Introduction

The Romi EZPATH® II lathe is part of the Brid.g%!‘i()-ort Machines PCNC (PC-based Numetic Control)
product line, following in the footsteps of such products as the EZTRAK mill and the EZPATH I lathe.
It is specifically designed for the first-time PCNC user and is intended to bridge the gap between a
handwheel-driven lathe and a full-featured CNC machine, combining the ease of use of one with the
increased productivity of the other. Like all machines in the Bridgeport EZ series, it gives the user

the flexibility of three different machines in one.p:éié;fkage:

X 1'the manual mode; the 5 tor can.use'_‘.\fhe the axis handwheels and advanced digital

readout in the same Way':'-tha't' a conventional lathe is operated.

e The semi-automatic Do Event mode lets the 'op.e'r&a'tor perform compl . operations with a

single instruction—including tapering, chamfering, and radius ¢

» In the fully automatic mode, the EZPATH can run complete parf-ljrogljams, In addition to
running existing programs, the EZPATH comes with powerful, eas-y'-rté)-use tools to create new
programs. MDI {manual data input) mode is a step-by-step conversational environment
which prompts the operator for all the information required to easily machine complex parts.
In Save Point (Teach) mode, the operator can manually turn the first part and save the CoOr-
dinates of each move to replay the operations for suBséquent"par‘ts. EZPATH also incorpo-
rates powerful canned cycles and 'i;utter compensation routines; giving it the ability to
machine parts that previcusly cbﬁld only be produced on high-end lathes.

The EZPATH requires no prior knowledge of CNC pro.gramming or computer experience. By follow-
ing on-screen prompts, the operator can begin turning a part after only a few minutes of basic train-
ing. The programming environment in the EZPATH intelligently prompts the user for basic part infor-
mation found directly on a blueprint, and even provides math help functions for calculating necessary

points.

This manual provides the infdrnj.gtion to operate and program the EZPATH IL It includes a complete
step-by-step tutorial in which the user produces an actual part, a programming example, and a com-

prehensive index.



Safety Instructions—
BEAD THIS FIRST!

Like moét manufacturers, we go to great lengths to make our products as safe as possible. But
operators can still get hurt. In virtually every case, the injliry is the result of:

@ Not knowing how to operate the machine properly;

m - Not following proper operating and safety procedures;

.-Garelessness ot inattention; . .

m Trying to “take a short cut;”:

m Poor maintenance.

For your personal safety, and to get the maximum eﬁiciency' dﬁiof this precision machine, read and

follow operation and mainienance instructions carefully.

@ Some parts in the electric and control panels, transformers, motors; 'jﬁnéﬁon boxes and
other components use high voltage. If these points or terminals are touched they may

cause serious electric shock and even death.

s Never touch a manual control (buttons, keys, switches, levers, etc.) with wet hands,
shoes, or clothes. This may cause electric shock and even death,

@ Warm up the machine—especially the main spindle—by operating it for 10-20 minutes at

1/2 or 1/3 maximum speed.
m Tooling should be in accordance with .the machine specifications, size, and type.
Worn-out tools may cause damage. Replace.‘hworn-out tools before damage occurs.
B The work area should be well-illuminated £o facilitate safety inspection.

m Tools and other items should be stored. To prevent accidents, do not leave tools around
the machine. Tools should not be put on top of the headstock, covers, or similar places.

Keep aisles clean.

m To avoid interference, tool length should be within tolerances.



After mounting a tool, make a test,

After rhachining chuck jaws, make sure they hold the Workpiéce with proper clamping

force.

Do not work with long loose hair that may get tangled with the machine; tie on top of
the head or to the back.

Do not operate manual controls (buttons, keys, switches, levers, etc.) with gloves; this

o

may cause defects,

Whenever a heavy workpiece, part, or component must be moved, and whenever there is
any risk, two or more people should work together,

Only trained and qualified workers should operate forklift trucks, cranes, and simijar

equipment to avoid collision and damage.

Hold workpieces and parts firmly and__set-:ufé‘ly:' |

Do not touch chips or tooltlpvmth uﬁpfétected hands.
Stop the machine before é&justing cooling system nozzle.
Ne r touch with h;ids or in any other way a rotating workpiece or main spindle,

Do not open the chuck guards, rear splash guard or machine doors during machining

operation.

Use a brush to remove chips from the tool tip—NEVER WITH UNPROTECTED HANDS.
Stop the machine whenever mounting or removing a tool.

Wear a mask or face protection whenever machining a magnesium alloy workpiece.

During heavy machining, avoid chip accumulation. Hot chips may cause a fire.

Gther important safety information is contained in the EZPATH 1T Maintenance & Installation
Manual. Make sure you understand all safety procedures before operating the machine,
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Chapter 1
Overview

Figure 1-1 illustrates the main operating features of the EZPATH 1I lathe. This chapter will describe

each of the operating controls located on the machine, as well as start-up procedures. Throughout
asic turning principles and procedures; the

this manual, it is.assumed that you are farniliar w
PATH controls and features to accomplishing those

manual focuses instead on how 1o apply the
tasks. For more information on the initial’ ginhp é.nd"_conﬁguration of the machine, consult the

E7PATH T Installation and Maintenarice Manual, and the EZPATH Il Blectrical Manual.

Contro! Unit Tool Post Tailsiock
1.1 \ ; ; 1.3.5 1.4.7
Handwheel Handwheel
(Z-axis) 1.3.2 (X-axis) 1.31

35" disk drive

143

Spindle gear

141 —— Operator control
panel 1.3.3

Lubtication

sight glass

1.4.2 Spindle Control

lever 1.3.4

Figure 1-1 Overall view of the EZPATH Il 1

Q nomi i

atie. The number following the name of each centrol or feature refers to the

numbered section of this manual which describes It.
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1.1. Control Unit

The heart of the EZPATH is the control unit, mounted an a pendant on the left side of the machine,

It houses the CRT (cathode-ray tube) display; a keyboard; and, to the left of the CRT display, a control
panel. (On the tool carriage is another control panel with some of the same controls.) You can use
the control unit to operate the -_r“ﬁééhine and turn parts, or you can use it to create, save, and edit pro-

§rams; you can rotate it to whichever position is convenient.

1.1.1. Start, Hold

Use these buttons to initiate executio

of a program or Do Event command; you can use the
Hold button to stop further executib_n of aﬁy.iprdgra_m of Do Event command. Hold will halt
all axis motion, but does not turn o'ff:th'é,s_p'ind‘h‘é.-_‘,Qp'erations that have been put on Hold can
.be resumed by hitting the Start button or .'I)resSi'ﬁé.fhe [<&tanT | key on the keyboard. After
hitting the Hold button, you can hit.: to simply terminate a program. (Théée keys are
not on the screen when y.ou_‘firét turn on the machine, but you’ll see them when yoﬁ-’re run-

ning a program.)

1.1.2. Jog+, Jog~

The Jog switch is used to move the tool carriage back and forth along the Z-axis. Turn the
switch to the left for motion towards the spindle (the - direction); rotate it to the right to
move it away from the spindle. After rotating the switch, press it in to begin moving the car-
riage in the selected direction. When you are in Jog mode (see section 2.2.4) you can use

this switch to jog the X-axis as well.

1.1.3. Emergency Stop

The large red mushroom-shaped button is the ermergency stop button; it is used to halt all
action of the lathe in an emergency. When this bution is pressed, axis motion stops, the
spindle stops, and the screen displays an alarm message. See section 1.6 for emergency shut-

down procedures and recovering from them.

1.1.4. Spindle Power Indicator
Only when this indicator light is turned on and glowing green is it safe to work near the
gpindle.

i-2 . EZPATH (! OPERATIONS. & PROGRAMMING MANUAL
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Figure 1-2 The EZPATH control unit, showing the primary opéfétbr controls. Each is labeled with the number of
the section of this manual which descrives o :

1.2. Computer Display |

The EZPATH control unit includes a high-resolution 9" display screen. Usually, the screen is divided
into two main areas, as shown in Figure 1-3. The lower part of the screen displa'ys pictures of keys
with abbreviated commands; these tell you the command assigned to each key on the keyboard. The
rest of the screen displéys status indicators; each gives you a particular piece of information about

the current operating status of the machine, so that you can at all times know exactly what the’

machine is doing.

1.2.14. Tool Position

The large XZ indicators show the current position of the tool within the EZPATH coordinate
system (see section 2.1 if you are not familiar with the coordinate system used by EZPATH).
If the coordinates are diéplayed with 4 decimal places, the units are inches; if 3 decimal

places are shown, the units are millimeters (section 2.2.21).

1.2.2. ABS/TMP

FZPATH gives the operator the ability to temporarily define a new coordinate system without
affecting the current job set-up (see section 2.2.20). If such a coordinate system is in effect,
the small indicator to the lower right of the tool position reads TMP; otherwise, it reads ABS

(the default setting).

OVERVIEW 1-3
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Tool Position
1.21

ABS/TMP _

indicator
1.2,2

Stops
1.2.3

-vanlncaEPonTcs o SELECT FUNCTION << .
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| Z 0.0000 P | o,
10, ==
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STOPS: X -1.7845 8.2176
Z -35.7500 4.2500

Gommand
keys
23

Figure 1-3 The Basic Operations screen. The: keyboard pictures on the bottom half of the screen are called
softkeys—each key represehisﬂa software command. These are discussed n Chapter 2. The rest of the screen
displays different status indicators: each is discussed in the numbered section listed on the Hlustrahon

1.2.3. Stops
These show the travel limits that you can set for movement in the X and 7 axes; see section
2.2.16.

1.2.4. Operating Parameters
To the right of the main coordinate display is another box which shows a number of operat-

ing parameters.

PGM  This displays the name or number of the program that is currently loaded. If no
program is loaded, this area is blank.

N This is the sequence number (line number) of the current program.

T The number right after the T is the number of the currently selected tool. The num-
ber following the # is the offset number (see Chapter 3 for tool libraries and offsets).
Before doing any work (uniess you are operating the machine manually), you must select

a tool and offset.

F  This shows the feedrate in feet (or meters) per minute. It displays the actual rate of
motion, not the programmed rate. It will display the rate of motion whether the tool is

EZPATH Il OPERATIONS & PROGRAMMING MANUAL



being moved with the handwheels or automatically; it will display RAPID when the tool is

moving at the rapid-positioning rate.

Note that Do Event and MDI commands will ask that you input feedrates in inches (or
mm) per spindle revolution; nevertheless, they will be converted and displayed here in

feet (or meters) per minute.

The number following the % sign is the feed override percentage:. Using the feed over-
ride keys, the operator can override any programmed feedrate [secuon 2.2.19) by a fixed

percentage; if this is done, that amount is displayed here.

RPM  This is the actual rprn of the-spindle, not the programmed rate; the actual rpm
could vary up to 10% from what is programmed. 7A positive number indicates counter-

clockwise rotatlon a negative number mehcates kwise rotation.

X, Z = These coordmates show: the remalmng dlstance the tool has to move to reach the

destinanon point called for in the _cur;ent instruction.

L

1.2.5. - Screen Intensity

The EZPATH screen is subject to phosphor burn-in, which often occurs on CRT screens when

they continuously display the same information. To prevent damage, use the controls mount-
ed just below the screen to reduce the screen intensity. This is especially important if the
machine will not be used for a long period of time. To help extend the life of the computer
screen, a screen saver has been installed and will turn on after 3 minutes if the machine is
not used. The screen saver will turn off if an axis handle is moved or a key on the keypad is

struck. This first keystroke will not affect or alter any program screens or operations.

Tool Carriage Controls

1.3.1. X-axis (crossfeed) handwheel

Two handwheels are mounted on the tool carriage; the smaller one, mounted higher up, con-
trols the crossfeed movement (X-axis); it feeds the tool into the part perpendicular to the axis
of spindle rotation. Rotating it clockwise moves the tool away from the operator (in the neg-
ative direction). It is calibrated in 0.002" so that one complete clockwise revolution feeds the
tool 0.5000" away from the operator (these units are diameter values).

OVERVIEW 1-8



1-6

Tool post fock

. X-axis handwheel
Spindle control lever
Operator's control panel

b Z-axis handwheel

Figure 1-4 Close- -LUpview of the EZPATH I tool camage The pane\ on the right duplicates several of the controls
found on the pendant—mounted contror unit, so you can easily use the machine in either position. .

1.3.2. Z-axis handwheel .
The larger handwheel moves the carriage to the left and right, parallel to the spindle rotation -
(the.Z-axis). Rotating it to the right moves the carriage to the right (the positive direction).
It is calibrated in units of 0.1 mm, so that one complete clockwise rotation moves the tool
carriage 24mm {o the right.

Both the X and Z handwheels are electronically linked to the control unit, so that any time
you move the tool with the handwheels its position is automatically updated on the display.

1.3.3. Operators’ control panel

To the right of the handwheels is another control panel. It has four controls, three of which
are duplicates of those on the control unit: Emergency Stop, Start, and Hold. These work
exactly the same way as described in section 1.1; they are duplicated here because they
might be more accessible to the operator while a part is being cut.

The other control is the Select button. It is used in the execution of the Taper, Radius, and
Chamfer commands in Do Event mode. In these instances, pressing the Select button slaves
the X-axis to the Z-axis handwheel so that movement in both axes will occur simultaneously
(see sections 5.1.4-5.1.6). Pressing the Select button a second time restores normal hand-
wheel operation.
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1.3.4. Spindle Control

On the right side of the tool carriage is the spindle control handle, used 1o start, stop, and
reverse the spindle. To start the spindle, move the handle to the left and up. To stop the
spindle, move the handle down and to the right. This engages a brake which stops the spin-
dle immediately. To reverse the spindle, move the handle to the left and down from the stop
position. If you move the handle up or down from the stop position without moving it to the

left, you will disengage the brake but will not starf the spindle.

1.3.5. Tool Post lock
This handle locks the tool holder; pull it forward to lock the tool holder in place, and push it

back to release it.

Other controls "

1 4. Spmdle Gear

On the front of the machlne to the left is the spindle gear w1th four posmble seftings: neu-
tral and three drive gears A-C. Setting A produces spindle speeds of 4-400 rpm; B is
12-1,180 rpm; and C is from 36-3,500 rpm. Make sure the spindle is turned off (usmg the
handle in 1.3.4) before changing gears.

1.4.2. Lubrication sight glass
The small bubble below the spindle gear is a lubrication sight glass. When the proper level
of lubrication is in the lubrication system reservoir, this glass should be about half-full; if it is

not, see the Maintenance Manual or your supervisor.

1.4.3. Diskette Drive

The EZPATH can use programs stored on 3.5" floppy diskettes, like those used on most peI-
sonal computers. Make sure a diskette is not in the drive when powering up or restarting the
EZPATH, or it will be unable to load the control software.

1.4.4. Power Switch

The main power switch is located on the left side of the machine. Please note that this
switch provides power to both the axis-drive and spindle motors and to the computer control
unit. The On position is indicated by an arrow; when power is turned on you will feel a
solid click.
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1.4.5. RS-232 port

This port (also called a serial port) is
used to transmit data between the
EZPATH and another remote computer
or machine. See section 9.5 for more
information on communicating with

other machines,

1.4.6. Reset button

Also on the side of the machine is the
Reset switch, which is: uged to restart
thg control software (called rebooting)

without turning off the main power,

1.4.7.. Tailstock
Figure 1-5 illustrates the EZPATH tail-
stock. The tailstock is entirely manual-

ly controlled. The clamping lever, locat-

ed od the far side of the tailstock, '
! Figure 1-5 The EZPATH |l tailstock. The controls are: -

(@nps the tailstock in position when (1) quill clamp lever; (2} quill advance handwhesl; (3)
pulled up. The lever has a multiplier tailstock clamping fever.

built in so that you do not need to

apply very much pressure to firmly

secure the tailstock. The handwheel on the rear of the tailstock advances and retracts the
quill; use the lever on top of the tailstock to clamp the quill in position.

Keep in mind that, all else being equal, overall machine rigidity will be enhanced the farther
to the right the tailstock is. Also, before turning on the EZPATH, make sure the tailstock is

not in a position to interfere with the homing process. |

1.5. Start-up Procedures

After turning on the power, you will see numerous messages flash across the EZPATH display, as the
computer automatically loads the EZPATH software and performs internal diagnostic tests. In normal
operation, you will not need to pay attention to these messages. The EZPATH computer will be
unable to start up correctly if a diskette is in the disk drive when power is turned on.

When the EZPATH software has been loaded, you will see in the upper left of the display EzPATH NOT
HOMED. HIT [MOV ABS]. This means that the axes have not been homed. Each time it is turned on—
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before any work is done—the EZPATH needs to determine the limits of the carriage travel. Press the
amovans} key to select the Move command from the keypad; then press the |+8TaRT arT | key to hegin

homing.

When the EZPATH is homing, first the tool carriage retracts toward the operator; then, it moves all
the way to the right. The Basic Operations screen (Figure 1-3) is displayed when homing is complete.

It is possible to bypass the homing operation when you are restarting the machine after an emergency

shutdown, and you first need to move the tool to a clear point; see next section.

WARNING! By-passing the hormng procedure does not set the machine hmlts Severe damage
and injury can result from using the machme without set limits. HOME THE MACHINE BEFORE
PERFORMING ANY FURTHER OPERATIONS!!

1.6. Emergency Start-up , _ i

It is possible at some point that you wﬂl expenencel an emergency interruption of your program or
machine operatlon These can be of two types: an involuntary shutdown, such as a power outage,

where power to the machine is unexpectedly cut off; o1, a voluntary shutdown, when the operator

uses the Emergency Stop button 10 interrupt an operation.

4.6.1. Involuntary Shutdown
To recover from an involuntary shutdown (power outage, etc.) where you neecl to clear the

*

tool from the part, follow these steps:
1) Turn the main power switch to the OFF position until power is available again.
2) Move the spindle lever (section 1.3.4) te the OFF position.
3) Power up the machine again when power is available.

4) When all of the internal testing routines have been performed, you should see the
message EZPATH NOT HOMED, HIT [MOV ABSg] (like you. usually do); at this point, do not
home the machine. Hit the [isos ] key instead. The screen will read: »> HIT [MOV ABS}]
MOVING AXES TO HOME POSITION—the EZPATH still wants to home the axes before you do
anything. Press the [_esc_] key to prevent the machine from homing. It is possible that
an alarm condition will occur; to clear the alarm, press any key.

5) Now you can use the jog switch on the control panel to clear the tool from the part.
First, press the key until the feed override percentage is set to 0%. (see section
1.2.4).
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6) At this point, the jog switch is assigned to the X-axis; hit the the [xso6z | key if you
need to jog the Z-axis instead.

7) Turn the jog switch to the + or - direction, as needed. While holding the switch in
position, hit the [t Foovn| key a couple of times; the tool will slowly begin to move in the
selected direction. As the tool moves away from the part, use the [troovr] key some

more to increase the speed.

8) When the tool is clear of the part, use the [o exar_] key to leave Jog mode, and then
hit the 3 movass] key to home the machine.

1.6.2. Voluntary Shutdown
To clear the tool from a Work stoppage caused by pressing the Emergency Stop, follow these
steps ' ' '

lj "Pull out the Emer.gency Stop'buttc')n' hitany key to clear the alarm message.

2) If the spindle was runnmg when you pressed the Emergency Stop, you will now see
another alarm askmg you to disable the spindie. Move the spindle lever (section 1.3. 4)
to the OFF position, and press any key to clear the alarm message.

3) Now, you can use the Jog mode to clear the tool from the part. Exit whatever operat-
ing mode you were in and return to the Basic Qperations screen; hit the ladoe ] key to
enter Jog mode. Use the jog switch on the control panel to clear the tool from the part.
First, press the key until the feed override percentage is set to 0% (see section
1.2.4).

4) At this point, the jog switch is assigned to the X-axis; hit the the key if you
need to jog the Z-axis instead.

5} Turn the jog switch to the + or - direction, as needed. While holding the switch in
position, hit the key a couple of times; the tool will slowly begin to move in the
selected direction. As the tool moves away from the part, use the [t Foovr] key some
more to increase the speed.

6) When the tool is clear of the part, use the key to leave Jog mode.
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1.7. Differences from the EZPATH I

The EZPATH II offers a number of enhancements from the EZPATH I lathe—a more powerful head-
stock motor, larger part capacity, etc. However, from the point of view of software and operating con-
trols, the only real differences relate to the spindle control. Whereas on the EZPATH I the spindle
speed was sel via a system of gears and handles, the EZPATH II gives you much more sophisticated
control capabilities via the control software. Section 1.4.1 describes the EZPATH Il's simplified gear

handle; sections 2.2.17-2.2.18 describe the new programmable spindle speed and constant surface

speed features.

Any EZPATH 1 program should run unmodified on the EZPATH 11, with the exception that spindle

speed instructions will need to be edited to include the spindle gear; see section 6.2.6 for information

on the Spindle rpM program command.
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Chapter 2
Basic Operations

This chapter describes how to begin applying some of your basic lathe experience to a computer-
controlled lathe like the EZPATH II. Depénding on how much experience you have, you may 0T Tay
not need to read all of the sections here. Section 2.1 describes how to use the EZPATH coordinate
systemn to describe the location of the tool within the workspace. Secti'c;ﬁ 2.2 introduces the EZPATH
software and the commands available on the Bas_ic.Oiiéf?ﬁdns $ereen, which is what you see when

you first turh on the machine.

2.1. The EZPATH coordinate system ,
- 1f you've ever used a CNC machine 1ool—or even a lathe with a digital read-out—you've encountered
" coordinate systems. Basically, a coordinate system is a measured grid that we imagine overlaying the
workspace—Tlike a giant sheet of graph paper. There is a zero point {called the originj and every
point in the workspace is described in terms of its distance from the origin. If you imagine a giant
sheet of graph paper laying flat over the machine, some of the lines go left-right, and some go
front-back. Wherever two lines cross, there is a point. On the EZPATH, every point is identified by
two numbers, called coordinates; they are the distance from the origin to the point in the left-right
direction, and in the front-back direction. For example, a point with coordinates of {2,4) would be

fwo 1nits in back of the origin, and then 4 units right.

EZPATH uses the coordinate system to specify at all times the location of the tool and the location of 7

the workpiece. The coordinate system lets you tell the EZPATH clearly, concisely, and consistently
where to go when working on a part. If you are going to use the EZPATH—or any CNC machine

tool—in any intelligent way, you must master working with a coordinate system.

Figure 2-1 illustrates the two major axes of the EZPATH coordinate system. An axis is a specialized
term that loosely means direction. If you look at a graph, the two heavy perpendicular lines that
cross at the origin are the axes. When the tool is being crossfed into or away from the work, we say
it is moving in the X-axis; when the tool carriage is moving left or right, we say the tool is moving in
the Z-axis. Each axis in any coordinate system is labeled with a letter—usually x, y, or z. In the case
of the EZPATH the X-axis measures position towards or away from the operator, and the Z-axis mea-
sures position left and right. Again, to go to the point (2,4) means that—starting from the origin—

you move in two inches (or whatever units you have chosen), and then move right four inches.
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homed position)
+X

Figure 2-1 The coordinate system used by the FZPATH lathe. Notice that when the tool is moving away from the
operator into the part, we say that It is moving In the —X direction; when it is moving toward the operstor, the +X
direction; when It fs moving toward the sgindle, the ~Z direction; and away from the spindle, the +Z direction.

The main EZPATH display screen (see Figure 2-5) displays the X- and Z-coordinates of the tool posi-
tion. Instead of using words like “up™ and “down,” “left” and “right,” or “in” and “out,” we use just
two words: positive, and negative. When you crossfeed the tool into the work, you are moving it in
the negative X (-X) direction; when you retract it towards yourself, you are moving it in the positive
X (+X) direction. When you move the tool carriage right, you are moving if the +Z direction; when
you move it left (towards the spindle) you are moving it in the -Z direction. Use the two handwheels
to move the tool, and waich the coordinate display change. If you move it across the origin, you will
see the coordinates begin with a “~” sign. No matter where the tool moves, EZPATH can use the
coordinate system to tell you exactly where it is, using just two numbers,

Different coordinate systems may use different letters to describe the axes and directions. If you've
studied geometry in high school, for instance, you're probably used to seeing the two axes as x and y.
Different CNC machine tools—grinders, and mills, for example—use still other coordinate systems.
The basic concepts are the same, however, and once you learn them for one system, learning other
systems will be easy.
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2.1.1. Working with coordinates

Figure 2-2 illustrates a coordinate system like the one used on the EZPATH. The two axes
and their directions are labeled; the units of measurement are represented by the grid lines.
The coordinate system has been superimposed on the image of a lathe to help you relate the
coordinates and d1rect10ns to an actual machine. The origin [pomt 0,0) is represented by the

& symbol.

Try this exercise now. Take a pencil and move from the origih to each numbered point in
" order; write down the coordinates of each point, and count the number of units you had 1o
move in each direction to get to the point from the previous pomt Check your answers at

the end of this chapter. Don t forget to use “=” if you are movmg in the negative direction.

Notice that on coordinate system d1agrams 11ke thlS —X appears to be up; and +X appears to
be down. This may take some getting used to. Remember though, that the X direction isn’t
really 1ip and down, but towards and away from the operator; when you see a grid represent-
ing the EZPATH coordinates, try to remember that you are looking at it from the top of the

machine, not the side.

To use Point 1 for an example: to get to point 1, you have to move 3 units in the -X direc-
tion, and then 4 units in the +Z direction. Its coordinates, therefore, are (-3, 4); since we
were at the origin when we began moving, the “Distance from Previous Point” is the same as

the coordinate position.

Position Distance from Previous Point
Point X , Z) X, 3
1 (-3, 4) (-3, 4) [from drigin]
2 () ()
3 (—,_) ()
4 (—,_) (., )
5 () (—s—)

2.1.1.1. Absolute vs. incremental

Many EZPATH operations let you specify points as either absolute or incremental coordinates,
Absolute coordinates are what we’ve been talking about all along; it means that each coordi-
nate represents a distance from the origin—like the “Position” coordinates you wrote out in

the exercise in 2.1.1.
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Figure 2-2 Find the coordinates of each poirt to familarize yourself with using the EZPATH coordinate system.

Incremental coordinates, by contrast, are measured from the current puint. In the exercise in
2.1.1, the “Distance from” coordinates you figured out are incremental coordinate positions.
The absolute coordinates of point 2 are (0, 2); but the coordinates of (3, -2) are incremental
coordinates relative to point 1. Using incremental coordinates, you can easily program a

dimensioned shape or contour and then worry later about where the origin will be.

In general, whenever you see a set of coordinates, you can assume that they are absolute

unless it is clearly stated otherwise.

2.1.2. Layers of Coordinate Systems

When you are operating the EZPATH, you will actually use several coordinate systems, lay-
ered one on top of the other. The set of axes will always remain the same~—what makes each
system different is that each one has a different origin.

As we mentioned before, every time you see a set of coordinates, they represent a distance
from an origin point. But who decides where the origin point is?

When you first power up the machine, EZPATH asks you to “home the axes” (section 1.5).
This means that it pulls the tool carriage out as far as it can g0, and then moves it all the
way to the right. This tool location, by definition, is the origin {point 0,0} of the Machine
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Coordinate System. This is the coordinate system that was {llustrated in Figure 2-1, and is the

lowest-level coordinate system.

You can use the Work Shift command (section 2.2.8) to move this origin to a new point.
Whatever origin you set with Work Shift is the origin of the User Coordmate System. Most of
the time, you will not use this feature at all—in those cases, the User Coordinate System will
be the same as the Machine Coordmate System. ' - -
Once you've homed the axes, EZPATH knows where the tool is based on the travel limits of
the machine. Now the software needs to know where your part is in relation to the tool.

This is what setting offsets is all about (section 3. 2). Basically, before begmnmg ‘work, you
move the tool so that it touches the face or diameter, of the stock.  EZPATH keeps track of
"'fas a tool offset. EZPATH uses the offset

to set up a new origin at this pOlnttthE begmnmg of your part. This new origin defines the

how far it travels to do this, and records the dlstanf

third coordinate system—the Part Coordinate System illustrated in Figure 2-3. This is the
coordinate system you will use for most of your regular work. Since the origin is the

beginnning of the part, it is easy 0 transfer information from a blueprint to a part progra.

Let’s review for a minute. We began with the Machine Coordinate System; the origin of this

system is the homed position of the tool. If you do not set a Work shift, this coordinate sys-

Y X

Z-offset

Figure 2-3 Notice how offsets are used to move the origin of the coordinate system to the beginning of a part.
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B _3 SO P2 P1_ )

I 3

Figure 2-4 X-axis positions on the EZPATH are dimengloned in diameter values, like the drawing on the right.

In the left drawing, without using diameter values, the coordinates of the three points would be: P, = (.3,0);

P2 = (.3, -.25); and, Py = (.5, -.25). The same three polnts in diameter values would be: Py ={.6,0); P, = (.6, —.25);
and Py = (1, ~.25), '+ Do E e . _

tem is identical to the User Coordinate System. You then adapt this system to a specific part
(and a specific tool) by sefting offsets. When you activate an offset, the origin changes by
the amount of the offset and you have created a Part Coordinate System.

The large coordinate display on the Basic Operations screen displays the coordinates of the
current tool position in the Part Coordinate System. To see the coordinates of the same point
in the User Coordinate System, select the Tool Offsets command ([rz Torrs| key); in the lower
right corner of the screen you will see UCs LocN followed by the User Coordinates of the cur-
rent point. If the active offset has a value of (0.0}, then the two sets of numbers will be the
same. Note that, to go from the User Coordinates to the Part Coordinates, you need to sub-
tract the amount of the offset.

Note that once you make an offset or work shift active, it remains in effect until you select a
new one, even if you restart the machine. That is why, after homing the axes, the coordi-
nates on the EZPATH display screen might not read (0,0}—an offset or work shift that was
set earlier is still active.

