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Remarks

e For safety operation, read thoroughly <Chapter 2 Safety Precautions> to fully understand the
safety precautions before starting work.

e Every effort has been made to ensure the accuracy of all information in this manual. However,
the manual may contain incorrect explanation or typographical errors. If you notice any part
unclear, incorrect, or omitted in the manual, please contact Citizen Watch Co., Ltd.

e The contents of this manual may be revised without prior notice.

This manual applies to only the machine of the machine number shown on the back cover. Do
not use manuals written for dealers and reference when operating the machine. Also, do not use
this manual for other machines.

o The characteristics, functions, and operations of the machine explained in this manual do not
apply to worldwide use. Some illustrations in the manual may not be identical to the actual
machine.

o Citizen Watch Co., Ltd. has all copyrights regarding this manual. No part of this document may
be reproduced in any form or by any means, electronic, mechanical, or photocopying, without
the prior written permission of Citizen Watch Co., Ltd.

e Citizen Watch Co., Ltd. has copyrights regarding the software and programs described in this
manual.

e This machine is a product controlled under the Foreign Exchange and Foreign Trade Control
Law of Japan and is subject to restriction in export. Therefore, you should take necessary
procedures in accordance with the above Law to export this machine. Contact us before
exporting this machine.

e The company names and product names shown in this manual are trademarks or registered
trademarks of the companies.

e The CE marking put on the machine indicates that the main unit of the machine and the standard
attachment units conform to the EC Directive. The optional attachment units and the units of
special specification may not conform to the EC Directive. If you intend to relocate the machine
to the country where compliance to EC Directive is required, consult with Citizen beforehand.
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Preface

e This Programmer's Manual is a part of the three-volume documentation prepared for the
Cincom.

It contains information necessary for programming the Cincom to perform a variety of basic
machining. It explains programs and gives some useful examples.

The remaining documentation is the Operator's Manual and the Maintenance Manual.

The Operator's Manual is used when running the machine. It contains general information
about procedures for basic daily machine operations.

The Maintenance Manual is used when checking, maintaining, and repairing the machine. It
contains detailed information for locating problems in the machine, identifying and eliminating
their causes, and otherwise maintaining the machine.

o The peripheral devices for this machine are shipped with the instruction manual for the device.
Be sure read the instruction manual of the relevant device before using it.

¢ This manual contains illustrations both for A20L and A20R. To confirm the names and
locations of components, see the illustration appropriate to the machine you are using.
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Information to be attached to inquiries

When making inquiries, please confirm the following items as far as possible so that we can take
quick action:

No. ltem Example Location
1 |Machine type A20 Machine nameplate, operation
panel, or the instruction manual
2 |Model number 2F7PL Model sticker on the front panel
(not indicated on some of the machine, on the back of
machine types) the instruction manual
3 |Machine number AC0001 Machine nameplate
4 |NC unit CINCOM Operation panel or Machine
SYSTEM FS32i Specification in <Section 3.3.2
NC functions> of the Operator's
Manual
5 |Delivery date June, 2008
6 |Machine paint color Silver two-tone color Appearance
Your specified color
7 | Special specification Dedicated transporter
8 |Page of the instruction manual Manual
that contains the information
concerning your inquiry
9 |Software version CNC SYSTEM G203 10A |On the screen of the operation
PMC (LADDER 1) L001 01 panel. See <Section 5.7.7 Software
MACRO EXE 1 MO001 0001 Version> of the Maintenance
CEXE APL coo1 o001 |l
Parameter 0001 0001

Before making inquiries about problems, please read <Chapter 5 Troubleshooting> of the
Maintenance Manual and take action if necessary.

Screen of
operation panel
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1.1

MLVl e\l \JULIIG

Outline of the Manual

This manual is intended to provide programmers with information that is needed to program the
Cincom in order to perform a variety of basic machining.

It contains information about how to handle the machine while taking advantage of the best
performance the machine can yield. Before starting the machine, read this manual and gain an
adequate understanding of how to handle the machine safely.

The manual consists of the following chapters:

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

Chapter 11

Outline:
Explains the purpose and chapters of the manual.
Safety Precautions:

Explains what is to be noted for safety during a lot of steps, including machine
programming, setup adjustments, operation, and maintenance.

It also explains various safety devices provided, focusing on their use in an
emergency.

Fundamentals of Programming:

Gives basic knowledge needed for programming.

Commands:

Explains in detail commands needed for programming.

Sample Programming [Basic]

Gives simple examples of programming and adds explanations.
Sample Programming [Advanced)]

Gives rather complex examples of programmiﬁg and adds explanations.
Sample Programming [Secondary Machining]

Gives examples of secondary machining programming and adds explanation.
Sample Programming [Back Machining]

Gives examples of back machining programming and adds explanation.
Programming Practices:

Gives programming practices.

Cutting Conditions:

Gives various cutting conditions necessary for machining.

Tooling:

Lists various tooling systems available with this machine and gives information
about the specifications and dimensions of the tools.
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1.2 Audience

This manual is intended for programmers who want to make products using the Cincom.

To handle the machine safely, be sure to read through the manual and get an adequate
understanding,.
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RLLUFPLUL Darety rrecautions

Safety Signs

Be sure to read and understand this chapter and all other applicable chapters of this Manual and all
on-product safety signs before preparation, operating, and maintaining this machine.

Each safety sign has the specific signal word indicating the degree of the danger. The following
three signal words are provided. Each signal word indicates a particular degree of danger as
described below.

DANGER; alerts you to an imminently hazardous situation which, if not avoided, will
result in death or serious personal injury.

WARNING; indicates a potentially hazardous situation which, if not avoided, could result
in death or serious personal injury.

CAUTION; indicates a potentially hazardous situation which, if not avoided, may result
in minor or moderate personal injury and/or possible damage to the machine
and its components.

The location and content of the on-product safety signs are on the following pages. Be sure these
signs are read and understood.

AWARMNG

Do not remove or hide any safety sign (warning label).
If it is peeling, contact your Cincom Service.

The warning labels are intended to call user’s attention to dangers by indicating the
contents of the dangers and further prevent the user’s safety from being injured or
dead and also the machine from being damaged.

Figure 2.1-1 shows the locations on which the warning labels are put. Figure 2.1-2 describes the
contents of the warning labels.
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Figure 2.1-1 Locations of warning labels



1

RAzcurLLL Odiely Frecautons

4L WARNING

To prevent serious injury, death or property damage, follow these
precautions when operating, inspecting or maintaining the machine:

e Read instruction manual before using machine.
Do not touch tools or other moving parts when machine is operating.

Turn off power at main breaker before opening control unit doors or covers.

[ ]
¢ Do not operate machine unless all doors and all covers are closed.
[ ]
[ ]

Before operation, be sure all safety devices are working.

2
4\ WARNING

A\ WARNING

To prevent serious injury, death or damage due to fire,
do the following:

Monitor machine when operating.
Do not use damaged tools.

Apply sufficient coolant to cutting point during operation.

Keep flammable items away from machine.

Be sure all doors, all covers, chip outlet door and product outlet
door are closed during operation.
Regularly remove chip from chip collector and coolant tank.

EW201

Hazardous voltage inside.
Will shock, burn, or cause
death.

Only qualified personnel
totally familiar with
electrical circuits and
service manual should
work inside this
enclosure.

Follow Lockout/Tagout.

EWO01

3

4

5

6

4L WARNING

4\ WARNING

4\ WARNING

AL WARNING

.

Moving part, hot chips
and hot oil inside.

Keep door closed
during operation.

Moving parts inside.

Keep door closed during
operation.

Moving parts can cause
serious injuries.

Keep hands and body
away from moving parts.

EW04

Turn off machine before
removing chips inside.

Hands or chip remover
tool can touch moving
parts inside and cause
serious injury.

EW05

EW02 EW03
7 8
4\ WARNING 4A DANGER

l

v

Hazardous voltage. Can
shock, burn, or cause
death.

Turn off main breaker
before connecting or
disconnecting coolant
pump.

EWO07

Hazardous voltage
inside.

Will shock, burn, or
cause death.

DO NOT work in this
enclosure unless familiar
with these electrical
circuits and safe
servicing procedures.

9

4\ WARNING

EDO1

s

== GROUND

GETTING ELECTRIC
SHOCK OR NOISE CAN
OCCUR.

THE UNITS MUST BE

GROUNDED.

(RESISTANCE VALUE
MUST BE 100Q OR LESS)

A-001
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10 11
A\ ATTENTION|

Turn off a
lighting before
turn off a
main breaker.

ATTENTION high

EW22 voltage!
Opening by qualified
personnel only!

Figure 2.1-2 Contents of warning labels
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2.2 Emergency Stop Button

The red emergency stop button is located on the operation panel. When there is an emergency
situation such as fire, power failure, earthquake, or lightning or if you need to evacuate at once,
press this button to stop the operation immediately before you leave the work site. Press this button
anytime your feel dangerous while operating the machine. Note, however, that pressing these
emergency stop button during machine operation might damage a tool as well as the product being
processed. To reset the emergency stop state, first verify your safety, turn the locked emergency
stop button clockwise to release the lock, and turn the NC power and main breaker off once and
then turn them on again. Also return all the mobile sections of the machine to their return positions
and then remove all the workpieces subject to machining from the machine.

Figure 2.2-1 shows the location of Emergency Stop button.

Figure 2.2-1 Location of the emergency stop button
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2.3 Safety Devices

/1\ WARNING

No safety devices provide complete safety against accidents and hazards.
Be sure to follow the precautions and described in this chapter to operate the machine.
Failure to do so could result in death or serious personal injury.

Cincom provides the following kinds of safety devices to prevent and detect accidents and hazards
when operating the machine.

The standard and optional safety devices shown and described on the following pages are installed
depending on particular operating needs of the customer.

Devices to detect any accident that occurs during machine operation.
Devices to stop the machine operation under an unsafe condition.
Devices to prevent production of defective products.

Devices to prevent damage to the machine or tools.

Safety devices are strongly recommended in the following situations:

e When reducing operator’s attention such as operating the machine continuously or in night shift.
e When extending the duties of the operator beyond this machine.
e When further reducing the possibility of accidents.

The remainder of this section shows the locations of safety devices and outlines their functions.

Optional safety device can be used only when you purchase it.
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Figure 2.3-1 and Figure 2.3-2 shows the locations on which safety devices are installed.

Door lock
— standard

Cut-off tool breakage detector
— standard

Spindle room door (1)  Spindle room door (2)

Door lock

Door lock — standard

— standard
Operation panel

Knock-out overload
detector
— standard

T

Main breaker
— standard

Cutting room door (1)

Chip outlet door Cutting room door (2)

Figure 2.3-1 Locations of the safety devices (front view of the machine)
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Door lock
— standard

Coolant flow detector
— optional

Coolant level detector
— standard

&

Air pressure switch
Lubricant level — standard
detector
— standard

Figure 2.3-2 Locations of the safety devices (rear view of the machine)

N 1N
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The following are detailed descriptions of the safety devices:
Door locks — standard

Door locks prevent any person from opening the cutting side door (1), (2) and main spindle side
door (1), (2) during machine operation. You will only be able to open these doors when the machine
is stopped. See Figure 2.3-1.

In the Handle Feed or Preparation mode, however, operations (excluding operations regarding the
main spindle) are performed at a speed of up to 2 m per minute even with such doors left open. In
addition, manually opening or closing the chuck, manually rotating the spindle, and turning coolant
supply on or off are performed whether the doors are open or closed.

Main breaker — standard

This device automatically shuts itself off when it detects an over current of 30A or more or an
electric leakage of 30 mA or more.

Cut-off tool breakage detector — standard

A cut-off tool is very easily damaged. If you continue to operate the machine with a damaged
cut-off tool, this might damage the machine or cause a fire. This device detects whether or not
material is properly cut. In other words, it indirectly detects whether the cut-off tool is damaged to
prevent the above possible dangers. When this device detects a damaged cut-off tool, the alarm
message "1105 TOOL BIT ALARM" is displayed.

Coolant level detector — standard

This device is installed in the coolant tank and detects the height of the coolant level. When the
coolant level gets lower than the limit, the alarm message "1201 COOLANT OIL EMPTY" is
displayed and the operation of the machine is automatically stopped after completing one cycle to
prevent a fire hazard.

Lubricant level detector — standard

This device is installed in the central lubricating oil unit and detects the level of the lubricating oil.
When the oil level gets lower than the limit, the alarm message "1200 LUBRICATING OIL
EMPTY" is displayed and the operation of the machine is automatically stopped after completing
one cycle to prevent machine damage.

Air pressure switch — standard

This switch is used to check the air pressure of main spindle and guide bushing device to prevent
damage to their bearing. If an abnormal high (or low) pressure is detected, the alarm message "1132
PNEUMATIC PRESSURE ALARM" is displayed, and the machine automatically stops operation.
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Knock-out overload detector — standard

This device is used to detect an overload on the knock-out pipe.

If the workpiece which has been inserted too deep in the back spindle device at re-chucking
interferes with the knock-out pipe, an alarm message "1145 KNOCK OUT OVERLOAD" is
displayed and the operation of the machine is automatically stopped to prevent a machine damage.

Coolant flow rate detector — optional

This device is installed in the coolant supply path to observe the flow rate of the coolant.

When the coolant level gets lower than the setting value, the alarm message "1106 COOLANT OIL
ALARM" is displayed and the operation of the machine is automatically stopped to prevent a
machine damage.

The following software functions are installed as safety devices in the machine.
Spindle speed change detection — optional

This function detects excessive changes in spindle speed to prevent machine damage. The alarm
message "SP9002 SSPA: 02 EX DEVIATION SPEED" is displayed when it detects a change of
more than 10% from the specified speed.

Note, however, that this function must be disabled when the spindle synchronization control
function or the constant surface speed control function (standard function) is used and during tap
and die machining.

Interference check — standard

This function checks for interference between back spindle and opposite tool post. When the
function determines the possibility of interference during machine operation, the NC alarm message
"INTERFERENCE: ~ " is displayed and the operation of the machine is stopped to prevent machine
damage.

If this alarm is displayed, the operator must correct the program.
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2.4 Specifications for Safe Operation

For the sake of safety, the startup, stop, and operation speeds of the machine are defined as shown

below.
When a door is open:
(The Door select switch key When all the doors are
DOOR SW
D is setto "0".) closed:
Automatic operation Stop and startup not permitted Specified speed
Program operation (Override enabled)
Program check
MDI operation
Preparation
Cut-off process
Phase adjustment
Preparation Operation at a speed of up to 2 m | Operation at the specified
Start position per minute speed (100%)
Cut-off tool moves to the waiting point (Override enabled) (Override enabled)
Tool set
Return position
Backward movement of gang tool
Manual set
Positioning point
Backward movement of back spindle
Others Operation at the specified speed | Operation at the specified
Opening/closing of chuck with the (100%) speed (100%)
SP.CHUCK key

The standard door locks is provided with the splash guard of the machine.

DOOR SW

If you open the doors when the Door select switch key B issetto" I ", an alarm will be

issued and you cannot operate the machine.
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2.5 General Precautions During Operation

N 44

Be sure to follow these general precautions for handling the machine.

/1\ DANGER

To prevent death or severe personal injury, always follow these safety practices:

Do not operate the machine with any cover open.

Do not put your fingers or hands into any moving part of the machine during

machine operation. When the Start key || (] || LED on the operation panel lights or

flashes, regard the machine status as Operating.

Do not touch or stand close to any cutting tool or rotating part of the machine during
machine operation.

Do not touch any live electrical component of the electrical system. You could be
electrocuted if you touch live electrical components.

All the control unit covers and doors must be closed during machine operation.
Shutdown the main breaker of the machine before removing the control unit covers
and doors.

Never change the machine and control circuit.

Press the emergency stop button stop all machine motion when there is an
emergency situation.

To reset the machine after an emergency stop, make sure that the machining
situation is safe, reset the pressed emergency stop button, cycle power to the
machine, return all machine moving parts to their return positions, and remove all
materials in progress from the machine.

/1\ WARNING

Follow these safety practices while operating the machine. Failure to do so could result
in death or serious personal injury.

Never disable any safety devices while operating the machine during automatic
operation.

Do not open all front left and right doors unless the machine is completely stopped.

Make sure that all front left and right doors are closed and locked (if equipped with
locks) and all safety devices are activated before operating the machine.

When operating the machine, sufficiently understand the operation and visually
confirm the operation switch to be used before actually pressing that switch.

When machining a material combustible (flammable) during machining by cutting,
operate the machine in a state in which the operator can always monitor the
machining process.
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ACAUTION

Follow these safety practices. Failure to do so may result in minor/moderate personal
injury and/or damage to the machine:

o The machine must be properly grounded. The ground must be electrically separated
from power lines or the grounding wires of another machine that could be a source
of massive electrical noise. See <Chapter 9 Relocating the NC Machine> in
Maintenance Manual.

e Make sure that there is enough coolant in the machine and it is being supplied
smoothly to all necessary parts.

e Check the tooling to see that it is securely clamped in place before starting the
machine.

¢ Be sure to do the periodical checking described in the manual.

¢ Clean the machine regularly to remove any chips and debris from the cutting area
and the chip receiving area.

e Remove stray chips from the coolant tank as required, depending on cutting
condition and type of material being machined.

2.6 Safety During Installing the Machine

To prevent accidents which could result in death or serious personal injury, be sure to observe the
following precautions:

e Machine transfer requires work using cranes and forklifts and slinging work. Be sure to assign
the personnel certified by the public institute to the work.

e Be sure to shutdown the main breaker of the machine and the breaker for power supply to the
machine on the plant side before connecting/disconnecting the power cable to/from the machine.

e Be sure to connect the ground line when connecting the power cable to the machine.
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2.7 Before Starting the Machine

Before starting the machine for the first time, you should know the following:

o The locations of the emergency stop button safety devices, and all front left and right doors.
e The meaning of all safety signs.

e How to stop the machine in an emergency situation.

o What happens to the machine when you operate buttons, switches and keys on the operation
panel.

e Proper shutdown and startup procedures.
e Procedures for clearing machine troubles.
e How to shutdown the main breaker of the machine.

o Fire prevention procedures (see <Section 2.12 Fire Prevention Practices>).

Each time before you start the machine, do the following to prevent injury or damage:

e Make sure you wear the proper work clothes (no loose clothing), safety goggles, cap, and safety
footwear. Also make sure you remove any gloves, rings, accessories, neckties that may cause
you to be caught by the machine.

e Make sure you are not too tired or sick to operate the machine safely. If you are tired or sick, DO
NOT OPERATE THIS MACHINE.

e Inspect the area around the machine for spills or objects that could cause slipping, falling, or
tripping.
e Make sure that no maintenance work is being performed on the machine.

e Check the inside and outside of the machine to see that it is free of all foreign objects (tools,
workshop towels, etc.).

e Make sure there is enough oil in the lubricating oil tank and coolant tank.
e Clean dirt, oil, and coolant off of the machine, especially on the operation panel.

e Make sure that the machine safety devices are engaged and working properly. NEVER operate
the machine with the safety devices disabled or removed.

e Make sure that the emergency stop button is working properly.

e Check all screws of the tool holder, chuck, guide bushing and others to make sure they are not
loose; tighten them if necessary.

e Make sure that the tools and the material are mounted firmly. Also make sure that the correct
tools are installed for the machining program to be used and the offset has been specified
properly (if necessary).

e Make sure that all front left and right doors are securely closed.
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2.8 Safety During Setup

Disregarding this safety practice could cause severe personal injury.

Never adjust the tools or measure the dimension of the material during machine operation. This
can cause severe personal injury.

If adjustment or measurement is necessary, stop the machine first. Then, before adjusting or
measuring, make sure that all machine motion has stopped and that the work cycle will not start
automatically.

Check whether the chucking force is sufficient for the material.

Do not make the guide bushing too tight--it can cause burning or galling. Fix the guide bushing
using the most suitable tightening torque.

When you have used any jig or tool for adjusting the guide bushing or chuck, be sure to remove
the jig or tool.

Before attempting to move a part by pressing a button, be sure to visually confirm that part and
button.

When setting up the machine, follow these safety practices to prevent injury or damage:

Make sure that tools attached do not interfere with mechanical portions of the machine every
time the machine is set up for new and exchanged programs or tools. If there is interference, this
could cause machine damage and personal injury.

When you check the tool movement, always know where you are in the machining program so
that you know when and how the machine will move and can follow the necessary safety
precautions for this movement.

Verify the machining program and the actual setup. Check for unintended results, which you
should always try to anticipate, such as machine damage and dangerous operating conditions.

Because this machine has no way to check and correct user's machining programs, the machine
will act exactly the way it is programmed.

Verify the machining programs carefully. Failure to do so could cause machine damage and
personal injury.

Never attempt to perform work that is beyond the specifications of the machine.

Take coolant flow into consideration when you select the tooling. Select tooling that allows a
smooth passage of chips.

Use the proper tools and install them only after the machine is completely stopped.

When either front left or right doors are open during machine setup, do not select a tool, or do
not operate the main and back spindles or the tool spindle drive. Also, do not touch cutting tools
on the tool posts during machine operation.
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2.9 Safety During Automatic Operation

To prevent any secondary accident from being triggered by an unexpected incident, such as jammed
chips be sure to monitor the operation status at appropriate intervals during the automatic operation

and troubleshoot a failure, if any.

Regularly Monitor the Machine

To produce high-quality products and avoid damage to the machine and possible personal injury,

monitor the machine at regular intervals for alarm messages, tool wear, coolant flow, etc.

Be aware of common operating problems and correct them immediately. Common problems
include jammed chips, damaged tools, burned material, etc.

Perform the following inspections on a regular basis. Monitoring intervals will depend on cutting
condition, type of material, etc., and can only be determined by the operator through experience

with the machine.

— Clear the Machine of Chips

Too many chips on the tools and materials can greatly reduce the cooling effect of the
coolant. Reduced cooling effect can cause a fire, depending on the type of material being
machined. Remove chips from the chip receiving area and the cutting area at suitable
intervals. When the machine is regularly used, intervals depend on cutting condition,
material, etc. Monitor the level and condition of coolant periodically. Failure to do so can
result in damage to the tools and a possible fire hazard.

Inspect the Coolant

Monitor the coolant condition and level periodically. Check regularly to make sure that
the coolant is discharged smoothly and that the supply to the machining position is
adequate. Failure to do so can result in damage to the tools and a possible fire hazard.

Inspect the Tools

Dull, worn, or damaged tools put excessive load on the machine. This can damage the
machine and possibly cause a fire. Follow a regular inspection/maintenance schedule for
the tools. During machine operation, listen for abnormal sounds and be aware of possible
troubles due to damaged, dull, or worn out tools. Also inspect completed workpieces for
evidence of damaged, dull, or worn out tools.
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2.10 Safety During Maintenance

Disregarding the following safety practices could cause machine damage and serious personal
injury.

Only qualified maintenance personnel should perform maintenance operations on the machine.

The safety devices can be disengaged for maintenance operations using the operation panel.
Before disengaging the safety devices, make sure you are familiar with the current program and
where the machine is in the program. Make sure the machine has stopped before reaching into
the machine to make any adjustments. Cincom recommends that the safety devices be engaged
for all machine operations except during required maintenance.

Before removing control unit covers and doors, turn off the work light, then turn off main circuit
breaker of the machine.

Always use the specified fuse. Installing a wrong type/size of fuse in the machine can cause
machine damage and a possible fire.

A blown fuse indicates an electrical problem that must be corrected.

The electrical components in this machine are high precision devices that can be damaged by
excessive force, shock, or vibration. Use caution when you handle all electrical components of
the machine.

Use care when you disconnect connectors. They are easily damaged.

Periodically clean the air filter. The cleaning interval depends on the operating environment.
Operating the machine with a dirty air filter could damage the electrical components.

Follow appropriate lockout/tagout procedures during maintenance.

2.11 Safety After Everyday Operation

Turn off the work light, then turn off the main circuit breaker of the machine.
Carefully remove any chips caught on the material and cutting tools.

Apply rust prevention oil on all unprotected (unpainted) machine surfaces.
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2.12 Fire Prevention Practices

2 2N

Follow these general safety practices to prevent fires:

Keep all open flame or sparks (cigarettes, lighters, etc.) at least one meter away from the
machine.

Always perform the necessary daily maintenance.

Always operate the machine within its capacity and according to the procedures outlined in the
Operator's Manual and in this chapter.

Dull, worn, or damaged tools put excessive load on the machine. This can damage the machine
and possibly cause a fire. Follow a regular inspection/maintenance schedule for the tools.

Before operating the machine each day, perform these checks to help prevent fires:

Inspect the tool for chips or cracks and make sure that the cutting capacity is adequate; the
machine and tools must be suitable for the conditions and feeds of the machining program.

Make sure that enough coolant is discharged to the machining position.
The oil level in the coolant tank must be adequate.
Make sure that the coolant flow path is clear.

Make sure that the coolant hose is not twisted, and not damaged, there are no loose connections,
and there is not too much chip accumulation on any curved portion of the hose.

Inspect the chip receiver box and coolant tank for too much chip accumulation.

Make sure all front left and right doors are securely closed.

During automatic operation, regularly perform these checks to help prevent fires:

Inspect for chipped tools, excessive vibration and noise, and too much chip accumulation.
Inspect finished workpieces for surface finish conditions that indicate tool wear or damage.

Make sure the coolant nozzle is directed to provide optimum lubrication and chip removal.

Check for too many jammed chips and remove as necessary. Check the coolant tank periodically
for too much chip accumulation. Remove chips as necessary. Too much chip accumulation can
reduce the effectiveness of the coolant pump.

Make sure all machine covers and doors are securely closed.

When doors are open, coolant mist or vapor may escape from the machine and catch fire outside
the machine.
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Prevent the following situations in which coolant supply may be insufficient, and possibly cause a
fire.

e A chipped tool can induce an abnormally high friction temperature between the tool and the
material.

e Chips can get caught on the machining surface and reduce the cooling effect of the coolant.

e Long chips may hit the coolant nozzle and change its position so that no coolant is applied to the
machining position.

o If'the coolant in the tank is at a low level or the mesh filter of the chip receiver box is blocked
with chips, the coolant discharge may be insufficient.

e When the room temperature is abnormally high, the coolant may vaporize.
The following situation is especially hazardous. Stop the machine operation and shutdown the main
breaker of the machine immediately, and contact the Cincom Service.

e If the machine's electrical system fails and causes a spark, it may ignite the coolant mist or vapor
inside or outside around the machine.

n N4
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2.13 Handling Emergency Situations

Actions and procedure required in emergency situations are explained in this section.

2.13.1 Machine operation at occurrence of an accident

If an accident (e.g., any part of an operator's body caught in the machine) occurs, immediately stop
the machine and perform the following procedure:

When the Emergency Stop button is already pressed:

Release the Emergency Stop button by turning it clockwise, and press the Power off switch o .

After that, press the Power on switch I to turn on the power, and move the control axis into a

safety direction in manual operation mode. For the manual operation mode, see <Section 6.5
Manual Operation> in the Operator's Manual.

When the Emergency Stop button is not pressed yet:

Move the control axis into a safety direction in manual operation mode. For the manual operation
mode, see <Section 6.5 Manual Operation> in the Operator's Manual.

2.13.2 Emergency situations requiring evacuation

When evacuation is required in the case of emergency situations, such as fire, earthquake, or
lightning, perform these procedures with the top priority on human lives.

¢ |f you have time before evacuating

Stop the machine quickly and turn off the main circuit breaker. Try to get the machine to stop
when the tool is not touching the material. Otherwise, the tip of the tool may be damaged in the
process of stopping or restarting operation.

¢ If you do not have time and must evacuate immediately

Press the emergency stop button to stop the machine immediately.

2.13.3 Power failure

When power failure occurs, turn off the main circuit breaker.

2.13.4 Resuming work

After emergency stop of the machine or a power failure, follow the procedure below to resume
operation of the machine:

Procedure

1. Inspect the tool and machine carefully for damage and replace or repair if necessary.
And confirm the machine can be operated safely and properly.

2. Cut off the material that was being machined when the emergency occurred.

3. Resume operation of the machine according to the Manual.

n NN
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2.14 Notes for prevention of machine damage

Be sure to follow the notes described below. If not, the assets including the machine and machining
products may be lost.

Confirm that the installed tool does not interfere with the machine in a preparation work such as
program installation or tool replacement.

DO NOT modify the machine and control circuit.
DO NOT provide any machining exceeding over the machine specification.

Electric parts are extremely precise to be damaged by excess force, shock, or vibration. Take
sufficient notes on handling of electric parts.

Take sufficient notes when connecting or disconnecting the connector because it can easily be
damaged.

Pay attention to the cleanness of supply air. Contaminated air can cause damage to the machine.
For the cleanness of supply air, see <Section 9.1 Selecting the Installation Site> in the
Maintenance Manual.
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3.1 What is NC Programming?

NUMERICAL CONTROL

What is NC ?

PROGRAM

(Numerical control)

Sends information (commands) made up of
numerical values to the processing unit to
control the machine operation.

What is program ?

Instructions for controlling the machine
according to the predetermined procedures.

The Numerical Control (NC) program is a group of commands designed to operate the machine
using the NC unit. These commands are simple alphanumeric codes designed to be readable by the
NC unit as well as easy to use by the programmer.

Before reading ahead for details on NC programs, try the following question as an example showing
that NC programming is easy.

X5.0

X4.0

X3.0

X2.0

X1.0
0

Q:  Use the following four commands to complete the code to move from A to B in the figure.

1) GOl Move straight to xx.

2) GO2...ccoeeeeerieeeieen, Move circularly to xx.

3) MO3....cooiiiieieene Turn on the start switch.

4) MO2...rieeieeennnn, Turn off "goal-in" switch.

Code
0 MO3 (Turn on the start switch)
1 GO1 X1.0 Z0 (Straight move to X = 1.0, Z = 0)
2 G01 X1.0 Z1.0 (StraightmovetoX=1.0,Z=1.0)
3( ) X( ) Z1.0 (Straight movetoX=2.0,Z=1.0)
4 G02 X( ) Z2.0 (Move circularlyto X =3.0,Z=2.0)
5 ( ) X( ) Z( ) (Straight movetoX=2.0,Z=2.0)
6 () X( ) Z( ) (*toX=%Z=%
70 ) X(C ) Z( ) (FtoX=*Z=%
8 () X( ) Z( ) (*toX=*Z=%
9 ( ) X( ) Z( ) (*toX=%Z=%

10 ()

2

1

T Z1.022.0 Z3.0 24.0 Z5.0

A

The NC prdgram is almost the same as codes above.
(The answer to this above question is given on page 3-17.)

R
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3.11

Tyt ny

Difference between cam control and NC
; Cam control ‘
<
WA= |,
IR EE £8
5 g
> E.
=3
(o}

What are the differences between cam control and NC?

| Numerical control (NCM

L1
0]

The up/down movement of the cam is
transmitted directly to the mechanism via
the follower to lever.

Analog
The cam is first designed. The up/down
movement of the cam in relation to time is
continuously given.

jeuryoew oy ajerodo noA op Moy

P WA

—

Junowe uoneAs|g

Time

Electrical

The information of the program is converted into
electric signals, to operate the mechanism by
driving motors and turning on/off switches.

The NC program is created and the operation
commands are constructed step by step
according to the process.

[Use chuck 1

|Rotate the spindie |(in 2,000 min™")

|Se|ect front turning tool and perform positioningl

1 cycle is angular |

[ 1cycleis Iinéar }

FD’D"D”D’D’D’D ......... D,D_,M Return _I

As many commands as required can be

¢ No limitation however long or complex the
machining is.

¢ Forming the cam is costly.
¢ One machine can be fitted with only
one cam for one workpiece.

Just type the commands according to the
designated manner. The program can easily be

e Very short time is required for the
preparatory stage.
o Correction and modification is very easy.

o Storage does not require much space. The
program can be stored as long as necessary.

o Once programming is accomplished, the
program can be made easily at any workshop.

¢ A single machine can store many types of
programs, to be selected as necessary.

The entire process must be completed g
within 360°. 5 specified.
o
8
3
Q
Q
o
2
=
e Limitation to complex and long-time B
machining.
Software
Forming the cam, or the metal machining
of the cam itself must be done first.
5 rewritten.
e Time and labor is required to set the g
cam. =
o Correction and change is difficult. -
e Storage is difficult. %
e
)




Mecvl L1 ullvalticiiad v rrogramming

3.2 Process of Program Creation

| 1 Drawing Material: SK4F 212
(Free cutting carbon tool steel)

e The drawing is the basis for an NC

program. © R1 i
sle e —a
R25 | cos Co5 | Co5
C0.5
1
20 14
6 5
45
\4 ‘
2 Creating the Tool Layout J
o Select the holder to be used.
. ©| |©
e Determine the tool layout.
o Describe the shape of the tool, the
dimensions of tool width, and the tool @ @
number. ) U
SF %? %; o™ Trod oy~ oz 1ot | g
ToS Tos TO7
s -
B
B
T4 [ G
v (Tsa){} l
3 Creating the Machining Layout
e Specify the number of the tool used, (1)T103 (3) 701
the cutting path, and cutting procedure.
1=
(4) TO4
(2) TO2
\ 4 l
4 Setting the Spindle Speed and Feed Rate
: e F0.025
e Select the proper cutting conditions.
S2400 F0.025
F0.04

l F0.04 Fo.025

==

v l
5 Reading the Coordinate Values
o Read the in-feed amount (X) and *.2)
longi.tudinal feed amount (Z) from the (8, 20) 6.26) (12, 26)
drawing. (5, 2.5) ’ (12, 31)
(5, 20) (6, 45)
v (0,0) I
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l 00002 |
6 Coding the Program $1 P82
g gt G50 2-0.1 | G600
o Specify the type of the tool to be (M52) :
used, range of cutting, and machining Mos i G999
conditions for cutting on paper Go0 Z-0.6 | N999
. & on pap $1=2400 M03 ' mo2
according to the rules. G600 Y
N0103 T0300 E
X13.0 20 |
v

7 Entering and Saving the Program

e Enter the written program sequence
on the paper into the NC unit and
save them.

v
8 Entering the Machining Data ]

e Enter prerequisite data such as the
holder name to be used, material
diameter, and machining length.

v
9 Enter the tool setting data

e Enter prerequisite data such as the
core position, diametrical direction,
and longitudinal direction.

v

10 End

e With this, the programmer's jobs are
completed.
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3.3 NC Program Structure

The NC program consists of a main program body and program data.

In the main program body, operation commands for a machine are arranged in the order of each
machining process. This is usually called a program.

In the program data, the preconditions under which a program operates are arranged.

This program is not only required for processing on a machine, but also it serves as the
communication means between the personnel.

The diagram on the next page summarizes the contents of commands used in the program body and
for program data. The diagram on the page that follows lists the actually used command strings and
screen displays.

.7
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NC program 1
ll

[

Main program body

1

Preparation process

Program data

Machining data

\ 4

Program name

Set the coordinate system.
(Coolant o0il ON)

Chuck closed

Spindle rotation start

Material diameter?
Tool positioning point?
Machining length?
Number of products
collectable per chuck?
Spindle speed?

Holder name?

Machining process

\ 4

Select tool No. [ |

Cut in a straight line up to

the [:] position.

Machining process I

Select tool No. [ |

Cut in a circular arc up to

the position.

Tool set data

Core position?
Diametrical direction?
Longitudinal direction?

\ 4
Cut-off and ending
processes
Select tool No. I:‘
Queuing Queuing
Cut-off Product collection by basket
Queuing Queuing
Spindle stop Sequential operation for
product collection
Spindle chuck open
Count products
Last program command Last program command
Last program queuing Last program queuing
1-cycle stop 1-cycle stop

2-R
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[ NC program
]
| |

Main program body Program data

Preparation process ’ v Machining data

0XXXX
$1 $2
G50 20
(M52)

MO6

S$1=2000 MO3

A 4
I Machining process 1

T
co1 X J A
v
[ Machining process l
iojeozx_ 7 JRLJF ]
v
Cut-off and ending Tool set data
processes
T100
12 11 11 L1
G0l X-3.0 Ff[___] | [M320
12 L2 11 L2
M5
M7
GO X-3.0 Z0 TO
M56 M34
G999 G999
N999 N999
M2 M2
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3.3.1  Machining data (screen display)

=
MATERIAL 0. D.

MATERIAL O.D. (#16)

Enter the outside diameter of materials to be machined.

POSITIONING PT. (#20) MATERIAL O.D.+

The tool positioning point is the point at which a tool is positioned when selected from among
tools TO1 to T09. Enter the clearance between the tool at the tool positioning point and the outer
diameter of the material. That point is also the position to which the currently selected tool
escapes when another tool is selected. That is, the tool positioning point is the position at which
a tool is positioned when selected from among T01 to T09 and to which the tool escapes when
another tool is selected.

MACH. LENGTH (#24)

Enter the max. move distance of a spindle required during workpiece machining.

(1) Workpiece length + Cut-off tool width or back turning tool width

(2) Workpiece length + Secondary process tool shift amount

Enter step (1) or (2) described above (as required in the program).
PIECES/1CHK (#28)

Enter the number of products to be unloaded in the program.

CUT-OFF TL NO. (#32)

In this machine, T1 is normally used as a cut-off tool.
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CUT-OFF SPEED (min™") (#36)

The tip of materials is cut at this speed specified by CUT-OFF in Preparation screen or M108
Material Exchange program.

CUT-OFF FEED (mm/r) (#40)

The tip of materials is cut at this feed rate specified by CUT-OFF in Preparation screen or M108
Material Exchange program.

CUT-OFF END (#44)

The tip of materials is cut to the end position of this X-axis position specified by CUT-OFF in
Preparation screen or M108 Material Exchange program.

This position is also used as the start position of an X-axis when the program starts.

B.CHUCK EXT.LENG (#76)

When a back long-neck chuck is used, enter the protorusion length of long-neck chuck from the
back spindle cap nut.

B.WORK EXT.LENG. (#48)

Enter the protorusion length of workpiece from the end face of back spindle chuck.

FRONT MACH HOLDE (#52)

Enter the name of the gang tool holder attached to the machine.

BACK DRILL HOLDE (#60)

Enter the name of the back tool holder attached to the machine.

BACK SPINDLE (#64)

Enter the type of the back spindle attached to the machine by selecting STANDARD, BASKET
or SUPPORT.

e The machining data is automatically output at the same time when the program is output.
"#016=0000020000 (material outside diameter 20.0)" appears after $0 when viewing the
program outside the machine.

e The value entered as the back long-neck chuck protrusion length (#76) can be reflected on
programs to be created on the basis of the back chuck end face. (See <8.18 Using "B.CHUCK
EXT.LENG (protrusion length of back spindle chuck)" in Machining Data> for details.)

e Select "SUPPORT" for back spindle (#64) if the back cap nut is changed to that of the
stabilizer-attached type in long workpiece machining.
Selecting "SUPPORT" causes the back long-neck chuck protrusion length (#76) to be erased
from the machining data.
When you select "SUPPORT," programs can be created on the basis of the brass part of the
stabilizer-attached cap nut by automatically considering that the stabilizer-attached cap nut is
longer than the normal cap nut by 10.0 mm.

211



vyl

MELV] = 1 WU IV W T

3.4 Drive Axis

Drive axis

3.4.1

Gang tool post

Headstock

A =

Back headstock

Back spindle

Five-axes control specification

1. Move the tool post vertically (X1 axis).

2. Move the tool post horizontally (Y1 axis).

3. Move the headstock longitudinally (Z1 axis).

4. Move the back headstock forward and backward (X2 axis).

5. Move the back headstock longitudinally (Z2 axis).

6. Index the main spindle at the specified angle (C1 axis).

7. Index the back spindle at the specified angle (C2 axis).

192



3.4.2

Stroke Diagram

A220PL Fundamentals of Frogramming

© © 9 9 |19 |9 |9 |9
| I I I
L -
pwjueju| AgdE R |-
] [T [T S
-llll- -ilk -f%L 410& ros| lrodf o3[ ozl {Tot1| T1e g w
-y ] I N E— — L _ N\ _ md o
To9 Toe To7
T11 [ ] L 1
51
[ )\Ir ; (e | DL
. 7 a5, Enl g
%@ﬁ LT [1%%"1 [1.367 RO5T ~ [0.967 10.967 10.987 10.98" 1.213"1 e 3 g I A
ol @ 3
3 2 F ]
3/ ) : Dx
. (T53)
: T4 / \ _ _ _ o _ _
(T54) / - " T T/ T I
N
l.2[0.08"] (SSL-0.5) =
(SSL+326.5) ] / (SSL+222.0)
1.5 _326 [12.83"] 1.5 [0.06")
[0.06°]
329 [12.957)
Y Y axis stroke
D—06 0
Z2 stroke
0 -—0
0.20 : 0.20"
. 5"]%1 205 [8.07 [5 L
SSL(22=-1.0) [1.891 [113-] Igé;“] SSL(22=206.0)
Maximum workpiece length 35_455»
¢ ey YA O 110
0[3 54" 50[1.97") —
(Maximum amount) |(Maximury
workpiece
external . -
length) L
o—1 ———E@———% e e e —
T —
g | e g
14.5[0.57"] [.77r7
% [2.20 L
(X2=-88.5) — T31 50
© g g u: 2207 1977 SSLEZ1=171.0) SSL(Z1=-1.0)
p 5 p Y 17006697 |
%i = (X2=-127.5) =" 157N [o.zoi s07.00 jo.zoq
=-166.5) — 13§_ Z1 stroke
=-205.5) / T34
-
Positioning point
2 L L (specified in
3 machining data)
s 3
§
= [225‘1 =~
* Back spindle stroke

When the workpiece separator is used:

Advance 157 mm, retract 0 mm

When the long workpiece device is used: Forward end position 205 mm — (tool square size)
— (10 mm stabilizer), retract 0 mm

42
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e When the workpiece separator for main spindle is used, specify "BASKET" for "BACK
SPINDLE" on Machining data screen. ‘

e When the long workpiece machining device is used, enable "LONG WORK" in Machine

structure screen, and specify "SUPPORT" for "BACK SPINDLE (#64)" on Machining data
screen.

A A
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Fixed points

e Gang tool post retract point (Machine coordinate value X1 0)
e Main spindle retract point ~ (Machine coordinate value Z1 5.0)
e Back spindle retract point (Machine coordinate value Z2 0)

g9 9 9 9 ©
@ @ Gang tool post
,—1 retract point
[ S
_ - I
Q 9 9 & ] |© (sSL40) T
] L] M o S
! gos| (yos| {go4 lroz] [roz |To1| Tie B o
—— __T_-_ | NN I SR S\ — Lo N L e o
; T09 Tos T07
T11 / C ] [ J
51 )
OT:; 0 [1.087 | ) °
i ™ = ~ = S
451.77] 4 [0.16 = @ =
— g;g)f [1.%%1 [1%58"] [2%25"1 o%i%ﬁo.ssﬁ’ﬁ.ssﬁ’%ss?ﬁtuq 008 L b ﬁ I e
ol o F
™|T. py -~
j— T13 : : Dx
- 3 5
Ol
j— T14f\ e
ol @O\ J as
=) NS
] 20087 (S5L05) e
(SSL+326.5) L~ (ssLe2220)
15 226 (12837 1.5 [0.06"
[0.067
_329 [12.957
Y axis stroke
D—0 0
2Z2 stroke
0 S
0.20 ~————21m—4ﬂ—=§ 0.2
{ 5’]%4 205 [8.07") [5 ol
S8L(22=-1.0) [1‘889"1 I Zgﬂ] 2 é;24"] SSL(Z2=206.0) Main spindle
(Maximum workpiece length) 10,357 4 [0.31%.] retract point
Back spindle 100[3.947 1 it
retract point - [3.54") 50[1.97"] ]
\wammu chucklng (Maximum
= <o | amount)workpiecs
] |__|external ] —
=3 length)
o—1 - ———-—;———E%———EE - — it —
T 2,361 [2.76" [.571— i
L 60" 70 40 .
+14.5[0.57"] 77
é [2.207 L
o T31
= =i 56 50
o~ 5 = 3 20T T 18777 ssiz1=171.0) SSLz1=1.0)
4 bt 8]
1706697
% i E N | 132 [0.20'%'I 180[7.09"] 1&0-20"1
7z
= 33 Z1 stroke
7 T34
I
&
s SL(X2=-249.5) l'gg E
1l
sg
2:287
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3.5 Coordinate System

3.5.1 Coordinate axes

X axis: Infeed direction of the tool = Diameter direction
Z axis: Left/right move of spindle = Longitudinal direction

= U O> .

X®

Material

Program zero point (0, 0)

3.5.2 Diameter designation

The X coordinate value must be expressed by the diameter designation.

