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NOTICE 

1. Although every precaution has been taken in the preparation of this document, it may contain 
inaccurate descriptions, typographical errors, or omissions. If you find any question, error or 
omission, please report it to your Citizen representative. 

2. Information in this document is subject to change without notice. It is a Citizen's policy to 
improve products whenever new technology, components, software, or firmware become 
available. Therefore, changes are made periodically to the information contained herein and the 
updated information is included in the latest edition of the document. Citizen also reserves the 
right to change specifications without prior notice. 

3. All features, functions, and operations described herein are not common in all parts of the 
world. Some illustrations in this document may not match the actual machine. 

4. Copyright (c) 1997 by Citizen Watch Co., Ltd. 
All rights reserved. No part of this document may be reproduced, stored in a retrieval system, 
or transmitted in any form or by any means, electronic or mechanical, including photocopying 
and recording, without written permission from Citizen. 

5. The software programs described in this manual are copyrighted by Citizen Co., Ltd. 

6. This product contains technology relating to strategic products controlled under the Foreign 
Exchange and Foreign Trade Control Law of Japan. The product should not be exported 
without obtaining the export license from the Ministry of International Trade and Industry in 
accordance with the above law. 
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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/L20 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/L20 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 Checkpoint 

1 Machine type L16 Aluminum nameplate on the back 

of the machine, the operation 

panel, the manual, etc. 

2 Model No. 5M7 Red seal on the front of the 

machine, the cover of each 

manual, etc. 

3 Machine No. 01234 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 

6 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-358WOOO-A *0 

PLCu 001-000 

BOOT BND-362W001-A *D 

MM Is BND-359WOOO-A *0 

MMiu 001-000 

API BND-660W300-A *A 

MACRO 001-000 

PARAMET 001-000 

OS 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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L 16 / 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. 



L 16 I 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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2.1 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. 

?-1 



Lib / LLU ~atety Precautions 

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. 

.~\J 

'\ /// 

® 

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 unless all doors and all covers are closed. 
• Tum off power at main breaker before opening control unit doors or covers. 
• Before operation, be sure all safety devices are working. 

A WARNING 
To prevent serious injury, death or damage due to fire, 

" 
do the following: 

• Monitor machine when operating. 
• Do not use damaged tools. 
• Apply sufficient coolant to cutting point during operation. 
• Keep flammable items away from machine. 
• Be sure all doors, all covers, chip outlet door and product 

outlet door are closed during operation. 
• Regularly remove chip from chip collector and coolant tank. 

EW201 
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A WARNING 

~ 
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. 
EW01 

@ 

A WARNING A WARNING A WARNING 

~ 4 Moving parts can cause 
serious injuries. 

Tum off machine before 
removing chips inside. 

Moving parts, hot chips 
and hot oil inside. Moving parts inside. 

Keep hands and body 

away from moving parts. 

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

Keep door closed 
during operation. 

EW02 

A WARNING 

~, 
Hazardous voltage. Can 
shock, bum, or cause death. 

Tum off main breaker before 
connecting or disconnecting 
coolant pump. 

EW07 

Keep door closed 
during operation. 

@ 

..... 

A DANGER 

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

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

ED01 

A WARNING 

d 
Hot surface can cause 
bums. 

Do not touch when power is 
on. Wait until surface cools. 

EW11 

Figure 2.1-2 Contents of Safety Signs 

A. WARNING 

Ji 
GROUND 

GITTING 
ELECTRIC SHOCK 
OR NOISE CAN 
OCCUR. 

THE UNITS MUST 
BE GROUNDED. 
(RESISTANCE 
VALUE MUST BE 
1 OOQ 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. 

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 switches (standard) 

Door lock (optional) 

Door (1} 

Chip outlet door 

Door (3) 

Door (4) 

Main circuit breaker 
(standard) 

Cut-off tool breakage detector 
(optional) 

Door (2) 

Figure 2.3-1. Location of Safety Devices (Front side) 



Fire extinguisher 
(optional) 

L 16 / L20 Safety Precautions 

Coolant flow rate detector 
(optional) 

Coolant level detector 
(standard) 

Door switch (standard) 

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

~WARNING 

To prevent fires from being caused, be sure to follow the precautions below: 
• Before operating the L 16/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 2.1 O 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 alann. 
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). 
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2.4 General Precautions During Operation 

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

Lt_ 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 Ill 1 1 ~ 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. 

~ 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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Lt 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 clothing), 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. 



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 
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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. 

• 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 cau,se 
machine damage and a possible fire. 

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

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

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

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

• Follow appropriate lockout/tagout procedures during maintenance. 

2.9 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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• 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, tum 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: 

I Procedure I 
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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3 .1 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 

Sends information (commands) made up of 
numerical values to the processing unit to 

control the machine operation. 

PROGRAM 

What is program? 

Instructions for controlling the machine 
according to the predetermined 

procedures. 

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

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) G01 .... Move straight to 00. 

2) G02 .... Move circularly to 00. 

3) M03 .... Tum the start switch ON. 

4) M02 .... Tum the goal switch OFF. 

X50 
Codes 9 

8 

0 M03 (Tum the start switch ON ) 
X40 

1 G01 X10 ZO (Straight move to X = 10, Z = 0 ) 

2 G01 X10 Z10 (Straight move to X = 10, Z = 10) 

4 7 3 ( } X( ) Z10 (Straight move to X = 20, Z = 10) 
X30 

4 G02 X( } Z20 (Circular move to X = 30, Z = 20) 6 

3 5 5 ( ) X( ) Z( ) (Straight move to X = 20, Z = 20 ) X20 

6 ( ) X( ) Z( ) (**from X = **, Z = ** ) 2 

1 
7 ( ) X( ) Z( ) (**from X = **, Z = ** ) X10 

8 ( ) X( } Z( } (**from X = **, Z = ** ) 
0 

-+ 8 
10 

t Z10 Z20 Z30 Z40 Z50 
9 ( } X( } Z( } (**from X = **, Z = ** ) 

10 ( } 
A 

The NC program is almost the same as codes above. 

(The answer to this above question is given on page 3-18.) 
(Workpiece 
machined as 
above) 
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3.1 .1 Difference between Cam Control and NC 

~--- What are the differences 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. 

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

cam in relation to time is continuously given. 

Time 

~ 
The entire process must be completed within 360°. 

• Llmitation to complex and long-time machining. 

~ 
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. 

I 
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"< 
0 
c 
0 
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:T 
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3 
OJ 
(') 
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s· 
(!) 

·-.) 

·-.J 

Numerical control (NC) 

CJ6d~ .... 
ff 

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

The NC program is created and the operation commands 

are constructed step by step according to the process. 

Use chuck 

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

Select front turning tool and perform 

• 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 

CD Workpiece Drawing 

', 

• The drawing is the basis for an NC program. 

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. 

G> Creating the Machining layout 

1 • 

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

© Setting the Spindle Speed and Feed Rate 

• Select the proper cutting conditions. 