2.1.2.1. Diameter values )

Generally speaking, when you are turning a part, the origin of the X-axis will be the center-
line of your part. However, if youw're used to working with a lathe, you're used to seeing
diameter values on your blueprints: in other words, parts aren’t dimensioned from the center
outwards, but across the entire diameter, How can you reconcile these two different ways of
looking at things? The answer is to scale the X-axis so that it is dimensioned in diameter val-
ues: if you start at the origin and move the tool outwards by 1 inch, you will see the coordi-
nate display increase by 2 inches! Figure 24 illustrates the difference. Normally, you do not

EZPATH Il OPERATIONS & PROGRAMMING MANUAL



hvBFIIDGEPDFIT® P SELECT FUNCTION <<

'X 0.0000 [ , |
Z 0.0000, | %0
RPM o |

STOPS: X -1.7845  8.2176 fl X 0.0000
Z -357500  4.2500 7 0.0000

Figure 2-5 The Basic Operations screen i the "home base” of the EZPATH software. Here you can perform some
basic machine set-up and cperation tasks, and also switch to other cperating modes.

need to think about this too much; since everything is consistent—even the gradations on the
handwheel—you usually won’t notice. Whenever EZPATH is asking you to input information
or coordinates, it will ask for DIA when it is expecting diameter values, and X when it expects

a non-diameter value.

2.2. Using the EZPATH software

Figure 2-5 illustrates the Basic Operations screen—the screen that you first see after powering up and
homing the machine. The Basic Operations screen is the “home base” of the EZPATH software; from
here, you can access all of the other operating modes. On the bottom of the screen, you can see pic-
tures of computer keys, each of which is labeled with a number and a command abbreviation. These
pictures correspond to the keyboard on the control unit, letting you know at all times what EZPATH
command is assigned to each key. EZPATH uses softkeys—meaning that the function assigned to
each key changes depending on where you are in the program. By using the pictures on the screen,
however, you will always be able to tell which key does what.

All of the commands that produce machine operations operate in a consistent way. First, you select
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the command from the keyboard; then, you enter any redquired data; then, before the command is
actually executed on the machine, you have the opportunity to position the tool, turn on the spindle,
adjust the feedrate, etc. The command will not be executed until you hit the [+sranr | key.

While you are entering data you can use the Backspace key and the arrow keys to edit entries; hit
[Center | or the ¥ key to move from one field to the next. Hit [z ['enten | or the ¥ key while you are in
the last field to complete the data entry.

EZPATH provides a number of aids to help you calculate necessary program data. A standard calcu-
lator is built in, and also a special calculator designed to help solve geometry problems these are
described in detail i Chapter 10. Where these are available, you will see appropriate buttons

(] _/cEOM ], IQALGW) chsplayed- dlrecﬂy in the dialog box. You might also see a [ #mc_| button; this
changes the mko'd'e of the enfered coordinates from absolﬁte to incremental. A [“+108 | button will
display pictures of all the tools in the tool hbrary (A dlalog box is. a box, that pops up on the screen
-and asks you to type in some 1nformat10n .Figure 2-6 is a dialog box.]

At any time whﬂe a dialog box is displayed on the screen, you can cancel the entire operation by

pressing the | key.

One final note: as you move through the software, you will notice that some commands are repeatéd
in different places. For exampte, Work Shift is displayed on key 7 in Basic Operations; but if you

move to Jog mode, you will also see it displayed on key 1. This is done so that wherever you are in

the program, you will have a complete set of appropriate commands available, without having to con-

stantly jump back and forth. The remainder of this chapter describes the Basic Operation software

commands.

2.2.1. Tool Change
The Toel Change command lets you select a new tool from the tool library and/or activate a
new offset; the key shows you all of the tools in

the tool library, labeled by type and tool ID number. TOOL GHANGE :
[ESC=CANCEL

When you select the Tool Change command, you will be
asked to specify the TOOL NO (tool number) and the *
OFFSET NO. The “tool number” is a number that you

assign to the tool based on a particular job’s require-
ments; for example, the sequence in which tools will be Figure 2-6 Use the Tool Change

used in cutting a part. In many cases, you will selecta ~ command to to sither change the
tool or the active offset. To activate

any offset, you must use this
example, tool number 3 uses offset number 3 (see chap- command.

tool number to match the offset number, so that, for
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ter 3 for more information on Tool IDs and offsets). Note that the tool number is not the

same as the tool ID; if you hit the [-7us_] key to lock at the tools, it will also show you the

tool ID number, but you will not use the tool ID here.

This is also the command to use when you just want to activate a particular offset,
and not change the tool at:all; simply.hit [Enten | to get through the TOOL NO box, and
then enter an offset number. Whe’hf' j‘}'du select or change an offset, it is your responsi-
bility to ensure that it is the prbper one. Selecting an incorrect offset can cause the
tool to crash the machine or part; this could cause serious injury to you, and damage

to the machine.

2,2.2. Do Event
[z DoEWT . .

This pl}icés you"?iin Do Event mode; Whi'ch'allow}é'&du to execute computer-controtled opera-

tions one at a time. See Chapter 5 for a full description.

2.2.3. Move (Absolute)

3 MOVABS
) ‘ . . RAPID
Use this command to make a rapid (non-cutting) move : [ESC=CANCEL]

to a specified point. When you select the command, it
will ask you td specify DIA ABS and Z ABS : in other
words, absolute X and Z coordinates, relative to the (0,0)
position on the screen. By pressing the key, you

can move incrementally, to a coordinate position which is Figure 2-7 The Move command

produces rapid motion to a

offset from the current tool location. This command pro- T
specific point—in either

duces vector motion; i.e., the tool moves on a straight line incremental coordinates, or
directly to the point, not axis-by-axis. absolute.
2.24. Jog

[s s0a |

Selecting this command pldces you in Jog mode. Figure 2-8 displays the Jog mode screen.

Think of Jog mode as a “command center” for positioning the tool with the greatest possible

flexibility and accuracy.

Jog mode gives you the following capabilities:

1) While you are in Jog mode, you can use the jog switch on the control panel (section

1.1.2) to move along either axis. Recall that when you are not in Jog mode, the switch is
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~BRIDGEPORT® }5' >>USE:JOG KNOB=.1REV, SWITCH=RAPID<< 53

>> JOG X STEP 0. 0005

PGM

N 0
TO1 #0O1 |
F 10 00%100

STOPS: X -1.7845 8.2176
Z -35.7500 4.2500

FEED OVR ACTIVE

Figure 2-8 Jog mode brings together in one place many different commands related to moving and positioning the

tool.

b

 “assigned to the Z-axis. When you enter Jog mode, though, it is assigned to the X-axis.
You can use the key to toggie back and forth between the X- and Z-axis.

2) You can use the [« ster- | and [« ster- | keys to move either axis in single steps of
.0005". If you are in metric mode (section 2.2.21), the Jog step will still be .0005"—the

display will just show the equivalent distance in millimeters.

3) You can use the Feed Override keys ([* Foove] and [v Foova]) to adjust the effective
travel speed as a percentage of the programmed jogging rate (which is set with the
Parameters command-—section 2.2.5). Hitting the key will increase the speed in
5% increments; hitting the will decrease it in 5% increments. The Feed Override
keys will work on either the jog switch or the sTEP keys. '

While in Jog mode, of course, you can also use the axis handwheels if you wish.

Note that the jog keys {[« step- |, and [ step- |) are different from the jog switch on the control

panel (section 1.1.2). The jog keys work only in Jog mode; the jog switch is always active.
The jog keys move the tool .0005" each time they are pressed; the jog switch will cause con-

" EZPATH il OPERATIONS & PROGRAMMING MANUAL




tinual motion for as long as the switch is turned. However, the Feed Override keys affect
each identically.

While in Jog mode, you can also execute other, related commands as described below:

Work Shift command ,ma‘.:;] -

i

Use this command to define a"""né:{ir coordinate system origin.at a spéciﬁc point. It fune-
tions identically to the Work Shift command described in seétion 2.2.8.

Move commands [zmovinc] |3 movaes

Use these commands to move 10 a specific point: to either5 an'incremental coordinate
position relative to the current tool locatlon (Mov INC) ar 1o an absolute coordinate
address, relatlve to the origin: [MOV ABS) ~The tool will move at the rapld traverse rate—
not the ]ogg;ng rate—as ad]usted by the Feed Overnde keys. These are identical to the
regular Move command (section 2.;.3)

Set Parameters command [ param |

Use this command to set various system parameters—including the jogging speed. Itis
described in the next section (2.2.5).

To exit Jog mode and return to the Basic Operations screen, select o Exr__|.

2.2.5. System Parameters

[a goe ]y [+ PARAM |

Use this command to establish several important system settings while you are in Jog mode.
To display the dialog box shown in Figure 2-9, enter Jog mode from the Basic Operations
screen and press the key. You can set values for the following parameters:

SPINDLE MAX RPM  Enter here a “clamp” value
for the spindle speed. While there are other

CHANGE SYSTEM CONFIG
[ESC=CANCEL]

places within the software where you can
define a maximum spindle speed (in particular,
wherever you can set constant surface speed),
the value set hers will override any value set

anywhere else.

X RAPID FEEDRATE (iIN/MIN)  Enter here the rate

Figure 2-8 Use the System Parameters
to customize your maching'’s
performance settings.

that will be used for rapid positioning moves in

the X-axis, up to a maximum of 450 ipm.
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Z RAPID FEEDRATE {IN/MIN)  Enter here the rate that will be used for rapid positioning

moves in the Z-axis, up to a maximum of 450 ipm.

JOGGING FEEDRATE (IN/MIN)  Enter here the rate that will be used when the Jog keys or

- Jog button are used, again, up to a maximum of 450 ipm.

Note how the Feed Override keys will affec_t-’f’éach of thiese speeds. With the rapid traverse
rates, the Feed @verride keys can only be used to adjust the rate downward. With the jog-
gipg rate, the Feed Override keys can be used to adjust it up or down, but they will adjust it
upward only untﬂ the rapid traverse rate is achieved. The rapid traverse rates thus act as a

ceiling on any tool-motion speeds.

2.2.6. - Edit Programs
Use this command to enter Edit mode, which allows you to edit part programs that have been
previously created on the EZPATH. See Chapter 7 for a full description of the EZPATH Editor.

2.2.7. Coolant

[6 coovant
After selecting this command, enter 1 to turn on the fiood coolant, or 0 to turn it off. The
coolant system is intef:locked with the spindle, so that the coolant flow will not actually begin

unless the spindle is turned on.

2.2.8. Work Shift

[z w sneT]
Use the Work Shift command to set a new origin for the User Coordinate System. When you
select the command, it will prompt you for a set of coordinates; the machine will set these as
the current User Coordinate position. ' Typically, you would enter “0” for one or both axes to
define a new origin. Remember, though, that the coordinate position on the main DRO will
be the coordinates you just typed in minus the value of whatever offset is active. (Work Shift
affects the User Coordinate system; the main DRO displays the Part Coordinate system—see

section 2.1.2 if you are unclear on the difference).

When you use the Work Shift command to change the User Coordinate origin, you are basi-
cally picking up all of your coordinate settings—offsets, stops, etc.—and moving them as one
piece. You can use Work Shift, for example, to adjust an entire job set-up to a different piece

 of stock so you can easily cut multiple parts.
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The work shift you set will be in effect until it i changed with another Work Shift command,

even if you restart the machine.

Note that there is no way to recover a work shift in order to cancel it. To cancel a work shift,

move the axes to the home position; select the Work Shift command;-and enter (0, 0).

2.2.9. Create programs with"MD}
e | '

This command lets you enter MDI (Manual Data Input) mode, which lets you &feate part pro-

grams using the EZPATH's easy-to-use conversational interface. With MDI, you don’t need to
remember any complicated programming commands or codes—-you can build an entire pro-

gram just by selecting commands from the screen. See Chapter 6 for details.

2.2.10. Utilities
5 uTiLs_|

The Utilities command gives you access to a number of file management functions, including

sending and receiving files to/from another computer. They are fully described in Chapter 9.

2.211. Power Feed
0 PWR FD

Use the Power Feed command to move the tool in a

. . . ; . POWER FEED
selected direction along one axis only. It will continue a
in this direction until it reaches either a stop or a 4+6
machine limit. The directions (illustrated in Figure 2-10) CHOOSE I —

are 2= +X; 8=-X; 4=-Z; and 6= +Z. After selecting a
direction, enter a feed rate in inches per spindle revolu-
tion. To stop the tool yourself, press the Hold button, or
use the the [ #sc_ key on the keypad.

Figure 2-10 Before using Power
2.2 412, Save Point (Teach) Feed, the spindle must be turned

This is an alternate means of programning the EZPATH;

it allows you to select and save up to 100 points which can be replayed at a later time. See
section 6.4 for a full description.
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2.2.13. Run_ a Program
+WN' ] '
Selecting this command places you in Run mode, which is used to run or preview a program,

See Chapter 8 for a full descrlptlon

2.2.14. Tool lerary

[F1 TLIB '

Ulse this command to maintain the Taol Library, a library of inforhlation about different tools.
This 1nformat10n is needed by part programs so that programmed shapes can be cut accurate-
Iy and premsely See sectlon 3 1 for a complete description.

2.2.15. Tool Offsets

[F2 T oFrs|

' As mentioned in section 2.1.2, EZPATH uses tool offsets to locate a part within its coordinate

system; use this command to access the Tool Offsets window and manage your offsets data.
See section 3.2 for a complete description.

2.2.16. Stops
Use this command to set stops in either direction along either axis. Stops are disabled when
a program is running or when the machine is homing; if you home the machine and the axes

trave] beyond an active stop, you will get an error message.

The Z-axis stops are labeled as left and right. The left stop prevents motion in the -7, direc-
tion; the right stop prevents motion in the + Z direction. The X-axis stops are far and near
diameter. The far stop prevents motion into the part (-X direction); the near stop prevents
motion away from the part (+ X direction). For example, you can use a far stop to prevent
cutting too far into the part during an OD operation, and a near stop for an ID operation.
Setting stops takes two steps: first, enter the stop coordinate; then, in the ACTNATE box, enter

a “1” to turn it on.

Regardless of what stop values you set, the EZPATH has absolute hard-wired machine travel
limits. If you try to enter a stop value outside these limits, your stops will be clipped; that is,
the coordinate will be automatically changed to match the travel limit.

Using stops with different offsets The stop. coordinates always take into account the active
offset, so that if you activate a different offset or tool, the physical location of the stop does-
n’'t change. You can see the stop coordinates—as displayed on the main DRO--change when- _

ever you select a new offset.
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Using stops with Work Shift ~As we mentioned in the
work Shift section (section 2.2.8), the Work Shift com-
mand is used to pick up and move an entire job set-up,
including stops. Therefore, if you change your coordi-
nate positioﬁ with Work Shift, the physical location of
the stops will change, buf the coordinates {as displayed”

on the DRO) will not.

The Work Shift-command can produce two types of
errors with respect to stops. If the Work Shift moves
the coordinates of a stop outside the physical travel
Jjmits, the stop would be clipped as described above.
The second type of error occurs when the c-b'ordipate
'you enter in'the Work Shift dialog box is outside an
existing stop; in this case, the EZPATH de-aétiva_tés the

stops, and you need 10 reset them.

When the EZPATH 18 peing homed, it will automatically

STOPS
1=ACTIVATE
~DEACTIVATE

[ESC=CANCEL]

Figure 2-12 After inputting a value :'
for a Stop, remember 1o enteralin
the ACTIVATE DOX 10 furmn it ons

deactivate any stops that would prevent it from moving to the homed position; you must re-

activate them yourself.

All stops are automatically disabled when you run a program.

2.2.17. Constant Surface Speed

Use this command to set the EZPATH in constant surface speed mode. In this mode, the

spindle speed automatically adjusts as the diameter of the workpiece changes, so that the

speed of the workpiece moving past the tool tip is

unchanged. Surface speed is measured in surface-feet per

~_minute (sfpm); in other words, 100 sfpm means that the

" surface of the workpiece s moving past the tool tip at a
rate of 100 feet per minute. You are prompted 0 enter 3

pieces of information:

GEaR  The EZPATH spindle has three gears. Use this
detting to tell the [ZPATH what gear has been selected
with the handle on the front of the machine (see section
1.4.1). Gear A has a range of 4-400 rpm; Gear B covers
12~1,180 rpm; and Gear C has a range of 36-3,500 rpm.
Enter 1,2 or 3 for A, B, or G, respectively,

"BASIC OPERATIONS

SET CSS
GEAR 1=LOW 2=HIGH |
[ESC=CANCEL] |

Figure 2-13 Note that ihe
EZPATH has no glectronic
knowledge ahout what the
spindie gear is: you must tell it
here if it is to operate properly
and safely. '
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It is important to understand that EZPATH figures your part diameter— ang hence, the spindle
= O‘position. This position ig determined entirely by the
active offsets and work shifts; EzpaTy does not use a “hard-wired” spindle centerline.

Therefore, to uge the Constant Surface Speed feature, you must have your offsets and/or

Make sure that the speed you set here ig consistent
with the gear that has been selected with the spin- AT RM
dle-gear lever on the front panel (section 1.4.13}, [ESC=9ANCEL]
You can use 3 special surface speed calculator

(press the key) to calculate the spindle rpm

that will produce a desired surface Speed for a par-

ticular diameter, Note that this ig 1ot the same a5 Figure 2-14 Afier selecting the o

Setting a constant surface speed, as described i OMMaNd, you can use the Special

' Surface-speeg Calculator (lower box) to

calcuiate a Proper speed for YOur particular

application, The calculated value will be
Inserted automatically inig the m=m

surface speed, jf that is the current operating mode, command box,

the previous section.

Setting a spinelle Speed here will turn off constant
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2.2.19. Feed Override keys
'+ T oAy [+ FDOVR|
Use these keys to set the actual feedrate as a percentage of whatever is programmed, You
can specify that the actual feedrate be anywhere from 0- 150% of the programmed value.
Each key increases of decreases the feedrate by 5%; you can see the effect in the status win-
dow {see section 1. 2. 4) " Any medlflcatmn you set here will be in effect until it is changed,’

even if you do things like run a program. -

Note that the Feed Override percentage affects not only “feedrate” (i.e. cutting} moves, but
also jogging and rapid positioning moves. Section 2.2, 5 descnbes how the Feed Override

keys work with rapid traverse and jogging rates.

'9.0.20. Use Temporary ‘coordinate system

Use this command to break into the current coordinate system set-up and define a new, tem-
porary coordinate system. This new coordinate system overrldes all active offsets and work
shifts.

When you select the Temr_ | key, the indicator to the lower right of the main coordinate
readout switches from ABS to TMP. The 7 key will now display the SET X2 function; if you
sclect this command, you will be asked to specify X- and Z-coordinate values that will imme-
diately become the coordinates of the current tool position. Typically, you wilt use this func-
tion to enter a zero on one or both axes and establish a temporary origin. All tool moves and
stops will now be displayed relative to this new origin. When you press the € key again
([€ags 1), you will return to your regular coordinate systein with its offsets. If [7serxz] is
not used to set a new origin, the TMP mode will be no different than the ABS mode. If you
return to TMP mode, EZPATH will restore the last TMP origin.

Note the difference between TMP and Work Shift: Work Shift sets a new origin for 'the User, ...
Coordinate System, while TMP sets a new origin in the Part Coordinate System. Thus, you
can still use all of your tool offsets after using Work Shift, but TMP simply overrides them.
-(See section 2.2.8 for Work Shift).

Be careful about switching to TMP while Constant Surface Speed mode is aciive; setting a
new X =0 position will corrupt EZPATH’s spindle-speed calculations.
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2.3.

2.2.21. Set inches or mm

v [, Sw ]
You have the option of using either inches Or metric units. If the coordinates are displayed
with 4 decimal places, then EZPATH is using inches; if 3 decimal places are shown, EZPATH
is using millimeters. When writing a program, you must select the proper mode here, before
creating your program. The label on the key displays what mode it will change into, so that
when the key readstM_T*I, pressing it will place you in metric mode; when it reads
B, pressing it will place you in inch mode.

Answers to exercises
2) (0,+2)  (+3-2)

3) (+1.5-1) (+1.5,-3)
4) (-2,-1) (-3.5,0)

5) (-2,-2) (0,-1)
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Chapter 3
Using Tools

In-the operation of your EZPATH II Jathe you will need to use any number of different tools. Properly

organizing and maﬁﬁaging the information associated with these different tools is a vital part of using

the"EZPATH properly, effectively, and safely.

Information about tools is stored in two main places; the Tool Library, and the Tool Offsets file. Both
of these are computer files that the EZPATH maintains on its hard disk. The Tool Library stores a
number of pieces of information about the size and shape of each tool, including what type of tool it
is-—drill, grooving tool, etc. The Tool Offsets file is a table of information describing the distances
from pasticular tools to your part; it is a way of relating the tool and part in the coordinate system so
that your programs can function properly. The Tool Library is described in section 3.1; tool offsets

are described in section 3.2.

3.1. Tool Library

TP e | '
The Tool Library is used to specify the tool type; touch-off point; and information about the size and
shape of the tool. Each tool is also assigned a Tool ID when it is entered into the Library, so EZPATH
can look up the information for each tool when your program calls for it.

Note that the tool number and the tool ID are two different things. The tool number is for your use
only, as an operaior; the EZPATH software does not associate this number with any information in
the Library. Assign tool numbers to help organize the planning and set-up of a job: for example, the
first tool to be used rhight be assigned tool number 1, the second tool number 2, etc. Typically, you
will associate the tool number with an offset number so that, for instance, ool number 3 uses offset
number 3. If your tools are mounted in a turret, the tool number might also edual the turret pOsi-
tion. The Tool Change command in Basic Operations (section 2.2.1) will ask you to specify the tool

number to select a tool.

When you select a tool in MDI, though, (section 6.2.7), you have to specify both a tool number and a
tool TD. In this case, the tool number is only used to prompt the operator to install the proper tool-
when the program calls for it; the tool ID is used to look up the right tool information in the tool
library so EZPATH can calculate the proper tool path.
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Figure 5;1 The Too! Library stores the information about each tcol that is needed by EZPATH programs.

The Tool Library stores tool information in a file on the EZPATH hard disk. The Tool Library gives
you'a number of functions to add or delete tools from this file; modify the settings for a tool; or view
a picture of the tool which is based on the Too] Library settings. '

To access the Tool Library, hit the [F1 Tiia ] key from the Basic Operations screen. You will see the
screen shown in Figure 3-1. The main window lists all of the tools in the file. Use the cursor
{arrow} keys to move up or down through this list to select a tool to view or modify: use or
to move up or down a line at a time, or and to jump to the beginning or end
of the list. As you move up and down through the file, the small window in the upper left corner
tells you what line number you are on. “The Tool Library’s other commands are described below.

3.1.1.  Add a new tool

Before using this command, notice where the cursor is placed in the main window; this is
the line where the information for the new tool will be inserted. Use the P and & keys to
move to a different line, if desired,
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Figure 3-2 Each tooi is one of eight types; when you Add a tool to the library, you will heed to specily which one.

Immediately after pressing the key, you will see the screen shown in Figure 3-2,
which shows the 9 basic tool types used by EZPATH. After selecting the right type for the
tool you'll be adding, you'll see a dialog box requesting additional information about your
particular tool. Whenever you use a canned cycle in a program, EZPATH will check that the
too) type entered here is appropriate for the operation you’ve programmed.

Be extremely careful when you enter this information: wrong information will cause your
programs to operate incorrectly, and could damage your part, your tool, or the EZPATH

machine! Pay special attention to the orientation and direction of angles.

For all tool types, you must specify the following information:

TooLID  Enter a unique number for each tool. You can use any of the number keys,

the “~” key, or the “.” key, up to a maximum of five characters.

IN, MM Enter 0 if the settings for this tool are in inches; enter 1 if they are in
millimeters.
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DISTTO TOUCH OFF: X, 2 For each tool, EZPATH needs to have one point that it consid-
ers the location of the tool; this is the touch-off point. If you leave these vaiues as (0,0),
the touch-off point will be where the small cross is in each tool-type picture in Figure 3-2.
You can specify a different point by entering its X- and Z-coordinates. Whatever coordi-
nates you enter will be offset values from the default touch-off point—not the tool itself.
Pay extra attention to the coordinate direction display in the box after Tool Type 8, so that

your use of positive and negative numbers is correct.

The other information you need to specify varies from tool 0 1D ROUGH | +@)
to tool, and is described in the following sections.

3.1.1.1". Inner Diameter—Rough (Type 0)
Use this tool type for boring when the tool is moving in i -

the positive-Z direction.

ANGLE1 * Enter the relief angle from the X-axis in the

direction shown,
ANGLEZ2  Enter the included angle of the tool.

ANGLE3  Enter the relief angle from the Z-axis. Note
that you only need to enter either angle 2 or angle 3; if
you enter both, it will use angle 2, and disregard

whatever is entered for angle 3.

TIP RADIUS  Enter the radius of the tool’s tip.

3.1.1.2. Inner Diameter—Rough (Type 1)
Use this tool type for boring when the tool is moving in

the negative-Z direction.

ANGLE1  Enter the relief angle from the X-axis in the

direction shown.
ANGLE2  Enter the included angle of the tool.

ANGLE3  Enter the relief angle from the Z-axis. Note
that you only need to enter either angle 2 or angle 3;
if you enter both, it will use angle 2, and disregard

whatever is entered for angle 3.

TIP RADIUS  Enter the radius of the tool’s tip.

Figure 3-4 Tool type 1
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3.1.1.3. Inner Diameter—Groove (Type 2) ID GROOVE (1)

-

./:‘|

Use this tool type to cut grooves on the inner diameter

T
of the part. &2/ k
_;/_”® )
ANGLE1  Enter the relief angle from the X-axisin .~ e

i
irecti be——WIDTH——
the direction shown. .

WIiDTH  Enter the total width of the tool.
TiP RADIUS  Enter the radius of the tool’s tip.

" MAXDEPTH Enter the greatest depth to which the

tool can cut.

- GROOVE ANG 2 . - This is the orientation of the

"groove on the part—e.g. inner diameter, face, etc.

iD groove
270° Figure 3-5 Tool type 2

A regular inner diameter groove

would be 270°. Refer to Figure 3-6

Rear trepan
180 for an illustration of the angle orien-

Froni trepan
au

tation.

0D groove
a0°

Figure 3-8 Orientation angles for grooving tools

o

3.1.1.4. Inner Diameter—Thread (Type 3)
Use this tool to cut threads on the inner diameter of the *
3 1D THREAD

art.
P - \D-THREAD

ANGLE1  Enter here the included angle of the tool.

Figure 3-7 Tool type 3
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r 3.1.1.5. Outer Diameter—Rough {Type 4)
| : Use this tool type for outer diameter cuts when the tool is ‘
i moving in the positive-Z direction. You can use this tool @ \l

I‘ for either turning or facing operations.

| 4 0D ROUGH
: ANGLE1  Enter the relief angle from the X-axis in the

H

H

} direction shown, .
i
{ ANGLE2  linter the included angie of the tool.

ANGLE 3  Enter the relief angle from the Z-axis. 'Note
 that you only need to enter either angle 2 or angle 3; if
you enter hoth, it will use angle 2, and disregard
| : whatever is entered for angle 3,

TIP RADIUS  Enter the radius of the tool’s tip.
Figure 3-8 Tool type 4

3.1.1.6. Outer Diameter—Rough {Type 5)

Use this tool type for outer diameter cuts when the tool is
moving in fhe negative-Z direction. You can use this tool
for either turning or facing operations.

ANGLE1  Enter the relief angle from the X-axis in the
direction shown.

ANGLE2  Enter the included angle of the tool,

ANGLE3  Enter the relief angle from the Z-axis. Note
that you only need to enter either angie 2 or angle 3; if
you enter both, it will use angle 2, and disregard
whatever is entered for angle 3.

TIPRADIUS  Enter the radius of the tool’s tip.

Figure 3-9 Tool type 5

3-6 EZPATH Il OPERATIONS & PROGRAMMING MANUAL




&

o

3.1.1.7. Outer Diameter—Groove (Type 6) i
Use this tool type to cut grooves on the outer diameter of i

the part.

ANGLE1  Enter the relief angle from the X-axis in-the

direction shown.
wiDTH  Enter the total width of the tool.
TIP RADIUS  Enter the radius of the tool’s tip.

MAX D_EP:rH Enter the gieatest depth to which the

tool can cut.

GROOVE ANG 2 - This is the orientation of the groove

“on the part—e.g. inner diameter, face, etc. A regular

outer diameter groove would be 90°. Refer to Figure

3-6 for an illustration of the angle orientation. .
Figure 3-10 Tool type 6

=

7 ODTHREAD

3.1.1.8. Outer Diameter—Thread (Type 7]
Use this tool to cut threads on the outer diameter of the part.

ANGLE1  Enter here the included angle of the tool.

Figure 3-11 Tool type 7

3.1.1.9. Drill (Type 8)
Use this tool for drilling or tapping operations.

ANGLE1  Enter here the included angle of the drill point.

TOoOLDIA  Enter here the diameter of the tool.

Figure 3-12 Tool type 8
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3.1.2. Delete a tool
[- pEL

Use this command to delete a tool from the library. Position the cursor on the tool to be

-deleted before selecting the Delete command.

3.1.3. Revise a tool's settings

Use this command to change the settings for a tool'l. Position the cursor on the tool you wish
to revise before selecting the comménd;’ after selecting it, you will see the same data entry
screen as when you add a new tool. You can change any of:the tool’s parameters except the
tool type; to change the type, you must Add a new tool with the type you want, and then
Delete the old one. Be extremely careful about changing the name; if vou change the ID.
number, any programs which use that tool will need to be edited before they wilil run

correctly.

