

End of Path For back and forth and one way motions, this defines
where the tool ends up, whether it isinside the
boundaries or outside the boundaries.

Overhang Defines how far over the boundary the tool is allowed
to move. Thisvalueisin percentage tool diameter.

Tool side approach clearance Defines how far away from the side the tool
remains when the end of path setting is on out.
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Axial Controls the motions that the tool makes in the direction of the tool axis. This
controls how deep each cut isand if there are multiple levels to be cut into the
material.

Mode Defines how the axial strategy is calculated. There are three options:
Maximum depth of cut, Number of levels and Number of levels without top.

Maximum depth of cut Defines how deep the cutter is allowed to cut each
pass. Thisdepth will be cut each pass until the cutter
reaches the bottom of the geometry defined.

Number of levels Splits the thickness of the geometry defined into a
particular number of levels.

Finishing Used to move the tool one last time across a surface to insure that it is clean,
smooth and to the exact size necessary.

Mode Controls whether or not thereis afinish path. In other operations, this would
control if there was afinish path and if so, whereit islocated. There aretwo
options: No finish path and At bottom.

Bottom finish thickness Defines the thickness that is left on the bottom before
the finish pass is made

The HSM tab will be covered later, but in short, this tab controls the machining methods
when a high speed machine is to be used.
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Y ou are now ready to set the appropriate settings to continue.

Change thefollowing settings:

Tool Path Style Inward Helical
Machining

Direction of Cut Climb

Type of contour Optimized
Radial

Mode Tool Diameter Ratio

Percentage of tool diameter 30%

Overhang 75%

Axial
Mode Maximum depth of cut
Maximum depth of cut 125in

Thiswill define all the different machining parameters that is desired to be set for the facing
operation. Next, atool will be defined.
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Tool tab

Select thetool tab. Eﬁ. If you remember, this tab allows you to define the tool that
you want to use. Start by defining afacing cutter instead of an end mill.

Select the facing cutter icon. EI The image in the contact sensitive window will change
to afacing cutter. If you are unsure of the parameters that you can define, refer to the
introduction where all the facing cutter parameters are defined.

Double select on the Nominal Diameter (D) parameter and changeit to 2in. Thiswill
make your face be 2 inches in diameter.

Change thefollowing parameters. Changing these parameters will work in the same
fashion as changing the diameter parameter.

db=1in,lc=.375in,l=.5in,Rc=.125in, L =1.75in, Da=2in

I
it __|L .
c L
fm =
i o |
o ] !
1l O |
] 1]
L& 1
—
¥ I 1l
1 ,.?'\
- ' 1%
A i )
Ro=0.125in e« Do | ¥
4_Dﬂ_i._2iﬂ_.
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Speeds and Feeds tab

Select the speeds and feedstab. St ‘ Thiswill allow you to change the feedrate for
the facing operation as well as change the spindle speed.

Changethefollowing parameters:
Approach: 15in_mn, Machining: 25in_mn, Retract: 5in_mn

Since thereis not afinish path defined, it is unnecessary to define a finish path feedrate.
Thereisjust one set of options |eft to define, the macros.

Macros tab

Select the macrostab. g% There are severa parameters available in the macros
panel. Take acloser look at some of the different options.

— Macro Definition

L] Approach Ll Retract [ Return in a lewvel

(1 Eeturn hetween lewels [] Clearance

— Options

[] Cornerized clearance with radius 3|D.1‘IEH 1in

[

£

i v [ P I 2

m—I

The macro definition area defines what macros are going to be applied and what macros are
not. By selecting and turning on different check boxes, you can control the different macros
that will be applied.

The series of largeicons at the bottom allow you to use pre-defined macros or to build your
own. Most macros that you will use will be user built macros. Take a close look at the user
macro definition icons.
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=i\ £ B 4|

= Applies atangential motion approaching or leaving the part
%221 Appliesanormal motion away from or approaching the part
2'7 Inserts an axial motion a given distance

)

Creates a circular motion approaching or retracting from the part

,éf Creates aramping or helical motion into a part

Inserts Post Processor words directly into the macro

T|L Inserts an axial motion to a plane

5‘; Removes all motionsin the macro

Copies amacro to al macro motions of that type. For example, if you build a
specific approach macro, it will copy that approach to all approach motions of the
return and linking macros.

Turn on the Approach and Retract macros. Thiswill tell CATIA that you are going to
define both an approach and aretract macro in your machining operation.

Use the drop down and select the Approach macro. Thiswill define what macro you are
going to build. When the macro has a green checkmark beside it, it means that this macro
has been defined. When the macro hasared “X” beside it, then the macro has not been
defined.

Select the user defined macro icon. ﬂ,ia,, Thiswill bring up the previouslist of icons that
allow you to build your own macro.

Select the axisto a planeicon. IEl Notice the planeis orange/ peach colored. This
means that selecting a plane by hand is not necessary. Since you defined a safety planein
the part operation, that plane will be used as the axial motion plane.

Createthe same macro for theretract motion. The stepsfor thiswill be the same. Use
the drop down to select the retract macro. Select the user defined macro icon and then
select the axis to a plane icon to create the motion.
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Select OK to the Facing panel. Typically replaying your operations would be done within
the machining operation panel, but for now, close it so you can save your document.

It isfinally time to replay your machining operation. Replaying your operations can become
very involved.

Save your document before moving on.

PP

=R ProcessList
#— Part Operation.1
L Manutacturing Program.1
i—% Tool Change.1 T1 Face Mill D 50
w Facing.1
-—g ProductList
*—@ Basic Machining (Basic Machining.1)

L 1Iftes.w:)urt:es.Lis.t
02, 3-Axis Machine
3 T1 Face Mill D 50
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Replaying

Replaying your machining operationsis a very important part of this class and in industry.
Y ou must make sure your tool paths are what you expect them to be before you send your
program to the machine. A mistakein tool pathsin CATIA costsonly alittletimeto fix. A
mistake in tool paths at the machine could cost much more due to machine breakage, tool
breakage or other various problems.

Before beginning to replay, make sure a particular setting is set in the options panel.

Select pull down menu Tools, Options, NC Manufacturing, Display tab. Thisiswhere
the customization options for NC Manufacturing are held.

Turn on the check box for Display tool near cursor position on tool path. This option
will show the tool wherever your cursor is along the replayed tool path. Although not
necessary, thisis a nice feature to have turned on.

Select OK when done. Thiswill save the new customization setting.

Select the tool path replay icon. [+ Again, when you select thisicon, nothing happens.
CATIA iswaiting for you to select what machining operation you wish to replay.

Select the Facing.1 machining operation. A tool path computation dialog box will
display. Thisiswhere CATIA is computing the tool path that the tool will take. Assoon as
the computation is over, the tool path and the tool is viewable.
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The replay window is also shown. Take acloser look at this window.

2 x]
NEINE
‘&g’l‘*”l" | b |» @0\ &
Al tool path displayed % E
Feedrate =39, 37in_mn

#=18in Y =7.25N £=5.28%9n

— Tool animation

[=071=0K=1
Machining ime = 295.87&s Total ime = 295,
& K |
e

Under the Tool animation areais a series of play controls. These work similar to VCR play
controls and will show the tool path being played forward, backwards or paused.

Controls the tool path replay steps
N8

" Continuous replay, the tool will not stop until it reaches the end of the
operation

A plane by plane replay, the tool stops each time it movesto a different axial
location

=
4@*‘ Feedrate change replay, the tool stops each time the feedrate is changed
_1;:" Point by point replay, each visualization step that is made the tool stops
_i',l__ Controls the tool visualization
A
. Shows only the last tool position

‘Ly Shows only the tool axis vector

Q:'«zf Shows dl tool positions
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[
B

&

49

Controls the color mode

kz}ilég Keeps all tool path colors the same

%‘:zli\g Shows the different operations with a different color of tool path

When surface machining, this alows the tool path to be shown at the tool center or
where the tool contacts the surface.

Photo mode, shows a picture of the stock material with the machined material
removed. If your tool path missed a spot, then the spot would show up in the picture
mode. Whilein photo mode there are two icons that become available.

Analyze photo mode, this brings up another window for checking for errors. With
the Errors window you can check for gouges, undercuts and tool clashes.

Erors _ HH]
Filter Setting

Tvpe: [ Gouge

Taolerance : In_m nooo E

4 Undercut
(1 Tool Clash
Faults
Lndercut 1 j
Type I_ndercut
Operation
Marmal Dewviation ; 15.844825
Aread 3965 602061
Close-up |
_Close_|
=

The analyze photo mode utilizes the final design part that you specified and comparesit to
the part that was milled. If there are deviations based on a specified tolerance, then it will
be reported here.

aswell as the resolution settings for the photo.

El Adjusts the settings of the photo mode, thiswill control the different color settings
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&6| Checkstoinsurethat the machine programmed for has enough travel and in the case
of amulti axis machine, enough rotation angles. Thisicon only works when Virtual
NC has been installed.

ﬁ_ Simulation mode icon, shows the tool making passes around the part and shows the
material being removed as it makes its passes.

& Save video result, allows you to save a CATIA Geometric Representation (CGR) file
of the milled part. This CGR file can then be imported back into the assembly if
desired.

Select the beginning of tool path icon. ‘&I Thiswill remove the visualization of the tool
path already on the part.

Select the play icon. Iil The tool will pass over the part showing the tool path replay.

To see what the final milled stock material is going to look like, use the photo mode.

Select the photo modeicon. @ CATIA will calculate for a second and then display an
image of the final milled stock material. Notice the top of the part is adark green color.
This denotes where the stock was milled.

Select OK. Thiswill take you back to the machining process. It is now time to continue
machining.

PP

5 ProcessList
= Part Operation.1
s Manufacturing Program.
'—% Tool Change.1 T1 Face Mill D 50
w Facing.1 {Computed)
7 ProductList

*—@ Basic Machining (Basic Machining.1)

= BesourcesList
18 3-Axis Machine

T3 T1 Face Mill D 50
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Contour Milling

Contour milling will alow you to create a machining operation that follows along the
outside of apart. You will use contour milling to mill around the outside of the stock
material until itisat thefina part thickness.

Before beginning to contour mill, it is strongly advisable to hide the stock material. The
section from here on will assume that you have the stock material hidden and out of the

way.

Select the profile contour milling icon. i Nothing will happen until you select where
you want to insert the milling operation.

Select the Facing.1 machining operation. A Profile Contouring.1 machining operation is
added to the tree under the Tool Change operation.

The Profile Contouring window displays. Notice al the icons are the same. Y ou will find
the same six tabs for al the different machining operations.

Profile Contouring Methods

There is quite arange of methods to machine the profile of apart. In fact, there are enough
methods that a separate section discussing them is necessary. The four main different types
of profile milling are Between Two Planes, Between Two Curves, Between Curve and
Surfaces, and By Flank Contouring. Each of these types will be investigated further. In
order to change the type you must press the third mouse button while on the current
contouring method.
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Between Two Planes

Milling between two planes is the most common profile contouring method.

Cffset on Top : Qin Top : Soft

Stop :In Start : In
Offset on Check : Oin

Bottorn : Hard

Between Two Planes
Offset on Bottom : 0in
Cffset on Gontour : 0in

Thisisthe default method of milling between two planes. There are two options that are of
major concern, the top and bottom conditions. Right now the top is set to a soft condition,
meaning that the tool is free to pass aboveit. The bottom is hard, denoting that the tool
cannot pass beyond a selected base. Changing the top to a hard condition will impose an
upper limit on the tool as shown below.

Bottom : Hard

A soft bottom will alow the tool to pass beyond the bottom of the part. For many cases of
milling around the outside profile of a part you would want the top and bottom to be soft,
resulting in a profile such as the one shown below.
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Between Two Curves

Machining between two curvesis similar to machining by planes. With machining by
curves however, it is not necessary to have completely planer surfaces to machine. The
geometry can be defined by curves as well as surfaces and faces, but most generally you will
want to define the geometry by curves or edges of your part. Thisoption is specifically
useful when you have anon-planar contour along the top of your part. The tool will follow
that contour along the top and then begin to flatten out as it makes passes towards the
bottom.

Between Curve and Surfaces

This option works the exact same way as the between two curves option. The only
difference between the two optionsis the ability to define a hard limiting surface along the
bottom of your profile.
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By Flank Contouring

Thisisthe most basic of profile contouring. Flank contouring only mills straight sides. If
you have a profile with a curve or rounded edge of any kind, thisis not the option to use.
Flank contouring also only mills one element. If aprofile has several segments, again, this
will not mill it.

T

Back to milling your part.

Sincethetop is planar, it is unnecessary to use the curve milling options. The profileis not
simple enough for flank contouring either, so the between two planes option will be utilized.

Be surethe profile contouring method is set to Between Two Planes. Thisoption isthe
bottom left corner of the sensitive area as shown below.

Offset on Top : Oin Top : Soft

Stop ; Out Start : Out
Offset on Check : Oin

Bottomn : Hard

Between Two Planes (—

Offset on Bottom : Oin
Offset on Contour : 0in
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There is no upper limit or lower limit on your part, so the top and bottom limits need to be
set to soft boundaries.

Set thetop and bottom to soft. The soft boundaries will allow the tool to pass above
and/or below the contour if necessary. There are afew more options to define before
defining the geometry.

Offset on Top : Oin Top:Soft

Stop : Out Start : Out
Offset on Check : Oin

Qin -~ ,
Bottom : Soft 0in

Between Two Planes
Offset on Bottom @ Oin
Cifset on Contour : 0in

Change the Offset on Bottom to be-.020in. This can be accomplished by double selecting
the Offset on Bottom parameter and then keying in the -.020 distance.

Why did you make the tool go below the bottom plane by twenty thousands? The reason
you did this was to set the tool below the bottom contour. When an end mill is used, the
corner on the edge may dull dlightly, thus creating a small radius around the bottom. If you
run the tool exactly along the bottom of the profile, asmall burr, or edge will be left behind.
This part will then have to be taken to get de-burred. By offsetting the tool -.020 along the
bottom you avoid having that burr and you end up with a nice sharp straight edge when the
cutter isdone. A negative offset of .020 isonly arule of thumb. Sometimes it may be
necessary to offset the cutter alittle more, sometimes alittle less.

The start and stop area definition is unnecessary. Since you are milling a closed profile, the
difference will not be noticeable. But, if you want to change the conditions, using the third
mouse button select on the stop or start condition and change it.

Now it is time to define some geometry. First, the top plane will be defined.
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Select the top of the sensitive area part. Thiswill define the top of the part. Select the
area shown below.

Bottom : Soft

Select thetop of the part. Thiswill define the top limit of the profile. Thetop of the part
is not necessary, but is useful in determining the number of axial stepsto make. Thetop of
the sensitive profile should turn green and the Profile Contouring window should display

again.

Using the third mouse button select on the side of the profile part. Thiswill bring up
the different selection options. The selection options that you see here are the same
selection options that were discussed with face milling.

Select By Belt of Faces. Thiswill allow you to define your profile by a series of faces.

Select all of the exterior faces around the part. If you want, after you select aface on the
back side, you can select the navigate on faces icon on the Face Selection toolbar. This will
select al of the faces around the back of the part automatically.

Be surethe guide arrow pointstowar dsthe outside of the part and select OK. The
guide arrow isthe side of the profile that will be milled. If the arrow is pointing inwards,
then the inside of the part will be machined.

The last thing that needs to be defined is the bottom of the part.

Select the bottom plane definition from the sensitive area. Thiswill be the red plane that
isin the center of the profile as shown below.
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Select the bottom of the part. Thiswill define the bottom of the profile that will be cut.
The geometry definition is now complete. If an open profile were to be milled, you could
define start and ending limits and if a clamp or other holding fixture was present you could

define check curvesto

avoid them.

Change to the machining oper ation parameterstab. Thiswill bethefirst tab in the

Series.

There are afew different options in the machining parameters panel.

Tool Path Style
Zig Zag

One Way

Profile Contouring.1 ilil
Mame: Profile ContoLiring. 1]
Comment: | Mo Description
G | G | A | 8RS |
Maowe the cursor over a sensifive area.
0.25in
g

Tool path style: IOne way v|

Machining | Stepover | Firishing |

Direction of cut: ICIimb j ?

Machining tolerance: I0.004in E %

Flxtre accuracy: I 0.00in E

Type of Co”tour:IOptimized j ?

4 Close tool path 2

Percentage overlap: |35 E ?

QUEpLE bype:. IStandard |

Compensaton : P1 =

Replay I
@ ak | Preview | @ cance |
-

Runs the tool back and forth across the profile

Makes one directional cutting
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Machining

Close tool path Checkbox to select if the tool path is on aclosed contour
Sepover
Sequencing controls whether the radial passes get made first or the axial
paths
Automatic draft angle Puts adraft angle on your part asit is being machined

Change thefollowing settings:

Tool path style: |One way vI Tool path style: |One wary 'I

"Machining | Stepover | Finishing | mactining | Stepover | Frishing |
Direction of cut: |Climb j ? Sequencing: |Radia| first j ?
Machiring tolerance: [0.0041n = s —Radial strategy (Or)
_ Distance betiveen paths:lo 250N E ?
Fixture accuracy: |0.004in E :
Murmber of paths: |2 E ?
Type of contour:loptimized j ?

—Axial Strategy (Da)

3 Close tool path ? '
P Mode: |Ma><imum depth of cut j 3
Percentage overlap: |35 E ?
Mexdrmum depth of cut: (0,375 =
Cutput type: |standard |

Mumber of levels: I B 3

Automatic draft angle: Iodeg

Compensation Pl -

Tool path style: Ione way -l

tachining | Stepover |

Mode: |At last level j ?