1 r 

® Reading the Coordinate Values 

1 r 

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

c 0. s 

2 0 1 4 
6 5 

4 5 

TIO T08 T06 T04 T02 
T09 T07 TOS TOJ TOI 

~TOI 

5LT02 

g T03 

-U--1 

~T04 
T23 T2 I 

T22 

l Q)TO 2 j ~T04J 

-E cp=311@T01 
@T03 

F0.025 

~~~~40 j FOi°~4 F0.025 

~----+-8[3 -3 I 

(X, Z) 

(8, 2 0) 
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@ Entering the Machining Data 

1J 

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

® Enter the tool setting data 

• Enter prerequisite data such as the core 
position, diametrical direction, and 
longitudinal direction. 
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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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I I 
Contents of commands 

I 

_ I Main program body II 

n'-------
Preparation process I 

Program 
I 

' ' 
Program name 
Program for the axis 
control group 1 

Program for the axis control group 2 

Single machining 

'Ir 

Set the coordinate 
system. 
(Coolant oil ON) 
Chuck closed 
Spindle rotation start 
Single machining 

Single machining cancel 

Last program command 

Last program queuing 

1-cycle stop 

Return to the top 

Machining process I 
Select tool No.c=l 

Cut up to the c=l position. 

Cut in a straight line up to tht:: c:J 
Position. 

1JL:...~~~~~~~~~~:--~---' 

Machining process I 
: Select tool No.c=l 

: Cut in a circular arc up to the 
I C:::J position. 

t 
Cut-off and 

ending 

Select tool No.c=l 
Workpiece separator advancing 
Cut-off 

Spindle stop 
Spindle chuck open 

Return the spindle. 

Single machining cancel 
Count 

Last program command 

Last program queuing 
1-cycle stop 

-Return to the top. 

. 
-

I 

I Program data 

H Machining data I 
Material diameter? 

. Tool positioning point? 

Machining length? 

1-chuck fetching 
Quan.tity? 

.'./ Spindle speed? 

Holder name? 
.·. 

y Tool set data I 
Core position? 

Diametrical direction? 

Longitudinal direction? 



Screen display 

Main program body 

Preparation process 

Oxxxx 
$1 
G50ZO 
(M52) 
M06 
S1=2000 M03 
G821 

Machining process 

T c:::J 

Program 

$2 
G821 
G820 
G999 
N999 
M02 
M99 
% 

G01 X c:::J F c:::J 

Machining process 

Tc:::J 
G02Xc=J Zc=J Rc=J F 

Cut-off and ending 
processes 

T100 
M32 
G01 X-3.0 F c:::J 
MOS 
M07 
GOOZOTOO 
G820 
M56 
G999 
N999 
M02 
M99 
% 
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Program data 

Machining data 

Tool set data 
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3.3.1 Machining Data (Screen Display) 
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1 Bar Stock O.D. 
Enter the outside diameter of materials to be machined. 

2 Tool Positioning Point (DIA) 
The tool positioning point is the point at which a tool is positioned when selected from among tools 
TOl to TlO. 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 TOl to TlO and to which the tool escapes when another tool is selected. 

3 Cut-Off Tool 
In this machine, a cut-off tool is mounted in TOlOO. Therefore, enter Tl. 

4 Cut-Off Speed 
The tip of materials is cut at this speed during tool setting. 

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

6 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. 

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

<D Workpiece length+ Cut-off tool width or back turning tool width 

a> Workpiece length+ Secondary process tool shift amount 

Enter step<D ora> described above (as required in the program). 

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

9 Tubing Bar Stock l.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. 

1 O 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. 
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3.5 Drive Axis and Multi-Axis Control Group 

3.5.1 Drive Axis 

• Five-axes control specification (Type VII) 

• The gang tool post (vertical tools TOl to TlO or TOl to Tll) moves back and forth. (Yl axis) 

• The gang tool post moves up and down. (Xl axis) 

• The headstook horizontally moves left or right. (Zl 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 

0 

Back 3-spindle 
tool post 

~ s 
Type I Type III Type VII 

Xl 
Zl 
Yl 
Cl 
X2 --------Z2 --------C2 --------Al Main chuck 
A2 ----A3 --------A4 Separator 
A5 Stock grinner 
A6 Long-workpiece device 

A7 Bar loader 

Main chuck 

----------------Separator 
Stock griocier 

~ 
Bar loader 

Main chuck 
Back chuck 
Knock-out 

-------------------Bar loader 

Sl = Main spindle 
S2 = Back spindle 
S3 = Gang tool rotary tool 
S4 =Opposite rotary tool (option) 
SS = Rotary guide bush 
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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. 

Back 
spindle 

0, 
C> 
v ...,. 

Q) .,..j 
.:.c~ 
o~ 

.::: E 
~E 
X<e 

C'> 

10 mm 
(0.3937'] 

O> ...... 
Q).,...: 
.:.c-
ee cnE 
~U') 

x.,.; ...,. 

180 mm [7.0866'] 

Z2 stroke 

43 mm 
(1.6929'] 

Guide bushing 

100 mm 
(3.9370'1 

*: Machine type of the fugure shown above is 5M7. 

205 mm (8.0708'] 

Z1 stroke 
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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 Xl, Yl, and Zl 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 Zl and Z2 axes can be 
superimposed by the simultaneous machining of outer and inner diameters or the Xl 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. 

~1 
When a G821 command is specified, the YI 
and X2 axes move to the specified position 
for synchronization. 

Outerfinner diameter 
Simultaneous machining 

[Zl and Z2 
superimposition 1 

The control cannot make 
direct transitions between 
these two patterns. 

Outerfinner diameter 
Single machining 

(YI and X2 
synchronization 1 ~::::::::::::::X::::::::::::~ 

• The Zl and Z2 axes are superimposed. 
• This machining pattern is useful for 

outer/inner diameter simultaneous machining. 

• This pattern can also be used during pick-off 

machining. 

• Yl and X2 axes are synchronized. 

• This machining pattern is used when 

T2100 to T2300 are specified in a $1 

program. 
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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 "f.2" at a speed of "F2" while he moved for distance of car task "£1" at a 

speed of "F1". As a result, he could accomplish a task of "£1 + £2." The car corresponds to the Zl 
axis as the reference axis. 

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

f 1 

4 F, ooooqp 
'-r-,....~....-~~~~~~~-,........, ....... --r-' 

~ Station 2 Station 1 ~ I 
Wicket Wicket 

X1 ~·J 
Z2 axis Fi 21 axis 

Superimpose control (G811): 

• The Z2 axis moves in synchronism with the Zl axis when a move command for the Zl 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 Zl axis. 

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

In the figure above, 

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

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

For Fl > F2, the Z2 axis retreats. 

In the program, a queuing command is used to establish the timing of the Zl 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 in a 
coordinate axis indicates the diametrical direction of the selected tool regardless of a front Xl 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 

Zaxis 

Tool 

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

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 Ea 

Material 

-;=:=_==~~-- z Ef) --r.___ _ ___.~ 
Program zero point + X + z ----r 

(0,0) t 
L+z 

3.6.2 Diameter Designation 

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

xe 

!L 
/ 

Zero point ----'---l 

(0.0) 

This diameter is 
expressed as X10.0. 

+X 



L 16 I L20 Introduction to Programming 

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. 

ze 
+X 

(0,-

Tool direction is 
X$ direction. 

X EB 

""' I 
I 

0.5) I 0 
ci 

/( + 

) 

X$ 

z 10.0 zo 

This point is determind to 
be ·z = o·. 

ZED 

(G50 Z10.0) 

0 

~-.... 

Material direction 
is ZEB direction. 

(16,22) 

/ 
(8,22) Material does not 

exist in this area. / 
C! -., .... 

' - --ZEB 
(+X.-Z) 

(·X,·Z) 

Material does not 
exist in this area. 

X EB 

Material is machined 
in this area. 

(·X,~Z) 

Workpiece is cut off 
when the tool moves 
into this area. 
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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 ZO" is used for this declaration. This symbol means "define the current 
position as Z = O." 

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

1.Smm 

10.0 

z 10.0 
(GSO Z10.0) 

XE9 

Guide bushing 

(XO,ZO) Program zero point 
..,,,tr:' 

zo Material 

ZE9 
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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 Specifies the absolute coordinate value of the target position. 
(Xc=J, Zc=J) 

Incremental command Specifies the X axis direction and Z axis direction (relative) move 
distances. 
(Uc=J, Wc=J) 
The values of X and U are specified by the diameter. 

x x 

t <ZITarget t 

~~E:~--= __ "'-L-----1 i]-z ~il'El-3 i]-z 
@Target 

l .. J " .I. ".I l.J " .I. ".i 
Regard ZO as the start. 

Absolute 

X10.0 ZO 

i 
CD x1 o.o za.o 

i 
a> X16.0 Z24.0 

Answer to the question on page 3-1. 

3.G01 X20 4.X30 

7.G01 X30Z30 8.G02 X40 Z40 

Incremental 

uowo 
i 

CD uo wa.o 
i 

a> U6.0 W16.0 

5.G01 X20 Z20 

9.G02 XSO ZSO 

6.G01 X20 Z30 

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 

III 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 (Al C_) for $1: 

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

~-~-C~o_m_m_a_n_d~a_d_d_re_s_s~-~ 
Preparation function 

GOD 
'--y-J Specified code 

GOO Rapid feed 

G01 Linear cutting 

G02 Circular arc cutting 

Miscellaneous function 

MOD 
'--y-J Specified code 

M03 Spindle forward rotation 

M06 Close chuck 

M52 Turn on coolant supply 

Tool selection command 

TDD.6..6. 
~ 

Tool No. Offset No. 

Coordinate value address 

Move distance of diametrical direction 
axis (X axis) 

X mm 

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

Z mm 
0Af) 
Radius 

R mm 

Time 

u sec 
(P) 

Preparation function 

GOOD 
'--y-J Specified code 

G811 Superimpose machining command 

G821 Synchronization machining command 
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Address for specifying cutting 
condition 

Main spindle speed 

SO = DODD min·1 

S "f~ '---v--1 . d". pec1 1ed code From cutting con 1t1ons 

Feed rate 

Fl I mm/min(mm/rev) 

~F . d .. rom cutting con 1t1ons 

Program configuration 
address 

Program No. 

OODDOOODD 

~-digit command 

Sequence No. 

This command can specify any program number within eight digits, except 
8000 to 9999. Note, however, that 000000000 cannot be set. 

NODD OD 
'---v-" 

Five-digit command 

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

Axis control group command 

$0 
'--y-J 

Specified code 

( Queuing command ) 

Single queuing 

Queuing No. for multi-axis control group 
LI.___~ 
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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 "TODD.Li" 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 "TODD.A" 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 . 

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

L __ g9._~~-~~9. .. ~?.:.~.~~---·.J 
TODD.A Tool selection 

TlO T08 TOG T04 T02 
T07 TOS T03 TOl 

T3000 
T23 T21 

T22 

Outer diameter tool (TOl to TlO); 

Diameter X =Position of "Material diameter D + 
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 
moves.) 

Note: The above settings apply to type VIL 

0/2 

T32 

T31 T33 

T01-T10 

T21 to T23 and T30 

a 
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4.2.1 Tool Mounting and Machining Positions 

A "TOOLiLi" 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 TOl 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 TOlOO 
02 T0200 

03 T0300 
04 T0400 
05 T0500 

Gang tool post 06 T0600 
(Type 1,111,Vll) 07 T0700 

08 T0800 
09 T0900 
10 TlOOO 
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 Ill) 26 T2600 

27 T2700 
28 Free tool 
29 Free tool 
21 T2100 

Opposite tool 22 T2200 
post 23 T2300 

(Type VII) 24 Free tool 

25 Free tool 
Back spindle 30 T3000 

(Type VII) 

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: 

TD066 

OD : 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, 31to35 (type VII) for back drilling, or 30 (type VII) for 
back spindle. The axis control method is parameter-set for each tool number. 

66 : Offset number of tool nose wearing 

•Four-digit T code with argument: 
If no argument is specified for a TDDOO 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) When the next tool is TOlOO 

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

Y : Current position 

2) When the tool currently being used for machining is TOlOO 

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

Y: Reference Y position+ tool set value for TOD 00 

In this case, the tool goes up in the X direction and moves in the Y direction. 

The tool then moves to the TD 000 positioning point (determined considering tool 
setting). 

3) After execution of M51 (cut-off tool breakage detection ON) 
Same as 2) above. 

4) When $1 tool setting is performed manually (excluding some conditions such as the start 
position and positioning point) 
Same as 2) above. 

5) When the next tool is an end face drilling tool 
X: 0 
Y: 0 
In this case, the F, 02, and H arguments are invalid. 
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A) TDD DD with no argument 

If a TD DOD 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 

Material diameter 

..... u •••••• u ......................... .. 

j Explanation j ......................................... .,, 
CD Current 

machining tool 

T300 T200 T300 T200 
Machining data 

I Tool positioning point 

@ The tool moves automatically to ® The next tool is 
the positioning point in response selected at the 
to the tool selection command. positioning point. 

B) TDDDDFOO (T code with F argument) 

When the TOOOOFOO 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. 

i::::~~~~:r.~~::::J 
T200 F0.03 (Assuming the spindle rotating) 

T200F100 

T300 

Material diameter 

r····E:;pi~~~ti~-~--··1 
,',ou .. 00000••• .. ••••••• .. •••••••••••••••,: 

CD Current 
machining tool 

:-··········· .............. : 
i Note i 
: ......................... ~ 

T300 T200 

@ The tool moves to the positioning 
point in the F-specified feed 
mode. 

T300 T200 

-Rapid feed 

® The next tool is selected 
in rapid feed at the 
positioning point. 

The above example illustrates tool selection from T300 to T200. 
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C) TDDDD~a (T code with X argument) 

The tool Ct:W'OftUY being used for machining moves to the positioning point and the next tool is 
positioaed at the +XAA position in rapid feed. 

r::::§.~e~~::::J 
TODOOX5.0 

T300 T200 

T300 Machining data T200 

Material diameter 

r···-~i~~;ti~-~·-··1 
~••H•••-•••••••H••,.n•••••••••• .... ._.f 

<D Current 
machining tool 

.................................... 
i Note i : : 
l •••••••••• _ ................ .,, 

Tool positioning point 

® The tool moves automatically 
to the positioning point in 
response to the tool selection 
command. 

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

D) TDOODQ1 (T code with Ql argument) 

+X~~ 
(Diameter value) 

@ The next tool moves straight (the 
minimum distance) to from point 
(a) to (b) by the value specified 
with the X argument. 

When the TDDDDQl 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. 

r···Biam.ilia····1 
l. .. •••-••u•••••••••H•n••••ul 

T200Ql 

T300 

Material diameter 

r····&µi~~;ti~-~--··1 
~ ............................................... .: 

<D Current machining 
tool 

.................................. . . 
1 Note 1 
: ..................................... . 

T300 T200 

T300 T200 

Positioning point 

Current coordinate point 

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

The positioning point determined at this time is "the material diameter + 
tool positioning point" set as machining data. 
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E) TDDDDQ2 (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 TDDDDF00Q2 command. 

r····Exami'.>ie····1 
i. ................................ ~ 

T200Q2 

T300 
Machining data 

t Tool positioning point 

(a-'-)-+----+---i--.current coordinate (b) 

point 

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

L ... ~.~.e.~~~-~~!-~.~ .... J 
CD The current machining tool moves 

from point (a) to (b) in rapid feed. 
(Specifying FOO moves the tool in 
the specified feed mode.) 
Point (a) is the current coordinate 
point. 
Point (b) is "the current 
coordinate point + tool 
positioning point". 
Point (c) is "the material diameter 
+ tool positioning point". 

F) TOOOOYAA (T code with Y argument) 

T300 T200 
T200 

Positioning 
point 

® After moving to 
point (b ), the tool 
moves straight (the 
minimum distance) 
to the positioning 
point ( c) of the next 
tool. (The tool 
moves in rapid 
feed, ignoring FOO.) 

@ The tool is selected at 
the positioning point. 

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

<DT0300 

.......................................... 
~ Explanation ~ 
~ .............................................. .... .: 

CD Current machining tool 

®T0300 ®T0200 

YA.A. 
(Diameter value) 

-----~-

® The tool moves to the @ The specified tool is selected 
positioning point. at the positioning point (X 

axis) and Y fl.A away from the 
center. 
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G) TOOODHVV (T code with H argument) 

r-·EXampla···1 
.......................... - ......... _ ..... .1 

GOOX8.0 
11!18ff12.0 ••••••. Moves the current tool to the X20.0 position and switches to the next tool. 

T300 T200 

T300 Move ao:on1ing ~ 
Coordinate point of 
'current coordinate 
point + U argument' 
Specify the diameter. 

Material diameter 

ti:>tlle'~ 
value. 

.............. ___ ,........ ____ _ 
1 Explanation 1 
! •• H ....................... ____ ................. .: 

CD Current 
machining 
tool 

® The tool moves the distance 
specified by the U argument from 
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. 

T300 T200 

® The tool is selected at the 
positioning point. 

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

11•••hnu•o••*-H••o•• ... . . 
~ Note ~ 
1 .............................. t 

Lt ----------
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 Drilling by Opposite Three-spindle Tool Post during Superimpose Control 
(Type Ill, VII) 

•TDDDDWDD (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. 

........................... . . 
! Note ! 
~ ......................... -~ 

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

Program point 

Amount of W argument 

180 mm(7.08661 

Z1 Program zero point 

Material 

---l"'"1---t-1t---- Clearance between 
tool and material 
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4.2.4 Tool Selection for Back Machining (Type VII) 

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

If a tool selection conunand 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 respecno the zero-point reference) and moves to the next tool position. 

----------..., 
Machine zero 
point of Z2 axis 

r-..;.-..,~ 

I __________ ..J 

Back spindle 
chuck position 

i:::::~§.i§::J 

Wo!kpiece 

Back spindle chuck 

Workpiece 

Amount of W ar ument 

43mm [1. 6929"] 

---+<--=---=--_--
Program zero point of 22 axis 

______...;(----
~------

Clearance between 
tool and workpiece 

• Specifying the W argument sets the Z2 axis machine zero point to 0 
(zero), resulting in a positive value. 
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4.2.5 A Series of Pick-off Operations (Type VII) 

1:::~?.:~~~~~::~9.~~~~::J 
T3000 A1 WO ZCJ BO CD ED SO KO 

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. 

• Wc=:J: 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. 

• zc::::J: 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. 

• Bc:::=l: Specify the point of switching from rapid feed to cutting feed. 
If the argument is omitted, the switching point will be "Zl axis workpiece 
coordinate point - 1.0". (Point 1.0 mm away from the product end face) 

• Cc=:J: Specify the back chuck position. 
If the argument is omitted, the back chuck position will be 0 ( = product end 
face). 

• Ec:::=l: Specify the cutting feed rate. 
If the argument is omitted, the feed rate will be the rapid feed rate. 

• Sc:::=l: Specify the back spindle speed. 
Omitting the argument results in an alarm. (The same speed as the main 
spindle speed is specified.) 

• Kc:::=l: Specify opening or closing the back chuck. 
If the K code is omitted, the back chuck will be closed. Specifying Kl, back 
chuck will not close. 
(Use the K code, e.g., for support or program check). 

I Program example I 
MS3S11 __ ~ ......... Rotate the main spindle. 

......... Select the cut-off tool. T0100 

GOO X13.0 Z40.0 

T3000 A 1 C10.0 F1000 $3000 

G01 X-3.0 

G850 

M25 
........... u ................ . 

l Notes l 
L ........................ _: 

......... Position the cut-off tool in rapid feed. 

......... Execute a series of pick-off operations. 

......... Cut off the workpiece. 

......... Cancel superimpose control. 

......... Stop the back spindle . 

•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:::=l arguments. 
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4.3 G Functions {G Codes) 
The G functions, spedftlSdby2:'..d1git numerals after the G, are preparatory functions. They also 
send the axis (Xl, Y2, Zl, X2, Z2) control command to the NC. 

·······-·······-·-····--·····--·············-
1 Command format 1 
~·--·-··-·-·-·-·-··-·-········-·J 

'_ ,,,-"' , "r- _; ' 

aec 
Example: GOO 

Get: 

4.3.1 G Codes Table 

Rapid feed 
Cutting feed 

Once specified, each G code belonging to groups A, C, D, E, F, and H in the following table 
rerqaill$ valid until ~nother G code in the same group is specified. That is, the G code is a modal 
cdcYeno1;:1ur:, · , 

•G codes table 

GCode Function Group 
®GOO Raoid feed oositioning A 

G01 Linear interoolation ,. · • • · A 
G02 ' . . 

'o~) A T " 

G03 i ·•• · • .a.._a~n:(~c~kwise) A 
G04 DMD ..... ·p'·!retum . ii ; 

..-.. · t thfead cuttin2 A 
01 40 ool nose radius compensation cancel c 

G41 
G42 

0G43 
G44 
GSO 
G76 
G79 
G80 
G88 
G90 
G92 
G96 

0G97 
G98 

0G99 

Tool nose radius compensation left ON c 
Tool nose radius compensation ri2ht ON c 
~ack spindle feed per revolution OFF E 

ack soindle feed oer revolution ON E 
Coordinate svstem settin2 / Main soindle soeed clamp settin2 
Multiole reoetitive threading cycle 
Face drilling cycle (optional) H 
SYnchronized cross tapping mode OFF (optional) H 
Svnchronized cross taopin2 mode ON (optional) H 
Lonlritudinal (horizontal) turini2 canned cvcle H 
Thread cvcle canned cvcle H 
Constant surface speed control ON F 
Constant surface speed control OFF F 
Millimeter per minute feed D 
Millimeter oer revolution feed D 

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

• G codes cannot be specified with TDOOOin 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 0 mark are selected when the power is turned on. 

4.3.2 GOO - Rapid Feed Positioning 

GOO is used to move the tool rapidly to a specified X, Z coordinate and position it there. GOO 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 (GOl, G02, or G03) (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: Xl = 20m/min, X2 = 20m/min 

Y axis: Yl = 20m/min 

Z axis Zl = 20m/min, Z2 = 20m/min 

The rapid feed rate during Zl and Z2 superimposition is 24 m/min (maximum). 

The rapid feed rate during Yl and X2 syncmonization is 20 m/min (maximum). 

Use UI I, WI I and V'~-~' instead of XI~ __ I, Y ._I _ ___,! and z._! __ _,I when an 

incremental command is specified. 
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1···c~~;n~~ci:r~~;n;t"·1···1 
......... _ .................. i6blft1:nJc}tilpii! feea iii lortgitudi11al (Z·axis) direction (X is Med.) 

!fli1cbaiprtreowe oyde'and1o·proceed execution to the next cycle, use:a;GOOZO 
command to return the spindle to the start position. 

Place the spindle baCk to the start point 
of one cycle. 

r-c-o;n;;;i·form~t·2··1 
'----·-----··J 

ct>6.0 

i..t>".Jh1::m ... rX6:ri I zc==J Simultaneous rapid feed in diametrical (X·axis) and 
. :~ (Z-axis) directions (Both X and Z axes move.) 
i~l,!Di:¥QU_, to position the tool in a diameter of 6.0 mm and set the clearance 
>~• tool and material to 0.5 mm, specify a GOOX6.0Z·0.5 command. 

0.5 Spindle retums 0.5 
--ir--lf---1~-

' I 
' I 

End face moves 

I 

L-~'77'/??l'"~-r~~ 

Actual movement 

XE9 

aLzEB 
___ ___,__, Move tool to X = 6.0 and Z = -0.5. 

ct>6.0 ! --\-! The program ""o point <d end '"'" ;s fixed. 

(0' 0) 
Conception in program 
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4.3.3 Linear Interpolation (G01 for Cutting Feed on a Straight L..ine) 

GOl 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 GOl code allows the tool to cut from the current position to the specified position in a straight 
line. 

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

The feed rate is set by "F~---" For more information, see "4.5 F Functions (F Codes)". 

The unit of X and ZI I coordinate values is defined as shown below. 

Program command Unit 

With no decimal point. x 1 O.OOlmm or 0.0001 inch 

With a decimal point. x 1.0 lmm or 1 inch 

Use U~--..... and W._I __ __.I instead of X ..... 1 __ __.I and z ..... I __ __.I when an incremental 

command is specified . 
................... uu••H•••••••n••···•••••UUH00"' 

! ... ~9..~~~-~~ .. !9.~~-~! .. J 
G01 X,,...I ----. 

G01 ZJ.__ _ _, 

G01 XI __ _ 

f._I _ __. 

fl,__ _ _, 

ZJ.__ _ _. f._I _~ 

Feed in diametrical (X axis) 
direction.(Z axis is fixed.) 

Feed in longitudinal (Z axis) 
direction. (X axis is fixed.) 

Simultaneous feed (tapering) in 
diametrical (X axis) and longitudinal 
(Z axis) directions. (Both X and Z 
axes move.) 



L 16 I L20 Command Codes 

• Tool feed in direction of diameter 
································-··················-

L.~?.-~-~~-~-~--~?.~~-~~-.J 
G01 XCJ Fc::::=I Feed in the diametrical (X axis) direction (with the Z 
axis fixed) 

Cutting from point A to point B (-3.0, 32.0) 

G01 X-3.0 Fc::=:J 

• Tool feed in longitudinal direction 
.................................................... _ 

Lg?._~-~~-~-~--~?.~~-~~-.J 

32 

;--,--j '',, '~ i 'i : 
' ' ,, A 

1. 5 

B 

2 

G01 Zc::=:J Fc::::=I Feed in the longitudinal (Z axis) direction (with the X 
axis fixed) 

Cutting from point A to point B (8.0, 20.0) 

G01 Z20.0 Fc::=:J 0.5 

•Simultaneous tool feed in diametrical and longitudinal directions (tapering) 
································-·-----·--········--

1...~?..~.~~-~-~--~?.~~-~u 
G01 XO Zc:::J Fc:::J 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 xa.o z1 s.o Fc::=:J 

:·························: 
i Note i 
! •••••••• • ••••••••••. ••• --~ 

• Pay attention to the spindle rotation, coolant, chuck, and guide bushing 
states when performing the cutting feed. 

z 
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4.3.4 Circular Interpolation (G02, G03 in Cutting Feed) 

G02 and G03 are used for cutting while moving the tool on an arc witbi~adius 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 G03 codes enable the cutting on an arc with radius R from the current position to the 
specified position. 

The feed rate is set by "Fl I" 

The unit of XI I and ZI I coordinate values is the same as for the GOl code. 

1···c~·~;;;;~ci-·i~;~~t··1 
~••••••••n•••••nn•••,..H••••••••u-•••oouuo.J 

G02 Xc:::J Zc:::J Rc:::J Fc::J (Clockwise) 

G03 xc:::J Zc:::J Rc:::J Fc::J (Counterclockwise) 

The G02 and G03 codes also can specify coordix\~~s as shown below. "l" 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 notrequired. 

1:::9.?.:~~~:6~::!?.~~~!::J 
G02 xc:::J Zc:::J lc:::J Kc:::J Fc::J (Clockwise) 

G03 Xc:::J Zc:::J lc:::J Kc:::J r=c:::::J (Counterclockwise) 
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The coordinate system of G02 (clockwise) and G03 (counterclockwise) is used as shown below. 

Counterclockwise Counterclockwise 

Clockwise Clockwise 

Front turning j Back turning 

Tips: To move the tool in the+ (plus) direction on the Z axis: 

Specify G02 to cut the workpiece into a raised shape. 

Specify G03 to cut the workpiece into a dented shape. 

•G02 Clockwise (CW) 

Arc machining from point A to point B (12.0, 6.0) 

G02 X12.0 Z6.0 R6.0 Fc:=J 

(G02 X12.0 Z6.0 K6.0 Fc:=J) 

•G03 Counterclockwise (CCW) 

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

G03 X14.0 Z9.0 RS.O Fc:=J 

(G03 X14.0 Z9.0 15.0 KO Fc:=J) 

<1>14.0 

6 .0 

~~ 

9.0 

4 



4.3.5 G04 - Dwell Command 

Use dwell te stop the program, holding the curr~nt operation state, for a s~~ified period of time. 
t, -" ' i .. , ,, ,, ~" . 

The purpose of dwell is: • To stabiliZa the gr~iameter _ 

• To:~ait until th~JPli,tdl~ speed decreases aftG a rotation cqmmand~,. 
spedtiedbeforethr~tutting. ; .1,· :."''.' 
See "Tapping andOUteI-:DiwneterThrli:<f ¢µttjllg Process~ 

• To perform deep hole machining ( steppin~l,:Jtsing a drill'·"'··-~ 
See "5.5.5 Dailing a Deep Hole" for niorelietruls. 

Specifying a dwell command s11spends the machine for the numberof Seconds specified by · 
UI I or pt I that follows "G04" before e~g]ft~;n~i>lock after executing the 
conimand in the pre't'ious block. ' ' · · ·· · 

[£~~~~li{~~i~D 
GC>4 ... -~P Pause.~\YfW .. (~~~~~,1J~;9~,~conds.) 
or. 

G04 Pc:::J (For address P, no decimal point can be used.) 

The maximum command time is 9999 .999 secorlds.' 

Program exampte 

For a dwell command of 2.5 seconds, the co~:fommt.is'.a&:folli>\Ys: 

G04 U2.5 (2.5 sec) 

or 

G04 P2500 (2500 msec) 

I 



I 
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4.4 Special G Codes 1 and Special G Codes 2 
These G code commands are unique to the L16 and L20 machines for machining using 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. 

r-·c;~-~~~~d--f~~;:;:;~t .. 1 
! ....... . . ......... ...... . . ......... . . ... .. . . .... ..... J 

GODO Three-digit G code command 

4.4.1 Special 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. 

Geode Function 

G810 O.D. "'l.D. simultaneous machining OFF 

G811 O.D. -1.D. simultaneous machining ON (Z1-Zz axes superimpose) 

G820 Single machining OFF -

G821 Single machining ON (Y1-X2 axes synchronization) 

G999 Last program execution 
.'~' ' t I 

4.4.2 Special G Code 2 Table 

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

-

Geode Function 

G899 Phasing for profile material ($1 only) 

G851 SupeFimpose single line control ($1 only) 
I ' l 

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 -::i 

G149 End position specification queuing Ix 

-- .___,. """ .. L. 

w••••••••••••••••••n•••••• . . 
l ....... ~.?.!.~ ...... .i 

• The above G codes (except G 117) 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 (G811, G810 - Outer/Inner Diameter Simultaneous Machining) 
(Type Ill, VII) 

The outer/inner diameter simultaneous machinin~ 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 independently specified for each axis control group . 
..................................................... 

t . .9-?..~.~~-~-~--~9.~~-~u 
$1 $2 

G811 

•G811 
• Axis control group 1 ($1) 

• Axis control group 2 ($2) 

G811 zc:::J Superimpose control ON 

zc:::::=J 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 shifted, enter the shift amount in the Tool Set screen or set 
coordinate again by GSO 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 tool moves when 

uzc=Ju is specified (Z2 axis) 

.J 

z 
Program zero point of work coordinate system in 
axis control group 1 ($1) 

The numerical value usualiy becomes minus . 
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•G810 

1: ::~9.:~~~~~::~?.~0~!::J 
$1 $2 
G810 G810 Zc=l Superimpose control OFF 

or G810 Wc=l 

zi=::J, wc=J can be omitted. 

• Axis control group 1 ($1) Performs no special operation and setting. 

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

01 rl} LJ Each axis control group operates independently. 

G811 G811 ~ $1 and $2 queue for execution. 

rl 04} LJ The Z axis of $2 is superimposed here. 

G810 G810 ~ $1 and $2 queue for execution . 

. Fl Fl} LJ LJ Each axis control group operates independently . 

........................... 
1 Notes ! 
: .......................... · 

• 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. 



The Z2 axis moves to the machine zero 

point when ·zr==l· .wc::::J is 
not specified. 

Moves to wc::::J when 

-Wc::::J • is specified . 

. M~ine. 
l] fdfijlfl\§Jfdl fl l 

Program zero point of work coordinate 
system in axis control group 1 ($1) 

4.4.4 Synchronization Control (G82a,,G&2Gr-:SifiGle;:Macninifl(#J!'~~!I, VIQt 
· The single machining is called synchronization control, in the NC tenhi~olog~;. : . 

The single machining can lM1.t~uq1ofiPiilts~ IPdllan~ I 
Use these commands when creating a program which uses two axis ~~l &I:<>~ups. 
These commands should be inde~~.z~§t{~{.MhxflJls G9Qlrol~. 

r·c;;~mahd.-t7;;:;~t I !-~-~ ... 
""-··------·-·--·-·--·......: 

{ ~:J 1 )q"1n· 1hp; ·~•:s: ;;,, ,,_ """'i">f>" ,, l~1l6 
G821 R1 

; i ; 
G821 Synchronization ci>.!!ttQLQr!.J 

G820 G820 Synchronization control OFF. 
Rl can be omitted 

• The G821 command enables queuing between axis control &coups 1 and 2 .. tt~'nlM to 
T25~~M·~ttilt•!DI~l11}~~t-1~~l SAmmand return the 
Xl axis a full stroke, position the X2 axis ••·~-~fjgQ11•1Mve the Yl axis to 
the position c;Q~~~J1ffiwl m the. DQ~ition o~ the ~?~· •. •· 11r~m fJlF!.l'°n.. r1~hronization control 
• d.i:!$1JJ1cv ;>,,.;,,, .,;.vf,fr'\'TJO ?.lfl:'h!1u91B .•. ;ii:! lfi10 . .;.:, !;fUl'.lf,,, . •.. z -r:fl. •• J~ 
11 tume on. ' ~· ' . 

The prescribed position is the position at which T3000 (the back spindle) and 1'0100 (usually the 
cutting tool) face each other. 

T3000 

T0200 
T0100 
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If a G821 Rl command is specified, the T21t.t. to T25t.t. commands for axis control group 1 
that appear first after that command return the Xl axis a full stroke without synchronization 
control of the Yl 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 I 
$1 $2 

01 rl} LJ Each axis control group operates independently. 

G821 G821 ~ $1 and $2 queue for execution. 

T2100 

D 
T2200 

D 
G820 

D 

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

G820 ~ $1 and $2 queue for execution. 

D} Each axis control group operates independently. 



4·~·~u~i~)~Jr~o~~Js~b~~rJ,~~!~ 
n~Olllll11l@ mMt)fiSd. tAA O~Wb~.RHlfft>l ~l':@3tfttP.bfo:i 

$1 or $2 to perform the automatic queuing. 
· i n ........ .a-~. i, 

!H l ?O~(A)vt It JJUl UJCU..t~ il ffl l fl(YJ _:...-. .....:--·-sr···-··-; s2 
:Jlgniilm rbid W<W9§\0lqg~Ji:ti¥ralil Jf fhgl~t )1fHifi.Ji1l 

The N999 command must be specified for each axis control group so that gu~i~Yl 
performed after the end of the last program. At the end ~f the las.t progr~~~"':,tOllowed 
by "M02," "M99," and finally"%" to end the program with queumg. ;:,.<:: • (j: 

Program example I 
$1 ~!rl:!i 

Gxxx Gxxx 

D D 
[J Pl to P4. is the programs for each axis cpntrol group. 

M56 

G999 G999 Executing the last program 

P4 
~ Last program (ending process) 

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 0899 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 0814 (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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r··c~-~-~~~ci--t~~;~t··1 
~ .................................................. .: 

$1 

G899 R1 K1 

• The G899 Rl 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 Rl Kl is specified, the machine does not close the back chuck . 
........................... . . . . 
1 ....... ~.~.!.~ ...... .i 

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

• Specify G899 Rl Kl 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 Ill, VII) 

The G851 and G850 commands are used to superimpose the Z2 axis on the Zl 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 
................................................... -

1...~9..~.~~-~-~--~~~~-~~ . .J 
G851 :zc:==J Superimpose control ON 

zc=J 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 Zl 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 Zc==J Superimpose control OFF 

zc=:J 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 . 
........................... . . 
i Note i 
! ••••••• •••••• • ••••••• •••• ~ 

• A setting switch of $2 Cycle Start must be set to OFF before a single-axis 
control group program runs. 



i !srrnot bnsrnrno:) 
4.4.8 Spindle Synchronization Control (G114.1, G814, G113t(~f1naJ)(Type Ill, VII) 

The G114 and G113 commands are used to control the spe~~~ one spindle in 

1~fP~MR~~~:;\\19ifH~~~9,~<YtfH~~eirH~t11 
These commands are effective to synchronization the two spindles in speed, for ex~~hen 
chucking a workpiece from t.M~~~~N'iilJli@ftl~\Y.Jllft~tg ft~iece 

being ~ed1d1 on ~~a! ~gfgm~~' Jdlrl~~ A'HfRJ~FX~r~~b~~rJll)8~~f~'11'8~ r~~Jia,J trom 
one spm e to we otner 6y syncnromzatioii'ihem m pnase. · . 

[~~~~~;;~!~~~!] 
:;;!f;~f,Lilf 

G11401#,~l1·~~~1. ;~.!~.t~,~K'.ldJJJ.·;··.·J,;i ;:.~,h .• ,~(;_ t_:r:···1 '2.~:.at~ 't1 

•!J-lj •'1'5WJ~r! ,,§¥HR~9~~0~r;~W-Jl,~.abf;if~~µ't 
Synchromzation spmdle selectiol\.::ilhniq2 

"' command (0-359.999deg) 

Reference spindle selection 

.~~~~·~~:~~~~,1~f~g,~!~~r~~1::0~~~?n. 
r··-e;j;i;~;ii61F11;J 

'·······---The Gs14:ommand controls the reference spindle as S 1 and another spindle to be sytldltOb.Tzed as 
S2, synchronizing the two spindles. · 

The G 114 command specifies Ibo :refet40CjCspiqdle and tlie. !pindle tb•Jynchronization to 
synchronization the two spep~e~ ~P.~~~· :···· · . 

,;,'•'t),t,,,j,, Yo. ~J*,b.,J '-~-'~"- ~~ ~ 
The G 113 command cancels synchronization between the two spindles rotating synchronization 
accordingtothespindle%~~on~: 1/l ;1. 11 ,1 1ri' 1 ' 
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4.4.9 Start Position Queuing (Type 1) (G115) 
..................................................... 
~ Command format 1 
: .................................................. .; 

!nll G11 s xc=J zc=J cc=J 
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 G 115 command, they remain queued. 

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

(8) Specifying G 115 for more than two axis control groups results in the program error P33. 

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

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

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

4.4.1 O Start Position Queuing (Type 2) (G116) 
..................................................... 
l Command format l 
~ .................................................. .: 

!nll G116 xc=J zc=J cc=J 
(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 G 116 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 G 116. 

(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. 

(lO)If two or more G116 blocks are specified consecutively, the block specified last is valid. 

(ll)The addresses that follow G116 are the X-axis, Z-axis, and C-axis work coordinates. 



4.4.11 Auxiliary Function Output during MiS Fe~d (Gtt7) 
~·••••••••O••o•n•••••••••••••••••Huooo••o•Uo•M 

j Command format 1 
~•••••••••••••o-.o•o•••••.....,.'"••••·---•••••••d••,; 

a111 xc=:J zcc1 crs:::r::r amoo. 
· ·· f'\uxiliaryxftmction 

Th:iscomnumd &peeifi~ an;intermediate point.and·~,auxiliaryfunctism tq.·becoaqmtat"th~t point, 
allowing the am:iliaQC·f.unction to be executed during m0vementi. 
(1) This comma;$d is placed :independently ~iatelybef-0re the mo;v:ing ccnrunand blrickin 

which you want the auxiliary function be executed. 

(2) This command is>not$:bjeetto.single ... blocksrop. 

(3) The following codes ~all oe'speetfied as the auxiliary function' inttie U.117 'bfoc.K: ·. 
M codes·.. Up fo 4 sers' (Ma<::to M :cdd~t':a$b, ()I11y'6I1e M fud~ catl 'D61i~bd'.) 
S codes 1 set each 
T codes iset 

( 4) This··oo·mnfand canl'te!ipeeified for ·up to !Wo c0rl!tecutive bldclcs. 
If three blocks or more are specified consecutively, the Iastt\vdbidcfcS are valid'. 

(5) If thedperationstart.pasition'speeif:tci:i by .CH17 does troreristbnH:it: inoving'path; th~ auxiliary 
funciioo is output when alLaxis coordinatec ~alUes'-O.hhe operation start pc)sition are reached. 
Only the specified axes are checked. 

( 6) At the operation, start•position, after checking that the previous auxiliary fuJ:lCtion has been 
output, the next auxiliary function is.qutp.u~. T!4ef~ iqtf:tf~,caii bi: use~ as us:ual.ly·without 
modification. 

(7) The ~uxiliary ~nctiori spedfie~ along w,itlJ amgvipg coUIIµ<lPp blo9~is outpu.t tiefo,re 
movement is started. Movement does not stop at the operation start positfon. Note that, at the 
block end position, after checking that all ~ux.iliary fil~ons.have·.~en.ontput; the ~ext block is 
executed. 

(8) Gll 7 should be specified in the order of operation start position&: The.program efror P33 
occurs if the order of operation startpositions is opposite todiemb\fitig sequence . 

. The operation start positions.match the mo'1ingsequenqe,.auxiliacy.£up.ctions. are. output in the 
order in which they are specified. . . . . · . · · 

(9) If the Qperation start. position for .the. n{lxt blocic is not found, fhe pro,gram et:ror 1?33 pccurt; 
. before movement to the next block. . . .. 

.. 1ih~.4escriptiqn;;{7)t<;>.(9)atiov.ecanb; summflT~eq.a~in.thefollo,vr:ingtable: 

Intermediate p<Jint foµµd 'l;lle o!d~r ifl (8) is. 
during movemeii( •. . folloo/ed. . .... 

No inteffilediate point Tl;le.order in (9~ is 
during movement · fo!lowed for the 

second block. 

• 1Jlt.~ order in \9) is f9llowed. . 
· A1.1xma,cy fu~cti.o~ fife 9µtp~t w the 

order of the first block, theii the second 
block regardless of the order of the 
specifi'ed pdihis. . 

(ll)The addresses that follow Gll 7 areth{l X-a.x:is,.Z-a.x~s,and.C-~w~r,k.coordin?tes,··. 
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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. 

, .................................................. ... 

L.~9..~.~~-~.9. .. ~~~~-~~-.J 
!nU G149 Qc=::J Xc=::J Zc=::J Cc=::J End position 

specified queuing 
• Q represents the end position block number. It is specified by BNc::::::J . 

Program example 

$1 
!2 G149 0100 X1.0 
G1 XS.O FSO 
BN100 G1 X-1.0 F10 

$2 
!1 0120 Queuing block specification 

BN120 G1 ZSO.O F100 
With this example, block BN120 in $2 is completed when the X axis in $1 passes a point of 1.0 
in block BNlOO. 

(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. 

(lO)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). 

(ll)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; Xl, Zl, and C specify their respective work 
coordinates. 



4.5 F Functions (F Codes) (Cutting'.NSH Riltel)!D 

n11!1t"Dr: t:~::l L~ '-=]o ~~.!:e E~_D1.&1dc===)o efl.t~ \Jn! 
The cutting feed eannot be executed unless these F code~MB:~!lq: 

The f'941r~~1gj~~.:RX ~Tl F. ~;y1jJna~~~JBttiRfaj~~c;1 8*JRRJ.i ~te (modal) until the next 
command Is specified. (The cutting feed is executed by the F code used in !J!~m:~m\!lJl!~~hining.) 

The feed rate is specified according to the cutting shape of "GOl ", "G02", ~4t~~~~Jl'2~q. 
There are 2 types of the feed rate. 

· 11*818:1~1~tr.r~1fdinute feed : distance o1$Jl&lOOI in mm per mi"1t01-
•G99 : mm/rev (per revolutio,~, f~;d,~ d~~~ce ?f the !ool in mm per srindle ~~'dl1l!bbrt) 

.. ~~.<',~9 ~~.~!~,1is·,: ~um,. ,:~~ ~~:ft~~,.it!?,~J~1~11J~,W.,~ w· :t~H ;i;;:"" "7''"'"'u~1lrn1· ".'·'i:.I 
'\VJieniswucJi'iitg the feea memoo' ~ritle.J t0 UY~ tn"a Dfocfi o't uUf cuftiM~~:J~;~~de 
must come before the F code. 

_;n,:;J;~~'{G Jh~nittl~,P():) '.:):JCF t 

~~~r~li,~Pt,1~'~1 ~,,.:,;~·"1 

DescriptiOn: · ,. 

oe~'i9''1attaw· · 
and Address 

Designated G 
Code 

G98 



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 

L 16 I L20 Command Codes 

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. 



4.6 M Functions (M Codes) 

4.6.1 M Codes Table 

Function 

M02* Cycle stop 

M03 
M04 
MOS 
M06* 
M07* 
MOS Enable bar stock exchange program 

M09 Completed bar stock exchange program 

M11* VII 

M13* 
M14* 
M15* 
M16* 
M18* Enable main spindle C axis 

M20 Main s indle indexin , and C axis cancel 
M23 Back s indle forward rotation 
M24 
M25 
M26 
M28* 

M31 Work conve or ON 
M32* 

Workpiece separator advance (type III) 

M33* 

M34* 

M38 

Stops the automatic operation in the 1 cycle 
mode. 

Starts the automatic material replacement 

Advances the support (on the setting table). 
0 tional 

Returns the SU 

Returns the support (on the setting table). 
tional 

aoses the stock . 

ration 

Tums the main s indle indexin and C-axis off. 
Starts the back s indle forward rotation. 

Advances the workpiece separator (on the setting 
table . 0 tional 
Performs a series of axis feed operations (with no 
knock-out. 

