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Preface

@)

This Programmer's Manual is one of a three-volume set that is provided with your Cincom
L16/L20.

This manual contains information you need to program the L16/L.20 for various lathing functions.
The manual describes programming commands and program sequences with examples.

The other two volumes in the set are the Operator's Manual and the Maintenance Manual.

Operator's Manual contains general information on the machine and the procedures for basic and
daily operations.

Maintenance Manual provides detailed information on L16/L.20 repair and maintenance.



Information for Obtaining Customer Support

Before contacting Citizen for an inquiry, please confirm as many items listed below as possible to allow
for a prompt and definite response.

No. Item Example Check point

1 |Machine type L16 Aluminum nameplate on the back
of the machine, the operation
panel, the manual, etc.

2 |Model No. SM7 Red seal on the front of the
machine, the cover of each
manual, etc.

3 |Machine No. Q1234 Aluminum nameplate on the back
of the machine, etc.

4 |NC unit Cincom SYSTEM M6 Chapter 3 "Machine
Specifications" in the Operator's
Manual, the operation panel, etc.

5 |Delivery date February 1997

Machine paint color Purplish two-tone color Appearance
Your specified color
7 | Customization Special workpiece unloading
device
8 |Name of the manual and the |Page 10 in Chapter 5 of the Manual: Operator's Manual,
number of the page Maintenance Manual Programmer's Manual, or
containing the information Maintenance Manual
concerning your inquiry

9 | Software version information | TYPE FCA635LC-AC11 On-screen display on the

SERIAL M658546026Z operation panel
MAIN BND-358W000-A*0

PLCu 001-000

BOOT BND-362W001-A*D

MMIs BND-359W000-A*0

MMIu 001-000

API BND-660W300-A*A

MACRO  001-000

PARAMET 001-000

0S 001-000

For an inquiry about a problem, please check it with Chapter 5 "Troubleshooting" in the Maintenance
Manual in advance.
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L16/L20 Overview

1.1 About This Manual

The purpose of this manual is to provide programmers with the information required for
programming the Cincom L16 and L20 machines to perform a variety of basic lathing functions.

This manual describes how to handle, or program the machine to get the most out of it. Before
operating the machine, be sure to understand the contents of this manual to create NC programs for
safe and correct machine operation.

This manual contains the following chapters:

Chapter 1 Overview

This chapter describes the purpose and organization of this manual.

Chapter 2 Safety Precautions

This chapter describes safety precautions to be heeded while programming, setting up,
operating, and maintaining the machine.

This chapter also includes information on machine safety devices and procedures for
handling an emergency situation such as a fire at your factory.

Chapter 3 Introduction to Programming
This chapter provides basic knowledge of NC programming.

Chapter 4 Command Codes

This chapter details the instruction commands required for NC programming.

Chapter 5 Programming Practice
This chapter provides simple programming examples to help you learn basic NC
programming.

Chapter 6 Programming Practice (Secondary Process)
This chapter provides advanced application examples to help you learn secondary-
process programming.

Chapter 7 Programming Practice (Back Machining)
This chapter provides advanced application examples to help you learn back-
machining programming.

Chapter 8 Program Example
This chapter provides sample NC programs.

Chapter 9 Cutting Conditions

This chapter describes a variety of cutting conditions required for machining.

Chapter 10 Tooling

This chapter lists the various tooling systems used for the L16 and L20 machines,
showing their specifications and dimensions.



L16/L20 Overview

1.2 Who Should Read This Manual

This manual is intended for all programmers for producing the component on the L16/20 machine.

Programmers must thoroughly read and understand this manual in order to create machining
programs for safe and efficient operation.
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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.

Safety signs appear in this manual and on the machine. All safety signs are identified by the words
DANGER, WARNING, or CAUTION. These words signify the following:

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.

& WARNING

Do not remove or hide any safety sign (warning label). If it is peeling, contact that division
of Citizen Watch Co., Ltd. which is specified on the cover of this manual.

2-1
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Location of Safety Signs

Figure 2.1-1 shows the location of the safety signs and Figure 2.1-2 shows the contents of the safety

signs.

Figure 2.1-1 Location of Safety Signs
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@

A\ WARNING

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

* Read instruction manual before using machine.

* Do not touch tools or other moving parts when machine is operating.
* Do not operate machine uniess all doors and all covers are closed.
¢ Turn off power at main breaker before opening control unit doors or covers.

» Before operation, be sure all safety devices are working.

AWARNING

2

A\ WARNING

7Y

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.

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

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

Follow Lockout/Tagout.

EWO01

EW201

©)

A WARNING

@

A WARNING

®

®

% B

Moving parts, hot chips
and hot oil inside.

Keep door closed

during operation. woa

A& WARNING

A WARNING

Moving parts inside.

Keep door closed

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.

EWO05

during operation. ewes

@

A WARNING

©)

A DANGER

A WARNING

2

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

Tumn 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.

EDO1

;)15«3\‘««(««,..nm\.
N

Hot surface can cause
burns.

Do not touch when power is
aon. Wait until surface cools.
EW11

Figure 2.1-2 Contents of Safety Signs

®

A\ WARNING

1z

—— GROUND

GETTING
ELECTRIC SHOCK
OR NOISE CAN
OCCUR.

THE UNITS MUST
BE GROUNDED.
(RESISTANCE
VALUE MUST BE
10022 OR LESS)

A-002
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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. Note, however,
that pressing these emergency stop buttons during machine operation might damage a tool as well
as the product being processed. The machine will display the alarm message EX052 "Emergency
button alarm. Emergency Button is pressed.” To reset the emergency stop status, turn the pressed
button clockwise. The procedure for gradually stopping the machine operation is given in "2.11
Handling Emergency Situations".

Figure 2.2-1 shows the location of emergency stop button.

> 4
&

&

)

Figure 2.2-1. Location of Emergency Stop Button
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2.3 Safety Devices

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 when there is 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:

* When you operate the machine continuously and there is possibility of reduced operator
attention.

* When the duties of the operator extend beyond this machine.
* When you operate the machine during the night shift.
* To reduce the possibility of accidents.

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

[IMPORTANT:|

No safety devices provide complete safety against accidents and hazards.
Be sure to follow the precautions described in sections after 2.4.
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Figures 2.3-1 and 2.3-2 show the locations of the safety devices on the machine.

Door locks (optional)

Door (3)

~ Door (4)

Main circuit breaker
(standard)

Cut-off tool breakage detector
(optional)

Door lock (optional)

Door (2)

Door (1)

Chip outlet door

Figure 2.3-1. Location of Safety Devices (Front side)
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Coolant flow rate detector
(optional)

Coolant level detector
(standard)

Door switch (standard)

(optional)
Figure 2.3-2 Location of Safety Devices (Rear side)

>
_
7
%
Fire extinguisher

Lubricating oil level detector

(standard)
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The following are detailed descriptions of the safety devices:

Door locks (optional)

Door locks prevent any person from opening the front left (cutting side) doors (1) and (2) and front
right (main spindle side) doors (3) and (4) during machine operation. You will only be able to open
these doors when the machine is stopped. (See Figure 2.3-1.)

Door locks also serve as door switches. Therefore, if the door locks are installed, the standard door
switches are not used.

Door switches (standard)

These door switches disable machine operation while the front left (cutting side) doors (1) and (2)
and the front right (main spindle side) doors (3) and (4) are open. (See Figure 2.3-1and 2.3-2.)
Unless all the doors are closed, you cannot operate the machine

In the Handle Feed or Preparation mode, however, operation (except cut-off machining) is
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.

Fire extinguisher (optional)
The automatic fire extinguisher starts putting out a fire when the sensor installed in the machine
detects a condition matching or exceeding the prescribed setting.

A WARNING

To prevent fires from being caused, be sure to follow the precautions below:

» Before operating the L16/L20 machine, be sure to read the separately prepared "Fire
Extinguisher Instruction Manual" for operation, maintenance, and inspection.

* If the machine is operated with the fire extinguisher removed, always follow the fire
prevention practices listed in Section 2.10 and take appropriate measures for fire
prevention to replace the fire extinguisher.

* The carbon dioxide fire extinguisher standard with the machine works to put out a fire
with the doors (1) and (2) on the front left side (cutting side) and the chip door both
closed (sealed). Therefore, be sure to keep the cutting room doors and the chip door
both closed during operation of the machine.

* The carbon dioxide fire extinguisher standard with the machine cannot put out the
combustion (fire) of certain materials such as magnesium, titanium, zirconium, and
sodium alloys. If the machine is used to cut these materials, strictly observe the
following precautions:

- Avoid unattended operation.
- Prepare a fire extinguisher dedicated to metal fires near the machine.
Never use water to fight such fires.

Main circuit breaker (standard)

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

Cut-off tool breakage detector (optional)

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
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the above possible dangers. When this device detects a damaged cut-off tool, the alarm message
EX 116 "Tool bit breakage alarm. Cut-off tool is broken." is displayed.

Coolant flow rate detector (optional)

This device is installed in the midsection of the coolant supply pipe and detects the change of the
coolant flow rate. When the flow rate gets lower than the specified value, the alarm message
EX114 "Coolant alarm. Coolant oil is empty or nozzle is jammed." is displayed and the operation
of the machine is automatically stopped to prevent a fire hazard.

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 EX203 "Coolant oil empty. Coolant oil is
empty. Supply the oil." is displayed and the operation of the machine is automatically stopped after
completing one cycle to prevent a fire hazard.

Lubricating oil 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 EX202 "Lubrication oil alarm.
Lubrication oil is empty. Supply the oil" is displayed and the operation of the machine is
automatically stopped after completing one cycle to prevent machine damage.

The following software functions are also provided for safety:

Spindle speed change detection (standard)

This function detects excessive changes in spindle speed to prevent machine damage. The alarm
message EX119 "Main spindle speed fluctuation alarm." or EX127 "Back spindle speed fluctuation
alarm." is displayed when it detects a change of more than 10% from the specified speed.

Note, however, that this function must be turned off when the constant surface speed control
function is used and during tap and die machining (see "7.6 Commands for Detecting Spindle
Speed Changes" and "7.7 Constant Surface Speed Control Command" in the Programmer's
Manual).

Interference check (standard)

This function checks for interference between spindles, guide bushing, and tool posts of the
machine. When the function determines the possibility of interference during machine operation,
the NC alarm message M03 "COLLISION ALARM" 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

(see "5.4.1 Recovery from Interference Check Alarm" in the Maintenance Manual).



L16/120 Safety Precautions

2.4 General Precautions During Operation

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

/\ DANGER

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

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

operation. When the key LED on the operation panel is on, 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 high voltage parts 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. Turn off
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, return all machine moving parts to
their return positions, and remove all materials in progress from the machine.

* 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.

/A 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.
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A\ cauTioN

Follow these safety practices. Failure to do so may result in minor/moderate personal

injury and/or damage to the machine:

* 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 Appendix A Relocating the NC Machine in the
Maintenance Manual.)

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

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

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

* Remove stray chips from the coolant tank as required, depending on cutting condition
and type of material being machined.
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2.5 Before Starting the Machine

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

The locations of the emergency stop button safety devices, and all front left and right doors.
The meaning of all safety signs.
How to stop the machine in an emergency situation.

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

Proper shutdown and startup procedures.

Procedures for clearing machine troubles.

How to disconnect the main power to the machine.

Fire prevention procedures (see "2.10 Fire Prevention Practices").

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

Make sure you wear the proper work clothes (no loose dothing), safety goggles, cap, and safety
footwear. Also make sure you remove rings, watches, jewelry, neckties, and all loose items in
your shirt pockets.

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.

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

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

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

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

Make sure that the emergency stop button is working properly.
Check all screws on the machine to make sure they are not loose; tighten them if necessary.

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).

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

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 Cincom 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.

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.

2-13



=iV / Loy valtly riecauuons

2.7 Safety During Automatic Operation

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 stray chips that get caught in the machine, 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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2.8 Safety During Maintenance

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

2.9

Only qualified maintenance personnel should perform maintenance operations on the machine,
especially when any safety device is disengaged.

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 main circuit breaker and 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.

Safety After Everyday Operation

Turn off the main circuit breaker and 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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2.10 Fire Prevention Practices

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 stray 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.

Check to see that there are no coolant mist leaks.

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.

Prevent the following situations in which coolant can mist or vaporize or coolant supply may be
insufficient, and possibly cause a fire.

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

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

Long chips may hit the coolant nozzle and change its position so that no coolant is applied to
the machining position.
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e If the coolant in the tank is at a low level or the coolant filter is blocked, the coolant discharge
may be insufficient.

* When the coolant recommended by the manufacturer is not used and a flammable coolant is
used instead; or when the cooling effect of the coolant is inferior.

* When the room temperature is abnormally high, the coolant may vaporize.

The following situation is especially hazardous. Stop the machine operation immediately, and
contact the Citizen Service Center.

* 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.
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2.11 Handling Emergency Situations

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

2.11.1 Emergency Situations Requiring Evacuation
When evacuation is required in the case of emergency situations, such as fire, earthquake, or
lightning, perform these procedures.
* If 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.

2.11.2 Power Failure

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

2.11.3 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 Operator's Manual.
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L16/L20 Introduction to Programming

The NC Program

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.

NUMERICAL CONTROL PROGRAM

What is NC (Numerical What is program?

control)?

Sends information (commands) made up of Instructions for controlling the machine
numerical values to the processing unit to according to the predetermined
control the machine operation. procedures.

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

Q :  Use the following four commands to complete the code to move from A to B in the
following figure. (See the next page for the answer of this question.)

1) GO1 .... Move straight to OO.
2) Go2 .... Move circularly to OO.
3) M03 . ... Turn the start switch ON.
4) M02 . ... Turn the goal switch OFF.
X50 —> B
Codes g| 10
0 Mo3 ' (Turn the start switch ON ) rao
1 GO1 X10 Z0 (Straight movetoX=10,Z=0 ) 8
2 GO1 X10 Z10 (Straight move to X =10,Z=10)
3 ( )X()Z10 (Straight move to X =20,Z=10) 20 f .
4 GO02 X( ) 220 (Circular move to X =30, Z =20) 6
5 ( )X()Z() (Straight move to X =20,Z2=20) *<2° 3 5
6 ( )X()Z()(**fromX =**Z = ** ) 2
7 ( )X()2Z() (**from X = ** Z = ** ) X1
8 ( )X()Z()(**fromX = ** Z = ** )
9 ()X()2() (from X =*%, Z=** ) ° t zto z20 z30 za0 250
10( ) A
The NC program is almost the same as codes above. (Workpiece

machined as 4

(The answer to this above question is given on page 3-18.) above) M

-
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3.1.1 Difference between Cam Control and NC

{ Cam control

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

Analog

¢, aulyoew ay} ayerado noA op MOH

The cam is first designed. The up/down movement of the

cam in relation to time is continuously given.

M

Time

1 cycle is angular

The entire process must be completed within 360°.

junowe
uoneAs|3

« Limitation to complex and long-time machining.

Hardware

Forming the cam, or the metal machining of the
cam itself must be done first.

* Time and labor is required to set the cam.
» Correction and change is difficult.

« Storage is difficult.

* Forming the cam is costly.

* One machine can be fitted with only one cam for one

workpiece.

& BUIYIB W B} JO UIRIQ B} SI BIBYM

¢ oIl weiboud e sijeyp

¢ 191SE3 S| YOIUM

What are the differences between cam control and NC?

Numerical control (NC) ]

NC unit
s

NC program

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.
l Use chuck I

¥

| Rotate the spindle ] (in 2,000r.p.m.)

Y

[ Select front turning tool and perform

1 cycle is linear

‘4,

As many commands as required can be specified.

ﬂlﬂﬂ-ﬂﬂ-ﬂﬂ ~~~~~~~~~~~~ il

uiniay

* No limitation however long or complex the machining is.

Just type the commands according to the designated
manner. The program can easily be rewritten.
* Very short time is required for the preparatory stage.
= Correction and modification is very easy.
» Storage does not require much space. The program
can be stored as long as necessary.
* 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.




3.2 Process of Program Creation

® Workpiece Drawing

* The drawing is the basis for an NC program.

Y

@ Creating the Tool Layout

* Select the holder to be used.
* Determine the tool layout.

* Describe the shape of the tool, the dimensions of
tool width, and the tool number.

Y

® Creating the Machining Layout

* Specify the number of the tool used, the cutting
path, and cutting procedure.

y

@ Setting the Spindle Speed and Feed Rate

* Select the proper cutting conditions.

y

® Reading the Coordinate Values

* Read the in-feed amount (X) and longitudinal
feed amount (Z) from the drawing.
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Material: SK4F ¢ 12
(Free cutting carbon tool steel)

©l R
@ ur () _]; N.
o|e]l =& - ____13[;
R2.5
co.s” /] co.s| CO0.5
co.s
ini
20 14
6 5
45
Vv
T10 To08 T0

T06 4 T02
T09 TO7 TOS TO03 TO!

B
ke

+* &

==
®@T03
Vv
F0.025
$2400 ' F0.025
;);04 Fi_o“FO.OZS

(x,2)

(12,26)

(5,2.5) ' (12,31)
(5,20) (6,45)
\ N J
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® Coding the Program

* Specify the type of the tool to be used,
range of cutting, and machining
conditions for cutting on paper
according to the rules.

y

@ Entering and Saving the Program

* Enter the written program sequence on
the paper into the NC device and save
them.

Y

Entering the Machining Data

* Enter the holder name to be used,
material diameter, and machining length
as data into the NC in advance.

Y

@ Enter the tool setting data

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

00002 .

$1 ' $2
G50 Z-0.1 ' G821
(M52) ' G820
M06 ' G999
GO0 Z-0.6 S1=2400 MO3 ' N999
G821 ' M02
NO112 T1200 ' M99
X13.0 20 ' %

Mchi“io‘a . E— e

| 1 Bar stock 0.D. 10.00

£
{2 Tool Positioning Point (DIA} fm an
{3 Cut-0£f Tool r[ 1
! 4 cut-off Speed : 3000 cpe
" S Cut-0£f Feed " o[ T0.000 masc
' 6 Cut-0£f End (DIA) [ =3.000 ma
i 7 Machining Length i} 80.000: mm
i - 8 Pieces/iChuck ﬁ P
| 9 Tubing Bar Stock I.D. [o.000 ax
|10 Back Spindle Chuck POS = .
| 11 Fronc Mach Holder Neme  TURN+AROTARY v
i' 12 Front Drill Holder Name ISce.ndn:d Tool Holder

| 13 Back Drill Holder ¥ame  [Scendard Tool Holder

| 1 14 Back Spindle ~ [scandara

0.000 | 0.000 Cross

" b.oo0 | 0.000 Cross
T09! " '6.000." 0,000 | 0.000 Cross
T10f 0.000 ;" .0.000.i 0.000 Cross .

e |r e e | e |

7?03 | ReT Pos| Cuc-ote [Man. Sec] | orr-reT:| pos PwT [ Bar set| @ ADI [cicR ADi
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® End

* With this, the programmer's jobs are completed.

3.3 Basic Program Configuration

The 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.
The machine operates under control of the program configured with the program body and program
data as illustrated in the diagrams.

Determine the holder name to be used as one of machining data items.
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L

Contents of commands

Program

1

f

u Main program body

Preparation process

Program data

Program name
Program for the axis
control group 1

Set the coordinate
system.

(Coolant oil ON)
Chuck closed
Spindle rotation start
Single machining

Program for the axis control group 2
Single machining

Single machining cancel

Last program command

Last program queuing

1-cycle stop

Return to th‘e top

Machining data

y .

Machining process

Material diameter?

- | Tool positioning point?
‘| Machining length?

1-chuck fetching
Quantity?
Spindle speed?

’ Holder name?

Select tool No.[___]

position.

Cut up to the 1 position.
Cut in a straight line up to the ]

Machining process

Select tool No.[___]

position.

Cut in a circular arc up to the

=

Cut-off and
ending

Select tool No.[___]

Cut-off

Spindle stop
Spindle chuck open
Return the spindle.

Count

1-cycle stop
-Return to the top.

Workpiece separator advancing

Single machining cancel

Last program command
Last program queuing

Tool set data

Core position?

.| Diametrical direction?

Longitudinal direction?
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Screen display - Program
]
[ ]
Main program body Program data
Preparation process Machining data
Oxxxx
G50 20 G821 —, : e = ; e
(M52) G820
MO06 G999
S1=2000 Mo3| |[N999
G821 Mo2
M99
%
Y
Machining process
T 1
GOo1 X | I ] T
it (50 ]
Machining process i
T
LT 1

1
;G02x1 ] ZC_ 1 RCJF

o Tool set data

Cut-off and ending
processes

T100
M32

GO1 X-3.0F [
Mo05

Mo7

GO0 Z0 T0O
G820

M56

G999

N999

Mo02

M99

%

703 #WT] Bar s

5 | cuz-oer
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3.3.1 Machining Data (Screen Display)

| Machining Data ‘
’ ',iBar SCOCkGD ;\f,'/ : mm — -

2 Tool P031t10n1ng Po:mt; tDIA) l 1.000 pp
'3 Cut-0ff Tool x| 1
,4‘Cut-'0ff Speed . 3000
s Cut—fo Feed 0.030
Cut-0ff End (DIA)
Hachlnlng Lengthx
Pieces/lChuck ,
’mblng Ba:: Stock I D
10 Back Spindle Chuck pus

”\o o -~ m[

11 Front Mach Holdez I-Ia;ne GTFSllZ - 6TURI-I+4RDTARY — ho

12 Front Drili Holder Name 5?3’?4?.‘.‘%. Tool 4Ho_;d¢’r_

19 Beck Drill Holder Neme [Stendard Tool Holder _J |

14 Back Splndle T f{Sr,?nda‘r‘d‘ e :-lg ; Quic (E‘SC)' :




L16/L20 Introduction to Programming

Bar Stock O.D.
Enter the outside diameter of materials to be machined.

Tool Positioning Point (DIA)

The tool positioning point is the point at which a tool is positioned when selected from among tools
TO1 to T10. 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 T10 and to which the tool escapes when another tool is selected.

Cut-Off Tool
In this machine, a cut-off tool is mounted in TO100. Therefore, enter T1.

Cut-Off Speed

The tip of materials is cut at this speed during tool setting.

Cut-Off Feed :
The tip of materials is cut at this feed rate during tool setting.

Cut-Off End (DIA)

The tip of materials is cut to the end position of this X-axis position during tool setting.
This position is also used as the start position of an X-axis when the program starts.
Machining Length

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

® Workpiece length + Cut-off tool width or back turning tool width

@ Workpiece length + Secondary process tool shift amount

Enter step® or® described above (as required in the program).

Pieces / 1Chuck
Enter the number of product to be machined in the program.

Tubing Bar Stock I.D.
If the machined is a pipe material, enter the inner diameter.
If cut-off machining is executed in the preparation mode with this value entered, the tool

advances to the position "the pipe material inner diameter - 3.0 mm" in cutting feed, then
advances to the cut-off end position in rapid feed.

Example: If the pipe material inner diameter is 10.0 mm and the cut-off end position is -3.0,
the tool is fed to X7.0 in cutting feed and then to X-3.0 in rapid feed.

10 Back Spindle Chuck POS

Enter the value of workpiece protruding from the back spindle.

11 Front Mach Holder Name

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

12 Front Drill Holder Name

Enter the name of the front drilling holder attached to the machine.

13 Back Drill Holder Name

Enter the name of the back drilling holder

14 Back Spindle

Enter the type of the back spindle attached to the machine by selecting Standard, With Basket or
With Support.
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3.4 Tool Layout Pattern

A more rational layout can be selected according to the number of tools to be used.
For more information, see Chapter 10 "Tooling."

The type of the tool holder you have selected is displayed on the Machining Data screen. For
information on holder name selection, see the relevant chapter for operation.



3.5 Drive Axis and Multi-Axis Control Group

3.5.1 Drive Axis

B Five-axes control specification (Type VII)

L16 /120 Introduction to Programming

The gang tool post (vertical tools TO1 to T10 or TO1 to T11) moves back and forth. (Y1 axis)
The gang tool post moves up and down. (X1 axis)
The headstook horizontally moves left or right. (Z1 axis)

The opposite tool post (inner diameter machining tools T21 to T23 and back spindle T30)
moves back and forth. (X2 axis)

The opposite tool post moves left or right. (Z2 axis)

Gang tool post

Opposite 3-spindle
tool post

Back 3-spindle
tool post

S1 = Main spindle

S2 = Back spindle

S3 = Gang tool rotary tool

S4 = Opposite rotary tool (option)

S5 = Rotary guide bush

Axis Type Type I Type III Type VII
X1
71
Y1
Cl
X2
72
C2
Al Main chuck Main chuck Main chuck
A2 Back chuck
A3 Knock-out
A4 Separator Separator
AS Stock gripper Stock gripper
A6 Long-workpiece device -
A7 Bar loader Bar loader Bar loader
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3.5.2 Fixed Points
The fixed points shown in the figure below are set by each machining pattern. These fixed points
vary according to a change in the pattern.

\]D

10 mm
[0.3937"]
R === —
Hoo—-—o— >
i =
™_ . .
| o E Guide bushing
L
‘ e
Back oE P
spindle B > — —
<t
Spindle
] p -
10 mm
180 mm [7.0866"] [0.3937"] 205 mm [8.0708"]
Z2 stroke v 100 mm Z1 stroke
_ [3.9370"]
>
(=]
<t
-
[ ¥ aN]
==
s E
~ E
X
@ & \;.:Jr - &
AN AR “:iL R hd
y. ﬂr - VanN
< A “[__jL hd W
43 mm - N
[1.6929"] v

*: Machine type of the fugure shown above is SM7.
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3.5.3 Multi-Axis Control Group

Five axes move independently. These axes are functionally classified into two groups.

As a basic function, the X1, Y1, and Z1 axes are called the axis control group 1. It is symbolized in
the program as "$1". As an additional function, X2 and Z2 axes. It is symbolized in the program as
"$2". In general, the two groups move independently. However, the Z1 and Z2 axes can be
superimposed by the simultaneous machining of outer and inner diameters or the X1 and X2 axes
can be synchronized by the Single machining command. (See the figure below.)

* This is a basic machining pattern.

* Front/back machining can be performed simultaneously.

* This machining pattern is assumed after resetting and
turning on the machine.

* When program completion, return the Z2 axis to the

machine zero point in this machining pattern.

Front/back

Simultaneous machining

[The two groups are
independent]
G821
When a G821 command is specified, the Y1
and X2 axes move to the specified position
G820 for synchronization.
The control cannot make
direct transitions between
these two patterns.

CQuterfinner diameter
Single machining
[Y1 and X2
synchronization]

Outerfinner diameter
Simultaneous machining
[Z1 and Z2
superimposition]

* The Z1 and Z2 axes are superimposed.
* This machining pattern is useful for

* Y1 and X2 axes are synchronized.

* This machining pattern is used when

outer/inner diameter simultaneous machining. § T2100 to T2300 are specified in a $1
* This pattern can also be used during pick-off

.. program.
machining.
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3.5.4 Superimpose Control

This section describes superimpose control using a precise example.

Mr. A got on an electric car in the rear. He got off at the next station. However, the wicket of the
next station is located in front. He walked in the car and got off at the next station in front.

The relation between the car and Mr. A's task is described below.

Mr. A did a task of distance "¢," at a speed of "F," while he moved for distance of car task "£," at a

speed of "F,". As a result, he could accomplish a task of "¢; + £,." The car corresponds to the Z1
axis as the reference axis.

Mr. A (Z2 axis) did a task while he gets on a car (Z1 axis). This is called the superimpose control.

4

D A P
ROO000p . | DDDDD@E
200 (- =) OO—’

Station 2 : Station 1
i 1

Wicket Wicket

X1 axis

Z2 axis Z1 axis

2= [ Rme—1-5) -

Superimpose control (G811):

e The Z2 axis moves in synchronism with the Z1 axis when a move command for the Z1 axis is
specified without a move command for the Z2 axis.

* Only the Z2 axis moves when a move command for the Z2 axis is specified without a move
command for the Z1 axis.

* The Z2 axis is superimposed (put) on the Z1 axis for movement when move commands for both
the Z2 and Z1 axes are specified.

In the figure above,

if F1 = F2, the Z2 axis looks as if it is in the stop state.

For F1 < F2, the Z2 axis advances in F2 - F1.

For F1 > F2, the Z2 axis retreats.

In the program, a queuing command is used to establish the timing of the Z1 and Z2 axes.
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3.6 Coordinates

3.6.1 Coordinate System
It is necessary to distinguish the coordinate axis and drive axis. For example, the X axis ina
coordinate axis indicates the diametrical direction of the selected tool regardless of a front X1 axis
or back X2 axis.
For the Z axis in a coordinate axis, the direction in which the tool moves to the right with the
materials fixed, is assumed to be +Z. However, as a matter of fact, it is the spindle that moves.
The opposite direction (left direction) is equivalent to +Z. Conceptually, it is same for the axis
control group 2 as described above.
Using coordinate axes X and Z makes easy to understand the machining. Therefore, it is used for
programming.

X axis : Diameter direction The X axis is for up and down movement of the tool in the
direction of the diameter.

Zaxis : Longitudinal direction The Z axis is for moving horizontally left or right
(longitudinal direction) with the spindle.

Axis control group 1 ($1) Axis control group 2 ($2)

X ®

227 Material
/ O Z O P,
Ploglal zZero point /

(0,0) + X +Z 4——‘1
I———»«;.Z

Tool

+ X

3.6.2 Diameter Designation

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

X @

lSmm
10
|

pA::]

Zero point
(0.0)

This diameter is
expressed as X10.0.
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3.6.3 Signs and Coordinate Values

The tool direction is the X + direction. The material direction is the Z + direction.

For the coordinate value, the X is usually the numerical value from the center of materials
expressed by diameter, and the Z is the numerical value from the end face of materials.

\ XD
1
L -5 This point is determind to
?‘1\/'/\% be “Z=0".
e )
1. 5mm WJ i z%
X=-=3.0 - )\ = (
10.0
Z10.0 Z0
(G50 210.0)
Tool direction is
X@® direction.
X &
X &
Material direction
is Z® direction. A
(10.0) (18.10) (16.,22)
(10.10) Material is machined
N\ (8.22) Material does not in this area.
X [ /(8'30) exist in this area. ///////é
+ X
(0,-0.5) : = o ° \ (+X.,-Z) (+X,+2)
ze + S e a|l— z® zZ®
< - -3
/ ' ! (X-2) (X.+2)
| .
(0.0) ] i8.-30) Material does not Workpiece is cut off
'z exist in this area. when the tool moves
(-10,0) into this area.
10 12 - 8
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3.6.4 Coordinate System Setting

Specify the reference position for the longitudial direction.
Usually, material end face which touches the cut-off tool is set to the reference position (Z = 0).

Symbol such as "G50 Z0" is used for this declaration. This symbol means "define the current
position as Z =0."

Since the NC unit automatically sets the coordinate system using a selection tool, the X axis
requires no setting.

Guide bushing

1. 5mm

l_%\
g (X!;,ZO) Pjogram zero point >
ﬁ

- ( VA4S

100 V\/ T T ]
Z10.0 Z0 Material
(G50 Z10.0)
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3.6.5 Absolute and Incremental Commands

The absolute command is used for the (X, Z) coordinate value of the target position and the
incremental command is used to specify the move distances of X and Z axis directions.

Absolute command

Incremental command

Specifies the absolute coordinate value of the target position.

1,z

Specifies the X axis direction and Z axis direction (relative) move
distances.
(ul [, Wl )

The values of X and U are specified by the diameter.

X X
T @Target @Target
Current value ®Target v Current value @Target v
S | —— - ol—>2 <5J——“‘“ - ©l—-z
s - N N
8 16 10 8 16 10
Regard Z0 as the start.
Absolute Incremental
X10.0 Z0 Uo wo
l A
® X10.0Z8.0 ® U0 W8.0
L A
@ X16.0 Z224.0 @ U6.0 W16.0
Answer to the question on page 3-1.
3.G01 X20 4.X30 5.G01 X20 Z20 6.G01 X20 Z30

7.G01 X30Z30 8.G02 X40 Z40 9.G02 X50 Z50 10.M02
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3.7 Program and Axis Control Groups

3.7.1 Number of Axis Control Groups

You can change the number of axis control groups for a program during editing. Select [Edit] by
pressing the corresponding software key to select the number of axis control groups between 1 (one
axis control group) and 2 (two axis control groups). Although the default number of axis control
groups is predetermined for each type of machine, you can change it freely for each program
according to the machining state.

Type Standard number of axis control groups
I 1
I 2
VII 2

3.7.2 Program-Instructed Axis Control Groups (Type VII)

For product separation, programming is possible using only axis control group 1 without issuing
any G code macro as an internal command.

(Program using a single axis control group)
The program using a single axis control group is effective when:

* The back spindle defined as machining data has a workpiece receiver box and M34 is specified
for $1:

In this case, the current mode is recognized as the workpiece receiver box collection mode, in
which the X2 and Z2 axes are used in $1 (Single machining ON).

* The back spindle defined as machining data is a standard or with support and M34 is specified
for $1:

In this case, the current mode is recognized as the pick-off collection mode, in which the X2
and Z2 axes are used in $1 (Single machining ON).

* T3000 is specified with an argument (A1 C_) for $1:

In this case, the current mode is recognized as the pick-off collection mode with superimpose
control ON (O.D. - L.D. simultaneous machining ON).

(For details, see Example 2 for a single axis control group program in Chapter 8.)

* Single axis control group programs can not be executed unless the setting switch of the $2 cycle
start are OFF.
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Product code Cl|-1|L

I

VII

Document code 21 E 11
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4.1 Summary of Addresses Used in NC Programs

As described in previous sections, commands used in NC programs are alphanumeric codes
(alphabetic character and number) associated with some special symbols.The alphabetic character
in each command is referred to as an address.

This chapter describes the meanings and functions of addresses, $, and ! and explains how to
specify their respective commands.

( Command address )

Preparation function Preparation function
GOnO GOoonO
Hf-JSpeciﬁed code —~ Specified code
GO0 Rapid feed G811 Superimpose machining command
GO01 Linear cutting G821 Synchronization machining command

GO02 Circular arc cutting
Miscellaneous function

MOO

W‘JSpeciﬁed code

MO03 Spindle forward rotation

M06 Close chuck

M52 Turn on coolant supply
Tool selection command

TOOAA

— A
Tool No. Offset No.

<Coordinate value address >

Move distance of diametrical direction
axis (X axis)

X Imm

C)
Move distance of longitudinal direction
axis (Z axis)

ZC 1mm

W)

Radius

RC_——_Imm

Time

UC—_sec

(P)
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Address for specifying cutting
condition

Main spindle speed
sO = OO0Od min™

Specified code From cutting conditions

Feed rate
FC——1 mm/min(mm/rev)

From cutting conditions

Program configuration
address

Program No.
onnoOoOonoond

Eight-digit command

This command can specify any program number within eight digits, except
8000 to 9999. Note, however, that O00000000 cannot be set.

Sequence No.
NOOOOoO

Five-digit command

This command can specify any sequence number within five digits. Note,
however, that N999 cannot be set.

(Axis control group commancD

$O

Specified code

< Queuing command )

Single queuing !
Queuing No. for multi-axis control group
I I
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4.2 T Functions (Tool Selection)

These functions place the specified tool in the machining location.

The tool is positioned to a given point by a "TOOCJAA" command. Positioning point "2a" shows
below can be freely set as the "Tool Positioning Point" of machining data.

Set 2a to at least 0.2 even when you want to set the positioning point near the material to be
machined, for example, when the material is a small diameter. The "TCICJAA" command consists
of four-digit numerals. The first two digits correspond to the tool number, and the last two digits to
the offset number. In the cancel state, "00" is used.

Command format

TOOAA Tool selection

[6® &
o6

_‘

L

_.l

%)

W

—
—
—

|

T3000

Outer diameter tool (T01 to T10);

Diameter X = Position of "Material diameter D + T01 - T10
Positioning point 2a"

Inner diameter tool (T21 to T23), Back spindle

(T30);

Center position of materials

Back tool (T31 to T33);

Center of back spindle (Actually, the back spindle P2 |
moves.)

Note: The above settings apply to type VIL

T2

T21 to T23 and T30

%

4
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4.2.1 Tool Mounting and Machining Positions

A "TOOAA" command consists of four-digit numerals. The first two digits correspond to the tool
number, and the last two digits to the offset number. In the cancel state, "00" is used.

Usually, use TO1 as a cut-off tool.
The following list applies to GTF3213 (standard tool holder).

Mounting | Tool |Outer diameter| Tool spindle | Inner diameter Pick-off Back
position No. | machining machining machining

01 T0100

02 T0200

03 T0300

04 T0400

05 T0500

Gang tool post| 06 T0600

(Type L,ILVI) [ 07 | T0700

08 T0800

09 T0900

10 T1000

11 Free tool

12 Free tool

13 Free tool

14 Free tool

21 T2100

22 T2200

23 T2300

Opposite tool | 24 T2400

post 25 T2500

(Type 1) 26 T2600

27 T2700

28 Free tool

29 Free tool

21 T2100

Opposite tool | 22 T2200

post 23 T2300

(Type V) 24 Free tool

25 Free tool

Back spindle | 30 . T3000
(Type Vi)

31 T3100

32 T3200

Back tool post| 33 T3300

(Type VII) 34 Free tool

35 Free tool
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4.2.2 T Code Commands and T Code Arguments

The desired tool can be easily selected, positioned, and set in coordinates by specifying a T code
command. Therefore, this enables the tool selection and continuous machining without specifying
many commands.
®Four-digit T code:

TOOAA

oo

AA

The tool number can be set to 01 to 14 for outer diameter, 21 to 25 (type VII)or 21 to
29 (type III) for front drilling, 31 to 35 (type VII) for back drilling, or 30 (type VII) for
back spindle. The axis control method is parameter-set for each tool number.