Side finish thickness: |0.05in E ?
Side finish thickness on bottom: | 0ir E ?
Bottom finish thickness: IOi” ?
[ Spring pass

Thiswill set all the settings to something more desirable. Next, the tool needs to be
defined.
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Changeto thetool tab. You'll note the face mill isstill defined. That is because you put
the profile contouring operation after the facing operation that was under the face mill tool
change. Thiswill not hurt anything. Y ou are going to change the tool to an end mill, and a
tool change will automatically be inserted.

Changethetool typeto End Mill. You'll noticein the tree anew tool change
operation has been added and the profile contouring operation was moved under that tool
change. Now it istimeto define the tool.

Change thetool parametersto those shown below.
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db = 1in, L=5in, [=2.75in, Lc=2.5in, D=1in and Rc=0in

The speeds and feeds that you used for the face milling operation will still be present in the
feedrate options. However, it is still agood ideato take alook at them to make sure they
areright.

Changeto the feeds and speedstab. A few valueswill be changed here. For example, the
finishing feedrate is somewhat slow. This could be sped up some as well as the retracting
feedrate.

Change thefollowing parametersfor the speeds and feeds:
Retract 20in_mn
Finishing 12in_mn

The macros that you used in the facing operation are still the same as those used here.
Check the macro tab to make sure the macros are right but you will find that you do not
have to re-define any of them.

Select the Replay button at the bottom of the Profile Contouring window. Thiswill
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display the replay control window.

Rewind and replay the tool path. This can be done by selecting the rewind icon ( ‘ﬂ)
and then selecting the play icon ( u).

Simulating the Replay

Thistime you are going to simulate the replay. Thiswill show actual material removal from
the stock part.

Select the simulation mode icon. % When the mode loads you will get awindow
similar to that of the picture mode.

Select the play icon. Watch the material on the screen. Notice that as the tool passes over
the part the material is being removed. Thiswill turn out to be the most effective method of
replaying your manufacturing programs.

After the replay ends, the part is shown as it would end up on the machine. If there were
missed spots, they would be identifiable by the ssmulation replay.

Select OK in thereplay window and the Profile Contouring window. Thiswill finish the
replay and the profile contouring.

Next, it istimeto look at the last of the basic milling operations, pocketing. Thiswould be
agood time to save your document before continuing.
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Manually Defining Tool Changes

Sometimesit is desirable to manually insert atool change. Maybe you want to be able to
measure the part without getting out of the machining operation definition panel or for some
other reason. By manually defining atool change, you can aso define atool assembly or
the tool holder that goes with thetool. Defining the tool holder can be very important in the
replay or validation process in order to determine how much clearance there is between the
tool and the part. Take alook at inserting atool change before creating the pocket
operation.

Select thetool change drop down. : +~ To0 accessthe drop down, select the small black
triangle on the bottom right corner of the icon.

Thetool change series of iconswill display.

|3 35030 0T000RDS G0

Each tool shown here was discussed in the introduction of this book. Y ou want to change
the tool to adifferent end mill than the one used to profile the part.

Select the end mill tool change icon. Y ou will see anew tool being added to the
resources list. Note that the tool change is not inserted into the program though. The tool
changeis not inserted because CATIA does not know where to place the tool change.
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Select the Profile Contouring.1 machining operation. A tool changeis added to the
manufacturing program. The tool change window is displayed.

Tool Change.3 2] ]
Marme: [Tool Change.3
Comment: [NoDescription
3 |28 | 0= |
AN EMEN N EE Pk
Name [T5End MIllD 10 @
Comment : |
Tool number: |3 E
[ Ball-end tool
b adb=05in
| &
|
|
. g
& T b
= |
o 1
§ | i
v ’; ¥
=0.125] p . |4 D=075in
hara>> I
Feplay.. l
@ ok | @ Cancel |
i

There are three tabs across the top of the tool change window. Thefirst tab defines the tool,
the second tab allows you to define the tool assembly and the last tab alows you to add
additional post processor words to the tool change command. The last tab will not be

modified.
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Selecting the More>> button at the bottom of the window shows additional information
that can be entered about the tool.

| Technology | Feeds & Speeds |[§ i Geometry | | Feeds&Speed:ﬁ KNI
Morminal diameter (D):m Number of fiutes |4—E

Corner radius (Rc): m Way of rotation : W

Orverall length (L): m Machining quality : m

Cutting length (Le)  [TGee5mn |2 Composition : [orepece =]

Length (I): m Tooth material : IW

Body diameter (db): m Tooth description : l—

Tooth material desc. ; |—
Tool rake angle m
Max plunge angle m
Max machining length IOIH—E
Max life time : IOS E
Coolant syntax : I—
Weight syntax ; —

Technology

Finishing cuttng speed : Io;n_mn E
Finishing feed/tooth : Io;n_tum E

Axial depth of cutfor finish @ [oiy
Radial depth of cut for finish @ [oiq

Roughing cutting speed : |oin_mn E
RoLghing feed/tooth Iom_u_;m E

Axial depth of cut for rough . [oin

Radial depth of cut for rough : IOin E

The Geometry tab (shown on the top |eft) allows you to enter the data about the tool without
double selecting on the tool parameters. The Technology tab (shown on the top right)
allows you to add additional information about the tool. The Feeds & Speeds tab (shown on
the bottom) allows you to define specific speeds and feedrate information for thetool. The
Compensation tab (not shown) alows you to define cutter compensation values for the tool.
Cutter compensation is necessary when atool has been re-sharpened and is slightly smaller
than the original size. For example, al" diameter end mill may get re-sharpened and after
re-sharpening the tool diameter is.975". The.025" differenceis defined in the
compensation tab to correct for the re-sharpening.
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Take acloser look at the Technology tab.

Number of Flutes Defines the total number of flutes on the tool
Way of Rotation Defines the direction that the tool should be spun

Machining Quality  Defines the finished cut of the pass. Y ou have three choices: Rough
defines arough edge that will need smoothing, Finish defines that
you will end up with a smooth, finished cut, and Either meansthat it
can be used for roughening or finishing.

Composition Definesif the tool can be used alone (one piece) or if it requires an
insert holder
Tooth Material Defines the material that the teeth of the cutter are made of

Tooth Description  Allows you to enter any additional description of the tool

Tooth Material Description If thetool is of a special material, a brief description of the
material can be made here

Tool Rake angle Allows you to define the rake angle that the tool will run at

Max Plunge Angle  Defines the maximum plunge angle that the tool can handle

Max Machining Length Defines the maximum depth that the tool can cut in one pass
Max Life Time Defines the maximum time that the tool can be used in
seconds

Coolant and Weight Syntax  Allows you to add specia syntax words or commands about
the coolant or the tool weight
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Change the following Geometry and Technology infor mation:

| Technoiogy | Feeds & Speeds |¢ g Geometry | Technology | Feeds & Speed{ 4[|
Marinal diameter (D}: ; Murnber of flutes |4 E

!

Corner radius (Rc):  [g 125in Wiy of rotation ; IRight hand ,l

Overall length (L) [3in = Machining qualty : Im
Cutting length (L) |2in ; Compasiton IOr‘le piece vl
Length (l}: |— Tooth material High speed steel +
Body diameter (cb):

Tooth description ; |
Tooth material desc, : |

Tool rake angle | Odeg

Max plunge angle : I 120deqg

Max machining length :|Oir'|

b (b E D

Max life time IOS

Coolant syntax . |
Wifeight syntax |

Thiswill fully define the tool itself. Next, define atool assembly.

Select the tool assembly tab. &% Thistabwill allow you to define atool assembly.
Since no database is implemented yet, the first question that CATIA will inquire about is the
name of the assembly.

Change the Nameto Tool Assembly 1. Do not forget to press Enter after you key in the
name. Thiswill tell CATIA that you are going to be making atool assembly to hold the
tool. Another sensitive area displays.

4.6988in
"

1.125in

.
-~

: 0.75in

© Wichita State University Basic Machining, Page 85



CATIA Prismatic Machining CATIA® V5R7

Thisisasimple representation of the tool holder aswell asthe tool itself. Note some of the
information is already entered about the tool. Things such as the tool diameter and the tool
length is already an even number.

Change the parameter sto match the following:

5.5in

kI N yu 1.125in

0.75in

Thiswill define the tool assembly that will be needed for thistool.

Select OK. Thisinsertsthetool change operation into your manufacturing program.
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Pocketing

Pocketing cuts out the inside area of a part. Pocketing operations can also clear out an area,
other wise known as an open pocket but that will be investigated later.

Select the pocketing icon. @ Asusual, CATIA needs alocation for the machining
operation.

Select Tool Change.3 to insert the pocket operation after. The pocket operation will be
inserted and then the Pocketing window will display.

The sensitive area shown is similar to the ones you have seen before. There are some areas
in red, like the bottom of the pocket and the boundary, and there are some areas that are a
peach, or pink color.

There are several pocket types that can be made. Take a quick look at the differences
between them.

Hard Bottom, Closed Pocket

Inner point : Imposed Bottom : Hard

Offset on Hard Boundary : Oin

Offset on Contour : Oin
Offset on Bottom : =0.02in Closed Pocket

This pocket is denoted by having a solid bottom and has boundaries on all sides. Thisis
your most common type of pocket. Note the optional selectable cube in the center of the
pocket. This allows you to define islands or areas that the tool should not cut inside a
pocket.
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Soft Bottom, Closed Pocket

Inner paint ; Imposed

Offset on Hard Boundary : 0in

Offset on Contour : 0in
Offset on Battom : -0.02in Closed Pocket

In thisinstance, the bottom is considered non-existent. Thetool is allowed to cut all the
way through the pocket, thus creating alarge open hole. With this type of pocket, you
would most commonly want to set a bottom offset to drop the tool slightly below the bottom

edge of the pocket.

Hard Bottom, Open Pocket

Bottom : Hard

Inner paint ; Imposed

Offset on Soft Boundary : Oin
Offset on Hard Boundary : Oin
Offset on Contour : Oin

Offset on Battom : -0.02in

Open Pocket

Open pockets work in asimilar fashion that the closed pockets do. The major exception is
the pocket does not need afull boundary to complete the operation. Thetool isaso alowed

to pass beyond the open end of the pocket.
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Soft Bottom, Open Pocket

Bottom : Soft

Inner paint ; Imposed

Offset on Soft Boundary ; Oin
Offset on Hard Boundary : 0in

Offset on Contour : 0in
Offset on Bottom : -0.02in Open Pocket

This type of pocket makes the pocket open on aside as well as open through the bottom.

Be surethe Bottom is set to Hard and the pocket isclosed. Given the geometry that is
present in the part as well as the different options given for pockets, a hard bottom and
closed pocket is the pocketing method of choice.

Using the third mouse button select on a sidewall of the pocket. Thiswill show the
alternate selection options.

Select By Belt of Faces. Remember, By Belt of Faces will alow you to select the boundary
by the faces themselves and not just the edges.

Select theinside walls of the pocket. Thiswill define the boundary drive elements for the
pocket. Do not press the navigate icon. Selecting thisicon will make the face selection
navigate around the bottom of the sidewalls as well asthe sides. Thisis not what you want.

Select the preview icon. % The preview icon will show aheavy red curve at the bottom
of the part where the boundaries of the pocket are.
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Select OK when done. Thiswill define the outside perimeter of the pocket. Next, the
bottom will be defined.

Select the bottom of the pocket from the sensitivearea. Thiswill wait for you to select
the bottom of the pocket from the geometry.

Select theinside bottom of the pocket. Thiswill define the bottom of the pocket. The top
of the pocket is the last thing that will be defined.

Select the top edge of the pocket from the sensitive area and then select thetop of the
part. Thisfinishesthe geometry definition for the pocket.

Before continuing notice the Offset on Bottom has a negative offset. Thiswill undercut the
pocket. The-0.02in was a carry-over from the profile operation. Since the parameter isthe
same between the two operations the values carry over.

Change the Offset on Bottom to be Oin. Thiswill keep you from undercutting the pocket
operation.

Switch to the machine operation parameterstab. You will note that the values are again
carried over from the profile operation.

Add a completefinish path. A complete finish pass adds a finish path on the side as well
as the bottom.

Change the Side finish thickness to .05, the Bottom finish thicknessto .05 and turn the
Avoid scallops on bottom checkbox on. Avoid scallops on bottom will make the cutter cut
in passes that will minimize the number and height of the scallops found aong the bottom
of the pocket.

All of therest of the information for the pocket has been defined. Normally, you would
have to define the tool but since the tool was defined with the tool change it is unnecessary
to define it here. You can check the different tabs to make sure everything looksin order,
but you will find that everything is good to go.

Select OK. Thiswould make a good point to save and replay your program.

Notice the tool holder only shows for the last tool change. The other tool change operations
do not have atool assembly defined with them.
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Save and close your document.
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Curve Following

Curve following is one of the more simple machining operations. A curve of any type, or
series of curves, needs to be defined. This can either be done by a sketch, or through
wireframe techniques. The tool is then instructed to follow along the curve, at a given
distance below the curve. Note the word below was used. CATIA assumes that the curve or
sketch that will be used is placed above, or on top of the areato be machined. If the sketch
is below the machine area, afew tricks have to be applied, which will become obvious as
you work through the exercise.

Open the Curve Following Machining process. Thisisamachining process that has
already been defined and started for you. This can be found in the Curve Following folder.

This document has afew features that will be machined. First, the 3-D curve that flows
through the model will be machined. Secondly, the letters C, A and D will be scribed into
the block. Thelast step will be to mill the front ledge. The front ledge will be machined
with the point-to-point icon, instead of the curve following icon.

Select the curvefollowingicon. &7 Thiswill bring up the Curve Following window.
The sensitive area for this option only has afew optionsto it. Remember, you need to select
where you want to insert the curve following.
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Offset on Check : Oin

Select the heavy curvefollowing line from the sensitive area. Thisisindicated above.
Thisisthe guide curve you select when you want to define the curve that will be followed.

Notice the edge selection toolbar appears. Thisis because edges can also be selected as
lines and curves for the tool to follow aong.

Select the 3-D curve that flowsthrough the part and select OK. Thiswill define the
curve that the tool will follow. If there are several curves, they can be selected sequentially.

Changethe axial offset to Oin. Thiswill make surethe lineitself gets machine. The offset
can either be positive or negative.

Change to the machining operation parameterstab. There are only two tabs within the
machining operation parameters. The Machining tab holds information about the machine
tolerance and fixture accuracy and the Stepover tab controls how many levels are going to
be cut before the selected curveis cut.

Select the Stepover tab and change the options to match what is shown below. Thiswill
make the tool cut three passes, each .25" deep. Thefinal passwill be on the same level as
the curve,

Machining | Stepower |

Maximum depth of cut: [0.25n =

Mumber of levels: I 3 E

Change the Tool path styleto One Way. Thiswill make the tool only cut in one direction.
Since aone way path isbeing used return macros will be necessary.
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Createthefollowing end mill to cut the curve.

“él

L =4in

Re=5i
Rc=0.5in, D=1in, Lc=2.25in, |=2.5in, L=4in and db=1in

Set the following feedrates and spindle speed.

—Feedrate
Approach; | 10in_mn

IMachining: I 20in_mn

Retract: I 15in_rmr

Finishing: I Sin_mn

I_Imits

L<| (] EB] BRI R

|Lir'|ear

—Spindle Speed
4 Spindle output
Machining: I Fotrm_mn
LIt

L fpl

|Ar‘|gular

The last step isto define the macros.
Definethe following macros, all with a straight retract to the clearance plane.
Approach
Retract
Returnin alevel
Return between levels

Select OK when done. Don't forget to replay the machining operation.
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Next, theletters C, A, and D will all be scribed into the block.

Select the curvefollowing icon. Definethe curvefollowing process after the previous
curvefollowing process. Az Thistime the entire sketch will need to be selected.

Expand the Curve Following Assembly and the Curve Following part until you find the
C-Sketch. Remember, to expand the tree, al that needs to be doneisto select the plus (+)
beside the branch.

Select the red guiding element from the sensitive area. Thistime the entire sketch will be
machined.

Select the C-Sketch from the specification tree and select OK when done. The entire
sketch will be defined to be the machining elements.

Since the letters are going to be scribed into the part a negative offset will be necessary.
Changethe offset to be -.050in. A depth of .050 will be deep enough to recognize.

I n the machining operation parameters, change the maximum depth of cut to be .025in
and the number of levelsto be 2. Thiswill make the scribe cut the letter twice, each at
.025" deep per pass.

Since thereis not a scribe tool icon, a speciaized canonical mill will have to suffice.

Changeto thetool tab and select the canonical mill icon. | 7 | If you remember from
the introduction, canonical mills are cutters that taper to the end. The mill that is going to
be used here is going to taper to aend radius of zero.

Change the commentsfield toread Scribetool. Thisadded bit of information will help
you remember what type of tool you are modeling.
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Change thetool parametersto thefollowing. Note: the tool diameter (D) has been
omitted. Thisvalue will be calcul ated based on other defined values.
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d=0in, Rc=0in, A=60deg, L c=0.5in, |=0.75in, L=4in and db=0.5in

The feedrates and spindle speed are still set from the last curve following machining process
that was used, hence they do not need to be changed. However, it isstill agood ideato take
aquick look at them to make sure they are right. The same goes for the macro.

Select OK when done. Asalways, don't forget to replay the operation before calling it
done.