Returns the workpiece separator (on the setting 
table) and performs a series of operations for 
collection. tional 
Performs a series of axis feed, chuck open, and 
knock-out o rations. 
Tums synchronization on between the Zl axis and 
the bar loader. 0 tional 
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M Code Function Description 
M39 Bar loader synchronization OFF Turns synchronization off between the Zl 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***) 
MSO 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. 
M65 
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 

'M78S***) 
M79 Back spindle indexing cancel, C-Axis cancel Tums 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) 
M90 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. 
M96 Main spindle speed fluctuation detection ON Enables abnomal rotation detection of the main 

spindle. 
M97 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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a·•·-····· DM.t .. i..:,;.,"-'"""'.1....::.....a1\t-,.,,,l.,·1 1¥1 t~''.; ft~V«l't~'""lu...,,-"·~~ "'·'"' 

M106 
M107 

Ml 
Mt 
M~27 

M141 

\ 

f""N~r§· 1 
1 ................ H ...... - ........ ,.. 

• 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 M05) 

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

L.~9.-~~~0.-~ .. !?.~~-~~-.J 
M03 Main spindle forward rotation 

M04 Main spindle reverse rotation 

MOS Main spindle stop 

The spindle speed changes when only "Sl = .___ __ _." is specified during the rotation of the main 
spindle. 

Guide bushing 

M04 
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4.6.3 Back Spindle Rotation' and Stop ;(M23;>M24~~sna M25J'~1VllV11 c;(: ' 

These codes· are used for rotating (forwud ud rev~ attd :S~g'~tfWHJaa:'SJHndt~~ ·.· 
The fot\'lnlrd rotation intbis ease means~ coontdd6t:kWfke!~lfcfWilthli~hei'spmdle. 
To stop the rotation oftlieback spindle, you1~'also'liS~1thettmttil~~~~ey'0rHtre 
operation panel. 

···-·······-... ·-·····-·········· ... ··-··--... l Command format i 
·······-·······••H•••····--·-·••H-H•••••O-' 

M23 Starts the back spindbt fm"Ward rotatatr,,;1 

M24 Starts tlie back spindbt reverse rotatia: ''~ 
M25 Stops the back. Spindle rotatioit.. 

The spindle speed changes when only an "S2 = .... I __ _.!"is specified during the rotation of the 
back spindle. 

M23 M23 

Back spindle 

------- ~ ~ 
M24 

Material 
................................ 
l Note l 
! ............................... ..: 

• A workpiece receiver box may have been mounted when tlie back spindle 
chuck is opened. Therefore, tlie back spindle speed is limited to 100 min"1 

(maximum). The back spindle rotates only at 100 mm·1 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 tliat the 
workpiece receiver box has been rarely mounted. 

To enable the limitation again, press the reset I ~ I key or specify the 

M2code. 
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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. 

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

L.~~-~-~~-~-~--~~~~-~~-.J 
M58 Starts the tool spindle forward rotation. 

M59 Starts the tool spindle reverse rotation. 

M60 Stops the tool spindle rotation 

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

Tool spindle 
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4.6.5 FronVBack Tool Spindle.Rotatkm:aNf Sb:>p:(M80,rM81,:M82)i(l\lpe:(11; V.Nfi 
(Optional) 

,(;, 

These codes are used for rotating (forward and reverse) and stopping of thtt'~ackltoohpindle 
during a secondary process or back ma~nmg. 

The forward rotation in this case means tho,counte.:~~ ~~ ~w~i;l;th~ fl:~;tool 
spindle. 

To stop the rotation of the front/back tool spindle, you can also us~,tlu}1~,pilff:l~~~:lteY on the 
operation panel. 

r··c;~-~~~~d··1~;;:;;;11 
'···············H•H••••••«l••H••·-· .. -·-· .. ...,, 

M80 Starts forward rotation of the front/b~t,ool spindle. 
i '~ {"~«' : ·>' 

M81 Starts reverse rotatiQn. of tl}e fr9n0>~'* tooJ. spjp.qle. 
;,:_.' ' . ',.;'. ''.".;') L,,Jj', < 

M82 Stops rotation of the front/back tool spindle. 

Specifying only "S4-.... 1 _ __.I" 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)ffypeVH) 

This machine provides the following two methods fQr c;olJec:;tin~,the. prodl;l(;t. 

1. Picking off the product by the back spindle to collect it in the ptQ<it.l,ttbQx. 
(Pick-off collection mode) n. 

2 .. Puttirtg the product in·· the Workpiece receiver bOx mounted 611 the~lia~k spindle to collect it in 
the product box. (Workpiece receiver box collection mode) 

For a back machining product, ;tJ1e,pt~ud'.is oollerite4 in the method T { 
For a simple product without back ~chining~ the product is collected using the method 2 . 

The.program t>f.mefhodtisi~ltrded.in:the program of $2 ($1 if the program is for a single axis 
control groU.p}antfth~pr"gra:mofim~cds 2 is included in the program of $1. In both methods 1 
and 2, the M oode~fmpronuctoolle~tiQnis M.34 {M33). However, the actual operations of method 
l ~nd :2 dif'~e~ ~.~~Jy .. ,~ i!l~~<::~~,fll~!!).o4s land 2 are identified as described below. 

• Wkenthe:baekspin:(lle'~efln~ aS::~ingtfata has a workpiece receiver box and the M34 
· :e.ode .AAs •~e1J·•·~p~qi~iedf9r,$1c:f»'~~;· 

The machine recognizes the~urrenf,collection mode as workpiece receiver 
: ~q" ~P.~i°'1lrP'lQ:d~ ii:n(I, qp~tatl}s,in tjla~ plQQe. 

• When the back spintl!e defitted as machine data is~ standard or support-provided type and the 
M34 code ha~ 1bee1f,s~i~d .for $1~ .~: 

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

[~~~~~J· 
;yenif the workpiece receiver box is attac~ed t9 the back spindle, the pick
off SQUection m<Xle: i.s. tf!C08fiifed ~d u~ed. as tile cojlection method during 
operation when the M34 code is specified after T3000, T3100 to T3300, 
0811, orG85L The pick-off coUection mode is canceled by pressing the 
Reset button or by specifying the M2 code. 

When the back spindle chuck has been opened, a workpjece receiver box 
may have been mouuted. The back spindle speed is therefore limited to a 
maximum of 100 min·1• Even ifM'.23S2 = 2000 is specified, for example, 
the back spindle rotates only at up to 100 min'1• 

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 I ~ I 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 

r··c~-~~~~ci'f~~;;~i .. 1 
! ........ - ......................................... - ............... .: 

M33 Back spindle product separation 1 A series of pperatioµs wit!Jout product knock-out. 
.......... --........ --.. ·--·----·--·· ! Command format ! 
!n••••••Huou•••••••••••n••••••-•••••••u•u••"' 

M33 WO.O 020000 X4.0 E20000 

I 
Feed rate (per minute) when the X2 axis 
sepuatioa p0Sitioo moves. Moves·the X2 axis 
in rapid feed when omitted. 

Move position (Dub) Wlien the X2 ims ~ration position 
moves. Moves thelX21Bis~•a.:zae,pointwlen omitted. 

Feed rate (per minute)WbentfteZ2 axiSlettimS.'Moves the 'l2 
axis in rapid feed when omitted. 

Move position (distance from the zeto point t:>fthe·l2 uis in fnm) when the 'Z2 
axis is retracted. Moves the 'l2 axis to the zero pmnt when omitted. 

wc:::J Dc:::J xc:::J and Ec::J can be· omitted. w lDI 

[E]x r--
Program example i 

M33 ......... A series of operations is performed for collecting the finished workpiece 
(without knock-out for the product). 

GOOZ32.5 

M16 

M10 

G04 U0.5 

GOOZO 

M72 

M11 

T3000 

M73 

• If M33 has no argument specified, the Xl and 'l2 axes move to the zero 
point and terminates operation with the back spindle chucking the 
workpiece. 

• After the X2 and 'l2 axes movement is completed, the coordinate system 
setting of the Z2 axis is executed. Normally, the GSOZO command is 
executed. If W 6.6. is specified, G50Z6.6. 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 . 

......... Move the back spindle to the workpiece separation position in rapid feed. 

......... Open the back spindle chuck. 

......... Advance the back spindle knock-out bar. 

......... Dwell. 

......... Return to the zero point of the back spindle. 

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

......... Return the back spindle knock-out bar. 

......... Select the back spindle at the center of the guide bushing. 

......... Tum off the air blow of the back spindle. 
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ndle 

- --
Back spi ---,, .-----

·~. Product box 
----~ 

~ 

) .•.....•. ·.····.3. 2. s ···.:·.~ .. 11 .... 2.sro.~1 . [1.21951 .· •· .··. . . . 

............................. 
j Notes l 
! ............................. • 

• The above program exarnpllselectS TIOOO <ifterproduct Separation. 

• Compared tc! M34 for back ~piJ.ldie pf()duct separation 2, M33 allows 
individual operations for product separation fo be programmed. M33 can 
therefore save produd•se,patation tinte .by efficient programming. 

b) Back spindle product separation 2 

r··c~;;:;:;~~d--f~~;:;:;~1--1 
~ ....................... - ..................... 0 ..... ~,. •• ~ .... ..1' 

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

1:::~~~~~~~::!?.~~~Tl 
M34 WO.O 020000 UO.O E20000 Z30.0 F20000 80.0 T2.0 

I 
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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WCJ OCJ UC] Ec=J zc::1 Fc:::J BCJ T can be omitted. 

Product knock-out macro is also incorporated in the M34 code. 

Actions of commands in macros: 

M16 ......... Open the back spindle chuck. 

M10 ......... Advance the back spindle knock-out bar. 

M11 ......... Return the back spindle knock-out bar. 

M31 ......... Tum on the Workpiece conveyor. 

ZO ......... Return the back spindle to the zero point. 

M72 ......... Tum on the air blow of the back spindle. 

M10 ......... Advance the back spindle knock-out bar. Advance to blow chips. 

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

M11 ......... Return the back spindle knoctc-out bar. 

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

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

Program example I 

W [DJ Uc;: [EJ 
z [F] 

B 

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 . 
................. .-0 ......... 

~ 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. 



2. Method Wt~-~ i61:\e~1~i't#:~!.EDq.lltedt>n the:baek 
spindle to collect it in the product box (workpiece receiver1~,99Q~()n.mode) 
The program is described as part of the $1 program. v · ' · 

r~-=-d tJ ... .,~ ····.· ·.J 
L .. -.tb2 L.~····· ·; Workp;ece separator (workpiece receiver box) advance operation 

fdrmat i .. . . . ~ 

Back spindle ()Vorkpiece receiver box) product separation operations 

Piece separator (workpiece receiver box) advance operation 

Pr~ram example 

Z145.0 Rc::J F20000 

~(per minute! during Z2 axis I ;;;;;. 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 "l" 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 Rl command is ignored when this is specified. 

M0ve position during X2 axis advance. Moves the X2 
··~ bdle position of 632 mm when omitted. 

Mov~ ~~tion (dmtance from the zero point of the Z2 axis in mm) 
during 2'!!:..his return. Moves to the zero point when omitted. 

End pa~ition queuillg X position. The workpiece separator (workpiece 
r~iv~rf:>ox) 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. 

XCJ wc:J Uc:::J zc:J Rc:::J Fc:::J can be omitted. 

$1 $2 w 

G821 

T0100 
M32 

G1 X-3.0 F0.02 
M141 
G820 

G821 

G820 

......... Single axis control group command ON (Note 1) 

......... Selects the cut-off tool. 

......... Position the workpiece receiver box to the cut-
off position. 

......... Cut-off machining 

......... Return the workpiece receiver box . 

......... 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) prodUet separatio~ operation 

r-c~;;;;~d·f~~at-1 
~ ............................................. _ ................ .: 

M34 X632.0 WO.O 020000 UO.O E20000 Z54.0 F18000 T2.0 S30 BO. 

I 
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·1 

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. 

Xc=J Wc=J Dc=J Uc=J Ec=J zc::::J Fc::J 
Tc::::J Sc=J Bc=J can be omitted. 

W[D) 

X 11~ ZP9l 
Program example 

$1 

G821 
T0200 
M34 

T0100 
M32 

G1 X-3.0 F0.02 
M141 
G820 

$2 

G821 

G820 

B 

......... Single axis control group command ON (Note 1) 

......... Enter M34 after specifying the T0200 (first gang 
tool selection) after three-spindle hole 
machining. 

......... Select the cut-off tool. 

......... Position the workpiece receiver box at the cut-
off position. 

......... Cut-off machining 

......... Return the workpiece receiver box. 

......... Single axis control group command OFF (Note 1) 
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:·························: 
~ Note i 
~·~········:-............. ,. .... : 

• Ifa command inlhe T3000s in the workpiece receiver box collection 
mode;:,the current mode•is recognized as the· piek-0ff collection mode and 

·thus ttie basket in theww:kpiece 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 andclQse the chuck built in the spindle. 

Using the ro{jes can ~!lows the chuck to clamp the mat~rial to transfer the spindle rotation to the 
material . 

... .,,,._ . ..,,,. ........... .,-........... -,. ..................... .. 
l Command format i 
~ •• ,..4'>••••••••••.ao·-•h•••'"•••••••••--.•••••-•••,J 

Spindle chuck 

M06 Chuck close. 

M07 Chuck open. 

Actions of commands in macros: 

M06 
Closes the spindle chu<:k. 

Starts synchronization control between the Zl axis and the A7 axis (bar loader). (The command 
works this way for a synchronous bar loader.) 

M07 
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-1) 

Stops synchronization control between the Zl 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 C.huck Open and Close (M15, M16) (fype 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. 

r•o•"'"""••"'""'"'"""••••••••••••,....,,.._. ... ,.,, ............ .. 

L.9.~.~~~.~.~ .. !.9.'..~'.:'.~ .. J 
Back spindle chuck 

M15 Chuck close 

M 16 Check open 

Actions of commands in macros: 

M15 

Closes the back spindle chuck. 

M16 

Opens the back spindle chuck. 
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4.6.9 Opposite Tool Post Advance and Return (M14Q and M141) (Type Ill, VII) 

These codes can advance and return the inner diameter tool (T21M to T2SM) of the opposite tool 
post. The M141 code can also be used to return the workpiece separator m the workpiece receiver 
box collection mode. 

1•o••ouu .. ou•••H•••HU•••H••H•H••Huu••-, 

! ... ~9..~~~~~ .. !9.~~~u 
M140 zr=J Opposite tool post advance 

M141 zr=J Opposite tool post return 

zr==1 Z can be omitted. 

These codes are enabled for axis control group 1 when a T21M 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 zCJ code is not specified. 

M140 .. I 180 Advance 
[7.0866"] 

....----. Guide bushing 

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

$1 program Zero point ZO 

~..,............~ 

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. 

I Program example 

($1) 

G821 

T2200 

Z-0.5 

M140 
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The M140 ZJ._ __ __.! command positions the opposite tool post on the 'Z2 axis in the $1 work 
; l F. ·· · • 

coordinate system. 

~ specified by the Z argument 

I c M140 ~.-10.0 ... 

1 

.~

1 
a negative value) 

Z2 axis 170 Advance 
IS~ 

1~ 0 -~ • • Guide bushing 

·11600'~ 
I 0 0 0 : =:=§:.:.:s> 

:__ __ -+H' ffil~n --
-- -t--ir--~-.. ,, 

I I II !t ·'!I 
I f I t-..__,__,. ___ _LUJ 

The tool returns to the machine zero point of the 'Z2 axis by the M141 code. 

r··-N-;i;;-·1 
! ...... _______ .; 

• ZI I positioningis 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~ to T25M code is specified after M140 code, the tool selection 
perfoqned without retracting the opposite tool post. Pay attention to the 
interference with the material. 

• If Ml 40 code is specified after T31M to T35aa code, the Ml 40 code 
causes no operation to be performed (resulting in an alarm). 

• ~e M!~l 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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4.6.1 O 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. {Zl axis moves) 

2) Select the detection axis of the cut-off tool breakage detector. (Yl axis moves) 

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

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

+2 [cpQ.07871 

2.5 [0.09841 
Detection axis -++-ollt---

Guide bushing 

Tool 

Cut-off surface ___ .._3·_5 _[0.13781 

(2) Program example 

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

T[!]oo; ............ CD 

M51 Zc:::J xc::::J Fc:=l ; •.••••••.••• (1) 

CD Select the cut-off tool. 

(a= 01 when the holder is GTF3213 or GTF3113) 

(1) 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. 

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

These codes advance and return the back spindle knock-out 

i···c~;;;~~d-·f~;;:;;·~1 .. 1 
! .......................................................... ,.,..,. ..... .J 

Knock-out 

M10 Advance the knock-out. 

M11 Return the knock-out 
•••••••••••••••••o•o•o.•••••••••••••u••••••Huooo .. 

~ Command format 1 
~•••••••••••••••••••••••••o••-u••••••n .. o•-..••••.;_ 

M10 Zc=:l Fc=:l TCJ 
M11 Zc=:l Fc=:l TCJ 

• 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). 

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

~·••••••••••-"•••o••ouooo . . 
l Note l 
~ ........... .-•• un.,.••••••! 

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

18 [0.7087"] 

108 4.2520" 
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4.6.12 U1 OC Support {M10, M11) (Type I) 

These codes advance and return the support. 

r··c~·~~~~ci··1~~;;:;~t··1 
: ................................................... ... 

Support 

M10 
M11 

............................................................ 
! Command format l 
~ .................................. _. ............. ._.; 

Advance the support. 

Return the support . 

M10 Zc=J FC::J 
M11 Zc=J FC::J 

• 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). 

3 u10C ------------n 
-----f---------fl-------~-----------H-_________ _u 

74 134' 

e EB 
~ 

---11 
--------------------+-: 

225(8.8583" (Standard advance position of short type jig) 

230 [9.0551 'J 
(O. 19691 (0.3937'1 

----- -----------~-----

50 
[1.9685'1 e EB 

~ 

175 (6.88981(Standard advance position of long type jig) 1 o\ 
180 [7.0955'l (0.19691 (0.39371 
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2s 10.se43•jMaximum protrusion of sleeve) 

1= ~ ~-- ~-~ 3}--- -- -- -®--+it-2 

7871 

I 

J=-~ ~ =--~ ~ _ -t--tl---'T01lT06 

i------------='22""5~.8=5-"'63~·~-------t<,..2~0.07872'] 

- --- - --- - ~---

09 83' 

@ 

225 8.8583 

175 6.8898' 2 0.0787'] 

U10C 
1. If the support advances exceeding 

Z = 209 at position TOB, it may 
interfere with the rotary tool nut. 
From the advance position, the Y 
axis cannot move in the positive 
direction. 

2.11 the support advances exceeding Z 
= 209 at position T07, it may 
interfere with the rotary tool nut. 
From the advance position, the Y 
axis can move 35 mm (70 mm 
specified in diameter) in the 
positive direction. 

3.lf the support advances exceeding Z 
= 225 (U10C standard advance 
position) between positions T01 
and T06, it may interfere with the 
tool. 

U51Z 
(Specifications for short type jig) 
1 . If the support advances exceeding Z 

= 159 at position Toa, it may 
interfere with the 3-vertical sleeve 
holder (GDF306). From the 
advance position, the Y axis cannot 
move in the positive direction. 

2.lf the support advances exceeding Z 
= 209 at position T07, it may 
interfere with the rotary tool nut. 
From the advance position, the Y 
axis can move 15 mm (30 mm 
specified in diameter) in the 
positive direction. 

3.11 the support advances exceeding Z 
= 225 (U51 Z standard advance 
position of short type jig) between 
positions T01 and T06, it may 
interfere with the tool. 

U51Z 
(Specifications for long type jig) 
1.lf the support advances exceeding Z 

= 159 at position Toa, it may 
interfere with the rotary tool nut. 
From the advance position, the Y 
axis cannot move in the positive 
direction. 

2.lf the support advances exceeding Z 

= 159 at position T07, it may 
interfere with the rotary tool nut. 
From the advance position, the Y 
axis can move 35 mm (70 mm 
specified in diameter) in the 
positive direction. 

3.lf the support advances exceeding Z 
= 175 (U51Z standard advance 
position of long type jig) between 
positions T01 and TOG, it may 
interfere with the tool. 
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4.6.13 U11 C Support (M10, M11) (Type Ill) 

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

r··c;~-~~~~d··1~;~~t··1 
~ ...................................................... ..r 

Support 

M10 Advance the support. 

M11 Return the support. 
0•0o0000U000000U000000H•OOOO ... HOU0000.0000•0 .. 

L.9.9..~.~~~~--~~~~-~! . .J 
M10 zi..r-----. Fl.___ ..... 

M11 ZI F .... I _ ___, 

• The Z argument specifies the support axis move position (distance). The support moves 155 
mm 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 20000 (mm/min). 

• The MlO command returns the Z2 axis once, moves the X2 axis to the support front position, 
then advances the Z2 axis. 

U11 C Long workpiece device 
\ 

. ------

Support and guide pipe protrude amount (U11 C) 

e m 
~ 

155 25 
(U11C Standard advance position) 

180 

(Z2 Axis stroke) 

US 1 Z Material chucking device 

e m 15 
~ 

U11 C Long workpiece device 
155 83 

U51Z Standard adv position} 
58 180 

Support and guide pipe protrude amount (with US 1 Z) 
(Z2 Axis stroke) 

'. 



4.6.14 U51Z Stock Gripper (M13, M14) (Type I, Ill) 

These codes open and close the stock gripper. 
r·c;;;;;;~ci-1~;;;;t··1 
! ... ·-·-·····-·--·------···.:. 

Stock gripper 
M13 

M14 
r··Q;-.;;-~a~d-f~~;-;-1 
'·····--···········----·---··--' 

Open .the stock gripper. 
Close ihe stock gripper. 

M13 RI,_---. 

M14 
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• The It argument specifies the position a.t which the stock gripper is chucked during adjustment. 
The stoo1c gripper axis moves to th~ 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 hetween the maximum and minimum diameters. 
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4.6.15 U31J Work Separator (M32, M33) (Type I, Ill) 

These codes advance and return the work separator. 

i···c;~-~~~~d--f~;;~1··1 
~ ................................................... .: 

Work separator 

M32 Advance the work separator. 

M33 Return the work separator. 
••••••U••••••••••••••n••••••••••••••o•uuu•••• .. 

1 Command format l 
~•••••·••••••nno••oouuoooooo•oooooooooouuuoo.: 

M32 Xc:::J Zc=:I 
• The X argument specifies the end position queuing position. The work separator completes 

advancing when the Xl 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 zr::J Wc=:I Fc=:I Ec::::J Kc:::l 
• 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. 

I. 250 I. so 
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4.6.16 U33J Workpiece Separator (M32, M33) (Type Ill) 

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

r··c~-~~;~ci-·1~~;;;1-1 
1 ............. --···-·······-------"' 

Workpiece separator 

M32 Advance the workpiece separator. 

M33 Return the workpiece separator . ............................................. _. ______ _ 

L.9.9.~~~~~ .. !~~~~! . .J 
M32 xc:::J Uc::J zc=J Fc::J 

• The X argument specifies the end position queuing position. The work separator completes 
advancing when the Xl 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 
argume~t is omitted. 

• The Z argument specifies 12 axis advance distance. The X2 axis moves 160 mm when the 
argiUrfent is omitted. 

• 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 12 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. 

(D) 

~)~T 
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4.6.17 Bar Feed (M54, M55) 

These codes are used to operate the bar loader. 

~···c;~-~~~~d-·f~~~~t .. l 
~•onooo•o•••••u••••o•ouoo•ooooo•uo••oo•••••••oJ 

Material feed 

M54 Tum off the bar loader torque. 

MSS Start the bar loader. 

• The bar loader performs the following operations: 

Actions of MSS (Synchronous bar loader) 

Open the stabilizer. 

Move the pushrod to the material extract position. 

Tum on the material clamp. Extract a. 

Move the pushrod to the material extract position ( = return position). remaining 

Tum off the material clamp. material 

Tum on the material clamp. } 
Detect any material 

Tum off the material clamp. 

Tum on the shelf material motor to move the rail backward. 

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. 

Tum on the material clamp. 

Move the pushrod to the material insert position. 

Tum off the material clamp. 

Move the pushrod to the shortcut position. 

Close the stabilizer. 

Feed a shelf material. 

Insert a material. 

J Feed a material. 
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4.6.18 Bar Feed Program Enablerrerminate (MOS, M09) 

ThC$C codes e~able 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. 
f 1;, L, --~ ... _! " - :! _-~ ! -. ' ••1 'l !*" C 

! Command forrntat. ! 
c.r _ -1 - -_, ··•••u •1 · 1 p_; _ r · _ ~~-

Bar feed program enable/terminate 

M08 Enable a bar changing program. 

Program example 

MOS 
MOS 
I ( ) 
I ( ) 
I ( ) 

M09 

I G01 X21.0 W-25.0 F0.2 

/M53 
/M05 
/M54 
/M07 
/M55 

/MOO 
I G4 U2.0 

/M52 
I M03 S1 = C=:J ·········.···":' 
U M26 ~ 
·-··········· 

/W25.0 F0.2 

I X-3.0 F0.02 

/M09 
.............................. . . 
~ Note ~ 
: ....... H .. OOOOO••ooo .... ,' 

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. 

......... Tum 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 MOS and M09 codes can be specified for both axis control groups. 



L 16 I l20 Command Codes 

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. 

r··c~·~;~-~ci-·t~;;~1··1 
! .................................................... .; 

S1 =DODD 
S2 =DODD 
S3 =DODD 
S4 =DODD 

Main spindle 

Back spindle 

(Five-digit function command) 

(Four-digit function command) 

Gang tool rotary spindle 

Front/back tool spindle 

The spindle speed is calculated from the following formula and rounded up to the nearest whole 
number. 

v 
N = n:D x 1000 

Specification Ranges 

Axis control 
group 

S1 

S2 

S3 

S4 

N : Speed (min"1) 

V : Cutting speed (rn/min.) 