Offset number of tool nose wearing

®Four-digit T code with argument:
If no argument is specified for a TEOCJ00 command, the tool being used in a machining process
moves to the positioning point in rapid feed and the next tool is selected at the positioning point.
The positioning point determined at this time is "the material outer diameter + tool positioning
point" set as machining data. :
Note, however, that the positioning point of the tool currently being used for machining is
different in the following cases:

1)

2)

3)

W

5)

When the next tool is T0100

X : Material diameter (machining data) + tool positioning point (machining data) +
machine coordinate difference (20 mm) from T0100

Y : Current position

When the tool currently being used for machining is T0100

X : Material diameter (machining data) + positioning point (machining data) + 20 mm
(machine coordinate difference from T0100)

Y: Reference Y position + tool set value for TCIO 00
In this case, the tool goes up in the X direction and moves in the Y direction.
The tool then moves to the TCIOI00 positioning point (determined considering tool
setting).

After execution of M51 (cut-off tool breakage detection ON)

Same as 2) above.

When $1 tool setting is performed manually (excluding some conditions such as the start

position and positioning point)

Same as 2) above.

When the next tool is an end face drilling tool

X: 0

Y: 0

In this case, the F, Q2, and H arguments are invalid.
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A) TOOOO with no argument
If a TOOOO command is issued with no argument specified, the tool currently being used for
machining moves to the positioning point and the next tool is selected at the positioning point.

The current tool moves to the positioning point in rapid feed.
The positioning point determined at this time varies depending on machining data "material
diameter + tool positioning point".

T300 T200 T300 T200

T300 § Machining data o

§ + N Tool positioning point ——
D |

NP NPa

Material diameter

Explanation
® Current @ The tool moves automaticallyto ~ ® The next tool is
machining tool the positioning point in response selected at the

to the tool selection command. positioning point.

B) TOOOOF) (T code with F argument)
When the TOOOOF(X) command is issued, the tool currently being used for machining moves to
the positioning point in the feed mode specified by F<><> and the next tool is selected at the

positioning point in rapid feed.

T200 F0.03 (Assuming the spindle rotating)
T200 F100
T300 T200 T300 T200

Specified | (T Machining data r -
feed * N Tool positioning point g N = Rapid feed

-
w
o
o

- R

DX

. . /
Material diameter

Explanation
@ Current @ The tool moves to the positioning @ The next tool is selected
machining tool point in the F-specified feed in rapid feed at the
mode. positioning point.

The above example illustrates tool selection from T300 to T200.
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C) TOOOOXAA (T code with X argument) ,
The tool currently being used for machining moves to the positioning point and the next tool is

positioned at the +XAA position in rapid feed.

................................

TOOOOXS.0
T300  T200
T300 S @ Machining data T200
a Tool positioning point
* |1 ool positioning poin §/ () +XAA
S (b) ,(Diameter value)
)
S : /
Material diameter
Explanation
® Current @ The tool moves automatically ~ ® The next tool moves straight (the
machining tool to the positioning point in minimum distance) to from point
response to the tool selection (a) to (b) by the value specified
command. with the X argument.
""" Note |

The Z argument can be used in the same way as above.

D) TOOOOQ1 (T code with Q1 argument)
When the TOOOOQ1 command is issued, the tool currently being used for machining moves
to the positioning point of the next tool and that next tool is selected at the positioning point in

rapid feed.

T200Q1
T300 T200

T300 T300  T200

@ IR
N N

e; Positioning point

Current coordinate point

o

}

e

Material diameter

Explanation
® Current machining @ The tool moves straight ® The new tool is selected at
tool (the minimum distance) to the positioning point.
the positioning point of the
next tool from the current
coordinate point. '
Note

The positioning point determined at this time is "the material diameter +
tool positioning point" set as machining data.
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E) TOOOOQ2 (T code with Q2 argument)

The tool currently being used for machining moves the distance of machining data (the tool
positioning point) in rapid feed and the next tool is selected. To avoid positioning the tool in
rapid feed, use a TOOOOFR))Q2 command.

..Example
T200Q2
T300 T200
T300 T300  T200 M
Machining data (c) \
f N (b) 'Tool positioning point A\ i < (v e (c)
NN SN
(@) \ (b
Current coordinate Positioning
\J point point
Explanation
@ The current machining tool moves @ After moving to ® The tool is selected at
from point (a) to (b) in rapid feed. point (b), the tool the positioning point.
(Specifying F() moves the tool in moves straight (the
the specified feed mode.) minimum distance)
Point (a) is the current coordinate to the positioning
point. point (c) of the next
Point (b) is "the current tool. (The tool
coordinate point + tool moves in rapid
positioning point". feed, ignoring F({).)

Point (c) is "the material diameter
+ tool positioning point".

F) TOOOOYAA (T code with Y argument)

The tool currently being used for machining moves to the positioning point and the next tool
moves to the +YAA position in rapid feed.

@T0300 @T0300 ®T0200

YAA
(Diameter value)

N
dRY
¢
i
)ty

ﬁ
o

Explanation

® Current machiningtool =~ @ The tool moves to the =~ ® The specified tool is selected
positioning point. at the positioning point (X
axis) and YAA away from the
center.
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G) TOOOOHVYV (T code with H argument)

.................................

. Example :
G00X8.0
T200H12.0....... Moves the current tool to the X20.0 position and switches to the next tool.
T300 T200
+ ‘ Coordinate point of T300 T200
T300 Move according § *current coordinate !
ffag’: speciied @) point + U argument" § \
) (b)—+= Specify the diameter. N (b)
Material diameter
Explanation
® Current @ The tool moves the distance ® The tool is selected at the
machining specified by the U argument from positioning point.
tool the current coordinate point in the

X direction (a), then the next tool
moves straight (the minimum
distance) to the positioning point
(b) set as machining data.

Use this command, for example, when a drill is set to be protruding longer than usual.

T

The argument takes effect only when specified. When the argument is
omitted, the tool moves based on the values of machining data.
(Single shot)

...........................
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4.2.3 Dirilling by Opposite Three-spindle Tool Post during Superimpose Control
(Type 11, VII)

eTOOOOWOO (T code W argument)

* The Z2 axis returns to the zero point before selecting a tool when a command for tool

selection of the opposite 3-spindle tool post is specified for the outer/inner diameter
simultaneous machining in the G811 mode.

When W argument is used, the current tool used for machining moves to the position where
an argument command was specified. The next tool is then selected.

Specify a W argument command defining in which position a tool is to be selected relative
to the zero point.

* Interference may occur depending on the move distance of the Z1 axis
during tool selection because a tool used for machining on the Z1 axis.
Be careful to specify the WO argument.

* Specifying the W argument sets the Z2 machine zero point to 0 (zero),
resulting in a positive value.

For opposite 3-spindle tool post.

Z2 Zero point Z1 Program zero point

Program point

\ - —

Material (
[ — — )
| % g
_ Amount of W argument .
-l |l Clearance between

180 mm(7.0866"] tool and material
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4.2.4 Tool Selection for Back Machining (Type VII)

eTOOOOWOO
This command is used to select a tool for back machining.

If a tool selection command for back machining is specified with no W argument, the Z2 axis of
the back spindle returns to the machine zero point and moves to the next tool position (usually,
it is the tool center).

If this command is specified with W argument, the back spindle returns to the specified position
(with respect to the zero-point reference) and moves to the next tool position.

Program zero point of Z2 axis

1
Machine zero 1
point of Z2 axis
\ 0 Back spindle chuck
s B 3 I — 70 _
 FERRERANE Y ‘—J .
wofkple% Workp!ece i\
|
1
—————————— - Clearance between
Back spindle —/'\ tool and workpiece
chuck position - - -
Amount of W argument _
43mm [1.6929"]
NOTE |

* Specifying the W argument sets the Z2 axis machine zero point to 0
(zero), resulting in a positive value.



L16 /L20 Command Codes

4.2.5 A Series of Pick-off Operations (Type VII)

Command format
T3000 AT W1z 1B Jcl1EC_]sC1 K

Use this command only for programming using a single axis control group.

The command is for a series of pick-off operations using the primary axis
control group. Program the operation for $1.

Al represents a series of pick-off operations. Be sure to specify the Al

argument.

» WL_1: Specify the Z2 axis position before tool selection.
If the argument is omitted, the returning position will be the machine zero
point of the Z2 axis.

e Z[____1: Specify the tool selection end position of the Z2 axis.
If the argument is omitted, the tool will move to the machine zero point of the
Z2 axis.

« B[__1: Specify the point of switching from rapid feed to cutting feed.
If the argument is omitted, the switching point will be "Z1 axis workpiece
coordinate point - 1.0". (Point 1.0 mm away from the product end face)

» C[C__1: Specify the back chuck position.
If the argument is omitted, the back chuck position will be 0 (= product end
face).

« E___1: Specify the cutting feed rate.
If the argument is omitted, the feed rate will be the rapid feed rate.

« S[__1: Specify the back spindle speed.
Omitting the argument results in an alarm. (The same speed as the main
spindle speed is specified.)

» K[__1: Specify opening or closing the back chuck.

If the K code is omitted, the back chuck will be closed. Specifying K1, back
chuck will not close.
(Use the K code, e.g., for support or program check).

Program example

Ms3sil_1 Rotate the main spindle.
T0t00 L. Select the cut-off tool.
Go00 X13.02400 ... Position the cut-off tool in rapid feed.
T3000 A1 C10.0 F1000 S3000  ......... Execute a series of pick-off operations.
Got1x3o L Cut off the workpiece.
Ggso0 Cancel superimpose control.
M2s L Stop the back spindle.
Notes

* The superimpose control ON command (G851) is automatically issued
during a series of pick-off operations. After workpiece cut-off operation,
therefore, be sure to issue the superimpose control OFF command (G850).

* When using this command for a series of pick-off operations, be sure to
specify the Al and SC__] arguments.
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4.3 G Functions (G Codes)

The G functions, specified by 2-digit numerals after the G, are preparatory functions. They also
send the axis (X1, Y2, Z1, X2, Z2) control command to the NC.

Command format

cimimi

Example: GO0 Rapid feed
GO01  Cutting feed

4.3.1 G Codes Table
Once specified, each G code belonging to groups A, C, D, E, F, and H in the following table
remains valid unnl another G code in the same group is specified. That is, the G code is a modal

code.
oG codes table
G Code Function Group
©®G00  |Rapid feed positioning A
GO01  |Linear interpolation A
G02  |Circular interpolation (clockwise) A
GO03  |Circular interpolation (counterclockwise) A
G04  |Dwell
G28  |Reference point return
G32  |Single point thread cutting A
®G40  [Tool nose radius compensation cancel C
G41  |Tool nose radius compensation left ON C
G42 |Tool nose radius compensation right ON C
©®©G43  |Back spindle feed per revolution OFF E
(G44  |Back spindle feed per revolution ON E
G50  |Coordinate system setting / Main spindle speed clamp setting
G76  [Multiple repetitive threading cycle
G79  |Face drilling cycle (optional) H
G80  |Synchronized cross tapping mode OFF (optional) H
G88  [Synchronized cross tapping mode ON (optional) H
G90  |Longitudinal (horizontal) turinig canned cycle H
G92  [Thread cycle canned cycle H
G96  |Constant surface speed control ON F
©®©G97  |Constant surface speed control OFF F
G98  |Millimeter per minute feed D
®G99  |Millimeter per revolution feed D

Notes

* Multiple G codes can be specified in the same block if they belong to
different groups.

* G codes cannot be specified with TOIOOOOin the same block.

* A three-digit G codes (except G899) cannot be executed in MDI (manual
data input) mode.

» While the G32, G76, G79, G88, G90, and G92 codes are effective, single
block operation is disabled.
Even if single block operation is being executed, once the NC reads any
one of the above G code commands, that G code will be continuously
executed until canceled. If either one of the axis control groups ($1 or
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$2) operates in this condition, the other axis control group will also
continue to operate in the same manner.

* G codes with ® mark are selected when the power is turned on.

4.3.2 GO0O - Rapid Feed Positioning
GO0 is used to move the tool rapidly to a specified X, Z coordinate and position it there. G0O is
also used to return the spindle.

The GOO code is used for moving the tool or the spindle from the current position to the specified
position in rapid feed.

The GOO code maintains the current state (modal) until a command (G01, G02, or GO3) (see the G
functions table) in the same A group and H group is specified.

The rapid feed rate has been defined in advance. This rate does not require specification in a
program.
Rapid feed rate X axis: X1 =20m/min, X2 = 20m/min
Y axis: Y1 =20m/min
Z axis  Z1 = 20m/min, Z2 = 20m/min
The rapid feed rate during Z1 and Z2 superimposition is 24 m/min (maximum).
The rapid feed rate during Y1 and X2 synchronization is 20 m/min (maximum).

Use Ul 1, WI ] and VL1 instead of X 1,YI ] and ZI ] when an
incremental command is specified.
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. Command format 1
G00 Z[] Rapid feed in longitudinal (Z-axis) direction (X is fixed.)

To complete one cycle and to proceed execution to the next cycle, use a GO0Z0
command to return the spindle to the start position.

Guide bushing Chuck

m/ﬁ % /AM&_—:

] % N —
/ \

One cycle is completed. —— Place the spindle back to the start point
of one cycle.

!
I
l
|
1
I
1

G50Z0

Command format 2

GO0 XL___12Z[__] Simultaneous rapid feed in diametrical (X-axis) and
longitudinal (Z-axis) directions (Both X and Z axes move.)

If you want to position the tool in a diameter of 6.0 mm and set the clearance
between the tool and material to 0.5 mm, specify a G00X6.0Z-0.5 command.

1

I

1 I
Tool N % l 7‘ XP
advances i 4 I‘\ 2
V t——»

0 yASY)

| e | 4 0.5 )
Move toolto X =6.0and Z = -0.5.
Spindle returns 0.5 $6.0 j \
|End fac; moves i - o
1/ | The program zero point of end face is fixed.
| ) l L- /
(0,0)

Actual movement Conception in program
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4.3.3 Linear Interpolation (GO1 for Cutting Feed on a Straight Line)
GO1 is used to perform a cutting operation while moving the tool on a line to the desired X and Z
coordinates at the specified feed rate.
This function is called linear interpolation in the NC terminology.
The GO1 code allows the tool to cut from the current position to the specified position in a straight

line.

The GO1 code maintains the current state (modal) until a command (GO0, G02, or G03) (see the G
functions table) in the same group is specified.

The feed rate is set by "FC______1" For more information, see "4.5 F Functions (F Codes)".
The unit of X 1and Z——1 coordinate values is defined as shown below.

Program command

Unit

With no decimal point. X1 0.001mm or 0.0001 inch
With a decimal point. X 1.0 1mm or 1 inch
Use UL land W1 | instead of XI I and ZI ] when an incremental
command is specified.
Command format
GOo1 Xl I Fl ] Feed in diametrical (X axis)
direction.(Z axis is fixed.)
Go1 Z 1 Fl I Feed in longitudinal (Z axis)
direction. (X axis is fixed.)
Go1 Xl 1 Zl 1 Fl I Simultaneous feed (tapering) in

diametrical (X axis) and longitudinal
(Z axis) directions. (Both X and Z
axes move.)
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e Tool feed in direction of diameter

Command format

GO01 X[ F[__] Feed in the diametrical (X axis) direction (with the Z
axis fixed)

Cutting from point A to point B (-3.0, 32.0) ]
GO1 X-3.0 FC__J |

|
]
AN
@
—1
)
N

* Tool feed in lbngitudinal direction

Command format

GO1 Z[____1 F[__] Feed in the longitudinal (Z axis) direction (with the X
axis fixed)

Cutting from point A to point B (8.0, 20.0)
GO1 220.0 FL__] S

f

r

®Simultaneous tool feed in diametrical and longitudinal directions (tapering)
Command format

GO1 XL_12Z[__| FL__] Tapering (X and Z axes) feed (moving both the X
and Z axes).

Cutting from point A to point B (8.0, 15.0)
GO1 X8.0 215.0 FC__] 0.5 15

Note

* Pay attention to the spindle rotation, coolant, chuck, and guide bushing
states when performing the cutting feed.
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4.3.4 Circular Interpolation (G02, GO3 in Cutting Feed)

GO02 and GO3 are used for cutting while moving the tool on an arc with radius R from the current
position to the specified position at the specified feed rate. This function is called circular
interpolation in the NC terminology.

The G02 and GO03 codes enable the cutting on an arc with radius R from the current position to the
specified position.

The feed rate is set by "F_——__1"

The unit of X1 and Z_——1 coordinate values is the same as for the GO1 code.

i Command format
G02 X | ZI ] Rl ] Fl ] (Clockwise)

Go3 XL_1 21 RI ] Fl ] (Counterclockwise)

The G02 and GO3 codes also can specify coordinates as shown below. "I" and
"K" indicate the distance (with signs) to the center of an arc from the start
position. In this case, the radius of a circle is not required.

: Command format
Go2 XL__1zL_ ]I | KI ] Fl | (Clockwise)

Go3 XL___12z2[ 11 ] Kl | Fl | (Counterclockwise)
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The coordinate system of GO2 (clockwise) and GO3 (counterclockwise) is used as shown below.

Counterclockwise
e
1
1

Clockwise
GO03

g
]

'

]

1

1

b -y

e
1
1
'
|
1

Counterclockwise

Clockwise

G02
K_ - - - ~20
Front turning U Back turning
Tips: To move the tool in the + (plus) direction on the Z axis:
Specify GO2 to cut the workpiece into a raised shape.
Specify GO3 to cut the workpiece into a dented shape.
0G02 Clockwise (CW)
Arc machining from point A to point B (12.0, 6.0)
G02 X12.0 Z6.0 R6.0 FL_]
(G02 X12.0 Z6.0 K6.0 FL_1) 6.0
-2

0G03 Counterclockwise (CCW)

Arc machining from point A to point B (14.0, 9.0)

GO03 X14.0 29.0 R5.0 FL__1
(G03 X14.0 Z9.0 15.0 KO FL__J)

-y %
 Ep— R
$14.0| 4.0 — A
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4.3.5 G04 - Dwell Command

Use dwell to stop the program holding the current operatlon state, for a specified period of time.
The purpose of dwell is: ¢ To stabilize the groove diameter

o

* To wait until the spindle speed decreases after a rotation command i 1s "
specified before thread cutting. -
See "Tapping and Outer-Diameter Thread Cutting Processes" -

* To perform deep hole machining (stepping) using a drill. ~ -~
See "5.5.5 Drilling a Deep Hole" for more details.
Specifying a dwell command suspends the machine for the number of seconds specified by
Ul I or Pl I that follows "G04" before executing the next block after executing the
command in the previous block.

Command format
G04 UL___1 Pause dwell (indicates the unit of seconds.)
or

664 PL__1 (For address P, no decimal point can be used.)

The maximum command time is 9999.999 seconds.

Program example

For a dwell command of 2.5 seconds, the command format is as follows:

G04 U2.5 (2.5 sec)
) - or
G04 P2500 (2500 msec)
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4.4 Speeiél G Codes 1 and Special G Codes 2

These G code commands are unique to the L16 and L20 machines for machining nsing multiple
axis control groups.

They allow multi-axis control group machining and can simplify the machining program and
improve productivity. As a result, these codes reduce the machining time.

Command format
GOOO  Three-digit G code command

4.41 Speclal G Code 1 Table

These ’G codes apply to both of the $1 and $2 axis control groups.
The G codes are used to perform automatic queuing in $1 and $2 and proceed to the next block.

G code Function

G810 |O.D. - I.D. simultaneous machining OFF -

G811 |O.D. - LD. simultaneous machining ON (Z;-Z, axes superimpose)

G820 |Single machining OFF y
- G821 |Single machining ON (Y;-X, axes synchronization)

G999  |Last program execution

4.4.2 Special G Code 2 Table
These G codes apply to one of the $1 or $2 axis control groups.

G code Function
G899 |Phasing for profile material ($1 only)
G851 [Superimpose single line control ($1 only)

G850 |Superimpose single line control cancel ($1 only)

G113 |Spindle synchronization control cancel

G114 |Spindle synchronization control

G814  |Spindle synchronization control

G115  [Start position queuing (Type 1)

G116  [Start position queuing (Type 2)

G117 |Auxiliary function output during axis feed

G149 [End position specification queuing

Note

* The above G codes (except G117) cannot be used along with the M, S, or
T code in the same block.

* Three-digit G codes (except G899) cannot be executed in MDI mode.
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4.4.3 Superimpose Control (G8
(Type 1, VII)

11,,G810 - Outer/Inner Diameter Simultaneous Machining)

The outer/inner diameter simultaneous machining is called superimpose control in the NC

terminology.

The outer/inner diameter simultaneous machining can be turned on and off using these commands.

Use these commands when creating a program which uses two axis control groups.

These commands should be ind

Command format
$1
G811

G811
* Axis control group 1 ($1)
* Axis control group 2 ($2)

ependently specified for each axis control group.

$2
G811 Z[__1  Superimpose control ON

Z[1 can be omitted.

Performs no special operation and setting.

Sets the work coordinates (Z2 axis) of $2 by the work coordinate
system of $1 and turns on the superimpose control.

When a Z code is specified, a tool is positioned to the specified
position of a newly set coordinate system.

When a Z code is not specified, a tool does not move until a Z code
of $2 is specified.

The coordinate system is set at the standard set position of the opposite 3-spindle tool post.

Therefore, if the tool has been's

hifted, enter the shift amount in the Tool Set screen or set

coordinate again by G50 in the $2 (axis control group 2) program after a G811 command is

specified.

Use G851 when creating a program which uses a single axis control group.

The cunent position is set by
the coordinate system when

: "Z[——1"is not specified. / Material
|| ‘l 4
LS N\ (ST, )
T F o e e s 1 o O
& Sanial 7777777773
s o e

The tool moves when

z \

2 s specified (Z2 axis) Program zero point of work coordinate system in

axis control group 1 ($1)

The numerical value usualiy becomes minus.



G810
i Command format
$1
G810

* Axis control group 1 ($1)

* Axis control group 2 ($2)

L16 /120 Command Codes

$2
G810 Z[_1  Superimpose control OFF

G810 w1
Z 1, Wi | can be omitted.

Performs no special operation and setting.

When neither a Z nor a W code is specified, Z2 axis is moved to
the machine zero point (return position), and the superimpose
control is canceled.

When a Z code is specified, Z2 axis is moved to the position of the
value specified by Z of the work coordinate, and the superimpose
control is canceled.

When a W code is specified, Z2 axis is moved to the position of the
value specified by W (from the zero point reference), and the
superimpose control is canceled.

Use G850 when creating a program which uses a single axis control group.

Program example

$1 $2
P1 P2
G811 G811
P3 P4
G810 G810
P5 P6
Notes

Each axis control group operates independently.

<— $1 and $2 queue for execution.

The Z axis of $2 is superimposed here.

€— $1 and $2 queue for execution.

Each axis control group operates independently.

* As the axis control group 1($1) work coordinate program zero point is 0,
arguments of Z have minus values.

* As the Z2 machine zero point is 0, arguments of W have plus values.



L16/120-Command Codes

The 22 axis moves to the machine zero

point when "z J« wil | is | : : ~T
not specified.
- 45 / Material

T 1T ] / : Z 7772

] | 3 ‘: X k o ‘ /
) E \ L s\ : ﬂ: S - )
—

L/

\ A

. — TITI7 777
< —— : .

Moves to 2] when

..2[‘:_3“ is épéciﬁed‘ ’ Program zero point of work coordinate

| [
L
l A
[
L‘ v
r" [

system in axis control group 1 ($1)

Current value
- t2ofo 2] 30
e i e B
RN A
R RN
{c‘j L_ DI N Y w1 ;
et
wl_]
Moves to W[____ | when
"W ]"is specified.
Machine
zero point

4.4.4 Synchronization Control (G821, G820 - Single Machining) (Type 111, VIl)

The single machining is called synchronization control, in the NC terminology.
The single machining can be turned on and off using these commands.

Use these commands when creating a program which uses two axis control groups.
These commands should be independently specified for each axis control group.

. Command format

$1 $2
G821 Rt G821  Synchronization control ON
G820 G820 Synchronization control OFF.

R1 can be omitted

* The G821 command enables queuing between axis control groups 1 and 2. The T21AA to
T25AA commands for axis control group 1 that appear first after the G821 command return the
X1 axis a full stroke, position the X2 axis at the prescribed position, and move the Y1 axis to
the position corresponding to the position of the X2 axis. From then on, synchronization control
is turned on. ' ' ‘ ' '

The prescribed position is the position at which T3000 (the back spindle) and T0100 (usually the
cutting tool) face each other.

5§5 T0200
» ms— 10100
T3000
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If a G821 R1 command is specified, the T21AA to T25AA commands for axis control group 1
that appear first after that command return the X1 axis a full stroke without synchronization
control of the Y1 with X2 axes.

* Use the G820 command to cancel the synchronization control after returning the opposite tool
post (Z2 axis) to the machine zero point.
These programs are neither used nor queued in programs which use a single axis control group.

Program example

$1

$2

P1

P2

G821
T2100

P3

T2200
P4

G820

Each axis control group operates independently.

G821 <— $1 and $2 queue for execution.

\

J

Operates by commands for axis control
groupl ($1).

G820 <— $1 and $2 queue for execution.

Po

P6

Each axis control group operates independently.
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4.4.5 G999 - Last Program Execution

(G999 must be inserted at. the end of each axis comrol gmup program
$1 or $2 to perform the automatic queuing.

+-Command format: i

$1 $2
G999 ‘G999  Execution of the last program

The N999 command must be specified for each axis control group so that queuing;is necessarily
performed after the end of the last program. At the end of the last program, type "N999," followed
by "M02," "M99," and finally "%" to end the program with queuing.

Program example

$1 $2

Gxxx Gxxx

P P2 |

P3 . .
> P1 to P4 is the programs for each axis control group.

M56
G999 G999 <¢— Executing the last program

P4

&— Last program (ending process)

N999 N9g9 <— Automatic queuing command

Mo02 Mo2

M99 M99 Ending the program

% %

4.4.6 Phasing Profile Material (G899)

This command is used for the NC unit to store the phase shift between the spindle and guide
bushing and the phase shift between the spindle and back spindle during profile material

machining.

Be sure to specify the command when a profile material chuck and guide bushing are mounted.

Procedure

1. Pass the material (profile) through the spindle and guide bushing.

2. Execute G899 under "All Block" is depressed in MDI($1) for automatic chuck close operation
and phase adjustment.

In a material replacing program, specify M26 (Guide bushing phase adjustment) before inserting a
material into the guide bushing. Specify G814 (main spindle synchronous control) before chucking
the material with the main spindle and back spindle. Specifying the two codes adjusts the stored

phase shifts.
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Command format
$1
G899 R1 K1

* The G899 R1 command causes the NC unit to store the phase shift between the spindle and back
spindle.
When the command is executed, the back spindle also rotates.

* When G899 R1 K1 is specified, the machine does not close the back chuck.

* Specify G899 to adjust only the phase between the main spindle and
guide bushing.

* Specify G899 R1 K1 to adjust both of the phase between the main
spindle and guide bushing and the phase between the main spindle and
back spindle.

4.4.7 Superimpose Single Axis Control Group (G851, G850) (Type lll, VII)

The G851 and G850 commands are used to superimpose the Z2 axis on the Z1 axis.
These commands are used for pick-off and center support purposes.
Use these commands when creating a program which uses a single axis control group.

G851
Command format
G851 Z[__1 Superimpose control ON
Z[__1 can be omitted.

* Axis control group 1 ($1): Performs no special operation or setting.

When a Z code is specified, the tool is positioned according to the value specified on the
work coordinate system for the Z1 axis in axis control group 1 ($1).

When no Z code is specified, the material does not move.
The coordinate system is set at the standard set position of the opposite tool post.
When creating a program which uses two axis control groups, use G811 instead.
©(G850

Command format
G850 Z[__1 Superimpose control OFF
Z[___1 can be omitted.

* Axis control group 1 ($1): Performs no special operation or setting.

When a Z code is specified, the command cancels superimpose control after moving the Z2
axis to the position of the Z value specified as a work coordinate under superimpose control.

When a W code is specified, the command cancels superimpose control after moving the Z2
axis to the position of the specified W value (from the zero point reference).

When creating a program which uses two axis control groups, use G810 instead.

* A setting switch of $2 Cycle Start must be set to OFF before a single-axis
control group program runs.
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4.4.8 Spindle Synchronization Control (G114.1, G814, G113) (Optionyal)‘(T ype llI, V1I)

The G114 and G113 commands are used to control the speed and phase of one spindle in
synchronization with the rotation of the other spindle.

These commands are effective to synchronization the two spmdles in speed for example, when
chucking a workpiece from the main spindle to the back spindle or when machining a workpiece
being held on both of two spindles. They are also effective when chucking a profile material from
one spindle to the other by synchronization them in phase.

Command format
G814 or
G114.1 H1 D-2 ROOO

'~ Synchronization spindle phase-shift amount command (0~359.999deg)
Synchronization spindle selection

Reference spindle selection

G113 Cancels spindle Synchronization.

Explanation

The G814 command controls the reference spindle as S1 and another spindle to be synchromzed as
S2, synchronizing the two spindles.

The G114 command specifies the reference spindle and the spindle to be synchronization to
synchronization the two specified spindles.

The G113 command cancels synchronization between the two spindles rotating synchronization
according to the spindle synchronization command.

For details and examples, see Section 7.9.
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4.4.9 Start Position Queuing (Type 1) (G115)

Command format
InL¢ G115 XL | § B | g

This command specifies a start position to provide a queuing point halfway through a block.

(1) When queuing is specified in the program for an axis control group (local axis control group),
the other axis control group (remote axis control group) starts moving first.

(2) The local axis control group starts moving when the remote axis control group reaches the
specified start position.

(3) If the start position specified by G115 does not exist on the next-block moving path of the
remote axis control group, the local axis control group starts moving when the remote axis
control group reaches all axis coordinate values of the commanded position.

(4) The start position check applies only to the axis specified by G115.

(5) If the start position is not found when the remote axis control group moves to the next block, the
local axis control group waits until the remote axis control group reaches the start position by
moving beyond the next block.

(6) If the two axis control groups overlap by the G115 command, they remain queued.

(7) When specifying the start position, use the work coordinate values of the remote axis control
group.

(8) Specifying G115 for more than two axis control groups results in the program error P33.

(9) The G115 block is not subject to single-block stop.

(10)If two or more G115 blocks are specified consecutively, the block specified last is valid.

(11)The addresses that follow G115 are the X-axis, Z-axis, and C-axis work coordinates.

4.4.10 Start Position Queuing (Type 2) (G116)

Command format
InL¢ G116 Xl ] 2L | CL ]
(1) When queuing is specified in the program for an axis control group (local axis control group),
the local axis control group starts moving first.

(2) The other axis control group (remote axis control group) starts moving when the local axis
control group reaches the specified start position.

(3) If the start position specified by G116 does not exist on the next-block moving path of the local
axis control group, the remote axis control group starts moving when the local axis control
group reaches all axis coordinate values of the commanded position.

(4) The start position check applies only to the axis specified by G116.

(5) If the start position is not found when the local axis control group moves to the next block, the
program error P33 occurs before the local axis control group starts moving.

(6) If the two axis control groups overlap by the G116 command, they remain stopped.

(7) When specifying the start position, use the work coordinate values of the remote axis control
group.

(8) If G116 is specified for more than two axis control groups, multiple remote axis control groups
start moving simultaneously.

(9) The G116 block is not subject to single-block stop.
(10)If two or more G116 blocks are specified consecutively, the block specified last is valid.
(11)The addresses that follow G116 are the X-axis, Z-axis, and C-axis work coordinates.
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4.4.11 Auxiliary Function Output during Axis Feed (G117)

: Command format
G117 X ] ZI | Cl | OOao
, Auxiliary function
- This command specifies an intermediate point and the auxﬁiary function to be output at that point,
allowing the auxiliary function to be executed during movement.
(1) This command is placed independently immediately before the moving command block in
which you want the auxiliary function be executed.
(2) This command is not subject to single-block stop.
(3) The following codes can be specified as the auxiliary function in the G117 block:

M codes Up to 4 sets (Macro M code case, only one M code can be used.)
S codes 1 set each
T codes 1 set

(4) This command can be specified for up to two consecutive blocks.

If three blocks or more are specified consecutively, the last two blocks are valid.

(5) If the operation start position specified by G117 does not exist on the moving path, the auxiliary
function is output when all axis coordinate values of the operation start position are reached.
Only the specified axes are checked.

(6) At the operation start position, after checking that the previous auxiliary function has been
output, the next auxiliary function is output. The PC interface can be used as usually without
modification.

(7) The auxiliary function specified along with a moving command block is output before
movement is started. Movement does not stop at the operation start position. Note that, at the
block end position, after checking that all auxiliary functions have been output, the next block is
executed.

(8) G117 should be specified in the order of operation start positions. The program error P33
occurs if the order of operation start positions is opposite to the moving sequence.

The operation start positions match the moving sequence, auxiliary functions are output in the
order in which they are specified.

(9) If the operation start position for the next block is not found, the program error P33 occurs
before movement to the next block.

The descriptions (7) to (9) above can be summarized as in the following table:

st bock Interm«?dxate point No intermediate point during movement
Second block found during movement
Intermediate point found | The order in (8) is Program error occur as in (8).
during movement followed.
No intermediate point |The order in (9) is The order in (9) is followed.
during movement followed for the Auxiliary functions are output in the
second block. order of the first block, then the second
block regardless of the order of the
specified points.

(11)The addresses that follow G117 are the X-axis, Z-axis, and C-axis work coordinates.
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4.4.12 End Position Specified Queuing (G149)

This command enables queuing between an arbitrary position in an arbitrary block in the local axis
control group and an arbitrary block position in the remote axis control group.

While the standard queuing function adjusts the start timing between the queuing axis control
groups, this function adjusts the end timing of the end block specified by the block ID number.

Command format
InL¢ G149 Ql ] X ] ZI | Cl | End position
specified queuing
* Q represents the end position block number. It is specified by BNL__1 .

Program example

$1 $2
12 G149 Q100 X1.0 11.Q120 Queuing block specification
G1 X5.0 F50 ,
BN100 G1 X-1.0 F10 BN120 G1 Z50.0 F100
With this example, block BN120 in $2 is completed when the X axis in $1 passes a point of 1.0
in block BN100.

(1) The end position queuing position must be specified in the work coordinate system.

(2) Only the axis on which a queuing position has been specified is checked for its passing the end position.

(3) If the queuing position is specified on multiple axes, the queuing time is the time by which all the specified
axes have passed the specified point.

(4) If the specified axis does not pass the point specified in the block of the specified end position block
number, a program error (P33 format error) occurs when the G149 command is issued.

(5) If the end position block number of the G149-specified axis control group is not found within 10 blocks
from the end position specified queuing command or if no P code has been specified, the required time is
calculated assuming the moving block in which all the specified axes has passed the specified point as the
end position specification block. Note, however, that a program error (P700BN No number) occurs if the
moving block is not found within 10 blocks from the end position queuing command.)

(6) The program error (P700BN No number) also occurs if the end position block number of an axis control
group not specified by G149 is not found within 10 blocks from the end-pint queuing command.

(7) If a macro call or subprogram call is included within the range specified for end position specified
queuing, the macro call or subprogram call and M99 are calculated as one block.

(8) Whichever axis control group that requires shorter run time for the range of program specified for end
position specified queuing waits for processing to be started. ($2 may move first.)

(9) The end position queuing position is not aligned if the range of program specified for end position
specified queuing requires run time exceeding two hours.

(10)Do not place an end position specified queuing command within 10 blocks from another end position
specified queuing command.

Doing so causes a program error (P700BN No number).

(11)Within the range specified for end position specified queuing, do not include any command for changing
the workpiece coordinate system, shifting the local coordinate system, presetting the counter, or for
milling. Otherwise, the end position specified queuing position is mis-aligned because the specified
position is calculated on the workpiece coordinate system effective in the block in which end position
queuing is specified.

(12)The end position may not be able to be obtained if any of the following commands is placed, in the range
of program specified for end position specified queuing, for controlling the axis having the specified end
position. Do not include the following commands concerning the end position specified axis.

* Arbitrary axis exchange control, Direct axis control *Arbitrary axis superimpose control

(13)Address Q that follows G149 specifies a queued block; X1, Z1, and C specify their respective work

coordinates.
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4.5 F Functions (F Codes) (Cutting Feed Rate)

4.5.1 Cutting Feed Rate (F)

The F code specifies the feed rate for linear or circular cutting ‘(integpolation).,

Command format
FC__]  Feed rate command

The cutting feed cannot be executed unless these F codes are specxﬁed

The feed rate given by the F command function maintains the current state (modal) until the next
command is specified. (The cutting feed is executed by the F code used in the previous machining.)

The feed rate is specified according to the cutting shape of "G01", "G02", and "G03" codes.
There are 2 types of the feed rate.

©G98 : mm/min. (per minute feed : distance of the tool in mm per minute)

©G99 : mm/rev (per revolution feed : distance of the tool in mm per spindle revolntmn)

The G99 state is assumed when the power is turned on.

When switching the feed method from G99 to G98 in a block of GO1 cutting block, the G code
must come before the F code.

<Example> G98 G01 X1 21 F_1

Move disdance per Move disdance

minute (mm/min) \i . rotation (mm/rev) f
P 3 Q

Per minute feed Per rotation feed
Per Minute Feed ' ~ Per Revolution Feed
Description | The feed distance of the tool in mm | The feed distance of the tool in mm per
per minute. spindle revolution.

Designation F ‘ F

and Address
Designated G G98 G99

Code

Input Feed 1mm/min ~ 8000mm/min 0.001mm/rev ~'999.999 mmy/rev

Rate Range
Override  |Both per minute feed and per rotation feed are fixed in 100%.
Feed rate changes by 10% in this case.

Estimation from G98 and G99
8000mm/min
spindle speed (min ™)

The maximum value for F in the per rotation feed is: F(mmy/rev) <

Determine the proper feed rate by tables of the cutting conditions.
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4.5.2 Cutting Feed Rate for Back Machining (F)

A per revolution feed command can be used.
G43: Back spindle control OFF
G44: Back spindle control ON

The per rotation feed command (G99) can be used in the G44 mode. Upon completion of back
machining, be sure to specify the G43 command to cancel back spindle control.
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4.6 M Functions (M Codes)
4.6.1 M Codes Table

M Code

Function

Descripﬁon

Moo

Program stop

Stops the automatic operation.

MO1  |Optional stop [Performs automatic operation stop. The operation

is restarted by pressing the start'switch.

M02* |Cycle stop Stops the automatic operation in the 1 cycle

mode.

MO03  |Main spindle forward rotation Starts the main spindle forward rotation.