Create a curve following machining process for the A and D. The same series of steps
apply and remember, you will want to select the A and D from the specifications tree.
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Point to Point

Point to point curve following is by far the easiest type of machining process that can be
made. All that needsto be defined is a series of points and then the tool will go from one
point to another in a connect-the-dots fashion.

Define a point to point machining process after thelast curve following operation.
4 Remember, you have to select where you want the operation to appear.

The sensitive area for a point to point operation is very smple. The heavy red line below
the green lineisthe positions line. Thisiswhat you select to define and add points to the
point to point operation.

No point

Select the positionsline. The window disappears and waits for you to select points.
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Select the two vertex points of thefront slot in a climb milling direction. The vertex
points are indicated below. Y ou will want to select where the heavy, dashed arrow isfirst,
then the other vertex point. The order they are selected is the order in which they get
machined.

When done, double select in space. Thiswill finish the point selection.

If you check the machining operation parameters tab, you will note there is nothing there but
acutter compensation. Aswas said earlier, the point to point operation is very simplistic,
and does not have alot of fancy options. The tool does need to be changed though.

Select the tool tab. Thetool used for thefirst curve following operation will work here, but
instead of re-creating a new tool, you are going to use the original tool.
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Select thethree dotsjust to theright of the namefield on thetool. _.. | Thisisgoingto
bring up the Search Tool window.

T1ENd Ml O 10
T2 Conical Mill & 25

2 tool(s) found

W Cancel |

Any toolsthat you create in a V5 machining process will be part of the machining process.
This dialog shows you all the tools that you have created and allows you to select one to
re-use.

Select the T1 End Mill D10. Thetool and its parameters will be shown in the tool sensitive
area. Noticetheline of iconsstill has the canonical mill depressed. Thisis not a problem.
Since you used atool already created the selection at the top has no impact.

Select OK when done. Do not forget to check the macros, feedrates, spindle speed and
most importantly the replay.
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Axial Machining

Axial machining involves all circular drilling type motions. In this exercise, the machining
that you utilized in the prior section will not be necessary. The part just needs to be drilled,
using several different drilling tools. The order in which holes are drilled is not as
important as the order that a part gets machined. Usually drilling operations get performed
last.

Open Axial Machining from the Axial Motionsfolder. This part aready has the Part
Operation defined for you. Do not forget to save the document into your directory.

When drilling a hole, especidly if the hole is somewhat large ( %2" + ), the hole should be
spot drilled or center drilled first. Spot drilling a hole does one of two things. First, the
hole has asmall drill location in the center of the hole. This keepsthe larger drill bit from
“walking” or working its way off-center. The second reason to spot drill a hole before
starting in on alarger cutter isto keep thetip of the larger drill bit from wearing down
quickly. Starting anew large hole with the large drill bit can cut away at the tip, so by
creating asmall hole for the tip to set into, the tip is saved from having to initially start the
hole.

All drilling icons are kept under oneicon.
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Spot Drilling

Select the spot drill icon and then select Manufacturing Program. 1. et You haveto
select Manufacturing Program.1 before CATIA knows where to put the spot drilling
motion. The Spot Drilling window will display.

Notice from the sensitive area that there is only one bit of information that is mandatory, the
hole location.

Select the hole location sensitive area. Thiswill alow you to define what holes are going
to be spot drilled.

Closast
Mo point

¥

Origin offset : Oin T

Oin

o

1

/ .

. 4, Qin
|

Thiswill display the Pattern Selection window. The pattern selection alows you to re-use
machining patterns or re-use design patterns that you created when drawing the part. The
pattern that you are creating is going to contain the four larger holes on the main body of the
part.

Pattern Selection HE

W n

@ Machining/Design Patterns |
w3 Axial Part.1

te

i Machining Pattern.1

-
1 [1v]
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Select the four holes shown below. When selecting the holes you will not get a pre-
selection showing you that you are going to be selecting the hole. Y ou also do not want to
try to select the edges of the holes, but instead, you want to select the inside faces of the
holes. The order that you select the holes isirrelevant but will determine the order of the
holes.

Double select in space. You have to double select on nothing to tell CATIA that you are
done selecting points.

Notice the diameter of the hole is automatically inserted into the sensitive area. Thisis
common for drilling motions. When you select a hole of any type, the size of the holeis
automatically determined as well as the depth and is entered into the appropriate fields.
Notice the depth of the spot drill is still zero however. Thisis because CATIA isunsure
how deep you want to spot drill the holes.

Changethedepth of the holeto be 0.125in. This can be accomplished by double selecting
the value and then keying in 0.125.

There are till afew more pieces of information that you will want to add to the spot drill
sensitive area. Next, you will want to define the top of the holes.
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Select the top of the spot drill sensitivearea. Thiswill be the heavy pink line across the
top. Thiswill define the top of the holes. Thisis an optional selection because CATIA will
assume that the top of the holeisthe top of the material. Defining the top in this manner is
especialy important when the top of the hole is not the top of the material, asin the case

where you are drilling holes before facing off a part.

Origin offset : Oin T

Qin

/

™y
Ld

0.125in

Closest
4 Points

4 0.375in
A

Select the top of the main body of the part. Thiswill define the top of the holes. The last
thing that you will want to define is the jump height. Notice the small green line that has
the arrow along the top. This represents the default linking macro that will be applied to the
spot drilling operations. Y ou will want to make the height of the jump or link between the
holes something larger than zero. Leaving the height at zero will drag the tool aong the top

of the part causing scratches or worse, broken tools.

Changethejump height to 0.25in. Thiswill make the tool jump /4" between each hole.

Origin offset : Oin T

0.25in |

h 4

™y
Ld

0.125in

/

Closest
4 Points

4 0.375in
A
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Change to the machining operation parameterstab. Thiswill bethefirst tab in the
series of tabs across the top. There are only afew parameters that can be set. Take a closer

look at them.

: |

Approach clearanca (4) - [0.03937in =
Depth mode : | By tip (D1 =]
Plunge mode [None =z
Dweell mode : [Mane =
First compensation: |1 =]

Output CYCLE syntax: &

Approach clearance Defines the height above the point that the drill startsto spin and

Depth mode

Plunge Mode

Dwell Mode

First compensation

begin drilling. Usually you will want this to be a non-zero height but
it does not need to be too high.

Controls how CATIA measures the depth of the hole. There are two
options: By Tip and By Diameter. By Tip measures the depth of the
hole. By Diameter drillsthe hole until the holeis a particular
diameter.

Allows you to define an axial plunge determined by the depth or by
the diameter of the hole. Most times, it is advisableto leave this
option turned off.

Controls the dwelling of thetool. When turned off the tool drills the
hole and then immediately retracts. There are two options that allow
you to control the dwell: By revolutions and By time units. By
revolutions alows you to dwell the tool a particular number of
spindle revolutions while By time units allows you to dwell the tool
for a certain number of seconds.

Controls the cutter compensation which has to be pre-set with the tool
in the tool change operation.

Output CYCLE syntax Determinesif a specific CY CLE/DRILL syntax will be used or if

simple goto statements will be used to define the drill motion. If
you are unsure of the machine that the program will be ran on you
would be better off with goto statements.
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Set the Approach clearance to 0.0625in, the Dwell mode to By revolutions and the
Revolutionsto 10. Thiswill make thetool start drilling 1/16" above the part and the cutter
will dwell at the bottom of the cut for 10 revolutions.

Changeto thetool tab and set the following parametersfor a spot drill. Thiswill make
asmall holein each of the holes that you defined to spot drill.

| «_dh=0.25in

¥

L=4in

db=0.25in, L=4in, |=1.5in, D=0.1875in and A=120deg

Changeto the speeds and feeds tab and change the following feedrates and spindle
speed. Onelast thing to do, define macros.

—Feedrate

ARProach: [10in_mn 2] ORapid
Plunge:  [o.25n_mn  [&] ORapid;
Machining: I 15in_mn E
Retract: | 30in_rmn 2] OlRapid
L |Linear =l

—Spindle Speed
4 Spindle outpLt
Machining: |120tum_mr1 E

Lnit: IAngular j

Change to the macrostab and add Approach and Retract macrosthat go to the safety
plane. Remember, to do this, change to the tab, turn on the Approach and Retract check
boxes and then select the add motion to a plane icon for both.

Select OK. Thiswill finalize the spot drilling motion. Feel free to replay the operation if
desired.
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Drilling

Select thedrilling icon and then select the Spot Drilling.1 operation in the
specificationstree. _,3,_7 Drilling isyour basic drill operation that will be used to drill the
same holes that were spot drilled.

The sensitive area for the drilling motion will look very similar to that for the spot drilling
operation. The one main difference is the Extension option. There are two settings for this
option. Blind creates a hole that stops before going all the way through. Through drills the
hole al the way through the selected part. By default, the extension is set to Blind but by
selecting ahole that is all the way through a part the extension will change automatically.

Usually, you would select the side walls of the hole to define the machining pattern.
However, since you aready defined the pattern for the spot drilling motions you do not need
to re-define the pattern.

Select the machining pattern drop down and select Machining Pattern.1. Assoon as
you select the Machining Pattern.1 the menu will snap back to Machining Pattern.2. You
do not have to worry, it is just duplicating Machining Pattern.1 to Machining Pattern.2.

IMal::hining Faftern.2 j

howve the cursar over a sensitive area.

-

& Closest
No point

Origin offset : Oin
Extension : Blind

0in

Qin

Z

. P Qin

Mo geometrical feature has been selected.
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Notice the sensitive window changes and fills out will all of the necessary information. The
diameter as well as the depth and extension change to match the holes exactly.

Origin offset : 0in
Extension : Through =
£
r | Closest
4 Points
|
£ |
Ly
(=1
|
- |
" , 0.375in
M )

Feature : Hole.4 (Countersunk)
Diarmeter : 0.375i0 Depth : 0.5in
Counterbore depth : 0.25in

Angle : 80deg

Thereis, however, still some information that needs to be defined before moving on.

Definethetop and bottom of the part. This can be done by selecting the top heavy pink
line and then selecting the top of the part, and then selecting the bottom pink line and
selecting the bottom of the part.

Changethejump height to 0.25in. Again, you want the tool to pick up off of the part
between holes. This setsall of the geometric options. Y ou will now set the machining
operation parameters.

Change to the machining oper ation parameterstab. You should note that the approach
clearanceis still the same as what was set with the spot drill operation. Y ou do have a new
option, Breakthrough. Breakthrough is the distance that the tool should go through the part.
Sinceyou aredrilling all the way through the hole it is advisable to have a breakthrough
value.

Change the Breakthrough to 0.125in. Thiswill make the tool drop 1/8" below the bottom
of the part.

Next, the tool needs to be defined.
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Changeto thetool tab and set the following parameters. Thiswill define the right tool
for drilling the holes.

» | o db=0375in
| r
|
|
|
| =
. F 3 =
| I
-
= | o
L) =
[T
r E 1 c\!
I = | o
o ! -
I |
2 A=[20feg
¥ |
o h 4 ¥
A

r

| |, D=02375in
1

db=0.375in, L=4in, =2.25in, D=0.375in, A=120deg, 1d=0.10825in and L c=2in

The speeds and feeds for the tool will be the same as the spot drilling operation so there will
be no changes necessary.

Add Approach and Retract macros. Just add motionsto a plane for the macros. Thiswill
be sufficient.

Select OK to finish thedrilling operation. Again, do not forget to replay your operation to
make sure it performed as you expected.
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Drilling Pre-Defined Patterns

A lot of times a series of holes will be pre-defined in a design pattern or a pattern that was
created when designing the part. A spot drill motion will be added to the program where the
first spot drilling operation is located in the specifications tree.

Select the spot drill icon and then select Spot Drilling.1 from the specificationstree.
Notice the second spot drilling operation appears below thefirst. Thisishow you insert
operations in other places in the tree rather than just at the bottom each time.

Select the hole definition area on the sensitive area for the spot drill. Thisisthered V
at the bottom of the hole in the sensitive area. The Pattern Selection window displays

again.

Expand the Axial Part.1in the Pattern Selection window. This can be accomplished by
selecting the plus (+) on the left side of thetree. Notice the CircPattern.1. Thisisthe
pattern that was created for the holes around the center of the boss.

Double select CircPattern.1. Notice the hole diameter as well as the number of points
change to reflect the hole pattern. Also take note to the order of the hole pattern. Sometimes
the pattern may not be as desired. What you want is for the pattern to start on one side, then
drill each hole until it is on the other side. The pattern that you get by default may be similar
to the one shown below and is not what you want, if the pattern isin the proper order then
you can skip the next couple of steps. Make sure you review the steps in order to know how
to fix aproblem if it occurs.
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In the sensitive area there is aword that the jump pointsto: Closest. This denotes the order
that the holes get drilled, however, if a pre-defined pattern is used it may not drill the holes
in the correct order.

To fix the problem, you just need to define where the start point of the pattern isand then
CATIA will re-number the holes according to what hole is closest.

Using the third mouse button select on hole number six from the pattern. Thiswill
bring up the contextual menu for the hole pattern. Note: You will want to select towards the
tip of the arrow, and not at the base. This may not be necessary for you to do if your pattern
is correct already.

Center Graph

Beframe On
8]

ther Selection...

Deactwate the Point
aetas Start Point
Edit Entry Distance. ..
Edit Exit Distance...

Remowve Position

Deactivate the Point Allows you to keep a point in a machining pattern but just not
drill the hole for this operation. Thisisuseful if you want to
have just afew machining patterns. Y ou can drill only afew
holes with the specific drills, al the while using the same
pattern.

Set as Sart Point Defines where the pattern begins.

Edit Entry and Exit Distance These options allow you to manually define the distance that
the drill enters and exits from the hole.

Remove Position Allows you to completely remove a hole location from the
machining pattern.

Select Set as Start Point. The pattern will update, reordering with this hole as hole one.

Define thetop of the hole. Remember, this can be done by selecting the heavy pink line
and then selecting the top of the part.

Change the depth of the hole to 0.0625in and the jump distance to be 0.25in. Thiswill
finish setting the geometry options.

Since the spot drilling operation isinserted just after the original spot drill operation, all the
machining operation parameters, macros, and speeds and feeds will remain the same.

Select OK to finish the spot drill operation. Now it will be up to you to create a new spot
drill operation.
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Createa spot drill operation after the second spot drilling operation. Definethethree
holes as shown below to drill. Therewill be afew different optionsto set since the holes
arenot at the same level.

Do NOT define atop surface for the holes. Defining atop surface will make the tool drill at
too high or too low of alevel for al the points.

Make surethe jump height iszero. Thisisimportant. Sincethe holesare at such a
different height you will need alinking macro. The linking macro will not work if thereisa
jump height set.

Make surethe depth isdefined to be 0.125in. Since you are working with larger holes it
isagood ideato go ahead and drill them a bit deeper.

Under the macrostab, turn the Linking macro on. A linking macro has two separate
movesto it, alinking approach and alinking retract.

Add motionsto a planefor the Linking Approach and the Linking Retract. Again,
defining a plane is unnecessary since a safety plane was defined in the part operation.

Select OK to the spot drill operation. This hasfinished all of the spot drilling operations.
Replay and save your program.

This covered the basics of axial motions. Next, you will go through afew more exercises
on more specific drilling motions. Although they will be drilling motions of a different
type, they still work in the same manner as the basic drilling motions. The only thing that
differs between the different drilling motionsis the information that needs to be defined.
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Drilling Deep Hole

The drilling deep hole option will be used for the hole on top of the boss. If you remember
from the introduction, drilling deep hole will drill part ways and then completely retract the
tool to allow all the chipsto clear from the drill bit.

Select thedrilling deep holeicon and then select Drilling.1. L] If you remember from
the introduction to this book, a drilling deep hole operation will make the tool drill a
distance and then completely remove the tool and then drill a bit deeper. Thisalowsall
chips formed and bound around the tool to be removed before drilling a bit deeper.

Select the position definition from the sensitive area. Thiswill be the side of the hole.

Select theinside of the hole at the top of the boss. Thisholeaso hasaT-Slot init. Do
not worry about this now. Y ou will investigate t-slotting later. The depth and diameter of
the hole is defined automatically.

Definethetop and bottom of the hole. Make sure you select the top of the hole as the top
of the boss and not the top of the rest of the part. A jump height is not necessary because
you are only drilling one hole.

Change to the machining oper ation parameterstab. Notice there are alot of new
options. Take alook at the new options.

A

7

Approach clearance (4 |U.|3525in B =
Depth mode IElytip (o j
Breakthrough (B) : f0.125in =
tex depth of cut (Do) : |D.D1989in =
Fetract offset (Or) ; IU-U393?in =
Dectament rate |D.25 E
Decrement limit: IU.5 E
Flunge mode : INDne j ll
Dwell mode : IEIy renvalutions j
Rewvolutions |1D E —
First compensation : |1 j =]
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Thefirst three options you already know about.

Max depth of cut Defines the maximum depth that the drill will cut until it beginsa
retract motion to pull the tool back out of the hole.

Retract offset Defines how high above the previous drill peck that the next drill
cycle begins.
Decrement rate Thisistherate at which the maximum depth of cut will be reduced as

the drill goes deeper and deeper into the part.
Decrement limit This is the maximum decrement percentage that will be applied.
Therest of the options are the same as those found in the spot drilling motions.

Set thefollowing parameters. Thiswill define the deep hole drilling operation. Next, a
tool needs to be defined.