3.1.4. Show the tool

[F1 stow]
Use this command to view a graphic representation of the taol’s settings. After positioning
the cursor on the tool you wish to view, press F1; a small window will appear where you will
see the tool, its ID number and type, and touch-off point. It will disappear after a few sec-
onds. Please note that the screen picture is an approximation and may not exactly match the
actual tool. You can view the entire tool library at once by moving the cursor to the first line

in the window (the headings line}; these pictures will remain on the screen until you hit

to clear them.

3.1.5. Save and Exit the Tool Library

When you have finished entering and changing your tool library data, hit to save
your changes and exit back to Basic Operations. To exit without saving your changes, hit

[[Ese ]

e
b

EZPATH Il OPERATIONS & PROGRAMMING MANUAL

'



Figure 3-13 The Tool Offsets window lets you store up to 24 offsets; you can also modify any offset with wear values.

3.2. Tool Offsets

Section 2.1.1 described how tool offsets are used to locate a particular part in the EZPATH coordinate
system. An ofiset describes the distance from the touch-off point of a particular tool in the homed
position to the origin of a part-program coordinate system. Because the offset is a measure of the rela-
tionship between a particular tool and a particular part, every time you change either the tool or the
part, you need to adjust your offsets. Offsets are stored in a file on the EZPATH hard disk drive; you
can have up to 24 offsets. Section 3.2.1 describes the different commands EZPATH makes available

to you to manage your offsets data; section 3.2.2 describes how to set an offset.

Keep in mind the difference between work shifts and tool offsets as methods for defining new

coordinate systems and adapting job set-ups to different parts. Tool offsets determine the origin of

the Part Program Coordinate System; they are measured from the origin of the User Coordinate

System. The Work Shift command moves the origin of the User Coordinate System. Setting a work

shift of, say, -2 inches in the Z direction has the same effect as changing all of the tool offsets by that
R amount. Section 3.2.3 shows how you can use Work Shift to help manage multiple offsets.
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3.2.1. Using the Tool Offsets window
When you first select the Tool Offsets command from the Basic Operations screen, you will

see the window shown in Figure 3-13. Use the arrow keys to select an offset to work on:

[tue_ jand [+ owv | will move the cursor up and down one line, while [vor ] and [5 g0 |

will move to the top and bottom of the file. The following commands will be available:

+seT_ | (Set Offsets), _
Use this command o enter the offset values. I will produce the dialog box shown in Figure

3-14; section 3.2.2 describes in detail how to determine the offset values.

ACTUALDIA  After making a light roughing cut with
the tool, enter in-this box the measured diameter of

the part at the iocation of the cut. EZPATH will cal-
culate the proper X-offset based on this measurement "
and its reading of the current tool location; for this

reason, enter the part diameter before moving the

tool inthe X-axis!

Figure 3-14 Use the Set Offset
dialog box to enter your offsat
- face of the part—before moving the tool in the Z- data. :

ACTUALZ  After making a light roughing cut on the

" axis—enter in this box what the coordinate position
on the Z-axis should be. Normally, you would enter
0 here, so that the facing cut you just made would establish the Z =0 position.

Otherwise, the Z-coordinate of the current tool position will be whatever you enter here.

WEARDIA, WEARZ  EZPATH also lets you enter wear values, so that you can account for
wear of the tool--in each axis—while preserving your original offset values. Note that
these are signed values: if wear has made your tool smaller, for example, enter a nega-

tive value.

By pressing the key at any time, you can change to incremental data. "Any data you
now enter will be offset from whatever value already exists for that offset, regardless of
where the tool is actually positioned. For example, to move the Z coordinate of the offset by
-.0005", hit the key so that y0{1 see INC 2 in the dialog box, then enter -.0005 in that
field.

Any values you enter in the SET OFFSET dialog box will overwrite any existing data for that
offset. To revise just one value in the dialog box, hit to move through blank fields
until you reach the one you want. If an entry field is blank, then the original data will
remain unchanged; if there is any data in the field (even a 0), that piece of offset data will be

changed accordingly.
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In addition to the Set command, the following other commands are available:

rserz_ |, [xsETX | Use these keys as shortcuts to set just one of the above values per-

taining to the offset.

“oear | Use this key to “zero out” the currently selected offset. If you position the
cursor on the top line of the file (the headings line) and uée this key, you can clear ail of

the offsets in the file.

seae |  Use this key to automatically save the file and exit to the Basic Operations

screen. If you want to exit the Tool Offsets window without saving your work at all, use

the key.

F1 W SHFT] Use'this key to set a work shift; it functions identically to the Basic
Operations work shift command described in section 2.2.8. Section 3.2.3 describes how

you can use the Work Shift command together with offsets to better organize your work.

3.2.2. Setiing Offsets
To set a tool offset, foliow these steps:

1) Before setting an offset, use the Tool Change command (section 2.2.1) to activate it.
This is not required for setting the offset, but it makes it easier for you to check your

work.

2) After selecting from the Basic Operations screen, position the cursor over the

number of the offset you wish to set.

3) Turn on the spindle, move the tool near the part, and carefully take a light roughing
cut on the diameter of the workpiece. Move the tool away from the workpiece using the
Z-axis handwheel only, without disturbing the X-axis position. Turn off the spindle and
hit the key; carefully measure the diameter of the workpiece, and enter this value
in the ACTUAL DIA box. Hit so that the Set X box is cleared, then to
return to Basic Operations. If the tool is active for the offset you just set, the X coordi-
nate o-n"thg main DRO should be the value you just entered in the ACTUAL BIA box.

4} Turn the spindle back on, re-enter the Offsets window, and carefully face the part.
Move the tool away from the workpiece using the X-axis handwheel only, without dis-
turbing the Z-axis poéition, “Turn off the spindle and hit the key; enter 0 in the
ACTUAL Z hox. Hit so that the Set 7 box is cleared, then [08ave_| to return to

Basic Operations. If the tool is active for the offset you just set, the Z coordinate on the B
main DRO should be the value you just entered in the ACTUAL Z box. 4 .
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5) At this time, if you wish, you can also enter wear values for either axis as described

in the previcus section.

You can enter offsets for as many tools as you wish by positioning the cursor over a new off-

set number and repeating the above steps.

Notice that the nuri'iberg EZPATH inserts into the file, as displayed in the Tool Offsets win-
dow, do not neceséaril"y mateh what you type in; EZPATH calculates the proper offset for you,

based on the input you provide,

Keep in mind the difference between setting an offset in the Tool Offsets window, and select-
ing an offset as the active one. Just because you set a particuiar offset in the Tool Offsets
window does not mean that it will be active when you return to the Basic Operations screen:

an offset can only be activated with the Tool Change command (section 2.2.1).

3.2.3. Using Work Shift to organize offsets
If your part requires several offsets, you can use work shifts as described below to organize

your offsets so that you can easily update them when your stock changes.

1) Enter the Tool Offsets window in preparation for setting the first offset. Move the
cursor over offset 1, and, if there is already a value for the offset, use the key to

zero it out.

2) Turn on the spindle, move the tool near the part, and carefully take a light roughing
cut on the diameter of the workpiece. Move the tool away from the workpiece using the
Z-axis handwheel oniy, without disturbing the X-axis position. Turn off the spindle and—
instead of hitting the key, as you did in section 3.2.2—hit the key, to
select the Work Shift command. Carefully measure the djameter of the workpiecé, and
enter this value in the ABS DIA box. Hit until the box is gone; take care not to
enter anything at all, not even 0, in the ABS Z box.

3) Turn the spindle back on, and carefully face the part. Move the tool away from the
workpiece using the X-axis handwheel only, without disturbing the Z-axis position. Turn
off the spindle and hit the key again. Now, enter 0 in the ACTUAL Z box. Hit
until the Work Shift box is gone.

4} Now, set the rest of your tool offsets normally, as described above in section 3.2.2.
The values for offset 1 should still be 0,0.
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Remember that each tool offset measures the distance from the origin of the User Coordinate
System to the beginning of the part (section 2.1.2). Whenever you change the Z-position of
the stock, you need to update the Z-coordinate of the offsets. What you have just done is
use Work Shift to move the origin of the User Coordinate system to the beginning of the
part—that’s why, in the above steps, offset number 1 was left at 0,0. Now, if you change
stock and the Z-position changes for the same program, you ¢an face off the stock as in step
3, and use the Work Shift command o reset the Z=0 pusition, Since all of the offsets are

meaured from (0,0) of the User Coordinate System—and this is what you are setting with

‘Work Shift—they do not need to be further updated.
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Chapter 4
Tutorial

Here in this tutorial you will be guided through the process of culting an actual part on your RZPATH
1l lathe. Along the way, you'll be introduced to many of the powerful features that make it so easy 10

perform what used to pe complicated operations.

The part yow'll be cutting is {llustrated in Figure 4-1. The cutting operations will take place in Do
Event mode. This means that you will select a machining operation from the ones shown on the

screen; enter the necessary data; and then perform that operation right away. Normally, to cut a part

Jike this, you would write a program; in that case, you would still select the operation from the

screen and enter the data, but instead of doing the operation right away, the EZPATH would create a

program instruction that you could execute later.

This tutorial assurﬁes that you have some familiarity with basic lathe operation, and also that you are
familiar with the contents of chapters 1-3 of this manual—in particular, how to read the coordinate
display, and how to control the tool’s movement. Be sure that you have read and understand all

EZPATH safety procediires before cutting any part.

45°
| /(2 places)

$ 1.75
- - - 495 |
| 1|
1/2-13 THD ‘
|

. -

Figure 4-1 This blueprint llustrates the part that you'll be cutting in this futorial.
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4.1-

Setting Up

4.1.1. System start-up .

Turn on the main power switch (on the left side of the cabinet). After the software is loaded
and the machine has performed its internal tééting rouﬁnes, you will see the message EZPATH
NOT HOMED. >>HIT [MOV ABS)<<. On the Ipwer part of the CRT screen you can see pictures of
the keyboard keys:with a command abbreviation on each; you can see that the mMov Ags
(Move Absolute) command is on the WW_ABé] key. Hit this key now to select the comimand;
then, hit the [*start | key to execute it. The tool carriage will now pull back toward you and
move all the way to the right.

4.1.2. Select work material and tools _

Based on the blueprint of Figure 4-1, select your work material and tools. Fdr this part, you
will need an OD turning tool (tool number 1), an OD grooving tool with a radius of .125"
(tool number 2), and a 60° threading too) (tool number 3). Use a 1.75"-diameter aluminum

bar for your material.
Secure your material in the chuck so that there is no less than 2" hanging out.

Now, set the spindle speed to 1060 RPM. First, set the spindle-gear lever on the front of the
machine to B {12-1,180 rpm); then, from the Basie Operations screen, select Set rpum by

- pressing the [«rpM__| key (see section 2.2.18). 'Type in 1060 and press [ enren I

*

4.1.3. Set Tool Offsets

Tool offsets tell the EZPATH the distance from a particular tool to your part. Since each tool
is a different shape and size, each tool requires a different offset. Basically, after securing
your workpiece, you mount each tool and touch the part with it; EZPATH will keep track of
the distgnce it has travelled and store it,

Use the folldwing steps to set your offsets now:
1) Mount a tool in the tool holder and turnt on the spindle (section 1.3.4).

2) Use the Tool Change command ([rieng]) and enter “1” for both the TooL NO and
OFFSET NO (enter “1~ if this is the first tool; enter “2” and “3” for those tools).

3) Press the key; a screen similar to Figure 4-2 will appear.

4) Use the ¥ and 1 keys to move the cursor over the proper offset number. Generally,
you want the offset number to be the same as the tool number, so that, for example, tool
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o tell EZPATH how to find the part with each of the tools you‘lf be using.

Figure 4-2 Use the Offsets command t

1 will use offset 1, but this is not required. If the offset number you select already has a

value, that value will be overwritten.
5) Jog the tool to the workpiece, using either the handwheels or the jog knob on the

control panel.
6} Manually face the workpiece a few thousandths,
then turn off the spindle. Move the tool away from

the part using the X-axis handwheel only; take care

not to move the Z-axis handwheel.

7) Press the [cser__] key; the dialog box shown in
Figure 4-3 will appear. Hit so that the cursor :
ig in the ACTUAL Z box. Enter 0; then, hit Figure 4-3 Use the Set Offsets
command to input the offsets data;
EZPATH automatically calculates

the offset based on what you type

three times to return to the offsets screen. Use the
in here.

To save | key to exit the offsets window and return to
Basic Operations; the main DRO should read Z 0.0000.
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8) Turn on the spindle again, and use the [Fz Torrs| key to return to the tool offseL e
dow. Manually turn down the workpiece a few thousandths. Stop the spindle and move
the tool away from the part using the Z-axis handwheel only; take care not to move the

X-axis handwheel. Measure the diameter you've just cut.

9) -Press the [+ser_] key again, and enter this diameter measurement in the ACTUAL DIA,
box; press [ Enter | four times to return to the offset screen. The EZPATH will use this
diameter value to calculate the centerpoint of the face of your workpiece, and will make
that the (0,0) point (the origin) whenever you use that offset qumber.

You can check your work by using the [osave | key to leave the offsets window and
return to the main screen. When you do this, the main DRO should display an X-value

identical to what you just entered

10) Repeat steps 1-8 for each of the tools. When you have .f'inished the EZPATH will be
able to find the exact same point with any of the tools when you select its corresponding

offset number.

10) When you are done, press [0 sawve | to save all of vour new offsets. The Basic

Operations screen will return to view, and you are now ready to begin cutting your part.

4.2. Roughing

4.2.1. Preparation
Figure 4-4 illustrates how your part will look after you rough out the shape using the Do
Event: Rough command. You will perform 2 roughing passes. Most of the material will be

removed in the first pass; then you will make a second pass to finish.

Malke sure that the QD turning tool is installed in the tool holder; use the Tool Change com-
mand (the key) to select the proper tool number and offset.

Position the tool to a suitable clearance point, outside the diameter and in the Z-positive
direction (approximately X=1.9, Z=.1). This is the point from which the tool will begin
feeding toward the part,
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495 550 175

Figure 4-4 This diagram illustrates the stock that will be ramoved during each roughing operation.

4.2.2. Roughing the part
From the Basic Operations screen, enter Do Event mode ROUGHING BOX CUT |

, — F3=SET DEFAULT
by pressing the [Zpoewd key. Then, select the Rough [ESC=CANCEL] |

command by hitting the [ rovaH] key. You will see the
‘| : dialog box shown in Figure 4-5. Enter the data as

_‘ . shown below:

END DIA ABS .55 [enter |

END Z ABS -.625

DIA STEP 1

ENGAGE FEED .02

CROSS FEED 01 ' . Figure 4-5 Use this deta to specify
RETRACT FEED - .01 the first Rough cycle.

When you hit the final time, the dialog box will

disappear, replaced by the screen shown in Figure 4-6. You can see a command instruction
; which summarizes the data you have just input. As with any Do Event operation, at this
time you can also use the Feed Override keys to adjust the feedrate, or the handwheels to
position the tool; or, you could hit to abort the entire operation. Use the spindle-con-
i trol lever now to turn on the spindle; then, hit to begin Roughing.
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; by BFIIDGEPORT®

- 1.9000
Z 0.1000_

STOPS: X -1.7845 8.2176
Z -357500  4.2500

0040 BOX 1 X0.5500 Z-6250 S0.1000 F0.0200 0.0100 0.0100

Figure 4-6 After entering all of the data, you will see this screen, where you can fine-tune the machine's status
before beginning the command.

4.2.3. Finish pass
When the first Roughing operation has finished, select the Rough command again, to mput
the data for a finishing pass. Do not turn off the spindie or move the tool; notice that it has

returned to the starting point of the previous operation. e
ROUGHING BOX CUT

When you see the Rough dialog box on the screen again, | F3=SET DEFAULT
. enter the following data:
END DIA ABS 495
END Z ABS -.625
DIA STEP 0
ENGAGE FEED 02
CROSS FEED .008
RETRACT FEED .01 [Center ]

When this operation has finished, turn off the spindle, Figure 4-7 Use this dta to specify

and hit o exm_] to return to the Basic Operations screen. the second Rough cycle, set up
here as a finishing pass.
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Figure 4-8 The Groove will be cut in two parts: first the groove, then the chamfer al Its front face. '

4.3. Groove
The next step will be cutting the groove in front of the large-diameter face. First, the groove will be
cut into the part; then, the chamfer at the front of the groove will be cut as the tool moves away from

the part. Figure 4-8 illustrates how the part will look after this operation is completed.

4.3.1. Preparation

First, install the OD groove tool in the holder. From the Basic Operations screen, select the
Tool Change command by bitting the [iicne| key. Enter the proper tool number and offset
number that you have defined for this tool.

Next, set the proper spindle speed. From the Basic STOPS

. = {=ACTIVATE
Operations screen, select the Set ReM command by =DEACTIVA
hitting the [xamd ] key. Type in a value of 530, and hit ESC=CANCEL
.

Now, set stop values to prevent you from cutting too far
into the part. Select the Stops command by hitting the
key from the Basic Operations screen. When
you select the command, you will see the dialog box
illustrated in Figure 4-9. Enter the data as shown below:

FAR DIA STOP A4

ACTIVATE 1

NEAR DIA STOP (no value entered here) ~ Figure 4-9 You can set stops to
—— prevent cutting too far into the part,

ACTIVATE (no value entered here] and to ensure that your cut stops at

LEFT Z STOP ~.625 [ enTeR | exactly the right place.
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ACTIVATE 1 [enter’|

RIGHT 2 STOP enter | (no value entered here}
ACTIVATE L ewten ] (no value entered here)

4.3.2. Cut the groove

Turn on the spindle. Then, use the handwheels or jog controls to move the tool to X= 1.9,
=-.625. Cut the groove by bringing the tool to X=.400 with the handwheel. The stop val-

ues that you have set mean that you can easily cut the groove to the precise dimensions. As

you feed the tool into the part, you can see your effective feedrate on the main DRO (after

the letter F).

When you have reached the bottom of the groove—with-

out moving the tool—press [z noewi to enter Do Event CHAMFER
ap

mode; then, select the Chamfer command by hitting the

5 chamr ] key. You will see the dialog box illustrated in -

CHOOSE TYPE

Figure 4-10. Choose type 1, and hit [ enter ]. Press

o ESC=CANCEL}
+START | to begin the chamfer.

When you hit the [+staft | key, you will see a CHAMFER
ACTIVE message on the screen. If you now rotate the Z-

axis handwheel clockwise, you can see the tool moving ~ Figure 4-10 Use chamfer types 1 &
2 when the tool will approach the
. ] part from the operator side of the
When the tool has cleared the part, hit [ Esc | to return machine, and 2 & 4 when it will
the handwheels to normal operation. Hit o 847 ] to approach the part from the back.

return to the Basic Operations screen.

in both axes in the proper proportion to cut the chamfer.

4.4. Threads
The final operation is cutting the threads. Figure 4-11 illustrates the stock to be removed by the
threading operation in two steps: cutting the front chamfer, and then cutting the threads.

4.4.1. Cut front chamfer

The first step is to cut the chamfer on the front of the part. Turn off the stops by selecting
the Stops command from the Basic Operations screen, and entering 0 in the AGTIVATE boxes.
Then, use the handwheels or Jog mode to position the tool at X = 350, Z=.05.

Press to enter Do Event mode, and then select the Chamfer command ([zcramr]);
choose chamfer type 2, and hit [enter |. Press the key to enter CHAMFER ACTIVE
mode as described above,
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Figure 4-11. Tne final steps are cutting the front chamfer and then the threads.

Turn the Z-axis handwheel counterclockwise to cut the front chamfer. After the tool has
cleared the part, hit the Select button on the saddle-mounted control panel. This will tem-
porarily restore normal handwheel operation, so that you can position the tool to make a
deeper cut; when you are ready, hit the Select button again to go back to GHAMFER ACTIVE
mode. Repeat these steps until the proper chamfer has been achieved. Press[ Esc_|to

return to normal operation. Press |0 ExT__| to return to the Basic Operations ScTeen.

4.4.2. Cutting the threads

First, install the OD thread tool in the holder. From the Basic Operations screen, select the
ool Change commarid by hitting the key. Enter the proper tool number and offset
number that you have defined for the threading tool.

Next, use the handwheels or jog controls to position the tool to X .550, Z .20.

Press to enter Do Event mode, and then select the Thread command by hitting the
key; you will see a dialog box like that of Figure 4-12. Enter the data shown below:

ZLEAD 0769 INGLE THREAD CUT |
TARGET DIAABS 485 [Enmen | F3 SET DEFAULTS
[ESC=CANCEL]

TARGET Z ABS -.6

To calculate the Z-lead (the number of threads per
inch) for the 1/13 thread specified in the blueprint, you
can press the key to call up the EZPATH calcu-
lator while the cursor is positioned in the Z LEAD box.

Type in 1/13 in the calculator, and EZPATH Figure 4-12 For each outting pass,
you need to select the Thread
command and enter a deeper target

dialog box. diemeter.

will automatically enter the answer in the Thread

TUTORIAL 4-9



Turn on the spindle, then press the [+srant | key to begin the threading operation. EZPATH
will cut the thread in multiple passes, but for each pass, you need to select the Thread com-
mand and enter the data as above, changing the target diameter each time, Take care not to
move the tool between passes. Each time you select the command, it will defauit to the pre-
viously used values, so you can just hit [“enres | to skip through the z LEAD and TARGET Z
boxes. For each pass, decrease the TARGET DIA by .01, until you reach a target diameter of
A410.

For a finish pass, enter a TARGET DIA of .404,

When the finish pass is completed, turn off the spindle; the part is now complete.

EZPATH Il OPERATIONS & PROGRAMMING MANUAL



Chapter 5
Do Event Mode

Do Event mode is nsed when you wish to cut single parts or otherwise use the EZPATH 1I without
writing a program. In Do Event mode you can perform simple positioning and cutting moves, or exe-

cute drilliﬁg, facing, turning, and threading cycles with a single command.

When you enter Do Event mode, you will see the screen shown in Figure 5-1. The >>8ELECT
EVENT<< prompt under the Power indicator means it is ready for you to select a command, When
you select one of the commands listed on the numeric keypad, you will be prompted for the data it
needs to complete the command; after you input all of the data and hit [_enter |, the screen will dis-
play >»>DO MDI EVENT << and the nessage >CHECK LOCN<<; below this will be displayed the MDI
instruction generated by the data you have just input. This line is identical to how that command
would appear in a part program. Af this point, you have the opportunity to turn on the spindle,
verify the tool location, or otherwise prepare the machine before executing the command. Press
either [+stant | to execute the command, or [Esc_|to cancel it.

All feedrates should be’entered in inches (or mm) per spindle revolution. Note, though, that when
the command is executing, the feedrate will be displayed on the screen in feet per minute (see sec-
tion 1.2.4). '

Many Do Event commands will let you define default values for their required data, so that the dialog
boxes will already be filled in with frequently used values when you select them. If this feature is
available for a particular command, the message F3 SET DEFAULTS will be displayéd at the top of the
dialog box; hit F3 and enter any desired values. '

Remember that while a Do Event command is executing, you can stop or pause the operation with
the Hold button, and then resume it with the Start button. These buitons are located on both the
control unit and operator’s control panel (sections 1.1.1, 1.3.3).
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- POWER/ON e

z bvBFlIDGEPOR e HEP SELECT EVENT <<

X @ @0@@ ','-;’,GM o |
y4 Q'OOQQABS F 10.009100)

STOPS: X -1.7845 8.2176

RPM %)
X 0.0000

Z -35.7500 4.2500

Figure 5-1 The DoEvent mode main screen; select the operations you wish to perform from the keypad at the right,

5.1.

Do Event commands

5.1.1. Position
[iPos” |
Use this command to make a rapid (non- -cutting) move to a specified point. In the dialog
box, enter the coordinates of the destination point. DIA ABS and z ABS mean that it is expect-
ing absolute coordinates, relative to the (0,0) position on the screen. By pressing the |
key, vou can move incrementally, to a coordinate position which is measured from the cur-
rent tool location. This command produces vector

motion; i.e., the tool moves on a straight line directly to
the point, not axis-by-axis.

The dialog box shown in Figure 5-2 will produce the fol-
lowing instruction:

0010 RAPID ABS X1.0000 Z-2.2500 Figure 5-2 Use Position to rapid to

a specific point,
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5.1.2. Line
2 LINE ]

Use this command to cut on a line to the specified point at

a specified feedrate. In the dialog box, enter the coordi-
nates of the destination point. DIA ABS and Z ABS mean
that it is expecting absolute coordinates, relative to the
(0,0) position on the screen. By pressing the [vinc_jkey,
you can move incrementally, to a coordinate position

which is measured from the current tool location. In the

F FEED box, enter a feedrate. Figure 5-3 Line functions just like
' Position, but use it for cutting
The dialog box shown in Figure 5-3 will produce the fol- moves at a specified feedrate.

lowing instruction:

0010 LINE ABS X4.0000 Z-4.0000 F0.1000

5.1.3. Arc
b arc ]

This command is similar to Line, but it cuts an arc to the specified point, rather-than a line.

You also need to specify more information, as shown in Figure 5-4.

cw/cew  Specify whether you will move to the .
L . , . ARC CW/CC!
destination peint in a clockwise or counterclockwise D=CW,3=CCW

direction. [ESC=CANCEL]

DIA ABS, Z ABS  The location of the destination
point in absolute coordinates. By pressing the
key, you can input incremental coordinates

instead.

[DIA ARC CNTR, Z ARC CNTR]  Once you input the
destination point, complete the arc description by

specifying either the centerpoint of the arc, or its

Figure 5-4 Use Arc to cut an arc
of a specific size.

radius. If you wish to use a centerpoint to specify

your arc, enter its coordinates in these two boxes.

[RRADIUS] If you choose, instead of the center-

point, you can specify the radius of the arc. What happens if you enter both a center-
point and a radius? If there is any non-zero value in the radius field, EZPATH will ignore
any centerpoint values. If you wish to use a centerpoint instead of a radius, make sure

that there is 0.0000 in the radius field.
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FEEDRATE  Enter a feedrate here.

Like Position and Line, you can use the Arc command with incremental coordinates by press-

ing the [~inc ] key. However, if you do use incremental coordinates, you must specify your

arc with a radius"in'steadl of a centerpoint for the command to work properly.

The data shown in Figure 5-4 will produce the following instruction:

0010 ARCICNTRPT ABS CW X4.0000 Z-4.0000 XC3.0000 ZC-3.0000 F0.0500

(The screen display is truncated before F0.0500; it will only display as much information as

will fit on one line,)

5.1.4. Taper
Use this command to cut a taper in your part. When
you select the command, you will see the dialog box

shown in Figure 5-5.

First, select the type of taper you wish to cut; note that
tapers 1 & 2 are for tools which approach the part from
the operator side of the machine, and tapers 3 & 4 are
for tools approaching the part from the rear of the
machine. Then, enter the appropriate angle, measured
with respect to the Z-axis as shown in Figure 5-5; this

must be a positive number, measured in degrees.

When cutting the taper, automatic feeding is disabled;

instead, the X-axis handwheel is tied to the Z-axis hand-

CHOOSETYPE

[ESC=CANCEL]

Figure 5-5 Note that the taper
angle is always measured from the
Z-axis, never the X-axis.

wheel, so that when you feed the tool into the part with the Z-axis handwheel the X-axis will

automatically move in proportion to cut the taper to the specified angle. Unlike many

EZPATH operations, there is no designated ending point where the tool motion will automati-

tion 2.2.16}. To cut the taper, follow these steps:

_ cally stop; you must set stops appropriately to prevent cutting too far into the part (see sec-

1) Enter the data as shown in Figure 5-5; when you press after specifying the

angle, it will produce the following on-screen instruction:

0010 TAPER T02 7.0000

2) Like other Do Event commands, you need to hit the key before beginning.
Before hitting [+srarr |, position the tool to where you will begin the taper. The screen
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will read TAPER ACTIVE; this means that the X-axis handwheel is linked to the Z-axis as

described above.

*+ 3) Use the Z-axis handwheel to make the first pass. When the tool has cleared the
part—or a stop is reached—press the Select button on the apron -mounted control panel.
The screen will display DUAL JOG MODE; this means that the X- and Z-axis handwheels

now operate normally, and you can reposition the tool to make another pass.

4) Before making the pext pass (and each successive pass), be sure to press the Select
button so that TAPER AGTIVE is displayed on the screen. Be sure that your X- and Z-axis

stops are set so that ydu‘do not cut or turn too far into the part.

5) - After finishing your taper, press the | Esc_| key; this returns the axes to normal jog-
ging operation.

During the Taper operation, the [t Foove| and [ Fo ovR] (Feed Override) keys can be used to

scale the motion caused by the handwheel.

5.1.5. Chamfer
5 GHAMF |

Use this command to cut a 45° chamfer in your part.

ﬁci—l_AMFEhﬁ

When you select the command, you will see the dialog
box shown in Figure 5-6. The Chamfer command func-
tions identically to the Taper command described in the CHOOSE TYPE

previous section, except that it automatically cuts at a [ESC=CANCEL
45° angle, while Taper will cut at any angle you choose.

First, select the type of chamfer you wish to cut; note
that chamfers 1 & 2 are for tools which approach the
Figure 5-6 Chamfer functions Just

like Taper, except that you are
3 & 4 are for tools approaching the part from the rear of limited o a 45° cut.

part from the operator side of the machine, and chamfers

the machine,

When cutting the chamfer, automatic feeding is disabled; instead, the X-axis handwheel is
tied to the Z-axis handwheel, so that when you feed the tool into the part with the Z-axis
handwheel the X-axis will automatically move in proportion to cut the chamfer. Unlike many
EZPATH operations, there is no designated ending point where the tool motion will automati-
cally stop; you must set stops appropriately to prevent culting too far into the part (see sec-
tion 2.2.16). To cut the chamfer, follow these steps:
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1} Enter the data as shown in Figure 5-6; when you press [(exter | after specifying the
angle, it will produce the following on-screen instruction:

0010 CHAMFER TO1

2) Like other Do Event commands, you need to hit the key before beginning.
Before hitting [+ start |, position-the tool to where you will begin the chamfer. The screen
=+ will read CHAMFER ACTIVE; this means that the X-axis handwheel is linked to the Z-axis as

described above.