M04  |Main spindle reverse rotation Starts the main spindle reverse rotation.

MO5  |Main spindle stop Stops the main spindle rotation.

MO06*  [Main spindle chuck close Closes the main spindle chuck.

MO7* [Main spindle chuck open Opens the main spindle chuck.

MO8  |Enable bar stock exchange program Starts the automatic material replacement

program.

M09  |Completed bar stock exchange program Completes the automatic material replacement

program.

M10* |Material knock-out advance (type VII) Advances the back spindle knock-out bar.
Support advance (type I) Advances the support. (Optional)

Support advance (type III) Advances the support (on the setting table).
(Optional)

M11*  |Material knock-out return (type VII) Returns the back spindle knock-out bar.
Support return (type I) Returns the support. (Optional)

Support return (type III) Returns the support (on the setting table).
(Optional)

M13* |Stock gripper close (type I or III) Closes the stock gripper (Optional)

M14* |Stock gripper open (type LIII) Opens the stock gripper (Optional)

M15* |Back spindle chuck close Closes back spindle chuck.

M16* |Back spindle chuck open Opens back spindle chuck.

M18* |Enable main spindle C axis A series of C-axis ON operations (M18C***)

(Optional)

M20  |Main spindle indexing, and C axis cancel Turns the main spindle indexing and C-axis off.

M23  |Back spindle forward rotation Starts the back spindle forward rotation.

M24  |Back spindle reverse rotation Starts the back spindle reverse rotation.

M25  |Back spindle stop Stops the back spindle rotation.

M26  |Execute guide bushing phasing Matches the phases of spindle and guide bushing.

M28* |Main spindle indexing A series of spindle indexing operations

(M285**%)

M31  |Work conveyor ON Workpiece conveyor start ON (Optional)

M32* |Workpiece receiver box advance (type VII)  [Advances the workpiece receiver box.
‘Workpiece separator advance (type I,III) Advances the workpiece separator. (Optional)
Workpiece separator advance (type III) Advances the workpiece separator (on the setting

table). (Optional)

M33* |Series of operations 1 for back-machined Performs a series of axis feed operations (with no
product separation (type VII) knock-out).

Workpiece separator return (type LIII) Returns the workpiece separator. (Optional)

Series of operation for workpiece separator  [Returns the workpiece separator (on the setting

collection (type III) table) and performs a series of operations for
collection. (Optional)

M34* |Series of operations 2 for back-machined Performs a series of axis feed, chuck open, and
product separation (type VII) knock-out operations.

M38  |Bar loader synchronization ON Turns synchronization on between the Z1 axis and

the bar loader. (Optional)
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M Code Function Description
M39  [Bar loader synchronization OFF Turns synchronization off between the Z1 axis
and the bar loader. (Optional)
M48* |Enable back spindle C axis (Type VII) Turns on the back spindle C axis for a series of
operations. (M48C***)
M50  [Pick-off failure detect (Type VII) After a workpiece is cut off, the main spindle rotates
at low speed and the M50 command is executed.
M51*  |Tool breakage detection ON Starts cut-off tool break detection. (Optional)
M52  |[Coolant ON Starts the coolant supply.
M53  |Coolant OFF Stops the coolant supply.
M54  |Bar loader torque OFF Stops the feeding of the pushrod.
M55 |Bar loader start Starts the bar loader material replacement.
M56  |Product count Starts the product count.
M57 |1 cycle stop (for sub-program) Stops the automatic operation in 1 cycle mode
(for sub-program). ,
M58  |Tool spindle forward rotation Starts the tool spindle forward rotation.
M59  |Tool spindle reverse rotation Starts the tool spindle reverse rotation.
M60  |Tool spindle stop Stops the tool spindle rotation.
M61 ~ |External M code Used when optional function is added.
Me5
M72  |Back spindle air blow ON (Type VII)
M73  |Back spindle air blow OFF (Type VII)
M77  |Spindle synchronization completion queuing |Waits for completion of synchronization of the
(Type VII) main and the back spindle.
M78  |Back spindle indexing (Type VII) A series of back spindle indexing operation
(M785***) ,
M79  |Back spindle indexing cancel, C-Axis cancel |Turns the back spindle indexing and C-Axis off.
(Type VII) :
M80  |Front/back tool spindle forward rotation Starts forward rotation of the front/back tool
(type IIL, VII) spindle. (Optional)
M81  [Front/back tool spindle reverse rotation Starts reverse rotation of the front/back tool
(type IIL,VII) spindle. (Optional)
M82  |Front/back tool spindle stop (type III,VII) Stops the front/back tool spindle. (Optional)
M84  |Cutting start interlock enabled Cutting is not starting until spindle speed reaches
the specified value.
M85  |Cutting start interlock disabled Starts the cutting regardless of spindle speed.
M86  [Back spindle speed fluctuation detect ON Enables abnormal rotation detection of the back
(Type VII) spindle.
M87  |Back spindle speed fluctuation detection OFF |Disables abnormal rotation detection of the back
(Type VII) spindle.
M88  |Back spindle torque limit L selection Sets the back spindle torque to 25%.
(Type VII)
M89  [Back spindle torque limit H selection Sets the back spindle torque to 50%.
(Type VII)
MS0  [Back spindle torque limit OFF (Type VII) Sets the back spindle torque to 100%.
M92  |Error detect ON Turns error detection on (for higher precision in
edge processing).
M93  |Error detect OFF Turns error detection off.
MS6  |Main spindle speed fluctuation detection ON [Enables abnomal rotation detection of the main
spindle.
M87  |Main spindle speed fluctuation detection OFF |Disables abnomal rotation detection of the main
spindle.
M98  |Call sub-program Calls a subprogram.
M99  [Return to main program Be sure to insert this code at the ends of the main
program and subprograms.
M100 |Grip bar stock Clamps a material on the bar loader. (Optional)
M101 |Release bar stock Releases a material on the bar loader. (Optional)
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M Code Function Description
M102  |Release bar stock quickly Quickly releases a material on the bar loader.
; (Optional)

M103 |Release bar stock, slide channel forward. Release a material on the bar loader and move the
rail backward. (Optional)

M104 |Slide channel forward Moves the bar loader slide channel forward.
(Optional)

M105 |Slide channel backward Moves the bar loader slide channel backward.
(Optional)

M106 |Stabilizer close Closes the bar loader stabilizer. (Optional)

M107 |Stabilizer open Open the bar loader stabilizer. (Optional)

M112 |Guide bushing phase memory Automatically controlled by G899 macro.

M117 |Back spindle phase memory (Type VII) Automatically controlled by G899 macro.

M118 |Interference check disabled Disables interference check.

M119 |Interference check enabled Enables interference check.

M125 |NC reset and rewind Used as a macro command. (Not used, usually.)

M126 |Unconditional optional stop Used as a macro command. (Not used, usually.)

M127 |Request for recalculation Used as a macro command. (Not used, usually.)

M140 |[Opposite tool post advance (Type III, VII) Can be used only in the G821 command.

M141 |Opposite tool post retract (Type I11,VII) Can be used only in the G821 command.

Notes |

* The M codes marked an asterisk (*) used macros.

* Specify these macro M codes alone. Do not specify these codes along

with any other code in the same block.
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4.6.2 Main Spindle Rotation and Stop (M03, M04, and MO05)

These codes are used for rotating (forward and reverse) and stopping of the main spindle.
The forward rotation in this case means the counterclockwise rotation toward the spindle.
To stop the rotation of the spindle, you can also use the Spindle stop key on the operation panel.

Command format

Mo3 Main spindle forward rotation

Mo4 Main spindle reverse rotation

MO05 Main spindle stop
The spindle speed changes when only "S1 = 1" is specified during the rotation of the main
spindle.

Guide bushing
MO03
.

\/ Material

MO04
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4.6.3 Back Spindle Rotation and Stop (M23, M24, and M25) (Type VII)

These codes are used for rotating (forward and reverse) and stopping of the back spindle.
The forward rotation in this case means the counterclockwise rotation toward the back spindle.

To stop the rotation of the back spindle, you can also use the Back Spindle stop key on the
operation panel.

Command format

M23 Starts the back spindle forward rotation.
M24 Starts the back spindle reverse rotation.
M25 Stops the back spindle rotation.
The spindle speed changes when only an "S2 = 1" is specified during the rotation of the

back spindle.

AN A AN WA U NN Y
AN SN

DN AN A A A AN
Y

|

- O O
- - O
|
- - -G

Back spindle /\ /—\
14

Material

Note

* A workpiece receiver box may have been mounted when the back spindle
chuck is opened. Therefore, the back spindle speed is limited to 100 min™
(maximum). The back spindle rotates only at 100 min™ even if M23S2 =
2000 is specified.

If any of tool selecting commands of T3000, T3100 to T3300 has been
specified, however, the spindle speed limit is released, regarding that the
workpiece receiver box has been rarely mounted.

To enable the limitation again, press the reset R(S} key or specify the

M2 code.
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4.6.4 Tool Spindle Rotation and Stop (M58, M59, and M60)
These codes are used for rotating (forward and reverse) and stopping of the tool spindle in a
secondary process.
The forward rotation in this case means the counterclockwise rotation toward the tool spindle.

To stop the rotation of the tool spindle, you can also use the Spindle stop key on the operation
panel.

Command format

M58 Starts the tool spindle forward rotation.
M59 Starts the tool spindle reverse rotation.
Mé60 Stops the tool spindle rotation

The spindle speed changes when only an "S3 = 1" is specified during the rotation of the
tool spindle.

.

Tool spindle

MSQ( M58
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4.6.5 Front/Back Tool Spindle Rotation and Stop (M80, M81, M82) (Type lIl, Vi)
(Optional)

These codes are used for rotating (forward and reverse) and stopping of the front/back tool spindle
during a secondary process or back machining.

The forward rotation in this case means the counterclockwise rotation toward the front/back tool
spindle.

To stop the rotation of the front/back tool spindle, you can also use the Spindle stop key on the
operation panel.

. Command format

M8o Starts forward rotation of the front/back tool spindle.
M81 Starts reverse rotation of the front/back tool spindle.
M82 Stops rotation of the front/back tool spindle.

Specifying only "S4="""1" during rotation of the front/back tool spindle changes the spindle
speed.
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4.6.6 Back Spindle Product Separation (M32, M33, M34) (Type VII)

This machine provides the following two methods for collecting the product.

1. Picking off the product by the back spindle to collect it in the product box.
(Pick-off collection mode)

2. Putting the product in the workpiece receiver box mounted on the back spindle to collect it in
the product box. (Workpiece receiver box collection mode)

For a back machining product, the product is collected in the method 1.
For a simple product without back machining, the product is collected using the method 2.

The program of method 1 is included in the program of $2 ($1 if the program is for a single axis
control group) and the program of methods 2 is included in the program of $1. In both methods 1
and 2, the M code for product collection is M34 (M33). However, the actual operations of method
1 and 2 differ slightly. In the machine, methods 1 and 2 are identified as described below.

® When the back spindle defined as machining data has a workpiece receiver box and the M34
code has been specified for $1 or $2:

The machine recognizes the current collection mode as workpiece receiver
box collection mode and operates in that mode.

® When the back spindle defined as machine data is a standard or support-provided type and the
M34 code has been specified for $1 or $2:

The machine recognizes the current collection mode as pick-off collection
mode and operates in that mode.

Even if the workpiece receiver box is attached to the back spindle, the pick-
off collection mode is recognized and used as the collection method during
operation when the M34 code is specified after T3000, T3100 to T3300,
G811, or G851. The pick-off collection mode is canceled by pressing the
Reset button or by specifying the M2 code.

When the back spindle chuck has been opened, a workpiece receiver box
may have been mounted. The back spindle speed is therefore limited to a
maximum of 100 min”'. Even if M23S2 = 2000 is specified, for example,
the back spindle rotates only at up to 100 min™.

If any of tool selecting commands of T3000, T3100 to T3300 has been
specified, however, the spindle speed limit is released, regarding that the
workpiece receiver box has been rarely mounted.

To enable the limitation again, press the reset R/; key or specify the M2

code.
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1. Method for picking off a workpiece by the back spindle and collecting it in a product box
(pick-off collection mode)

a) Back spindle product separation 1

. Command format

M33  Back spindle product separation 1 A series of operations without product knock-out.

Command format
M33 WO0.0 D20000 X4.0 E20000

Feed rate (per minute) when the X2 axis
separation position moves. Moves the X2 axis
in rapid feed when omitted.

Move position (mm) when the X2 axis separation position
moves. Moves the X2 axis to the zero point when omitted.
Feed rate (per minute) when the Z2 axis returns. Moves the Z2
axis in rapid feed when omitted.

Move position (distance from the zero point of the Z2 axis in mm) when the Z2
axis is retracted. Moves the Z2 axis to the zero point when omitted.

W1 D1 XC_—Jand EL__] can be omitted. wiol
! X
Program example [E]
M33 e A series of operations is performed for collecting the finished workpiece

(without knock-out for the product).

¢ If M33 has no argument specified, the X1 and Z2 axes move to the zero
point and terminates operation with the back spindle chucking the
workpiece.

» After the X2 and Z2 axes movement is completed, the coordinate system
setting of the Z2 axis is executed. Normally, the GS0Z0 command is
executed. If WAA is specified, GS0ZAA is executed. Available with
macro version 002-001 or later.

* Specify a program that puts the finished workpiece in the product box in
the next line of the M33 code.

G00 Z32.5  -ceeeeen Move the back spindle to the workpiece separation position in rapid feed.
Mi6 e Open the back spindle chuck.

M10 e Advance the back spindle knock-out bar.

G04U05 e Dwell.

GOOZ0 @ e Return to the zero point of the back spindle.

M72 e Turn on the air blow of the back spindle.

Mi1 Return the back spindle knock-out bar.

T3000 @ cceeeeen Select the back spindle at the center of the guide bushing.

M73 e Turn off the air blow of the back spindle.
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Product box

Back spindle E ' -

325 2.5[0.0984"
[1.27957

drmrdminnd

* The above program example selects T3000 after product separation.

* Compared to M34 for back spindle product separation 2, M33 allows
individual operations for product separation to be programmed. M33 can
therefore save product separation time by efficient programming.

b) Back spindle product separation 2
: Command format

M34  Back spindle product separation 2
With knock-out for the product of a series of operations

. Command format
M34 WO0.0 D20000 U0.0 E20000 2Z30.0 F20000 B0.0 T2.0

|

Air blow time after product

knock-out. Blows air for

two seconds when omitted.
Move position (mm) during the Z2 axis
return after product knock-out. Moves
the Z2 axis to the zero point when
omitted.

Feed rate (per minute) during the Z2 axis advance.
Moves the Z2 axis in rapid feed when omitted.

Move position (mm) during the Z2 axis advance. Moves
the Z2 axis to the position of 32.5 mm when omitted.

Feed rate (per minute) when the X2 axis separation position
moves. Moves the X2 axis in rapid feed when omitted.

Move position when the X2 axis separation position moves.

Feed rate (per minute) during the Z2 axis return. Moves the Z2 axis in rapid feed
when omitted

Move position (distance form the zero point of the Z2 axis in mm) during the Z2 axis return.
Moves the Z2 axis to the zero point when omitted.
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WL _1 D] ul_J E1 z[_J FL_1 BL_] T can be omitted. wiol
Product knock-out macro is also incorporated in the M34 code. [lEJ]
Actions of commands in macros: %
Mi6 ... Open the back spindle chuck. 8
Mi0 ... Advance the back spindle knock-out bar.

M1t L Return the back spindle knock-out bar.

M31 . Turn on the Workpiece conveyor.

z20 @ . Return the back spindle to the zero point.

M72 Turn on the air blow of the back spindle.

Mi0 ... Advance the back spindle knock-out bar. Advance to blow chips.

G04 U2.0 ... Air blowing time. The argument is T2.0 seconds.

M1t L Return the back spindle knock-out bar.

M73 .. Turns off the air blow of the back spindle.

For M34, the operation described above is completed by only the M34 code.

Program example

M34 ... Complete a series of operations for the workpiece collection and product knock-
out. '
T3000 ... Select the back spindle at the center of the guide bushing.
i Note

* The position to which the Z2 axis advances during knock-out operation is
normally set to Z32.5 unless the Z argument has been specified. The
position can be changed by specifying the Z argument.
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2. Method for putting a product in the workpiece receiver box mounted on the back
spindle to collect it in the product box (workpiece receiver box collection mode)

The program is described as part of the $1 program.

Command format

M32 Workpiece separator (workpiece receiver box) advance operation
Command format

M34 Back spindle (workpiece receiver box) product separation operations

a) Workpiece separator (workpiece receiver box) advance operation

Command format

M32 X1 W0.0 U632.0 Z145.0 R[] F20000
] |

Feed rate (per minute) during Z2 axis
advance. Feeds rapidly when omitted.

Set "1" when a shift tool is used for the cut-
off tool. Set nothing when the shift tool is
not used.

The Z2 axis advance position is 130 mm
when "1" is set. It is 145 mm when omitted.

Move position (mm) during Z2 axis advance.
Moves to the position of 145 mm when omitted.
An R1 command is ignored when this is specified.

Move position during X2 axis advance. Moves the X2
axis to the position of 632 mm when omitted.

Move position (distance from the zero point of the Z2 axis in mm)
during Z2-axis return. Moves to the zero point when omitted.

End position queuing X position. The workpiece separator (workpiece
receiver box) on the Z2 axis finishes advancing when the X axis reaches the
specified position during cut-off machining. End position queuing is not
performed when not specified.

XC—J w1 uC1 21 RC_J FC] can be omitted. Z[F
u
Program example
$1 $2 W
G821 Gs21 ... Single axis control group command ON (Note 1)
TO1OO | Selects the cut-off tool.
M32 Position the workpiece receiver box to the cut-
off position.

G1X30F002 | ... Cut-off machining
M4t Return the workpiece receiver box.
G820 G820 @ ... Single axis control group command OFF (Note 1)

(Note 1)  Omitting these codes does not affect the program.
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b) Back spindle (workpiece receiver box) product separation operation

Command format

M34 X632.0 W0.0 D20000 U0.0 E20000 2154.0 F18000 T2.0 S30 BoO.

o

Move position during
Z2 axis return after
product carry-out.
Moves the Z2 axis to
the zero point when
omitted.

Back spindle speed
during product carry-

out. Rotates at 30 min™
when omitted.

Back spindle rotation time during
product carry-out. Rotates for

two seconds when omitted.

Feed rate (per minute) during Z2 axis
advance. Moves the Z2 axis in rapid

feed when omitted (mm/min).

Move position during Z2 axis advance. Moves the
Z2 axis to the position of 54 mm when omitted.

Feed rate (per minute) when the X2 axis separation position
moves. Moves the X2 axis in rapid feed when omitted.

Move position (mm) when the X2 axis separation position moves.
Move position during X2 axis return. Moves the X2 axis to the

zero point when omitted.

Feed rate (per minute) during Z2 axis return. Moves the Z2 axis in rapid
feed when omitted.

Move position (distance from the zero point of the Z2 axis in mm) during Z2 axis
return. Moves to the zero point when omitted.

Move position (mm) during X2 axis rise after workpiece separation. Moves the X2 axis to the
position of 632 mm when omitted.

X wCJ pCJ uCJ EC 1 zC 1 FC WDl
TC_1 SC1 B can be omitted. : l u
X1E 5 A
Program example B
$1 $2
G821 G821 ... Single axis control group command ON (Note 1)
T0200
M4 L Enter M34 after specifying the T0200 (first gang
: tool selection) after three-spindle hole
machining.
ToO100O | Select the cut-off tool.
M32 Position the workpiece receiver box at the cut-
off position.
G1X-3.0F002 | L. Cut-off machining
M14&1 0 Return the workpiece receiver box.
G820 G820 ... Single axis control group command OFF (Note 1)
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* If a command in the T3000s in the workpiece receiver box collection
mode, the current mode is recognized as the pick-off collection mode and
thus the basket in the workpiece receiver box will not swing, disabling
product separation.

(Note 1) Omitting these codes does not affect the program.

4.6.7 Spindle Chuck Open and Close (M06, M07)

These codes open and close the chuck built in the spindle.

Using the codes can allows the chuck to clamp the material to transfer the spindle rotation to the
material.

Command format
Spindle chuck

MO06 Chuck close.

MO07 Chuck open.

Actions of commands in macros:

MO06
Closes the spindle chuck.
Starts synchronization control between the Z1 axis and the A7 axis (bar loader). (The command
works this way for a synchronous bar loader.)
Mo07
Checks the spindle status and opens the spindle chuck when the spindle speed is lowered to the
specified speed or less.
The specified spindle speed is set by the parameter. (standard value 2000 min™)
Stops synchronization control between the Z1 axis and the A7 axis (bar loader) and starts

constant torque control. The torque value can be set on the bar loader setup screen. (The
command works this way for a synchronous bar loader.)

4.6.8 Back Chuck Open and Close (M15, M16) (Type VII)

These codes open and close the chuck built in the back spindle.

Using the codes allows the chuck to clamp the material to transfer the back spindle rotation to the
material.

Command format
Back spindle chuck
M15 Chuck close
M16 Check open
Actions of commands in macros:

M15
Closes the back spindle chuck.

M16
Opens the back spindle chuck.




L16 /120 Command Codes

4.6.9 Opposite Tool Post Advance and Return (M140 and M141) (Type lll, VII)

These codes can advance and return the inner diameter tool (T21AA to T25AA) of the opposite tool
post. The M141 code can also be used to return the workpiece separator in the workpiece receiver
box collection mode.

: Command format
M140 Z[__1 Opposite tool post advance

M141 Z[__1 Opposite tool post return
Z[__1 Z can be omitted.

These codes are enabled for axis control group 1 when a T21AA to T25AA command is executed.
The tool moves to the position of the Z2-axis machine coordinates (Z180.0) by the M140 code
when a ZL___1 code is not specified.

M140

[ )

22 axis 180  Advance
[7.0866"]

loo o Emm é—é——é—g B
oo o ﬁ}m&m é—é--—é—g |
co o ;j@"& %-—?EEE— |

;[ i Back spindle —
|
|

Guide bushing

a7

i
| - - -
I
1

The tool set to the standard position is positioned as shown below by this code.

$1 program Zero point Z0 \ r%_.‘
B
As shown in the figure above, the drill that was set without being shifted strikes against the

material end face of Z = 0. Therefore, the end face is moved to Z = -0.5 so as to advance the tool as
shown below.

Program example

($1) /;\

G821 (
T2200 @ -
)

M140 N

2
4
0.5
F——
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The M140 ZL_____1 command positions the opposite tool post on the Z2 axis in the $1 work
coordinate system.

Distance specified by the Z argument
M140 Z-10.0 (usually a negative value)

Z2axis 170 Advance
[6.6929']

5 Guide bushing
loo oﬁm ¢_¢_-_¢_§ —— )
oo oy {644 o L‘k
R == e e =y |
i
- ,i; 1,.' Back spindle
N b B I
Pl
The tool returns to the machine zero point of the Z2 axis by the M141 code.
Notes
. positioning is performed at the standard set position of the

opposite tool post. Therefore, the positioning point of shifted tool must
be set in axis control group 1 again by the G50 code.

* If T21AA to T25AA code is specified after M140 code, the tool selection
performed without retracting the opposite tool post. Pay attention to the
interference with the material.

e If M140 code is specified after T31AA to T35AA code, the M140 code
causes no operation to be performed (resulting in an alarm).

* The M141 code can also be used to return the workpiece separator
advanced by the M32 command (in the workpiece receiver box collection
mode).
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4.6.10 Y90Z Cut-Off Tool Breakage Detector (M51) (Optional)

(1)Detection Method
The basic operation of the cut-off tool breakage detector is as follows: (M51 code)
1) Return the material to the detection position. (Z1 axis moves)
2) Select the detection axis of the cut-off tool breakage detector. (Y1 axis moves)

3) Move the detection axis to the position of detection outer diameter (¢D + 1 (diameter
value)) of the material. (X1 axis moves)

4) Move the cut-off tool breakage detector down to -1.0 mm with detecting.

$2 [$0.0787"]
Lt~
) ) 25 [0.0984"]
Detection axis Guide bushing

% L0
_%—*‘ x

|
T

- _ei’ (Detection part)

Tool

-
L

' 3.5[0.1378
Cut-off surface - t 1

—]

(2)Program example

The example given below assumes that the standard tool holder GTF3213 or GTF3113 is
used.

@ Select the cut-off tool.
(a = 01 when the holder is GTF3213 or GTF3113)
@ Execute a series of operations for detection.

* The Z argument specifies the amount of move for returning the material. The command does
not return the material if this argument is omitted.

e The X argument specifies the position to which the detection axis is fed. The X axis moves to
the point of -1.0 if this argument is omitted.

* The F argument specifies the feed rate (per minute) of the detection axis from the positioning
point. The detection axis moves at 2000 mm/minute if this argument is omitted.



L16 /120 Command Codes

4.6.11 Knock-out (M10, M11) (Type VII)

These codes advance and return the back spindle knock-out

Command format

Knock-out
M10 Advance the knock-out.
M11 Return the knock-out.

Command format
M1i0 Z ] FI ] Tl ]

M11 Z| | Fl | TL ]

* The Z argument specifies the knock-out axis move position (distance). The knock-out moves
108 mm when the argument is omitted.

* The F argument specifies the knock-out axis feed rate (per minute). The knock-out moves in
rapid feed when the argument is omitted. The rapid feed rate is 15000 (mm/min).

* The T argument specifies the knock-out axis torque. Specify the ratio (%) to the maximum
torque. It is 200% when the argument is omitted.

* If the back chuck is closed or the back spindle is rotating, the command
causes no operation to be performed (resulting in an alarm).

{—ﬁlﬁ 18 [0.7087"]

__ - e
3 o f— e
e —
——““‘L——A\V I — e
7£_

108 [4.2520"]
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4.6.12 U10C Support (M10, M11) (Type )

These codes advance and return the support.

Command format

Support
M10 Advance the support.
M11 Return the support.

. Command format

M10 ZL_TFC_]
M1tz JFC ]

* The Z argument specifies the support axis move position (distance). The support moves 225
mm (175 mm if it is a long type) when the argument is omitted.

* The F argument specifies the support axis feed rate (per minute). The support moves in rapid
feed when the argument is omitted. The rapid feed rate is 15000 (mm/min).

-]_—- e —— ——
u10C ) 4
|| R 1
”‘ e ® N
=
225[8.8583"] (Standard advance position) 1
[8.8583" ( ” 5 e\_j
230(3.0551°] [[0.1969" [0.3937"]
Short type jig
74 [2.9134" 225[8.8583" (Standard advance position of short type jig), 5.1 10 J
! N\

230 [9.0551"] [0.1969 [0.3937"]

e [
T lusez [T 1 I G
I B _
n9ss1| o o
)5,

175 [6.8898"](Standard advance position of long type ji

180 [7.0866"] [0.1969" [0.3937"]
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25 [0.9843"(Maximum protrusion of sleeve)

TS == g UIC
If the support advances exceeding

® o = “-E .
_ _ _ > Z = 209 at position T08, it may

I interfere with the rotary tool nut.

-
-

From the advance position, the Y

@
'\ axis cannot move in the positive

A\

Tog!
7
z
T07
Y
<

1
_ j -
1

- - - - { i direction.
Bﬁ[& Z 2.If the support advances exceeding Z
- T 007874 = 209 at position T07, it may
209 [8.2283'] 2 | interfere with the rotary tool nut.

- From the advance position, the Y
axis can move 35 mm (70 mm

@ flror+tos specified in diameter) in the

positive direction.

I - — 3.1f the support advances exceeding Z

R =225 (U10C standard advance

225 8.8583°] 2(0.07872'] position) I;etwee_n position; To1

and T06, it may interfere with the

tool.

10 [0.3937"]
bt

[

r -

o _ usi1z

[0) (Specifications for short type jig)
@ //4 1.If the support advances exceeding Z
- — - + — — > = 159 at position T08, it may
- 159 [6.2598"] | k‘ P ! interfere with the 3-vertical sleeve

® i = E 1 @D holder (GDF306). From the

advance position, the Y axis cannot

/ move in the positive direction.
- ¥ z 2.If the support advances exceeding Z

007877, = 209 at position TO7, it may

209 [8.2283") 2 | interfere with the rotary tool nut.

From the advance position, the Y

® h axis can move 15 mm (30 mm

T01+-706 specified in diameter) in the

positive direction.

] 3.1f the support advances exceeding Z

= 225 (US1Z standard advance

225 [8.8583] 210.07877] position of short type jig) between

positions TO1 and TO06, it may

interfere with the tool.

us1z
Jp——————— 0) (Specifications for long type jig)

®_ z ,” m 1.If the support advances exceeding Z
— — — i - = 159 at position T08, it may
| & 4// | interfere with the rotary tool nut.
_ ‘ Z 1 @ From the advance position, the Y
@ IO% axis cannot move in the positive
- - - - 7] I direction.
] 2.1f the support advances exceeding Z
[0.0787° = 159 at position T07, it may
159 [6.2598"] | interfere with the rotary tool nut.

From the advance position, the Y
axis can move 35 mm (70 mm

_ _@) TO1+~T06 specified in diameter) in the

positive direction.

— - - — 3.If the support advances exceeding Z

=175 (US1Z standard advance

175 [6.8898"] 20.0787"] position of long type jig) between

positions T01 and T086, it may

interfere with the tool.
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4.6.13 U11C Support (M10, M11) (Type IlI)

These codes advance and return the support (on the setting table).

Command format

Support
M10 Advance the support.
M11 Return the support.

: Command format

' M10 Z ] Fl ]
M11 ZI ] FI ]

* The Z argument specifies the support axis move position (distance). The support moves 155
mm when the argument is omitted.

e The F argument specifies the support axis feed rate (per minute). The support moves in rapid
feed when the argument is omitted. The rapid feed rate is 20000 (mm/min).

* The M10 command returns the Z2 axis once, moves the X2 axis to the support front position,

then advances the Z2 axis.
U11C Long workpiece device ij |
\ I i

155 25
(U11C Standard ad\{?ge position) '

. . (Z2 Axis stroke)
Support and guide pipe protrude amount (U11C)

U51Z Material chucking device

® =P

-ttt — - —t-—F - _-——-! —=
/ - 18
S
€] (7] 75
B
U11C Long workpiece device 155 A483
US51Z Standard advance position)
58 80

(22 Axis stroke)

Support and guide pipe protrude amount (with U512)
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4.6.14 U51Z Stock Gripper (M13, M14) (Type |, 111)

These codes open and close the stock gripper.

Command format

Stock gripper

M13 Open the stock gripper.

Mi4 Close the stock gripper.
Command format

M13 RC—

M14

* The R argument specifies the position at which the stock gripper is chucked during adjustment.
The stock gripper axis moves to the position specified by the R argument. The acceptable range
is 0 to 7.32 mm (stroke on each side). Usually, specify 1.0 for round materials. For profile
materials, specify the difference between the maximum and minimum diameters.
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4.6.15 U31J Work Separator (M32, M33) (Type |, llI)

These codes advance and return the work separator.

Command format
Work separator

M32 Advance the work separator.
M33 Return the work separator.

i Command format

M32 X1z ]
* The X argument specifies the end position queuing position. The work separator completes

advancing when the X1 axis reaches the specified position during cut-off machining. End point
queuing is not performed when the argument is omitted.

* The Z argument specifies the separator axis moving distance. The separator axis moves 250 mm
when the argument is omitted.

M33 21 w1 FC_— EC1 K

* The Z argument specifies the rapid feed switching position. The separator axis moves to the
specified position in rapid feed. The separator axis moves 50 mm in rapid feed when the
argument is omitted.

* The W argument specifies the cutting feed switching position. The separator axis changes the
speed at the specified position. The separator axis changes the speed at the 0 mm position when
the argument is omitted. '

* The F argument specifies feed rate 1. The separator axis moves to the cutting feed switching
position at the specified feed rate. The feed rate is 5000 (mm/min) when the argument is
omitted.

* The E argument specifies feed rate 2. The separator axis moves to the zero point at the
specified feed rate. The feed rate is 5000 (mm/min) when the argument is omitted.

* The K argument specifies the number of repetitions. The separator axis repeats moving between
the cutting feed switching position and the zero point for the specified number of times. The
separator axis does not repeat it when the argument is omitted.

250

y
Y
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4.6.16 U33J Workpiece Separator (M32, M33) (Type llI)

These codes advance and return the workpiece separator (on the setting table).

. Command format
Workpiece separator
M32 Advance the workpiece separator.
M33 Return the workpiece separator.

Command format
M32 Xl ] Ul | ZI ] FL ]

* The X argument specifies the end position queuing position. The work separator completes
advancing when the X1 axis reaches the specified position during cut-off machining. End point
queuing is not performed when the argument is omitted.

* The U argument specifies X2 axis advance distance. The X2 axis moves 632 mm when the
argument is omitted.

¢ The Z argument specifies Z2 axis advance distance. The X2 axis moves 160 mm when the
argument is omitted.

Z(F)

U[
M33 D[ ] X[ ] El | Z[ ] Fl ] T ]

* The D argument specifies the Z2 axis return feed rate (per minute). The Z2 axis moves in rapid
feed when the argument is omitted.

* The X argument specifies the X2 axis unloading position. The X2 axis moves to the zero point
when the argument is omitted.

* The E argument specifies the X2 axis unloading feed rate (per minute). The X2 axis moves in
rapid rate when the argument is omitted.

* The Z argument specifies the Z2 axis advance distance. The Z2 axis moves 80 mm when the
argument is omitted.

* The F argument specifies the Z2 axis advance feed rate (per minute). The Z2 axis moves in
rapid rate when the argument is omitted.

* The T argument specifies the product unloading stop time. Product unloading stops for two
seconds when the argument is omitted.
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4.6.17 Bar Feed (M54, M55)

These codes are used to operate the bar loader.

Command format

Material feed
M54 Turn off the bar loader torque.
M55 Start the bar loader.

* The bar loader performs the following operations:

Actions of M55 (Synchronous bar loader)
Open the stabilizer.
Move the pushrod to the material extract position.

Turn on the material clamp. Extract a.
Move the pushrod to the material extract position (= return position).| remaining
Turn off the material clamp. material

Turn on the material clamp. .
Turn off the material clamp. } Detect any material
Turn on the shelf material motor to move the rail backward. ' Feed a shelf material.
Move the pushrod to the primary feed position.
Move the pushrod to the return position.

Turn on the shelf material motor to move the rail forward. Insert a material.
Turn on the material clamp.

Move the pushrod to the material insert position.

Turn off the material clamp. —
Move the pushrod to the shortcut position. Feed a material.

Close the stabilizer.
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4.6.18 Bar Feed Program Enable/Terminate (M08, M09)

These codes enable and terminate a bar changing program. The commands in the block (= bar
changing program) enclosed between M08 and M09 are executed when the material shortage signal
is received. They are otherwise skipped. (A block skip symbol "/" is used.)

The bar changing program is inserted between the cut-off and end processes.

Command format

Bar feed program enable/terminate

Mos8
Mo09

Program example

Mos
Mos

1)
IC )

IC )
/ GO1 X21.0 W-25.0 F0.2

/ M53
/Mo5
/ M54
/ M07
/ M55

/ M06
/ G4 U2.0

/ M52
/M03S1=C_1]

/ W25.0 F0.2
/ X-3.0 F0.02
/ M09

Enable

a bar changing program.

Terminate the bar changing program.

.........

.........

.........

.........

.........

Enable the bar changing program.

Program for removing burr from the outer diameter of
the material.

Move the cut-off tool by the material outer diameter + 1
mm upon extracting the material from the guide bushing.

Turn off coolant supply.

Stop rotating the main spindle.

Stop the machining torQue of the bar loader.
Open the spindle chuck.

Issue the material replace command (to start replacing the
material on the bar loader).

Close the spindle chuck.
Prevent bar loader torque switch time delay.
Turn on coolant supply.

Rotate the main spindle forward.
Execute guide bushing phase adjustment (for profile
material).

Insert a material in the guide bushing.
Shortcut the tip of material.
Terminate the bar changing program.

¢ The M08 and M09 codes can be specified for both axis control groups.
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4.7 S Functions (S Codes)

The S functions specified in the following format are also called rotation functions. These are used
to specify the main spindle, back spindle, rotary tool spindle speeds.

. Command format

S1 =0000 Main spindle (Five-digit function command)
S2 = 0000 Back spindle (Four-digit function command)
S3 = 0000 Gang tool rotary spindle
S4 = 0000 Front/back tool spindle
The spindle speed is calculated from the following formula and rounded up to the nearest whole
number.
N :Speed (min™)
N = \ « 1000 V : Cutting speed (m/min.)
nD D : Material diameter (mm), or hole diameter for drilling
xt : Circular constant (approx. 3.14)
Specification Ranges
Axis control Spindle Speed
group
St Main spindle 200 to 10000min™
S2 Back spindle 200 to 8000min™
S3 Gang tool rotary spindle| 200 to 5000min™
S4 Front/back tool spindle | 200 to S000min™
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4.8 !(Exclamation) Function (Queuing Code)

Command format
ILL___1 Multi-axis control group queuing)
— Queuing number (0 to 9999)

The command format "!L[___1" allows queuing with other parts in axis control groups $1 and $2

that need queuing.
If the number is entered incorrectly, the program cannot advance in the queuing state.

Program example

Example of multi-axis control group queuing command
ooonoa
$1 $2

. I L1
L1 .

2 «—— 12
. I L3
L3 .

4 «<— 14

M56

G999 G999
N999 N999
Mo2 Mo2
M99 M99

% %



Product code

Document code

I

vl
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This section explains basic programming using the commands (codes) described in Chapter 4.

5.1 Program Structure

Command format

* Program No. oOnOon

* Axis control group number $1 $2

* Sequence number NOOOO NOOOO
* Product count M56

* Last program execution command G999 G999

* Sequence number N999 N999

* One cycle stop ' Mo2 Mo2

* Return to main program \ M99 Ma9

* Stop code % %

* The program number is given on the first program line of a program to identify it and
distinguish it from other programs.
The program number consists of the letter "O" followed by a desired number of up to 8 digits
between "00000001" and "99999999."
In the L16/L.20 machine, the system software macros use the program numbers between "8000"
and "9999." ‘
Do not assign these numbers to your programs.