Approach clearance (&) ; IU.UEEEin E
Depth mode : IElytip (D) j
Ereakthraugh (B) [0.125in =
Max depth of cut (D) - [0.25in =
Retract offset (Or) : |D.Ell325in =
Decrement rate |EI.1 E
Decrement limit : IU.?E =
Flunge mode : INDne j ll
Cwrell mode IEI},.* revalutions j
Fevolutions : |5 E
First compensation : |1 j

Changetothetool tab. Try changing a parameter. None of the parameters are
modifiable. Thisis because the deep hole is defined after the drilling operation which
already isusing adrill bit. However, the 3/8" drill bit is not theright size. You need a1/2”
drill to drill the hole with. This means you will have to force atool change.

Select the multi diameter drill icon. g There is no intention in using a multi diameter
drill but thiswill force the tool change operation.
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Select thedrill icon again and define the following drill bit. Thiswill change the tool
change operation back to adrill tool change.

| a—dbh="0.5in
-k

¥

L=6in

1 2=din

0. 14434in

s

g =050
o]
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el gl
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=
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¥

db=0.5in, L=6in, 1=4.125in, D=0.5in, L c=4in, A=120deg and 1d=0.14434in
The last thing that needs to be added is the macros.

Add approach and retract macrosto the deep hole operation. Select OK when done.
Thiswill be the last thing that needs to be defined for the operation.

Do not forget to replay the operation when you are done.
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Drilling Break Chips

Drilling break chips will be used to drill the other two half inch holes down the center of the
part. These holes are not actually deep enough to need a drilling break chips operation but
thiswill work as an example to understand how the drilling break chips operation works.

Sdlect the drilling break chipsicon and then select Drilling Deep Hole 1. &

Remember, the drilling break chips operation drills the tool a distance into the part, then
retracts a given distance and then continuesto drill the hole. Thisissimilar to adeep hole
drilling operation except the tool is not completely retracted from the material.

Definethetwo center holesto drill. This can be done by selecting the side wall from the
sensitive area, then selecting the two holes. Do not forget that you have to double select in
space to finish the hole definition.

Definethetop, bottom and the jump height to be 0.25in. Thiswill define the geometry
that is necessary for the operation.
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The machining operation parameters tab has the same information to be defined that you
have seen and set before. Notice the similarities between the drilling deep hole and the
drilling break chips.

Add macros and select OK when done. Just an approach and retract macro is going to be
necessary. The linking macro is defined by the jump height.

Y ou will now create adrilling dwell delay operation on your own. Y ou should use your
experience from the previous exercises to perform this operation.

Createadrilling dwell delay to drill the six holes around the boss. For this you will
have to force atool change to get the tool to be the right size. That can be done by selecting
adifferent tool and then selecting the drill icon again. The pattern held under the axial part
branch can be used for the pattern. Do not forget to watch the order of the holes. You do
not want the tool crashing through the boss. The machining parameters will already be
defined and will not need changing.
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Countersinking

Since the two holes on either side of the part have already been drilled, they just need a
countersinking operation performed on them. If the holes were not drilled just yet, you
would need to use a boring and chamfering operation to perform both operations at the same
time.

Select the countersinkingicon. =% You will want to insert the countersinking operation
after Drilling Dwell Delay. 1.

Definethetwo holesto countersink aswell asthetop of the part. Select the side wall of
the hole and then select the holes from the geometry.

Set the jump height to 0.25in. Again, you want the tool to jump above the part asit goes
hole to hole. Just dragging the tool along the part is no good.

Change to the machining oper ation parameterstab. Everything here you have seen
before.

Changeto thetool tab and set the following parametersfor the countersink tool. You
will want to make sure you change the to the chamfer tool.

w | o db=05in
— -
L 1 |
3 | M
1 o
& | .
L2 1
1 ATS0deg i} i
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v |
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Be=0 0f25in o g d=01875in
«D=l1in
« Da=1.5in

db=0.5in, L=2in, 1=0.75in, d=.1875in, D=1in, Da=1.5in, Rc=.0625in, A=90deg and
L c=0.40625in

Changeto the feeds and speedstab and change the plunge feedrateto 3in_mn and the
finishing feedrateto .5in_mn. Sincethe holeis already drilled, you can speed up the
plunge feedrate.

Make sure approach and retract macros are defined. Select OK when done. Thiswill
complete the countersinking operation. Next, you will counter bore the hole opposite of the
boss.
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Counterboring

Select the counterboring icon. B Y ou will want to insert the counterbore operation
after Counter Snking.1. Thiswill be the next to last operation that you will be creating. To
counterbore the hole you will be using an end mill rather than a standard drill bit. Drills
have ataper angle at the tip of them and you do not want ataper so aflat end mill will do
the trick.

Definethe point to drill. The depth of the hole as well as the size of the counterbore is
defined.

Definethetop and bottom of the hole. The only new thing here is the bottom definition.
Instead of defining the underneath side of the part you will want to define the bottom of the
counterbore.

The machine operation parameters are al set correctly. Again, the values from the previous
axial machining operations carry over.

Changeto the tool tab and change thetool typeto an end mill. Remember, drills have a
taper at the end of the tool so you will have to use aflat end mill to counterbore the hole.

Change thetool parametersto the following:

L=

[}
i~ LG= Eln e

db=1in, L=4in, 1=2.25in, D=1in, Rc=0in and Lc=2in

Add approach and retract macrosto the operation and select OK when done. Thiswill
bore the hole out. Thereisjust one operation left to do, the t-slotting operation.
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T-Slotting
Thiswill be the last speciality axia motion investigated.

Select the T-dotting icon. E«J;ié Y ou will want to insert the T-slotting operation after
Counter Boring.1. Thiswill work very similar to al the rest of the axial motion operations
that you have created thus far.

Definethe hole and thetop of the hole. Thiswill be the same as everything else. Next,
you will want to set the bottom of the t-slot.

Definethe bottom of thet-glot in the hole. This can be done by selecting the bottom of
the t-slot from the sensitive area and then defining the bottom of the t-glot as shown below.

Notice however, that the distance to the bottom of the t-slot did not change. Thisand the
diameter of the t-slot will have to be entered manually. Manually measuring the distance
between the bottom of the t-slot and the top of the boss will yield .375". The diameter of
the t-slotter isfound to be .6875".
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Be surethefollowing parameters are set.
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Change the dwell mode under the machining parametersto none. Sinceyou are
working with at-slotter there is no reason to dwell at the bottom of the hole.

Define the following tool:

125in
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db=0.125in, L=1.25in, 1=0.125in, D=0.375in, Rc=0in and Rc2=0in
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o

Add approach and retract macros. Select OK when done. Thiswill complete the
t-slotting motion.
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Replay the manufacturing program in video modeto view all of the machining
operations. Do you notice something wrong? Note the center 1/2" holes. Thereisaburr
left at the bottom of the holes that you did not intend to leave. This means that the
breakthrough value needs to be increased. It will not be changed for this exercise, but
modifying the geometry and the machining operations will be investigated |ater.
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Advanced Machining

This section will investigate some of the advanced machining options available in prismatic
machining. First, open pockets as well as pockets with islands will be investigated. Then
multiple part operations, machining axes and manufacturing programs will be looked at.

Open the Advanced Machining process found in the Advanced Machining folder.
This machining process already has the part operation and the tool change added.

This part has four pockets that will be machined. Each pocket poses a slightly different
challenge that will be investigated one at atime. Also, multiple part operations will be
generated to handle the different part positions.

Select the pocket icon and then select Tool Change.1. The pockets will be milled one at a
time starting with the open pocket on the front.
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Changethe pocket type to an Open Pocket. This can be done by selecting the Pocket
Style option at the bottom of the sensitive area of the Pocketing window as shown below.

Offset on Gheck : 0in Offset on Top : Qin

Inner point : Imposed =i Ul

Offset on Hard Boundary : 0in

Offset on Contour : Qin
Offset on Bottom : 0in Closed Pocket

Thiswill change the pocket to an open pocket. Next, the bottom of the pocket will be
defined.

Definethe bottom of the pocket. Remember, this can be done by selecting the bottom of
the pocket from the sensitive area and then selecting the bottom of the open pocket on the
top side of the part as shown below.
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Notice theisland in the middle of the sensitive areaturns green. Thisis because the four
holes defined on the bottom of the pocket were defined asislands. Thisis not what you
want.

Using the third mouse button select on theisland in the center of the pocket in the
sensitivearea. Thiswill bring up the contextua menu for theisland selections.

Select Remove All 1slands. Thiswill remove all islands defined by the bottom selection.

Also note the boundary of the pocket was also automatically selected. The boundaries of
the face along the bottom of the pocket were used as the boundaries. Y ou will want to
remove the boundary and then re-define the boundary.

Using the third mouse button select on the boundary in the sensitive area and select
Remove. The boundary will turn red thus displaying that it needs to be defined.

Now the boundary is ready to be defined. Since you are working with an open pocket, you
will note that there is no option to select the boundary by a face boundary or belt of faces.
This|leaves edge selection as the | ast choice.

Select the boundary of the pocket from the sensitive area. Select al of the hard
boundaries of the open pocket. The boundaries are indicated below.
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Before you select OK you have to make a closed boundary loop. This can be done by
inserting aline into the boundary.

will insert aline between the two ends of the boundary.

Select OK. Thiswill return you to the Pocketing window. Y ou will now change one of the
boundaries to be a soft boundary.

This brings up anew term, hard versus soft boundaries. Hard boundaries are defined as a
solid line where soft boundaries are dashed. A hard boundary defines awall or barrier that
the tool cannot cross. Hard boundaries are used to define walls of pockets. Soft boundaries
on the other hand are boundaries that are only there for pocket computation. A soft
boundary defines a non-existent wall that the tool isfree to pass beyond.

Select the boundary on the open side. The boundary needing to be selected is shown
below. Thiswill make the boundary a soft boundary.

Definethetop of thepart. Thisisdone the same as all other pockets.
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Change the following machining operation parameters:

Tool Path Style: Outward Helical

1 | Radal | axid | Frishing | Hem | machiring | Radial | axal | Frishing | Hsm |
Direction of cut: ICIimb ~|? Mode: ITool diameter ratio [~ B
Machining tolerance: m ? Distance between paths: m@
Fixtre accLracy': m Percentage of tool diameter: IE—E
Type of Contour:lOptimized j ? Overhiang: 100 ?
Compensation Pl - Center path overlap: |50—E ?
Reduction percentage: 1001 a7
Pocket Mavigation :
’Eﬁlways stay on bottom O Imweardfoutward misx

Machiring | Racid |A><|a|| Firisting | HSM | Machiring | Radial | Axia |F|n|sh|ng| HsM |

Mode: IMaximum depth of cut > 2 Mode: ICompIete H°’
Maximum depth of cut: IOS'H—E Side finish thickness: m ?
Mumber of levels: 7 Side finish thickness on bOttom:IOin—E ?
ALtomatic draft angle:m ? Bottom finish thickness: m ?

O spring pass & Avoid scalops on bottom

Add approach and retract macros and replay your operation. Select OK when done.
Thiswill finish the first open pocket. Make sure you replay the operation to make sure it
performed accordingly.

Next, aclosed pocket with an island will be created.

Create a pocket operation after Pocketing.1. Changethe pocket typeto a closed
pocket. Remember, to change the pocket style just select the blue text where it says Open
Pocket and it will change to Closed Pocket.

Using the third mouse button select on the boundary and select By Belt of Faces.
Definethe boundary around the back pocket, selecting OK when done. Thiswill define
the boundary of the pocket. Since you are creating a closed pocket you can define the
boundary by abelt of faces instead of just the edges. Next, theisland will be defined.

Instead of defining the bottom first you are defining the boundary, then the island and then
the bottom. Thereason is, if you define the bottom first, the island and boundary will be
automatically selected. Sincethereisafillet around the bottom of the boundary and the
island the edge of the part will be off by the amount of the fillet radius. Thisis not what you
want. By defining the boundary and island first you avoid this problem of automatic
selection. It issuggested that you always define the boundary and islands before defining
the bottom.
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Using the third mouse button select on the island and select By Boundary of Faces.
Select the top of theisland and then OK when done. By choosing Boundary of Faces, the
face boundary around the top of the island will be used as the boundary for theisland. This
will create an island in the pocket operation.

Define the bottom and top of the pocket. Since you defined the bottom last, the
boundaries and islands are not automatically selected. This saves you the step of having to
delete the boundaries and islands and then re-create them.

Make surethe machining parameter s are the same as the previous pocket operation
and that there are approach and return macros. Select OK when finished. Thiswill
complete the closed pocket with an island.

Do not forget to replay your operations to make sure everything looks good.
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There are several reasons that you might need several part operations. One example will be
demonstrated. When you want to change the position of the part on the machine, for
example, turn the part over, you will want a separate part operation. Another reason you
might want a second part operation would be to change machines or change fixture
locations.

Select the part operation icon. J% Thiswill tell CATIA that you are going to be
inserting anew part operation. CATIA wantsto know where you are going to put the part
operation.

Select Part Operation.1. A new part operation, Part Operation.2 isinserted into the
program after Part Operation.1. Notice that there is not a manufacturing program below the
new part operation. This does not mean that you cannot insert machining operations after
the part operation.

Double Select Part Operation.2. If you remember, thiswill bring up the Part Operation
window that will allow you to change the various information about the part.

The machining axis for the other side will need to be modified. Right now the machine axis
isinverted and in a poor location for the flipped over part.

Select the product or part icon and select Adv. Pocket Assy from the Advanced
Machining directory.

Definethe following machine. Thiswill define the machine that is going to be used. Do
not forget, to define the machine you have to first select the machineicon. Do not forget to
select OK when you are done.

Machine Editor
T +
E 4|

Mame: | 3-axis_Defallt_machine

Comment: |

2| x|

—Mumerical Control —Spindle

Fost Processor words tﬁbk?ilPPTabIeSample_Inch.ppt.abIe ﬂ Home point X Im—E
MC data type: |aPT x| |Home pointv: Ilm—E
MC data format: IPoint {%,¥,2) j Home point £: IW—E
—Tool Change rientation 1 IO—E
Tk catalog: INOt specified LI Crientation 1; IO—E
Radius compensation: O

Crientation K I 1 E
Advanced I

@ ok | @ cancel |

Next, the machining axis will be defined.
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=

Select the machining axisicon. ﬁ Y ou may remember from the beginning of this book
that you can move the machining axis around with thisicon. Thistime, not only are you
going to need to move the machining axis but you will also need to flip it over.

Orient your part as shown below. Thiswill help you define and position the machining
axis properly.

achir@@g Axis System. 1

achinlkﬂg Axis System. 2

Sdlect the center of the sensitive axisarea. The center dot isindicated below. This dot
allows you to move and position the axis around the part.

Machining Axis System.2 2] x|

Mawe the cursor over a sensitive area.

F

O Crigin Mumber: [1 Group:; | ik E
Axis name: | Machining Axis System. 2
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Select the bottom right corner of the part. Again, this corner isindicated below. Make
sure you select the vertex or corner of the part and not along the side. Thiswill position the
axis with the Z axis pointing the wrong way. The axiswill be flipped next.

achir‘@@g Axis System. 1

achinl@g Axis System, 2

Sdect the Z axisfrom the axis sensitivearea. Y ou will want to move the cursor to the
point that it is on the Z axis but is not highlighting any of the planes around the Z axis.

Machining Axis System.2 1[1[

Click to select the position
then select a point or circle in the 30 view

Clorigin Mumber: ITE Group: I 1 5

Axis name: | Machining Axis System. 2

@ ok | @ canca |
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Thiswill bring up the Direction Z window. There are two different methods of defining the
axis. First, you can select adirection. Thisis done by selecting an edge aong your part.
The second method is by defining the X,Y,Z directions manually. Thisisamore
complicated method of defining the directions. Since the Z axisis already oriented in the
correct direction but just needs reversed, you can select the Reverse Direction button in the
Direction Z window and the Z axis will be corrected.

Select Reverse Direction from the Direction Z window. Thiswill flip not only the Z axis
but theY axisalso. TheY axiswasflipped to keep the axis aright hand axis.

Select OK on the Direction Z window. Thiswill bring you back to the axis definition
window.

Select the X axisfrom the axis definition widow. Thistime a Direction X window
appears. Thiswill be the same window you worked with on the Z axis direction.

Select Reverse Direction from the Direction X window. Again, thiswill reverse the X and
Y axesto keep the axis system aright hand axis.

Select OK from the Direction X and the axis system definition windows. Thiswill set
the axisin a proper orientation.

Define all of the Geometry options. Y ou may need to bring the stock material out of
hiding so that you can select the safety plane.

Change thetool change point to be (0,0,6). Thiswill define the tool change location to be
at the same coordinates as the previous part operations. Remember, thisis under the
Position tab.

Select OK when finished. Thiswill define the new part operation.

Now that you have anew part operation defined, it is time to define a manufacturing
program in the part operation.

Select the manufacturing program icon and then select Part Operation.2. Bl This
will insert a second manufacturing program into the manufacturing process.

Y ou are going to want to use the same tool and tool change information for the second
manufacturing.

Using the third mouse button select on Tool Change.1. Thiswill bring up the contextual
menu for the tool change operation.

Select Copy. Using thethird mouse button select on Manufacturing Program.2 and
select Paste. Thiswill put the exact same tool change operation into the second
manufacturing program. Now it will be time to start machining.
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Take aclose look at both pockets. Notice that they will have to be machined in two
different operations for each one. The front open pocket will have to be machined down to
the level of the top of the web sticking out from the center, then a new boundary will have
to be defined to machine therest. For the back pocket, one pocket motion will have to be
performed to machine down to the level of theisland and then another motion will have to
be made to the bottom of the part.