3) Use the Z-axis handwheel to make the first pass. When the tool has cleared the
part-—or a stop is reached—press the Select button on the apron-mounted control panel.
The screen will display DUAL JOG MODE; this means that the X- and Z-axis handwheels

now operate normally, and you can reposition the tool to make another pass.

4} Before making the next pass (and each successive pass), be sure to press the Select
button so that CHAMFER ACTIVE is displayed on the screen. Be sure that your X- and Z-

axis stops are set so that you do not cut or turn too far into the part,

5) After finishing your chamfer, press the [_esc_| key; this returns the axes to normal

jogging operation,

During the Chamfer operation, the [t Foova] and [v Foova] (Feed Override) keys can be used to

scale the motion caused by the handwheel,

5.1.6. Radius

Use this command to cut a radius, beginning at the cur-

SR
: . , i RADIUS CUTS
rent tool location and around a designated centerpoint. : [ESC=CANGEL]
When you select the command, you will see the dialog
box shown in Figure 5-7, prompting you for the center-

point,

When you cut a radius, tool motion in the X- and Z-axes

Figure 5-7 Use the Radius
commend to manually cut a
mands, so that to cut a perfectly circular radius you only perfectly circular radius.

is synchronized similar to the Taper and Chamfer com-

need to use the Z-axis handwheel. Unlike many EZPATH
operations, there is no designated ending point where the
tool motion will automatically stop; you must set stops appropriately to prevent cutting too

far into the part (see section 2.2.16).
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1) Enter the data as shown in Figure 5-7; when you press [ enten | after specifying the

centerpoint, it will produce the following on-screen instruction:
0010 STEPARC X1.0000 Z-4.0000

2) Like other Do Event commands, you need to hit the key before beginning.
Before hitting [~stast |, position the tool to where you will begin the radius. The screen
will read RADIUS ACTIVE: this means that the two axes are synchronized as described

above.

. 3) Use the Z-axis handwheel to make the first pass. When you’ve reached the desired
point—or a stop is reached—press the Select button on the front side of the machine.
The screen will display DUAL JOG MODE; this means that the handwheels now operate

normally, and you can reposition the tool to make another pass.

4) Before making the next pass {and each successive pass), be sure to press the Select
button so that RADIUS AGTIVE is displayed on the screen. Be sure that your stops are set

so that you do not cut too far into the part.

5) After finishing your radius, press the key to restore normal handwheel opera-

tiom.

During the Radius operation, the [t Foovrf and [v Foovr] (Feed Override) keys can be used to

scale the motion caused by the handwheel.

5.1.7. Power Feed

Use the Power Feed command to move the tool in a

selected direction along one axis only. It will continue

in this direction until it reaches either a stop or a

{ESC=CANCEL]

machine limit. The directions (illustrated in Figure 5-8)
are2=+X; 8=-%;4=-Z; and 6= +Z. After selecting a
direction, enter a feed rate in inches per spindle revolu-
tion. To stop the tool yourself, press the Hold button, or
use the the [_esc__| key on the keypad.

Figure 5-8 Use Power Feed to
cut continuously in one direction
without specifying an end paint.
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5.1.8. Rough : R
. ROUGHING BOX CUT
[e Rover] . : F3=SET DEFAULT

[ESC=CANCEL]

This command lets you define a roughing/box cut cycle.
When you select the ecommand, you will see the dialog
box shown in Figire 5-9, which wilt prompt you for the

following data:

END DIA ABS, END ZABS  In these two boxes, enter

the coordinates of the ending position. The amount

of material removed will be the rectangle whose cor-

ners are this point and the current tool location. _
Figure 5-9 Use the Rough

DIASTEP  After each crossfeed pass, the tool will cemmand to remeve large amounts

advance into the part by whatever value is specified of material in several tool passes.

here. Note that this distance in also specified in
diameter values. If you set a step value of 0, the EZPATH will perform the entire opera-

tion in 1 pass.
ENGAGE FEED  This is the feedrate used when advancing in the X-axis.
CROSS FEED  This is the feedrate used when advancing in the Z-axis.

RETRACT FEED  This is the feedrate used when retracting after each pass. Remember
that the tool is still in contact with the part at this point.

The tool motion is as follows:
1. Advance in the X-axis by the step amount at the engage feedrate;
2. Cross feed to the end Z position;
3. Retract 2 steps at the retract feedrate;
4. Rapid positioning move to the starting Z coordinate;
5. Advance in the X-axis to the next step.

The above steps are repeated until the ending diameter is reached, after which the tool with-
draws to the starting position. Before executing the command, be sure to position the tool at

a suitable location. .
The data shown in Figure 5-9 produces the following instruction:

0010 BOX 1 X1.0000 Z—4.0000 S0.1000 F0.0100 0.0200 0.0150
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5.1.9. Face

The Face command is identical to the Rough command
déscribed in the previous section,' éxc'épt that with

Rough, the primary cutting action takes place paralle! to“.-r
the Z-axis, while with Face it is done parallel to the X-
axis. Use Face when you want to achieve a smoother
surface on the face of the part. Selecting Face will pro-

duce the dialog box shown in Figure 5-10, asking you for

the following data:

Figure 5-10 Face produces the
same cutting action as Rough, but
the coordinates of the ending position. The amount along the X-axis instead of Z,

END DIA ABS, END Z ABS  In these two boxes, enter
of material removed will be the rectangle whose cor-
ners are this point and the current tool location.

STEP SIZE  After each engage feed pass, the tool will crossfeed into the part by whatev-
er value is specified here. If you set a step value of 0, the EZPATH will perform the

entire operation in 1 pass.
ENGAGE FEED  This is the feedrate used when advancing in the Z-axis.
GROSS FEED  This is the feedrate used when advancing in the X-axis.

RETRACT FEED  This is the feedrate used when retracting after each pass. Remember
that the tool is still in contact with the part at this point.

The tool motion is as follows:
1. Advance in the Z-axis by the step amount at the engage feedrate;
2. Cross feed to the end X position;
3, Retract 2 steps at the reiract feedrate;
4. Rapid positioning move to the starting X coordinate;
5. Advance in the Z-axis to the next step.

The above steps are repeated until the ending Z-coordinate is reached, after which the tool
withdraws to the starting position. Before executing the command, be sure to position the

tool at a suitable location.
The data shown in Figure 5-10 produces the following instruction:

0010 BOX 2 X1.0000 Z—4.0000 S0.1000 F0.0100 0.0200 0.0150
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5.1.10. Drill
DAL |

The Drill command is used to drill a hole in the center of

T
%‘?

B

SRR
INGLE DRILL

the part. You can drill the hoie in pecking 'd.é'p’t'hs, to
clear chips and'pr'event"-overheating either the tool or
part. When you select Drill, you will see the dialog box
skibwn in Figure 5-11, prompting you for the following
data: :

DEPTH  Enter here the total amount the tool will

Figure 5-11 After selecting the
feed along the Z-axis. This distance represents the Drill command, you can speclfy a

total distance from the current Z-coordinate position Tapping operation by hitting 3.

to the ending depth of the hole; meaning that it com-

bines the depth of the hole and the distance between
the tool and the part when you begin the command.

STEP1  This is the distance between the starting tool location and the bottom of the
first peck.

STEP2  This is the distance of each successive peck.
FEED  This is the feedrate for the drilling operation.

When you execute the command, the tool will first make a rapid positioning move along the
X-axis to X =0, 50 you do not have to position the drill along the centerline before issuing the
command. Note that the X=0 position is determined by the active offset and/or work shift;
it is not “hard-wired” into the machine.

After feeding to each peck depth, the tool will perform a rapid positioning move back to the
starting Z-position, and then rapid back to the previously-drilled position before resuming
drilling at the feedrate. After drilling is complete, the tool will rapidly move back to wherev-
er it was When'you issued the command.

After selecting the Drill command, you can perform a Tap drilling operation by hitting F3;
this is described in the next section.

The data shown in Figure 5-11 would produce the following instruction:’

0010 DRILL D2.2500 0.5000 0.2500 F0.0100
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‘After selecting Drill from the Do Event screen, by press-

5.1.11. Tap e
SINGLE TAP
: F3 TAP : F3=SINGLE DRIL

ing F3 you can perform a single tap drill, where at the. -
bottom of the hole the spindle will reverse and the tool
will withdraw at the feedrate. Tap prompts you for the
following data: '

START ZVALUE  Enter here the Z-axis position for

the beginning of the hole. This is an absolute coordi-

nate address, not an offset from the part surface.

Figure 5-12 Note that by hitting
F3 you can switch tack to the
regular Drill command.

DEPTH  Enter here the total distance from the START
Z VAL to the bottom of the hole.

CLEARANGE  The point at which the tool will begin
feeding into the part. Note that this distance is measured as an offset from the START Z
position. When the operation is finished, the tool will withdraw to this clearance point.

DEPTH DWELL (SEC)  After it has drilled to the required depth, but before withdrawing,
the tool will dwell (i.e. not move in X or Z while the spindle rotates) for the number of

seconds you specify here.
FEEDRATE  This is the feedrate used for both drilling and withdrawing.

When you press the key, the tool will rapid to the starting position, which is X=0
and Z=the clearance plane. Note that it moves to this position on a vector, instead of sepa-
rate moves in each axis. It will then drill at the feedrate to the ending depth in a single pass.
The spindle will reverse direction; the tool will remain in position for the dwell time; and
then withdraw at the feedrate to the starting Z position. The spindle will reverse again, and

then rapid to the clearance position.
The data shown in Figure 5-12 would produce the following instruction:

0010 TAP Z0.0000 D2.5000 C0.1000 T2.0000 F0.0769
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5.1.12. Thread

[+ THREAD |
Use the Thread eommand to cut threads on eit;fher the
inside or outsidé"diamete‘f of the part. After you select

the command, it will ask you for the following data:

“¥ZLEAD  The lead is the distance from, the top of
one thread to the next. Calculate the value as 1

divided by the number of threads per inch; to cut

B metric threads, use the [> mm__] key in Basic

Operations to place the EZPATH in metric mode

before selecting this command (see section 2.2.21).

SINGLE THREAD CUT |
F3 SET DEFAULTS |

Figure 5-13 To cut threads, you
need to select the Thread com-
mand for each cutting pass.

TARGETDIA ABS  Use this value to define the depth of each cutting pass. Enter the

absolute diameter value to which the pass will be cut. For each pass, you will need to

enter a new target diameter.

TARGET ZABS  This value defines the ending Z-coordinate of the thread-cutting pass.

When it reaches this point, it withdraws to the clearance plane—i.e. the X-axis position

of the tool when the command was issued—and then rapids to the starting Z position.

The data shown in Figure 5-13 would produce the following instruction:

0010 THREAD L0.0769 X1.9500 Z-2.0000

5.1.13. Feed Override keys

[t Foovr|, [+ FoOVR|

Use these keys to set the actual feedrate as a percentage of whatever is programmed. They

work the same way here as they do in Basic Operations or Jog mode. You can specify that

the actual feedrate be anywhere from 0-150% of the programmed value. Each key increases

or decreases the fe‘e_ch)fate by 5%; you can see the effect in the status window (see section

1.2.4). Any modification you set here will be in effect until it is changed, even if you do o

things like run a program,

Section 2.2.5 describes how Feed Override works with rapid traverse and jogging rates.

6.1.14. Exit

O EXIT

Use this command to exit Do Event mode and return to the Basic Operations screen.
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Chapter 6
Creating Programs

The EZPATH II includes comprehensive prografn development tools that et you create part programs;
edit and modify them; and even preview their operation on the screen, all without leaving the

EZPATH console. This chapter will describe how to create new programs in either of two ways:

e Manual Data Input (MDI) mode, where EZPATH prompts you for the information needed to

create program instructions; or,
s  Save Point (Teach) mode, where you can cut a part and save each point as you move to it.

In the back of this manual is the EZPATH Il Programming Workbook, which can be reproduced for
use in the shop; it walks the operator through the process of creating an MDI program step-by-step.

6.1. Using MDI

MDI programming mode is the primary method for creating new programs. Bridgeport’s MDI inter-
face makes it easy for users who have little or no CNC programming experience to create accurate
programs, because once you select what type of operation you would like to program, the EZPATH
machine prompts you for all of the information it needs to perform the operation; based on this infor-
mation, it then automatically creates the program instruction for you. You don’t need to remember
any complicated commands or codes. At the same time, EZPATH includes advanced programming
tools so you can create lengthy programs to machine complicated parts. Many of the Do Event com-

mands described in the last chapter can also be programmed in MDI mode.

You enter MDI mode by pressing [emoi | from the Basic Operations screen. You will then see the
screen shown in Figure 6-1. The large window in the center is mostly blank now, but that is where
EZPATH will write the lines of program code you create. When you first enter MDI, there will already

be one line in the window, which will be something similar to this:
0000 EZPATH $X1 MODE|INCH FRI JAN 04 2:26:31 1996

This will always be the first line in any program you create. The first piece of data in this line is the
line number; then, the type of machine; whether the program uses inches or miliimeters; and finally,

the day, date, and time the program was created. You cannot edit, move, or delete this line.

As you create program lines, EZPATH will automatically number them; they will be placed in the pro-
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Figure 8-1 The MDI screen. MD! Is the primary means for creating programs for the EZPATH; after selecting the type of
cutting operation you wish to perform, the EZPATH will prompt you for all of the information it needs.

gram in the order in which you select them from the keyboard. After creating your program, you can
use the EZPATH Editor to edit lines, move them around, or renumber them (see Chapter 7).

Just like in Do Event mode, any feedrates that you enter in MDI should be in inches or millimeters
per spindle revolution. If you wish to program in metric units, you must place the machine in metric
mode before entering MDI (section 2.2.21). With many MDI commands, after selecting the com-
mand, you can hit F2 and see a preview of the part geometry up to that point; such commands will
display the F2 VIEW PART message in the dialog box. If you see the appropriate message in the dialog
box, you can also establish default values for that command by pressing F3 SET DEFAULTS.

6.1.1. Edit {(use EZPATH Editor)

[+ eom_]
Use this command to edit your program with the EZPATH Editor. While creating your pro-
gram in MDI, EZPATH enters the commands in your program in the order you select them.
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The only way to make changes in MDI mode is to delete commands one by one, If you've
forgotten to enter a command or have entered one incorrectly—and don’t wish to delete all of

- the lines—you can correct your mistakes by pressing the [+ eom__| key and entering Edit mode.

"o switch back from Edit mode to MDI mode, use the Insert Line ( TSN ) command. If
you try to use the Exit command instead, you will be placed in Basic Operations—not back
in MD]. Note: for the Insert Line command to work, the cursor must be positioned on an

active line.

See Chapter 7 for a detaited discussion of the EZPATH Editor.

‘6.1.2. Undo last command

This command deletes the current line. If you make a mistake after you have entered a com-
mand {i.e. after EZPATH has written the program instruction in the main windows}, press the
[<unpo_] key to delete the instruction. If you continue to press the key, it will continue to
delete one program instruction each time, all the way back to the beginning of the program.

Please note that there is no way to recover these lines once you have deleted them.

If you then enter new lines, it will continue to number them from the last line you entered,
even if that line is now deleted. For example, if you have entered lines through 0150; press
to delete, say, three lines; and then enter a new line, the new line will be 0160. Use

the Resequence command in the Editor (section 7.2.2) to renumber them correctly.

6.1.3. Exit MDI and Save Program

Use this command to leave MDI mode and to save your work. After pressing the
key, the cursor will be in a small window next to the word PRGM; here, you can enter the
name of your program as it will be saved on the hard disk. You can then save your program
in either of three ways:

1) Press the key to save your program and return to Basic Operations;

2) Press to save and then Run it;

3) Press to

save your program

SAVE PARTPRGM

and immediately

preview it.

Figure 6-2 The only way to save your program is to exit MDI mode. The middle two
options will also transfer you to Run mode, where you can run or preview it.
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6.2.

Press [-_canceL | to return to MDI mode without saving your program; or, press [_esc__ | to exit
MDI without saving your program.

If you have entered MDI by using the Insert Lines command from the EZPATH Editor (section
7.2.1), pressing the [+_save | or [ Esc ] keys will return you to the Editor instead of to Basic

Operations.

All programs that you create with MDI will automatically be assigned the filename extension
-PéM. However, when you save your pmgra'm, EZPATH automatically creates a second file
called TeMP.TXT; this file contains a G-code version of your MDI program, that you can edit or
modify with any text editor just like any G-code program. Every time you save a program,
though, it overwrites this file; if you wish to use this file later for any reason, use the Utilities

{Chapter 9) and copy TeEmP.TXT right away to a floppy disk, where you can rename it.

Note that in MDI there is no other way to save your program while you are creating it.
MDI commands
6.2.1. Position

[1 POS I

The commands on keys 1-3 are basically identical to the

Do Event commands described in sections 5.1.1-5.1.3.

Just like in Do Event, use the Position command to
make a rapid (nop-cutting) move to a specified location
in the X-Z plane. The tool will move to this point at up

to 450 inches per minute, so it is crucial that you verify
that it will not come into contact with the part. The Figure 6-3 Use the Position

actual rate of motion in each axis is set with the System gommand for non-outting moves.
Parameters command (section 2.2.5); you cannot change

it within the program.

When you select the command, it will ask you to specify the destination point. DIA ABS and Z
ABS mean that it expects absolute coordinates; by pressing the key, you can input an
ineremental coordinate position.

The data shown in Figure 6-3 will produce the following instruction:

0010 RAPID ABS X1.0000 Z-2.2500
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6.2.2. Line e
, [z ume ] ' F2 VIII-EI‘J':IIE'ART

- Use this command to feed the tool on a line from the
current location to a specified pOi.l’:ltr. You can specify the
destination location either incrementally or absolutely in
the same manner as deseribed in the Position command;

use F2 to preview the part while entering the data. After

entering your coordinates, it asks you’tfﬁ enter the F
Figure 6-4 The Line command

FEED value in inches (mm) per spindle revolution, cuts a line to the specified point.

The data shown in Figure 6-4 will produce the following

instruction:

0020 LINE ABS X4.0000 Z-4.0000 F0.0100

6.2.3. Arc
3 ARG ]
This command is similar to Line, but it cuts an arc to the e
- _ . ARC CW/CCW
specified point, rather than a line. You also need 1o 2=CW,3=CCW
. . . . . F2 VIEW PART
specify more information, as shown in Figure 6-5. ' [ESC=CANCEL]

CW/CGW  Specify whether you will move to the des-
tination point in a clockwise or counterclockwise

direction.

DIA ABS, Z ABS  The location of the destination point
in absolute coordinates. By pressing the key,

you can input incremental coordinates instead.

[DiA ARC CNTR, Z ARC CNTR]  Once you input the

destination point, you can complete the arc descrip- Figure 6-5 Use Arc o cut an arc
from the current tool location to the

tion by specifying either the centerpoint of the arc, or
y specifying P specified point.

its radius. If you wish to use a centerpoint to specify

your arc, enter its coordinates in these two boxes.

[RRADIUS]  If you choose, instead of the centerpoint, youl can specify the radius of the
arc. What happens if you enter both a centerpoint and a radius? If there is any non-zero
value in the radius field, EZPATH will ignore any centerpoint values. If you wish to use a
centerpoint instead of a radius, make sure that there is 0.0000 in the radius field.

F FEED Enter the feedrate to be used in inches (mm) per spindle revolution.
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Like Position and Line, you can use the Arc command with incremental coordinates by press-
ing the [_+we_| key. However, if you do use incremental coordinates, you must specify your

arc with a radius instead of a centerpoint for the command to work properly.
The data shown in Figure 6-5 will produce the following instruction:

0030 ARCIGNTRPT ABS CW X4.0000 Z-4.0000 XC3.0000 ZC-3.0000 FD.0100

6.2.4. Blend Line

Recall that you could use the Line command to cut on a straight line. This command also
does that, but before it does, it “reads ahead” to see what the next line or arc will be. It then
calculates the chamfer or arc which will blend the two—then, it cuts the line and the biend

arc/chamfer. It asks you for the following data:

DIAABS,ZABS  The location of the destination point of the first line. EZPATH cuts on a
line from the current point to the point you specify here, then cuts the blend arc or
chamfer. However, it doesn’t actually go all the way to the point: before it gets there, it
has already begun the chamfer or arc, In Figure 6-6, you can see that, beginning from
point (1,~.5), EZPATH will cut a line towards (2,-.5), which is the point specified here,

If you press the key, you can input incremental coordinates instead of absolute

ones.

CHAMF/R BLEND  Enter here either the radius of the blend arc, or the dimensions of the
chamfer, as appropriate. In Figure 6-6, it is the radius of the blend arc; in Figure 6-7, it is

the dimension of the chamfer.

CHAMF/CW/CCW  Enter 1 if you want a chamfer blend; 2 for a clockwise arc; or 3 for a

counterclockwise arc.

BLEND/END OF LINE
[=CHAMF/2=CW/3=CCW
F2 VIEW PART

(2~1.5) t2,-.-.5)

Figure 6-6 Using the Blend Line command to cut a blend arc.
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F FEED Enter the feedrate to be used in inches (mm) per spindle revolution.

._The program segment shown below corresponds to the data entry screen and part diagram
L ;; shown in Figure 6-6. It contains three commands. Line 0020 is é-line move to (1,-.5). The
Blend Line command is 0030; it begins cutting a line to (2,-.5), and then cuts a biend arc of
radius 0.3750. Line 0040 then cuts a line from the blend arc to (2,-1.5). The Blend Line
command has already read this instruction, so the arc it has cut in 0030 will be perfectly

tangent to the line created in 0040.

0020 LINE ABS X1.0000 Z-0.5000 F0.0100
0030 BLENDILN ABS X2.0000 Z-0.5000 R0.3750 CW F0.0100
0040 LINE ABS X2.0000 Z-1.5000 F0.0100

The following program lnes correspond to Figure 6-7, which illustrates using the Blend Line
command to blend two lines with a 0.25" chamfer. Note the differences in program line

0030-—the one created by the Blend Line command.

0020 LINE ABS X1.0000 Z-0.5000 F0.0100
0030 CHAMFER ABS X2.0000 Z-0.5000 P0.2500 P0.2500 F0.0100
0040 LINE ABS X2.0000 Z-0.5000 F0.0100

In both examples, in order to cut the chamfer or blend arc EZPATH must read the informa-
tion in two program lines—in these examples, 0030 and 0040. You cannct have any com-
mands—a tool change, or program stop, for instance—between these two program lines, or
EZPATH will be unable to properly execute the Blend command. This is also true of Blend
Arc in the next section, The command in line 06040—the one which follows the Blend Line
command—does not have to be a Line command; it could also be an Arc, another Blend Line

command, or a Blend Arc.

Figure 6-7 Using the Blend Line command to create a chamfer. Note that the angle of the chamfer will be
automatically adjusted if the tweo blended lines are not perpendicular.
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6.2.5. Blend Arc
5 BLARC |

This command works just like Blend Line, except that Blend Arc cuts an arc blended to a

second are, as illustrated by Figure 6-8. Arc 1 is defined by two poin ) plus either its center-

point or radius. The first point on the arc is the current tool location; the second point is

specified here, in the command instruction, The blend arc, which blends Arc 1 with what-

ever point is in the next command, is defined by its radius and direction. The Blend Arc

command needs the following data:

[cw/ccw]  Specify if Arc 1 will be clockwise or counterclockwise,

DIAABS,ZABS  The location of the second point on Arc 1. By pressing the key,

you can input incremental epordinates, rather than absolute.

[DIA ARC CNTR, Z ARG CNTR]  The centerpoint of Arc 1, Like the Arc command,

you need

to specify either the centerpoint or the radius. Do not use incremental coordinates to

specify the centerpoint. Note also that if you specify a centerpoint here, for it to be effec-

tive the radius value in the next field must be 0.0000,

[RRADIUS]  If you wish to define Arc 1 by its radius instead of a centerpoint, enter it

here. If you are using incremental coordinates, you must use the radius.

RBLEND  Enter the radius of the blend arc.

cw/cCw  Enter 2 if you want a clockwise blend arc, or 3 for a counterclockwise one.

F FEED Enter the feedrate to be used in inches (mm) per spindle revolution.

DIR 2=CW/3=CCW
F2 VIEW PART
[ESC=CANCEL]

2’_2 /"I Arc 1 '
D ey =S

Figure 6-8 Using the Blend Arc command. See the difference
between using Blend Line with a blend arc (Figure 6-6) anc
Blend Arc here.
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The data and part diagram shown in Figure 6-8 correspond to the program instructions below.
Note that the arc is specified by its radius, not its centerpoint. Line 0040 cuts on a line along
) the face of the part to point (1,0). Line 0050 is the Blend Arc ¢ommand, which calculates an
“are from (1,0) to the diameter of the line it is blending to; then calculates the blend; then cuts

both arcs. Line 0060 then continues the part profile by cutting the straight line to (2,-2).

0040 LINE ABS X1.0000 Z0.0c000 FO.0100
0050 BLENDIARCIRADIUS ABS CW ‘X2.0000 Z-0.5000 R0.5000 R1.0000 CCW F0.0100
0060 LINE ABS X2.0000 Z-2.0000 F0.0100

6.2.6. Set rPm or Surface Speed

After you select this command, enter 1 to set a spindle

GEAR 1=A{LOW) 2=B{MED) 3=C{HI

rpm, or enter 2 to set a constant surface speed. [ESC=CANGEL]

If you select 1, you will see the dialog box shown in

Figure 6-9, prompting you to enter two pieces of data.

GEAR  Enter the number of the appropriate spin-
die gear. The EZPATH spindle has three gears, e

selected with the handie on the front of the | CALCULATE RPM
[ESC=CANCEL]

machine (see section 1.4.1). Gear A has a range

of 4-400 rpm; Gear B covers 12-1,180 rpm; and

Gear C has a range of 36-3,500 rpm. Enter 1, 2

or 3 for A, B, or C, respectively.

. Figure 6-2 To help you calculate the
It is imporiant to realize that entering a value desired spindle speed, you can use the
Surface Speed calculator; just hit the
key.

here will not cause the spindle gear to change.
When you are running the program and this pro-
gram instruction is reached, the program will
stop and prompt the operator to place the machine in the gear indicated here.

SETRPM  Enter the spindle speed here. Note that you can enter either a positive or
negative number here, so that the spindle can rotate in either direction; use a negative
value for counterclockwise, and a positive value for clockwise (a “+ ” sign is not neces-
sary). You can also use a special surface speed calculator (press the key) to cal-
culate the spindle speed that will produce a particular surface speed for a particular
diameter. Note that setting a spindle speed here will turn off constant surface speed, if
that is the current operating mode.

CREATING PROGRAMS 6-9
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The Set reM command produces the following instruction:
0010 SETRPM 52500

If you select 2, you can program EZPATH to maintain a
constant surface speed, with the dialog box shown in
Figure 6-10. In this mode, the spindle speed will automati-
cally adjust as the diameter of the workplece changes, so
that the speed of the workpiece moving pést the tool tip is

unchanged. You need to enter 3 pieces of information;
GEAR  Enter a spindle gear here, as described above.

CSSVALUE  Enter here the surface speed you want

EZPATH to maintain, in surface-feet per minute.

MAX RPM It is important to enter a maximum spindle

using.

_ SET CSS
: GEAR 1=LOW 2=MED 3=HIGH ¢
[ESC=CANCEL] é

Figure 6-10 When using
constant surface speed, make
sure that the X=0 position
remains the spindle centerline.

rpm here; as the diameter of your part decreases, the spindle speed will increase, theoret-
ically approaching infinity as your part gets smaller. This could create dangerous operat-
ing conditions leading to serious operator injury! Enter a value here that will preserve

safe operating conditions; take care also to account for the rating of the chuck you are

Note that if the value that has been set with the System Parameters command (section

2.2.5) is less than what you enter here, the System Parameters value will take prece-

dence.

It is important to understand that EZPATH figures your part diameter—and hence, the spindle

speed it needs—based on the X =0 position. This position is determined entirely by the
active offsets and work shifts; EZPATH does not use a “hard-wired” spindle centerline.
Therefore, to use the Constani Surface Speed feature, you must have your offsets and/or
work shifts set so that X=0 corresponds to the centerline of the spindle. If you move the

X =0 position after setting C8S—either by changing the offset, a work shift, or switching to

TMP mode—ryou will corrupt the EZPATH’s spindle-speed calculations.

To turn off constant surface speed, use the Set Rem command to set the spindle to a fixed

speed. A CSS command produces the following instruction:

0010 SETCSS G2 C200.00 53300
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6.2.7. Tool Change

“The Tool Change command lets you select a new tool

"~ < from the tool library and/or activate a new offset. After

selecting the command, you can use the Te_| key to
show you all of the tools in the tool library, labeled by
type and tool ID number.

When you select the Tool Change command, you will be
asked to specify the TOOL ID, TOOL NO {tool number) and
the OFFSET NG, The tool number is not the same as the

tool ID. The “tool number” is a number that you assign

io the tool based on your particular job’s requirements; for example, the se
tools will be used in cutting a part. In many cases, the tool number

ber, so that, for example, tool number 3 uses offset number 3. The

TOOL CHANGE |
[ESC=CANCEL] |

s

Figure 6-11 Use the Tool Change
command to sslect a new offset, a

new iool, or both.

quence in which
matches the offset num-

“tool 1ID” is used to look

up information about the tool in the tool library, so that EZPATH can do things like calculate
a proper cutting path for the tool. The tool ID is displayed when you hit the [ +TuB_| key.