D : Material diameter (mm), or hole diameter for drilling 

n: : Circular constant (approx. 3.14) 

Spindle Speed 

Main spindle 200 to lOOOOmin·1 

Back spindle 200 to 8000min·1 

Gang tool rotary spindle 200 to 5000min·1 

Front/back tool spindle 200 to 5000min·1 



4.8 !(Exclamation) Function (Queuing Code) 
1 .. ·c;~·~-,;;~d-·f~~;~t··1 
........................ _ .................................... -..J 

!I c=J Multi-axis control group queuing) 

- Queuing number (0 to 9999) 

L 16 I L20 Command Codes 

The command format "!1.c=J" 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 I 

Example of multi-axis control group queuing command 

00000 
$1 $2 

.----'J>) IL1 

!L1 --< --

IL2 IL2 

----·-'}>) IL3 

!L3 +-(-~ 

IL4 !L4 

MSG 

G999 G999 

N999 N999 

M02 M02 

M99 M99 

% % 



Product code G -H s I 1 H 2 I 0 I I lmlvnVl/V1 -00 
Document code I 2 I E I 1 1-1 0 141 0 I 2 I 

/2IE/2l-lol4lol1I 
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This section explains basic programming using the commands (codes) described in Chapter 4. 

5.1 Program Structure 
r-·c;~;;~~-d-·f~~~-~t .. 1 
! ..................... 89 .................................. .: 

• Program No. 00000 

• 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 M02 M02 

• Return to main program M99 M99 

• 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/L20 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 L16/l20 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 NOOOOl to N99999 (except N999). Only one-digit sequence number such as "Nl" 
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 

~ LL_ Tool number 

L 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. 



L 16 I L20 Programming Practice 

• 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.) 
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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. 

-0 a 
(") 
m rn 
rn 
rn 
ID 
.0 
c: 
ID 
:::J 
(") 
m 

Cut-off process 

(M56) 

G999 1------1 G999 

N999 
M02 
M99 

% 

Last program 

N999 
M02 
M99 
% 
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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 TOl 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. 

X EB 

( _______ _,) Start position 

~4+1--- ---- ---- ---- ---- __ _,.____,,_ z EB 

1..., .....----' 
........ 

Machining length 

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

2. Enter the program number at the beginning of a program. 

3. Set the respective axis control group number ($1 or $2). 

4. 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 ZO. 

5. 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.) 
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Program example 

G50ZO GOXO Z-0.5 

Cut-off tool Cut-off tool 

Decide this point as Z=O. 

x = -3.0 

1.5 

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 

00000 ......... Specify the program number. 

$1 

GSOZD 

M06 

GOO XO Z-0.5 

M3 S1 = C:J G99 

G821 

Machining process 

$2 

G821 

......... Specify each axis control group number.· 

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

......... Close the chuck. 

......... Move the cut-off tool. Generally, specify -0.5 mm in the 
longitudinal direction. 

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

......... Tum on the single machining command. 
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5.3 Cut-off and Ending Processes 
Mount the cut-off tool on TOl and perform cut-off machining. 

Machining 

I) l ... .._.. ~"""' 
, a •.. Cut-off tool width 

~ 1 l--1---( 
~ 

Program example 

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

Machining process 

$1 

NDDDD 
T0100 

GOO XCJ ZCJ TCJ 

G01 X-3.0FD 

MOS 

M07 

GOOZCJ TOO 

M56 

G999 

N999 

M02 

M99 

% 

$2 

ND DOD 

G999 

N999 

M02 

M99 

% 

......... Enter the sequence number. 

......... Select TOlOO. 

......... 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. 

......... M07 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. 

Program point 

0.5 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. 

• 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 "f" (the 
machining distance) and "a" (the tool width). The program point in Z axis shall be the sum of 
"f" and "a" in relation to the cutting point "f" in the Z axis direction. (Z = f +a) 

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

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

[i 1 ~ 11 
\ I \ I \ //\ 

Program point=Cutting point Cutting Program Cutting Program Cutting Program 
point point point point point point 

(Cutting point) ........................... 
l Notes l 
! .......................... ~ 

• 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. 



5.4.1 Front Turning Process 

Machining 

«1>20 --\---1 .... z e 

0.5 

Program example 

Tc=J 
GOO X11.8 Z-0.5 

G01 X14.0 Z5.0 FD 

Z12.0 

X21.0 FD 
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x e 

t 
® 

x e 

ze 

......... Select tool for front turning T.__ __ __. 

......... Position the tool at the specified position. 

......... Perform taper cutting for 5.0 mm in the longitudinal 
direction. @ 

......... Perform cutting for 12.0 mm in the longitudinal direction. © 

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

Machining 

Xffi t 
Xffi 

@ 

0. 5 4.0 @) 

<t> 20. 0 HZ$ ZEB ZEB 

Program example 

Tc:J· 
GOO X21.0 Z14.0 

G01 X14.0 Fc::J 

Z19.0 Fc::J 

X21.0 Fc::J 

<t> 14. 0 

......... Select the back turning tool T~---

·•· ...... 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. @ 

......... Cut the material to the point of 14.0 mm in diameter. @ 

......... Perform cutting for 19.0 mm in the longitudinal direction. © 

......... Move the tool to the positioning point by cutting feed. crl 
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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 

X6:3 

1 

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

Program example 

Tc::J ......... Select the grooving tool T.._--~ 

The shaded portions are cut 

0.1 to0.2mm 

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

G01 X12.0 FD ......... Cut the material in the diametrical direction until the material 
diameter becomes <j> 12.0 mm. @ 

X21.0F0 ......... Move the tool to the positioning point by cutting feed. © 
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5.5 Center Hole Drilling 

5.5.1 Determining Spindle Speed 

The spindle speed N (min-1) for operating the center drill and drill is calculated using the following 
formula: 

v 
N = nd x 1000 

N: Spindle Speed (min-1) 

V: Cutting speed (m/min) (circumferential speed) 

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 

Program example 

G821 
T[==:J 

GOO Z-0.5 

M140 

+ 
I Machining Process! 

0.5 

Program point 

zo 

......... Tum the single machining on. 

......... T._ __ ~ tool select command 

......... Move the material end face 0.5 mm. 

......... Advance the opposite tool post. 



5.5.3 Center Drilling 

Machining 

Program example 

$1 

M3 S1 = C::=l 
G821 

TC::=l 
GOO Z-0.5 

M140 

G01 Z5.0 FD TD 

GOO Z-0.5 TOO 

M141 

G820 

$2 

G821 
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5 

.......... Rotate the spindle in the forward direction . 

.......... Single machining command ON 

.......... T~--~ 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. 

• In-feed count and in-feed amount 

~ 
In-feed Amount ln (mm) 

Tool 1st in-feed 2nd and subsequent in-feeds 

Brass Woodruff drill Entire length 
Flat drill 

Aluminum Twisted drill l1 =<I> d x 3.0 £0 = £0.1 X 0.6 
Free cutting steel - <I> d x 0.9 (mm) 

Tool steel Twisted drill l1 =<I> d x 2.5 £0 = £0.1 X 0.5 
Carbonate steel 

Free cutting 
- <j> d x 0.9 (mm) 

stainless steel 

Stainless steel Twisted drill l1 =<I> d x 2.0 £0 = £0 .1 X 0.4 
Hard material 
Twisted drill 

- <I> d x 0.9 (mm) 

:-••oo00•0o•OOOOOH0000000000000000000000: 

: 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 l .. 0.3 x 4> d 

ipd 
""-'_.__._,_._,_._......._.,.........,_,_~~-'-
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5.5.5 Drilling a Deep Hole 

Machining 

Material : Free cutting steel 

15 (1st in-feed) Example of in·feed amount calculation: 

Program example 

Machining process 

$1 

M3 51 = c::::J 
G821 

Tc=J 
GOO Z-0.5 

M140 

G01 Z15.0 F0.1 TCJ 
GOO Z-0.5 

G04 U0.5 

Z14.5 

G01 Z24.0 F0.1 

GOO Z-0.5 

G04 U0.5 

Z23.5 

G01 Z30.0 F0.1 

GOO Z-0.5 TOO 

M141 

G820 

$2 

G821 

G820 

1st in-feed l1=cf>5 x 3 = 15_.jJ .. 
".············ 

2nd in-feed l2 = h1 x 0.6 = 9.~ 

3rd in-feed la= f:i:1·~-~-~-~-~-~ .. 6.0 

24 (2nd in-feed} 

30 (3rd in-feed) 

......... Rotate the spindle in the forward direction 

......... Single machining command ON 

......... Tl I 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 

(l1 + l2 = 24) 

(l 1 + l2 + l3 = 30) 

......... 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. 

Z=O Z=O 
The shift amount" a"' for the die is set at "l+ 1 mm". 

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"1 

Following table is approximate criteria for spindle speeds. 

Material· Nominal Diameter Spindle Speed (min-1) 

Non-ferrous Ml-M3 600 - 1000 
materials M4-M6 400 - 800 

M7-M10 200 - 600 

Ferrous materials Ml-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) 

L: Lead (mm) 

N: Spindle speed (min-1) 

0.2 x l + b 
t = L x N/60 x 1 000 

f. : 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 

0.5 

M03 S1 = 300 ..... Spindle speed command. 
G04 U0.5 ............ Dwell in order to stabilize spindle speed 

(0.5 seconds). 
T2300 .................. Select "23" for tool number. 
M140 ................... Move the opposite tool post forward. 

GOO Z2.0 ............. Move tap to 1 mm before the material end 
face in rapid feed. 
(Z=a-1.0) 

G32 Z19.0 F0.8 TOD 
............................ Move tap forward in pitch (P x 0.8) feed 

rate (the feed amount is thread length l. x 
80% and specify the compensation 
number.) 
(Z = l x 0.8 + a, F = P x 0.8) 

ZO F1 .0 M04 TOO 
........ , ................... 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. 
(Offset Cancel) 
{Z =a- 3.0) 

G04 U2.0 ............ Wait till tap is extracted. 
(Generally U2.0) 

GOO Z-0.5 ............ Return tap to machining start position for 
next process in rapid feed. 

M 141 ................... Retrieve opposite tool post 

M03S1 =c:J 
............................ 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. 

zo 
(Right-handed} (Left-handed} 

Cutting point Program point Cutting point Program point 

Tool shift amount 1 .5 Toof shift amount 10.5 
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5.6.2 G92 - Thread Cutting Canned Cycle 

The Cincom lathe provides the following thread cutting canned cycle. 

Machining 

CD © 

l l 

a 

2L l L l L 

® 

2L l L 
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5.6.3 G92 - Thread Cutting 

Example of machining with M1 O P = 1.5 

Machining a non-ferrous material (right-hand thread) 

Machining 

M10 

Z program point 

z- *2L 

G92 XO ZCJ FD 

zo 
a 

Za *L 

z 

L (1.5mm) Thread lead 
Za (12mm) Effective length 
a (10.5mm) Tool shift 
Xn : In-feed 
* Uneven thread ridge portion 

See '9.1.2 Thread Cutting Count with 
Tool" in Chapter 9 



Program example 

T0600 

M0351=1500 

G4 U1.0 

GOO X13.0 Z/.5 TD 
G92 X9.3 Z25.5 F1 .5 

X8.8 

XS.48 

X8.28 

X8.16 

X8.06 

X8.06 

GOOXOZCJ 
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......... Select T06 

......... Spindle speed coffimand (1.500 min-1) 

......... 1.0 second dwell in order to stabilize rotation 

......... Positioning tool at initial point. (Z= a-2L) 

......... 1st in-feed (Xl 0.35) (Z=a+Za+2L) (F=L) 

......... 2nd in-feed (X2 0.25) 

......... 3rd in-feed (X3 0.16) 

......... 4th in-feed (X4 0.1) 

......... 5th in-feed (X5 0.06) 

......... 6th in-feed (X6 0.05) 

......... 0 cut (same as last in-feed) 

......... To initial point of next process 

• The spindle speed is limited as specified by the following equation: 

N Spindle speed 

N ( . -1) 8000 (mm/min) 
mm s L (mm) 

L Thread lead 

8000 : Maximum feed rate 

• The standard spindle speed for thread cutting is 500 to 2000 min·1• 

• 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·1 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 using a 
parameter. (See the operator's manual of the NC manufacturer.) 
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5.6.4 G92 - Taper Thread Cutting Canned Cycle 

G92 can be used for taper thread cutting. 

Taper thread cutting is performed in a canned cycle from CD to CV,@ to©, then back to CD. 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 

G92 xD zD RD FD 

Z program point 

2L 

Program example 

"Ti.__~ 

MD 51 = I._____. 

G4 U1.0 

GOO X (RQ] zD iCJ 

G92X~zD Rtrj 

0 
x (X2) 
x (X3) 

x (X3) 

GooxDzD 

a zo 

Za L 

......... Select threading tool 

L : Thread lead 
Za : Effective length 
a : Tool shift 
r : Slope 
* Uneven thread ridge portion 

z 

......... Command for spindle forward or reverse rotation at a 
spindle speed of I I min ·1 

......... 1.0 second dwell in order to stabilize rotation 

......... Positioning tool at initial point. 
X(thread diameter +2L), Z(a-2L) 

......... 1st in-feed X(thread diameter-2 x in-feed 1), 
Z(a+Za+L), R(-slope), F(L) 

......... 2nd in-feed X(Xl-2 x in-feed 2) 

......... 3rd in-feed X(X2-2 x in-feed 3) 

......... Zero cut at diameter X3 

......... 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 

TD DOD 

GSO Uc:=J 

GOO XO ZD TDD 
This command shifts the program zero point as shown below. 

X$ 
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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. 

T13 T23 T22 T21 
[rype I: Sleeve holder viewed from operator side] [rype VII: Top view of opposite tool post] 

........................... 
~ Notes i 
! ........................... ! 

• 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 Tll 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 cj> 5) 

The "5.0" after address "U" is determined to the boring tool diameter ( cj> 5). If a cj> 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 cj> 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. 



L 16 I L20 Programming Practice 

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. 

zo 

T3 

- - - -, 

T2 

3 
I I 
L ____ 

- - - _J 

T1 

2 

~s.£ 

I Machining layout drawing! 

Material: C3604(brass) 
Diameter: cjl 16.0 

-

§ 40 

q, 12. 0 

h 
1. 15 :I 

T3CD T2@ 

@T1 

t 

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] GSO W-3.0 (when tool width is 3 mm) 

[Coordinate system shift cancel] GSO W3.0 (when tool width is 3 mm) 

Program example 

IGso W-3.ol 

GOO X17.0 Z25.0 

G01 X12.0 FD 

Z40.SF0 

X17.0 F0.2 

1Gsow3.ol 

......... Back turning tool longitudinal coordinate system shift command 

......... Position tool in rapid feed. 
The tool is moved for a distance adding the shift amount. 

......... Perform diameter direction cutting. 

......... Cut material for 40 mm plus 0.5 mm in longitudinal direction . 

......... Move tool to specified position on material diameter. 

......... 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 

zo 

T1 

2 

I Machining layout drawing! 

Material: S45C (carbonate steel for structure). 
Diameter: (cf> 16.0 x cf> 8.0 (Pipe material)) 

T2 

T 22(!) _ __,.,~, 

.. -q, lQ. QI-+---

3 
10 12 

50 

n 
@T2 

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 

oc==i 
$1 
GSOZCJ 

M06 

GOO X17.0 Z-0.5 
M03 51 = c:::J G99 

G821 

Boring process 

N0122T2200 

M140 

$2 

G821 
G820 

G999 

N999 
M02 

M99 

% 

®T1 

IGso U5.ol .......... Boring coordinate system shift (direction of diameter) 

GOO X10.0 Z-0.5 TD 
G01 Z10.0 FD 
X7.0 FD 
GOOZ-0.5 

IGso u-s.ol 
M141 

.......... Boring coordinate system shift cancel (direction of diameter) 



L 16 / L20 Programming Practice 

Program example 

Back turnning process 

N0202 T0200 

IGso W-3.ol 
GOO X17.0 Z38.0 TD 
G01 x12.0FO 

ZS0.1 FD 

X17.0 F0.2 

1Gsow3.ol 

Cut-off process 

N0301 T0100 

GOO X17.0 ZS2.0 TD 
G01 X13.0 F0.2 

X7.0 FD 

X-3.0 FD 

MOS 

M07 

GOO ZO TOO 

G820 

MSG 

G999 

N999 

M02 

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. 

:···c~~~~~ci··1~~~·~1··1 
~--······················· ......................... ..: 

• When compensation is added simultaneously with tool selection TDDDD ( 4 digits) 

• When only compensation value is given after tool selection TDD (2 digits) 

l''"'E:;pi~-~-~t·i·~~ .. ···i 
1 •••••••••••••••••••••••••••••••••••••••• 1 

1. The "T~---'" code for compensation consists of a two-digit numeral. 

•For TDDDD (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 TDD (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, TDD (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 TOO. 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 "TDDDD (four-digit)" command executes the movement that already contains the 
compensation value (in the diametrical direction only). 

The "TDD (two-digit)" command executes the compensation when XO and ZD 
commands are specified. 
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5.8.1 Compensation Example 

5.8.1.1 Outer Diameter Cutting 

Machining 

<!>14 ±0.02 

Program example 

N0103 T0300 

GOO X12.0 z-o.5 IT01I 

G01 X14.0 Z0.5 
F0.03 

Z15.0 

x11.o lro2I 

X18.0 Z15.5 

Z22.0 

......... Specify the offset command in the block which moves the tool to 
the material in rapid feed. 

......... (Compensate for the <I> 14) 

......... Specify the offset command each time when there is diameter 
difference in the workpiece shape as in this program example. 

......... (Compensate for the <I> 18) 

5.8.1.2 Face Drilling (Drill, Tap Machining) 

Machining 

Program example 

N0323 T2300 

GOO Z-0.5 

G01 Z15.0FO.oa1To3l 

Goo z-o.5 ITool 

M141 

15 

......... Specify the offset command to adjust the drill depth. 

......... Offset cancel. Be sure to specify this command when the tool 
returns. 



5.8.1.3 Cut-off 

Machining 

Program example 

N0401 T1100 

-----, 

r---, 
I 
I 
I 

-+-- -+ 1--'----i L ___ J 

I 
I 
I ____ ..,J 
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GOO X21.0 Z22.0 !To41 ......... The product length is decided by the Z axis direction offset. 

G811 

!L1 
G01 X-3.0 F0.02 

G810 

MOS 

M07 

GOO zo !Tool 

MSG 

G999 

N999 

M02 

M99 

% 

......... 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.) 
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5.9 Simultaneous Machining 

The Zl 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, T02 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: 

• A tool is selected for each axis control group ($1 (gang tool) and $2 (opposite tool post)) by the 
ordinary TDDDD 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 

TlO T08 TOG T04 T02 
T07 TOS T03 TOl 

t 
' 

T23 T 2 1 
T22 

c::B~~~~::J 
• 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. 
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Simultaneous machining pattern (1) 

Positioning relation between T02 and T23 is shown below. 

GTF3213 

T04 T03 T02 T01 

Simultaneous machining pattern (2) 

Positioning relation between T03 and T23 is shown below. 

GTF3213 
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Simultaneous machining pattern (3) 

During simultaneous machining by T02 and T21, T02 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 

T05 T04 T03 T02 T01 ~:,, 
I I \\ 

\
'- _ffi_ lL 
~,,, 

'~/ 
' -[ 

Simultaneous 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 

T05 T04 T03 T02 T01 
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5.9.1 Simultaneous Machining by Outer Diameter Cutting and Drilling 

Machining 

Program example 

$1 

T0300 

Machining process 

GOO Z-0.5 

XB.O 

G01 X10.0 Z0.5 FCJ 
Z15.0 

G811 

X11.0 

X12.0 Z15.5 

Z30.0 

X15.0 

X17.0 Z31.0 

G810 

Machining process 

$2 

T2300 

G811 Z-1.0 

G01 Z17.0 FCJ 
GOO Z-1.0 

G810 

( 17 0 

Returns byG810. 

.......... 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 15.0 in 
the longitudinal direction . 

For axis control 
group 1 only 

.......... Zl - Z2 superimpose (Opposite tool post 
positioning in longitudinal) 

} Axis control group 2 drilling 

Axis control group 1 outer diameter cutting 

.......... Zl - Z2 superimpose command OFF (Axis 
control group 1) Return to the opposite tool post 
machine zero point. (Axis control group 2) 
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5.9.2 Outer/Inner Diameter Simultaneous Machining (Boring) 

Machining 

0.5 

Program example 

Machining process 

$1 

T0300 

GOO Z-0.5 

X14.0 

G01 X16.0 Z0.5 FD 
Z11.0 

G811 

. X17.0 

X19.0Z12.0 

Z30.0 

X21.0 Z31.0 

G810 

Machining process 

$2 
T2300 

G811 Z-0.5 

G50 Uc::! 
GOOX9.0 

.......... 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. 

.......... Zl - Z2 superimpose 

Operates in axis 
control group 1 only. 

(opposite tool post positioning in 
longitudinal direction) 

; ......... Cut to <j>l7.0 

.......... Chamfering (CLO) 

Coordinate system shift ON 

Rapid feed positioning 
(in diametrical direction) 

G01 X7 .0 Z0.5 FD Cut to the position of 30.0 $1 Inner diameter chamfering 
(C0.5) 

Z12.0 Fe::! 

X5.8 Fe::! 

GOO Z-0.5 

G50 U-c::J 
G810 

in the longitudinal direction 

.......... Move to the outer diameter 
while chamfering and cuttin 

.......... Cut to <I> 5.8 in diameter. 
(Move the tool bit away.) 

.......... Return in rapid feed. 

Cut to the position of 12.0 $2 
in inner diameter in the 
longitudinal direction 

.......... Coordinate system shift OFF 

.......... Zl - Z2 superimpose command OFF (Axis control group 1) 
Return to the opposite tool post machine zero point. (Axis 
control group 2) 
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5.1 O 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. 

r--c~-~~~~d--f~~;;~i .. 1 
1 .................................................. J 

TDDOO (Four-digit T code) 

This command is much the same as an ordinary tool selection command. 
Usually, TOl to Tl4, 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 Yl, enter the diameter value the distance from the guide bushing center as 
the reference point (zero point) with the Yl axis positioned at the machine zero point. 
For tool position data Xl, 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 

352.000 

300.000 

218.000 

····-··-···-··········· l Notes l 
! ............................. ~ 

•Notice that the tool moves using the TDDDD code. 

• Confirm the contents of the following before machining when the free 
tool layout is used. 

!.Check whether "Free Tool" has been specified as holder names 1to3 
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. 

M98 Pl I LI 

"---y---;-Jl __ '-----y---;-J----Subprogram number (1 to 99,999,999) 

_ ~--Number of times the subprogram is repeated (1 to 9,999) 

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) 

$1 $1 

$2 $2 

Example 

Main program 

00001 
Subprogram 

00002 
$1 $2 $1 

M98 P0002 
GOO X21.0 Z15.0 ~____,,__ ______ M99 

\1 ------- ---Muz---

M99 

v ---------M02 __________ _ 

M99 

% 

• The M99 command must always be placed at the 
end. 

• The subprogram does not require M02. 



5.11.3 Example of Using a Subprogram 

I Dimensions and machining layout I 

(DTOl @T03 

~ ~ i4f7 i4f7 

~1: 20 

Program example 

Main program 
00001 
$1 
GSOZO 
M06 

.11. 

GOO Z-0.5 M03 51=1800 G99 
G821 
N0101 
GOO X11.0 T01 
Z1.5 
G01 X7 .0 Z-0.5 F0.015 
GOO X11.0 
N0203 T0300 
GOO X11.0 Z21.0 T02 

14 

I M98 P0002 Lal ____ _, 
N0311 T0100 
GOO X11.0 Z70.0 T03 
Go1 xa.o Fo.01 s 
X11.0 F0.2 
W-1.5 
XB.O W1 .5 F0.015 
X-3.0 
MOS 
M07 
GOOZOTOO 
G820 
M56 
G999 
N999 
M02 
M99 
% 

.11. 14 

1 

68 

$2 
G821 
G820 
G999 
N999 
M02 

M99 
% 

.I I~ 

t 
3-<t> 6 

17 

Subprogram 
00002 
$1 

GOO X11.0 

G01 X6.0 F0.01 
X11.0 F0.2 
W-0.6 
X9.8 W0.6 F0.01 
X11.0 F0.2 
W0.6 
X9.8 W-0.6 F0.01 
X11.0 F0.2 
W15.0 
M99 
% 
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TOI 

T03 

$2 
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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: 

U10C (long workpiece device) 

U51Z (stock gripper device) 

The UlOC is used alone to support the material. The UlOC 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 

@TOl 

.,------, .---------.. ,,---_ -_ -_ -~-1! TOl 

co.t C0.2 2 

10 1. 5 

250 2 

SUM24L (Free cutting steel) Cut-off tool width 
1. 5 

Operation sequence 

[1 chuck stroke) [Program zero point) 

Z200. 0 ZO s . t ----------------- tart point or 
M 1 3 ' the first workpiece 
ue1z148.0(GOOW-52.0) 

r4ils 
Z252.0 M}4 

uci; GSOZ200.0 
f (GOOW-200. 0) Z52.0 

M06 

..., ----------------------------G~5o Start point for 
' the second workpiece 

200 
250 
252 

Position of 
re-chuckin 

Follow these guidelines when programming long material lathing: 

2 Cut-off tool width 

(Twice when cut-off 
machining is performed 
twice) 

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 

Supportadvance 1\110 

Support return 1\111 

1:::::::~:~:~~:::::::1 
• Be careful in using this command not to cause interference. 

•Long material lathing program 

00001 

IM11i 

GSOZO 

M06 
GOO X11.0 Z-0.5 83300 M03 G99 

(M96) 

N0104 T0400 
GOO X11.0 Z0.7 T01 
G01 X8.6 Z-0.5 F0.03 
X11.0 F0.2 
Z11.5 
xa.o Fo.03 
X11.0 F0.2 
W-0.7 
X9.6 WO. 7 F0.03 
X11.0 F0.2 
W0.7 
X9.6 W-0.7 F0.03 
X11.0 F0.2 

N0201 T0100 
MOS (M97) 

M10 
GOO Z200.0 TOO 

M13 
M07 

GOO Z148.0 (W-52.0) 

M06 

M14 

G50 Z200.0 

83300 M03 

(M96) 

.......... Support (UlOC) return 

.......... (Spindle speed change detection ON) 

.......... Select the cut-off tool mounting tool. 

.......... Stop the spindle 
(turn spindle speed change detection off). 

.......... Advance the support . 

.......... Position for the re-chucking and cancel tool 
offset. 

.......... Close the stock gripper. 

.......... Open the spindle chuck. 

.......... Return to Z148.0. 

.......... Close the spindle chuck . 