X®
A

i

0

_

_

7'—’ g - — I®
Zero point (0, 0)

This diameter is
expressed as
X10.0.



3.5.3 Signs and coordinate values

(CX

0)

(8, 10)

X® _/+X: Side on which
the tool exists

(10, 10)

+X
(0,-0.5) i

L ——7;@——%

(10, 22)
/(6' 22) (6, 30)

+Z: Side on which the
workpiece exists

/

0.0)

-8,0)

+Z

210.0

12

3.5.4 Coordinate system setup

— z®

(-8, 30)

A220PL Fundamentals of Programming

This

contains no
workpiece

Workpiece is

area
cut in this area

(+X, -2) A%%//,

The reference of the longitudinal direction can be determined.

XD | (X+2)

If the tool comes
into this area, the
workpiece is cut off

In general, the end face of the material which is in contact with the cut-off tool is treated as the zero

point (Z = 0).

Program start point

(X-3.0)

©
~

To declare the above setting, use the following code:

G50 70

This code means "Determine the current position as Z = 0."

Guide bushing
7 /
7 4 J
(X0, Z0) <
v '
- - : Z®
: i/ = !
: Material
Z=0

For the X1 axis, the reference point is the center of the material (X=0.0), accordingly, setting is not

required.
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3.5.5 Absolute and incremental commands

Positions may be represented by absolute coordinates which directly indicate the coordinates (X, Y,
and Z) of the target position or by incremental coordinates which indicate the distances in the X,
and Z directions.

Absolute command: Specifies the absolute coordinates of the target position
(inthe foomof X | Y[ | and

Incremental command: Specifies the relative distances in the X and Z directions
(inthe formof U [ V[ Jand W ).

e X, Y and U, V values represent diameters.

X " X *2
Target Target
Current Target pos*tlon Current Target position
position  position position  Position
v - \ v_,V" A
] 1 o
S - 3| —z g —— - el —1z
‘&‘ - L% A8
r
8 |l 18 |10 8 1. % | 10
It is assumed that the machine starts at Z0.
Absolute Incremental
X10.0 Z0 Uuo wWo
2 \2
1 X5.0Z8.0 U0 W8.0
J \2
2 X10.0Z24.0 U5.0 W16.0
Answers to Q in page 3-3.
3. GO01X2.0 4. X3.0 5. GO01X2.0Z722.0 6. GO01X2.0Z3.0
7. G01X3.0Z23.0 8. G02X4.0Z4.0 9. G02X5.0Z5.0 10. M02
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3.6 Machining Patterns

To simplify a program used with a multi-axis machine, operations (machining) are grouped by
purpose. An operational (machining) group is called a machining pattern. The following machining
patterns are available:

¢ Free pattern (machining pattern cancel) (G600)

Use the free pattern (machining pattern cancel) (G600) as the command to cancel the machining
patterns of front/back parallel machining (G630), front/back simultaneous machining (G660) or
pick-oftf/center support (G650) (in the power-on state). Use this pattern for machining with no
machining pattern.

Front/back parallel machining (G630)

Use the front/back parallel machining (G630) as the command to simultaneously perform front
outer diameter machining and front drilling on the gang tool post in axis control group 1 ($1) and
back drilling on the back tool post in axis control group 2 ($2).

Pick-off, Center-support (G650)

This machining pattern enables the back spindle to pick off the workpiece and support the center
of the workpiece. (Synchronization and superimpose functions are disabled in this machining
pattern.)

Front/back simultaneous machining (G660)

Use this machining pattern to perform front drilling with a tool on the tool post in $1, and
simultaneously perform the back drilling with a tool on the gang tool post in $2.

Axis control groups

The axes of a multi-axis machine are grouped by operational purpose. The axis groups are called
axis control groups.

Create a program for each axis control group. The programs of the axis control groups are executed
when the machine is started.

Superimpose control

When G650 is specified, Z1 and Z2 axes are subject to superimpose control. In a program, you can
specify Z1 axis as the reference axis and Z2 as the superimposed axis for synchronous operation, or
move Z2 axis by superimposing on Z1 axis (reference axis). See <3.6.7 Superimpose control> for
details.

Do not execute the machining pattern commands in the MDI mode.
Transition between all machining patterns is available.

Superimposition can be specified only with M codes (M130/M131) independent of machining
patterns. See <8.9 Z1-Z2 Axis Sumperimposition (M130, M131)> for details.
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3.6.1 Machining Pattern List
Machining Command
pattern code ¥1 $2
Free pattern G600 e Operation Operation
(machining X1, Y1 and Z1: No operation X2: No operation

pattern cancel)

e Selectable tool numbers:
T0100 to T0900
T1100 to T1400
T2000
* T3000
* T3100 to T3400
* T5100 to T5400

e Axes of axis control groups:
X1,Y1, Z1, (C1)
(Note that calling T3000 or any of
T3100 to T3400 marked by * causes
the axis control groups to be changed to
X2 and Z2 and calling any of T5100 to
T5400 causes the axis control groups to
be changed to X1, Y1 and Z2.)

Z2: Moves to the back spindle retract
point (with non-operating argument
WO0).

Selectable tool numbers:

* T0100 to T0O900 K2

T3000

T3100 to T3400

T5100 to T5400

Axes of axis control groups:
X2,72,(C2)

(Note that calling any of T0100 to
T0900 marked by * with K2 argument
causes the axis control groups to be
changed to X1, Y1 and Z2.)

Superimpose

Cancels Z1-Z2 axis superimposition.
Front/back G630 e Operation Operation
parallel X1, Y1, and Z1: No operation X2: No operation
machining Z2: Moves to the back spindle retract
position (with non-operating argument
WO0).
e Selectable tool numbers: Selectable tool numbers:
T0100 to T0900 T3100 to T3400
T1100 to T1400
e Axes of axis control groups: Axes of axis control groups:
X1,Y1, 721, (C1) X2,72,(C2)
Superimpose
Cancels Z1-Z2 axis superimposition.
Pick-off, center | G650 e Operation Operation
support X1, Y1, and Z1: No operation X2: Moves to the center of the guide
bushing (with non-operating argument
Uo)
Z2: Moves to the back spindle retract
position (with non-operating argument
WO0).
e Selectable tool numbers: Selectable tool numbers:
T0100 to T0900 T3000
e Axes of axis control groups: Axes of axis control groups:
X1,Y1,Z71,(Cl) X2,72,(C2)
Superimpose
Superimpose Z2 on Z1
Front/back G660 e Operation Operation
simultaneous X1,Y1, and Z1: No operation X2 and Z2: No operation
machining e Selectable tool numbers: Selectable tool numbers:

T1100 to T1400
e Axes of axis control groups:
X1,Y1,71,(Cl)

T5100 to T5400

Axes of axis control groups:
X2,72,(C2)

Superimpose

Cancels Z1-Z2 axis superimposition.




3.6.2 Machining pattern flow

Specify the machining pattern for both axis control groups $1 and $2.

| Sample program |

A220PL Fundamentals of Programming

$1

$2

Front/back simultaneous
machining

Front/back parallel machining

Free pattern
(machining pattern cancel)

Pick-off

Free pattern
(machining pattern cancel)

G660
G630
G600
G650
G600
G999

N999
MO2

o

Front/back simultaneous
machining

Front/back parallel machining

Free pattern
(machining pattern cancel)

Pick-off

Free pattern
(machining pattern cancel)

e The machining pattern is automatically entered into the queuing state.

e Be sure to cancel the coordinate system shift command and compensation command before
switching the machining pattern. However, you do not have to cancel the compensation
command when switching to G650.

o Describe the program for both axis control groups $1 and $2.

e Each machining pattern is a modal G code that is enabled until another machining pattern is

specified.

e Each axis control group should hold the feed-per-rotation command and feed-per-minute
command as modal functions.

Argument U0 and WO for the machining pattern

U0 specifies that the X axis does not move.
WO specifies that the Z axis does not move.
In $2, the axis that moves is the back headstock (X2 and Z2 axes).

Axis control group $1 $2
Argument None uo Wo
Mobile section None X2 axis Z2 axis
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3.6.3 Free pattern (machining pattern cancel) G600

The operation can be used for front or back machining done independently. In addition, the
operation can cancel the machining patterns of front/back parallel machining (G630),
pick-off/center support (G650) and front/back simultaneous machining (G660) in the power-on
state.

| Command format |

$1 $2
G600 G600 WO

| Axis control group |

Specify this command for both axis control groups $1 and $2.

$2 WO: The back headstock (Z2 axis) does not move. If the argument is omitted, the back
headstock moves to the positioning point.

| Operation sample |

The back headstock (Z2 axis) moves to the back spindle positioning point at the rapid feed rate.

Moves to the

positioning point of
_—"1_1| back spindle.

—_

Back spindle Guide bushing

2 215
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| Macro specification |

Command code G600
Name Free pattern (machining pattern cancel)
Axis control group $1 $2
Axes of axis control group X1,71,Y1,(CD) X2,72,(C2)
Superimpose Cancel Z1-Z2 superimposition
Coordinate system - -
Argument - WO0: The back headstock (Z2 axis)
does not move.
Spinclile with which synchronous Main spindle Back spindle
feed is enabled
Spindle with which constant Main spindle Back spindle
surface speed control is enabled
Cutting block interlock Main spindle Back spindle
T command - | T0100 to T0900 T0100 to T0900 K2
T1100 to T1400 T3000
T2000 T3100 to T3400
T3000 T5100 to T5400
T3100 to T3400
T5100 to T5400
T0100 to T0900 K2
Others - -
| Sample program |
$1 $2
G600 ...ccoovriiine Free pattern G600 ....cooviiririnne Free pattern
(machining pattern cancel) (machining pattern cancel)
T5100
G00 Z-0.5
GO0l Z3.0 F0.1 T31
G00 Z-0.5 TOO
12 L1 1111

T0300 X17.0

GO0 X9.0 Z-0.5 TO3
G01 X12.0 7Z1.0 F0.08
717.8

X15.2

X17.0 718.7

e When K2 argument for T command is specified, care must be taken for interference between the
back headstock, front/back drilling holder, and back tool post.

e To use atool T51’s for back machining, be sure to use the queuing state as shown in the sample
program. Because tool T50’s is mounted on the gang tool post, a gang tool of another tool
number cannot be selected during machining with tool T50’s.
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3.6.4 Front/back parallel machining G630

Use this machining pattern to perform outer diameter machining or front drilling with the gang tool
post on axis control group 1 ($1) and back drilling with the back tool post on axis control group 2
($2).

| Command format |

$1 $2
G630 G630 WO

| Axis control group ]

Specify this command for both axis control groups $1 and $2.

$2 WO: The back headstock (Z2 axis) does not move. If the argument is omitted, the back
headstock moves to the positioning point.

| Operation sample |

The back headstock (Z2 axis) moves to the positioning point at the rapid feed rate.

Moves to the
positioning point of

1 backspindle.

Back spindle Guide bushing

2 215
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Command code G630
Name Front/back parallel machining
Axis control group $1 $2
Axes of axis control group X1,71,Y1,(C1) X2,72,(C2)

Superimpose

Cancel Z1-Z2 superimposition

Coordinate system

Argument - WO: The back headstock (Z2 axis)
does not move.
Spindle with which synchronous | Main spindle Back spindle
feed is enabled
Spindle with which constant Main spindle Back spindle
surface speed control is enabled
Cutting block interlock Main spindle Back spindle
T command T0100 to T0900 T3100 to T3400
T1100 to T1400
Others - -
| Sample program ]
$1 $2
G600 G600
G630 ..oveerereerienns Front/back parallel machining | G630 ...........cceueee. Front/back parallel machining
G99 M3 S1=3000 M23 S2=2500
T0300 G99
GO X21.0 Z0 T3100
Gl X-0.5 F0.03 GO0 Z-1.0
: Gl Z2.5 F0.05
G600 G600
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3.6.5 Pick-off, center support G650

This machining pattern enables the back spindle to pick off the workpiece and support the center of
the workpiece.

| Command format |

$1 $2
G650 G650 U0 WO Z |

| Axis control group |

Specify this command for both axis control groups $1 and $2.

Arguments

$2 U0: The back headstock (X2 axis) does not move. If the argument is omitted, the X2 axis
moves to the center of the main spindle.

$2 WO: The back headstock (Z2 axis) does not move. If the argument is omitted, the back
headstock moves to the return point.

$27 : With the workpiece end face defined as zero position on front $1, the Z2 axis moves
to the position specified by this Z argument.

The back headstock (Z2 axis) superimposes on front headstock (Z1 axis).

| Operation sample |

(1) If the argument is omitted, the Z2 axis on back headstock moves to the back spindle
positioning point.

(2) If the argument is omitted, the X2 axis on back headstock moves to the center of main spindle
in rapid feed rate.

(3) For the back headstock (Z2 axis), the coordinate system is set with the end face of the
workpiece on the front side as 0.

(2) If the argument is omitted, the
X2 axis on back headstock
moves to the center of main
spindle in rapid feed rate.

| (3) For the back headstock (Z2 axis),

the coordinate system is set with
the end face of the workpiece on

U / the front side as 0.

O__—____U)_Iftheargumentis %’v—ﬁ—v—*_‘ 8

omitted, the Z2 axis on

~—— back headstock moves to the

back spindle positioning point.

Back spindle |_4 Guide bushing

N 215 2
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| Macro specification |

Command code G650

Name The back headstock (Z2 axis) does not move.

Axis control group $1 $2

Axes of axis control group X1, Z1,Y1, (Cl) |X2,Z2,(C2)

Superimpose Z2 axis superimposes on Z1 axis.

Coordinate system Z2: The tip of the back headstock cap nut aligns with

the end face of the workpiece on the front side.

Argument uo: The back headstock (X2 axis) does not move.
Wo: The back headstock (Z2 axis) does not move.
ZD: The back headstock (Z2 axis) moves to the

position specified by Z .

Spindle with which Main spindle Back spindle

synchronous feed is enabled

Spindle with which constant |Main spindle Back spindle

surface speed control is

enabled

Cutting block interlock Main spindle Back spindle

T command T0100 to T0900 T3000

Others -~ -

| Sample program |

$1 $2

G600 G600

G99 M03 S1=1500

T0100 :

GO0 X17.0 Z85.0 T1 T3000

G650 oo Pick-off GB50 s Pick-off
GO0 Z-2.0
M24 S2=1500
G98 GO1 Z60.0 F1000
M15

12 L1 11 L1

G99

GOl X-1.0 F0.03

G600 G600

X-3.0 :

e If a numeric value is entered to machining data "back long-neck chuck protrusion length,"
command Z0.0 for $2 after G650 moves the Z2 axis to the position at which the front end face of
a workpiece matches the back end face of the long-neck chuck.

e If"SUPPORT" is selected for machining data "back spindle," command Z0.0 for $2 after G650
moves the Z2 axis to the position at which the front end face of a workpiece matches the end
face of the brass part of the cap nut for a long workpiece. This is due to the consideration that the
stabilizer-attached cap nut for a long workpiece is longer than the normal cap nut by 10.0 mm.
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Sample program for pick-off in use of back long-neck chuck

e The long-neck chuck shall protrude from the end face of the cap nut by 5.0 mm.

o The workpiece shall be located at the position separated from the end face of the long-neck
chuck by 5.0 mm.

e The cut-off tool shall be (112 and left-handed .
e The total length of the workpiece shall be 30.0 mm.
1. Enter 5.0 as "back long-neck chuck protrusion length" in the machining data.

2. Enter 5.0 as "back workpiece protrusion length" in the machining data.

| Sample program |

$1 $2
G600 G600
G99 M13 S1=2000
M24 S2=2000
T0100
GO X21.0 742.0 T1
G650 G650
M16
M72
GO Z-1.0 oo (1) The end face of the back chuck is
positioned at the front position
separated from the front end face of
the workpiece by 1.0 mm.
M77
G98 G1 7Z25.0 F3000 ......... (2) Move the chuck to the position
separated from the front end face of
the workpiece by 25.0 mm (the
workpiece protrusion length from the
back end face of the chuck after
re-chucking: 5.0 mm (total length of
workpiece 30.0 — 25.0)).
M15
12 L1 1111

Long neck chuck

e )

Guide bushing

Back spindle ___
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3.6.6 Front/back simultaneous machining G660

Use this machining pattern to simultaneously perform center hole drilling with front-back drilling
holder on the gang tool post.

| Command format |

$1 $2
G660 G660

| Axis control group |

Specify this command for both axis control groups $1 and $2.

| Operation sample |

Command G660 does not bring any movement for each axis.

[ Macro specification |

Command code G660
Name Front/back simultaneous machining
Axis control group $1 $2
Axes of axis control group X1,7Z1,Y1,(Cl) X2,72,(C2)
Superimpose Cancel Z1-Z2 superimposition
Coordinate system -
Argument - -
Spindle with which synchronous | Main spindle Back spindle
feed is enabled
Spindle with which constant Main spindle Back spindle
surface speed control is enabled
Cutting block interlock Main spindle Back spindle
T command T1100 to T1400 T5100 to T5400
Others : - -

| Sample program |

$1 $2
G600 G600
G660 ..o, Front/back simultaneous G660 ...covvvvreerrennn. Front/back simultaneous
machining machining
T1100 75100
GO0 Z-0.5 GO0 Z-0.5
GO1 75.0 F0.03 GO1 75.0 F0.03
G600 G600

2 90
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e For the front/back simultaneous machining (G660) command, specify tools T11's and T51's for
both axis control groups ($1 and $2). The queuing state is placed at the beginning and end of
T11's and T51's. In addition, the tool specified in $1 and that in $2 must make a pair.

e The front/back simultaneous machining (G660) is simultaneous drillings at the front and back
centers. Front/back superimposed drilling is disabled in which center drilling by T51°s is
performed together with an X or Y command by T11°s (e.g. boring machining).

However, X and Y commands are enabled on programs. Accordingly, specifying the above
command by mistake may cause interference to occur. Take extra care of it.

a2 AN
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3.6.7 Superimpose control

This section explains superimpose control giving an example.

Mr. A got on the end of the train. He was getting off at the next station. The front end of the train is
close to the barrier. So, he walked to the front end of the train and got off.

The following figure shows the work done by the train and Mr. A.

While the train was running the distance (work /;) at F; speed, Mr. A disk his work for the distance

of 4, at F, speed. As a result, the work ¢; + ¢, was done. The train acts Z1 as the reference
coordinate axis. Mr. A acts as the Z2 axis. Mr. A (Z2 axis) did his work while being on the train (Z1
axis). This is called superimpose control.

In terms of this machine, the train corresponds to the headstock (Z1 axis), and Mr. A corresponds to
the back headstock tool post (Z2 axis).

44

< >
>

12

< !
-t

S D — <3
00000, I DDDDD@
00

i

—( 0 OO=S=00

Station A Station B
T i
Barrier Barrier
Fz F1
_— > SRR

Z2 axis Z1 axis

Operation with superimpose control:

o If Z2 axis movement is not specified and Z1 axis movement is specified, the Z2 axis moves
synchronously with the Z1 axis.

e If Z2 axis movement is specified and Z1 axis movement is not specified, only the Z2 axis moves.

o If both Z2 axis movement and Z1 axis movement are specified, the Z2 axis moves while being
superimposed on the Z1 axis (being on the Z axis).

Explanation of the above figure:

When F; =F,: The Z2 axis appears to be in stopped state.

When F; <F,: The Z2 axis moves forward at speed of F,-F;.

When F; > F,: The Z2 axis moves backward.

The queuing command is specified in the program for adjusting the timing of the Z1 and 72
axes.



A220PL Fundamentals of Programming

Product Code Cl—-1A

Document Code 21E|1




4. Command Codes

4.1 Addresses Used in NC ProgramsNC...............coovvviiiiiiciiieeece e 4-3
4.2 T Functions (TOOol SeIeCtioN) ..........cccovviiiiiiiiiii e 4-4
T-code four-digit COMMANG ...........oooiiiiiiiic ettt ettt 4-5
T-code tWo-digit COMMENG.........cccooiiiiiiiiiie et st e v eaere e 4-5
Tool mounting positions and Machining POINES ...t 4-6
4.3 T CoUE ArgUMENTS.....cuiiiiiiiiiiiiiiiiie ettt e e e e e e e e e e e e e e e e st aee e 4-7
4.3.1 T code arguments of gang tool post and rotary tools (T0100 to T0900).................. 4-7
4.3.2 T Code arguments of front drills on gang tool post (T1100 to T1400) ................... 4-17
4.3.3 Back drills on gang tool post (T5100 t0 T5400)..........ccccveiiiiiiiiiiiiiiiiiiiiiiie e, 4-21
4.3.4 Back spindle (T3000)..........ccouitiiiiiiiiiiiieiee e e e e e eereeeeeeinesae s 4-27
4.3.5 Back drills on back tool post (T3100 t0 T3400) .........cccvvvvieeeieieeiieiiccccireieeens 4-28
4.3.6 T codes and arguments effective in machining patterns .................c..ccooiins 4-33
4.4 G FUNCtions (G COUES)........cooiiiiiiiiiiiiie e 4-35
4.4.1 LISt OF G COUBS ...uuviiiiiiiiiiiiiiiiie ettt e e e e 4-35
4.4.2 Positioning through rapid feed (G00) ...........cccoviiiiiiiiiiiiiiee e 4-37
4.4.3 Linear interpolation (GO1) .......cooiuuiiiiiiiiiiie e 4-39
Tool feed in diameter dir@CHON...........cooiiiii e 4-40
Tool feed in longitudinal dir€CtON ...........ccciiiiie e 4-40
Tool feed in both diameter and longitudinal directions (taper)..........ccccoveiviiiiiincie, 4-40
4.4.4 Circular interpolation (G02, GO3).........ccuuiiiiiiiiair e 4-41
GO02 (The shape after machined: CONVEX).........ccoviiiiiiiiiiiiic e 4-42
GO03 (The shape after machined: CONCAVE)............ccovuviiiiiiiiiie e 4-42
445 DWEII(GO4) . ...ttt e et e e e et e e e 4-43
4.5 F Functions (F Code) (Cutting Feedrate)...............cccciiiiiiiiiiic, 4-44
4.6 M Functions (Mcodes)...........cccevvvvvernnnnn. e 4-46
4.6.1 ListOf M COAES ..o 4-46
4.6.2 Spindle rotation (M3, M4, M5).........cooiiiiiiiiiiiee e 4-49
4.6.3 Back spindle rotation (M23, M24, M25) ...........cccooiiiiiiiii 4-50
Qde | ALV | MEO | a2200007~ | 53| 20086




4.6.4 Tool spindle rotation (M80, M81, MB2) .........ooovviiiiiiiiee e e 4-51

4.6.5 Spindle chuck open/close (M6, M7, M700) .............ouuviiiiiiieeeeeee e 4-52
4.6.6 Back spindle chuck open/close (M15, M16).........ccccvveeiiieiiiiiniieieeeeee e, 4-53
4.6.7 Move basket forward (M320, M780) ......ccoooiiiiiiiiieiiiieeecee e 4-54
Mounting and adjusting of basket on back spindle ... 4-57
4.6.8 Workpiece conveyor start (M31) ........cooorriiiiie e 4-58
4.6.9 Knock-out advance/retract (M10, M11) ..o 4-58
4.6.10 Gang tool post retract (M151) .......ooiiiiiiiiii e 4-60
4.6.11 Thread Cutting and Chamfering ON/OFF (M204, M205) ..........ccccoeevviirvrieeeeeen... 4-61
4.6.12 Interference Check Function (M88, M89)..............ccvvveiiieiieiiiieeeeee e 4-63
4.7 S FUNCHONS (S COUES) ..oovviiiiiiiiiei it 4-64

4.8 | (Exclamation) Function (Queuing Code)............u.uvvrviiiiiiiiieeeeeieeeieeeeviiis 4-65



A220PL Command Codes

4.1 Addresses Used in NC ProgramsNC

NC programs is a combinations of an alphabetic character and a number.

The alphabetic character is called the address.

C Address for commands ) C Address for coordinates )

Rapid feed:
Linear cutting:  GO1
Circular cutting: G02

Diameter direction movement
(X axis) (U) mm

Longitudinal movement (Z axis) 21:

(Preparation Gcoo (W) mm
functions) - .
Rad R
Predetermined code adlus Qn

Time U';]
(P) sec

Turn spindle forward: M03
Close chuck: MO06

Turn coolant on: M52

(Miscellaneous Moo
functions) -
Predetermined code

Tool selection

TOOOO
e St
Tool No. Offset number

Address for cutting Address for program
condition specification arrangement

Spindle speed SO=0000 min™ Program number OO0
e e g ~— =
Predetermined code According to cutting condition Four digits
(0000 not allowed).
Feedrate Fl:]mm/ min * Any number can be used except 9000 to 9999.
———"mm/rev

According to cutting condition

Sequence number NOIOIOOIO
H_J

Any number can be used Five digits
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4.2 T Functions (Tool Selection)

T codes can be specified to provide target tools with selections, positioning and coordinate setting
easily. This enables tools to be selected and machining to be continued without specification of
many commands.

Gang tool (T01 to T09)
e Front drilling tool (T11 to T14)

o Back drilling tool (T31 to T34, T51 to T54)
e Back spindle (T30)
o| @ il % s
j:
[ m——
J 1 L
I S & & 1 1© Q (S5L-40) T
_‘{L L| T _ \ S
! o8| \tos| o4 To1| Tie g o
PR— - L PR (U S N — | - =) o
Tog To! o7
/] 9 [ ] [ ]
[1.18" i @ o
[\ aspirr_ as 35 s2 20 | 24 |l 470167 En i S
1387~ ~ [1.38] T OST T008T T 08T To 08T 0087 1™ TooF 3 9 I b=
o 2
o F F
| D2
B2 e
0.08" X &
62[ ! ’(S/SL—O 5258L+222.0)
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Y axis stroke
D—0O 0
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0 —&
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T-code four-digit command

TOOAA
O0: Tool number

e Gang tool (T01 to T09)

e Front drilling tool (T11 to T14)

e Back drilling tool (T31 to T34, T51 to T54)
e Back spindle (T30)

AA: Tool wear offset number

A T-code command with a 4-digit number provides a tool with positioning.

The first two digits correspond to the tool number. The last two digits correspond to the offset
number. Specify 00 as an offset number in the offset cancel state. For each tool number, specify an
axis control method (machine coordinates, XY coordinates) with parameters.

T-code two-digit comménd

| Command format ]

TAA
AA: Tool wear offset number

The T-code command with a 2-digit number makes the offset valid with axis movement following
the same block. If the offset is canceled, use 00.
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Tool mounting positions and machining points

Tool post

Tool No.

Turning

Rotary tool

Inner diameter
machining in
front machining

Back spindle

Inner diameter
machining in
back machining

Gang tool post

01

T0100

02

T0200

03

T0300

04

T0400

05

T0500

06

T0600

(T0600)

07

T0700

08

T0800

09

T0900

Gang tool post
Front drilling tool

11

T1100

12

T1200

13

T1300

14

T1400

Back spindle

30

T3000

Back headstock
Back drilling tool

31

T3100

32

T3200

33

T3300

34

T3400

Gang tool post
Back drilling tool

51

T5100

52

T5200

53

T5300

54

T5400

e Normal tool selection is operated at the rapid feed rate. However, normal tool selections do not
operate in the door-open state.

e Specify T codes in a single block.

e When arguments described below are specified for tool selection, interference between the tool and the
workpiece may occur. Care for use of an argument is needed.
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4.3 T Code Arguments

T code arguments allow target tools to be selected in various ways. The idling time may be omitted
in tool replacement depending on uses.

ACAUTION

When an argument is specified for tool selection, interference between the tool and the
workpiece may occur. Care for use of an argument is needed.

4.3.1

T code arguments of gang tool post and rotary tools (T0100 to T0900)

| Command format |

TOOAA H | Q1 X[ | Y| | 2| | K2 l

Arguments

H:

Ql:

K2:

Specify this argument to temporarily change the positioning point (relief point from material
0.D. in the machining data) of the current tool. If the argument is omitted, the tool moves to
the position (material diameter + tool positioning point + maximum DIA value of tool set data
between current and specified tools).

Select a tool without moving the current tool to the positioning point. If the argument is
omitted, select a tool after moving the current tool to the position (material diameter + tool
positioning point + maximum DIA value of tool set data between current and specified tools).

Specify the workpiece coordinate of X1 axis after tool selection. If the argument is omitted, the
tool moves to the positioning point.

Specify the workpiece coordinate of Y1 axis after tool selection. If the argument is omitted, the
tool moves to the zero point of the workpiece coordinate.

Specify the workpiece coordinate of Z axis after tool selection. If the argument is omitted, the

Z axis does not move.
(If K2 argument is specified together, the Z2 axis is used. In any other cases, the Z1 axis is

used.)

Specify this argument for back machining by gang tool. The axes of axis control groups are set
as follows after tool selection.

When T code is specified in $1:

$1 $2
K2 argument not specified X1,7Z1,Y1 X2,72
K2 argument specified X1,72,Y1 X2,71
When T code is specified in $2:

$1 I $2
K2 argument not specified Alarm
K2 argument specified X2,Z1 [ X1,72,Y1

The workpiece coordinate of the Z2 axis is set so that the tool nose directed to the back spindle
becomes 0.
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E: Specify this argument to index the spindle at the specified indexing angle during tool selection.
If the argument is omitted, the spindle is not indexed. This argument is valid in the transition
from turning to secondary machining process.

If the K2 argument is specified together, the back spindle is indexed (the specification is
limited only when the back spindle indexing option is set).

When the spindle C axis option is not specified:
Integer between 0.0 and 359.0 (with decimal point)

When the spindle C axis option is specified:
Numeric value between 0.000 and 359.999 (with decimal point)

When the back spindle C axis option is not specified but the back spindle 1° indexing is
specified:
Integer between 0.0 and 359.0 (with decimal point)

When the back spindle C axis option is specified:
Numeric value between 0.000 and 359.999 (with decimal point)

If the tool nose of the current tool is located above the relief position (material O.D. + positioning
point + maximum DIA value of tool set data between current and specified tools) of the tool post
(X1 axis), the tool post (X1 axis) does not move to the tool positioning point.
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| Operation sample |

e TOOAA Argument not specified

Make positioning of the specified tool to the positioning point.

e T0100 to TO900 — T0100 to T0900:

1. The X1 axis of the currently selected tool moves to the position (material O.D. + tool
positioning point + maximum DIA value of tool set data between current and specified
tools).

2. While keeping the X1 axis at the position in step 1, the Y1 axis moves to the workpiece
coordinate 0 of the specified tool.

3. The X1 axis of the specified tool moves to the position (material O.D. + tool positioning
point + DIA value of tool set data of the specified tool) (positioning point).

T0400 TO300 TO0400 TO300 T0400 TO0300

RS

TO0400 T0300

Positioning

point &,

Material

1. The X1 axis of the 2. While keepingthe 3. The X1 axis of the
currently selected tool X1 axis at the specified tool moves to
moves to the position position in step 1, the position (material
(material O.D. + the machine moves 0O.D. + positioning point
positioning point + the Y1 axis of the + DIA value of tool set
maximum DIA value of specified tool data of the specified tool)
tool set data between moves to the work (positioning point).
current and specified coordinate 0.
tool).

e T1100 to T1400, T5100 to T5400 — T0100 to T0900

1. The specified tool directly moves to the position (material O.D. + tool positioning point +
DIA value of tool set data of the specified tool) (positioning point).

T0400

T0400

Tii00 T1100

1. The selected tool moves to the position
(material O.D. + positioning point + DIA
value of tool set data of the specified
tool) (positioning point).
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e TOOAA H ] Hargument

Specify this argument to temporarily change the positioning point (relief point from material
O.D. in the machining data) of the current tool.

1. The X1 axis of the currently selected tool moves to the position (material O.D. + value
specified by the H argument + DIA value of tool set data of the currently selected tool).

2. While keeping the X1 axis at the position in step 1, the Y1 axis moves to the workpiece
coordinate 0 of the specified tool.

3. The X1 axis of the specified tool moves to the position (material O.D. + value specified by
the H argument + DIA value of tool set data of the specified tool).

T0400 TO300 T0400 T0300 T0400 TO300

R TITIY

Positioning Ll F’omt a “Point b

point

Material
1. The X1 axis of the 2. While keeping the 3. The X1 axis of the

specified tool moves to X1 axis at the specified tool moves to
the position (material position in step 1, the position (material
O.D. + value specified the Y1 axis moves O.D. + value specified
by the H argument + to the workpiece by the H argument +
DIA value of tool set coordinate 0 of the DIA value of tool set
data of the specified specified tool. data of the specified
tool). tool).

e Ifthe point b is larger than point a, the machine moves as shown in (1). If the point b is smaller
than point a, the machine moves as shown in (2)

1) 2)

a a > b
e Ifthe H argument is specified with a negative value, an alarm occurs.

e The H argument can be specified only when the currently selected tool is a gang tool (T0100 to
T0900). If the H argument is specified during selection of a tool other than gang tools, the
machine operates as if the argument were not specified.

o IfH and Q1 arguments are specified at the same time, the H argument is preceded.
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e TOOAA Q1 Q1 argument
Select a tool without moving the current tool to the positioning point.

1. The selected tool moves to the position (material O.D. + positioning point + DIA value of
tool set data of the specified tool) (positioning point).

T0400 TO300

1. The selected tool moves to
the position (material O.D. +
positioning point + DIA value
of tool set data of the
specified tool) (positioning
point).

T0400 TO300

Positioning
point & ------------

If Q1 argument is specified together with one of the X, Z, and Y arguments, the axis moves from
the current position of the selected tool to the position specified by X, Z, or Y argument directly.
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o TOOAA X ] Xargument

Specify the position of X1 axis of the specified tool. (Work coordinate of X1 axis after tool

selection)

1. The X1 axis of the currently selected tool moves to the position (material O.D. +
positioning point + maximum DIA value of tool set data between current and specified

tool).

2. While keeping the X1 axis at the position in step 1, the Y1 axis moves to the workpiece

coordinate 0 of the specified tool.

3. The X1 axis of the specified tool moves to the position specified by X argument.

TO0400 T0300
T0400 T0300

Positioning

point

Point a

T0400 TO300

RGN RN

erial
Materia 1. The X1 axis of the

currently selected tool
moves to the position
(material O.D. +
positioning point +
maximum DIA value of
tool set data between
current and specified
tool).

See the figure below for operation.

2. While keeping the
X1 axis at the
position in step 1,
the machine
moves the Y1 axis
of the specified tool
moves to the work
coordinate 0.

T0400 T0300

3. The specified tool
moves to the
position specified
by X argument.

Pointb

X argument

Point a: Position of currently selected tool which has been moved to the position specified by X

argument

Point b: Feed position specified by X argument of the specified tool

If the point b is larger than point a, the machine moves as shown in (1).
If the point b is smaller than point a, the machine moves as shown in (2)

1)

2)

-

b
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TOOAA Y[ ] Y argument

Specify the position of Y1 axis of the specified tool. (Work coordinate of Y1 axis after tool
selection)

1. The X1 axis of the currently selected tool moves to the position (material O.D. +
positioning point + maximum DIA value of tool set data between current and specified
tool).

2. While keeping the X1 axis at the position in step 1, the Y1 axis of the specified tool
moves to the position of the Y argument.

3. The X1 axis of the specified tool moves to the position (material O.D. + tool positioning
point + DIA value of tool set data of the specified tool) (positioning point).

T0400 TO300 T0400 T0300 T0400 T0300

U e ] Ly

T0400 T0O300

Material

1. The X1 axis of the 2. While keeping the 3. The X1 axis of the
currently selected tool X1 axis at the specified tool moves to
moves to the position position in step 1, the position (material
(material O.D. + the machine 0O.D. + positioning point
positioning point + moves the Y1 axis + DIA value of tool set
maximum DIA value of of the specified data of the specified
tool set data between tool moves to the tool) (positioning point).
current and specified position specified

tool). by Y argument.
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e TOOAA Z | Zargument

Specify the position of Z axis of the specified tool. (Work coordinate of Z1 axis after tool
selection)

1. The X1 axis of the currently selected tool moves to the position (material O.D. +
positioning point + maximum DIA value of tool set data between current and specified
tool).

2. While keeping the X1 axis at the position in step 1, the Y1 axis moves to the position of
workpiece coordinate 0 of the specified tool.

3. The X1 axis of the specified tool moves to the position (material O.D. + tool positioning
point + DIA value of tool set data of the specified tool) (positioning point) and the Z axis
moves to the point specified by Z argument (simultaneous operations of both X1 and Z
axes). :

T0400 TO300

T0300

1. The X1 axis of the 2. While keeping the 3. The X1 axis of the
currently selected tool X1 axis at the specified tool moves to the
moves to the position position in step 1, position (material O.D. +
(material O.D. + the machine moves positioning point + DIA
positioning point + the Y1 axis of the value of tool set data of the
maximum DIA value of specified tool specified tool) (positioning
tool set data between moves to the work point). The Z1 axis moves
current and specified coordinate 0. to the point specified by Z
tool). argument.

If K2 argument is specified together with the specification of Z argument, the Z2 axis is intended
for operation. Note the setting of the coordinate system of K2 argument. In any other cases, the Z1
axis is intended for operation.



A220PL Command Codes

e TODOAA K2 K2 argument

K2 argument is for back machining with a gang tool. The axes of each axis control group are
defined as shown below after tool selection. With the definition, the interpolation machining
with the gang tool becomes available at back spindle side.

When T code is specified in $1:

$1 $2
K2 argument not specified X1,Z1,Y1(C1) X2,72 (C2)
K2 argument specified X1,72,Y1(C2) X2,71(C1)
When T code is specified in $2:

$1 | $2
K2 argument not specified Alarm
K2 argument specified X2,Z1(C1) | X1,Z2,Y1(C2)

When K2 argument is specified, set the workpiece coordinate system of the back headstock (Z2
axis) so that the tool nose of gang tool becomes zero.

Define this coordinate system setting in consideration of values [J of tools depending on the
types of front machining holders. When a free tool is selected, set the coordinate system in
consideration of 16 mm in the similar way as holders of (116 mm.

Back spindle O of tool

N
O<«—=00 D<—0O

z2 Z1

e Specifying K2 argument for any other tool than T0100 to T1000 causes an alarm to occur.

e When "BASKET" is specified for "BACK SPINDLE" in Machining data screen, an alarm occurs
if K2 argument is specified.

e IfK2 argument is not used under selection of tool T0100 to T1000 in axis control group 2 ($2)
during execution of free pattern (G600) command, then an alarm will occur.
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o TOOAA E[ ] E argument

Specify this argument to index the spindle during the tool selection.
Specify the indexing angle with decimal point for | |,

T0S00 T0900

90°

T1100 T1100

Index the main spindle at the specified angle during tool selection.

e Specify the indexing angle (E argument) with decimal point. If omitted, an alarm occurs or an
indexing at specified angle will fail.

e When the K2 argument is specified together, the back spindle is indexed. Note, however, if the
back spindle indexing option (back spindle C axis or back spindle 1-degree indexing) is not
specified), an alarm occurs.

e If the value specified for indexing angle (E argument) is out of the allowable range, an alarm
occurs.

o If the value specified for indexing angle (E argument) is out of the valid indexing angle, an
alarm occurs.

e The main spindle (back spindle) indexing can be performed while the main spindle (back
spindle) is rotating. However, for the main spindle C axis or the back spindle C axis, positioning
and indexing cannot be performed concurrently because the axis returns to the zero point. (This
can be performed only at the first time when the main spindle rotation mode (back spindle
rotation mode) is switched to the main spindle C axis mode (back spindle C axis mode))..

e When an indexing angle (E argument) is specified, the T code cannot be run backward.

e For other notes, follow the indexing specification of each spindle.



432

A220PL Command Codes

T Code arguments of front drills on gang tool post (T1100 to T1400)

| Command format |

moaa X YL Jz2  JA JE W]

Arguments

X:

Specify the workpiece coordinate of X1 axis after tool selection. Without the argument specified,
the tool moves to the center of the workpiece (0.0 mm). For front/back simultaneous machining
(G660), specify X argument with T11’s.

: Specify the workpiece coordinate of Y1 axis after tool selection. Without the argument specified,

the tool moves to the center of the workpiece (0.0 mm). For front/back simultaneous machining
(G660), specify Y argument with T11s.

: Specify the workpiece coordinate of Z1 axis after tool selection. Without the argument specified,

the Z1 axis does not move.

: Select either of the following for the G660 (front/back simultaneous machining) command.

e A without argument: DIA and CORE data stored in front machining tool (T11's) and back
machining tool (T51's) are added to the X1 and Y1 axes.

e Al:DIA and CORE data stored in front machining tool (VII-type T11's) is added to the X1
and Y1 axes.

e AS5: DIA and CORE data stored in back machining tool (VII-type T51's) is added to the X1
and Y1 axes.

: Specify this argument to index the spindle at the specified indexing angle during tool selection.

If the argument is omitted, the spindle is not indexed. This argument is valid in the transition
from turning to secondary machining process.

When the spindle C axis option is not specified:
Integer between 0.0 and 359.0 (with decimal point)

When the spindle C axis option is specified:
Numeric value between 0.000 and 359.999 (with decimal point)

Before a command among T1100 to T1400 is specified, the back headstock (Z2 axis) should be
retracted to the position at which sleeve holders do not interfere.
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| Operation sample |

e TODOAA Argument not specified

The axis directly moves to the center of the specified tool.

Directly moves to the center of the specified tool.

e TOOAA X ] Xargument

Specify the workpiece coordinate of X1 axis after tool selection. Without the argument specified,
the tool moves to the center of the workpiece (0.0 mm). For front/back simultaneous machining
(G660), specify X argument with T11’s.

e The X1 axis directly moves to the position (the center of the specified tool + X argument).

Directly moves to the position
(the center of the specified tool
+ X argument)

e TOOAA Y ] Y argument

Specify the workpiece coordinate of Y1 axis after tool selection. Without the argument specified,
the tool moves to the center of the workpiece (0.0 mm). For front/back simultaneous machining
(G660), specify Y argument with T11’s.

e The Y1 axis moves to the position (the center of the specified tool + Y argument) directly.

Directly moves to the position (the center
of the specified tool + Y argument)
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e TOOAA Z_ ] Z argument

Specify the workpiece coordinate of Z1 axis after tool selection. Without the argument specified,
the Z1 axis does not move.

e The Z1 axis directly moves to the center of the specified tool. The headstock (Z1 axis) also
moves to the position of Z argument.

2. The Z1 axis directly moves to the
center of the specified tool. The
headstock (Z1 axis) also moves to
the position of Z argument.

e TOOAA A ] Aargument

Select either of the following for the G660 (front/back simultaneous machining) command.

— A without argument: DIA and CORE data stored in front machining tool (T11's) and
back machining tool (T51's) are added to the X1 and Y1 axes.

— Al: DIA and CORE data stored in front machining tool (T11's) is added to the X1 and Y1
axes.

— AS5: DIA and CORE data stored in back machining tool (T51's) is added to the X1 and Y1
axes.

Workpiece Workpiece

Figure 1: Middle position

Workpiece Workpiece
Figure 2: Front side (T11's)

Workpiece Workpiece
Figure 3: Rear side (T51's)
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Be sure to specify the A argument in axis control group 1 (§1) while executing the front/back
simultaneous machining (G660) command. If not, an alarm occurs.

e TOOAA E[ ] E argument

Specify this argument to index the main spindle during the tool selection.

Specify the indexing angle with decimal point for B |.

T0900

T0900

T1100
1. Index the main spindle at the
specified angle during tool
selection.

e Specify the indexing angle (E argument) with decimal point. If omitted, an alarm occurs or an
indexing at specified angle will fail.

o If the value specified for indexing angle (E argument) is out of the allowable range, an alarm
occurs.

e Ifthe value specified for indexing angle (E argument) is out of the valid indexing angle, an
alarm occurs.

e The main spindle indexing can be performed while the main spindle is rotating. However, for the
main spindle C axis, positioning and indexing cannot be performed concurrently because the
axis returns to the zero point. (This can be performed only at the first time when the main spindle
rotation mode is switched to the main spindle C axis mode).

e When an indexing angle (E argument) is specified, the T code cannot be run backward.

¢ For other notes, follow the indexing specification of the spindle.
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Back drills on gang tool post (T5100 to T5400)

| Command format |

tooaa X YT 1z Jw__JQr Q3 e[|

X:

Q1:

Q3:

Specify the workpiece coordinate of X1 axis after tool selection. Without the argument
specified, the tool moves to the center of the workpiece (0.0 mm). For front/back simultaneous
machining (G660), specify X argument with T11’s.

Specify the workpiece coordinate of Y1 axis after tool selection. Without the argument
specified, the tool moves to the center of the workpiece (0.0 mm). For front/back simultaneous
machining (G660), specify Y argument with T11’s.