The tool number is not used to get information about your

tool; however, when EZPATH

reaches this command in the execution of your program, it will display a message on the

screen asking the operator 1o install the tool with whatever number you specify here. (See

section 3.1 for more on the Tool Library).

Note that when you select or change an offset, it is your responsibility to ensure that

it is the proper one. Selecting an incorrect offset can cause the tool 1o crash the

machine or part; this could cause serious injury to you, and damage to the machine.

A Tool Change command produces the following program instruction; in this case, it

calls for tool ID 22, which has been designated tool number 1 and offset number 1:

0010 TLCHG 122701 01

6.2.8. Dwell

o DweLL |
Use this command to insert a dwell in your program. A
dwell pauses the tool in its current location for a speci-
fied period of time while the spindle continues to rotate;
for this command, input a period of time in seconds.
The following instruction would produce a dwell of 4

seconds:

0010 DWELL 54.0000

CREATING PROGRAMS

Figure 6-12 Use dwell commands
to pause the tool while the spindie
continues to rotate.
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6.2.9. Subprogram

9 SUBPGH]|
You can have your EZPATH program call another EZPATH
program. When the EZPATH machine gets to a

Subprogram command in your program, it will load

another program whose name you specify. It will exe-

cute all of the instructions in that program, and then go Figure 6-13 You can have your
program load and exscute a

. . second program. The second
copied all of the lines from the second program to your program is called a “subgrogram.”

back to the program that called it. It is exactly as if you

program.

In order for this command to work properly, you must specify the name of a poum file (ie a
file whose name ends with .PGM) that is stored on the EZPATH hard disk. You must make
sure that this program is stored on the EZPATH hard disk before trying to call it with the

Subprogram command. Use the Utilities commands (Chapter 9) to verify which files are on

your hard disk.

The data shown in Figure 6-13 would call the program 1141 and run it before continuing with

the current program. It creates this program instruction:

0010 DOISUBPRGMIPGM] 1141

6.2.10. Auxiliary Functions

The EZPATH auxiliary functions Jet you control mis- TR
, AUX FUNCS:
cellaneous features of the program environment. ' 0=PRGM STOP |
; : o ; ; 1=0P STOP |
Figure 6-14 illustrates the Auxiliary Function dialog 2-RESTART |
box; simply type in the number of the desired fune- 5=SPNDL.STOP |
. . . , =COOLANT ON |
tion. The following functions are available: 9=COOLANT OFF -

88=BDEL START
89=BDEL END :

0: Program Stop
Stops program execution, and prompis the operator
to turn off the spindle. The tool will remain in its

last programmed position.
Figure 6-14 Use auxiliary

1: Optional Program Stop ' functions to fine-tune your
This is the same as Function 0, but is executed only brogram's environmant.
if the Optional Stops feature is enabled before you

run the program (see section 8.1.6}.
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2: Program Siop & Reset

This is the same as Function 0, but it also resets the program to the beginning; other-
wise, the Reset Program command must be used before the program can be run again
(section 8.1.4). -

5: Spindle Stop
Prompts the operator to turn off the spindle.

8, 9: Coolant _

Use Function & to turn on the flood coolant, and Function 9 to turn it off. Coolant opera-
tion is interlocked with the spindle motor, so that when the spindle is turned off, the
coolant flow automatically stops; when the spindle is restarted, the coolant flow automat-

ically resumes.

88, 89: BDEL Start, BDEL Stop

You can use these codes to mark off sections of your program for optional execution if
you have turned on the Block Delete run option (see section 8.1.6). Insert an 88 code to
mark the beginning of the block, and insert an 89 code after the block; then, when the
program is running, when it gets to the 88 code, it will skip over all the program instruc-

tions until it reaches the 89 code.

6.3. Canned Cycles in MDI

The next several sections introduce MDI’s powerful canned cycles: Rough, Profile, Groove, Thread,
and Drill/Tap. “Canned cycles” integrate the many different cutting actions and tool movements of
complicated lathe operaticns in a single dialog box and a single command line--letting you specify
such movements as approach and withdraw angles, different feedrates for different tool motions, fin-
ish allowances, and other aspects of your cutting operation. Most of the other cutting commands
that have been described so far in this manual have required you to specify a single point or line, or
a simple shape like a rectangle or radius; what makes the canned cycles so powerful is that most of
them operate on a path: that is, you define a shape or contour that combines many lines or points,
and then the canned cycle operates over the entire shape. When you select the canned cycle, you
specify the path you want it to cut and then you have the opportunity to precisely specify and control
every aspect of the cutting operation, tailoring it to your gpecific part.

Canned cycles also give you several other capabilities. When you are working with the EZPATH

Editor, you can use the Verify command (section 7.2.11) to preview the tool motion of the canned

cycles described here. Also, whenever a canned cycle dialog box is displayed on the screen, you can
use the F1 key to get on-line help, which will describe the different entries in the dialog box. Like

the other MDI commands, hitting F2 will preview the part shape to that point in the program, and F3
will let you enter default values for that particular type of cycle, o
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6.3.1. Define a Path

[F1 Path |, [6 Proste]

As we just mentioned, one difference between canned cycles and other EZPATH operations is
that most canned cycles operate on a path. A path lets you combine many simple commands
(Line, Arc, etc.) to define a complete shape or profile, and then assign to it a unique name.
When you select a canned cycle, you specify the path name instead of just a single destina-
tion point. The cutting operation of the canned cycle will then take place on all of the points
in the path. You can also select the same path for different operations—say, Rough and then

Profile—so that you only need to define it once.
A path definition has three parts:

1) The first line in the path definition is the STARTPATH command, which is created when
you select the Path command ([F1ratk | key). This cornmand is also where you enter the

name of the path; later, when you select your canned cycle(s), it will refer to the path by
this name. In the sample program below, these commands are in line 0010 and 0130,

Note that each path you define must have a unique name. If your program uses subpro-
grams (section 6.2.9), be sure that any path names in the subprogram do not duplicate

path names in the main program.

2} The next part of the path is the various commands which actually define the part
shape. After entering the name of the path, you build the path shape with Line and Arc
commands, together with Blend Line and Blend Arc. These commands all function the
same as they normally do in MDI (see 6.2.1-6.2.5), except that any feedrates are ignored
(these will be specified when you select your canned cycle). The first command in each
path (as in line 0020 below) must be a rapid positioning move to the first point of the
path; after this initial move, do not use the Position command in your path definition.
While you are entering your path, you can use the key to erase mistakes; it
works just like it always does in MDI (see section 6.1.2).

3) The third part of the path definition is the PTHSTP instruction, which is created when
you select the Path Stop command by hitting the key. {Note that this key is only
displayed while you are entering a path.) When you select the Path Stop command,
EZPATH will ask you to type in a “0” to confirm. Path Stop produces lines 0120 and 0180
in the above listing.

The program listing reproduced below will cut the part whose blueprint is illustrated in
Figure 6-15; all of the canned cycles in the following sections {except Drill) will refer to this
part and program listing. In this listing, all of the commands not directly pertaining to the
JFath command have been blocked in gray, so that you can clearly see the Path definitions.
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Figure 6-15 The sample part used in the MDI canned cycle examples. Path 1 descrioes ali of the contour
information except the innermost groove, which is described in Path 2.

OO0 EFPATHISE 1 MODENGH BUN JLEL BY 2008:05 1808
0010 STARTPATH 1

0020 RAPID ABS X0.0000 Z0.0000

0030 CHAMFER ABS X0.7500 20.0000 P0.0300 P0.0300 F0.0100
0040 LINE ABS X0.7500 Z-0.8750 F0.01 (H

0050 LINE ABS X1,0000 Z-1.8750 F0.01 00

0060 LINE ABS X1.0000 Z-2.3750 FO.01 00

0070 BLENDILN ABS X1.7200 Z-2.3750 R0.1000 GW F0.0100
0080 LINE ABS X1.7200 Z-2.8750 F0.01 00

0090 LINE ABS X%1.5000 Z-3.3750 F0.01 00

0100 LINE ABS X1.5000 Z-3.8750 F0.0100

0110 LINE ABS X2.0000 Z-3.8750 F0.01 00

0120 PATHSTOP
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0130 STARTPATH 2

0140 RAPID ABS X0.7500 Z-0.5000

0150 LINE ABS X0.6500 Z-0.5000 F0.0100

0160 LINE ABS X0.6500 Z-0.8750 F0.0100

0170 LINE ABS X0.7500 Z-0.8750 F0.0100

0180 PATHSTOP

G140 RAPID ABS X2.0000 Z3.0000

UROD TLOMG 111 V01 03

G290 SETCES G3 0EYE.00 83200

TR AUKFLIN M8

0230 ROUGH 1 11 X0.0100 Z0.0100 F0.0100 0.0100 0.0100 501000 C0.1250 W45,0000 W0.0500 D2 U1 At

D24 RAPID ABS 42,0000 23.0000

G250 SETROM 53 5850

B0 TLOHE 193 T02 0z

0270 GRODVE 23 A0.0030 F0.0100 R0.0100 P0.0000 G0.0130 080.0000 L0.0500 D 0000

0280 RAFID ABS X2.0000 Z3.0000

0E50 TLOHG 160 107 03

0800 SETHPM G 5530

ORT0 THREAD 1 10.062500 HO.0563 S0.0050 0.0030 £.0020 42 £0. 7000 20,1505 0,550 10, PEOG 0.7500
28,0000

D30 BAPID ARS X2.0000 23,0000

330 AUXFLN bz

The listing above includes two path definitions, named 1 and 2 (lines 0010 and 0130). Path 1
Includes all of the part shape except the groove behind the threaded section; this path is used
by Rough and Profile. The groove is defined in Path 2, which is used by a Groove command,
Note that the EZPATH does not begin to actuaily cut the part until line 0230, when the Rough
command is issued and calls Path 1 for the first time.

Generally speaking, path definitions are placed at the beginning of the program, although
this is not required. The path definition, though, must come before the command which
calls it

The Programming Workbook at the back of this manual provides a step-by-step guide to the
creation of the sample program listed here.

6.3.2. Rough

The Rough command here in MDI is 4 more comprehensive version of the Rough command
in Do Event. There are a number of key differences: Do Event Rough produced basically a
rectangular cut-out, whereas in MDI at the end of each pass the tool will follow the contour
programmed in the path. Alsg, you can precisely specify each aspect of the tool motion,
including feedrates for each type of cutting move, clearance positions, etc. Note that values
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X Fin Allow

(total stock
removetl)

Cut Step

- 'k-g Clearance

N Withdraw

7 angle
Withdraw ™~
length
—————————————— Rapid Positioning move - ———— Feedrate (cutting) move
Figure 6-16 The above diagram illustraies & cutting pass produced -
by the Rough cycle, operating on Path 1 of the sample program. Rg:_"ﬁglljie

Some of the tool motions are exaggerated for clarity’s sake. E2 VIEW PART

for finish allowance, cut step, and clearance—as
they pertain to the X-axis—are not diameter val-
ues. When you select the command, a dialog box
like in Figure 6-16 will prompt you for the follow-
ing data:

PATHID Enter here the name of a previously-
defined path.

1-0D/2-1D/3-FACE  Enter 1 if the roughing

cycle will cut on the outer diameter; 2 for the
inner diameter; or 3 for a facing cut. The fac-

ing cycle resembles the Face command in Do

,

i
!
;
i
i
!
:

Event, in that the major cutting action is

along the X-axis.

XFINALLOW  Enter here the amount of mate-

rial that will be left on the diameter of the part, to be removed in a finishing pass. If the
~ programmed diameter of the part is 1", and the finish allowance is .05, then the

Roughing cycle will only cut to diameter 1.1". (Since the finish allowance is not a diam-

; eter amount, the diameter of the unfinished part is 1.1", not 1.05".)
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27 a0°

270 - 80
| " 450
90° . 2';0"
Type of rough cycle: 1-0D Type of rough cycle: 2-1D Type of rough cycle: 3-Face
Gut direction: 2-Neg Cut direction; 2-Neg Cut direction; 2-Neg
Withdraw angle: 45° Withdraw angle: 45° Withdraw angle; 45°

Figure 6-17 Depending on the type of roughing cycle (OD, ID, Face} and cutting direction (positive or negative),
the cutting action can be orfented six different ways. Each typs is llustrated above with a part fragment; for each,
you can see the cut step; the crossfeed move: the withdraw move; and the rapid move back out to the clearance
plane. The “wheel” under each diagram shows you the orientatien for the withdraw angie.

ZFINALLOW  Enter here the amount of material that will be left on the part in the Z-

axis direction, to be removed in a finishing operation.

ENGAGE FEED  This is the feedrate that will be used for any cutting moves in which the
tool is approaching the part centerline.

CROSSFEED  This is the feedrate that will be used for straight Z-axis cuts (X-axis, for
facing cycles).
RETRACT FEED  This is the feedrate that will be used for cutfing moves away from the

part centerline,

CUTSTEP  This is the depth of each cutting pass. For an OD rough, this is an X- move;
for an ID rough, it is an X+ move; and for a facing cycle, it is a Z- move.

CLEARANCE  This is the distance from the part in each axis to which the tool will move
at the rapid traverse rate before the Rough cycle begins. The tool will also retract to this

position after each cutting pass.

WITHDRAW ANG  After the tool has reached the finish allowance position on each pass,
it will withdraw from the part at this angle. Measure the angle based on the direction of
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270° 180°

Type of rough cycle: 1-0D Type of rough cycle: 2-1D Type of rough cycle: 3-Face
Cut direction; 1-Pos Cut direction; 1—Pos Cut direction: 1-Pos
Withdraw angle: 45° _ Withdraw angle: 45° Withdraw angle: 45°

the main crossfeed moves. Figure 6-17 illustrates this for each type of roughing opera-

tion. The withdraw move takes place at whatever feedrate you specify in RETRACT FEED.

WITHDRAW LEN  This is the length of the move the tool makes at the withdraw angle
after each cutting pass.

CUT DIR 1-POS/2-NEG ~ For OD roughing (type 1) and ID roughing (type 2}, the cutting
direction is negative if it is toward the headstock, positive if toward the tailstock—corre-
sponding to the orientation of the Z-axis. For facing cycles (type 3), the cutting direction
is the direction along the X-axis. The cutting direction you enter here should correspond

to the tool type.

UNDERCUT 1-ON/2-OFF  The EZPATH uses an undercut checking feature. When it is
turned on, the EZPATH will check your program for undercuts when it loads; if one is
found, it will tell you. Enter a 2 here to disable this feature,

AUTOROUND 1-ON/2-OFF  The EZPATH also normally uses an autoround feature when
calculating the path of the tool. This means that, when a sharp corner is programmed in
the part, the path of the tool will have built into it a small arc at the corner equal to the
radius of the tool, such that the tool will always remain in contact with the part and
overall tool movement is minimized. The shape of the part is unaffected by this. If this
is not desired, enter a 2 here. Figure 6-19 illustrates the effect. '
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Figure 6-16 outlines the too] motion produée:'d* by the Rough cycle. When the command is
first called, the tool rapids to the clearance point; if you draw a line out from the first and
last points defined in the path, and then add the clearance amount in each axis, you will
have the clearance point. Next, it will move towards the part at the engage feed rate and cut

into the part for the cut step amount.

It then crossfeeds in the cut direction. At the end of each crossfeed move, it will cut back for
the cut-step amount. Whenever it meets the programmed part shape, it will cut around it.

At the end of each cutling pass, it moves away from the part at the withdraw angle at the
retract feed rate. It then rapids away from the part to the clearance plane.

The depth of the next cutting pass is the start point of the Pprevious pass plus the cut-step

amount; it is not affected by the withdraw length,

Depending on the type of roughing cycle you select and the cutting direction, the cutting
motions can be oriented in one of six different ways: OD+ » OD-, ID+, ID-, Face+, and
Face-. Figure 6-17 shows you a simple cutting pass for each, so you can see the difference.

The following program listing—excerpted from section 6.3.1—shows a path definition and the
Rough instruction which calls it, The data elements in the Rough instruction (line 0230) are

in the same order as entered in the dialog box of Figure 6-16.

0010 STARTPATH 1
0020 RAPID ABS X0.0000 Z0.0000

0030 CHAMFER ABS X0.7500 Z0.8000 P0.0300 P0.0300 FO.0100
0040 LINE ABS X0.7500 Z-0.8750 F0.0100
0050 LINE ABS X1.0000 2-1.8750 F0.0100
0060 LINE ABS X1.0000 Z-2.3750 F0.0100
0070 BLENDILN ABS X1.7200 Z-2.3750 R{.1600 GW F0.0100
0080 LINE ABS X1.7200 Z-2.8750 F0.0100
0090 LINE ABS X1.5000 Z-3.3750 FG.0100
0100 LINE ABS X1.5000 Z-3.8750 F0.0100
0110 LINE ABS X2.0000 Z-3.8750 F0.0100
0120 PATHSTOP

G130 ETARTPATH B

OT40 BAPID ABE X0.7500 7-0.5000

G0 LINE ABS X0.8500 20,8000 FO.0700
OTGD LINE ABS X0.0500 20,8780 Fo.0100
D70 LINE ABS X0.7800 E-0.075G FO.0000
DT8G PATRETOR )

QB0 RARID ABS X2.0000 200000

OR0G TLOMG 1Y 7ot o1

CR¥G BETORS G8 087500 83000
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—————————————— Rapid Positioning move  ————— Feedraie (cutting) move

Figure 6-18 The tocl motion caused by the Profile command. Profile :
only produces a single cutting pass, . : ?—'?IHELP

F2 VIEW PART ¢
F3 SET DEFAULTS
pof ALHFLIN MG

0230 ROUGH 1 4 X0.0100 Z0.0100 F0.0100 0.0100
0.0100 50.1000 G0.1250 W45,0000 W0.0500 D2
U1 Al

6.3.3. Profile

The Profile cycle basically causes the tool to trav-
el the contour defined by the path from one end
to the other. The tool motion is illustrated in
Figure 6-18; the profile cycle here serves as a fin-

ishing operation to the roughing operation
described in the previous section, removing the material that was left on the part as a finish-
ing allowance, Profile produces a single cutting pass. When you select the command, a dia-

log box as shown in Figure 6-18 will prompt you far the following data:
PATHID  Enter here the name of a previously-defined path.

TOOL POS 1-LEFT/2-RIGHT  Enter here where the tool will be in relation to the part, if
you are looking in the direction of the tool motion. In other words, if the tool will be
cutting from Z+ towards Z-, look in that direction, and input whether the tool will be to
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(path of tool center)

{path of tooi center)

Autoround ON Auteround OFF

Figure 6-19 The autoround feature used by both Rough and Prafile. Notice how when autoround is off, the tool gets
pulled off the part when cutting a sharp corner.

the right of the part or the leff.

XFINALLOW  Enter here the amount of material that will be left on the diameter of the
part, to be removed in a finishing operation. If the programmed diameter of the part is
1", and the finish allowance is .05", then the Profile cycle will only cut to diameter 1.05".

ZFINALLOW  Enter here the amount of material that will be left on the vertical faces of
the part, to be removed in a finishing operation.

FEED RATE  This is the feedrate that will be used for any cutting moves.

CLEARANCE  This is the distance from the part that the tool will move before and after
the Profile cycle. This is a vector distance from the first and last points on the path: the
clearance point at either end of the operation will be reached by moving away from the
path at the engage or withdraw angle for the clearance distance.,

ENGAGE ANG  This is the angle at which the tool will approach the workpiece from the
initial clearance point. Note that this is a cutting move at the feedrate.

WITHDRAW ANG This is the angle at which the tool will retract from the workpiece at
the end of the path. The angle is with respect to the direction of the last significant
move, as illustrated in Figure 6-18. Note that this is not the same as the withdraw angle
in Rough.

UNDERCUT 1-ON/2-OFF  The EZPATH uses an undercut checking feature; when it is
turned on, the EZPATH will check your program for undercuts when it loads. If one is
found, it will tell you. Enter a 2 here to disable this feature.

AUTOROUND 1-ON/2-O0FF  The EZPATH also normally uses an autoround feature when
calculating the path of the tool. This means that, when a sharp corner is programmed in
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the part, the path of the tool &ill have built into it a small arc at the corner equal to the
radius of the tool, such that the too! will always remain in contact with the part and
averall tool movement is minimized. The shape of the part is unaffected by this. If this

is not desired, enter a 2 here. Figure 6-19 illustrates the effect..

The following program listing shows a path definition and the Profile instruction which calls
it. This listing is similar to the sample program of section 6.3.1 (the last 4 lines are differ-
ent). Note that Profile will cause the tool to move to the different points in the order in
which they were entered in the path, whereas with Rough you could explicitly specify which-
direction to cut in. The data elements in the Profile instruction (line 0260) are in the same

order as entered in the dialog box of Figure 6-18.

0010 STARTPATH 1

0020 RAPID ABS X0.0000 Z0.0000

0030 CHAMFER ABS X0.7500 Z0.0000 P0.0300 P0.0300 F0.0100
0040 LINE ABS X0.7500 Z-0.8750 F0.0100

0050 LINE ABS X1.0000 Z-1.8750 F0.0100

0060 LINE ABS X1.0000 Z-2.3750 F0.0100

0070 BLENDILN ABS X1.7200 Z-2.3750 R0.1000 CW F0.0100
0080 LINE ABS X1.7200 Z-2.8750 F0.0100

0090 LINE ABS X1.5000 Z-3.3750 F0.0100

0100 LINE ABS X1.5000 Z-3.8750 F0.0100

0110 LINE ABS X2.0000 Z-3.8750 F0.0100

0120 PATHSTOP

G180 STARTPATH 2

0740 BAPID ABS X0.7500 Z-0.85000

0150 LiNE ABS X0.8500 Z.0.6000 FO.0100

0160 LINE ABS X0.6500 Z-0.8759 FO.0T00

GF70 LINE ARS X0.7500 Z-0.8750 FO.0100

D180 PATHETOR

0190 RABID ABS X2.0000 23,0000

G200 TLOHG 111 T01 01

5210 SETDSS B3 OB7S.00 83200

G220 ALIKFLIN M8

4250 ROUGH 1 1 X0,0100 Z0.0100 FO.0100 0.0100 0.0100 SQ.1000 L0, TR50WEE. 0000WR.O800DH AT
pRa0 RAPIHD ARE XR.O0000 £3.0000 '
0250 SETRPM 43 S8120

0260 PROFIL 1 1 X0.0000 Z0.0000 F0.0100 C0.1000 E45.0000 W135.0000 U1 At
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Figure 6-20 The Groove cormmand. Notice the
difference between the roughing and finishing
passes.

6-24

GROOVE
F1 HELP
F2 VIEW PART
F3 SET DEFAULTS
JESC=CANGEL]

(stock‘r,emmred)

HiY

—_

6.3.4. Groove

This cycle is specially designed -

F4 GROOVE o
ffffffffffffff Rapid Positioning move

Feedrate (cutting) move

to cut grooves in your part. You

can

integrate both roughing and

finishing operations within a single command, or just perform either one. When you select
the command, you will be prompted for the following information,

PATHID  Enter here the name of a previously-defined path.

1-ROUGH/2-FIN/8-BOTH ~ You can use the Groove cycle for either roughing; finishing; or
both. Enter 1, 2, or 3 as appropriate. Roughing and finishing are two- distinct operations
that each produce a different tool motion: if you select both, it will do first one, then the
other. Figure 6-20 illustrates the different tool motions produced by each command.

FINALLOW  Enter here the amount of material that will be left on the part after rough-

ing—in each axis—to be removed by a finishing pass.
PLUNGEFEED  This is the feedrate used when the tool is plunging into the part.

RETRACT FEED  This is the feedrate that will be used during the lift-off move and any z-

axis motion during a finish pass.
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PLUNGE STEP  You can specify that the plunge move occur in a series of steps, whose

value you specify here, If you just want a single step, leave this value at 0.

CLEARANGCE  This value determines how fat from the part the tool is before beginning to
feed into the part. It is measured from the highest point of the path. After each pass the

tool withdraws to this plane.

STEP OVER % The step-over % determines how far the tool will advance in the Z-axis
between each pass as a percentage of the tool width. For example, if the tool's width is
25", and the step-over % is 80%, the tool will advance .20" after each pass, so that each

pass overlaps the previous one by .05".

LFTOEF  After the tool has plunged to the programmed depth, it will move backwards
by this amount—at the retract feed rate—before withdrawing at the rapid traverse rate.
However, it does not do this after the first pass—it just withdraws to the clearance plane

at the retract feed rate.

DWELL  The tool can be set to remain in position at the bottom of each plunge move;
specify a length of time here, in seconds, if you desire this.

Many of the above parameters apply just to the roughing part of the Groove motion. Figure
6-20 also illustrates the motion of the finishing pass, which resembles more the Profile cycle.
Whatever material is left by the finishing allowance is removed in a single finishing pass, in
which the tool moves along the contour of the path rather than in plunging steps. However,
the motion along the path is modified so that the sides of the groove are cut only when the
tool is feeding into the part. In Figure 6-20, the finishing pass finishes the first side of the
groove; tetracts and finishes the other side; then finishes the bottom surface.

The following program listing—excerpted from section 6.3.1—shows a path definition and the
Croove instruction which calls it. The data clements in the Groove instruction (line 0270) are

in the same order as entered in the dialog box of Figure 6-20.

0130 STARTPATH 2

0140 RAPID ABS X0.7500 Z-0.5000

0150 LINE ABS X0.6500 Z-0.5000 F0.0100
0160 LINE ABS X0.6500 Z-0.8750 F0.0100
0170 LINE ABS X0.7500 Z-0.8750 F0.6100
0180 PATHSTOP

0270 GROOVE 2 3 A0.0030 F0.0100 R0.0100 P0.0000 ©0.0130 O80.0000 LO.0500 D1.0000
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THREADING ©

F1 HELP
- F2 VIEW PART
——— e — — = — F3 SET DEFAULT:
[ESC=CANCEL]
Start DA )
L J__L_NJ;
f T
r«—Emi z StartZ Clearance
Step 2 : ¥ ) _'. Start
T " Al
Step 1 ‘Ed - ", point
i point
t \L\
‘ Clearance
"""""""""""" "‘*"—/ point
'Engask
Angle

————— Feedrate {cuttingy move  Figure 6-21 The Thread command. Once
you enter a lead value, it will prompt you
with a default thread height for a 60°
thread,

—————————————— Rapid Positioning move

6.3.5. Thread

Use the Thread cycle to precisely specify and control a threading operation. When you select
the command, the dialog box shown in Figure 6-21 will ask you for the following data:

1=0D/2=ID  Enter 1 or 2 here to indicate whether your threads will be cut on the outer

or inner diameter of your part.

LEAD  The lead distance is the distance the screw advances axjally in one turn. This
can be calculated as 1 divided by threads per inch. For example, if there are 13 threads
per inch, the lead would be 1/13, or .0769".

THREAD HEIGHT  The thread height determines how deep the threads are cut. This is
the distance from the top to the bottom of one thread. A standard thread will automati-
cally be calculated for a 60° UN thread and inserted in this field; you can type over this

value if you wish.
STEP1  This is the cutting depth of the first pass of the threading tool.

STEP2  This sets the cutting depth of the second pass of the threading tool. This will
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also be the depth of all the stbsequent passes, until the amount of material left on the
part equals the value of stepwz. The EZPATH then reduces the cut depth by half for gach
step until the minimum step yalue is rea_che_d\.
MINSTEP  This determines the minimum step size that the EZPATH will use for this
threading cycle.

4 SPRING PASSES  Often, after a thread cycle is complete, it is necessary to make addi-

tional passes without changing the depth of the tool. Since the tool exerts a great deal of
pressure on the part, the part might be slightly deformed while the threads are being cut,
resulting in threads that are not cut accurately. Making additional spring passes with no

change in the cutting depth ensures that the threads are cut as accurately as possible.

WITHDRAW GLEARANCE  This is the distance from the part that the tool withdraws after
each pass so that it can rapidly move back to the starting point to begin another pass. Tt
is measured from the top of the threads.

ENGAGE ANGLE  This is the angle at which the tool approaches the part from the clear-
ance plane at the beginning of each pass. It is a positive angle, measured with respect to

the X-axis.

sTARTZz  This is the Z-axis plane where the cutting begins. Usually this is close to but

not actually on the part.

enDz  This is the Z-axis plane where the cutting ends. Usually this is close to but not
actually on the part. Generally, undercuts are made to each end where the threads will
be cut. This is done before the threading operation so that the tool has sufficient room
to clear the material before engaging or disengaging the part.

START DIA  This is the diameter of the thread at the START Z position.

ENDDIA  This is the diameter of the thread at the END Z position. This is usually the
same as the START DIA; however, if the threads being cut are tapered threads or pipe
threads, then this value is used by EZPATH to calculate the angle of the threads.

Figure 6-21 illustrates the geometry and tool motion of the Thread cycle. The data shown

would produce the following command instruction:

0310 THREAD 1 L0.062500 H0.0383 S0.0050 0.0030 0.0020 #2 €0.1000 Z0.1500 -0.5500D0.7500 0.7500
29,0000 ’
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DRILL
F1 HELP
F2 VIEW PART

2

 F3SINGLE TAP |
F4 SET DEFAULT
[

—-‘ -— Clearance

_ _F—-— Start Z
j

[R- Step1

' ]‘*— Step 2 Figure 6-22 The part at ieft
liustrates the Drill and Tap

commanag; with Tap, though, there

are no pecking steps (step 1 and

6.3.6. Drill
{sTEP 2) dafined.

F6 DRILL

The Drill command is used to drill a hole in the center of the part. You can drill the hole in
pecking depths, to clear chips and prevent overheating either the tool or part. The [re o |
key lets you access two different operations: a regular Drill cycle, described in this section,
and a Tap cycle, which you can reach by hitting ¥3 when the Drill dialog box is displayed on
the screen (Tap is described in the next section}. When you select Drill, you will see the dia-
log box shown in Figure 6-22, prompting you for the following data:

START ZVAL  Enter here the Z-axis position which defines the beginning of the hole. |
This is an absolute coordinate address, not an offset from the part surface,

DEPTH  Enter here the tota! distance from the START Z VAL to the bottom of the hole.