.......... Open the stock gripper. 

.......... Set the Z-axis coordinate system . 

.......... Rotate the spindle at 3300 min ·1• 

.......... (Turn spindle speed change detection on.) 
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GOO X11.0 Z252.0 T02 
G01 X9.6 F0.03 
X11.0 F0.2 

W-0.7 

X9.6 W0.7 F0.03 

X-0.5 

X-3.0 

IM11l 

MOS (M97) 

M07 

I Goo zs2.o (W-200.0) rool 
M02 

M99 

% 

.......... Support return 

The enclosed portions .__ _ ____, of this program are related to long material lathing. 
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Example of using the long workpiece device (U1 OC) and stock gripper device (U51 Z) 

•Operation drawing 

GSOX-3.0ZO 

------=r1}~ --------~----------~ 
(Zll.5) 

-----------M~:_~j~1-9s--------~-. --
200. 0 SU 

----------L+g-:-----®--f-~----------

-Mll 

+-3---z+~--3-------~==r~~-----
200.0 

•••••••••··-••H•-•H•••• 

L. .. ~9.!:~ ... .J 
• 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: 

Secondary process: 

Machining is performed by rotating the material. 

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") 

Machining example 

D cut 

Cross hole 
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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 

+X 

Material 

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. 

TDDDD XO VCJ ZCJ; 

[fool 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). 

~··-c~~~~~~d-·f~~~~t .. 1 
;••••••••••••••••••••••••-••••••uoo•nouuo• .. J 

GSO W-15.0 

GSO W15.0 

Coordinate system shift 

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. 
••H•e•HU••••H•••••••••••••••ne••OH••·········-

i ... ~9..~~~~9. .. !9.~~-~~00J 
M28 Sc::J 

M20 

Main spindle indexing 

Spindle indexing cancel 

• Use these commands in the $1 axis control group program. 

• The number specified in the s...._ __ _. 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 Sl =.____ __ ...... to start rotating 

the spindle. 

Machining example 

x 

z 

Indexing at 0 degree 

Program example 

MOS 

G04 U0.5 

M28SO 

G98 M58 53 = c=J 

M60 

M20 

G4 U0.5 

M03 $1 = c::J G99 

z 

Material rotation direction 
(Index at 120 degrees) 

Indexing at 120 degrees 

......... Main spindle stop 

......... Dwell 

......... Spindle indexing command 

z 

Indexing at 240 degrees 

......... Tool spindle forward rotation, per minute feed 

Machining program 

......... Tool spindle stop 

......... Tool spindle indexing cancel 

......... Dwell 

......... 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. 
"•••o•H••••••• .. ooouoooo•••••••••Ouo .. oooH•ooo"" 

! Command format ! 
~ ..................................................... .: 

M78 Sc=J 

M79 

Back spindle indexing cancel 

Back spindle indexing cancel 

• Use these commands in the $2 axis control group program. 

• The number specified in the S 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 = ....._ __ _. to start rotating 
the spindle. 

Program example 

M25 ......... Back spindle stop 

......... Dwell G04 U0.5 

M78SO 

M79 

G4 U0.5 

M23S2=c=J 

......... Back spindle indexing 

Machining program 

......... Back spindle indexing cancel 

......... Dwell 

......... 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. 

[¢.9.:~~~~~::~?.~~~~::J 
M18 Cc=J (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 D 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 "O" 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 M18Cc=J command is specified, the usual C axis command will become effective. 

Example: G50 Cc=J (Hc=J) H is an incremental command. 

GOO Cc=J (Hc=J) 

G01 Cc=J (Hc=J) Fc:::=J 

Machining example 

x 

z z 

Indexing at O degree 

Material rotation direction 
(Index at 120 degrees) 

Indexing at 120 degrees 

z 

Indexing at 240 degrees 
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Program example 

MOS 

M18CO 

G98 M58 53 = [:::J 

M60 

M20 

M03 51 = [:::J G99 

......... Main spindle stop 

......... Indexing command 

......... Tool spindle forward rotation, per minute feed 

Machining program 

......... Tool spindle stop 

......... Main spindle C-Axis cancel 

......... 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 Sl 
= [:::J to start rotating the spindle. 

[Commands for indexing] 

•Absolute commands 

M18 CO 

+ 
M18 C120.001 

+ 
M18 C240.0 

•Incremental command 

M18CO 

+ 
GO H120.0 

+ 
G1 H20.0F0 
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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 CO, set that position as CO in 
the coordinate system . 

.............................................................. 
l Command format l 
i. ....................................................... ; 

M48 Cc::J (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 D 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 "O" 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 cc::J command is specified, the usual C axis command becomes effective. 

Example: GSO Cc::J (Hc::J) H is an incremental command. 

GOO Cc::J (Hc::J) 

G01 Cc::J (Hc::J) Fc::J 
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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). 

v 
N = nD x 1000 .. . . .. . . . . .. {A) 

[Example] 

Secondary process spindle 

N 

v 
Spindle speed (min-1) 

Cutting speed (m/min). 

D Tool diameter (mm) 

n Circular constant (approx. 3.14) 

Use an 4-mm diameter end mill to machine a material under the following conditions; 

Material: Brass 

Tool diameter: ~ 4 (mm) 

The spindle speed is obtained from formula (A) as follows: 

25 
N = 3.14 x 4 x 1000 = 1990 = 2000 (min-1) 

• 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-1). 
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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: 

•End mill and slitting cutter 

F = N x fz x Z ............ (8) 

•Drill 

F : Feed rate in mm/min 

N : Spindle speed 

fz : Feed amount per cutter 

Z : Cutters (cutter/rev) 

F = N x fr ............ (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 

Spindle speed 

Feed rate per tool 

Number of tools 

: Brass 

: 2000 (min-1) 

0.065 (mm/tool) 

: 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 

~ [~----==+--+·I-+--+- <t> 12 

Program example 

T0800 

G50 W-15.0 

MOS 

G04 U0.5 

M28SO 

M58 S3 = c:::J G98 

GOO Y10.6 Z16.5 TD 
X10.0 

G01 Y-10.6 FD 
M28 S180 

Y10.6 

12 

15 

20 

......... 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 

zo 

15 

T04 Front turning tool 

T03 Front turning tool 

TOS End milling 

GOO X13.0 M60 ......... Move in the diametrical direction. (Tool spindle rotation 
OFF) 

M20 

G04 U0.5 

G50W15.0 

M03 S1 = c:::J G99 

......... 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. 

N = 3_1!5x 3 x 1000 = 2653 I!! 2700 (min-1) 

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. 

ve 

12 

3 2=1.5 

Therefore, the Z coordinates for positioning are as follows: 

15+3 (end milling diam et et) + 2 = 15+ 1.5 = 16.5 

As shown below, the Y coordinates (diameter specification) are given by the following expression. 

y = (l+0.5+ 1.5) x 2 = (3.32+0.5+ 1.5) x 2 = 10.64 !!! 10.6 

X cit 3 end milling ,, 
1. 5 

0.5 clearance 

Y8--1-- Y© 

ct> 12 

l1 (mm) in the figure is given according to the 
Pythagoras theorem. 

l=~=..JT1 =3.32 
l1 = 3.32 +0.5 + 1.5 = 5.32 

5 
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6.5 Through-Hole Machining 

Explanation of this section is an example of machining which pierce the material of <j> 16.0 with a 
cross drill of <I> 3.5. 

The Xl 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. 

ct>J.5 

Drill diameter = d 

...................... ., 
:l = 0.3 )( d : 
: = 0.3 )( 3.5: 
: = 1.05 : 

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) . 

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

t ..... ~9.~~~ ... ..i 
• Enter the shift amount on the Tool Set screen, then set. Return the 

entered data to "O" 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-DD (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 Xl axis for tap machining (at the cutting 
and feed command for the Xl axis) in a tap cycle. 

, ........ u ........................................... .. 

! Command format ! ............................................. _ .... _ .. ., 
G88 XO RCJ FCJ DCJ SCJ ,R1 (Tap cycle) 

Gao (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: 

w ..................................................... ~ 

L.~~-~-~~-~-~--~?.~~~~--l 
G17 XYplane 

G18 ZX plane (Plane selection mode for normal turning) 

G19 YZ plane 

+X (Tool spindle center direction) 

YZ plane 

~ )G03 
G02 Jt XY plane 

G03 

G02 ¥::\I 
-r--)..----t-r~ +Z (Spindle center 

G02 direction) 
G03 

ZX plane 

+ Y (Right angle direction to spindle center and tool spindle center) 

x x 
z 

G03/, 
r:02 

~ G03 

G:\ 

G:J 
~ 

G03 

y z 
y 

G17 (X-Y) plane G18 (Z-X) plane G19 (Y-Z) plane 

6. 7 .1 Plane Selection 

When the machine is turned on or after resetting, the ZX plane is selected. {Gl8) 

The circular interpolations (G02 and G03) 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 G 17 (XY plane) or G 19 (YZ plane). 

Select ZX plane {Gl8) 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. 

!···c;;·~~~~~Tt~~;;;~t··1 
~ ... .,_. •••••• ,.,.,.,.,..,,. .. ,.,..,.,.u••n•••••• ........ .,,.,.,.,..: 

G40 

G41 

G42 

Tool diameter compensation (tool nose R compensation) mode 
cancel 

Tool diameter compensation left (tool nose R compensation left) 
mode ON 

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 "O" or "9" to the virtual tool 
nose number. 

YZ plane 

y 

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 

Start point 

YZ plane rz 
y 

Start point 

G42 command 

Programmed path --. 

Tool-centered path - - - • 

G42 
compensation ON 

End point 

End point 

cp D (Tool diameter) 

Tool bit point in program (0 or 9) 

G40 compensation 
cancel 
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Machining layout 

25 

I I I 

- ~-

30 10 

45 

Tool data 
Tool diameter cp 6 (End milling) 
Tool No. Toa 
Compensation No. 18 
Nose radius (Tool radius value) 3.0 
Virtual tool nose No. 0 
Numbers G) to 0 in the figure below indicate the end milling movement by a program 

Program zer 
point 

+Y 
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Program example 

This program is described in the $1 program. 

$1 
T0808 

MOS 

G50 W-15.0 

M28SO 

S3 = c::::I M58 G98 

G19 GOO Y22.0 Z1.0 

X10.0 

G01 Y-22.0 FCJ 

G41 Y-5.0 Z7.5 

Z27.5 

G02 YS.O R2.5 FCl 

G01 Z7.5 FCJ 

G02 Y-5.0 R2.5 FCl 

G40 G1 Y-22.0 Fc:J 

GOO Z34.0 

G01 Y22.0 FD 
GOO Z37.0 

G01 Y-22.0 FCJ 
M28 590 

GOO X14.0 

Y-18.0 Z33.0 

G01 Y18.0 FCJ 
GOO Z37.0 

G01 Y-18.0 FCJ 

G18 GOO X18.0 TOO 

M60 G99 

GSO 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 
YZplane . 

.......... 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. 
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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 FronVBack 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. 
............................ u ...................... .. 

!. .. 9.9..~~~~9. .. ~?.~~-~!. .. J 
M80 

M81 

M82 

Starts the front/back face tool spindle forward rotation. 

Starts the front/back face tool spindle reverse rotation. 

Stops the front/back face tool spindle rotation 

The spindle speed changes when only an "S4 = c::::J" is specified after the M80 and M81 codes. 

Maximum spindle speed is 5000 min-1 • 

............................... . . 
~ Note ~ 
;••••••P<•••••••uooooouo•; 

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 Zl axis while stopping the rotation of the main/back 
spindle . 

............................................. u .......... .. 

l ... ~?..~~~-~-~-.!~~~~~ . .J 
G80 Tap cycle cancel 

G84 zc::J Rc.=J Fc:J 04 5r:=l ,R1 Tap cycle L LL 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 
54=3000 M80 G98 

M28SO 

G821 

N122 T2200 

M140 
G01 X-3.0 Z-1.0 

G1 Zl.O F150 T22 

GO Z-2.0 TOO 54=500 

N223 T2300 

GOX-3.0 Z-2.0 

G88 Z5.0 R1 .0 F0.5 04 5500, 
R1 

Gao 
M82 

M20 

M141 

G820 

M3 S1 c:.::::J 

• 
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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. 

~···c;~·~;~~d-·f~~;~t··1 
! ..................................................... J 

........................................... 
l Explanation l 
: .......................................... .: 

G164 H1 04 
L__ Select the spindle to be superimposed. 

(D-4 specifies left-handed threading.) 

Select the reference spindle. 

G113 Cancel the differential rotary tool function . 

The 0164 command specifies a reference spindle and the spindle to be superimposed on the 
reference spindle and superimposes the two spindles. The G 113 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 51=4000; 
G164 H1 0-4; Differential speed rotary tool 
GO Z-2.; 
G84 XO. Z10. R1. F1. 04 52000, R1 ; Synchronous tapping 
G113; 

The above example clamps the superimposed spindle to a clamp speed of 
5000 mm·1 because the spindle speed changes from 2000 mm·1 (tap 
cutting) to 6000 mm·1 (tap return operation), resulting in an alarm before 
tap cutting is started. 
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7 .1 Back Machining Program 
The back machining is performed by combining a front machining program ($1) and back 
machining program ($2). 

Program configuration example 

$1 $2 

Preparation Preparation } The back spindle chucks the workpiece machined 
process process previous cycle. 

Front machining } Single machining (Synchronization control)) process 
(Inner diameter) 

Front machining Front machining } Outer/inner diameter simultaneous machining 
process process 

(Superimpose control) (Outer diameter) (Inner diameter) 

Front machining } process Back machining Independent machining in each axis control group. 
(Outer diameter) 

I 
Workpiece I} Ejects the completed workpiece. separation 

I 
Cut-off 

I II Pick-off II} Picks off the workpiece by the back spindle. process 

in 

Ending Ending } Completes the prog.-am with the workpiece chucked by the 
process process back spindle. 

the 

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 (0999) 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. 

Back spindle 

Back machining tool 

Machining data 
Stroke to the tool end face of (Back spindle chuck position) 
Z2 axis (43 -A) [1.6929" -A] 

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. 

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"] 

···-·····-·······-·-·······-· ... 
L .. _~o·~-~~--. ...l 

• The length of the workpiece that protrudes from the end face of the back 
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 "O", 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. 

[ C~~0_and f~r~t·] 
M23 Back spindle forward rotation 

M24 Back spindle reverse rotation 

M25 Back spindle rotation stop 

The rotation count changes when "S2=I000000000000I11 is specified during rotation of the back 

spindle. 

M23 M23 

Back spindle 

------- ~ ~ 
M24 

Material 

[~~?t~~} 
• 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"1 

The back spindle rotates only at 100 min"1 even ifM23S2 = 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. 

To enable the limitation again, select, press the reset ~ 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 
reverse rotation 

Back 
spindle 

Back spindle 
chuck point 

.... ,.. 
Z2 axis 

Cut-off tool 

X1 axis 

Guide bushing 

r Spindle forward -+------c-_ __,__r_ot_ation 

Z1 axis 

(Workpiece 
protrusion 

(Chuck amount) amount) 

Work zero 
point 

£1 l2 

(Workpiece length) l 

(Cut-off length) L 

(Cut-off 
tool width) 

a 

Shift tool 
point 

f3 (Tool shift amount) 

Standard 
tool point 
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r···-··E~·P1~·~·;1i·~~·······1 
:. ........... ·-····················· .. ··-············; 

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 Zl axis to the cut-off position. The shift amount (£3) and cut-off tool width (a) of the 
cut-off tool must be considered in this case. As a result, the following expression is obtained. 

Z =f_ (workpiece length)+ a (cut-off tool width)+ l 3 (tool shift amount) 

6. Move the back spindle to the back spindle chuck point. (Z2 axis) 

7. Make the back spindle chuck. 

8. Cut off the workpiece by the cut-off tool. 

9. Return the back spindle to the return position. 

10. Execute the ending process. 

r--··N~t~~·-····1 
: ..... ·--··············-······-~ 

• 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 (f_3) is determined in consideration of the 
above limitation. 

• When cutting off the workpiece with chucking the back spindle, perform 
the reverse rotation command (M24) if the main spindle rotates in the 
forward direction (M03). Also use a forward rotation command (M23) if 
the main spindle rotates in the reverse direction (M04). 
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7.3.1 Pick-Off Process 

Q) 

(£) 

@ 

© 
@) 

0 
© 

Program example 

$1 $2 

T3000 

M03 S1 = 29SO M24 S2 = 3000 G98 

T0100 

GOO X7 .0 Z32.0 T11 

G811 © G811 

!L 1 @ GOO Z-1.0 

G01 X-0.S F0.01S @ G01 Z20.0 F1000 

G810 CZ> G04 UO.S 

X-3.0 F0.03 @ M1S 

MOS ® G04 UO.S 

M07 @) !L1 

GO ZO TO © G810 

MSG M2S 

G999 G999 

N999 N999 

M02 M02 

M99 M99 

% % 

(Explanation of each process) 

())Adjust the main spindle speed to the back spindle speed. (Examine in advance by MDI.) 

C£lCut-off tool selection 

®Cut-off tool positioning 

©The Z2 axis is superimposed on the Zl 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. 

CZ>Pause for 0.5 seconds 

@Back spindle chuck closed 

®Dwell for 0.5 second 

@Queuing 

0Cut-off machining 

©Superimpose 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 T31M to T35M. This machining is 
basically the same as for front machining. 

• For Z2 program zero point after tool selection of T3 IM to T35M, 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 ofT31M to T35M, 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"). 
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. 

r·-·"N~t~~-·1 
L .. ---··--·i 

• For back tapping, use GO 1. 
Die and tapping on the back machining using G32 requires an optional 
function for back spindle chasing. 

•During back machining, tools T3 land 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. 

•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. 
ERI 1 and ARI 1 are recommended for the tools T31 to T33. 
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• Back machining tool and back spindle positioning 

A Machini data Back s indle chuck position) 

Stroke to the tool end face of Z2 axis (43 - A) [1.6929"-A] 

Maximum stroke of Z2 axis 180 [7 .0866"] 
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<Back machining process> 

• The end face of the workpiece is assumed as the program zero point in the machining. 

• 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 I 
(Center hole and drilling) 

$2 

G44 

G99 M23 S2 = c::::J 

T3c::::J 

GOO Z-1.0 

G01 ZS.O F0.05 Tc:J 

GOO Z-1.0 TOO 

--
T3c::::J W20.0 

GOO Z-1.0 

G01 Z15.0 F0.08 TDD 
GOO Z-1.0 TOO 

G43 

M25 

M34 

T3000 

,--Note I 

......... 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 ofM34. 

The Z2 axis returns to the zero point. 

.!, 

The X2 axis returns to the zero point. 

.!, 

The Z2 axis advances and moves to the workpiece separation position . 

.!, 

The Z2 axis returns to the zero point after product knock-out. 



L 16 / L20 Programming Practice (Back Machining and Others) 

<Tap process> (Machining example of M6 P1 .0 and 20 mm deep) 

For back tapping, use GOl 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. 

i·········N~-t~········1 
; ......•......................... ..: 

For tapping using GO 1, set the override to 100%. 

Machining Program example Explanation 

M23 52 = 300 . . . Specify a back spindle forward 
rotation command. 

G04 U0.5 . . . . . . . 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 GOO Z-3.0. . . Position the workpiece 3 mm away 
from the tap end face in rapid feed. 

G01 Z16.0 F0.8 TDD 

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 = £ x 0.8, F = P x 0.8) 

Z-3.0 F1 .0 M24 TOO 

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. 

GOO Z-5.0 . . . . . . . Keep the back spindle apart from 
the tap. 

M23 52 = ._I _ ___.! Rotate the reverse back spindlein 

the forward direction. 

G43 . . . . . . . . . . . . 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 ifthe 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. 

~---· : i 
i Note i ·-------' 

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 T3 l 00 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 "1• Even if M23 S2 = 2000 is specified, for example, 
the back spindle rotates only at up to 100 min"1• 

If any of the tool selecting codes ofT3000 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 
r· .. ·c·;~·~~~ci ... f;·~~·~·i· .. ·1 
:.••••••••••••••••••.,,.•••••••••••••••••••••••••••••-••••••••••H••: 

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

r::::~?.~:~:~:~:~:::!?.:~~:~:t.::J 
M33 WO.O 020000 X4.0 E20000 

I 
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. 

Wc=J Dc=J Xc:=J and Ec=J can be omitted. w [DJ 

Program example l~lr-
M33 ......... A series of operations is performed for collecting the finished workpiece 

(without knock-out for the product). 

GOO Z32.5 

M16 

M10 

G04 U0.5 

GOOZO 

M72 

M11 

T3000 

M73 

• If M33 has no argument specified, the Xl 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 GSOZO command is 
executed. If W titi is specified, GSOZ~ti 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 . 

......... Move the back spindle to the workpiece separation position in rapid feed. 

......... Open the back spindle chuck. 

......... Advance the back spindle knock-out bar. 

......... Dwell. 

......... Return to the zero point of the back spindle. 

......... Tum on the air blow of the back spindle. 

......... Return the back spindle knock-out bar. 

......... Select the back spindle at the center of the guide bushing. 

......... Tum off the air blow of the back spindle. 
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Back spindle 
Product box 

32.5 2.5 [0.09841 

[1.27951 

··-·---···--.. - ...... .. 

L. ... ~_<:!:~ ... J 
•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 
·-·--------··--·---· 
i_~~~-~a~~orma_! .. .J 

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

---·----····-------... --. 
L c~~-~a~~-!?r~~~ . ..! 

M34 WO.O 020000 UO.O E20000 Z30.0 F20000 80.0 T2.0 

I 
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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WCJ Oc:::=J UCJ ECJ ZCJ FCJ Bc:=J T can be omitted. 

Product knock-out macro is also incorporated in the M34 code. 

Actions of commands in macros: 

M 16 ......... Open the back spindle chuck. 

M10 ......... Advance the back spindle knock-out bar. 

M11 

M31 

zo 
M72 

M10 

G04 U2.0 

M11 

M73 

......... Return the back spindle knock-out bar. 

......... Turn on the Workpiece conveyor. 

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

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

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

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

......... Return the back spindle knock-out bar. 

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

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

Program example j 

W[D] UG: [E] 
Z[F] 

B 

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. 

:·········N~t~ ........ 1 
; ................................. .: 

• 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. 

r··c~~-~;-~ci-·i;~~~t-l 
:---·-------·-··-·--·-··-····---·····= 
,------·-··---~~~---~orkpiece separator (workpiece receiver box) advance operation 

l_~omman_~J~~-~! ... J 
M34 Back spindle (workpiece receiver box) product separation operations 

a) Workpiece separator (workpiece receiver box) advance operation 

r Com·~~~~~~~~!!] 

Program example 

$1 

G821 

T0100 
M32 

G1 X-3.0 F0.02 
M141 

G820 

M32 Xc::J WO.O U632.0 Z145.<> Ri::=:l F20000 ·-'-· 

I 
Feed rate (per minute) during Z2 axis 

... advance. Feeds rapidly when omitted. 

Set "l" 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 RI 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=:l Wc=J UCJ ZCJ Rc=J FCJ can be omitted. 

$2 w 

G821 ......... Single axis control group command ON (Note 1) 

......... Selects the cut-off tool. 

......... Position the workpiece receiver box to the cut-
off position . 

......... Cut-off machining 

......... Return the workpiece receiver box. 

G820 ......... Single axis control group command OFF (Note 1) 

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



L 16 / L20 Programming Practice (Back Machining and Others) 

b) Back spindle (workpiece receiver box) product separation operation 

r·c~~;~-;,ci-f"~·~;;;-~tl 
:-··············-······~······-··········-······················= 

M34 X632.0 WO.O 020000 UO.O E20000 Z54.0 F18000 T2.0 530 BO. 

I 
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·1 

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. 
position of 632 mm when omitted. 

Moves the X2 axis to the 

XCJ WCJ DCJ UCJ ECJ ZCJ FCJ 
TCJ SCJ BCJ can be omitted. 

W[O] 

x tl~l z~ 
Program example 

$1 

G821 
T0200 
M34 

T0100 
M32 

G1 X-3.0 F0.02 
M141 
G820 

$2 

G821 

G820 

B 

......... Single axis control group command ON (Note 1) 

......... Enter M34 after specifying the T0200 (first gang 
tool selection) after three-spindle hole 
machining . 

......... Select the cut-off tool. 

......... Position the workpiece receiver box at the cut-
off position . 

......... Cut-off machining 

......... Return the workpiece receiver box. 

......... Single axis control group command OFF (Note 1) 
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:·······················-········: 
Note 

; ................ _,_ .. , ......... .: 
• 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. 
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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, Gl 14.1) 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 

M3 51=1500 

IL 1 ............................. Queuing command 

G814 .......................... Rotation synchronization of 
spindle and back spindle 
(Option) 

N11 T0100 ................. Cut-off tool selection 

GOO X26.Z BJ T01 

................................... Cut-off tool positioning 

G811 .......................... Automatic queuing 

IL2 ............................. Queuing command~------. 

G99 G01 X-1.0 F0.03 Workpiece cut-off 

G810 .......................... Automatic queuing ~--...., 

X-3.0 F0.03 

I G113 l ........................ Spindle synchronization 
mode cancel 

MOS 

M07 

GOO Z c::!:J TOO ........ Return to the start point. 

M56 

$2 

M34 ....................... Specify a series of operations for 
the product separation. 

T3000 .................... Select the back spindle. 

M16 ....................... 0pen the back spindle chuck. 

M24 52 = 1500 ..... Specify 1500 for the back 
spindle reverse rotation speed. 

IL1 

G811 ..................... Specify the superimpose control 
of outer/inner diameter 
simultaneous machining. 

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

GOO Z-1.0 .............. Position the back spindle 1.0 mm 
before the workpiece by rapid feed. 

G98 G01 Z c:I] F1000 

.............................. Advance the back spindle to the 
chuck position. 

G04 U 1.0 .............. Specify a dwell pause command of 
one second in the chuck position. 

M77 ....................... Wait until spindle 
synchronization is completed. 

M15 ....................... Close the back spindle chuck. 

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

!L2 

G810 ..................... Cancel the superimpose control 
of outer/inner diameter 

G999 .......................... Automatic queuing ~ simultaneous machining. 

:~~9 .......................... Automatic queuing I L :::~······················Stop the back spindle rotation. 