Specify the position to which the back headstock (Z2 axis) is moved (absolute move distance
from the machine zero point of Z2 axis). If the argument is omitted, the back headstock (Z2
axis) moves to the position separated from the maximum nose protrusion length by 5.0 mm.

Specify the retract point of the back headstock (Z2 axis) (incremental move distance of the
back headstock (Z2 axis) from the current position). If the argument is omitted, the back
headstock (Z2 axis) moves to the position separated from the maximum nose protrusion length
by 5.0 mm.

Select a tool without moving the back headstock (Z2 axis). If the argument is omitted, the back
headstock (Z2 axis) moves to the position separated from the maximum nose protrusion length
by 5.0 mm.

Select a tool after moving the back headstock (Z2 axis) to the positioning point. If the
argument is omitted, the back headstock (Z2 axis) moves to the position separated from the
maximum nose protrusion length by 5.0 mm.

Specify this argument to index the back spindle at the specified indexing angle during the tool
selection. If the argument is omitted, the spindle is not indexed. This argument is valid in the
transition from turning to secondary machining process.

When the back spindle C axis option is not specified but the back spindle 1° indexing is
specified: Integer between 0.0 and 359.0 (with decimal point)

When the back spindle C axis option is specified: Numeric value between 0.000 and 359.999
(with decimal point)

e Arguments Z, W and Q cannot be specified together. If specified, an alarm occurs.

While the Z2 axis belongs to axis control group 1 ($1), specifying T51’s command or K2
argument for T code in axis control group 2 ($2) makes the work coordinate of Z1 axis identical

to the machine coordinate. Be sure to provide the specification in axis control group 1($1). To
provide the specification in axis control group 2 ($2), first specify the free pattern (G600).
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| Operation sample |

o TODOAA Argument not specified

1.

1.

The back headstock (Z2 axis) moves to the position "maximum tool set data in
longitudinal direction" + "relief amount for back drilling" (5.0 mm).

The back headstock (X2 axis) moves to the center of the specified tool.

The coordinate system is set with the end face of the workpiece chucked by the back
spindle as the workpiece zero position of the back headstock (Z2 axis).

The tool post of the specified tool (X1 and Y1 axes) moves to the work coordinate 0.

The back headstock (Z2 axis) moves to
the position "maximum tool set data in
longitudinal direction" + "relief amount
for back drilling" (5.0 mm).

<4——— 50mm

and Y1 axes) moves to the work

4. The tool post of the specified tool (X1
coordinate 0.

————— <= T5100
The back
headstock (X2 —
axis) moves to the < T5200
center of the E—

specified tool.

If the position of the back spindle (Z2 axis) has exceeded the position indicated in Step 1 (position
"maximum tool set data in longitudinal direction" + "relief amount for back drilling" (5.0 mm).),
back spindle (Z2 axis) does not move.

e TODOAA X Xargument

Specify the workpiece coordinate of X1 axis after tool selection. Without the argument specified,
the tool moves to the center of the workpiece (0.0 mm). For front/back simultaneous machining
(G660), specify X argument with T11’s.

1.

The X1 axis moves to the position "the center of the specified tool + X argument."

1. The X1 axis moves to the position "the
center of the specified tool + X argument.”
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e TODOAA Y Y argument

Specify the workpiece coordinate of Y1 axis after tool selection. Without the argument specified,
the tool moves to the center of the workpiece (0.0 mm). For front/back simultaneous machining

(G660), specify Y argument with T11’s.

1. The Y1 axis directly moves to the position (the center of the specified tool + Y argument).

1. The Y1 axis directly moves to the position
(the center of the specified tool + Y
argument).

e TOOAA Z | Zargument

Specify the position to which the back headstock (Z2 axis) is moved (absolute move distance

from the machine zero point of Z2 axis).
If the argument is omitted, the back headstock (Z2 axis) moves to the position separated from the

maximum nose protrusion length by 5.0 mm.

1.
2.

The back headstock (Z2 axis) moves to the position of the Z argument.

The coordinate system is set with the end face of the workpiece chucked by the back
spindle as the workpiece zero position of the back headstock (Z2 axis).

The back headstock (X2 axis) moves to the center of the specified tool.

The tool post of the specified tool (X1 and Y1 axes) moves to the work coordinate 0.

The back headstock (Z2 axis) moves

to the position of the Z argument. ”
< 4. X1 and Y1 axes of the specified tool
moves to the work coordinate 0.

center of the

2. Moves to the T—---'E- T5100

< T5200

specified tool.

When the Z argument is specified, note that interference between the back headstock (Z2 axis) and
the cat hands (X1 and Y1 axes) may not occur.
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o TODOAA W__ ] W argument

Specify the retract point of the back headstock (Z2 axis) (incremental move distance of the back
headstock (Z2 axis) from the current position). If the argument is omitted, the back headstock
(Z2 axis) moves to the position separated from the maximum nose protrusion length by 5.0 mm.

1. The back headstock (Z2 axis) moves to the position specified by the W argument.
2. The back headstock (X2 axis) moves to the center of the specified tool.

3. The coordinate system is set with the end face of the workpiece chucked by the back
spindle as the workpiece zero position of the back headstock (Z2 axis).

4. The tool post of the specified tool (X1 and Y1 axes) moves to the work coordinate 0.

1. The back headstock (22 axis) moves
to the position specified by the W

argument. — 4. The X1 and Y1 axes of the specified tool
move to the work coordinate 0.

B i
2. The back 75100
headstock (X2 —
axis) moves to the < T5200
center of the

specified tool.

e When the W argument is specified, note sufficiently that interference between the back
headstock (Z2 axis) and the sleeve holders (X1 and Y1 axes) may not occur.

e Ifthe W argument is specified with a positive value, an alarm occurs.
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e TOOAA Q1 Q1 argument

Select a tool without moving the back headstock (Z2 axis). If the argument is omitted, the back

headstock (Z2 axis) moves to the position separated from the maximum nose protrusion length
by 5.0 mm.

1. The back headstock (X2 axis) moves to the center of the specified tool.

2. The coordinate system is set with the end face of the workpiece chucked by the back
spindle as the workpiece zero position of the back headstock (Z2 axis).

3. The tool post of the specified tool (X1 and Y1 axes) directly moves to the work coordinate

0.
3. The X1 and Y1 axes of the
specified tool directly move to the
work coordinate 0.
1. Moves to the — <= ===~ T5100
center of the _
specified tool. < T5200

When the Q1 argument is specified, note sufficiently that interference between the back headstock
(Z2 axis) and the sleeve holders (X1 and Y1 axes) may not occur.

e TOOAA Q3 Q3 argument

Select a tool after moving the back headstock (Z2 axis) to the positioning point. If the argument
is omitted, the back headstock (Z2 axis) moves to the position separated from the maximum nose
protrusion length by 5.0 mm.

1. The back spindle (Z2 axis) moves to the return position.
2. The back headstock (X2 axis) moves to the center of the specified tool.

3. The coordinate system is set with the end face of the workpiece chucked by the back
spindle as the workpiece zero position of the back headstock (Z2 axis).

4. The tool post of the specified tool (X1 and Y1 axes) directly moves to the work coordinate
0.

1. The back spindle (Z2 axis) moves
to the return position (machine
coordinate of X2 axis 0.0 mm). T 4. The X1 and Y1 axes of the
specified tool move to the
work coordinate 0.

axis) Moves to the center
of the specified tool.

2. The back headstock (X2 T ——-—-}---< ---------- T5100
< T5200

The return position of the back headstock (Z2 axis) is Z2 axis machine coordinate 0.0 mm.



A220PL Command Codes

e TOOAA E[ ] E argument
Specify this argument to index the back spindle during tool selection.
Specify the indexing angle with decimal point for B[ |.
75100 E90.0

i
5100 C/ ' T5100

The back spindle is indexed during tool
selection.

e If the back spindle indexing option (the back spindle C axis or back spindle 1-degree indexing)
is not specified, specifying the indexing angle (E argument) causes an alarm to occur.

e Specify the indexing angle (E argument) with decimal point. If omitted, an alarm occurs or an
indexing at specified angle will fail.

e If the value specified for indexing angle (E argument) is out of the allowable range, an alarm
occurs.

Allowable range

— Back spindle 1-degree indexing: Integer between 0.0 and 359.0 (with decimal point)
— Back spindle C axis: Numeric value between 0.000 and 359.999 (with decimal point)

e If the value specified for indexing angle (E argument) is out of the valid indexing angle, an
alarm occurs.

e The back spindle indexing can be performed while the back spindle is rotating. However, for the
back spindle C axis, positioning and indexing cannot be performed concurrently because the axis
returns to the zero point. (This can be performed only at the first time when the back spindle
rotation mode is switched to the back spindle C axis mode).

e When an indexing angle (E argument) is specified, the T code cannot be run backward.

o See the back spindle indexing specification for other notes.
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4.3.4 Back spindle (T3000)

| Command format |

ooas 7 W Ja

Z: Specify the position to which the back headstock (Z2 axis) is moved (absolute move distance
from the machine zero point of Z2 axis). If the argument is omitted, the back headstock (Z2
axis) moves to the positioning point (Z2 axis machine coordinate: 0.0 mm).

W: Specify the retract point of the back headstock (Z2 axis) (incremental move distance of the
back headstock (Z2 axis) from the current position). If the argument is omitted, the back
headstock (Z2 axis) moves to the positioning point (Z2 axis machine coordinate: 0.0 mm).

Ql: Select the back spindle without moving the back headstock (Z2 axis). If the argument is
omitted, the back headstock (Z2 axis) moves to the positioning point (Z2 axis machine
coordinate: 0.0 mm).

| Operation sample |

1) The back headstock (Z2 axis) is retracted to the machine zero point (Z2 axis machine coordinate:
0.0 mm).

2) The back headstock (X2 axis) moves to the machine zero point (X2 axis machine coordinate: 0.0
mm).

3) The coordinate system is set with the back headstock (Z2 axis) machine coordinate.

S mam——
Z2 axis machine zero point

X2 axis machine
zero point

O«
ol
|
|
l
|
!
|
|
|
|
|
l
|
I
|
|
l
!

T

Guide bushing

e Arguments Z, W and Q cannot be specified together. If specified, an alarm occurs.

e Ifthe W argument is specified with a positive value, an alarm occurs.
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4.3.5 Back drills on back tool post (T3100 to T3400)

| Command format |

00aa 2 WX ] o103

Z:

Q1:

Q3:

Specify the position to which the back headstock (Z2 axis) is moved (absolute move distance
from the machine zero point of Z2 axis). If the argument is omitted, the back headstock (Z2
axis) moves to the position separated from the maximum nose protrusion length by 5.0 mm.

Specify the retract point of the back headstock (Z2 axis) (incremental move distance of the
back headstock (Z2 axis) from the current position). If the argument is omitted, the back
headstock (Z2 axis) moves to the position separated from the maximum nose protrusion length
by 5.0 mm.

Specify the X2 axis workpiece position during tool selection. If the argument is omitted, the X
axis moves to the center of the tool (X2 axis workpiece coordinate: 0).

Select a tool without moving the back headstock (Z2 axis). If the argument is omitted, the back
headstock (Z2 axis) moves to the position separated from the maximum nose protrusion length
by 5.0 mm.

Select a tool after moving the back headstock (Z2 axis) to the positioning point. If the
argument is omitted, the back headstock (Z2 axis) moves to the position separated from the
maximum nose protrusion length by 5.0 mm.

e Arguments Z, W and Q cannot be specified together. If specified, an alarm occurs.

e While Z2 axis belongs to axis control group 1 ($1), specifying T30’s command or K2 argument

for T code in axis control group 2 ($2) makes the work coordinate of Z1 axis identical to the
machine coordinate.

Be sure to provide the specification in axis control group 1 ($1). To provide the specification in
axis control group 2 ($2), first specify the free pattern (G600).
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| Operation sample |

e TOOAA Argument not specified

1. The back headstock (Z2 axis) moves to the position "maximum tool set data in
longitudinal direction" + "relief amount for back drilling" (5.0 mm).

2. The back headstock (X2 axis) moves to the center of the specified tool.

3. The coordinate system is set with the end face of the workpiece chucked by the back
spindle as the workpiece zero position of the back headstock (Z2 axis).

1. The back headstock (Z2 axis) moves to
the position "maximum tool set data in
longitudinal direction" + "relief amount
for back drilling" (5.0 mm).
<4—— 50mm

2. The back headstock X2 |  _ _ _  _| == —=—-- T3100
axis) moves to the center
of the Speciﬁed tool. : T3200

o If the position of the back spindle (Z2 axis) has exceeded the position indicated in Step 1 (the
position "maximum tool set data in longitudinal direction" + "relief amount for back drilling"
(5.0 mm)), back spindle (Z2 axis) does not move.

e If a circular operation causes an over travel alarm to occur on the Z2 axis, specify the Q3
argument described later.
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e TOOAA Z ] Zargument

Specify the position to which the back headstock (Z2 axis) is moved (absolute move distance
from the machine zero point of Z2 axis). If the argument is omitted, the back headstock (Z2 axis)
moves to the position separated from the maximum nose protrusion length by 5.0 mm.

1. The back headstock (Z2 axis) moves to the position of the Z argument.
2. The back headstock (X2 axis) moves to the center of the specified tool.
3. The coordinate system is set with the end face of the workpiece chucked by the back

spindle as the workpiece zero position of the back headstock (Z2 axis).

1. The back headstock (Z2 axis) moves
to the position of the Z argument.

-
| Zmm
l
2. The back headstock (X2 |  ___  _| e T3100
axis) moves to the center
of the specified tool. < T3200

When the Z argument is specified, note sufficiently that interference between the back headstock
(Z2 and X2 axes) and the back tool post may not occur.

o TOOAA X ] X argument

Specify the X2 axis workpiece position during tool selection. If the argument is omitted, the X
axis moves to the center of the tool (X2 axis workpiece coordinate: 0).

1. The back headstock (Z2 axis) moves to the position "maximum tool set data in
longitudinal direction" + "relief amount for back drilling" (5.0 mm).

2. The back headstock (X2 axis) moves to the position shifted from the center of the
specified tool by the X argument.

3. The coordinate system is set with the end face of the workpiece chucked by the back
spindle as the workpiece zero position of the back headstock (Z2 axis).

1. The back headstock (Z2 axis) moves to the position
"maximum tool set data in longitudinal direction" +
"relief amount for back drilling" (5.0 mm).

<4—— 50mm

2. The back headstock (X2 axis)

moves to the position shifted from
the center of the specified toolby |  — 77 P —-—-—- T3100

the X argument. S

| < T3200
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e TODOAA W___ | W argument

Specify the retract point of the back headstock (Z2 axis) (incremental move distance of the back
headstock (Z2 axis) from the current position). If the argument is omitted, the back headstock
(Z2 axis) moves to the position separated from the maximum nose protrusion length by 5.0 mm.

1. The back headstock (Z2 axis) moves by the W argument.
2. The back headstock (X2 axis) moves to the center of the specified tool.

3. The coordinate system is set with the end face of the workpiece chucked by the back
spindle as the workpiece zero position of the back headstock (Z2 axis).

1. The back headstock (Z2 axis)
moves by the W argument.

<4—— Wmm
2. The back headstock
(X2 axis) moves to the
center of the specified | ~ —-—-— b ="—=-—-—-- T3100
tool. .
< T30

e When the W argument is specified, note sufficiently that interference between the back
headstock (Z2 and X2 axes) and the back tool post may not occur.

e Ifthe W argument is specified with a positive value, an alarm occurs.

e TOOAA Q1 Q1 argument

Select a tool without moving the back headstock (Z2 axis). If the argument is omitted, the back
headstock (Z2 axis) moves to the position separated from the maximum nose protrusion length

by 5.0 mm.
1. The back headstock (X2 axis) moves to the center of the specified tool.

2. The coordinate system is set with the end face of the workpiece chucked by the back
spindle as the workpiece zero position of the back headstock (Z2 axis).

1. The back spindle directly —'—‘*;GE" T3100
moves to the center of the —_—
specified tool. ' < T3200

When the Q1 argument is specified, note sufficiently that interference between the back headstock
(Z2 and X2 axes) and the back tool post may not occur.
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e TOOAA Q3 Q3 argument

Select a tool after moving the back headstock (Z2 axis) to the return position. If the argument is
omitted, the back headstock (Z2 axis) moves to the position separated from the maximum nose

protrusion length by 5.0 mm.
1. The back spindle (Z2 axis) moves to the return position.
2. The back headstock (X2 axis) moves to the center of the specified tool.
3. The coordinate system is set with the end face of the workpiece chucked by the back

spindle as the workpiece zero position of the back headstock (Z2 axis).

1. The back spindle (Z2 axis) moves to
the return position (Z2 axis machine
coordinate 0.0 mm).

-
2. The back headstock (X2 [ T3100
. S
axis) moves to the center
of the specified tool. e
< T3200

The return position of the back headstock (Z2 axis) is Z2 axis machine coordinate 0.0 mm.
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4.3.6 T codes and arguments effective in machining patterns

The table below lists T codes and arguments effective in machining patterns. For machining
patterns, see <3.6 Machining Patterns>.

Machining Axis Arguments
control Tool type Tool number

pattems | up None| X | Y | Z |W| H |Q1]|Q3|K2|A | E [M1
Free pattern $1  |Gang tool T0100t0o T1000| O |[O|O|O|x|O|O|x|O|x|O| x
(G600) Front drilling tool |[T1100to T1400| O [O|O|O| x| x| x| x| x|x|O] x
Back spindle T3000 O | x| x|O|O| x|O|x|x|x]|x]|x
Back drilling tool |T3100t0T3400| O |O|x |O|O| x |O|O| x | x| x | X
T5100t0 T5400| © |O|O|O|O| x|0O|O|x|x|O] x
$2  |Gang tool T0100to T1000| O [O|O|O|x|O|O|x|®|x|O] x
Front drilling tool |{T1100to T1400 | x | x | x | x | x| X | x | X | X | x| X | X
Back spindle T3000 O | x| x|O|O|x|O|x|x|x|x]|x
Back drilling tool |T3100t0T3400| O |[O|x |O[O| x [O|O| x | x| x| x
T5100t0 T5400| © [O|O|O|O| x |O|O|x|x|O] x
Front/back $1  |Gang tool T0100to T1I000| O |O|O|O|x|O|O| x| x|x|O| x
parallel Front drilling tool |[T1100to T1400| O |O|O|O | x| x| x|x|x|x|O]|x
machining Back spindle T3000 x | x| x| x| x| x| x|x]|x]|x|x]|x
(G630) Back drilling tool |T3100to T3400 | x | X | x | x | x| X | X | X | X [ x| X |X
T5100 to T5400 X X | x| x| x| x| x]|x]|x|x|x]X
$2  |Gang tool T0100to T1000 | x | x | x | X | x| X | X | X | X | x| X|X
Front drilling tool |T1100to T1400 | X | x [ X | x | x | x | x | x| X | x| x | x
Back spindle T3000 X o x x x| x x| x| x| x| x|x]|x
Back drilling tool  |T3100t0 T3400] O |O|x |O|O| x |O X | x| x| x
T5100t0 T5400 | x | x | x| x| x| X | X | x| X|x]|x|x
Front/back $1  |Gang tool T0100to T1000 | x | x | x | x | x| x | x| x| x |x|x]|X
simultaneous Front drilling tool |T1100t0 T1400| O |O|O|O| x| x| x| x| x|0|O]| x
machining Back spindle T3000 x x| x [ x| x| x| x|x]|x]|x]x]x
(G660) Back drilling tool  |T3100to T3400 | x | x [ x | x | x| x | x| x| x |x|x|x
T5100 to T5400 X X | x| x| x| x| x|x|x|x]| x| x
$2  |Gang tool TO100to T1000 | x | x | x | x | x| x | x| x| x|x]|x|x
Front drilling tool |T1100to T1400 | x | x | x | x | x| X | X | x| X | x| X | X
Back spindle T3000 XX X x| x x| X x| X x| x| X
Back drilling tool |T3100to T3400 | x | x | x | x | x| x | x | x| X x| x| x
T5100t0 T5400| O |[O|O|O|O| x |O|O|x|x|O| x
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Machining Axis Arguments
control Tool type Tool number

patterns | None W/ H|Q1Q3 M1
Pick-off, $1 |Gang tool T0100to T1000 | O x| OO x X
center Front drilling tool  |T1100 to T1400 | x x | x| x| x x
EE%PS%S‘ Back spindle T3000 x x| x| x| x <
Back drilling tool  |T3100 to T3400 | x x | x| x| x x
T5100 to TS5400 | x x | x| x| x x
$2  |Gang tool T0100 to T1000 | x X | x| x| x x
Front drilling tool |T1100to T1400 | x x| x| x| x x
Back spindle T3000 O O|x|0O]|x x
Back drilling tool  |T3100 to T3400 | x x| x| x| x x
T5100 to T5400 | x X | x| x| x X

®: Required O: Available

e Ifrequired arguments are not specified or one or more unavailable tools or arguments are

specified, an alarm occurs.

e Any commands other than those listed in the table above cannot be specified.

x: Unavailable
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4.4 G Functions (G codes)

| Command format |
GO0

G-code commands specified by a G followed by a two- or three-digit number provide preparation
functions. They are given to the NC unit for controlling the X and Z axes and the spindle.

Example

GO0 Rapid feed
GO1 Cutting feed

441 Listof G codes

Code Description Group Remarks | Reference
GO0 Rapid feed positioning A 442
GO01 Linear interpolation A 443
G02 Circular interpolation (clockwise) A 444
GO3 Circular interpolation (counterclockwise) A 444
GO4 Dwell * 445
GO9 Exact stop X

G12.1 |Milling interpolation ON (optional) x 7.9

G13.1 |Milling interpolation cancel (optional) x 7.9
G17 XY plane 7.6
G18 ZX plane 7.6
G19 YZ plane 7.6
G25 Spindle speed fluctuation detection OFF * 6.4
G26 Spindle speed fluctuation detection ON * 6.4
G32 Thread cutting A 5.7/5.8/6.13
G34 Adjustable-lead thread cutting (optional) x
G40 Nose R offset cancel D 6.6/7.6.2
G4l Nose R left offset ON D 6.6/7.6.2
G42 Nose R right offset ON D 6.6/7.6.2
G43 Back spindle control OFF Macro |8.16
G44 Back spindle control ON Macro |8.16
G50 Coordinate system shift, coordinate system setting * 5.10
G53 Machine coordinate command Macro |6.21
G70 Multiple repetitive cycle (finish machining cycle) 6.11
G71 Multiple repetitive cycle (rough machining cycle) A 6.11
G72 End-face rough turning cycle (optional) A
G73 Closed loop cutting cycle (optional)

G74 End-face cut-off cycle (optional)

G75 Inner/outer diameter cut-off cycle (optional)

G76 Multiple thread cutting cycle (optional) *

G80 Rigid tapping mode cancel 6.8/7.7
G83 Canned drilling cycle (Z axis direction) 6.10
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Code Description Group Remarks | Reference
G84 Front/back rigid tapping (optional) Macro |6.8
G85 Front/back boring cycle (optional)

G87 Canned drilling cycle (X axis direction) 6.10
G88 Cross rigid tapping (optional) Macro |7.7
G89 Cross boring cycle (optional)

G90 Outer/inner diameter cutting cycle

G92 Thread cutting canned cycle A 5.9
G94 End-face cutting cycle

G96 Constant surface speed control ON B 6.5
G97 Constant surface speed control OFF B 6.5
G98 Feed per Minute (mm/min) [inch/min] C 4.5
G99 Feed per Rotation (mm/rev) [inch/rev] C 4.5

G600 Free pattern (machining pattern cancel) Macro |3.7.3

G630 Front/back parallel machining Macro |3.7.4

G650 | Pick-off / Center-support Macro |3.7.5

G660  |Front/back simultaneous machining Macro |3.7.6

G113  |Spindle synchronization cancel (optional) Macro |8.8

G114.1 |Spindle syncronization command (optional) Macro |8.8

G813 Spindle synchronization cancel (optional) Macro |8.8

G814 | Spindle synchronization command (optional) Macro |8.8

G899 Non-conform material phase adjustment command * Macro |8.12

G999  |Last program Macro |8.10

G codes are modal except marked *.

If the modal code is once specified, the code is remained effective until any other code to cancel
the mode is specified. If the program running in automatic operation or MDI mode is stopped on
the way due to reset or emergency stop, or stopped at the end of the program, the modal is reset
to the default.

The modal codes G00, GO1, G02, G03, and G92 return to GO1 by reset, emergency stop, or reset
and rewind command.

G codes belonging to different groups can be written in the same block.
G codes cannot be written in a block which contains a TOOCIO code.
G codes of G999 cannot be executed in MDI mode.

Single block operation is disabled while G32, G76, G79, G84, G88, or G92 is enabled. If any of
the G codes is called during single block operation, the operation continues until the G code is
canceled.

The code containing use macro program must be specified independently. Do not contain any
other code in the same block.

The program marked with x in Remarks column is disabled if the program pre-analysis function
is enabled.

The program marked with A in Remarks column is disabled on type II machine if the program
pre-analysis function is enabled. See <FANUC Operator's Manual> for details.



A220PL Command Codes

442 Positioning through rapid feed (G00)

The cutting tool is rapidly moved to the specified position (X, Z) in the coordinate system and is
positioned there. This function is used when returning the spindle to the home position.

| Command format |

e Rapid feed in the diameter (X axis) direction GO0 X (Z fixed)
e Rapid feed in the longitudinal (Z axis) direction GO0 Z (X fixed)
¢ Rapid feed in the diameter (X axis) and longitudinal (Z axis) directions at the same time
Goo X ]z ]
(both X and Z moved)

1. Specify G00Z ] to return the spindle to the start point when the machine has completed
one cycle and is about to proceed to the next cycle.

Guide bushing Chuck

ﬁ _ - _ - _ _
g )
VVJ——J%AHF

One cycle has Return the spindle to the start
ended. point for one cycle.

2. Specify G00 X6.0 Z—0.5 to position the tool to @6 and 0.5 mm from the material.

I
| )
N XD
End face N / Guide bushing
movement 4
A\ / 05 ¢ I—_. z
1z 2. - @
. Moves tool to
3 ) Spindle 0.5 mm backward 5 " |X=60,2=-05 (
© _ © ; -
b : ) S ! /| The programmed zero
' |End face movement i/ | point on the end face is
IL " fixed.
S -
N (0,0)
Actual movement Motion assumed on the program

Actually, both the tool and the spindle move as shown at left.
However, when programming, it is easier to assume that only the tool is moved while the end face
of the material is fixed.
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Description

The GO0 command moves the axis rapidly from the current position to the specified position.
The GO0 command is modal, meaning that it is effective until a command in the same group
(G01, G02, G03, or other appropriate G code in the G code list) is commanded.

o The rapid feedrate is predetermined and need not be programmed.

Rapid feedrate X1 axis  18.0 m/min
Y1axis 32.0 m/min
Z1 axis  32.0 m/min
X2 axis 32.0 m/min
Z2 axis  32.0 m/min

e For incremental inputs, specify Ul LW |insteadof X |7 ]

In operation preparation mode, the rapid feedrate of all the axes is 2 m/min. when the Start key
START

m is pressed with the door opened.
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4.4.3 Linear interpolation (G01)

The tool is moved linearly to the specified position (X, Z) in the coordinate system at the specified
feedrate while cutting the workpiece.

This function is called linear interpolation in NC terminology.

| Command format |

e Feed in the diameter (X axis) direction GO01 X F (Z fixed)
o Feed in the longitudinal (Z axis) direction GO0l Z F (X fixed)
e Taper feed (X and Z axes) GO1 X Z Fl |
(both X and Z moved)

Description

e The GO1 command lets the machine cut the workpiece linearly from the current position to the
specified position.

e The GOl command is modal, meaning that it is effective until a command in the same group
(G00, G02, GO3, or other appropriate G code in the G code list) is commanded.

e Thecode F| | specifies the feedrate. See <Section 4.5 F Functions (F Code) (Cutting

Feedrate)>.
o Theunitsof X | and coordinates are as follows:
Program Unit
Without a decimal point —............... X 1 0.001 mm
With a decimal point ~ ............... X 1.0 1 mm

e For incremental inputs, specify U| L, W] |, instead of X]:], .




A220PL Command Codes

Tool feed in diameter direction

{ ! Cutting from point A to point
T B (3.0, 34.0)
T i G01X-3.0H ]
Q%b A
15
B R B M — ki
e
32 d
Tool feed in longitudinal direction
05 e Cutting from point A to point
| B (8.0, 20.0)
@ e G01Z7200H |
B
A
28 A d - - Z
\

Tool feed in both diameter and longitudinal directions (taper)

05 1l Cutting from point A to point
l B (8.0, 15.0)
p G01X8.0Z150H |
Y % -~ < ]
o A s 1 ®— - z
A Y

When starting a cutting feed, be careful of spindle rotation, coolant, chuck, and other conditions.
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Circular interpolation (G02, G03)

The machine is moved in an arc of radius R to the specified position in the coordinate system at the
specified feedrate while cutting the workpiece.

This function is called circular interpolation in NC terminology.

| Command format |

G02 X
GO3 X Z R F

~N
vl
sl

Description

The G02 or G03 command lets the machine move in an arc with radius R from the current
position to the specified position while cutting the workpiece. The center of the circle need not
be specified.

The coordinate systems for G02 and GO03 are different as follows:

Go3 o3

G02 GO03 G02
G03 X®

G02 G02

N A
Rear turning \ / Front turning

How to remember: To move the cutting tool in positive direction of the Z axis:
Specify G02 if the finish form is convex.
Specify GO3 if the finish form is concave.

The G02 and G03 commands are modal, meaning that they are effective until a command in the
same group (G00, GO1, or other appropriate G code in the G code list) is commanded.

Specify the radius in R[],

The code || specifies the feedrate. See <Section 4.5 F Functions (F Code) (Cutting
Feedrate)>.

Theunitsof X | andZ ] coordinates are the same as with GO1.
Coordinates for G02 and G03 can also be specified in the following way:

The I and K codes specify the distance (signed) to the center of the arc from the starting point. If
they are specified, the radius need not be specified.

10 and KO can be omitted.
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| Command format |

G02 X Z I K F
GO03 X Z I K F

G02 (The shape after machined: convex)

Circular cutting from point A to point B (6.0, 3.0)
G02 X6.0 Z3.0 R3.0 F[ |
(602 X6.0 23.0 I0 K3.0 F[__ 1))
10 is omitted  (G02 X6.0 Z3.0 K3.0 F[___ )

/-?

=
©
8

GO03 (The shape after machined: concave)

Circular cutting from point A to point B (8.0, 5.0)
GO3 X8.0 Z5.0 R3.0 F[ |
(G03 X8.0 z5.0 I3.0 KO F[__ )

KO is omitted  (GO3 X8.0 5.0 I3.0 F[___ )

‘5_.0’
e

N

28
22

} '\ B
o QﬁA R3
N
2
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4.45 Dwell (G04)

This command halts program execution for a specified period of time, making the machine stay as
is.

It is specified as follows:

| Command format |

Go4 U ] [ ] :Time inseconds

The above command has the following effect: After executing the commands in the preceding block,
the machine waits for the number of seconds specified with U] | or P| | following G04,
then proceeds to the next block.

The maximum command time is 9999.999 seconds.

| Sample program |
To make the machine dwell for 2.5 seconds, specify G04 U2.5 or G04 P2500.

e If address P is used, no decimal point can be used.

e The dwell period starts when the specified speed in the preceding block becomes 0.

| Purposes of dwelling |

e To stabilize groove diameter.
e To wait until the speed of rotation for threading drops to the specified value.

e For drilling (stepped) deep holes.
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4.5 F Functions (F Code) (Cutting Feedrate)

This command specifies a feedrate for linear or circular cutting.

| Command format |

Feedrate specification F| |

Description

e This command specifies a feedrate at which the machine moves along a path while cutting the
workpiece as specified by G01, G02, or G03.

e One of two units can be used to specify feedrates:

G98: mm/min (feed per minute: tool movement in millimeters in one minute)
G99: mm/rev (feed per rotation: tool movement in millimeters in one spindle revolution)

Movement in mm Movement in mm
per minute per revolution

(mm/min) (mm/rev)
ﬁ‘f_ﬁ }A_ﬂﬁ

N4

8 )

Feed per minute Feed per rotation
Feed per minute Feed per rotation
Meaning Tool movement per minute Tool movement per spindle revolution
Address F F
G code G98 G99
Input in mm 1 mm/min to 8,000 mm/min 8,000 mm/min
(F1 to F8,000) F (mm/rev) < spindle speed (min™")
Override Fixed to 100% for either mode of feed

o TheF command is modal, meaning that the specified value remains effective until
another F value is specified.

e Determine a suitable feedrate according to the cutting condition table.
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e IfnoF | command is not given, the F value used during the previous machining process is
used for cutting feed.

e Immediately after the power is turned on, the condition of G99 is in effect.

e Mode switching from G99 to G98 in the same block as a GO1 cutting block must be specified
before the cutting command.

| Sample program |
698 GOl X_Z F
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46 M Functions (M codes)

4.6.1

List of M codes
M code Function Remarks Reference
MO00 Program Stop
MO1 Optional Stop
MO02 Cycle Stop Macro
MO03 Main Spindle Forward Rotation 4.6.2
Mo04 Main Spindle Reverse Rotation 4.6.2
MoO5 Main Spindle Stop 4.6.2
MO06 Chuck Close Macro 4.6.5
MO7 Chuck Open (Starts to open chuck when the spindle speed becomes | Macro 4.6.5
800 min™" or slower.)
M08 Bar Stock Exchange ON Macro 6.2
M09 Bar Stock Exchange OFF Macro 6.2
M10 Knock-out Advance Macro 8.6
Mil1 Knock-out Retract Macro 8.6
M1s5 Back Spindle Chuck Close Macro 4.6.6
M16 Back Spindle Chuck Open Macro 4.6.6
Mi18 Main Spindle C Axis (optional) Macro 7.2.3
M20 Main Spindle Indexing Cancel, Main Spindle C Axis Cancel Macro 7.2.1
M23 Back Spindle Forward Rotation 4.6.3
M24 Back Spindle Reverse Rotation 4.6.3
M25 Back Spindle Stop 4.6.3
M28 Main Spindle Indexing Macro 7.2.1
M31 Workpiece Conveyor ON Macro 4.6.8
M33 Move Product Collection Position Macro 8.7
M34 Sequential Operation for Product Collection Macro 8.7
M48 Back Spindle C Axis (optional) Macro 7.2.4
M50 Back Pick-Off Failure Detect Macro 8.13
MS51 Tool Breakage Detection Macro 6.7
M52 Coolant ON
M53 Coolant OFF
M54 Bar Loader Feed Stop 6.2
M55 Bar Loader Feed Start 6.2
Ms6 Products Count
M61 External M Code 1
M62 External M Code 2
Mé63 External M Code 3
Mo64 External M Code 4
Meé65 External M Code 5
M72 Back Spindle Air Blower ON 8.4
M73 Back Spindle Air Blower OFF 8.4
M77 Confirm Spindle Synchronization (optional) 8.8
M78 Back Spindle Indexing (optional) Macro 7.2.2
M79 Back Spindle Indexing Cancel, Back Spindle C Axis Cancel Macro 722
M80 Tool Spindle Forward Rotation Macro 4.6.4/7.2.5
M81 Tool Spindle Reverse Rotation Macro 4.6.4/7.2.5
M82 Tool Spindle Stop Macro 4.6.4/7.2.5
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M code Function Remarks Reference

M86 Cutting Block Interlock ON

M87 Cutting Block Interlock OFF

M88 Interference Check Disabled 4.6.12

M89 Interference Check Enabled 4.6.12

M92 Error Detect Enabled

M93 Error Detect Disabled

M94 Back Spindle Speed Fluctuation Detect ON Macro 6.4
M95 Back Spindle Speed Fluctuation Detect OFF Macro 6.4
M96 Main Spindle Speed Fluctuation Detect ON Macro 6.4
M97 Main Spindle Speed Fluctuation Detect OFF Macro 6.4
M98 Sub Program Call 6.3
M99 End of Sub Program Call 6.3
M108 |Material Exchange Macro 6.2
M109 General-purpose Material Change Macro 6.2

M123 Back Spindle Torque Limit ON

Mi24  |Back Spindle Torque Limit OFF

M130 Z1-Z2 Superimposition ON Macro 8.9
M131 Z1-72 Superimposition OFF Macro 8.9
Mi151 Gang Tool Post Retract Macro 4.6.10
MI190 C1-C2 Superimposition ON Macro 8.10
M191 C1-C2 Superimposition OFF Macro 8.10
M204 | Thread Cutting and Chamfering ON 4.6.11
M205 Thread Cutting and Chamfering OFF 4.6.11
M241 Move Back Spindle to Return Point Macro 8.5

M260 External M61 Relay ON

M261 External M61 Relay OFF

M262 External M62 Relay ON

M263 External M62 Relay OFF

M264 External M63 Relay ON

M265 External M63 Relay OFF

M266 External M64 Relay ON

M267 External M64 Relay OFF

M268 External M65 Relay ON

M269 External M65 Relay OFF

M320 Basket Advance (with basket mounted on back spindle) Macro 4.6.7
M430 Coolant Valve 1 ON 6.19
M431 Coolant Valve 1 OFF 6.19
M432 Coolant Valve 2 ON 6.19
M433 Coolant Valve 2 OFF 6.19
M434 Coolant Valve 3 ON 6.19
M435 Coolant Valve 3 OFF 6.19
M436 Coolant Valve 4 ON 6.19
M437 Coolant Valve 4 OFF 6.19
M452 Coolant Pump ON 6.19
M453 Coolant Pump OFF 6.19
M700 Chuck Open (unconditional) Macro 4.65

M780 Back spindle indexing (zero point) Macro 4.6.7
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¢ Execute a macro-used M code independently. Do not execute the M code in the same block as
for another code.

e Up to three M codes can be specified in one block except for macro-used M code.

e The above M codes include options. For the options, see <Chapter 3 Machine Specifications> in
the Operator's Manual.
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4.6.2 Spindle rotation (M3, M4, M5)

These commands rotate the spindle in the forward or reverse direction and stop it.

| Command format |

MO3 Main spindle rotation forward
M04 Main spindle rotation reverse
MO5 Main spindle rotation stop

Description

e The M03 command rotates the spindle in the forward direction; the M04 command rotates the
spindle in the reverse direction; the M0S5 command stops the spindle.
Counterclockwise rotation when viewed toward the spindle is regarded as forward rotation.

Mo3 Guide bushing

o

MO04
Material

o If the spindle is rotating as specified by the code at the beginning of the program, its speed can
be changed only by an S1 command.
The M03 and M04 codes change only the direction of rotation, leaving the speed unchanged.

e The MOS code stops spindle rotation. Pressing the All spindles stop key on the operation panel
can also stop the spindle rotation.
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4.6.3 Back spindle rotation (M23, M24, M25)

These commands rotate the back spindle in the forward or reverse direction and stop it.

| Command format |

M23 Back spindle rotation forward
M24 Back spindle rotation reverse
M25 Back spindle rotation stop

Description

e Counterclockwise rotation when viewed toward the back spindle is regarded as forward rotation.

M23

M23
"

- - = @

Back spindle
AN
M24 orkpiece
M24
Workpiece

¢ During the back spindle is rotating, its speed can be changed only by an SZ=[:] command.

e Pressing the All spindles stop key on the operation panel can also stop the back spindle rotation.
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4.6.4 Tool spindle rotation (M80, M81, M82)

These commands rotate the tool spindle T0600 (T0700) to T0900 in the forward or reverse direction
and stop it.

Counterclockwise rotation when viewed toward the spindle is regarded as forward rotation.

Pressing the All spindles stop key on the operation panel can also stop the tool spindle rotation.,,

| Command format |

M80 S3= (M80 S Tool spindle rotation forward
M81 S3= (M81 S Tool spindle rotation reverse
M82 Tool spindle rotation stop
Tool spindle
M80 Mm81

e To rotate the tool spindle, specify M80, M81, and speed (S| | or S35 ) in the same
block. Enter the tool spindle rotation command in one block as single command.

o Issuing only M80 and M81 is not permitted. Be sure to specify speed (S3=) together with them.

e To change the tool spindle speed, specify M80, M81, and speed (S| or S3=] ) in the
same block.

o If the tool spindle forward rotation, tool spindle reverse rotation, and stop commands are
specified successively, incorrect operation may be performed. To issue these commands
successively, provide a dwell among them.

Example: M82;
G04 UO.1;
M80 S$3=1000;

Specify the tool spindle rotation or stop command (M80, M81, or M82) in axis control group 1
($1). If specified in axis control group 2 ($2), an alarm occurs.

o Specify the positive value for rotation speed (S argument). If specified with negative value, an
alarm occurs.

e To use the tool spindle in continuous operation, the rated speed as shown below must be

specified.
Specifying a speed exceeding the rated speed for machining may cause an overload alarm to
occur.
Rotary tool drive device Rated speed Maximum speed
U31B (3-rotary tool model) 6,000 8,000
U32B (4-rotary tool model) 4,500 6,000

o If the speed exceeding the maximum speed is specified in S argument, an alarm occurs.

e (G99 (feed per rotation) cannot make feeding. Use G98 (feed per minute) for feeding.



A220PL Command Codes

46.5 Spindle chuck open/close (M6, M7, M700)
(Must be specified in independent block.)

| Command format |

MO6 U Chuck close

MO7 U Chuck open Chuck opens when the spindle speed drops 800 min™
or less.

M700 U ] Chuck open unconditionally Chuck opens regardless of spindle speed.

With the machine equipped with the automatic bar loader, specify U argument (dwell time after
chuck open) to retract the workpiece along with the main headstock (Z1 axis) after the front chuck
has been opened. Use dwell time for 1.0 second as standard.

Arguments

U  Dwell time after main spindle chuck has been opened/closed

| Sample program |

{
MO5 e Main spindle stop
MO7 i Chuck open
Specify M07 independently in the line next to M05.
In the program, chuck opens when the spindle speed drops 800 min™ or less by the
spindle stop command.
e
Mo5
M700 ..o Specify M700 independently in the line next to MOS.

In the program, chuck opens regardless of spindle speed.

e The M700 (unconditional check open) command can be executed even while the main spindle is
rotating. Sufficient care is needed to execute the M700 command (e.g., to reduce the rotation
speed of main spindle).

o The M6, M7, or M700 command cannot be run backward.
If an attempt is made to run backward M6, M7, or M700 program in on-machine program check,
the machine stops before the block containing M6, M7, or M700.
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46.6 Back spindle chuck open/close (M15, M16)

(Must be specified in independent block.)

| Command format |

M15 U Back chuck close
M16 U Back chuck open

U Dwell time after back spindle chuck has been opened/closed

| Sample program |

\

MI5 e Back chuck close

M23 S2=2500 ....ccecevverrernee Back spindle forward rotation
\A

M25 e Back spindle stop

MIB oo Back chuck open

The M15 or M16 command cannot be run backward.

If an attempt is made to run backward M15 or M16 program in on-machine program check, the
machine stops before the block containing M15 or M16.
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46.7 Move basket forward (M320, M780)

The M320 (move basket forward) command moves the back headstock (Z2 axis) to the basket
advance position if "BASKET" is specified for back spindle in machining data. The M34
(sequential operation for product collection) command collects the machined workpiece in the
receiver box (workpiece separator) mounted below the back spindle.

| Command format |

M320 X Z F Move basket forward

X:

Specify the X1 axis position for end-position queuing. When the X1 axis reaches the end
position during cut-off process, the basket on the back headstock (Z2 axis) finishes advance
movement. If X argument omitted, the end-position queuing is not performed.

Specify the position to which the basket advances (absolute command). If Z argument is
omitted, the back headstock (Z2 axis) moves to the point 157.0 mm of machine coordinate.

Specify the feed rate (per minute) of the back headstock (Z2 axis). If F argument is omitted, the
back headstock moves at the speed of 8,000 mm/min.

This argument is valid only when end-position queuing is not specified (with X argument not
specified). Specify the feed rate with decimal point. If end-position queuing is specified (with
X argument specified), the feed rate will be calculated automatically. Accordingly, this
argument is ignored.