STEP 1. This is the distance between the START 2 VAL and the bottom of the first peck,
To drill the hole in one pass, enter 0 here.

STEP2  This is the distance of the second and each successive peck.

CLEARANCE  This distance defines the clearance plane; it is measured as an offset
amount from the START Z VAL. Before drilling begins, the tool will rapidly move to this
point, and will withdraw here after each peck and after drilling is completed.

FEED RATE  This is the feedrate for the drilling operation.

When your program reaches this command, the tool will rapid to the starting position, which
is defined as X =0 and Z = the start-7, value you just input plus the clearance distance. The
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EZPATH will use the X=0 positién és defined by the software (e.g. the active offset and/or

work shift), regardless of the gl:tual centerline of the spindle or tail stock.

While drilling, the tool movements are as follows:

1. After feeding to each peck depth, the tool will perform a rapid positioning move back
to the clearance position. Note that the first pass will include both the STEP 1 amount

and the clearance distance.

2. 1t will then rapid back to the previously-drilled position minus the clearance distance.

3. It will then resume drilling at the feedrate through the clearance distance plus the step

value,

4. After drilling is complete, the tool will rapidly move back to the original clearance

plane.

Figure 6-22 illustrates the geometry of the Drill cycle. The data in the dialog box would pro-

duce the following instruction:

0090 DRILL Z0.0000 D2.2500 T0.5000 0.2500 G0.1000 F0.0100

6.3.7. Tap
Feomii_| : F3 TAP

After selecting Drill from the MDI screen, by pressing F3 you can program a smgle tap drill,

where at the bottom of the hole the spindle will reverse
and the tool will withdraw at the feedrate. Tap prompts
you for the following data:

START ZVALUE  Enter here the Z-axis position
which defines the beginning of the hole. This is an
absolute coordinate address, not an offset from the

part surface.

DEPTH  Enter here the total distance from the
START Z VAL to the bottom of the hole.

GLEARANCE  The point at which the tool will
begin feeding into the part. This is measured as an
offset from the START Z position. When the opera-
tion is finished, the tool will withdraw to this clear-

ance point.
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Figure 6-23 Data entry for a Tap
cycle.
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6.4.

DEPTH DWELL (SEC)  After it has drilledrtoz't’he' required depth, but before withdrawing,
the tool will dwell (i.e. not move in X or Z while the spindle rotates) for the number of

seconds you specify here.
FEEDRATE  This is the feedrate used for both drilling and withdrawing,

When your program reaches this command, the too! will rapid to the starting position, which
is defined as X =0 and Z=the start-Z value you just input plus the clearance distance. Note
that it moves to this position on a vector, instead of separate moves in each axis. It will then
drill at the feedrate to the ending depth in a single pass. The spindle will reverse direction;
the tool will remain in position for the dwell time; and then withdraw at the feedrate to the

starting Z position. The spindie will reverse again, and then rapid to the clearance position.
The data shown in Figure 6-23 would produce the following instruction:

0010 TAP Z0.0000 D2.5000 COC.1000 T2.0000 F0.07690

Creating Programs with Save Point {Teach)

EZPATH provides a second, simpler way to create part programs: the Save Point (Teach)
mode. After entering Save Point (Teach) mode, you can turn a paft by using the handwheel
or Jog mode to control the machine. Whenever you wish, you can tell EZPATH to remember
the current tool position. It will then compile these points into a program that you can Edit
or Run, just like any other program. You can enter Save Point (Teach) mode by pressing the
key from the Basic Operations screen. You can also enter Save Point (Teach) mode
by pressing the key while in Jog mode; for many users, this might be more conve-
nient, because if you enter Save Point mode this way, you can use the key to toggle
back to Jog mode.

After entering Save Point (Teach) mode, you will see the screen shown in Figure 6-24. The
familiar large coordinate display shows the current position of the tool; the display area to
the right of it shows the list of points that have been stored. You can exit and re-enter Save
Point (Teach) mode without losing your current list of points; if you select a new tool or tool

offset, EZPATH will automatically insert those commands in your Save Point (Teach) program.

The points you create are saved as EZPATH program instructions in a file called TEAcH.PGM,
Before the instruction for your first point, EZPATH automatically inserts a program instruction
calling for a Tool Change to whatever tool and offset were effective when you entered Save
Point (Teach) (see section 2.2.1 for more about Tool Change). After your last point, EZPATH
inserts an Auxfun M2 instruction (section 6.2.10); this will Restart the program after each
time you run it, so that you can easily run it several times iﬂ succession to repeatedly dupli-

cate the part you've just programmed. You can use the EZPATH Editor to insert additional
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bvBRIDGEPORT® >> SELECT FUNCTION <<

'X 0.0000
Z 0.0000

STOPS: X ~1.7845 8.2176
Z -2.7500 37.2500

Figure 6-24 Save Poini (Teach) screen, reached from the Basic Operations screen.

commands, rename the file, or make any other changes you wish (see Chapter 7 for a com-
plete discussion of the EZPATH Editor).

All the points will be saved as absolute coordinates, While they are displayed in the window,

you can scroll up and down the list by using the [t prs ] and [+ prs__| Keys,

The following commands are available in Save Point (Teach):

6.4.1. Feed to current point

|
After you have positioned the tool to the des1red pomt use this command to save the point
as a feed event. In other words, EZPATH creates :i command to cut on a line to this point.

The following is an example of:fhe program instruction it creates:

0010 LINE ABS X2:0000 Z2.0000 FO.3000
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This is identical to a program instruction produbéd by the MDI Line command. The feedrate
is specified when you exit Save Point (Teach) mode by pressing the [+porrs] key; at that time,
you can specify one feedrate that will be used for all of the Feed operations.

In the list of points on the right side of the display, points saved as Feed points have a 1 after

the line number,

6.4.2. Rapid move to current point

2 RAPID_|

Use this command when you wish to execute a rapid—i.e. non-cutting—maove to the saved

point. The following is an example of the program instruction it creates:
0010 RAPID ABS X2.0000 Z2.0000

This is identical to a program instruction produced by the Position command in MDI mode
(section 6.2.1). In the list of points on the right side of the display, points saved as Rapid

points have a 0 after the line number.

6.4.3. Jog mode

Use this key to switch to Jog mode so that you can precisely position the tool, You can use
Jog mode as described in section 2.2.4. When you use the fexr_| key to leave J og mode,
you will be returned to the Save Point (Teach) screen. Note that this key will only be avail-

able if you enter Save Point (Teach) from Jog mode.

6.4.4. Exit without Saving Points

When you select this command, you will return to Basic Operations. Using this command
will not save your points in the TEaci.PGMm file on your hard disk; your list of points will be
remembered, though, so that if you re-enter Save Point (Teach) you will see your data as you
left it. Remember—you will not be able to edit or run your program unless you first save it
to the EZPATH hard disk.

6.4.5. Move to a Point
[ overs]

\
Use this command to move the tool to a previously saved point, After selecting the com-
mand, you will be asked to input the number of a previously saved point. EZPATH will exe-
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cute a rapid positioning move 1o ﬁthifs'-location, but will not save the move as a program
instruction. Once the tool has been moved there, however, you can save that location using

Teed or Rapid (as described above) just tike any other point.

6.4.6. Do Points (Exit and Save)
+ DO PTS |

When you select the Do Points command, EZPATH does a number of things:

« It will ask you to specify a feedrate that will be used by all of the feed commands in

your Save Point (Teach) program.

e 1t will save the program created by your series of saved points in the program file

called TEACH.PGM.
o It will then transfer you from Save Point (Teach) mode to Run mode.
e It will automatically load the program created from your series of saved points.

Once you are in Run mode, you can treat TEACH.PGM as you would any other program file.
You can hit the [zsarT | key to run it; you can View it (preview its execution on the screen);
or, by hitting the [xeor__] key, examine and edit it using the EZPATH Ediior (see chapter 8 for
a complete description of Run mode; see chapter 7 for the EZPATH Editor).

6.4.7. Intersection of two lines
Use this command to calculate the intersection of two lines. The two lines are specified by
_ two points on each line; those four points must all be previously saved points, and they must

all have been saved consecutively.

When you select the command, you will be asked for the number of just the first point. It
then calculates the coordinates where the two lines intersect, and displays them for you.

You now have two options. You can press the [Tmovers| key to move to that point {exactly as
if you were executing the Move to a Point command described in 6.4.5), or you can specify
the number in the point list where it is to be stored. If there is already a point stored at that

number, it will be overwritten without any warning.
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6.4.8. Center of an Arc

> GRCNTH]
Use this command to calculate the centerpoint of an érc, based on the coordinates of three
points on the arc. It works much the same as the Intersection command described in the
previous section, in that the three points must be previously stored-—consecutively—in your
Save Point (Teach) list. When you select the command, you will be asked for the numbper of
a point. EZPATH then looks at the three consecutive Points beginning with the one you spec-
ified, and calculates the centerpoint coerdinates—and radius—of the are they share,

You have two options now-—just like with the Intersection command. You can press the “”
key to move to the centerpoint (exactly as if you were executing the Move to a Point com-

mand described in 6.4.5), or you can specify the number in the point list where the center-
point is to be stored. If there is already a point stored at that number, it will be overwritten

without any warning.

6.4.9. Undo points; Clear points

[*unDo 5 [- cLRPTS]
Use these commands to delete points from your list. Pressing the key deletes one
point at a time from the list, beginning with the most recent; pressing - cireis] deletes all of

the points from the list so you can start over.
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Chapter 7
Editing Programs

The EZPATH 11 Editor is used to edit and modify already-created programs. You can use the Editor to
edit programs that have already been saved on either the hard disk or a floppy diskette, or to edit a
program that you are currently creating in MDL To edit a program saved on disk, press the [s eom |
key on the Basic Operations screen; you can also enter the Editor from MDI (o _| key) or Run

mode ([veoT__| key).

7.1. Using the Editor

7.4.1. Selecting a File

The first thing you need to do after entering Edit
mode is choose a program to work on. When the
Fditor is selected from the Basic Operations screen,
you will see a window like Figure 7-1; it shows you
all of the program files on the hard disk. Use the 1
and ¥ arrow keys to position the highlight bar over
fhe program you wish to edit, and press [+eerecT];
you will see the program text in a new window. To

edit files on the floppy drive (A:\), press F5.

After a program has been loaded, you will see the

screen shown in Figure 7-2.

7.1.2. Cursor movement keys

When the program file is displayed, use the cursor
movement keys to select lines to edit. and
move the cursor in that direction one line at
a time; [ 7or_| moves to the first line in the pro-
gram; moves to the last line. The number of

the current line (the sequence number) is displayed Figure 7-1 Selecting a program fiie to
in the upper left corner of the Edit window. edit; hit ',:5 to ediit a file stored on &
floppy dliskette.
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Figure 7-2 The Editor command screen. First, use the arrow keys to select a line to edit; then, select a command.
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7.2,

Editor commands

7.2.1. Insert Line

Once you have chosen a program: to edit, this command letsg you insert a new line (or as
many lines as you wish). The new lines will be inserted after the current line. When you
select the Insert Line comman&, EZPATH places you in MDI mode; you can now select com-
mands in exactly the same manner as you normally would in MDI (described in Chapter 6).
You can return to the Editor by pressing [+ eow_| or 5 exr .

Although the new lines will be inserted immediately after the current cursor point, they will
be numbered in accordance with the settings specified with the Set Number command; see
section 7.2.6 for details.

If you want to enter new lines after the end of your program, before pressing the key
be sure that the cursor is on the last line--not on the blank line after it
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7.2.2.- Resequence

- [Eressa]
This command renumbers all of the lines in the program. After you have inserted new lines,
or mqved_.olr,g_ié-leted lines, the sequence numbers might no longer be in numerical order. Use
this conilﬁe{nd to correct this. When you select this command, it will ask for the number you
wish to use for the first program line (N,SEQNO},- and the increment for each successive line
(N,ING). It will automatically pad the line numbers with zeros so that each line number is 4
digits long. For example, entering 0 and 10 in response to the prompts will result in line
numbers of 0000, 0010, 0020, 0030, etc.

If, at some point after Resequencing, you wish to Insert new lines using [t ms N }--and have
not set line numbering with Set N—they will be numbered according to the settings just used

in Resequencing.

7.2.3. Go To line number N

Use this command to jump to a specific line number. Go To only works from the current cur-
sor position forward to the end of the program; it will not search backwards. If the line num-
ber you enter does not exist, it wiil move you to the end of the program. You do not have to

enter leading zeros; to move to line 150, for instance, enter 150, not 0150.

7.2.4. Review Line

As you examine the lines of program instructions, some of the information might seem a little
bit cryptic. If you position the cursor on a line and press the key, you will see the
original dialog box used to create the instruction, with the name of the command and all of

the original data elements.

Review Line will also allow you to change the data or parameters used by that line’s com-
mand; just enter new data in the dialog box. It will not, howéﬁrer,_allow you change the com-
mand itself. For example, if the line contains a Tool Change command, you can use Review
Line to change the offset number or tool ID, but you cannot use it to replace Tool Change
with an entirely different command. To do that, you must delete the line, and use Insert to

place the new command.

Note also that the first line in the part program (e.g. 0000 EZPATH 1 MODE | INCH) cannot be
edited.
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7.2.5. Copy; Cut; Paste

[scorv |5 [s cur  |: [+ pasTE |

These commands let you copy or move a block of lines
within your program. To copy a line or group of lines,

select Copy; to move a line or block of lines, select Cut.

EZPATH will ask you for a range of line numbers; where it Figure 7-3 Selecting a series of
says BEGIN, enter the number of the first line to be copied lines to be cut. Selectirg lines to
or moved; where it says END, enter the line number follow- be copied Is identical.

ing the last line to be included. For example, to copy lines

80~110, enter 80 in the BEGIN box, and 120 in the END bhox. Now move the cursor to wherev-

er you wish the lines to be, and press [z paste |; it will insert the text after the cursor.
Please note the following considerations when using these commands:

1. Before beginning the Copy or Cut operation, the cursor must be at a point in the pro-

gram before the first line in the selected block.

2, 'To select a single line, the BEGIN line number should be that line, and the END line
number should be the number of the next line. For example, to move line 0090, the
BEGIN line shoutd be 0090, and the END line should be 0100.

3. To move or copy lines after the last line in the program, before selecting Paste the cur-
sor should be positioned on the last program line. If it is positioned anywhere after the

last line, Paste will not work.

4. When you Cut or Copy, the selected data is actuaily copied to a disk file called
cory.T™MP, and is available for pasting until you Cut or Copy new data. You can paste the
data multiple times in different places; you can even save the current file, open a new

one, and paste the data into the new fiie.

5. The line numbers are not renumbered after this operation. If you paste the same data
multiple times, you will have lines with duplicate line numbers, Remember to use

Resequence to renumber your program lines correctly.

7.2.6. Set Number

Use this command to set the line numbers of any new lines which will be inserted into the

program. N,SEQNO will be used as the number of the first inserted line; each successive line
will be incremented by N,INC. If you Insert lines more than once, EZPATH will keep track of

the line numbers so that it will not keep beginning new lines with the same number.
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7.2.7. _Delete Line
: EE LN |

This command deletes the current line. It will not delete the first line in the program.

7.2.8.

Use Erase to delete a block «f lines at one time. Erase will ask you to specify a block of lines
in exactly the same way as Copy and Cut; see 7.2.5 for details. The difference between Cut
and Erase is that Cut will copy the data to a buffer file, so that you can retrieve it with Paste
(until you Cut something new); with Erase, the data is permanently gone as soon as you exe-

cute the command.

7.2.9. Exit Editor
Use this command to exit the Editor and save the edited program. When you select this com-

mand, a new window pops up which will give you several different options.

In the space next to PRGM, you can enter a new name for your program. You can use any of
the number keys to create a new name—up to a maximum of 8 characters. The file extension
.pcM is added automatically. If vou do not enter a new name (or enter the name of a pro-

gram which already exists) the existing program with that name will be overwritten.
You can now save your program in one of three ways using the following keys:

[_save_| saves the program under the name listed above in the PRGM field, and then

exits.

saves the program and then loads it into memory so that it can be run (see sec-

tion 8.1 for information on Run mode).

[ saveiview] saves the program and then lets you view it in Run Preview mode (see section

8.2 for information on Run Preview).

T exits the
SAVE PARTPRGM ;

Editor without saving
the part programnt.
Any changes that

were made to the pro-
Figure 7-4 Exiting the EZPATH Editor. Whenever you try to exit the Edftor, it will

gram are not saved.
prompt you to save your file, and any changes you have made,
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VIEW PART
[0]=EXIT
[1]=RESIZE

Figure 7-5 The Verify display. WhileView shows you the shape of the part created by your program,
Verify lets you focus on a particular canned cycle operation, studying the tool motion as well as the part
shape.

cancels the Exit command and returns to the Editor without saving the part

program.

7.2.10. View

The View command displays the part program geometry on the screen, for either the whole
program or a range of instructions; you will be prompted for the first and last line numbers
to be viewed. After the part is viewed, you have the option to either Exit back to the Editor,

or Review the part,
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7 2 11. Verlfy

This cémmand is used to check the actual movement of the tool during a canned cycle opera-
tmn—e],ther Rough Profile, Groove, Thread, or Drlll/Tap (see section 6.3). If you try to
Verlfy any other operation, you will get a message that ONLY CANNED CYCLES CAN BE VERIFIED.
After positioning the cursor on the line which contains the appropriate command and press-

ing the [xveriFY | key, you can set several viewing options:
0 ExIT returns you to the Editor.

1 resize allows you to zoom in on a particular segment of the part and view the tool
motion in great detail; it asks you to specify the maximum and minimum X- and Z-axis

positions that will be covered by the viewing window.

2 STEP MODE lets you view the tool motion one step at a time or all steps in rapid succes-
sion. After pressing 2, press 0 for single-step viewing, or 1 for continuous. In single-step
mode, press [_enten_| after each step. At any time, you can press 1 to change to

continuous-view mode.

3 suow TooL displays the tool tip while the preview is being shown. If you press the 3
key, and then select step mode, you can go through step mode showing the tool path.

Note the difference between Verify and the View command described in the previous section.
The View comand can only show you the part; the Verify command lets you see the tool

motions, step-by-step if you choose, in addition to the part.
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Chapter 8
Running Programs

E7ZPATH IT’s Run mode is used to execute a program. You can run a program either continuously or

in single-step mode (section 8.1), or you can use the View feature to preview your program’s opera-

tion on the screen before cutting an actual part (section 8.2).

To run an existing program, enter Run mode by pressing the [+ aun | key from the Basic Operations

keyboard. You can also run or preview a program after editing it with the EZPATH Editor, or after

creating and saving it in MDI mode.

8.1. Run mode
When you enter Run mode, you will see the screen shown in

Figure 8-2, illustrating the commands available to you.

While the program is running, the line labeled ACTV in the
middle of the screen displays the program block which is cur-
rently being executed; the line above it (PREV) displays the
previous block, and the NEXT line displays the next block to
be executed. Note that the instructions displayed here will
be G-code blocks, even if you've created the program in MDL

8.1.1. Loading a program

Before a program can be run, it has to be loaded into
memory. This command lets you load a program that
has been saved on either the EZPATH hard disk or a
floppy diskette. After selecting this command, you
will see the box shown in Figure 8-1. Use the arrow
keys to highlight the program file you wish to run; the
F4 key to view either TXT or PGM files; and the F5 key
to toggle between the floppy diskette drive {A:\) and
the hard disk (C:\). When you've highlighted the
one you want, load it by pressing the key.

RUNN!NG PROGRAMS

Figure 8-1 Before a program can be
Run, it has 1o be loaded into memory.
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STOPS: DISABLED IN RUN MODE X 0 0000

|Z  0.0000
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Figure 8-2 The Run mode screen lets you contral the execution of a program., While a program is running, the last
instruction to be executed, the current instruction, and the next instruction are always displayed for your information.

! 8.1.2. Automatic/Block execution

[1_aute |, [2 BLock

You can set the EZPATH to run your program continuously; or you can have it execute 1 line

at a time, If you run in Automatic mode, the program will stop for tool changes; pro-
grammed stops; or when the Hold button is pressed. Program execution begins when you
.press the key or the Run button. The status indicator in the upper-right corner of the
screen will display AuTo.

If you select Block mode, a block of program instructions will be executed each time you
press the key. At any time, you can execute the rest of your program in continuous
mode by pressing the “1” key. While you are in block mode, the status indicator in the
upper-right corner of the screen will display BLOCK. Note that “block” here refers to blocks
of G-code instructions, not MDI program lines. Some MDI commands—notably the canned

cycles—can each produce several G-code blocks,
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8.1.3. Find Sequence number

© [rosw]
This-cofnrﬁaﬁd allows you to find a specific line in your program and begin program execu-
tion with that line. After selecting the__command,-it will ask you for a SEEK NUM; enter the
appropriate sequence number {line nﬁmber)'of yoﬁr program. If you press the [ -trooL | key,
you will be asked instead for the number of a tool; EZPATH will then search your program
for the instructions specifying that.tool, and let you begin program execution there. Press the

.msEa_| key to search again for a sequence number.

Please note that this command only searches down through the program, so that if the line
you are searching for comes before the current line, EZPATH will be unable to find it. It may
be necessary to Resequence the program (see section 7.2.2) or Reset it (next section) before

using this command.

8.1.4. Resel Program

Use this command to Reset the loaded program, making the first line in the program the cur-

rent line. After a program is run, it must be Reset before it can be run again.

8.1.5. Start Program
¥ sTART |

Use this command to begin execution of a program, or 1o resume execution if it has been

stopped or paused.

8.1.6. Run Options

By selecting this command you can enable/.disable the Optional Stop and Block Delete pro-

gram instructions (see chapter 6.2.10). When creating a program in MDI, you can insert
optional stop commands; the program will stop at these points only if Optional Stop is

enabled here in Run mode.

In MDJ, you can also insert Block Delete Start and Block Delete End commands; these mark
the beginning and end of sections of a program that will only be executed if Block Delete is
disabled. In other words, if a section of the program is marked for Block Delete, those com-
mands will ot be executed if Block Delete s turned on.

You will use these options most often when testing new programs.

The Run Options dialog box also lets you turn the coolant on and off. Unlike the other Run
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Options, this feature is not linked to anything in MDI or your program; it works just like a
hard-wired switch. The coolant is linked to the spindle power, though, so that the spindle

must be on before this command can work.

8.1.7. Feed Override keys
L+ o ova], [* Fo ove]

Use these keys to set the actual feedrate as a percentage of whatever is programmed. You
can specify that the actual feedrate be anywhere from 0-150% of the programmed value,
Each key increases or decreases the feedrate by 5%; you can see the effect in the status win-

dow (see section 1.2.4).

8.1.8. Edit Program

Fear]
This command calls up the EZPATH Editor, which you can use to view program instructions
or make changes to the current program. See Chapter 7 for a detailed description of the
EZPATH Editor.

8.1.9. Exit
o EXIT
Select this command to Exit Run mode. EZPATH will not let you exit while a program is run-

ning; stop program execution with the Stop button, if necessary, before exiting.

After you exit Run mode, your program remains in memory {at least until another program is
loaded). However, if you wish to run the program again, you must use the Reset command.

8.2. View mode

While in Run mode, you can use the View command (lBvew ] key) to preview program execution on
the screen before actually cutting the part. The screen displays a 2-dimensional view in the X7
plane; you can also view the tool in addition to the part. Note that the View command described
here is different from the View command in the Editor (section 7.2.10): the View command in the
Editor onty shows you the contour of the part, while View command here also shows the tool

motion, simulating the execution of the program.

After selecting the command, you will see the screen shown in Figure 8-3. The large box is the view-
ing window; in the upper right is a representation of the EZPATH status display. It displays (from top
to bottom): the name of the running program; the current line number; the tool number; the feedrate;

and the current X- and Z-axis positions.
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PREVIEW | | HIT [1] to RUN AUTO, [2] to RUN BLOCK

Figure 8-3 The Run: View screen. Use the View command 1o preview the nrogram's execuiion on the screen
before cutting a part; the options on the right side of the screen let you control the program's execution the same
way you wouid if you were running it for real,

While the program is running, cutting moves will be shown on the screen as solid lines; rapid moves
will appear as dotted lines. Program execution will stop for programmed stop events (like a tool
change) just as if you were cutting a part; press the L+stanT | key to resume execution. While in View

mode, you can use the following commands:

8.2.1. Exit

loexm |
After using this command, you will be returned to Run mode. Please note that if you now

want to run your program for real, you must Reset it (see chapter 8.1.4 above).
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8.2.2, Automatic/Block execution

[ im0 7, [2 ook ]
These commands function the same as their Run-mode namesakes (chapters 8.1.2 above;j,

except that after pressing one of these keys the program preview will -begin immediately; in
other words, after selecting one of thege comrmands, you do not have to press [+sTart |. While
in block mode, you always have the option of executing either the next block (by hitting

“‘2”) ; or the remainder of the program in continuous mode (by hitting “17).

8.2.3. Reset Program

[3 REs Pem |
Use this command after you have previewed all or part of a program and wish to View it
again from the beginning. It is exactly the same as the Reset Program command in Run
mode (see chapter 8.1.4 above). You might wish to Clear the Screen (next section) before

viewing your program again.

8.2.4. Clear screen

(4 cLrsCN |
Use this command to clear the viewing screen so that data from old previews does not clutter

up your cuitent display.

If your program is paused for a tool change, you might wish to use this command to clear
the tool path of the previous tool, so you can see more clearly the motion of the current tool.

Just follow these steps:

1} While the program is paused, hit the “0” key to stop program execution;

2) Hit the key to clear the screen:

3) Hit the “+” key to resume program execution,

8.2.5. Resize

This command lets you zoom in on a small section of the part so that you can view the pro-
gram execution in greater detail. It will prompt you for X- and Z-coordinates which will
become the boundaries of the viewing window. X MIN sets the bottom of the viewing win-
dow; Z MIN the right edge; X MAX the top; and Z MAX the left edge. (After you enter all of the
coordinates, EZPATH might alter them slightly to completely fill the viewing window.)
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The next three parameters control how the tool and
motion will be displayed. sHow ToOL will cause the tip of
the tool to be‘_'displayed while the program is previewing
{if you eq‘gef‘"ﬁ in the box). If you enter 1 in the SHOW
PATH box, the path of the tool will also be displayed. The
third box (TRACKING PT) lets you specify whether the dis-
played path will be based on the touch-off point or the
actual center of the tool.

8.2.6. Restore
& RESTORE ]

Restore returns the viewing window to its original set-

tings, if you have changed them with Resize.

8.2.7. Edit

TRACKING 0=TQUCH OFF PT §
1=TOOL CENTER

Figure 8-4 Use Resize to scale the
size of the preview area and also to
control how the tool is displayed.

This command calls up the EZPATH Editor, which you can use to view program instructions

or make changes to the current program.

RUNNING PROGRAMS



8-8

EZPATH il OPERATIONS & PROGRAMMING MANUAL



Chapter 9
File Utilities

The EZPATH 1I provides you with a complete set of file utilities which allow you to copy data to and
from the EZPATH’s hard disk; floppy diskettes; or directly from ancther compuier. You can access
these ufilities by selecting [e utis_| from the Basic Operations screen. The familiar EZPATH screen
will disappear, replaced by the display shown in Figure 9-1. The commands are described in the fol-

lowing sections.

8.1. <1> Complete Diskcopy
Use this command to copy one entire floppy diskette onto another. This will require swapping the

diskettes at least three times. If you are copying the EZPATH system diskette, make sure the system

EZPATH UTILITIES Version: 2.6
<1> COMPLETE DISKCOPY.

<2> COPY files from EZPATH to FLOPPY DISK.
<3> COPY files from FLOPPY DISK to EZPATH.

<4> DELETE files

<5> VIEW contents of file on FLOPPY DISK.
<6> VIEW contents of file on EZPATH.

<7> SEND or RECEIVE files.
<ESC> QUIT to EZPATH.

>=>> Select:

Figure 9-1 Utllities menu
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COPY FILES. < Insert DISK in FLOPPY DRIVE>.

<1> SHOW ALL EZPATH files on EZPATH.
<2> SHOW ALL EZPATH files on FLOPPY DISK.

<3> SHOW OTHER FILES on EZPATH.
<4> SHOW OTHER FILES on FLOPPY DISK.

<5> COPY ALL EZPATH files from EZPATH to FLOPPY DISK.
<6> COPY ALL OTHER files from EZPATH to FLOPPY DISK.

<7> COPY AN EZPATH file from EZPATH to FLOPPY DISK.
<8> COPY OTHER file from EZPATH to FLOPPY DISK.

<9> COPY TOOL LIBRARY from EZPATH to FLOPPY DISK.
<ESC> EXIT

»>> Select:

Figure 9-2 Uilities: Copy files (option <25 from main menu). Use these commands to copy files from the
EZPATH hard disk to a floppy disketts,

diskette is locked before copying; this will prevent it from being accidentally overwritten, To lock a
diskette, slide the small tab on the back of the diskette so that the hole is uncovered. If you need to
use this diskette to restart the EZPATH, remember to slide the tab back so that the hole is covered up.