M99 L____: N999 

% M02 

M99 

% 

• *l : L (product length)+ l 3 (tool shift amount)+ (tool width) 

• *2: l 1 (chuck amount) Move distance required until the workpiece is chucked by the back spindle chuck 

• *3 : l 3 (tool shift amount) Return to the program start point. 
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• 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. 

Back spindle 

(1) 

[ ____ §.~~~~~~~:~:~~~] 

316, 
[12.4409'1; 

180 [7.0866"] 

Pick-off advance 

---11---11 
:: l: 

--r-T ~ '1 " ___ _:,---..11 

32.5 (1.2795"] Workpiece 
receiver box 

(2) 

Program zero point 
10 (0.39372'1 

Guide bushing 

• 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. 

• 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. 

• The program is described in the $2 program. 



L 16 / L20 Programming Practice (Back Machining and Others) 

7.4.3 Back Spindle Indexing Command (M78, M79) (Optional) 

The back spindle can be indexed in I-degree steps. 

1:::::¢.~~:~:~~:~:::!?.:~~:~:!::::1 
M78 Sc:::==l Back spindle indexing 

M79 Back spindle indexing cancel 

• Use these commands in the $2 axis control group program. 

• The number specified in the SI oooorionooooo I 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 =I onom1nnonnoo I to start 

rotating the spindle. 

Program example 

M25 ......... Back spindle stop 

......... Dwell G04 U0.5 

M78 SO 

M79 

G4 U0.5 

M23 S2 = c:::==l 

......... Back spindle indexing 

Machining program 

......... Back spindle indexing cancel 

......... Dwell 

......... Back spindle rotate forward 



L 16 / L20 Programming Practice (Back Machining and Others) 

7.5 Automatic Bar Loader (Optional) 
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 

~ 
/ r * g * The value assumes that the material 

G01 x -3.0 25 G01x17.0W-25.0 F0.2 @ diameter is 16 mm. It is 'X 21.0' when 
(Cut-off end) _ 1 -CCIT3¢J ~- p 5]-;....--the diameter is + 20 mm. 

r-----=-------~=J:~~~5r,-------- . L---------------------~J , ,, Matenal 
c;:::;::::::::i~-J ~------· . --

Pushrod retrieval 
position 

-m=-
~ Extract material from finger chuck. 

-e::@g~E:-E==:====:~====~~===--sfJ' - 9+-
Remainder 
receiver box 

W Confirm the releasing by the limit switch and 
\,../" the chucking claw 

~-
Insert material into finger chuck 0 

-!==~~-~~!-~~~§:=~-~SJ:@~- - :::3-

p CJ 

5J f-

(W25.0 F0.2) --MOO 

- e3 • -~e:::~rnr~--+----t 
t 

~- ~ 
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Automatic Bar Loading Program code 

O•••• 
$1 $2 

Preparation process Preparation process 

M09 
Machining process 

N901 J0100 
GOO X17.0 Z50.0 TOO 
G01 X-3.0 F0.02 
MOS .................................... . 
MOS 
/( ) .................................... . 
/( ) .................................... . 
/( ) .................................... . 
/G01 X*17 .0 W-25.0 F0.2 ... . 

/M53 ........................... · ........ . 
/M05 ................................... . 
/M54 ................................... . 
/M07 ................................... . 
/M55 ................................... . 

/M06 ................................... . 
/G4 U2.0 ............................. . 
/M52 ................................... . 
/M03 51 = c::J ............... . 

l/M26! .................................. . 
/W25.0 F0.2 ....................... . 
/X-3.0 F0.02 ....................... . 
M09 .................................... . 

M05 
M07 
Tc::J 
GOOZ c::J TOO 

GS20 
M56 
G999 
N999 
M02 
M99 
% 

Automatic bar loading 
program and1 explanation 

' Enable material replacing program. 

} Material outer diameter deburring program 

Extract material from guide bushing, and move cut-off tool to 
specified position(+ 1.0 mm) on material diameter. (See Note 
below.) 
Stop coolant supply. 
Stop main spindle rotation (Slow speed for profile materials). 
Tum off the bar loader machining torque. 
Open spindle chuck. 
Material change command (to start replacing the material on the 
bar loader). 
Close spindle chuck. 
Prevent time delay of bar loader torque. 
Tum on coolant. 
Rotate main spindle forward. 

Execute guide bushing phase adjustment (for profile material). 
Insert material into guide bushing. 
Cut end of material short. 
Terminate material replacing program. 
(Hereafter, blocks with a slash("/") are ignored.) 

GS20 

G999 
N999 
M02 
M99 
% 
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.................. ·-·············-; 

l ....... ~.?..!'.:: ..... .J 
• *X 17 .0 is the numerical value when the material diameter is $ 16. 

It is "X21.0" when the material diameter is$ 20. 

•A program using machining data values (machine variables) can only be 
used with the macro option. 

• 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) 

• 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 ! 
: .................................................................... : 

r·····N~-t~-~---·-·1 
!. .....••.....•...•...•.......• _ . .: 

M97 

M96 

M87 

M86 

Main spindle speed change detection OFF. 

Main spindle speed change detection ON 

Back spindle speed change detection OFF. 

Back spindle speed change detection ON. 

• 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 
tum on the detection function for safety. 

• To perform tap and die machining or constant surface speed control 
function, be sure to tum off the speed change detection. 

1:::::·:~:t.~~~:~:~~:::~:~·~:~:~~:·::··:1 
• Time before check start 

• Alarm fluctuation rate 

4 seconds 
(Parameter PLC constant #6305) 

±10% 
(Parameter Spindle parameter #3024 <l> 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. 

r···c-~~·~-~~ci-·i~·~~~·i····1 
: ...... -..................................... -·····-···· .. ······-: 

[:::~~~~~] 

G50 Sc=J Qc=J : 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-1) clamp value 
Q : Minimum spindle speed (min-1) clamp value 

G96 Sc=J : Starts constant surface speed control. 

S : Constant surface speed value (m/min.) 

G97 Ends constant surface speed control. 

•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. 

• G50 sc=J is effective only when the constant surface speed control 
command is effective by entering the G96 command. 

• Specify Q, when the minimum spindle speed may change too lower. 

• The tool selection command (TO DOD) cannot be used during constant 
surface speed control. 

• When selecting the tool, specify the tool selection command after a 
cancel command (G97) is specified. 
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Example 

$1 

Preparation process 

Front turning 

Thread cutting 

Other processes 

(Constant surface speed control of spindle) 

N501 T0101 

GOO X21.0 Z50.0 
M97 

G50 55000 

G96 5100 

G01 X-3.0 F0.02 

G97 (51 = 500) 

M96 

MOS 
M07 

GOO zc::::J TOO 

G820 
M56 
G999 
N999 
M02 
M99 
% 

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"1) 

Constant surface speed control 
ON (Surface speed: 100 m/min) 

Cut-off 
Constant surface speed control 
cancel (Nonna! rotation 
command of 500 min"1) 

Main spindle speed change 
detection ON 

[~~~~!~~~:] 

$2 

(Constant surface speed control of back spindle) 
M87 Back spindle speed fluctuation detection OFF 
M2352=1000 
G44 

T3200 
GOO X16.0 
GSO 53500 
G96 540 

G01 X-1.0 F0.03 
G97 

M25 

G43 

G820 

G999 
N999 
M02 
M99 
% 

Back spindle per rotation feed ON 

Maximum spindle rotation clamp (3,500 min"1) 

Constant surface speed control ON 

Constant surface speed control OFF 
Back spindle rotation stop 
Back spindle per rotation feed OFF 

• The above program does not cover product separation. 
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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. 

i--c~-m~~nd -f~~m~t--1 
:. .. ·--·····-------·--·--·-·----.: 

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 thatthe meaning of <R> on the Offset screen is different from <R> on the Tool Data screen. 

Virtual tool nose 

• 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. 

0 

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> 

0 
Tool data 

Tool data 

<P> 

[] __ __, 

Diamond point tool 

Virtual tool nose 
No. 8 

Boring tool 

Virtual tool nose 
No. 1 

<P> 

0 

<P> 

0 

Tool data 

Tool data 

Back turning tool 

Virtual tool nose 
No. 3 

Front turning tool 

Virtual tool nose 
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. 

w 
Boring tool 

T21 

c:J 
Front turning tool 

T02 

c:J 
Diamond point tool 

T03 

IT] 
Back turning tool 

T04 

T02 
(2) 

I 

I 
T21 I 
(1) 

--1 v 
l. 

-----~i 

T03 

r~J 
T04 
(4) 

Maching direction 

G40 -------------

G41 

G42-------

• 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. 

• If 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 

~ ~G-+----
C0.2 

Machining layout 

Machining 
direction 

T03 
(1) 

6.0 

T02 
(2) 

34.5 

T01 
(3) 

-B 
C0.5 

8.5 

T03 

T02 

T01 

Front 
throwaway 
tool nose R0.2 

Back turning 
throwaway 
tool nose R0.2 

Cut-off tool 



Program example 

00300 
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$1 $2 
GSOZO 
M06 
G99 GOO X15.0 Z-0.5 51=2000 M03 
G821 G821 ......... Axis control group 1 single machining 

command ON 

N103 T0300 
GOO X15.0 Z-0.5 T01 

IG42I G01 X4.05 F0.2 

I G41 I XS.45 Z0.2 F0.03 

Z6.0 F0.04 
G04 U0.3 
X10.0 F0.2 
X15.0 Z8.5 F0.03 

IG4ol Goo x1s.o Too 

N202 T0200 
GSOW-3.0 

I G41 I GOO X15.0 Z23.5 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 

I G40.1 GOO X16.0 TOO 

G50W3.0 
N301 T0100 
GSOW-3.0 
GOO X15.0 Z34.5 T03 
G01 X9.0 F0.2 
X-3.0 F0.05 
G50W3.0 
MOS 
M07 
GOOZO TOO 
G820 
M56 
G999 
N999 
M02 
M99 
% 

L~::~~-~~~~~J 

......... 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 
M02 
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 0114 and 0113 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. 

:································································· .. ·: 

!. .... ~.?~.~~-~-~ .. !?..'..~.~-~ .... .! 

r·····-··························-··················-: 

l ....... ~~P..'.~-~-~-~~.?..~ ..... .J 

or G814 RI~-~ 

G114.1 H1 D-2 RI~-~ 

I 
Synchronization spindle phase-shift amount command 
(0 to 359.999deg) 

Synchronization spindle selection 

Reference spindle selection 

G113 Cancels spindle synchronization. 

The 0814 command controls the reference spindle as Sl and another spindle to be synchronized as 
S2, synchronizing the two spindles. 

The 0114.1 command specifies the reference spindle and the spindle to be synchronization to 
synchronization the two specified spindles. 

The 0113 command cancels synchronization between the two spindles rotating synchronization 
according to the spindle synchronization command. 

:···········-·····················-: 

i. ...... ~.?..~.:~ ...... .J 
• 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. 

• The rotation clamp during spindle synchronization depends on the less 
value of clamp of synchronization reference spindle or synchronization 
spindle. 

• 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. 

• The spindle speed must be less than 2,500 min-1 when the workpiece is 
chucked in the back spindle by spindle synchronization control (Range of 
the stabilized spindle speed). 

• 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 0814 command is specified without the R code, the value 
obtained by measurement of profile material phase adjustment (0899) in 
MDI mode is stored and used as the shift amount. 
When the 0114. l 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 

$1 
IL 1 Queuing IL 1 
M3 51 = 1000 Spindle forward rotation M24 S2 = 1000 

_!~~ _________________ 9~~~~~g- _______________ . IL2 

M97 Main spindle speed change ' 
detection OFF 

M87 

G95 5150 

Back spindle speed change 
detection OFF 

$2 
Queuing 
Back spindle reverse rotation 

Queuing 

: G50 52500 
Constant surface speed control 

Maximum rotation clamp 
command 

I 
I 

1------------------------------------------J 

G814Rc::J 

T0100 

Go xc::J zc::J 
T01 

Spindle synchronization control 

Cut-off tool select 

Cut-off positioning 

G811 Zl-72 axis superimpose ON G811 Zl-Z2 axis superimpose ON 
GOO Z-1.0 

I M88 

G98 G01 zc::J F1000 

Back spindle torque limit I G4 U0.5 

M77 Waiting for complete 
spindle synchronization 

M15 Back spindle chuck close 
!L3 Queuing IL3 Queuing 
G1 X-1.0 F0.03 
G810 Zl-Z2 axis superimpose OFF G810 

-~-~:~ ~~:~~ __________ S:~!-?~ i:i_a~~~~i~~ _______ _ 
G97 Constant surface speed 

control cancel 

M96 Main spindle speed 
fluctuation detection ON 

M86 Back spindle speed 
fluctuation detection ON 

M90 

!L4 

G113 

M5 

··-·-····-·~···--·- .. , 
i ___ J'~?..!e~_J 

Back spindle torque limit 
cancel 

Queuing 

Spindle synchronization 
control cancel 

Spindle stop 

!L4 

M25 

Zl-Z2 axis superimpose OFF 

Queuing 

Back spindle stop 

• This program does not contain a product separation program. 
• Specify an M77 co,mmand one block before the back spindle chuck is closed. 
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• The block in [==:J is constant surface speed control 
• M89 limits the torque of the back spindle to 50%. 

The block in c=J 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. 

•No tool can be selected during constant surface speed control. (For more 
details, see "7.7 Constant Surface Speed Control Command".) 

• 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 j 

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. 

, .................................................................... . 

i ..... ~.?..~.~-~-~.9. ... !?..'..~.~.! . ...! 
$1 

G899 R1 K1 

• The G899 RI 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 Rl Kl is specified, the machine does not close the back chuck. 

!:~::::::~?.:~:~~:::::::l 
• Specify G899 to adjust only the phase between the main spindle and 

guide bushing. 

• Specify G899 Rl Kl 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: 

M03 51=1000 M24 52=1000 

G4 U1.0 

G114.1 H1 D-2 RCJ (G814RCJ) 

G4 U1.0 

M77 
51=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). 

1·······N-~t~~······1 
: ...... ·-···············-·-···-; 

• 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. 

• After replacing or adjusting the guide bush unit driven belt, adjust the R 
value. 

• A higher spindle speed during chucking results in much dispersion in 
synchronization. 

When chucking a workpiece, keep the spindle speed at about 2500 min"1 

or less. 
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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 Xl axis for tap machining (at the cutting 
and feed command for the Xl axis) in a tap cycle. 

················································~··········· .. ······· I Command format i 
:ono••••••••••••••••••••••••-••••••••••••••••••••••••••••••••••••••= 

G88 XCJ Rc:J Fc:J Dc:J Sc:J ,R1 Tap cycle 

G80 Tap cycle cancel 

Note that the Rc::J code moves the tool from the positioning point in the material direction in 

rapid feed according to the specified R value. 

Program example I 
G88 Xc::J R2.0 F0.7 03 5500 ,R1 ............................ Synchronization tap cycle 

\ j L Synchronization tap 

~ Spindle speed 

.___ ___ Pitch 

D-3 when the secondary process spindle is specified as a 
left screw (tap) 

'----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) 

G80 .................................................................................... Tap cycle cancel 

If ",Rl ti is not specified, the feed is executed in the same state of G98 specified immediately before. 

In the block in which only "G88 ,Rl ti is specified, the mode is selected. However, no tap 
machining is performed in this case. 

~)' ~r __ @ _____ Po•"'o";"' po;,, 

(1) (5) 
In the • portion, three R value 
to more pitches must 
be ensured. (2) (4) (Synchronization tap 
(Radius specification) * - -- ---- ----- start position) 

Material 

(3L ---- _@'-----c--- x C=:J 
Endpoint/ '\ Tool reverse 

rotation 

(1) Tap spindle positioning point (Diameter 
command) 

(2) Positioning by R value (synchronization tap 
start position) in rapid feed. (Radius 
specification) Three or more pitches must be 
ensured from position (2). 

(3)(3)' Tap machining end point 
(Tap end point + Tool reverse rotation) 

(4) Return to the point positioned by R value 
(position where the synchronization tap 
starts). 

(5) Return to the tap spindle positioning point in 
rapid feed. 
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Machining 

Material + 20.0 

2.5 
-'--+----

( x -5.0) 

18.0 
( x 36.0) 

Drill 

Front 
tu ming 

Cut-off 
tool 

Shifts the tool for through-hole 03.3 
machining 

\ ) 
' / 

Expand the tool positioning point to shift the tool during tool 
setting to avoid the interference with the material. (Tool 
positioning point) 

Program example 

M2850 

53 = 1000 M58 G98 

N0718 T0800 

GOO X26.2 Z25.0 T18 

8.0 

15.0 

Tap 

M4 

Clearance between 
material and tap 

T08 

xo 

Pitch x 3 

As specifying in 
the diameter 

I -r > X26.2 = + 20.0 + {(1 + 2.1) x 2} = 26.2 

G88 x[[QJ RIJ]] F[IT] 03 51 500 I ,R1 

G80 

GOO xl2s.2I 
M60 

M03 51 =I 3oool 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. 

!:~~~~~:~~~~!?.:~~:~~:::! 
M118 Disable interference check. 

M119 Enable interference check. 

1. Parts checked for interference <Type I> 

• Guide bushing 

• Gang tool post ................... 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 tool post ....................................................... 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 T3 000 and T3 3 00. 

• Back tool post including the product separator .... Data varies depending on the "back spindle" 
setting in machining data. 

···-······················-····-; 

L.~.?.!:_~ ... J 
• 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. 

•If you run the machine with this function disabled by the program, check 
all the relevant parts in advance and use meticulous care. 

• 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 among 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. 

!" Co~m~;:;df~rmat-l 
L.....--·-···-·-····--··-·----·-·---.i 

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 = C:=J" is specified after the MSO and M81 codes. 

Maximum spindle speed is 5000 min"1• 

[~:N~~~=] 
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 G 12.1 (milling interpolation ON) is executed and 
when G13.1 (milling interpolation cancel) is executed. Specify the coordinates ofX, (Z,) and C 
axes with values calculated for the radius. 

The plus and minus signs of X and Care as shown in the figure below. 

c z 
+ .7 

c / 
/ 

+ / 
x - x + / c + c + 

(·10, 10) (10, 10) 

+x 

x - x + + 
c - c - x 
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7 .13.2 Milling plane 

To perform end-face machining, execute the G 17 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 diameter 

G41 Right compensation 
compensation 

G42 Left compensation 

G02 CCW (counterclockwise) 
Arc interpolation 

G03 CW (clockwise) 

C+ 

x 
G42 

G41 x 
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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 Bin 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 

c 

B 

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 

c 

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 

D 
c 

·--~~-\,-
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7 .13.4 Calculation of milling coordinates 

c d: Workpiece diameter (mm) 
r. Tool diameter (mm) 
w: Machining width (mm) 
a: Leeway for start position (mm) 
b: Leeway for end position (mm) 

c+ 

c
c 

Example: When d = 20 mm, r = 30 mm, w = 12 mm, a= 2 mm, and b = 2 mm: 

Ps = (42.0, 0) Pa= (12.0, 0) 

Pd= (12.0, - 8.63) 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 > (d/2 + r + a)2 I (w + r) Cs=O 

Ps = (Xs, Cs) 

Machining start position Xa=w Ca> \)(d/2 + r + a)2-(w + r)2 
Pa= (Xa, Ca) 

Machining end position Xd=w Cd> \)(dl2)2-w2 + b 
Pd= (Xd, Cd) 

Milling end position Xe > (w + r) + (Cd2 I (w + r)) Ce=O 

Pe= (Xe, Ce) 
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;---· .. ·········--·--· .. •"; 
! Notes ! 
L .... - ..... ._ .... ___ J 

• 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 Psis 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 

MOS G98 M80 54= ...................... . 
M18 CO .......................................... . 
GOO H180.0 .................................. . 

GSO CO .......................................... . 
G821 .............................................. . 

Milling process 

Nr:=:l Tr:=:l ............................... . 

GSOr:=:l Wr:=:l ......................... . 

GOO Xr:=:l Zr:=:l Tr:=:l .......... . 

G12.1 ............................................ . 
G17 ............................................... . 
G41r:=:l GOO Xr:=:l Cr:=:l ..... . 

G01 Xr:=:l Cr:=:l 

G40 GOO Xr:=:l Cr:=:l ............... . 

G13.1 ............................................. . 
GSOWr:=:l ................................. . 

M20 M82 ....................................... . 
G820 .............................................. . 

Spindle stop, feed per minute, and turret tool spindle rotation 
Sequential operation of spindle C axis ON (optional) 
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. 
C axis coordinate system setting 
Line 1 single machining mode ON 

Milling tool selection 

Coordinate shift 

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.) 
Milling interpolation ON 
End-face machining selection 
Tool diameter compensation ON, and to the machining start 
position (Pa) 
(G42 may be executed instead.) 

Milling 

Tool diameter compensation OFF, and to the milling end 
position (Pe) 
Milling interpolation cancel 
Coordinate system shift cancel 

C axis release, and tool spindle stop 
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: 

·o:oool. 
o.oooJ, 

R30.000 
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. 

x 

Orbit specified in the program 

To compensate the dimensions of a finished workpiece, change the tool data R. 

When a dimension of an actually machined workpiece is greater than the specified value, decrease 
the value specified in the tool data by the error. When a dimension of an actually machined 
workpiece is smaller than the specified value, increase the value specified in the tool data by the 
error. 



L 16 I L20 Programming Practice (Back Machining and Others) 

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. 

Error no. 
Message displayed on 

Description Procedure 
the screen 

P480 NO. MILL SPEC The milling command (G 12.1 Check the specification. 
or G 13 .1) was executed when 
the milling function was not 
specified. 

P481 MILL ILL. 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 • When the milling • Execute the cancel 
(MILL) interpolation process starts, command (G40, G97, or 

tool diameter compensation, G80) before the Gl2.l 
constant surface speed command. 
control, or the boring cycle is • Execute the T command 
m progress. before the G 12.1 

• A T command was executed command. 
during milling interpolation. 
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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: 

• Xl axis and Cl axis 

• X2 axis and C2 axis 

Milling interpolation 2 Milling interpolation can be performed 
with a front rotary between the following axes: 
tool • X2 axis and C 1 axis 

Procedure 

• Press the [MAINT.] button on the operation panel. 

• Press the menu key [I/F Diag] to display the [l/F Diagnosis] screen. 

• Enter "(1001) ( ) (M)," then press the [INPUT] button. 

• Press the [PRM.] button on the operation panel. 

• Press the menu key [Basic]. If [Basic] is not displayed, press [Menu SEL] to display [Basic]. 

• Press the [PAGE ,J..] 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. 

• Move the cursor to the item "1125," enter "3" or "2," then press the [INPUT] button. 
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Confirm that $1 is displayed. 

Enter 3 or 2. 

• Press the [MAINT.] button on the operation panel. 

• Press the menu key [VF Diag] to display the [VF Diagnosis] screen. 

• 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 

4 5 

Ps: Xs > (12/2 + 25 + 2)2 I (25 + 2) = 40.33 

¢50 

" :.· 

The following is obtained since Xs is specified with a value calculated for the diameter. 

40.33 x 2 ~ 81.0 

Pa: Xa = 2 (from the above figure) 

Ca> -)(12/2 + 25 + 2)2- (2 + 25)2 = 18.97 ~ 19.0 

Pd: Xd=2 

Cd> -)(1212 }2-22 = 7.65 ~ 7.7 

Pe: Xe> (2 + 25) + {7.72 I (2 + 25)} ~ 29.19 ~ 30.0 

Set about 34.0 with leeway added. 

·--~ 

i Note i 
: .. J 

When specifying the Xs value of the milling start position Ps obtained from 
the formula, change it to a value calculated for the diameter. 
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Program sample 

$1 

G821 ............................................... Line 1 single machining mode ON 

MOS G98 M80 S4=1260 
M18 CO 
G50 CO 

N322 
T2200 
G50W-5.0 
GOO X81.0 Z3.0 T03 .................... Ps milling start position 
G12.1 
G17 
G41 GOO X2.0 C19.0 ................... Pa machining start position 
G01 C-7.7 F80 ............................. Pd machining end position 
G40 GOO X34.0 CO ....................... Pe milling end position 
G13.1 
G50 W5.0 
M20 M82 
M03 S1 =3000 G99 

G820 ............................................... Line 1 single machining mode OFF 

G821 

G820 

Tool diameter compensation setting 

$2 
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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 

Previous process 
G821 ............................................... Line 1 single machining mode ON 

MOS G98 M80 S4=c::J .............. Spindle stop, feed per minute, and turret tool 

spindle rotation 
M18 CO ........................................... Sequential operation of spindle C axis ON 

(optional) 
G50 CO ........................................... C axis coordinate system setting 

Milling process 

Nc::J 

Tc::J .............................................. Milling tool selection 

G50 Wc::J .................................... Coordinate system shift 

GOO Xc::J Zc:J Tc::J ............. To point A (Ps position) 

G12.1 .............................................. Milling interpolation ON 
G17 ................................................. End-face machining selection 

G41 GOO Xc:J Cc::J ................ To point B (Pa position), tool diameter 

compensation ON. 
G01 C-c:J Fc:J ...................... To point C (Pd position) 

G40 GOO Xc:J Cc::J ................ To the milling end position Milling 
(Pe position) 
Tool diameter compensation OFF 

G13.1 .............................................. Milling interpolation cancel 

GOO Xc::J Zc:J C180.0 ........... C axis rotation by 180.0° at point A (Ps position) 

G12.1 .............................................. Milling interpolation ON 
G17 ................................................. End-face machining selection 

G41 GOO Xc:J Cc::J ................ To point D (Pa position), tool diameter 

compensation ON 

G01 C-c:J .................................. To point E (Pd position) 

G40 GOO Xc:J Cc::J ................ Tool diameter compensation OFF 

To the milling end position (Pe) 
G13.1 .............................................. Milling interpolation cancel 

GOO Xc::J Zc:J 

G50 Wc:J .................................... Coordinate system shift cancel 

M20 M82 ........................................ C axis release and tool spindle stop 
G820 ............................................... Line 1 single machining mode OFF 

Milling 

$2 

G821 

G820 
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i:::=::~?.!~~~:J 
• Machining from point D to Point E is performed after the workpiece is 

rotated by 180°. Be careful of the coordinates ofX and C. 

B =DandC =E 

B C 

E 
• 

c D 
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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). 