* A single program for the L.16/1.20 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 NOOOO1 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.

NOOOOO

L

Tool number

Process sequence

To specify the first process using tool No. 3, 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.
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* (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), the
return to main program command (M99), and the stop code (%).

(Stop code is automatically entered after normal program entering.)



L16/1L20 Programming Practice

5.1.1 Program Structure

* 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.

4
i

Qesoeo

Preparation process

Neeeoe Neeoeoeo

3 : -
8 Machining process o
@ <
@ e S
» (0]
[0+
2
& Neeoeoe Neeeoeo
3
o ;

v - | Machining process

Neeoeoeo

Cut-off process

N

, (Ms6)

— G999

G999

Last program

%

N999 N9g9
Mo2 Mo2
Mo9 Mo9

%
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5.1.2 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.

If your workpiece requires cutting operations in high precision and cutting with large in-feed
amount, use the front turning tool as much as possible.

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 Process

In the preparation process, you will set the required conditions for a cycle operation and start the
operation.

w

( \V Start position
[
7 ; -2 D

Machining length

i
|

If a program is running, wait until the cut-off operation is completed and the Z axis returns to
the machining start position.

Enter the program number at the beginning of a program.
Set the respective axis control group number ($1 or $2).
Set the machining conditions required for each axis control group.
1) Set the feed rate.
G98: Per minute feed (mm/min)
G99: Per rotation feed (mm/rev)
2) Set the reference point in the longitudinal direction.
The longitudinal direction (along the Z axis) is usually Z0.
Start operation.
1) Close the chuck.
2) Move the material in the Z axis (longitudinal) direction -0.5 mm.
3) Rotate the main spindle. (If back machining is required, rotate the back spindle also.)



L16 /120 Programming Practice

Program example

G50 20 GO X[(_1Z-05

Cut-off tool f / Cut-off tool

/ Decide this point as Z=0. /
7 —+ 05

R A )

0.5

1. 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.)
2. 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 Z-axis position depends on the machining length set as machining data.)
3. After positioning the X and Z axes, bring the material in contact with the cut-off tool and start
the program.
4. 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.)

Program example

oonoooa | Specify the program number.

$1 $ 2 Specify each axis control group number.-

Gsoz1 | Set the coordinate system of the machining start position for
each axis control group.

Moe | Close the chuck.

GooxC_lz-05 | @ e Move the cut-off tool. Generally, specify -0.5 mm in the
longitudinal direction.

M3S1=C_1G99 | ... Specify the main spindle (Z1-axis side) speed and forward
rotation. The back spindle (Z2-axis side) command is M23
S2 =1, Specify the per rotation feed. To specify
the per minute feed, enter G98.

G821 G821 ... Turn on the single machining command.

{ Machining process




5.3 Cut-off and Ending Processes

Mount the cut-off tool on TO1 and perform cut-off machining.

Machining

{...Material length
a...Cut-off tool width

Program example

L16/L20 Programming Practice

o ————
]
1

1
/

GO01 x-3.0F[__]

[ —~— ,
TRy

|

4

This program example does not contain product separation.
For details, see program examples Product Separation.

r Machining process j

$1 $2
NOOOO NOOOOd
T0100

GgooxL__1zL 7L 1

GO01 X-3.0 F[_]

Mo05

Mo7

Go0o0 z[_1 100

M56

G999 G999
N999 N999
Mo02 Mo02
M99 7 M99
% %

.........

.........

.........

.........

Enter the sequence number.
Select T0100.

Move the tool to the material cut-off point (Total
material length + cut-off tool width) and specify the
number of tool offset.

This command cuts off the material by moving the
cut-off tool to the cut-off end position in the specified
feed rate.

MOS stops the rotation of the main spindle.
MO7 opens the chuck of the main spindle.

Move the Z axis to the machining start position in
rapid feed. ( Cancel offset.)

Count the number of products.

G999 is the last program execution command.
The command between the axis control groups are
queued automatically.

Be sure to enter N999 after the last program
execution command.

Enter the 1 cycle stop command.
Enter the return to top of program command.
Enter the stop code % (end of program).
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5.4 Machining Processes

Outer diameter cutting is performed in several processes such as the front turning, back turning,
and grooving processes.

Z.
s N G O 5

NN

Program point ’ \ ’
25_>_\_.; — £ > a Program point

* Move the front turning tool to the position shown above. At this time, move the tool for the
length of the machining distance.

A

* Move the back turning tool into position by adding the length of the tool width to the machining
distance. The actual cutting point is on the left side of the program point. Therefore, the move

distance will be short unless you specify the Z coordinate value which is the sum of "¢" (the
machining distance) and "a" (the tool width). The program point in Z axis shall be the sum of
"¢" and "a" in relation to the cutting point "¢" in the Z axis direction. (Z = £ + a)

* For also the grooving tool, pay attention to the tool width.

Front turning tool Cut-off tool Back turning tool Grooving tool

\ SN SN 2\

Program point=Cutting point Cutting Program Cutting Program Cutting  Program
point  point point  point point point
‘ (Cutting point)
Notes

* To use the back turning or grooving tool, add the tool width to the
longitudinal coordinate value. For your convenience, it is recommended
to write down the width of a tool on the tool layout diagram.

* Be sure to move the tool to the positioning point at the end of the outer
diameter cutting process.
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5.4.1 Front Turning Process

Machining
X & ®
@ } X @
®
1 g @ 7
%
é \
T 1
-—620 | ze - zo  ¢12] @ —rol4T—- zo®
X Y
Y
05 | | } 5 — 14
Program example
T Select tool for front turning TC—— 1.
Goo X11.8zZ-0.5 ... Position the tool at the specified position. @
GO1X14.0Z5.0FL_1 | Perform taper cutting for 5.0 mm in the longitudinal
direction. ®
Zz120 L Perform cutting for 12.0 mm in the longitudinal direction. @

X210FC 1 Move the tool to the positioning point by cutting feed. ®
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5.4.2 Back Turning Process

Machining
h | )
14 19
®

®
A

0.5 10 4.0 A—— @ Z

Y

\ 7 (
$20.0 E_“ ZP - 7D - ZD

$14.0 0 s
[ Program example 1

T Select the back turning tool T,
GO0 X21.0 Z214.0 ... Add a tool width of 4 mm to a longitudinal dimension of 10 mm

to position the tool at the resulting position of 14 mm. @
GOt X140F 1 Cut the material to the point of 14.0 mm in diameter. ©)
zt9.oFL 1 Perform cutting for 19.0 mm in the longitudinal direction. @@
X2toFC 1 Move the tool to the positioning point by cutting feed. ®
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5.4.3 Grooving Process

The grooving tool is used to make grooves on the material. It is usually done after the outer
diameter cutting.

Machining
X & @
A i T
A @
2 >/< A
A é _
Q <A -9
I < o -—2Q zZ9
-e-V | =Y -
Y

)\
S,
Y

=6 (

The shaded portions are cut

s

* If grooving is to be performed after front turning, cut the
material until 0.1 to 0.2 mm shorter in the longitudinal %

IANMANNNNY

0.1t0 0.2 mm

-

N

direction during the front turning process, and then
determine the length in the longitudinal direction and
perform the finishing work by the grooving tool. This is an
easier method to determine the length in the longitudinal
direction.

f Program example ]

T Select the grooving tool TC———1.

GO00 X21.0 Z12.0  ....... Add a tool width of 2 mm to a longitudinal dimension of 10 mm to
position the tool at the resulting position of 12 mm.

GO1 X12.0 FL_] Cut the material in the diametrical direction until the material

diameter becomes ¢ 12.0 mm. ©)

X21.0 F[:] ......... Move the tool to the positioning point by cutting feed. @
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5.5 Center Hole Dirilling

5.5.1 Determining Spindle Speed

The spindle speed N (min™) for operating the center drill and drill is calculated using the following

formula:
N: Spindle Speed (min™)
N = V < 1000 V: Cutting speed (m/min) (circumferential speed)
nd d: Drill diameter (mm) (maximum diameter of machined taper using a

center drill)
n: Circular constant (approx. 3.14)

5.5.2 Determining Program Point, Cutting Point, and Center Point

The program point (coordinates to be specified in a program) for center drill and drill is located in
the following position with relation to the tool holder.

For example, to position the drill at the center of a material in rapid feed as shown in the diagram
below.

Machining

0.5

M/ [ (>

ez

Program point

i

Z0
Program example
Ggg21t 0 L Turn the single machining on.
1 TC——"1 tool select command
Goozo0s5 ... Move the material end face 0.5 mm.
Mi14¢0 Advance the opposite tool post.

'

fMachininq Processl




5.5.3 Center Drilling

Machining

L16/L20 Programming Practice

@\

] Program example
$1

M3S1=[_1

G821

T

G00 Z-0.5

M140

G012z5.0 FL_1 T 1

G00 Z-0.5T0O

M141
G820

<95 5
¥ A I
‘ = s \ (>
V\/’r—_l
$2
.......... Rotate the spindle in the forward direction.
G821 ... Single machining command ON

.......... T "1 tool selection command
.......... Move the end face of the material by 0.5 mm.
.......... Advance the opposite tool post.

.......... Perform the center machining of 5 mm in depth, and the
offset input.

.......... Return to the former position in rapid feed, and the offset
cancel.

.......... Return the opposite tool post.

G820 ... Single machining command OFF
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5.5.4 Drilling

Before performing drilling, perform the center drilling.

When the hole to be drilled is too deep, enough coolant cannot be applied on the drill and chips
accumulate inside a machined hole.

The drill may be damaged due to galling of material and drill.

Therefore, the in-feed must be performed in several sessions. This is called "stepping."

See the table below for the number of in-feeds and in-feed amount applied for each material type
and tool.

m [n-feed count and in-feed amount

-feed Amount £, (mm)
Material Tool 1st in-feed 2nd and subsequent in-feeds
Brass Woodruff drill Entire length
Flat drill
Aluminum Twisted drill £i=pdx3.0 l,=4,,%x06
Free cutting steel ~¢ dx 0.9 (mm)
Tool steel Twisted drill £i=$dx25 £,=£,,%x05
Carbonate steel ~ ¢ dx0.9 (mm)
Free cutting
stainless steel
Stainless steel Twisted drill £i=$pdx2.0 £,=£,,x04
Hard material ~¢ dx 0.9 (mm)
Twisted drill
Reference

The drill machining depth is the sum of the effective length and the tool bit length at the tip of a
tool.

Tool bit length £ = 0.3 x ¢ d

118¢

NN NN
AWy o

7L
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5.5.5 Drilling a Deep Hole

Machining

Material : Free cutting steel

$5

0.5

| S R——

G
/|

4

Program example

)

Example of in-feed amount calculation:

15 (1st in-feed)

24 (2nd in-feed) 1stinfeed {4 =¢5x3 =15Q..

(L1 + £2= 24)

30 @Brdinfeed) | T T T LT

(€1 + €2 + £3 = 30)

[ Machining process

!

$1
M3S1=[_1
G821

| —

G00 Z-0.5
M140

GO01 Z15.0 Fo.1 T
G00 Z-0.5

Go04 U0.5
2145

GO01 Z224.0 FO0.1
GO00 Z2-0.5

Go04 Uo0.5
Z23.5

Go01 Z30.0 FO.1
GO00 Z-0.5 TOO
M141

G820

Rotate the spindle in the forward direction

.........

Single machining command ON

TC—— 1 tool select command.

......... Move the end face of the material by 0.5 mm.
......... Advance the opposite tool post.

......... First in-feed and the offset input

......... Return the drill to the former position.

......... Dwell (0.5 seconds)

......... Second in-feed positioning

......... Second in-feed

......... Return the drill to the former position.

......... Dwell (0.5 seconds)

......... Third in-feed positioning

......... Third in-feed |

......... Return the drill to the former position. And cancel the offset.
......... Return the opposite tool post.

Single machining command OFF
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5.5.6 Thread Cutting with Tap and Die

Position the tap and die as shown below before starting machining.

¢

L=

: :
L=

Z=0

The shift amount " 8" for the die is set at "4+1mm".

i S
J@Ml

bilg

Tap Dice

* 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.

* 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 M1 ~ M3 600 ~ 1000
materials M4 ~ M6 400 ~ 800
M7 ~M10 200 ~ 600
Ferrous materials M1 ~ M3 400 ~ 800
M4 ~ M6 200 ~ 600
M7 ~ ~ 400

* 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.

* The dwell time before the tap is extracted is calculated using the following formula:

b : Return amount (mm)
02x£¢+Db L: Lead (mm)
t=—" :
LxNo > 1000 N: Spindle speed (min™)
¢

Effective length of thread (mm)
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5.5.7 Tapping Process Example
Example of machining with M6 P = 1.0

Machining
(a) 3.0 M03 S1 =300 .....Spindle speed command.
G04 U055 ............ Dwell in order to stabilize spindle speed

(0.5 seconds).

II 5 E_WNMN [y T2300.................. Select "23" for tool number.

“ g; ~AAAAAAA a U [ M140........cccce..e. Move the opposite tool post forward.

1 G00 Z2.0............. Move tap to 1 mm before the material end

face in rapid feed.

G32 Z19.0 F0.8 TOOO

0200 NG e Move tap forward in pitch (P x 0.8) feed
(£) %\ rate (the feed amount is thread length £. x
np, N 80% and specify the compensation
W _\J / number.)

(Z=¢x0.8+a F=Px0.8)

(b) 3 Z0 F1.0 M04 T00

et ———— Retrieve tap to the position of 3 mm from
the material end face (b) by pitch feed
reverse command. Specify the reverse
rotation at the same time.

L
i

(Offset Cancel)
(Z=a-3.0)
a) 3.0
~— G04 U2.0............ Wait till tap is extracted.
(Generally U2.0)
_h——@ (\ GO00 Z-0.5............ Return tap to machining start position for
— o TP —\} next process in.rapid feed.
_u-—@ Mi141.................. Retrieve opposite tool post
o5 Mo3S1=[__]

............................ Spindle speed command and forward
rotation of next process.
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5.6 Thread Cutting with the Threading Tool

The thread cutting command is generally performed by the G92 canned cycle command, but special
thread cutting can be done using the G32 command. The following instructions cover only the G92

commands.

5.6.1 Determining the Program Point and Cutting Point

Threading tools are of two types: the right-handed and the left-handed. They are selected according

to applications and their shift amounts vary.

Sometimes the holder itself is shifted. If that happens, the shift amount of "a" equals the sum of the

holder shift value and the tool shift value.

Generally, the right-handed tools are used for the front turning portion and the left-handed tools are
used for the back turning portion.

(Right-handed)

Cutting point

Tool shift amount

20

 Program point

1.5

|

(Left-handed)

Cutting point

Tool shift amount 10.5

Program point



5.6.2 G92 - Thread Cutting Canned Cycle
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The Cincom lathe provides the following thread cutting canned cycle.

Machining

O <

Initial point |

4
Z0
) '/ﬁx
|z
- 71
|4
L
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5.6.3 G92 - Thread Cutting

Example of machining with M10 P = 1.5

Machining a non-ferrous material (right-hand thread)

Machining

Go2 XL_12z[ | FL_1

L(1.5)]

M10

Z program point

Z ~—

Z Z0
22 4
)
"\\ Start point V/b
——————— e
Xn 4
=
*2L Za *L

L (1.5mm) : Thread lead
Za (12mm) : Effective length
a (10.5mm) 1 Tool shift

Xn . In-feed

* Uneven thread' ridge portion
See "9.1.2 Thread Cutting Count with
Tool" in Chapter 9
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Program example

T0600 L Select T06

M03 S1=1500 ... Spindle speed command (1.500 min™")
G4uto L 1.0 second dwell in order to stabilize rotation
Go0X13.0Z7.5TL 1 Positioning tool at initial point. (Z= a-2L)
G92 X9.3225,5F1.5 ... 1st in-feed (X1 0.35) (Z=a+Za+2L) (F=L)
Xx88 2nd in-feed (X2 0.25)

X848 0 L 3rd in-feed (X3 0.16)

X828 L. 4th in-feed (X4 0.1)

X816 L Sth in-feed (X5 0.06)

Xgo06 0 . 6th in-feed (X6 0.05)

X806 0 cut (same as last in-feed)

Gooxt 1z 1 . To initial point of next process

* The spindle speed is limited as specified by the following equation:

N  : Spindle speed
N (min'1) < 8000 (mm/min) L : Thread lead
L (mm) 8000 : Maximum feed rate

* The standard spindle speed for thread cutting is 500 to 2000 min™.

* Uneven thread ridges are produced at the threading start and end points due to the delay of the
servo system. The length of uneven thread portions at a spindle speed of 1,500 min™ is
approximately two times of the thread lead length (2L) at the entry area, and the thread lead
length (L) at the exit area. This uneven thread ridges, length becomes shorter as the spindle
speed lowers.

* When selecting right-handed or left-handed threading, reverse the rotation of the main spindle
either by changing the Z-axis start position or by using the reverse holder.

* For chamfering (round-up on the screw trailing end), 0 to 89 degrees can be set usihg a
parameter. (See the operator's manual of the NC manufacturer.)
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5.6.4 G92 - Taper Thread Cutting Canned Cycle

(92 can be used for taper thread cutting.

Taper thread cutting is performed in a canned cycle from @ to @, @ to @, then back to ®. The
coordinate reference point is @.

The sign (+ or -) of the slope "r" indicates the direction of the location of the start point from the

end point.
Machining
ge2 x|z | Rr | F_ |
| a 20 L : Thread lead
Za : Effective length
a : Tool shift
r : Slope
@ @ * Uneven thread ridge portion
ol N A
-0 .
r @—-—_ —— - -=Z _:-: E f
- Wm - Z
X2
. TTAaa X3
Z program point
L !
2L | Za 1 L
Program example I
T::’ ......... Select threading tool
M[:I S1= {__—__::] ......... Command for spindle forward or reverse rotation at a
spindle speed of L] min™
G4uvto L 1.0 second dwell in order to stabilize rotation
GooX(xo[z[ |7 I Positioning tool at initial point.
X(thread diameter +2L), Z(a-2L)
G92 X Z:] Rl:—_[] ......... 1st in-feed X(thread diameter-2 x in-feed 1),
Fi:] Z(a+Za+L), R(-slope), F(L)
Xx 2nd in-feed X(X1-2 x in-feed 2)
Xx3 3rd in-feed X(X2-2 x in-feed 3)
Xxs3 Zero cut at diameter X3
Goo X[:] Z[:] ......... Move to initial point of next process. (Threading cycle

OFF)
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5.7 Boring (Coordinate System Shift)

The center line of the boring tool and that of the nominal cutting diameter are aligned. This
displaces the actual cutting point by the amount of the tool radius. This shift amount must be
calculated in the program.

5.7.1 Determining the Program Point and Cutting Point

The boring tool is first positioned as shown in the figure below. The tool diameter is then shifted.
The command compensates for the shift corresponding to the radius of the tool and facilitates the
calculation of the coordinate value. This positioning program is

Taooo
G50 U]

Goo XOO zZzOO TOO
This command shifts the program zero point as shown below.

Program point

Program point

. 37{@ N
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5.7.2 Boring Tool Signs

The signs of coordinates when using the boring tool are as shown in the figure below.

@ += 4= +]-

T12 X slide

T 0 1 o

@ %
ol il |

\f
B

r[@mﬁw@ _E—F ‘ | I !
T@:W@ﬁﬁifygj i i $

/ L I I |
T13 T23 T22 T21

[Type I: Sleeve holder viewed from operator side] [Type VII: Top view of opposite tool post]

i1@@¢~_3%l%

* Move the tool away from the end face of the material after completing
the boring. It is dangerous to specify a tool selecting command without
moving the tool away from the end face.

* The boring and inner diameter thread cutting by T23 of type VII may be
limited in stroke depending on the back tool post and back 3-spindle tool
holder. Use T21 and T22 for boring.

* The back spindle and T31 sleeve may interfere when the center is shifted
more than +5.0 mm with the boring and inner diameter thread cutting
mounted in T23 of type VII. Use T21 and T22 for boring.

* The boring and inner diameter thread cutting by T13 of type I may cause
an overrun to the + side. Use T11 for boring
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5.7.3 Adjusting for Diameter Direction Coordinate Shift and Canceling the Coordinate
Shift Amount

When machining by the boring tool, the coordinate system shift command can be entered to make it
less complicated to calculate the coordinate. Use the G50 coordinate system setting command as in
the following example.

[Coordinate system shift] G50 U5.0 (when the tool diameter is ¢ 5)

The "5.0" after address "U" is determined to the boring tool diameter ( ¢ 5). If a ¢ 8 boring tool is
used, the coordinate system shift program should be codes such as "G50 U8.0"

The coordinate system shift cancel command must always be entered when the boring tool moves
to the material end face after machining.

To cancel the sample shift command, use the following example:
[Coordinate system shift cancel] G50 U-5.0 (when the tool diameter is ¢ 5)

The "-5.0" is used to return the shifted coordinate system to the former position, such as specified
by "5.0".

The coordinate system shift and coordinate system cancel in the diametrical direction used for
boring are as described above.

In addition, the coordinate system shift and coordinate shift cancel in the longitudinal direction
used for a back turning tool and cut-off tool are available.

For more information, see the back turning in the next section.
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5.7.4 Adjusting for Longitudinal Direction Coordinate Shift and Canceling the
Coordinate Shift Amount

The cutting point and program point are shifted during the back turning operation.

To compensate for this, considering the tool width in the longitudinal direction (Z value) in the
programming is required.

The coordinate system shift command can be used to specify a tool width as a shift amount,
allowing the dimension on the drawing to be directly entered in the machining program.

20
[Machining layout drawing|
T3 Material: C3604(brass)
Diameter: ¢ 16.0 BT
A
I |
| |
L | T !
| ? To | $6.0 - -—¢12.0|4—
| | )
| % | — ! Y
3 | | '
I ! 5.0 15
SO A > ¢ >

e h ° -

— T T3® T2@

The sign (+ or -) is assigned depending on whether the program point is at a plus or minus position
based on the cutting point.

[Coordinate system shift] G50 W-3.0 (when tool width is 3 mm)
[Coordinate system shift cancel] G50 W3.0 (when tool width is 3 mm)

Program example

R Back turning tool longitudinal coordinate system shift command
G00 X17.0 225.0 ... Position tool in rapid feed.

The tool is moved for a distance adding the shift amount.
G01 X12.0 F‘:] ......... Perform diameter direction cutting.
Z40.5 FD ......... Cut material for 40 mm plus 0.5 mm in longitudinal direction.
X170F0.2 ... Move tool to specified position on material diameter.

Gsows.of ... Coordinate system shift cancel command.

The tool is moved in the longitudinal direction when the next Z
code is specified.
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5.7.5 Adjusting for Diameter and Longitudinal Direction Coordinate Shift and
Canceling the Coordinate Shift Amount

Z0
{Machining layout drawing]
T1 @ Material: S45C (carbonate steel for structure).
Diameter: (¢ 16.0 x ¢ 8.0 (Pipe material))
Y v ®T1

N\ |
T 220 -
% l A 7~
T2 CJ — 100 - - $12.0
A Y )
Il '
10 [ 12
| 50
——T
T22 NI | I\ f

@712

Program example

This program example does not contain product separation.
For product separation, see the program example in the section covering
program separation.

Preparation process
/o1

$1 $2

Mo6 G820

< GO0 X17.0 Z-0.5 G999
Mo3S1=[__1G99 N999

G821 Mo2
M99
%

\

Boring process
([ N0122 T2200
M140

.......... Boring coordinate system shift (direction of diameter)
G00 X10.0 Z-0.5 T[]
< Go1 210.0 F[C]

X7.0 F(C ]
GO00 Z-0.5

.......... Boring coordinate system shift cancel (direction of diameter)

M141

\
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Program example

Back turnning process
(" N0202 T0200

GO0 X17.0 238.0 TL_]
GO1 X12.0 FL_]

Z50.1 FL_]

X17.0 F0.2

\

Cut-off process
[ N0301 T0100
GO0 X17.0 252.0 TL_]
GO01 X13.0 F0.2
X7.0 FL_1
X-3.0 FC]

Mo5
Mo7
< GO00 Z0 TOO0
G820
M56
G999
N999

Mo2
M99

\ %

.........

Back turning coordinate system shift (longitudinal direction).

Back turning coordinate system shift cancel (longitudinal
direction).

This can be rapid feed because pipe material cut-off
operation has been completed.
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5.8 Tool Offset (T Codes)

The offset function is designed to correct the difference between the drawing dimensions and the
dimensions of the actual machined workpiece. The dimensions are corrected automatically by
entering the amount of difference without changing the coordinate values in a program.

Note, however, that compensation numbers must be programmed.

: Command format
* When compensation is added simultaneously with tool selection TCIOIOIO (4 digits)

* When only compensation value is given after tool selection TOO (2 digits)

Explanation

1. The "TC_———1" code for compensation consists of a two-digit numeral.
e®For TOOIOO (4 digits):
The tool selection and compensation are performed simultaneously (in the diametrical
direction move).

The first two digits indicate the tool number, and the last two digits indicate the
compensation number.

®For TOIO (2 digits):
The tool has been already selected in this case. This command is used to give or change the
compensation value without changing the tool. (Usually, TOIO (2 digits) is used.)

2. The machine operator compensates for the tool position. The programmer specifies the
compensation number, in the case that compensation is assumed to be required in the program
beforehand. The compensation number is prepared in the following cases usually.

® At the time of tool selection and positioning
®For each different diameter
® At the time of longitudinal feed start of face drilling and tap machining

3. The current compensation value is valid until it is canceled by the next tool selection command
or another tool compensation command.

4. Compensation can be canceled by T0O. It must be canceled in the following cases.
® When the cut-off machining is completed and the tool returns to the start position
®Returning of the face drilling and tap machining in the longitudinal direction

5. The compensation value is modal.

6. The numeral that can be used as the compensation number is 01 to 40.

7. The "TOOOO (four-digit)" command executes the movement that already contains the
compensation value (in the diametrical direction only).

The "TOO (two-digit)" command executes the compensation when X[__1and Z[__]
commands are specified.
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5.8.1 Compensation Example

5.8.1.1 Outer Diameter Cutting

Machining

3
-—$20
/
$14 (+0.02) 7 $18 (+0.02)
Program example

NO0103 T0300
G00 X12.0 Z-0.5 |TO1| ......... Specify the offset command in the block which moves the tool to

the material in rapid feed.
GO01 X14.0205 = ... (Compensate for the ¢ 14)
F0.03
Z15.0
X17.0|T02] . Specify the offset command each time when there is diameter

difference in the workpiece shape as in this program example.
Xi8.0z2155 ... (Compensate for the ¢ 18)
222.0

5.8.1.2 Face Drilling (Drill, Tap Machining)
Machining
0.5
==/
, E ]
N
15
Program example
N0323 T2300
GO00 Z-0.5 .
GO01 Z15.0 F0.08 |[TO3| ... Specify the offset command to adjust the drill depth.
G00 Z-0.5|T00}] ... Offset cancel. Be sure to specify this command when the tool
returns.

M141



5.8.1.3 Cut-off

Machining
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‘@/5&:?

-—420

-

I

|

|

r==-1[ |
; + [
L—_1f
1

I

I

—_————

Program example
N0401 T1100

GO0 X21.0 Z22.0 [T04| --..-.--
G811

L1

GO01 X-3.0 F0.02

G810

MO5

MoO7

G00Z0[T00] e

M56
G999
N999
Mo02
M99
%

The product length is decided by the Z axis direction offset.

Offset cancel

(Always specify this command returning the spindle to the start
position.

If it is not specified, the position in the longitudinal direction will
shift until it finally causes a Z axis overrun.)



L16/L20 Programming Practice

5.9 Simultaneous Machining

The Z1 and Z2 axes can be specified independently. This enables free simultaneous machining.
The way to machine with superimposition and the way to machine without superimposition are
available for simultaneous machining.

For the simultaneous machining, perform the outer diameter machining by T02 to T03 tools and the
hole machining by a T23 tool.

The simultaneous machining in the combination T21, TO2 with T22, T03 is possible, however,
some restrictions for stroke exist depending on the relation between the tool shape and the diameter
of front drilling tool. Interference may occur with another combination of simultaneous machining.

Follow these guidelines to perform the simultaneous machining:

* Atool is selected for each axis control group ($1 (gang tool) and $2 (opposite tool post)) by the
ordinary TOOOO command.

* After machining is completed, move the tool to the positioning point.
* The machining is performed at the feed rate (F) specified in each axis control group.

As shown in the figure below, the machining is performed by combining the vertical tools and the
tools on the opposite tool post

T10 T08 TO6 TO4 T02
. Tos . TO7 T0S T03 TO1
T OTHHHAB HA
©
©
| | o o | o & o o
‘ I | @@eegg
(7] @;j_ m sl
E NN N NN N
o
M P
L .
- @ -0 .
iii T3000
| | ] i
T23 T21

............................

* The opposite tool post assumes tools whose maximum drilling diameter
is 10 mm. Be careful when using tools exceeding the diameter or odd-
shaped tools because they have potential risk of interference.

* Be careful in simultaneous boring with the opposite tool post, when the
gang tool and the tool on the opposite tool post are off-centered, causing
some tools to interfere with each other.



L16/L20 Programming Practice

Simultaneous machining pattern (1)
Positioning relation between T02 and T23 is shown below.

'_l T10 T09 To8 GTF3213
H ! T06 TO5 TO04 TO3 TO2 TO1

Simultaneous machining pattern (2)
Positioning relation between T0O3 and T23 is shown below.

GTF3213
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Simultaneous machining pattern (3)

During simultaneous machining by T02 and T21, TO2 can cut up to the point of 10 mm in diameter.
Cutting further requires caution because it involves a potential risk of interference depending on the
tool shapes of T03 and T04 and the front drilling tool diameter.

GTF3213

Simuitaneous machining pattern (4)

During simultaneous machining by T03 and T22, T03 can cut up to the point of 10 mm in diameter.
Cutting further requires caution because it involves a potential risk of interference depending on the
tool shape of T04 and the front drilling tool diameter.

GTF3213
T'10 T09 T08 ‘
:%_le TO7 TO06 TO05 TO04 TO3 TO02 TO1 _
| IL : 1\\\
m H L @ \’_@_ "\_ ,@3_&
/ L I

. )

~

RN

~
~

M
{
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5.9.1 Simultaneous Machining by Outer Diameter Cutting and Drilling

Machining

T
o16_) i ) —— )
4 T PN

G
0.5 1.0 15 S

Returns byG810.

Program example

r Machining process I

! !

$1 $2
TO300 T2300 ... Tool selection (in both axis control groups 1 and
2)
Goozo0s5 | Rapid feed positioning ")
(in longitudinal direction)
Xxo0 Rapid feed positioning ]
_ (in diametrical direction) For axis control
group 1 only
Go1x10.0zos5F 1 | . Chamfering (C0.5)
Zi5.0 Cut to the position of 15.0 in
the longitudinal direction. _/
G811 Gsi1z-1.0 ... Z1 - Z2 superimpose (Opposite tool post
positioning in longitudinal)
X11.0 Go1z17.o0FL_1 .. : -
Axis control group 2 drilling
X12.0 Z155 Gooz-1.0 = ...
Z3po0 e Axis control group 1 outer diameter cutting
xXxtso |
x1i7zo0z31t0 |
G810 Gggio 0 e Z1 - Z2 superimpose command OFF (Axis
control group 1) Return to the opposite tool post
l l machine zero point. (Axis control group 2)

{ Machining process
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5.9.2 Quter/Inner Diameter Simultaneous Machining (Boring)

Machining

v 7/

“r - ) W\—_m ) - <‘:——:{:;¢:r 0200 )
( ;;____( —

0.5

( Program example

l Machining process

$1
T0300
GO0 Z-0.5

X14.0

GO01 X16.0 0.5 F[__]
Z11.0

G811

X17.0
X19.0 Z12.0

Z30.0

X21.0 Z31.0

G810

G811 2-0.5

G50 U]
GO00 X9.0

GO01 X7.020.5 F[__]

Z12.0 F(L_]

X5.8 F[_]

G00 Z-0.5
G50 U-[_]
G810

Machining process

Returns by G

$19.0
810

Tool selection (in both axis control groups 1 and 2)

Rapid feed positioning
(in longitudinal direction)
Rapid feed positioning
(in diametrical direction)
Chamfering (C0.5)

Cut to the position of 12.0
in the longitudinal direction.

>

Z1 - Z2 superimpose

Operates in axis
control group 1 only.

(opposite tool post positioning in

longitudinal direction)

Cut to $17.0
Chamfering (C1.0)

\

51

Cut to the position of 30.0
in the longitudinal direction

Move to the outer diameter
while chamfering and cutting,

Cut to ¢ 5.8 in diameter.
(Move the tool bit away.)

Return in rapid feed.

Coordinate system shift ON\
Rapid feed positioning

(in diametrical direction)
Inner diameter chamfering
(C0.5)

Cut to the position of 12.0
in inner diameter in the
longitudinal direction

52

J

Coordinate system shift OFF

Z1 - Z2 superimpose command
Return to the opposite tool post
control group 2)

OFF (Axis control group 1)
machine zero point. (Axis
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5.10 Free Tool Layout Pattern (Holder Name = Free Tool)

This command can change the interval of the gang tools and the tools on the drilling tool post and
increase the number of tools. Usually, fourteen gang tools is available. Specify "Free Tool" as
holder names 1 to 3 on the Machining Data screen. However, you will need to manufacture a
special holder in accordance with your requirement.

Command format
TOOOO (Four-digit T code)

This command is much the same as an ordinary tool selection command.

Usually, TO1 to T14, T21 to T25, and T31 to T35 can be used.

Enter the tool position data on the Tool Pattern screen shown below.

For tool position data Y1, enter the diameter value the distance from the guide bushing center as
the reference point (zero point) with the Y1 axis positioned at the machine zero point.

For tool position data X1, enter the diameter value the distance from the bottom face of the gang
tool holder to the tool tip.

For tool position data X2, enter the diameter value the distance from the machine zero point of the
X2 axis to the tool selection position. ,

Like the ordinary machining, an ordinary command can be issued in the X-Y coordinates after tool
selection. Each program can be created as before.

Tool layout pattern screen

I ———

* Notice that the tool moves using the TOIOIOIO code.
* Confirm the contents of the following before machining when the free
tool layout is used.

1.Check whether "Free Tool" has been specified as holder names 1 to 3
on the Machining Data screen.

2.Check the position of each tool from the guide bushing center as the
reference point.

* Sufficient T codes are provided in the machine software. Therefore, the
tool size and other mechanical factors are limited during use.
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5.11 Using Subprograms

Once you store a coding sequence (that is going to be repeatedly used within a program) in advance
as a subprogram, you can call this subprogram from the main program each time that sequence is
needed in the program. And you can make the main program structure simple.

5.11.1 A Subprogram Call Instruction

Subprogram call pattern
The subprogram call has the following regulations.

M9s Pl | L ]

Y Y . .
L Number of times the subprogram is repeated (1 to 9,999)

Subprogram number (1 to 99,999,999)
5.11.2 Calling a subprogram from the main program

* The subprogram is executed only once if the number of repetition is not specified.
* The subprogram can be repeated up to 9,999 times when it is called from a main program once.
* Subprograms can be nested to eight levels.

* The subprogram call command can be specified in either of the axis control groups ($1 and $2)
in the main program.

* The main program and subprogram are called for each axis control group.
(Main program)  (Subprogram)
81
82

Example

Main program Subprogram
00001 00002
$1 $1
M98 P0002 : H
GO0 X21.0 Z15.0 < M99

: : %

v v ,
Mo2 Mo2 * The M99 command must always be placed at the

end.

Ma9g M99 * The subprogram does not require MOZ2.



5.11.3 Example of Using a Subprogram

Dimensions and machining layout

@rto01
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T01

o

20

Program example l

Main program
00001

$1

G50 Z0

Moé

GO00 Z-0.5 M03 S1=1800 G99

G821

NO0101

GO00 X11.0 TO1
Z15

GO01 X7.0 Z-0.5 F0.015

G00 X11.0
N0203 T0300

GO00 X11.0 221.0 T02

[M98 P0002 L3|

(Repea

NO0311 T0100

GO00 X11.0 Z70.0 TO3

GO1 X8.0 F0.015
X11.0 F0.2
W-1.5

X8.0 W1.5 F0.015
X-3.0

Mo5

Mo7

GO0 Z0 Too
G820

M56

G999

N999

Mo2

M99

%

$2
G821
G820
G999
N999
Mo02

M99
%

ted 3 times)

T @01
i e
—— l $10
_ | i
0 103
17 C1 5
SUS303 5
(F ti
stl:iﬁlggslggael) LI
Subprogram
00002
$1 $2
GO00 X11.0
GO01 X6.0 F0.01
X11.0 F0.2
W-0.6
X9.8 W0.6 F0.01
X11.0 F0.2
WO0.6
X9.8 W-0.6 F0.01
X11.0 F0.2
Wi5.0
M3a9
%
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5.12 Long Material Lathing (Optional) (Type I)

Lathing of long material is used by optional devices to machine long material requiring more than
single chucking, to prevent the tips of long products from being vibrated, or to support the material
during cut-off machining.
There are two optional devices available for long material lathing:

uioC (long workpiece device)

usiz (stock gripper device)

The U10C is used alone to support the material. The U10C and U51Z are used in combination to
support the material and to machine long products requiring more than single chucking.

A sample program is given below.

Machining drawing and tool layout

@T04 @01
,r——J%f__éﬁj _5_? <rJ [::;5T01
I E— - R —

, z ]
L2 [::::104

Cut-off tool width U

08

610

10 1.5

250

SUM24L (Free cutting steel)

Operation sequence

[1 chuck stroke]

[Program zero point]

7200.0 20 .
Mi3 N t?'lt:rftirZ?a:):E;iece
MO77148. 0 (GOOW-52. 0) D

MO6

2252.0 Ml4

W7 6502200.0
{ (GOOW-200. 0) 252.0
Md6
G50Z0

Start point for
\_ the second workpiece

Position of
re-chuckin

200 | 2 Cut-off tool width
250 (Twice when cut-off
252 machining is performed
twice)

Follow these guidelines when programming long material lathing:

1. Set "the entire workpiece length + cut-off tool width" as the maximum amount of move.
(Including end face turning and cut-off machining twice)

2. Determine the amount of move by single chucking within the range of the maximum machining
length free of interference with the machining position when re-chucking.