157 1
| I —
-I_—_ —
(Max. workpiece length L
that can be collected)
3 48 45 62
—\

—————-~———%———~——~<—:%»—ﬁ e N

7
L




| Sample program |

e With queuing at end point

A220PL Command Codes

$1 $2
GBOO i Free pattern G600 .......... Free pattern
(machine pattern cancel) (machine pattern cancel)
TO100 .o Select the cut-off tool.
GO X20.0 710.0 T1 ... Position the cut-off tool.
M320 X13.0 .cccvvvrvreeannene X1 axis (cut-off tool) at the point
13.0 waits for Z2 axis (basket) at
the point 157.0.
G99 G1 X-3.0 F0.03....... Perform cut-off machining.
GBOO .ot Free pattern G600 .......... Free pattern
(machine pattern cancel) (machine pattern cancel)
M34 ............ Sequential operation for
product collection
e Without queuing at end point
$1 $2
TOL100 ..o Select the cut-off tool.
12 L1 e Queuing state IT LY e, Queuing state
GO X20.0 Z10.0 T1...... Position the cut-offtool.  |M320 F8000.0 ...... Move the basket forward
(Z2=157.0)
12 L2 e, Queuing state L R I Queuing state
G99 G1 X-3.0 F0.03 ....... Perform cut-off
machining.
GBO0 .o Free pattern G600 ....oveveeennene Free pattern

(machine pattern cancel)

Sequential operation for
product collection

(machine pattern cancel)
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Before executing the M320 (move basket forward) command with end-position queuing
specified (with X argument specified), be sure to select the free pattern (machining pattern
cancel) (G600) command. In addition, specify the G99 (feed per rotation) and the G1 (linear
interpolation) to feed the cut-off tool. Do not specify the G98 (feed per minute) and G2 or G3
(circular interpolation).

When executing the M320 command with end-position queuing (with X argument specified), the
program cannot be corrected using the on-machine program check function.

Before executing the M320 (move basket forward) command with end-position queuing
specified (with X argument specified), set the override to 100%. If the override setting is
changed during operation, an end-position queuing will fail.

Before executing the M320 (move basket forward) command with end-position queuing

specified (with X argument specified), specify the values so that they do not satisfy the

following formula. Otherwise, an alarm PS462 occurs.

| Value of X argument for M320 I + l Value of X for cut-off process in the next block | <
X offset value of cut-off tool

* l ] denotes the absolute value.

To execute the M320 (move basket forward) command with end-position queuing not specified
(with X argument not specified), specify the G98 (per minute feed) with decimal point for the
feed rate (F argument) of back headstock (Z2 axis).

Specify the G99 (per rotation feed) command for cut-off machining.

Select "BASKET" for "BACK SPINDLE" in machining data screen. Specifying M320 (move
basket forward) command while "STANDARD" is selected for "BACK SPINDLE" causes an
alarm to occur.

Specify 157.0 mm or less for Z argument. Specifying the value exceeding 157.0 causes an alarm
to occur.

If the product collection alarm is enabled on Operator's panel screen, issuing theM320 (move
basket forward) command with rotary tool or drilling holder (T11 to T14) on the gang tool post
being selected, causes an alarm to occur.

Specifying end-position queuing specified (with X argument specified) while executing the
Constant surface speed control ON (G96) will cause an alarm to occur.

Reverse running of M320 (move basket forward) command is inhibited.

When executing the program pre-analysis function with end-position queuing enabled (with X
argument specified), do not set the override to 0%. Setting override to 0% will cause an alarm to
occur.
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Mounting and adjusting of basket on back spindle

Procedure

1. Execute the M780 (back spindle indexing, zero point) in MDI mode.

2. Press the Reset key to cancel indexing, open the door, then mount the basket in the following
procedure.

3. Mount the basket so that it becomes level at the point where the back spindle is indexed. For
how to mount the basket, refer to <7.9 Mounting and Adjusting Workpiece Separator [B]
Workpiece receiver box collection mode (U352J)> in the Operator's Manual.

4. Specify the M780 (back spindle indexing) command in MDI mode. Check if the basket has
been mounted at level.

e Select "BASKET" for "BACK SPINDLE" in machining data screen. Specifying M780 (back
spindle indexing, zero point) command while "STANDARD" is selected for "BACK SPINDLE"

causes an alarm to occur.

e Executing the M780 (back spindle indexing, zero point) command in any other mode than MDI
causes an alarm to occur.
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46.8 Workpiece conveyor start (M31)

This conveyor sends the products collected from the workpiece chute, to the outside of the machine.

| Command format |
M31

The workpiece conveyor operates for 14 seconds.

e The M31 command is valid only when the workpiece conveyor switch operates intermittently.

e The M31 command is included in M34 command.

MAINTE.

e To set the time for operating the workpiece conveyor, press the Maintenance key , press

the menu keys [PARAM], [PMCMNT], and [TIMER] in the order, then change variable for T24
to 15000. The timer is set to 15 seconds.

46.9 Knock-out advance/retract (M10, M11)

The back spindle knock-out device advances or retracts.

| Command format |

M10 Knock-out advance
M11 Knock-out retract

| Command format |

e Knock-out advance (M10)
The knock-out advance (M10) command allows the knock-out to be advanced by the air
cylinder.

e Knock-out retract (M11)
The knock-out advance (M11) command allows the knock-out to be retracted by the air cylinder.




A220PL Command Codes

e If the back chuck is closed or the back spindle is rotating, the knock-out advance/retract
(M10/M11) command causes an alarm to occur.

e Adjusting the speed controller of the air cylinder allows the speed of the knock-out
advance/retract to be adjusted.

Speed controller of M10

Speed controller of M11

o If the knock-out pipe fails to work correctly during knock-out process due to jammed workpiece
or others, the "Knock-out Overload" alarm occurs. For restting the alarm, see <5.5.11
Restoration from Other Alarms> in the Maintenance Manual.
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4.6.10 Gang tool post retract (M151)

Retract the gang tool post to the return point. Only the X1 axis is moved.

| Command format |

M151 Gang tool post retract

Description

g g O O O |©
@ @ Return position of
— gang tool post
l T ! T |
- — T
: S 1§ O O |© [© (s5L-40) 5
] s s s sl :
! tos  (ros| (o4 o3| (o2 |To1[ Tig) g o
— — ey RV — — o N =) C)
» /y} | o9 o8 o7
51
e ™ (487 . 9
= T\ asf1.771]_ as : 35 52 29 24 4[0.16 g g CDJE‘
(:gg) f - 367 =~ [1.387 2.057 o?gﬁ 0987 T0.987 10987 (1.4 10.947T 167 = § I @
g2 o g vy
~ 3/ ) : Dx
53
Qz:;-. (T )\
= T14{1 e
NPy N o
s ]2
_ll.2[0.087 (S5L-05) =
(SSL+326.5) L~ (ssls2220)
s 326 [12.83] 1.5 [0.06]
329 [12.95']
Y axis stroke
D—0 0

e Specify M151 (Retract gang tool post) command in $1. Specifying M151 command in $2 causes
an alarm to occur.

e When the X1 axis belongs to axis control group No. 2 ($2), issuing M151 (Retract gang tool
post) command causes an alarm to occur.
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4.6.11 Thread Cutting and Chamfering ON/OFF (M204, M205)

With conventional method, the chamfering function can be turned on or off by selecting No. 6 of
Operator's panel screen. You can specify it by using the program M code.

| Command format |

M204 Thread Cutting and Chamfering ON
M205 Thread Cutting and Chamfering OFF

Description

Turning on by selecting No. 6 Turning off by selecting No. 6
of Operator's panel screen. of Operator's panel screen.
7 J
---------------- > e

Specifying M code turns on or off the chamfering function regardless of setting on No. 6 of
Operator's panel screen.

M205 T

é_ M6xP1.0
2.0

M11xP1.0
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| Sample program |

M3 S1=800

T300

M205 ..o Thread cutting and chamfering OFF
G04 Ul.0

G50 W-2.0

GO X8.0 Z-2.0 T3

G92 X5.5 712.0 F1.0

X5.06

GO X12.0 Z-2.0
G50 W2.0
M204 ..o Thread cutting and chamfering ON

M3 S1=800

T300

G50 W-2.0

GO X13.0 Z13.0 T3

G92 X10.56 720.0 FO.1
X10.26

GO X13.0

See also <5.8.3 Threading with G92>.



A220PL Command Codes

4.6.12 Interference Check Function (M88, M89)

The interference check function checks position data set as machining data and machine structure
data to prevent machine parts such as the tool post, back headstock, and product separation parts
from interfering with other parts or workpieces as possible. This function raises an alarm if it
detects an interference.

The interference check function is turned on when the power supply is turned on.

The interference check is disabled if you either specify the "INT.CHK CAN" on Operator's panel
screen or include the interference check disable command in the program. If you run the machine
with this function off, therefore, check all the relevant parts in advance and use extreme care. You
should enable the interference check function in all the processes to which the function is available.

| Command format |

M88 Disable interference check
M89 Enable interference check

o The interference check function assumes the typical settings for use under standard conditions.
Note, therefore, that the function cannot check interferences when the machine is used under
special conditions.

o The interference area cannot be set correctly if a improper holder or settings have been selected.

e If you run the machine with this function disabled by the program, check all the relevant parts in
advance and use extreme care.

e Even when the back spindle is being used in the basket collection mode, the interference check
applies to the basket.
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4.7 S Functions (S codes)

The S functions specified in the following formats are called speed functions. The S functions are
used to specify the speeds of the main spindle and the back spindle.

| Command format |

S1=0000 Main spindle  five-digit command
$2=0000 Back spindle  five-digit command

The speed of the main spindle, opposite tool spindle and back spindle are calculated using the
following formula. The result is rounded off to a whole number.

N: Speed in rpm (min™)
N= L 1,000 V: Cutting speed in m/min [inch/min]
D D: Material diameter in mm [inch] or hole diameter
(in the case of drilling)
m: Circular constant (approx. 3.14)

Main spindle | 100~8,000min™"
Back spindle  |400~8,000min™"

Do not specify SI5 | and S2= | in the same block.
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4.8 | (Exclamation) Function (Queuing Code)

To synchronize multiple axis control groups with each other, specify this function to place an axis
control group's program in the queuing state while the operation of another axis control group's
program is in progress.

| Command format |
] Multi-axis control group queuing

Arguments

!+ Specify the axis control group number (1 or 2) of an axis control group which enters the queuing
state while the operation of another axis control group is in progress.

L: Queuing ID number (0 to 799, 900 to 999)

| Sample program |

oononOan

$1 $2

. <___—__J———--'--"-}!l L1
12 L1 .

12 1.2 1112

. <%__—_—J——————> 1113
12 13 .

12 L4 1 L4
M56

G999 G999
N999 N999
Mo2 Mo2

If a wrong queuing number is specified, the operation is unable to proceed because the program
remains in the queuing state.
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Product Code

Document Code
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A220PL Sample Programming [Basic]

Program Structure

| Command format |

Program number oOoOonoan

Axis control group number $1 $2
Sequence number NOOOOO NOOOO
Product count M56

Last program execution command G999 G999
Sequence number N999 N999

One cycle stop MO2 M02

Stop code % %

Description

The program number attached at the beginning of the program helps identify the program. The
available numbers are from 00001 to 08999.

A single program for the A20 machine can contain programs for two axis control groups. The contained
programs must therefore be identified by different axis control group numbers ($1 and $2).

Adding a sequence number to the beginning of each process makes it easy to check the program.
Sequence numbers are only reference numbers excluding N999. You can omit sequence
numbers except N999 because they have no effect on machining.

Each sequence number consists of the letter "N" followed by a number of up to five digits,
ranging from N00001 to N99999 (except N999). Only one-digit sequence number such as "N1"
can also be specified.

You can assign sequence numbers in many ways. For example, using the following format for
assignment makes it easy to confirm the machining sequence of each process and the tool used
in the process.

NOOO0O0O

Tool number

Machining sequence

To specify the first process using tool No. 03, for example, assign a sequence number of
"N00103".

The product count command, M56, counts the number of products only during continuous
automatic operation.

Include the M56 command in either of the axis control group $1 and $2 programs.

Note that if the M56 command is included in both of the $1 and $2 programs, two products are
counted in one cycle.

G999 must be included in each of the axis control group programs as the last program execution
command. The machining pattern specified immediately after G999 is performed after queuing
of each axis control group operation.

The automatic queuing is performed by G999 specified in each axis control group program.

N999 must be followed by the last program.

Each axis control group program must end up with the one cycle stop command (M02) and the
stop code (%).
(Stop code is automatically entered after normal program entering.)
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5.1.1

Program structure chart

This machine allows you to program any machining process for execution after defining the axis
control group ($1 or $2). Therefore, you can make your program vary depending on machining

pattern.

The cut-off process shall be programmed in a program of the axis control group 1.

After G999 (last program command), enter the task you want to execute last in either axis
control group. The task will be executed and the machining operation ended by N999

($1 and $2).

After N999, be sure to enter the fixed pattern.

Qeeooo

$1

$2

Preparation process

Neeoeoeo

Neeooe®

Machinin

g process

Process

sequence

Neeooeo

Neeooeo

v Machinin

g process

v

v

Neeooeo

v Neeooeo

Cut-off process

A

, (M56)

A\ 4

G999

G999

Last program

N999
Mo02
%

N999
Mo2
%

OamN

1 cycle
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A220PL Sample Programming [Basic]

Guidelines for Designing a Machining Program

Be sure to enter the center hole drilling operations such as center drilling, drilling, tapping, and
boring before outer diameter cutting.

Cutting of the outer diameter is usually done at one time. If there is groove in the outer diameter
cutting portion, cut each groove individually with a grooving tool then resume the outer
diameter cutting.

A cycle is ended by cutting a workpiece with the cut-off tool.

When your workpiece requires back machining, a cycle does not necessarily end with the
cutting of the workpiece with the cut-off tool since the process varies depending on the
machining pattern and designed machining sequence.

The cut-off tool must be mounted in TO1 for cut-off machining.
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5.2 Preparation Processes

The preparation process sets up conditions needed for the cycle and starts the machine.

X® )
A Guide bushing
Chuck

. Start point /
VY M T W/B 7

7 R SR G 7/ 227

L 1

Description

e As shown above, the program starts when the preceding cut-off process ends and the Z axis
returns to its home position.

e Give a program number at the beginning of the program.
e Set up conditions.

Whether to specify feedrates in mm/min [inch/min] (G98)
or mm/rev [inch/rev] (G99).
Where to set the home point of the longitudinal (Z-axis) direction (usually at Z0)

e Start the machine.

1. Close the chuck.
2. Move the material —0.5 mm [0.02"] in the longitudinal (Z axis) direction.
3. Start the main spindle.

o [f the back machining is required, additionally set up conditions for back spindle.



| Sample program |

G50 70

Cut-off tool

This point is set as Z=0.

X=-3.0 /

A220PL Sample Programming [Basic]

Goo X ]z-0.5

T Cut-off tool

N

AN

05

Description

0.5

e Set the machining start position in the diametrical direction in advance so that the cut-off tool is
positioned 1.5 mm down from the center at the start of the program, or at the position of X=-3.0

in diameter.

(The X-axis value depends on the cut-off machining end position set as machining data.)

e In the same way, set the start position in the longitudinal direction so that the distance for
longitudinal move required for the machining can be kept.
(The value of Z axis varies depending on the machining length specified in the machining data.)

e After positioning the X and Z axes, bring the material in contact with the cut-off tool and start

the program.

e Move the material backward and move the cut-off tool to the position of the material diameter +
1 mm. (The position changes depending on the machining data.)

Sample program

o100

$1

$2

G50 Z|

MO6
M09

Goo X ]z-0.5
M3 S15__ ] G99

Machining process

Specify the program number.
Specify each axis control group number.

Set the coordinate system of the current position (machining
start position) for each axis control group.

Close the chuck.

Material change OFF

Move the cut-off tool. Generally, specify —0.5 mm in the
longitudinal direction.

Specify the main spindle (Z1-axis side) speed and forward
rotation. The back spindle (Z2-axis side) command is M23
S2={ | Specify the per rotation feed. To specify the per
minute feed, enter G98.
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5.3 Machining Process

Outer diameter cutting includes front turning, rear turning, and grooving processes.

é - ——( Zl %ﬁ
/ ) . ——- LY ‘
Programmed point i —> B I N —>

05 - 18l e Programmed point

Description

e Position the front turning tool as shown above. Specify a travel through the machining length.

¢ As with the cut-off tool, consider the cutting tool width of the rear turning tool. Since the actual
cutting point is to the left of the programmed point, the specified coordinate must be Z=¢ plus
cutting tool width a; otherwise, rear turning would be too short.
Therefore, adjust the programmed point to Z=/+a if the desired cutting point is represented by

Z=L.

e Take care also of the grooving tool cutting tool width.

Front turning tool Cut-off tool Rear turning tool Grooving tool

\ VA FN N\

Programmed point  Cutting point pProgrammed  Cutting point  Programmed Cutting point Programmed point
= cutting point point point = cutting point

e When using rear turning and grooving tools, add the cutting tool width to the longitudinal
coordinate value. It is a good idea to write down cutting tool widths in the tool layout chart.

e At the end of outer diameter cutting, be sure to move the tool to the waiting point away from the
workpiece periphery.
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Front turning process

| Outline of machining |

| Sample program |

*1
*2
*3

*4
*5

. X @ x® 0
*3 - *4 /4\4
/f >
- -
v L
] N7
Z 1
O--21\z® & ——\z@ 8- |-T——\20
0.5 5 7
TOODODO .., Select a front turning tool T[___|.
GO0 X5.8 Z-0.5 oo Position the tool at the specified point.
GO1 X8.0 75.0 F[___ ] eveerrenne. Cut the workpiece to a taper of 5.0 mm in the longitudinal
direction.
Z12.0 o Cut the workpiece 12.0 mm in the longitudinal direction.

X11.0 F [:] .............................. Move the tool to the waiting point at the cutting feedrate.



A220PL Sample Programming [Basic]

5.3.2 Rear turning process

| Outline of machining |

x® XD
12
<—>l * A
2 17
0.5 10 2.0 w @
|, Z
o || |
sl N N NN S \zo
o 10 |5
©
S
| Sample program |
*1 TOOODO .. Select a rear turning tool T |,
*2 GO0 X11.0 Z12.0 ccevieeerieeerennene Position the tool at 12 mm = 10 mm (longitudinal dimension) + 2
mm (cutting tool width).
*3 GOl X8.0 F[:j ........................ Make an in-feed to a diameter of 8 mm.
*4  717.0 F[:I .............................. Cut the workpiece to a longitudinal dimension of 17 mm.
*5 0 X11.0 [ ] o Move the tool to the waiting point at the cutting feedrate.

*1 70000 .. Select a rear turning tool T(:]

G50 W=2.0 .o Specify a rear turning tool coordinate system shift in the
longitudinal direction.

This command does not move the machine in the longitudinal
direction.

*2 GO0 X11.0 Z10.0

*3 GOl X8.0 F___ |
*4  715.0 F___ |
*5 X11.0 F__ |

G50 W2.0 oo Cancel the coordinate system shift in the longitudinal direction.
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5.3.3 Grooving process

Grooving is generally performed using a grooving tool after outer diameter cutting.

| Outline of machining |

*2
X @ *4
Y
ZRA
> 3
3
o o
| € —- §t—s+N—+2®
S| 8 =
Y
12
This hatched area is grooved.
0.1~0.2mm
— -

If grooving is to be performed after front turning, prior machining to a longitudinal dimension of no
more than 0.1 to 0.2 mm should be performed at the time of front turning. In the grooving process,
use the grooving tool to groove and finish the workpiece to the exact longitudinal dimension. With

this method, correct longitudinal dimensions can be easily achieved.

| Sample program |

*1 TOOODO ..o Select a grooving tool "ﬂ::]

*2 GO0 X11.0 Z12.0 .eeeeeereereennen, Position the tool at 12 mm = 10 mm (longitudinal dimension) + 2
mm (cutting tool width).

*3 GO1 X6.0 F__ | oo Make an in-feed to a diameter of 6.0 mm.

* X11.0 FL ] e Move the tool to the waiting point at the cutting feed rate.
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5.3.4 Dirilling process

The center of the sleeve holder is positioned to the center of material by TCICICI] command.

| Outline of machining |

Guide bushing

—_ [ SIS |
=

Programmed point '\ __ & /\ =
\ v 7
|7 A I

| Sample program |

T1200

GO 7-0.5

G99 G1 Z4.0 F0.05 T12
GO Z-1.0 TO

As shown in the figure above, the drill contacts the material end face at the position Z=0.

Therefore, usually move the workpiece backward to Z=—0.5, then select the tool.

%},

Pz

1y

To replace a tool after drill machining, be sure to move the drilling tool from the material end face.
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5.4 Center Hole Machining
5.4.1 Spindle speed

When using a center drill or a drill, calculate the spindle speed (N) in min™ using the following
formula:

Spindle Speed (min™)

Cutting speed (m/min)

Drill diameter (mm)

(maximum diameter of machined taper using a center drill)
n:  Circular constant (approx. 3.14)

£ <z

\Y
N= d > 1,000

5.4.2 Programmed point and cutting point (positioning)

The programmed point of the center drill or drill is positioned in relation to the holder as follows:

For example, position the drill at the workpiece center through a tool change (selection) command
as follows:

| Outline of machining |

Guide bushing

0.5
s
Programmed point i
\ |4 4

/‘\v

if

Z0
| Sample program |
L1 OO Select tool T[],
GO0 Z—-0.5 oot Move the end face of material by 0.5 mm.

} Machining process
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5.4.3 Center machining

| Outline of machining |

0.5
Guide bushing <=
) |2 g 1

()&W _ » (&\\W Y . (
e

| Sample program |

$1 $2
M3 SI=[ | Rotate the spindle in the forward
direction.
GBO0 .ot Free pattern G600 ........ Free pattern
(machining pattern cancel) (machining pattern
cancel)
1) I Selecttool T| |,
GO0 Z-0.5 .o Move the end face of the material
by 0.5 mm.
GOl z5.0 |1 ... Perform the center machining of
5 mm in depth, and input the
offset.
GO0 Z—0.5 TOO ..cooecerrrcennen Return to the former position in
rapid feed, and cancel the offset.
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5.5 Deep Hole Drilling

Number and amounts of in-feeds

-feed £n (mm)

Material Tool First Second and subsequent
Brass Woodruff drill, | Whole length

flat drill
Aluminum, Twisted drill 4=2d X 3.0 £,=0y 1 % 0.6 (mm) 2d x 1 (mm)
free-cutting steel Minimum in-feed @d x 1 (mm)
Tool steel, Twisted drill Li=ad X 2.5 £y =0y 1% 0.5 (mm) @d x 0.9 (mm)
carbonate-steel, Minimum in-feed d x 0.9 (mm)
free-cutting
stainless steel
Stainless steel, Twisted drill £;=2dX2.0 £,=0y_; % 0.4 (mm) =d x 0.8 (mm)
hard-cutting Minimum in-feed @d x 0.8 (mm)
material

e Before drilling, be sure to perform center hole machining.
In the case of deep hole machining, as the drill goes deeper, coolant application and cuttings
removal become less satisfactory.
Scuffing on the drill as caused by the material could cause a defect on the drill.
Therefore, use several, rather than a single, in-feeds. This is called stepping.
See the table above for the number and amounts of in-feeds.

e The drilling depth must be the effective length plus a dimension determined considering the
cutting edge length.
Cutting edge length /=0.3xad

N
& “\\?E 3
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| Outline of machining |

Material: Free-cutting steel

- 05
<y
15 (First) _
24 (Second)
30 (Third) o

Example of in-feed calculation
First li=25x3= 150

o
Second by=4y 1 x0.6 i9.0 £+ 40,4+ 45=30.0

"
Third l3=1031%x0.6=54~6.0

| Sample program |

Machining process

A\ 4 A4
$1 $2
M3 S1=l ], Rotate the spindle in the forward direction.
11 Select tool T ||
GO0 Z-0.5 oot Move the end face of the material by 0.5 mm.
GO1 715.0 FO.1 T . First in-feed and the offset input
GO0 Z-0.5 .o Return the drill to the former position.
GO4 UD.5 e, Dwell (0.5 seconds)
Z14.5 e Position the machine for the second in-feed.
GOl 724.0 FO.1 .o Second in-feed
GO0 Z-0.5 e Return the drill to the former position.
GO4 UD.5 e, Dwell (0.5 seconds)
Z23.5 s Position the machine for the third in-feed.
GOl 7Z30.0 FO.1 .o Third in-feed
GO0 Z-0.5 TOO ..ccocvvevrrerereeieeinnen Return the drill to the former position. Cancel tool

offset.
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5.6 Machining with Tap and Die

| Outline of machining |

Position the tap and die as shown below before starting machining.

%—4 Guide bushing
[

T ). o A&,
R IR
Ji éLl

r<—

=0 Z=0

The shift amount " &' " for the die is set at "¢+1mm".

(¢: Effective length of thread)
Machining with a tap Machining with a die

Description

e Usually, the shift amount "a" set when the tap is mounted on the holder is to be about 3 mm. If
the tap may interfere with the workpiece or gang tools, set the tool with a shift amount of 10 to
30 mm.

The shift amount must be considered in the program.

e The standard rotation speed for the tap and die machining is 300 to 1,000 min™".
Following table is approximate criteria for spindle speeds.

Material Nominal Diameter Spindle Speed (min™")
Non-ferrous Ml to M3 600 to 1000
materials M4 to M6 400 to 800
M7 to M10 200 to 600
Ferrous materials M1 to M3 400 to 800
M4 to M6 200 to 600
M7 to to 400

e The drilling hole for tapping must be as deeper as possible. Normally, drill the hole deeper than
the thread length, by the length three times the lead or by the length equal to the tap nominal
diameter.

o The dwell time before the tap is extracted is calculated using the following formula:

L: Lead (mm)
02x/¢ N: Spindle speed (min‘l)
x 1000 Effective length of thread (mm)
Dwell time (s)

L2 TXN/60

b
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5.7 Tapping

(Machining for M6 P = 1.0)

| Outline of machining | | Sample program |
Guide bushing

(a) 3.0 MO03 S1=300 Specifies a spindle speed of
/ forward rotation.
G04 U0.5 Makes the machine dwell for 0.5
m
== - \j second so that stable rotation will
be reached.
T1300 Selects tool T13.

G00 Z2.0 TOO Positions the tap 1 mm from the
workpiece end face rapidly
(shift a—1.0).

p==
: T
b 4

D>

© 20
™ G32 719.0 F0.8 Advances the tap at the feed rate

for pitch P x 0.8. The feed is 80%
of the threaded length 4.
(Z=¢%0.8+a, F=Px0.8)

o

&5
o {

1

Z0 F1.0 Mo4 Retracts the tap to the position of 3
mm (b) from the workpiece end
face at the feed rate, giving a
reverse rotation command and a
speed at the same time. (Offset
cancel)
(Z=a-3.0)

—
D
o2
w
o

G04 U2.0 Waits until the tap is removed.
(Usually, specify U2.0.)

GO0 Z-0.5 TOO Rapidly retracts the tap to the
position shown at left to prepare
for the next process.

MO3 S 1=[:] Specifies a spindle speed of
forward rotation for the next
process.

Eﬁ%

o
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5.8 Threading with Tool

Threading is generally performed in a G92 threading canned cycle. However, special threading can
also be performed by a command in a G32 block. Only threading with G92 is explained here.

5.8.1 Programmed point and cutting point

Threading tools are right-handed or left-handed. The two types should be used for different
purposes. Their shifts are also different.

Generally, use a right-handed threading tool for front turning and a left-handed threading tool for

rear turning.
20 20
[310.0 tool
Cutting Fio_i{‘t_ —~\ .//- Programmed point  Cutting point ~ ./ f Programmed point
i N
L

Shift (@ mm) Shift (a mm)

Write a program with a shift of the programmed point + a.
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5.8.2 G92 threading canned cycle

Perform threading with a tool in the following cycle:

| Outline of machining |

T

*1 Initial point
Guide bushing

4

2L 'L
1

*2

2L ’L
I

*4
I
1 |7
= (F”?L
L
?
*3
o]
[
—
o
_ L
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5.8.3 Threading with G92

| Machining sample |

M6P=1.0 Threading (right-handed) on nonferrous material

[ Outline of machining |
Gox_ [z |F |

Thread lead: L (1.0 mm)
Effective length: Za (4.0 mm)

l, a 20 Guide bushing Tool shift: a (7.0 mm)
In-feed: Xn
L (1.0) N Start point /\% * Section with unequal crest
b Values in parentheses are
it ) programming examples.
M6 - - - z
AAA/
Program zero point L
Z<—
*2L Za *L
| Sample program |
MO3 S1=1500 ...ccoceirevirrinicinenens Specifies forward spindle rotation at 1500 min™.
TO300 ..oiiiiiiiiereccceeree Selects the T03 tool.
GO4 UL.0 i Makes the machine dwell for 1.0 second until stable rotation will be
reached.-
GO0 X8.0 75.0 T J.cooornnns Positions the tool bit at the initial point (Z=a—2L).
G92 X5.5 712.0 F1.0 ..cceeeenee First in-feed X, 0.25)(Z=a+ZatL) (L)
X5.06 .o Second in-feed (X, 0.22)
XA LB oot Third in-feed (X; 0.13)
XA LT e Fourth in-feed (X, 0.05)
XE.T7 e Zero cut (same as the last in-feed)
GOO X 17 T Moves the machine to the initial point for the next process, and cancels

- threading canned cycle.

e For in-feeds, see the table in <Section 10.2 Thread Cutting Count with Tool>.

o If the G92 command contains EOB code (;), the program runs with the modal of the preceding
block.

692 x11.02  JF__;

X10.0;

X9.0;

; (Threading at X9.0)
; (Threading at X9.0)

o[ |
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Description

e The spindle speed is limited as follows:

N: Spindle speed
L: Thread lead
12,000: Maximum feedrate

12,000 (mm/min)
L (mm)

N(min™) <

e The spindle speed for general threading is 500 to 2000 min™".

e At the beginning and end of threading, unequal crests are generated because of lags involved in
the servo system. This inequality can be reduced by lowering the spindle speed on the
assumption that the lead at the spindle speed of 1500 min™ is about 2L at the beginning and is
about L at the end.

e Select right-handed or left-handed threading by selecting the correct Z-axis start position or
selecting the correct direction of spindle rotation (and using the forward or reverse rotation tool
bit).

o The thread can be chamfered (to make overcuts on thread surface) in 0.1L steps in the range
from 0.IL to 12.7L at the pitch of 0.1 by specifying a parameter (data No. 5130). See <the
FANUC Operator's Manual>.

e Chamfering on/off can be switched at No. 6 of Operator's panel screen, or by entering M codes
M204 and M205.
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5.8.4 (G92 taper threading canned cycle

The following taper threading can be performed:

| Outline of machining |

62X JzZL JR[r]F__]

Thread lead: L

v Effective length: Za
20 _ _ Tool shift: a
Q a Guide bushing Gradient: r

—
1

2L Za L

- * S~ % * Section with unequal crest
X
° PR r
r \/A—

Taper threading is also performed in a cycle of ¥1—*2 to *3—*4—*1. However, the coordinate
reference point at step *3 is always assumed.

The sign of the gradient r indicates the direction from the end point to the start point.

| Sample program |

S[:] ......................... Specifies spindle rotation in the forward or reverse direction
at lmin".

L1 I oo Selects a threading tool.

GO4 UL.0 e Makes the machine dwell for 1.0 second so that stable rotation will be
reached.

GO0 X ZDT[:] .......... Positions the tool to the initial point.

X (thread diameter + 2L), Z (a-2L)

G2 Xk JRFAF ... First in-feed X (thread diameter —2 x in-feed,)
Z (a+Za+tL), R (—gradient), F(L)
X(X2) e Second in-feed X (X,—2 x in-feed,)
X(X3) o, Third in-feed X (X,-2 x in-feed;)
) 0.5 J Zero cut with diameter X;
GOO X M ] . Moves the tool to the initial point for the next process
(threading cycle off).

e For in-feeds, see the table in <Section 10.2 Thread Cutting Count with Tool>.

e Ifthe G92 command contains EOB code (;), the program runs with the modal of the preceding
block. :

Go2 x11.0 2 JF__ ;

X10.0;

X9.0;

; (Treading at X9.0)
; (Treading at X9.0)
o[
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5.9 Boring (Coordinate System Shift)

The center line of the boring tool corresponds to the center line of the nominal cutting diameter.
This means that the actual cutting point is deviated by the tool radius. The program must contain a
scheme to eliminate this deviation.

| Outline of machining |

X
A Guide bushing

W_“ Program zero point
- : - 4= \ - -
e 1 —

Program zero point

Description

Position the boring tool as shown above, then shift the tool by the cutting tool radius. Then shift the
tool in diameter direction. This compensates for the deviation equal to the cutting tool radius, thus
facilitates coordinate value calculations. For this purpose, use the following commands:

Taoooo

G50 U |

GO0 XO zO 1OO

Move the tool away from the end face of the material after completing the boring.
Specifying a tool selecting command without moving the tool away from the end face causes an
interference between the material and the tool. It is dangerous.
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5.9.1 Boring Tool Signs

The signs of coordinates when using the boring tool are as shown in the figure below.

O)

Guide bushing

O=-—F =

Sleeve holder viewed from operator side
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5.9.2 Diameter direction coordinate system shift and shift cancel

Coordinate system shift G50 U5.0 (if the cutting tool diameter is @5)

For boring, insert a coordinate system shift command to facilitate coordinate value calculations. For
this purpose, include a G50 coordinate system setup command in the program as shown above:

The value 5.0 following the address U comes from the diameter (@5 mm) of the boring tool.
Therefore, if a 6 mm diameter boring tool is used, the coordinate system shift command must be
G50U6.0.

Coordinate system shift cancel G50 U-5.0 (if the cutting tool diameter is @5 mm)

Be sure to cancel the coordinate system shift when the boring tool have moved to the position far
away from the workpiece end face as shown above:

The value —5.0 indicates the shift of 5.0 is to be canceled.

The above shift and cancel are in the diameter direction which is used for boring and other
machining. In addition, there are longitudinal coordinate system shifts and cancels which are used
for rear turning and cut-off tools.

Coordinate system shifts and cancels for rear turning are explained in the next subsection.



A220PL Sample Programming [Basic]

5.9.3 Longitudinal coordinate system shift and shift cancel

Since machining with a rear turning tool bit involves a shift of the cutting point in relation to the
programmed point, the addition of the cutting tool width in the longitudinal (Z axis) direction is
required in the program.

The programming explained below allows the entry of dimensions on the drawing without the
addition of the cutting tool width in the machining program.

| Outline of machining |

Z0
Material:  C3604 (Brass)
Diameter: 210.0
% T06
AW *3 TO4
A
o — [ = R I
Q/ ‘8 | %
Ve
Z .T05 4.0 | 10
| B E—
3 7 30
B o
% TQG * TOS5 *2
T04
g
]
2 =~
Coordinate system shift G50 W-3.0 (if the cutting tool width is 3 mm)

Coordinate system shift cancel G50 W3.0 (if the cutting tool width is 3 mm)

Idea: The sign is determined according to whether the programmed point is positive or
negative with respect to the cutting point.

| Sample program |

............................. Specifies a rear turning tool coordinate system shift in the longitudinal
direction.
GO0 X11.0 Z20.0 ..ccoovverneee Positions the machine rapidly
(to the point calculated with the shift included).
GO1 X8.0 F[__ .. Cuts the workpiece in the diameter direction.
230.5 F__ oo Cuts the workpiece to 30 mm + 0.5 mm in the longitudinal direction.
X11.0 FO.2 orrrerieceereenees Moves the tool away from the workpiece periphery.
............................... Cancels the coordinate system shift.

This command does not move the machine in the longitudinal direction, but
will do when the next Z command is encountered.
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5.9.4 Diameter/longitudinal direction coordinate system shift and shift cancel

| Outline of machining]

Z0
Material:  S45C (structural carbon steel)
TO1 Diameter: 216.0 x 8.0 (pipe material)
(3) TO1
(1) T12

T02

10 12
50

#%/\? ﬁt’\\ D

T2 — 25 (2) T02

.

Sample program

This program example does not contain product separation.
For product separation, see the program example in the section covering program separation.

Preparation process
o ]

$1 $2
G50 7]

MO6
G600 X17.0 Z-0.5 G999

MO3 S1s{ ] G99 N999

M02

N

Boring process
NO122 T1200

G50 U5.0..ccceiiiiers Boring coordinate system shift (direction of diameter)
GO X10.0 z-0.5 7|

G01 710.0 F[___]
X7.0 ]

GO0 Z-0.5
G50 U=5.0.c.ccoimmiiiiirircrernen, Boring coordinate system shift cancel (direction of diameter)
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Rear turning process

N0202 T0200

................................ Rear turning coordinate system shift (longitudinal direction).
600 X17.0 z38.0 T |

GOl X12.0 F[ ]
750.1 ]

X17.0 F0.2
G50 W3. 01 Rear turning coordinate system shift cancel (longitudinal direction).

Cut-off process

N0304 T0100

GO0 X17.0 z52.0 T |
GOl X13.0 FO0.2

X7.0 ]

X=3.0 F[ Joooieeeennns This can be rapid feed because pipe material cut-off operation has been
completed.

MO5

MO7

GO0 Z0 TOO

M56

G999

N999

Mo2

Q
%

e When T11’s (front drilling) is called in the program, the coordinate system shift in the diameter
direction is automatically cancelled.
Note that the coordinate system shift in the longitudinal direction remains modal.

e When T31’s or T51’s (back drilling) is called in the program, the coordinate system shifts both
in the diameter and longitudinal directions are automatically cancelled.

e Note that, if one or more of T0O1 to T09 (gang and rotary tools) are called in the program, the
coordinate system shift in the longitudinal direction remains modal.
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6.1 Tool Position Offset

This function compensates for the difference between actually machined dimensions and
dimensions on the drawing. Coordinates on the program need not be changed. If a difference is
entered in advance, dimensions are automatically corrected. Before this automatic correction can be
made, an instrument for giving the difference must be provided.

| Command format |

Tool selection and offset specification at the same time: TOOOO (4 digits)
Tool selection and offset specification at the same time: TOO (2 digits)

Description

e Anoffset command T | is given with a two-digit number.

-TOOOQO (4 digits):
Tool selection and offset specification (only for the diameter direction) are given at the
same time.
The first two digits are a tool number and the last two digits are an offset number.

-TOO (2 digits):
When the tool has already been selected, this format is used to give or change an offset
value without changing the tool. (Generally, the two-digit format is used.)

e Actual offset values are entered by the machine operator. The programmer gives offset numbers
at places where coordinate correction seems necessary on the program. Generally, the following
positions require an offset:

— At the time of tool selection and positioning
— At each step
— At the beginning of longitudinal feed for end-face drilling or tapping

e The current offset remains in effect until the next tool selection command or another tool offset
command comes.

e Any offset can be canceled by a T00. Cancellation is needed when:

— The machine returns to the start point because cutting-off is completed.
— The machine returns in the longitudinal direction after end-face drilling or tapping.

e Offset values are modal.
e The available offset numbers are 01 to 32. 33 through 49 are optional.

e When a TOIOOO (4-digit) command is given, the machine moves to the position calculated
with the offset value included (only in the diameter direction).

If a TOO (2-digit) command is given, the offset will be in effect when the next X|:| and
Z|:] command is given.
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6.1.1 Examples of offset specification

Outer diameter machining

| Outline of machining |

Guide bushing
§
I 1 O
' 1 g
' 1 g
1 1 Q
] 1 /l
f 1
f 1
Tos - ~
. 2| 8 -
- 8 + - E
/ i Q
e

5 Co.5 /
15

| /]

| Sample program |

NO112 T0200

GO0 X4.0 Z-0.5 TO] ....ccceeene. An offset command is given in a block which brings the tool close to the
workpiece at the rapid feed rate
(an offset for the dimension of a 6.0 mm diameter).

GO1 X6.0 Z0.5 F0.03

715.0

X7.0 [TOZ .cooiiiiiiiiccinne If steps are involved, an offset is specified for each step.
(an offset for the dimension of an 8.0 mm diameter)

X8.0 715.5

122.0

Assumes that offset values of TO1 and T02 on Z axis are the same.

If not, chamfering angle of the next block may get out of position. In some cases, it is required to
enter the offset value of T02 in the preceding block, and add Z-axis offset T03 in the block

containing Z22.0.
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Face drilling (with a drill or tap)

| Outline of machining |

0.5 Guide bushing
v A
—_—
NN A
K A -_]
Va
| Sample program |

N0323 T1300

GO0 Z-0.5

GOl Z15.0 F0.08 [T13.............. Specifies offset value to correct the drill depth.

GO0 Z-0.5 [TOQ| c.cvveieerrrrnnn. Offset cancel (required at the time of return)
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Cutting-off

|_Outline of machining |

Guide bushing

W)

- > -— 220

] N —

| Sample program |

N0401 TO100

GO0 X21.0 Z22.0 [T0]].............. The product length is decided by the Z axis direction offset.
G650

12 L1

GOl X-3.0 F0.02

G600

M05

MO7

GO0 Z0 |TOO| ...eeveeneeveneeeenierecnes Offset cancel

Always specify this command to return the spindle to the start position.

If it is not specified, the position in the longitudinal direction will shift in
every workpiece separation, and it finally causes a Z axis over-travel
error.

M56
G999
N999
Mo2

o
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6.2 Automatic Bar Feeder

When removing the residual material or supplying material using the automatic bar feeder unit, the
following process must be inserted between the cut-off process and the ending process.

6.2.1

M108 (Material change using an argument)

Using an argument with the M code allows you to change material without writing program.

| Command format |

mios UL Jc Jo I8 IS Jw___JF__ A JRC I ]

U:

C:

D:

Positioning point for deburring of residual material (in mm dia.). With no argument specified,
the positioning point is 4.0 mm.
Feedrate to position the deburring point (mm/min). With no argument specified, the feedrate
is 150.0 mm/min. Do not omit the decimal point.
Movement of Z axis for deburring (mm). With no argument specified, deburring is not
performed.
Movement of X axis for deburring (in mm dia.). With no argument specified, deburring is
not performed.
Spindle speed at withdrawing the residual material and inserting the material (min™'). With
no argument specified, the spindle speed is 300 min™". If the specified value exceeds 800
min~, the spindle speed is clamped at 800 min™".
Movement of spindle at withdrawing the residual material and inserting the material (mm).
With no argument specified, movement is 30 mm.
Feedrate at withdrawing the residual material and inserting the material (mm/rev). With no
argument specified, the feedrate is 3000.0 mm/min. Do not omit the decimal point.
Dwell time after the spindle is chucked (second). With no argument specified, the dwell time
is 3 seconds. Do not omit the decimal point.
Spindle rotation during material changing, undefined: stop, 1: rotate
Machining data: Feedrate at deburring of residual material (chamfering)

Feedrate at cutting the tip of new material (short-cut)

Rotation speed at deburring of residual material (chamfering)

Rotation speed at cutting the tip of new material (short-cut)
Dwell time after the coolant discharge is turned on (second). With no argument specified, the
dwell time is 3 seconds. Do not omit the decimal point.
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| Sample program 1 |

All arguments necessary are input.

Preparation process
M09

"

Machining process

TOLI00 e Cut-off tool

G01X-3.0 F0.02

G600

M08

MO8

/M108 U1.0 C150.0 D1.5 B3.0 S800 W30.0 F3000.0 A3.0 R1 T3.0
M09

MO5

MO7

GO0 X-3.0 Z0 TOO

M56

N

| Sample program 2 |

Chamfering of residual material is not performed.

M108 S800 W30.0 F3000.0 A3.0 R1 T3.0
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| M108 Material Change Flow |

1.

10.

11.
12.
13.

14.
15.

The material shortage signal is issued from the bar feeder unit.

. Cutting-off process is terminated at cutting-off end position in the machining data. ...Fig. (a)

2
3.
4

Read the program Material Exchange (M108).

. The tool moves to the position determined by (material outer diameter in the machining data +

positioning point for deburring a bar remnant specified by U argument) at the feedrate
specified by C argument (feedrate for positioning the deburring position). ...Fig. (b)

The spindle rotates at the specified by cut-off speed in machining data. If the B argument
(move distance of X axis for deburring) or D argument (move distance of Z axis for deburring)
is not specified, this step is skipped.

The main spindle (Z1 axis) advances the distance specified by D argument (move distance of Z
axis for deburring) at the speed specified by C argument (feedrate for positioning the
deburring position). If the B argument (move distance of X axis for deburring) or D argument
(move distance of Z axis for deburring) is not specified, this step is skipped. ...Fig. (c)

The machine executes the chamfering function for the bar remnant at the Cut-Off Feed in the
machining data, depending on the values of the D (move distance of Z axis for deburring) and
B arguments (move distance of X axis for deburring). If the B argument (move distance of X
axis for deburring) or D argument (move distance of Z axis for deburring) is not specified, this
step is skipped. ...Fig. (d)

Specify M53 (Coolant OFF) command.