Side cutter cp 50.0 14.0 

10 

Pa 

Tool movement 

(8) 

c 

(6) 

(5) 

(1) (4) 

(2) (3)"" 
R0.1 

Pd 
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Program sample 

$1 

G821 ............................................... Line 1 single machining mode ON 
MOS G98 MBO 54=1260 
M18 CO 
G50 CO 

N0322 
T2200 
G50 W-5.0 
GOO X81.0 Z3.0 T03 .................... Ps milling start position 
G12.1 
G17 
G41 GOO X2.0 C23.0 ................... Pa machining start position 
G01 X2.0 C-4.9 F80 .................... (!) 
G02 X1 .9 C-5.0 R0.1 F750 ........ (2) 
G01 X-1.9 F80 ............................. (3) 

G02 X-2.0 C-4.9 R0.1 F410 ...... (4) 
G01 C4.9 F80 ............................... (5) 
G02 X-1.9 C5.0 R0.1 F750 ........ (6) 

G01 X1.9 F80 ................................ (7) 
G02 X2.0 C4.9 R0.1 F410 .......... (8) 
G01 X2.0 C-23.0 FSOO ............... Pd machining end position 
G40 GOO X34.0 C-23.0 ............... Pe milling end position 
G13.1 
GSO W5.0 
M20 M82 
M03 51=3000 G99 

G821 

G820 ............................................... Line 1 single machining mode OFF G820 

$2 
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Tool diameter compensation setting 

•If the R setting value of tool diameter compensation is too large, the 
cutter makes unnecessary movement when cutting each corner of the 
workpiece. As a result, machining takes more time than it should. To 
minimize the machining time and have corners well finished, specify 
such a value for R that the corners are finely rounded. 

Specification for the cutter to 
move at right angles 

Cutter 

The cutter once moves away from the workpiece, and then makes an 
approach to the workpiece to start machining. This cutter's movement is 
unnecessary. 

When comers are rounder (R): 

Cutter's movement 
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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. 

Fa= 80 x (3 + 25) = 750 
3 

Fb = 80 x (6 + 25) = 750 
6 

• Obtaining the feed rate for the machining diameter: 

d1 Cutter diameter r1 Cutter radius 

d3 Machining diameter r3 Machining radius 

l Eccentricity 

F 1 Feed rate specified in the program 

F2 Feed rate at which you want to machine workpieces 

•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) q, 3.0 

•12.0 

R1.5 
-1 

(4) 

_, 

(3) 

2 

x 
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Program sample 

$1 

G821 ............................................... Line 1 single machining mode ON 
M05 G98 M80 54=2700 
M18 CO 
G50 CO 
N424 
T2400 
GOO X17.0 Z2.0 T04 .................... Ps milling start position 
G12.1 
G17 
G42 GOO X7.0 C-1.5 ................... Pa machining start position 
G01 X3.0 F200 ............................. (1) 
C-3.0 .............................................. (2) 
X-3.0 .............................................. (3) 
C3.0 ................................................ (4) 
X3.0 ................................................ (5) 

C1.5 ................................................ (6) The value, instead of CO, is set in 

X7.0 F500 

consideration of tool diameter 
compensation. 

G40 GOO X7.0 CO ......................... CO is acceptable because the tool diameter 
compensation is canceled. 

G13.1 
M20 M82 
M03 51=3000 G99 
G820 ............................................... Line 1 single machining mode OFF 

$2 

G821 

G820 



Ps: Xs>(6+1.5+1)2/(9+1.5)rz::7.0 

Pa: Xa (See the following figure.) 
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Ca is 0 according to the following figure, but -1.5 should be set in consideration of tool diameter 
compensation. 
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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 11112.0 

--, 
I 

I 
I 
I 
I --

2 

\ 

v 
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Program sample 

$1 

G821 ............................................... Line 1 single machining mode ON 

MOS G98 M80 54=2700 
M18CO 
G50CO 

N0224 
12400 
GOO X16.0 Z-1.0 T02 .................. Ps milling start position 
G12.1 
G17 
G42 GOO X2.5 C2.5 ..................... (!) 
G01 Z2.0 F125 .............................. (a) 
G02 C-2.5 R2.5 F160 ................. (2) 
G01 X-0.5 ..................................... (3) 
G02 C2.5 R2.5 .............................. (4) 
G01 X1 .5 ........................................ (5) 
Z-1.0 F1000 .................................. (b) 
G40 
G13.1 
M20 M82 
M03 51=3000 G99 

G821 

G820 ............................................... Line 1 single machining mode OFF G820 

$2 
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c 

End mill 

~E -+= (a) The tool cuts into the workpiece until 
Z2.0. 

(b) The tool returns to Z-1.0. 

• With an arc inscribed with the inner diameter of the cutter: 

d1 Cutter diameter r1 Cutter radius 

d3 Machining diameter r3 Machining radius 

F 1 Feed rate specified in the program 

F2 Feed rate at which you want to machine workpieces 

• Obtaining the feed rate for the machining diameter: 

The feed rate for the machining diameter (Fl) is set as 100 mm/min. 

2.5 + 1.5 
F1 = 100 x 2_5 = 160 

Note: The machining feed rate (100 mm/min) is a standard value. 
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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. 

-7 ffi ---- -· ---- ---

End face drilling spindle 
for gang tool 
(Special spindle) 

~ X=O ------ 123~~ - End mill (cl> 5) 

Ps Xs > (d/2 + r + a)2 I (w + r) 

= (12/2 + 2.5 + 1)2 I (5.5 + 2.5) = 11.281 

11.281 x 2 (diameter value specification)= 22.562 ~ 22.6 

Cs= 0 (C coordinate) 

Pa Xa=w=5.5 

Ca> {(d/2 + r + a)2- (w + r)2} 112 

= {(12/2 + 2.5 + 1)2 - (5.5+2.5)2} 112 = 5.12 ~ 5.2 (C coordinate) 

Pd Xd=w= 5.5 

Cd> {(d/2)2+w2} 112 +b 

={(1212)2- 5.52} 112 + 1 = 3.39 ~ 3.4 (C coordinate) 

Pe Xe> (w + r) + Cd2 I (w + r) 

= (5.5 + 2.5) + 3.42 I (5.5 + 2.5) = 9.44 ~ 9.5 

Ce= 0 (C coordinate) 

Cut-off tool 
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Program sample 

$1 

GO X26.0 Z-0.5 
M18 CO ........................................... Sequential operation with spindle C axis ON 

(optional) 
G50 CO ........................................... Coordinate system setting 
G98 M58 53=2000 
G17 ................................................. X-Y plane selection (end face machining) 

N0217 T0800 
GO X22.6 Z5.0 T02 ....................... To the milling start position (Ps), and 

tool data (tool diameter compensation) call 
G12.1 .............................................. Milling interpolation ON 
G41 GO X5.5 C5.2 ........................ Right compensation, and to the machining 

start position (Pa) 
G1 CO F60 
G2 X5.5 C1 R-3.5 F60 

G1 C-3.4 F300 

} 
Milling interpolation machining, machining 
end position (Pd) 

G40 GO X9.5 CO ........................... Compensation cancel, and to the milling end 
position (Pe) 

G13.1 .............................................. Milling interpolation OFF 
M20 M60 ........................................ C axis release and tool spindle stop 
M3 51 =3000 G99 

G18 ................................................. X-Z plane selection (turning) 

$2 
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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 

cp14 

I: 
40 

50 

Tool layout 

G)T03 

! ___ ___.t 

Material quality : C3604BD 
(Brass 4> 20) 

-+---- - -cp20 

.1. 10 

:I 

T011 
2 .1 I. 

T03[i 
-+----- -

@T01 
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Machining Data Tool Set 

Tool Pattern 
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Program 

[Example 1] (Machining pattern provided, two axis control groups used) 

00001 ......... Program number 

$1 

GSOZO 

M06 
GOO X21.0 Z-0.5 

M03 S1 = 2500 G99 

N0103T0300 

M34 
GOO X14.0 Z-0.5 T01 

G01 Z40.0 F0.05 

X21.0 

N0201 T0100 

GOO X21.0 Z52.0 T02 

M32 

G99 G01 X-1.0 F0.03 

X-3.0 F0.05 

M141 

MOS 

M07 

GOO ZO TOO 

M56 

G999 

G821 

M34 

G820 

N999 

M02 

M99 

% 

$2 

G999 

G821 

G820 

N999 

M02 

M99 

% 

......... Axis control group commands 

......... Coordinate system setting 

......... Chuck close 

......... Move the material from the tool. 

......... Main spindle forward rotation (3,600 min"1) 

Per rotation feed (mm/rev) 

......... Sequence number and T03 tool selection 

......... A series of operations for product separation 

......... Positioning to lj> 14 in rapid feed. 
Compensation No. 1 command 

......... Cut to 40 mm in longitudinal direction ( <j> 14) . 

......... Cut to the material outer diameter+ 0.5 mm (radius value). 

......... Sequence number and TOl 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 'l2 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 
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Program 

[Example 1] (No machining pattern, single axis control group used) 

00001 

$1 

G50ZO 

M06 

GOO X21.0 Z-0.5 

M03 $1 = 2500 G99 

N0103 T0300 

M34 

GOO X14.0 Z-0.5 T01 

G01 Z40.0 F0.05 

X21.0 

N0201 T0100 

GOO X21.0 Z52.0 T02 

M32 

G99 G01 X-1.0 F0.03 

X-3.0 F0.03 

M141 

MOS 

M07 

GOO ZO TO 

M56 

G999 

M34 

N999 

M02 

M99 

% 

• A parameter setting switch of $2 Cycle Start must be set to OFF before the above program can 
be run. 



•Spindle speed 

N 
v 

= JtD x 1000 

160 
= 3.14 x 20 x 1000 

!!!! 2546 

a 2500min·1 

V: 160m/min 

D: 4> 20 

Jt : 3.14 
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From cutting condition table in Chapter 9 

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 

x 
I 

40.0 .. 1 

(Figure 1) 

(Figure 2) 

(Figure 3) 

(Figure 4) 

(Figure 5) 

-z 

(Figure 6) 

x 

-z 

(Figure 7) 

(Figure 8) 

-z 
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[Example 2] Front machining with opposite tool post 

Machining drawing 

Cut material: SUM24L (free cutting steel) (Diameter 12 mm) 

C0.3 CO. 
13 ± 0.01 

Tool layout 

T011 
@T04 2 .11. 

b T02[i 
~~=~ 1UJ T03Cj 

("----1 <J) T 0 lCut-off operation - [IO· 5 

1 
1 performed twice) ~ 

@T03 T04 ~ Sh;n 

~amount 

@T02 

CDT21 

@T22 ---

@T23~ 

@T23 

CDT21 

@T 22 -'r__,,,_o::->~~~-=-s·hift 
amount 
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Machining Data Tool Set 

Tool Pattern 

Tool Pattern 
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Program 

[Example 2] (Machining pattern provided, two axis control groups used) 

00002 
$1 

GSO Z-0.1 

M06 

GOO X13.0 Z-0.6 

M03 51=1800 G99 

G821 

N121 T2100 

M140 

GOO Z-0.6 

G01 Z6.0 F0.08 T01 

GOO Z-0.6 TOO 

N222 T2200 

G01 Z16.0 F0.1 T02 

GOO Z-0.6 

G04 U0.5 

Z15.5 

G01 Z27 .0 F0.09 

GOO Z-0.6 

G04 U0.5 

Z26.5 

G01 Z34.0 F0.08 

GOO Z-0.6 

G04 U0.5 

Z33.5 

G01 Z40.0 F0.07 

GOO Z-0.6 TOO 

N323 T2300 

M97 

51=400 

G04 U1.0 

G32 za.o F0.8 T03 

Z-3.0 F1 .0 M04 TOO 

G04 U2.0 

M141 

GOO Z-0.6 

M03 51=2800 

$2 

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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M96 

G820 

N402 T0200 

GOO XS.O Z-0.6 T04 

G01 ZO F0.06 

X8.4 

X9.0Z0.3 

Z13.0 

X11.6 

X13.0 Z13.7 

N503 T0300 

GOO X13.0 Z33.3 TOS 

G01 X11.6 Z34.0 F0.03 

X9.5 

Z35.5 F0.06 

X11.0 Z36.25 

Z40.5 

X10.0 Z41.0 F0.03 

Z42.0 F0.06 

X13.0 F0.2 

51=1000 

G4 U1.0 

N604 T0400 

GOO X13.0 Z44.0 TOG 

G92 X10.56 Z51.0 F1 .0 

X10.26 

X10.04 

X9.86 

X9.76 

X9.7 

X9.7 

GOO X13.0 

51=2800 

N0401 T0100 

GOO X13.0 Z40.0 T07 

G820 

M34 

T3000 

M16 

M24 52 = 2800 

......... Single machining 

......... Product separation 
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G811 G811 

M72 

GOO Z-1.0 

G98 G01 Z12.0 F1000 

G04 U1.0 

M1S 

M73 

!L1 !L1 

G01 XS.O F0.03 

G810 G810 

GOO X13.0 W-0.S M2S 

Z42.0 

G01 X-3.0 

MOS 

M07 

GOO Z-0.1 TOO 

MSG 

G999 G999 

M34 

T3000 

N999 N999 

M02 M02 

M99 M99 

% % 
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Program 

[Example 2] (No machining pattern, single axis control group used) 

00002 

$1 

G50 Z-0.1 

M06 

GOO X13.0 Z-0.6 

M03 S1 = 1800 G99 

N121 T2100 

M140 

GOO Z-0.6 

G01 Z6.0 F0.08 T01 

GOO Z-0.6 TOO 

N222 T2200 

G01 Z16.0 F0.1 T02 

GOO Z-0.6 

G04 U0.5 

Z15.5 

G01 Z27 .0 F0.09 

GOO Z-0.6 

G04 U0.5 

Z26.5 

G01 Z34.0 F0.08 

GOO Z-0.6 

G04 U0.5 

Z33.5 

G01 Z40.0 F0.07 

GOO Z-0.6 TOO 

N323 T2300 

M97 

S1=400 

G04 U1.0 

G32 z0.o F0.8 T03 

Z-3.0 F1 .0 M04 TOO 

G04 U2.0 

M141 

GOO Z-0.6 

M03 S1=2800 

M96 



N402 T0200 

M34 

GOO X5.0 Z-0.6 T04 

G01 ZO F0.06 

XS.4 

X9.0 Z0.3 

Z13.0 

X11.6 

X13.0 Z13.7 

N503 T0300 

GOO X13.0 Z33.3 T05 

G01 X11.6 Z34.0 F0.03 

X9.5 

Z35.5 F0.06 

X11.0 Z36.25 

Z40.5 

X10.0 Z41.0 F0.03 

Z42.0 F0.06 

X13.0 F0.2 

51 = 1000 

G4 U1.0 

N604 T0400 

GOO X13.0 Z44.0 T06 

G92 X10.56 Z51.0 F1 .0 

X10.26 

X10.04 

X9.86 

X9.76 

X9.7 

X9.7 

GOO X13.0 

51 = 2800 

N0401 T0100 

GOO X13.0 Z40.0 T07 

T3000 A1 B-1.0 C12.0 E1000 52800 KO 

L 16 I L20 Program Example 
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G01 XS.0 F0.03 

G850 

M25 

GOO X13.0 W-0.5 

Z42.0 

G01 X-3.0 

MOS 

M07 

GOO Z-0.1 TOO 

M56 

G999 

M34 

T3000 

N999 

M02 

M99 
% 

• A parameter setting switch of $2 Cycle Start must be set to OFF before the above program can 
be run. 



[Example 3] Back machining 

Machining drawing 

50 

20 15 

qi4 Drill 15 

Tool layout 

<l)T21 

@T22 

10 

19 

L16 I L20 Program Example 

M3.5 P0.6 Depth 8 

qi 3 depth10 Chamfering 0.5C 

0 

Material 
Diameter qi 16 

<!> 3.3 Drill M4 Tap 

@TOI 

___ ( B-1 ) T31 

OD n2 
__ _,_ ( B-3 ) T33 

( B-4 ) T34 

(Refer to the figures related to the cutting tools) 

Machine condition settings 

• Machining data settings 

Material outer diameter: 

Machining length: 

Product count per chuck: 

Tool positioning point: 

Back spindle chuck position: 
.......................... u .... . . 
l Note l 
! ............................. • 

16.000mm 

70.000mm 

1 

11.0mm 

16.0rnm 

• The tool positioning point is 11.0 mm, shifted 5 mm for setting the T09 
drill. 
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Cutting tool drawings 

zo 

Center op 6 x 90° 

T 21 L-------" 

16 

Drill op 4 

T22 

Width3 

~ 
..-----'I --1t---f---=t~-!f-Et-- w;~, 

/~----1 (~2-8)~-

34 

Center op 6 x 90° 

B-1 
37 

Drill op 3.3 
-----

B-2 
30 

TapM4 

B-4 

16 

(Completed part drawing) _ 

B I c_enter ~~ -
ct>2X60° 

-- XO 

1 
.. (ct>26) .. 

1 

T 31 

(18) 

T32 5 

T33 

Drillop3 

Tap M3.5 
P0.6 

--XO 

--xo 
I 

TOI 

T02 

T03 

TOB 

T09 

TIO 



L 16 / L20 Program Example 

Program 

[Example 3] (Machining pattern provided, two axis control groups used) 

00003 

$1 
GSO Z12.9 

G99 

MG 
GO X17.0 Z-0.5 M3 51 = 2400 

G821 

N1 T0200 
GO X17.0 ZO T02 
G1 X-0.5 F0.1 

Z-0.5 
GO X17.0 51 = 1061 

N2 T2100 

M140 
GO Z-1.0 
G1 Z2.7 F0.08 T21 

GO Z-1.0 TO 51=1600 

N3 T2200 
G1 Z12.0 F0.06 T22 

GO Z-1.0 
G4 U0.5 
Z11.5 
G1 Z16.15 F0.06 

GO Z-1.0 

M141 
G820 

51=2400 

N4 T0200 
GO X8.06 Z-0.5 T12 

G1 X10.0 Z5.0 F0.03 

Z20.0 F0.05 

G4 U0.2 

X14.845 

X16.0 Z21.0 F0.03 

W0.5 F0.1 

X17.0 

MS 

$2 

G821 

G820 

M98 H1 

G99 M24 52 = 1600 

T3000 

.......... Single machining 

.......... Front/back simultaneous machining 

.......... "H" calls the sequence number; "Hl" 
calls Nl. 
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G98 S3 = 1300 M58 

NS T0800 

M28 SO 
G50 W-15.0 

GO X27.0 Z31.0 T08 

X17.0 
G1 X4.8 F50 

GO X27.0 53 = 1600 

NS T0900 
GO X27.0 Z31.0 T09 

G1 X3.7 F80 

GO X27.0 

N7 T1000 
GOO X21.6 Z31.0 T1 O 

G88 XO R1 .0 F0.6 03 5500 ,R1 

G80 
GOX22.0 
G50 W15.0 

M60 G99 
M20 
M3 $1=2000 

N8 T0300 

G50W-3.0 
GO X17 .0 Z34.0 T03 
G1 X15.0 Z35.0 F0.015 

X10.0 

Z49.5 F0.03 

xa.a zso.1 Fo.015 

X17.0 F0.1 

GSO W3.0 

51 = 1600 

N9 T0100 

GO X17.0 Z63.0 T01 

G811 G811 

M72 
GO Z-1.0 

......... X4.8 =<I> 16 - 5.6 x 2 = 4.8 

......... X3.7 =<I> 26 -11.15 x 2 = 3.7 

II 
<P 16 +(shift amount 5mm x 2) 

......... X21.6 =<I> 16 + {(1+1.8) x 2} = 21.6 

II 
Pitch x 3 



!L1 
G1 X-1.0 F0.02 

G810 
X-3.0 F0.05 

MS 
M7 
GO Z12.9 TO 

M56 
G999 

N999 
M2 
M99 

G98 G1 Z34.0 F1000 
G4 U0.5 
M15 
M73 
!L1 

G810 
M25 

G999 
M98 H1 
N999 
M2 
M99 
N1 
G44 
G99 M23 S2 = 1061 

T3100 
GO Z-1.0 T31 
G1 Z2.8 F0.05 
GO Z-1.0 S2 = 1900 

T3200 
GO Z-1.0 T32 

G1 Z10.0 F0.05 
Z-1.0 F1.0 
G4 U0.5 
Z9.5 
Z13.3 F0.05 
Z-1.0 F1.0 
G4 U0.5 

Z12.8 
Z16.6 F0.05 
Z-1.0 F1.0 

G4 U0.5 
Z16.1 
Z19.6 F0.05 
Z-1.0 F1.0 
G4 U0.5 

L 16 I 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-1.0 F1.0 

S2 = 500 
G4 U1.0 

T3300 
GO Z-1.5 
G01 Z13.0 F0.56 
Z-1.5 F0.7 M24 

G4 U2.0 
GO Z-5.0 M25 
G43 
M34 

T3000 
M99 
% 

.......... A series of operations for product 
separation 
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L 16 / L20 Cutting Conditions 

9. 1 Cutting Conditions 
This section provides various cutting conditions only as reference values. When using the L16/L20 
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. 

•Outer Diameter Cutting Speed (Super Hard Tool) 

Table 1 

Material Cutting Speed Material 

Brass 200 to 350 Alloy Tool Steel 

Phosphor Bronze 150 to 250 Free Cutting Stainless Steel 

Aluminum 200 to 400 (SUS303F equivalent or less) 

Free Cutting Steel 150 to 250 Stainless Steel 

Carbon Tool Steel 120 to 200 
(SUS304F equivalent or less) 

Hard Cutting Stainless Steel 
Carbon Steel for Structure 80to180 (SUS304F eouivalent or more) 

•Outer Diameter Cutting Feed Rate (Speed Hard Tool) 

Table 2 

m/min 

Cutting Speed 

60to150 

100 to 180 

60 to 150 

30 to 80 

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 
0.015 0.025 0.05 0.03 0.05 0.1 

(SUS303F equivalent or less) 

Stainless Steel 
0.01 0.02 0.03 0.03 0.05 0.1 

(SUS304F equivalent or less) 

Hard Cutting Stainless Steel 
0.008 0.015 0.02 0.02 0.04 0.08 

(SUS304F equivalent or more) 
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 Chas 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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............................ 
l Note i 
~ ......................... ~ 

The meaning of FX ("centripetal") and FZ ("centrifugal") is shown in the 
figure below. 

I Centripetal I (The tool moves toward the center of the material) 

I 
t \ I_ ~ (J (Fx) 

Center-+: ---

I Centrifugal! (The tool moves away from the center of the material) 

'f1 ~ ~ rt (Fz) 
Center ~ -EE- - r \ __ I __ _ 

•Inner Diameter Cutting Speed (Super Hard Tool) 

Table 3 m/min 

Material Cutting Speed Material Cutting Speed 
Brass 100 to 170 Alloy Tool Steel 30 to 80 

Phosphor Bronze 80to120 Free Cutting Stainless Steel 50 to 90 

Aluminum 100 to 200 (SUS303F equivalent or less) 

Free Cutting Steel 80 to 120 Stainless Steel 30 to 80 

Carbon Tool Steel 60to100 
(SUS304F equivalent or less) 

Carbon Steel for Structure 40 to 90 
Hard Cutting Stainless Steel 

15 to 40 l(SUS304F equivalent or more) 

•Inner 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 
0.015 0.03 0.05 

(SUS303F equivalent or less) 

Stainless Steel 
0.015 0.025 0.04 

(SUS304F equivalent or less) 

Hard Cutting Stainless Steel 
0.01 0.02 0.03 

SUS304F equivalent or more' 
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•Reaming 
Table 5 

Material Cutting Speed Feed Rate (mm/rev) 

(m/min) <P 1 to <P 2 <j>2 to <j>S <j> 5 to 
Brass 10 to 20 0.07 to 0.25 0.15 to 0.5 0.25 to 1.0 

Phosphor Bronze 10 to 20 0.03 to 0.15 0.1to0.3 0.3 to 0.5 
Aluminum 20 to 30 0.08 to 0.25 0.15 to 0.5 0.25 to 1.0 

Free Cutting Steel 10 to 20 0.06 to 0.25 0.15 to 0.5 0.25 to 1.0 
Carbon Tool Steel 10 to 20 0.05 to 0.15 0.1to0.3 0.1to0.5 

Carbon Steel for Structure 10 to 20 0.03 to 0.15 0.05 to 0.3 0.1to0.5 
Alloy Tool Steel 6 to 12 0.03 to 0.1 0.05 to 0.2 0.1to0.3 

Free Cutting Stainless Steel 10 to 20 0.03 to 0.12 0.05 to 0.2 0.1 to 0.4 
(SUS303F equivalent or less) 

Stainless Steel 10 to 20 0.02 to 0.1 0.05 to 0.2 0.1to0.3 
(SUS304F equivalent or less) 
Hard Cutting Stainless Steel 6 to 12 0.02 to 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. 