3 Be sure to return the workpiece machining end point to the program zero point as the start point.
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U10C (long workpiece device) command
Support advance M10
Support return M11

............................

* Be careful in using this command not to cause interference.

mLong material lathing program
00001

.......... Support (U10C) return

G50Z0

Mo6

GO0 X11.0 Z-0.5 S3300 M03 G99

(Me6) (Spindle speed change detection ON)

NO104 T0400
GO0 X11.0 Z0.7 TO1
GO1 X8.6 Z-0.5 F0.03

X11.0 F0.2

Z11.5

X8.0 F0.03

X11.0 F0.2

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

NO201 TO1OO ... Select the cut-off tool mounting tool.

Mos(M97) Stop the spindle
(turn spindle speed change detection off).

Mo L Advance the support.

G00 Z200.0TOO = L Position for the re-chucking and cancel tool
offset.

M3 Close the stock gripper.

MOZ Open the spindle chuck.

G00 Z148.0 (W-52.00 ... Return to Z148.0.

Moe Close the spindle chuck.

m4 . Open the stock gripper.

Gs50z22000 Set the Z-axis coordinate system.

s33ooMO3 Rotate the spindle at 3300 min™.

(mMee (Turn spindle speed change detection on.)
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GO00 X11.0 Z252.0 T02
GO01 X9.6 F0.03

X11.0 F0.2

W-0.7

X9.6 W0.7 F0.03
X-0.5

X-3.0

.......... Support return
MO5 (M97)

Mo07

[G00 Z52.0 (W-200.0) T0O]

Mo02
M99
%

The enclosed portions 1 of this program are related to long material lathing.
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Example of using the long workpiece device (U10C) and stock gripper device (U512)
mOperation drawing

G50X-3.0Z0
MO6
’_{._—J D QL‘D_'—J sy
(211.5)
MIQ—— E'
‘l:——:l D{ s 77777
\___1 D -‘b: W/I/A
200.0 ™
— —] C—— P
‘ﬁl F i %[//A
M13 ——= MO7
éa (2200.0)
— ] e ™~
T e e ————————— —
‘—'ﬂ% c— L —
52.0
— 12 Cﬂh—_ﬂ
T " | ————— p—
/| 1A — H —
M14 06
% (G507200.0
,—J}é S %{ja
T e e ————— e p—
‘—'"IH_?_] —— legzeeczd
252.0 ~—
e r—IJD \[&_—1 ﬁ//]x
1] ——— qgpreeesd
— ] Q&——ﬂ 22rrrrrn
— - t— - | e ————————————————————— —
X-3.0
-— M1
=] QQ‘”—ﬂ (v rrerees
+—-—jF—-———- —4-———- i ———————— f—
‘L.—!ID D W///A
200.0 |
752.0 MO7
—n ] q% o~
+—j—— - -4y - — —
i ¥ | — H—
Notes

* The oblique-lined areas in the above drawing represent the closed main
spindle chuck and closed material chuck device.

* "Dwell" may be used to ensure operations of opening and closing the
main spindle chuck and stock gripper device.
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This chapter describes complex machining.

6.1 Secondary Process Guidelines

6.1.1 Turning Process and Secondary Process

Machining processes such as outer diameter cutting, center hole drilling, and outer diameter
threading explained in the previous chapter are the so called "turning" process which means
cutting performed by rotating the material (spindle) while the cutting tool remains in place. In the
secondary process described in this chapter, the cutting tool rotates while the material remains

static.
Turning: Machining is performed by rotating the material.
Secondary process: Machining is performed by rotating the cutting tools.

6.1.2 Machining Process Order

Machining of a product that requires a secondary process is all done in a cycle in the same manner
as the machining of a turning process.
The secondary machining procedure is basically decided according to the following rule.
[Basic rules for the secondary machining procedure]
* The secondary process performs the machining tasks from left to right in order on the material.

* The center hole drilling and secondary process on the end face of a material are done before
other processes.

 If turning and secondary process are to be performed on the same coordinate, the "turning" is
done first.

The tooling layout is created based on the conception described above.

The number of tools to be mounted in a secondary process varies depending on the holder to be
used. (For further details, see Chapter 10 "Tooling")

@ﬁ@” S
1 QL

Cross hole

Slitting g :
Key groove

Machining example
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6.1.3 The Coordinate System for Secondary Process

Before creating a secondary process program, it is advisable to have an understanding of the
coordinate system.
The diagram below shows the tool spindle in its position relative to the material.

Tool spindle

Work

Material

Shift amount
Program zero point

[Coordinate values and signs]

Program coordinates for the secondary process are set in the same way as the coordinates for
turning. The only difference is that the secondary process can perform machining using three axes
(X, Z, and Y) since the Y axis coordinate is movable.

Values for the X and Y axis coordinate must be programmed in diameter. The program zero points
for the X and Z axes are the same as the ones for turning.

The Y axis zero point is set at the center of the material.
Signs (+ and -) are determined by considering the material to be fixed in place and assigning the
"+" sign to the direction of tool move.

TOOOO X _J1YylL_12z2C_1;

[Tool position and coordinate system shift]

The tool spindle is shifted 15 mm toward the Z axis. If a program is created without a
consideration for the shift, machining will be done to a point 15 mm away from the intended
position.

To avoid this displacement, shift the length between the program zero point in the Z-axis direction
and tool spindle center.

This coordinate system shift must always be canceled after the secondary process is complete.
Also note that this program must be included in the axis control group 1 program ($1).

. Command format
G50 W-15.0 Coordinate system shift
G50 W15.0 Coordinate system shift cancel
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6.2 Main Spindle Indexing

6.2.1 Main Spindle Indexing (M28, M20)

In the secondary process, the spindle can be indexed in 1-degree steps.
The following is an example of the spindle indexing.

Command format
M28 S[__1 Main spindle indexing

M20 Spindle indexing cancel

* Use these commands in the $1 axis control group program.

* The number specified in the SC—— 1 argument must be an absolute value between 0 and 359
divisible by 1.

* The spindle is indexed in the direction of forward rotation of the spindle.

* If the spindle is rotating, stop the spindle, then use M28 SO to index the spindle.

* To return to turning, use M20 to cancel indexing, then use M03 S1 =[] to start rotating
the spindle.

Machining example

Material rotation direction
(Index at 120 degrees)

Indexing at O degree Indexing at 120 degrees Indexing at 240 degrees

Program example

Mos Main spindle stop

Go4uos L Dwell

M28so = L Spindle indexing command

Gegmsgs3=L_1 . Tool spindle forward rotation, per minute feed
Machining program

M60o0 Tool spindle stop

M20o L Tool spindle indexing cancel

G4uos Dwell

MO3St=_1G99 = .... Spindle forward rotation, per rotation feed
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6.2.2 Back Spindle Indexing (M78, M79) (Optional)

The back spindle can be indexed in 1-degree steps.

. Command format
M78 S Back spindle indexing cancel
M79 Back spindle indexing cancel
 Use these commands in the $2 axis control group program.
* The number specified in the SC—_—_1 argument must be an absolute value between 0 and 359
divisible by 1.
* The spindle is indexed in the direction of forward rotation of the back spindle.
* If the spindle is rotating, stop the spindle, then use M78 SO to index the spindle.
* To return to turning, use M79 to cancel indexing, then use M23 S2 = T to start rotating
the spindle.

Program example

M2 Back spindle stop
Go4uos Dwell
mM7ze8so L Back spindle indexing

Mz9 L Back spindle indexing cancel

G4uvos L Dwell
M23s2=[_1 ... Back spindle rotate forward
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6.2.3 Main Spindle C-Axis Indexing (M18) (Optional)

The main spindle C axis command can be specified in the secondary process. (In 0.001° units)
The command turns the spindle C axis on , indexes zero point CO, set that position as CO in the
coordinate system.

. Command format
Mi18 C[__] (Command for a series of main spindle C axis operations)

* Use these command in the $1 axis control group program.
¢ This command rotates the material from zero point CO to [__] degrees.

* A fixed direction can be specified for the indexing.

* The spindle forward rotation is prescribed as "forward rotation" by an indexing +(plus) sign,
and the spindle reverse rotation as "reverse rotation" by a -(minus) 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 +(plus) sign is omitted.

* After zero point "0" is indexed, any indexing command can be specified.
The indexing can be specified in the range of 0.001 to 99999.999 degrees.

e After the M18C[__] command is specified, the usual C axis command will become effective.

Example: G50 C| 1 (HL__]) His an incremental command.
GO0 Cl | (HI 1)
GO01 Cl | (HI [) Fl

Machining example

Material rotation direction
(Index at 120 degrees)

c>§ N

Indexing at 0 degree Indexing at 120 degrees Indexing at 240 degrees
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Program example

Mos L Main spindle stop
migco .. Indexing command
GogMsss3=L__1 Tool spindle forward rotation, per minute feed

Machining program

Meéo Tool spindle stop
M20 Main spindle C-Axis cancel
MO3S1=_1G99 ... Spindle forward rotation, per minute feed

* Indexing can be specified in the range of 0.001 to 99999.999 degrees.

* To return from the secondary process to turning, use M20 to cancel the C axis, then use M03 S1
=[] to start rotating the spindle.

[Commands for indexing]
® Absolute commands
M18 CO

'
M18 C120.001

v
M18 C240.0

®]ncremental command
Mi18 CO

v
GO0 H120.0

!
G1 H20.0 FL_]
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6.2.4 Back Spindle C Axis Indexing (M48) (Optional)
In the secondary process, the back spindle C axis can be indexed.
(In 0.001-degree units)

The command turns the back spindle C axis on , indexes zero point C0, set that position as CO in
the coordinate system.

i Command format
M4s cl__] (Command for a series of back spindle C axis operations)

Use this command in the $2 axis control group program.
This command rotates the material ] degrees from zero point CO.

A fixed direction can be specified for indexing.

The back spindle forward rotation is prescribed as "forward rotation" by an indexing + (plus)
sign, and the spindle reverse rotation as "reverse rotation" by a - (minus) 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 +(plus) sign is omitted.

After zero point "0" is indexed, any indexing command can be specified.
The indexing can be specified in the range of 0.001 to 99999.999 degrees.

After the M48 CL__] command is specified, the usual C axis command becomes effective.

Example: G50 CL__]1 (HC__]) His an incremental command.

G00 CC_1 (HC)
Go1 c1 (HC_—J) FC_1
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6.3 Calculating the Command Speed

6.3.1 Calculating the Spindle Speed Value

The spindle speed value is calculated using the following formula (A).

N

N =

4 O <

[Example]

Secondary process spindle

Use an 4-mm diameter end mill to machine a
Material: Brass

Mnttino eneed: 25 (m/min)

Tool diameter: ¢ 4 (mm)

: Spindle speed (min™)

: Cutting speed (m/min).

: Tool diameter (mm)

: Circular constant (approx. 3.14)

material under the following conditions;

The spindle speed is obtained from formula (A) as follows:

25

N=31axa

x 1000 = 1990 = 2000 (min™")

* The result of the calculation is rounded up to a whole number value.
* If the result of the speed calculation is more than the maximum speed, set the maximum speed

(5,000 min™).
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6.3.2 Calculating the Tool Feed Rate

The tool feed rate (mm/min) is calculated using either of the following formulas based on the
calculation results of formula (A). Note, however, that the formula to be used depends on the tool

used.

Tool feed rate formula:

MEnd mill and slitting cutter

F=NxfzxZ ... (B)

F : Feed rate in mm/min
N : Spindle speed
fz : Feed amount per cutter
Z : Cutters (cutter/rev)

M Drill
F=Nxfr ... (C)
F : Feed rate in mm/min
N : Spindle speed
fr : Feed amount per revolution
[Example]

Secondary process spindle
Use an 4-mm diameter end mill to machine a material under the following conditions;

Material : Brass

Spindle speed : 2000 (min™)
Feed rate per tool : 0.065 (mm/tool)
Number of tools : 2 (teeth)

The tool feed rate is obtained from formula (B) as follows:
F = 2000 x 0.065 x 2 = 260 (mm/min)
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6.4 Two-Surface Width Machining (Including Indexing) Program

This example is a portion of one program relating to the secondary process.

Machining layout drawing

Material: Brass
Diameter: 12 mm

10

TO4 Front turning tool

)
/

TO3 Front turning tool

W

b8

¢12 3

, L, _J T08 End milling

20

Program example ]
T0800

G50 W-15.0

MO05

G04 U0.5

M28 SO

M58 S3=[__"1G98

G00 Y10.6 Z16.5 T[]

X10.0
GO01Y-10.6 FL__]
M28 S180

Y10.6

GO00 X13.0 M60

M20

Go04 U0.5

G50 W15.0
M03S1=[__1G99

.........

.........

.........

Tool selection
Longitudinal coordinate system shift

Main spindle indexing command
Tool spindle rotation command

Y and Z axis rapid feed positioning
X axis positioning

Two-surface width single machining
180-degrees indexing

Remaining single machining

Move in the diametrical direction. (Tool spindle rotation
OFF)

Main spindle indexing cancel command

Longitudinal coordinate system shift cancel

Calculation and explanation are shown in the next page.
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[Calculation and explanation]
Spindle rotation "N" is given by the following expression.
25

— ——————— —_— P in-1
N =733 * 1000 = 2653 = 2700 (min")

Therefore, end milling feed rate "F" is given by
F =2700 x 0.05 x 2 = 270 (mm/min)

The longitudinal direction position is set as shown in the figure below.

YOS
e
4
15 3/2=1.5
Yo

Therefore, the Z coordinates for positioning are as follows:
15+3 (end milling diametet) + 2 = 15+1.5 = 16.5

As shown below, the Y coordinates (diameter specification) are given by the following expression.

Y = (£+0.5+1.5) x 2 = (3.32+0.5+1.5) x 2 = 10.64 = 10.6

X ¢ 3 end milling
1.5
'/ 2 £1(mm) in the figure is given according to the
} / Pythagoras theorem.
£=+/67-5%=11=3.32
- ¢ \ £,=3.32+05 =
1=3.32+4+05+1.5=5.32
5 6 0.5 clearance
{
Yo - -+—vo
5
6
¢ 12
b >
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6.5 Through-Hole Machining

Explanation of this section is an example of machining which pierce the material of ¢ 16.0 with a
cross drill of ¢ 3.5.

The X1 axis stroke of a gang tool is a maximum of X-5.0. The ordinary tool set cannot drill the
through-hole of the material. Therefore, the tool set must shift the drill in the minus (-) direction.

¢3.5

7/

Drill diameter = d

The X value of a program that considers no shift is -16.0 - (1.05 x 2) = -18.1.
If X-18.1 is specified, an X axis overrun occurs.
Since there is a stroke in X-5.0, the X value becomes 18.1 - 5.0 = 13.1. The drill is shifted so that

the through-hole machining can be performed when X-5.0 is specified to the coordinate system
shift. In this case, the drill is shifted 15.0 mm in diameter (satisfactory if shifted 13.1 mm).

* Enter the shift amount on the Tool Set screen, then set. Return the
entered data to "0" when tool setting is completed.

* Before executing [POS PNT], remove the material. or it may break the
tool currently being set.

* Set the program by "G50U-00 (amount to be lengthened <diameter
value>) W-15.0" when it is shifted.

* Cancel the coordinate system shift after the shifted tool machining is
completed.

* To avoid potential risk of interference between the material and tools
when a tool is selected, either specify an argument after the tool selection
T code (see "4.2.2 T Code Commands and T Code Arguments") or
change the tool positioning point defined as machining data.
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6.6 Synchronous Tap Machining (G88, G80) (Optional)

This function enables tapping of the outer circumference of materials with high tap depth precision.
This function is synchronized with the tool spindle and X1 axis for tap machining (at the cutting
and feed command for the X1 axis) in a tap cycle.

Command format
Gggs XL _IRC_JFC_1DC_1sC_1,R1 (Tap cycle)

G80 (Tap cycle cancel)
For details and examples, see Section 7.10.
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6.7 Circular Interpolation

Circular interpolation feed for the secondary process is available on three planes:

Command format

G17 XY plane
G18 ZX plane (Plane selection mode for normal turning)
G19 YZ plane

+X (Tool spindle center direction)

YZ plane
7
G03
GOQ j _|_—XY plane
G03
G02
,/1\ +Z (Spindle center
/ j Go2 direction)
/ Go03
\,
\
ZX plane

+Y (Right angle direction to spindle center and tool spindle center)

X X
z
Go3 G03
f \ G OZJ
/;oz G(h j
G03
Y Z
Y
G17 (X-Y) plane G18 (Z-X) plane G19 (Y-2) plane

6.7.1 Plane Selection
When the machine is turned on or after resetting, the ZX plane is selected. (G18)
The circular interpolations (G02 and GO03) in turning are also performed on this plane.

If another plane is required for circular interpolation in the secondary process, enter the plane
selection command G17 (XY plane) or G19 (YZ plane).

Select ZX plane (G18) again to return to turning.
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6.7.2 Tool Diameter Compensation

The tool diameter compensation is programmed using a tool nose R compensation function.

Command format

G40 Tool diameter compensation (tool nose R compensation) mode
cancel

G41 Tool diameter compensation left (tool nose R compensation left)
mode ON

G42 Tool diameter compensation right (tool nose R compensation right)
mode ON

The relation between the tool diameter and the cutting position in a program is described below.

In the registration item of the tool diameter compensation, preset to "0" or "9" to the virtual tool
nose number.

YZ plane ¢ D (Tool diameter)

Tool bit point in program (0 or 9)

<<€

The tool cutting point and compensation are as shown below.
G41 : Offset to the left for the tool advance direction.
G42 : Offset to the right for the tool advance direction.

G41 command

Programmed path —»
Tool-centered path ---+

Start point End point

G40 compensation
cancel

G41

YZ plane

G40 compensation
cancel

compensation ON

Staft point End point .

G42 command
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Machining layout

Tool data
Tool diameter
Tool No.

Compensation No.
Nose radius (Tool radius value)
Virtual tool nose No.

o
&
Y
= 7 - 7{/ _
7
A
S
Q
5 25 10
F i 11
\ w
2 h T
) /
. 30 10_
. 45

¢ 6 (End milling)
To8
18

3.0

Numbers @ to @ in the figure below indicate the end milling movement by a program

point

Program zerq
-

dod

\

oA
T

o] X &/

.

5/

-+7

S

§

+Y

NS

4R

- A

)




Program example
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This program is described in the $1 program.

$1

T0808

Mo5

G50 W-15.0

M28 SO
S3=[__1M58 G98

G19 GO0 Y22.0 Z1.0

X10.0
G01Y-22.0 FL_]

G41Y-5.027.5
227.5

G02 Y5.0 R2.5 F[_]
Go1 z7.5 F(_]

G02 Y-5.0 R2.5 F[__]
G40 G1 Y-22.0 F[L_]
GO00 Z34.0

Go1 Y22.0 FL__]
GO00 Z37.0
G01Y-22.0 FL_]
M28 S90

GO00 X14.0

Y-18.0 Z33.0

Go01 Y18.0 FL_]
G00 Z37.0

Go1 Y-18.0 F[__]
G18 GO0 X18.0 TOO

M60 G99
G50 W15.0

..........

..........

..........

..........

..........

..........

Select and compensate the tool spindle.

Main spindle stop

Longitudinal coordinate system shift.

Index the spindle by 0°.

Rotate the tool spindle in the forward direction.

Set the plane to YZ and position the tool to the cutting start point in the
YZ plane.

Position in the cutting direction (X axis).

Compensate the tool diameter.

Cancel the tool diameter compensation.

Index the spindle by 90°.

Return the plane command to the turning mode, cancel the
compensation, and return the tool to the positioning point in the
diametrical direction.

Stop the tool spindle.
Longitudinal coordinate system shift cancel.



L16 /L20 Programming Practice (Secondary Process)

6.8 Front Face Tool Spindle (Optional)

The front tool spindle is a device that can rotate T22 and T23 among the three tools on the opposite
tool post. The device can serve for eccentric drilling with a drill and end mill. The device can
accept a standard drill sleeve ($19.05) using a sleeve adapter.

6.8.1 Front/Back Face Tool Spindle Rotation and Stop (M80, M81, and M82)
These codes are used for rotating (forward and reverse) and stopping of the front/back face tool
spindle in a secondary process.

The forward rotation in this case means the counterclockwise rotation toward the front/back tool
spindle.

The front/back tool spindle stop can be manually specified on the panel.

Command format

M80 Starts the front/back face tool spindle forward rotation.
Ma1 Starts the front/back face tool spindle reverse rotation.
Ma2 Stops the front/back face tool spindle rotation

The spindle speed changes when only an "S4 = [___1" is specified after the M80 and M81 codes.

Maximum spindle speed is 5000 min™.

...........................

To use the front/back tool spindle detached, use the sleeve adapter or cap to
block the hole not to let oil in.
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6.8.2 Synchronous Tapping with Front/Back Face Tool Spindle (G84, G80)

The synchronous tapping functions for workpiece end faces (centered or eccentric) enables tapping
with high tap depth precision. This function performs tapping by controlling synchronization
between the front/back tool spindle and Z1 axis while stopping the rotation of the main/back

spindle.
: Command format
G8o Tap cycle cancel
Gg4 zZ[ 1 RC_1FC_1D4 S[_I,R1 Tap cycle

I L Synchronous tapping
Spindle speed

Specifies the front/back tool spindle.
(D-4 specifies left-handed threading.)
Pitch

Distance from Z-axis positioning point to the
synchronous tapping start position

Tapping end position

Program example

!
M5

S4=3000 M80 G98
M28 SO
G821

N122 T2200

M140

Go01 X-3.0Z-1.0
G1Z7.0 F150 T22
GO0 Z-2.0 TOO S4=500

N223 T2300
GO0X-3.0 Z2-2.0

G88 Z5.0 R1.0 F0.5 D4 S500,
R1

G80

ms2

M20

M141

G820
M3sS1L_]

y
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6.9 Differential Speed Rotary Tool Function (Optional)

This function controls differential rotation by superimposing the speed of one spindle on that of the
other spindle.

Use this function to superimpose the rotation of a spindle on that of a face tool spindle, for
example, when you want to tap the center of a workpiece using the face tool spindle while rotating
the workpiece clamped on the main spindle.

Command format
G164 H1 D4

L Select the spindle to be superimposed.
(D-4 specifies left-handed threading.)

Select the reference spindle.

G113  Cancel the differential rotary tool function.

Explanation

The G164 command specifies a reference spindle and the spindle to be superimposed on the
reference spindle and superimposes the two spindles. The G113 command releases the two
spindles from being superimposed, which are rotating under superimpose control by the differential
speed rotary tool command.

* If emergency stop occurs, the machine stops rotating the spindles under
control of the differential speed rotary tool function and cancels the
differential speed rotary tool mode.

* When using the command for this function, pay attention to spindle
speed clamping. If the spindle speed of the superimposed spindle has
been clamped, it cannot keep the difference in spindle speed from the
reference spindle.

* The reference spindle cannot be indexed in the differential rotary tool
mode. Cancel the differential rotary tool mode before indexing.

* An alarm occurs if the speed of the spindle is clamped when a
synchronous tap command is issued in the differential rotary tool mode.

M3 S1 =4000;

G164 H1 D-4; Differential speed rotary tool
GO0 Z-2.;

G84 X0. Z10. R1. F1. D4 S2000, R1; Synchronous tapping
G113;

The above example clamps the superimposed spindle to a clamp speed of
5000 mm™ because the spindle speed changes from 2000 mm™ (tap
cutting) to 6000 mm™ (tap return operation), resulting in an alarm before
tap cutting is started.
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7.1 Back Machining Program
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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
(Inner diameter)

Front machining
process
(Outer diameter)

Front machining
process
(Inner diameter)

Front machining
process
(Outer diameter)

Back machining

Workpiece
separation
Cut-off .
process Pick-off
Ending Ending
process process

}

The back spindle chucks the workpiece machined in the
previous cycle.

Single machining (Synchronization control))

Outer/inner diameter simultaneous machining
(Superimpose control)

Independent machining in each axis control group.

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 program is not however be executed unless the software key [Last PRT] at the
bottom of the screen is set to ON. The program is executed when [Last PRT] in the first cycle has

been ON.
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7.2 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.

T23-6—¢--—
T22—¢—¢-- ¢ E Back machining tool
T21-{-6 s /
Workpiece w_—- ¢ _%_ T31
—————— ey A
B i e =

u A B
Machining data

Stroke to the tool end face of | (Back spindle chuck position)
22 axis (43— A) [1.6929'A]

Back spindle
Maximum stroke of Z2 axis 180 [7.0866"]

The same conception as in "3.6 Coordinates" can be applied as the coordinate axis.
Programming is performed on the assumption that the material is fixed.

- ,L $_“ -— mg—%
______ S == -

r X Workpiece protrusion
A amount

Stroke to the tool ens face of Z2
axis (43 - A) [1.6929"-A]

Maximum stroke of Z2 axis 180 [7.0866"]

spindle is 30 mm (1.18") (maximum). For more than 30 mm (1.18"), the
workpiece interferes with the cover of the work separator (work chute)
during workpiece separation.

¢ The length of the workpiece protruding from the back spindle must be
entered in the back spindle chuck position in machining data.
(Protruding workpiece length = entire workpiece length - programmed
back chuck 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 zero point.
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7.2.1 Back Spindle Rotation and Stop (M23, M24, M25)
Following codes are used for rotation (forward rotation and reverse rotation) and stop of the back
spindle.
Forward rotation means counterclockwise rotation relative to the spindle.

To stop the rotation of the back spindle, you can also use the Back Spindle stop key on the
operation panel.

Command format
M23 Back spindle forward rotation

M24 Back spindle reverse rotation
M25 Back spindle rotation stop

The rotation count changes when "S2 = [dooooooonooo]” is specified during rotation of the back
spindle.

|

3 3 N A N A )
N

- o O
- G- -
1
- G- -¢-

M23 M23

Back spindle /\
/ v

(&)

'
M24 M24

Material

Note

» A workpiece receiver box may have been mounted when the back spindle
chuck is opened. Therefore, the back spindle speed is limited to 100 min™
The back spindle rotates only at 100 min™ even if M23S2 = 2000 is
specified.

However, the workpiece receiver box is rarely mounted when one of the
codes of T3000, T3100 to T3300 is specified. In this case, the limitation
is canceled.

.« . . . RST
To enable the limitation again, select, press the reset Y/ key or

specify the M2 code.
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7.3 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 return position (Z2-axis machine zero point) to execute
the ending process.

Back spindle X1 axis
chuck point

Cut-off tool l

Back N ?
spindle

Z2 axis

e

Guide bushing

) Spindle forward

rotation

N

Back spindle _J
reverse rotation
Z1 axis
(Workpiece
protrusion
(Chuck amount) amount)
» l1 Sl ‘2 .
g o (Cut-off
tool width)
(Workpiece length) £ a
(Cut-off length) L £3 (Tool shift amount)
Work zero Shift tool Standard

point point tool point
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Explanation
1. Select the cut-off tool.
2. Select the back spindle.
3. Rotate the main spindle in the forward direction and the back spindle in the reverse direction at
the same speed.
4. Open the back spindle chuck.

5. Move the Z1 axis to the cut-off position. The shift amount (¢;) and cut-off tool width (a) of the

© 0 N o

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) + 45 (tool shift amount)

Move the back spindle to the back spindle chuck point. (Z2 axis)

Make the back spindle chuck.

Cut off the workpiece by the cut-off tool.

Return the back spindle to the return position.

10. Execute the ending process.

Notes

e Advance the back spindle up to the point 10 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.

The most advanced position of the back spindle is 10 mm (0.39") from
the standard tool point.

Therefore, the tool shift amount (¢3) is determined in consideration of the
above limitation.

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).



L16/L20 Programming Practice (Back Machining and Others)

7.3.1 Pick-Off Process

Program example

S)

OO0 66 e

$1 $2
T3000
MO03 S1 = 2950 M24 S2 = 3000 G938
T0100
G00 X7.0 Z32.0 T11
G811 @ G811
L1 ® GO002z-1.0
GO01 X-0.5 F0.015 ® GO01220.0 F1000
G810 @ GO04U0.5
X-3.0 F0.03 M15
Mo5 © GO04 U0.5
Mo7 ©® 11
G0Z0TO @ G810
M56 M25
G999 G999
N999 N999
Mo02 Mo02
M99 M99

%

%

(Explanation of each process)

®Adjust the main spindle speed to the back spindle speed. (Examine in advance by MDL.)
@Cut-off tool selection

@ Cut-off tool positioning

@The Z2 axis is superimposed on the Z1 axis.

®The back spindle is positioned 1 mm before the end face of the workpiece in rapid feed.
®The back spindle advances 20 mm from the end face of the workpiece in cutting feed.
@Pause for 0.5 seconds

®Back spindle chuck closed

®Dwell for 0.5 second

®@Queuing

©Cut-off machining

@2Superimpose cancel. The Z2 axis moves to the zero point in rapid feed.
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7.4 Back Machining Process

The back inner diameter machining is performed by tools T31AA to T35AA. This machining is
basically the same as for front machining.

For Z2 program zero point after tool selection of T31AA to T35AA, the end face of the
workpiece in the back spindle chuck position of machining data is prescribed as program zero
point.

The back machining tool is set within 70 mm (2.76") from the end face of a sleeve mounting
block.

If "Z-1.0" is specified after tool selection of T31AA to T35AA, 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.

Interference may occur when the back machining sleeve protrudes more than 70 mm (2.76")
during setting. Pay attention when setting the tool.

The amount of the workpiece that protrudes from the back spindle must be within 30 mm
(1.18™M.

For more than 30 mm (1.18"), the workpiece interferes with the cover when the opposite 3-
spindle tool post advances in the G821 mode using an M140 command.

The end face of the workpiece is assumed as the program zero point in the machining.
Therefore, enter the amount protruding between the end face of the back spindle and the end
face of the workpiece in the back spindle chuck position of machining data.

The contents of the actual machining are the same as for the inner diameter machining of the
opposite tool post.

When using a per rotation feed command (G99) during back machining, the machining is
performed by back spindle control ON command (G44) and is completed by back spindle
control OFF command (G43).

After machining is completed, return the back spindle to the return position (machine zero point
of Z2 axis).

The program is described in $2 programs.

Notes

e For back tapping, use GO1.
Die and tapping on the back machining using G32 requires an optional
function for back spindle chasing.

¢ During back machining, tools T3 1and T32 can be moved into the back
spindle up to the position 20 mm from the back spindle end face, 10 mm
for the tool T33. Machining with the tool moved further into the back
spindle results in interference between the cap nut of the adjacent tool
sleeve and the cap nut of the back spindle.

e Boring by T33 cannot be performed because tools T21, T31 and the
back spindle and the workpiece separator (workpiece chute) interference
each other.

 Boring up to the inside of back spindle may be limited with the stroke
depending on the relation between the cap nut position and the cap nut
outer diameter. ‘
ER11 and AR11 are recommended for the tools T31 to T33.
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B Back machining tool and back spindle positioning

1]

T

T

1

i
tet

L]

T

B A | Machining data (Back spindle chuck position)

Stroke to the tool end face of Z2|axis (43 — A) [1.6929"-A]

Maximum stroke of Z2 axis 180 [7.0866"]




<Back machining process>
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e The end face of the workpiece is assumed as the program zero point in the machining.

e For program zero point, enter the amount protruding between the end face of the back spindle
and the workpiece to the back spindle chuck position of machining data.
(Back chucking position) = (whole workpiece length) — (programmed back chuck position)

Program example

(Center hole and drilling)

$2
G44
G99 M23S2=[___]

T3

G00 Z-1.0

G01 Z5.0 F0.05 T
G00 Z-1.0 TOO

T3 W20.0

G00 Z-1.0
G01 Z215.0 F0.08 TOII
G00 Z-1.0 T0O

G43
M25
M34

T3000

Note

Back spindle per rotation feed ON

Rotate the back spindle and the forward direction and per
rotation feed.

Select the back machining tool.

Position the workpiece 1.0-mm away from the-tool.

Cut to the specified depth in cutting feed.

Cancel the compensation while returning to the return position
in rapid feed.

Select the back machining tool in the position 20 mm away from
the zero point of the Z2 axis.

Position the workpiece 1.0 mm away from the tool.
Cut to the specified depth in cutting feed.

Cancel the compensation while returning to the return position
in rapid feed.

Back spindle per rotation feed OFF
Stop the spindle after back machining is completed.

A series of operations of product separation is done after back
machining is completed.

Select the back spindle for the next machining.

¢ Product separation is specified by M34 after back machining is

completed.

Each axis operates as follows during execution of M34.

The Z2 axis returns to the zero point.

\

The X2 axis returns to the zero point.

2

The Z2 axis advances and moves to the workpiece separation position.

3

The Z2 axis returns to the zero point after product knock-out.
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<Tap process> (Machining example of M6 P1.0 and 20 mm deep)

For back tapping, use GO1 to specify tap machining.
Threading or tapping using G92 or G32 requires an optional function for back spindle chasing.
This function enables you to specify back tap machining programs in the same way as front tap

machining.

Note

For tapping using G01, set the override to 100%.

Program example Explanation

M23 S2 =300 ... Specify a back spindle forward
rotation command.

G04UO0.5 ....... Specify a dwell command of 0.5
seconds to stabilize the rotation.

G44 ... ... ... Back spindle per-rotation feed ON

T3300.......... Select tool No. 33. -

G99 G00 Z-3.0. .. Position the workpiece 3 mm away

Machining

_»3.0
— Tt
Jn )
( J
—

20.0

\ 7t
Jn
( v,
- I

3.0
—

() N = )
— |
5.0<

—

from the tap end face in rapid feed.
G01 Z16.0 F0.8 TOIO

Advance the workpiece at a feed
rate of pitch P x 0.8. (The feed rate
is specified by the 80% and
compensation number of screw
length "¢".)
(Z=¢%x08,F=Px0.8)

Z-3.0 F1.0 M24 T00

Return the workpiece from the tap
end face by 3 mm at the feed rate
of a pitch. Also specify a reverse
rotation command simultaneously.
(Compensation cancel)

G04 U2.0 Wait until the tap comes out.

G002Z-50....... Keep the back spindle apart from
the tap.

M23 S2 =[] Rotate the reverse back spindlein
the forward direction.

Back spindle per-rotation feed
OFF
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7.4.1 Back Machining Product Separation (M33 and M34)

This machine provides the following two modes for collecting (separating) machined workpieces as
products.

1. Picking off the product by the back spindle to collect it in the product box.
(Pick-off collection mode)

2. Putting the product in the workpiece receiver box mounted on the back spindle to collect it in
the product box. (Workpiece receiver box collection mode)

Back-machined products are collected in mode 1; relatively simple products finished without back
machining are collected in mode 2.

In general, the program using mode 1 is included in the program of $2 ($1 if the program is for a
single axis control group) and the program using mode 2 is included in the program of $1.
Although the M code for product separation in both of modes 1 and 2 is M34 (M33), the actual
operations in the two modes are slightly different. The NC unit identifies modes 1 and 2 as
described below.

® When the back spindle defined as machining data has a workpiece receiver box and the M34
code has been specified for $1 or $2:

The machine recognizes the current collection mode as workpiece receiver
box collection mode and operates in that mode.

® When the back spindle defined as machine data is a standard or support-provided type and the
M34 code has been specified for $1 or $2:

The machine recognizes the current collection mode as pick-off collection
mode and operates in that mode.

Note

Even when the back spindle has been set as a spindle with workpiece
receiver box in machining data, the current collection mode is recognized as
the pick-off collection mode if M34 is specified after T3000 or T3100 to
T3300. Pressing the reset button or specifying M2 cancels that mode.

When the back spindle chuck has been opened, a workpiece receiver box
may have been mounted. The back spindle speed is therefore limited to a
maximum of 100 min™. Even if M23S2 = 2000 is specified, for example,
the back spindle rotates only at up to 100 min™.

If any of the tool selecting codes of T3000 or T3100 to T3300 has been
specified, however, the spindle speed limit is released, regarding that the
workpiece receiver box has been rarely mounted.

The spindle speed limit is enabled again either by pressing the reset button,
or by specifying M2.
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1. Method for picking off a workpiece by the back spindle and collecting it in a product box
(pick-off collection mode)

a) Back spindle product separation 1

Command format

M33  Back spindle product separation 1 A series of operations without product knock-out.

Command format
M33 WO0.0 D20000 X4.0 E20000

Feed rate (per minute) when the X2 axis
separation position moves. Moves the X2 axis
in rapid feed when omitted.

Move position (mm) when the X2 axis separation position
moves. Moves the X2 axis to the zero point when omitted.

Feed rate (per minute) when the Z2 axis returns. Moves the Z2
axis in rapid feed when omitted.

Move position (distance from the zero point of the Z2 axis in mm) when the Z2
axis is retracted. Moves the Z2 axis to the zero point when omitted.

W] DI XCCJand ECC can be omitted. Wiol
X
Program example [E]
M33 e A series of operations is performed for collecting the finished workpiece

(without knock-out for the product).

e [f M33 has no argument specified, the X1 and Z2 axes move to the zero
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 of the Z2 axis is executed. Normally, the G50Z0 command is
executed. If WAA is specified, GS50ZAA is executed. Available with
macro version 002-001 or later.

e Specify a program that puts the finished workpiece in the product box in
the next line of the M33 code.

G00 Z32.5  ceeeene Move the back spindle to the workpiece separation position in rapid feed.
M16 = e Open the back spindle chuck.

M10 e Advance the back spindle knock-out bar.

G04 U0.5 e Dwell.

G00Z0 = e Return to the zero point of the back spindle.

M72 e Turn on the air blow of the back spindle.

M1 Return the back spindle knock-out bar.

T3000 @ oo Select the back spindle at the center of the guide bushing.

M73 e Turn off the air blow of the back spindle.
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Back spindle "“:“:

32.5

Product box

2.5[0.0984"]

[1.2795"]

..................................

¢ The above program example selects T3000 after product separation.

e Compared to M34 for back spindle product separation 2, M33 allows
individual operations for product separation to be programmed. M33 can
therefore save product separation time by efficient programming.

b) Back spindle product separation 2

Command format

M34 Back spindle product separation 2
With knock-out for the product of a series of operations

Command format

M34 WO0.0 D20000 UO0.0 E20000 Z30.0 F20000 BO0.0 T2.0

when omitted

Air blow time after product

knock-out. Blows air for

two seconds when omitted.
Move position (mm) during the Z2 axis
return after product knock-out. Moves
the Z2 axis to the zero point when
omitted.