Define a pocket operation after Tool Change.2. Makethe pocket an open pocket and
define the outside boundary around the pocket making the open end of the boundary a
soft boundary. Remember, you can only select the boundary by edges when you are
working with an open pocket. To make a side of an open pocket soft, al you needto do is
select the heavy red line.

Definethe bottom of the pocket. Remember, you are going to have to mill the pocket in
two steps, so make sure you define the face shown below and not the face with the holesin
it.

Definethetop of the pocket. Thiswill complete the geometry definition for the pocket.
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Change the following machining operation parameters.

Tool Path Style: Outward helical

Machining | Radial | Axial | Finishing

| Hem | Machiring || Radial

Direction of cut: ICIimb
Machining tolerance:

FixfLire accUracy:

|o.002in E ?
|o.o 1in E

axial | Firisting | HsMm |

Mode:

j?

Distance between paths:

ITooI diameter ratio

Fercentage of tool diameter:

A’
IO.4E|?iﬂ E
I 35 E

Type of contour: IOptimized j ? Cverhang: IQO—E ?
Compensation : P1 - Center path overlap:

Reduction percenitage:

Pocket Mavigation
’EAlways stay on bottom O trward/oLbward mis
Machining | Radial Firishing | HSM | Machiing | Radia | xial | 1 Hem |

Mode: IMaximum depth of cut B ? Mode: INo finish path B
Maximum depth of cut: m Side finish thickness: oin ?

Number of levels:

Automatic draft angle: I odeg E ?

Bottom finish thickness:

Side finish thickness on bottom: I i E ?

OSpring pass O Avoid scalops on bottom

oin 7

Change thefollowing feedrates and spindle speed.

—Feadrate
Approach: | 15in_rmn

Machining: I 30in_mn

Retract:

| Sir_rnm
Firishirg: | 10in_mn

LIt

L) (] ER] R B

|Linear

—Spinde Speed

4 Spindle output
rMachining: I 120tUrm_mn
Lt

=

-~

|Angular

Check to make sure you have approach and retract macros and replay your operation.

Select OK when done.
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Definethe pocket motion for the back pocket, machining the pocket down to the top of
theisland. The stepsto accomplish this are the same as what you performed earlier. There
will be no difference between the steps. Do not forget to make the back of the pocket open.

Select the manufacturing program icon and then select Manufacturing Program.2.
Thiswill create another manufacturing program below the second part operation. Y ou will
stick the second level of machining in this second manufacturing program.

Copy and Paste the tool change oper ation into the new manufacturing program. This
will put the exact same tool change into the new manufacturing program.

Define a pocket motion after Tool Change.3. This pocket motion will finish the open
pocket on the side with the holes.

Select the boundary from the sensitive area on the pocket. Thistime, to define the
boundary you are going to want to select the top of thefillet for the boundary. Thefillet
boundary will need to be selected so that you will not need to add a boundary offset.

Select the top edge of thefillet around the bottom of the part. Besureto closethe
boundary and select OK when finished. Makethe open side a soft boundary. A few
boundary lines are indicated below.
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Definethetop and the bottom of the pocket. Be sure when you define the top you define
the top of the tab and not the top of the entire part. Remember, you have aready milled
down to the level of the tab.

All of the machining parameters and macros have already been defined. Y ou can double
check them if you desire.

Select OK when done. Thiswill finish the pocket operation. Do not forget to replay your
operation when done.

Create a pocket operation to finish the back pocket. This pocket can be handled in the
same manner as the previous pocket operation. The only difference is you need to define
theidland in the middle.

Y ou can define the drilling operation for the holes if you want to but it is not required.

Notice when you replay the operations, you only view one manufacturing program at atime.
This can be annoying to say the least and is the reason to have as few manufacturing
programs as possible.
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Machining Axes

In many cases, the default machining axisis not going to be a proper machining axis. This
iswhy it isimportant to know how to set the axis to anew location and orient it properly.

Open the Mounting Block Machining processfound in the Mounting Block folder.
This part will servetwo uses. First, multiple different machining axes are going to need to
be made since this part will be machined on two different machines. Second, the part will
be used on a horizontal machine with arotary axis.

achining Axis System. 1
f

On a horizontal machine, the Y axis usually points upwards and the Z axis points along the
tool axis directions. Thisiswhy it will be necessary to modify the machining axis system
already provided. The next thing that can be noticed about the part is the machining axisis
not at the center or close to the center of the part. Note the point near the center though. In
order to define an axis at alocation you must have a point at that location. If you don’t use
apoint, avertex will have to be used.
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Double select the machining axis system from the workspace. Thiswill display the
Machining Axis System window.

Machining Axis System.1 ilil

Move the cursor aver a sensitive area,

A

——0pY

Clorigin Mumber: |1_E Group: I 1

Axis name: | Machining Axis System. 1

@ ok ] @ cancel |

Notice this window is the exact same as what was discussed in the part operation setup. It
will be used in the same manner with the exception that this time, the axes will aso be
modified.

Select the center dot of the axes as shown below. Thiswill allow you to re-define the
center or origin of the axes system.

Machining Axis System.1 2] x|

Move the cursor over a sensitive area.

O origin Number: |1 Group: |1 E
Axis name: | Machining Axis System, 1

1 <@ Cancel |

The window will disappear.
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Select the point in the center bottom of the part. The axis system will re-locate to that
point.

Now, the next step isto move the axes and set them to a horizontal machine axis system.

Both the X and Z axes on the machining axis dialog box are sensitive and can be selected to
modify their orientation. Thisisnot the casefor the Y axis.

Select the Z axisfrom the sensitive axes area as shown below. Thiswill bring up the
Direction Z window. Thewindow is labeled Direction Z dueto the Z axis being selected.
Selecting the X axis would yield the exact same window but with a different label.

Machining Axis Systerm.1 ilil

Move the cursor over a sensitive area,

AT
| B

O crigin Mumber: {1 Group: I 1 E
Axis name: |Machining Axis System. 1

@ 0K I GCanceI]
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Select the front edge running along the top of the part as shown. Thiswill define the
direction of the Z axis.

The Z axis runs along the positive direction of the edge, but it might put the Y axisin the
wrong direction.

Select Reverse Direction from the Direction Z window if the Y axis points away from
the part. Thiswill reverse the direction of the Z axis and thus reverse the direction of the Y
axis. You should notice your newly oriented axis is stacked on top of the original axis
making it difficult to make out the direction of the axes. Thisis not aproblem. When you
are done defining the axis the old orientation will disappear.

Select OK on the Direction Z and the Machining Axis System window. Thisfinalizesthe
new axis setup and erases the old orientation.
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Now it is time to define and setup the part operation.

Double select Part Operation.1 and then select the machineicon. Thiswill be where the
horizontal machine with arotary axiswill be defined.

+

Select the 3-Axiswith rotary tableicon for the machine specification. -- Thiswill
define the rotary table machine as well as display a new frame for the Rotary Table
information. Take acloser look at the Rotary Table frame.

Center point

Initial position

Rotary angle

Rotary axis

Rotary direction

Rotary type

—Rotary Table
Certer point X I':"”

Center point ¥: IOi”

Center point Z: IOiﬂ

Initial position: | Odeg

Rotary angle. I (ideg

Rotary axis: I i

F.otary direction; |Clockwise

Lf Lol Lol BB BR] BRI ER] ER

Rotary type: |Absolute

Defines where the center of the table is or where the table rotates
about. The X, Y and Z coordinates are all relative to the machining
axis defined. Since the axis was moved to the center of the part it
will be unnecessary to define anew set of coordinates.

Defines where the table currently islocated. Many times the table
will be reset to zero therefore this angle will be at zero degrees. But,
if several part operations were in the same process list then the final
position of the last machining operation would need to be inserted
here.

Defines the maximum angle the table could turn. Setting thisto O or
360 deg sets the maximum angle the table can turn from zero. If the
contextual menu is brought up for the rotary angle an optionis
available to define a maximum and minimum angle.

Defines the axis that the table will rotate about. SincetheY axisisin
the vertica direction then the rotation axiswill be the B axis. Refer
to theintroduction if you don’t remember all the rotary axes.

Defines the direction that the table rotates. There are three options:
Clockwise, Counter-clockwise and Shortest. Shortest will issue a
clockwise or counter-clockwise motion depending on the shortest
path to the new angle.

Defines how the angle is specified to the machine.
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Changethefollowing information per the picture below. The only thing to changeisthe
spindle home point as well as the rotary axis and rotary direction.

Machine Editor ilil
i
ig | o or| 12| A
Marne: | 3-axis_with rotary table_Default_machine
Comment: |
—Mumerical Control Spindle
Post Processor words Table [ e e v |Home point X Iom
NC data type: |4PT v | Home point ¥: EX
MNC data format: IPoir‘lt Y2 ¥ | Home point z: I 5in
—Tool Changs Crientaton I IO
Tools catalog: INOt specified Blerientation 3: Ig
Radius compensation: O

Orientation K: [

—R.otary Table
Center point X |0ir‘|

Center point ¥ I':'i”

Center point 2: |0i”

[nital position: | Odeg

Rotary angle: I (deg

Rotary axis: IB

Rotary direction: IShorteSt

O 7 22 2 1 2 T 2 g

Rotary type: |Absolute

Advanced I

@ ok | @ cance |

Select OK when done making changes. Thiswill define the machine that will be used to
machine the part. Take note of the orientation fields. This definestheinitia orientation of
the tool axis. Right now itisset to (0,0,1). Thel, J, K values depict what orientation along
the X, Y and Z axes respectively the tool will be set to. Sincethel, J, K values are set to
(0,0,2) then the tool will be oriented straight along the Z axis.

Definethe stock, final part and set the Tool Change Point to be (0,5,10). Select OK
when done. Note: no safety plane was defined. Thisis dueto the machinerotation. A
safety plane for one angle is not going to be the safety plane for another angle.

Now the part is ready to be machined with the horizontal machine.
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Define a pocket motion to machine the back pocket as shown below. Notice that when
the bottom of the pocket is defined the tool axis displays normal to the plane.

Define appropriate machining operation parametersand atool. Thetool isgoing to
need to be a 1" diameter with a.25" corner radius.

Define approach and return macros. Be sureto manually select the clearance plane for
each macro. If the planeis not selected then the macro will not know where the planeis
supposed to be.

Select OK when done. Thiswill finish the pocket for the back side. Now itistimeto
machine the pocket on the bottom side.

There are two methods for defining a machine rotation. One method isto use the machine
rotation icon. The second method is to automatically define the machine rotation. Both will
be investigated.
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Next the bottom pocket will be machined. The machining axiswill be handled exactly the
same way as the previous pocket with the exception that the machine rotation command will
be given.

Machine Rotation

. o O - . .
Select the Machine Rotation icon. &5 Like all other machining operations you will have
to specify where you want the machine rotation to occur.

Select Pocketing.1. Thiswill bring up the Machine Rotation window.

21x]

Marmne: Machine Rotation. 1
Comment: Mo Description

] arm
A | A

Fotary angle : Odeg E

Rotary direction Im
s Absolute i

ReElax ’

@ ok | @ cancel |

Machine operation parameters tab

Rotary angle Defines the angle at which you are rotating the machine.
Rotary Direction Defines the direction that the machine will rotate.
Rotary Type Definesif the rotation angle is absolute or incremental.
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Post Processor instruction tab

21|

Mame: Machine Rakation, 1

Cormrment: Mo Descripkion

fm | B

PP instruction: {poTagl)  0.000000,CL

o Initialize Fram PP wards table

Reelax I

@ oK I ﬂCanceIl

The Post Processor instruction tab allows the addition of other Post Processor words. If the
Initialize from PP words table is turned on, whatever post processor instruction that is
defined in the table will be used.

Change the Rotary angle to 270deg. Remember, the rotary type is absolute so an angle of
270° will need to be used.

Change the Rotary direction to Counter-clockwise. Thiswill rotate the part in a counter
clockwise direction to the back pocket.

Machine Rotak llil

Marne: Machine Raokation, 1

Comment: | Mo Description

Rotary angle : |2?Ddeg =

Fisley i Counter-clockwi *
S Absolute i

REE"E‘E I

@ oK I iCanceIl
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Y ou can press the replay button if you want to see the rotation.

Select OK when done. Thiswill insert the machine rotation into the machining process.

Define a pocket operation after Machine Rotation.1. Notice the tool axisis not changed.
Thisis not aconcern since it will be changed when the bottom of the pocket is defined.

Definethe geometry for the pocket. Notice when you define the bottom of the pocket the
tool axis changes.

Define the machining operation parameters, check thetool and feedrates and define
the macros. The macros will look like they are defined. Be sure to re-define them though.
They were defined using the original plane on the wrong side of the part.

Replay and select OK when done. Thiswill complete the pocket motion for the bottom of
the block. If thereplay isviewed in video mode, it can be seen that it crashes with the part.
Thisisnot what is desired, however, leave the mistake alone it will be fixed later.
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Using the same tool, define a facing motion on the narrow edge of the part. Thefacing
operation will be sure to take care of the entire area. It isnot necessary to change the tool
sinceit will work just as well as any other tool and it will save atool change. Be sureto
watch the tool axis making sure the tool axis points away from the part. Don’'t worry about
the machine rotation that will be taken care of later.
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Now it has come time to machine the front of the mounting block. The first thing to notice
isthe large aresas, indicated below, that are going to require extra machining.
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There are afew options to make sure the entire area gets machine. One option isto add
enough radia stepsto make sure the areais cleared.

Take note as to how much thetool is machining air. Thisis very costly and wastes time.
There is a'so the added danger that the machine bed or clamps are near the part and adding
enough radial stepsto cover the missing areawill only cause the tool to crash with other
parts.

The second option is to create sketches that define where you want extra machining to take
place and machine those areas separately. Thiswill give the added advantage of machining
the smaller areas, then making a couple of finishing passes around the part.

© Wichita State University Machine Rotations and Axes, Page 149



CATIA Prismatic Machining CATIA® V5R7

With the machining process open, open the Mounting Block document. The reason it
isimperative that the machining process be open is the fact that the link between the
Mounting Block CATPart and the machining process will be updated. Otherwise the link
will not be updated and it will be lost when you open and save the new part.

A message about the document being already loaded and will be edited will appear.

This document was already lnaded and modified in current session.,
The document already lnaded will be edited.

CIE |

Select OK. Thiswill confirm the opening of the document already |oaded.

Create two separ ate sketches as shown below. The sketches are shown in dark heavy
lines. The sketches do not need to be at any exact location. Theideaisto create an areato
machine separately so the tool is not making a bunch of passesin space. Be sure that two
separate sketches are used and both sketches are not put into one.
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Select PDM File, Save As and save the document in your folder. Another warning
window will display, explaining that the link for the machining process will be updated with
the new document location.

save x|

‘i ManufacturingiMounting BlockiMounting Block, CATPart is referenced by other documents in session,
‘Save As' wil update the links in session on the new name,
Don't Faorget to save this documents iF wou want ko keep those links.,
‘fou can use 'Save Management' b contral the impacts,
Do wou wank ko proceed?

Ik | Cancel |

Select OK and close thewindow. Thiswill confirm the new document location and save
thefile. Closing the window will bring the machining process back to the front.

Notice the two pocketing operations need updated even though the part was not modified.
Since the date on the part is newer, any machining operations will need to be updated to be
sure nothing has been modified. Updating the operation is as simple as replaying it.

Now that the larger areas are defined by a sketch it is time to machine the top.

Define a pocketing operation after Facing.1. Thiswill be one of the operations used to
machine the larger areas.

Define an open pocket using thetop sketch that you created for the boundaries of the
pocket. Make thetwo sides open on the pocket. The open pocket will allow for the tool
to pass beyond the edge of the side of the part. Thisisagood idea so the tool will
completely cut along the top of the outside of the part.

Be sureto define proper machining parameter s and accur ate approach and retract
macros. Remember, the approach and retract macros use the original planes and not the
proper safety plane.

Define another pocketing operation for the bottom sketch. The process will be the same
as with the top pocket.

With the larger areas machined it is now time to finish the contour motions around the step.
By machining the larger areas first, the passes required around the part will be reduced
significantly.

Define a profile contour operation after thelast pocketing operation. Define the
geometry necessary for the profile operation.
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For machining parameters, definethe following:

Tool path style: IOne way ,I

Machinirg | Stepover | Finishing |

5equencing: IRadiaI First j L
— Radial Strateqgy (Dr)

Distance between paths; IEI.ZSin E ?
Mumber of paths: |3 E ?
— Axial Skrategy (Da)

Mode: IMaximum depth of cut - ?
Maximurn depth of cuk: ID' 1575in

Mumber of levels: IS_E |

Automatic draft angle: Indeg

Thiswill define enough radial stepsto cover the corners missed.

Define proper feedrates and macros. Select OK when done. Do not forget to replay your
machining operation before calling it finished.

The last machining operation to define is the drilling motions for the counterbores and the
hole on the step.

Define a deep hole axial operation after the profile contouring motion. For the
geometry definition the four holes will be used.

Definethefour holes parallel to the X axis. Definethe bottom of the holes. Do not
definethetop of the holes. If the top of the holes are defined then each operation will start
drilling from the same level. Thisisnot what isdesired. Instead an offset will be defined.

Defineajump height of 2". Thiswill cause the tool to retract 2" between drilling
operations.
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Definethe following axial motion parameters.