•Drilling Speed (High Speed Tool) 
Table 6 m/min 

Material <j> 1to2mm <j> 2 to Smm <j> 5 to 12mm 
Brass 40 to 60 60 to 80 80to100 

Aluminum 40 to 60 60 to 80 80to100 
Free Cutting Steel 30 to 40 40 to 60 60 to 80 
Carbon Tool Steel 20 to 30 30 to 50 50 to 60 

Carbon Steel for Structure 15 to 20 20 to 30 30 to 35 
Alloy Tool Steel 8 to 12 12 to 15 15 to 20 

Free Cutting Stainless Steel 20 to 30 30 to 40 40 to 50 
(SUS303F equivalent or less) 

Stainless Steel to 10 10 to 15 15 to 20 
(SUS304F equivalent or less) 
Hard Cutting Stainless Steel to 8 8 to 10 10 to 15 
(SUS304F equivalent or more) 

•Drilling Feed Rate (High Speed Tool) 
Table 7 mm/rev 

Material <j> 1to2mm <J> 2 to 5mm <j>5to12mm 

Brass 0.03 to 0.06 0.06 to 0.12 0.12 to 0.25 
Aluminum 0.03 to 0.06 0.06 to 0.12 0.12 to 0.25 

Free Cutting Steel 0.025 to 0.05 0.05 to 0.10 0.1to0.2 
Carbon Tool Steel 0.02 to 0.04 0.04 to 0.08 0.08 to 0.16 

Carbon Steel for Structure 0.04 to 0.05 0.04 to 0.08 0.08 to 0.16 

Alloy Tool Steel 0.015 to 0.03 0.03 to 0.06 0.06 to 0.12 
Free Cutting Stainless Steel 0.02 to 0.04 0.04 to 0.08 0.08 to 0.16 

(SUS303F equivalent or less) 
Stainless Steel 0.015 to 0.03 0.03 to 0.06 0.06 to 0.12 

(SUS304F equivalent or less) 
Hard Cutting Stainless Steel 0.01to0.02 0.02 to 0.04 0.04 to 0.08 
(SUS304F equivalent or more) 
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9.1.2 Thread Cutting Count with Tool 

•Non-Ferrous Materials 
Table 8 mm 

Pitch 0.5 0.7 0.8 1.0 1.25 1.5 1.75 2.0 2.5 3.0 

Thread Height 0.32 0.45 0.52 0.65 0.81 0.97 1.13 1.3 1.62 1.95 

Count 1st in-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 
3rd in-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 

•Ferrous Materials Count 
Table 9 mm 

Pitch 0.5 0.7 0.8 1.0 1.25 1.5 1.75 2.0 2.5 3.0 

Thread Height 0.32 0.45 0.52 0.65 0.81 0.97 1.13 1.3 1.62 1.95 

Count 1st in-feed 0.18 0.22 0.22 0.22 0.22 0.25 0.28 0.30 0.32 0.35 
2nd in-feed 0.08 0.13 0.14 0.15 0.16 0.18 0.18 0.21 0.22 0.23 
3rd in-feed 0.04 0.07 0.10 0.11 0.12 0.14 0.12 0.16 0.18 0.19 

4th in-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 

9th in-feed 0.03 0.06 0.05 0.08 0.09 

1 Oth 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 



9.1.3 Secondary Process Cutting Conditions Table 

•End Mill (Super Hard} 
Table 10 

Material Diameter (mm) Cutting Speed (m/min) 
Non-ferrous cj>2 30 to 100 

Materials cj>3 30 to 100 
Brass, Aluminum cj>4 30to100 

etc. cj> 5, cj> 6 30 to 100 
Ferrous Free cj>2 30 to 80 

Cutting Materials cj>3 30 to 80 
like Free Cutting cj>4 30 to 80 

Steel cj>5, cj>6 30 to 80 
Ferrous Materials like cj>2 20 to 60 

Carbon Tool Steel, «!>3 20 to 60 
Carbon Steel for cj>4 20 to 60 

Structure etc. <j>5, cj>6 20 to 60 
Alloy Steel, cj>2 15 to 50 

Stainless Steel cj>3 15 to 50 
etc. cj>4 15 to 50 

<j>5, cj>6 15 to 50 

L 16 / L20 Cutting Conditions 

In-feed Amount (mm) *Feed Rate (mm/cutter) 

2.0 0.02 to 0.03 
3.0 0.03 to 0.04 
4.0 0.04 to 0.05 

5.0 to 6.0 0.05 to 0.08 
2.0 0.015 
3.0 0.02 
4.0 0.03 

5.0 to 6.0 0.03 to 0.06 
2.0 0.015 to 0.02 
3.0 0.015 to 0.02 
4.0 0.025 to 0.03 

5.0 to 6.0 0.04 to 0.06 
2.0 0.008 
3.0 0.015 
4.0 0.025 

5.0 to 6.0 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. 

•Slitting Cutter (90 Cutters, High Speed Tool Steel} 
Table 11 

Material Diameter (mm} Cutting Speed (m/min) 
Non-ferrous 0.5 40 to 100 

Materials 1 40to100 
Brass, Aluminum 2 40 to 100 

etc. 3 40to100 
Ferrous Free 0.5 40 to 80 

Cutting Materials 1 40 to 80 
like Free Cutting 2 40 to 80 

Steel 3 40 to 80 
Ferrous Materials like 0.5 30 to 70 

Carbon Tool Steel, 1 30 to 70 
Carbon Steel for 2 30 to 70 

Structure etc. 3 30 to 70 
Alloy Steel, 0.5 20 to 50 

Stainless Steel 1 20 to 50 
etc. 2 20 to 50 

3 20 to 50 

*Indicates the mm/rev of 90 cutters. 
In-feed Amount (mm) *Feed Rate (µ/cutter) 

to 6.0 8 (0.70)* 
to 6.0 6 (0.55) 
to 6.0 5 (0.45) 
to 6.0 4 (0.35) 
to 4.0 3.5 (0.32) 
to 4.0 3 (0.30) 
to 4.0 3 (0.25) 
to 4.0 2 (0.20) 
to 3.0 2.5 (0.23) 
to 3.0 2 (0.18) 
to 3.0 2 (0.15) 
to 3.0 1.5 (0.13) 
to 2.5 2 (0.18) 
to 2.5 2 (0.15) 
to 2.5 1 (0.09) 
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 

Table 12 

9000 7000 4500 

10000 8000 6000 5000 4000 3500 
220 

210 
11 J I I I I 

I/ I I 

I I I I I I / I I 
200 

190 

11 I I 
I I I I I I 

,/ / I I 

I 
I I 

I I I I I 
180 

I 
I I I I I I 

I I I I 

170 I; l I I I 
I v 

I I I I 
160 

150 
) I I I v I/ j 

I/ I I I I 

I I I I I I/ I I/ v 
140 II I I I I I v I v 

/ / 

Cutting 130 

speed 
120 

M 
110 

'/ I I v I v / 

I I I I I/ 
I I I r j I 7 v ./ I I I 

// II I I I I I I v I I ./ 
100 

90 
/; /, II I I I I / 7 

/ / I 

/, I / I I I I / 
I I / I / 

80 

70 
J/ 1/1 

I I I / / 
I I I/ / I 

If r; 'l I/; II v I/ v v 
/ 

I J / 
/ / 

60 

50 
tr/ I '/; r11 

1/ II I/ v / v v 
I I I/ v v / 

f/, 
I/ 

~ II 
1 17 [7 v /v I/ 

I i/ I I / / 
40 

~ 'l v / I/ vv 
!/ / /v L--L..--

30 

~ ~ ~ v / v -v --/ / --20 

~ Y'. v / -- --/ - --'/ - --/ --- - i..--

10 ~ / ---- ----- --~ .;::::.. - i..--
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3000 

I 
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2500 

I 
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I 
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/ 

/ 
/ 

-----L--L..--

L---L--

/ 
I 

I/ 
/ 

/ 
/ 

-----

/ 

I 

/ 

/ 

-

2000min·1 

1500min"' 

Spindle 
speed 

(N) 

1000min"1 

500min·1 

300min·1 

1 2 3 4 5 6 7 a 9 1 o 11 12 13 14 15 16 11 1 a 19 20 21 22 23 24 25 2s 21 28 29 30 31 32 

Material diameter= D (<j>) mm 
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10. TOOLING 

Name seecification Model eage 

: Tool Holder 
11-tool vertical holder 4-rotary tool [010] GTF3110 10-3 

11-tool vertical holder 4-rotary tool [03/8'1 GTF3110L 10-4 

10-tool vertical holder 4-rotary tool [012] GTF3112 10-5 

10-tool vertical holder 4-rotary tool [013][01/2"] GTF3113 10-6 

11-tool vertical holder 3-rotary tool [010] GTF3210 10-7 

11-tool vertical holder 3-rotary tool (03181 GTF3210L 10-8 

10-tool vertical holder 3-rotary tool [012] GTF3212 10-9 

10-tool vertical holder 3-rotary tool [013](01/2"] GTF3213 10-10 

9-tool vertical holder 2-rotary tool (010] GTF3410 10-11 

9-tool vertical holder 2-rotary tool [03/8"] .GTF3410L 10-12 

8-tool vertical holder 2-rotary tool (012] GTF3412 10-13 

8-tool vertical holder 2-rotary tool [013](01/2"] GTF3413 10-14 

Tool holder For opposite tool post(Type Ill) [012] GTA112 10-15 

Tool holder For opposite tool post(Type Ill) [012] GTA212 .. _ 10-16 

Shift tool holder 15mm-shift, Adapter type [010] GTF3310 10-17 

Shift tool holder 5/8"mm-shift, Adapter type [03/8"] GTF3310L 10-18 

Shift tool holder 15mm-shift, Adapter type (012] GTF3312 10-19 

Shift tool holder 15mm-shift, Adapter type (013] GTF3313 10-20 

Shift tool holder 5/8"mm-shift, Adapter type [01/2"] GTF3313L 10-21 

Wedge for 012 tool For 013 vertical holder [012] GTJ212 10-22 

Sleeve Holder 
3-tool vertical sleeve holder For 8 or 9- vertical holder [Sleeve diameter f25.4] GDF306 10-23 

1-tool vertical sleeve holder For rotary tool vertical holder [Sleeve diameter f19.05] GDF506 10-24 

3-tool vertical sleeve holder For 3-tool rotary tool vertical holder [Sleeve diameter f19.05] GDF606 10-25 

3-tool vertical sleeve holder For 4-tool rotary tool vertical holder (Sleeve diameter f19.05] GDF607 10-26 

1-tool sleeve holder For opposite tool post(Type Ill) [Sleeve diameter f19.05] GDF102 10-27 

1-tool sleeve holder For opposite tool post(Type Ill) [Sleeve diameter f19.05] GDF103 10-28 

Rotary tool 
[Outer Circumference Milling] 

Rego type chuck (-f7) [ER11][AR11] GSC507 10-29 

Rego type chuck (- f 10) [ER16][AR16] GSC510 10-30 

Code 
C-L51620 I III VII-570 

Serial Issue 2El-1002 M0135-, Q0008- 1998:6 
No. 2E2-1001 No. 

MO 136-, 00078-
Date 



Name seecification Model eage 

[Face Drilling] 

Rego type chuck (-f7) For U1218,U1518 [ER11][AR11] GSE307 10-31 

Rego type chuck (- f7) For U1318 [ER11][AR11] GSE407 10-32 

Regotypechuck (-f10) For U1318 [ER 16][AR 16] GSE410 10-33 

Sleeve 
[Drill and Boring] 

Rego type chuck (-f7,Short type) Shank diaf19.05 [ER11][AR11] BDS507 10-34 

Rego type chuck (-f10, Short type) Shank dia f19.05 [ER16][AR16] BDS508 10-35 

Rego type chuck (-f7, Semi short type) Shank dia f19.05 [ER11J[AR11] BDS607 10-36 

Rego type chuck (-f10, Semi short type) Shank dia f19.05 [ER16][AR16] BDS610 10-37 

Rego type chuck (-f7) Shank dia f19.05 [ER11][AR11] VDS506 10-38 

Rego type chuck (-f10) Shank dia f19.05 [ER16][AR16] VDS110 10-39 

Rego type chuck (-f7,Long type) Shank dia f19.05 [ER11][AR11] LDS107 10-40 

Rego type chuck (-f10,Long type) Shank dia f19.05 [ER 16][AR 16] LDS110 10-41 

Rego type chuck (-f7) Shank dia f25.4 [ER11][AR11] ADS707 10-42 

Rego type chuck (-f10) Shank dia f25.4 [ER 16][AR 16] ADS710 10-43 

Rego type chuck (- f7, Both ends of short type) Shank dia f19.05 [ER11][AR11] HDS5406 10-44 

Rego type chuck (-f7,Both ends) Shank dia f19.05 [ER11][AR11] HDS5506 10-45 

[Tap and Die] 

Rego type chuck (-f7,Short type) Shank dia f19.05 [ER11J[AR11] Die f16,f20 BNS407 10-46 

Rego type chuck (-f7,Short type) Shank dia f19.05 [ER11][AR11J Die f5/8",f13/16" BNS507 10-47 

Rego type chuck (-f7) Shank dia f19.05 [ER11][AR11] Die f16,f20 VNS406 10-48 

Rego type chuck (-f7) Shank dia f19.05 [ER11][AR11] Die f5/8",f13/16" VNS506 10-49 

Rego type.chuck (-f7) Shank dia f25.4 [ER11][AR11] ATS307 10-50 

Adapter 
Sleeve adapter Shank dia f25 [Sleeve diameterf19.05] SAU119 10-51 

Sleeve adapter Shank dia f32 [Sleeve diameterf19.05] SAU219 10-52 

Appendix Restrictions on Tooling 10-53 



L 16/l20 Tooling 

L 16(Type VII) I L20(Type VII) Standard tool layout 
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The standard tool layout and stroke of opposite tool post device of Ll6(Type VII) I 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. 



L 16/L20 Tooling 

L 16(Type Ill) I L20(Type Ill) Standard tool layout 

I-

The standard tool layout and stroke of opposite tool post device of LI 6(Type III) I 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. 



L 16/L20 Tooling 

GTF3110 11-Tool Vertical Holder( 4-Rotary tool and 7-tool) 
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G TF31 l 0 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 (TO 1) 
·When the end milling operation is used at the left most position(Tl 1 ), 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 TIO. 

Tool holder name GTF3110 

Usage All types of tools 

Tool size 10 x 10 x 120mm 

Rotary tool GSC507,GSC510 

Face drilling sleeve holder GDF506,GDF607 

Shift tool holder GTF3310 



L 16/L20 Tooling 

GTF311 OL 11-Tool Vertical Holder( 4-Rotary tool and 7-tool) 
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GTF3 l l OL is provided for outer diameter cutting. 
4 rotary tools can be mounted on the 15mm [ 0.59" J shifted position. 

NOTE ·Cut-off tool shall be mounted on the right most position (TO 1) 
· When the end milling operation is used at the left most position(T 11 ), 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 TIO. 

Tool holder name GTF3110L 

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,GDF607 

Shift tool holder GTF3310L 



L 16/L20 Tooling 

GTF3112 10-Tool Vertical Holder(4-Rotary tool and 6-tool) 
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GTF3 l 12 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 (TOI) 
·When the end milling operation is used at the left most position(TlO), D cutting can not 

be operated to exceed the center of the workpiece for the stroke limit. Endrnill operation 
shall be done at T07 to T09. 

Tool holder name GTF3I12 

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 



L 16/L20 Tooling 

GTF3113 10-Tool Vertical Holder( 4-Rotary tool and 6-tool) 
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GTF3 l l 3 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 (TOI) 
·When the end milling operation is used at the left most position(Tl 0), 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. 

T col holder name GTF3l13 

Usage All types of tools 

Tool size 13 x 13 x 120mm [ 112" x 1/2" x 4-3/4"] 

Rotary tool GSC507,GSC510 

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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GTF32 l 0 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 (TOI) 

...... • 00 

· When the end milling operation is used at the left most position(Tl 1 ), 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 Tl 0. 

T col 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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GTF32 l OL 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 (TO 1) 
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· When the end milling operation is used at the left most position(Tl 1 ), 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 Tl 0. 

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 



L 16/L20 Tooling 

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 (TOI) 
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· When the end milling operation is used at the left most position(Tl 0), 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 120rmn 

Rotary tool GSC507,GSC510 

Face drilling sleeve holder GDF506,GDF606 

Shift tool holder GTF3312 



L 16/L20 Tooling 

GTF3213 10-Tool Vertical Holder(3-Rotary tool and 7-tool) 
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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 (TO 1) 
·When the end milling operation is used at the left most position(TIO), D cutting can not 

be operated to exceed the center of the workpiece for the stroke limit. Endmill operation 
shall be done at TOS or T09. 

Tool.holder name GTF3213 

Usage All types of tools 

Tool size 13 x 13 x 120mm [ 1/2" x 1/2" x 4-3/4" l 

Rotary tool GSC507,GSC510 

Face drilling sleeve holder GDF506,GDF606 

Shift tool holder GTF3313,GTF3313L 



L 16/L20 Tooling 

GTF3410 9-Tool Vertical Holder(2-Rotary tool and 7-tool) 
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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 (TOI) 

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 



L 16/L20 Tooling 

GTF341 OL 9-Tool Vertical Holder(2-Rotary tool and 7-tool) 
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GTF34 l OL 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 (TOl) 

Tool holder name GTF3410L 

Usage All types of tools 

Tool size 3/8" x 3/8" x 4-3/4" 

Rotary tool GSC507,GSC5 l 0 

Face drilling sleeve holder GDF306,GDF506 

Shift tool holder GTF3310L 
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L 16/L20 Tooling 

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 l 5mm [ 0.59" J shifted position. 

NOTE ·Cut-off tool shall be mounted on the right most position (TO 1) 

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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L 16/L20 Tooling 

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 l 5mm [ 0.59"] shifted position. 

NOTE ·Cut-off tool shall be mounted on the right most position (TOI) 

Tool holder name GTF3413 

Usage All types of tools 

Tool size 13 x 13 x 120mm [ 1/2" x 1/2" x 4-3/4"] 

Rotary tool GSC507,GSC5 l 0 

Face drilling sleeve holder GDF306,GDF506 

Shift tool holder GTF3313,GTF3313L 



L 16/L20 Tooling 

GTA112 Tool Holder(Type Ill.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 O. lmm because of heavy duty cutting cannot be done 
with this holder. 

Tool holder name GTA112 

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) 



L 16/L20 Tooling 

GT A212 T col Holder(Type 111 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. lmm 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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GTF331 O Shift Tool Holder (Adapter type) 
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GTF33 l 0 is provided for the turning tool. The tool can be mounted with l 5mm [ 0.59"] longitudinal 
shift from standard fitting point. This tool holder can be mounted at the turning tool station positions 
except TO 1 on the vertical holder-GTF3 l l O,GTF32 l 0 and GTF34 l 0. 

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 IO x 10 x 120mm(Shifted by 15mm [0.59"]) 



L 16/L20 Tooling 

GTF331 OL 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 TO 1 on the vertical holder-GTF3 l l OL,GTF32 l OL and GTF34 l OL. 

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 TOI 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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GTF33 l 3 is provided for the turning tool. The tool can be mounted with l 5mm [ 0.59"] longitudinal 
shift from standard fitting point. This tool holder can be mounted at the turning tool station positions 
except TOI on the vertical holder-GTF3l13,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 [0.59"]) 
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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 TOI on the vertical holder-GTF3l13,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 112" x 1/2" x 4-3/4"( Shifted by 5/8") 
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GT J212 Wedge for 12 tool 
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This wedge mounted on the 013 tool holder accept 012 tool. 
The tooling is helpful to use both 012 tool and 013 tool. 

Tool name GTJ212 

Usage GTF3l13,GTF3213,GTF3413 

Tool size 12 x 12 x 120mm 
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GDF306 3-tool Sleeve Holder (f25.4) 
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(0.98"] (1.89"] (1.38"] (1.61"] (1.0r) 
MAX155 [6.10''J 

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 f25.4mm [fl"] 
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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 fl9.05mm [ £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 f19.05mm [ £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,HDS5 506 

BNS407,BNS507, VNS406, VNS506 

Mounting hole diameter f19.05mm [ f3/4"] 
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GDF102 Fixed Type Sleeve Holder (f 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 f19.05mm [ f3/4"] 
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GDF103 Fixed Type Sleeve Holder (f 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 III machine. 

Tool holder name GDF103 

Usage BDS507 ,BDS508,BDS607,BDS6 l 0, VDS506 

VDS 11O,LDS107,LDS11 O,BNS407 ,BNS507 

VNS406, VNS506 

Mounting hole diameter fl9.05mm [ £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 ERll, ARll 

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) 

GSC510 is used to perfonn drilling on the outer diameter of the workpiece, or to perfonn key grooving 
by the endmill etc., after stopping the spindle. 

Tool holder name GSC510 

Max. chuck dia. flOmm [ £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. f7mm [ f0.28"] 

Spindle speed 200 to 5000r.p.m 

Chuck type ERl I, ARI I 

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 Ul31B , it can not be mounted 
on the vertical tool holder. 

Spindle name GSE407 

Max. chuck dia. f7mm [ f0.28"] 

Spindle speed 200 to 5000r.p.m 

Chuck type ERl 1, ARI 1 

Spindle rotation direction Direction shown by the arrow in the figure above for a 

forward rotation command 
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GSE410 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 UI31B, it can not be mounted 
on the vertical tool holder. 

Spindle name GSE410 

Max. chuck dia. flOmm [ f0.39") 

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 (""' f7) 
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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 [ f0.28" J 

Chuck type ERl 1, ARI 1 

Sleeve outer dia. fl9.05mm [ £3/4"] 
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BDS508 Boring and Drill Sleeve (---f10) 

I I 

-$- 4- -$-
I I I • -4-

I , I "'+ 7 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

::2 ..... 
bD 
c: 
Q) ....,_ 

0 
·-""= 

O> c: 
-:::i -s.=:. /,,,1". /_//' .. '/,··.I·/· .. ·/./ I/,-

....., ...... ' 
~-,---t--.,.,...:--

1.t') 

c:o 
0 
Lt) 
Cl) 
0 
al 

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. flOmm [ f0.39"] 

Chuck type ER16, AR16 

Sleeve outer dia. f19.05mm [ f3/4"] 
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BDS607 Boring and Drill Sleeve (- f7) 
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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.Lor L' dimension is adjustable by putting sleeve in and out. 

Sleeve name BDS607 

Max. chuck dia. f7mm [ f0.28" l 

Chuck type ERl 1, ARI 1 

Sleeve outer dia. fl9.05mm [ f3/4"] 
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BDS610 Boring and Drill Sleeve (-·--f10) 
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BDS6 l 0 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. flOmm [ £0.39"] 

Chuck type ER16, AR16 

Sleeve outer dia. fl9.05mm [ £3/4"] 
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VDS506 Boring and Drill Sleeve ( --- f7) 
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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.Land L' or L"dimension is adjustable by putting sleeve in and out. 

Sleeve name VDS506 

Max. chuck dia. f7mm [ f0.28"] 

Chuck type ERl 1, ARl 1 

Sleeve outer dia. £19.0Smm [ £3/4"] 
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VDS110 Boring and Drill Sleeve (-f10) 
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0 ,.._ 

VDSl 10 chucks the drill, etc. with the straight shank used for the front and back machining by the rego 
type chuck.Lor L'dimension is adjustable by putting sleeve in and out. 

Sleeve name VDSl 10 

Max. chuck dia. flOmm [ f0.39"] 

Chuck type ER16, AR16 

Sleeve outer dia. f19.05mm [ f3/4"] 
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LOS 107 Boring and Drill Sleeve ( - f7) 
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LDS 107 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 [ f0.28"] 

Chuck type ERl 1, ARll 

Sleeve outer dia. fl9.05mm [ f3/4"] 
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LDS110 Boring and Drill Sleeve (-f10) 
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LDS 110 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 LDSI 10 

Max. chuck dia. flOmm [ f0.39"] 

Chuck type ER16, AR16 

Sleeve outer dia. f19.05mm [ f3/4"] 
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ADS707 Boring and Drill Sleeve ( ---- f7) 

MAX155 6.10" 

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 [ f0.28"] 

Chuck type ERll, ARll 

Sleeve outer dia. f25.4mm [fl"] 

Sleeve holder GDF306 
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ADS710 Boring and Drill Sleeve ( - f10) 

_I 
65 (2. 56") 25 (0. 98"] 

MAX155 6.10" 

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. flOmm [ f0.39"] 

Chuck type ER16, AR16 

Sleeve outer dia. f25.4mm [fl"] 

Sleeve holder GDF306 
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HDS5406 Boring and Drill Sleeve (Both ends, "'f7) 
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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.Lor 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. f7mm [ f0.28"] 

Chuck type ERl 1, ARI 1 

Sleeve outer dia. fl9.05mm [f3/4"] 

Sleeve holder GDF506,GDF606,GDF607 
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HDS5506 Boring and Drill Sleeve (Both ends, --- f7) 
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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. f7mm [ f0.28"] 

Chuck type ERl 1, ARI 1 

Sleeve outer dia. fl9.05mm [ £3/4"] 

Sleeve holder GDF506,GDF606,GDF607 
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BNS407 Tapping and Die Sleeve (-vf7)(Dief16,f20) 

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 [ f0.28"] 

Chuck type ERl 1, ARI 1 

Die size fl 6 x 5mm , f20 x 7 mm 

Sleeve outer dia. fl9.05mm [f3/4"J 
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BNS507 Tapping and Die Sleeve (-f7)(Die f5/8",f13/16") 
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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 [ f0.28"] 

Chuck type ERll, ARll 

Die size f5/8"xl/4", fl3/16" x 1/4" 

Sleeve outer dia. fl9.05mm [ f3/4"] 
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VNS406 Tapping and Die Sleeve (-f7)(Dief16,f20) 
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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 ofrego type chuck. Lor 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. f7mm [ f0.28"] 

Chuck type ERl 1, ARI 1 

Die size fl 6 x 5mm , f20 x 7 mm 

Sleeve outer dia. fl 9 .05mm [ f3/4" J 
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VNS506 Tapping and Die Sleeve (~f7)(Die f5/8",f13/16") 
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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. f7mm [ f0.28"] 

Chuck type ERl 1 , ARl 1 

Die size f5/8" x 1/4"' f13/16" x 1/4" 

Sleeve outer dia. f19.05mm [ f3/4"J 
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ATS307 Tap Sleeve ( - f7) 

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. f7mm [ f0.28"] 

Chuck type ERI 1, ARll 

Sleeve outer dia. f25.4mm[fl"J 

Sleeve holder GDF306 



SAU119 Sleeve Adapter (f19.05) 
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This adapter is prepared for using the shank dia fl9.05mm sleeve with the front face drilling device 
Ul21B and the back face drilling device U151B. 

Adapter name SAU119 

Adapter inner dia f19.05mm [ f3/4"J 

Adapter outer dia. f25.0mm [ f0.98"] 
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SAU219 Sleeve Adapter (f19.05) 
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This adapter is prepared for using the shank dia fl9.05mm sleeve with the front face drilling device 
Ul31B. 

Adapter name SAU219 

Adapter inner dia fl9.05mm [ f3/4"] 

Adapter outer dia. f32.0mm [ fl.26"] 
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Appendix Restrictions On Tooling 

1. Restrictions on the rotary drilling tool projecting amount 

When the drilling or tapping of a cross through-hole is perfonned 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 perfonn 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 
GDF506 and the opposite 3-spindles tool post by setting on another station, when cutting off. 

Vertical holder name GDF506 Setting station 

GTF3110, GTF3110L TlO,Tll 

GTF3210 , GTF3210L 

GTF3112, GTF3113 T09, TIO 

GTF3212, GTF3213 

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 -Yl direction. 
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