Feed rate (per minute) during the Z2 axis advance.
Moves the Z2 axis in rapid feed when omitted.

Move position (mm) during the Z2 axis advance. Moves
the Z2 axis to the position of 32.5 mm when omitted.

Feed rate (per minute) when the X2 axis separation position
moves. Moves the X2 axis in rapid feed when omitted.

Move position when the X2 axis separation position moves.

Feed rate (per minute) during the Z2 axis return. Moves the Z2 axis in rapid feed

Move position (distance form the zero point of the Z2 axis in mm) during the Z2 axis return.

Moves the Z2 axis to the zero point when omitted.
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wl_] D1 ul_] EL_J z[_J FL_] BL__] T can be omitted. wibl
Product knock-out macro is also incorporated in the M34 code. [g]
Actions of commands in macros: %
Mi6 ... Open the back spindle chuck. B
Mi0 Advance the back spindle knock-out bar.

M1 Return the back spindle knock-out bar.

M31 Turn on the Workpiece conveyor.

20 . Return the back spindle to the zero point.

M72 Turn on the air blow of the back spindle.

Mi0 ... Advance the back spindle knock-out bar. Advance to blow chips.

G04 U2.0 ... Air blowing time. The argument is T2.0 seconds.

M1 Return the back spindle knock-out bar.

M73 Turns off the air blow of the back spindle.

For M34, the operation described above is completed by only the M34 code.

Program example

M34 Complete a series of operations for the workpiece collection and product knock-
out.
T3000  ...... Select the back spindle at the center of the guide bushing.
.......... oo ]

...................................

e The position to which the Z2 axis advances during knock-out operation is
normally set to Z32.5 unless the Z argument has been specified. The
position can be changed by specifying the Z argument.
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2. Method for putting a product in the workpiece receiver box mounted on the back
spindle to collect it in the product box (workpiece receiver box collection mode)

The program is described as part of the $§1 program.

Command format
M32 Workpiece separator (workpiece receiver box) advance operation
Command format
M34 Back spindle (workpiece receiver box) product separation operations

a) Workpiece separator (workpiece receiver box) advance operation

Command format o

M32 X[__1 WO0.0 U632.0 2145.0 R[_1 F20000 o
| I

Feed rate (per minute) during Z2 axis
.-advance. Feeds rapidly when omitted.

Set "1" when a shift tool is used for the cut-
off tool. Set nothing when the shift tool is
not used.

The Z2 axis advance position is 130 mm
when "1" is set. It is 145 mm when omitted.

Move position (mm) during Z2 axis advance.
Moves to the position of 145 mm when omitted.
An R1 command is ignored when this is specified.

Move position during X2 axis advance. Moves the X2
axis to the position of 632 mm when omitted.

Move position (distance from the zero point of the Z2 axis in mm)
during Z2-axis return. Moves to the zero point when omitted.

End position queuing X position. The workpiece separator (workpiece
receiver box) on the Z2 axis finishes advancing when the X axis reaches the
specified position during cut-off machining. End position queuing is not
performed when not specified.

X1 wil | Ul | ZL__1 RL_] FL___| can be omitted. ZI[F] .
U
Program example
$1 $2 W
G821 G821 ... Single axis control group command ON (Note 1)
T0100 | L Selects the cut-off tool.
mM32 Position the workpiece receiver box to the cut-
off position.
G1X-3.0F002 | .. Cut-off machining
M4t Return the workpiece receiver box.
G820 G820 ... Single axis control group command OFF (Note 1)

(Note 1) Omitting these codes does not affect the program.
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b) Back spindle (workpiece receiver box) product separation operation

Command format

M34 X632.0 WO0.0 D20000 UO0.0 E20000 2?4.0 F18000 T2.0 S30 BO.

el s

Move position during
Z?2 axis return after
product carry-out.
Moves the Z2 axis to
the zero point when
omitted.

Back spindle speed
during product carry-
out. Rotates at 30 min
when omitted.

Back spindle rotation time during
product carry-out. Rotates for
two seconds when omitted.

Feed rate (per minute) during Z2 axis
advance. Moves the Z2 axis in rapid
feed when omitted (mm/min).

Move position during Z2 axis advance. Moves the
72 axis to the position of 54 mm when omitted.

Feed rate (per minute) when the X2 axis separation position
moves. Moves the X2 axis in rapid feed when omitted.

Move position (mm) when the X2 axis separation position moves.
Move position during X2 axis return. Moves the X2 axis to the
zero point when omitted.

Feed rate (per minute) during Z2 axis return. Moves the Z2 axis in rapid
feed when omitted.

Move position (distance from the zero point of the Z2 axis in mm) during Z2 axis
return. Moves to the zero point when omitted.

Move position (mm) during X2 axis rise after workpiece separation. Moves the X2 axis to the
position of 632 mm when omitted.

xC_JIwl_1pl_Jul_1EC_1z[ 1 FL_1 Wbl
TC—1 s ] B can be omitted. x |2
® 2
Program example B
31 $2
G821 G821 = ... Single axis control group command ON (Note 1)
T0200
M4 Ll Enter M34 after specifying the T0200 (first gang
: tool selection) after three-spindle hole
machining.
TO100 | L Select the cut-off tool.
M32 Position the workpiece receiver box at the cut-
off position.
G1X-3.0F002 | . Cut-off machining
m4 Return the workpiece receiver box.
G820 G820 ... Single axis control group command OFF (Note 1)
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Note

e [f a command in the T3000s in the workpiece receiver box collection
mode, the current mode is recognized as the pick-off collection mode and
thus the basket in the workpiece receiver box will not swing, disabling
product separation.

(Note 1) Omitting these codes does not affect the program.
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7.4.2 Cut-off and Product Separation (M33 and M34)

The product is separated on the back spindle side.

Main spindle and back spindle rotation synchronization command (G814, 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.

Program example

$1 $2
M3 S1=1500 M34.. Specify a series of operations for
ILT e Queuing command <——— the product separation.
G814 ... Rotation synchronization of T3000........cconens Select the back spindle.
spindle and back spindle M16...coiie. Open the back spindle chuck.
(Option) M24 S2 = 1500 ..... Specify 1500 for the back
N11T0100................. Cut-off tool selection spindle reverse rotation speed.
G00 X26.Z [ *1] To01 — 11

G811 .. Specify the superimpose control

................................... Cut-off tool positioning . -
of outer/inner diameter

G811 .. Automatic queuing simultaneous machining.
IL2 e Queuing command €—— . y
M72.. Turn on the air blow of the back
G99 G01 X-1.0 F0.03 Workpiece cut-off spindle.
G810 .o Automatic queuing <——— | G0 Z-1.0.............. Position the back spindle 1.0 mm
X-3.0 F0.03 before the workpiece by rapid feed.
G98 G01Z [ *2] F1000
.............................. Advance the back spindle to the
chuck position.
G04 U1.0 .............. Specify a dwell pause command of
one second in the chuck position.
M77 e Wait until spindle
(L] F— Spindle synchronization synchronization is completed.
mode cancel M15. e Close the back spindle chuck.
Mo05 M73 . e Turn off the air blow of the back
Mo7 spindle.
Goo Z T0O....... Return to the start point. L2
—> G810 ..., Cancel the superimpose control
M56 of outer/inner diameter
G999 ..o, Automatic queuing <—— simultaneous machining.
N999 ..., Automatic queuing <—— M25.. ... Stop the back spindle rotation.
Mo2 —> G999
M99 ———>N999
% Mo2
M99
%

e *1:L (product length) + ¢; (tool shift amount) + (tool width)
e *2: /4, (chuck amount) Move distance required until the workpiece is chucked by the back spindle chuck

e *3:4; (tool shift amount) Return to the program start point.
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B Home position of product separation, and serial operation

The product after cut-off machining or back machining is collected to a workpiece receiver box at
this stroke during this operation.

e
- - - - Program zero point
I %EEB{ 180 [7.0866"] .| 1010.38372

’ﬂ
I Pick-off advance ] |
Back spindle | ﬂ Guide bushing
] - - -
]

316,
[12.4409"]

(1) 3

ZBH

32.5[1.2795" Workpiece
receiver box

Explanation

o The following operations are executed when product separation is specified by M34.
1) The Z2 axis returns to the zero point.
2) The X2 axis returns to the zero point.
3) The Z2 axis advances to the product separation position.
4) The Z2 axis returns to the zero point after product knock-out.

e When an M33 command is issued, the X2 axis in step 2) returns to the zero point to complete
the operation for product separation. After that, perform product separation by creating a
program.

o The program is described in the $2 program.

e
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7.4.3 Back Spindle Indexing Command (M78, M79) (Optional)
The back spindle can be indexed in 1-degree steps.

Command format
M78 S[__1 Back spindle indexing

M79 Back spindle indexing cancel

e Use these commands in the $2 axis control group program.

e The number specified in the Slooooooooooon] argument must be an absolute value between 0
and 359 divisible by 1.

¢ The spindle is indexed in the direction of forward rotation of the back spindle.

o [f the spindle is rotating, stop the spindle, then use M78 S0 to index the spindle.

0ogogg

¢ To return to turning, use M79 to cancel indexing, then use M23 S2 = [0oC 1000] to start

rotating the spindle.

Program example

mM2s L. Back spindle stop
Go4uU05 L Dwell

m7zgso L Back spindle indexing

M9 . Back spindle indexing cancel
G4u0s5 L Dwell
M23s2=_1 ... Back spindle rotate forward
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When automatically loading the material, the following automatic bar loading process must be
specified between the cut-off process and the ending process in your program.

Operation drawing

G00 Z0 T0O
SN T N— [ ) '
Q'}*j:’ - = =co— ) ¢ B i
ﬁ | pp—— C ll_}_rJ ) ( | S— -
E\ Limit switch or set value e
E? e ——— — (Bar shortage signal ON)
= T_—C T ) C
/ * * The value assumes that the material
GO01 x -3.0 q 25 l G01x 17.0W-25.0 F0.2 diameter is 16 mm. It is "X 21.0' when
(Cut-off end) — T > g / the diameter is ¢ 20 mm.
- { - - 3 ) ( -
M54 - M0O7 - M55
L, ,---------------!'—'--:L’J"‘ co----- Pus.l;\.rod retrieval
g yesd pue g T N - Material position
‘ — 5 -
il o
M55 Extract material from finger chuck.
——
== = = -5 E—
Remainder Confirm the releasing by the limit switch and
receiver box the chucking claw
—_— s
Insert material into finger chuck /]
[ - — — — L - -
“%‘ E = =
aﬁi* - =g
l (W25.0 FCi.Z) —-—M06
P
r = — . —1 Y c —LC o) 0
h T T d ¢ — ) (
}
.’E === = = y—e——5HF -1
\ﬁ L — — T ) (
G01 x-3.0 F0.02 G00 20 TO
~ A MQO7 P -~
Ct_’ i~ o — n
d: Tt L] JURS | = .
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Automatic Bar Loading Program code
Oeeeo

$1 $2

Preparation process Preparation process

M09
Machining process

N901 T0100 Automatic bar loading

G00 )217_0 Z50.0 TOIOI program and explanation

G01 X-3.0 F0.02 Y
MOB.....ooeeieee Enable material replacing program.

Mo08

IO ) o, }

) Material outer diameter deburring program
IO ) e,

/G01 X*17.0 W-25.0 F0.2.... Extract material from guide bushing, and move cut-off tool to
specified position (+ 1.0 mm) on material diameter. (See Note
below.)

IM53... e Stop coolant supply.

IMO5...........ooi, Stop main spindle rotation (Slow speed for profile materials).

IMB4 .. Turn off the bar loader machining torque.

IMO7 .o, Open spindle chuck.

IMB5 ... Material change command (to start replacing the material on the
bar loader).

IMO6........coooeii Close spindle chuck.

IGA4U2.0..........ccooii Prevent time delay of bar loader torque.

IMB2. ., Turn on coolant.

IMO3ST=["_"1......... Rotate main spindle forward.

_I_M_ZG M ................................... Execute guide bushing phase adjustment (for profile material).
IW25.0F0.2................cen. Insert material into guide bushing.
IX-3.0F0.02........................ Cut end of material short.

MOS ... Terminate material replacing program.

(Hereafter, blocks with a slash ("/") are ignored.)

MO05

Mo7

T 1

G00Zz [_1To00

G820 G820

M56

G999 G999

N999 N999

M02 MO02

M99 M99

% %
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Notes

e *X17.0 is the numerical value when the material diameter is ¢ 16.
It is "X21.0" when the material diameter is ¢ 20.

e A program using machining data values (machine variables) can only be
used with the macro option.

e Leave coolant OFF during material replacement. When a new material is
loaded, set coolant to ON.

¢ Leave coolant OFF when the guide bushing has no material inside
(removed for material replacement)

e Program a material tip deburr process as required.

¢ For machining profile materials with dedicated bar loader, set the
machine structure parameter "profile material chuck sleeve/square
material chuck sleeve" to ON (for inching of the bar insertion).
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7.6 Commands for Detecting Spindle Speed Changes

The spindle speed change detection function monitors the spindle speed. If the speed change
exceeds a preset rate, this function automatically stops the machine. This prevents operation
overload and damage to the guide bushing baking.

Both main spindle and back spindle have this spindle speed change detection function.

Command Format

M97 Main spindle speed change detection OFF.
M6 Main spindle speed change detection ON
M87 Back spindle speed change detection OFF.
M86 Back spindle speed change detection ON.

Notes

e The main spindle speed change detection function is on by default when
the power supply is turned on. To turn the detection function off, include
the M97 or M87 command in the program.

Normally, the program should contain M96 or M86 in the beginning to
turn on the detection function for safety.

e To perform tap and die machining or constant surface speed control
function, be sure to turn off the speed change detection.

Standard values

e Time before check start 4 seconds
(Parameter PLC constant #6305)
e Alarm fluctuation rate +10%

(Parameter Spindle parameter #3024 <1> Main)
(Parameter Spindle parameter #3024 <2> Back)
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7.7 Constant Surface Speed Control Command

While the material is cut in a diametrical direction or while cutting off the workpiece after finishing
a machining process, the diameter of the material may vary depending on the portion of a
workpiece, and the surface speed (the relative speed of the workpiece and tool) may also change.
The control unit can detect the tool position, calculate the spindle speed, and change the spindle
speed accordingly by using this command to instruct a relative speed.

Command format

G50 SL lQl___] : Specifies the spindle speed limitation.
The speed is controlled so that the spindle speed does not exceed the
limitation during constant surface speed control.
S : Maximum spindle speed (min™) clamp value
Q : Minimum spindle speed (min™) clamp value

G96 S:] : Starts constant surface speed control.
S : Constant surface speed value (m/min.)
G97 : Ends constant surface speed control.

e If no S code is given when switching G96 to G97, the S value previously
specified in the respective mode will be effective.

¢ The spindle speed fluctuation detection cannot be turned on during
constant surface speed control.

e G50 SC___1 is effective only when the constant surface speed control
command is effective by entering the G96 command.

e Specify Q, when the minimum spindle speed may change too lower.

e The tool selection command (TCICIOD) cannot be used during constant
surface speed control.

e When selecting the tool, specify the tool selection command after a
cancel command (G97) is specified.
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Example

$1

Preparation process

Y

Front turning

Y

Thread cutting

Y

Other processes

\

(Constant surface speed control of spindle)

N501 T0101
G00 X21.0 Z250.0
M97

G50 S5000
G96 S100

G01 X-3.0 F0.02
G97 (S1 = 500)

M96

Mo5
Mo7

G0o z—_1To00
G820

M56

G999

N999

Mo02

%

..................

Cut-off tool selection

Cut-off positioning by rapid feed
Main spindle speed change
detection OFF

Maximum clamp set command
of spindle (5,000 min™")
Constant surface speed control
ON (Surface speed: 100 m/min)
Cut-off

Constant surface speed control
cancel (Normal rotation
command of 500 min™")

Main spindle speed change
detection ON

$2

(Constant surface speed control of back spindle)

Mm87

M23 S2 =1000
G44

T3200

G00 X16.0
G50 S3500
G96 S40

G01 X-1.0 F0.03
G97

M25

G43

G820

G999
N999
Mo2
M99
%

Back spindle speed fluctuation detection OFF
Back spindle per rotation feed ON
Maximum spindle rotation clamp (3,500 min™")
Constant surface speed control ON
Constant surface speed control OFF

Back spindle rotation stop
Back spindle per rotation feed OFF
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7.8 Tool Nose Radius Compensation Function
If a rounded tool-bit is used, the rounded tool nose can cause an error between the programmed
form and the cutting form during taper cutting or circular cutting.

The tool nose R compensation function automatically calculates the error and compensates. The
command code can fix the compensation direction.

Command format

G40 Tool nose radius compensation mode Cancel.
G41 Tool nose radius compensation left mode ON.
G42 Tool nose radius compensation right mode ON.

Enter tool nose R data in advance in <R> (tool nose radius value) and <P> (virtual tool nose No.)
on the Tool Data screen.

Note that the meaning of <R> on the Offset screen is different from <R> on the Tool Data screen.

Virtual tool nose

e The virtual tool nose is the point of a nonexistent tip of the tool, corresponding to the zero point
shown below.

¢ Be sure to set the tool bit in the holder as shown in the diagram.

Virtual tool nose number

¢ The direction of the virtual tool nose viewed from the tool nose radius center is determined as
the virtual tool nose number.

¢ Tool nose between 0 and 9 is determined according to tool noses.
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7.8.1 Tools Subject to Tool Nose Radius Compensation and Virtual Tool Nose
Numbers

These diagrams illustrate some commonly used tools with the associated virtual tool nose numbers.

<p> <P>
8 . _ 3 )

Diamond point tool \(/ R Back turning tool
Tool data Virtual tool nose Tool data Virtual tool nose

No. 8 No. 3

Tool data <p>
4

Boring tool R\)) Front turning tool
<P> R Virtual tool nose Tool data Virtual tool nose

1 No. 1 No. 4
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7.8.2 Basic Pattern of Tool Nose Radius Compensation G Code

The conception of the tool nose radius compensation.

<P>
1 Maching direction
—————————

Boring tool .
T21 TO2  TO3 T04

) @ @ (4)
<p> A ]
4 _}\ 1/ M/
Front turning tool <_~___X E ] - i
Y y—

————

-

T02

G40 —----=------ -

G41
G42 - ————

<pP>

Diamond @
i T03

<pP>

3

Back tzﬂ
\ T04

Notes

e When positioning in rapid feed or canceling the tool nose radius
compensation, pay attention to the interference with the material.
The tool nose must be kept apart from the material by more than nose
radius.

e [f some improper G commands are specified during tool nose radius
compensation execution, an alarm occurs.
*For the contents of the alarm, see the Instruction's manual of the NC

manufacturer.
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Machining drawing

/
A
A
A QI_ - - - 2
S lg ‘
. C0.2
C0.5
. 60 . 85
- 34.5 o
Machining layout
T03 T02 TO1
Front
() @) 3) throwaway
A T03 tool nose R0.2
O
Machining
direction
Back turning
throwaway
| T02 tool nose R0.2
|y
sl
Cut-off tool
TO1 /
3




Program example

00300
$1
G50 Z0

Mo6

G99 G00 X15.0 Z-0.5 S1=2000 M03

G821

N103 T0300
G00 X15.0 Z-0.5 T01

GO01 X4.05 F0.2

X5.45 Z0.2 F0.03

Z6.0 F0.04

G04 U0.3

X10.0 F0.2
X15.0 Z8.5 F0.03

G00 X16.0 TOO

N202 T0200
G50 W-3.0

GO0 X15.0 223.5 T02

G01 X10.0 Z26.0 F0.03
X8.0 F0.015

Z34.0 F0.03

X6.8 Z34.6 F0.02
X15.0 F0.2

G00 X16.0 T0O

G50 W3.0
N301 T0100
G50 W-3.0
G00 X15.0 Z34.5 T03
G01 X9.0 F0.2
X-3.0 F0.05
G50 W3.0
MO05

Mo07

G00 20 T0O
G820

M56

G999

N999

Mo02

M99

%
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$2
G821 ... Axis control group 1 single machining
command ON
......... Tool nose radius compensation right
mode ON
......... Tool nose radius compensation left
mode ON
......... Tool nose radius compensation OFF
......... Tool nose radius compensation left
mode ON
......... Tool nose radius compensation OFF
G820 ... Single machining command OFF
G999
N999
Mo02
M99
%

¢ This program does.not contain a product separation program.
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7.9 Spindle Synchronization Control (G814, G114.1, G113) (Optional)

The G114 and G113 commands are used to control the speed and phase of one spindle in
synchronization with the rotation of the other spindle.

These commands are effective to synchronize the two spindles in speed, for example, when
chucking a workpiece from the main spindle to the back spindle or when machining a workpiece
being held on both of two two spindles. They are also effective when chucking a profile material
from one spindle to the other by synchronization them in phase.

Command format

G814 RL___1 or
G1141 H1 D-2 R[]

Synchronization spindle phase-shift amount command
(0 to 359.999deg)

Synchronization spindle selection
Reference spindle selection

G113 Cancels spindle synchronization.

Explanation

The G814 command controls the reference spindle as S1 and another spindle to be synchronized as
S2, synchronizing the two spindles.

The G114.1 command specifies the reference spindle and the spindle to be synchronization to
synchronization the two specified spindles.

The G113 command cancels synchronization between the two spindles rotating synchronization
according to the spindle synchronization command.

Notes

¢ The spindle rotation under spindle synchronization control stops when
the Emergency Stop button is pressed. The spindle synchronization
control mode is canceled at that time.

e The rotation clamp during spindle synchronization depends on the less
value of clamp of synchronization reference spindle or synchronization
spindle.

e The synchronization reference spindle and synchronization spindle
cannot be indexed in the spindle synchronization control mode. Cancel
the spindle synchronization control mode first before indexing.

e The spindle speed must be less than 2,500 min™ when the workpiece is
chucked in the back spindle by spindle synchronization control (Range of
the stabilized spindle speed).

e The R argument specifies the amount of synchronized spindle phase
shift. The synchronized spindle rotates in synchronization with the
reference spindle, with the phase (angle) shifted by the R-specified shift
amount.

When the G814 command is specified without the R code, the value
obtained by measurement of profile material phase adjustment (G899) in
MDI mode is stored and used as the shift amount.

When the G114.1 command has no R code, no phase shift is performed.
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* Spindle Synchronization Control in Relative Position

This section explains the case that the reference spindle and synchronization spindle are under the
spindle synchronization control mode in the relative position and chuck the same workpiece during

spindle rotation.

Program example

L1
M24 S2 = 1000
L2

G811
G00 Z-1.0

$2

Queuing

Back spindle reverse rotation
Queuing

Z1-72 axis superimpose ON

G98 Go1 z[__1 F1000

G4 U0.5
M77

M15
IL3

L4

31
L1 Queuing
M3 S1=1000 Spindle forward rotation
2 . Queuing ...
' M97 Main spindle speed change :
: detection OFF :
E m87 Back spindle speed change |
: detection OFF '
E G95 S150 Constant surface speed control E
, G50 S2500 Maximum rotation clamp .
S command !
G814 R[] Spindle synchronization control
T0100 Cut-off tool select
Gcox__1z[1 Cut-off positioning
To1
G811 Z1-Z2 axis superimpose ON
M338 Back spindle torque limit
IL3 Queuing
G1 X-1.0 F0.03
G810 Z1-72 axis superimpose OFF G810
X30F005 Cut-off machining _______
s G97 Constant surface speed E
! control cancel !
E M96 Main spindle speed E
: fluctuation detection ON
. M86 Back spindle speed :
S fluctuation detection ON__ :
Mso0 Back spindle torque limit
cancel
L4 Queuing
G113 Spindle synchronization
control cancel
M5 Spindle stop

Notes

M25

Waiting for complete
spindle synchronization

Back spindle chuck close
Queuing

Z1-Z2 axis superimpose OFF

Queuing

Back spindle stop

e This program does not contain a product separation program.
e Specify an M77 command one block before the back spindle chuck is closed.
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[,

e The block in { | is constant surface speed control

e M89 limits the torque of the back spindle to 50%.
The block in : limits the torque of the back spindle to 25%.
In principle, the back spindle torque limit is not required.
Use the torque limit if a over-torque problem arises, for example, if
products are scratched or alarms occur.

e No tool can be selected during constant surface speed control. (For more
details, see "7.7 Constant Surface Speed Control Command".)

e Profile Material Phase Adjustment (G899)

This command is used for the NC unit to store the phase shift between the main spindle and guide
bushing and the phase shift between the main spindle and back spindle during profile material
machining.

Be sure to specify the command when a profile material chuck and guide bushing are mounted.

Procedure

1. Pass the material (profile) through the spindle and guide bushing.

2. Execute G899 under "All Block" is depressed in MDI($1) for automatic chuck close operation
and phase adjustment.
In a material replacing program, specify M26 (Guide bushing phase adjustment) before inserting a
material into the guide bushing. Specify G814 (main spindle synchronous control) before chucking
the material with the main spindle and back spindle. Specifying the two codes adjusts the stored
phase shifts.

. Command format |
$1
G899 R1 K1

e The G899 R1 command causes the NC unit to store the phase shift between the spindle and back
spindle.
When the command is executed, the back spindle also rotates.

e When G899 R1 K1 is specified, the machine does not close the back chuck.

.................................

* Specify G899 to adjust only the phase between the main spindle and
guide bushing.

e Specify G899 R1 K1 to adjust both of the phase between the main
spindle and guide bushing and the phase between the main spindle and
back spindle.

¢ R (phase shift) value adjustment procedure (with no G code macro)
(1) Open the front and back chucks with no material present.
(2) Use [1 block] in MDI mode to run the following program:
MO03 S1=1000 M24 S2=1000
G4 U1.0
G114.1 H1 D-2 RC__] (G814R[])
G4 U1.0
M77
S1=0 (Stop with R shift value kept)
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G113
(3) Insert a profile material, check the R (phase shift) value, then remove the material.
(4) Press the spindle stop and back spindle stop buttons.
(5) Enter the R value and repeat steps (2) to (5).

Notes

e Be sure to adjust the R value so that the material and chuck are in phase
with each other. Failure to adjust the R value prevents the material from
being fit into the chuck, resulting in trouble.

e After replacing or adjusting the guide bush unit driven belt, adjust the R
value.

e A higher spindle speed during chucking results in much dispersion in
synchronization.

When chucking a workpiece, keep the spindle speed at about 2500 min™
or less.



L16/L20 Programming Practice (Back Machining and Others)

7.10 Synchronization Tap Machining (G88, G80) (Optional)

This function requires no tap sleeve and enables the tap machining with high tap depth precision.
This function is synchronization with the tool spindle and X1 axis for tap machining (at the cutting
and feed command for the X1 axis) in a tap cycle.

Command format
Gsg XL JRL_JFL_IDL_JsC_1,R1 Tap cycle

G380 Tap cycle cancel

Note that the RC__] code moves the tool from the positioning point in the material direction in
rapid feed according to the specified R value.

Program example
G88 X[__1 R2.0F0.7 D3 S500,R1.........c.cocoemnnn. Synchronization tap cycle

I Synchronization tap

Spindle speed

D-3 when the secondary process spindle is specified as a
left screw (tap)

Pitch

R value (Specify a radius value that is a distance from the positioning point
to the position where the synchronization tap is started.)
Synchronization starts from the positioning point with no specification.

Positioning (Tap machining end point)

G800 ... Tap cycle cancel
If ",R1" is not specified, the feed is executed in the same state of G98 specified immediately before.

In the block in which only "G88 ,R1" is specified, the mode is selected. However, no tap
machining is performed in this case.

Rapid Cutting Tap
feed feed
___________ Positioning point
In the * portion, three (1) (9) R val 1) Tap spindle positioning point (Diameter
) value command)
to more pitches must 7)) Positioning by R value (synchronization tap
be ensured. (2) (4) (Synchronization tap start i H ; H
! . ) IS/ S U o position) in rapid feed. (Radius
(Radius specification) 5 start position) specification) Three or more pitches must be
— : ensured from position (2).
Material S (3)(3)" Tap machining end point
atgnal g (Tap end point + Tool reverse rotation)
3) @) (4) Return to the point positioned by R value
S L R T T TR x ] (position where the synchronization tap
End point / \ Tool reverse starts).

rotation (5) Return to the tap spindle positioning point in
rapid feed.
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Machining
? Front
/ turning
Material ¢ 20.0 o7
aterial ¢ 4 18.0
(x36.0)
/ 7 Cut-off
/ tool
% Z
T - - A
25 1 748 /
(x-5.0) o ‘/
Lol Drill
: E : Shifts the tool for through-hole 23.3 %y
o machining
2
N 27
N7 | /
; 2 L
e : 197
Expand the tool positioning point to shift the tool during tool 8.0 2
setting to avoid the interference with the material. (Tool ’
positioning point) )
15.0
Tap
T08
M4 ‘
x0
Program example
M28 S0 Clearance between
material and tap
S3 = 1000 M58 G938 Pitch x 3
NO0718 T0800 As specifying in

the diameter

G00 X26.2 Z25.0 T18
=

X26.2 = ¢ 20.0 + {(1 + 2.1) x 2} = 26.2
G88 X[ 0.0 | R[1.0]| F[ 0.7 ] D3 S[ 500 | ,R1
G80

G00 X[26.2]

M60

M03 S1 = G99
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7.11

Interference Check Function

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 usually when the power supply is turned on.

The interference check function does not work if you either set the "Interfere Check Off" setting switch
to ON or including 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 meticulous care. You should
enable the interference check function in all the processes to which the function is available.

Command format
M118 Disable interference check.
M119 Enable interference check.

1. Parts checked for interference <Type |>
* Guide bushing

* Gang tool post......cccceeeueeee Data varies depending on the "front machining holder name"
setting in machining data.

* Long workpiece device .....Data varies depending on the machine structure settings for "long
workpiece device", "stock gripper device", and "supports (long and
short) for stock gripper device".

* Workpiece separator ......... Data varies depending on the "workpiece separator”" machine
structure setting.

2. Parts checked for interference <Type VII>
* Guide bushing
® Gang toO] POSt .....ccueriiieiirtiiee e Data varies depending on the "front

machining holder name" setting in
machining data.

* Opposite tool post including the back spindle......Data varies depending on the "back spindle"
and "back spindle chuck position" settings in
machining data and the tool number set
between T3000 and T3300.

* Back tool post including the product separator ....Data varies depending on the "back spindle"”
setting in machining data.

Notes

e 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.

¢ The interference area cannot be set correctly if a wrong 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 meticulous care.

e Even when the back spindle is being used in the workpiece receiver box
collection mode, the interference check applies to the workpiece receiver
box.
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7.12 Back Face Tool Spindle (Optional‘)

The back tool spindle is a device that can rotate T32 and T33 amohg the three tools on the back
tool post. The device can serve for eccentric drilling with a drill and end mill. The device can
accept a standard drill sleeve (19.05 mm diameter) using a sleeve adapter.

7.12.1 Front/Back Face Tool Spindle Rotation and Stop (M80, M81, and M82)
These codes are used for rotating (forward and reverse) and stopping of the front/back face tool
spindle in a secondary process.

The forward rotation in this case means the counterclockwise rotation toward the front/back tool
spindle.

The front/back tool spindle stop can be manually specified on the panel.

Command format
M80 Starts the front/back face tool spindle forward rotation.
M81 Starts the front/back face tool spindle reverse rotation.
M82 Stops the front/back face tool spindle rotation
The spindle speed changes when only an "S4 = [____1" is specified after the M80 and M81 codes.

Maximum spindle speed is 5000 min™.

Note

To use the front/back tool spindle detached, use the sleeve adapter or cap to
block the hole not to let oil in.
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7.13 Milling Interpolation — Optional

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.

7.13.1 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, (Z,) and C
_ axes with values calculated for the radius.

The plus and minus signs of X and C are as shown in the figure below.

O X
++

X —
Cc +
(-10, 10)| (10, 10)

(10,-10)




7.13.2 Milling plane
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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 Compensation mode
machining (operation)
) G40 Compensation cancel
Tool dlam&?ter G41 Right compensation
compensation
G42 Left compensation
. . G02 CCW (counterclockwise)
Arc interpolation .
GO03 CW (clockwise)

G41
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7.3.13 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 material 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

\ Material

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

| 2

E
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7.13.4 Calculation of milling coordinates

Tool

Tool

C d:

r
w:

w N a:

r b:

Pa %
Workpiece
d
b

Workpiece diameter (mm)
Tool diameter (mm)

Machining width (mm)

Leeway for start position (mm)
Leeway for end position (mm)

C+

x%
i 7

C-—.

X+

Example: When d =20 mm, r=30 mm, w= 12 mm, a =2 mm, and b =2 mm:

Ps = (42.0, 0)
Pd = (12.0, - 8.63)

Pa = (12.0, 0)
Pe = (42.51, 0)

- . Obtain machining positions suitable for the milling process from the formulas shown in the

following table:

Machining position

X axis coordinate

C axis coordinate

Milling start positions Xs>(d2 +r+a)’/(w+r) Cs=0

Ps = (Xs, Cs)

Machining start position | Xa=w Ca>\[(d/2 +r+a)’ - (w+r)
Pa=(Xa, Ca)

Machining end position Xd=w Ccd> W +b

Pd = (Xd, Cd)

Milling end position
Pe = (Xe, Ce)

Xe > (w+r1)+ (Cd*/ (W + 1)) Ce

=0
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Notes

e The results of the above formulas are free from the plus and minus signs.
When changing the results to coordinates, assign signs to them in
consideration of the tool position.

¢ The coordinate Xs of Ps is moved before milling interpolation ON is
specified. Therefore, be sure to change the coordinate to a value
calculated for the diameter when specifying it.

The other values of Xa, Xd, and Xe are calculated for the radius. The
calculated values can be used as they are.
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7.13.5 Program format

This section shows a program sample for performing milling interpolation with a front rotary tool
(option).

Previous process

MO05 G98 M80 S4=.................... Spindle stop, feed per minute, and turret tool spindle rotation
MIB CO....ooeiie Sequential operation of spindle C axis ON (optional)
GOO H180.0...........cooeviie, Note that the machining position is 1800 different between

when a gang tool is used for the machining and when a turret
tool is used for the machining.

G50 CO.....oe C axis coordinate system setting
G821 .. Line 1 single machining' mode ON
Milling process

N T Milling tool selection

GSOL_ WL . Coordinate shift
Goox[_lzL JTL | ... To the milling start position (Ps)

(The Xs value of the milling start position Ps is calculated for
the radius. Change Xs to a value calculated for the diameter
when specifying it.

The other values of Xa, Xd, and Xe are calculated for the
radius. They can be specified as they are.)

G121 e Milling interpolation ON
GA7 End-face machining selection
G4 JGoox[_JclC ... Tool diameter compensation ON, and to the machining start

position (Pa)
(G42 may be executed instead.)

GOt X[ JCL 1 e Milling

G40 Goo X_Jc[d................ Tool diameter compensation OFF, and to the milling end
position (Pe)

G131 Milling interpolation cancel

G50 WL .. Coordinate system shift cancel

M20 MB2......ooeeeeeeeeeeen, C axis release, and tool spindle stop

GB820......oiie Line 1 single machining mode OFF
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7.13.6 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 <Programming Guide> issued
by Mitsubishi Electric Co., Ltd. The following shows the setting of nose R compensation:

Example: When TOS is used:

%
MR o000 o.000[ 0.000
| o0.000{ 0.000f 0.000] 0.000]0
[~ o.000] o.000] o0.000] o0.000]0
| o.000f o0.000f 0.000{ 0.000]:
| 0.000] 0.000] ‘q.oolnill [ 0.000} 0 |

O‘must bé set for the vnriual tooyl nose number.

The radius of the tool to be used is set.

Examples
With a side cutter having a diameter of 60.0:  R30.000
With an end mill having a diameter of 3.0: R1.500

If the coordinate system shift 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 coordinate system shift is too
large. Conversely, the workpiece has the internally round shape like orbit C when the coordinate
system shift is too small. If linear interpolation causes a round shape, the coordinate system shift is
invalid. Correct the coordinate system shift.

Orbit B

|~ Orbit C

—

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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7.13.7 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.

Message displayed on

Error no. Description Procedure
the screen
P480 NO. MILL SPEC The milling command (G12.1 | Check the specification.
or G13.1) was executed when
the milling function was not
specified.
P481 MILLILL. G A G code, which must not be Delete the invalid G code.
executed during milling
interpolation, was executed.
P482 MILL ILL. AXIS The command was executed for | Delete the command for the
the rotary axis during milling rotary axis.
interpolation.
P484 INCOMPLETE When the milling interpolation |Return the axis to the
RETURN AXIS (MILL) |process starts, there is an axis | reference point in manual or
which has not returned to the automatic mode.
reference point.
P485 INVALID MODAL e When the milling e Execute the cancel
(MILL) interpolation process starts, command (G40, G97, or

tool diameter compensation,
constant surface speed
control, or the boring cycle is
in progress.

e A T command was executed
during milling interpolation.

G80) before the G12.1
command.

e Execute the T command
before the G12.1
command.
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7.13.8 Changing the value of a parameter for milling interpolation

The setup value of "1125 mill_ax" for milling interpolation is different when a gang tool is used
and when a front rotary tool is used. Change the setup value on the Basic Specification Parameter
<§$1> screen depending on the tool as shown below.

Setup value of "1125 mill_ax"
on the Basic Specification Remarks
Parameter <$1> screen

Milling interpolation 3 Milling interpolation can be performed
with a gang tool between the following axes:

e X1 axis and C1 axis

e X2 axis and C2 axis

Milling interpolation 2 Milling interpolation can be performed
‘with a front rotary between the following axes:
tool

e X2 axis and C1 axis

Procedure

e Press the [MAINT.] button on the operation panel.
e Press the menu key [I/F Diag] to display the [I/F Diagnosis] screen.
e Enter "(1001) ( ) (M)," then press the [INPUT] button.

e Press the [PRM.] button on the operation panel.
e Press the menu key [Basic]. If [Basic] is not displayed, press [Menu SEL] to display [Basic].

e Press the [PAGE | ] button on the operation panel once. If the "Basic Specification Parameter
1 (2)" <$1> screen does not appear, keep pressing the menu key [$-SELECT] until the Basic
Specification Parameter 1 (2)" <$1> screen appears.

e Move the cursor to the item "1125," enter "3" or "2," then press the [INPUT] button.