9.2. <2>, <3> cory files

These two menu options allow you to copy files back and forth between the EZPATH hard disk and a
floppy diskette. Program files and related data are usually stored on the machine’s hard disk so that
they are easily available; on the other hand, a permanent copy is usually stored on a floppy diskette
to be used as a backup copy. Option 2 lets you copy files from the EZPATH hard disk to a floppy
disk; use option 3 to copy files in the other direction {from a floppy onto your hard disk). A 3.5-inch
diskette must be in the disk drive before selecting either command.

When Option 2 is selected, the following choices are shown on the screen (see Figure 9-2):
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<COPY FILES. < Insert DISK in FLOPPY DRIVE>.

<15 SHOW ALL EZPATH files on EZPATH.
' <2> SHOW ALL EZPATH files on FLOPPY DISK.

<3> SHOW OTHER FILES on EZPATH.
<4> SHOW OTHER FILES on FLOPPY DISK.

<5> COPY ALL EZPATH files from FLOPPY DISK to EZPATH.
<6> COPY ALL OTHER files from FLOPPY DISK to EZPATH.

<7> COPY AN EZPATH file from FLOPPY DISK to EZPATH.
<8> COPY OTHER file from FLOPPY DISK to EZPATH.

<9> COPY TOOL LIBRARY from FLOPPY DISK to EZPATH.
<ESC> EXIT

>»> Select:

Figure 9-3 Utilities: Copy files {option <3> from main menu). Use these commands to copy files from the
floppy diskette to the EZPATH hard disk.

Selecting 1 will display a list of all the EZPATH files on the hard disk; selecting 2 displays a list of all
such files on the floppy diskette. {A EZPATH file is a program file that has been created directly on
the EZPATH machine; its filename will end with .pGMm.)

Selecting 3 will display a list of OTHER files on the hard disk; these will be program files that have
not been created on the EZPATH machine, and whose filenames will end in .TxT. Selecting 4 lists all
of these files on the floppy diskette.

Selecting 5 copies all of the PGM files from the hard disk to the floppy; selecting 6 copies all of the
TXT files.

Pressing the 7 key lets you choose one PGM file, by name, and copy it to the floppy disk; 8 lets you
copy one TXT file in the same way. '

Option 9 lets you select a tool library and copy it to the floppy disk.
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Pressing the [ _esc ] key exits this menu, and returns to the main Utilities screen.

All of the above commands copy data from the hard disk to a floppy diskette; 1f you warnt to move
files from a floppy diskette to the EZPATH hard disk, select 3 from the Utilities main menu; you will

see the screen shown in Figure 9-3.

As you can see, it is identical to the screen shown in Figure 9-2, except that options 5-9 copy data in
the other direction: from the floppy diskette to the hard disk. Use these commands as described

above.

9.3. <4> DELETE files
Option 4 from the Utilities main menu is used to delete files from either the floppy diskette or the

hard disk. Selecting it displays the options shown in Figure 9-4.

Options 1-4 work the same way as in the Copy Files menus; they display lists of PGM and TXT files
from the hard disk and floppy diskette.

Select option 5 to delete one or more PGM files from the EZPATH hard disk. After you press the 5

DELETE FILES. < Insert DISK in FLOPPY DRIVE>.

<1> SHOW ALL EZPATH files on EZPATH.,
<2> SHOW ALL EZPATH files on FLOPPY DISK.

<3> SHOW OTHER FILES on EZPATH.
<4> SHOW OTHER FILES on FLOPPY DISK.

<5> DELETE AN EZPATH file on EZPATH.
<6> DELETE OTHER program file on EZPATH.

<7> DELETE AN EZPATH file on FLOPPY DISK.
<8> DELETE OTHER program file on FLOPPY DISK.

<ESC> EXIT

>== Select:

Figure 9-4 Utilities: Delete Files menu (option <4> from main menu).
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key, it will ask you to specify—in either of two ways—the file(s) you wish to delete: you can either
type the file name and it will delete that one file; or you can type *, and it will delete all .pcM files on
the hard disk! Be extremely careful about deleting files using * !!' If you hit without typing

anything, .you"'w_i-li"rétﬁrn (harmlessly) to the Deleie menu.

Options 6, 7, and 8 work in the exact same manner, a_l_lb’wing you to delete TXT files from the
EZPATH hard disk (6); PGM files from a floppy diskette (7}; and TXT files from a diskette (8).

Pressing the | esc__| key exits this menu, and returns to the main Utilities screen.

9.4. <5>, <6> ViIEWING a file

Use these utilities to examine the contents of a file on the screen. Selecting this option will only dis-
play the file; you cannot edit or make any changes to the file. Use 5 to view files on a floppy
diskette, and 6 for files on the hard disk.

When 5 is selected, the following choices are shown on the screen (option 6 would be identical,
except that “floppy disk” would be “EZPATH").

Pressing the 1 key lists all the PGM files that are on the floppy disk in the disk drive. If you press the
2 key, it will let you select a PGM file to display. Options 3 and 4 work the same way for TXT files.

As always, pressing the [_esc_| key exits this memu, and returns to the main Utilities screen.

VIEW / SHOW files. <Insert FLOPPY DISK in DRIVE>

<1=> Show ALL EZPATH files on FLOPPY DISK.
<2> View AN EZPATH file on FLOPPY DISK.

<3> Show ALL OTHER files on FLOPPY DISK.
<4> View OTHER files on FLOPPY DISK.

<ESC> EXIT

>>> Select':

Figure 9-5 Utllities: View Files menu (option <5> from Utilities main menu). Use this command to view files on
the floppy diskette; use main menu option <6> to view files on the hard disk.

FILE UTILITIES 9-5




SEND-RECEIVE Protocol
<1> EZ-LINK.

<2> YMODEM.

<3> ASCIL.

<ESC> QUIT.

>>> Select;

Figure 9-6 Selecting a communications protocol

9.5. <7> SEND or RECEIVE files

EZPATH can also share data and download programs from other computers (such as a computer run-
ning EZ-CAM software) or another EZPATH machine. Data is transferred via a cable connected to the
machines’ serial ports (alsc known as RS-232 ports). Bridgeport Machines EZ-CAM adapter cable
(part 1940515) and Universal Communications cable (part 1940303) can be used for this purpose.

9.5.1. Communication Protocols

After selecting 7 from the Utilities main menu, you will see the menu shown in Figure 9-6.
Before the two machines can communicate with each other, you need to choose a communi-
cations protocol; each machine needs to be set to the same protocol so that each machine
can understand the other’s instructions. EZPATH supports three protocols: EZ-LINK,
Ymodern, and ASCII.

If you wish to use Ymodem or ASCII data transfer, select 2 or 3, and skip to section 9.5.2.

EZ-LINK is a special communications protocol used by Bridgeport Machines equipment and
software. Select 1 to use this protocol. The EZPATH system diskette contains a program
called BZUTILS.EXE; it can be run on any remote MS-DOS computer (using COM1 only), and

supports all three protocols,

9.5.1.1. EZ-LINK protocol
If you select EZ-LINK, you will need to specify some additional information. First, you must
tell the communications software what kind of device you will be communicating with.

When you select the EZ-LINK protocol, you will see screen shown in Figure 9-7.
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EZ-Link CONNECTED To:
1> EZPATH.

<?> EZ-CAM.

-«3> EZ-FILE.

<ESC> QUIT.

»=> Select:

Figure -7 Using the EZ-LINK proiocol

The options are 1, another EZPATH machine; 2, a computer running EZ-CAM software; or 3,

a computer running EZ-FILE software.

EZ-LINK thinks of one device as the “master” device, and the other as the “slave.” All of the
commands to transfer files are issued at the master computer; the slave computer can only
receive commands. EZ-LINK assumes that the EZPATH is the master and the other device is
the slave—unless the other device is another EZPATH machine. Therefore, if you select 1
from the above menu, you will see the following menu (Figure 9-8), where you tell EZ-LINK

whether your machine is the master or the slave:

EZ-Link MASTER \ SLAVE:

<1> MASTER.
«2> SLAVE.

<ESC> QUIT.

»»= Select:

Figure 9-8 If you are using EZ-LINK to transfer files, and the other machine Is another EZPATH, you will need to
specify whether your machine is the master device or the slave device.
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Be sure you coordinate your settings with the other EZPATH machine.

9.5.2. Sending and receiving files

When all of your communication p.-r.otocols have been set, you are ready to begin sending or
receiving data, and you wili see the menu shown in Figure 9-9. Note that if you are using
EZ-LINK protocol, the slave device must be set on-line first, and the master device second. If
the slave device is not yet on-line, do so now, before selecting one of the following com-

mands,

Use option 1 to send a EZPATH (i.e., PGM) file to another device, and 2 to send a ‘TXT file.
Use 3 to receive a PGM file, and 4 to receive a TXT file. Use 5 and 6 1o view directories of

files of each type on your local EZPATH hard disk.

After selecting any of 1-4, your EZPATH machine will ask you for the name of the file to
send or receive (as appropriate); if you are receiving the file, this is the name that it will be
stored under on your hard disk. At this point, if you are receiving a file, the operator of the

remote computer should select the file to be transmitted.

SEND-RECEIVE Programs,

<1> Send EZPATH file.
<2> Send OTHER file.

<3> Receive EZPATH file.
<4> Receive OTHER file.

<5> Show ALL EZPATH files on EZPATH.
<6> Show ALL OTHER files on EZPATH.,

<ESC> EXIT.

>»> Select:

Figure 9-9 After setting your communications protocols, use these commands to send or receive a file.
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Chapter 10
Math Help

10.1. Using the Calculator

Many EZPATH Il operations require you to enter the coordinates of a point or location. To help you
figure out the proper coordinates, EZPATH includes a Calculator. Whenever you are prompted to
enter a set of coordinates, you can summaon the Calculator by pressing the [*eac | key. The

Calculator screen is shown in Figure 10-1.

You can use the Calculator to do simple arithmetic {addition, subtraction, multiplication, division);

exponents; trigonometry; or almost any algebraic expression combining these elements.

As you enter data in the Calculator window, it is displayed next 10 the cALC: indicator. Enter nurn-
bers and the arithmetic symbols +, - /, and * with the numeric keypad on the right; you can group
expressions by using the [« { jand [» ) keys to insert parentheses. The function keys F1-F6,

and [7 exr_ | and [¢ serT |, contain functions that require additional data from you (called operands).

You will be prompted for this data by the [ENTER} FUNC: Mmessage. These functions are explained in

detail below.

10.1.1. Sine
F1 SIN l

This command computes the sine of an angle; at the [ENTER] FUNC: prompt, enter an angle
(in degrees).

Figure 10-1 The EZPATH Calculator. Use the keypad on the right to enter numbers and basic arithmetic
operators just like any calculator; hit when you are finished.
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10.1.2. Cosine
[F2 cos_|
This command enters the cosine function in the equation field. Again, it will prompt you for

an angle (in degrees).

10.1.3. Tangent

[Fa Tan_
This command enters the tangent function in the equation field. At the prompt, enter an
angle in degrees. If you enter 90 or -90 degrees, you will get unpredictable data, since the

tangents for those values are undefined.

10.1.4. Arcsine

[Fa asin |
This command enters the arcsine function in the equation field. The number that you enter
at the prompt must be between -1 and 1; otherwise, an error is returned by the system, and
zerp is entered in the coordinate field. The aresine function lets you compute an angle in a
right triangle if you know the value of one of the sides and the hypotenuse (the side opposite
the right angle). In the example shown in Figure 10-2, divide the side opposite angle A by
the hypotenuse, and enter this value at the [ENTER] FUNC: prompt.

10.1.5. Distance

ot ]
This function will prompt you for two )
DISTance from poin 1 to point 2=5
values; hit after typing the first point1=3 | { i i |
.
value, and it will prompt you for the \\ .

second. If you visualize the two num- —

third side (the hypotenuse). For exam- o0 i

e

T

T
bers as representing the lengths of the | *
sides of a right triangle, then the value I lf '
this function returns is the length of the ‘ J w‘\\ point 224
!
\

ple, if you enter 3 and 4, the Distance

function retu value of 5.
Hnction retums a value of 5 Figure 10-2 Using the Distance function,
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10.1.6. Arctangent

This command enters the arctangent
function in the equation field. The arct-
angent function calculates the measure

of an angle in a right triangle by using
Opposite

the lengths of the 2 non-hypotenuse )
side=3

sides. The side opposite the angle you

wish to compute should be entered

first. For exampte, if the-entered equa-
tion is ATAN(3,4), then the calculated Adjacent side=4

value of 36.8966 is the measure of the Figure 10-3 When you know the lengths of two {non-
hypotenuse) sides of a right triangle, you can use the

. Arctangent function to solve far the angle; if you know
Figure 10-3. the hypotenuse and one other side, use Arcsine.

angle opposite the side of length 3; see

10.1.7. Square Root
3 _soRT_
This command enters the Square Root function in the equation field. If a negative number is

entered, the system returns an error and the number entered in the coordinate field is zero.

40.1.8. Exponent

This function is used to enter an exponent. The exponent must be a positive whole number;

you will get wrong data if you try 1o enter a negative exponent, or an exponent with a deci-

mal point or fraction.

10.2. Geometry Help

In the last chapter you saw how the EZPATH Calculator can help you with aritbmetic and trigonomet-
ric calculations. EZPATH also has a Geometry Help module, which will provide solutions to 16 com-
mon geometric situations. Like the Calculator, it is available whenever you are prompted to enfer
coordinate data, and will automatically enter the calculated value in the appropriate data entry field.
You can reach the Geometry Help by pressing the key whenever you see it on the screen.

Figure 10-4 shows the Geometry Help screen. After each key name on the left is an abbreviated
description of what the function will solve for, based on the data you provide as described in the
brackets. For example, the function for key 3 solves for the centerpoint of an arc if you provide the

coordinates of two points on the arc and the radius. Key 4 solves for the centerpoint if you know two
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Figure 10-4 Geometry Help functions. On the left, next to the key namss, iIs an abbreviation of what each function
will solve for and, In brackets, what information you need to provide; on the fignt is a graphic summary of each key's
problem,

points and the angle between them; key 2 will find it if you know three points on the arc. On the
right side of the screen is a series of graphic depictions of each of these problems,

If a function has only a single point as an answer, EZPATH will automatically enter it into whatever
command you were executing when you entered Geometry Help. If the function has 2 points for an
answer, when it has calculated these points you will have the opportunity to choose which one you

want to use,
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The diagrams that accompany the descriptions of each function are drawn using a X-Z coordinate sys-
tem, where X is the vertical axis and Z is horizontal. The coordinates of different peints in the dia-
grams are listed as (x,z). For some of the functions, you will need to specify a direction, either left or
right, so that EZPA_TH ¢an calculate the correct set of data; in these cases, you will see an arrow

labeled “Look,” which you would use to select which direction is which.

For each function described below, there will be a screen illustration with sample data input, and
next to it will be a diagram of that data. The solid dots with coordinate labels correspond to the
input data; the point or points to be solved for are shown with a hollow dot. Each of these drawings

is drawn to the same scale and includes the two coordinate axes.

10.2.1. Line tangent to 2 arcs
F1 LN TANTO 2 ARCS[CNTRPT& R]

Solves for: Two points on a line which is tangent to two arcs

Input data: The center points and radius of each arc

There are four different lines that can be described as tangent to any two arcs, as illustrated
in Figure 10-5. You will specify which of these lines you wish to solve for; EZPATH will

return the coordinates of the two points where the line is tangent o each arc.

For each arc, you will need to specify the X- and 7-coordinates of its centerpoint, and its
radius, as shown in Figure 10-6. Then, in two steps, you will specify which of the four lines
you are solving for: first, you will specify either the inner pair (which intersect each other),
or the outer pair (which do not); then, you will specify either the right or left line in the pair.
Select left or right based on looking in the direction indicated by the arrow. Enter 1 to select
the inner pair, and 0 to select the outer; then 1 to select the left line, or 2 to select the right

one.

Figure 10-5 There are four lines tangent to any two (nen-intersecting) arcs. The inner pair of fines cross each other
right), while the outer pair do not ffefl). To specify which line you want to solve for, after entering the coordinates of the
two arcs, you will select one pair of ines as shown above; then, using the Loox arrow, you will select the lefi or right line.
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Figure 10-8 The data shown on the screen specifies that we are looking for
the left line, in the non-intersecting pair,

EZPATH will calculate two points as shown in Figure
10-7; type 1 or 2 to select the one you want EZPATH to
use. When you hit the ["enter_{| key, EZPATH will auto-

matically enter these coordinates into whatever com-

[
. [1] X3.9000 2Z-5.0556
mand you were using when you called Geometry Help. [2] X1.9600 Z-0.7778

10.2.2. Line tangent to 1 arc Figure 10-7 Select the point
F2 LN: THRU PT TANTO ARC[CNTRPT& R] you are interested in.

Solves for: The tangent point of a line and an arc
Input data: One point on the line; the centerpoint and radius of the arc

This command calculates the point at which a line is tangent to an arc. As shown in Figure
10-8, for any point you might specify, there will be two lines through it which are tangent to

the arc; you will be asked to select one. Enter 1 to

select the left line, and 2 to select the right. In the LT
example shown, the left line is selected. F;

Figure 10-8 The F2 function finds where a line through a given poirt point is
tangent io a particular arc, There are two possible tangent lines; this example specifies the left line.
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F3

Figure 10-8 The F3 function gives you the coordinates of two points on a
line elther to the left or to the right of an existing line, and at a specified
distance from It

10.2.3. Parallel line
F3 LN: PARLEL LN[THRU 2PTS] AT DIST

Solves for; Two points on a line which is a specified distance from an existing line

Input data; Two points on the current line; the distance from this line to the new one

For each of the two points you specify, EZPATH will calculate the point which lies at the
specified distarice perpendicular to the original line (see Figure 10-9) These two new points

form a line parallel 1o the original one. You can use this function to calculate either of two

parallel lines; in SELECT DIR, enter 1 to select the left line,

and 2 to select the right. Afterwards, it will prompt you L Al 20547

[1]
for which of the two points you want to use (Figure 10-10}. [2] X3.6641 Z-0.0547

Note that the Look direction arrow is defined as the direc-

tion from the first point you enter to the second one. Figure 10-10 Select the point
you wish to use by typing 1 or 2.
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Figure 10-11 The F4 function solves for the tangent point of a line and an
arc, based on two points en the line and the centerpoint of the arc.

10.2.4. Arc tangent to line
F4  Arc[cNTRPT]: TANTO LN[THRU 2PTS]

Solves for: The tangent point of a line and an arc
Input data: Two points on the line; the centerpoint of the arc

This function finds the same point as F2: the tangent point of a line and an arc, However,
here you can find it based on different information, With this function, you do not need to
know the radius of the arc; but, you need two points on the line, instead of just one. With
this information, there is only one possible tangent line, so you do not need to choose a

direction; see Figure 10-11.

" area.._, e Tangent point
/ \\ Arc2-. .,
W,
\.\-____-/ R
Are 1 . }
- e //‘\nv/
| K | Tangent point
/
J
o
k Arc1’

Figure 10-12 The tangent point between two arcs can be either outside the two center points {left drawing), or inside
the two center points {right drawing).
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" ARCICPT] TANTO ARGICPT&R]
_ [IN]=1 JOUTI=2

: . : _
\ 5,..5 ; - z+
) -‘( ! RuS o

Figure 10-13 The F5 (tangent paint of two arcs) function. Notice that the
tangent point will always be on a straight line batween the two centerpoints;
after finding the tangent point with the F5 function, you could easlly find the radius of arc 1 as well,

10.2.5. Arc tangent to arc
F5 ARC[CNTRPT]: TANTO aARc[cnTRPT& R]

Solves for: The tangent point of two arcs

Input data: The centerpoints of both arcs; the radius of the second arc.

This function finds the tangent point between two arcs. With the type of data that you pro-

vide, there are two possible tangent points; a tangent point between the two centerpoints, or

a tangent point outside the two centerpoints, Figure 10-12 illustrates the difference. The

example shown in Figure 10-13 solves for an inside tangent point.
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Figure 10-14 The solid-line arc, used in the sample data at the right,
flustrates the clockwise dirsction; the dotted-line arc ig counterciockwise,

10-10

'ARCIXPT&R] TANTO LN[ZPT]
DIR [2]-CW [Bl=CoW

10.2.6. Arc tangent to line
F6 aRc[R]: THRU PT TANTO LN[THRU 2PTS]

Solves for: The tangent point of an arc and a line; and, the center point of the arc
Input data: A point on the arc; its radius; two points on the line

Like F2 and F4, you can use this function to find the tangent point of an arc and a line; in
this case, besides needing two points on the line, you need one point on the arc and its
radius. In addition to the tangent point, this function will also tel] you the centerpoint of the

arc.

Based on the data that you input, there can be two possible arcs: you can move from the
arc-point towards the line in either the clockwise (cw) or counterclockwise (CGW) direction.
It’s easier to understand if you look at Figure 10-14: the solid line is a clockwise arc, as used

in the example; the counterclockwise arc is shown '
by the dotted line. In the DIR field, enter 2 for clock- [1']ELX _3.9762 74,1285

wise, or 3 for counterclockwise, [2] CNTR XC-1.8966 ZC-4.2518

After you enter your data, the function will return

the coordinates of the tangent point and the center- Figure 10-15 Enter 1 to select the
tangent point; enter 2 to select the

point; select the one you wish to use as shown in ‘
centerpoint of the arg,

Figure 10-15.
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Figure 10-16 Use function 9 to find the imersaction of twe lines when you
already know two points on each line.

10.2.7. Intersection of 2 lines
9 ntor: 2 Lus[THRU 2 PTS]

Solves for: The intersection point of two lines

Input data: Two points on each line

EZPATH gives you two functions to calculate the intersection point of two lines. For this one,

you need to specify two points on each line, as shown in Figure 10-16.
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INTOF LIN[2PT] LIN[PT&A]
A=ANGL BETWEE|

{4,-4)

Figure 10-17 You can also use this function to find the intersection polnt of
two lines; in this case, for the second lire, you would need the coordinates of
1 point and the angle batween the two lines. Use degrees to specify the
angle.

10.2,8. Intersection of line at angle to line
8 INTOF: LN[THRU PT] ATANGL TO LN[THRU 2PT5]

Solves for: The intersection point of two lines
Input data: Two points on the first line; one point on the second line; the angle between the

two lines.

Like function 9, this calculates the intersection point of two iines, but instead of a second
point on line 2, it uses the angle between the two lines, as shown in Figure 10-17. To proper-

ly specify the angle, measure the angle clockwise from line 2 to line 1.
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Figure 10-18 Function 7 calculates the two points where a line running
through an arc intersects it.

10.2.9. Intersection of line and arc
7  INTOF: LN[THRU 2PTS] & ARc[cNTRPTE R]

Solves for: The intersection points of a line through an arc

Input data: Two points on the line; the centerpoint and radius of the arc

This function calculates the two points where a line intersects an arc. Notice the difference

between this function and the functions of F2, F4, or F6: those functions catculate the tan-

gent point of a line and an arc, where the line runs out-
SELECT PT [ I:

side the arc and just touches it in one point. Use this [1] X20800 2-3.1340
{2] X2.0000 Z-4.8860

function where the line runs through the arc and inter-

sects it in two points. See Figure 10-18. After it calcu-
lates the two points, it will give you the opportunity 1o Figure 10-18 Select the point
select the one you wish to use (Figure 10-19). you wish 10 use
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L i INTOF LIN[2PT] & ARG[2PT&R]
PTS LT or EQ 180 DEGR APAAT
DIR [2]=CW [3]=CCW

(4,-5) R=1

Figure 10-20 Like function 7, functicn & celculates the intersection points of
aline and an ars; however, it Lses two points on the arc, instead of the
centerpoint. Note that vou also need to specify a direction for the arg:
clockwise=2, counterclockwlise=3.

10.2.10. Intersection of line and arc
6 INTOF: LN[THRU 2pTs] & ARC[THRU 2pTs& R]

Solves for: The intersection points of a line through an are
Input data: Two points on the line; two points on the arc; the radius of the arc

This function calculates the same points as the previous function; use this one where you
don’t know the centerpoint of the arc, but do know the coordinates of two points on the arc.

Unlike the previous function, here you will need to specify a direction for the arc, either

clockwise (2) or counterclockwise (3); see Figure 10-20. The proper direction is determined

by moving from Point 1 to Point 2 along the arc, so you need to

SELECT PT [ ]; ints i i

[ X1.7694 52117 be careful that you enter the points in the proper order. Like the
| X3.1961 2-3.9952 _ previous function, you will need to select the point you want

from the two that it will calculate {Figure 10-21).

Figure 10-21 The intersection points calculated from Figure 10-20.
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Figure 10-22 Use function 5 1o solve for the two points whare twe
overlapping arcs intersect.

10.2.11. Intersection of 2 arcs
5 INTOF: 2 ARcS[CNTRPT& R]

Solves for: The intersection points of two arcs

Input data: The centerpoint and radius of each arc

This function calculates the points where two overlapping arcs intersect (Figure 10-22); for
each arc, you need to specify the radius and centerpoint. After it calculates the two points, it

will give you the opportunity to select the one you wish to use (Figure 10-23).

SELECT PT LI
[1] X1.4524 2-1.6875
5

Figure 10-23 The two peints calculated by
function 5. iif the two arcs meet at only one
point (.e. are tangent to one another) the
coordinatas for point 1 and point 2 will be the
same.
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Figure 10-24 Functions 4, 3, and 2 all solve for the centerpoint of an arc.
Use function 4 when you know two points and the angle between them.

10.2.12. Centerpoint of an arc
4 CNTRPT: ARC[THRU 2PTS W ANGL BETWEEN PTS]

Solves for: The centerpoint of an arc
Input data: Two points on the arc and the angle between them

This is the first of three functions that will solve for the centerpaint of an arc. For this func-
tion, you need to specify two points on the arc, and the angle between them (see Figure 10-
24). Specify the angle in degrees. You will need to specify a direction for the arc as well:

either clockwise (2} or counterclockwise (3), determined by the direction you are traveling if

you move along the arc from point 1 to point 2.

10.2.13. Centerpoint of an arc
3 CNTRPT: ARC[THRU 2pTS& R]

Solves for: The centerpoint of an arc
Input data: Two points on the arc and the radius

This function works exactly the same as the previous one, except that instead of specifying
the angle between the points you need to know the radius of the arc. Again, you need to
specify a direction as you move from point 1 to point 2 along the arc: either clockwise {2) or

counterclockwise (3). See Figure 10-25,
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3,-4) (3,-3)

-
—

DIR=CC

Figure 10-25 Use function 3 when you know twe points and the radius.
Functions 4 and 3 each require you to enter a direction for the arc, either
clockwise or counterclockwise.

10.2.14. Centerpoint of an arc
2 cNTRPT: ARC[THRU 3PTS]

Solves for: The centerpoint of an arc

Input data: Three points on the arc

This function finds the centerpoint of an arc based on the coordinates of three points on the

arc. There is no need to specify a direction for this function, since any three points can have

only one arc in common. See Figure 10-26.

’(-2,—.5)
00

— ](z,—.S)

Figure 10-26 Use function 2 when you know three points on the arc.
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Figure 10-27 Function 1 converts from polar to rectangular coordinates.

Notice that these polar coordinates are measured not from point (0,0} but

from (1,2); you can specify this point (called a pole) in x GNTR, z CNTR in the
box at right.