Approach clearance (A) |III. 125in

Depth mode :

Breakthrough (B)

Max depth af cuk (Dc)

Fetract offset (Or)
Decrement rake ;

Decrement limik
Flunge mode ;
el mode

First compensation :

Output CYCLE swnbax

k=
|By tip (D) =]
| 0.25in =
| 0.25in =
| 0.0625in =
|0.25 =
[os =
[Mone | ll
[Mone |
I =
"}
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Defineadrill tool with the following parameters.

- I «db=02375in

&

L =Ein

0. 10825in

| c=4in
4in

ald
=
Il
=
@
w

-}
|
L]
i
-

|

db=0.375in, L=6in, I=4in, D=0.375in, L c=4in, A=120deg and 1d=0.10825in

Definethe feedrates aswell as approach and retract macros being sureto usethe
correct plane. Select OK when finished. Asaways, it isagood ideato replay the
machining operation to make sure everything |ooks correct.

Defineadrilling motion for thefive holes on the step. Do not forget to define approach
and retract macros, as well as other machining parameters.

Define a counterboring oper ation defining the two holes on the flat area as one
operation and the two holes on the slant as another. For the first operation, you will
want to make sure you change the tool to aflat end mill, 5/8" diameter. For thefirst
operation ajump height of .5" will be required while a2" jump height will be needed for the
holes on the slant.
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Y our PPR Tree should look something like the following.

E% Part Operation.1

Manufacturing Program.1

£ Tool Change.1 T1End Mill D 10

— ¥ Pocketing.1 (Computed)

_q]=% Machine Rotation.1

— [ Pocketing.2 (Computed)

_B Facing.1 (Computed)

e Pocketing.3 (Computed)

— ¥ Pocketing.4 (Computed)

_@ Profile Contouring.1

2-£2 Tool Change.2 T2 Drill D 10
_ﬁ Drilling Deep Hole.1

— & Drilling.1 g

=-£2 Tool Change.3 T3 End Mill D 10

_ﬂr Counter Boring.1

_-E— Counter Boring.2

I: PraductList

Now, al of the machining operations have been defined, it istime to finish defining
machine rotations. Thistime all rotations will be made automatically.

Using the third mouse button select on Manufacturing Program.1. Thiswill bring up
the contextual menu for the manufacturing program.
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Select Manufacturing Program.1 object and then select Generate Machine Rotations.
The machine rotations necessary will automatically be generated.

Center Graph

Reframe On
% Cut Chrles:
Copy Chrl+C

[T Paste Chrl+v

Paste Special. ..

Celete Del
Mowe, ..
Fropetties Alt+Enter

Selection Sets. ..

Define Selection Set

Hide'Show

rManufacturing Program. 1 object

Deactivate

Hide Children
B a Tool Path Replay

Iritialize Phoko

Refresh Photo

Gnalyze Photo

Ehoto Cptions
Generate MC Code Interactively
E Macro Cutpuk To YWNC

Generate Tool Changes

Delete Generated Tool Changes

& Machine Raotations

Delete Generated Machine Rotations
Import APT Source

Display MC File
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3_}% Part Operation.1

=_$E| Manufacturing Program.1
B
“45 Tool Change.1 T1 End Mill D 10

_ Pocketing.1 (Computed)
—!@E Machine Rotation.1
_@ Machine Rotation.2
_ Pocketing.2 (Computed)
_@ Machine Rotation.3
—I—_'1 Facing.1 (Computed)
_-@ Machine Rotation.4
_ Pocketing.3 (Computed)
— [ Pocketing.4 (Computed)

_@ Profile Contouring.1 {Computed)

F
= £2 Tool Change.2 T2 Drill D 10

_-@ Machine Rotation.5

_ﬁ? Drilling Deep Hole.1 (Computed)
_@ Machine Rotation.b6

_jgr Drilling.1 (Computed)

[
“45 Tool Change.3 T3 End Mill D 10

_@ Machine Rotation.7
_Er Counter Boring.1 (Computed)

_Er Counter Boring.2 (Computed)

Notice the difference in the icon between Machine Rotation.1 and Machine Rotation.2. The
generated machine rotations have asmall lightning bolt in the box where the manually
defined machine rotations do not. Also note that there are two machine rotations right after
one another. Thisis because Machine Rotation.1 was generated by hand and Machine
Rotation.2 was automatically generated. For future reference all machine rotations should
be either computer generated or hand generated. They should not be mixed and matched.

Delete Machine Rotation.2. Since Machine Rotation.1 is exactly the same, it is
unnecessary to have both machine rotations in the same location.
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Before this exercise can be called done, there is a problem that needs to be fixed. Notice
when the replay isin video mode, thereis the crash with the tool at the back of the part.
Thisis not good and will result in ruined parts and possibly aruined machine. To fix this
problem additiona retract macro manipulation will take place.

Double select on the Pocketing.1 operation and switch to the macrostab. In order to fix
the crash additional macro maneuvers will need to be made.

Switch to theretract macro motion if not already there. To switch to the macro all that
needs to be doneisto select it from the drop down options.

Currently, there is one single motion in the retract macro. Another motion will need to be
made in order to keep from crashing with the part.

I ~ Retract j

Select the user defined macrosicon. Thiswill be theicon to the far right of the line of
macro options.

Select the add motion to planeicon. Iﬁll Thiswill stack another motion to a plane on
top of the current plane definition.

Select thetop plane. Thiswill be the orange plane, needing a definition.
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Select the planeto theleft of the Z axis as shown below. Thiswill make the motionto a
plane move sideways until it reaches the side plane.

’ Y

™

Onething to keep in mind. Thetool is moving beyond the clearance plane thereforeit is
allowed to travel faster than the approach or machining feedrate. Thisisagood location or
motion to make the tool travel at the rapid feedrate.

n

Using the third mouse button select on the second macr o parametersline. The macro
parameters lines are the heavy blue lines between the starting point and the plane. Thiswill
bring up the contextual menu for the motion.

\
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Select Feedrate. Thiswill bring up yet another window alowing you to change and control

the feedrate for the motion.

Pocketing.1

Feedrate type: [y

Feedrate walue: |III.IIIIZI.T"in_mn

Spindle speed tWE:IMachining j

@ OK I liCann:eII

Change the Feedrate type to be RAPID. Thiswill make the tool travel at the rapid
feedrate when going to the plane. Notice the bluelineturnsred. Thisindicates that the tool

ismaking arapid motion.

Select OK to the feedrate and pocketing operation when done. Now replay the
operations in video mode. The tool will no longer collide with the part.
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Advanced Machining Topics

Copy Transformations

Copy transformations allow one set of NC instructions to be created and then translated to
multiple instances. There are two types of copy transformations: translation and rotation.
Both will be investigated.

Start a new manufacturing process using the Instrument Panel Assembly. The
assembly can be found in the Instrument Panel folder.

The stock, finished part and safety plane should be defined. The home point as well asthe
tool change location is (0,0,10).

This model has a series of features that can be machined using copy transformations. Feel
free to hide the stock material but not the clearance plane. The stock material will be used
later when investigating knowledgeware capabilities.

Start a pocketing operation after Manufacturing Program.1. This pocket will machine
the cutout closest to the machining axis.

Change the pocket to an open bottom and define the bottom plane. Notice when you
define the bottom of the part the boundaries are automatically determined. This, asin most
cases results in incorrect boundary curves. There are, however, options to turn this off.
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Cancel the pocketing operation and select pull down menu Tools, Options. Some of the
NC Manufacturing options are going to be changed to keep the bottom definition from
assuming boundaries.

Select NC Manufacturing and the Operation tab. Thistab defines some of the automatic
processes when defining operations.

ed .4
< ;
. TI/ Cptions Displaw | Resources | | Cukput I
- LM coneral Default Yalues
@ o Use default values of the current prograr
Ej Display

- i After Creation

ﬁH Compatibiliey = :

D 4 sequence machining operation
o

Eg Parameters 2 Search compatible tool in previous operations

7H Devices and virtual 4 Use a default tool

i Start Edit mode
Infrastructure

When Copring
o Duplicate geometry links

When Selecting Geametry

- Mechanical Design

shape

Analysis & Simulation @ i Initialize contour and islands From bottom selection
I AEC Plant
"" Digital Mackup

- Equipment & Systems

Digital Process For Manof

Reset...l

@ ok | @caneel|

The option that is of interest is the When Selecting Geometry option.

Turn the checkbox off for Initialize contour and islands from bottom selection. Select
OK when finished. Thiswill keep the bottom selection from trying to determine the islands
and contour.

Notice Tool Change.1lis still inthetree. Even when an operation is cancelled the tool
changesremain.

Start a pocketing operation after Tool Change.1. Change the bottom mode to Soft and
define the bottom of the pocket. Notice the contour of the part did not automatically turn
green. Thisis because the option was turned off.

Finish defining the geometry necessary for the pocket operation. Thiswill be the
contour and top. Also be sureto define a negative offset on the bottom of the part (-.020
should suffice). Thiswill help reduce the size of the burrs that will need to be cleaned out.
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Definethe following tool.

- «+db=0.375in
F 3
|
|
|
+ —
| i 5
& I
| 1
' [=
= | i)
oY ! bk
Il | "~'|”il
S . -
|
Y | ¥ b j
Rc=0in wl | 1y D=0375in

Define appropriate feedrates aswell as approach and retract macros. Select OK when
finished. Thiswill complete this pocketing operation. This operation will now be used to
trangdlate to the other locations through a copy transformation.

Select the copy transformation instruction icon. i Thisicon like many others does
not do anything until the operation has a defined location.

Select Pocketing.1. Thefirst selection defines where the copy transformation is going to be
located in the tree.

Select Pocketing.1 again. This selection actually defines what is going to be copied and
transformed. Thiswill bring up the Copy-Transformation window.
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Copy-Transformation. 1 il il

Mame: Copy-Transformation. 1

Comment: | MNo Descripkion

Referenced activity: Pocketing, 1
Mumber of copies iz E
Transformation ITransIatiDn - I
Distance along ¥ in
Distance along 0in
Distance along 2 3in

Replay I

@ oK J ﬂCanceIJ

There are afew basic options.

Number of copies Defines how many additional copies of the machining operation are
to be created.

Transformation Defines what type of transformation isto take place. Currently, there
are only two options: Tranglation and Rotation.

Distancealong X, Y, Z Defines the transformation distances. The tool paths can be moved
in all three directions at the same timeif necessary. This option
changes to Axis and Angle when arotation is defined.

Change the number of copiesto 3. Three additional copies are needed to machine all four
pockets.

The distances are measured along the reference axis not the machining axis. The copy
transformation is going to need to be translated along the X axisbut at adistance that is
unknown. Thisisnot aproblem.

Using the third mouse button select in the Distance along X field. Thiswill bring up the
contextual menu for the trandations. If the right contextual menu does not appear the first
time select button three again.

Edit Formula. ..

Add kolerance. .

Change step L4
Brevious values L4
Measure. ..

add Range. ..

Edit Comment. ..
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Select Measure. Thiswill bring up the Measure Between window. Thisisgoing to alow
for distances between measurements to be made then the results placed back into the
distance field.

Change the Reference and Target mode to Arc Center. Select two corresponding arc
centersto determine the distance between two pockets. Using the arc centersis not
mandatory, any measurement between two elements that are the same in each will suffice.

/) L

The distance will be displayed. In this case the number is an even distance of 6" but
sometimes this may not be the case.

Sdect Closein the Measure Between window. A Measurement command ended window
will be displayed asking if the results of the measure between should be copied into this
parameter.

Measure command ended |

@ Do wou wank to copy the result of this measure in this parameter?

Yes Mo |

Select Yes. Notice 6in was automatically inserted into the Distance along X field. All
fields that require a distance to be inserted has the capabilities to allow the measurement of
the part for information.

Make sureall other distance fields show Oin and select OK. Do not forget to replay the
copy-transformation machining operation.

Notice when the copy-transformation is replayed, three tool path branches appear below it.
These branches are the actual copies of the pocketing operation. The tool path is copied
from the pocketing operation and then applied six inches aong the X direction three times.
The geometry does not necessarily need to be defined for a copy transformation operation to
work.
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Next arotational copy transformation will be created.

Define a pocketing motion for the curved slot closest to the machining axis system. Do
not forget to turn the -.020 bottom thickness off, as well as change the tool to have a.0625in
corner radius. A tool diameter of .75" works good.

When done select the copy transformation icon and then select Pocketing.2 twice. This
will define a copy transformation after Pocketing.2.

Change the Transformation typeto Rotation. Since the transformation for the three slots
arein acircular fashion arotation transformation is needed.

Copy-Transformation.2 x|
Marne: Copy-Transformation. 2
Comrnent: | Mo Description
o
Referenced activity: Pocketing. 2
Murmber of copies |3 E
Transformation IRutatiDn = I
s INDI: defined
Angle IDdEg E

Replay |

@ oK J IHlCanu:eIJ

.

Select the Axisfield. Thisfield will make the Copy-Transformation window disappear.

Select the vertical linein space. Thiswill define the rotation center for the copy
transformation. The Axisfield will change from Not defined to Axis Defined.

Set the Angleto 25deg. The slots are set to be 25° apart. This can be determined by
checking the sketch.

Change the Number of copiesto 2 and select OK. Thiswill finish the copy
transformations.

Next, the series of holes in the shallow pockets are going to be milled. Instead of using a
pocket operation on the part, a circular milling operation will be used. Sincethisisan axia
machining operation a copy transformation will not be applicable.

Advanced Machining, Page 166 ©Wichita State University



CATIA Prismatic Machining
Circular Milling

CATIA® V5R7

Select thecircular milling icon. 1Q This can be found under the axial motions toolbar.
Circular milling is amethod to mill ahole in apart while running the tool in acircular,
helical motion.

Definethecircular milling motion after the Copy-Transformation.2 operation. Note
the interface is similar to the other axial mode operations.

Defineall six holesto machine. Change the Extension to Through and set the jump
distanceto .5in. Definethetop and bottom of the hole with a -.020in Offset on Bottom.
Thiswill have the geometry defined. Next, the options for a circular milling operation need
to be set.

Take aclose look at some of the new options.

IStandard A l

Machining mode

Approach clearance (A) m
Diskance bebween paths (Dp) m
Murnber of paths (Mp} : IB—E
Axial mode IW
Murnber of levels (M1 II—E
Sequencing mode W
Machining tolerance m
Direction of cut Im
Percentage ovetlap ISD—E
Automatic draft angle IDI:IEI;—E

Firsk compensation

Cukput skyle

Oubpuk CYCLE synkax

IStandard h l

O

Defines what type of circular pattern milling is going to take place.
Standard machining mode makes a circular pass, then lowers a
level making another pass until the hole is machined. Helical
spirals the tool downward along the outside of the hole until it
reaches the bottom.

Machining mode

Distance between paths Controls the maximum distance between each circular passin the
hole.

Defines the maximum number of pathsin acircular milling
operation. Neither Distance between paths or Number of paths
control the exact number of paths. Instead they work together to
calculate the number of pathsto create in the hole without violating
the constraints.

Number of paths

© Wichita State University Advanced Machining, Page 167



CATIA Prismatic Machining CATIA® V5R7
Set the following machining parameters:

Machining mode ; IStandard j
Approach clearance (&) ; |D.25in E
Distance between paths (Dp) IIII. 125in E
Murnber of paths (NED @ |5 =
Axial mode INumI:uer aof levels j
Murnber of levels (I ¢ |3 =
Sequencing mode IRadiaI Firsk j
Machining kolerance : IEI.IIIEIZin E
Direction of cut : ICIimI:u j
Percentage overlap |?5 E
Autarnatic draft angle @ IIIII:Ieg =
Firsk compensation : |1 j
Cutput skyle ; IStandard j
Oukput CYOLE synkas : L]

Changethetool back to T1 End Mill D10. Do not create anew tool. Thisis unnecessary.
Remember from earlier sections, select the three dots button (... ]) next to the tool name,
then select T1 End Mill D10 ( assuming the default tool name was kept ).

Switch to the macrostab. Notice the Approach and Retract macros are already turned on.
Thisis because they cannot be turned off. Each helical motion uses an approach and retract
macro to approach into the part. For this, ahelical approach and retract is used.

Macro Definition
|7.| Approach 4 Retract [ Return in a level

] return between levels [ Linking

I ~" Approach j

_
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For each approach and retract there is a straight motion down, then a movement towards the
side of the hole, then ahelical motion downward. The only parameters that can be changed
for the motionsis the feedrate (through the contextual menu) and the radius of the helical
motion.

Changetheradius of the helical motionsfor the approach and retract macrosto be
.125in. Notice there are Global Approach and Global Retract macros available. These will
be defined too.

Switch to the Global Approach macro. Notice the toolbar icons below the sensitive macro
areaare now present. The global approach is similar to the standard approach macro for
other operations.

Select the motion to planeicon. |T|5| Thiswill make the motion move to the safety plane.

Define a motion to plane macro for the global retract. The stepsto define the macro are
the same as what was just performed.

Select OK when finished. Thiswill finish the circular machining operations. The last
thing to machineis the flanges, but for this alittle knowledgeware will be used.
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Manufacturing Knowledgeware

As with many other workbenchesin CATIA V5, knowledgeware can be utilized with the
manufacturing aspects. In this example a brief introduction to knowledgeware applications
to manufacturing will be investigated. There are two areas that need contour milling on the
Instrument Panel part. The areas will be machined using a simple contour mation.
Knowledgeware will then be applied to the number of paths to determine how many paths
are needed given the distance between paths.

Open your Instrument Panel manufacturing process. The manufacturing exercise may
already be open from the previous exercise.