L16/L20 Programming Practice (Back Machining and Others)

Confirm that $1 is displayed.

Base Palat []

Enter 3 or 2.
e Press the [MAINT.] button on the operation panel.

e Press the menu key [I/F Diag] to display the [I/F Diagnosis] screen.
e Enter "(1001) ( ) (M)," then press the [INPUT] button.
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7.13.9 Example of using the milling interpolation function 1 (D cut)

This section shows a program sample for performing milling interpolation with a front rotary tool

(option).
Side cutter ¢ 50.0 t4.0
4T<__5
- 250
2 ! .
T ‘+‘ P12-T— -
s
Ps: Xs>(12/2+25+2)*/(25+2)=4033

Pa:

Pd:

Pe:

The following is obtained since Xs is specified with a value calculated for the diameter.
40.33 x2~81.0

Xa =2 (from the above figure)

Ca>+J(12/2+25+2) = (2+25)'=18.97~19.0

Xd=2

Cd>~(1212) -2°=7.65=17.7

Xe>(2+25)+{7.72/(2 +25)} 29.19=30.0

Set about 34.0 with leeway added.

Note

When specifying the Xs value of the milling start position Ps obtained from
the formula, change it to a value calculated for the diameter.



L16/L20 Programming Practice (Back Machining

Program sample

and Others)

$1

$2

MO05 G98 M80 S4=1260
M18 CO
G50 CO

N322

T2200

G50 W-5.0

G00 X81.0Z23.0TO3 ....................
G121

G17

G41 G00 X2.0 C19.0 ...................
GO01 C-7.7TF80 ...
G40 G00 X34.0 CO........ccoovcvnnenene
G13.1

G50 W5.0

M20 M82

M03 S1=3000 G99

Line 1 single machining mode ON G821

Ps milling start position

Pa machining start position
Pd machining end position
Pe milling end position

Line 1 single machining mode OFF G820

Tool Data 173

Tool diameter compensation setting
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7.13.10 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°. This section shows a program sample for performing

milling interpolation with a front rotary tool (option).

Program sample

$1 $2

Previous process

G821 ... Line 1 single machining mode ON G821

MO05 G98 M80 S4=[__1............ Spindle stop, feed per minute, and turret tool

' spindle rotation

MI8 CO...ooreee, Sequential operation of spindle C axis ON
(optional)

G50 CO....ooeeeee C axis coordinate system setting

Milling process

N

T e Milling tool selection

G50 WL _ ..o, Coordinate system shift

GooxL_lzl ITL ... To point A (Ps position)

G121 e Milling interpolation ON

GAT e End-face machining selection

G41 Goo XL_Jcl.............. To point B (Pa position), tool diameter
compensation ON. )

GO1 C-[_TF[J.eee, To point C (Pd position)

G40 Goo X[__JcCcl............... To the milling end position > Milling
(Pe position)
Tool diameter compensation OFF

G131 e Milling interpolation cancel /

G00 X[C_12z[]cC180.0.......... C axis rotation by 180.0° at point A (Ps position)

G121 e Milling interpolation ON

GT e End-face machining selection

G41 Goo XC_Jcl—J.............. To point D (Pa position), tool diameter
compensation ON

GO1C- I e, To point E (Pd position) > Milling

G40 Goo X[__Jcl1............ Tool diameter compensation OFF
To the milling end position (Pe)

G131 e Milling interpolation cancel J

Goo X[_12z[]

G50 WL_J...oeee Coordinate system shift cancel

M20 MB2.... ... C axis release and tool spindle stop

G820.....ieeee s Line 1 single machining mode OFF G820
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Note

e 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=Dand C=E

)\
/

o
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7.13.11 Example of using the milling interpolation function 3

This section shows a program sample for performing milling interpolation with a front rotary tool
(option).

O

Pa
Tool movement

Side cutter ¢ 50.0 t4.0 RO.1

\ ™ ®

| 4 3 @&V e

10 + ¢124%-—-— - X // /
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Program sample

31 $2
G821 ... Line 1 single machining mode ON G821
MO05 G98 M80 S4=1260
M18 CO
G50 CO
N0322
T2200
G50 W-5.0 ,
G00 X81.0Z3.0TO3 ........ccecneeee Ps milling start position
G121
G17
G41 G00 X2.0C23.0................... Pa machining start position
G01 X2.0C—4.9F80.................... (1)
G02 X1.9 C-5.0 R0.1 F750......... 2)
GO01 X-1.9F80......ccccoiiine 3)
G02 X-2.0 C—4.9 R0.1 F410.....(4)
GO1C4.9F80 ... (5)
G02 X-1.9 C5.0 R0.1 F750........ (6)
GO01 X1.9F80.....ccoiiiiiiiie @)
G02 X2.0 C4.9 R0.1 F410 .......... €))
G01 X2.0 C-23.0 F500 ............... Pd machining end position
G40 G00 X34.0 C-23.0............... Pe milling end position
G13.1
G50 W5.0
M20 M82
MO03 S1=3000 G99

G820

G820.......ooe e Line 1 single machining mode OFF
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Tool diameter compensation setting

Note

o [f 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

o

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 rounder (R):

e

T T Cutter's movement
Fa\
Fb
6

30

30
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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.

¢ With an arc circumscribed with the outer diameter of the cutter:

When the machining feed rate is set as F2 = 80 mm/min, obtain the
feed rates Fa and Fb to be specified in programs.

3+2
Fa =80 x 3 > =750
6+
Fb=80><g—gz'sl=750

¢ Obtaining the feed rate for the machining diameter:

d, Cutter diameter r;  Cutter radius

d;  Machining diameter r3;  Machining radius
i Eccentricity

F;  Feed rate specified in the program

F,  Feed rate at which you want to machine workpieces

Fo=F,« &) _p  (otn)

d3 2 I3

o 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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7.13.12 Example of using the milling interpolation function 4

This section shows a program sample for performing milling interpolation with a front rotary tool
(option).
End mill (2 cutting edges) ¢ 3.0

?12.0

R1.5

{
.

7
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Program sample

and Others)

$1 $2
G821.......... e Line 1 single machining mode ON G821
MO05 G98 M80 S4=2700
M18 CO
G50 CO
N424
T2400
G00 X17.0 Z2.0 TO4 .................... Ps milling start position
G121
G17
G42 G00 X7.0C-1.5................... Pa machining start position
G01 X3.0 F200 ......ccocvoviieneee @)
C=3.0 e 2)
X=3.0 e 3)
(o< X JOS (4)
X3.0 e (%)
CA.5 (6) The value, instead of C0, is set in

consideration of tool diameter

compensation.
X7.0 F500
G40 GO0 X7.0CO.......cocoveee CO is acceptable because the tool diameter

compensation is canceled.
G13.1
M20 M82
MO03 S1=3000 G99
Line 1 single machining mode OFF G820




Ps:
Pa:

L16/L20 Programming Practice (Back Machining and Others)

Xs>(6+1.5+1)/(9+1.5)~7.0
Xa (See the following figure.)

Ca is 0 according to the following figure, but -1.5 should be set in consideration of tool diameter
compensation.

10.5 Xa

Tool diameter compensation setting



L16/L20 Programming Practice (Back Machining and Others)

7.13.13 Example of using the milling interpolation function 5

This section shows a program sample for performing milling interpolation with a front rotary tool
(option).

End mill (2 cutting edges) ¢ 3.0

212.0




L16/L20 Programming Practice (Back Machining and Others)

Program sample

$1 $2
G821 ... Line 1 single machining mode ON G821
MO05 G98 M80 S4=2700
M18 CO
G50 Co
N0224
T2400
G00 X16.0 Z-1.0 TO2 .................. Ps milling start position
G121
G17
G42 GO0 X2.5C2.5 ...........c.c. (D)
GO01 Z2.0 F125.....ccoie. (a)
G02 C-2.5R2.5F160 ................. 2)
GO01 X-0.5 ... 3)
G02C25R2.5......ccccoie 4)
GO1 X1.5. e, %
Z-1.0 F1000.........cooiiinne. (b)
G40
G13.1
M20 M82
MO03 S1=3000 G99
G820......ooieeee Line 1 single machining mode OFF G820




L16/L20 Programming Practice (Back Machining and Others)

1 End mill

(ETNN 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:

d; Cutter diameter r;  Cutter radius
d; Machining diameter r;  Machining radius

F, Feed rate specified in the program
F, Feed rate at which you want to machine workpieces

e Obtaining the feed rate for the machining diameter:

Q3+d1)= X@3+1‘1)

F1=F2X Fz

ds I3

N Tool diameter compensation setting

The feed rate for the machining diameter (F,) is set as 100 mm/min.

25+1.5

55 160

F; =100 x

Note: The machining feed rate (100 mm/min) is a standard value.



L16/L20 Programming Practice (Back Machining and Others)

7.13.14 Example of using the milling interpolation function 6

This section shows a program sample for performing milling interpolation with a gang tool. A
special spindle is necessary in this case.

s End face drilling spindle
7 I for gang tool

(Special spindle)

Ps

Pa

Pd

Pe

212

NY
NY

— End mill (4 5)

LR ke —F {

Cut-off tool

_Bl

Enter the radius of the tool.

Xs>(d2 +r+a)/(w+r)
=(122+25+1)*/(5.5+2.5)=11.281
11.281 x 2 (diameter value specification) = 22.562 = 22.6
Cs =0 (C coordinate)
Xa=w=35.5
Ca> {(d2 +r+a)’ —(w+r)}"
={(122+2.5+ 1)’ = (5.5 +2.5)"}»=5.12 ~ 5.2 (C coordinate)
Xd=w=55
Cd > {(d/2)* + W'} +b
={(12/2)* = 55"} + 1 =3.39 ~ 3.4 (C coordinate)
Xe>(w+r)+Cd*/(w+r)
=(55+2.5)+3.4%/(5.5+2.5)=9.44~9.5
Ce =0 (C coordinate)



L16/L20 Programming Practice (Back Machining

Program sample

and Others)

$1

$2

G0 X26.0 Z-0.5

N0217 T0800
G0 X22.6 Z5.0 TO2...........ccceeee

G121
G41 GO X5.5C5.2.........ccccoeee

G1 CO F60
G2 X5.5 C1 R-3.5F60

G1C-3.4 F300
G40 GO X9.5C0........ccee.

G131 e
M20 MBO ...
M3 S1=3000 G99

Sequential operation with spindle C axis ON
(optional)
Coordinate system setting

X-Y plane selection (end face machining)

To the milling start position (Ps), and

tool data (tool diameter compensation) call
Milling interpolation ON

Right compensation, and to the machining
start position (Pa)

Milling interpolation machining, machining
end position (Pd)

Compensation cancel, and to the milling end
position (Pe)

Milling interpolation OFF

C axis release and tool spindle stop

X-Z plane selection (turning)
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Chapter 8 Program Example

8.1 Program Creation
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L16/L20 Program Example

8.1 Program Creation

Following programs are only examples. During actual machining, the optimum spindle speed and
feed must be selected in consideration of various conditions.

Following examples describe when you program by machining patterns (see "3.5.3 Multi-Axis
Control Group") (2 axis control group) and by non-machining (single axis control group: Front
machining, Front machining with opposite tool post)

Example 1 ............ Front machining
Example 2 ............ Front machining with opposite tool post
Example 3 ............ Back machining

[Example 1] Front machining
This example assumes the workpiece receiver box collection mode.

Machining drawing

Material quality : C3604BD
(Brass ¢ 20)
14 - - - 1—¢20
40 10
50
Tool layout
TO1

P T03

T03

S,

® To1




L16/L20 Program Example

Machining Data

1 Bar Stack 0.D. -
/2 Tool Positioning Point (D
'3 Cuc-0ff Tool
4 Cuc-0ff Speed

5 Cur-0ff Teed »

. 6 Cuc-aff Ind (DIA}

| 7 Machining Length

| 8 Pieces/lChuck

| 9 Tubing Bar Stock I.D.
10 Back 3pindle Chuck POS

It Frone Mach Holder ¥eme

| 12 Pront Drill Holder Hae

Standard Tool Holder

| 13 Back Drill Holder Name

Standard Tool Holder

14 ynck Spi'nﬁle

Wich Basker :J:

Tool Pattern

derrara L Standard Tool  Standard Taol
o Caxi iy e
To1 [ 552.000 | €c.00¢ . Ter[ 4sz.000 T30 [ &3z.000
T02 [ $02.000 40.000 122 [ a3z.000 131 [ 242,000
{roa3 [ asz.o00 | 40.000 123 | 370.000 T32 [ 162,000
To4 | 402.000 40,000 ! . 82,000
Tos [ 352.000 40.600 :
To6 [~ 300.000 | 40.000
T07 [ 218.000 30.000
Tos [ 148.000 | 40.000
Tos [ 78.000 46.000
T10 8.000 |  40.000

Tool Set

L fram)

i

E st o3 | weT pos | cue-oet |Men. See}

}.ovr-rer| ros var|

_Luu [cx ana|




r Program

L16 /L20 Program Example

[Example 1] (Machining pattern provided, two axis control groups used)

00001

$1

$2

G50 Z0

Moé

GO00 X21.0 Z-0.5
MO03 S1 = 2500 G99

NO0103T0300
M34
GO0 X14.0 Z-0.5 TO1

GO01 Z40.0 F0.05
X21.0

N0201 TO100
GO0 X21.0 Z252.0 TO2

M32

G99 GOo1 X-1.0 F0.03
X-3.0 F0.05
M141

MO05
Mo7
GO0 Z0 ToO
M56
G999
G821
M34
G820
N999
Mo2
M99
%

G999
G821

G820
N999
Mo2
M99
%

.........

.........

.........

.........

.........

Program number

Axis control group commands
Coordinate system setting
Chuck close

Move the material from the tool.

Main spindle forward rotation (3,600 min™)
Per rotation feed (mm/rev)

Sequence number and T03 tool selection
A series of operations for product separation

Positioning to ¢ 14 in rapid feed.
Compensation No. 1 command

Cut to 40 mm in longitudinal direction (¢ 14).
Cut to the material outer diameter + 0.5 mm (radius value).

Sequence number and TO1 tool selection

Cut-off positioning compensation No. 2 command in rapid
feed

Advance to the workpiece separator position of the back
spindle.

Workpiece cut-off

Return the back spindle workpiece separator to Z2 axis zero
point.

Main spindle rotation stop

Chuck open

Return to the start point.

Product count

Last program execution command

Single machining command ON

A series of operations for product separation
Single machining command OFF

Last program queuing

One cycle stop

Return to the top of a program.

Stop code



L16 /120 Program Example

Program

[Example 1] (No machining pattern, single axis control group used)
00001

$1

G50 Z0

Mo6

G00 X21.0 Z-0.5
M03 S1 = 2500 G99

NO0103 T0300

M34

GO00 X14.0 Z-0.5 TO1
GO01 Z40.0 F0.05
X21.0

N0201 TO100

G00 X21.0 Z52.0 T02
M32

G99 GO1 X-1.0 F0.03
X-3.0 F0.03

M141

Mo05

Mo7

GO00 Z0 TO

M56

G999

M34

N999

Mo2

M99

%

* A parameter setting switch of $2 Cycle Start must be set to OFF before the above program can
be run.



L16 /120 Program Example

EmSpindle speed
\% : '
N LA 1000 V: 160m/min
by D: ¢$20
160 :
S Taawm X100
= 2546 1 From cutting condition table in Chapter 9
= 2500min FX = 0.03mm/rev

FZ = 0.05mm/rev

For conversion into per minute feed

F (mm/min) = Spindle speed x F (mm/rev)
FX =2500 x 0.03 = F75

FZ = 2500 x 0.05 = F125
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Operation

diagram

1.5

v

N

N

/—\1\__/

N

(Figure 1)

0.5

=

(Figure 2)

0.5

4

b14

(Figure 3)

A

40.0

& Z]

(Figure 4)

0.5 @ x15.0
A r/\ 7 \
- ~¢20———z)
# 2} —\

(Figure 5)

0.5

(Figure 6)

Tool width
2.0

(Figure 9)



[Example 2] Front machining with opposite tool post

Machining drawing

L16/L20 Program Example

Cut material: SUM24L (free cutting steel) (Diameter 12 mm)
b +0.05
9 10 314’5'\3 -0.03
e 1% — S \
S of A i =
H = = o
o] ool —— L &[5
o = Sy &
.e. -
A L
Co0.3 co. 2,1 I\] cos
13 + 0.01 (18) 7.1 coo
38.0
Tool layout
@T02 ®To04 2, L
f TOZI %’
DT21 %/—\
——— - TO3
@T22 [ LT %
N~—
NN
@T23 AN N@TUkCut-oﬁoperaﬁon ! 0.5
performed twice) 3
T03
s Ny
Shift
|-<—>12'° amount
oTa B
i
+¢5.0
( AN
@T22 =) Shift
f amount




L16/L20 Program Example

Machining Data

| 1 Bar Stock 0.0,
4 2 'l'oaL Poaiuunmv Poxm: (Du)
¢ < Cut-0¢t Tood .

© 4 Cur-0ft apeed P
5 Cut-0ff Feed

/6 Cut-0ff End (DIA)
7 Bachining I.enqrh
| 8 Pleces/lChuck 7
9 Tubing Bar Stock LB.,
10 ‘Back Spindle Chuck POS

| 11 Front Mach Holder Naxe [oTF3L13

6TURN+4ROTARY  ¥]

12 Front Drill Holder Wame lsux_':_d_ax\i”Tcol Holder

13 Back Drill Holder Neme

Standard Tool Holder

14 Back Spindle Scandard

Tool Set

Tool Pattern

i Machining Data i

1 Bar Stock 0.D. m m
- 2 Tool Postitioning Point (DIA! . l.000 ey
3 Cut-0ff Tool v [ 1
4 Cut-0ff Speed G 3000 rpm.
§ Cut-0ff Feed 0.030, mm/r
6 Cut-0ff End (DIA) 73.000 ma
7 Bac!iininq Length 54.000 =mm
8 Pieces/1Chuck = T e
9 Tubing Bar Stock I.D. " m BR
m Back Spindle Chuc): ros 34.000 Emm ¢
1L Front Nach Halder Teae [eTra113 6TURN+4ROTARY -
12 Front Drill Holder Neae IStmdud Tool Holder -

13 Dack Drtll Holder Neme [standacd Tool

Holder

i 14 Back s;mue

Standard vl

o m:if. (E5C) |

AT P08 | Cut-0ce [Man. Sec|

et | vos wwr|

]’{zi ADT Iﬁﬁ'm:]
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L16/L20 Program Example

[Example 2] (Machining pattern provided, two axis control groups used)

00002

$1

$2

G50 Z-0.1

Moé6

GO0 X13.0 Z-0.6
MO03 S1 = 1800 G99
G821

N121 T2100
M140

GO00 Z-0.6
GO01 Z6.0 F0.08 TO1
GO00 Z-0.6 TOO

N222 T2200
GO1 Z16.0 F0.1 T02
G00 Z-0.6

G04 U0.5

Z15.5

GO1 Z27.0 F0.09
GO0 Z-0.6

G04 U0.5

Z26.5

GO1 Z34.0 F0.08
‘GO0 Z-0.6

G04 U0.5

Z33.5

GO1 Z40.0 F0.07
GO0 Z-0.6 TOO

N323 T2300

M97

S1 =400

Go04 U1.0

G32 Z8.0 F0.8 T03
Z-3.0 F1.0 M04 TOO
G04 U2.0

M141

GO0 Z-0.6
M03 S1 = 2800

G821

..........

..........

Single machining

Advance the opposite tool post.
(Enabled with G821)

Start drill in-feed operation.

Last drill in-feed operation

Forward in-feed operation for M6 thread cutting
Reversing

Return the opposite tool post. (Enabled with
G821)
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Mga6
G820

N402 T0200

GO0 X5.0 Z-0.6 T04
GO01 Z0 F0.06

X8.4

X9.0 Z0.3

Z213.0

X11.6

X13.0 Z13.7

N503 T0300

GO0 X13.0 Z33.3 T05
GO01 X11.6 Z34.0 F0.03
X9.5

Z235.5 F0.06

X11.0 Z36.25

Z40.5

X10.0 Z41.0 F0.03
Z42.0 F0.06

X13.0 F0.2
S1=1000

G4 U1.0

N604 T0400

GO00 X13.0 Z44.0 TO6
G92 X10.56 Z51.0 F1.0
X10.26

X10.04

X9.86

X9.76

X9.7

X9.7

G00 X13.0

S1 =2800

N0401 TO100
GO0 X13.0 Z40.0 TO7

G820

M34

T3000

M16

M24 S2 = 2800

Single machining

Product separation



G811

L1

GO01 X5.0 F0.03
G810

GO0 X13.0 W-0.5
242.0

Go01 X-3.0

Mo5

Mo7

GO00 Z-0.1 TOO
M56

G999

N999
Mo2
M99
%

G811

M72

G00 Z-1.0

G98 G01 Z212.0 F1000
G04 U1.0

M15

M73

L1

G810
M25

G999
M34
T3000
N999
Mo2
M99
%

L16/L20 Program Example
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Program

[Example 2] (No machining pattern, single axis control group used)
00002

$1

G50 Z-0.1

MO06

GO00 X13.0 Z-0.6
M03 S1 = 1800 G99

N121 T2100

M140

GO00 Z-0.6

GO01 Z6.0 F0.08 TO1
GO00 Z-0.6 TOO

N222 T2200

GO01 Z216.0 F0.1 T02
GO00 Z-0.6

G04 U0.5

Z15.5

G01 Z227.0 F0.09
GO00 Z-0.6

G04 U0.5

226.5

GO01 Z34.0 F0.08
GO00 Z-0.6

G04 U0.5

Z33.5

GO01 Z40.0 F0.07
G00 Z-0.6 TOO

N323 T2300

M97

S1 =400

G04 U1.0

G32 Z8.0 F0.8 T03
Z-3.0 F1.0 M04 T0O
G04 U2.0

M141

G00 Z-0.6

MO03 S1 = 2800
M6




N402 T0200

M34

GO00 X5.0 Z2-0.6 T04
GO01 Z0 F0.06

X8.4

X9.0 Z0.3

Z213.0

X11.6

X13.0 Z13.7

N503 T0300

GO00 X13.0 Z33.3 TO5
GO01 X11.6 Z34.0 F0.03
X9.5

Z35.5 F0.06

X11.0 Z36.25

Z40.5

X10.0 Z41.0 F0.03
242.0 F0.06

X13.0 F0.2

S1 =1000

G4 U1.0

N604 T0400

GO0 X13.0 Z44.0 TO6
G92 X10.56 Z51.0 F1.0
X10.26

X10.04

X9.86

X9.76

X9.7

X9.7

GO0 X13.0

S1 =2800

NO0401 TO100
G00 X13.0 Z40.0 TO7

T3000 A1 B-1.0 C12.0 E1000 S2800 KO

L16/L20 Program Example



L16/ 120 Program Example

GO01 X5.0 F0.03
G850

M25

GO0 X13.0 W-0.5
242.0

Go01 X-3.0

Mo05
Mo7
GO00 Z-0.1 ToO
M56
G999
M34
T3000
N999
Mo2
M99
%

* A parameter setting switch of $2 Cycle Start must be set to OFF before the above program can
be run.



- L16/120 Program Example

[Example 3] Back machining
Machining drawing

M3.5 P0.6 Depth 8
¢ 3 depth10 Chamfering 0.5C

TS l J 0.5 | 0,5C
‘{/ \/ Material

h_ I l ~ Diameter ¢16
- ) ) Eg);\i 0.3¢
/ L
7 30y T T\
¢ 4 Dill / 15 1 l % ¢ 3.3 Drill M4 Tap

¢ 16
o 10
$10

Tool layout

@T10

, ®T09

@To02 @T02 l ®T03
@TOo!

®TO08

@T2! H ————(B-1) T3
- - -— — T32
@T22 B T33

AV - T34

(Refer to the figures related to the cutting tools)
Machine condition settings

* Machining data settings

Material outer diameter: 16.000mm

Machining length: 70.000mm

Product count per chuck: 1

Tool positioning point: 11.0mm

Back spindle chuck position: 16.0mm
Note

* The tool positioning point is 11.0 mm, shifted 5 mm for setting the T09
drill.
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Cutting

tool drawings

20

| S
Center ¢ 6 x 90°
-—_ - B-1 ) ‘
I
| 37 |
1
o L.
_ij Drill $ 3.3
| 30 [
1 |
—~—— TapM4 —

Center ¢ 6 x 90°

Drill ¢ 4

%

Width 3

Bi Center drill HE
- -— X0

(18)

TO1

T02

TO3

TO8

¢ 2X60° I
(¢26)
LT |
y  Dies 1Ly

P0.6

Tap M3.5

T10



Program ]

L16 /120 Program Example

[Example 3] (Machining pattern provided, two axis control groups used)

00003

$1

$2

G50 Z12.9

G99

M6

GO X17.0 Z-0.5 M3 S1 = 2400
G821

N1 T0200

GO X17.0 Z0 T02
G1 X-0.5 FO0.1

Z-0.5

GO X17.0 S1 = 1061

N2 T2100

M140

G0 Z-1.0

G1 Z2.7 F0.08 T21

GO0 Z-1.0 TO S1 = 1600

N3 T2200

G1 Z12.0 F0.06 T22
G0 Z-1.0

G4 Uo.5

Z11.5

G1 Z16.15 F0.06
GO0 Z-1.0

M141

G820

S1 =2400

N4 T0200

GO X8.06 Z-0.5 T12
G1 X10.0 Z5.0 F0.03
Z20.0 F0.05

G4 Uo.2

X14.845

X16.0 Z21.0 F0.03
WO0.5 FO0.1

X17.0

M5

G821

G820
M98 H1

G99 M24 S2 = 1600
T3000

..........

Single machining

Front/back simultaneous machining

"H" calls the sequence number; "H1"
calls N1.
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G98 S3 = 1300 M58

N5 T0800

M28 SO

G50 W-15.0

GO X27.0 Z31.0 TO8
X17.0

G1 X4.8 F50

GO X27.0 S3 = 1600

N6 T0900
GO X27.0 Z31.0 TO9
G1 X3.7 F80

GO0 X27.0

N7 T1000
GO0 X21.6 Z31.0 T10

G88 X0 R1.0 F0.6 D3 S500 ,R1
G80

GO0 X22.0

G50 W15.0

M60 G99

M20

M3 S1 =2000

N8 T0300

G50 W-3.0

GO0 X17.0 Z34.0 TO3
G1 X15.0 Z35.0 F0.015
X10.0

Z49.5 F0.03

X8.8 250.1 F0.015
X17.0 FO.1

G50 W3.0

S1 =1600

N9 T0100
GO X17.0 Z63.0 TO1
G811

G811
M72
G0 Z-1.0

X48=916-5.6x2=48

X37=0$26-11.15x2=37
I

¢ 16 + (shift amount Smm x 2)

X21.6=¢ 16 + {(1 + 1.8) x 2} =21.6
l

Pitch x 3



IL1

G1 X-1.0 F0.02
G810

X-3.0 F0.05
M5

M7

G0 Z12.9TO
M56

G999

N999
M2
M99

G98 G1 Z34.0 F1000
G4 Uo0.5

M15

M73

L1

G810
M25

G999

M98 H1

N999

M2

M99

N1

G44

G99 M23 S2 = 1061

T3100

G0 Z-1.0 T31

G1 Z2.8 F0.05

GO0 Z-1.0 S2 = 1900

T3200
G0 Z-1.0 T32

G1 Z10.0 F0.05
Z-1.0F1.0
G4 U0.5
29.5

Z13.3 F0.05
Z-1.0 F1.0
G4 U0.5
212.8
Z16.6 F0.05
Z-1.0 F1.0
G4 Uo.5
Z16.1

Z19.6 F0.05
Z-1.0F1.0
G4 U0.5

L16/L20 Program Example

Distance between the end face of the
workpiece on the back spindle and
cutting tool
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%

Z19.1

Z21.0 F0.05
Z-1.0F1.0
S2 =500
G4 U1.0

T3300

G0 Z-1.5

GO01 Z13.0 F0.56
Z-1.5 F0.7 M24
G4 U2.0

GO0 Z-5.0 M25
G43

M34

T3000
M99
%

A series of operations for product
separation
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L16/L20 Cutting Conditions

9.1 Cutting Conditions

This section provides various cutting conditions only as reference values. When using the L16/1.20
machine, set these conditions optimized for the materials of workpieces to be cut and the shapes
and materials of tools to be used.

The cutting speeds listed in the following tables assume use of a rotary guide bushing. If you use a
fixed guide bushing, set the cutting speed 50 to 70% of the corresponding value in the table.

9.1.1 Determining Cutting Speed and Feed Rate

The cutting feed rate is generally based on the outer diameter of the material. However, if the
diameters of the material and desired product diameter are very different (for example, when a
product requires a considerable in-feed amount), it is necessary to set a higher cutting feed rate for
cutting at the outer diameter of the material.

mQuter Diameter Cutting Speed (Super Hard Tool)

Table 1 m/min
Material Cutting Speed Material Cutting Speed
Brass 200 to 350 Alloy Tool Steel 60 to 150
Phosphor Bronze 150 to 250 Free Cutting Stainless Steel 100 to 180
Aluminum 200 to 400 (SUS303F equivalent or less)
Free Cutting Steel 150 to 250 Stainless Steel 60 to 150
(SUS304F equivalent or less)
Carbon Tool Steel 120 to 200 . .
Hard Cutting Stainless Steel
Carbon Steel for Structure 80 to 180 (SUS304F equivalent or more) 30 to 80

mQuter Diameter Cutting Feed Rate (Speed Hard Tool)

Table 2 ’ mm/rev
Material Diametrical Direction Feed (X) | Longitudinal Direction Feed (Z)
A B C A B C
Brass 0.03 0.05 0.08 0.03 0.08 0.15
Phosphor Bronze 0.015 0.03 0.06 0.03 0.08 0.15
Aluminum 0.03 0.05 0.08 0.03 0.08 0.15
Free Cutting Steel 0.015 0.03 0.06 0.03 0.08 0.15
Carbon Tool Steel 0.015 0.03 0.06 0.03 0.05 0.1
Carbon Steel for Structure | 0.015 0.025 0.05 0.03 0.05 0.1
Alloy Tool Steel 0.01 0.02 0.03 0.03 0.05 0.1
Free Cutting Stainless Steel
(SUS303F equivalent o less) 0.015 0.025 0.05 0.03 0.05 0.1
Stainless Steel
(SUS304F equivalent o less) 0.01 0.02 0.03 0.03 0.05 0.1
Hard Cutting Stainless Steel
(SUS304F equivalent or more) 0.008 0.015 0.02 0.02 0.04 0.08

Cutting feed rate changes depending on a in-feed amount, a required surface roughness, precision
and a tool life other than the quality of the material.

A A has a dimensional tolerance of up to +5 microns, a surface roughness of up to 3S, and an in-
feed amount (radius) of 4 mm or more.

B B has a dimensional tolerance of up to +10 microns, a surface roughness of up to 6S, and an
in-feed amount (radius) of 2 to 4 mm.

C C has a dimensional tolerance of more than +10 microns, a surface roughness of more than 6S,
and an in-feed amount (radius) of 2 mm or less.
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The meaning of FX ("centripetal”) and FZ ("centrifugal") is shown in the
figure below.

(The tool moves toward the center of the material)
LN/ N /| (Fx)
v X7/ AV \

Center — —

Centrifugal| (The tool moves away from the center of the material)

AN AN 7N F2
AR I %

Center = = _

mnner Diameter Cutting Speed (Super Hard Tool)

Table 3 m/min
Material Cutting Speed Material Cutting Speed
Brass 100 to 170 Alloy Tool Steel 30to 80
Phosphor Bronze 80 to 120 Free Cutting Stainless Steel 50 to 90
Aluminum 100 to 200 (SUS303F equivalent or less)
Free Cutting Steel 80 to 120 SUSBgiaFinleSS Slteel 1 30 to 80
t
Carbon Tool Steel 6010100 | cduivalent or less)
Hard Cutting Stainless Steel
Carbon Steel for Structure 40 to 90 (SUS304F equivalent or more) 15to 40

minner Diameter Cutting Feed Rate (Super Hard Tool)

Cutting conditions for boring largely depend on the rigidity of the tool and tool holder. Diametrical
direction feed rate is about half of the longitudinal direction feed rate.