If the command to rotate the main spindle during exchange (without R argument) is not
specified, the main spindle stops. If the command to rotate the main spindle during exchange
(with R argument) is specified, the S argument (the speed at which the main spindle rotates
when drawing the bar remnant and when supplying bars) is used as a spindle speed. If the S
argument is omitted, the default (800 min™) is used. If the specified value for S argument
exceeds 800, the speed is clamped at 800 min™".

The X1 axis retracts the distance specified by the B argument (move distance of X axis for
deburring), and the Z1 axis retracts the distance specified by the W argument (distance by
which the Z axis moves when drawing the bar remnant and when supplying bars), the bar
remnant is drawn from the finger chuck at the feedrate specified by the F argument (feed rate
at which the Z axis moves when drawing the bar remnant and when supplying bars). If the B
argument (move distance of X axis for deburring) or D argument (move distance of Z axis for
deburring) is not specified, only the Z1 axis retracts. ---Fig. (e)

Specify M54 (bar feeder stop) command.
The main spindle chuck opens (M7).

Specify the M55 (bar feeder start) command to exchange the bar stock.

(Move the bar remnant to the retract edge of the bar feeder, pull out the remnant bar from the
finger chuck, and insert the stock bar into the finger chuck. The bar feeder pushes the material
to the position specified by the bar feeder.) The exchange completion signal is sent from the
bar feeder to the machine (A220).

Close the main spindle chuck (M6).
Dwell time specified by the A argument (dwell after chuck).
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16.

17.
18.
19.

20.

21.
22.

Insert the material by the amount specified by the W argument (distance by which the Z axis
moves when drawing the bar remnant and when supplying bars), and move the main spindle
(Z1 axis) by the distance specified in CUT-OFF END of machining data at the feedrate
specified by F argument (feed rate at which the Z axis moves when drawing the bar remnant
and when supplying bars).

Turn the coolant ON (M52).
Dwells for the time specified by an argument T.

The spindle speed is changed according to the cutting-off speed specified in the machining
data.

Cutting-off is performed until the cutting-off end point reaches at the feedrate specified in the
machining data.

Load the material exchange program OFF (M9) program.

Terminates the Material Exchange (M108) command program.

Specify the M10 (Material Exchange) commandin $1. Specifying the M10 command in $2
causes an alarm to occur.

If you specify M108 (Mateial Exchange) with the Sample program 1, whole steps 1 through 21
are executed.

If you specify M108 (Mateial Exchange) with the Sample program 2, steps 5 through 7 and a
part of step 10 are skipped.

If you specify M108 (Mateial Exchange) with the Sample program 3, steps 5 through 7 and a
part of step 10 are skipped. However, S, W, F, A, and R arguments are executed with the default
value.

Chamfering is not performed unless arguments D and B are not specified.

If the specified value for S argument If the specified value for the S argument (the speed at
which the main spindle rotates when drawing the bar remnant and when supplying bars) exceeds
8007, the speed is clamped at 800 min™".

ACAUTION

Be sure to use M108 or M109 code to create a material change program (see <6.2.2
General-purpose Material Change Program>). If the material change program is created
by any other way, the machine may continue operation without changing material. It will
be very dangerous.
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| Material change flow |

Material change flow when cutting-off procedure is complete, change material using an automatic
bar feeder is performed in the following sequence illustrated. Chamfering of residual material can
be performed as needed.

G00x-3.0 20 TOO

Y

N NN 77
o e e — fi‘ —
= —T § —= e~ U -
/_%\ Limit switch or specified value
[;Q_:‘ e 0 (bar shortage signal on)
= F— ) Q
Go1X-30 " [ R
(Cut-off completion)

Perform chamfering of residual material (if necessary).
See (a) to (e) in the figure on the next page.

Chamfering is needed when the residual material is difficult to be withdrawn or may cause damage
on the guide bushing due to burrs generated.

W30.0 movement of spindle when extracted from guide bushing
= argumentW
Feedrate = argument F

pp———
Residual material Pushrod backward end
Finger chu—d(:etract —‘E%/ Draw material from finger chuck
== = p—t—— S = =

Remnant box

N\ o

Limit switch

Insert material into finger chuck
1 = B e s = —

Spindle rotates at low speed during material changing
(from retracting of pushrod to inserting of material) = argument R

]
T

Yo

e e e 0—-
‘ (W30.0 F0.5) A3.0 is dwell time after spindle chuck = argument A
Argument F MT W30.0 is a spindle return amoun = argument W
)
a Q_—T_! = 3 ¢ :}::_—_—F Q
- I I : T ! ] ) (l
)
= : =
| L —
\ F[__] is a feedrate of machining data.

G01x-3.0F0.02

L/
%

E:i_ 0 ( {— (___C:

) Q o ]

When the cutting-off tool is moved to GO1 X-3.0,
M108 program terminates and returns to the main program.
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| Chamfering of residual workpiece |

(a

T400 Guide bushing e When the step 2. is completed.

El: The spindle rotates at the cutting-off speed
!Elﬂ
1

specified in the machining data.

The tool moves upward to the position b) at
the feedrate specified by an argument C.

f

)
f

K/‘/\

1

e The tool moves to the position of material
outer diameter + value of argument U.

(b)

The position described above is not the tool
positioning point in the machining data.

If 0 is specified for argument U, the next
material is fed to the point where the tool
tip is positioned. So care must be taken.

(©) e 7 axis advances for the amount specified by an
argument D at the feedrate specified by an
argument C. (The material comes out from the
guide bushing.)

Argument U/2

I f
\//\

1

e Chamfering of residual material is ready.

A

i <}id~_v]ance Z

Argument D

N i
N .
N
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(d e The tool moves downward from point (A) to
(B), Z axis returns to the point specified by an
argument D. Then the chamfering of residual
material can be performed.

|
(L) e Movement is specified by an argument B for X
axis, by D for Z axis.
- (Select either axis as needed.)
/|
| B)—>

(Example) When an argument U = 1.0

Width Height D argument B argument
o 10mm 0364mm 14 2.8
? Height

1.5mm 0.546 mm 1.55 3.1
Va y 20mm 0728 mm 1.7 3.4
s k  In this setting chamfering of C0.5 on the
Width residual material is performed.
(e) e The tool moves to the position

of material diameter + U
argument value. At the same
time, the residual material is
‘T returned as specified by an
argument W at the feedrate
v > specified by an argument F.

A

Argument ~ )

u/2
[ ] {
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6.2.2 General-purpose Material Change Program (by user program)

M109 executes material change using the program, which is prepared by the user, as a subprogram.
M109 can be used in material change program only.

| Command format |
M109 QOIOOO

Q: Material change program number (numerics only)

Sample program

$1 $2
Preparation process
M09 —» 0000040 Material change program
d $1 $2 (prepared by user)
M03 S1=500 Spindle rotates forward at 500 min™
Machining process GOl X21.0 W-30.0 FO0.5 Withdraw material from the guide bushing,
and at the same time, escape tool to
material outer diameter.
J M53 Coolant off
Cutting-off process M05 Main spindle stop
GOl X-3.0 F___ ] M54 Turn off the machining torque of bar feeder
M08 Mo7 Main spindle chuck open
M08 M55 Material change command
/M109 QOOOO Mo6 Main spindle chuck close
M09 G04 U3.0 Dwell 3 seconds
MO5 M52 Coolant on
MO7 MO3 S1=500 Main spindle rotates forward at 500 min ™.
GO0 X-3.0 Z0 TOO GOl W30.0 FO.5 Insert material into guide bushing and move
. to the position where the tip is cut.
M56 MO3 S$1=2000 Spindle rotates forward at 2000 min™".
M02 M02 GO1 X-3.0 F0.02 Cut the material tip (short-cut).
% % M99 End of subprogram
%
L]
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The material change program shown above is an example. Change values as needed.
The program number must be 4 digits or less. Numbers 9000s cannot be used.

The M7 (Chuck Open) command is valid when the spindle speed is 800 min™ or slower.
Specifying the M7 command when the spindle speed exceeds 800 min™' causes an alarm to
occur.

The start and end points before and after of M109 command (material change program) must be
equal in the program. If the end point does not match the start point, an alarm may occur.

/1\ CAUTION

If the program pre-analysis function is enabled, do not use the subprogram (M98) to
create a material change program. Use general-purpose material change program
(M109) instead.

If the subprogram (M98) is used in the material change program, the program runs
without changing material. Be sure to specify M109 QOIOOO in the program.
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6.3 Subprograms

Suppose that the program contains fixed sequences or repeated patterns. If such sequences and
patterns are placed as subprograms in memory, the program can be written very easily.

Subprogram call from main program

| Sample program |

00001 00002
1 sz/ §1 52
M98 P0002 / v

GO0 X11.0 Z15.0 « M99 M99
v
M02 M02 M99 must be written in the last line.

Subprogram call pattern

The following rule must be observed when calling a subprogram:

M98 P0000 LO

Number of repetitions

Allowable range: Between 1 and 9

Number of repetitions
Allowable range: Between 0001 and 8999
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If the number of repetitions is omitted, the subprogram is called only once.
The subprogram can be repeated up to 9 times when it is called once.

The maximum nesting depth from the main program is 2.

Machining data is not supplied to subprograms.

The execution program group which is composed of the main program and subprograms is
restricted in capacity. Therefore, there may be restriction on the number of repeated subprogram
runs depending on the total program size.

If the program pre-analysis function is enabled, do not use the subprogram (M98) to create a
material change program. Use general-purpose material change program (M109) instead.

If the program pre-analysis function is enabled, do not create a program containing a
subprogram (M98) in which processes change at every cycle.

If the program pre-analysis function is enabled, too many M98 commands may cause the block
count over alarm to occur. The capacity for execution program groups is limited.
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Examples of using subprograms

| Machining layout |

172

2 T4

jrﬂ7

R (e

3-26

3T

T

l o
-
Y

20

14 14 17

\C1

C1

68

SUS303

| Sample program |

________________________

$2

G99

GO0 Z-0.5
MO3 S1=1800
G26

N0102 T0200

GO0 X11.0 Z-0.5 TO1

X7.0

GOl X11.0 z1.5 [ |

N0201 T0400

GO0 X11.0 Z21.0 T02

M98 P0O002 L3

-

N0304 T0100
GO0 X11.0 Z70.0

GOl X8.0 F0.015

X11.0 F0.2

W-1.5

X8.0 W1.5 F0.015
X-3.0

G25

Mo5

Mo7

GO0 X-3.0 Z0 TOO
M56

Mo2

)
%

&

Execute the subprogram
three times, then returns.

Mo2

o

(Free-cutting stainless steel)

VU

T

T2

T4

$1

$2

GO0 X11.0

GOl X6.0 F0.01
X11.0 F0.2
W-0.6

X9.8 W0.6 FO0.01
X11.0 FO.2

W0.6

X9.8 W-0.6 F0.01
X11.0 F0.2
W15.0

M99

[)
i

M99

o
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6.4 Spindle Speed Fluctuation Detection Function
(G25, G26, M94, M95, M96, M97)

This function issues an overheat alarm when the actual spindle speed becomes lower or higher than
the specified speed, thus preventing the guide bushing from burning.

[ Command format |

G26 Spindle speed fluctuation detection ON

G25 Spindle speed fluctuation detection OFF

or

M94 Back spindle speed fluctuation detection ON
M95 Back spindle speed fluctuation detection OFF
M95 Main spindle speed fluctuation detection ON
M96 Main spindle speed fluctuation detection OFF

Position of commands

e Place a block containing only G26 after the spindle speed command as follows:

MO3S1q |

G26
e Place a block containing only G25 before the spindle speed stop command as follows:

G25
MO5

Data setup

Default values for the threshold deviation and other quantities are assigned to parameters. They can
be changed on programs.

[Default] Parameter No.
p : 3000 3sec. (time thatelapses before checking starts)................. No.4914
q : 10 +10% (deviation within which checking will not start) ...... No.4911

r : 15 +15% (deviation beyond which an alarm is issued)............ No.4912
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Spindle speed fluctuation detection function is automatically enabled when running the
program.

Disable the spindle speed fluctuation detection function while the constant surface speed control
is executed.

Disable the spindle speed fluctuation detection function while the rigid tapping is executed.

To enable or disable the spindle speed fluctuation detection function, enter a command in $1 for
main spindle (S1) and in $2 for back spindle (S2).

The default values can be changed on programs in the form of:
G26 PpQq Rr EOB
This value cannot be changed with M94, M95, or M96.

The values set by the program will remain effective even when the power is turned off.
The values changed by program will be reflected at automatic operation.

Disable the spindle speed fluctuation detection function while the spindle rotates at 400min—1 or
slower, because the spindle speed becomes unstable.

Disable the spindle speed fluctuation detection function before changing the spindle rotation
direction (forward to reverse, vice versa). Change rotatio direction, then enable the spindle
speed fluctuation detection function.

If an alarm is issued, the machine will stop at the end of current block (single block stop). A
spindle overheat alarm is displayed on the CRT.

The G25 and G26 codes cannot be written in a block which contains another G code or an X or
Z coordinate value.

Disable the spindle speed fluctuation detection function during spindle synchronization control.
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6.5 Constant Surface Speed Control (Main and Back Spindle)

When the tool is fed into the workpiece in the diameter direction as in the process of cutting-off,
the diameter of the workpiece changes. This also causes changes in the surface speed (workpiece
speed relative to the tool). A command which specifies a surface speed can be used to read the tool
position in the control unit, calculate the spindle speed, and change the spindle speed.

G50 S | Q] Clamp value of maximum spindle speed.

G96 S1=

G97 S1=

This function prevents the spindle speed from increasing above this value
while control for constant surface speed is in use.

S: maximum spindle speed in min™' clamped

Q: minimum spindle speed in min™' clamped

Starts control for constant surface speed.
Si= (m/min) Surface speed of main spindle
S2= (m/min) Surface speed of back spindle

Cancels control for constant surface speed.

s1F ] (m/min)

Main spindle speed after constant surface speed control is canceled
S2= (m/min)

Back spindle speed after constant surface speed control is canceled

e Ifa G96 code is given without an S specification, the S value previously specified in G96 will

be in effect.

e Ifa G97 code is given without an S specification, the spindle will rotate at a speed calculated
from the surface speed specified in G96.

e A G50 data is valid only when G96 (control for constant surface speed) is in effect.

e While control for constant surface speed is in effect, four-digit tool selection command

(TOOOMO) cannot be issued.
If tool selection is required, issue a cancel command (G97), then issue a tool selection
command. :

While a G96 code.(control for constant surface speed) is in effect, a command to rotate another
spindle or change the speed of another spindle cannot be issued.

Such a command can be issued only after a G97 (canceling control for constant surface speed)
command is issued.

While control for constant surface speed is in effect, disable the spindle speed fluctuation
detection function.
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| Sample program |

00001

Preparation process

\A

Front turning process

2

Threading process

2

Other process

N5I1 TO100 ..ocoorreiirireererereneeens Selects a cut-off tool.

GO0 X12.0 z50.0 TOIO ............. Positions the cut-off tool positioning point in rapid feed.

G50 S5000] .....ccoevvererireceieerieine Command for the maximum clamp setting of the main spindle
(5000 min™")

................................... Get the main spindle controlled for constant surface speed (100 m/min.)
GO1 X-3.0 F0.02 ..coeoeverrrreccncnen Cutting-off

................................................. Cancel the main spindle from control for constant surface speed

Mo7

GO0 X-3.0 Z_ ] T00

M56
Mo2

o
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6.6 Tool Nose R Compensation

If the cutting tool tip is rounded, this radius causes errors between programmed shapes and actually
machined shapes during taper or circular cutting.

Given a radius value specified, the function for tool nose R offset calculates the error automatically
and compensates for the error. The direction of offset can be specified by the following codes:

| Command format |

G40 Nose R offset cancel
G41 Nose R offset left mode ON
G42 Nose R offset right mode ON

Nose R data must be given in advance as part of the tool data. Actually, <R> tool nose R value and
<TIP> virtual tool nose number are such data.

Virtual tool nose

e The virtual tool nose refers to the zero point in the figure below. It does not exist actually.

e When setting the tool in the holder, make sure that it is set as shown below.

Virtual tool nose number

e The direction of the virtual tool nose when viewed from the center of the cutting tool radius is
specified by the virtual tool nose number.

e The available virtual tool nose numbers are 0 to 9. Select a number according to the type of the
tool as follows:

Virtual tool nose numbers given to commonly used tools requiring tool nose R compensation

R R

{ Pointed tool Rear turning tool
Tool data Virtual tool nose No.8 Tooldata | Virtual tool nose No.3
<TIP> <TiP>
Tool data
<TIP>
m Boring tool R‘y Front turning tool

R)\ Virtual tool nose No.1 Virtual tool nose No.4
Tool data
<TIP>

[+]
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Basic pattern of G codes involving tool nose R offset

<TIP>
1
T21 T4 T2 T3
'\ *2 *3 *4
1 A
Boring tool ? | f
i i i
' ! !
T21 ' I
*1
<TIP> | |  ~7777 L

4 L __/1 H

Front turning tool *_:l _E: i _ 1
Machining direction
T4
G40 --—---—-—--——- -
<TiP> G41
8 G42-—-———
Pointed tool
T2
<TIP>
3
Rear turning too
N T3

e Be careful when positioning the machine in rapid feed or canceling tool nose R offset. In
general, move the tool away from the workpiece by at least the tool nose R.

e An alarm is issued when a prohibited G code is given while tool nose R offset is in progress.

e For such alarms, refer to <the instruction manual issued by FANUC, Ltd.>



[ Machining drawing |
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C0.5 C0.5
| \ /
° \
EIN: : : : : - =
g s
. /
y C0.2
B 6.0 - B 8.5 _ C0.5
= 345 o
| Machining layout |
Front turning throw
T2 away, with a tool
nose R0.2
“1 T2 2 T3 "3 T1

nose R0.2

T A
Rear turning throw
T3 away, with a tool

f
!

T Cutting-off

S
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| Sample program |

00300

$1

$2

G50 Z0

MO6

G99 GOO X15.0 Z-0.5 S1=2000 MO3

GOO0 ..o Free pattern

(machine pattern cancel)

N0102 T0200
GO0 X15.0 7Z-0.5 TO2

GO1 X4.05 F0.2 ...cceeeeeeenne Nose R offset right mode ON
X5.45 70.2 F0.03 ....coooecee Nose R offset left mode ON

6.0 F0.04

G04 U0.3

X10.0 F0.2

X15.0 Z8.5 F0.03

GO0 X16.0 TOO .....cceevneee. Nose R offset cancel
N0203 T0300

G50 W-3.0

GOO X15.0 Z23.5 TO3 ...... Nose R offset left mode ON

GOl X10.0 Z26.0 F0.03
X8.0 F0.015

734.0 F0.03

X6.8 Z34.6 F0.02

X15.0 FO0.2

GOO X16.0 T0O ...oooveeeverrenee Nose R offset cancel
G50 W3.0

N0304 T0100

G50 W-3.0

GOO X15.0 734.5 TOl

GOl X9.0 FO0.2

X-3.0 F0.03

G50 W3.0

MO5

MO7

GO0 Z0 TOO

M56

G999

N999

M02

N

G999
N999
Mo2

o

Free pattern
(machine pattern cancel)

This program does not contain a product separation program.
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6.7 Cut-off Tool Breakage Detection (M51)

After the cut-off process, the touch sensor mounted on the tool post detects a cut-off tool breakage
by sensing remaining workpiece.

/1\ CAUTION

In the block before the block containing M51, specify the X value so that the tool does
not contact with the material.

If any object exists in the portion under the tool nose of boring or center drilling tool
(shaded portion in the figure) between cut-off tool and the breakage sensor, the
workpiece may interfere with the tool when detecting the cut-off tool breakage.

In addition, the workpiece may interfere with the tool mounted to the sleeve holder
when detecting the cut-off tool breakage.

|

Tool nose / Tool nose
L

| Command format |

M51 X | W | F ] Cut-off tool breakage detection

X:

Position of X1 axis to move the tip of touch sensor. With this argument not specified, the X1
axis moves to the position —1.0. .
Specify X argument so that the tip of the touch sensor surely pushes the material diameter.

Move distance (incremental) of workpiece on Z1 axis. If this argument is omitted, the Z1 axis
does not move.

Feed rate (per minute, with decimal point) at touch sensor.
If this argument is omitted, the cut-off tool breakage detection device moves at the speed of
2000.0 mm/min. Be sure to specify the feed rate with decimal point.

| Detection method |

Cut-off Tool Breakage Detection (M51) is performed as follows:

1.

The tip of the touch sensor moves to the positioning point.

1-1. Call the touch sensor (the X1 and Y1 axes move), and position the device to the position
"outer diameter + tool positioning point" of the machining data (the X1 axis moves).

1-2. If the move distance (W argument) is specified for the workpiece (Z1 axis), the
workpiece (Z1 axis) moves at the same time when the X1 axis is positioned.

The touch sensor starts operating.

2-1. Detection by the touch sensor is enabled. The tip of the touch sensor moves down to the
detection point specified by X argument at the feed rate specified by F argument.

2-2. The tool post detects a cut-off tool breakage by sensing remaining workpiece. When the
workpiece contacts with the touch sensor, it is determined that the cut-off tool is broken
and an alarm is generated.



A220PL Sample Programming [Advanced]

3. The tip of the touch sensor moves to the positioning point.

3-1. The tip of the touch sensor moves to the position "outer diameter + tool positioning
point" of the machining data.

3-2. Ifthe workpiece (Z1 axis) has been moved by W argument in Step 1, the workpiece
goes back to the position before the M51 command is issued.

The machine moves to the sensing position automatically as commanded by M51.

See Figure 1 for the sensing position and Figure 2 for the position when viewed in the longitudinal
direction.

| Sample program 1 (with no argument specified) |

00007

G50 Z0

M06

G99

GO0 X13.0 Z-0.5 .o Moves tool to positioning point. (material diameter: z12)

MEL et Command (sequence of operations) to detect a cut-off tool
breakage.

M03 S1=2000

T1100

| Sample program 2 (with arguments specified) |

00007

G50 20

M06

G99

GO0 X13.0 Z-0.5 oo Moves tool to positioning point. (material diameter: z12)

Ms1 X[ ] W___ ] F2000.0 ... Command (sequence of operations) to detect a cut-off tool
breakage.
Specify X argument when changing the position to move the tip of
touch sensor.
Specify W argument if the workpiece length is short.
F2000.0 represents the feed rate.

M03 S1=2000

T1100
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. Tip of touch sensor

" Material outer diameter

. Position to move the tip of touch sensor
I specified by X argument

o Specify X argument so that the tip of the touch sensor surely pushes the material
diameter. In addition, it is recommended to move the touch sensor to the position
X=-1.0 to detect the remaining workpieces of various shape.

o If the workpiece is rather short, use M51 with W argument to advance the spindle to
the position at which the spindle hits on the sensor.
The advance amount varies depending on the touch sensor shift amount (4.0 mm
from the zero point) shown in Figure 2 in the next page, the workpiece length and the
cut-off width. Enter the value of the W argument according to the conditions.

* The W argument should be specified if the workpiece length is equal to or less
than 3.0 mm. However, the value is affected by the cut-off tool width.
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Specify M51 (cut-off tool breakage detection) in axis control group 1 ($1). If specified in $2, an
alarm occurs.

Touch sensor
© ©
IRINIRIRI
TYJT TLJT —T%%TOS%TM%TOS:I@:TM:]@%
T09 k‘:Igjos L%j::w

Figure 1
Cut-off tool
Guide bushing device
Machining point a4 []
\J
Shift amount
4.0mm

Touch sensor
(Sensor stroke: 10mm)

Figure 2
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6.8 Front/Back End-face Rigid Tapping (G84, G80)

This command controls the spindle motor in such a way to control a servo motor to compensate the
tapping spindle (Z1 axis or Z2 axis) and the spindle with each other for tapping.

This command also performs a phase adjustment (for main and back spindle only). Put a checkmark
on SYNC. TAPPING PHASING FUNCTION in Machine Structure screen. To enable this function,
turn off and then on the power of the operator panel.

This function is useful when you want to perform rigid tapping for deburring after performing rigid
tapping and other machining process.

/1\| CAUTION

Phase adjustment may reduce an accuracy a little.

| Command format |

Ga4 zW_ R JF__ b S Jo T JHl:
Front/back end-face rigid tapping

G80: Rigid tapping mode cancel

Z(W): Specify the end point of tapping.
(Incremental command used when W is specified)

R: Specify the distance from the Z-axis positioning point to the start point of synchronous
tapping.

F: Specify the thread pitch.

D+: Specify the direction in which the spindle is to rotate. Specify 1 to rotate the main spindle
forward. Specify 2 to rotate the back spindle forward. Specify 3 to rotate the tool spindle
forward.

S: Specify the speed.

Q: Tap pull-out override specification (%). Specify this argument if you want to make the tap
pull-out rate faster. The available values range from 100 to 200 in 10%. The default value
is 100.

To specify the Q argument, an option other than the rigid tap function (high-speed rigid
tap function) is required.

T: Specify the dwell time at the bottom of a hole in unit of 1/1000 sec. Do not omit the

decimal point.
If the argument is omitted, the program does not stop (no dwell).

H1: Argument for step machining. Does not specify G80 (rigid tapping mode cancel)
command at the end of G84 (front/back end-face rigid tapping) in macro program. If the
argument is omitted, specify this command before exiting from the rigid tapping mode.

Per-minute feed: Thread lead = Feed rate + Spindle speed

Per-rotation feed: Thread lead = Feed rate
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If no option for synchronous tapping function is specified, specifying G84 command (front/back
end-face rigid tapping) will cause an alarm to occur.

When the rotation direction of spindle (D argument) is +3, specifying G84 command (front/back
end-face rigid tapping) in axis control group 2 ($2) will cause an alarm to occur.

When the rotation direction of spindle (D argument) is +1, specifying G84 command (front/back
end-face rigid tapping) in axis control group 2 ($2) will cause an alarm to occur.

If the end point of tapping (argument Z or W) is not specified, an alarm will occur.

If any other value than +1, +2, or +3 is specified for the rotation direction of spindle (D
argument), an alarm will occur.

If the thread pitch (F argument) or speed (S argument) is not specified, an alarm will occur.

Disable the spindle speed fluctuation detection function while the main spindle (S1) or back
spindle (S2) is performing rigid tapping.

Be sure to stop the tool spindle before specifying the G84 command (front rigid tapping by tool
spindle).

Phase adjustment is unavailable in front rigid tapping by tool spindle (G84).

If the options for the high-speed rigid tap function are not set, the tap pull-out override (Q
argument) causes an alarm to occur at the front/back end face rigid tap (G84) command.

The tap pull-out override (Q argument) is rounded in 10%. If a value out of the available range
is specified, the Q argument is clumped to 100 or 200.

When the program pre-analysis function is enabled, issuing G84 (back end-face rigid tapping)
command from axis control group 1 ($1) causes an alarm to occur.

Reverse running of M84 (rigid tap) command is inhibited.



| Outline of machining |

Spindle forward rotation
Spindle stop

T,

Point a

V4 R
Point R

Initial point

A

Spindle stop — Spindle reverse rotation

Spindle stop Spindle stop

S

VA R

*3 —— *2  --o- *1

¥ 5 %5 ____, *6

| Sample program 1 |
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*1 Spindle stop state

*2 Rapid feed from the initial point
to the point R.

The spindle rotates in the forward
direction at the speed of

S[:] and tapping is
performed to the point a, then the
spindle stops.

*4 Dwell (only if specified)

*5 The spindle rotates in the reverse
direction at the speed of

S[:| and the Z axis moves to
the point R, then the spindle
stops.

*6 Rapid feed to the initial point.

<«--- Rapid feed
<«—— Cutting feed

A

M5

G0 Z-2.0 TOO

N223 T1300 ..oociiiriiicneeeeereeeee e Selects a tapping tool.

G84 75.0 R1.0 F0.5 D1 S500 ......coeueee. Rigid tapping command

GBO oo Rigid tapping cancel

M3 s1s[ |

s

| Sample program 2 |

M5

GO Z-2.0 TOO

N223 T1300 ..oooooeirrerereeecereeeeeeeneniens Selects a tapping tool.

G84 75.0 R1.0 FO0.5 D1 S500 HI .......... Rigid tapping command first step

G84 76.0 R1.0 F0.5 D1 S500 HI ... Rigid tapping command second step

G84 79.0 R1.0 F0.5 D1 S500 HI .......... Rigid tapping command (n—1)-th time
Rigid tapping command n-th time

(with H argument not specified)

GBO e Rigid tapping cancel
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6.9 Corner Chamfering/Rounding

This function enables you to program using the values for corner chamfering and rounding that are
written on the machining drawing.

| Command format |

With corner chamfering:

Gl X K
Gl Z I

With corner rounding:
e X IR ]

Coordinates of the corner
Value for corner chamfering (for X axis)
Value for corner chamfering (for Z axis)
Value for corner rounding

O == X X

| Sample program |

With corner chamfering:

Gl X1.0 Z1.0 o Coordinates of the previous corner

(G1) X5.0 (Z1.0) K(I)0.5 ..coenee... Coordinates of the new corner, and value for chamfering
(G1) (X5.0) Z10.0 weoveveeceerereeeiriene Coordinates of the next corner
KO0.5
(X5.0210.0)

(X5.021.0) &--——0

——————————————— °

(X1.0 21.0)
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With corner rounding:

Gl X1.0 Z1.0 e, Coordinates of the previous corner

(G1) X5.0 (Z1.0) RO.5 ..ococeveeeenee Coordinates of the new corner, and value for rounding
(G1) (X5.0) Z10.0 .oorervevrrrerrennes Coordinates of the next corner

(The value in parentheses can be omitted.)

(X5.0 Z1.0) o--- (X5.0210.0)

RO.5

(X1.021.0)

If both corner chamfering/rounding function and direct input of on-drawing dimensions function
are specified, those two functions cannot be performed together in the same program. Select either
of functions using parameters shown in the table below.

0 Corner chamfering/rounding
1 Input of on-drawing dimensions

No.3453

If the program contains either one only, or does not contain both functions, the parameter No. 3453
is invalid.
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6.10 Canned Drilling Cycle

This function simplifies the creation of machining programs. For example, when you want to repeat
deep-hole machining, you can perform the operation by executing only one block of the program.

| Command format |

With the drilling tool spindle in the Z-axis direction:

683 z(Ww) [ Jo P JF ]

With the drilling tool spindle in the X-axis direction:

G87 x(u__Ja__ Jpe JF |

Canned drilling cycle cancel

G80

Z(W): Z coordinate of the bottom of the hole

X(U): X coordinate of the bottom of the hole

Q: Infeed amount at a time (Z axis: 1 mm = 1000, X axis: Diameter 1 mm = 500) *
P: Dwell time at the bottom of the hole (1 second = 1000) *

F: Cutting feed rate

* For operation in units of sub-microns, multiply the value by 10.

W Parameter No. 5114:

The following shows the operation when parameter No. 5101 bit 2 is 0. The initial value is 1.

I
[
|
|
|

Positioning point \ 4 Rapid feed

Surface of workpiece

Value of Q argument

*

A Amount by which the drill moves

away for repositioning

Value of Q argument
(Parameter No. 5114)

O
-

= = > =

A <4— Cutting feed
|
|
1
|
|
|
:
|
|
i
|
|
|

Value of Q argument :
:
1

g Specified Z or X coordinate
/ (Bottom of hole)

Value of P argument: Dwell time at the bottom of the hole

Amount by which the drill moves away for repositidning. The initial value is 0.
(Z axis: 1 mm = 1.0, X axis: Diameter | mm = 0.5)
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W Deep hole drilling cycle
The following shows the operation when parameter No. 5101 bit 2 is 1. The initial value is 1.

1
Positioning point i

\ * - Rapid feed
K l ? : 4' : f <4— Cutting feed
Surface of workpiece ; o o
1 [ [ [ |
Value of Q argument i i ; i 1| !
4 T N
| |
: Pl /F Amount by which the drill moves
Value of Q argument ! b \}/ away for repositioning
vy —— (Parameter No. 5115)
~ T
Value of Q argument i
|
X | < Specified Z or X coordinate
/ (Bottom of hole)

Value of P argument: Dwell time at the bottom of the hole

Parameter No. 5115: Amount by which the drill moves away for repositioning. The default value is
0.5.
(Z axis: 1 mm = 1.0, X axis: Diameter 1 mm = 0.5)
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| Sample program |

With the drilling tool spindle in the Z-axis direction (G83)

When the depth of the hole is 20 mm and the infeed amount at a time is 2 mm, specify 0.5 second
as the dwell time at the bottom of the hole, and F0.04 as the cutting feed rate.

M3 S1=1000

G99 e Millimeters per revolution feed
(Millimeters per minute feed can be specified instead.)
GO Z-1.0 oo Move the workpiece to a safety position.
T2100 i Select a drilling tool.
GO Z-1.0 oo Position the drill in Z-axis direction.
G83 Z20.0 Q2000 P500 F0.04 ...... Canned drilling cycle
GBO o Canned drilling cycle cancel
G0 Z-1.0

Note) For the amount by which the drill moves away for repositioning, specify the value in
parameter No. 5114 or No. 5115 according to the data of bit 2 of parameter No. 5101.
For operation in units of sub-microns, multiply the values of Q and P arguments by 10.

With the drilling tool spindle in the X-axis direction (G87)

When the depth of the hole is 3 mm (material diameter 12.0 mm) and the infeed amount at a time is
1 mm, specify 0.5 second as the dwell time at the bottom of the hole, and F30 as the cutting feed

rate.

M80 S3=1000 ....cecevereeerririeceeeeeene Tool spindle speed

GI8 i Millimeters per minute feed

GO Z-1.0 oo Move the workpiece to a safety position.
(This operation is not necessary when calling the tool spindle does not
cause any interference.)

TI100 i Select a tool spindle.

GO XI3.0 e Positioning at cutting feed rate

G87 X6.0 Q500 P500 F30 ............. Canned drilling cycle

GBO i Canned drilling cycle cancel

GO X13.0 oo Move the tool away to a point of the material outer diameter + 1.0 mm.

Note) For the amount by which the drill moves away for repositioning, specify the value in
parameter No. 5114 or No. 5115 according to the data of bit 2 of parameter No. 5101.
For operation in units of sub-microns, multiply the values of Q and P arguments by 10.

e A dwell time cannot be specified for the positioning point.

e The program above is given as a sample, so specify machining conditions in consideration of the
actual material to be machined, etc.

e Select the axis control group by pressing the Menu selection keys B and B at the

bottom of LCD screen simultaneously, and enter the necessary parameter.
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6.11 Multiple Repetitive Cycle

This function simplifies the creation of machining programs. For example, the tool path for rough
machining in a middle process can be determined automatically by giving the information of only
the final workpiece form.

| Command format |

Rough outline machining cycle

671 R ]
671 P{ns | Q[nf ] UL IW___JF__Jst@ 1 ]
N[ns |

(Workpiece form) The final form is created as the tool moves A — A' — B in the
figure below. The commands to move the tool can be specified in
the blocks of the sequence numbers from ns to nf.

N nf ]

] : Infeed amount
Specify an unsigned value. The infeed direction is determined by the direction
from A to A'. (Radius specification) This specification is modal and valid until
the next value is specified. The infeed amount can also be specified in parameter
No. 5132. The parameter value varies depending on program specification.

R : Distance by which the tool moves away
This specification is modal and valid until the next value is specified. The
distance can also be specified in parameter No. 5133. The parameter value
varies depending on program specification.

P[E : Sequence number of the first one of the final form blocks
Q : Sequence number of the last one of the final form blocks
u : Tool's moving distance and direction for the finishing allowance in the X-axis

direction (diameter/radius specification)

W : Tool's moving distance and direction for the finishing allowance in the Z-axis
direction

Fsi(2)f  ]T7:
The F, S, and T functions specified in the blocks ns to nf are ignored during the
rough outline machining cycle. However, the F, S, and T functions specified in

the block including the G71 command are enabled.
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Final form

A

v

v . (F): Cutting feed
AU " (R): Rapid feed
'f‘ O
— A L

Finish machining cycle

When the G71, G72, and G73 commands are used for rough outline machining, they can also be
used for finish machining.

| Command format |

Grorl_ JQ ]

P: Sequence number of the first one of the final form blocks

Q: Sequence number of the last one of the final form blocks

e When the G70 command is executed, the F, S, and T functions that are specified in the blocks
including the G71, G72, or G73 command are ignored. However, the F, S, and T functions
specified in the blocks of the sequence numbers from P | to Q| | are enabled.

e When the finish machining cycle (G70) ends, the tool returns to the start point at the rapid feed
rate, and the specified CNC data is loaded into the next block of the finish machining cycle
(G70).

e Subprograms cannot be called from the blocks of the sequence numbers from P | to
Q that are used with the commands G70 to G73.

e When the program pre-analysis function is enabled, Type Il of G71 and G72 cannot be used. For
more information, refer to <the instruction manual issued by FANUC, Ltd.>
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| Sample program |

Rough outline machining cycle (G71) and finish machining cycle (G70)

For example, use these commands to perform rough machining for part of a workpiece as shown
below and finish machining. (Material diameter 12.0)

(X13.0212.0)

Cutting direction
I (X9.5212.0)
(X8.0210.0)

(X7.0 210.0)

(X5.0 Z3.0)

(X2.0 20) (X2.023.0)

Examples of machining conditions
Ad (infeed amount) : 1.0 (mm) (2 mm for the diameter)
e (Distance by which the tool moves away) : 0.5 (mm) (1 mm for the diameter)

Au (finishing allowance in the X-axis direction) : 0.1 (mm) (Finishing allowance of 0.1 mm for
the diameter is left.)

Aw (finishing allowance in the Z-axis direction) : —0.05 (The sign is changed depending on the
cutting direction. A negative value is specified
for the cutting direction in this example.)

ns (sequence number of the first block of the finish machining program) : 1000
nf (sequence number of the last block of the finish machining program) : 2000
f (feed rate for rough machining) :0.1

s (spindle speed for rough machining) : 2000

t (offset number for rough machining) : 13
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M3 S1=1000

G99

G0 X13.0 Z-1.0

G71 U1.0 RO.5

G71 P1000 Q2000 UO.1 W-0.05 F0.1 S1=2000 T13}
N1000 GO X2.0 T12

Gl Z3.0 F0.02

X5.0

X700 Z7 00 ettt e et Finish machining program
710.0 F0.05

X8.0

X9.5 712.0 F0.03

N2000 713.0 F0.02

G70 P1000 Q2000 ...cooerueierierereereriireeeesie e e Finish machining cycle
GO X13.0 TO

................. Rough outline machining cycle

e The program above is given as a sample, so specify machining conditions in consideration of the
actual material to be machined, etc.

e For further explanation such as notes, see <the instruction manual issued by FANUC, Ltd.>
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6.12 Direct Input of On-drawing Dimensions

This function simplifies the creation of machining programs. For example, you can use values such
as angles of lines, chamfering, and corner rounding that are written on a machining drawing when
programming. Some information of the function is given in <Section 6.9 Corner
Chamfering/Rounding>. The following explains other functions:

[ Command format |

Input of an angle

(Example) Calculate the next coordinate from a given X coordinate and angle.

(X2 Z2)

(X1 21)

Suppose that the tool is now at the coordinates (X;, Z).

61 %]

When the value of Z, is not entered and only the angle A; is entered, the value of Z; is calculated
for the tool to move.

When the value of Z, is known but X, is unknown, the following is determined:

1 7],

A : Angle
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When the tool path consists of consecutive slanting lines:

(Example)

(X3 Z3)

(X121)

Suppose that the tool is now at the coordinates (X, Z1).
61 XX, , or6l 77|,
(G1) X, or (G1) Z, (The value in parentheses can be omitted.)

When R connects the different lines and different lines of an angle

(Example)

(X1 21)

Suppose that the tool is now at the coordinates (Xi, Z;).
Gl X X, |, AA ], RIR | orGl 2] Z, |, AA |, RR,]

(G1) X, or (G1) Z, (The value in parentheses can be omitted.)




| Sample program |
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R0.7
\ (.220, 0)
RO.5
R
c05\ _ R08 f
o2 <
olw [32] —_ f— J— —
- ASS
o
s0 | ———
\

Gl X0 Z0 F0.02
X3.0, CO0.5

Z5.0, RO.8

X5.0

715.0, A5.0, RO.5
X10.0, A70.0, RO.7
720.0

15.0 Q{
2

e The program above is given as a sample, so specify machining conditions in consideration of the
actual material to be machined, etc.

e For further explanation such as notes, see <the instruction manual issued by FANUC, Ltd.>

e If both corner chamfering/rounding function and direct input of on-drawing dimensions function
are specified, those two functions cannot be performed together in the same program. Select
either of functions using parameters shown in the table below.

0

Corner chamfering/rounding

No.3453

1

Input of on-drawing dimensions

If the program contains either one only, or does not contain both functions, the parameter No.

3453 is invalid.

o The input of on-drawing dimensions is disabled while the program pre-analysis function is

enabled.
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6.13 Continuous Threading

Use this function to cut special screw thread which changes in lead or geometry while thread
cutting is in progress. Thread cutting is performed while synchronization with the spindle is
controlled by means of connection of the changes. Unlike the G92 command, the G32 command
does not provide a canned cycle, so it does not return the tool to thread cutting start point.

| Command format |
TN e
X(U) Z(W) F

(Consecutive coordinates (X, Z) and pitches can be specified.)

| Sample program |

45°

P0.4
P0.3
| (8 (s
a o o
o |0 |o
20 Z23.0 Z50

This program is an example of machining a workpiece into a form as shown above. An outline
cutting tool for front turning is used to finish-machine the top end of the workpiece into this form.
Thread cutting is performed twice: the first infeed amount is 0.4 mm in the diameter, the second
one is 0.2 mm in the diameter, and the final thread cutting is finished at 45°.
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00001

M3 S1=800

G99

T200

GO X6.5 Z-1.0 T2 .cocvverirrennn The tool is positioned to the thread cutting start point.

X4.43 3
G32 X5.1 73.0 FO0.3
X5.4 75.0 FO.4

X6.5 75.55 Specify a thread cutting cycle in the program because the continuous
GO Z-1.0 ? threading function does not provide a canned cycle. Thread cutting

X4.23

G32 X4.9 73.0 FO.3
X5.2 75.0 F0.4
X6.5 7Z5.65 J

is repeated twice in this program. If the thread cutting count
increases, subprograms should be used.

GO X6.5 Z-1.0 TO .ocvevveeerranranns The tool returns to the thread cutting start point.

“»
When machining a workpiece into a generally threaded form, you can also use this function to
change the amount of infeed or the angle of final thread cutting.

If screw thread changes in lead or geometry consecutively at very short intervals, the workpiece
may not be machined correctly into the specified form.

The program above is given as a sample, so specify machining conditions in consideration of the
actual material to be machined, etc.
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6.14 Threading (G32)

This function performs thread cutting by controlling the feed and the phase of main spindle rotation.
Use this function to perform a straight and equal pitch screw thread curring and tapered thread
cutting.

This function is effective for thread cutting to the part of smaller diameter (machined in back
turning process), which cannot be performed by the canned threading cycle. G32 command is used
in G92 (canned threading cycle).

| Command format |

ez x_ Ju_ 7 Je_ D Ja_ ]

e X | (Y ) : Specify the infeed position.
(U: incremental command)

o 7 | (W ) : Specify the threading end position in longitudinal direction.
(W: incremental command)

o F[__]: Specify the pitch (lead) in longitudinal direction.

e Q_]: Specify the shift angle at the start of threading (between 0.001 and 360.000°), if
needed.

Q is used for multi-lead threading. Decimal point is not allowed, for example, specify 90000 for
90.0°. See <6.17 Multi-thread Cutting> for details.

| Sample program |

T300

GO X20.0 75.5 T3
Gl X14.696 FO.1
G32 X9.5 W1.5 F1.5
715.0

U5.196 W1.5

G0 Z5.5

Cutting direction

/

X14.336 M10x 1.5
G32 X9.14 W1.5 F1.5 $12.0
715.0 - - -
U5.196 W1.5
GO 5.5

5.0 10.0

Repeat infeed cutting to complete threading.
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e G32 comamnd is canceled when GO or G1 command is issued. To return the main spindle from
the threading end position to threading start position, specify GO or G1 at the top of every
coordinate command.

e (32 is not a canned cycle, therefore, perform thread cutting by repeating the cycle (infeed —
thread cutting — outfeed — return to threading start position) to finish threading. Use of the
subprogram is recommended to simplify the program description.
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6.15 Longitudinal Cut-Off Cycle (G75) — Option

The longitudinal cut-off is a canned cycle which automatically performs grooving in outer diameter
direction of workpieces by specifying the grooving end position, infeed amount, tool shift amount,
and move distance of tool at fillet.

| Command format |

675 R(1)
675 X 1z P Jo__JR@ ]

Arguments

R(1) : Specify the return amount for every step.