Before going too far a measurement and some additional geometry should be created first.

Create a measur ement between the outside corner and thecircular instrument panel.
Select the measure between icon, then select the edge and the radius shown below. Make
sure the Keep Measure option is turned on and close the window when done.

The order in which the two are sdected isirrelevant.

Change the Feature Name of the distance to Edge Distance. To change the feature name,
using the third mouse button select on the measurement then select Properties. From there,
select Feature Properties and change the name.

Now that the distance has been created some additional geometry needs to be created. This
problem poses an interesting problem for profile contouring. Since the part and the stock
material becomes tangent at the top the profile operation has a hard time deciphering where
thelimitsare. It isthisreason that a sketch will need to be created that does not come
tangent.
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Double select on the PartBody for the Stock. It isaways agood ideato keep any extra
geometry necessary in the stock part and not in the finished part. Remember, the finished
part will be used downstream by many other people and does not to be cluttered up with
extra data.

Create a sketch on the top of the stock material that issimilar to the sketch below. The
10" constraint is not necessary, but it is always a good idea to have perfectly constrained
sketches. The curve and two other lines work best as projections from the other geometry.
The distance measurement was hidden for clarity. Be sureto add the referenced dimension
on the short vertical piece.

Changethe name of thereferenced dimension to Contour Thickness. Thiswill make the
parameter easier to find when working with the formula editor. Also, keeping in mind of
downstream users, it would be agood ideato label the parameter.

Using the third mouse button select on the referenced constraint and select Contour
Thickness object then Name/Value Display. Thiswill show both the name of the
parameter as well as the distance associated with it.

Createa similar sketch on the opposite side.
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Start a profile contour operation after the Circular Milling.1 operation. It will be
through the machining parameters of the profile contour operation that the knowledgeware
will be applied.

Change the Bottom to Soft. Define the bottom and top. Define the guiding el ement
(the boundary curve) to be the edge of the instrument panel. Be sure to use the sketch
edge and not the edge of the part. Thiswill have most of the geometry defined. For this
exercise the limits will also be defined, that way the whole top of the instrument panel is not
machined only the triangular area.

Select one of therelimiting elements from the sensitive area then define the edge of the
stock asonelimit. Repeat thisfor the other relimiting element. All that you need to do
is select the end of the sensitive area part as shown below then select the edge of the stock
also shown below.
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Thiswill define the triangular areathat is to be machined.

Set the Start and Stop positionsto Out and then define a 0.125in edge distance at each
end. Also definea-0.020in Offset on the Bottom. Thiswill make the tool start and stop
1/8" from the relimiting edge. The offset on the bottom makes sure that most burrs are cut
off.

Cffset on Top : Qin Top : Soft

Stop : Out Start : Out
Offset on Check : Qin

0.125in
=~ Bottom : Soft 0.125in

Between Two Planes
Cffset on Bottom : =0.02in
Offset on Contour : 0in

Next the small contour thickness will be applied to the Offset on Contour distance.

Double select the Offset on Contour parameter. Thiswill bring up the Edit Parameter
window where a distance would typically be keyed.

Using the third mouse button select in the Offset on Contour field and select Edit
Formula. Thiswill bring up the Formula Editor window.

Formwula Editor : “Profile Contouring.1',Geometry. 1% 0k set on e |

[] tneremental P |

| " Profile Contouring. 1yEeometry, 130FFset on Conkour” =

Dictionar Members of Parameters Members of Al
Renamed parameters  a | | Specified Cycle Time' ﬂ

Cperators Time 1| Beginning Date”

Point Constructors Boolean *Startoo, 115pecified Cycle Time”
Surface Constructors Length “Startx, 1\Beqginning Date”

Chbject MFaQubpukSkyle " Stopxx, 115pecified Cycle Time”

Line Constructors Hardness mode " Stopexx, 1\Beginning Date”

Abtribute Strinc _ILI “Part Ongratinn, 1950CT" _ILI
wireframe Construckors ;l h | | L4 h I I L4

@ Ok I -ﬂCanceIl
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The difficulty with knowledgeware and formulas is deciphering what parameters are
required. However, the difficulty in thisis somewhat reduced when the elements or
operations in question are selected.

Expand the Stock part in the specifications tree until the sketches created are
available. Select Sketch.2. Thisisthe sketch containing the referenced contour thickness
dimension. Notice the number of parameters to choose from was greatly reduced.

Double select “ Stock\Partbody\Sketch.2\Contour Thickness\Length’. Select OK when
done. Sdlect OK on the Edit Parameter window aswell. Thiswill make the offset
thickness the same as the Contour offset thickness.

Switch to the manufacturing operation parameterstab and then the Stepover
parameters. Thiswill be the area where the knowledgeware is defined.

rMachining | Skepover | Finishing |

2t enid) IRadiaI First j ?
— Radial Strategy (Dr)

Distance between paths: ID' 125in E ?
Mumber of paths: |5 E ?
— duial Strategy (Da)

ize 2 INumI:ner af levels j ?
Mazxirmurm depth of cut: I—ED' 131671 e |
Mumnber of levels: |3

Aukarmatic draft angle: IDdEg E ?

Theradial strategy defines the number of passes that it takes to go from the outside edge to
thefinal part. The problemis, only the number of paths and distance between paths can be
defined. Thismeansthat thereisno way to tell if the entire areawill be milled.

Instead of calculating the distance and number of paths by hand, the number of paths will be
calculated using knowledgeware depending on the distance between the paths.

Using the third mouse button select in thefield for the Number of paths. This brings the
contextual menu for the number of paths up.

Select Edit Formula. Thiswill bring up the formulawizard. This contextual menu as well
as the formula editor window is available for nearly all numerical parameters within CATIA
V5.

Select the measurement created from the workspace. Thiswill show only the parameters
associated with the measurement. This method of determining formula parameters can
prove quite useful when working with advanced models.
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Formula Editor i ed |

[] tneremental o |

| " Profile Contouring, 14MPgParameter, 1\ Number of paths® =

Cictionar

Members of Parameters Members of Al

"Edge Distanceilength” i
*Edge DistancetPElx”

"Edge DistancetPtly”

*Edge DistancelPrlz”

*Edge Distance\PEZx"

"Edge DistancetPE2y”

*Edge Distance \Pt2Zz"

" Edge Distance)Dirx LI

Renamed parameters
Length

Operators
Paint Construckors
Surface Construckors
Object

Line Construckars
Attribute

Wireframe Conskruckars LI

@ oK I ﬂCanceIl

.

Double select ‘Edge Distance\Length’ from the Members of All window. Double
selecting the parameter will put it into the equation window. Next, the distance between
paths parameter is needed from the profile contouring operation.

Key aforward slash (/) after ‘Edge Distance\Length’ in the equals (=) part of the
formula. Theforward slash isthe divided by symbol.

Select the Profile Contouring.1 machining oper ation from the specifications tree.
Again, the Members of All frame will modify to show all the available parameters for the
profile contouring operation.

There are alot of parameters associated with the profile contouring operation.

Select Length from the Members of Parametersframe. Thiswill decrease the amount of
information drasticaly.

Double select Distance between pathsin the Members of Length area. The window may
have to be scrolled to find it. The full name of the parameter is:
‘Profile Contoring.1\MfgParameter.1\Distance between paths'.

Formula Editor : “Profile Contouring.1'MfgParameter.1' Number of paths™

[] Incremental oF |

| " Profile Contouring, 1YMFgParameter, 1ykumber of paths” i

| " Edge DistanceiLength” | *Profile Contouring. 1\MFgParameter. 11Distance between paths®

Dickionar Members of Parameters Members of Length
all 4 | |"Profile Contouring, 1\MFgParameter. 113ide offset increment” -

Operators Renamed parameters “Profile Contouring. 1yMFgParameter, 142 offset increment ™

Paint Constructors Time “Profile Conkouring. 1yMFgParameter, 145ide Finish thickness®

Surface Constructors Boolean “Profile Conkouring. 1yMFgParameter, 1\Machining tolerance”

Object Angle “Profile Conkouring. 1yMFgParameter, 13Fixture accuracy”

Line Constructors M “Profile Conkouring. 1yMFgParameter., 143ide Finish thickness on bottom”
Attribute Inteqger “Profile Contouring. 1yMFgParameter, 14 Tip Approach Clearance ~
Wireframe Constructors Sequencing mode “Profile Contouring. 1\MFgParameter. 11 Tool side approach clearance’
Messages and macros rMFgMachiningiMode “Profile Conkouring. 1yMFgParameter, 1\Maximurn depth of cut”

Lisk MFgReturniMode “Profile Conkouring. 1yMFgParameter, 1YBottom finish thickness™
Measures MFgContouringModeFarGt

Math MFnSideFinish _ILI R

String ;I 1 i | 4 1

| *Edge DistancelLength™ = 3,32381in

@ 0K I ﬂCanceII
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Select OK when done. After selecting OK, the Profile Contouring window will display
again. Notice the number of paths has become greyed out with the formula symbol next to
it. This denotes that the number can no longer be driven by hand and only by the formula.

Change the Distance between pathsto .25in. Notice the number of paths calculatesto 13.

Change the Distance between pathsto .0625in. Now the number of paths re-calculates to
53. Granted, .0625" isabit small but the point is made that the distance between the paths
will control the number of paths.

Set the Distance between pathsto .125in and the Number of levelsin Axial Strategy to 3.
Select OK when done. Do not forget to replay. Try going back and changing the distance
between paths then replay again. Notice the number of paths are directly effected by the
distance.

Start another profile contouring operation for the other side. Notice the Offset on
Contour is already set. If the stepover values are checked the number of paths will already
be defined al so.

Define the geometry for the profile contouring operation on the other side. Since al of
the formulas and constraints have been set it will not be necessary to define any other
knowledgeware for the operation.

The last step to finish the part is to add one more profile contouring operation to make afew
finish passes. Thistime the profile contour operation can pass all the way across the top of
the part.

Start another profile contour operation after Profile Contouring.2. The knowledge
applied to the other two contour operations will still be applied to this operation. Itis
imperative that this be turned off.

Define the guiding element to bethe entiretop arc and not parts of the sketches. Also
define thetop and bottom planes. Since the entire front of the part is to be machined, the
[imiting elements are not necessary.

Double select on the Offset on Contour. Thiswill display the edit parameter window.
Notice the areais greyed out but there is the formulaicon next to it. To delete the formula,
the formula editor must be used..

Select the formulaicon next to the offset field. Deletetheformulain theformula
editor. Select OK when done. The formulawill be the second field in the formula editor
window. Clearing this out removes the formulafrom the parameter. After selecting OK the
edit parameter window will display again.

Set the Offset on Contour to 0 in. This changes the offset to be net size. The same thing
needs to be performed on the number of paths.
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Delete the formula for the number of paths. The stepsto do this are the same as before.
Select the formulaicon next to the number of paths and then delete the field for the formula.

Changethe number of pathsto 1. Thisone path will work as the finishing path for the
operation.

Set the Tool path style to One way and define areturn between levels macro that goes
to the safety plane each time. The return macro will keep the tool from crashing with the
part each time it returns for another pass.

Select OK and replay the program.

The last type of operationsto create for the part are the drilling operations.
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Post Processor Instructions

Post processor instructions are the machine code that gets directly interpreted by the post
processor (the trandator that goes from APT code to the machine specific language). One
must exercise caution when inserting post processor words. By defining a specific syntax
for a particular machine the program is then tied to that machine. This means that apt
cannot be made and processed for another machine. If the program isto run on a separate
machine then the post processor instruction will have to be changed. However, there area
number of post processor commands that are common throughout the different machines
and can be used as necessary.

There are two methods for inserting Post-Processor instructions into the manufacturing
process. One method isto insert the post processor instructions in the macros when
defining the machining operation. The second method isto insert a post processor
instruction into the manufacturing program. Both options will be investigated.

Start adrilling operation after Profile Contouring.3. Definethe user pattern asthe
pointsto drill. When defining the points, the pattern selection will display, expand the
Instrument Panel.1 branch and select the user pattern from there.

Definethetop and the bottom of the holes. Do not define ajump distance. Instead, a
linking macro will be used.

Define an Approach clearance of .125in and a Breakthrough value of .125in. Thiswill
have the machining parameters defined.

Defineadrill bit aswell asthe feedrates and spindle speeds. Thiswill have everything
but the macros defined.

Turn all macros off. By default, there should not be any macros turned on but if thisis not
the case make sure al the macros are off.

Turn the Approach macro on and select the motion to a plane. Thereisafeaturein the
sensitive area that has not been covered yet. Thereisan “X” at the bottom of the approach
motion. Thisisapoint in which post processor words can be defined.
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Using the third mouse button select on the point and then select PPword list. Thiswill
display the PP Words Selection window. Thiswindow allows post processor (PP) words to
be defined. The words can be either keyed in or selected from alist.

Select the PP Table accessicon in the PP Words Selection window. Thiswill
display the PP Words Selection Assistant window. All available PP words are displayed in
thewindow. The PP Words Selection Assistant hel ps define the PP words and parameters
necessary, that way extrawords or parameters are not forgotten.

PP Words Selection Assistant : 7| %]

— Tvpe of Major Words
Major words with parameters j
—Major Words — —Minor Words — — Awvailable Svntaxes
ATR a || [I3PT25L "
ARCSLP T/ |4PT15L
ASLOPE SPT
ALEFLMN | 1 asxIs
BREAK ADIIST
CAMERA ALL
_HECE ANGLE
CLAMP AMTEPI
CLEARP ARC
CLRSRF AT
COOLNT ATAMNGL
CORMFD AUTO
COLUPLE AVOID
CUTCOM AxIs
cvcle x| ||eas |
Filker Filker
I I
—Current Selection

@ Apply I Close I

Select COOLNT from the Major Words frame. As soon asthe COOLNT command is
selected alist of available syntaxes display.

Select COOLNT/ON from the Available Syntaxes frame. Notice the command appearsin
the current selection area at the bottom of the window.

Select Apply and then Close. Select OK in the PP Words Selection window when done.
Apply has to be selected before the coolant command is placed in the PP Words Selection
area

Notice the PP commands now appear in the sensitive area. Note the PP wordsicon
available in thelist of icons available for the macro definition. Adding PP words here
inserts the PP command before the tool reaches the bottom.
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Definearetract motion to a plane. Again, an“X” will appear at the bottom of the retract
motion. Thiswill be where the coolant is turned off.

Definea COOLNT/OFF command at the bottom of the point. Thiswill turn the coolant
off before thetool raisesinto the air. The stepsto perform this operation are the same as
before. Just use the third mouse button to select on the point, select PP words, use the PP
word assistant and select the coolant/off command.

A linking macro will aso be needed to go between the points.

Switch to the linking approach macro. If amotion exists, removeit. Select the add

B,
axial motion icon. £| Thiswill move the tool along the axis a given distance. Again,
notice the “X” at the bottom of the motion.

Set thedistanceto .5in. Add a COOLNT/ON command at the point. Thiswill work
practically the same as the approach macro.

Define a .5in axial motion with a COOLNT/OFF command for thelinking retract
macro. Thiswill have al the macros and additional PP words applied to the drilling
operation. When the replay is viewed there will be no notable difference with the PP words
added.

Select OK to thedrilling operation when done. Thiswill finish machining the part. One
more PP command will be added to the program at the end.

Select the post-processor instruction icon. Thisicon will add a Post Processor
command to the manufacturing program.

Select Drilling.1. Thiswill define where the command will insert after. A similar window
will show for the Post Processor instruction as was shown when defining PP words with the
Macros.

Key the PP command PPRINT YOUR NAME in the PP Instruction field. The word
PPRINT can be found using the PP word assistant if you wish. PPRINT statements are used
to define comments or additional text in the program.

Select OK when done. This adds the PPRINT comment command to the manufacturing
program.

Fedl freeto define other PP instructions or commands throughout the program.
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i
=42 Tool Change.1 T1 End Mill D 10
Pocketing.1 (Computed)

Copy-Transformation.1 (Computed)
== Tool path

== Tool path

= Tool path

L Tool Change.2 T3 End Mill D 10
Pocketing.2 (Computed)

Copy-Transformation.2 (Computed)
== Tool path
== Tool path
=—£2 Tool Change.3 T1 End Mill D 10
] @' Circular Milling.1 {(Computed)
_@ Profile Contouring.1 (Computed)
_@ Profile Contouring.2 {(Computed)
_@ Profile Contouring.3 {Computed)
=—£2 Tool Change.4 T3 Drill D 10
jﬁr Drilling.1 {Computed)
Post-Processor Instruction.1

There are two more jobs to perform on this part. Oneisto create documentation which will
happen next. The second will be to create the apt code and post processed code for the part.
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NC Documentation

NC Documentation is an important part to any manufacturing program. The machinist at
the machine does not have a computer with CATIA V5 on it to view the manufacturing
program. The NC Documentation is the only method that is available to relay the
information

To create NC Documentation a CATScript hasto be ran. This CATScript analyzes the
manufacturing program, then generates HTML documentation accordingly. Also, there will
be an image of the workspace placed on the document. This means that anything showing
in the workspace window will be shown in the document. It is advisable to unhide al the
necessary geometry (fixtures, stock material, machine tables, etc.) and hide al the extra
geometry (construction elements, extra planes, etc.).

Preparethe workspace for documentation. Hide all unnecessary geometry, unhide all
necessary parts. Position the part so that it is easy to view, determine the machining axis
location, position, etc.

Select the generate documentation icon. Thisicon will display the Process
documentation window.