Table 4 mm/rev
Material Longitudinal Direction Feed (Z)
A B C
Brass 0.015 0.04 0.1
Phosphor Bronze 0.015 0.04 0.1
Aluminum 0.015 0.04 0.1
Free Cutting Steel 0.015 0.04 0.1
Carbon Tool Steel 0.015 0.03 0.05
Carbon Steel for 0.015 0.03 0.05
Structure
Alloy Tool Steel 0.015 0.03 0.05
Free Cutting Stainless Steel
(SUS303F eﬁuivalent or less) 0.015 0.03 0.05
Stainless Steel
(SUS304F equivalent or less) 0.015 0.025 0.04
Hard Cutting Stainless Steel
(SUS304F eq%xivalent or more) ol 0.02 0.03
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MReaming
Table 5
Material Cutting Speed Feed Rate (mm/rev)
(m/min) dp1toop2 d2t0d5 $5to
Brass 10to 20 0.07 to 0.25 0.15t0 0.5 0.25t0 1.0
Phosphor Bronze 10 to 20 0.03t0 0.15 0.1t0 0.3 03t00.5
Aluminum 20 to 30 0.08 to 0.25 0.15t0 0.5 0.25t0 1.0
Free Cutting Steel 10 to 20 0.06 to 0.25 0.15t0 0.5 025t0 1.0
Carbon Tool Steel 10to 20 0.05t0 0.15 0.1t00.3 0.1t0 0.5
Carbon Steel for Structure 10 to 20 0.03 t0 0.15 0.05t00.3 0.1t0 0.5
Alloy Tool Steel 6to 12 0.03 to 0.1 0.05t0 0.2 0.1t0 0.3
Free Cutting Stainless Steel 10to 20 0.03 to 0.12 0.05t0 0.2 0.1t0 0.4
(SUS303F equivalent or less)
Stainless Steel 10 to 20 0.02 to 0.1 0.05t0 0.2 0.1t0 0.3
(SUS304F equivalent or less)
Hard Cutting Stainless Steel 6to 12 0.02 t0 0.08 0.04 to 0.15 0.08 to 0.25
(SUS304F equivalent or more)

The feed rate of the material varies considerably depending on the tools to be used.

mDrilling Speed (High Speed Tool)

Table 6 m/min
Material ¢ 1to2mm ¢ 2 to 5mm $ 5to 12mm
Brass 40 to 60 60 to 80 80 to 100
Aluminum 40 to 60 60 to 80 80 to 100
Free Cutting Steel 30to 40 40 to 60 60 to 80
Carbon Tool Steel 20 to 30 30 to 50 50 to 60
Carbon Steel for Structure 15t0 20 20 to 30 30t0 35
Alloy Tool Steel 8to 12 12t0 15 15t0 20
Free Cutting Stainless Steel 20 to 30 30to 40 40to0 50
(SUS303F equivalent or less)
Stainless Steel to 10 10to 15 15t0 20
(SUS304F equivalent or less)
Hard Cutting Stainless Steel to 8 8to 10 10to 15
(SUS304F equivalent or more)
mDrilling Feed Rate (High Speed Tool)
Table 7 mm/rev
Material ¢ 1 to 2mm ¢ 2 to Smm ¢ 5to 12mm
Brass 0.03 to 0.06 0.06 to0 0.12 0.12t00.25
Aluminum 0.03 to 0.06 0.06 to 0.12 0.12t0 0.25
Free Cutting Steel 0.025 to 0.05 0.05t0 0.10 0.1t00.2
Carbon Tool Steel 0.02 to 0.04 0.04 to 0.08 0.08 t0 0.16
Carbon Steel for Structure 0.04 to 0.05 0.04 to 0.08 0.08 t0 0.16
Alloy Tool Steel 0.015 to 0.03 0.03 to 0.06 0.06 t0 0.12
Free Cutting Stainless Steel 0.02 to 0.04 0.04 to 0.08 0.08 t0 0.16
(SUS303F equivalent or less)
Stainless Steel 0.015 to 0.03 0.03 to 0.06 0.06 t0 0.12
(SUS304F equivalent or less)
Hard Cutting Stainless Steel 0.01 to0 0.02 0.02 to 0.04 0.04 t0 0.08
(SUS304F equivalent or more)
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9.1.2 Thread Cutting Count with Tool

mNon-Ferrous Materials

Table 8 mm

Pitch 0.5 0.7 0.8 1.0 1.25 1.5 1.75 2.0 25 3.0

Thread Height 032 | 045 | 052 | 0.65 | 0.81 097 | 113 1.3 1.62 | 1.95

Count |1stin-feed| 0.22 0.22 0.25 0.25 0.32 0.35 0.35 0.35 0.40 0.40

2nd in-feed| 0.07 0.18 0.20 0.22 0.22 0.25 0.23 0.27 0.35 0.36

3rdin-feed| 0.03 0.05 0.07 0.13 0.14 0.16 0.20 0.22 0.25 0.30

4th in-feed 0.05 0.08 0.10 0.15 0.15 0.20 0.25

5th in-feed 0.05 0.06 0.09 0.12 0.15 0.20

6th in-feed 0.05 0.06 0.08 0.12 | 0.15

7th in-feed 0.05 0.06 0.07 | 0.12

8th in-feed 0.05 0.05 0.07

9th in-feed 0.03 0.05

10th in-feed 0.03

11th in-feed 0.02
mFerrous Materials Count

Table 9 mm

Pitch 0.5 0.7 0.8 1.0 1.25 1.5 1.75 2.0 25 3.0

Thread Height 032 | 045 | 052 | 0.65 | 0.81 0.97 | 1.13 1.3 1.62 | 1.95

Count |1stin-feed| 0.18 0.22 0.22 0.22 0.22 0.25 0.28 0.30 032 | 035

2nd in-feed| 0.08 0.13 0.14 0.15 0.16 0.18 0.18 0.21 0.22 0.23

3rdin-feed| 0.04 0.07 0.10 0.11 0.12 0.14 0.12 0.16 0.18 0.19

4thin-feed| 0.02 0.03 0.04 0.09 0.08 0.09 0.09 0.11 0.13 0.16

5th in-feed 0.02 0.05 0.08 0.08 0.08 0.09 0.12 | 0.15

6th in-feed 0.03 0.07 0.07 0.07 0.08 0.11 0.13

7th in-feed 0.05 0.06 0.07 0.08 0.10 | 0.11

8th in-feed 0.03 0.05 0.06 0.07 0.08 | 0.11

othin-feed 0.03 0.06 0.05 0.08 | 0.09

10th in-feed 0.02 0.05 0.05 0.07 | 0.08

11th in-feed 0.04 0.05 0.06 | 0.07

12th in-feed 0.03 0.03 0.06 | 0.06

13th in-feed| 0.02 0.04 | 0.06

14th in-feed 0.03 0.05

15th in-feed 0.02 | 0.05

16th in-feed 0.04

17th in-feed 0.02
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9.1.3 Secondary Process Cutting Conditions Table

mEnd Mill (Super Hard)

Table 10
Material Diameter (mm) |Cutting Speed (m/min)| In-feed Amount (mm) | *Feed Rate (mm/cutter)
Non-ferrous $2 30to 100 2.0 0.02 t0 0.03
Materials $3 30 to 100 3.0 0.03 to 0.04
Brass, Aluminum 4 30 to 100 4.0 0.04 t0 0.05
etc. 45,66 30 to 100 5.0t06.0 0.05 to 0.08
Ferrous Free $2 30 to 80 2.0 0.015
Cutting Materials 63 30 to 80 3.0 0.02
like Free Cutting $4 30 to 80 4.0 0.03
Steel $5,66 30 to 80 5.0t06.0 0.03 to 0.06
Ferrous Materials like b2 20 to 60 2.0 0.015to 0.02
Carbon Tool Steel, b3 20 to 60 3.0 0.015 to 0.02
Carbon Steel for d4 20 to 60 4.0 ‘ 0.025t0 0.03
Structure  etc. 5,06 20 to 60 5.0t0 6.0 0.04 t0 0.06
Alloy Steel, $2 15 to 50 2.0 0.008
Stainless Steel 63 15 to 50 3.0 0.015
etc. 4 15 to 50 4.0 0.025
$5,¢6 15 to 50 5.0t06.0 0.03 to 0.04

* The above cutting conditions for end mills are 1-D in-feed guidelines. For in-feed operation exceeding
1 D, adjust the settings.

mSlitting Cutter (90 Cutters, High Speed Tool Steel)

Table 11 *Indicates the mm/rev of 90 cutters.
Material Diameter (mm) |Cutting Speed (m/min)| In-feed Amount (mm) | *Feed Rate (w/cutter)
Non-ferrous 0.5 40 to 100 to 6.0 8 (0.70)*
Materials 1 40 to 100 to 6.0 6 (0.55)
Brass, Aluminum 2 40 to 100 to 6.0 5(0.45)
_ etc. 3 40 to 100 to 6.0 4(0.35)
Ferrous Free 0.5 40 to 80 to 4.0 3.5(0.32)
Cutting Materials 1 40 to 80 to 4.0 3(0.30)
like Free Cutting 2 40 to 80 to 4.0 3(0.25)
Steel 3 40 to 80 to 4.0 2 (0.20)
Ferrous Materials like 0.5 30 to 70 to 3.0 2.5(0.23)
Carbon Tool Steel, 1 30 to 70 to 3.0 2(0.18)
Carbon Steel for 2 30 to 70 to 3.0 2(0.15)
Structure _etc. 3 30 to 70 to 3.0 1.5(0.13)
Alloy Steel, 0.5 20 to 50 to 2.5 2(0.18)
Stainless Steel 1 20 to 50 to 2.5 2(0.15)
etc. 2 20 to 50 to 2.5 1(0.09)
3 ~ 20 to 50 to 2.5 0.5 (0.05)

* The slitting conditions vary seriously depending on the power and the speed reduction rate of the drive
motor to be used.
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9.2 Cutting Feed Rate Quick Reference Table
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10. TOOLING

Name Specification Model page

' Tool Holder

11-tool vertical holder 4-rotary tool [O10] GTF3110 10-3
11-tool vertical holder 4-rotary tool [O3/8"] GTF3110L 10-4
10-tool vertical holder 4-rotary tool [O12] GTF3112 10-5
10-tool vertical holder 4-rotary tool [@13)[@1/2"] GTF3113 10-6
11-tool vertical holder 3-rotary tool [O10] GTF3210 10-7
11-tool vertical holder 3-rotary tool [33/8" GTF3210L 10-8
10-tool vertical holder 3-rotary tool [O12] GTF3212 10-9
10-tool vertical holder 3-rotary tool [O13][81/27 ] GTF3213 10-10
9-tool vertical holder 2-rotary tool [OO10] GTF3410 10-11
9-tool vertical holder 2-rotary tool [O3/87 .GTF3410L 10-12
8-tool vertical holder 2-rotary tool [012] GTF3412 10-13
8-tool vertical holder 2-rotary tool [O13][O1/27 ] GTF3413 10-14
Tool holder For opposite tool post(Type lil) [312] GTA112 10-15
Tool holder For opposite tool post(Type Ill) [O12] GTA212._. 10-16
Shift tool holder 15mm-shift, Adapter type (@10} GTF3310 10-17
Shift tool holder 5/8"mm-shift, Adapter type [O3/87 GTF3310L 10-18
Shift tool holder 15mm-shift, Adapter type [@12] GTF3312 10-19
Shift tool holder 15mm-shift, Adapter type [O13] GTF3313 10-20
Shift tool holder 5/8"mm-shift, Adapter type [O1/27] GTF3313L 10-21
Wedge for 012 tool For 013 vertical holder [O12] GTJ212 10-22

i Sleeve Holder
3-tool vertical sleeve holder For 8 or 9- vertical holder [Sleeve diameter £25.4] - GDF306 10-23
1-tool vertical sleeve holder For rotary tool vertical holder [Sleeve diameter £19.05] GDF506 10-24
3-tool vertical sleeve holder For 3-tool rotary tool vertical hoider [Sleeve diameter £19.05] GDF606 10-25
3-tool vertical sleeve holder For 4-tool rotary tool vertical holder [Sleeve diameter £19.05] GDF607 10-26
1-tool sleeve holder For opposite tool post(Type I11) [Sleeve diameter £19.05] GDF102 10-27
1-tool sleeve holder For opposite tool post(Type [ll) [Sleeve diameter £19.05] GDF103 10-28

' Rotary tool
[Outer Circumference Milling]
Rego type chuck (~£7) [ER11][AR11] GSCs07 10-29
Rego type chuck (~£10) [ER16][AR16] GSC510 10-30

Code C-L51620 1 1II VII-570 Serial Issue
No. 2E1-1002 No. MO0135~, Q0008~ Date 1998.6
2E2-1001 MO0136~, Q0078~
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[Face Dirilling]
Rego type chuck (~£7) For U121B,U151B [ER11][AR11] GSE307 1v0—31
Rego type chuck (~£7) For U131B [ER11][AR11] GSE407 10-32
Rego type chuck (~£10) For U131B [ER16][AR16] GSE410 10-33
L Sleeve

[Drill and Boring]
Rego type chuck (~£7,Short type) Shank dia£19.05  [ER11][AR11] BDS507 10-34
Rego type chuck (~£10, Short type) Shank dia £19.05 [ER16][AR16] BDS508 10-35
Rego type chuck (~£7, Semi short type) Shank dia £19.05 [ER11][AR11] BDS607 10-36
Rego type chuck (~£10, Semi short type) Shank dia £19.05  [ER16][AR16] BDS610 10-37
Rego type chuck (~£7) Shank dia £19.05  [ER11][AR11] VDS506 10-38
Rego type chuck (~£10) Shank dia £19.05  [ER16][AR16] VDS110 10-39
Rego type chuck (~£7,Long type) Shank dia £19.05  [ER11][AR11] LDS107 10-40
Rego type chuck (~£10,Long type) Shank dia £19.05  [ER16][AR16] LDS110 10-41
Rego type chuck (~£7) Shank dia £25.4  [ER11][AR11] ADS707 10-42
Rego type chuck (~£10) Shank dia £25.4  [ER16][AR16] ADS710 10-43
Rego type chuck (~£7,Both ends of short type) Shank dia £19.05 [ER11][AR11] HDS5406 10-44
Rego type chuck (~£7,Both ends) Shank dia £19.05 [ER11][AR11] HDS5506 10-45

[Tap and Die]
Rego type chuck (~£7,Shorttype)  Shank dia £19.05 [ER11][AR11] Die £16,£20 BNS407 10-46
Rego type chuck (~£7,Shorttype) ~ Shank dia £19.05 [ER11][AR11] Die £5/8",£13/16”  BNS507 10-47
Rego type chuck (~£7) Shank dia £19.05  [ER11][AR11] Die £16,£20 VNS406 10-48
Rego type chuck (~£7) Shank dia £19.05 [ER11][AR11] Die £5/8",£13/16"  VNS506 10-49
Rego type.chuck (~£7) Shank dia £25.4 [ER11][AR11] ATS307 10-50
! Adapter
Sleeve adapter Shank dia £25 [Sleeve diameter£19.05] SAU119 10-51
Sleeve adapter Shank dia £32 [Sleeve diameter£19.05] SAU219 10-52
Appendix Restrictions on Tooling 10-53



L16/L20 Tooling

L16(Type VII) / L20(Type VII) Standard tool layout
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The standard tool layout and stroke of opposite tool post device of L16(Type VII) / L20(Type VII)
shown above.

It is not always necessary to follow the above form.

Machining can be done by optimum layout for the workpiece.
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L16(Type 1) / L20(Type lllI) Standard tool layout
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The standard tool layout and stroke of opposite tool post device of L16(Type III) / L20(Type III)
shown above.

It is not always necessary to follow the above form.

Machining can be done by optimum layout for the workpiece.
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GTF3110 11-Tool Vertical Holder(4-Rotary tool and 7-tool)
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GTF3110 is provided for outer diameter cutting.
4 rotary tools can be mounted on the 15mm [0.59”] shifted position.

NOTE - Cut-off tool shall be mounted on the right most position (T01)
- When the end milling operation is used at the left most position(T11), D cutting can not
be operated to exceed the center of the workpiece for the stroke limit. Endmill operation
shall be done at T08 to T10.

Tool holder name GTF3110

Usage All types of tools
Tool size 10 x 10 x 120mm
Rotary tool GSC507,GSCS510

Face drilling sleeve holder GDF506,GDF607

Shift tool holder GTF3310
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GTF3110L 11-Tool Vertical Holder(4-Rotary tool and 7-tool)

15 [0.59"]
'ej

i \
T | IRt
I S e 1€ & & 18 1o} =
T s o e e s o L % j@f A P ]@% _ @ 5| =
{G ) E‘@‘ ] [‘A | [ _.rh_,
F* i i 1 r‘ ) OI
___f___g[___m___@m__x_____A\_w_x_ _‘L‘»N‘g
T Lijm ﬁ( T09 T8 [T07 TO6 (105 [To4 [TO3 | N
. L T01
|
\ 35 ‘ 35 1 3B | 3 22| 22| 22| 2| 22| 22|18
I T T T T T -
[1.38"] [1.38"] [1.38"] [1.38"1[0.87"]1  [0.87"1  [0.87"1  [0.71"]
[0.87"]  [0.87"]1  [0.87"]

GTF3110L is provided for outer diameter cutting.
4 rotary tools can be mounted on the 15mm [0.59”] shifted position.
NOTE - Cut-off tool shall be mounted on the right most position (T01)
- When the end milling operation is used at the left most position(T11), D cutting can not
be operated to exceed the center of the workpiece for the stroke limit. Endmill operation
shall be done at T08 to T10.

Tool holder name GTF3110L

Usage All types of tools
Tool size 3/8” x 3/8” x 4-3/4%
Rotary tool GSC507,GSCS10

Face drilling sleeve holder

GDF506,GDF607

Shift tool holder

GTF3310L
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GTF3112 10-Tool Vertical Holder(4-Rotary tool and 6-tool)
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GTF3112 is provided for outer diameter cutting.
4 rotary tools can be mounted on the 15mm [0.59”] shifted position.

NOTE - Cut-off tool shall be mounted on the right most position (T01)
- When the end milling operation is used at the left most position(T10), D cutting can not
be operated to exceed the center of the workpiece for the stroke limit. Endmill operation
shall be done at TO7 to T09.

Tool holder name GTF3112

Usage All types of tools
Tool size 12 x 12 x 120mm
Rotary tool GSC507,GSC510

Face drilling sleeve holder GDF506,GDF607

Shift tool holder GTF3312
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GTF3113 10-Tool Vertical Holder(4-Rotary tool and 6-tool)
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GTF3113 is provided for outer diameter cutting.
4 rotary tools can be mounted on the 15mm [0.59”] shifted position.

NOTE - Cut-off tool shall be mounted on the right most position (T01)
- When the end milling operation is used at the left most position(T10), D cutting can not
be operated to exceed the center of the workpiece for the stroke limit. Endmill operation
shall be done at T07 to T09.

Tool holder name GTF3113

Usage All types of tools

Tool size 13 x 13 x 120mm [1/2”7 x 1/2” x 4-3/4”]
Rotary tool GSC507,GSCs10

Face drilling sleeve holder GDF506,GDF607

Shift tool holder GTF3313,GTF3313L
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GTF3210 11-Tool Vertical Holder(3-Rotary tool and 8-tool)
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GTF3210 is provided for outer diameter cutting.
3 rotary tools can be mounted on the 15mm [0.59”] shifted position.

NOTE - Cut-off tool shall be mounted on the right most position (T01)
+ When the end milling operation is used at the left most position(T11), D cutting can not
be operated to exceed the center of the workpiece for the stroke limit. Endmill operation
shall be done at T09 or T10.

Tool holder name GTF3210

Usage All types of tools
Tool size 10 x 10 x 120mm
Rotary tool GSC507,GSC510

Face drilling sleeve holder GDF506,GDF606

Shift tool holder GTF3310
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GTF3210L 11-Tool Vertical Holder(3-Rotary tool and 8-tool)
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GTF3210L is provided for outer diameter cutting.
3 rotary tools can be mounted on the 15mm [0.59”] shifted position.

NOTE - Cut-off tool shall be mounted on the right most position (T01)
- When the end milling operation is used at the left most position(T11), D cutting can not
be operated to exceed the center of the workpiece for the stroke limit. Endmill operation
shall be done at T09 or T10.

Tool holder name GTF3210L

Usage All types of tools
Tool size 3/8” x 3/8” x 4-3/4”
Rotary tool GSC507,GSC510

Face drilling sleeve holder GDF506,GDF606

Shift tool holder GTF3310L
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GTF3212 10-Tool Vertical Holder(3-Rotary tool and 7-tool)
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GTF3212 is provided for outer diameter cutting.
3 rotary tools can be mounted on the 15mm [0.59”] shifted position.

NOTE - Cut-off tool shall be mounted on the right most position (T01)
- When the end milling operation is used at the left most position(T10), D cutting can not
be operated to exceed the center of the workpiece for the stroke limit. Endmill operation
shall be done at T08 or T09.

Tool holder name GTF3212

Usage All types of tools
Tool size 12 x 12 x 120mm
Rotary tool GSC507,GSCs10

Face drilling sleeve holder GDF506,GDF606

Shift tool holder GTF3312 -
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GTF3213 10-Tool Vertical Holder(3-Rotary tool and 7-tool)

15 [0.597]
=

e @ @ ¢ @ & @
¢ ¢ @ 1@ @ @ © —-
& € E=

=0
™
=0
HO®
2o
A[O 1971

30

NN NN (s

T07 |06 |T05 |04 |03 |To2

26 25 | 25 25 25 25 1871 [0.717]

[1.02"] [0.98"] . 0. 98"] (183) [0.72"]

[0.98"] [0.98"] [0.98"]
0O1/2"Tool position [ ()]

GTF3213 is provided for outer diameter cutting.
3 rotary tools can be mounted on the 15mm [0.59”] shifted position.

NOTE - Cut-off tool shall be mounted on the right most position (T01)
- When the end milling operation is used at the left most position(T10), D cutting can not
be operated to exceed the center of the workpiece for the stroke limit. Endmill operation
shall be done at T08 or T09.

Tool holder name GTF3213

Usage All types of tools

Tool size 13x 13 x120mm [1/2” x 1/2” x 4-3/4”]
Rotary tool GSC507,GSCS10

Face drilling sleeve holder GDF506,GDF606

Shift tool holder GTF3313,GTF3313L
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GTF3410 9-Tool Vertical Holder(2-Rotary tool and 7-tool)

15 [0.59"]

o __@@w B
o
@
@
@
@
©
©
@

© J -

ﬁ-—&l ¢ &} e} 1€ 1@ @ © o
c gzt | i i s v i
3 1 m2 - | 8
LTSRN N s ENENENENENE N T
T J LT Tog | [ To8” T To7 (To6  T05 | To4 T03 | poN
o L 01 &
] BN (IR RN 2
o \ -5— // =
S 7 25[ 48 3B/ | 35 | 22 22| 22| 22| 22| 22|18

I I T I

[0.9871 [1.89"] [1.38"] [1.38"] [0.877] [0.877] [0.87"]
[0.877]1 [0.877] [0.87"] [0.71"]

GTF3410 is provided for outer diameter cutting.
2 rotary tools can be mounted on the 15mm [0.59”] shifted position.

NOTE - Cut-off tool shall be mounted on the right most position (T01)

Tool holder name GTF3410

Usage All types of tools
Tool size 10 x 10 x 120mm
Rotary tool GSC507,GSC510

Face drilling sleeve holder GDF306,GDF506

Shift tool holder GTF3310
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GTF3410L 9-Tool Vertical Holder(2-Rotary tool and 7-tool)
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GTF3410L is provided for outer diameter cutting.
2 rotary tools can be mounted on the 15mm [0.59”] shifted position.

NOTE - Cut-off tool shall be mounted on the right most position (T01)

Tool holder name GTF3410L

Usage All types of tools
Tool size 3/87x 3/8” x 4-3/4”
Rotary tool GSC507,GSCs10

Face drilling sleeve holder GDF306,GDF506

Shift tool holder GTF3310L
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GTF3412 8-Tool Vertical Holder(2-Rotary tool and 6-tool)
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GTF3412 is provided for outer diameter cutting.
2 rotary tools can be mounted on the 15mm [0.59”] shifted position.

NOTE - Cut-off tool shall be mounted on the right most position (T01)

Tool holder name : GTF3412

Usage All types of tools
Tool size 12 x 12 x 120mm
Rotary tool GSC507,GSC510

Face drilling sleeve holder GDF306,GDF506

Shift tool holder - GTF3312
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GTF3413 8-Tool Vertical Holder(2-Rotary tool and 6-tool)
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GTF3413 is provided for outer diameter cutting.
2 rotary tools can be mounted on the 15mm [0.59”] shifted position.

NOTE - Cut-off tool shall be mounted on the right most position (T01)

Tool holder name GTF3413

Usage All types of tools

Tool size 13x 13 x 120mm [1/2” x 1/2” x 4-3/4”]
Rotary tool GSC507,GSCS510

Face drilling sleeve holder GDF306,GDF506

Shift tool holder

GTF3313,GTF3313L
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GTA112 Tool Holder(Type Il for opposite tool post)
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This tool holder is provided for outer diameter cutting. It is adjustable by the hight control.

NOTE - The depth of cut shall be within 0.1mm because of heavy duty cutting cannot be done

with this holder.
Tool holder name GTAl112
Usage All types of tools
Tool size 12 x 12 x 120mm
Feature It is adjustable to the stroke 0.0625mm/one rotation
(Max+0.25mm)
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GTA212 Tool Holder(Type Il for opposite tool post)
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This tool holder is provided for outer diameter cutting. It is adjustable by the hight control.

NOTE - The depth of cut shall be within 0.1mm because of heavy duty cutting cannot be done

with this holder.
Tool holder name GTA212
Usage All types of tools
Tool size 12 x 12 x 120mm
Feature It is adjustable to the stroke 0.0625mm/one rotation
(Max+0.25mm)
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GTF3310 Shift Tool Holder (Adapter type)
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GTF3310 is provided for the turning tool. The tool can be mounted with 15mm [0.59”] longitudinal
shift from standard fitting point. This tool holder can be mounted at the turning tool station positions
except TO1 on the vertical holder-GTF3110,GTF3210 and GTF3410.

NOTE - Take care to the interference between the tool holder and the back spindle, the tools
mounting on the opposite tool post.

Tool holder name GTF3310
Usage Threading etc.
Tool size 10 x 10 x 120mm(Shifted by 15mm [0.59”])
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GTF3310L Shift Tool Holder (Adapter type)
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GTF3310L is provided for the turning tool. The tool can be mounted with 15.875mm[5/8”]
longitudinal shift from standard fitting point. This tool holder can be mounted at the turning tool station
positions except TO1 on the vertical holder-GTF3110L,GTF3210L and GTF3410L.

NOTE - Take care to the interference between the tool holder and the back spindle, the tools

mounting on the opposite tool post.

Tool holder name GTF3310L
Usage Threading etc.
Tool size 3/8” x 3/8” x 4-3/4”(Shifted by 5/8*)
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GTF3312 Shift Tool Holder (Adapter type)
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GTF3312 is provided for the turning tool. The tool can be mounted with 15mm [0.59”] longitudinal
shift from standard fitting point. This tool holder can be mounted at the turning tool station positions
except TO1 on the vertical holder-GTF3112,GTF3212 and GTF3412.

NOTE - Take care to the interference between the tool holder and the back spindle, the tools
mounting on the opposite tool post.

Tool holder name GTF3312
Usage Threading etc.
Tool size 12 x 12 x 120mm(Shifted by 15mm [0.59”])
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GTF3313 Shift Tool Holder (Adapter type)
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GTF3313 is provided for the turning tool. The tool can be mounted with 15mm [0.59”] longitudinal
shift from standard fitting point. This tool holder can be mounted at the turning tool station positions
except TO1 on the vertical holder-GTF3113,GTF3213 and GTF3413.

NOTE - Take care to the interference between the tool holder and the back spindle, the tools
mounting on the opposite tool post.

Tool holder name GTF3313
Usage Threading etc.
Tool size 13 x 13 x 120mm(Shifted by 15mm [0.597])
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GTF3313L Shift Tool Holder (Adapter type)
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GTF3313L is provided for the turning tool. The tool can be mounted with 15.875mm[5/8”]
longitudinal shift from standard fitting point. This tool holder can be mounted at the turning tool station
positions except TO1 on the vertical holder-GTF3113,GTF3213 and GTF3413.

NOTE - Take care to the interference between the tool holder and the back spindle, the tools
mounting on the opposite tool post.

Tool holder name GTF3313L

Usage Threading etc. |

Tool size 1/2” x 1/2” x 4-3/4”( Shifted by 5/8“)




L16/L20 Tooling

12 tool

GTJ212 Wedge for
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This wedge mounted on the (313 tool holder accept [J12 tool.
The tooling is helpful to use both (012 tool and 113 tool .

GTI212

GTF3113,GTF3213,GTF3413

12 x 12 x 120mm

Tool name

Usage

Tool size
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GDF306 3-tool Sleeve Holder (£25.4)
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GDF306 is provided for drill work by maximum 3 arbitrary sleeves attached.
It is used combined with the tool holder GTF3410,GTF3410L,GTF3412 and GTF3413.

Tool holder name GDF306

Usage ADS707,ADS710,ATS307

Mounting hole diameter £25.4mm [ £17]
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GDF506 Face Drilling Sleeve Holder (1-tool)
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GDF506 is used to perform drilling on the face, by installing on the vertical holder.

NOTE - When cross milling operation using the rotary tool installed next position of this holder,
take care to the interference between the workpiece and this holder.
- Take care to the interference between the back spindle including the opposite sleeves,
when mounting this holder.

Tool holder name GDF506
Usage BDS507,BDS607,VDS506,HDS5406,HDS5506

BNS407,BNS507,VNS406,VNS506

Mounting hole diameter £19.05mm [ £3/4”]
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GDF606 Face Drilling Sleeve Holder (3-tool)
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GDF606 is used to perform drilling on the face by installing the vertical holder for 3 rotary tools. It can
be mounted up to 3 sleeves.

NOTE - Take care to the interference between the back spindle including the opposite sleeves,
when mounting this holder.

Tool holder name GDF606

Usage BDS507,BDS607,VDS506,HDS5406,HDS5506
BNS407,BNS507,VNS406,VNS506

Mounting hole diameter £19.05mm [ £3/4”]
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GDF607 Face Drilling Sleeve Holder (3-tool)
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GDF606 is used to perform drilling on the face by installing the vertical holder for 4 rotary tools. It can

be mounted up to 3 sleeves.

NOTE - Take care to the interference between the back spindle including the opposite sleeves,

when mounting this holder.

Tool holder name

GDF607

Usage

BDS507,BDS607,VDS506,HDS5406,HDS5506
BNS407,BNS507,VNS406,VNS506

Mounting hole diameter

£19.05mm [ £3/4”]
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GDF102 Fixed Type Sleeve Holder (£19.05)
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This holder is provided for drill work by arbittary sleeves attached. It can be set on the 3-spindle tool
post (T25-T27) for type III machine.
The protrusion amount of the sleeve can be changed by setting the holder frontside back.

Tool holder name GDF102
Usage VDS506,vDS110,LDS107,LDS110,VNS406
VNS506

Mounting hole diameter £19.05mm [ £3/4”]
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GDF103 Fixed Type Sleeve Holder (£19.05)

This holder is provided for drill work by arbittary sleeves attached. It can be set on the 3-spindle tool
post (T25-T27)for type I1I machine.
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Tool holder name

GDF103

Usage BDS507,BDS508,BDS607,BDS610,VDS506
VDS110,LDS107,LDS110,BNS407,BNS507
VNS406,VNS506

Mounting hole diameter £19.05mm [ £3/4”]
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GSC507 Outer Circumference Milling Spindle (Rego Type Chuck)

GSC507 is used to perform drilling on the outer diameter of the workpiece, or to perform key grooving
by the endmill etc., after stopping the spindle.

Tool holder name GSC507

Max. chuck dia. £f7mm [ £0.28”]

Spindle speed 200 to 5000r.p.m

Chuck type ER11, AR11

Spindle rotation direction '| Direction shown by the arrow in the figure above for a
forward rotation command
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GSC510 Outer Circumference Milling Spindle (Rego Type Chuck)
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GSC510 is used to perform drilling on the outer diameter of the workpiece, or to perform key grooving
by the endmill etc., after stopping the spindle.

Tool holder name GSC510

Max. chuck dia. £10mm [ £0.39”]

Spindle speed 200 to 5000r.p.m

Chuck type ER16, AR16

Spindle rotation direction Direction shown by the arrow in the figure above for a
forward rotation command
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GSE307 Face Drilling Spindle (Rego Type Chuck)
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This spindle is provided for the drilling, the tapping and end milling etc. on the end face or outer
circumference of the workpiece.

NOTE - This spindle is used only for the front face drilling device U121B and the back face
drilling device U151B.

Tool holder name GSE307

Max. chuck dia. £7mm [ £0.28”]

Spindle speed 200 to 5000r.p.m

Chuck type ER11, AR11

Spindle rotation direction Direction shown by the arrow in the figure above for a
forward rotation command
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GSE407 Face Drilling Spindle (Rego Type Chuck)
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This spindle is provided for the drilling, the tapping and end milling etc. on the end face or outer
circumference of the workpiece.

NOTE - This spindle is used only for the front face drilling device U131B , it can not be mounted

on the vertical tool holder.

Spindle name

GSE407

Max. chuck dia.

£7mm [ £0.28”]

Spindle speed

200 to 5000r.p.m

Chuck type

ER11, ARI1

Spindle rotation direction

Direction shown by the arrow in the figure above for a

forward rotation command
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GSE410 Face Dirilli

L16/L20 Tooling

ng Spindle (Rego Type Chuck)
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This spindle is provided for the drilling, the tapping and end milling etc. on the end face or outer

circumference of the workpiece.

NOTE - This spindle is used only for the front face drilling device U131B, it can not be mounted

on the vertical tool holder.

Spindle name GSE410

Max. chuck dia. £10mm [ £0.39”]
Spindle speed 200 to 5000r.p.m
Chuck type ER16, AR16

Spindle rotation direction

Direction shown by the arrow in the figure above for a

forward rotation command
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BDS507 Boring and Drill Sleeve (~£7)
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BDS507 chucks the drill, etc. with the straight shank used for the front and back machining by the rego
type chuck. L or L’ dimension is adjustable by putting sleeve in and out.

Sleeve name BDS507

Max. chuck dia. f7mm [ £0.28”]
Chuck type ER11, AR11
Sleeve outer dia. £19.05mm [ £3/47]
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L16/L20 Tooling

BDS508 Boring and Drill Sleeve (~£10)
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BDS508 chucks the drill, etc. with the straight shank used for the back machining by the rego type
chuck. L dimension is adjustable by putting sleeve in and out.

Sleeve name BDS508

Max. chuck dia. £10mm [ £0.39”]
Chuck type ER16, AR16
Sleeve outer dia. £19.05mm [ £3/4”]
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BDS607 Boring and Drill Sleeve (~£7)
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BDS607 chucks the drill, etc. with the straight shank used for the front and back machining by the rego
type chuck. L or L’ dimension is adjustable by putting sleeve in and out.

Sleeve name BDS607

Max. chuck dia. £7mm [ £0.28”]
Chuck type ER11, ARI11
Sleeve outer dia. £19.05mm [ £3/4”]




75 [2.95"]

|

60 [2.36"]

L16/L20 Tooling

BDS610 Boring and Dirill Sleeve (~£10)
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BDS610 chucks the drill, etc. with the straight shank used for the back machining by the rego type
chuck. L dimension is adjustable by putting sleeve in and out.

Sleeve name BDS610

Max. chuck dia. £10mm [ £0.39”]
Chuck type ER16, AR16
Sleeve outer dia. £19.05mm [ £3/47]




L16/L20 Tooling

VDS506 Boring and Drill Sleeve (~£7)
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VDS506 chucks the drill, etc. with the straight shank used for the front and back machining by the rego

type chuck. L and L’ or L”dimension is adjustable by putting sleeve in and out.
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VDS110 Boring and Drill Sleeve (~£10)
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VDS110 chucks the drill, etc. with the straight shank used for the front and back machining by the rego
type chuck. L or L’dimension is adjustable by putting sleeve in and out.

Sleeve name VDS110
Max. chuck dia. £10mm [ £0.39”]
Chuck type ER16, AR16

Sleeve outer dia.

£19.05mm [ £3/4”]
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LDS107 Boring and Drill Sleeve (~£7)
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LDS107 chucks the drill, etc. with the straight shank used for the front machining by the rego type

chuck. L dimension is adjustable by putting sleeve in and out.

Sleeve name LDS107
Max. chuck dia. f7mm [ £0.28”]
Chuck type ERI11, AR11

Sleeve outer dia.

£19.05mm [ £3/4”]
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LDS110 Boring and Drill Sleeve (~£10)
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LDS110 chucks the drill, etc. with the straight shank used for the front machining by the rego type

chuck. L dimension is adjustable by putting sleeve in and out.

Sleeve name

LDS110

Max. chuck dia.

£10mm [ £0.39]

Chuck type

ER16, AR16

Sleeve outer dia.

£19.05mm [ £3/4”]
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ADS707 Boring and Drill Sleeve (~£7)
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ADS707 chucks the drill, etc. with the straight shank used for the front machining by the rego type

chuck. L dimension is adjustable by putting sleeve in and out.

Sleeve name ADS707

Max. chuck dia. £f7mm [£0.287]
Chuck type ERI1, ARI1
Sleeve outer dia. £254mm [ £17]
Sleeve holder GDF306
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ADS710 Boring and Drill Sleeve (~£10)
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ADS710 chucks the drill, etc. with the straight shank used for the front machining by the rego type
chuck. L dimension is adjustable by putting sleeve in and out.

Sleeve name ADS710

Max. chuck dia. £10mm [ £0.39”]
Chuck type ER16, AR16
Sleeve outer dia. £25.4mm [ £17]
Sleeve holder GDF306
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HDS5406 Boring and Drill Sleeve (Both ends, ~£7)
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HDS5406 chucks the drill, etc. with the straight shank used for the front and back machining by the
rego type chuck. L or L’dimension is adjustable by putting sleeve in and out.

NOTE - Take care to the interference between the back spindle including the opposite sleeves,
when mounting this sleeve.

Sleeve name HDS5406

Max. chuck dia. £7mm [ £0.28”]

Chuck type ER11, AR11

Sleeve outer dia. £19.05mm [ £3/4”]

Sleeve holder GDF506,GDF606,GDF607
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HDS5506 Boring and Drill Sleeve (Both ends, ~£7)
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HDS5406 chucks the drill, etc. with the straight shank used for the front and back machining by the
rego type chuck. L or L’dimension is adjustable by putting sleeve in and out.

NOTE - Take care to the interference between the back spindle including the opposite sleeves,
when mounting this sleeve.

Sleeve name HDS5506

Max. chuck dia. £7mm [ £0.28”]

Chuck type ERI11, AR11

Sleeve outer dia. £19.05mm [ £3/4”]
Sleeve holder GDF506,GDF606,GDF607
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BNS407 Tapping and Die Sleeve (~£7)(Dief16,£20)
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BNS407 is used to hold the tapping and die. Tap can be hold by rego type chuck. The die is hold by
mounting die holder in place of cap nut of rego type chuck. L or L’ dimension is adjustable by putting
sleeve in and out.

NOTE -In case of installing the sleeve to the sleeve holder GDF506,GDF606 and GDF607, the
die holder is not available for use.

Sleeve name BNS407

Max. chuck dia. £f7mm [ £0.28”]

Chuck type ER11, ARI11

Die size £16 x 5Smm, £20 x 7 mm
Sleeve outer dia. £19.05mm [ £3/4”]
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BNS507 Tapping and Die Sleeve (~£7)(Die £5/8%,£13/16")
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BNS507 is used to hold the tapping and die. Tap can be hold by rego type chuck. The die is hold by
mounting die holder in place of cap nut of rego type chuck. L or L’ dimension is adjustable by putting
sleeve in and out.

NOTE -In case of installing the sleeve to the sleeve holder GDF506,GDF606 and GDF607, the
die holder is not available for use.

Sleeve name BNS507

Max. chuck dia. £f7mm [ £0.28”]

Chuck type ERI11, ARI11

Die size £5/8“x1/4” , £13/16“ x 1/4”
Sleeve outer dia. £19.05mm [£3/4”]
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VNS406 Tapping and Die Sleeve (~£7)(Dief16,£20)
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VNS406 is used to hold the tapping and die. Tap can be hold by rego type chuck. The die is hold by
mounting die holder in place of cap nut of rego type chuck. L or L’ dimension is adjustable by putting
sleeve in and out.

NOTE -In case of installing the sleeve to the sleeve holder GDF506,GDF606 and GDF607, the
die holder is not available for use.

Sleeve name VNS406

Max. chuck dia. £7mm [ £0.28”]

Chuck type ER11, ARI11

Die size £16 x 5Smm, £20 x 7 mm
Sleeve outer dia. £19.05mm [ £3/4”]
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VNS506 Tapping and Die Sleeve (~£7)(Die £5/8%,£13/16")
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VNS506 is used to hold the tapping and die. Tap can be hold by rego type chuck. The die is hold by
mounting die holder in place of cap nut of rego type chuck. L or L’ dimension is adjustable by putting
sleeve in and out.

NOTE -In case of installing the sleeve to the sleeve holder GDF506,GDF606 and GDF607, the
die holder is not available for use.

Sleeve name VNS506

Max. chuck dia. £7mm [ £0.28”]

Chuck type ER11, AR11

Die size £5/8“x 1/4” | £13/16% x 1/4”
Sleeve outer dia. £19.05mm [ £3/4”]
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ATS307 Tap Sleeve (~£7)
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ATS307 is prepared for tapping. It can chuck by rego type chuck irrespecpective of right hand
threads or left hand threads. L dimension is adjustable by putting sleeve in and out.

Sleeve name ATS307

Max. chuck dia. £7mm [ £0.28”]
Chuck type ER11, ARI1
Sleeve outer dia. £25.4mm [ £17]
Sleeve holder GDF306
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SAU119 Sleeve Adapter (£19.05)
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This adapter is prepared for using the shank dia £19.05mm sleeve with the front face drilling device
U121B and the back face drilling device U151B.

Adapter name SAU119

Adapter inner dia £19.05mm [ £3/4”]

Adapter outer dia. £25.0mm [ £0.98”]
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SAU219 Sleeve Adapter (£19.05)
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This adapter is prepared for using the shank dia £19.05mm sleeve with the front face drilling device

U131B.

Adapter name

SAU219

Adapter inner dia

£19.05mm [ £3/4”]

Adapter outer dia.

£32.0mm[£1.26”]




Appendix Restrictions On Tooling

1. Restrictions on the rotary drilling tool projecting amount

L16/L20 Tooling

When the drilling or tapping of a cross through-hole is performed using a rotary tool on a
workpiece, it is necessary to set the drilling tool longer. Under this condition the tools may interfere
with the tools mounting on T20s when you perform machining with the T20s tools . To use the tools
T20s, first select a vertical station which does not have longer projecting drilling tool and then

perform the machining.

2. Restrictions on using the end face drilling sleeve holder to be mounted on the vertical holder

1) It is possible to be mounted for GDF506 on following tool station. Take cake to interference
GDF3506 and the opposite 3-spindles tool post by setting on another station, when cutting off.

Vertical holder name

GDF506 Setting station

GTF3212, GTF3213

GTF3110, GTF3110L T10,T11
GTF3210, GTF3210L
GTF3112, GTF3113 T09,T10

2) In case of machining with the T20s with the sleeve holder GDF506, GDF606 and GDF607, the
sleeve holder may interfere with the opposite 3-spindles or the tools mounting on T20s. Please
machine with T20s, after the sleeve holder is escaped to -Y1 direction.
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