X[ |: Specify the grooving end position of X axis.

Zl ]: Specify the grooving end position of Z axis.
P[:: Specify the infeed amount (steps) for every step.
Q[::I: Specify the tool shift amount.

R(2) : Specify the move distance of Z axis at fillet.

Fl:]: Specify the cutting feed rate.
(If omitted, the feed rate used in previous cycle is used.)

| Sample program |

(1) T200 et Call the tool.

(2) GO X20.0 Z7.0 T2 wooceircnreeree e seeie e eeeae Position to the grooving position (start position of
canned cycle)

(3) G75 RO.L2Z ittt e ne Specify the return amount for every step.

(4) G75 X10.0 Z15.0 P2.0 Q2.5 RO FO.1 ......... Perform grooving to the fillet position X10.0, Z15.0:
X direction: 2 mm at every step (P2.0)
Z direction: Grooving 2.5 mm at every step
Z axis: Does not move (R0)

(5) GO X20.0 TO .ooveereerierieiesanesrereeeeveseeeneeenrenne Move the tool away (including canned cycle cancel)

point)

R(1)

R (2) X, 2
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| Sample program for rough grooving to outer diameter |

T300

GO X18.0 73.0 T3
G75 RO.2

G75 X5.0 P1.5 F0.08
GO X18.0 TO

.

o Position the tool to the threading start point before specifying the cycle command.

e If Z and P arguments are omitted or 0 is specified, only the X axis moves.

o If the value of P argument is larger than the hole depth, step operation is not performed.
o The followings will conditios cause an alarm to occur.

The Z argument is specified, but the P argument is omitted or 0 is specified.
The value for P argument is larger than groove width.

The value for R(2) argument is larger than that for Q argument.

The value for R(1) argument is larger than that for P argument.

e The canned cycle is canceled when 01 group of G code (GO0, G1, G2, or G3) is specified.
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6.16 Link-Thread Machining

With a machine equipped with guide bushing, if the thread length in Z direction is longer than the
hold length of inner diameter of guide bushing, the workpiece becomes apart from the guide
bushing when it returns to the thread positioning point. Thus, the machining is discontinued. In
such a case, repeat a cycle of "outer diameter turning to thread cutting" several times to link the
thread to subsequent threads. It enables thread cutting in Y direction without being broken.

This function performs thread cutting by controlling the feed and the phase of main spindle rotation.

Using this function enables link-thread cutting by specifying the link position in the same Z

direction.

| Sample program |

Hold lenth of guide bushing inner diameter: 25.0 mm

Material diameter: 220.0 mm
Shift amount for thread cutting: 1.5 mm
M12 x pitch 1.5

) “ G

) Vi ® /V ®)

50.0




T300 (Front turning (1))

GO X21.0 Z2-0.5 T3

X9.0 FO.1

Gl X12.0 Z1.0 F0.05
719.0 FO.1

X18.0

X21.0 W1.5

T400 (Thread cutting (2))

G50 W-1.5

GO X21.0 Z-1.5 T4

M98 POOO7 ..cceeceevieeieeeeeenes
GO X21.0 Z-1.5 TO

G50 W1.5

T300 (Front turning (3))

GO X21.0 718.0 T3

X14.0 FO0.1

G3 X12.0 Z19.0 R1.0 F0.05
733.0 F0.1

X18.0

X21.0 W1.5

T400 (Thread cutting (4))

G50 W-1.5

GO X21.0 712.0 T4 .............
M98 P0007

GO X21.0 Z12.0 TO

G50 W1.5

T300 (Front turning (5))

GO X21.0 732.0 T3

X14.0 F0.1

G3 X12.0 Z33.0 R1.0 FO0.05
Z47.0 FO0.1

X18.0

X21.0 W1.5

T400 (Thread cutting (6))

G50 W-1.5

GO X21.0 Z25.5 T4

M98 PO0O7 ...oveeeeereeerreeeene
GO X21.0 Z25.5 70

G50 W1.5
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To Subprogram

Z: Distance from the first threading position
multiple of pitches

First threading position Z—1.5 to
Z12.013.5mm

15.0 + 1.5=9 Divided out

To Subprogram

Subprogram

00007

GO X16.496

G32 X11.3 W1.5 F1.5
W15.0 (*)

U5.196 W1.5

GO W-18.0

X15.996

G32 X10.8 W1.5 F1.5
W15.0

U5.196 W1.5

GO W-18.0

X15.676

G32 X10.48 W1.5 F1.5
W15.0

U5.196 W1.5

GO W-18.0

X15.476

G32 X10.28 W1.5 F1.5
W15.0

U5.196 W1.5

GO W-18.0

X15.356

G32 X10.16 W1.5 F1.5
Wi5.0

U5.196 W1.5

GO W-18.0

X15.256

G32 X10.06 W1.5 F1.5
W15.0

U5.196 W1.5

GO W-18.0

X15.256

G32 X10.06 W1.5 F1.5
W15.0

U5.196 W1.5

GO W-18.0

M99
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The program is an example for the reference. Specify an appropriate depth of cut and the cutting
condition, according to the workpiece and the tool.

Specify the thread length so that the workpiece will not be apart from the guide bushing. Note
that the length to be held by the guide bushing depends on the material diameter.

Be sure to deburr from the workpiece diameter at the end of front turning. If the burr is
remained, the workiece cannot be returned into the guide bushing. It may cause an accident and
the pitch may be shifted.

Determine the Z coordinate position to connect the second and the subsequent screws by
calculating the distance (the first threading point + multiple of pitch). The length of thread
cutting (shown by (*) in the sample program) must be a multiple of pitch. If these values are
inaccurate, a pitch shift may occur.

If the chuck opens during thread cutting, the shift phase of thread occurs and it causes
link-thread cutting to fail. Be sure to perform link-thread cutting within one chuck.
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. 6.17 Multi-thread Cutting

Multi-thread screw

Generally used screw is called as a single-thread screw, which has a spiral in one pitch, and
advances only one pitch per one revolution. With the single-thread screw, the lead (distance per one
rotation) is equal to the pitch. In contrary, the screw that has two or three spirals within one lead is
called multi-thread screw. The lead of multi-thread screw becomes multiple of (number of threads

x pitch).

Pitch x Number of threads = Lead
Pitch 0.75 x double-thread screw = Lead 1.5

Single-thread screw Double-thread screw

Two spirals are
«— | contained in one
lead

—>He Pitch = Lead Pitch ;

Lead

| Sample program |

The G32 command performs thread cutting by controlling the feed and the phase of main spindle
rotation.

The position of spindle rotation direction where the infeed starts with G32 command is always the
same. Define this position (angle) as 0°. If the infeed of first thread starts from 0°, start the infeed
of second thread from the position shifted by 180°. This can make the multi-thread screw.

* See <6.14 Threading (G32)> for command format.

Material outer diameter: 220.0 mm
Thread shift amount: 1.5 mm
Machining of double-thread screw of M12 x Pitch 0.75 (Lead = 1.5)
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Front turning process

T300 (Multi-thread cutting)
G50 W-1.5

GO X21.0 2-3.0 T3
X14.0

M98 PO077 ..occevvvrveeereen To Subprogram 1

GO X14.0 Z-3.0

MI8 PO777 oo To Subprogram 2

G0 X21.0 Z-3.0 TO
G50 W1.5

Subprogram 1

00077

GO X11.76

G32 W15.0 F1.5 QO
U5.196 W1.5 F1.5
GO W-16.5

GO X11.56

G32 W15.0 F1.5 Q0
U5.196 W1.5 F1.5
GO W-16.5

GO X11.36

G32 W15.0 F1.5 QO
U5.196 W1.5 F1.5
GO W-16.5

G0 X11.2

G32 W15.0 F1.5 QO
U5.196 W1.5 F1.5
GO W-16.5

GO X11.1

G32 W15.0 F1.5 QO
U5.196 W1.5 F1.5
GO W-16.5

GO X11.1

G32 W15.0 F1.5 QO
U5.196 W1.5 F1.5
GO W-16.5

M99

Subprogram 2

00077

GO X11.76

G32 W15.0 F1.5 Q180000
U5.196 W1.5 F1.5

GO W-16.5

GO X11.56

G32 W15.0 F1.5 Q180000
U5.196 W1.5 F1.5

GO W-16.5

GO X11.36

G32 W15.0 F1.5 Q180000
U5.196 W1.5 F1.5

GO W-16.5

GO X11.2

G32 W15.0 F1.5 Q180000
U5.196 W1.5 F1.5

GO W-16.5

GO X11.1

G32 W15.0 F1.5 Q180000
U5.196 W1.5 F1.5

GO W-16.5

GO X11.1

G32 W15.0 F1.5 Q180000
U5.196 W1.5 F1.5

GO W-16.5

M99

By applying this program, change the infeed start angle to make triple- or quad-thread screw.
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e The program is an example for the reference. Specify an appropriate depth of cut and the cutting
condition, according to the workpiece and the tool.

¢ Specify the thread length so that the workpiece will not be apart from the guide bushing.

e Be sure to deburr from the workpiece diameter at the end of front turning. If the burr is
remained, the workiece cannot be returned into the guide bushing. It may cause an accident and
the pitch may be shifted.

o If the chuck opens during thread cutting, the shift phase of thread occurs and it causes
multi-thread cutting to fail. Be sure to perform multi-thread cutting within one chuck.

e Consider the lead angle to perform high-lead threading, and select an appropriate tool.
e For the high-lead threading, specify the cutting condition not to exceed the maximum feedrate.

e While the program pre-analysis function is enabled, multi-thread cutting is disabled.
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6.18 Custom Macro

This function enables the use of variables, operation instructions, and conditional branch
instructions with which you can create highly versatile programs.

Description

Variables

A variable is something that can contain numeric values. For example, when you want to assign the
value 12.0 to #500 which is a variable, specify the following in the program:
#500=12.0

This assignment changes #500 to 12.0. When you specify the following after the previous
specification, the tool moves to X12.0 at the rapid feed rate:
GO0 X#500
Similarly, when you specify the following, the tool moves to X10.0 at the rapid feed rate:
#500=10.0
GO X#500

Types of variables

Variables are classified into four types by variable number.

Variable number Type of variable Function

#0 Always null This variable is always null, and a value cannot be
assigned to it.

#1 to #33 Local variable These variables can be used individually, and operation
results are to be loaded into them. When the power is
turned off, the value assigned to each local variable is
nullified. When the macro is called, the argument is

assigned.
#100 to #149 Common variable These variables can be commonly used for different
#500 to #531 programs. When the power is turned off, the values

assigned to the variables #100 to #149 are nullified.
However, the values assigned to the variables #500 to
#531 are retained even when the power is turned off.

#1000 to System variable These variables are used for reading/writing various CNC
data such as the current position and tool offset.

Variable range:

The values of local variables and common variables can be used in the range below.

-10"to -107%
0
+107% to +10%

P/S alarm (No. 111) is issued when operation results are outside the range above.
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Omission of a decimal point:

A decimal point can be omitted when the value to be assign to a variable is defined in a program.
Example: When #1=123; is defined, #1 is 123.000.

Formula:

Operations can be performed by using variables.
[Example 1]

#500=10.0
#501=20.0
#503=#500+#501

The formula above explains that the value 30.0 is assigned to #503.
[Example 2]

#500=30.0
#501=sin[#500]

The formula above explains that the value 0.5 is assigned to #501.
Use units of degrees to specify angles in trigonometric functions.
The following shows some operation instructions:

Sum #i=#j + #k

Difference #i = #j - #k

Product #i = #j * #k (Use an asterisk * as a multiplication sign.)

Quotient #i = #] / #k (Use a slash / as a division sign.)

Sine #i = sin[#]]

Cosine #i = cos[#]]

Tangent #i = tan[#]]

Square root of #i = SQRT[#j] (The value of  #j is assigned to #i.)
(@, j, and k: Given integers)
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Branching and repetition

You can change a program flow by specifying GO TO statements or IF statements in the program.
They are typical statements for changing a program flow.

e Unconditional branching
The program branches to sequence number n. The sequence number ranges from 1 to 99999.

GO TO n (n: sequence number)
n can be a variable.

[Example]
N1 «-——
Returns unconditionally.

GOTO 10 —]

Be careful that control does not enter the infinite loop because it unconditionally jumps.
¢ Conditional branch

When the conditional expression is satisfied, the program branches to the sequence number n.
When it is not satisfied, the next block is executed.

[Example]
When #500 is greater than 10, the program branches to the sequence number 2.

IF [#500 GT 10] GOTO 2 —
G0 X12.0 = - When the condition is not satisfied

— When the condition is satisfied:

N2 G0 Z10.0 =
G1X5.0

Operators

An operator consists of two alphabetic characters that determine the condition of a conditional
expression. (GT is an operator in the example above.)

Operators Meaning
EQ Equal =)
NE Not equal )
GT Greater than )
GE Equal to or greater than =)
LT Smaller than =
LE Equal to or smaller than 69)]




| Sample program |

C0.50rC1.0
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Material diameter: 25 to 12

20.0 ~ 30.0

Create a versatile program to machine workpieces in different diameters or lengths as shown above.
(See the note in the next page for how to enter brackets [ ].)

00001 ettt r e s Program number
$1 $2
F500 = 6.0 weoeeeereereceeee et Specify the material diameter.
#501 = 25.0 oo Specify the workpiece length.
#502 = 0.5 oo Specify the value for chamfering.
#503 = 1.5 e Specify the width of a cut-off tool.
G50 Z-0.1
M6
G99

GO X[#500 + 1.0] Z-0.6

M3 S1=1500
M34

GO 70 T3

Gl X-0.5 F0.03

X[#500 — #502*2-1.0] Z-0.5 FO0.2
X[#500 + 1.0] Z[#502 + 0.5] F0.03

GO X[#500 + 1.0] Z[#501 + #503] T11 ...

M320

Gl X-0.5 F0.05
M241

G99 G1 X-1.5 FO0.06
MO5

Mo7

GO Z-1.5 Z-0.1 TO
M56

M02

oN°

Move the tool away to a point the material outer
diameter + 1.0. (Since 6.0 is assigned to #500,
the tool moves to X7.0 in this case.)

Select a tool T03.

The tool bit moves to the point that is
determined by the specified material outer
diameter and the specified value for
chamfering, and starts chamfering in the
specified size.

Move the tool away to a point of the material
outer diameter + 1.0.

Select a tool T04.

Position the X axis to a point of the material

outer diameter +1.0, and the Z axis to a point of
the workpiece length + the width of cut-off tool.

M02

N
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The program above is given as a sample, so specify machining conditions in consideration of the
actual material to be machined, etc. Before running a new program to operate the machine, make
a thorough check on the program to prevent interference.

Be sure to use custom macros according to <the instruction manual issued by FANUC, Ltd.>

Change machining data in accordance with the material diameter and workpiece length.

EDIT

To enter brackets [ ], press the Edit key , and press the Menu selection key B

several times until the menu key [ [ ]SWT] appears. Press the menu key [ [ ][SWT] to select it.
If it is not selected, a right or left parenthesis is entered instead of a bracket even when you press
the Bracket key while holding down Shift key.

When the program pre-analysis function is enabled, you cannot use a custom macro which
contains the process extends over several cycles (e.g., a command is executed once in several
cycles).
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6.19 Medium Pressure Coolant Discharge Device

This device discharges medium pressure coolant by opening the desired valve to rotate the separate
pump unit. The dedicated trochoid pump of the device can discharge coolant with force, enabling
chip removal effectively.

| Command format |

Trochoid pump (separate pump unit)

M452 Trochoid pump ON

M453 Trochoid pump OFF

M430 Valve for oil blower in back spindle ON

M431 Valve for oil blower in back spindle OFF

M432 Valve for drilling holder on front spindle side ON
M433 Valve for drilling holder on front spindle side OFF
M434 Valve for drilling holder on back spindle side ON
M435 Valve for drilling holder on back spindle side OFF

* M436 Valve for the side of guide bushing or ceiling ON
* M437 Valve for the side of guide bushing or ceiling OFF

* By switching a valve on the coolant pump, the coolant is discharged from the side of guide
bushing or from the pipe at ceiling.

Turn valve downward Turn valve sideways

Discharges coolant from the pipe

Discharges coolant
from the pipe at ceiling at the side of guide bushing

e Before the trochoidal pump can be turned on, any one of the valves should be opened.

e If the valves are closed just after trochoidal pump OFF, internal pressure remains in the machine.
Therefore, create the program so that the valves are closed after a certain period has passed from
the trochoidal pump OFF.

e Open all the valves to remove the internal pressure at the end of the program. If the internal
pressure remains continuously, the pump motor and the valves may be defected.
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6.20 Setting the Free Tool Layout Pattern

Setting free tools allows tool pattern data to be edited to increase the degree of freedom of tooling
and machining.

6.20.1 Angle Setting

Setting tool angles allows the workpiece coordinates of tools installed on the gang tool post (X1
and Y1 axes) to be changed as shown in the figure below. The angles can range from 0° to 359°.
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e a5
=l 2[0.08°] (SSL-0.5) s
(88L+222.0)
326_[12.83"] 1.5 [0.08"]
329 [12.95"]
¥ Y axis stroke
D—0 0
T51 to T54 (Back drilling tool) T11 to T14 (Front drilling tool) TO1 to TOS (Rotary tool)
Default setting Tool No.4 Default setting Tool No.4 Default setting Tool No.1 (Right-handed)
(end-face), (end-face), Tool No.3 (Cross)
Angle 90° Angle 90° Angle 90°
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Angle 0°

Angle 90°

N
/

Angle 270°

N
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Angle 180°
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e Setting any of the tool angles to other than 90° or 270° causes the rapid feed rate on the X1 and
Y1 axes to be limited to 18 m/min.

e If any of the tool angles is set to other than those in <6.20.3 Standard tool pattern data>, the
selection operation of the tool is different from the normal tool selection. Use arguments
appropriately to avoid interference with the material.

Procedure
PREPA.

7
1. Press the Preparation key, press the menu selection key B B to open [T-PATT],

and take note of the current setting.
(See also <6.20.3 Standard tool pattern data>.)

EDIT

2. Press the Edit key , and select a program number you want to modify.

3. Press the menu key [M. DATA], and specify "Free Tool" for the front machining tool holder.

SELECT.

4
4. Press the Program select key , and select a program number.
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PREPA.

'
5. Press the Preparation key , and take note of the current setting. Then, specify the new

angles.

6. Set tool set data for tool breakage detection device (T19).

MANUAL

7. Press the Manual operation key EWT'] , put a cursor onto the tool that has been changed to

confirm the settings for X and Y axes.

PREPA.

8. Press the Preparation key 1“;]‘1 , and confirm that the settings for all the tools are correct.

In the free tool layout pattern, the reference position (zero point) for the tool holder is shifted by 16
mm if the K2 argument is specified.

ACAUTION

Specifying an incorrect value or calling an undefined tool may cause an interference.

For example, when some compensation in the Y axis direction is required in the figure below,
interchange the X and Y axes in the free tool angle setting. This enables operations in the
horizontal and vertical directions to be performed by X and Y commands, respectively.
Accordingly, an offset input in the X direction is made valid in the horizontal direction.

Offset <>

TS T
N P

-— Y+

However, if option "Y axis offset" is not set, the offset in the Y axis direction, or the vertical
direction, cannot be used.
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6.20.2 Tool setting

Tools can be set as shown in the tables below. Type display numbers of mounted tools.

Number Tool name Description
0 No tool No setting of tool type
1 Right Right-handed tool
2 Left Left-handed tool
3 Cross hole Cross rotary tool
4 End face hole |End face drilling or end face hole rotary tool

6.20.3 Standard tool pattern data

To set a free tool, see the standard tool pattern data described below and set proper values if
necessary.

Tool holder

e BTF2212, BTF2213

X-shift value | Y-shift value | Angle | Distance | Tool

type
TO1 221.000 -56.000 90 0.000 1
T02 221.000 —-114.000 90 0.000 1
T03 221.000 —-164.000 90 0.000 1
T04 221.000 —214.000 90 0.000 1
TOS 221.000 —264.000 90 0.000 1
T06 221.000 —314.000 90 | 0.000 1

o BTF2412, BTF2413

X-shift value | Y-shift value | Angle | Distance| Tool

type
TO1 221.000 -50.000 90 0.000 1
T02 221.000 —108.000 90 0.000 1
T03 221.000 —158.000 90 0.000 1
T04 221.000 —208.000 90 0.000 1
TO05 221.000 —258.000 90 0.000 1

e BTF2216

X-shift value | Y-shift value | Angle | Distance | Tool

type
T01 221.000 —64.000 90 0.000 1
T02 221.000 —124.000 90 0.000 1
T03 221.000 —-184.000 90 0.000 1
T04 221.000 —244.000 90 0.000 1
TOS 221.000 -304.000 90 0.000 1
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Rotary tool
e U31B
(BTF2212 i ki . Tool
BTF2313) (BTF2216) | X-shift value | Y-shift value | Angle | Distance type
TO07 T06 221.000 —418.000 90 0.000 3
TO8 T07 221.000 —488.000 90 0.000 3
T09 T08 221.000 -558.000 90 0.000 3
205.000 -558.000 90 0.000 4
o U32B
(BTF2412 _ i ki . Tool
BTF2413) X-shift value | Y-shift value | Angle | Distance type
TO06 - 221.000 —348.000 90 0.000 3
T07 - 221.000 —418.000 90 0.000 3
TO08 - 221.000 —488.000 90 0.000 3
T09 - 221.000 —558.000 90 0.000 3
205.000 —558.000 90 0.000 4
Sleeve holder
e BDF2005
X-shift value | Y-shift value | Angle | Distance| Tool
type
T11 184.000 —648.000 90 0.000 4
T12 124.000 —648.000 90 0.000 4
T13 64.000 —648.000 90 0.000 4
T14 4.000 —648.000 90 0.000 4
T51 184.000 —648.000 90 0.000 4
T52 124.000 —648.000 90 0.000 4
T53 64.000 —-648.000 90 0.000 4
T54 4.000 —648.000 90 0.000 4
Back sleeve holder
X-shift value | Y-shift value | Tool
type
T31 | -177.000 0.000 4
T32 | -255.000 0.000 4
T33 | -333.000 0.000 4
T34 | —411.000 0.000 4



Tool breakage detection device

e BTF2212 +U31B, BTF2213 + U31B
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X-shift value | Y-shift value | Angle | Distance| Tool
type
T19 221.000 —-8.000 90 0.000 1
e BTF2216 +U31B
X-shift value | Y-shift value | Angle | Distance| Tool
type
T19 221.000 —16.000 90 0.000 1
e BTF2412 + U32B, BTF2413 + U32B
X-shift value | Y-shift value | Angle | Distance | Tool
type
T19 221.000 -2.000 90 0.000 1
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6.21 Machine Coordinate Value Specification (G53)

The machine coordinate value specification (G53) moves the material to the specified position on
the material coordinate system.

| Command format |

53 X |7 ]

X: Specify the X axis machine coordinate. The specified axis of axis control group moves to the

machine coordinate specified by X.
Z: Specify the Z axis machine coordinate. The specified axis of axis control group moves to the

machine coordinate specified by Z.

The machine coordinate value specification (G53) to the gang tool post (X1 and Y1 axes) causes an
alarm to occur.
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6.22 Y-axis Holder

The Y-axis holder performs cutting in Y direction. The cutting chips are dropped naturally from the
cutting position, and effective for the chip removal.

Procedure

1. Press the Preparation key to display the Preparation screen.

2. Mount the Y-axis holder while pushing its shoulder part to the gang tool holder.
O

@)
O

—

E \ Mount the holder while pushing it to

the gang tool holder.

3. Press the menu key [T-PATT], and specify "2. LEFT" in [TOOL] for the tool to which the
Y-axis holder is to be mounted. (The initial setting is "1. RIGHT".)

* Initial setting for the tool is "Right". To change it to "LEFT", the axis move direction in
"DIA" and "CORE" process is automatically changed as shown in Fig. A and Fig. B.

4. Press the menu key [DIA], and press the Start key several times until the cursor reaches the
position [DIA]. Then, align the outer diameter of the material with the tool nose. (Fig. A)

5. Move the tool away from the material, and move the material backward so that it is placed
behind the end-face of guide bushing.

6. With the menu key [CORE D] being selected, press the Start key continuously until the cursor
reaches the position [CORE D]. Then, align the outer diameter of the material with the tool
nose. (Fig. B)

* When adjusting the position by [CORE D], pay attention to interference between the tool
at left and the material.

7. Move the tool away from the material, and move the material backward so that it is placed
behind the end-face of guide bushing.

8. Repeat Step 5. Now the setting completes.

Fig. A Fig. B
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| Sample program | Material dia.: 20 mm

T500 (Front turning)

GO X21.0 20 T5

Gl X-0.5 FO.1

X18.0

215.0

X19.2

X20.2 W0.5

GO X21.0 WO TO

T300 (Y axis back turning) ........c.cceeueene Moves to the position shown in Fig. A.
G50 W-3.0

GO X21.0 Y21.0 Z20.0 T3

X000 oot Moves to the position shown in Fig. B.
Gl Y16.0 FO.05 oo Cutting is performed in Y direction.
730.0

Y15.4 W0.3

Y21.0

X21.0

GO UO VO Wo TO

G50 W3.0

e To create a program by which the cutting is performed in Y direction as shown in the sample
program, an optional "Y-axis offset" option is required to use compensation (offset) of Y
direction.

e By exchanging the X axis with Y axis using the free tool layout, you can create a program for Y
axis, however, the idle time for calling gang tool is greatly affected because the rapid feedrate
for X1 and Y1 axes is changed to 18 m/min.
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6.23 Program Pre-analysis Function

This function is intended to improve the running efficiency by analysing the machining program on
NC unit prior to actual running. Using this function can reduce the idle time during running of the
machining program.

6.23.1 Restrictions

The program pre-analysis function is set to [ENABLE] by the default. However, some restrictions
are imposed in creating a program. If conditions described below is not satisfied, the program
pre-analysis function does not work. To run such a program, you need to disable the program
pre-analysis function. In addition, this function may be disabled on your machine depending on the
tooling performed at our factory.

* See <6.23.3 Enabling or disabling program pre-analysis function> for enabling or disable the
function.

| Restrictions |

e The following functions are disabled while the program pre-analysis function is enabled:

—Input of on-drawing dimensions
—Exact stop check (G9)
—Milling interpolation

— Multi-thread cutting

— Variable-lead cutting
—Integrated canned cycle I
—Tool life management II

o The program pre-analysis function cannot be used in a program that contains custom macro or
subprogram in which the tool path changes at every cycle.

If the program pre-analysis function is executed, the machine repeatedly runs the program which
was analyzed and stored immediately before actual running. Accordingly, if the program is to be
changed at the later cycle, the machie runs the program in the first cycle repeatedly.

For example, if you create a conditional macro program to change a tool number in the fourth
cycle, the tool number will not be changed and the operatio is continued while the program
pre-analysis function is enabled.
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e Restriction on number of blocks

If the program created for each axis control group contains more than 1,000 blocks, an alarm
"BLOCK COUNT OVER" occurs when executing the program pre-analysis. (The number of
allowable blocks depends on the program contents, 1,000 blocks is standard.)

Consider the followings about the number of blocks.

e Count a command in single line as one block.

e Count the number of blocks in subprogram, if M98 (subprogram) is used.
e Count the repetition by the custom macro.

e The A220-specific macro (T code, M code, and G code) contains internal commands for
several blocks. If these codes are used, "BLOCK COUNT OVER" alarm may occur even if
the number of blocks in the program does not exceed 1,000 blocks.

e Use M109 QOOOOO (OO0O0O: Program number) for general-purpose material change
program.

While the program pre-analysis function is enabled, subprogram M98 cannot be used in material
change program. Be sure to use M109 QOOOIO. For details, see <6.2.2 General-purpose
Material Change Program (by user program)>.

MBS e Material change ON

M8 Material change ON

/M109 QOONAN ... General-purpose material exchange
MO e Material change OFF

e When executing the Last Program command (G999) or Material Exchange command (M108,
M109), the machine coordinate of start point must be identical to that of end point. If not, an
alarm occurs in program pre-analysis process. In such a case, disable the program pre-analysis
function.
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6.23.2 Starting program pre-analysis function

The program pre-analysis function is launched in the following conditions:

e On-machine program check mode

Starts immediately before the cycle operation. The function checks and analyzes overall

program at every cycle to detect conflict between start position and end position or over-travel
of each axis. The function analyzes the program in on-machine program check process, however,
the program pre-analysis function does not work during actual program running.

e Automatic operation mode

Starts immediately before the continuous operation. The function checks, analyzes and stores
the program. Since the overall program is analyzed, the idle time may be reduced in comparison
with the normal analyze that performs analysis process every one block.

e Other conditions
— When optional block skip function is switched from enabled to disabled or vice versa.
— When the machining program or machining data is changed
— When menu key function is executed in Preparation mode
— When the tool set data in Preparation mode is changed

— When a program is selected

— When parameter, offset, and custom macro variable data is changed

If the offset data or custom macro variable data is changed during continuous operation, the
program pre-analysis function restarts at the beginning of the next cycle. At that time, the automatic
operation halts until the analysis completes. Upon completion of analysis, the continous operation
resumes automatically.
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6.23.3 Enabling or disabling program pre-analysis function

Use the Machine structure menu in Maintenance screen to enable or disable the program
pre-analysis function.

Procedure
SELECT.

7
1. Press the Program selection key to enter the EDIT mode. (The current mode is

indicated at the bottom left of the screen.)

2. Display the Machine structure menu.

MAINTE.

Press the Maintenance key , then press the menu selection key E] until the menu
key [STRCT] appears. Press the menu key [STRCT].

3. Specify parameters for the program pre-analysis function appropriately.

When the screen shown above appears, press the menu key [SET].
Use the cursor move key @ to move the cursor onto "30 PROGRAM PRIOR

INPUT

ANALY SIS ENABLED", then press the <.> key to reverse the checkbox.
B : Enabled, [J: Disabled

4. Be sure to cycle the power upon completion of setting. In addition, be sure to select a program
again.
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7.1 Secondary Machining
7.1.1 Difference between Turning and Secondary Machining

In the machining operations already discussed, such as outer diameter machining, center hole
drilling, and outer diameter thread cutting, the spindle is rotated. Namely, the workpiece is rotated
and the tool is got in touch with it for cutting. This machining style is generally called "turning". In
the secondary machining, contrary to this turning, the tool is rotated and the workpiece is fixed.

Turning: The workpiece is rotated and cut.

Secondary machining: The workpiece is fixed and the tool is rotated for machining.

7.1.2 Machining Process Order

In the machining process of products, all the machining steps including secondary machining are
carried out in one cycle, like single turning. The machining order is fundamentally determined by
the following principles.

Major principles for machining order

e The workpiece is machined from left to right.
e The center hole drilling and end face secondary machining are carried out first.

e When both turning and secondary machining are needed in the same place, the secondary
machining follows turning.

The tooling layout should be prepared based on the above principles.

The number of tools used in the secondary machining is determined by the holder. For details, see

<Chapter 11 Tooling>.
D cut

Cross hole

Key groove

| Machining example |
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7.1.3 Coordinates for Secondary Machining

To create a secondary machining program, it is necessary to understand the coordinates.
The positional relationship between workpiece and tool spindle is as illustrated below.

Tool spindle Outer circumference milling spindle

Workpiece

/ Material

>

Shift amount

Program zero point
Coordinates and signs

The coordinates for the secondary machining program are determined based on the same
philosophy as turning. Since the Y axis can also be moved in the secondary machining, the
machining process with three axes, X, Y, and Z, is possible.

To program the X and Y. coordinates, be sure to use the diameter. For X and Z axes, the program
zero point is usually the same as turning.

For the Y axis, the workpiece center is defined as zero point.

For the sign, the moving direction of the tool as shown above is defined as "+" (positive) assuming
that the workpiece is fixed.

Y command can be issued even when four-digit T command is issued.

TO000 X Y[ 17 ls

Tool position and coordinate shift

The tool spindle is shifted by 15 mm on the Z axis in the above illustration. Therefore, the
coordinates are programmed as they are, the workpiece is machined at the position shifted by 15
mm.

The coordinate shift function is used for the distance between the program zero point of the Z axis
and the tool spindle center.

After the secondary machining, be sure to cancel the coordinate shift.

Write a program in $1.

| Command format |

G50 W-15.0 Coordinate shift
G50 W15.0 Coordinate shift cancel
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7.2 Main Spindle Indexing
7.2.1  Main Spindle Indexing (M28, M20)

In the secondary machining, the spindle can be indexed every 15°.
(1° indexing is optional.)

| Command format |

M28 S| | Main spindle indexing
M20 Main spindle indexing cancel

S: Indexing angle (Available range: from 0 to 359)

| Machining example |

X X X
Rotation direction of
material (120° indexing)
z z z
Y Y
0° indexing 120° indexing 240° indexing
| Sample program |
MO5 e Main spindle stop
GO4 UOD.5 .o Dwell
M28 SO oo Main spindle indexing
698
TS I Per minute feed and forward rotation tool spindle
Machining program
MBZ e Tool spindle stop
M20 e Main spindle indexing cancel
G4 UD.5 oo Dwell
MO3 Sl=|::] G99 ............ Conducts main spindle forward rotation and per minute rotation

Shift of orientation zero point

The orientation zero point can be shifted by changing the value of parameter No. 4077 ($1 side).
Set the value between 0 to 360 degrees proportional to 0 to 4096.
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"S[_]"should be integer in absolute value ranging from 0 to 359.

During indexing, the rotating direction of the spindle is indexed by the rotating direction of the
preceding spindle rotation command. If another indexing command will follow the current
indexing command, the indexing is made via a short route.

Even while the spindle is rotating, the indexing command can be issued directly without
stopping the spindle.

For the first indexing after power-on, the spindle is operated by more than one rotation to find
the zero point. For the second and following indexing steps, the zero point indexing is made
within one rotation.

To return to turning, issue the main spindle rotation command (M03, M04). The indexing is
canceled and the spindle rotates.

Reverse running is inhibited for M28 (Enables main spindle indexing) and M20 (Cancels main
spindle indexing).
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Back Spindle Indexing (M78, M79)

The back spindle can be indexed at 1° intervals.

| Command format |

M78 S| | Back spindle indexing
M79 Back spindle indexing cancel

S: Indexing angle (Available range: from 9 to 359)

| Sample program |

M25 o Back spindle stop

G04 U0.5 .o Dwell

M78 SO o Back spindle indexing
Machining program

M79 o Back spindle indexing cancel

G4 UD.5 e Dwell

M23 S25] o, Back spindle forward rotation

Shift of orientation zero point

The orientation zero point can be shifted by changing the value of parameter No. 4077 ($2 side).
Set the value between 0 to 360 degrees proportional to 0 to 4096.

Specify the absolute integer between 0 and 359 for | |,

During indexing, the rotating direction of the back spindle is indexed by the rotating direction of
the preceding back spindle rotation command. If another indexing command will follow the
current indexing command, the indexing is made via a short route.

Even while the back spindle is rotating, the indexing command can be issued directly without
stopping the back spindle.

For the first indexing after power-on, the spindle is operated by more than one rotation to find
the zero point. For the second and following indexing steps, the zero point indexing is made
within one rotation.

To return to turning, issue the back spindle rotation command (M23, M24). The indexing is
canceled and the back spindle rotates.

Reverse running is inhibited for M78 (Enables back spindle indexing) and M79 (Cancels back
spindle indexing).
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7.2.3  Main Spindle C Axis (M18, M20)

In the secondary machining process, the main spindle C axis can be specified (in 0.001-degree
units).

The command turns the spindle C axis on , indexes zero point CO, set that position as C0 in the
coordinate system.

| Command format |

M18 C[:] Main spindle C axis command
M20 Main spindle C axis command cancel

e This command rotates the material from zero point COto | | degrees.
e A fixed direction can be specified for the indexing.

e The spindle forward rotation is prescribed as "forward rotation" by an indexing + (positive) sign,
and the spindle reverse rotation as "reverse rotation" by a — (negative) sign. Moreover, when it
is viewed from the end face of the material, counterclockwise rotation is prescribed as "forward
rotation", and the clockwise rotation as "reverse rotation."
In this case, the + (positive) sign is omitted.

e After zero point "C0" is indexed, any indexing command can be specified.
The indexing can be specified in the range 0of “99999.999 to 99999.999 degrees.

o Afterthe M18 ([ | command is specified, the usual C axis command will become effective.

Example: G50 C | (H ) H is an incremental command.
GO0 | (H )
GO1 (| | (H D Fl |

| Machining example |

5 5

0° indexing 120° indexing 240° indexing

Rotation direction of
material (120° indexing)




| Sample program |

M20

Commands for indexing

Absolute commands

M18 CO

\
M18 €120.001

\
M18 C240.0

Incremental command

M18 CO

i

GO H120.0
\

Gl H20.0 |

Shift of C axis zero point
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Main spindle stop

Main spindle C axis

Feed per minute

Tool spindle forward rotation

Machining program

Tool spindle stop

Main spindle C axis cancel

Main spindle forward rotation and per minute rotation

The C axis zero point can be shifted by changing the value of parameter No. 4135 ($1 side). Set the
value between 0 to 360 degrees proportional to 0 to 360000.

For the machine coordinate and workpiece coordinate for C axis, the screen can display the
value ranging from —999.999 to 9999.999. If the specified value is out of range, the indication
disappears, but the operation is conducted.

Even while the main spindle is rotating, the indexing command can be issued directly without
stopping the main spindle.

Reverse running is inhibited for M18 (Main spindle C axis command) and M20 (Main spindle C

axis command cancel).

Main spindle C axis function is canceled when M5 (Main spindle stop) command is executed.
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7.2.4 Back Spindle C Axis (M48, M79)

In the secondary machining process, the back spindle C axis can be specified (in 0.001-degree
units).

The command turns the back spindle C axis on, indexes zero point C0, set that position as C0 in the
coordinate system.

| Command format |

Mag8 [ ] Back spindle C axis command
M79 Back spindle C axis command cancel

e This command rotates the material I:] degrees from zero point CO.
e A fixed direction can be specified for indexing.

e The back spindle forward rotation is prescribed as "forward rotation" by an indexing +
(positive) sign, and the spindle reverse rotation as "reverse rotation" by a — (negative) sign.
Moreover, when it is viewed from the end face of the material, counterclockwise rotation is
prescribed as "forward rotation", and the clockwise rotation as "reverse rotation."

In this case, the + (positive) sign is omitted.

e After zero point "C0" is indexed, any indexing command can be specified.
The indexing can be specified in the range of “99999.999 to 99999.999 degrees.

o Afterthe M48 C] | command is specified, the usual C axis command will become effective.

Example: G50 (| | (H ) H is an incremental command.
GO0 ¢ | (H )
Gorc JH__ DF_ |

Shift of C axis zero point

The C axis zero point can be shifted by changing the value of parameter No. 4135 ($2 side). Set the
value between 0 to 360 degrees proportional to 0 to 360000.

e For the machine coordinate and workpiece coordinate for C axis, the screen can display the
value ranging from —999.999 to 9999.999. If the specified value is out of range, the indication
disappears, but the operation is conducted.

e Even while the back spindle is rotating, the indexing command can be issued directly without
stopping the back spindle.

e Reverse running is inhibited for M48 (Back spindle C axis command) and M79 (Back spindle C
axis command cancel).

e Back spindle C axis function is canceled when M25 (Back spindle stop) command is executed.
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Tool spindle rotation

These commands rotate the tool spindle T0700 (T0600) to T0900 in the forward or reverse
direction and stop it.

Counterclockwise rotation when viewed toward the spindle is regarded as forward rotation.

Pressing the All spindles stop key on the operation panel can also stop the tool spindle rotation.

| Command format |

M80 S3= or M80 S Tool spindle rotation forward
M81 S3= orM81 S Tool spindle rotation reverse
M82 Tool spindle rotation stop
[ 1
Tool spindle
Ms80 Ms81

To rotate the tool spindle, specify M80, M81, and speed (S| | or S3=:b in the same
block. Enter the tool spindle rotation command in one block as single command.

Issuing only M80 and M81 is not permitted. Be sure to specify speed (S35 ) together with
them.

To change the tool spindle speed, specify M80, M81, and speed (S| | orS3={___ ) in the
same block.

If the tool spindle forward rotation, tool spindle reverse rotation, and stop commands are
specified successively, incorrect operation may be performed. To issue these commands
successively, provide a dwell among them.

Example: M82;
G04 U0.1;
M80 S3=1000;

Specify the tool spindle rotation or stop command (M80, M81, or M82) in axis control group 1
($1). If specified in axis control group 2 ($2), an alarm occurs.

Specify the positive value for rotation speed (S argument). If specified with negative value, an
alarm occurs.

To use the tool spindle in continuous operation, the rated speed as shown below must be
specified.

Specifying a speed exceeding the rated speed for machining may cause an overload alarm to
occur.

Rotary tool driving device Rated speed Maximum speed
U31B (3-rotary tool specification) 6,000 8,000
U32B (4-rotary tool specification) 4,500 6,000

If the speed exceeding the maximum speed is specified in S argument, an alarm occurs.
G99 (feed per rotation) cannot make feeding. Use G98 (feed per minute) for feeding.
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7.3 Calculating the Command Speed
7.3.1  Calculating the Spindle Command Speed

The spindle speed can be calculated from the following formula (A).

N: Speed (min™)
\ V: Cutting speed (m/min)
=== X 1,000 .cceoverrrrrrnnne A
N D 1,000 (A) D: Tool diameter (mm)
T

Circular constant (~3.14)

Calculation example

Secondary machining spindle
Assuming that the workpiece is machined with a @4 end mill.

Material: Brass
Cutting speed: 25 (m/min)
Tool diameter: @4 (mm)

Using formula (A), the speed is calculated as follows.

25
N=314x4 » 1000 = 1990 ~ 2000 (min™")

e The 100's order must be rounded off to get the speed as shown above.

o If the calculated speed exceeds the maximum, unconditionally use the maximum speed (6000
.l
min").
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7.3.2 Calculating the Tool Feedrate

The tool feedrate (mm/min) can be obtained from the equations shown below based on the
calculation result from formula (A). Note that the applicable equation is determined by the tool to
be used.

Tool feedrate
End mill and slitting cutter

F=NxfzxZ ... B)
F: Feedrate
N: Spindle speed
fz: Feedrate per blade
Z: Number of blades (blade/rev)

Drill

F=NXx{r .o ©)
F: Feedrate
N: Spindle speed
fr: Feedrate per rotation

Calculation example

Secondary machining spindle

Assuming that the workpiece is machined with a 24 end mill.

Material: Brass

Speed: 2000 (min™)
Feedrate per blade: 0.065 (mm/blade)
Number of blades: 2 (blades)

Using formula (B), the feedrate is calculated as follows.

F = 2000 x 0.065 x 2 = 260 (mm/min)
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7.4 Partial Program for 2-side Width Machining (Including Indexing)

The sample program described below shows an extracted secondary machining.

| Machining layout |

Z0
10
/_ TN Cut-off tool
TO1
Material: Brass | -
212 mm 2 -
Front turning
tool
T02
28 N - \ 212 23
=
, L J End mill
| N T07
12 ]
15 3 15.0
20
| Sample program |

TO700 ..o Selects the tool.

G50 W=15.0 .ioeeecceeeecereeene Shifts the tool position on the longitudinal coordinate.

M05

MZ28 SO ..oveeereeeeeeererer e Main spindle indexing

G98

MBO S35 .o Tool spindle forward rotation

GOO Y-10.6 716.5 T |....... Feeds the Y and Z axes rapidly for positioning

X10.0 oo Positions the X axis

GOL Y10.6 F[_ .o Machines one side of the 2-side width

M28 S180 ...evveceereeeeieeeereceeene Conducts 180° indexing

Y=10.6 oo Machines the other side of the 2-side width

GO0 X13.0 MBO ....ocvveiriirriiienns Moves the tool in radial direction

MBZ ot Stops tool spindle

M20 <o Main spindle indexing cancel

G50 W15.0 .o Cancels shifting the tool position on the longitudinal coordinate

MO3 S1s ]G99

Necessary calculation process and philosophy are described in the next page.
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Description

The spindle speed N is calculated as follows.

25
N= 3.14x3 x 1000 =2653 ~2700 (min™")

Therefore, the feedrate F of the end mill is calculated as follows.
F=2700 % 0.05 x 2 =270 (mm/min)

The tool is positioned in the longitudinal direction as illustrated below.