Process documentation ... ﬂﬂ

— Documentation scripk
acript I Browse, ..

—Process name

Process | IPru:u:ess j

— Gaenerated Files

Path : CADOCUME~1hasyd2 1 LOCALS~ 1 Temp Browse. ..
Main File Mame: | Process

@ oK I| Close I Help I

There are several options that have to be set in this window.

Select the Browse button next to the Script field. Thiswill be used to find the CAT Script
that is ran to generate the documentation. The CATScript isin the Prismatic Machining
folder on the Z drive.
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Select the drop down as shown below. This drop down will alow the available drives to
be displayed.

A4
Look in: I@ My Documents :L da f_“i( Ed-
File name: I J Open I
: Files of tupe: IScript [Document”, CATScript] | Cancel |
4 ™ Open az read-only
[ Shew Preview =

Select thelast drive. Thiswill belabeled as{your username} on ‘nemesis’ (Z:). All of the
files contained within the drive will be shown.

Double select on drawings-v5 and then double select on Prismatic Machining. Notice
when you doubl e select on the drawings-v5 folder, all the CAD/CAM CATIA V5 class
models are available as well as your Save Your Models Here folder. Thisiswhere al of the
models for this class are stored. Within thisfolder there is another folder called
Documentation. Thisisthe folder containing the CAT Script that is needed.

Double select on Documentation. Notice no filesare displayed. Thisis not a problem.
Thereis afilter set on the type of filesthat CATIA is searching for and the filter just needs
to be adjusted.

Select the drop down for Files of type and select All (*.*). Now the MachiningDocument
CATScript filewill bevisible.

A
Lok, in: I@ Documentation J =1 EF -
| ——
File name: IMachiningDocument J Open I
Filez of type: I,!.\II (] J Cancel |
1 ™ Open az read-orily
™ Show Preview B
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Select on the MachiningDocument and then select Open. Thiswill place the full path
of the documentation into the Script area.

The Process name field is where the name for the process will be placed, however in the
current versions of CATIA the process name cannot be changed so it will keep the name of
Process for now.

The Generated Files area defines where the HTML documentation is going to be stored.
This path will need to be set to your Save Your Models Here folder.

Select Browse next to the Path field. Navigate your way to your Save Your Models
Herefolder. The stepsto navigate to the folder is the same process as before, select the
drop down, select the Z drive, drawings-v5, then save your models here.

Select the new folder icon. Namethe folder Documentation. Cr Thiswill create a
new folder. Key Documentation immediately after selecting the icon to change its name.

Double select the Documentation folder, then change the file name to be I nstrument
Panel. Select Save when done. This defines the folder and filename for the
documentation. The Process documentation window displays again showing the pieces of
information in the appropriate fields.

Select OK when done. A Documenting the process window will display showing the steps
that the script is going through.

Once the script is done, awindow will display asking if you want to view the documentation
now. Unfortunately, this does not work and the documentation will have to be opened
manually.

Select Notothe VB Script question. Select OK in the Documenting the process window
and close the Process documentation window. Now it istime to view the documentation
created.

Double select on the My Computer icon in the top left hand side of the desktop. This
will show the Windows Explorer.

Double select on {username} on ‘nemesis’ (Z:), then on drawings-v5, Save Your Models
Here, Documentation, and finally Instrument Panel. Therewill be afew filesand a
folder in this directory. There will be one file associated with aweb browser named
Instrument Panel. Thisisthe master HTML file that was defined and that will be ran to
view the NC Documentation.

Double select on Instrument Panel. Thiswill display the NC Documentation.

The information displayed here aswell asin the rest of the document is customizable
through the CATScript. Many companies will choose to create their own specialized

CAT Script to generate documentation in a particular method. Continue exploring through
the document. Towards the bottom of the first page is alink (blue text) that goes to Part
Operation.1.
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Select the Part Operation link at the bottom of the main page.

SHOP FLOOR DOCUMENTATION
Processl bb.CATProcess

Part operation : Part Operation.1

(eneration : 10/1%/2001 at £:11:58 PI{
Part name - Instrument Panel &ssembly

Machine name : 3-azs Default machine

MMachining axis system : Maching Az System. 1
Tool List
Programs :

s Program : Manufacturing Program. 1

Comment :

Mo Description

Notice the information displayed here is information that was specified in the part operation.
If comments were added to the part operation or any other machining operations they would
also be displayed. Itisfor thisreason that it isagood ideato comment and document
anything special about the program or machining operation.

It isleft to you to continue exploring the documentation. When finished close all web
browser windows before continuing.

This finishes creating documentation. The next thing to do is to create the APT code.
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NC Code

Generation of apt code is essentia to get the CATIA manufacturing program to the
machine. There will be two topics covered here. One will be to investigate creating APT
code. The second will be to run the code through a post processor built into CATIA V5.
The difference between APT code and post processed code is that the APT code is general.
It can be processed for most machines by feeding it through a post processor. However,
CATIA V5 has the capabilities to convert the manufacturing programs directly into the post
processed form, skipping the step of creating APT code.

APT Code Generation

There are two methods for generating APT code. One method is to generate the apt
interactively, or on-the-fly. This type of generation of APT does not require the model to be
saved, and can take place at any time. The second method of generating APT code is to
generate it in abatch mode. With batch mode generation, there are alot more options to
control the code generation, but there are afew more steps, as well as the document having
to be saved.

With your Instrument Panel machining process open, select Manufacturing Program.1

and select the generate NC codeinteractively icon. , Thisicon can be found under
the generate NC code in batch modeicon. The save NC file window will display asking
where the APT code should be saved. If the manufacturing program is not selected to begin
with then the APT generation will not know what program to generate APT for.

Changethedirectory to your Save Your Models Herefolder. In order to keep from
cluttering this folder up too bad anew directory for your code will be created.

Create a new folder called Code. Gointothefolder when done. Definethe name of
thefileto be I nstrument Panel and select Save when done. Thiswill create the apt
source file aswell asalog file into the Code directory. It issuggested that if a
manufacturing process has multiple manufacturing programs a separate directory within the
Code directory should be created.

Now that the APT code has been generated, it istime to view the code. On the desktop
thereis an icon for Notepad, a generic, simple text editor. Notepad will be sufficient to
view the APT code.

o

Double select the Notepad icon. [ Thiswill launch Notepad. Now the document will

be opened and viewed.

Select pull down menu File, Open. Switch to the Save Your Models Here folder, then to
the Codedirectory. File Open will bring up the standard Open window. Notice there
appearsto be no filesin the Code folder. Thisis because notepad is only looking for text
(.txt) filesand not for APT source (.aptsource) files.
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ChangetheFiles of typeto All Files. Two fileswill be displayed. Onefilewill bethe
APT sourcefile, the other will be the APT source log file. Thelog filewill contain all of
the processing that it took to generate thefile. Thelog fileis usually only necessary to
determine what caused particular errorsin APT source generation.

Select on the Instrument Panel.aptsource fileand then select Open. Thiswill open
the apt sourcefile.

& Instrument Panel.aptsource - Notepad jjﬂ

File Edit Format Help

L T — B

%% Generated on sSunday, october 21, 2001 01:57:4%9 PM

$% manufacturing Program.l

$% Part operation.l

$HCATIAD

$% manufacturing Program.l

3] 1. 00000 0. 00000 0. Qo000 0. 00000

5% Q. 00000 1. 00000 Q. 00000 0. 00000

13 Q. 00000 0. 00000 1. 00000 0. 00000

PARTMS PART TO BE MACHIMWED

COOLNT AOR

CUTCOM A OFF

PPRIMNT OPERATICH MAME : Tool Change.l

$% start generation of @ Tool Change.l

TLAXxIS, 0. 000000, 0.000000, 1.000000

$% TOOLCHAMGEBEGIMMING

RARPID

GOTO 0. Qoood, 0. 00ooa, 10, QoQoo

CUTTER/  0.375000, 0.000000, 0.187500, 0.000000, O.000000,%
0. 0Qoooo, 2, 000000

TOOLMOL, 0. 375000

TPRINTATL End Mmil1l o 10

LoADTL 1

$% End of generation of : Tool change.l

PFRINT OFERATIOM MAME Pocketing.l

$% start generation of @ Pocketing.l
LOADTL 1,1

FEDRAT/  11.8110,MMPM

SPIMDL/  70.0000, RPM,CLw

GOTO 3.09375, 2.47aB:, 237500
GoTO A 2.006375, 2.47682,  —0.02000
FEDRAT/ 39,3700, MMPM

GOTO A 3.00375, 2.50375,  —0.02000
GOTO 2.90625, 2.59375, -0, 02000
GOTO A 2.G0625, 2.40625,  —0.02000
GOTO 2.009375, 2.40625, =0. 02000
GOTO A 2.06379, 2.47682,  —0.02000
GOTO 2.14062, 2.47aE2, =0. 02000
GOTO A 2. 18750, 2.47682,  —0.02000
GOTO 2.18750, 2.B875H0, =0. 02000
GOTO A 281250, 2.68750,  —0.02000
GOTO 2. 81250, 2.31250, =0. 02000
GOTO A 3. 18750, 2.31250,  —0.02000
GOTO S 2.18750, 2.476aB2, -0, 02000
i A

Feel freeto look through the APT file aswell asthelog file. When done, close Notepad.

Save the manufacturing process. The next step would be to generate the APT source
through batch mode. In order for batch mode to work the document has to be saved first.
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Select the generate NC codein batch mode icon. @, Thiswill display the Generate NC
Output in Batch Mode window.

Generate NC Output in Batch Mode jﬁ

Execute I
Wil Cancel |

Injout | Options | MC Code

—Manufacturing Progam ko Process

& Current document

Document Z:\drawings-wSPrismatic [
Program:

Manufackuring Progranm, j

—Resulting MC Data
MC data bype:  [ap7 J

Qukput File

o Replace File

— Docurnent after Processing (Optional)

[ save document

[acunment ]

[ replace like-named document [ Associate document

There are several fields and optionsin thiswindow. Take acloser look at them.

Manufacturing Programto Process Defines what document will be processed. Either the

Resulting NC Data

APT

CLF

NC Code

current document can be processed or a different
document that is saved.

Defines what will be outputted in the generation process as well as
where the output will go. There are four types of NC Datathat can be
created.

Code used for avariety of machines needing post processed before
reaching the machine.

Cutter location file that contains cutter coordinates. This type of code
issimilar to APT, however is used less.

Post Processed code if a post processor and controller has been
defined.

In Process Modél Creates a CGR file of what the moddl 1ooks like after

machining the current manufacturing program. Useful for
multiple position parts. The CGR file can be used for the
stock material of another Part Operation.

Document after Processing  Allows the document to be saved immediately after it is

processed.
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The Options tab contains alot of customizable information about the output of the code.

Generate NC Output in Batch Mode ﬂﬂ

tnjout [ Optians | ne coe |

—MiZ Data Cplions

Circular interpolation: |4k amatic J
Circle radius limits: ik j
Mairmumn Fadils: 1000, 000000
Minirmumm radios: 0, 100000
Circular recard bvpe: S0 - son j
Tool mation statement: | & k- makic j
InFormation staternent: 4 j
Rapid feedrate: Automatic J
Rapid walue: 100, 000000
Synkax used: Yas J
3 Cancel |
.
Circular interpolation Defines how circles are looked at.
Circleradiuslimits If the Circular interpolation is not set to automatic, then
radius limits need set.
Minimum and Maximum radius Defines the minimum and maximum radius limits if

Circleradius limitsis not set to automatic.

Circular record type Defines the type of record for circleswhen aCLF fileis
requested.

Tool motion statement Describes the format of the tool motionsin the output.

Information statement Defines what characters represent information or comment
Statements.

Rapid feedrate Defines the rapid feedrate, hard coded or machine default.

Rapid value Defines the rapid feedrate value if hard coded.

Syntax used Defines if the default syntax should be used in the program.

The NC Code tab will be investigated |ater.
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Make surethe NC data typeis set to APT and the output fileisthe Code folder in the
Save Your Models Herefolder with a file name of Batch Instrument Panel. Calling the
code Batch Instrument Panel isjust so the two sets of APT Code do not get overwritten.

Select Execute at the bottom of the window. A command line window will display
showing the statement that is being executed.

When the command window closes select Cancel in the Generate NC Output in Batch
Mode window. Open the codein Notepad. The code will look exactly the same as the
code generated interactively.

& Batch Instrument Panel.aptsource - Notepad it jjﬂ

File Edit Format Help

L T — B

%% Generated on sSunday, october 21, 2001 02:47:20 PM

$% manufacturing Program.l

$% Part operation.l

$HCATIAD

$% manufacturing Program.l

3] 1. 00000 0. 00000 0. Qo000 0. 00000

5% Q. 00000 1. 00000 Q. 00000 0. 00000

13 Q. 00000 0. 00000 1. 00000 0. 00000

PARTMS PART TO BE MACHIMWED

COOLNT AOR

CUTCOM A OFF

PPRIMNT OPERATICH MAME : Tool Change.l

$% start generation of @ Tool Change.l

TLAXxIS, 0. 000000, 0.000000, 1.000000

$% TOOLCHAMGEBEGIMMING

RARPID

GOTO 0. Qoood, 0. 00ooa, 10, QoQoo

CUTTER/  0.375000, 0.000000, 0.187500, 0.000000, O.000000,%
0. 0Qoooo, 2, 000000

TOOLMOL, 0. 375000

TPRINTATL End Mmil1l o 10

LoADTL 1

$% End of generation of : Tool change.l

FPRINT OPERATION MAME PDCkE‘t"Ir‘lg.l

$% start generation of @ Pocketing.l

LOADTL 1,1

FEDRAT/  11.8110,MMPM

SPINDLS  70. 0000, RPM, CLW

GOTO 3.09375, 2.47682, 2.37500

GOTO 3.09375, 2.47682,  -0.02000

FEDRATS 39,3700, MMPM

GOTO 3.09375, 2.50375,  —0.02000

GOTO 2.90625, 2.59375, =0, 02000

GOTO A 2.00625, 2.40625,  —0.02000

GOTO 3.09375, 2.40625, =0, 02000

GOTO A 3.09375, 2.47682,  —0.02000

GOTO 3.14062, 2.47682, =0, 02000

GOTO 3. 18750, 2.47682,  —0.02000

GOTO 3.18750, 2.68750, =0, 02000

GOTO A 2.81250, 2.68750,  —0.02000

GOTO 2.81250, 2.31250, =0, 02000

GOTO A 3. 18750, 2.31250,  -0.02000

SOTO 3. 18750, 2.478E2, =0, 02000

| A

The next step will be to create post processed code.
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Generating Post Processed Code

Post Processed code is code that can be sent directly to the CNC Machine. This code does
not have to go through another tranglation before the machine can read and understand it.

Before a manufacturing program can go through post processing, the post processor has to
be defined.

Select the pull down menu Tools, Options, NC Manufacturing, Output tab. Thiswill
customize the output options for manufacturing.

Change the Post Processor to Cenit and select OK. The IMS Post Processor requires a
license not included with CATIA. The IMS Post Processor will generate a partial post file
that is not useful for much.

Select the generate NC code in batch modeicon. Thistime NC Code will be generated
sending the file through the Cenit Post Processor.

Change the NC data typeto be NC Code, and set the output fileto be I nstrument Panel
Codein the Code directory. Thiswill define where and what the name of the code will be.

Changeto the NC Codetab. Now there will be an option available. Thereisa Cenit Post-
processor file drop down that will allow the selection of a post processor. There are a
number of post processors available. The post processor corresponds to the type of
controller the machine has.

Select the OKUMA_MX45VA_3X post processor. Selecting the question mark next to the
drop down field will display information about the specified post processor.

Select Execute when done. Another command window will display while the codeis
generated.

Open the Instrument Panel Code. CATNCCode filein Notepad. When opening the file
there will be another file with the same name but different extension. The other file will be
the log file associated with the NCCodefile.
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& Instument Panel Code.CATNCCode - Notepad : EEE

File Edit Format Help

|

MOS
ol ¥3.094 w2.477 Z2.375 &6 H1. F11.811
Z-0.02
\E
X2
2.
X3
2.
X3
Y.
Hd.
Y2,
H3.
Y2,
H3.
Y2,
H.
Y.
H3.

[(================================================== ﬂ
{MODEL N NAME : Tool Change.l1)
(PART OFP )
(MACHINE :))
{DATE rSun oct 21 15:21:5%8 2001

WViZl=—9999 (X SAFE POSITION)
WVC2=99590 (Z SAFE POSITION)
G990 G177 G40 G21 G95
4 0

G0 =0 v0 Z10 MO8
rMOS MOS

======== TO0L CHANGE ==========)
(TLDESC :)
MTL

GO0 Z=wiCZ
G000 ==vicl
TLFON

CCALL ©OCHEKD

394 F39.37
G065
406
054
477
188
BEE
813
313
138
477
375
875
G625
125
375

{ 2 SAFE POSITION )
{ * SAFE POSITION )

Thisisthe actua code that the machine reads. This codeis now ready to be sent to a
machine using the controller specified in the post processor.

Select Cancel in the Generate NC Output in Batch Mode window and save your process.

There are two workbench options that were not covered in this course.

4 Macro Output to VNC VNC (Virtual NC) isamachine

o

Replace Tools

simulation/verification tool made by Delmia, a
subsidiary of Dassault Systemes. VNC is a separate
package that has to be purchased from Delmiaand is
not yet fully integrated into CATIA V5.

This option allows tool representations to be changed. This
option is only useful when atool database is used that has an
alternate tool representation defined.
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