10.2.15. Polar coordinates
1 POLAR: R A XC ZC

Solves for: X-Z coordinates of a point

Input data: Polar coordinates of a point

Use this function to convert polar coordinates to rectangular (X-Z) coordinates. Polar coordi-
nates specify a point in terms of the distance from an origin (radius) and the angle from the
horizontal; in the example shown in Figure 10-27, the hollow point is 2 units from the origin,
at an angle of 30° from the horizontal. Use this function to convert these to X- and Z-axis
values. If the origin for your polar coordinate system (the pole location) is not point (0,0),
you need to enter its X-Z coordinates in the X GNTR and z CNTR boxes; for example, in Figure
10-27, the polar coordinates are measured from point (2,-4).
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MIDPT: LN[THRU 2PTS]

Figure 10-28 Function 0 finds the midpoint of a line segment if you specify
the two endpoints,

10.2.16. Midpoint of a line
0 MIDPT: LN[THRU 2PT5]

Solves for: The midpoint of a line segment

Input data: Two endpoints

If you enter the coordinates of two points, this function will return the coordinates of the

midpoint of a line segment hetween them, as shown in Figure 10-28.
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A Blend Line

Absolute coordinates, 2.1.1.1 MDI, 6.2.4

ABSolute/TeMP mode Blend Line
Basic Operations, 2.2.20 MDI, 6.2.4

display, 1.2.2
Block Delete, 6.2.10

ATC
DoEvert, 5.1.3 Block execution, see Automatic/Block
MDI, 6.2.3 _
see also Blend Arc

Arcsine function, 10.1.4 C

Calculator, 10.1
Arcs—Geometry help

centerpoint, 10.2.12-10.2.14 Canned cycles
intersection with line, 10.2.9; 10.2.10 MDI, 6.3
imtersection with arc, 10.2.11 Verifying (Editor), 7.2.11

tangent to arc, 10.2.5

tangent to line, 10.2.6 Center of an arc,

Save Point (Teach), 6.4.8
see also Arcs

Arctangent function, 10.1.6
Chamfer

ASCII data transfer, 9.5.1 ' DoEvent, 5.1.5

MDI (Blend Line), 6.2:4
Auto-round, 6.3.2; 6.3.3

. . Clear points
Automatic/Block execution Save Point (Teach), 6.4.9

Run mode, 8.1.2; 8.2.2

B _ Clear screen
Auxiliary Functions Run mode, 8.2.4

MDI,.6.2.10

. . Communications, 9.5
Axis, see Coordinate system

Configuration, see Systemn parameters

Constant surface speed

B Basic Operations, 2.2.17
Basic Operations, 2.2 MD], 6.2.6
Blend Arc Control panel _

MDI, 6.2.5 ' control unit, 1.1

apron-mounted, 1.3.3
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Control unit, 1.1; 1.1.1

Coolant
Basic Operations, 2.2.7
MDI, 6.2.10

Coordinate system, 2.1
Machine coordinate system, 2.1.2
Part coordinate system, 2.1.2
Temporary, 2.2.20
User coordinate system, 2.1.2

Coordinates
absoiute/incremental, 2.1.1.1
diameter values, 2.1.2.1
display, 1.2.1
polar, 10.2.15
remaining distance, 1,2.4

Copy files, 9.2

Copy lines
Editor, 7.2.5

Cosine function, 10.1.2
CRT, see Display

Cut lines
Editor, 7.2.5

D
Delete lines
Editor, 7.2.7

Deleting files, 9.3
Diameter values, 2.1.2.1
Diskette drive, 1.4.3

Display, 1.2
screen intensity, 1.2.5

Distance function, 10.1.5

Do Points
Save Point (Teach), 6.4.6

DoEvent mode, 5

Drill,
DoEvent, 5.1.10 4
MDI, 6.3.6 e
see also Tap
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Dwell

MDI, 6.2.8; 6.3.4
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Editing programs, 7; 6.1.1; 8.1.8; 8.2.7

Emergency stop, 1.1.3; 1.3.3; 1.6.2

Erase lines
Editor, 7.2.8

Exponent function, 10.1.8
EZ-LINK, 9.5.1.1
EZPATH I, 1.7
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Face
Do Event, 5.1.9
MDI (Rough}, 6.3.2

Feed Override
Basic Operations, 2.2.19
display, 1.2.4
DoEvent, 5.1.13
Jog mode, 2.2.4
jogging rates, 2.2.5
rapid traverse rates, 2.2.5
Run mode, 8.1.7

Feedrate
display, 1.2.4
DoEvent, 5
MDI, 6.1

File Utilities, 2
Fillet arc, see Blend Line, Blend Arc

Find Sequence number
Run mode, 8.1.3

Find Tool number
Run mode, 8.1.3 -

Finishing .
allowances, 6.3.2-6.3.4

with Groove, 6.3.4
with ‘Profile, 6.3.3

Pl
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G
Geometry help, 10.2
see also Lines, Arcs, Coordinates

Go To Line Number
Editor, 7.2.3
see also Find Sequence

Groove
MDI, 6.3.4

H
Handwheels, 1.3.1; 1.3.2

Help
Calculator, 10.1
Geometry, 10.2
MDI/Canned cycle, 6.3

Hold button, 1.1.1; 1.3.3

Homing (axes), 1.5
Bypassing in an emergency, 1.6.1

I-J
Incremental coordinates, 2.1.1.1

Insert Line
Editor, 7.2.1

Intersection of 2 lines, 10.2.7; 10.2.8
Save Point (Teach), 6,4.7 '
see also Lines, Arcs :

Jog :
Jog mode, 2.2.4
parameters, 2.2.5
switch, 1.1.2
travel speed, 2.2.5

~

L

Line
DoEvent, 5.1.2 .
MDI, 6.2.2

Lines—Geometry help S &
intersection of 2 11nes 10.2.7; 10:2. 8' -

v

midpoint, 10.2.16
parallel, 10.2.3

tangent to 1 arc, 10.2.2
tangent to 2 ares, 10.2.1

Loéding a file/program
Editor, 7.1.1
Run-mode, §.1.1

Lubrication sight glass, 1.4.2

M
Machine Coordinate System, see Coordinate
System

MDI programming, 6.1-6.3

Metric operation
Basic Operations, 2.2.21
display, 1.2.1

Move (Absolute)
Basic Operations, 2.2.3
Homing, 1.5
Jog mode, 2.2.4

Move to Point
Save Point (Teach}, 6.4.5

o
Oifsets, see Tool Offsets

Operating Parameters
display, 1.2.4

Origin, see Coordinate system

P
Part Coordinate System, see Coordinate System

Paste lines
Editorx, 7.2.5

Paths
Ending, 6.3.1
Starting/defiring, 6.3.1

‘ po files, 952+ -
intersection with arc, »'10 2.9; 10: 2. 10 SRR

INDEX Tl 1-3




Note: References are to section numbers, not page numbers
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Polar coordinates, see Coardinates

Position
DoEvent, 5.1.1
MDI, 6.2.1

Power Feed
Basic Operations, 2.2.11
. DoEvent, 5.1.7 .

Power switch, 1.4.4
Preview, see View part, View program

Profile
MDI, 6.3.3

Programming, 6

Protocols, comrmmnications, 9.5.1

Q-R
Quill, 1.4.7

Radius
DoEvent, 5.1.6
MDI (Blend Line), 6.2.4
MDI (Blend Arc), 6.2.5

Rapid traverse rate, 2.2.5

Renumbering, see Resequence, Set sequence
number

Resequence
Editor, 7.2.2

Reset button, 1.4.6

Reset program
MDI code, 6.2.10
Run mode, 8.1.4; 8.2.3

Resize/Restore screen
- Run mode, 8.2.5; 8.2.6

Review line
Editor, 7.2.4

Rough .
DoEvent, 5.1.8
MDL, 6.3.2

R53-232, see Serial port

Run mode, 8.1.1
View/preview program execution, 8.2

Run Options
Run mode, 8.1.6
MDI, 6.2.10

Running programs, 8.1

S

Save Point (Teach) mode, 6.4
feed moves, 6.4.1
rapid moves, 6.4.2

Saving programs
Editor, 7.2.9
MDI, 6.1.3
Save Point (Teach), 6.4.6

Screen, see Display

Select button, 1.3.3
DoEvent, 5.1.4-5.1.6

Selecting a file, see Loading

' Sending/receiving a file, 9.5.2

Serial port, 1.4.5; 9.5.1

Set sequence number
Editer, 7.2.6

Set XZ, 2.2.20
Sine function, 10.1.1
Softkeys, 2.2

Spindle
display rpm, 1.2.4
gear, 1.4.1; 2.2.17; 6.2.6
max rpm, 2.2.5; 2.2.17; 6.2.6
power indicator, 1.1.4
reverse, 1.3.4 '
speed, 2.2.18
speed in MDI, 6.2.6
start/stop handle, 1.3.4
stop code, 6.2.10

Square root function, 10.1.7

Stai't program
Run mode, 8.1.5

o
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Start button, 1.1.1; 1.3.3
Start-up procedures, 1.5
Step + /step-, 2.2.4

Stop Program, 6.2.10

Stops
Basic Operations, 2.2.16
display, 1.2.3

Subprogram
MDI, 6.2.9

Surface speed, see Constant surface speed,

Spindte speed

System parameters, 2.2.5

T
Tailstock, 1.4.7

Tangent function, 10.1.3

Tap
DoEvent, 5.1.11
MDI, 6.3.7

Taper
DoEvent, 5.1.4

TEMP.TXT, 6.1.3

Thread
DoEvent, 5.1.12
MDI, 6.3.5

TMP mode, see ABSolute
Tool carriage controls, 1.3

Tool Change
Basic Operations, 2.2.1 -
MDI, 6.2.7

Tool Library, 3.1
Adding tools, 3.1.1
Deleting tools, 3.1.2 ~
Revising tools, 3.1.3
Saving, 3.1.5
Type of tools, 3.1.1.1-3.1.1.9

Tool Offsets, 2.1.1; 3.2
Offsets commands, 3.2.1

Setting offsets, 3.2.2
Using work shift, 3.2.3

Tools
Library, see Tool library
Number/ID, 3.1
Position, 1.2.1
Selecting, see Tool change
Tool post, 1.3.5
Touch-off point, 3.1.1
Wear values, 3.2.1

TxT files, 9.2

1)
Undercut checking, 6.3.2; 6.3.3

Undo
MDI, 6.1.2
Save Point (Teach), 6.4.9

User Coordinate System, see Coordinate System

see also Work Shift

Utilities, 9

v
Verify canned cycle
Editor, 7.2.11

View part geometry
MDI, 6.1
Editor, 7.2.10
see also Verify
see also View program execution

View program execution
Run mode, 8.2

Viewing a file, 9.4

w-Y

Work Shift
Basic Operations, 2.2.8
with offsets, 3.2.3
with stops, 2.2.16

Ymodem, 9.5.1

Note: References are to section numbers; jiot ptige numbers
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Programming in MDI

The following sections give you a line-by-line guide for creating an MDI program that will cut the
part illustrated on the facing page. Each section includes a line from the program and the dialog box
from the MDI command; use the drawings to fill in each box with the required information that will
produce the program line. You can then recreate the program on your owi machine by following the
exact same steps. “Section” references are to the EZPATH 1i Operations and Programming manual;
chapter 6 of that manual has a complete description of MDI programming, the various commands,

and the canned cycles.

To actually run this program and cut the part, you would need three different tools: an OD turning
tool; an OD grooving tool; and a 60° threading tool. The tool IDs, numbers, and offsets used
in this program are for Hlustration only: before trying to run this program on your machine,

you must make the correct entries in your own Tool Library as described in section 3.1 of the

EZPATH Programming manual, and set your offsets properly as described in section 3.2. Use a

1.75" aluminum bar for your stock, secured in the chuck so that there is at least 4" hanging out.

To enter MDI mode, press the [Emoi _] key from the main EZPATH screen. Remember, if you make a
mistake while entering the program data in MDY, you can use the [Cunoo ] key to “back up” as many
lines as you need to. If you do this and then re-enter the lines, the sequence numbers (i.e. line num-
bers) will be different than shown here, but that will not affect the program operation. Press the

key after your program is finished to leave MDI and save your program on disk.

In following pages, lines written like this: 0010 STARTPATH 1 represent the actual program lines that
}7PATH will create as you fill in the data for each command. For each such line, the first 4A-digit
number is called the sequence number (or line number); the rest of the words and numbers represent

the numbers you type into the dialog boxes of each MDI command.

The entire program is listed separately after this tutorial.

0000 EZPATH 1 MODE | INCH MON JUL 15 15:39:31 1998

EZPATH will automatically create a line similar to this at the beginning of each program. You
cannot edit or delete it. EZPATH automatically fills it in with the name of the machine;
whether the program is in inches or millimeters; and the date and time it was created.

PROGRAMMING WORKBOOK 1
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Point (2,3} = clear point.
(Lines 0190 and 0240)

k

=

— First point on path j/
“~-._(Point 1)
2DIA
___________________________ 7________,,_________“_______,,,‘_______,,_______,,A______,,,_.:_\_‘:. 1
Last point on path i k — 3 *%

Creating the first path The heavy line shows the shape defined by the first path. The ool will make a rapid
positioning move from the clear point on the far tight; then, after the Roughing creration which uses the path, line
0230 moves the tool back to that same goint. (Note that the distances in this diagram are somewhat exaggerated. )

L]

0010 STARTPATH 1

. DEFINE PATH
MD! command: Define Path | F1 HELP

ESC=CANCEL

We'll begin the program with the 2 path definitions that
together will describe the contour of the part for the cut-
ting commands. The first path will cover all of the part

except the inner-maost groove.

To help you enter the proper data for each point on the path, at the top of each page will be
a drawing of the path with the points numbered in order; on each facing page will be the
properly dimensioned blueprint.

'Fill in the dialog box with the path number.

0020 RAPID ABS X0.0000 Z0.0000

MDI command: Position F2 VIEW PART
. . . [ESC=CANCEL]

The first command in any Path definition must be a i

rapid positioning move to the first point of the path.

Note that even though the tool will move to the begin-

ning of the path as a rapid positioning move, you will
specify a clearance distance when you select your
canned cycle (in this prograin, line 0230), so it is OK to program the first point of the path
definition right on the part.

Fill in the dialog box with the coordinates of Point 1.

PROGRAMMING WORKBOOK 3
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Point (2,3) = clear point.
{Lines 0190 and 0240}

I8 —
W 7 - - ——————— - —%# —— First point on path b
“x\(Point'l) ‘

. 2 DIA
Point 3 Point 2 e }

Last point on path |

0030 CHAMFER ABS X0.7500 Z0.0000 P.0300 P0.0300 F0.0100

MDI command: Blend Line

Use the Blend Line command to cut along the front face F2 VIEW PART
[ESC=CANCEL]

of the part and then begin cutting the .03" chamfer.
This command tells the EZPATH to begin cutting a
straight line out to point (.75,0); however, it also calcu-
lates where it should cut a chamfer that will join this
jine with the line in the next statement, and before it

gets to (.75,0), has already begun to cut that chamfer.

Notice that the F FEED box, where you would normally

enter a feedrate, is inaccessible when you are defining a

path; that is because the canned cycle which uses the path will include a feedrate. The feed-
rate listed in the program line is a "dummy” value.

Keep in mind that this and the subsequent commands which comprise the path definitions
are described as if the tool is making the cutting moves now, but this is of course not the
case; while the EZPATH is reading these instructions, the tool is not doing anything at all.
The control unit is simply building up in its memory the shape you're defining here. It will
not begin cutting until a canned cycle calls the path; and even then, the tool motion will not
necessarily be as described here, but will be based on the cutting motion particular to each
cycle type.

Fill in the dialog box with the coordinates of Point 2 and the chamfer dimensions.
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Paint {2,3) = clear point.

{Lines 0190 and 0240)
| L
J— . —— First point on path <
“~~.._[Point 1) w
i g DAY 1
2DIA v 7 201
| q 4 Point 3 Point 2 : J
L _________________________________________________________________________________________ ::_. —_
Last point on path \ |
| —s —

0040 LINE ABS X0.7500 Z-0.8750 F0.0100
LINE

MDI command; Line E2 VIEW PART
1 ANCEL]

After cutting the chamfer, it cuts on a straight line in the
7-axis back to point Z = -.875; the threads and groove

will be cut later.

Fill in the dialog box with the coordinates of Point 3.

0050 LINE ABS X1.0000 Z-1.8750 F0.0100
LT3 I LINE
MDI command: Line F2 VIEW PART |

This command cuts the long taper. ESC=CANC

Fill in the dialog box with the coordinates of Point 4.
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Point 4 Point 3

Last point on path Point 6

0060 LINE ABS X1.0000 Z-2.3750 F0.0100
MDI command: Line

This command cuts the flat surface after the taper.

Fill in the dialog box with the coordinates of Point 5.

0070 BLENDILN ABS X1.7200 Z-2.3750 R0.1000 CW F0.0100

' ~ MDI command: Blend Line

We just used the Blend Line to cut a chamfer; here, it's
used to cut the .1" radius, by specifying “2” {CW radius)
in the final data-entry box. Otherwise, it works just like
the chamfer command: the tool begins cutting toward
point (1.72,-2.375}, but before it makes it to that point,
it begins cutting the .1" radius such that the radius will
blend perfectly with the line programmed in the next

statement.

Fill in the dialog box with the coordinates of Point 6 and
the radius specifications.

PROGBRAMMING WORKBOOK

Point 5 L

Point (2,3) = clear point.
{Lines 0190 and 0240}

LINE
F2 VIEW PART
ESC=CANGEL]

BLEND/END OF LINE
=CHAMF/2=CW/3=CCW
F2 VIEW PART
[ESC=CANCEL}
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i
i

Point 5

Point 9 Point 6

Point 10 — Point 8

Last point on path Point 7 Poini (2,3) = clear paint.

{Lines 0190 and 0240}

0080 LINE ABS X1.7200 Z2-2.8750 F0.0100

MDI command: Line
This command cuts the outermost diameter of the part,

blended with the radius of the previous command.

Fill in the dialog box with the coordinates of Point 7.

0090 LINE ABS X1.5000 Z-3.3750 F0.0100 LINE
. F2 VIEW PART
MDI command: Line {ESC=CANCEL]

This command cuts the taper on the back of the part.
The ability to include a cut-back like this as part of a
path is one of the EZPATH’s innovative features.

Fill in the dialog box with the coordinates of Point 8.

0100 LINE ABS X1.5000 Z-3.8750 F0.0100

MDI command: Line
This command cuts the flat surface after the taper to the
end of the part.

Fill in the dialog box with the coordinates of Point 9.
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Point 5 N
Point 9 Point 6

. Point 8
Point 10 -~ . )
i Point 7 Point {2,3) = clear point.
Last point on path (Lines 0190 and 0240}

0110 LINE ABS X2.0000 Z-3.8750 F0.0100 LINE

MDI command: Line F2 VIEW PART |
[ESC=CANCEL

This command cuts to the last point on the path: a
straight line along the X-axis, moving the tool away from

the part to a safe clearance distance.

Fill in the dialég box with the coordinates of Poirt 10.

0120 PATHSTOP 7 PATH STOP: 0=CONFIRM

MDI command: Pathstop
Once the tool has been programmed to a safe point,

enter the Path Stop command to terminate the Path
definition. The command will require that you enter a

“0” to confirm.

Fill in the dialog box: confirm end of path.

PROGRAMMING WORKBOOK i3



03 CHAMF

-
~

NN

876

—2

. &

L}
72 DIA

-

1DIA

75 DIA

375

3

below, MDI command screen

Above, part blueprint reference




’ Point (2,3} = clear point.
{Lines 0240 and (:280)

S Ui S 75 DIA

2DIA

Last point on First point on .
path-—Point 4 path—Point 1 o —1—

Creating the second path The heavy line shows the shape defined by the second path. You need to make sure
that the toal has a clear route from the last point before the path to the first point on tha path. (Note that the
distances in this diagram are somewhat exaggerated.)

0130 STARTPATH 2

MDI command: Define Path

We may as well define the second path here; since path
definition instructions don’t invelve the tool moving at

all, we can define the path anywhere we choose (so long

as it is before the canned cycle which calls it); however,
it makes the program easier to understand if we do the

path definitions near the beginning.

As mentioned earlier, this second path just cuts the inner groove in back of the first thread.
Why do we need a second path just for this cut? Because while most of the part will be cut
with a turning tool, for this groove we want 1o use a grooving tool. There is no place in a
path definition to stop for a tool change, so all the elements in any single path definition
must be capable of being cut with the same tool; no matter how simple the shape, if you
want to change to a different tool, you must define a different path for the second (and any
subsequent) tool. Also, each canned cycle uses a different type of tool motion to cut the

~ path shape, as illustrated in the diagrams of sections 5.3.2-5.3.4, and for this particular piece
of the part shape, the tool motion produced by the Groove command is more appropriate
than Rough or Profile.

The above drawing illustrates the path for the groove.

Fill in the dialog box with the number of the path.
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Last point on First point on
path—Point 4 path~—Point 1

Point (2,3} = clear point.
{Lines 0240 and 0280)

2DIA

0140 RAPID ABS X0.7500 Z-0.5000

MDI command: Position

As mentioned earlier, the first command in any Path def-
inition must be a rapid positioning move to the first

point of the path.

Fill in the dialog box with the coordinates of Point 1.

0150 LINE ABS X0.6500 Z-0.5000 F0.0100

MDI command: Line

This command causes the tool to feed into the part,
beginning the groove.

Fill in the dialog box with the coordinates of Point 2.

0160 LINE ABS X0.6500 Z-0.8750 F0.0100
MDI command: Line

~This command crossfeeds along the bottom of the groove.

Fill in the dialog box with the coordinates of Point 3.

PROGRAMMING WORKBOOK
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Point {2,3) = clear point.
{Lines 0240 and 0280)

2DIA

Last point on First point on
path—Point 4 path—Point 1
_ . ;
0170 LINE ABS X0.7500 Z-0.8750 F0.0100 LINE
_ E2 VIEW PART
MDI command: Line , ESC=CANCEL]

This command cuts the back of the groove and pulls

away from the part.

Fill in the dialog box with the coordinates of Point 4.

0180 PATHSTOP
MD]I command: Pathstop
This command ends the second path definition. Now,

'PATH STOP: 0=CONFIRM

we can begin the main body of the program.

Fill in the dialog box: confirm end of path.
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(0190 RAPID ABS X2.0000 Z3.0000

MDI command: Position

Forget for a moment all of the positioning and cutting
commands in the path definitions. This is the first

instruction that actualiy causes the machine to do some-

thing visible—it moves the tool carriage 10 the point
(2,3), a safe clearance point so that the tool turret can

rotate to the proper position. This point is also a safe

RAPID
F2 VIEW PART
[ESC=CANCEL]

location from which the tool can move to the starting point of each path.

Fill in the dialog box with the coordinates of the clear point.

0200 TLCHG 111 T01 01

MDI command: Tool Change

When the EZPATH reaches this instruction, the program
pauses and prompts the operator to insert tool number
1—the OD turning tool— in the tool holder. The tool ID

is what EZPATH uses to reference the tool dimensions in

the tool library. The proper tool offset must be set prior
to executing the program. The tool IDs, numbers, and

TOOL CHANGE
[ESC=CANGEL

offsets used here are examples only; be sure to use values appropriate for your shop.

Fill in the dialog box with the number, ID, and offset of the OD turning tool.

0210 SETCSS G3 ©675.00 3200

MDI command: Set RPM

After pressing the key, press 2 to select the Set CS5
command (instead of Set RPM). The EZPATH spindle has
three gears; enter “3” to select the higher one {(35-3,600 tpm),
which will produce spindle speeds appropriate for the part-
diameter/surface-speed combinations in this part. Note that you
will still need to place the machine in the proper gear manually,
using the lever on the front of the machine. The MAX RPM value
shown here may not be appropriate for all chucks; verify an

appropriate value with a supervisor before running this program.

" SETCSS %
EAR 1=LOW 2=MED 3=HIGH|
[ESC=CANCEL] "

Fill in the dialog box with the proper constant surface speed parameters.

PROGRAMMING WORKBOOK
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0220 AUXFUN M8

MDI command: Auxiliary Flinctiqns

Enter this function to turn on. the spindle (clockwise
direction), and at the same time turn on the coolant.
This single command is equivalent to an M3 code fal-
lowed by an M8.

Fill in the dialog box with the proper code.

UX FUNCS:
0=PRGM STOP
1=0P STOP
2-RESTART
=SPINDLE OFF

8-COOLANT ON |

9=COOLANT OFF
B8=BDEL START
89=BDEL END

0230 ROUGH 1 i X0.0000 Z0.0000 F0.0100
0.0100 0.0100 $0.1000 C0.1250 W45.0000 W0.0500 D2
U1 Al
MDI command: Rough
The Rough command will now rough out the
shape defined in Path 1. Note that the tool will
move to the first point in the path definition (plus
the clearance distance specified here) at the rapid
traverse rate, iq a straight line (vector)-—not axis-
by-axis. You must ensure that the route from the
current tool location (in this case, the point [2,3])
to the first point in the path is clear of obstruc-
tions. See section 6.3.2 of the Programming man-
ual for a detailed illustration of the tool motion
created by this command and descriptions of
each of the data elements it requires.

Fill in the boxes with the Roughing specifications.

0240 RAPID ABS X2.0000 Z3.0000

MDI command: Position

After the Roughing operation is complete, this Position
command moves the tool from the last point defined in
Path 1 (2,-3.875) to a suitable location for the next tool

change and from where it can begin the Groove cycle.

Fill in the dialog box with the coordinates of the clear
point.

PROGRAMMING WORKBOOK
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0250 SETRPM G3 3850

MDI command; Set RPM
After selecting the Set ReM command, enter “1” to

select rpm mode instead of constant surface speed;

then, enter the gear and spindle speed to be used for ‘ ”““"*"“”—‘WM“- = %
the upcoming Groove operation. GEAR 1=A{LOW) 2=B(MED) 3=C(Hl) §

]

Fill in the dialog box with the proper gear and spindle
speed.

0260 TLGHG 193 T02 02

: ; TOOL CHANGE
MDI command: Tool Change [ESC-CANCEL]

The program will now stop and prompt the operator to
install tool number 2. This is the OD grooving tool that
will be used to in the upcoming Groove command. The
tool IDs, numbers, and offsets used here are examples

only; be sure to use values appropriate for your shop.

Fill in the dialog box with the number, ID, and offset of
the OD grooving tool.

0270 GROOVE 2 3 A0.0100 F0.0100 R0.0100 P0.0000 CG0.1000

GROOVE

©80.0000 L0.0500 D1.0000 F1 HELP
MDI command: Groove F2 VIEW PART
. . F3 SET DEFAULT
Now that the proper tool is in place and the spindle ESC=CANCEL

speed programmed, you can use the Groove com-
mand to cut the groove. With the Groove com-
mand, distinct roughing and finishing cycles can be
programmed within one command; for this opera-
tion, you will want to perform both roughing and
finishing passes. Section 6.3.4 of the Programming
manual illustrates the tool motion produced by
each type of operation and describes the meaning
of each required data element.

Fill in the dialog box with the information necessary
to complete the Groove cycle.
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0280 RAPID ABS X2.0000 Z3.0000

MDI command: Position

Once again, after the canned cycle is completed, position
the tool at a safe location for a tool change—this time, in

preparation for cutting the threads.

Fill in the dialog box with the coordinates of the clear

point.

0290 TLCHG 160 T03 03

MDI command: Tool Change

This command prompts the operator to install number 3,
the 60° threading tool that will be used in the upcoming
Thread command. Remember, the tool IDs, numbers,
and offsets used here are examples only; be sure to use

values appropriate for your shop.

Fill in the dialog box with the number, ID, and offset of
the threading tool.

0300 SETRPM G3 $530

MDI command: Set RPM

Before the Thread command, set the spindle speed to
an appropriate value.

Fill in the dialog box with the proper spindle speed.

PROGRAMMING WORKBOOK

SET RPM

EAR 1=A{LOW) 2=B{MED) 3=C{HI

[ESC=CANCEL]
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0310 THREAD 1 LD.0625 H0.0472 S0.0050 0.0030 6.0020 #2
©0.1000 Z0.1500 -0.5500 D0.7500 0.7500 29,0000

MDI command; Thread '

Use the Thread command to cﬁt-.the front set of

threads. Note that when you are entering the data

above, a thread height wiil be calculated for you

automatically, based on a 60° UN thread; if your

thread will be different, just type over this value

with any number you wish. Section 6.3.5 of the

manual describes each of the data elements needed

by the Threading cycle.

This is the last cutting operation; the part is now

complete,

Fill in the diglog box with the information necessary
to cornplete the Thread cycle.

0320 RAPID ABS X2.0000 Z3.0000

MD1 command: Position

After the threads are cut, this positioning move pulls the
toloi far enough away from the part to remove the part
from the chuck and/or inspect it, and to otherwise pre-

pare the machine for the next operation.

Fill in the dialog box with the coordinates of the clear
point.

0330 AUXFUN M2
MDI command: Auxiliary Function
This code stops the program, prompts the operator to turn

* off the spindle, and resets the program to the beginning, so

that it can be immediately run again with having to use the

Run; Reset command.

Fill in the dialog box with the proper code.

PROGRAMMING WORKBOOK

THREADING

FtHELP
F2 VIEW PART |

3 SET DEFAULT.
ESC=CANCEL]

AUX FUNCS:
- 0=PRGM STOP
1=0P STOP
2=RESTART
5=SPINDLE OFF
8=COOLANT ON
9=COOLANT OFF
88=BDEL START
89=BDEL END

29



875

1

 3/4-16 UNF THREAD

D3 CHAMF

-

e

375

2

.

e

375 ——-

3

B i

875

3

e

72 DIA

-

75 DIA

1DIA
¥

i below, MD| command screen

Above, part blueprint reference

T




Your program is now complete. When you select the Exit command, you will have the
opportunity to save your program and assign it a name/number. Section 6.1.3 of the manual

describes in detail how to save your program and your options for exiting MDI mode.

For your convenience, the program is listed again below:

0000 EZPATHISX 1 MODEIINCH SUN JUL 07 20:08:05 1996
0010 STARTPATH 1

0020 RAPID ABS X0.0000 Z0.0000
0030 CHAMFER ABS X0.7500 Z0.0000 P0.0300 P0.0300 F0.0100

0040 LINE ABS X0.7500 2-0.8750 F0.0100

0050 LINE ABS X1.0000 2-1.8750 F0.0100

0060 LINE ABS X1.0000 Z-2.3750 F0.0100

0070 BLENDILN ABS X1.7200 Z-2.3750 R0.1000 CW F0.0100

0080 LINE ABS X1.7200 Z-2.8750 F0.0100

0090 LINE ABS X1.5000 2-3.3750 F0.0100

0100 LINE ABS X1.5000 Z-3.8750 F0.0100

0110 LINE ABS X2.0000 Z-3.8750 F0.0100

0120 PATHSTOP

0130 STARTPATH 2

0140 RAPID ABS X0.7500 2-0.5000

0150 LINE ABS X0.6500 Z-0.5000 F0.0100

0160 LINE ABS X0.8500 2-0.8750 F0.0100

0170 LINE ABS X0.7500 Z-0.8750 F0.0100

0180 PATHSTOP

0180 RAPID ABS X2.0000 Z3.0000

0200 TLCHG 111 T01 01

0210 SETCSS G3 C675.00 53200

0220 AUXFUN M8

0230 ROUGH 1 1 X0.0100 20,0100 F0.0100 0.0100 0.0100 S0.1000 C0.1250W45.0000W0.0500D2U1 A1
0240 RAPID ABS X2.0000 Z3.0000 '
0250 SETRPM G3 S850

0260 TLCHG 193 T02 02

0270 GROOVE 2 3 A0.0030 F0.0100 R0.0100 P0.0000 C0.0130 080.0000 LO.0500 D1.0000
0280 RAPID ABS X2.0000 Z3.0000

0290 TLGHG 160 T03 03

0300 SETRPM G3 5530 R
0310 THREAD 1 L0.062500 H0.0353 50,0050 00030 0.0020 #2 C0.1000 Z0.1500 -0.5500D0:7509-0.7500 29.0000
0320 RAPID ABS X2.0000 Z3.0000 :
0330 AUXFUN M2
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