Yo

-

15.0 3/2=15

28 212

YD

Therefore, the Z coordinate of the position is calculated as follows.
15+3 (diameter of end mill) + 2 = 15+1.5=16.5

From the illustration below, the Y coordinate (diameter is specified) is calculated as follows.
Y = (4+0.5+1.5) x 2 =(3.32+0.5+1.5) x 2=10.64 ~ 10.6

23 end mill

1.5

Y Y

& The length of ¢4 (mm) is calculated according
\ "\ to the Pythagoras' theorems.
0= ~[67—5% = \[11 =3.32

©
6 R i £4=3.324+0.5+15=5.32
I
X6 - - X &®
0.5 clearance
6
I

Y @&
- 212 o 5
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7.5 Through-hole Machining

This section describes the example of drilling a @3.0 cross through-hole on a 12.0 workpiece.

The stroke of the X1 axis is up to X — 5.0 and the normal tool set cannot drill a through-hole on the
workpiece. This means that the drill on the tool set must be shifted toward the negative direction
long.

3.0

¢ =0.3xd
=0.3x3.0

0
Uy

Drill diameter = d

If the shift is not considered, the X value on the program is "— 12.0- (1.05 x 2) =—14.1".
X — 18.1 will cause an X axis overrun.

Since the stroke can be shifted up to X — 5.0, the value to be shifted will be "18.1 —5.0 =13.1".
Therefore, if this amount is specified in "DIA" field on the Preparation screen, specifying X — 5.0
in the program can drill the through-hole on the workpiece. See <6.2.3.5 Diameter (Rotary tool)> in
Operator's Manual for setting procedure.

Although it is enough to shift the diameter by 9.1 mm, we recommend shifting the tool by 11.0 mm
considering the margin.

e Enter and set the shift amount on the Tool Set screen.
(See <6.2.3.5 Diameter (Rotary tool)> in Operator's Manual for setting procedure.)

e Select a tool in consideration with the maximum diameter specified in "DIA" for gang tool set.
You do not need to move the tool far away in the program, or increase the value for tool
positioning point in the machining data.
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7.6 Circular Interpolation

In the circular interpolation of the secondary machining, the circular interpolation feed is available
on the following three planes.

| Command format |

G17 XY plane
G18 ZX plane (plane selection mode in normal turning)
G19 YZ plane
+X (Toward the tool spindle center)
YZ plane
XY plane

GO3
G02> j
G03

Z\

G02 X\ +Z (Toward the spindle center)

> 7

/ 2
D j cos |

\ ZX plane

+Y (squarely against the centers of spindle and tool spindle)

X X
z
G02 GO03
e O o,
ﬁos G(m j
Go3
Y z
Y

G17 (X=Y) plane G18 (Z—X) plane G19 (Y—2) plane

7.6.1 Selecting the Plane

After the machine is turned on or reset, the ZX plane (G18) is normally selected as default. The
circular interpolation (G02, G03) is performed on this plane in turning.

If you want to conduct the circular interpolation on other plane in the secondary machining, the
plane selection command (G17 or G19) must be issued.

To return to turning, be sure to reselect the ZX plane (G18).
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7.6.2 Offsetting the Tool Diameter

To use the tool diameter offset, program it with the tool nose R offset function of the turning
process.

| Command format |

G40 Cancels the tool diameter offset (tool nose R offset) mode
G41 Enables the tool diameter left offset (tool nose R left offset) mode
G42 Enables the tool diameter right offset (tool nose R right offset) mode

The illustration below shows the relationship between the tool diameter and the programmed
cutting position.

Set the virtual tool nose number 0 or 9 to the tool diameter offset registration field beforehand.

Z 2D (tool diameter)

YZ plane

Programmed tool nose point (0 or 9)

The relationship between tool cutting point and offset sequence is as illustrated below.

G41: Offsets the tool diameter to the left against the tool moving direction.
G42: Offsets the tool diameter to the right against the tool moving direction.

Program path —
G41 command |:> Tool centered path

Start point End point

G41 offset ON G40 offset cancel

YZ plane

G42 command :>

G40 offset cancel

Start point End point



A220PL Sample Programming [Secondary Machining]

| Machining layout |

&>
o) } - >, I
)
Q:‘,.
3, 20 7
— il
_ _ [
e T =
11 23 7
40
Tool data
Tool diameter 24 (end mill)
Tool No. TO7
Offset No. 08
Nose R radius (tool radius value) 2.0
Virtual tool nose No. 0

Numbers 1 through 12 in the figure above indicate the programmed end mill movement.

(Y3 A7)
\J
Program zero point / '\ K j

'S [

+Y
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| Sample program |

Specify a program for $1.

X10.

GO1
G41

Z20.

G02
GO1
602
G40
G00
601
GO0
601
M28
GO0

5

Y5.0 R2.5 F__ ]
75.5 F__ ]
Y-5.0 R2.5 F__|

Gl Y=22.0 F[ ]

725.0

v22.0 ]

728.0

v-22.0 F___|

Y-11.8 725.0

GOl
600
GO1
G18

vit.8 ]

728.0

v-11.8 F[_ |

GO0 X14.0 TOO .....ccooueeee.

Selects and offsets the tool spindle

Main spindle stop

Sets the coordinate system for the tool spindle position
Indexes the spindle to 0°

Run the tool spindle in forward direction

Specifies the plane to YZ and positions the tool at the cutting start point
on this plane
Positions the infeed direction (X axis)

Offsets the tool diameter

Cancels the tool diameter offset

Indexes the spindle to 90°

Returns the plane designation to the turning mode, cancels the offset,
and returns the tool to the positioning point in the radial direction

Stops the tool spindle
Returns the coordinate shift to the original state
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7.7 Cross Rigid Tapping (G88, G80)

The synchronized tapping functions perform tapping while fully controlling the feed and rotational
phase.

This feature brings about merits such as the use of an ordinary rotary tool holder instead of a
floating tap holder. The thread length is easily calculated by using an ordinary drill holder.

Note: The tapping speed becomes slower or faster than the value specified in the program,
depending on the type of the holder to be used. When using holders with which the tapping
speed changes, specify the tapping speed in consideration of deceleration or acceleration.
For example, if the holder of 1/2 deceleration is used, specify the value for

argument as a half of the standard value. Specify the tool spindle speed Sl:] in
consideration of deceleration ratio (twice as standard value in case of 1/2 deceleration).

7.7.1 Rigid tapping for outer circumference with a rotary tool (G88, G80)

This function performs tapping while synchronously controlling the tool spindle and the X axis
(NC axis).

This function enables tapping for outer circumference, which makes a tapped hole in highly
accurate depth.

| Command format |

@8 x (WL JRL__JFA Josf  Js Jo |71 JH
Cross rigid tapping mode
G80 Rigid tapping mode cancel

X (U): Specify the tapping end position. The value must be specified for the diameter.
(U is an incremental command.)

R: Specify the distance from the point where the tap is positioned to the position where
synchronized tapping starts. The distance must be specified with a value for the radius.

F: Specify a thread pitch.
 Da: Specify the tool spindle and the rotation in which the spindle rotates. When 3 is specified,

the cross drilling tool spindle rotates forward. When -3 is specified, the cross drilling tool
rotates backward.

S: Specify the tool spindle speed.

Q: Tap pull-out override specification (%). Specify this argument if you want to make the tap
pull-out rate faster. The available values range from 100 to 200 in 10%. The default value
is 100.
To specify the Q argument, an option other than the rigid tap function (high-speed rigid
tap function) is required.

T: Specify the dwell time at the end of tapping in unit of 1/1000 sec. Do not omit the

decimal point. If the argument is omitted, the program does not stop (no dwell).

H1: Argument for step machining. Does not specify G80 (rigid tapping mode cancel)
command at the end of G88 (cross rigid tapping) in macro program. Be sure to specify
G80 (rigid tapping mode cancel) when the tapping cycle is finished.
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. . ap 1
Rapid Cutting (1)
feed rate feedrate [ ]
l % 2
=
1 5y Point where the ,
) ®) tap is positioned ©C)
*: Allocate 3 pitches R value
or more. (Radius
specification) _ (?)_ _ _ﬁ)__ “)
N (Synchronized tapping
start position) )

End position The tool rotates backward.

| Sample program 1 |

When the material diameter is 4.0, and the thread pitch is 0.4:

Point where the tap spindle is positioned
(diameter specification)

Rapid feed positioning (radius
specification) for the amount equivalent to
the R value (synchronized tapping start
position). The distance between the
position (2) and the material outer
diameter must be as long as 3 pitches or
more.

Tapping end position

(Tapping end position and tool backward
rotation) .

The tool moves by the amount equivalent
to the R value and returns to the
synchronized tapping start position.

The tool returns to the point where the tap
spindle is positioned, at the rapid feed
rate.

Doubled because of diameter specification

M5

M28 SO Clearance between the workpiece and tap
M82 Pitch x 3

NO711 TO0800

G50 W-15.0

GO0 X8.4 710.0 TO8
G88 X0.0 R1.0 FO0.4 D3 S500
G80
G0o
G50
M82
M20

X8.4
W15.0

| Sample program 2 |

M5

M28 SO

M82

TOBOO ..ot
G88 X6.0 R1.0 FO.4 D3 S500 H1 ..o
G88 X5.0 R1.0 FO0.4 D3 S500 HI ..ocvvvniiicinicniincnnn
G88 X1.0 R1.0 FO.4 D3 S500 H1 wooooooerovooreoirrreessne
G88 X0.0 R1.0 FO0.4 D3 S500 ..o

X8.4=04.0+ {(1+12)x2} =84

Selects a tool for tapping.

First step of rigid tapping command
Second step of rigid tapping command

(n—.l)-th step of rigid tapping command
n-th step of rigid tapping command (with H1

argument not specified)
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Stop the tool spindle before specifying G88 (cross rigid tapping).
Phase adjustment for rigid tapping with tool spindle is not available.

If no option for synchronous tapping function is specified, specifying G88 command (cross rigid
tapping) will cause an alarm to occur.

If the G88 command is specified in axis control group 2 ($2), an alarm will occur.
If the end point of tapping (argument X or U) is not specified, an alarm will occur.

If any other value than +3 is specified for the rotation direction of tool spindle (D argument), an
alarm will occur.

If the thread pitch (F argument) or speed (S argument) is not specified, an alarm will occur.

If the options for the high-speed rigid tap function are not set, the tap pull-out override (Q
argument) causes an alarm to occur at the cross rigid tap (G88) command.

The tap pull-out override (Q argument) is rounded in 10%. If a value out of the available range
is specified, the Q argument is clumped to 100 or 200.

Reverse running is inhibited for G88 (cross rigid tap) command.
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7.8 End Face Drilling Spindle (BSE107)

The following describes the procedure of mounting end face drilling spindle BSE107 for the front
workpiece on front machining tool holder.

Procedure

1. Call or newly create the program to be performed on the Edit screen.

2. Select an arbitrary holder out of the front machining tool holders on the Machining Data
screen.

3. Select a program to be performed on the Program Selection screen.

4. Make the Preparation screen appear. Use the menu selection key B until the menu key

[T-PATT] appears.
Press the menu key [T-PATT] to display the Tool Layout Pattern screen.

5. Press the menu key [SET] and select a tool on which the end face drilling spindle is mounted.
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6. Move the cursor to the position of "TOOL" and enter "4. FACE" according to the guide
window.

If a free tool is set as the "Front machining tool holder" on the Machining Data screen in step 2,
provide proper specification for other than the tool. See <6.20 Setting the Free Tool Layout
Pattern> for details. After specifying the tool layout pattern in the above procedure, be sure to
confirm that all tool coordinates are set appropriately.
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7.9 Milling Interpolation

Generally, the X and Z axes are controlled as linear axes and the C axis is controlled as the rotary
axis of the spindle. The milling interpolation function permits the C axis to be used as a linear axis
at right angles to the X and Z axes, and enables the creation of a three-dimensional program with
the three axes X, Z, and C.

ACAUTION

Milling interpolation function is unavailable while the program pre-analysis function is
enabled. Disable the program pre-analysis function before using the milling
interpolation function.

See <6.23 Program Pre-analysis Function> for details.

7.9.1 Milling coordinates
Milling interpolation is performed between when G12.1 (milling interpolation ON) is executed and

when G13.1 (milling interpolation cancel) is executed. Specify the coordinates of X with diameter
value, and (Z,) and C axes with radius value.

The positive and negative signs of X and C are as shown in the figure below.

C z

X +
C +

(10, 5.0) my\

(10,-5.0)

X +
o

| Command format |

Gl12.1 Milling interpolation ON
G13.1 Milling interpolation cancel
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7.9.2 Milling plane

To perform end-face machining, execute the G17 command to select the X-Y plane, and program
the coordinate values viewed from the end face of the workpiece.

At end-face machining Compensation mode (operation)
Tool diameter G40 Compensation cancel
compensation G41 Right compensation
G42 Left compensation
Arc interpolation GO02 CCW (counterclockwise)
GO03 CW (clockwise)
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7.9.3 Programming of a milling process

Consider the following points in programming a milling process:

When starting a milling process, move the X axis away from the workpiece to obtain an enough
approach distance. The X axis makes an approach to the workpiece, and then moves to the
specified position. Therefore, if the approach distance is not enough as shown in the following
figure, the tool and workpiece interfere with each other.

During the positioning of the X axis from point A to point B in the following figure, the X axis
makes an approach to the workpiece in the range from point A to point K, and moves away from
the workpiece in the range from point K to point B.

The milling start position (point A) for avoiding interference with the workpiece must be obtained
by calculation.

Point A = Ps position

Tool movement —

Workpiece
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Determine the milling start position in consideration of the diameter of the rotary tool to be used
and the diameter of the workpiece to be machined. If the start position is not suitable, the tool and
workpiece may interfere with each other.

If the machining start position is point K for making the D cut as shown in the following figure, the
tool and workpiece interfere with each other in the shaded area when the X axis makes an approach
to the workpiece.

To prevent the interference, obtain the machining start position (point B) by calculation.

Point B = Pa position
Tool

\ Workpiece

S~

When performing machining both sides of a workpiece (e.g., 2-face width machining), cancel
milling interpolation at completion of machining one side, rotate the C axis 180 degrees, then start
machining the other side. If both sides are machined continuously without milling interpolation
cancel, the tool and workpiece may interfere with each other.

B C

E

TN
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7.9.4 Calculation of milling coordinates

This section describes how to calculate the coordinates used in milling process. To minimize the
move distance, calculate the coordinates based on the leeway for start position (a) and leeway for
end position (b). Using this calculation, the tool can approach the workpiece from farther point,
thus the possibilities of interference between the workpiece and the tool can be reduced.

Tool

Workpiece diameter (mm)
Tool diameter (mm)

Machining width (mm)

Leeway for start position (mm)
Leeway for end position (mm)

ogmzga

Workpiece C+

X X
: _
C-
C
X+ X-
_
Example: Whend = 12 mm, r = 15 mm, w =4 mm, a =2 mm, and b =2 mm:
Ps =(55.684, 0) Pa=(8.0, 12.961)
Pd =(8.0,-6.472) Pe=(55.684,0)
Obtain machining positions suitable for the milling process from the formulas shown in the
following table:
Machining position X axis coordinate (diameter) C axis coordinate (radius)
Milling start positions Ps = (Xs, Cs) Xs>((d2+r+a)’/(w+1))x2 Cs=0
Machining start position Pa = (Xa, Ca) |Xa=w x 2 Ca>
\N@2+r+a) —wtn)
Machining end position Pd = (Xd, Cd) [Xd=wx2 cd> - [ ( d/2)2 _ WZ +b
Milling end position Pe = Ps = (Xe, Ce) |Xe=Xs>((d/2+r+a)’/(w+1))x2 [Ce=Cs=0

e The results of the above formulas are free from the positive and negative sign. When changing
the results to coordinates, assign signs to them in consideration of the tool position.

e Specify the coordinates of C axis with values calculated for the radius.
o Specify the coordinates of X axis with values calculated for the diameter.

e The description above is an example when the tool diameter compensation is enabled to move
the tool from Ps to Pa. If tool diameter compensation function is not used, calculate coordinate
for the center of tool, and specify it in the program.
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Calculation procedure

Calculate the machining positions in the following procedures:
1) Determine the leeway for start position (a), and calculate the machining start position (Pa).

2) Based on the machining start position (Pa), calculate the milling start position (Ps), the first
positioning point of milling.

3) Determine the leeway for end position (b), and calculate the machining end position (Pd).

4) Based on the machining end position (Pd), calculate the milling end position (Pe).

1. Determine the leeway for start position as a = 2.0 mm.

Workpiece diameter d : 12.0

C+ Tool radius r : 15.0

Tool Machining width w : 4.0
., 9 Leeway for start position a : 2.0

r Pa /
w+r
W

Pa

2, rx

Figure 1 Triangle in Figure 1

Pa = (Xa, Ca)

Xa=w x 2 = 8.0 (diameter)

Ca= \[(d/2+r-i-a)2—(w+r)2
~ 12.961 (radius)

Pa= (8.0, 12.961).

The coodinate of Pa is used to calculate the coordinate of the cutting point based on
assumption to use tool diameter compensation function (G42, G41, and G40).
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2. The milling start position (Ps) is determined at the center of the circle which moved to position
C0.0 parallel to the line between (Pa) to leeway for start position (a). When the tool moves
from (Ps) to (Pa) for milling interpolation, the distance calculated here is secured.

Cc+
Tool
1 a
w 74\ :
w+r
P
2 (Radius)j
Xs
Tool < r
N
/ | %/‘
/o *L
S ¥
/ |
+ / !
X ’ ﬂ Jw+r /
Ps " ,'/
s <\
(Radius)
di2+r+a
Figure 2 Triangle in Figure 2
Ps = (Xs, Cs)

d2+r+a:w+r=Xs:d2+r+a
(w+r)Xs=(d/2+r+a)2
gd/2+r-+-a22

Xs (Radius)=  (w+r)

Diameter is: Xs =27.842 x 2
=155.684

Cs=0

Ps=(55.684,0)

~ 27.842 (Radius)

The coordinate (Ps) calculated here is the one before the tool diameter compensation is used.
The coordinate of center of milling tool is calculated in diameter value.
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3. Determine the leeway for end position as b =2.0 mm.

C+
Workpiece \ /- Tool
N /\/ ’ X
v
// b e W
Pd
cd| AV
- b
Pd
Figure 3 Triangle in Figure 3
Pd = (Xd, Cd)

Xd=w x 2 = 8.0 (diameter)

Cd=[(d2)—w? +b

= 6.472 (calculated value)

* The actual tool is placed in negative area, accordingly the coordinate value becomes Cd = —
6.472.

Pd = (8.0, - 6.472)

The coodinate of Pd is used to calculate the coordinate of the cutting point based on
assumption to use tool diameter compensation function (G42, G41, and G40). If tool diameter
compensation function is not used, calculate the coordinate in consideration with the tool
diameter.
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4.

The milling end position (Pe) is equal to the milling start position (Ps).

Note, however, milling interpolation is active when the tool moves to the milling end position
(Pe), the coordinates represents the radius value. The tool diameter compensation is canceled
at the same time when the command to move to (Pe) is issued, thus the (Pe) is the coordinate
of center of tool as well as in (Ps).

Pe = Ps = (55.684, 0)
T

Diameter value

| Sample program |

The sample program below uses the values calculated from the milling coordinates.

Previous process

M5 Stop the main spindle

GI8 ..o Feed per minute

MBO S3=[ oo Rotate the tool spindle

M18 CO

G50 €O et Set C axis coordinate system

Milling process

L OO OO Select milling tool

GO X55.684 1.0 CO T J.ooorciernnnne. Go to milling start position (Ps)

GI2.1 e Milling interpolation ON

G17

G42 G1 X8.0 C12.961 F[ | .o, Tool diameter compensation ON, go to machining start
position (Pa)
(See <7.9.2 Milling plane> and <7.6.2 Offsetting the Tool
Diameter> of tool diameter compensation.)

Gl X8.0 C—6.472 F__ .o, Go to machining end position (Pd)

G40 G1 X55.684 CO F:] ..................... Go to milling end position (Pe)

G131 e Milling interpolation OFF

MBZ oo Tool spindle stop

M20 e C axis release
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7.9.5 Program format

[ Sample program |

Previous process

GI8 e Feed per minute

MBO S3= e Tool spindle rotation

M18 CO

G50 €O et C axis coordinate system setting

Milling process

N,: TI—_—] .......................................... Milling tool selection

G50 W et Coordinate shift

G00 X 1 T [ To the milling start position (Ps)
(The Xs value of the milling start position Ps)

GI2.1 s Milling interpolation ON

GL7 e Select end face machining

G41 GO1 X | d | F| —— Tool diameter compensation ON, and to the machining start
position (Pa)

(G42 may be executed instead.)

o1 X Jd ] Milling

G40 GO1 X | | | F| | Tool diameter compensation OFF, and to the milling end
position (Pe)

GI3.1 e Milling interpolation cancel

G50 W[ ] oo Coordinate system shift cancel

MBZ: et Tool spindle stop

M20 et C axis release

GL8 e Select Z-X plane

G00 command is disabled while milling interpolation is set to on (G12.1).
Use the G01 command to move an axis.
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7.9.6 Milling compensation

The tool nose is programmed as the center of a rotary tool for a milling process.

The nose R compensation commands (G40, G41, and G42) are used during the milling process.
Thus, be sure to read the explanation of nose R compensation in the <User's Manual> issued by
FANUC, Ltd.

The following shows the setting of nose R compensation:
Example: When TO5 is used:

0 must be set for the virtual
tool nose number.

Set the radius of the tool to be used.
Example: With an end mill having a diameter of 3.0:
1.500

If the nose R compensation in the diametrical direction of the tool is different from the actual shift,
the workpiece is cut in an invalid shape.

For example, if linear interpolation is performed for the end face as shown in the following figure,
the workpiece has the externally round shape like orbit B when the nose R compensation is too
large. Conversely, the workpiece has the internally round shape like orbit C when the nose R
compensation is too small. If linear interpolation causes a round shape, the nose R compensation is
invalid. Correct the nose R compensation.

Orbit B C

)

X _ —

Orbit specified in the program
To compensate the dimensions of a finished workpiece, change the tool data R.

When a dimension of an actually machined workpiece is greater than the specified value, decrease
the value specified in the tool data by the error. When a dimension of an actually machined
workpiece is smaller than the specified value, increase the value specified in the tool data by the
error.
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7.9.7 List of NC unit errors during milling interpolation

The following table lists alarms which may be issued during automatic operation. A program error
is posted if a program creation error occurs or if a program is not created in accordance with the

NC specifications.

No.

Message

Explanation

PS0145

ILLEGAL USE OF G12.1/G13.1

The axis No. of plane selection parameter No.5460 (linear
axis) and No. 5461 (axis of rotation) in the polar coordinate
interpolation mode is out of range (1 to number of
controlled axes.)

PS0146

ILLEGAL USE OF G-CODE

The modal G code group contains an illegal G code in the
polar coordinate interpolation mode or when a mode was
canceled.

Only the following G codes are allowed:

G40, G50.1, G69.1

An illegal G code was specified while in the polar
coordinate interpolation mode.

The following G codes are not allowed:

G27, G28, G30, G30.1, G31 to G31.4, G37 to G37.3, G52,
G92, G17 to G19, G81 to G89, G68

In the 01 group, G codes other than G01, G02, G03, G02.2,
and G03.2 cannot be specified.

DS1512

EXCESS VELOCITY

The feedrate of the linear axis during polar coordinate
interpolation exceeded the maximum cutting feedrate.

DS1514

ILLEGAL MOTION IN G12.1

MODE

In a hypothetical axis direction compensation during the
polar coordinate interpolation mode, an attempt is made to
travel to the area in which the travel cannot be made.

Milling interpolation function is disabled while the program pre-analysis function is enabled.
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7.9.8 Example of using the milling interpolation function 1 (D cut)

Metal saw 230.0 t5.0

5 5

L1

230

(N
N

Ps:Xs>( (12/2+ 15 +2)2/ (15 +2) ) x 2 = 62.235 ~ 63.0

L1

1

|
S

Pa: Xa =2 (from the above figure) x 2 =4
Ca> /(122 +15+2)"—(2+15)° =18.97~19.0

Pd: Xd=2x2=4
Cd> \J(122)-22 +2=7.65~7.7

Pe: Xe>((2+15)+(7.77/(2+15)) x2=4.0975 ~41.0
Set about 45.0 with leeway added.
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| Sample program |

$1

M5

G98

M80 S1260
M18 CO
G50 Co

T ]

G50 W-5.0

GO0 X63.0 Z3.0 TO3 ..cccevvvreerereennnne Ps: milling start position
Gl12.1

G17

G41 GO1 X4.0 C19.0 F[__ ... ~ Pa: machining start position
GOL C=7.7 F8O ..ot Pd: machining end position
G40 GO1 X45.0 CO F[: .............. Pe: milling end position
G13.1

G50 W5.0

M82

G18

MO3 S1=3000 G99

Tool diameter
compensation setting
15.0




A220PL Sample Programming [Secondary Machining]

7.9.9 Example of using the milling interpolation function 2

This section shows an example of 2-face width machining. Note that milling interpolation is
canceled before the spindle rotates 180°. Shown below is a program sample for milling
interpolation.

| Sample program ]

$1
M s Main spindle stop
GI8 . Feed per minute
MBO S| oo Tool spindle rotate
MIB CO oot Sequential operation of main spindle C axis ON
(optional)
G50 €O oo C axis coordinate system setting
Milling machining process
N ]
11 OO Milling tool selection
G50 W ] Coordinate system shift
600 X | Z | T S To point A (Ps position)
GI2.1 e Milling interpolation ON
GL7 et End face machining selection
G41 GO1 X| | |F — To point B (Pa position), tool diameter

compensation ON.

GOl C{  JFH ] s To point C (Pd position)

G40 GO1 X| | [FL ], To the milling end position (Pe position), Milling
tool diameter compensation OFF

GI3.1 e Milling interpolation cancel

Goo X 17 ]C180.0 corecen. C axis rotation by 180.0° at point A (Ps position)

GIZ.1 e Milling interpolation ON

GL7 e et End face machining selection

G41 GO1 X | ¢ | Fl P To point D (Pa position), tool diameter
compensation ON

GOL Cf ] e, To point E (Pd position)

G40 GO1 X | N Tool diameter compensation OFF Milling
To the milling end position (Pe)

GI3.1 e Milling interpolation cancel

oo X 7 ]

eL: o [ OO Coordinate system shift cancel

MBZ e C axis release and tool spindle stop

G18
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Machining from point D to Point E is performed after the workpiece is rotated by 180°. Be careful
of the coordinates of X and C.

B=DandC=E
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7.9.10 Example of using the milling interpolation function 3

Pa

Tool movement

= )

6

\ )
3 (8)( N\ (5)

Metal saw 230.0 t4.0

=
|

10 212

(OL¢ 2 11(4)

| @ | @\
RO.1
o /
| Sample program |
$1
G98
M80 S1260
M18 CO
G50 CO
T ]
G50 W-5.0
GO0 X57.0 Z3.0 TO3 .o Ps: milling start position
G12.1
G17
G41 GO1 X4.0 €23.0 F[__ .o, Pa: machining start position
GOL X4.0 C=4.9 F80 ..oooorrreereeeerrereeeereanne e))
602 X3.8 C-5.0 RO.1 F1200 ...coooveee..ceee. @)
GOL X=3.8 FBO ..ooorrrvererrereererrsesrreenereenne. 3)
G02 X—4.0 C-4.9 RO.1 F300 ... 4)
GOL C4.9 FBO .ovoooereeeereecreeeecs e (5)
GO2 X-3.8 €5.0 R0.1 F-1200 ......cc......... (6)
GOL X3.8 FBO .oooveerereeeeceereeecrssensseeeeseaa, (7
GO2 X4.0 C4.9 RO.1 F=300 ..ccoovrrrrrrrrennee. @®)
GO1 X4.0 C-23.0 F500 ...ocoovvveeeenercnenn Pd: machining end position
G40 GO1 X96.5 C-23.0 F[__ .. Pe: milling end position
G13.1
G50 W5.0
M82
G18

MO3 S1=3000 G99
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Tool diameter
compensation setting
15.0

If the R setting value of tool diameter compensation is too large, the cutter makes unnecessary
movement when cutting each corner of the workpiece. As a result, machining takes more time than
it should. To minimize the machining time and have corners well finished, specify such a value for
R that the corners are finely rounded.

Specification for the cutter
to move at right angles

Cutter

The cutter once moves away from the workpiece, and then makes an approach to the workpiece
to start machining.
This cutter's movement is unnecessary.

When corners are rounded (R):

- \ Cutter's movement

{
1

15

Fa

/
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To eliminate the cutter's unnecessary movement when specification is made for the cutter to
move at right angles, move the cutter circularly (as if it draws arcs) as shown in the above
figure.

The feed rate specified in a program indicates a speed at which the center of the cutter moves,
thus differs from the actual feed rate at the machining point in the circular motion. The feed rate
to be specified in the program must be calculated.

e With an arc circumscribed with the outer diameter of the cutter:

When the machining feed rate is set as F» = 80 mm/min, obtain the feed rates Fa and Fb to be
specified in programs.
15
Fa=80x 1 =1200
15
Fb=80x 4 =300

e The machining feed rate (80 mm/min) is a standard value.

If you move the cutter circularly to machine corners, the cutter cuts more part of the next
machining face as the cutter diameter becomes greater. Decrease the feed rate (calculated in
the above) in accordance with the allowance, then specify the decreased feed rate.
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7.9.11 Example of using the milling interpolation function 4

End mill (2 cutting edges) 3.0

?12.0

@ (5)

oy / | )
my )

(©) 4
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| Sample program |

$1

G98

M80 S2700

M18 CO

G50 Co

N424

T ]

GO0 X30.0 Z2.0 TO4 ...coocvrrreeenen, Ps: milling start position
Gl2.1

G17

G42 GO1 X21.0 C-1.5 F(:l ........ Pa: machining start position
GOl X6.0 F200 ...cecevverrererrenerieeenenne )

T R )

O RS S (6) The value, instead of CO0, is set in consideration of tool nose R
compensation.

X14.0 F500

Z-1.0

G40 GO1 X14.0 CO [ ]t CO0 is acceptable because the tool nose R compensation is canceled.
G13.1

GO UO VO WO TO

M82

G18

M03 S1=3000 G99
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7.9.12 Example of using the milling interpolation function 5

End mill (2 cutting edges) 23.0

212.0
~ )
QI
\ N
5 2
[ Sample program |
$1

G98
M80 S$2700
M18 CO
G50 €O
T ] |
GO0 X16.0 Z-1.0 TOZ ..ovevererrerrenenne Ps: milling start position
G12.1
617
G42 GO1 X5.0 C2.5 F[ ] .o (1)
GO1 Z2.0 FI25 oo (a)
G02 C—2.5 R2.5 F160 ..oooooevrvrererreeenee. )
GOL X=1.0 coooreerereeerreeeeeeeeeeesesessseeeens 3)
G02 €2.5 R2.5 ovooveeeeeeseresensesensrees 1))
GOL X310 cooeerveeereeereeseseseseeessasesssenes 5)
Z-1.0 F1000 ..iecovoeeeeerreeereeneeeaeeessees ®)
G40 G1 UO WO F[___ |
613.1
GO U0 VO WO TO
M82
G18

M03 S1=3000 G99
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e

G\ (4)

4 End mill

N

@ @

L

(a) The tool cuts into the workpiece until Z2.0.
(b) The tool returns to Z-1.0.

e With an arc inscribed with the inner diameter of the cutter:

dl Cutter diameter rl  Cutter radius
d3 Machining diameter r3  Machining radius

F1 Feed rate specified in the program
F2 Feed rate at which you want to machine workpieces

e Obtaining the feed rate for the machining diameter:

!d3+d1! §r3+r1!
Fi=F,x 4 =kx

Tool diameter
compensation
setting

2.5

The feed rate for the machining diameter (F2) is set as 100 mm/min.

25+1.5
F;=100x 25 =160

Note: The machining feed rate (100 mm/min) is one example.
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7.9.13 Example of using the milling interpolation function 6

o7 End face drilling

— spindle for gang tool
2y _ _ _
A ‘l -

_.1515 X=0 - - 7
212 ‘

End mill (25)

Cut-off tool

Tool diameter
compensation
setting

25

Ps Xs>(d2+r+a)/(w+r)
=(122+2.5+1)*/(5.5+2.5)=11.281
11.281 x 2 (diameter value specification) = 22.562=22.6
Cs =0 (C coordinate)

Pa Xa=w=35.5x 2 (diameter value specification)
Ca> {(d2 +r+a)*— (w+1r)}"?
= {(12/2+2.5+1)*= (5.5 + 2.5)"}* = 5.12%5.2 (C coordinate)

Pd Xd=w=5.5x 2 (diameter value specification)
Cd > {(d2)* + w*}'? +b
={(12/2)* - 5.5*}'? + 1 =3.39%3.4 (C coordinate)

Pe Xe>(w+r)+Cd*/(w+r)
=(5.5+2.5)+3.4>/ (5.5 +2.5) = 9.44=9.5 x 2 (diameter value specification)
Ce = 0 (C coordinate)
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| Sample program |

$1
GO X26.0 Z-0.5
MI8 CO oo Sequential operation with spindle C axis ON (optional)
G50 CO oo Coordinate system setting
G98
M80 S2000
GL7 e XY plane selection (end face machining)
No217 T[]
GO X22.6 Z5.0 TOZ ..ooereevrereenene To the milling start position (Ps), and tool data (tool diameter
compensation) call
GI2.1 oo Milling interpolation ON
G41 GO1 X11.0 C5.2 FI::] ........ Right compensation, and to the machining start position (Pa)
Gl CO F60
G2 X11.0 CO I-3.5 F60 Milling interpolation machining, machining end position (Pd)
G1 C-3.4 F300
G40 GO1 X19.0 CO F[_ .. Compensation cancel, and to the milling end position (Pe)
GI3.1 e Milling interpolation OFF
MB2 e C axis release, and tool spindle stop

GI8 e XZ plane selection (turning)
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8.1 Back Machining Program

The back machining is performed by combining a front machining program ($1) and back
machining program ($2).

| Program configuration example |

$1 $2
Preparation Preparation
process process

Front machining
process
(Center drilling)

Back machining
process
(Center drilling)

Front machining

Back machining

(Drilling, outer (Drilling)
diameter)
Front machining .
process Workpiece
(Outer diameter) separation
Front machining
process
(Outer diameter)
Cut-off process Pick-off

Ending process

Ending process

}
}
}
|
}

}

The back spindle chucks the workpiece machined in the
previous cycle.

Front/back simultaneous machining

Front/back parallel machining

Free layout pattern (Machining pattern cancel)
Front machining
Ejects the completed workpiece.

Picks off the workpiece by the back spindle.

Completes the program with the workpiece chucked by
the back spindle.

As shown above, the workpiece is finished after two cycles of program execution.

Note that inserting the back machining program at the last program execution (G999) can execute
workpiece back machining after cut-off machining both in the first cycle, thereby finishing the
workpiece in one cycle. The last program is not executed when No.16 "LAST PART VALID" is set
to 0 (disabled) on Operator's panel screen or the menu key [LAS PR] is disabled on Check Screen.
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8.2 Back Machining Coordinates
The coordinates in programming must be understood according to the back spindle movement
during program creation.

The positional relation between the back spindle, back machining tool, and the workpiece chucked
by the back spindle is shown in the figure below.

The same conception as in <Section 3.5 Coordinate System> can be applied as the coordinate axis.
Programming is performed on the assumption that the material is fixed.

Program zero point

Stroke to the tool end face of Z2 axis (60-A)
2p5 (Maximum stroke of Z2 axis) (10)

0

The length of the workpiece that protrudes from the end face of the back spindle chuck (plus
protrusion length of long-neck chuck) is 50 mm (maximum).

The length of the workpiece protruding from the end face of the back spindle chuck must be
entered in the B.WORK EXT.LENG. in machining data.

(Protruding workpiece length = entire workpiece length — programmed back chucking position)

If the setting is "0", the back machining tool interferes with the workpiece protruding from the back
spindle when the workpiece is chucked because the end face of the back spindle is assumed as the

zZero point.
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8.3 Back Machining Process

The back machining is performed by tools T31AA to T34AA and T51AA to T54AA. This
machining is basically the same as for front machining.

Specify the length of the workpiece protruding from the end face of the back spindle chuck in
the B.WORK EXT.LENG. in machining data.
(Protruding workpiece length = entire workpiece length - programmed back chucking position)

For "back long-neck chuck protrusion length" in the machining data, enter the protrusion length
of the long-neck chuck from the end face of the back spindle cap nut while the long-neck chuck
is used. This allows the position "back long-neck chuck protrusion + back workpiece
protrusion" to be the program zero point.

If "Z-1.0" is specified after tool selection of T31AA to T34AA or TS1AA to T54AA, the
workpiece end face on the back spindle is positioned at the point where the clearance between
this workpiece end face and the back machining tool is 1.0 mm.

Set the tool T31 to T34 to the position within 70 mm from the end face of sleeve holder.
(Interference may occur when the back machining tool protrudes more than 70 mm during
setting. Pay attention when setting the tool.)

Set the tool TS51 to T54 to the position within 48 mm from the end face of sleeve holder.
(Interference may occur when the back machining tool protrudes more than 48 mm during
setting. Pay attention when setting the tool.)

Write a program in $2.
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| Sample program |

(Center hole and drilling)

$2

G44

G99 M23 SZ=L—:] ....................... Specify per rotation feed and forward rotation of back spindle.

L o Select the back machining tool.

GO0 Z—1.0 .o Position the tool 1.0 mm away from the workpiece end face.

G01 75.0 F0.05 TOIO .............c.. Cut to the specified depth in cutting feed.

GO0 Z-1.0 TOO .coovirieerinecienen, Cancel the compensation while returning to the position 1.0 mm away
from the workpiece in rapid feed.

T W10 s Select the back machining tool at the position —1.0 mm away from the
current back spindle position.

GO0 Z-1.0 v Position the tool 1.0 mm away from the workpiece end face.

G01 Z15.0 FO0.08 TOOO ........... Cut to the specified depth in rapid cutting feed.

GO0 Z-1.0 TOO ccooereeeeirrecrcne Cancel the compensation while returning to the position 1.0 mm away
from the workpiece in rapid feed.

M25 e Stop the back spindle.

M2AT .o Move the back spindle to the waiting point.

M34 e Perform sequential operation for product collection after back

machining is completed.
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8.4 Back Spindle Air Blow (M72, M73)

Blowing air from the tip of the fixed knock-out pipe in the back spindle can be controlled by these
commands.

| Command format |

M72 Back spindle air blow ON
M73 Back spindle air blow OFF

8.5 Move Back Spindle to Waiting Point (M241)

The M241 command moves the back headstock (Z2 axis) to the waiting point (Z2 machine
coordinate 0.0 mm) in rapid feed after back machining is completed. The back headstock also
returns to the waiting point by changing the machining pattern (with W0 argument not specified in
$2).

| Command format |

M241 Move Back Spindle to Waiting Point
The back headstock (Z2 axis) moves to the waiting point (Z2 machine coordinate 0.0
mm).

While Z2 axis is in $1 (e.g., T51's tool is selected in $1, or K2 argument for T code is specified in
$1), specifying M241 in $2 causes an alarm to occur. Be sure to specify M241 in $1. Or, specify
G600 (machining pattern cancel) before specifying M241 in $2.
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8.6 Knock-out Advance/Retract (M10, M11)

Move the knock-out device on back spindle forward or backward.

| Command format |

M10 Knock-out advance
M11 Knock-out retract

e Knock-out advance (M10)
The knock-out advance (M10) command allows the knock-out device to be advanced by the air
cylinder.

e Knock-out retract (M11)
The knock-out advance (M11) command allows the knock-out device to be retracted by the air
cylinder.

e While the back chuck is closed or the back spindle is rotating, the knock-out advance/retract
(M10/M11) command causes an alarm to occur.

e Adjusting the speed controller of the air cylinder allows the speed of the knock-out
advance/retract to be adjusted.

Speed controller for M10

Speed controller for M11

I
L

¢ If the knock-out pipe fails to work correctly during knock-out process due to jéinmed workpiece
or others, the "Knock-out Overload" alarm occurs. For restting the alarm, see <5.5.11
Restoration from Other Alarms> in the Maintenance Manual.
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8.7 Product Collection (M33, M34)

8.7.1 Pick-off collection mode

The back spindle picks off the machined workpiece and carries it into the product receiver box.

a) Move product collection position

| Command format |

M33 Move product collection position

M33 W o Ju__JE

WI:J: Specify the position to retract the Z2 axis (distance from zero point of Z2 axis). Specify
the value with decimal point. When this argument is omitted, the Z2 axis moves to 0.0
mm.

Dl:lz Specify the feed rate (per minute) to retract the Z2 axis. Specify the value with decimal
point. When this argument is omitted, the Z2 axis moves in rapid feed.

UL ]: Specify the position where the separator on X2 axis collect products. Specify the value
with decimal point. When this argument is omitted, the X2 axis moves to —497.0 mm.

ED: Specify the feed rate (per minute) when the separator on X2 axis moves. Specify the value
with decimal point. When this argument is omitted, the X2 axis moves in rapid feed.

W [D]

W ol ]y | | | Can be omitted. l—
U [E]

| Sample program |

$2
M33 e Move the product collection position.

e IfM33 is specified without argument specified, X2 and Z2 axes move to
the zero point point and terminates operation with the back spindle
chucking the workpiece.

e After the X2 and Z2 axes movement is completed, the coordinate system
setting for the Z2 axis is executed.

e Specify a program that puts the finished workpiece in the product box in
the next line of the M33 code.

GO0 758.0 ..cooeverreereirenn Move the back spindle to the workpiece collection position in rapid feed.
MIB oot Open the back spindle chuck.

MIO o Advance the back spindle knock-out device.

G04 U0.5 .o Dwell

GO0 Z0 .oovveerienereieieeeeeaens Return to the zero point of the back spindle.

M72 e Turn on the air blow of the back spindle.

MI1 e Return the back spindle knock-out device.

T3000 ..o Move the back spindle at the center of main spindle.

M73 e Turn off the air blow of the back spindle.
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Back spindle

|

Product box

jee)

Normally
58.0 2.0

e Specify "STANDARD" in "BACK SPINDLE" of the machining data.
e The above program example selects T3000 after product collection.

e Compared to M34 (sequential operation of product collection), M33 allows individual
operations for product collection to be programmed. M33 can therefore save product collection
time by efficient programming.

e When creating a program after issuing M33 (Move product collection position), consider the
following specifications as for the advance position of back spindle (Z2 axis).

"BACK SPINDLE" of the machining data Advance position of back spindle (Z2 axis)
STANDARD 58.0 — (Protrusion length of back long-neck chuck)
SUPPORT 58.0 — (Stabilizer (=10.0 mm))

Specify M33 (Move product collection position) in $2. Specifying M33 in $1 causes an alarm to
occur.
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b) sequential operation of product collection

| Command format |

M3a X W Jo Ju e JZ JA T Js ]

X ] Specify the position to move the X2 axis after product collection. When this argument is
omitted, the X2 axis moves to the position 0.0 mm.

W__ ]: Specify the position to retract the Z2 axis (distance from zero point of Z2 axis). When this
argument is omitted, the Z2 axis moves to 0.0 mm.

D ]: Specify the feed rate (per minute) to retract the Z2 axis. When this argument is omitted,
the Z2 axis moves in rapid feed.

U___ ]+ Specify the position where the separator on X2 axis collect products. When this argument
is omitted, the X2 axis moves to —497.0 mm.

EI::]: Specify the feed rate (per minute) when the separator on X2 axis moves. Specify the value
with decimal point. When this argument is omitted, the X2 axis moves in rapid feed.

Z| - Specify the position to advance Z2 axis. When this argument is omitted, the Z2 axis
moves to 58.0 mm in usual case.

F[___ ]+ Specify the feed rate (per minute) when Z2 axis advances. Specify the value with decimal
point. When this argument is omitted, the Z2 axis moves in rapid feed.

T:]: Specify the time to blow an air after the product collection. Specify the value with
decimal point. When this argument is omitted, the air is blown for two seconds.

Bl ]: Specify the position to move the Z2 axis after product collection. When this argument is
omitted, the Z2 axis moves to the position 0.0 mm.

X W o J e J ] wpr
T ] 8 ] Canbe omitted. x | Y [Elz "

B
| Sample program |
$1 $2
G630 ..o Front/back parallel G630 ... Front/back parallel
machining machining

T0200 T3100

T0300 M25 e Stop back spindle.
: M34 s sequential operation of
product collection
T3000 .o Select tool.
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e Specify "STANDARD" in "BACK SPINDLE" of the machining data.

e Specify M34 (sequential operation of product collection) in $2.
Specifying M34 in $1 causes an alarm to occur.

e The position to advance Z2 axis changes from the standard value (58.0 mm) depending on the
specification. Pay attention when specifying the Z argument.

"BACK SPINDLE" of the machining data Advance position of back spindle (Z2 axis)
STANDARD 58.0 — (Protrusion length of back long-neck chuck)
SUPPORT 58.0 — (Stabilizer (=10.0 mm))
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8.7.2 Cut-off and product collection

The product is collected on the back spindle side.
Main spindle and back spindle rotation synchronization command (G814 or G114.1) is optional.

Adjust the rotation of the main spindle and back spindle in the same direction before the back
spindle chuck is closed.

| Sample program |

$1 $2
M3 S1=1500 M34 e, Specify sequential
operation of product
collection.

LI R Queuing M16 oo Open the back spindle

chuck.

G814 ... Rotation synchronization M24 S2=1500 .......... Specify 1500 for the back
of spindle reverse rotation
spindle and back spindle speed.

(Option)
N11 T0100 .............. Select cut-off tool —= L1

GO0 X26.Z 701
................................ Position cut-off tool

G650 ..ooiviiiiee Automatic queuing <—> G650 ...........ccceee Pick-off

L2 e Queuing M72 oo, Turn on the air blow of the
back spindle.

GO0 Z-1.0 ....oueuueee. Position the back spindle 1.0
mm before the workpiece by
rapid feed.

G99 GOl X-1.0 F0.03 G98 GOl Z F1000

................................. Cut-off the workpiece cererenrenesenenneenenenenee. Advance the back spindle
to the chuck position.

G600 ...oceeririene Automatic queuing <—— G04 UL1.0 .ocevvennenene Specify a dwell pause
command of one second in the
chuck position.

X-3.0 F0.03 M77 e Wait until spindle
synchronization is
completed.

G113 . Cancel spindle MI5 s Close the back spindle

synchronization chuck.
mode

MO5 M73 e Turn off the air blow of the
back spindle.

Mo7 > 112

GO0 Z T0O ..... Return to the start point. —> G600 .........cccceurueenee. Cancel the superimpose
control.

M56 M25 e Stop the back spindle
rotation.

G999 ..o Automatic queuing <—> G999

N999 .o Automatic queuing <—> N999

Mo2 Mo2

M99 M99

*1: L (product length) + 45 (tool shift amount) + (tool width)
*2: £, (chuck amount) Move distance required until the workpiece is chucked by the back spindle chuck
*3: /5 (tool shift amount) Return to the program start point.
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Position and sequential operation for product collection

The product after cut-off machining or back machining is collected to a workpiece receiver box at
this stroke during this operation.
l\f
205

Pick-off advance edge Z

Back spindle

T }_E___i___ 4

-~

J___J* I

T31

&

®) @)

—X) [ 132

248 5 (Radius)

X [ 133

1 S
L 1
I Workpiece
R _‘_ % m_ receiver box
= gy
J_‘
(3
4)

Description

e The following operations are executed when product collection is specified by M34.

The Z2 axis returns to the zero point.

The X2 axis moves to the product collection position.

The Z2 axis advances to the product collection position.

The Z2 axis returns to the zero point after product knock-out.
The X2 axis moves to the center of the guide bushing.

SNEWD =

e When an M33 command is issued, the X2 axis in step 2) returns to the zero point to complete

the operation for product collection. After that, perform product collection by creating a
program.
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8.7.3 Basket-collection mode

The finished workpiece is collected in the basket mounted on the back spindle and carried to the
product receiver box.

a) Move product collection position

| Command format |

M33 Move product collection position

33 W Jo_ Ju__ JE

WI:I: Specify the position to retract the Z2 axis (distance from zero point of Z2 axis). Specify
the value with decimal point. When this argument is omitted, the Z2 axis moves to 0.0
mm.

DE:]: Specify the feed rate (per minute) to retract the Z2 axis. Specify the value with decimal
point. When this argument is omitted, the Z2 axis moves in rapid feed.

U ]: Specify the position where the separator on X2 axis collect products. Specify the value
with decimal point. When this argument is omitted, the X2 axis moves to —497.0 mm.

E[:': Specify the feed rate (per minute) when the separator on X2 axis moves. Specify the value
with decimal point. When this argument is omitted, the X2 axis moves in rapid feed.

W [D]

W [ o ]y 1 g |: Can be omitted. U[E]l

| Sample program |

$2
M33 e Move the product collection position.
e IfM33 is specified without argument specified, X2 and Z2 axes move to
the zero point point and terminates operation with the back spindle
chucking the workpiece.

o After the X2 and Z2 axes movement is completed, the coordinate system
setting for the Z2 axis is executed.

e Specify a program that puts the finished workpiece in the product box in
the next line of the M33 code.

GO0 Z58.0 ..oceeveeeeeieeeenne Move the back spindle to the basket position in rapid feed.

M23 S2=100 ...c.oceererrererennne Rotate the back spindle to put the product on the workpiece separator.
GO4 UL.0 oo Dwell

M25 Stop the rotation of back spindle.

M31 e Turn on the workpiece conveyor.

T3000 .cocoveenireieeeeneneeenene Move the back spindle at the center of main spindle.
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58

—_—

1 [
’ |
!

|
T
t

Back spindle

J D

—_—

Product receiver basket

e Specify "BASKET" in "BACK SPINDLE" of the machining data.
e The above program example selects T3000 after product collection.

e Compared to M34 (sequential operation of product collection), M33 allows individual
operations for product collection to be programmed. M33 can therefore save product collection
time by efficient programming.

e Specify M33 (Move product collection position) in $2.
Specifying M33 in $1 causes an alarm to occur.
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b) sequential operation of product collection

| Command format |

msa X Jw___JoC Ju Je[ A JfC Jt s ][ ]

X(:: Specify the position to move the X2 axis after product collection. Specify the value with
decimal point. When this argument is omitted, the X2 axis moves to the position 0.0 mm.

W[:]: Specify the position to retract the Z2 axis (distance from zero point of Z2 axis). Specify
the value with decimal point. When this argument is omitted, the Z2 axis moves to 0.0
mm.

D[ ]: Specify the feed rate (per minute) to retract the Z2 axis. Specify the value with decimal
point. When this argument is omitted, the Z2 axis moves in rapid feed.

U ]: Specify the position where the separator on X2 axis collect products. Specify the value
with decimal point. When this argument is omitted, the X2 axis moves to —497.0 mm.

E[ ]: Specify the feed rate (per minute) when the separator on X2 axis moves. Specify the value
with decimal point. When this argument is omitted, the X2 axis moves in rapid feed.

7 ]: Specify the position to advance Z2 axis. Specify the value with decimal point. When this
argument is omitted, the Z2 axis moves to 58.0 mm in usual case.

F[_ ]: Specify the feed rate (per minute) when Z2 axis advances. Specify the value with decimal
point. When this argument is omitted, the Z2 axis moves in rapid feed.

T ]: Specify the time to blow an air after the product collection. Specify the value with
decimal point. When this argument is omitted, the air is blown for two seconds.

S{::l: Specify the back spindle speed at product collection. When this argument is omitted, the
back spindle rotates at 30 min™.

Bl ]: Specify the position to move the Z2 axis after product collection. When this argument is
omitted, the Z2 axis moves to the position 0.0 mm.

W D]
X Iw_Io Ju_ Je ]z A | -
Tl ] 9§ ] B| |: Can be omitted. X Z[F]
B
| Sample program |
$1 $2
G630 ..covveerreerreeennes Front/back parallel machining [G630 ..........cccoeeuennene. Front/back parallel machining
T0200 M34
T0300

e Specify "BASKET" in "BACK SPINDLE" of the machining data.

e Specify M34 (sequential operation of product collection) in $2.
Specifying M34 in $1 causes an alarm to occur.
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8.8 Spindle Synchronization Control (G814, G813, G114.1, G113, M77)

When the back spindle performs cut-off process by pick-off, this command permits the cut-off
speed and phase of the main spindle to be synchronous/asynchronous with the pick-off speed and
phase of the back spindle. See <8.14 Phase Adjustment of Non-conform Material> for phase

adjustment.

ACAUTION

Before specifying G814 (spindle synchronization control), be sure to specify M3
S1= (main spindle rotates forward) and M24 S2=
reverse) to adjust the rotation direction.

(back spindle rotates

| Command format |

G814 R JorGl14.1 R[]

Spindle synchronization

e The back spindle rotates reversibly so that its speed and phase matches with those of the

main spindle. (Phase adjustment select mode)

e If R argument is omitted, phase adjustment is not performed, only the spindle

rotation synchronization is performed.

G813 or G113

M77

LIk

Spindle synchronization cancel
Both spindles rotate at the previous speed.

Confirm completion of spindle synchronization

Confirms the completion of synchronization between main and back spindles.

Specify the amount of the synchronous spindle phase shift (angle). Specify the value
to be added to the value measured or stored automatically in the non-conformed
material phase adjustment (preparation or G899 command) as the R argument. The
clockwise direction (forward direction) against the spindle is assumed to be positive.
Specify RO if the measured or stored value above is not added. The available values
range from 0 to 359.999 (deg). If the argument is omitted, the phase adjustment is not

provided.
| Sample program |
$1 $2
12 L1 e Queuing 1T LY e Queuing
M3 S1=1000 ............... Back spindle reverse rotation M24 S2=1000 ... Back spindle reverse
rotation
12 L2 s Queuing 11 L2 i Queuing
G25 e Main and back spindle speed G25 o Main and back spindle speed
fluctuation detection OFF fluctuation detection OFF
G50 S2500 ................. Maximum rotation clamp command
G96 S1=150 ............... Constant surface speed control
G814 e Spindle synchronization command | T3000
TO100 ..o Cut-off tool select
o X ]z ]To1
.................................... Cut-off tool positioning
G650 oo Pick-off, center support G650 ... Pick-off, center support
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$1 $2
GO0 Z-1.0
M77 e Waiting for complete
spindle synchronization
G98 GO1 Z[ ] F1000
G4 U0.5
MI123 i Back spindle torque
limit to 50%
MI5 e, Back spindle chuck
close
12 L3 e Queuing 1T L3 e Queuing
Gl X-1.0 FO.03 ....cccvvuvenee Cut-off machining
G600 ..o Machining pattern cancel G600 ......ceeernnee Machining pattern
cancel
X=3.0 F0.05 .o Cut-off machining
GI7 e Constant surface speed control
cancel
12 L4 e Queuing 1T LA s Queuing
G26 oo e Main and back spindle speed | G26 .........cccuounenene. Main and back spindle
fluctuation detection ON speed fluctuation
detection ON
MIZ24 .o Back spindle torque limit
cancel
12 L5 e, Queuing 1T L5 e Queuing
GBI3 ..o Spindle synchronization cancel
M5 e Back spindle stop
M25

e If the spindle synchronization is used, set the back spindle speed to be equal to or less than
8,000 min™". It is because the maximum back spindle speed is set to 8,000 min™".

e Specify a spindle synchronization command (G814 or G114.1) after the back spindle rotation is
adjusted to the rotation direction of the main spindle (or M23 or M24 is specified).

e Ifthe workpiece is to be picked off by the back spindle after the G814 or G114.1 command,
specify the M77 (complete spindle synchronization) command before the M15 (back spindle

chuck close) command.

e Specifying the spindle synchronization (G814 or G114.1) with both the main and back spindles
rotated forward (M3 or M23) or backward (M4 or M24) causes an alarm to occur.
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8.9 Z1-Z2 Axis Sumperimposition (M130, M131)

The M130 and M131 commands are used to superimpose the Z2 axis (back headstock) on the Z1
axis (front headstock).

| Command format |

M130 Z1-Z2 axis superimpose control ON
The back headstock (Z2 axis) moves along with the move command for front
headstock (Z1 axis).

M131 Z1-72 axis superimpose control OFF
Cancels superimposition of the back headstock (Z2 axis) from the front headstock (Z1
axis).

| Sample program |

$1 $2
MO3 S1=4000 .......... The main spindle rotates forward [M24 $2=4000 ....... The main spindle rotates
and the back spindle rotates forward and the back
reverse. spindle rotates reverse.
12 L10 v, Queuing 1T L10 i Queuing
G814 ..o Spindle superimpose command G98 G1 W120.0 F4000
T0500 ..o Select arear turning tool. | e, Back spindle advances.

GO0 X7.0 Z129.6 TO5
................................ Position the turning tool to the

position
127.6 + rear turning tool

width 2 mm.
G600 ..o Free pattern G600 WO ............... Free pattern
MI5 L Back spindle chuck closes.
G04 U0.5 ... Dwell time
12 L20 o, Queuing 11 L20 e Queuing
MI30 i Z1-72 axis superimposition ON
G50 W-2.0 ..couenee. Specify the coordinate system
shift for rear turning tool width
-2.0.

GO X7.0 [Z127.6

G99 G1 X5.8 7130.0 F0.02

X5.0 o Machining process
7134.8 F0.04

U-0.8 W0.4 F0.02

GO X7.0

G50 W2.0 .ccvvreeenne Cancel the coordinate system shift
for rear turning tool width.

TO100 oo Call up a cut-off tool.

GO X7.0 7136.0 T1
................................ Position the cut-off tool at the

position 35 mm (whole workpiece
length) + 1 mm (cut-off tool
width).

Gl X-1.0 F0.03

MI31 e, Z1-Z2 axis superimpose control
OFF
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$1 $2

G600 ..ooveerereiennen Free pattern (€100 Free pattern

(Cancel the machining pattern) (Cancel the machining

pattern)

Gl X-3.0 F0.05
G813 ..o Cancel spindle superimpose

command
M5 The main spindle stops
M25 e The back spindle stops
G999 ..o Execute the last program G999 ..o Execute the last program
N999 N999
M5 e The main spindle stops
M7 e The chuck opens
GO X-3.0 Z[***] TO

................................ [***] represents the workpiece

coordinate set at start time.

M2 M2

Z1-Z2 axis superimpose control command (M130, M131) can be performed only in automatic
operation mode. It cannot be performed in manual operation mode.
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8.10 C1-C2 Axis Sumperimposition (M190, M191)

The M190 and M191 commands are used to superimpose the C2 axis (back spindle) on the C1 axis
(main spindle).

| Command format |

M190 C1-C2 axis superimpose control ON
The back spindle (C2 axis) moves along with the move command for main spindle (C1
axis).

M191 C1-C2 axis superimpose control OFF
Cancels superimposition of the back spindle (C2 axis) from the main spindle (C1
axis).

| Sample program |

$1 $2
M80 S3=4000
G98
T700
GO X21.0 Z77.0 17
G650 G650
MI8 CO .o, Main spindle C axis indexing M48 CO ...ccooeenene Back spindle C axis
indexing
M72
M16
G0 7z-1.0
G98 G1 730.0 F5000
G4 U0.3
M15
M73
1211 11L1
MI30 .o Z1-72 axis superimpose control ON
MI9O i C1-C2 axis superimpose control ON
G50 W-15.0
GO X21.0 762.0 T7
GO X21.0 TO
G50 W15.0
M82
M16
MI31 e Z1-Z2 axis superimpose control OFF
MIOL e C1-C2 axis superimpose control OFF
M20 Cancel main spindle C axis function.
M79 Cancel back spindle C axis function.
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e To use M190 and M191, options for main spindle C axis and back spindle C axis are required.

e Specify M18 (main spindle C axis function) in $1 and M48 (back spindle C axis function)
before the C1-C2 axis superimpose control command.

e CI1-C2 axis superimpose control function (M190, M191) can be performed only in automatic
operation mode. It cannot be performed in manual operation mode.
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8.11 Pick-off and Ending Process

The back spindle picks off the workpiece in a cut-off process.

After that, the back spindle returns to the waiting point (Z2-axis: 0.0 mm) to execute the ending

process.
Back spindle X1 axis
chuck point
Cut-off tool l
Back spindle ? /
Z2 axis Guide bushing
R e J—
Main spindle
C /—* forward rotation
| e ~
Back spindle
reverse rotation —~—
Z1 axis
(Workpiece
protrusion
(Chuck amount)| amount)
7 . (Cut-off
tool
width)
__ (Workpiece length) ¢ | | a
(Cut-off length) L £3 (Tool shift amount)
=
Workpiece Shifted tool Standard tool
zero point point point

Description

1. Select the cut-off tool.

2. Rotate the main spindle in the forward direction and the back spindle in the reverse direction
at the same speed.

3. Open the back spindle chuck.

4. Move the Z1 axis to the cut-off position. The shift amount (43) and cut-off tool width (a) of the
cut-off tool must be considered in this case. As a result, the following expression is obtained.

Z = ¢ (workpiece length) + a (cut-off tool width) + £3 (tool shift amount)
Move the back spindle to the back spindle chuck point. (Z2 axis)

Make the back spindle chuck the workpiece.

Cut off the workpiece by the cut-off tool.

Return the back spindle to the waiting point.

R

Execute the ending process.
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e Advance the back spindle up to the point 12 mm from the guide bushing. The most advanced
position of the back spindle depends on the size of the tool and on the tool holder.

e When cutting off the workpiece with chucking the back spindle, perform the reverse rotation
command (M24) if the main spindle rotates in the forward direction (M03). Also use a forward
rotation command (M23) if the main spindle rotates in the reverse direction (M04).
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8.11.1 Pick-off process

| Sample program |

$1 $2
(1) MO3 S1=3000 M24 S2=3000
() G814
(3) T0100
(4) GO0 X7.0 Z32.0 T1
(5) G650 (5) G650
(6) 60O Z-1.0 (a)
M77
(7) G98 GO1 720.0 F1000
(8) GO4 UO.5
©9) M15
(10) GO4 U0.5
(11) 2 L1 (11) 11 L1
(12) GOl X-0.5 F0.015
(13) G600 (13) G600 (b)
X-3.0 FO0.03 M25
MO5
Mo7
GO Z0 TO
M56
G999 G999
N999 N999
Mo2 M02
(1) Adjust the main spindle speed to the back spindle speed.
(2) Spindle synchronization command
(3) Cut-off tool selection
(4) Cut-off tool positioning
(5) Set the back spindle workpiece coordinate system so that the workpiece end face on the front
spindle becomes zero.
(6) The back spindle is positioned 1 mm before the end face of the workpiece in rapid feed.
(7) The back spindle advances 20 mm from the end face of the workpiece in cutting feed.
(8) Dwell for 0.5 second
(9) Back spindle chuck close
(10) Dwell for 0.5 second
(11) Queuing
(12) Cut-off machining
(13) Machining pattern cancel. The back headstock (Z2 axis) moves to the waiting point in rapid

feed.
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(a)
The back spindle advances to the position Z-1.0 in rapid feed.

-1.0

- - i ﬂ-ﬂ

- - n

lv\l—' - -
| [

The end face of the workpiece is regarded as
zero point of workpiece coordinate system of
Z2 axis.

(b)

The back headstock (Z2 axis) moves to the retract point (machine coordinate 0.0 mm) in rapid feed.
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8.11.2 Re-chucking of a Long Workpiece

In general, the machining length of a workpiece must be within the Z1 axis stroke. If the machining
length of a workpiece exceeds the Z1 axis stroke, the workpiece needs to be re-chucked by the main
spindle and the back spindle. In this case, create the program including the re-chucking process as
shown below.

The machine without guide bushing device provides machining for a material protruded by the total
workpiece length. Accordingly, if the material is protruded by a value larger than the material outer
diameter x 2.5, the front end of the material may swing during front spindle rotation, which may
disable proper machining. If this occurs, re-checking makes it possible to perform machining with
the minimum swing at each point.

Machining layout

(1) To4 (2) TO1
’ </ T[ TO1
Q I - ]
2 s it r
0.2 2
10 1.5
250 2 T04
SUM24L (free-cutting steel) Cut-off tool width
5
Operation sequence
Chuck stroke Program zero point
Z170.0 20

=
M15 \
MO7  (Goow-—82.0) .

\V_______h Start point for the

MO6 first workpiece
Z252.0 M16
M15 G50 W82.0
MC\)V7 70
G50 W—82.0 M06
G50 20
e JJ\
Start point for the

second workpiece

) ()
I 0 (

123.0 \
Rechucking Final chucking ‘
290 position position 2 Cut-off tool width
250 l

252
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| Operation example |

47.0

U —C

— Back spindle ’_7]. Guide bushing Main spindle ,_”—
. I N — [T B
il I T B
. I
S s e 1 it e e e e e — i i B -
i : v
—| LT e |
] LJ’ _T L Z1 axis stroke: 1+
L] 170 mm e N
200.0
47.0

H [} '
I et B e BN 1
Pl . B
S T . e e | e £ IS e
l ! : _JJ - || [ || l
[ I s Rl I L e 4_\%
123.0
170.0
Advances to Z170.
W-82.0
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Requirements for program creation:

Specify the total length of the workpiece + the cut-off tool width, as the maximum move

distance. (Including end-face turning and cut-off machining which is performed twice)

machining position when the workpiece is re-chucked.

start point.

| Sample program

00001

The move distance of a chuck must be within the maximum machining length not including the

The workpiece machining completion point must be identical to the program zero point of the

$1

$2

G50 20

MO6

GO0 X11.0 Z-0.5 G99
M3 S1=3300

NO101 T0400

GO0 X11.0 Z0.7 T04
GO1 X8.6 Z-0.5 F0.03
X11.0 F0.2

Z11.5

X8.0 F0.03

X11.0 FO0.2

W-0.7

X9.6 W0.7 F0.03
X11.0 F0.2

Wo.7

X9.6 W-0.7 F0.03
X11.0 F0.2

TMO5 e The main spindle stops.
V12 LT e Waiting for 1111
P12 L2 e Waiting for 1112

Determines rechucking position, and
cancels offset (3)

1G00 Z170.0 TOO

1G04 U0.5

IMI5 oo The back spindle chuck closes.
1G04 U0.5

TMO7 oo The main spindle chuck opens.
1604 0.5

1G0O W=82.0 oo, The Z1 axis retracts to —82.0 (4)
TMOB e The main spindle chuck closes.
1G04 U0.5

PMLB e The back spindle chucks opens.
1G04 U0.5

G50 W82.0 ..ocovvvereeererenen Z axis coordinate system setting
1$1=3300 MO3 ...oooovrrvrerenns The main spindle rotates forward at
the speed of 3300 min™.

152=3300 M24 ..o, The back spindle rotates backward at

: the speed of 3300 min™".

G04 U0
1112

.5

Waiting for 12L1 (1)
The back spindle chuck opens.

The back spindle advances 200 mm
from the Z2 axis zero point. (2)

Waiting for 121.2
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$1

$2

GO0 X11.0 Z252.0 TO1

G650

12 L3

GOl X9.6 F0.03

X11.0
W-0.7

Fo.2

..................................... Z1-Z2 Superimposition ON

X9.6 W0.7 FO0.03

X-0.5

..................................... Z1-72 Superimposition OFF

G650 WO

G98 G1 Z220.0 F3000
G04 U0.5

M15

1113

G600

G999
N999

N
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Z2 stroke
0 Oo—®
" 215 [8.46"] IR
[0.20"] [0.20"]
5 205 [8.07"] L5
SSL(Z2=-1.0) " - m | SSL(Z22=206.0
. oo onat [1;‘889'] {1.473] [zégs'] ( )
aximum workpiece ieng 3 X
100[3.94"] 1 1 m%
[3.54"] 50[1.97"] )
(Maximym (Maximum
— chucking amount) |workpiece
2 _extemai —_|
S SsL(xg=1l0) length)
o J;L—~1——{-———-———<—:§——~—ﬁ e -
g G A ey
o, 3_7 .14.5[0.57"] {1777
g L —
(X2=-88.5) o cq 0
om 5 o By bu [2.20" [1.977 SSLEZ1=171.0) SSL(Z1=-1.0)
¥ dN 5 5, 170(6.69"] 5
£t 2 X2=-127.5 v "
A % r( ) - T32 [0.207] 180[7.09"] [0.20"
134 g o v = 21 stroke 0
&l(x2=-166.5) — 133
%(xzazos.s) / T34
& A N
X2=-248.5
(. ) _ i
SN .
S SL(X2=-249.5) §
1l
58 )
[2.287]

* Back spindle stroke

When long workpiece device is used:
The forward end position 205— (Number of tool square) — (10 mm stabilizer) retract 0 mm

Put a checkmark on "LONG WORK" on Machine structure screen to enable the long workpiece
device. In addition, Specify "SUPPORT" for "BACK SPINDLE (#64)" in machining data.
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8.12 Executing the Last Program (G999)

This command must be specified in the last portion (end process) of each axis control group ($1,
$2) program that includes the last program.

In general, the last program is executed to perform back machining for workpieces with which front
machining is completed. The back machining is performed in the last cycle while the machine is in
the stopped state (e.g., 1-cycle stop or product counting by the counter).

Specify the G999 command for each axis control group to automatically enter the axis control
groups in the queuing state. The last program between G999 and N999 is executed in the 1-cycle or
1-block operation mode.

Be sure to specify the N999 command at the end of the last program contents of each axis control
group. To finish program creation, specify the commands following N999 at the end of the end
process. The commands must be specified in the sequence of M02 and then %.

| Command format |

G999 Execute last program

| Axis control groups |

Specify this command for both the axis control groups $1 and $2.

| Sample program |

$1 $2
12 L20 11 L20
Gl X-1.0 F0.03 ....ceevvenreee. Cut-off process
G600 G600
Gl X-3.0 F0.05
G813
M5
M25
M56
G999 G999
GO X11.0 W[***~1.0] ........ Move the cut-off tool and
workpiece. (1)
12 L100 11 L100
M23 S2=2000 ........ Back machining
process
G99
G44
T5100
M241
T3100
M25
M34
T3000
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$1 $2

G600 G600

M3 S1=3000 G99

60 X11.0 W[***+1.1] Cut-off process 2)
Gl X-3.0 F0.03
N999 N999
M5
M7

G0 X=3.0 Z[***] TO .......... [***] represents the workpiece coordinate
set at start time.
M2 M2

o -
%

o

e The last program is not performed when No.16 "LAST PART VALID" is set to 0 (disabled) on
Operator's panel screen.

e Be sure to close the front chuck before selecting a tool in the last program. If selected with the
chuck opened, the material may extrude from the guide bushing.

¢ Be sure to terminate the last program with cut-off the material. If the T51's holder (sleeve
holder) is not specified in the last program and only the T31's holder (back drilling 4-tool
holder) is specified, you need not move the cut-off tool. Accordingly, the processes (1) and (2)
can be omitted.

o While the program pre-analysis function is enabled, be sure to coincide the machine coordinates
of X1, Y1, Z1, X2, and Z2 axes before calling the last program and after it was called when
terminating the last program. If not, an alarm may occur.

e Cancel the coordinate system shift command and compensation command before executing the
G999 command.

e The M56 (product count) command must be specified before the G999 command.
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Operation flow of the Back Pick-Off Failure Detect (M50) function is as follows:

1.
2.

Perform cut-off machining.

Upon completion of cut-off machining, stop the main spindle and the back spindle, and cancel

spindle synchronization.

Rotate the main spindle, and execute the M50

(Back Pick-Off Failure Detect) command.

If the workpiece has not bee cut off completely, the main spindle rotation involves back
spindle rotation (50 min™ or more), and an alarm is issued.

| Sample program |

$2

$1

TO100 ..o Cut-off tool selection

ot X JF . Cut-off machining

M5 e Main spindle stop

M25 e Back spindle stop

G813 .o Spindle synchronization
cancel

MO3 S1=300 .....cccoerrerurnnnes Main spindle rotates
forward

G4 U5.0 .oveeereeeeceeeene Dwell

MBO o Back Pick-Off Failure
Detect

GBO0 ..o Machining pattern cancel

Machining pattern cancel
(Back spindle moves to the
waiting point.)
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8.14 Phase Adjustment of Non-conform Material

A phase shift occurs between the spindle and guide bushing and between the main spindle and back
spindle when machining non-conform materials (hexagonal material, etc). Use this command to
store the values of phase shifts in the memory of the NC unit to adjust the phase.

Be sure to specify this command to adjust the phase when mounting the non-conform material
chuck and guide bushing.

8.14.1 Non-conformed material phase adjustment on Preparation screen

e When a non-conformed material is chucked on the main spindle with another non-conformed
material chucked on the back spindle:

Procedure

1. Adjust the phase between the main spindle and guide bushing. See <Section 7.7 Phase
Adjustment between Spindle and Guide Bushing (Non-conformed Material)> in Operator's
Manual.

2. Store the phase shift between the main spindle and the back spindle.

PREPA.

2-1  Press the Preparation key 1__,ﬂ to display the Preparation screen.

Press the Menu selection key B EJ, the menu key [ADJUST], [PHASE], and
[M.-B.].

START

2-2  Press the Start key m| to lock the door. Press the menu key [M.-B.] and the Start

START
key m| the same time.

START

2-3  When the Start key 1] || starts flashing, put the material (non-conformed material)

through the main spindle and the back spindle.

START

2-4  Press the Start key m again to lock the door. Press the menu key [M.-B.] and the

START
Start key | at the same time.

The main spindle and back spindle chucks automatically close, then the phase shift
between the main spindle and the phase spindle is stored.

3. Adjust the phases of the main spindle and the back spindle.
Specify a spindle synchronization control command (G814 or G114.1) with phase adjustment
(R argument) in the machining program to chuck the material on the main and back spindles.
(See <8.8 Spindle Synchronization Control (G814, G813, G114.1, G113, M77)>.) This will
cause the phase shift stored in step 2 to be automatically canceled for phase adjustment.
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e When a round bar is chucked on the main spindle with a non-conformed material chucked on
the back spindle:

Procedure

1. Adjust the phase between the main spindle and guide bushing. See <Section 7.7 Phase
Adjustment between Spindle and Guide Bushing (Non-conformed Material)> in Operator's
Manual.

2. Store the phase shift between the main spindle and the back spindle.

PREPA.

Z
2-1  Press the Preparation key to display the Preparation screen.

Press the Menu selection key E] B, the menu key [ADJUST], [PHASE], [M.-B.],
and [NO CHK].

START

2-2  Press the Start key m o lock the door. Press the menu key [M.-B.] and the Start

START

key | at the same time.

(The spindle chuck does not open.)

START

2-3  When the Start key (1] | starts flashing, press the menu key [Z1 FED] or [Z2 FED]

and put the material through the back spindle by using the handle in the manual mode.

START

2-4  Press the Start key m again to lock the door. Press the menu key [M.-B.] and the

START
Start key | a the same time.

The main spindle and back spindle chucks automatically close, then the phase shift
between the main spindle and the phase spindle is stored.

3. Adjust the phases of the main spindle and the back spindle.
Specify a spindle synchronization control command (G814 or G114.1) with phase adjustment
(R argument) in the machining program to chuck the material on the main and back spindles.
(See <8.8 Spindle Synchronization Control (G814, G813, G114.1, G113, M77)>.) This will
cause the phase shift stored in step 2 to be automatically canceled for phase adjustment.
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8.14.2 Non-conformed material phase adjustment in MDI mode

e When a non-conformed material is chucked on the main spindle with another non-conformed
material chucked on the back spindle:

| Command format |
$1
G899 Store phase shifts between spindles

Procedure

1. Adjust the phase between the main spindle and guide bushing. See <Section 7.7 Phase
Adjustment between Spindle and Guide Bushing (Non-conformed Material)> in Operator's
Manual.

2. Store the phase shift between the main spindle and the back spindle.
2-1  Specify G899 for $1 in the MDI mode.

START START

2-2  Press the Start key | to lock the door, then press the Start key m again.

START

2-3  When the Start key 1] | starts flashing, put the material through the back spindle by

using the handle in the manual mode.

START START

2-4  Press the Start key mto lock the door, then press the Start key m again.

The main spindle and back spindle chucks automatically close, then the phase shift
between the main spindle and the phase spindle is stored.

3. Adjust the phases of the main spindle and the back spindle.
Specify a spindle synchronization control command (G814 or G114.1) with phase adjustment
(R argument) in the machining program to chuck the material on the main and back spindles.
(See <8.8 Spindle Synchronization Control (G814, G813, G114.1, G113, M77)>.) This will
cause the phase shift stored in step 2 to be automatically canceled for phase adjustment.

¢ In the MDI mode, the phase shifts between the round bar on the main spindle and the
non-conformed material on the back spindle cannot be stored. Make the phase adjustment
according to <8.14.1 Non-conformed material phase adjustment on Preparation screen>.

e The G899 command is intended for adjustment. Specifying G899 in other than the MDI mode
causes an alarm to occur.

e Be sure to specify G899 for $1. If specified for $2, an alarm will occur.
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8.15 Machining with Tool or Rotary Tool in Back Machining

| Operation example ]

Machining with tool

(2) When GO X0 Z0 is specified after TOOOO ®
K2 command, the tip of workpiece on the J:
back spindle and the tool nose move to the
position as shown below. l e

Back spindle waiting point O<—® —> 0O

(1) Retract the workpiece
by GO Z-1.0.

Machining with rotary tool

K2 command, the tip of workpiece on
the back spindle and the center of
rotary tool move to the position as
shown below.

S) @
(2) When GO Z0 is specified after T1000 \
Y1 o X1

Tool
spindle

lEack spindle waiting point —>0

(1) Retract the workpiece
by GO Z-1.0.
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| Sample program |

$1 $2
G600 LC110 o Free pattern (Machining pattern cancel)
G0 Z-1.0 TO D e Retract the workpiece at front side.
12 L1 T LT e Queuing (or G600)
Specify the back spindle rotation by tool set command.
M2 s2=0000
T300 K2 .o The axes of axis control group $2 are changed to X1, Y1, Z2
and C2 by the K2 argument.
GO X21.0 Z0 T3 [j can be used in the program for
Gl X0 FO.1 either of $1 and $2. If used in $1, the axes
Machinin of axis control group $1 are changed to
: } brocess g X1, Y1, Z2, and C2.
GO X21.0
G0 Z-10.0 TO
TOO0OO k2 ... If the K2 argument is used for machining by the next tool,
specify K2 following the tool number.
G600 G600 ..o Cancel machining pattern (free pattern) after finishing
machining with K2 argument.
X1,Y1,71,C1) |(Z2,C2) (By selecting free pattern again, the axes of axis control

group $2 are changed to Z2 and C2.
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e The positioning point of Z2 axis is changed depending on the squares of tool (012,013, or
[016) selected in tool layout pattern. (The position of the rotary tool Z2 axis is not changed.)
In the free tool layout, (116 is used. (To use a [112 tool, coordinate system command G50
W—4.0 must be specified.)

o Specify the command to stop rotation of rotary tool in $1. (See <4.6.4 Tool spindle rotation
(M80, M81, M82)>.

e To perform machining with rotary tool in $1, specify M78 and M48 after issuing TOOO O K2
command.
See also <4.3 T Code Arguments>.

e When machining the back workpiece by using the rotary tool, the back spindle may interfere
with the drill sleeve holder. If "Interference Check" function is disabled (see <4.6.12
Interference Check Function (M88, M89)>, pay strict attention to interference between the
sleeve holder and the back spindle, or between the gang tool post and the back spindle when
machining the workpiece.

e When machining workpiece in longitudinal direction, pay attention to interference between the
workpieces for back and front machining.

When the end-face machining rotary tool BSE107 is mounted on holder [112 (BTF2212) of tool
spindle drive unit U31B, an interference alarm occurs if T07 is called by the command with K2
argument specified. To machine the workpiece with the interference check function disabled,
allowable operation range is restricted because the end-face drilling rotary tool approaches near
the back spindle. Therefore, pay strict attention to interference when machining the workpiece
in this state.



A220PL Sample Programming [Back Machining]

8.16 Back Spindle Feed Per Rotation ON/OFF (G44/G43)

Feed per rotation commands are enabled for the back spindle.

The back spindle feed per rotation ON command (G44) in each axis control group provides feed
per rotation at the speed of the back spindle (S2). The back spindle feed per rotation OFF command
(G43) in each axis control group provides feed per rotation at the speed of the main spindle (S1).
The initial values are the main spindle feed per rotation command in axis control group 1 ($1) and
the back spindle feed per rotation command in axis control group 2 ($2).

| Command format |

G43 Back spindle feed per rotation OFF
G44 Back spindle feed per rotation ON
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8.17 Stroke and Notes on Machining

Max.chucking amount
90

Max. workpiece

100 lengh

50 50 a0 48
Max. external

workpiece lengh

o 1]
' s -
L
—\j— —,
70
/\\
S~ 1
- Z):__Ti**________
T
1
o / / / ‘A Product receiver box
Machine coordinate |
X2 -497.0 — 1118
_ 58
Machine coordinate  pachine coordinate of
Z20.0 collection point

Z258.0
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¢ Maximum workpiece length

When a workpiece is collected in product receiver mode in the knock-out mode, the maximum
workpiece length can be 100.0 mm.

¢ Maximum back workpiece protrusion length

The maximum back workpiece protrusion length from the back spindle cap nut can be 50.0 mm.
If the protrusion length is set to longer than 50.0 mm, interference between the separator for
back machining tool product separation and the back workpiece may possibly occur.

Note that, if the back machining tool is protruded to be longer than the length in the normal tool
set due to a certain machining problem (by entering a negative value to "Longitudinal" on the
Preparation screen), the maximum back workpiece protrusion length is shorter by the protrusion
length.

¢ Maximum chuck amount

The maximum length by which a workpiece can be intruded into the back spindle from the back
spindle cap nut (the position of the knock-out front end after the M11 command) is 90.0 mm.

However, the position of the knock-out front end can be adjusted a little. Accordingly, note
interference between the knock-out and the workpiece if the front end position is changed.

e Atool of T51’s is normally located at the position separated from the holder end face by 48.0
mm.

e A tool of T31’s is normally located at the position separated from the holder end face by 70.0
mm.

e When M34 (sequential operation of product separation) is specified, the machine coordinate at
the separation point is X2 —497.0 Z2 58.0.

Maximum workpiece length (knock-out mode) 100.0mm
Maximum back workpiece protrusion length 50.0mm
Maximum chucking length (knock-out mode) 90.0mm

* All the values are defined for normal setting.
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8.18 Use of Machining Data "Back Long-neck Chuck Protrusion Length"

A long-neck chuck may be used if'right-handed cut-off must be used for machining and the back
chucking position is close to the cut-off position.

e Use of normal chuck

Back spindle T

b

Position where
chucking is desired

e Use of long-neck chuck

Long-neck chuck

Back spindle

b

Position where
chucking is desired

When a long-neck chuck is used, programming can be easier by entering the protrusion length of
the long-neck chuck from the cap nut end face as machining data "back long-neck chuck
protrusion."
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Long-neck chuck

Cut-off width: 2.0mm

Back spindle

% Total workpiece length: 12.0mm
1 L p g
/)/ g
— &
1
N
12 2

Back long-neck chuck
protrusion length-

In the figure above, the long-neck chuck protrusion length is 5.0 mm. Thus, enter "5.0" as the

machining data.

Then if the machining data is added in pick-off (G650) and GO Z-1.0 is specified in $2, the end
face of the long-neck chuck front end is positioned in front of the front workpiece end face by 1.0

mm.

In addition, enter the workpiece protrusion length from the chuck end face as machining data "back
workpiece protrusion length." In this example, enter "3.0."

| Sample program |

$1 $2

T100

GO X21.0 714.0 T1

G650 G650
M72
GO Z-1.0 oo The back spindle moves to the position shown

in the figure above.

M77
G98 G1 Z9.0 F3000
G4 U0.2
M15

12 L1 1111

G99 Gl X-1.0 F0.05 M73
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e Select the long-neck chuck and the cut-off tool properly by calculating their shapes which may
not cause any interference between them to occur.

e To use a program for a machine prior to the A220VII-type machines as a program using one or
more long-neck chucks, change machining data "back long-neck chuck protrusion length" and
the pick-off part in the program.

e The product collection point is changed according to the value specified for "back workpiece
protrusion length" in the machining data. See <8.7 Product Collection (M33, M34)> for details.



A220PL Sample Programming [Back Machining]

8.19 Setting Acceleration/Deceleration Time Constant in Rapid Feed
ON/OFF (M360/M361)

You can change an acceleration/deceleration time constant in rapid feedrate of X1, Z1, and Y1 axis
while running the program.

This function is effective to machine the workpiece in which the finish accuracy is required. Such
accuracy can be obtained by changing the time constant for the gang tool post (X1 and Y1 axes)
during executing G630 command in front/back parallel machining.

Note that rapid feedrate at the tool selection for the gang tool post may become slower depending
on the changed time constant value, and the cycle time may be affected.

Acceleration/deceleration time constant of rapid feedrate

The axis specified to feed rapidly by GO code (rapid feed) accelerates to the rapid feedrate with a
constant gradient, then decelerates to the stop position with a constant gradient. This time period is
called "acceleration/deceleration time constant". The time required for acceleration is equal to that
for deceleration.

Rapid feedrate

Speed
Time constant Time constant Time
Time to accelerate to Time to decelerate to
reach rapid feedrate reach stop position
Initial value of time constant for each axis
Axis Acceleration/deceleration time constant
X1 42 msec
Z1 74 msec
Y1 74 msec
| Command format |
M360 X |Z| | v | Acceleration/deceleration time constant ON

X: Specify a multiple of initial value of acceleration/deceleration time constant for X1 axis with
decimal point. Available range is between 1 and 15.

Z: Specify a multiple of initial value of acceleration/deceleration time constant for Z1 axis with
decimal point. Available range is between 1 and 15.

Y: Specify a multiple of initial value of acceleration/deceleration time constant for Y1 axis with
decimal point. Available range is between 1 and 15.

M361 Acceleration/deceleration time constant OFF

Restore the initial value of acceleration/deceleration time constant for each axis.
The initial value is also restored if the running of program is aborted and the Reset key is pressed.
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Sample program

In the example below, when the finish machining by back machining tool in $2 and tool selection in
$1 overlaps, specify M361 and M360 commands before and after the tool selection command. This
supresses the tool selection in $1 to precede the finish accuracy of back machining.

$1 $2
M360 X10.0 Y10.0 10 times as for acceleration/deceleration
time constant of X1 and Y1 axes
T300 Tool selection Finish machining by back
machining tool
M3B1 .. Initial value of acceleration/deceleration :
time constant of X1 and Y1 axes

e Specify M360 and M361 in $1. Specifying them in $2 causes an alarm to occur.

The acceleration/deceleration time constant for X1 and Y1 axes of gang tool post and Z1 axis of

front headstock can be changed.

The cycle time may become slower by changing the value of acceleration/deceleration time

constant.

Determine the magnification (argument) for acceleration/deceleration time constant according to

the finish accuracy of back machining.
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9.1 Programming Practice 1 (Front Machining)

Machining drawing
Cut material: C3604BD
(Brass 220)
1

514 - ~ - +-920

40 10

50

Tool layout

TO1
(1) TO3

| |

TO3

) el

(2) TO1
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| Sample program |

gooo0r L Program number
$1 $2 e Axis control group commands

G50 zO Coordinate system setting

G600 G600 ... Free pattern (Machining pattern cancel)
(Specifies the end point of M320 (basket advance)
command)

MO6 M34 L Closes the chuck.
Sequential operation for product collection

GO0 X21.0 z-0.5 | e Moves the workpiece away from the tool.

MO3 S1=2500 G99 | .. Main spindle forward rotation (2,500 min™)
Per rotation feed (mm/rev)

NO103 TO300O | e Gives a sequence number and selects a T03 tool.

GO0 X14.0 z-0.5 TOL | Positioning to ¢14 in rapid feed., and issue tool offset
No. 1

GO0l Z40.0 FO.O5 | e Cuts to 40 mm in longitudinal direction (214).

Xx2r.o Cuts to the material outer diameter + 0.5 mm
(radius value).

12 L1 1111

N0204 TOl00O | e Gives a sequence number and selects a TO1 tool.

GO0 X21.0 Z52.0 TO2Z | Positioning to cut-off point in rapid feed, and issue tool
offset No. 2

M320 Xx3.o | Advances to the workpiece separator position of the back
spindle.

G99 GO1 X-1.0 FO.O03 | Cuts off the workpiece.

X-3.0 F0.05

G600 G600 ... Free pattern (Machining pattern cancel)
(The back spindle workpiece separator retracts.)

Mos Main spindle rotation stop

Moz Opens the chuck.

GO0 X-3.0 ZOTOO | e Returns to the start point.

Ms¢ Products count

G999 G999 ... Last program execution command

M34 L Sequential operation for product collection

G600 G600 ... Free pattern (Machining pattern cancel)

N999 N999 ... Last program queuing

MO2 Moz One cycle stop

% %5 e Stop code
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